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FORWARD 

The concurrent increase in demand for adequate wastewater treanaent 
and advances in wastewater treatment technology has confrouted the 
engineering profession with a situation in which there is a high 
level of demand for a service and limited manpower and monetary 
resources for meeting such demand. Available expertise must 
therefore be efficiently and effectively utilized. Stated sin~ply, 
there exists the need for a screening tool capable of providing a 
methodology whereby a large number of alternative wastewater 
treatment sys tens, each capable of meeting specified effluent 
criteria, can be simultaneously ranked on the basis of cost effec- 
tiveness. 

Computer assisted techniques are particularly suited to the task of 
insuring maximum efficient use of available resources. Over the 
past several years numerous canputer based cost estimating models 
have been developed. All of these models have various limitations 
resulting in difficulties in application or cunputation. The 
Ccmputer Assisted Lrocedure for the gesign and &valuation of 
xastewater Treatment Systans (CAPDET) is designed to overcane, 
where possiGe, many of the difficulties associated with canpu- 
terized ccet estimating. This, by no means however, is meant to 
fmply that CAPDET overccmes all limitations. The overall goal of 
CAPDET is to prmide accurate planning level ccst estimates. . 
CAPDET is not an attenpt to replace the traditional engineering 
estimate or contractor's estimate based on a detailed set of plans 
and specifications. 

This docunent provides technical information on the design, quan- 
tities, and cost algorithms contained within the CAPDET caaputer 
progran. 
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PROCESS DESIGN AND COST ESTIMATING 
ALGORITHMS FOR THE COMPUTER ASSISTED 

PROCETJURE FOR DESIGN-AND EVALYATION OF 
-WASTEWATER XRGTMENT SYS%B (CAPDET) 

1.1 INTRODUCTION 

1.1.1 Purpose. The purpose of this report is to present the 
design, quantities and cost estimating algorithns implemented within 
the Lanputer ssisted zrocedure for gesign and gvaluation of Waste- 
water Lreatment Systens (CAPDET). 

1.1.2 Applicability. The information contained within this 
report may be of interest to all persons concerned with the planning, 
design and cost estimating associated with wastewater treament 
facilities which may be constructed under any of several wastewater 
management programs, including but not limited to 208 planning, 201 
planning, urban studies planning, and planning for construction of 
facilities at military installations. 

1.1.3 References* See Section 1.5 for a list of selected refe 
rences which were consulted during preparation of this report. 
Additional references are also given at the end of each unit process 
design segment presented in Sections 2 and 3 of this report. 

1.1.4 General. The need for a method of accurate and rapid preli- 
minary design, and cost estknating for wastewater treatment plant 
construction projects has long been recognized. Various models have 
been developed which purport to prepare planning or design level cost 
est&nates. Few of these models are responsive to the requirements of 
the planner or engineer responsible for accurately projecting co* 
struction costs for the purpose of alternative evaluation. The 
CAPDETmodel was developed by the Corps of Engineers with the specific 
intent of assisting personnel responsible for wastewater treatment 
planning in the evaluation of wastewater treatment alternatives based 
primarily on life cycle costs and degree of treament provided. 

The original version of CAPDET developed in 1973, utilized a system of 
process design based on well respected techniques, followed by develop- 
ment of costs based on cost curves. This paranetric cost estimating 
approach limitd the overall utility of the model in that it was 
difficult to update, did not adequately reflect regional differences 
in cost and could not acconmodate site specific design requirements. 
In order to improve the accuracy and usefulness of CAPDET, a revised 
cost estimating procedure using both paranetric and unit cost es& 
mating techniques was developed. These techniques are presented in 
Section 1.2. 
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1.1.5 Yodel Limitations. Although the decent revisions to the 
CAPDET model have greatly expanded the capabilities and tiproved the 
accuracy of planning level design and cost estknating procedure, the 
user must be cautioned as to the limitations of generalized modeling 
approaches. Of necessity, the design and cost algorithms developed 
for any generalized estimating procedure must include many simplifying 
assumptions. Such iteus as engineering judgenent, equipent desig> 
limitation, site limitatiorx3, and regulatory reliability and main- 
tainability standards all enter into formulation of the algorithns. 
The philosophy of CAPDET is to approach each of these problens in a 
sound engineering fashion rather than an academic exercise. During 
development of the CAPDET procedures, various Federal, State and local 
design standards were reviewed. An attempt was made, where possible, 
to develop generalized design standards based on these national. 
requirenents. 

As discussed later in Section 1.2 the CAPDET methodology uses two 
separate cost esttiating techniques. The cost of construction vithin 
unit process battery limits is canputed using unit costing techniques. 
The problems associated with engineering judgenent and equipment 
design limitation were addressed through use of a nationally re 
cognized engineering firm for algoritb developent and consultation 
with a variety of equipment manufacturers to determine equipment 
limitations. Site specific costs are addressed through use of sta- 
tistically generated cost curves based on national average costs. 
These cumes are obtained fron the U. S. Environmental Protection 
Agency publication entitled Yonstruction Costs for Municipal Waste 
water TreaQnent Plants" (PRDll). 

CAPDET is designed primarily as a cost esttiating tool. Process 
design and effluent quality predictions were of secondary Importance 
to the overall cost estimating accuracy desired of the model. Thus, 
any review of the assumptions and simplifications should be conducted 
prtiarily fran a cost generation viewpoint. The generation of ef- 
fluent quali.ty prediction is llmited and in many cases requires a 
user input percentage removal factor. CAPDET is not designed as a 
process simulation model. 

CAPDET is not a mathenatical opttiizationmodel. The CAPDET approach 
is to prepare cost estimates for user input alternatives. The model 
will then rank these alternatives by least annual cost but does not 
purport to provide the “mathmatically optimal" solution to an infi- 
nite universe of alternatives. CAPDET approaches the facility plan- 
ning process in the sane fashion as would an engineer preparing 
alternative designs and cost esttiates. The major emphasis of the 
CAPDET project has been the development of accurate planning level 
cost esttiates for a large library of unit processes. 
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1.1.6 Organization and Use of the Report. This report is 
arranged in three sections so that the planner or engineer will have 
quick access to data for many wastewater treannent processes. To 
further aid planners and designers, reference is made to the CAPDET 
User’s Guide which is available as a separate publication. 

Section 1 of this report contains general information related to the 
planning and design of wastewater treatment facilities using the 
CAPDET model. Data is presented on CAPDET estimating methodology 
(Section l.Z), input source development (Section 1.3) and CAPDET cost 
evaluation techniques (Section 1.4). 

Sections 2 and 3 of this report contain the design, quantities and 
cost equations for specific unit processes available within the 
CAPDET Progran. Section 2 contains unit processes suitable for 
wastewater treatment of flows within the 0.3 to 300 mgd range. The 
library of available processes includes conventional, secondary, 
advanced, and land treatment processes. Design and simplifying 
assumptions used for each unit process are presented. Section 3 
presents a library of processes developed for application to facti 
lities with small flo&s, e.g. 0.01 to 0.5 mgd. 
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1.2 CA?DET COST ESTIMATING TECHNIQti- 

1.2.1 General. The CAPDET model is primarily designed as a cost 
estimating model. To fully understand concepts utilized within the 
model, it is necessary to understand the available cost estimating 
techniques in general use in the wastewater facility planning process. 

Four levels of cost esttiating detail may be readily identified. 
These include the "horseback" estimate, also known as a good guess 
based on an engineer's past experience; the planning estjznate, based 
on knowledge of the basic system formulations and the use of cost 
cumes; the engineering estimate, based on review of plans and specifi- 
cation; and of course the contractor's esttiate, more canmonly called 
the bid. The CAPDET model is designed to provide a refinment of the 
second level of detail., i.e., planning level cost estimating. Once 
this planning level concept is understood, the engineer can move into 
dmelopment and refinement of the cost estimating technique to be 
utilized for planning level estimating. For purposes of the CAPDET 
model, planning level estimating accuracy has been defined as 215 
percent for capital costs and 220 percent for operation and mainte- 
nance costs. The goal of process algorithm development is to provide 
this accuracy level. 

Two basic methods have been consistently utilized for planning level 
cost estimating. First, parsnetric cost estimating is based on a 
statistical approach, i.e.-, statistical analysis of the cost of 
facilities of similar size and characteristics at other locations.- A 
modification of this statistical approach is the development of 
standard designs for various flows and formulation of a cost based on 
an engineering quantities takeoff. Second, unit cost estimating is 
based on identification of cost elments to which input unit prices 
are applied, i.e. cubic yards of concrete in a clarifier are quan- 
tified, to which an input cost value for reinforced concrete in place 
is applied to determine construction costs. 

The basic advantage of the paranetric approach is the ljmited nunber 
of user inputs required, generally limited to one distinguishing 
characteristic of the treatment process, such as flow, surface area, 
etc. Stated mathematically, the cost of a unit process is determined 
as a function of some characteristic of the process. Themajor 
disadvantages of the parametric approach which result fran the st* 
tistical nature of the systsm are: updating is difficult requiring 
large data sets; the effects of local econanic conditions are dif- 
ficult to include in the cost analysis; and projecting the effects of 
inflation on project costs is canplicated and often inaccurate, 
relying primarily on cost indices. 

The unit costing approach has the advantage of more closely reflecting 
actual engineering concepts applicable to a specific facility. The 
unit costing approach to cost esttiating has several basic advantages 
over paranetric costing including: ease of updating to reflect 
increases in costs of various canponents of the facility; the effects 
of inflation are easily evaluated by adjusting unit price inputs; 
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local conditions may be assessed by input of local unit costs rather 
than national averages; and labor and materials cost may be separately 
evaluated. Unfortunately, unit costing models have characteristically 
suffered fran one fatal flaw. In the quest for modeL accuracy, the 
proliferation of required unit cost inputs has tended to make such 
models cunbersane and difficult to use. 

CAPDET successfully avoids the propensity for unit costing models to 
self destruct by utilizing a "modified cost elenent" approach. In the 
true cost element approach, construction details are well enough 
defined to adequately est&nate the quantities of material, man-hours 
of labor, etc. necessary to construct and operate the facility. The 
modified cost elment approach limits the detail required by selecting 
for in depth study only those cost elements which have a major impact 
on the cost of the treatment process. 

CAPDET has combined both paranetric and unit costing techniques to 
provide a technique for estlmatlng total project costs. Costs as- 
sociated with construction of a wastewater treatment facility are 
divided into three categories; unit process costs, other direct 
constructiou costs, and indirect project costs. Treatment process 
casts are those costs associated with a specific treafznent process 
such as a clarifier. Battery limits are drawn such that the clarifier 
is an individual functioning unit. Cost elment estimating is used to 
detexmine the costs of the unit process within these battery l&nits. 
Other direct construction costs are those construction items more site 
specific, such as yard pip&ng, site electrical, etc., vhich are used 
to "tie" the treament processes together to form a functional treat- 
ment f acil ity . The costs of these itens are derived paranetrically 
from EPA developed cost cumes based on bid data. Other direct 
comtruction costs included in the CAPDET model and their respective 
equations are presented in Table 1.2-l. 

1.2.2 Model Methodology. The basic concept of the CAPDE? cost 
estimating technique is the identification of all costs which are 
associatd with wastewater treament facility construction. These 
co5 ts, once identified can be categorized into one of three cate 
gories: W unit process constructiou costs, (2) other direct 
construction costs, and (3) indirect project costs. Varying levels of 
cost estimating detail are applied to each category of costs. The use 
of the cost elment approach for estimating treatment process costs is 
the basic key to the accuracy and flexibility of the CAPDET model. 
The remainder of this section describes the detailed cost estimating 
process used by the CAPDETmodel. 

1.2.2.1 Unit Process Constructiou Costs. The unit process con- 
struction coats are developed using a unit price cost estimating 
technique. In order to apply this method, each unit process is 
defined tithin battery limits. In general, battery l&nits are es- 
tablished to be the physical dimensions of the process plus five feet. 
The modifid cost element approach is utilized to provide an estimate 
of the comtruction costs associated with a specific unit process 
within the battery lknits of that process. 
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More specifically, the cost of each process -is developed using an 
equipment module concept which is defined as an ita of mechanical 
equipment plus its supporting structural and housing related faci- 
lities. Major cost itens are estimated in detail whereas minor cost 
itens may be expressed as a percentage of the cost of the major itams. 
For example, under this concept the cost of a clarifier consists of 
the cost of the clarifier mechanic and associated tankage, the cost 
of which are estimated in detail., plus the cost of minor items which 
are estimated as a percentage of the major itms. Thus, total costs 
associated with a unit process are expressed as a sum of major canponent 
parts plus a percentage of the major costs representing minor associated 
items of comtruction. The cost esttiating procedure for CAPDET was 
dmeloped based on the premise that cost elements would identify at 
least 85 percent of capital costs and 75 perceut of the operation, 
maintenance, and repair costs. The remainder of costs would be 
expressed as a percentage of themajor cost eltzaents. Thus, 100 
percent of the comtruction cost is developed and displayed without 
the exceedingly burdensane task of identifying each individual iten 
contributing to the cost of the facility. 

CAPDET utilizes a threestep process for unit process design and cost 
estimating, entaXIing three distinct levels of effort. Figure 1.2-l 
presents this process in schmatic form. The process design calcula- 
tions section (first-order design) is the basic sanitary process 
design of the proposed treatment process. This design level identifies 
such iteas as volme of tankage, air requiraents, etc. The quantities 
calculations section (second-order design) identifies and quantifies 
the major cost items, i.e: volume of earthwork, volume of concrete, 
equipment size, etc. The cost calculations section (third-order design) 
calculates the unit process costs by applying input unit prices to the 
quantities and sizes calculated in the quantities calculations se- 
ction. Each level of design is applied to both capital costs and 
operation, maintenance, and repair costs. 

1.2.2.2 Process Design Calculations. The process design calculation 
section is the "basic sanitary process design" level of detail. At 
this stage, we are concerned with volumes, detention t&nes, overflow 
rates, etc. A nationally recognized process design formulation was 
selected for each unit process. For the sake of convenience, the 
process design algorithms have been included in Sections 2 and 3 of 
this docunent. 

1.2.2.3 Methodology of Quantities Calculations Section. The quan- 
titie calculations section identifies and quantifies the major cost 
items. The folLowing is a discussion of the general methodology 
mployed. 
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1.2.2.3.1 StructuraL Ccmponent. The major *cost itens for construction 
of any unit process can generally be categorized as follows: 

Concrete or steel tanks and structures. 
Installed equipment. 
Building and housing. 
Piping and insulation. 
ELectricaL works, control systems, and other facilities. 

If the first four itens listed can be accurateLy assessed, more than 
7S percent of the totaL capitaL costs are generaLly accounted for. 
The remainder of the cost items can be estimated as a percentage of 
the totaL expenditures. The quantities calcuLations .as presented in 
this revision of CAPDET are keyed to the design of these major items. 

For a generalized model to be applicable to a wide range of flows 
(fran 0.5 to 300 mgd), design procedures for various flow ranges must 
of necessity be different. In addition, certain unit processes may 
not be applicable outside of specific flow ranges. For instance, it 
would be very unusual, based on current practice, to select an aerated 
lagoon system for the.treatment of danestic sewage with flows in 
excess of 1 mgd. Furthermore, even within a specific project, the 
selected approxknate flow ranges for the design of one treatment process 
may not be suitable for design of the others. For example, it is 
current practice to divide aeration tanks into batteries of equal 
nunber of smaller basins when the sewage fLow is more than 100 mgd. 
The blower system, for econanic reasons, wouLd continue to be cen- 
traLized into one building regardless of the air requirements or flov 
range. It is evident that no generaL model is possible for all possible 
ranges or treatment processes. Design concepts and problens are dealt 
with individually by using engineering judgment and design experience 
which are ascertainable for each unit process in Sections 2 and 3 of this 
report. 

Selection of. the nunber of units to be constructed for each unit 
process may be determined by econaaic considerations and/or regula- 
tiom of governnent agencies. EPA policy docunents, as veil as the 
Ten State Standards, urge the design engineer to provide sufficient 
equipment and tankage in wastewater treannent plants to allow for 
effective operation of the plant when it is necessary to shut down an 
aerator, a clarifier, or a piece of equipment for cleaning and main- 
tenance. Standby or reserve equipment, such as pmps, is usually 
provided. A recurring problen in esttiating the cost of a unit 
process is identification of excess tankage required as a function of 
plant size. Opthization techniques have been developed by severaL 
researchers which address this problem. The nunber of tanks may aLso 
be governed by the nunbers and capacity of instaLLed mechanical 
equipment. Both the theoreticaLLy derived techniques fran academic 
research and the practical aspects of design are given equal consideration 
in formulating the model for each individual unit process. 
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Ihe size and dimensions of concrete or steel structures can be cal- 
culated after the number of tanks, vessels, or pieces of equipment is 
detexmined. The dimensions of the basins are governed by the physical 
constraints of the individual mechanisms to be installed in these. 
basins. For example, aeration basins using diffused areation devices 
are uually designed with a water depth of 15 feet and width of 30 
feet for effective gas transfer. After the volume, depth, and width 
of tanks are fixed, the length can be easily calculated. It must be 
stressed that these characteristics may change during actual design 
but for planning level accuracy the above assumptions appear to be 
sufficient. 

The thickness of walls and slabs associated with selected structures 
is a function of the water depth, soil conditions, groundwater eleva- 
tion, and the percentage of the structure which would be constructed 
below grade. Certain assumptions must be established in order to 
formulate a generalized model. It is assumed that structures, except 
pump stations, will be built 3 feet below grade for concrete struc- 
tures and at grade for steel structures. Having made these assump- 
tions, the quantity of reinforced concrete, structural steel, and 
earthwork can be easily calculated by cauputer methods. 

1.2.2.3.2 Equipment Canponent., The second most important cost 
item is installed equipment costs. The quantities calculations 
section (second-order design) includes equipment selection, space 
requiraents for housing, electrical and control systems, and opera- 
tional and maintenance requiraents including labor, chemicals, arid 
electrical power. The selection of equiwent is interrelated to the 
selection of reaction vessel configuration. It is further canplicated 
by the limited size of available off-the-shelf equipment itms fran 
manufacturers. Furthemore, different variations of equipment are 
available to carry out specific functions. Selection usually depends 
on the capacity required and, to a lessor degree, the preference of 
design engineers. In this study, and attmpt is made to select the 
most econanical and ccmmon equipment for appropriate capacity ranges. 

After the nunber, type, and capacity of equipment are established for 
each unit process, the operation and maintenance requirements are 
estimated fran the empirical formulae established fran this study. 
The analysis of operation and maintenance costs includes the factors 
listed below. 

Operation and maintenance manpower. 
Electrical energy required for operation. 
Material required for repair. 
Chemical and other requirements. 
Replacement schedule. 

For certain unit processes, piping systems contribute a major portion 
of total capital expenditures, thus warranting separate treatment. 
The piping systems studied are the process piping within each in- 
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dividual unit operation, exclusive of yard piping, which connect one 
unit process to another. The elements of the piping system include 
pipe, fittings, valves (with operators), insulation, and supports. 
Pipe materials considered are identified for each individual process. 
The design of the piping systems is governed by wastewater flow, 
nunber of reaction vessels, and canplexity of the process require 
ments. For instance, the piping systems for a contact stabilization 
activated sludge are more canplex than those for a canpletemixed 
activated sludge. Due to the trmendous nunber of piping systems 
within a sewage treatment plant, only major piping systefns are eva- 
luated. Major piping systems are defined as those piping systems with 
pipe sires larger than 4 inches in dianeter. The cost of the minor 
piping is estimated as a percentage of the total piping costs. Specific 
basin arrangements are assumed. The basin and flow arrangments are 
determined for each unit process in the quantities calculations 
section. In many cases, piping costs are not individually identified 
and are included as a percentage of other construction costs. 

Electrical work and process control equipment in a wastewater treat- 
ment plant are closely related to the mechanical equipment installed. 
The estimated costs of these itens are incorporated as a percentage of 
the installed equipment costs. 

The output data fran the quantities calculations section is used as 
input to the cost calculations section to obtain cost esttiates for 
themajor cost itens. 

1.2.2.4 Methodology for Cost Calculations Section. The pry 
cedure used for capital cost esttiating will be addressed according to 
the categories presented in the discussion of the methodology for the 
quantities calculations. 

1.2.2.4.1 Structural Canponent. The cost of the structural 
component consists of the canbined cost of reinforced concrete, 
earthwork, structures, and piping. 

The construction of earthen basins (such as aerated lagoons or sludge 
lagoons) is generally attempted with equal cut-and-fill quantities. 
In other words, excavated material is utilized in enbankxnents so tSat 
borrowing of dirt fran outside is not necessary. The procedure is 
applicable only when soil and groundwater conditions are ideal, as 
is assumed in the CAPDET model to simplify costing procedures. The 
unit cost input will consist of dollars per cubic yard of earthwork 
assuming equal cut-and-fill. In the case of a specific application, 
actual soil considerations would be known so that the unit cost could 
be adjusted to obtain a more realistic estimate. 
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The costs of reinforced concrete structures will be esttiated as the 
sun of costs of concrete slabs and concrete walls, due to the sig- 
nificant difference in costs between these two types of in-place 
structures. The unit cost inputs are the cost of in-place concrete 
slab in dollars per cubic yard and the cost of in-place concrete walls 
in dollars per cubic yard. 

1.2.2.4.2 Equipment and Installation Costs. Equipment for the 
wastewater treatment systen may constitute one of the largest itens 
of identifiable fixable capita costs. It is desirable therefore to 
maintain up-t-date equipment cost data for CAPDET. With a limited 
nunber of unit cost input entries, it is very difficult to maintain a 
reliable cost data base. The following description butlines a procedure 
which produces an accurate estimate within these limitations. The 
i.=tall,ed equipment cost is considered in three canponents: the 
purchase cost of the equipment, installation labor cost, and other 
minor costs such as electrical works, minor piping, foundations, 
painting, etc. 

The purchase cost of process equipment is a function of size or ca- 
pacity. To minimize the nunber of cost inputs required, a standard 
size (or capacity) unit is selected and the purchase cost of all other 
size (or capacities) units of that type is expressed as a fraction or 
multiple of the standard unit purchase cost. This cost ratio versus 
size relationship has been developed for each major it- of equipment 
required. These relationships assume the fozm shown: 

where 

A = sane characteristic size measuraent such as 
.volme, area, horsepower, or weight. 

0 and S = subscripts designating other and standard 
sizes, respectively. 

F = a function of. 

The exact form of the cost-versus-size relationship and the selection 
of the standard sizes for each major equipent iten were determined 
from a review of manufacturer's information and available literature. 
In most cases these size-cost rdationships are relatively unaffected 
by inflation and other cost changes. 
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Two options are available by which the purchase cost of equipment can 
be escalated to account for inflation. The first option is for the 
user to obtain fran equipment manufacturers the current cost of the 
standard size equipment F.O.B. (FreeOn-Board) at the treament plant 
site. The purchase cost of any other size item of like equipent is 
then autanatically escalated by the cost versus size relationships 
described above. The second option is to escalate the purchase costs 
by the use of cost indices. Only one input is required for this 
process; the Marshall and Swift Equipment Cost Index. The 1977 first 
quarter purchase prices of the standard size equipment are stored ln 
the model and are updatd autauatically if the cost Index is input 
into the progran. The latter of the above methods is the least 
accurate; however, it requires fewer input values. If the model user 
inputs a cost for equipment, the index is not us,& to update the new 
cost. 

Man-hour requirenents for installation are dependent on the type and 
size of equipment. The relationships between man-hour requirements 
for installation and equipment size and type have been establlshed and 
are presented in the designs for each unit process. These relation- 
ships resable the following generalized form: 

NH = F (A) 

where 

MH -man-hours required for Installation. 

A - size measurements as defined previously. 

The cost of installation is esttiated by multiplying the man-hour 
requirements by the input labor rates. 

In many cases data concerning manpower requirements for equipment 
installation were found to be incomplete or nowexistent. In such 
cases, the model uses a percentage of purchase price factor to cal- 
culate the cost of equiment installation. These factors, in general, 
were obtained frcm equipment manufacturers and published sources. 

The other minor costs for each type of equipment may consist of 
piping, steel, instrunents, electrical, insulation, painting, insu- 
rance, taxes, etc. These itens are estimated as a percentage of 
purchase costs and these percentage values will vary with the type and 
size of equipment. These percentage values were established based on 
design experience, engineering judgement, manufacturers' input, and 
previously published literature. 
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The installed equipment costs are summarized by the following formula: 

Purchase Cost of Equipment .$M 

&n-Hours Required for Installation = MH 

Other Minor Iteas 

MH x Labor = 

* X% 

Total Installed Costs 

where 

* (1 + X%) M+ L 

M = material costs (equipment costs). 

L = labor costs. 

X= percentage. of material costs for minor itens. 

1.2.2.4.3 Cost of Building and Housing. Buildings are essential 
in certain unit processes for protection against weather or maint- 
nance of a prerequisite enviroment. The building requirements are 
r&l.ated to the equipment to be housed and are estimated in the qua? 
tities calculations sectiou as square footage of floor space. Buil- 
ding costs are estimated by the following formula: 

Cost of Building = (S.F. of floor space) x (Unit cost/sq f t) - 

1.2.2.4.4 Costs of Piping System. Piping costs may vary fran 15 
to 20 percent of wastewater treatment plant costs. They should be 
evaluated independently. Estimating process piping costs presents the 
greatest challenge for the cost engineer. Estimating fran canpletely 
detailed drawings is an ardous, time-consuming task much beyond the 
scope of CAPDET. Evaluation on any other basis may produce widely 
varying results. To estjmate the cost of the "major piping systenH, a 
canbination of two well established esttiating methods used by the 
chemical industries will be employed. The cost of material will be 
est&nated by the use of the Dickson "Nm method and the field erection 
cost will be esttiated by the cost of "joints" method. The R.A. 
Dickson "N" method uses a technique to estjxnate purchase price of 
piping materid similar to the one proposed to estimate equipment 
costs. Relationships are developed between the cost ratios, desig- 
nated as N factors, and sizes of piping material, defined as follows: 

N = Cost of Pipe any size 
Cost of reference size pipe = F (pipe size) 
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With these factors stored in CAPDET for cast iron pipe, steel pipe, 
fittings and valves, the user will have to input only a limited number 
of unit costs of the reference canponents. The field erection costs 
for the piping system can be estimated by use of the cost-per-joint 
method. The unit of work measurement is the joint (two for couplings 
and valves, three for tees, etc.) because joints require the bulk of 
piping labor for erection. The costs of handling, hanging pipe 
placement, and insulation are esttiated as a fraction of the cost of 
makeup joints. The manhours of field erection per joint for various 
pipe sizes and materials, as well as the fraction for placing and 
insulating, are evaluated in the quantities calculations section. The 
fieLd erection cost of the piping system will be estimated based on 
the labor requirements and unit labor price inputs. . 

The total piping systen costs would be the sm of the following 
items: 

Piping material costs. 
Field erection costs. 
Other minor.costs as a percentage of total piping costs. 

In many cases it is impractical, at the planning level, to identify 
piping quantities and sires. In such cases, a percentage of other 
construction cost factor is used to estjznate piping costs. The 
method used is specified for each process. 

1.2.2.4.5 Operation and Maintenance. The operation and main- 
tenance cost for a wastewater treatment unit process can be divided 
into several major categories: energy, operation labor, maintenance 
labor, chemical costs, and operation and maintenance material and 
supply costs. These costs and the techniques for esttiating are 
presented below. 

1.2.2.4.5.1 Enew. Energy costs are derived fran the calculated 
use of fuel .oil, natural gas or electric power. The quantities cal- 
culations section generates the quantities of energy use whereas the 
cost calculations section applies user input unit prices to calculate 
the unit process energy cost. The total energy cost of the treaunent 
facility is simply the sum of the energy costs for the unit processes. 

The cost of electric power is by far the predauinant energy cost for 
most processes. Thus, electric power has been placed in a separate 
category on the progran output formats. Since natural gas and fuel 
oil is consumed in relatively few processes, the cost of these fuels 
is tabulatd as a materials costs. The procedure for calculating 
power coet is presented below. Similar techniques are also applied to 
the calculation of fuel oil and natural gas costs. 
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The electric power consmption has been determined for each unit 
process and is part of the output data fran the quantities calcu- 
latiom section of each process. The power consumption for the 
treatment facility is simply the sum of the power consmptions for the 
unit processes. The power conszxnption is converted ,to costs by 
multiplflng the power consumption in kilowatt hours per year by the 
unit price input for electric power costs in dollars per kilowatt 
hour. Electric power rates vary according to location, peak demand, 
and level of consmption. Because of the tremendous variability of 
power costs no general value can be used and the user must obtain this 
price input fran the local utility canpany which would be supplying 
the power. 

Power consumption is calculated as follows: 

EPC = (PC) (UPIPC) 

where 

EPC = electric power costs, $/yr. 

PC = total power consumption, kwhr/yr. 

UPIPC = unit price input for power costs, $/l-hr* 

1.2.2.4.5.2 Labor Costs. The cost of labor can be divided into 
four categories: administrative and general, operation, maintenarice 
and laboratory. Operation and maintenance labor are applied to the 
unit processes specified in the treament alternatives. Adminis- 
trative and general labor as well as laboratory labor are canputed for 
the treatment facility as a whole. 

Recanmended staffing for different levels of manpower required for 
each of the four labor groups was established by utilizing several 
publications concerning staffing of sewage treatment facilities Table 
1.2-l shows the four labor groups and the staff recaamended for each 
group. However, based on the size of the facility, or man-hours 
required, the canplete staff may not be required and more time may be 
required by one of the staff than by others. Further, each staff 
member demands a different salary. By utilizing staffing charts 
provided in the literature, weighted average salaries for each labor 
group were established for several different man-hour requirments for 
the groups. To reduce the nuuber of inputs, the weighted average 
salarie were expressed as a percentage of the Operator II salary. 
Graphs were then made of percent Operator II salary versus maehours 
required for the four labor groups. These curves were expressed in 
equation form and are presented in the discussion of each labor group 
which follows: 
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TABLE 1.2-l. ESTIMATED PLANT STAFFIXG COMPLEMEXT 

Administrative Group 

Superintendent 
Assistant Superintendent 
Clerk Typist 
Storekeeper 

Operation Labor 

Operation3 Supemisor 
Shift Forenan 
Operator II 
Operator I 
Autanotive Equipent Operator 

Maintenance Labor 

Maintenance Supervisor 
Mechuical Maintenance Forenan 
Mahtenance Mechanic II 
Maintenance Mechanic I 
Electrician II 
Electrician I 
Painter 
Maintenance Helper 
Laborer 
Custodian 

Laboratory 

Chenisi 
Laboratory Technician 

End Table 1.2-l. 
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The administrative labor group consists of the management and office * 
personnel. as shown in Table 1.2-2. The total man-hour requirement for 

this group is related to the size of the plant and is calculated by 
the following equation: 

AJ%I - 348.7 CQavg) 
0.7829 

where 

ANH = administrative man-hours required, man-hours/ yr. 

Q avg * average wastewater flow, mgd. 
- 

In order to convert theman-hours to costs, an average salary for this 
labor group is calculated based on the mawhours required for the 
labor group. 

SALA - 20.92 (AMH) -om321o (SLOP) 

where 

S&A = average salary for administrative labor group, 
$/hr. 

SALON = salary for operator II, fraa input, $/hr. 

Finally, the cost per year for the administrative labor group is 
calculated by: 

where 

COSTA = annual cost for administrative labor group, $/yr. 

The laboratory group consists of the personnel required to run necessary 
tests to check the various paraneters which must be monitored to 
assure effective treatment. The man-hour requirment for this group 
is calculated by the following equations. 

For O.OlL Q -g 
5 20mgd 

2450 CQavg) 
0.1515 

LMH= 

Q w mgd 7 20 

0.4426 
Lam- 1062 Savg) 
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where 

LXH = laboratory man-hours required, man-hourslyr. 

Q =g 
= average wastewater flow, mgd. 

To convert the man-hours to cost, an average salary for this labor 
group is calculated by the following equation: 

SALL - 1.1 (SUOP) 

where 

SALL - average salary for laboratory labor group; $/hr. 

Finally, the cost per year for the laboratory labor group is cal- 
culated by: 

where 

COSTL = annual cost for laboratory labor group, $/yr. 

Themaintenance man-hours required have been calculated for each 
individual unit process. The total requirement is the sum of the 
requirement for each unit process to be used in the treament facility. 

MMElT -smH 

where 

MMHT = total maintenance man-hour required, mawhourjyr. 

HMH = maintenance man-hours required for each unit 
irocess, man-hours/yr. 

To comert the man-hours to cost, an average salary for this labor 
group is calculated by: 

SALX = .388 (XMHT)"*085 (SALOP) 

where 

SM.3 = average salary for maintenance labor group, 
$/hr- 

The total annual cost for the maintenance labor group is calculated 
by: 

cosm = (SALPI) (?IMHT) 
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where 

cosm = annual cost for maintenance labor group, $/yr. 

The operation man-hours required have been calculated for each irk 
dividual unit process. The total man-hour requirment is the sum of 
the requirements for each unit process to be used in the treament 
facility. 

OMHT=gOMH 

where 

OMHT = total operation man-hours required, man-hours/yr. 

OMX = operationman-hours required for each unit 
process, man-hours/yr. 

To convert the man-hours to cost, an average salary for this labor 
group is calculated by: 

SAL0 = .97 (SALOP) 

where 

SAL0 = average salary for operation labor group, $/hr. 

The total annual cost for the operation labor group is given by: 

COST0 - (SALO) (OMHT) 

where 

COST0 = annual cost for operation labor, $/yr. 

The total annual operation and maintenance labor cost is the sum of 
the labor costs for each of the four labor groups. 

TOMLC = COSTA + COSTL + COS'IX + COST0 

where 

T(XLC - total annual operation and maintenance labor 
costs, WV. 

1.2.2.4.5.3 Operation and Maintenance Material and Supply Costs. 
These costs have been calculated for each unit process and are an 
output frcm the cost calculations section for each unit process. The 
total operation and maintenance material and supply costs for the 
treatment facility are the sum of the costs for each unit process to 
be used in the treatment facility. 
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TONLC = 5 CXX 

where 

TOMXC = total annual operation and maintenance materLaL 
and supply costs, $/yr. 

OMMC - operation and maintenance material and supply 
costs for unit process, $/yr. 

1 +? ' 4.5.4 .w.&. Chemical Costs. There are five different chemicals 
which are used most frequently in sewage treaaent f?cili.ties. These 
chemicals are lime, alum, ferric chloride, polymers, and chlorine. 
Quantities of each chenical required by the treament processes are 
calculated in the quantities calculation section. The chmical costs 
are then calculated by the following equatious: 

CLIME= (UPLIME) (LL%) (365) 

CALUM - (~I?ALUM) (ALiN) (365) 

CIRON = (UPIROX) (IRON) (365) 

CPLXR - (UPLNRj (PLIER) (365) 

CCLR = (UPCLR) (CR) (365) 

where 

CLBE = annual cost of lime, $/yr. 

UPLEG = unit price input lime, $/lb. 

LXE =.lime dosage rate, lb/day. 

CALUM = annual cost Of ALW, !Y?~o 

UPALUM = unit price input for alum, $/lb. 

ALL% = a.lm dosage rate, Lb/day. 

ClRON - annual cost of ferric chloride, $/yr. 

UPIRON = unit price for ferric chloride, $/lb. 

IRON = iron dosage rate, lb/day. 

CPLXR = annual cost of polymer, $/yr* 
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UPLXR = unit price input for polymer, $/lb. 

PLMER = polyzker dosage rate, lb/day. 

CCLR = annual cost of chlorine, $/yr. 

UPCLR - unit price input for chlorine, $/yr., 

CR - chlorine dosage rate, lb/day. 

The total annual chemical costs for the facility may be calculated by: 

COSTCT - CLIME + CALUM + CIRON + CPLHR +.CCLR 

where 

COSTCT - total annual chenkal costs for the treament 
facility, $/yr. 

1.2.2.4.5.5 Tota.Operation and Maintenance. The tot& annual 
operation and maintenance costs is the sum of the electric power 
cos lx, the operation and maintenance labor costs, the operation and 
maintenance material and supply costs, and the chaical costs. 

A@fC - WC + TOMLC + TOMMC + COSTCT 

where 

ACMC = total annual operation and maintenance costs, 
s/v. 

1.2.2.5 Other Facility Construction Costs. The construction of 
wastewater treatment facilities involves not only the construction of 
unit processes, but also the supporting facilities and interconnecting 
piping which.must also be completed in order to create a functional 
faciliq. These other facility construction costs have been found to 
represent fran 35 to 50 percent of total facility construction cost. 
Other direct construction costs formulations available to the model 
user are presented in Table 1.2-2. 

The other facility comtruction costs are generally those costs which 
are more site specific and do not lend themselves to the use of unit 
cost estimating techniques developed in a planning level model. The 
cost of these itas may vary significantly depending on conditions at 
a particular site. 

The CAPDET cost esttiating methodology applies parametric cost estimating 
techniques to calculate approximate costs for these construction 
elements. The cost cumes used in the model are derived from the U. 
S. Environmental Protection Agency Technical Report, "Construction 
Costs for Municipal Wastewater Treatment Plants: 1973 1978, "FRDll. 
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TABLE 1.2-2. Other Facility Construction Cost Formulations 

Item Description Formulation 

Special Foundation 

Effluent Pumping 

Outfall Diffuser 

Mobilization 

Clearing and Grubbing and Site Preparation 
Site Electrical 

Yard Fiping 

Laboratory, Maintenance and 

Administration Building 

Raw Waste Pumping 

Instrunentation and Control 
No-Ocean Outfall 

Ocean Outfall 

55129 Qoms7 

55776 Qoe6' 

29988 Q"- 
52967 Qoe6' 

92734 Q"'57 
139519 Q"*73 
96076 Qoe71 

161240 Q"'58 

109443 Q"*63 

64997 Qom7' 

50962 Q"*77 

251468 Q1006 

1.2-18 



The curves found in FRDll were developed fran a statistical analysis 
of over 737 wastewater treatment plant construction projects repre- 
senting approximately 5.8 billion dollars of grant eligible treament 
plant construction expenditures. Considering inflation and other. 
factors it is estimated that the data used to develop these cumes 
represent over on-half of the treament projects which have gone to 
the construction stage (Step 3) since inception of the construction 
grants progrmk. For further infomation on development of these 
cumes, the reader is referred to FRDll. 

Another significant facility construction cost is the allowance for 
contractor profit and overhead. Since this iten should be calculated 
based on total facility construction cost, the bare costs of the unit 
processes plus the cost of other facility construction cost is mul- 
tiplied by a percentage to detemine a value for contractor profit and 
overhead . Typically this percentage ranges between 20 and 30 percent. 
USEPA data suggests use of 22 percent for a national average. 

Total. facility construction costs are calculated as the sum of unit 
process costs, other facility comtruction costs and contractor profit 
and werhead. 

1.2.2.6 Xonconstruction Costs. The calculation of total 
project costs involves not only the cost of construction but also 
nonconstruction costs associated with the Step 1 and Step 2 planning 
and design effort as well as noncoustruction costs associated with the 
Step 3 construction effort. These costs are presented in Table 1.2-3. 

The CADET cost estimating techniques again utilizes the data collected 
in the FRDII study as the basis for calculating these costs. Noncon- 
struction costs are presented as a percentage of total construction 
costs. The reader is again referred to FRDll for detailed formulation 
of these values. 

Land requirments are generated using information derived fran the 
USEPA report entitled "Estkating Costs and Hanpower Requirements for 
Coyentional Wastewater Treatment Facilities", Report No. 17090, 
Cktober 1971. Land area requirements are developed for each treament 
alternative based on the assmption that traditional mechanical treatment 
processes are used. Should the alternative include lagoous or land 
treament alternatives, the land requirements for these processes are 
added to overall land requirements. The land costs are based on the 
land area calculations times a user input cost per acre. 
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Table 1.2-3. Nonconstruction Cost Percentages 

Iten Description 
Percentage of 

Total Construction Cost* 

Contingencies 8 

Administrative/Legal 2 

201 Flaming 3.5 

. Inspection 2.0 

Technical 2.0 

Miscellaneous Nonconstruction 5.0 

4.0-12.0 

*Hay be changed by prkran user. 
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1.3 IX"UT SOURCE DEVELOPXENT 

1.3.1 General. Use of the CAPDET model requires input of six 
categories of data. These include: unit process design data, schene 
descriptions, wastewater characteristics, unit price data, other direct 
construction ccsts and indirect cost values. Default data are included 
for al.1 input data requirenents with the following exception: scheme 
description and facility design flow. The model user is referred to 
the User's Guide for detailed information concerning input requirements 
and default data values. The remainder of this section presents a 
discussion of data sources and techniques for obtaining the required 
data inputs. 

1.3.2 Unit Process Design Criteria. The CAPDET iode allows the 
user to change various design paraneters for each unit process. Chapter 
3 and 4 of the CAPDET User's Guide contain a detailed discussion of the 
unit process design paraneters for each process. This discussion, 
arranged by unit process in alphabetical order includes the following 
information: unit process design paraeters, appropriate value ranges 
for the individual design paraneters and values of the default data 
available within the program. The values presented in the User's Guide 
are based on an extensive review of available literature related to each 
unit process. Sections 2 and 3 of this document present additional 
design information for each unit process as well as a listing of pub- 
licatiom consulted during model algorithn development. 

1.3.3 Scheme Descriptions. The CAPDET model contains over 90 . 
treatient processes in the progran library. Each of these processes may 
be utilized by the model user to construct various wastewater treakaent 
process trains (canbinations of treatznent processes). Selection of a 
process train will depend on nunerous factors including: 

Strean standards and/or receiving water quality. 
Federal, state, and local effluent criteria. 
Wastewater characteristics. 
Initial and annual ccsts. 
Availability of fuel and/ or electric power. 
Specific exclusion3 of certain processes. 
Possible requirenents for future expansion and/or 

upgrading. 

The process substitution diagram in Figure 1.3-l is useful in 
system design and evaluatiou. In practice, the diagram is entered 
fron the left and the designer may select processes for prelkninary, 
W-v, secondary, tertiary, and/or sludge treatment according 
to specific needs. For a given set of wastewater characteristics, 
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there may be 30 or more viable treatment processes; a canplete 
treatment system may enploy fran 1 to 20 processes. Thus, there 
are literally thousands of possible canbinations and it is vir- 
tually impossible for an individual designer or design tean to 
evaluate all viable processes and canbinations of processes 
without the aid of the cauputer. To ltiit the amount of evalu- 
ation required, the designer must rely heavily on experiences and 
examples set by others to select processes or eliminate certain 
processes fran comideration. This practice places a great 
burden on the designer and occasionally results in designs that 
are not cost effective. 

Additional information ou the applicability of a singular unit 
process for removal of specific pollutants is included in the 
discussion on each unit process in Sections 2 and 3 of this 
documentation. 

1.3.4 Wastewater Characteristics. The CAPDET model 
allows input and tracking of 20 wastewater constituents. Default 
values are included for all values other than average, minimum 
and maxknum flows. Information on wastewater characteristics is 
generally available in the literature. The following discussion 
presents a brief synopsis of available literature. 

Water usage rates, wastewater production rates, and wastewater 
characterization data for domestic sewage have been documented 
for urban area design. These rates and qualities are representative 
of the "average" city and are subject to the engineer's knowledge 
of the area for their intelligent application. Needless to say, 
no table of statistical values is a good substitute for field 
data. However, the information presented in this chapter will 
allow the engineer to prepare a "first-look" design and obtain 
rudimentary cost data for the area. Subsequent iterations in the 
planning pro,cess demand that these average values be replaced 
with sitespecific values. 

One of the most Important parmeters required for the effective 
and realistic planning of any canmunity sanitary facility is 
flow. Flow is the major determinant of size, location, and 
public acceptance of any plant. Unfortunately, flow may frr+ 
quently be the most elusive paraneter to forecast. Many factors 
drsaatically affect the flow reading of a waste treatment fa- 
Cility; anong these are (a) geographical location, (b) type of 
users (e.g., residential, industrial, agricultural, etc.), (c) 
sewer inflow, infiltration/exfiltration, (d) consmptive uses 
b-g., lawn watering, car washing, etc.), (e) storm event his- 
tory, and (f) precipitation and resulting runoff. 
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Netcalf and Eddy have found that between 6Q and 80 percent of the 
per capita consumption of water will becane sewage. Based on 
studies by the U. S. Public HeaLth Service for the Select Can- 
mittee on XaturaL Water Resources published in 1960, the average 
water consumption on a national basis was found to be approxi- 
mateLy 147 gallons per capita per day (gpcd). This therefore 
represents an merage wastewater flow fran 88 to 118 gpcd or 
about the LOO-gpcd figure frequently reported 5n the literature. 
It should again be emphasized that this value represents onLy an 
average value which must be used with caution. 

In addition to the average flow, the designer must be cognizant 
of the maximum and minimum flows. The design of many unit processes 
is based on a knowLedge of peak flows, while the design of others 
is based on minlmum flows. Table 1.3-l provides sane canparisions 
found by Clark and Viessman in their research on danestic fLow 
fluctuations. 

The terns "infLow" and "infiltration" are used to describe flows 
into the sanitary sewer system fran sources other than normal 
sewage connections. Inflow refers to connections of wastewater to 
the systen which may not be septic in the biologic sense of the 
term. Such connections include roof drains, parking lot drains, 
misconnected storm water laterals, etc. Most inflows provide low 
pollutant levels with relatively high volume quantities. This 
water is excessively expensive to reeLaim in the sanitary systan 
and normally is better disposed of by other means. Frequently 
nonstructural solutions (e.g., sewer ordinances) are required to - 
deaL with areas of excessive inflows. On the other hand, in- 
ffitration refers to the inward seepage of groundwater into the 
collection systen. The volune of such infiltration is a direct 
function of the length, size and condition of the collection 
system as well as the depth of the groundwater. Current EPA 
procedure is to detexmine if inflow/infiltration is excessive to a 
point where it is more cost-effective to replace and/or rehabi- 
litate than.to continue to transport and treat. 

Like flow, the quality of raw sewage fluctuates fran region to 
region. Table 1.3-2 gives a set of typical characteristics of 
daaestic sewage representative of most urban areas. It must 
likewise be reaLized that heavy industrial or canmerciaL loadings 
can have a dranatic effect on the values listed* 

1.3.s Unit Price Data. The accuracy of any cost estimate 
depends not onLy on the correct determination of sizes and quanti- 
ties of materiaL, equipment, and labor to be used on the project, 
but also on the unit price inputs used. The cost estimating 
technique used by the CAPDET model requires input of current unit 
prices if model accuracy is to be maintained. Default unit price 
data is available within the model and wilL be utilized in the 
caLculation process if the user fails to input unit price data. 
While the CAPDET cost estimating methodology has reduced the 
nunber of unit price inputs required, there are some inputs st5Ll 
required. 
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Table 1.3-l Residential sewage Flows 
as Ratios to the Average 

Flow Ratio 

Maximum daily 2.25 to 1 
Maxhum hourly 3.00 to 1 
Minbm daily 0.67 to 1 
Minimun hourly 0.33 to 1 

Table 1.3-2 Typical Characteristics of DomeFtic Sewage 
(mg/l unless noted othetise) 

Paraneter High 
kkaount 
Averaqe 

BOD5 350 200 100 
COD 800 400 200 
TE 300 200 100 
pH (units) 7.5 7.0 6.5 
Total sol ids 1200 700 400 

Suspended, total 350 - 200 100 

Fixed 100 50 25 
Volatile 250 150 75 

Dissolved, total 850 500 300 

Fixed 
Volatile 

500 
350 

300 
200 

200 
100 

Settleable solids (ml/l) 
Total nitrogen (as X) 
Free amonia (as NH3) 
Total phosphorus (as P) 
Chlorides (as Cl) 
Sulfates (as SO ) 
Alkalinity (as t 
Grease 

aC03) 

20 10 5 
60 40 20 
30 15 10 
20 10 5 

150 100 50 
40 20 10 

350 225 150 
150 100 50 
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Unit price inputs are divided into two categories. First, unit 
price inputs applying generally to all or several unit processes 
are input in the general data file. Second, those price inputs 
applying to a specific unit process are input on the ESTIMATE card 
contained in the unit process specification section of the input.' 
A discussion of unit price input requiraents is found in the CAPDET 
User's Guide. The following is a brief discussion of unit price 
information sources used for development of CAPDET. 

1.3.5.1 Dodge Guide for Estimating Public Works Construction 
costs. The Dodge Guide is a yearly publication fran the McGraw 
Hill Information Systems Ccmpany. This publication contains unit 
costs for labor, miterials, &&equipment for a wide rar@e of 
public works construction projects. The costs are generated fron 
sources throughout the United States and gener&lly represent an 
average cost. The publication can be obtained-fran: 

McGrawHill Information Systems Caupany 
1221 Avenue of The Americas 
New York, New York 10020 

1.3.5.2 Means Building Construction Cost Data. The Means Cost 
Data is a yearly publication produced by the Robert Snow Means 
Cmpany, Inc, This publication like the Dodge Guide presents 
average unit costs gathered fran throughout the United States. 
The Means Building Comtruction Cost Data can be obtained f ran: 

Robert Snow Means Canpany, Inc. 
Construction Consultants & Publishers 
100 Construction Plaza 
Dixbuxy, Massachusetts 02332 

1.3.5.3 "Chemical Engineering". "Chaical Engineering" is a 
magazine published biweekly by the McGra+Hill Publication Canpany. 
The magazine is oriented toward the chenical process industry 
however, s&e sewage treatment facilities use much of the sac 
equipment, the cost index found in this publication should be more 
applicable to escalation of equipment costs than a general cow 
struction cost index. A subscription to this magazine may be 
obtained by writing: 

Chenical Engineering 
F'. 0. Box 507 
Hightstown, New Jersey 08520 

1.3.5.4 "Engineering News Record". "Engineering News Record" is 
a weekly magazine published by the McGrawHill Publications 
Company. The publication discusses a wide range of construction 
problems and techniques as well as construction management. This 
publication may be otained by writing: 
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Engineering sew Record 
F. 0. Box A30 
Hightstown, New Jersey 08520 

1.3.5.5 "Journal Water Pollution Control Federation". The 
"Journal Water Pollution Construction Federation" is a monthly 
publication by the Water Pollution Control Federation. This 
publication may be obtained by writing: 

Water Pollution Control Federation 
3900 Wisconsin Avenue, N.W. 
Washington, D.C. 20016 

1.3.5.6 Local. The term "local" appearing Ln'Table 1.3-3 
indicates that this cost input is so variable that it must be 
obtained fran sources in the local area where the facility is to 
be ,built. 

l.i.5.7 Vendor. This term indicates that the cost input 
should be obtained fran the equipment manufacturer or represee 
tative who distributes the particular type of equipment. 

1.3.6 Optional Other Direct Construction Costs. The unit 
price cost esttiating technique is applied to the calculation of 
costs associated with the construction of unit processes. In 
order to calculate total wastewater treatment facility construc- 
tion costs, other cost ccxnponents must be included. Thesecost 
components denoted as “other direct construction costsw are those 
components necessary to connect unit processes into a functioning 
treatment facility. Many of these cmponets are site related, 
i.e. will be required at sane sites and not others, e.g. flood 
protection. Therefore, the CAPDET model allows specification of 
these cost canponents at the user's option. 

As discussed in Section 1.2.3, the cost of these canponents is 
based on data collected by the EPA and published in FRDll. To 
improve the flexibility of the model, the user also has the option 
of specifying a dollar value for each cost canponent. 

1.3.7 Indirect Project Costs. Total project costs also 
include various nonconstruction costs As in the case of the 
"other direct construction costs", the CAPDET model uses data 
collected by the EPA in preparation of FRDll. The user also has 
the option of overriding the EPA derived cost data by inputing a 
percentage which may be more appropriate for a particular project. 
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1.4 CAPDET COST EVALUATION TECHNIQUE 

1.4.1 General Cost Evaluation Procedures. The purpose . 
of cost evaluation in pollution control is the minimization of 
the costs required to achieve a certain water quality objective. 
This process is not to be confused with the concepts of econ-ic 
optimization in which a systen's output or production is maxi- 
mized while minimizing its cost. In pollution control, the 
basic objective or output has been established by law or regu- 
lation. There remains the process of developing the least cost 
waste treatment management system to meet preestablished objec- 
tives rather than determining the econanic tradeoffs resulting 
fron improvements or degradation of water quality. 

After the engineer or planner performs the initial cost calcu- 
lations and determines estimates of the capital and operating 
and maintenance costs for each cost canponent in a waste treat- 
ment managament system a cost analysis of alternative systms 
must be prepared. Before a true canparison of alternative 
systens can be made, a' cost analysis recognizing the time value 
of money is required. The present worth or the equivalent 
annual cost method may be used in this analysis. The present 
worth method detexnines the sum which represents initial capital 
costs and the present monetary value of the time strean of 
operation and maintenance costs for a given interest rate. On - 
the other hand, the equivalent annual cost method amortizes the 
capital expenditures and present value of operation and mainte 
nance ccsts at a given interest rate over the planning period of 
the project. Both methods give an accurate indication of the 
relative monetary costs for alternative waste treatment manage- 
ment systems. 

The CAPDET model generates both present worth and equivalent 
annual costs.for each alternative waste tretitment managment 
systan. The methodology used for these calculations is based as 
closely as possible on the cost-effectiveness analysis proce- 
dures pranulgated by the Environmental. Protection Agency. The 
rmainder of this discussion is divided into two parts. Sect ion 
1.4.2 presents an overview of the relationship between CAPDET 
and the EPA cost-effectiveness guidelines whereas Section 1.4.3 
et. seq. presents the detailed mathematics implaented within 
the model for calculating the monetary cost of an titernative in 
accordance with the guide1 ines . 

1.4.2 EPA Cost Effectiveness. 

1.4.2.1 General 
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Cost-effectiveness analyses guidelines have been pranulgated by 
the Environnental ?rotection Agency under the authority of 
Sections 212(2)(c) of the Clean Water Act (PL 92-500 as amended 
by PL 95-217). ' Procedures for conducting a cost-effectiveness 
analysis are published as Appendix A to Subpart E of 40 CFR Part 
35. The user of the CAPDET cost esttiatlng model is referred to 
Appendix A for a detailed treaaent of the requlrenents of the 
EPA cost-effectiveness analysis. This section is designed to 
briefly review the major monetary aspects of the analysis 
procedure and discuss the assumptions and rational lmplmented 
within CAPDET in order to canply as closely as posslble with 
these regulation. 

An Appendix A cost-effectiveness analysis is defined as "an 
analysis performed to determine which waste treannent management 
systm or canponent part will result in the mlnimun total 
resources costs over the to meet Federal., State or local 
requlrements.m The total resource costs include bothmonetary 
and notmonetary opportunity costs. The analysis of nonnonetary 
costs is based on a descriptive presentation of their signi- 
ficance and impacts. 'Normonetary factors include but may not be 
llmlted to such items as primary and secondary environmental 
effects, implementabillty, operability, performance reliability 
and flexibility. The analysis of the monetary aspects of a 
proposed alternative is based on use of t&ne value of money 
concepts, i.e. present worth or equivalent annual cost. The 
most cost-effective alternative is that waste treament manage 
ment system uhlch the analysls detenalnes to have the lowest 
present worth or equivalent annual value unless the nomonetary 
costs are overriding. In addition, the most cost-effective 
alternative must also meet the minimum requirements of appli- 
cable effluent limitationa, groundwater protection, or other 
applicable standards established under the Clean Water Act. 

The evaluatl'on of monetary costs necessitates the preparation of 
various categories of data including: capital costs, operation 
and maintenance costs, revenues generated, inflation rate, 
discount rate, planning period, salvage values, useful life, and 
interest during cowtructlon. 

Appendix A provides both specific and general guidance on 
fonnulatlon and use of each of these data inputs during the 
analysis process. The application of this guidance and its 
application to the coat estimating technique utilized in the 
CAPDET model are discussed below. 
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1.4.2.2 Capital Costs. 

Capital construction costs are defined in Appendix A and essen- 
tially include all Step 3 project costs. The CAPDET model 
generates capital costs in four categories: unit process costs, 
other direct construction costs, land costs, and indirect 
project costs. Each of the costs developed in the CAPDET model 
must be included in the cost effectiveness analysis with the 
exception of the Step 2 design costs and the Step 1 facilities 
planning costs. The estimates generated by CAPDET for cate 
gories of costs are calculated on the basis of user specified 
unit prices for labor, materials and equipment. It is assumed 
that the model user will adjust these prices to reflect current 
market conditions at the site of the proposed project. 

1.4.2.3 Operation and Maintenance. 

The cost-effectiveness analysis must also include consideration 
of the annual costs for operation and maintenance of the waste 
water treatient facilities. The CAPDET model categorizes annual 
operation and maintenance costs into five categories: operation 
labor, maintenance labor, chemicals, power, and materials. 

Appendix A requires that these annual operation and maintenance 
costs be divided between fixed annual costs and costs which 
would depend on the annual quantity of watemater collected and 
treated. The CAPDET model assumes that operation labor, mainte - 
nance labor and repair materials are fixed costs based on the 
design capacity of the treatment facility. Although technically 
incorrect, this assumption is made necessary by the lack of 
available data on the relationship of actual plant flow or age 
of equipment to these categories of costs. For practical 
purposes, the assmption that these costs are fixed is adequate 
corsidering overall model accuracy. The CAPDET model cat* 
gorizes chemical costs and power costs as variable costs and 
calculates the cost of each as a function of flow. 

The calculation of the variable costs is performed in a two step 
procedure. First, all operation and maintenance costs are 
calculated frau quantities estimates generated for plant opera- 
tion at design flow. The assumption is thenmade that design 
flow is reached in the final year of the planning period. The 
cost of the variable annual cost for the initial year is then 
calculated as a fraction of the design year variable cost based 
on the ratio of the initial years flow to the design year flow. 

The present worth of the annual operation and maintenance costs 
is then calculated as the sum of the present worth of the fixed 
cost as determined fran a uniform series and the present worth 
of the variable costs as determined fran a uniform gradient 
series. 
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1.4.2.4 Revenues. 

At the present stage of development, the CAPDET model does not 
czilculate revenues which may result fran implmentation of any 
waste treatment management systen. Projected revenues can, 
however, be directly input to the present worth analysis pro- 
cedure for the overland flow and slow infiltration land treat- 
ment processes. 

The present worth of 
of a uniform series. 

revenues is calculated as the present worth 

1.4.2.5 Inflation. 

In general, Appendix A does not sanction consideration of the 
effects of inflation on the cost of waste treament management 
systens. The assumption is made that the general rate of 
inflationwill affect all alternatives by approximately the same 
percentage. Two exception to the general rule are authorized. 
First, the cost of natural gas shall be escalated at a canpound 
rate of 4 percent annually over the planning period unless the 
Regional Administrator approves a greater or lesser percentage. 
Second, land values may be escalated at a canpound annual rate 
of 3 percent unless a greater or lesser percentage is approved 
by the regional administrator. The CAPDET progran uses the 4 
percent and 3 percent factors. 

1.4.2.6 Discount Rate and Planning Period. 

The valuation interest (discount) rate is defined as the rate 
which is established annually by the Water Resources Council for 
evaluation of water resource projects planning period. The 
planning period defined by Appendix A as the period over vhich a 
waste treamentmanagement systm is evaluated for cost 
effectiveness is established as 20 years. The CAPDET user may 
input a variable planning period. 

1.4.2.7 Useful Life. 

Appendix A provides only general guidance for determining the 
useful life of various waste treatment management system al- 
ternatives. This general guidance is summarized as follows: 

Land: permanent 
Waste water conveyance structures: SO years 
Other structures: 3&50 years 
Process equipment: 15-20 years 
Autiliary equipment: l&l5 years 

Other useful life periods may be accepted upon sufficient 
justif ication. The CAPDET User's Guide provides information on 
anticipated equipent and structural sewice lives. 
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1.4.2.8 SaLvage Value. 

Appendix A provides only limited guidance on the treaknent of 
saLvage value. In general, the use of salvage value for those . 
ccmponents other than land must be justified. It is doubtful 
that the salvage value of structures and process equipment of a 
20-year old treatment plant will be significant. The relative 
significance of the salvage value will be further diluted when 
comaidered as a present worth value. 

Depreciation is acccmplished using a uniform depreciation over 
the useful life (straight line depreciation). Salvage val ues 
for unit processes are calculated for the structural.caaponent 
and equipment canponent. Items included as other direct COIP 
struction costs and indirect costs are assumed to have a zero 
salvage value. 

Calculation of a salvage value for land is somewhat unique. As 
stated above, Appendix A requires escalation of land values at 
the canpound rate of 3 percent per year. Thus, the salvage 
value of land is somewhat greater than its initial cost. 

The present worth of the salvage values is calculated using the 
single payment present worth factor. 

1.4.2.9 Interest During Construction. 

Appendix A allows the calculation of interest during construc- 
tion by two alternative methods, depending on the length of the 
comtruction project. Section 1.4.3.2.1.5 includes detailed 
discussion of interest during construction. 

1.4.2.10 Total Present Worth. 

The total present worth is merdy a summation of the present 
worth of the various cost cauponents. The equivalent annual 
ccst is calculatd fran the total present worth and the capital 
recovery factor for the appropriate interest rate. The detailed 
mathematics of the above discussion are presented in the fol- 
lowIng sections. 

1.4.3 Cost Effectiveness Calculations. 

1.4.3.1 Unit Processes. 

1.4.3.1.1 Capital Costs. 

Each unit process ismade up of various construction elements 
such as equipment, structures, earthwork, etc., which have a 
capital cost associated with then. Also each elment has a 
service life associated with it and as a result the capital cost 
is separated into initial cost and replacement cost. 
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1.4.3.1.1.1 Initial Cost. 

The initial cost is s&nply the cost of the construction element 
at the time of construction. This is determined by adding the 
contractors overhead and profit to the calculated costs. . 

CEC = (CC) (' + 'OAp) 100 

where 

CEC - construction elaent cost, $. 

CC = calculated comtruction cost, $. 

COAP - contractor's overhead and profit, %. 

1.4.3.1.1.2 Replacement Cost. 

This cost applies to those construction elments which have a 
sewice life less than the planning period and must therefore be 
replaced during the planning period. The guidelines for cost 
effective analyses do not allow for inflation of costs, except 
for land, and natural gas, so the replacement cost is the same 
as the initial cost. 

1.4.3.1.2 Salvage Value. 

The salvage value of an iten is the value which can be assigned 
to it at the end of the planning period. A straight line 
depreciation is assumed for all construction elments except 
land which is permanent. 

The unit processes can be broadly divided by construction 
elements into two canponents structural canponent and equipment 
component. . 

1.4.3.1.2.1 Structural Canponent. For purposes of calcu- 
lating the salvage value of the structural canponets a semice 
life of 40 years is generally assumed, but may be changed by the 
model user. 

where 

SVSC - CEC 
RSST -PP 

RSST 

SVSC - salvage value of structural caaponent, $. 

RSST = semice life of structures, yrs. 

CEC * construction element capital cost, $. 

PP = planning period. 
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1.4.3.1.2.2 Equipment Canponent. Each equipment caaponent 
may have a different service life or replacement schedule. The 
calculation of salvage value is different for equipment with a 
semice life less than the planning period and equipment with a 
semice life greater than or equal to the planning period. 

1.4.3.1.2.2.1 Replacenent schedule less than the planning period. 

SVEC = CEC ( RS - [PP - (NR)mS)$ 
RS 

NR -E NR must be rounded down to an integer. 

where 

SVEC - salvage value of equipment canponent, $. 

CEC - construction elaent capital cost, $. 

RS = replacement schedule, or service life, yrs. 

NR = number of replacenents during the planning 
period. 

PP = planning period, yrs. 

1.4.3.1.2.2.2 Replacexnent schedule greater than or equal to 
the planning period. 

SVEC - CEC ( 
RS - FP) 

Rs 

where 

SVEC =.salvage value of equipment canponent, $. 

CRC = construction elaent capital cost, $. 

RS = replacement schedule, or semice life, yrs. 

PP * planning period, yrs. 

1.4.3.1.3 Operation and Maintenance Costs. There are two 
types of O&M costs, fixed and variable. The fixed costs are 
those costs which will renain the same throughout the planning 
period and will not change significantly as the flow increases 
during the planning period. The variable costs are those which 
vary directly with flow such as chemical costs and electrical 
costs. The CAPDET model assumes a straight line increase fran 
the initial flow to the final flow during the planning period. 
The variable costs will be handled as an increnental cost which 
would be added each year. 
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1.4.3.1.3.1 Increnental O&M Costs. 

Imc - TOMCFP; TOMCI 

where 

ICMC = O&M incremental costs, $. 

TOMCF - total O&M costs in the final year of the 
planning period, $, (based on design flow). 

TQKI - total O&M costs in the initial year of the 
planning period, $. 

PP - planning period, yrs. 

TQ9CI - Qinitial ToMcF 
Q design 

1.4.3.1.3.2 Fixed O&M costs. 

FOMC - TOMCX - IOMC 

where 

FOMC - fixed O&M costs, $. 

TQKI - total O&M costs in the initial year of the 
planning period, $. 

IOMC = incremental O&M costs, $. 

1.4.3.1.4 Revenues. Sane processes produce revenues fran 
sale of products such as sludge or in the case of land treatment 
hay or corn. These rwenues are considered in the cost effec- 
tiveness calculations as an annual decrease in operation costs. 

1.4.3.1.5 Present Worth Calculations. 

1.4.3.1.5.1 Capital Costs. 

1.4.3.1.5.1.1 Initial Capital Costs. The initial capital cost 
does not have to be adjusted since it is a present cost. 

1.4.3.1.5.1.2 Replacement Costs. The replacenent cost must be 
adjusted by a present worth factor since the expenditure will be 
made sometime in the future. 

NRC = CEC [ 
1 + 

(l+li)2RS 

+ 1 . . . . . + 

u+ i) 
RS cl + ij(NWRS+ 
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where 

PWRC = present worth of replacaent costs, $. 

CEC = construction element costs, $. 

i - interest, rate or discount rate set by the Water 
Resources Council, fraction. 

RS = sewice life, or replacement schedule, yrs. 

NR = nunber of replacments required during the 
planning period. 

1.4.3.1.5.2 Salvage Value. The salvage value must be ad- 
justed to determine present worth since it is at the end of the 
planning period. The present worth factor is the same for all 
the salvage values which have been calculated. . 

1.4.3.1.5.2.1 Present worth of salvage of equipment 
conponent. 

where 

PWSEC = present worth salvage value for equipment 
canponent, $. 

SVEC = salvage value of equipment canponent, $. 

i - interest or discount rate set by Water Resources 
Council, fraction. 

PP =,planning period, yrs. 

1.4.3.1.5.2.2 Present worth of salvage of structural 
cauponent. 

where 

PWSSC = present worth salvage value for structural 
couponent, $. 

SVSC = salvage value of structural canponent, $. 

i= interest rate or discount rate set by Water 
Resources Council, fraction. 

PP = planning perid, yrs. 
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1.4.3.1.5.3 Operation and Maintenance Costs. 

1.4.3.1.5.3.1 Present Worth of Fixed O&M Costs. 

where 

PWFOMC - 

FOMC = 

i= 

PP = 

pwmMc = (FOMC) I(1 + 1)" - 11 

i (1 + ijpp 

present worth of fixed O&M costs, $. 

fixed O&M costs, $/yr. 

interest rate or discount rate set by the Water 
Resources Council, fraction. 

planning period, yrs. 

1.4.3.1.5.3.2 Present worth of incremental O&M costs. 

PWIOMC = (IOMC) [ + F ( i 
ppa 1 

)I 6 
14. i)pp - l] 

Cl+ 0 i (l+ i) PP 

where 

PWIOMC = present worth of incremental O&M costs, $. 

IOMC = incremental O&M costs, $/yr. 

i= interest rate or A iscount rate set by the Water 
Resource Council, fraction. 

PP = planning period, yrs. 

1.4.3.1.5.3;3 Present worth of total O&M costs. 

EWTOMC - PWFOMC + PWIOMC 

where 

PWTOMC = present worth of 

PWFOMC = present worth of 

PWm4C = present worth of 

1.4.3.1.5.4 Revenues. 
l 

unit process O&M costs, $. 

fixed O&M costs, $. 

increnental O&M costs, $. 

VD 

PWR - (u) $1 + i)&& - 
I (1 + i)pp 

l] 

1.4-10 



where 

PWR = present worth of unit process annual revenues. 

AR = unit process annual. revenue, $/y-r. 

i - interest rate or discount rate set by Water 
Resources Council, fraction. 

PP = planning period, yrs. 

1.4.3.1.5.5 Unit Process Present Worth. The unit process 
present worth is detemixmi by adding the present worths of the 
costs involved in the unit process. 

1.4.3.1.5.5.1 Initial Capital Costs. 

where 

UPCC = CEC 

UPCC = unit process coustruction cost, $. 

CEC = construction elment capital costs, $. 

1.4.3.1.5.5.2 Replacement costs. 

UPWRC - 

where 

UPWRC - unit process present worth of replacment 
costs, $* 

PWRC = present worth of replacenent costs for 
construction elements, $. 

1.4.3.1.5.5.3 Salvage Value. 

UPWSV =BZPWSEC +ZPWSSC 

where 

UPWSV - unit process present worth of salvage value, 
$= 

PWSEC - present worth of salvage for equipment 
canponents, $. 

Pwssc = present worth of salvage value for structural 
canponents, $. 
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1.4.3.1.5.5.4 Cdcdate 'Total Unit Process Present Worth. 

UPPW = UPCC + UPWRC + PWTOMC - UPWSV - PWR 

where 

UPPW - 

WCC = 

UPWRC = 

UPTOMC = 

UPWSV = 

PWR - 

1.4.3.2 

1.4.3.2.1 

total unit process present worth, $. 

unit process coxr3truction cost, $. 

unit process present worth of replacenent 
costs, $. 

present worth of unit process O&H costs, $. 

unit process present worth of salvage value, $. 

present worth of unit process annual revenue, $. 

Treatruent Facility. 

Capital Costb 

Each facility is made up of various unit processes which have a 
capital cost associatd with then. The total capital cost of a 
f-acility involves costs which have not been addressed in the 
unit processes, such as, other direct costs, indirect costs, 
land costs, and interest during construction. 

1.4.3.2.1.1 Calculate Total of Unit Process Costs. 

UPCC 

where . 

TUPC = total of unit process costs, $. 

UPCC = unit process comtruction costs, $. 

1.4.3.2.1.2 Other direct costs. The other direct costs 
include items which are requird to tie the unit processes 
together so that it will function as a canplete facility. These 
ccsts include itens such as yard piping, clearing and grubbing, 
imtrunentation and administrative facilities. The other direct 
ccsts will be canputed as described in Section 1.2.2.5 

1.4.3.2.1.3 Land Costs. This is s&nply the cost of the land 
the facility is built on. 
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1.4.3.2.1.4 Indirect Costs. The indirect costs include itens 
which are a part of the total costs for developing the facility. 
These costs include engineering fees, fees for technical semices,. 
legal and administrative fees, etc. The indirect costs will be 
cmputed as described in Section 1.2.2.6, however, Step 1 and 
Step 2 costs are not considered in the cost effectiveness analysis. 

1.4.3.2.1.5 Interest During Construction. The interest 
during construction can be treated as capital cost. The interest 
is calculated based on totd capital expenditures, the period of 
comtruction and the interest rate set by the Water Resources 
Council.. The coustruction period is assumed to be 3 years if 
none is specified. 

IDC = (TUPC + ODC + IC + LC) 09 W 
2 

where 

XDC - interest during coustruction, $. 

TUPC = total of unit process costs, $. 

ON = other direct costs, $. 

IC = indirect costs, $. 

P - construction period, us. 

i= interest rate or discount rate set by the 
Water Resources Council, fraction. 

LC - land costs, $. 

1.4.3.2.1.6 Total Project Costs. . 

TPC = TUPC + ODC + XC + LC + DC 

where 

TPC = total project cost, $. 

TUPC = total of unit process costs, $. 

ODC - other direct costs, $. 

LC * land costs, $. 

IC = indirect costs, $. 

IDC = interest during construction. 
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1.4.3.2.2 Salvage Value. 

1.4.3.2.2.1 Construction Elements. The salvage value of the 
construction elenents for the total treatment facility is the 
sun of the salvage value calculated for each unit process. 

where 

TCESV -2VEC +zSVSC 

TCESV - total construction element salvage value, $. 

SEC = salvage value of equipment canponent, $. 

SVSC - salvage value of structural canponent, $. 

1.4.3.2.2.2 Indirect Cost, Other Direct Costs, and Interest 
During Construction. 

These iteas are assumed to have a life equal to the planning 
period so that they have no salvage value. 

1.4.3.2.2.3 Land 
other itens in that 
annmlly. A higher 
local condition. 

where 

SVLC = salvage value of the land costs, $. 

costs. Land is treated differently fran 
it may be escalated at a canpound rate of 3% 
rate may be used if it can be justified by 

LC = land costs, $. 

ER = escalation rate for land, percent. 

FP = planning period, yrs. 

1.4m3.2.3 Operation and Maintenance Costs. The operation 
and maintenance costs for the treatment facility is the sum of 
the O&M costs for the unit processes plus the costs for ad- 
ministration and laboratory labor and expenses. 

1.4.3.2.4 Revenues. The revenues for the treatment fa- 
cility is the sum of the revenues for each unit process. 

1.4.3.2.5 Present Worth Calculations. 

1.4.3.2.S.l Initial Capital Costs. The initial capital cost 
does not have to be adjusted since it is a present cost. 
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1.4.3 .2.5*2 Replacement Costs. The present worth of the 
replacement cost for the treatment facility is the sum of the 
present worth of the replacment costs for each unit process. 

PWRC 

where 

PWRCTF - 

UPWRC = 

1.4.3.2.5.3 

present worth of replacenent costs for treatment 
facility, $. 

unit process present worth of replacenent costs, 
$0 

Salvage Value. The present worth of the salvage 
value for the treatment facility is equal to the sum of the 
present worth of the salvage value of each unit process plus the 
present worth of salvage value of the land costs. 

where 

PWTFS = 

PWTFS = UPWSV + SVLC [ 1 
u+ il 

pp] 

present worth of treaIment facility salvage 
value, $. 

UPWSV = 

SVLC = 

i= 

unit process present worth of salvage value, $. 

salvage value of land costs, $. 

interest or discount rate as set by the Water 
Resources Council, fraction. 

FP = planning period. 

1.4.3.2.5.4 Operation and Maintenance Costs. The present 
worth of the operation and maintenance costs for the trea?znent 
facility is the sum of the present worth of the O&M costs for 
the unit processes plus the present worth of the administrative 
and laboratory labor and expenses. 

OMPWTF - 

where 

OMPNTF = O&M present worth for the treatment facility, 
$0 

PWTOMC - present worth of unit process O&M costs, $. 
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ALC = administrative and laboratory labor and 
expenses, $. 

i= interest or discount rate as set by Water Resources 
Council, fraction. 

PP * planning period, yrs. 

1.4.3.2.5.5 Revenues. The present worth of the revenues for 
the treament facility is the sum of the present worth of the 
revenues for each unit process. 

where 

PWRTF = present worth of revenues for the treatment 
facility, $. 

PWR = present worth of the unit process annual 
revenue, $. 

1.4.3.2.5.6 Treatment Facility Total Present Worth. 

TPWTF - TPC+ OMPWTF+ PWRCTF- PWTFS - PURTF 

where 

TPWTF = total present worth of the treatment facility, 
$* 

TPC = total project costs, $. 

(XPWTF = O&M present worth for the treatment facility 
$0 

PWRCTF - present worth of replacment costs for the 
treabnent facility, $. 

PWTFS= present worth of treatient facility salvage 
value, $. 

PWRTF = present worth of revenues for the treatment 
facility, $. 
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1.5 WASTEWATER TREATMENT SYSTEJ4 FUNDING 

1.5.1 General. After the treatment processes have been 
' selected and the wastewater treatment plant has been designed 

the next step is to build it. This requires large sums of money 
which are generally obtained fran several sources; grants, 
loans, or bonds. The foremost concern of a municipality buil- 
ding a wastewater treament plant is how to obtain the portion 
of the cost of the treatment facility which is not covered by a 
grant. This is nonually referral to as the "local share" of the 
cost. The local share is usually obtained by selling bonds or 
obtaining loans. The loans and bonds are then repaid over a 
period of time fran the revenues generated fran the wastewater 
treatment system. The CAPDET model develops the rate required 
to generate the revenues to operate the systen and repay the 
bonds and loans. The methodology used is describd below. 

1.5.2 Funding Procedures. 

1.5.2.1 Project Costs. 

The project costs include, but are not lImited to costs for 
planning, engineering, construction, administrative, and legal. 
Sane itens of cost are not eligible for EPA or state grants, 
such as land costs and right-of-way acquisition. For this 
reason project costs are segregated into grant eligible and 
grant ineligible costs. 

1.5.2.2 Source of Funds. 

The sources of funds available to finance the total project 
costs include federal grants and/ or loans, state grants and/ or 
loans, aud locally issued bonds. 

1.5.2.2.1 Grants. 

The amount of grants by federal or state agencies are determined 
as a percentage of the eligible project costs. Federal (EPA) 
grants are usually 7X unless the project is declared to be 
innovative or alternative in which case it is 85%. State grants 
vary fron state to state. The CAPDET model allows the user to 
input variable rates. 

1.5.2.2.2 Local Share. 

The local share is determined by subtracting the grant anount 
frcm the total project cost. The usual form of fund raising by 
municipalities is fran the sale of bonds. Bouds sold for 
construction of wastewater treatment systems are usually either 
general obligation bonds or revenue bonds. General obligation 



bonds are secured by the full faith and credit of the munici- 
pality and are amortized by tax levees. Revenue bonds are 
secured by a lien on the revenues of the system constnxted from 
the proceeds of the bonds. CAPDET is based on the use of only 
revenue bonds. 

When revenue bonds are sold to provide funds for the local share 
of a project, there are other costs included in the total amount 
of bonds sold. 

The first cost is that of marketing the bonds and includes bond 
council fees, engineering fees, fiscal consultant fees, the 
costs of advertising the bonds for sale, and costs of printing 
the bonds. 

The second cost is the mount of bouds sold to escrow interest 
during construction and funding of reserve funds; such as prin- 
ciple and interest resemes and repair and replacement resemes; 
if they are required by the baud resolution. The funding of 
interest during construction and reserve accouuts are generally 
required only for wastewater treafznent systems that do not have 
the capability of collecting user sewice charges until after 
the new systen has been placed in service. 

For this reason these costs are anitted fran these calculations. 
Table 1.5-l illustrates how the amount of revenue bonds to be 
sold is determined. 

1.5.3 Development of User Charge. 

After bonds have been sold the user charge must be adjusted to 
cmer the operation and maintenance costs, principle and inte 
rest reserve accounts, contingency reseme accouuts, as well as, 
debt service on the bonds. 

1.5.3.1 Annual Principle and Interest Payments. 

After bonds have been sold ar loans have been procured, a table 
which shows the principle amortized each year together with the 
interest required is supplied. This is canmonly referred to as 
the "Debt Semite Table". There is no need to generate this 
table for the purposes of these calculations, therefore the 
capital recovery factor will be used to generate the canbined 
annual payment of principle and interest. 
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TABLE 1.5-l 

LOCAL SHARE CALCULATION EXAMPLE 

A. ESTIMATED PROJECT COST 

EPA Step 1 
EPA Step 2 
EPA Step 3 

Sub-Total EPA Eligible Items 
Right-of-Way 

Estimated Project Cost 

$ 9,000 
180,000 

8,217,OOO 

$8,406,000 
450,000 

B. SOURCE OF FUNDS 

EPA Steps 1, 2, and 3 (75%) $6,304,000 

State Interest $ree Loan (Eligible Itens) 
Old $ 23,000 
New 299,000 

332,000 

Local Share 2,230,OOO 

Total Funds $8,856,000- 

c. FUNDISG LOCAL SHARE OF PROJECT COST 

Local Share for Coustruction $2,230,000 

Other Costs 
Allowance for Financing $120,000 

Sub-Tmal - Other Costs 120,000 

Revenue Bonds Required w $2,350,000 

(11 3&year rwenue bonds. 
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1.5.4 

1.5.4.1 

1.5.4.1.1 

1.5.4.1.2 

1.5.4.1.3 

1.5.4.1.3.1 

1.5.4.1.3.2 

1.5.4.1.4 

1.5.4.1.4.1 

1.5.4.1.4.2 

1.5.4.1.4.3 

1.5.4.1.4.4 

1.5.4.1.4.5 

1.5.3.2 Debt Service Coverage. 

Revenue bonds ordinances usually require that user charges be 
maintained during the life of the bond issue to insure adequate 
revenues to repay principle and pay current interest outstanding 
plus an additional percentage to create adequate surplus and 
fund reseme accounts. 

"Debt Service Coverage" is the term usually applied to this 
surplus and is defined as the ratio of the annual net revenue of 
the wastewater treatment system divided by the annual principle 
and interest payment. The term net revenue is defined as the 
annual revenues derived fran use sewice charges les@ the opera- 
tion and maintenance cost of the systen. Debt semice coverage 
varies frau 1.3 to 1.7 and depends primarily on the credit 
rating of the wastewater treaiment systen. 

1.5.3.3 User Charges. 

User Charges are calculated by dividing the total annual required 
revenues by the annual billing units. Billing units are normally 
in thousand gallons, so that dividing the annual required revenues 
by the thousands of gallons of water sold produces a rate in 
dollars per thousand gallons. 

User Charge Calculations. 

Input Data. 

EPA grant participation, EPAG, %. 

Other grant participation, OG, %. 

Revenue Bonds. 

Interest rate on Bonds, IB, %. 

Number of years bonds financed, NB, yrs. 

Loans. 

Amount of Loan 1, Ll, %. 

Interest rate on Loan 1, 11, %. 

Number of years Loan 1 financed, Nl, yrs. 

Amount of Loan 2, L2, %. 

Interest rate on Loan 2, L2, %. 

1.594 



1.5.4.1.4.6 

1.5.4.1.5 

1.5.4.1.6 

1.5.4.1.7 

1.5.4.1.8 

1.5.4.1.9 

1.5.4.2 

1.5.4.2.1 

where 

Nmber of year! 

ALlowaxe for : 

Nunber of bill. 

Persons per ho1 

Per capita wat 

Existing sewer 

Calculate elig 

Loan 2 financed, N2, ye* 

inancing, AFF, %. 

ng units, BU, 1000 gal. 

Behold, PPUi 

x use, GPCD, gal/day. 

rate, EBUR, $/BU. 

.ble project cost. - 

All projects land treatment. 

TEC = TCC + COST1 + COST2 

TEC * total eligible p 

TCC = total 

COST1 = Step 1 costs v 5 1 

COST2 = Step 2 costs, $4 

1.5.4.2.2 

TEC = 'TCC + CO Tl + COST2 + LCOST 

where 

Land treafmen projects. 

TX =. total eligible p 
t 

eject costs, $. 

TCC = 

COST1 = Step 1 costs, $. 

COST2 = Step 2 costs, $. 

LCOST = land costs, $. 

1.5.4.3 

1.5.4.3.1 

LS = [(l.O - (TX) + LCOST] [l + E] 



LS = local share to be financed, $. 

EPAG = EPA grant participation, %. 

OG = other grant participation, %. 

TEC = total eligible project costs, $. 

AFF - allowance for financing, %. 

LCOST - land cost, $. 

1.5.4.3.2 Land Treatment Projects. 

LS - (1.0 - "*fo; OG) (TEC) (1 + z) 

where 

LS = local share to be financed, $. 

EPAG - EPA grant participation, %. 

OG = other grant participation, %. 

TEC = total eligible project costs, $. 

AFF = allowance for financing, %. 

1.5.4.4 Calculate the annual debt se&ice. 

NB 

+ L2 [12/100 (1 + x2/loo)N2 

(1 + x2/100N2 - 1 
I 

ADS = annual debt semice, $. 

LS = local share to be financed, $. 

IB = interest rate on bonds, %. 

NB = nunber of years bonds financed, yrs. 

Ll = anount of loan 1, Ll, $. 

Nl = nunber of years Loan 1 financed, yrs. 
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L2 = anount of loan 2, $. 

I2 = interest on loan 2, %. 

N2 = number of years loan 2 financed, yrs. 

1.5.4.5 Calculate annual reseme accounts. 

1.5.4.5.1 Principle and interest reserve. 

where 

PIR - annual principle and interest reserve, $. 

ADS - annual debt service, $. 

1.5.4.5.2 Contingency reserve. 

where 

CR = annual contingency reserve, $. 

ADS = annual debt semice, $. 

1.5.4.6 
systall. 

Calculate total annual operating cost of new 

TAOCN = TOAMN + ADS + PIR + CR 

where 

TAOCN =‘total annual operating cost for new system, $. 

TOAMN = total annual O&M cost for new systfm, $. 

ADS - annual debt semice, $. 

PIR - annual principle and interest reserve, $. 

CR - annual contingency reseme, $. 

1.5.4.6 
systen. 

Calculate cost per 1000 gallons treated for new 

CPTG = TAOCN x 1000 
Qave 

1.57 



CPTG - annual cost per 1000 gallons treated new system, $. 

TAOCN - total annual operating cost for new system, $. 

Qave = design flow, mgd. 

1.5.4.7 
systen. 

Calculate cost per 1000 gallons treated for total 

cmT - (TAOCN + ECMR) 1000 
Qave 

where 

CPTT = cost per 1000 gallons treated total system, $. 

TADCN - total annual operating cots for new system, $. 

EOMR - annual operating cost for existing system, $. 

Qave = design flow, mgd. 

1.5.4.8 Calculate cost per 1000 gallons for new system. 

TAOCN CPTN = r 

where 

CEN - annual cost per 1000 gallons for new system, $. 

1.5.4.9 Calculate cost per 1000 gallons of water billed 
for new systen. 

CPTN = TAOCN x 1000 
Q- 

where 

CPTN = annual cost per 1000 gallons treated for new systm, 
$0 

TACCN = total annual operating cost for new syten, $. 

BU = billing units. 

1.5.4.10 Calculate cost per 1000 gallons water sold for 
total system. 

CPTT = CPTN + EBUR 

where 

CPTT = cost per 1000 gal. for total system. 

1.598 



CPTN = cost per 1000 gal. for new portion of syst@n. 

EBUR = existing sewer rate. 

1.5.4.11 Calculate cost per household for new systm. 

CPHN * 
CPTN(PPH)(GPCD) 

1000 

where 

CE%N = cost per household-for new systm. 

CFTN = cost per 1000 gal. for new portions of systm. 

PPH = persons per household. 

GPCD = gallons per capita per day. 

1.5.4.12 Ca.Iculate cost per household for total system. 

CPHT - CPHN + WUR) ;;;;J GPCD) 

where 

CPHT = cost per household for totd system. 

CPTN - cost per 1000 gal. for new portion of systm. 

FF¶i - persons per household. 

GPCD = gallonsper capita per day. 
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2.0 TREATMENT PROCESS DESIGNS (MAJOR SYSTEM) 

2.01 Contents of Section. 

This section includes the equations and algoritbs which are used 
to generate sizes and quantities of equipment and materials, cost 
of construction, and effluent quality for the unit processes shown 
in the preceding Table of Contents. Also this section gives the 
assumptions which have been made to simplify the calculations and 
minimize required input. The information presented in this 
Section applies to major systens which is defined as systems which 
have a wastewater flow greater than 0.5 mgd. 

2.02 Organization of Section. 

Each unit process is presented in a separate subsection and ar- 
ranged in alphabetical order. Those unit processes which have a 
nmber of variations, have each variation presented as a separate, 
conplete subsection. This causes some repetition but is con- 
venient in that all the information concerning a unit process is 
found in that subsection. Each unit process subsection is in- 

- traduced with a "Background" section which gives a description of 
the process and general design information. Each unit process 
subsection is further divided into three calculation sections: 
Process Design Calculations, Quantities Calculations, and Cost 
Calculations. Each of these is concluded with an output data _ 
subsection which enumerates the data which was generated. 

Each unit process subsection is concluded with a bibliography with 
the references arranged in alphabetical order. 
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2.1 ACTIVATED SLUDGJZ . 

2.1.1 Background. 

2.1.1.1 Activated sludge is defined as "sludge floe produced in raw 
or settled wastewater by the growth of zoogleal bacteria and other 
organisms in the presence of dissolved oxygen and accunulated in suf- 
ficient concentration by returning floe previously found." Similarly, 
the activated-sludge process is defined as "a biological wastewater 
treatment process in which a mixture of wastewater and activated sludge 
is agitated and aerated." The activated sludge is subsequently se- 
parated fran the treated wastewater (mixed liquor) by sedimentation and 
wasted or returned to the process as needed. 

2.1.1.2 In the past few decades, many modifications of this process 
have been developed, although only two process variations are signifi- 
cant: the conventional systan, which achieves absorption, flocculation, 
and synthesis in a single step; and contact stabilization during which 
oxidation and synthesis of removed organics occur in a separate aeration 
tank. 

2.1.1.3 In the following paragraphs, seven activated sludge process 
modifications and variations will be considered: conventional plug 
flow, cauplete mix, step aeration, modified-aeration or higtrrate, 
contact stabilization, extended aeration, and pure oxygen system. While 
other modifications of the activated sludge process exist (namely 
tapered aeration and the Kraus process) they wilL not be included in 
this chapter. 

2.1.2 General Description Canplete Nix Activated Sludge. 

2.1.2.1 There has been much discussion and scme confusion concerning 
the definition of canpfete mix activated sludge. Nevertheless, any 
definition will be arbitrary and many differences of opinion will be 
aired. In this manual it will be assumed that a canplete mix activated 
sludge is achieved when the oxygen uptake rate is uniform throughout all 
parts of the aeration tank and when sufficient mixing is provided to 
maintain the solids in the aeration tank in suspension. In canplete 
mixing, the influent primary clarified wastewater and returned sludge 
flow are distributed at various points in the aeration tank. The tank 
serves to equalize or stabilize variations in flow and waste strength; 
it also acts as a dilueat for toxic materials. 



2.1.2.2 Organic loading and oxygen demand are unifoan throughout the 
aeration tank, and mechanical or diffused aeration is used to completely 
mix the mixed liquor. 

2.1.3 General Description Contact Stabilization titivated Sludge 

2.1.3.1 The contact stabilization process is defined as "a modifi- 
cation of the activated sludge process in which raw wastewater is 
aerated with a high concentration of activated sludge for a short period, 
usually less than 60 min to obtain BOD removal by adsorption. The 
solids are subsequently removed by sedimentation and transferred to a 
stabilization tank where aeration is continued further to oxidize and 
condition them before their reintroduction to the raw wastewater flow". 

iNFLUENt 
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Figure 2.1-2. Contact Stabilization Activated Sludge 

2.1.3.2 Contact stabilization was developed to take advantage of the 
absorptive properties of the sludge floe. Contact stabilization ac- 
hieves adsorption in the contact tank, and oxidatioa and synthesis of 
renoved organics occur in a separate aeration tank. 

2.1.3.3 The volume requiraoent for aeration is approximately onehalf 
of that of a conventional plug-flow unit. Therefore, it is often 
possible to double the capacity of an existing plug-flow plant by simply 
repiping or making minor changes in aeration equipment. 

2.1.4 General Description Extended Aeration Activated Sludge 

2.1.4.1 The extended aeration process is defined as "a modification of 
the activated sludge process which provides for aerobic sludge digestion 
within the aeration system. The concept envisages the stabilization of 
organic matter under aerobic conditions and disposal of the end products 
into the air as gases and with the plant effluent as finely divided 
suspended matter and soluble matter". The process operates in the 
endogenous respiration phase which requires a relatively small F/N ratio 
and long detention time. In the process, the aeration detention time is 
determined by the time required to oxidize the solids produced by syn- 
thesis fran the BOD removed. The accunulation of volatile solids is 
very low and approaches the theoretical minimum; however, since some of 
the biological solids are inert, an accuuulation of solids occurs in 
the system. Sludge storage facilities should be provided; most states 
make it a requirement. The flow chart for the extended aeration process 
is identical to that for plug flow. 
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Figure 2.1-3. Extended Aeration Activated Sludge 

2.1.5 General Description High-Rate Activated Sludge 

2.1.5.1 Modified or higkrate aeration activated sludge is defined as 
-a modification of the activated sludge process in which a shortened 
period of aeration is used with a reduced quantity of suspended solids 
in the mixed liquor". The flow diagram is the same as that for the 
plug-flow process; the difference in the process design parameters 
(shorter detention time and lower mixed liquid suspended s01id;~~f~~uJts 
in less air requireuents and, hence, less power consmption. Y * ' 
aeration is also characterized by a poor settling sludge and low BOD 
ranoval efficiencies. 

1 SLUDGE RETURN WASTE + 
SLUDGE 

Figure 2.1-4 Highrate Activated Sludge 

2.1.6 General Description Plug Flow Activated Sludge 

2.1.6.1 The plug flow activated sludge process uses an aeration tank, 
a settling tank, and a sludge return line to treat wastewater. 

Figure 2.1-5. Plug Flow Activated Sludge 
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2.1.6.2 Wastewater and returned sludge fran the secondary clarifier 
enter the head of the aeration tank to undergo a specified period of 
aeration. Diffused or mechanical aeration is used to provide the 
necessary oxygen and adequate mixing of the influent waste and recycled 
sludge, the concentration of which is high at the head of the tank and 
decreases with aeration time. Absorption, flocculation, and synthesis 
of the organic matter take place during aeration. The mixed liquor 
(sludge floe plus liquid in the aeration tank) is settled in the secon- 
dary clarifier, and sludge is returned at a rate sufficient to maintain 
the desired mixed liquor suspended.solids in the aeration tank. 

2.1.7 General Description Pure Oxygen Activated Sludge 

2.1.7.1 As early as 1949, Okun reported the results of tests using 
pure oxygen as a substitute for air in the activated sludge process. 

2.1.7.2 The pure oxygen system nay be used for aeration in activated 
sludge systems that operate in either the plug flow or cauplete mix 
hydraulic regimes. It is readily adaptable to new or existing canplete 
mix systems and can be used to upgrade and extend the life of overloaded 
plug-flow systems. To use the pure oxygen systan, the aeration tanks 
must be covered and the oxygen introduced should be recirculated. The 
amount of oxygen that can be injected into the liquid (for a specific 
set of conditions) is.approxlmately four times the amount that could be 
injected with an air system. Adjustment of pH may be necessary to 
maintain a proper balance between the CO2 removed and buffer capacity of 
the wastewater. 

2.1.7.3 Several advantages, such as increased bacterial activity, 
reduced aeration tank volune, decreased sludge volme, and better 
settling sludge have been cited for pure oxygen aeration. To substan- 
tiate these findings, however, further testing of this process in a 
number of varying applications will be necessary. 

2.1.8 General Description Step Aeration Activated Sludge 

2.1.8.1 Step aeration is defined as "a procedure for adding increnents 
of settled wastewater along the line of flow in the aeration tanks of an 
activated sludge plant". It is a modification of the activated sludge 
process in which an attempt is made to equalize the food-temicroorga- 
nisms ratio (F/M). The first application of this process was at the 
Tallmans Island plant in New York City in 1939. 

2.1.8.2 Baffles are used to split the aeration tank into four (or 
more) parallel channels. Each of these channels is a separate step and 
all channels are linked together in series. 

4 AERATION TANK 
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Figure 2.1-6. Step Aeration Activated Sludge 
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2.1.5.3 Flexibility of operation is a prime factor to consider in 
the design of the process. The oxygen demand is essentially uniform 
over the length of the basin, resulting in-more efficient utilization of 
the oxllgen supplied. Introduction of influent waste at multiple locations 
and return of a highly absorptive sludge floe permit this process to 
ranove soluble organics within a relatively short contact time; there 
fore, it is characterized by higher volumetric loadings than the con- 
ventional plug flow activated sludge process. 

2.1.9 Caaplete Mix Activated Sludge (Diffused Aeration). 

2.1.9.1 Input Data. 

2.1.9.1.1 Wastewater Flov (Average and Peak). In case of high 
variability, a statistical distribution should be provided. 

2.1.9.1.2 

2.1.9.1.2.1 

2.1.9.1.2.2 

2.1.9.2.2.3 

2.1.9.1.2.4 

2.1.9.1.2.5 

2.1.9.1.3 

2.1.9.1.3.1 

2.1.9.1.3.2 

2.1.9.1.3.3 

2.1.9.1.3.4. 

2.1.9.1.3.5 

2.1.9.1.3.6 

2.1.9.1.3.7 

2.1.9.1.3.8 

2.1.9.1.4 

2.1.9.1.4.1 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minkaum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), mg/l. 

Taperature, OF or 'C. 

Effluent Quality Requirements. 

BOD5, mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.9.2.2 

2.1.9.2.3 

2.1.9.2.4 

2.1.9.2.5 

2.1.9.2.6 

2.1.9.2.7 

2.1.9.2.8 

2.1.9.2.9 

2.1.9.2.10 

2.1.9.2.11 

2.1.9.2.12 

2.1.9.3 

2.1.9.3.1 
unknown. 

2.1.9.1.4.2 SS, mg/l. 

2.1.9.1.4.3 TKN, rag/l. 

2.1.9.1.4.4 P, mg/l. 

2.1.9.1.4.5 Total nitrogen (TKN + NO3 - N), mg/l. 

2.1.9.1.4.6 Settleable solids, mg/l/hr. 

2.1.9.2 Design Paraneters. 

2.1.9.2.1 Reaction rate constants and coefficients. 

Constants Range 

Eckenfelder 
k 0.0007-0.002 l/mg/hr 
a 0.73 

b" 
I 0.52 

O.O75/day 
b' - O.lS/day 
f 0.40 
f' 0.53 

F/M = (0.30.6). 

Volumetric loading - 50-120. 

t * (36) hr. 

t 
S 

- (37) days. 

MLSS = (3000 - 6000) mg/l. 

MLVSS = 0.7 MLSS - (2100 - 4200) q/l. 

QJQ = (0.25 - 1.0). 

lb 02/lb BODr 2 1.25. 

lb solids/lb BOD, - (0.5 - 0.7). 

O- (1.0 - 1.04). 

Efficiency = (>90 percent). 

Process Design Calculations. 

Assume the following design parameters fran above when 
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2.1.9.3.1.1 

2.1.9.3.1.2 

2.1.9.3.1.3 

2.1.9.3.1.4 

2.1.9.3.1.5 

2.1.9.3.1.6 

2.1.9.3.1.7 

2.1.9.3.1.8 

2.1.9.3.1.9 

2.1.9.3.1.10 

2.1.9.3.2 

BOD renoval rate constant (k). 

Fraction of BOD synthesized -(a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

Mixed liquid suspended solids (KISS). 

Mixed liquid volatile suspended solids (XLVSS), 

Food-to-microorganism ratio (F/M). 

Nonbiodegradable fraction of VSS in influent (f). 

Degradable fraction of the MLVSS (f'), 

Tenperature correction coefficient (0). . 

Adjust rate constant for temperature. 

KT * K20° 
(T-20) 

where 

&T = rate constant at desired temperature, Oc. 

K20 - rate constant at 20°C. - 

O= temperature correction coefficient. 

T = temperature, 'C. 

2.1.9.3.3 Determine the size of the aeration tank by first de- 
termining the detention time t l 

24s 
t * 

$) &'/Ml 
where 

t - hydraulic time, hr 

sO 
= influent BOD5, mg/l. 

I$ * ?lLVSS, mg/l 

F/M - food-to-microorganism ratio 
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2.1.9.3.4 Check detention time for treatability 

where 

'e - BOD5 (soluble) in effluent, mg/l. 

sO - BOD5 in influent, mg/l. 

k = BOD raoval rate coustant, L/mg/hr 

s - MLVSS, mg/l. 

t - detention time, hr. 

Solve for t and canpare with t above and select the larger. 

2.1.9.3.5 Calculate the volume of aeration tank. 

V=Q avg XT5 

where 

V - volume, million gal. 

Q aw 
* average daily flow, mgd. 

t - detention time, hr. 

2.1.9.3.6 Calculate oxygen requirenents. 

d0 "Sr + b, 
K =t 5 

or 

O2 = a' (S,) (Q,,) (a.341 + b' (%> (VI (8.34) 

where 

dO/dt = oxygen uptake rate, mg/l/hr. 

a' - fraction of BOD oxidized for energy. 

Sr = BOD renoved (So - Se), mdl. 

t 3: detention time, hr. 
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b’ = endogenous respiration, l/hr. - 

xv = mvss. 

O2 = oxygen requiranent, lb/day. 

Q aw3 
= average flow rate, mgd. 

V - volume of aeration tank, million gal. 

and check the oxygen supplied against 2 1.25. 

0, 
L 

lb 02/lb BOD, - Q(Sr) x 8.34 . 

where 

O2 = oxygen required, lb/day. 

Q = flow, mgd. 

'r = BOD removed, mg/l. 

2.1.9.3.7 Assume the following design paraneters and design 
aeration system and check horsepower supply for mixing against 
horsepower required for canplete mixing 0.1 hp/lOOO gal. 

2.1.9.3.7.1 Standard transfer efficiency, percent, fran 
manufacturer (5-8 percent). 

2.1.9.3.7.2 O2 transfer in waste/O2 transfer in waterm0.9. 

2.1.9.3.7.3 O2 saturation in waste/O2 saturation in water NN 
0.9. 

2.1.9.3.7.4' Correction factor for pressure mL.0. 

2.1.9.3.8 Select summer operating temperature (253O'C) and 
determine (frcm standard tables) O2 saturation. . 

2.1.9.3.9 Adjust standard transfer efficiency to operating 
conditions. 

OTE = STE [ (c&(/B) b) - CL] & (l.02)T-20 
9.17 

where 

OTE - operating transfer efficiency, percent. 

STE = standard transfer efficiency, percent. 

2.1-9 



(cs>T - 0, saturation at selected summer tenperature T, OC, 
m21. 

P =O 2 saturation in waste/02 saturation in waters 0.9. 

p - correction factor for pressure m1.0. 

CL - minimum dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

cd- 0 2 transfer in waste/02 transfer in water eO.9. 

T- tanperature, OC. 

2.1.9.3.10 Calculate required air flow. 

Blowers are treated as.a separate unit process since several unit 
processes in a single plant may require air fran the blowers. 
The air requirenents fran all unit processes in a treatment train 
which require air are stnnmed and the total air requirement is 
used to size the blower facility. The unit process design for 
the blower facility is found in subsection 2.3. 

where 

Ra a 

02(105) (7.43) . 

(OTE) 
lb O2 

0.0176 - 
ft3air 

1440% v 

Ra - required air flow, cfm/lOOO ft3. 

O2 - required oxygen, lb/day. 

OTE - operating transfer efficiency, percent. 

v i volume of basin, gal. 

2.1.9.3.11 Calculate sludge production. 

AxV - bSrQavg - b%V + fQ (VSS)q+ Q(SS - VSS)] 8.34 

where 

A sr - sludge produced, lb/day. 

a - fraction of BOD renoved synthesized to cell material. 

Sr - BOD removed, mg/l. 

Q avg 
- average flow, mgd. 

b - endogenous respiration rate/day. 
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xv = 
v= 
f= 

Q= 

vss = 

ss = 

2.1.9.3.12 
removed and 

where 

A = % 

'r a 

Q= 

2.1.9.3.13 

where 

QJQ = sludge recycle ratio. 

Qr = 

Q* 

'a 31 

xu - 
2.1.9.3.14 

where 

SRT a solids retention time, days. 

LHLVSS, mg/l. 

volume of basin, gal. 

nonbiodegradable fraction of influent VSS. 

flow, mgd. . 

volatile suspended solids in effluent, lag/l. 

suspended solids in influent, mg/l.' I. 

Calculate solids produced per pound of BOD5 
check % against value given. 

lb solids 3 +r 
(lb BODr) Sr (Q) (8.34) 

sludge produced, lb/day. 

BOD removed, mg/l. 

flow, mgd. 

Calculate sludge recycle ratio. 

Qr 'a --- 
Q Xu - Xa 

volume of recycled sludge, mgd. 

flow, mgd. 

MISS, mg/l. 

solids concentration in return sludge, rag/l. 

Calculate solids retention time. 

SRT - 
W)X,(8.34 

Ax 
a 
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A 

AX - 57 
a % volatile 

2.1.9.3.15 Effluent Characteristics. 

2.1.9.3.15.1 BOD5. 

BODE - Se + 0.84 (&XV)eff f’ 

where 

BODE = effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

(I$)eff - effluent volatile suspended solids, mg/l. 

f' = degradable fraction of MLVSS. 

2.1.9.3.15.2 COD. 

CODE * (1.5) (BODE) 

CODSE = (1.5) (Se> 

where 

CODE = effluent COD concentration, mg/l. 

CODS E = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, n&l. 

Se - effluent soluble BOD5 concentration, mg/l. 

2.1.9.3.15.3 Nitrogen. 

TKNE= (0.7) TKN 

NH3E - TKNE 

where 

TKNE = effluent total Kjeldahl nitrogen concentration, 
mg/l. 

TKN = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/l. 
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2.1.9.3.15.4 Phosphorus. 

P04E = (0.7) (PO4) 

P04E = effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mg/l. 

2.1.9.3.15.5 Oil and Grease. 

OAGE - 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.9.3.15.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - settleable solids, mg/l. 

2.1.9.3.16 Determine nutrient requirements, lb/day. 

for nitrogen 

N = 0.123 hMT(or 0%) 

and phosphorus 

P - 0.026 aMT(or A%$ 

where 

I YT - sludge produced, lb/day. 

A XV =l sludge produced, lb/day. 

and check against BOD:N:P = 100:5:1. 

2.1.9.4 Process Design Output Data 

2.1.9.4.1 Aeration Tank. 

2.1.9.4.1.1 Reaction rate constant, l/mg/hr. 

2.1.9.4.1.2 Sludge produced per BOD ranoved. 

2.1.9.4.1.3 Endogenous respiration rate (b, b'). 

2.1.9.4.1.4 O2 utilized per BOD removed. 

2.1.9.4.1.5 Influent nonbiodegradable VSS (f). 

2.1.9.4.1.6 Effluent degradable VSS (f'). 
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2.1.9.4.1.7 

2.1.9.4.1.8 

2.1.9.4.1.9 

2.1.9.4.1.10 

2.1.9.4.1.11 

2.1.9.4.1.12 

2.1.9.4.1.13 

2.1.9.4.1.14 

2.1.9.4.1.15 

2.1.9.4.1.16 

2.1.9.4.1.17 

2.1.9.4.2 

2.1.9.4.2.1 

2.1.9.4.2.2 

2.1.9.4.2.3 

2.1.9.4.3 

2.1.9.4.4 

2.1.9.4.5 

2.1.9.4.6 

2.1.9.4.7 
TKNE, mg/l. 

2.1.9.4.8 
mg/l. 

2.1.9.4.9 

2.1.9.4.10 

2.1.9.5 

lb BOD/lb MISsday (F/X ratio). 

Mixed liquor SS, tug/l (XLSS). 

Mixed liquor VSS, mg/l (MLVSS). 

Aeration time, hr. 

Volme of aeratioa tank, million gal. 

Oxygen required, lb/ day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/ day. 

Phosphorus requiranent, lb/day. 

Sludge recycle ratio, percent. 

Solids retention the, days. 

Aeration System. 

Standard transfer efficiency, percent. 

Operating transfer efficiency, percent. 

Required 

Effluent 

Effluent 

Effluent 

Effluent 

Effluent 

air flow, cfm/lOOO ft3. 

BOD5 concentration, BODE, mg/l. 

soluble BOD 5 concentration, Se, mg/L. 

COD concentration, CODE, mg/l. 

soluble COD concentration, CODSE, mg/l. 

total Kjeldahl nitrogen concentration, 

Effluent anmonia nitrogen concentration, NH3E, 

Effluent phosphorus concentration, PO4E, mg/l. 

Effluent oil and grease concentration, OACE, mg/l. 

Quantities Calculations. 

2.1.9.5.1 Design values for activated sludge system. 
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'd 
106 

='7.48.. 

cMd = (Ra) (V) (133.7) 

where 

V - volume of aeration tanks, million gallons, 

2.1.9.5.2 Selection of nunbers of aeration tanks, I.Lz 
following rule will be utilized in the selection of mmk~e G: 
aeration tanks. 

Number of 
Aeration Tanks 

NT 
--m-*1 

0.5 - 2 
2-4 
49 10 

10 - 20 
20- 30 _ 
30 - 40 
40- 50 
500 70 
70 - 100 

2 
3 
4 
6 
8 
10 
12 
14 
16 

where 

NT - nunber of aeration tanks per battery. 

When Q is larger than 100 mgd, several batteries of aeratiot~ 
tanks a81 be used. See next section for details. 

2.1.9.5.3 Selection of nunber of tanks and nunber of ba,ttcri;:s of 
tanks when Q is larger than 100 mgd. It is general praceice 
in designingaykger sewage treatment plants that several bat- 
teries of aeration tanks, instead of a single group of tanks, arc 
used. This is due to land area availability and certain hydraulic 
limitations. To simplify the modeling process, the following 
rules will be used: 

2.1.9.5.3.1 
tanks will be used. 

5 100 mgd, only one battery of aeration 

NB=l 
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where 

NB - nunber of batteries of units. 

2.1.9.5.3.2 When 100 < Q avg 5 200 mgd, the system will be 

designed as two identical batteries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to the 
rules established in subsection 2.1.9.5.2 by using half the 
design flow as Q 

avg' 

NB=2 

2.1.9.5.3.3 When Q 
avg 

> 200 mgd, the design will be performed 

to use three batteries of aeration basins, each handling one- 
third of the wastewater. Thus 

NB-3 

2.1.9.5.4 Number.of diffusers. The oxygen transfer rates 
used in the first-order design dictate the use of coarse bubble 
diffusers. These diffusers have an air flow fran 10-15 scfm; for 
design purposes an average of 12 scfm will be used. 

cMd 
*t - -l2 (NT) (NB) 

where 

NDt must be an integer. 

NDt - nunber of diffusers per tank. 

NT =.nunber of aeration tanks per battery. 

2.1.9.5.5 Nunber of swing arm diffuser headers. For ease of 
maintenance swing arm headers are usually used. The nunber of 
diffusers per header is dictated by the nuaber of connections 
provided on each header. by the manufacturer. This varies with 
manufacturer and header size fran 8 to 30. For our purposes an 
average of 20 diffusers per header till be assumed. 

rJSAt must be an integer. 

where 

NSA, = number of swing arm headers per tank. 
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2.1.9.5.6 Design of aeration tanks. 

2.1.9.5.6.1 Volume of each tank would be 

vN= 'd 
(NB) (NT) 

where 

VN = volume of single aeration tank, cu ft. 

2.1.9.5.6.2 Depth and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft and 30 ft, 
respectively. 

2.1.9.5.6.3 Length of aeration tanks. 

If L is greater than 400 ft, then recalculate VN using NT = NT + 
1, then recalculate L. 

2.1.9.5.7 Aeration tank arrangements. 

2.1.9.5.7.1 Figure 2.1-7 shows the schmatic diagram of the 
arrangements. A pipe gallery will be provided when the nmber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systems and 
control equipment. 

PGW = 20 + (0.4) (3, 

where 

PGV = pipe gallery width, ft. 

Q a-a 
3 average influent wastewater flow, mgd. 

NB = number of batteries. 

2.1.9.5.8 Earthwork required for construction. It is 
assumed that the tank bottan will be 4 feet below ground level. 
The earthwork required can be estimated by the following equations: 

2.1.9.5.8.1 When NT is less than 4, the earthwork required 
would be: 

V = 6 m [  W(3lJ) 
+ 15.5) (L + 17) + (NT(31.5) + 23.5) (L + =)I 

ew 2 

where 

V ew = volume of earthwork required, cu ft. 
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NT - nunber of tanks per battery. 

L - length of aeration tanks, ft. . 

2.1.9 s.a.2 When NT is greater than or equal to 4, the earth- 
work required would be: 

V ew = 6 NB [ 
(15.75(NT)+lS.S) (2L+PCW+20) + (15.75(NT)+2.5) (2L+P~23)] 

2 

2.1.9.5.9 Reinforced concrete slab quantity. It is assumed 
that a I'-6" thick slab will be utilized regardless of the size 
of the system. The voluue of reinforced concrete slab will be 
the saPe for both plug and canplete mix flow. 

2.1.9.5.9.1 For NT less than 4: 

V cs - 1.5 NB ((NT(31.5) + 15.5) (L + 17)] 

where 

V cs - R.C. slab quantity required, cu ft. 

2.1.9.5.9.2 For HSgreater than or equal to 4: 

V cs - 1.5 NB [(15.75(NT) + 15.5) (2L + PCW + 200)] 

2.1.9.5.10 Reinforced coacrete wall quantities. 

2.1.9.5.10.1 The wall constructions are different for cauplete . 
mix and plug flow systems. In order to achieve canplete mix, the 
inflows to the aeration tanks must be distributed uniformly along 
one side of the aeration tank, flowing across the width of the 
tank and being discharged along the other. 

2.1.9.5.10.2 When NT is less than 4: 

V cw'- HL(30.3) + NT [(L)(29.4) + 1372.5)j + 22.51 (X3) 

where 

V cw - R.C. wall quantity required, cu ft. 

L - length of aeration tanks, ft. 

2.1.9.5.10.3 When NT is equal to or greater than 4: 

V cw - 130.3(NT) CL) + 57(L) + 1417.5 (NT) + 45(PCW) + 1351 NB 

2.1.9.5.11 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater treaunent plants. Waterway walls and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be-estimated as follows: 
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XO’UER 
SUILDING I 

NT=2 

r I BLOWER 1 
aUl tD!NG I 

II 1 il 

I! II 

;! 

i i 

!I II i l 

i l Ii 
t 4 

_I II 

II 

1 I II 

II 

I !I 
II II I> 

Y 
AIR 

-WALL FOR 
PIPING (TYR) . 

NT= 4- 

I BLOWER 
BUILDING I 

NT= 6 

FIGURE 2.1.-7 AERATION TANK ARRANGEMENT 



c 
. 
. 
? 



2.1.9.5.11.1 If ?JT is Less than 4: 

LHR = [I (L) + 2(~) + 61.SW) + 1.51 NB 

2.1.9.5.11.2 If NT is greater than or equal to 4: 

LHR= t’W’0 0~) + (4L) + 36.S(NT) + 2 PGW+ 131 NB 

where 

LHR - handrail length, ft. 

2.1.9.5.12 Calculate operation manpower requirements. 

2.1.9.5.12.1 If CFMd is less than or equal to 3OOO'scfm, the 
operation manpower can be calculated by: 

OMH - 62.36 (CFMd) 0.3972 

where 

OMH * operation.manpower required, MWyr. 

2.1.9.5.12.2 If CM is greater than 3000 scfm, the operation 
manpower can be talc uf ated by: 

OMH = 26.56 (CFMd) 0.5038 

2.1.9.5.13 Calculate maintenance manpower requiraoents. 

2.1.9.5.13.1 If CE'M is less than or equal to 3000 scfm, the 
maintenance manpower dean be calculated by: 

MMH - 22.82 (cmd) 
0.4379 

2.1.9.5.13.2. If CMd > 3000 scfm, the maintenance manpower can 
be calculated by: 

MMH - 6.05 (cmd) 
0.6037 

where 

MMEI - maintenance manpower required, Wyr* 

2.1.9.5.14 Energy requirement for operation. The electrical 
energy required for operation is related to the air requirement 
by the following equation: 

Kw'H = (CMd) (241.6) 
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where 

KWH = electrical energy required for operation,’ kwhr/yr. 

2.1.9.5.15 Operation and maintenance material and supply costs. 
Operation and maintenance material supply costs include itens such 
as lubricant, paint, replacement parts, etc. These costs are 
esthnated as a percent of the total bare construction costs. 

OMMP - 3.57 (Q,,) 
-0.2602 . 

where 

OMMP = operation and maintenance material costs as percent 
of total bare construction cost, percent. 

2.1.9.5.16 Other construction cost itans. The majority of the 
costs of the diffused aeration activated sludge process have been 
accounted for. Other cost‘itens, such as liquid piping systen, 
control equipment, painting, site cleaning and preparation, etc., - 
can be estimated as a percent of the total bare construction cost. 
This value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
will be used. 

CF 1 - - - 1.11 0.90 

where 

CF = correction factor to account for the minor cost 
itens. 

2.1.9.6 Quantities Calculation Output Data. 

2.1.9.6.1 Number of aeration tanks, NT. 

2.1.9.6.2 Nmber of diffusers per tank, ND,. 
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2.1.9.6.3 

2.1.9.6.4 

2.1.9.6.5 

2.1.9.6.6 

2.1.9.6.7 

2.1.9.6.8 

2.1.9.6.9 

2.1.9.6.10 

2.1.9.6.11 

2.1.9.6.12 

2.1.9.5.13 

2.1.9.6.14 

Number of process batteries, NB. 

Number of swing arm headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PCW, ft. 

Earthwork required for construction, V,,, cu ft. 

Quantity of R.C. slab required, Vcs, cu ft. 

Quantity of R.C. wall required, Vow, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requiranent, OMH, MH/yr. 

Maintenance manpower requiranent, NMH, MH/yr. 

Electrical energy for operation, KW'H, kwhrlyr. 

Operation and maintenance material and supply cost 
as percent of total bare construction cost, OKMP, percent. 

2.1.9.6.15 Correction factor for minor construction costs, CF. 

2.1.9.7 

2.1.9.7.1 

2.1.9.7.2 

2.1.9.7.3 

2.1.9.7.4 
$/ft. 

2.1.9.7.5 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab in-place, UPICS, $/cu yd. 

Unit price input for handrails in-place, UPIKR, 

Cost per diffuser, COSTPD, $, (optional). 
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2.1.9.7.6 Cost per swing am header, COSTPH, $, (optional). 

2.1.9.7.7 
MSECI. 

Current Narshal.1 and Swift Equipment Cost Index, 

2.1.9.7.8 Current CE Plant Cost Index for pipe, valves, 
etc., CEPCIP. 

2.1.9.7.9 Equipment installation labor rate, LABRI, $/XL 

2.1.9.7.10 Unit price input for crane rental, UPICR, $/hr. 

2.1.9.8 Cost Calculations. 

2.1.9.8.1 Cost of earthwork. 

COSTE = "ew UPIEX 
27 

COSTE - cost of earthwork, $. 

V ew - quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.9.8.2 

where 

Cost of R.C. wall i-place. 

COSTCW - 'cw UPICW 
27 

COSTCW = cost of R.C. wall in-place, $. 

v 
cw * quantity of R.C. wall, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu 
yd. 

2,1.9.8.3 Cost of R.C. slab i-place. 

cosTcs - "cs UPICS 
27 

where 

cosTcs - cost of R.C. slab in-place, $. 

v cs = volume of concrete slab, cu gd. 

UPICS = unit price R.C. slab in-place, $/cu yd. 
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2.1.9.5.4 Cost of handrails in-place. 

cosm = LHR x UPIW 

where 

COSTHR = cost of handrails in-place, $. 

LHR = length of handrails, ft. 

UPIHR = unit price input for handrails in-place, $/ft. 

2.1.9.8s Cost of diffusers. 

2.1.9.8.5.1 The oxygen transfer values given indicate the use 
of coarse bubble diffusers. The cost of a coarse bubble diffuser 
with a capacity of 12 scfm for the first quarter of 1977 is 

COSTPD * $6.50 

For a better estimate COSTPD should be obtained frau an equipment 
vendor and treated as.a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPD - 6.50 ;;F"; . 

where 

COSTPD = cost per diffuser, $. 

MSECI = current Harshal and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first 
quarter 1977. 

2.1.9.8.5.2' Calculate COSTD. 

COS'ID - COSTPD x NDt x NT x NB 

where 

COSTD = cost of diffusers for system, $. 

T - nunber of diffusers per tank. 

NT - nunber of tanks. 

2.1.9.8.6 Cost of swing arm diffuser headers. 

2.1-23 



2.1.9.8.6.1 Swing arm diffuser headers cane in several sizes. 
The cost used is for a header which will handle 550 scfm and up 
to 37 diffusers. 
of 1977 is 

The cost of this header for the first quarter 

COSTPH - $5,000 

For a better estimate COSTPH should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPH MSECI - $5,000 491.6 

where 

COSTPH - cost per swing arm header, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.1.9.8.6.2 Calculate COSTH. 

COSTH - COSTPH x NSAt x NT x NB 

where 

COSTH = cost of swing arm headers for system, $. 

NSAt - nunber of swing arm headers per tank. 

NT = nunber of tanks. 

NB = nunber of batteries. 

2.1.9.8.7 Equipment installation man-hour requirement. The 
labor requirenent for field installation of the swing am headers, 
including mounting the diffusers, is approximately 25 man-hours 
per header. 

where 

IMH - 25 NSAt x NT x NB 

IMH- installation man-hour requirement, MH. 

2.1.9.8.8 Crane requirement for installation. 

CH - W) mw 
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where 

CH = crane time requirkent for installation, hr. 

2.1.9.8.9 Cost of air piping. The air piping for the dif- 
fused aeration system is very complex and includes many valves 
and fittings of different sizes. This causes cost estimation by 
material take-off to be very difficult for a wide range of flow. 
In this case we feel the use of parametric costing is justified 
as the overall accuracy of the estimate will not be affected to a 
great extent. 

2.1.9.8.9.1 
cost of air 

If CFMd is between 100 scfm and 1000 scfm, the 
piping can be calculated by: 

COSTAP = 617.2 (CFMd)oo2553 x CEPCIP Tim 

where 

COSTAP = 

CFMd = 

CEPCIP = 

241.0 = 

2.1.9.8.9.2 
cost of air 

2.1.9.8.9.3 

cost of a&r piping, $. 

design capacity of blowers, scfm. 

current CE Plant Cost Index for pipe, valves, etc. 

CE Plant Cost Index for pipe, valves, etc., for first - 
quarter of 1977. 

If CM is between 1000 scfrn and 10,000 scfm, the 
piping cadn be calculated by: 

COSTAP r 1.43 (cmd)1'133' xm . 

If CmA is greater than 10,000 scfm, the cost of 
air piping can be calc'ulated by: 

COSTAP - 28.59 (cmd) 0.8085 

2.1.9.8.10 Other costs associated tith the installed equipment. 
This category includes the cost for weir installation, painting, 
inspection, etc., and can be added as a percentage of the pur- 
chased equipment cost: 

PMINC - 10% 

where 

PYINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.9.8.11 Installed equipment costs. 
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IEC = (COST + COSTH) (1 + W) + (IME) (MRI) + (a> (UPICR) 

where 

IEC - installed equipment cost, $. 

TABRI = labor rate, $/MH. 

UPICR = crane rental rate, $/hr. 

2.1.9.8.12 Total bare construction cost. 

TBCC - (COSTE + COSTCW+ COSTCS + IEC + COSTElR+ COSTAP) CF 

where 

TBCC - total bare construction cost, $. 

CF - correction factor for minor cost items. 

2.1.9.8.13 Operation and maintenance material costs. 

OMCC - TBCC s 

where 

OMMC = operation and maintenance material supply costs, 
Wyr. 

OMMP = operation and maintenance material supply costs, 
as percent of total bare construction cost, percent. 

2.1.9.9 Cost Calculations Output Data. 

2.1.9.9.1 Total bare construction cost of diffused aeration 
activated sl.udge system, TBCC, dollars. 

2.1.9.9.2 Operation and maintenance material and supply 
ccsts, OMMC, dollars. 
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2.1.10 Canotete Mix Activated Sludge (Mechanical Aeration). 

2.1.10.1 Input Data. 

2.1.10.1.1 Wastewater Flow (Average and Peak). In case of . 
high variability, a statistical distribution should be provided. 

2.1.10.1.2 Wastewater Strength. 

2.1.10.1.2.1 . BOD, (soluble and total), mg/l. 

2.1.10.1.2.2 

2.1.10.1.2.3 

2.1.10.1.2.4 

2.1.10.1.2.5 

2.1.10.1.3 

2.1.10.1.3.1 
I 

2.1.10.1.3.2 

2.1.10.1.3.3 

2.1.10.1.3.4 

2.1.10.1.3.5 

2.1.10.1.3.6 

2.1.10.1.3.7 
mg/l. 

2.1.10.1.3.8 

2.1.10.1.4 

2.1.10.1.4.1 

2.1.10.1.4.2 

2.1.10.1.4.3 

2.1.10.1.4.4 

2.1.10.1.4.5 

2.1.10.1.4.6 

2.1.10.2 

COD and/or TOC (maximum and minimum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegrable fraction of VSS, mg/l. 

Other Characterization. 

pH. . 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mgll. 

and soluble), mg/l. Phosphorus (total 

Oils and greases, mg/l. 

Heavy metals, mdl. 

Toxic or special characteristics (e.g., phenols), 

Temperature, OF or 'CD 

Effluent Quality Requirements. 

BOD5, mgll. 

SS, mg/l. 

TKN,mg/l. 

P, mg/l. 

Total nitrogen (TKN + NO3 - N), mg/l. 

Settleable solids, mg/l/hr. 

Design Paraneters. 
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2.1.10.2.1 

2.1.10.2.2 

2.1.10.2.3 

2.1.10.2.4 

2.1.10.2.5 

2.1.10.2.6 

2.1.10.2.7 

2.1.10.2.8 

2.1.10.2.9 

2.1.10.2.10 

2.1.10.2.11 

2.1.10.2.12 

2.1.10.3 . 

2.1.10.3.1 
when unknown. 

2.1.10.3.1.1 

2.1.10.3.1.2 

2.1.10.3.1.3 

2.1.10.3.1.4 

Reaction rate constants and coefficients. 

Constants Range 

Eckenfelder 
k 0.0007-0.002 l/mg/hr 
a 0.73 

b" 
t 0.52 

O.O75/day 
b' O.lS/dap 
f 0.40 
f 0.53 

F/M - (0.3-0.6). 

Volumetric loading = 50-120. 

t - (3-6) hr. 

t s - (3-7) days. 

MLSS =' (3000-6000) mg/l. 

MLVSS = 0.7 MLSS = (2100-4200) mg/l. 

QJQ - (0.241.0). 

lb 02/lb BOD, 2 1.25. 

lb solids/lb BODr = (0.5-0.7). 

0 - (1.011.04). 

Efficiency = (>90 percent). 

Process Design Calculations. 

Assume the following design paraueters fran above 

BOD removal rate constant (k). 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.10.3.1.5 

2.1.10.3.1.6 

2.1.10.3.1.7 

2.1.10.3.1.8 

2.1.10.3.1.9 

2.1.10.3.1.10 

2.1.10.3.2 

Mixed liquid suspended solids (YLSS). 

Mixed liquid volatile suspended solids (XLVSS). 

Food-to-microorganism ratio (F/M). 

Nonbiodegradable fraction of VSS in influent (f). 

Degradable fraction of the MLVSS (f'). 

Tanperature correction coefficient (0). 

Adjust rate constant for temperature. 

KT * K20° 
(T-20) 

where 

yr - rate constant at desired tanperature, Oc. 

K20 = rate constant at 20°C. 

0 = temperature correction coefficient. 

T - tanperature, Oc. 

2.1.10.3.3 Determine the size of the aeration tank by first 
determining the detention time t. 

- 

where 

t * 
24so 

<$$ (F/ M) 

t - hydraulic time, hr. 

sO 
- influent BOD5, mg/l. 

sr = MLVSS, mgI1. 

F/M = food-t-microorganism ratio. 

2.1.10.3.4 Check detention time for treatability. 

S 1 

where 

'e 
= BOD5 (solub3 e) in effluent, mg/l. 

sO 
- BOD5 in influent, mg/l. 
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k = BOD ranoval rate constant, l/mg/hr. 

\ = XLVSS, mdl. l 

t - detention time, hr. 

Solve for t and canpare with t above and select the larger. 

2.1.10.3.5 Calculate the volume of aeration tank. 

V-Q avg X75 

V - volune, million gal. 

Q 
mg 

= average daily flow, mgd. 

t = detentioa time, hr. 

2.1.10.3.6 Calculate oxygen requirements. 

d0 - a'Sr + b's 
dt t 

or 

where 

O2 = a' (St> (Q,,) (8.34) + b' C+$ (V) (8.34) 

dO/dt - oxygen uptake rate, mg/l/hr. 

a' = fraction of BOD oxidized for energy. 

'r = BOD removed (So - Se), mg/l. 

t = detention time, hr. 

b' = endogeaous respiration, l/hr. 

% = MLVSS 

O2 - oxygen requiranent, lb/day. 

Q avg - average flow rate, mgd. 

V = volume of aeration tank, million gal. 
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and check the oxygen supplied against 1;25. 

where 

Lb 02/lb BOD, = 
O2 

Q(Sr) x 8.34 

O2 = oxygen required, lb/ day. 

Q - flow, mgd. 

S = BOD removed, a&l. 

2.1.10.3.7 Assume the following design paraneterg and design 
aeration system and check horsepower supply for mixing against 
horsepower required for canpletemixing 0.1 hp/lOOO gal. 

2.1.10.3.7.1 Standard transfer efficiency, lb/hphr (0 dis- 
solved oxygen, 20°C, and tap water) (3-5 Lb/hp-hr). 

2.1.10.3.7.2 O2 transfer in waste/02 transfer in water -0.9. 

2.1.10.3.7.3 
0.9. 

O2 saturation in waste/O2 saturation in water 2 

2.1.10.3.7.4 Correction factor for pressure X 1.0. 

2.1.10.3.8 Select summer operating temperature (25-30°C) and . 
determine (fran standard tables) O2 saturation. 

2.1.10.3.9 Adjust standard transfer efficiency to operating 
conditions. 

where 

OTE = STE [ ($,T(/8) (p) - 51,: (l.02)T-20 
9.17 

OTE = operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

cc& = O2 saturation at selected summer tanperature T, OC, 
I&l. 

pm O2 saturation in waste/O2 saturation in water WO.9. 

P' correction factor for pressure Ml.0. 

cL - minimm dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

0~~ o2 transfer in waste/Oz transfer in water* 
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T= temperature, 

2.1.10.3.10 Calculate 

hP - 

where 

Oc. 

horsepower requirement. 

O2 
lb O2 

x 1000 

OTE hp (24)(V) 

hp - horsepower required/l000 gal. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V = volume of basin, gal. 

2.1.10.3.11 Calculate sludge production. 

0% = [aSrQavg - bXVV + fQ(VSS) + Q(SS - VSS)] 8.34 

where 

A XV = sludge produced, lb/day. 

a - fraction of BOD removed synthesized to cell material. - 

Sr = BOD removed,mg/l. 

Q avg 
- average flow, mgd. 

b - endogenous respiration rate/day. 

5 =.MLvss, n&l. 

V = volume of basin, gal. 

f = nonbiodegradable fraction of influent VSS 

Q - flow, mgd. 

VSS - volatile suspended solids in effluent, mg/l. 

ss * suspended solids in influent, mg/l. 

2.1.10.3.12 Calculate solids produced per pound of BOD, J 
removed and check 0% against value given. 

lb solids - A% 
'(Ib S,(O' :a-4y 

2.1-32 



where 

a = 
% 

sr = 

Q* 

2.1.10.3.13 

where 

QJQ = sludge recycle ratio. 

sludge produced, lb/day. 

BOD removed, mg/l. 

flow, mgd. 

Calculate sludge recycle ratio. 

Qr xa 
Q - xu - x, 

? = volume of recycled sludge, mgd. 

Q - flow, mgd. 

xa - MISS, mg/l. 

xu = solids concentration in return sludge, mgjl. 

2.1.10.3.14 Calculate solids retention time. 

SRT = 
(V) X8(8.34) 

'a 

where 

SRT - solids retention time, days. 

A 
axa - 

xv 
4 volatile 

2.1.10.3.15 Effluent Characteristics. 

2.1.10.3.15.1 BOD5. 

BODE = Se + 0.84 (%>eff f' 

where 

BODE - effluent BOD 5 concentration, mg/l. 

Se - effluent soluble BOD; concentration, mg/l. 

(Xv'eff - effluent lrolatile suspended solids, mg/l. 

f' = degradable fraction of MLVSS. 
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2.1.10.3.15.2 COD. 
CODE = (1.5) (BODE) 

- CODSE = (1.5) (Se) 

where 

CODE = effluent COD concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 

BODE - effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

2.1.10.3.15.3 Nitrogen. 

TKNE= (0.7) TKN 

where 

NH3E - TKNE 

TKHE- effluent total Kjeldahl nitrogen concentration, 
mg/l. 

TKN = influent.total Kjeldahl nitrogen concentration, 
mgll. 

NH3E = effluent anmonia nitrogen concentration, mg/l. 

2.1.10.3.15.4 Phosphorus.. 

P04E - (0.7) (PO4) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4 =' influent phosphorus concentration, mg/l. 

2.1.10.3.15.5 Oil and grease. 

OXE = 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 

2.1.10.3.15.6 Settleable Solids. 

SETS0 - 6.0 

where 

SETS0 = settleable solids, mg/l. 

2.1.10.3.16 Detennine nutrient requirements, lb/day. 

for nitrogen 
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N = O.L23~M+or +,I 

and phosphorus 

where 

P = 0.026 AI$(or "XV) 

51 \ = sludge produced, lb/day. 

5 XV - sludge produced, lb/day. 

and check against BOD:N:P - 100:5:1 

2.1.10.4 

2.1.10.4.1 

2.1.10.4.1.1 

2.1.10.4.1.2 

2.1.10.4.1.3 

2.1.10.4.1.4 

2.1.10.4.1.5 

2.1.10.4.1.6 

2.1.10.4.1.7 

2.1.10.4.1.8 

2.1.10.4.1.9 

2.1.10.4.1.10 

2.1.10.4.1.11 

2.1.10.4.1.12 

2.1.10.4.1.13 

2.1.10.4.1.14 

2.1.10.4.l.15 

2.1.10.4.1.16 

2.1.10.4.1.17 

2.1.10.4.2 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/mg/hr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD renoved. 

Influent nonbiodegradable VSS (f). 

Effluent degradable VSS (f'). 

lb BOD/lb MLSS-day (F/M ratio). 

Mixed liquor SS, mg/l (MLSS). 

Mixed liquor VSS, mg/l (MLVSS). 

Aeration time, hr. 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Phosphorus requirement, lb/day. 

Sludge recycle ratio, percent. 

Solids retention the, days. 

Aeration Systen. 
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2.1.10.4.2.1 

2.1.10.4.2.2 

2.1.10.4.2.3 

2.1.10.4.3 

2.1.10.4.4 

2.1.10.4.5 

2.1.10.4.6 

2.1.10.4.7 
TKNE, rndl. 

2.1.10.4.8 

2.1.10.4.9 

2.1.10.4.10 

2.1.10.5 

2.1.10.5.1 

Standard transfer efficiency, lb 02/hphr. 

Operating transfer efficiency, Lb 02/hphr. 

Horsepower required. 

Effluent BOD5 concentration, BODE, mg/l. 

Effluent soluble BOD5 concentration, Se, mg/l. 

Effluent COD concentration, CODE, ms/ 1. 

Effluent soluble COD concentration, CODSE, mg/l. 

Effluent total Rjeldahl nitrogen concentration, 

Effluent ammonia nitrogen concentration, NH3E, mg/l. 

Effluent phosphorus concentration, NH3E, mg/l. 

Effluent oil and grease concentration, OAGE, mg/l. 

Quantities Calculations. 

The design values for activated sludge system would be: 

lo6 
Vd-"7.48 

HPd = (HP) (V) (133.7) 

where 

Vd - design volume of aeration basin, cu ft. 

V ='volme of aeration basin million gallons. 

2.1.10.5.2 Selection of nunber of aeration tanks and mechanical 
aerators per tank. The following rule will be utilized in the selection 
of nunber of aeration tanks and mechanical aerators per tank. 

Number of Number of Aerators 
Q avg 

Aeration Tanks Per Tank 

C.wd) NT NT 

0.5 - 2 2 1 
2- 4 3 1 
4- 10 4 1 

lo- 20 6 2 
20 - 30 8 2 
30 - 40 10 3 
40 - 50 12 3 
50 - 70 14 3 
70 - 100 16 4 
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When Q is larger than lOO.mgd, several batteries of aeration tanks 
will b?%sed. See next section for details. 

2.1.10.5.3 Selection of nunber of tanks and nunber of batteries of 
tanks when Q is Larger than 100 mgd. It is general practice in 
designing laa$gr sewage treatment plants that several batteries of 
aeration tanks, instead of a single group of tanks, are used. This is 
due to land area availability and certain hydraulic limitations. To 
simplify the modeling process, the following rules will be used: 

2.1.10.5.3.1 When Q 
will be used. Thus 

avgs 100 mgd, only one battery of aeration tanks 

l!m-1 

where 

NB - number of batteries of units. 

2.1.10.5.3.2 When 100 < Q 5 200 mgd, the system will be designed as 
two identical batteries of %gation basins. Each battery would handle 
half of the wastewater. The nunber of aeration tanks in each battery 
would be selected according to the rules established in subsection 
2.1.10.5.2 by using half the design flow as Qavg. Thus 

r-m-2 

2.1.10.5.3.3 When Q 
three batteries of aera "F 

> 200 mgd, the design will be performed to use 
ion basins, each handling onethird of the 

wastewater. Thus 

NB-3 

2.1.10.5.4 Mechanical aeration equipment design. 

2.1.10.5.4.1 Usually the slow-speed, f k-mounted mechanical surface 
aerators are used in domestic wastewater treatment plants. The availa- 
ble sizes of this type aerator are 5 BP, 7.5 HP, 10 HP, 15 HP, 20 HP, 25 
HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, 125 HP and 150 HP. 

2.1.10.5.4.2 Horsepower for each individual aerator: 

HPN = 
HPd 

(NB)(XT)(NA) 
If HPN >150 HP and NT = 2 or 3, then repeat the calculation with NT = 
NT+ 1. 

If HPN >150 HP and NT 2 4, then repeat the calculation with NT = NT + 
2. 

where 
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HPN = horsepower of each unit, horsepower. 

Hpd - design capacity of aeration equipment, horsepower. 

NB = number of batteries. 

NT = number of aeration tanks per battery. 

NA = nun&r of aerators per tank. 

2.1.10.5.4.3 Canpare HPN with the available off-the-shelf sizes and 
select the smallest unit with capacity larger than HPN. The capacity of 
the selected unit would be designated as HPSN. Thus the total capacity 
of the aeration units would be 

HPT = (NB) l (NT) l (NA) ’ (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2.1.10.5.5 Design. of aeration tanks. 

2.1.10.5.5.1 Volume of each individual tank would be 

where 

VY - volume of single aeration tank, cu ft. 

2.1.10.5.5.2 Depth of aeration tanks. The depth of an aeration basin 
is controlled by the capacity of the aerators to be installed inside. 
If the water depth is too shallow, interference with the mixing current 
and oxygen transfer would occur. If the water depth is too deep, 
insufficient mixing would occur at the bottan of the tank and sludge 
accunulation would occur. Thus proper selection of liquid depth of an 
aeration basin is Important. The relationship between the recanmended 
basin depth and the capacity of the aerators can be expressed as follows: 

When HPSN s LOO HP 

DW - 4.816 (HPSN)0'2467 

where 

When HPSN > LOO HP 

DW * 15 ft 

DW = water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 
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2.1.10.5.5.3 Width and length of aeration tank. The ratio between 
length and width of an aeration tank is dejendent on the nunber of 
aerators to be installed in this tank, NA. 

If NA - 1. Square tank construction, L/W = I 

If HA = 2. Rectangular tank construction, L/W = 2 

If NA * 3. Rectangular tank constructioa, L/W = 3 

If NA = 4. Rectangular tank constructioa, L/W = 4 

and 

LjW-NA 

where 

NA - nunber of aerators per tank. 

L = length of aeration tank, ft. 

w = width of aeration tank, ft. 

After the volxnne, depth and L/W ratio of the tank are determined, the 
width of the tank can be calculated by: 

The length of the aeration tank would be 

2.1.10.5.6 Aeration tank arrangenents l 

2.1.10.5.6.1 Figure 2.1-9 shows the schematic diagran of the arrange- 
ments. Piping gallery will be provided when the number of tanks is 
equal or larger than four. The purpose of piping gallery is to house 
various piping systems and control equipment. 

2.1.10.5.6.2 Size of pipe gallery. The width of this gallery is 
dependent on the canplexity and capacity of the piping system to be 
housed. An experience curve is provided to approximately esttiate this 
width. It is expressed as: 

PGW - 20 + (0.3) (Qavq) 
NB 

where 
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PG-W = 

Q = avg 
NB= 

2.1.10.5.7 Earthwork required for construction. It is assumed that 
tank bottan would be 4 feet below ground level. Thus the earthwork 
required would be estimated by the following equations: 

2.1.10.5.7.l When NT * 2, earthwork required would be: 

v ew - 3 ((2 W + 18.5) (W+ 17) + (2 W + 26.5) (W + 25)) 

where 

piping gallery width, ft. . 

average influent wastewater flow, mgd. 

umber of batteries. 

V ew - quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.1.10.5.7.2 When NT - 3, earthwork required would be: 

V - 3 [(3 W + 28) (W + 2s) + (3 w + 20) (W + 17)) 
ew 

2.1.10.5.7.3 When NT > 4, the width and length of the concrete slab 
for the whole aeration task battery can be calculated by: 

Ls -2~cPGW+l6 

W s -k (NT) (W) + 14.5 

where 

Ls - length of the basin slab, ft. 

L = length of one aeration tank, ft. 

PGW = piping gallery width, ft. 

Ws - width of the basin slab, ft. 

NT = nunber of tanks per battery. 

Thus the earthwork can be estimated by: 

V ew =3' m) I(Ls + 4) (Ws + 4) + (Ls + 12) (Ws + WI 

where 
\ 

V 
ew = volume of earthwork, cu ft. 

2.1.10.5.8 Reinforced concrete slab quantity. 
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2.1.10.5.8.1 It is assumed that a 1'9 6" thick slab will be utilized in 
this progran regardless of the size of the systen. 

2.1.10.5.8.2 For NT = 2, . 

where 

v cs = 1.5 (2 w + 14.5) (W + 13) 

v cs = R.C. slab quantity, cu ft. 

2.1.10.5.8.3 NT = 3, 

V 
CS 

- 1.5 (3 w+ 16) (W+ 13) 

2.1.10.5.8.4 When NT > 4, 

V cs = 1.5 (Ls) ws> 

where 

LS 
= length of.slab, ft. 

Ws - width of slab, ft. 

2.1.10.5.9 Reinforced Concrete Wall Quantity. 

2.1.10.5.9.1 The wall constructions are different for complete mix and . 
plug flow systems. In order to achieve canplete mix, the inflows to the 
aeration tanks would be distributed uniformly along one side oE the 
aeration tank, flowing across the width of the tank and being discharged 
along the other side wall. Thus a Y-wall construction will. be used so 
that the top section of the wall can be an open channel for influent 
and/or effluent discharges. Figure 2.1-10 shows a typical section of 
the complete mix aeration tank. 

2.1.10.5.9.~ When NT = 2, 

V cw - W [8.75 DW+ 881 

where 

V cw = R.C. wall quantity, cu ft. 

W - width of individual aeration tank, ft. 

DW - water depth of aeration tank, ft. 

2.1.10.5.9.3 When NT * 3, 

V cw - 6 (W + 2) (1.25 DW + 13.45) + 5 W [DW + 3] 
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When NT > 3, 

v cw -(xB) 4-L' 11.25 (DW+ 3) + 9.71 + (NT - 2) l L l 

(1.25 DW+ 31) + 2.5 (NT) (W) (DW+ 3) 

2.1.10.5.10 Reinforced concrete required for piping gallery cow 
struction. The quantity of piping gallery slab has been estimated with 
the aeration tanks slab calculations. Only the quantity of reinforced 
concrete for ceilings and end wall is necessary. 

2.1.10.5.10.1 When NT < 4, 

V 
cg 

-0 

where 

V 
cg 

= quantity of R.C. for gallery coastruction, cu ft. 

2.1.10.5.10.2 When NT 14, assuning the ceiling thickness is 1.5 feet, 
then the quantity of reinforced concrete would be: 

V 
cgc 

= (NW l (1.5) (PCW) [ v+ 0.75 (NT) + 1.51 

where 

V 
cgc 

- volme of R.C. ceiling for piping gallery coustructioa, 
cu ft. 

and for two end walls: 

V cgw * 2 (pw) (NB) (DW + 3) 

where 

V 
cgw 

= volume of R.C. walls for piping gallery construction, 
cu ft. 

Thus total R.C. volume for piping gallery construction would be 

V =V + v 
cg cgc cgw 

2.1.10.5.11 Reinforced concrete quantity for aerator supporting 
platfom construction. 

2.1.10.5.11.1 Ntnnber of aeratopsupporting platfouns. Each aerator 
will be supported by an individual platfom. 

2.1.10.5.11.2 Figure 2.1-11 shows a typical supporting platfom for the 
aeration equipment. The width of the platform would be a functioa of 
the capacity of the aerator to be supported. The following experienced 
formula is given to approximate this relationship. 
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x = 9 + 0.078 (HPSN) 

where 

X = width of the platform, ft. 

HPSN = horsepower of the mechanical aerator, HP. 

2.1.10.5.11.3 Volume of reinforced concrete for the construction of the 
platforms would be: 

V 
CP 

- [X2 4 5.6 (DW 4 2)] (NT) (NA) (NB) 

where 

V 
CP = volume of R.C. for the platform construction, cu ft. 

DW = water depth of the aeration basin, ft. 

2.1.10.5.11.4 Volume-of reinforced concrete for pedestrian bridges. 
The pedestrian bridge links the aerator platform to the walkwapsidewalls 
for ease of operation.and maintenance. By using a width of 4 feet and 
slab thickness of 1 foot, the quantity of reinforced concrete can be 
calculated by: 

V * [2 cwb (W- X) 1 (NB) (NT) (NA) 

where 

V cwb - quantity of concret'e for pedestrian bridge construction, 
cu ft. 

2.1.10.5.12 Sunmary of reinforced concrete structures. 

2.1.10.5.12.1 Quantity of concrete slab. 

V cst =V 
CS 

where 

V CSt = total quantity of R.C. slab for the construction of 
aeration tanks, cu ft. 

2.1.10.5.12.2 Quantity of concrete wall. 

V 
CtJt =V + v + v cw =g CP + vcwb 

where 

v cwt = quantity of R.C. wall for the construction of aeration 
tanks, cu ft. 
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v cw = quantity of aeration tank R.C. walls, cu ft. 

V 
cg 

= quantity of R.C. for the construction of piping gallery, 
cu ft. 

V 
cP 

= quantity of R.C. for the cons tructlon of aerator-supporting 
platforms, cu ft. 

V 
CWb 

- quantity of R.C. for the construction of pedestrian 
bridges. 

2.1.10.5.13 Quantity of handrail for safety. Handrail is required 
for the safety protection of the operation personnel of wastewater 
treatment plants. Waterway walls, aerator platforms and bridges, and 
the top of the piping gallery will require handrail. Quantity of 
handrail can be estimated thus: 

2.1.10.5.13.1 When NT = 2, 

LHR = 4 w+ ll+ 2 l (3X+ W- 4) 

where 

LHR = handrail length, ft. 

W = aeration tank width, ft. 

X = width of aerator-supporting platform, ft. 

2.1.10.5.13.2 When NT = 3, 

LHR = 6 W+ lO+ 3 l (3x+ w- 4) 

2.1.10.5.13.3 When NT 2 4, 

If NT 2 is an even number, 

LHR * 
I PGW + (NT) (W> + [L + 3 - 4 (NA)] (XT) + (NA) ’ (NT) 

l (3x + w - 4) l ( N B )  

If NT l 2 1s an odd nunber, 

LKR f PGW + (NT) (w) + [L + 3 - 4 (NA)] (NT + 2) + 
1 

(m) (NT) (3X + w - 4)1 l (NB) 

PCW = width of the piping gallery, ft. 
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2.1.10.5.14 Operation and maintenance manpower requirements. Patterson 
and Bunker's data will be utilized to project the operation and maintenance 
manpower requirements. The man-hour per year requirement is presented 
as a function of the total horsepower of the aeration equipment. 

2.1.10.5.14.1 Calculate the total installed capacity of the aeration 
equipment. 

TICA = (NE) (NT) (NA) (HPSN) 

where 

TICA = total installed capacity of the aeration equipment, 
horsepower. 

HPSN = capacity of one individual aerator, horsepower. 

2.1.10.5.14.2 The operation manpower requirement can be esttiated as 
follows: 

When TICA < 200 hp 

OMH * 242.4 (TICA)0o3731 

When TICA 2 200 hp 

OMH = 100 (TICA)0's425 

where 

OMH = operational maphour requirement, mawhour/yr. 

2.1.10.5.14.3 The maintenance manpower requirement can be estimated as 
follows: 

When TICA 5 100 hp 

MMH= 106.3 (TICA)0'4031 

When TICA >lOO hp 

?fMH = 42.6 (TICA) 0.5956 

where 

m 3: maintenance manpower requiranent, ma+hour/yr. 

2.1.10.5.15 Energy requirement for operation. Ey assuming that all 
the aerators will be operated 90 percent of the time year-round, the 
electrical energy consumption would be: 

KWEi - 0.85 x 0.9 x 24 x 365 x (TICA) 
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where 

KW - electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fran hphr to kwhr. 

2.1.10.5.16 Material and supply costs for operation and maintenance. 
Material and supply costs for operation and maintenance include 
such items as iubrication oil, paint, and repair material, etc. 
These costs are estimated as a percent of installed c'osts for the 
aeration equipment and are expressed as follows: 

OMMP - 4.225 - 0.975 log (TICA) 

where 

OMMP = percent of the installed equipment cost as O&M material 
costs, percent. 

TICA = total installed capacity of aeration equipment, horsepower. 

2.1.10.5.5.17 Other comtruction cost itens. Using the above cal- 
culation, the majority of cost items of the activated sludge pro- 
cess have been accounted for. Other cost itens, such as piping 
system, control equipment, painting, site cleaning and preparation, 
etc., can be estimated as a percent of the total bare construction 
cost. This percentage value has been shown to vary from 4 to 15 
percent of the total construction cost of the aeration tank system. 
The value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
would be adequate. Thus, 

where 

CF = n&y 1.11 

CF - correction factor to account for the minor cost itens. 

2.1.10.6 Quantities Calculations Output Data. 

2.1.10.6.1 Number of aeration tanks, NT. 
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2.1.10.6.2 Number of aerators per tank, NA. 

2.1.10.6.3 Number of process batteries, ND. 

2.1.10.6.4 Capacity of each individual aerator, HPSN, hp. 

2.1.10.6.5 Depth of aeration tanks, DW, ft. 

2.1.10.6.6 Length of aeration tanks, L, ft. 

2.1.10.6.7 Width of aeration tanks, W, ft. 

2.1.10.6.8 Width of pipe gallery, PGW, ft. 

2.1.10.6.9 Earthwork required for construction, V,,, cu ft. 

2.1.10.6.10 Total quantity of R.C. slab, Vest, cu ft. 

2.1.10.6.11 Total quantity of R.C. wall, Vcwt, cu ft. 

2.1.10.6.12 

2.1.10.6.13 

2.1.10.6.14 

2.1.10.6.15 

2.1.10.6.16 
percent. 

2.1.10.6.17 

2.1.10.7 Unit Price Input Required. 

2.1.10.7.1 Cost of earthwork, UPXEX, $/cu yd. 

2.1.10.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.1.10.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

Quantity of handrail, LHR, ft. 

Operationmanpower requirement, OMH, MH/yr. 

tiintenance manpower requirement, MMH, MH/yr. 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for O&Mmaterial and supply cost, OF?MP, 

Correction factor for minor capital cost itas, CF. 
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2.1.10.7.4 Standard size low speed surface aerator cost (20 hp), 
SSXSA, $, optional. 

2.1.10.7.5 Marshall & Swift Equipment Cost Index, XSECI. 

2.1.10.7.6 Equipment installation labor rate, $/MH. 

2.1.10.7.7 Crane rental rate, UPICR, $/hr. 

2.1.10.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.1.10.8 Cost Calculations. 

2.1.10.8.1 Cost of earthwork, COSTE. 
v 

COSTE a + l “ I E X  

COSTE = cost of earthwork, $. 

V ew = quantity.of earthwork, cu ft. 

UPIEX - unit price input of earthwork, $/cu yd. 

2.1.10.8.2 Cost of concrete wall in-place, COSTW. 

V 
COSTCW -- * 

. UPIW 

where 

COSTCW = cost of concrete wall in place, $. 

V 
CWt 

= quantity of R.C. wall, cu yd. 

UPICW . = unit price input of concrete wall in-place, $/ 
cu gd. 

2.1.10.8.3 Cost of concrete slab in-place, COSTCS. 

V cst . cosTcs - 7 
UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cst - quantity of concrete slab, $/cu yd. 

UPICS = unit price input of R.C. slab in-place, $/cu yd. 
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2.1.10.8.4 Cost of installed aeration equipment. 

2.1.10.8.4.1 Purchase cost of slow speed 'pier-mounted surface aera- 
tors. The purchase cost of aerators can be obtained by using the 
following equation: 

CSXSA = SSXSA l RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA * purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RS.XSA = ratio of cost of aerators with capacity of HPSN hp to 
that of the standard size aerator. 

2.1.10.8.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA = 0.2148 (HPSN)"*513 

where 

HPSN = capacity of each individual aerator, hp. 

2.1.10.8.4.3 Cost of standard size aerator. The cost of pier-mounted 
slow speed surface aerator for the first quarter of 1977 is 

SSXSA = $16,300 

For a better estimate, SSXSA should be obtained fran equipment vendor 
and treated as a unit price input. Otherwise, for future escalation, 
the equipment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

SSXSA = 16,300 . MSECI 
491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index fran 
input. 

491.6 - Marshall and Swift Cost Index, first quarter 1977. 

2.1.10.8.4.4 Equipment installation man-hour requirenent. The man- 
hour requirement for field installation of fixed-mounted surface aerator 
can be estimated as: 

When HPSN s 60 hp 

THH= 39 + 0.55 (HPSN) 
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When HPSN > 60 hp 

MH - 61.3 + 0.18 (HPSN) 

where 

IMH = installation man-hour requirement, man-hour. 

2.1.10.8.4.5 Crane requirement for installation. 

CH - (0.1) l IMH 

where 

CH = crane time requirement for installation, hr. 

2.1.10.8.4.6 Other costs associated with the installed equipment. 
This category includes the costs for electric wiring and setting, 
painting, inspection, etc., 
equipment cost: 

and can be added as a percentage of purchase 

PMINC - 23: 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.10.8.4.7 Installed equipment cost, IEC. 

IEC = [==A (1 + w) + IMH l LABRI + Cl3 l UPICR] 

l ( N B )  l (NT) ' ( N A )  

where 

IEC = installed equipment cost, dollars. 

LABRI - labor rate, dollars/man-hour. 

UPICR = crane rental rate, dollars/hr. 

2.1.10.8.5 Cost of handrail. 
can be estimated as: 

The cost of installed handrail systan 

COSTHR = LHR x UPIHR 

where 

LHR = handrail quantity, ft. 

UPIHR = unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first quarter 
of 1977 is suggested. 
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2.1.10.8.6 Other cost items. This category includes cost of process 
piping system, control instrunents, site work, etc. Costs can be 
adjusted by multiplying the cotrection factor CF to the sum of other 
cos ts. 

2.1.10.8.7 Total bare construction costs, TBCC, dollars. 

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR) l CF 

where 

TBCC = 

CF = 

total bare construction costs, dollars. 

correction factor for minor cost itans, fran second-order 
design output. 

2.1.10.8.8 
item of the 
equipment costs, it can be calculated by: 

Operation and maintenance material costs. Since this 
O&M expenses is expressed as a percentage of the installed _ _ 

OMMC = IEC .OMMP 
-iiz 

where 

OMMC - operation and maintenance material and supply costs, 
Wyr. 

OM-HP = percent of the installed aerator cost as O&Mmateriti - 
and supply expenses. 

2.1.10.9 Cost Calculations Output Data. 

2.1.10.9.1 Total bare construction cost of the mechanical aerated 
activated sludge process, TBCC, dollars. 

2.1.10.9.2 Operation and maintenance supply and material costs, 
OM?!X, dollars. 
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2.1.11 CONTACT STABILIZATION (Diffused Aeration) 

2.1.11.1 Input Data. 

2.1.11.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be provided. 

2.1.11.1.2 

2.1.11.1.2.1 

2.1.11.1.2.2 

2.1.11.1.2.3 

2.1.11.1.2.4 

2.1.11.1.2.5 

2.1.11.1.3 

2.1.11.1.3.1 

2.1.11.1.3.2 

2.1.11.1.3.3 

2.1.11.1.3.4 

2.1.11.1.3.5 

2.1.11.1.3.6 

2.1.11.1.3.7 
mg/l. 

2.1.11.1.3.8 

2.1.11.1.4 

2.1.11.1.4.1 

2.1.11.1.4.2 

2.1.11.1.4.3 

2.1.11.1.4.4 

2.1.11.1.4.5 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minimum), mg/l. 

Suspended solids, mdl. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and greases, mdl. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), 

Tenperature, OF or 'C. 

Effluent Quality Requiranents. 

BOD5, mg/l. 

SS, mg/l. 

TKN,mg/l. 

P, mg/l. 

Total nitrogen (TKN + No3 - N), mg/l. 

'The form of nitrogen.should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.11.1.4.6 Settleable.solids, mg/f. . 

2.1.11.2 Design Parameters. 

2.1.11.2.1 Contact tank detention time, tl. 

2.1.11.2.2 

2.1.11.2.3 

2.1.11.2.4 

2.1.11.2.5 

2.1.11.2.6 

2.1.11.2.7 

2.1.11.2.8 

2.1.11.2.9 

2.1.11.2.10 

2.1.11.2.11 

2.1.11.2.12 

tl - (0.41.0) hr 

System organic loading (F/M). 

F/M = (0.2-0.6) 

Volumetric loading = 60-75. 

Stabilization tank detention time, t2. 

t2 = (2-4) hr 

Contact tank MLSS, X,,. 

X 
ac - (2500-3500) u&l 

Contact tank MLVSS, Xv=. 

X vc - 0.7x,, - (1750-2450) rndl 

Stabilization tank MLSS, Xas. 

X as = (4000-8000) mg/ 1 

Stabilization tank MLVSS, Xvs. 

X 
vs 

= (280015600) mg/l 

Air requirement (lb O,/lb BOD,). 

lb 02/lb BOD, - 1.25-1.5 

lb solids/lb BOD, = (0.2-0.4). 

Recycle ratio, QrjQ. 

Qle - (0.25-1.00) 

Efficiency = ( > 90 percent). 
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2.1.11.3 

2.1.11.3.1 

2.1.11.3.1.1 
. 

2.1.11.3.1.2 

2.1.11.3.1.3 

2.1.11.3.1.4 

2.1.11.3.1.5 

2.1.11.3.1.6 

2.1.11.3.1.7 

2.1.11.3.1.8 

2.1.11.3.2 

Process Design Calculations. 

Assume the following design parameters. 

Aeration time in contact tank, hr. 

Aeration time in stabilization tank, hr. 

HL,SS in contact tank, mg/l. 

?ILSS in stabilization tank, mg/l. 

MLVSS in contact tank, mg/l. 

MLVSS in stabilization tank, mg/l. . 

02 requirenents, lb/day. 

Sludge produced, lb/day. 

Determine contact tank volume. 

vc = Q tl 
avg 24 

where 

Vc - volume of contact tank, million gal. 

Q w 
= average flow, mgd. 

% = detention time in contact tank, hr. 

2.1.11.3;3 Determine stabilization tank volume. 

vs = Q t2 
aY3 24 

where 

Vs - volume of stabilization tank, million gal. 

Q avg 
= average flow, mgd. 

t2 = detention time in stabilization tank, hr. 
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2.1.11.3.4 
desired Loading. 

CaLcuLate systan- organic loading and check against 

(F/M) system 

where 

F/M - food- to-microorganism ratio. 

Q 
a-J!3 

= average flow, mgd. 

sO 
- influent BOD5, mg/l. 

vc = volume of contact tank, million gal. 

X vc - MILVSS in contact tank, mg/l. 

Vs = volume of stabilization tank, million gal. 

X vs = mVSS in stabilization tank, mg/l. 

2.1.11.3.5 Calculate volumetric loading and check against 
desired Loading. 

lb/ lb00 ft3 = 
Q 

avg 
(so) (62.4) 

(I$ + vs> x lo3 

Q avg 
= average flow, mgd. 

so - inf luent BOD5, mg/l. 

V - contact tank volume, million gal. 
c . 

v = stabilization tank volume, million gal. 
S 

2.1.11.3.6 Calculate the systgn oxygen required and select 
1.241.5 Lb 02/lb BODr. 

O2 - (l.2~1.5)Qavg x S,(8.34) 

where 

O2 - required oxygen, lb/day. 

Q w 
- average flow, mgd. 

‘r - SOD raaoved (So = Se), mg/l. 

2.1-55 



Supply approximately onehalf of 02 for coqtact tank and onehalf 
for stabilization tank. 

2.1.11.3.7 Design aeration system. 

2.1.11.3.7.1 Assume the following design paraneters. 

2.1.11.3.7.1.1 Standard transfer efficiency, percent, fran manu- 
facturer (5-8 percent). 

2.1.11.3.7.1.2 O2 transfer in waste/O2 transfer in water * 0.9. 

2.1.11.3.7.1.3 O2 
0.9. 

saturation in waste/O2 saturation in water cc 

2.1.11.3.7.1.4 Correction factor for pressure x1.0. 

2.1.11.3.7.2 Select summer operating temperature (2%30°C) and 
determine (fran standard tables) O2 saturation. 

2.1.11.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

KS) 
T 

<p) (P) - CL 

OTE - STE T-20 
9.17 o<: (1.02j 

where 

OTE - operating transfer efficiency, percent. 

STE - standard transfer efficiency, percent. 

KS) = 02 saturation at selected summer temperature T, 'C, 
T mgll. 

P= 0, saturation in waste/O saturation in water * 0.9. 2 

p = correction factor for pressure 531.0. 

cL = minimm dissolved oxygen to be maintained in the basin 
2.0 mg/l. 

d= 0 2 transfer in waste/O2 transfer in water -0.9. 

T= temperature, OC. 

2.1.11.3.7.4 Calculate required air flow. 

Blowers are treated as a separate unit process since several unit 
processes in a single plant may require air frcm the blowers. The 
air requirements frau all unit processes in a treatment train 
which require air are summed and the total air requirement Is used 
to size the blower facility. The unit process design for the 
blower facility is found in subsection 2.3. 
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0,(105)(7.48> 

Iia = 
L 

lb O2 
(OTE) 0.0176 - 

ft3air 
1440% v 

where 
3 

Ra 
- required air flow, cfm/lOOO ft . 

O2 - required oxygen, lb/day. 

OTE = operating transfer efficiency, percent. 

V = volume of basin (Vs + Vc>, gal. 

2.1.11.3.8 Determine sludge production. Select 0.2-0.4 lb solids/lb 
BODr . 

0% = (0.2-0.4)Q(Sr)8.34 _ 

where 

A XV - sludge produced, lb/day. 

Q = flow, mgd. 

Sr - BOD renovqd, mg/l. 

2.1.11.3.9 Effluent Characteristics. 

2.1‘11.3.9.1 BOD5. 

BODE'= Se + 0.84 (Xv> efff' 
where 

BODE = effluent BOD5 concentration, mdl. 

Se - effluent soluble BOD5 concentration, mg/l. 

(%)eff = effluent volatile suspended solids, mg/l. 

f' =.degradable fraction of HLVSS. 

2.1.11.3.9.2 COD. 

CODE = (1.5) (BODE) 

CODSE - (1.5) (Se) 

where 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, rndl. 

BODE = effluent BOO5 concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/l. 
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2.1.11.3.9.3 Nitrogen. 

TKNE- (0.7) TKN _ 

NH3E - TKNE 

where 

TKNE = effluent total Kjeldahl. nitrogen concentration, 
mg/l. 

TQI - influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E = effluent anmonia nitrogen concentration, mg/l. 

2.1.11.3.9.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 

P04E * effluent phosphorus concentration, mg/l. 

Po4= influent phosphorus concentration, mg/l. 

2.1.11.3.9.5 Oil and Grease. 

OAGE - 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.11.3.9.6 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 = settleable solids, mg/l. 

2.1.11.3.10 Detenuine nutrient requirenents for nitrogen. 

N = O.l23a\ 

and phosphorus 

P - 0.026 0% 

where 

A XV - sludge produced, lb/day. 

2.1-58 



and check against rtule of thumb BOD:N:P - 1.00:5:1. 

2.1.11.3.11 Determine recycle ratio required and check against 
0.2~1.0, 

Qr xac -;t 
Q 'as - 'ac 

where 

Q, = volume of recycled sludge, mgd. 

Q = total flow, mgd. 

X ac - MISS in contact tank, mg/l. 

X as = .XLSS in stabilization tank, mg/l. 

2.1.11.4 

2.1.11.4.1 

2.1.11.4.1.1 

2.1.11.4.1.2 

2.1.11.4.1.3 

2.1.11.4.1.4 

2.1.11.4.1.5 

2.1.11.4.1.6 

2.1.11.4.1.7 

2.1.11.4.1.8 

2.1.11.4.1.9 

2.1.11.4.1.10 

2.1.11.4.1.11 

2.1.11.4.1.12 

2.1.11.4.1.13 

2.1.11.4.2 

2.1.11.4.2.1 

Process Design Output Data. 

Aeration Tank. 

Ib BOD;lb MLSsIday. 

Mixed liquor SS contact tank, mg/l (MLSS). 

Mixed liquor SS stabilization tank, mg/l (MLSS)s. 

Aeration time contact tank, hr (t,). 

Aeration time stabilization tank, hr (t,). 

Voltnne of contact tank, million gal (Vc). 

Volune of stabilization tank, million gal (Vs). 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Phosphorus requirement, lb/day. 

Sludge recycle ratio, percent. 

Volumetric loading, lb BOD/million ft3. 

Aeration Systan. 

Standard transfer efficiency, percent. 
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2.1.11.4.2.2 Operating efficiency, percent. 

2.1.11.4.2.3 Required air flow, cfm/lOOO ft3. 

2.1.11.5 Quantities Calculations. 

2.1.11.5.1 Design values for activated sludge system. 

vd - tvc + vs) 
. lo6 

CMd - ww l (Vc + Vs) (133.7) 

where 

vd = design volume of aeration tanks, cu ft. 

vC 
= volme of contact tanks, millioa gallons. 

Vs - volume of stabilization tanks, million gallons. 

cmd - design capacity of blowers, scfm. 

CM = blower capacity, scfm/lOOO cu ft tank volume. 

2.1.11.5.2 Selection of nunbers of aeration tanks for contact- 
stabilization modificatioti. Due to the fact that the ratio 
between the volumes of the stabilization tank and contact tank 
generally ranges fran 3:l to 5:1, and also that it is general. 
practice to keep the dimensions and sizes identical among aeration 
tanks within a sewage treatment plant, the following rule will be 
utilized in the selection of nunbers of aeration tanks. 

Q w 
(MGD) . 

Total Number Possible Tank Number 
of Tanks Selections for Contact 

NT or Stabilization Process 

0.5 - 10 4 fc: 
5: 

10 - 20 6 c: 
s: 

20 - 30 a c: 
s: 

30- 40 10 c: 
s: 

400 50 12 c: 
s: 

50 - 70 14 c: 
s: 

70 = 100 16 c: 
s: 

1 
3 
1 or 2 
4 or 5 
1, 2 or 3 
5, 6 or 7 
1, 2, 3 or 4 
6, 7, 8 or 9 
1, 2, 3 or 4 
8, 9, 10 or 11 
1, 2, 3 or 4 
10, 11, 12 or 13 
2, 3, 4, 5 or 6 
10, 11, 12, 13 or 14 

* c: Possible nunber of tanks to be used as contact basin. 
s: Possible nunber of tanks to be used as stabilization bash. 
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Vhere Q is larger than 100 mgd, several batteries of units will 
be used. 'avgSee subsection 2.1.11.5.3 for details. 

2.1.11.5.3 Selection of nunber of tanks and nunber of ba- 
tteries of tanks when Q is larger than 100 mgd. It is general 
practice in designing l%ger sewage treatment plants that several 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic Limitations. To simplify the modeling process, the 
following rules will be used: 

2.1.11.5.3.1 5 
when Q%8s 

100 mgd, only one battery of aeration 
tanks will be used. 

NB-1 

where 

NB - nunber of batteries of units. 

2.1.11.5.3.2 When 100 C Q 5 200 mgd, the system will be 
designed as two identical b%geries of aeration basins. Each 
battery would handle haLf of the wastewater. The nunber of aeration 
tanks in each battery would be selected according to the rules 
established in subsections 2.1.11.5.2 by using half the design 
flow as Q,,. Thus 

- NB =2 

2.1.11.5.3.3 When.Qavgf > 200 mgd, the design will be performed 
to use three batterxs aeration basins, each handling one-third 
of the wastewater. Thus 

2.1.11.5.4 . Number of diffusers. The oxygen transfer rates 
used dictate the use of coarse bubble diffusers. These diffusers 
have an air flow fran l&15 scfm; for design purposes an average 
of 12 scfm wilL be used. 

ND, - cmd 
12 (NT) (NB) 

ND, must be an integer 

where 

NDt = number of diffusers per tank. 

2.1.11.5.5 Number of swing arm diffuser headers. For ease of 
maintenance swing ann headers are usually used. The nmber of 
diffusers per header is dictated-by the nunber of connections 
provided on each header by the manufacturer. This varies with 

. 
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manufacturer and header size fran 8 to 30. For our purposes an 
average of 20 diffusers per header will be-assumed. 

NSAt - 2 
20 

NSA, must be an integer 

where 

NSAt = nunber of swing anu headers per tank. 

2.1.11.5.6 Design of aeration tanks. 

2.1.11.5.6.1 Volume of each tank would be 

VN= 'd 
(NB) (NT) 

where 

VN = volume of sbgle aeration tank, cu ft. 

2.1.11.5.6.2 Depth 'and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft and 30 ft, 
respectively. 

2.1.11.5.6.3 Length of aeration tanks. 

If L is greater than 400 ft, then recalculate VN using NT - XT + 
1, then recalculate L. 

2.1.11.5.7 Aeration tank arrangements. 

2.1.11.5.7.1 Figure 2.1-12 shows the schematic diagrm of the 
arrangement's, A pipe gallery will be provided when the nunber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systeus and 
control equipment. 

PGW = 20 + (0.4) (Qavg) 
NB 

where 

PGW- pipe gallery width, ft. 

Q =vg 
- average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.1.11.5.8 Typical wall constructions. 
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NT=2 Y-WALL FOR s-v 
AIR PlPlNG (TYR) 
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NT= 4 
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FIGURE 2.1-12 AEBATION TANK ARMNGEXEST 



2.1.11.5.8.1 In the plu'g flow systen the influent to the aeration 
basin w-ill be piped to-one end of the tank-and discharged at the other 
end. Thus it does not require such an elaborate wall construction. Two 
typical wall sections are required as shown in Figure 2.1-13. One vould 
be a simple straight side wall and the other would be a Y wall as in the 
conplete six flow. This Y wall would be required to carry the air 
piping and headers. 

2.1.11.5.9 Earthwork required for construction. It is assumed that 
the tank bottan will be 4 feet below ground level. The earthwork required 
can be estimated by the following equations. 

2.1.11.5.9.1 When NT is less than 4, the earthwork required would be: 

v = 6 NB +"'(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25) 
2 '1 

ew 

where 

v ew = volume of earthwork required, cu ft. 

NT - nunber of tanks per battery. 

L = length of' aeration tanks, ft. 

2.1.11.5.9.2 When NT is greater than or equal to 4, the earthwork 
required would be: 

v ew 
= 6 ,[(15.75(NT)+15.5)(2L+PGWc20)+(15.75(NT)+23.5)(2L+PG~ic28)~ 

2 

2.1.11.5.10 Reinforced concrete slab quantity. It is assumed 
that a l'-6" thick slab will be utilized regardless of the size of 
the system. The volume of reinforced concrete slab will be the 
sane for both plug and canpletemix flow. 

2.1.11.5.10.1 For NT less than 4: 

v cs - 1.5 NB ((NT(31.5) + 15.5) (L + 17)1 

where 

v cs - R.C. slab quantity required, cu ft. 

2.1.11.5.10.2 For NT greater than or equal to 4: 

v 
cs - 1.5 NB [(15.75(NT) + 15.5)(2L + PGW+ 200)] 

2.1.11.5.11 Reinforced concrete wall quantity. 

2.1.11.5.11.1 When NT is less than 4 

v cw - (XB)[75.3(L) + [29.4(NT) - 58.81 (L) + 1383.750T) + 33.751 
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2.1.11.5.11.2 When NT - 4, 8, 12, 16, 20, etc. 

v 
CW 

= (NB)[Z9.35(NT)(L) + 56.8 (L) + 1350' (NT) + 45 (PGW) + 185.651 

2.1.11.5.11.3 When YT = 6, 10, 14, 18, 22, etc. 

V 
CW 

= (XB)[lS.l5(NT)(L) + 28.5 (L) + 1367 (NT) + 45 (PGW) + 163.751 

2.1.11.5.12 Quantity of handrail for safety. Handrail Is 
required for safety protection of the operation persoanel of 
wastewater treatment plants. Waterway walls, and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be estimated as follows: 

2.1.11.5.12.1 For NT - 2 

LHR= [2(NT)(L) + 2(L) + 61.5(NT) + 1.51 NB 

2.1.11.5.12.2 For NT = 3 

LHR- [2(NT)(L) + (4L) + (36.5) (NT) + 2 PGW + 131 NB 

2.1.11.5.12.3 For XT.greater than or equal to 4 

LXR- (NT + 4) (L) + 34(NT) + 2PGW+ 3 

2.1.11.5.13 Calculate operation manpower requirements. 

2.1.11.5.13.1 If CMd is less than or equal to 3000 scfm, the 
operation manpower can be calculated by: 

OMH - 62.36 (CF?fd)o'3g72 

where 

O?fE - operation manpower required, MH/yr. 

2.1.11.5.13.2 If CM is greater than 3000 scfm, the operation 
manpower can be talc uf! ated by: 

OMEI - 26.56 (CFMd)o*5038 

2.1.11.5.14 Calculate maintenance manpower requirements. 

2.1.11.5.14.1 If CFMd is less than or equal to 3000 scfm, the 
maintenance manpower can be calculated by: 

mlH- 22.82 (cFMd)o-437g 

2.1.11.5.14.2 If CFXd > 3000 scfm, the maintenance manpower can 
be calculated by: 
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MMH - 6.05 (CFMd) 0.6037 

where 

MHH = maintenance manpower required, MH/yr. 

2.1.11.5.15 Energy requireznent for operation. The electrical 
energy required for operation is related to the average wastewater 
flow by the following equation: 

0.9809 
I KWH - 248,950.a (Q,,> 

where 

KWH = electrical energy required for operation, kwhr/yr. 

2.1.11.5.16 Operation and maintenance material and supply 
costs. Operation and maintenance material supply costs include 
itens such as lubricant, paint, replacement parts, etc. These 
costs are estimated as a percent of the total. bare construction 
costs. , 

OMMP - 3.57 (Q,,) 
-0.2602 

where 

OMMP = operation and maintenance material costs as percent of 
. total bare construction cost, percent. 

2.1.11.5.17 Other construction cost items. The majority of the 
costs of the diffused aeration activated sludge process have been 
accounted for. Other cost iteas, such as liquid piping system, 
control equipment, painting, site cleaning and preparation, etc., 
can be estimated as a percent of the total bare construction cost. 
This value depends greatly on site conditions and caaplexity of the 
process. For a generalized model, an average value of 10 percent 
will be used. 

CF 
1 =- = 1.11 0.90 

where 
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CF = correction factor to account for the minor cost items. 

2.1.11.6 

2.1.11.6.1 

2.1.11.6.2 

2.1.11.6.3 

2.1.11.6.4 

2.1.11.6.5 

2.1.11.6.6 

2.1.11.6.7 

2.1.11.6.8 

2.1.11.6.9 

2.1.11.6.10 

2.1.11.6.11 

2.1.11.6.12 

2.1.11.6.13 

2.1.11.6.14 

Quantities Calculations Output Data. 

Number of aeration tanks, NT. 

Nunber of diffusers per tank, ND,. 

Number of process batteries, NB. 

Nunber of swing arm headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, Vew, cu ft. 

Quantity of R.C. Salb required, V cs ' cu ft. 

Quantity of R.C. wall required, V CW' cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requiranent, OMH, MH/yr. 

Maintenance manpower requirement, ?IMH, HH/yr. 

Electrical energy for operation, RWEI, kwhr/pr. 

Operation and maintenance material and supply cost 
as percent of total bare construction cost, OMMP, percent. 

2.1.11.6.15 Correction factor for minor construction costs, CF. 

2.1.11.7 Unit Price Input Required. 
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2.1.11.7.1 Cost of earthwork, UPLEX, $/cu yd. 

2.1.11.7.2 
Yd l 

2.1.11.7.3 
yd. 

2.1.11.7.4 
$/cu ft. 

2.1.11.7.5 

2.1.11.7.6 

2.1.11.7.7 
MSECI. 

2.1.11.7.8 
CEPCIP. 

2.1.11.7.9 

2.1.11.7.10 

2.1.11.8 

2.1.11.8.1 

Unit price input R.C. wall in-place, UPICW, $/cu 

Unit price input R.C. slab in-place, UPICS, $/CU . 

Unit price input for handrails in-place, UPXHR, 

Cost per diffuser, COSTPD, $, (optional). 

Cost per swing arm header, COSTPH, $, (optional). 

Current Narshal.1 and Swift Equipment Cost Index, 

Current CE Plant Cost Index for pipe, valves, etc., 

Equipment installation labor rate, LABRI, $/MB. 

Unit price input for crane rental, UPZCR, $/hr. 

Cost Calculations. 

Cost of earthwork. 

COSTE = 
v ew UPIEX 
27 

where 

COSTE - cost of earthwork, $. 

v -.quantity of earthwork, cu ft. ew . 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.11.8.2 Cost of R.C. wall in-place. 

COSTCW - vcw UPICW 
27 

where 

COSTCW - cost of R.C. wall in-place, $. 

V cw - quantity of R.C. wall, cu ft. 

UPICW - unit price input for R.C. wall in-place, $/cu yd. 
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2.1.11.8.3 Cost of R.C. slab in-place.. 

COSTCS = 'cs UPICS 
27 

where 

COSTCS = cost of R.C. slab -place, $. 

V cs = volume of concrete slab, cu yd. 

UPICS - unit price input for R.C. slab in-place, $/cu yd. 

2.1.11.8.4 Cost of handrails in-place. 

COSTHR = LHR x UPIKR 

where 

COSTHR - cost of handrails in-place, $. 

LHR = length of‘handrails, ft. 

UPIHR = unit price input for handrails in-place, $/ft. 

2.1.11.8.5 Cost of diffusers. 

2.mi.a.5.1 The oxygen transfer values given indicate the use 
of coarse bubble diffusers. The cost of a coarse bubble diffuser 
with a capacity of 12 scfm for the first quarter of 1977 is 

COSTPD - $6.50 

For a better estimate COSTPD should be obtained fran an equipment 
vendor and treated as a unit price Input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Farshall and Swift Equipment Cost Index. 

MSECI COSTPD = 6.50 491,6 

where 

COSTPD = cost per diffuser, dollars. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first quarter 
1977. 

2.1.11.8.5.2 Calculate COSTD. 
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COSTD = COSTPD x ND, x NT x NB 

where 

COSTD - cost of diffusers for system, $. 

NDt = nunber of diffusers per tank. 

NT - number of tanks. 

2.1.11.8.6 Cost of swing arm diffuser headers. 

2.1.11.8.6.1 Swing arm diffuser headers cane in several sizes. 
The cost used is for a header which will handle 550 scfm and up to 
37 diffusers. The cost of this header for the first'quarter of 
1977 is 

COSTPH - $5000 

For a better estimate COSTPH should be obtained fran an equipment 
vendor and treated as a unit price input. Othewise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPH - $5000 s 
l 

where 

COSTPH = cost per swing arm header, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first quarter 
of 1977. 

2.1.11.3.6.2 Calculate COSTH. 

COSTH = COSTPH x NSAt x NT x NB 

where 

COSTH - cost of swing arm headers for system, $. 

NSAt - nuuber of swing arm headers per tank. 

NT - nunber of tanks. 

NB - nunber of batteries. 

2.1.11.8.7 Equipment installation man-hour requirement. The 
labor requirenent for field installation of the swing arm headers, 
including mounting the diffusers, is approximately 25 man-hours 
per header. 
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MH = 25 NSAt x NT x NB 

where 

MH - installation man-hour requirenent, MH. 

2.1.11.8.8 Crane requirement for installation. 

where 

CH - crane time requirement for installation, hr. 

2.1.11.8.9 Cost of air piping. The air piping fdr the dif- 
fused aeration system is very canplex and includes aany valves and 
fittings of different sizes. This causes cost estimation by 
material take-off to be very difficult for a wide range of flow. 
In this case we feel the use of paranetric costing is justified as 
the overall accuracy of the estimate will not be affected to a 
great extent. 

2.1.11.8.9.1 If CPMd is between 100 scfm and 1000 scfm, the cost 
of air piping can be calculated by: 

COSTAP 
CEPCIP - 617.2 (CFMd)o*2553 x - 241.0 

where 

COSIXP = cost of air piping, $. 

cFMd - design capacity of blowers, 

CEPCIP = current CE Plant Cost Index 

scfm. 

for pipe, valves, etc. 

241.0 =.CE Plant Cost Index for pipe, valves, etc., for first 
quarter of 1977. 

2.1.11.8.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the 
cost of air piping can be calculated by: 

COSTAP - CEPCIP 1.43 (cFMd)l*1337 x - 241.0 

2.1.11.8.9.3 If CFMd is greater than 10,000 scfm, the cost of 
air piping can be calculated by: 

CEPCIP 
COSTAP - 28.59 (CFMd) 0.8085 x 241.0 

2.1.11.8.10 Other costs associated with the installed equipment. 
This category includes the costs for weir installation, painting, 
inspection, etc., and can be added as a percentage of the purchase 
equipment cost: 
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P?aNc - 10% . 

where 

PXIHC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.11.8.11 Installed equipment costs. 

IEC = (COST!l+ COSTB) (1 + !%a) + (ZMII) (LABRI) + (CR) (UPICR) 

where 

IEC = installed equipment cost, $. 

T-J&RX - labor rate, $/ML 

UPLCR = crane rental rate, $/hr. 

2.1.11.8.11.1 Total bare construction cost. 

TBCC = (COSTE t COSTCW + COSTCS + 1% + COSTHR + COSTAP) CF 

where 

TBCC = total bare construction cost, $. 

CF - correction factor for minor cost itens. 

2.1.11.8.12 Operation and maintenance material costs. 

OMMP OMMC - TBCC - 100 

where 

OMMC 9: operation and maintenance material 
$/yr. 

supply costs, 

OMYP - operation and maintenance material and supply costs as 
percent of total bare construction cost, percent. 

2.1.11.9 Cost Calculations Output Data. 

2.1.11.9.1 Total bare construction cost, TBCC, $. 

2.1.11.9.2 Operation and maintenance material and supply 
costs, omc, $. 
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2.1.12 CONTACT STABILIZATION (Mechanical Aeration) 

2.1.12.1 Input Data. 

2.1.12.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be provided. 

2.1.12.1.2 

2.1.12.1.2.1 

2.1.12.1.2.2 

2.1.12.1.2.3 

2.1.12.1.2.4 

2.1.12.1.2.5 

2.1.12.1.3 

2.1.12.1.3.1 

2.1.12.1.3.2 

2.1.12.1.3.3 

2.1.12.1.3.4 

2.1.12.1.3.5 

2.1.12.1.3.6 

2.1.12.1.3.7 
mdl. 

2.1.12.1.3;8 

2.1.12.1.4 

2.1.12.1.4.1 

2.1.12.1i4.2 

2.1.12.1.4.3 

2.1.12.1.4.4 

2.1.12.1.4.5 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minim-), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. 

Acidity and/or alkalinity, rag/l. 

Nitrogen,l mg/l. 

Phosphorus '(total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), 

Temperature, OF or 'C. 

Effluent Quality Requirenents. 

BOD5, mg/l. 

SS, mg/l. 

TKN,mgfl. 

P, mg/l. 

Total nitrogen (TKN + No3 - N), mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.12.1.4.6 

2.1.12.2 

2.1.11.2.1 

2.1.12.2.2 

2.1.12.2.3 Volmetric loading = 60-75. 

2.1.12.2.4 Stabilization tank detention time, t,: 

2.2.12.2.5 Contact tank MLSS, Xac. 

2.1,12*2.6 Contact tank MLVSS, Xv,. 

2.1.12.2.7 Stabtiizati-on tank MISS, X,,. _ _ 

2.1.12.2.8 Stabilization tank MLVSS, Xvs. 

2.1.12.2.9 

2.1.12.2.10 

2,1.12.2.11 

2.1.12.2.12 

Settleable solids, mg/l. - . 

Design Paraneters. 

Contact tank detention time, tl. 

? - (0.41.0) hr 

System organic loading (F/M). 

F/M - (0.2-0.6) 

t2 = (2-4) hr 

X 
ac = (250013500) u&l 

X - 0.7x vc ac - (1750-2450) mg/l 

X as = (4000-8000) mgll 

X vs - (2800-5600) 111gli 

Air requiranent (lb 02/lb BOD,). 

lb O,/lb BOD, = 1.25-1.5 . 

lb solids/lb BOD, = (0.2-0.4). 

Recycle ratio, QJQ. 

w - (0.25-1.00) 

Efficiency - ( >90 percent). 
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2.1.12.3 

2.1.12.3.1 

2.1.12.3.1.1 

2.1.12.3.1.2 

2.1.12.3.1.3 

2.1.12.3.1.4 

2.1.12.3.1.5 

2.1.12.3.1.6 

2.1.12.3.1.7 

2.1.12.3.1.8 

2.1.12.3.2 

Process Design Calculations. 

Assume the following design parameters. 

Aeration time in contact tank, hr. 

Aeration time in stabilization tank, hr. 

MISS in contact tank, mg/l. 

MLSS in stabilization tank, mg/l. 

MLVSS in contact tank, mg/l. 

HLVSS in stabilization tank, mg/l. . 

O2 requirements, lb/day. 

Sludge produced, lb/day. 

Determine contact tank volume. 

vc = Q tl 
avg 24 

where 

Vc = volume of contact tank, mF1Lion gal. 

Q avg 
- average flow, mgd. 

tl - detention tjme in contact tank4 hr. 

2.1.12.3.3 Determine stabilization tank volme. 

V =Q t2 
S avg 24 

where 

Vs = volume of stabilization tank, million gal. 

Q w 
= average flow, mgd. 

t2 = detention tjme in stabilization tank, hr. 
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2.1.12.3.4 Calculate system organic loading and check against 
desired loading. 

Q 
(F/ if-0 

avg ('0) 

sys ten - Vc(Xvc> + v, (Xv,) 

where 

FfM * 

Q = 
=g 

so = 

vc * 

x * vc 

vs - 

x = vs 

2.1.12.3.5 

food-to-microorganism ratio. 

average flow, mgd. 

influent BOD5, mg/l. 

volume of contact tank, million gal. 

MLVSS in contact tank, mg/ 1. 

volume of stabilization tank, million gal. 

MLVSS in stabilization tank, mg/l. 

Calculate volmetric loading and check against 
desired loading. 

where 

lb/1000 ft3 = 
Q 

avg 
Go) (62.4) 

? 
(Vc + Vs) x 10’ 

Q avg 
= average flow, mgd. 

sO 
= influent BOD5, mg/l. 

vC 
- contact tank volme, million gal. 

V = stabilization tank volume, million gal. 
S 

2.1.12.3.6 Calculate the systen oxygen required and select 
1.25-1.5 lb 02/lb BODr. 

O2 = (1.251.5)Qavg x S,(8.34) 

O2 - required oxygen, lb/day. 

Q avg 
= average flow, mgd. 

Sr = BOD removed (So - Se), mg/l. 
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Supply approximately onehalf of 02 for contact tank and onehalf 
for stabilization tank. 

2.1.12.3.7 Design aeration systen. 

2.1.12.3.7.1 Assume the following design parameters and design 
aeration system and check horsepower supply for mixing against 
horsepower required for canpletemixing 2 0.1 hp/lOOO gal. 

2.1.12.3.7.1.1 Staadard transfer efficiency, lb/hphr (0 dissolved 
o*ysen, 20°C, and tap water) (3-5 lb/hphr). 

2.1.12.3.7.1.2 02 transfer in waste/O2 transfer in water zO.9. 

2.1.12.3.7.1.3 O2 saturation in waste/O2 saturation in water w 
0.9. 

2.1.12.3.7.1.4 Correction factor for pressure s1.0. 

2.1.12.3.7.2 Select mer operating tenperature (253O'C) and 
determine (frau standard tables) O2 saturation. 

2.1.12.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

KS) 
T 

t/c?> (P) - CL 

OTE t STE 9.17 
oc (l.02)T-20 

where 

OTE = operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

Ws) - 02 saturation at selected summer temperature T, OC, 
T ,mg/l. 

P = O2 saturation in waste/O2 saturation in water WO.9. 

p = correction factor for pressure w1.0. 

CL - miniztm dissolved oxygen to be maintained in the basin 
2.0 mg/l. 

I d= O2 transfer in waste/O2 transfer in waterm0.9. 

T - tenperature, Oc. 

2.1.12.3.7.4 Calculate horsepower requirement. 
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where 

O2 
hp = lb O2 

x 1000 

OTE - hphrWHV) 

hP = horsepower required/1000 gal. 

O2 - oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V = volume of basin, gal. 

2.1.12.3.8 Determine sludge production. Select 0.2-0.4 lb solids/lb 
WD,. 

where 

As - (0.2-0.4)Q(S,)8.34 

CI \ - sludge produced, lb/day. 

Q - flow, mgd. 

Sr = BOD ranoved, mg/ 1. 

2.1.12.3.9 Effluent Characteris tics. 

2.1.12.3.9.1 BOD5. 

BODE = Se + 0.84 (Xv) efff' 

where 

BODE = effluent 

Se - effluent 

(Sv)eff - effluent 

BOD5 concentration, mg/l. 

soluble BOD 5 concentration, rndl. 

volatile suspended solids, mg/l. 

f' - degradable fraction of MLVSS. 

2.1.12.3.9.2 COD. 

CODE - (1.5) (BODE) 

where 

CODSE - (1.5) (Se> 

CODE - effluent COD concentration, mdl. 

CODSE - effluent soluble COD concentration, mg/l. 

BODE = effluent BOD 5 concentration, mg/l. 

Se - effluent soluble BODj concentration, mg/l. 
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2.1.12.3.9.3 Nitrogen. 

TKNE - (0.7) TKX - 

NH3E - TKNE 

where 

TKNE = effluent totdl Kjeldahl nitrogen concentration, 
mgll. 

8 
TKN = influent total. Kjeldahl nitrogen coacentration, 

mgJ1. 

NEI3E - effluent ammonia nitrogen concentration, mg/l. 

2.1.12.3.9.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4- influent phosphorus concentration, mg/l. 

2.1.12.3.9.5 Oil and Grease. 

OAGE - 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 

2.1.12.3.9.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 = settleable solids, mg/l. 

2.1.12.3.10 Determine nutrient requirements for nitrogen. 

N - 0.123~1 xv 

and phosphorus 

P - O.O26a% 

where 

% - sludge produced, lb/day. 
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2.1.12.4.2.2 

2.1.12.4.2.3 

2.1.12.5 

2.1.12.5.1 

Operating efficiency, lb 02/.hp-hr. 

Horsepower required, hp. 

Quantities Calculations. 

Design values for activated sludge system. 

v 
l lo6 

d * PC + vs> 7,48 

RPd = (hp) (Vc + Vs> (133.7) 

where 

vd - design volume of aeration tanks, cu ft. 

Vc = volme of contact tanks, million gallons. 

Vs - volume of stabilization tanks, million gallons. 

*'d = design capacity of aeration equipment, hp. 

HP = calculated aerator horsepower required, hp. 

2.1.12.5.2 Selection of nunbers of aeration tanks for coatact- 
stabilization modification. Due to the fact that the ratio 

. between the volumes of the stabilization tank and contact tank 
generally ranges frcm 3:l to 5:1, and also that it is general. 
practice to keep the dimensions and sizes identical among aeration 
tanks within a sewage treatment plant, the following tule will be 
utilized in the selection of nunbers of aeration tanks. 

Q avg 
(XGD) . 

Total Number Possible Tank Number 
of Tanks Selections for Contact 

NT or Stabilization Process 

0.5 - 10 4 *c: 1 
5: 3 

LO- 20 6 c: 1 or 2 
s: 4orS 

20 - 30 8 c: 1, 2 or 3 
s: 5, 6 or 7 

30- 40 10 c: 1, 2, 3 or 4 
s: 6, 7, 8 or 9 

40 - 50 12 C: 1, 2, 3 or 4 
S: 8, 9, 10 or 11 

50- 70 14 c: 1, 2, 3 or 4 
s: 10, 11, 12 or 13 

70 - 100 16 c: 2, 3, 4, 5 or 6 
s: 10, 11, 12, 13 or 14 

* c: Possible ntmber of tanks to be used as contact basin. 
s: Possible number of tanks to be used as stabilization basin. 
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Where Q is larger than 100 mgd, several batteries of units will 
be used. avgSee subsection 2.1.12.5.3 for details. 

2.1.12.5.3 Selection of number of tanks and nunber of ba- 
tteries of tanks when Q is larger than 100 mgd. It is general 
practice in designing l%der sewage treatment plants that several 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic limitations. To simplify the modeling process, the 
following rules will be used: 

2.1.12.5.3.1 
tanks will be used. 

5 100 mgd, only one battery of aeration 

NB-1 

where 

NB = nunber of batteries of units. 

2.1.12.5.3.2 When 100 C Q < 200 mgd, the systeu will be 
designed as two identical b%eries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to t 
rules established in subsections 2.1.12.5.2 by using half the 
design flow as Q avg' Thus 

he 

NB=2 

2.1.12.5.3.3 When Q 
to use three batterie?gf 

> 200 mgd, the design will be performed 
aeration basins, each handling onethird 

of the wastewater. ThUS 

NB-3 

2.1.12.5.4 Mechanical aeration equipment design. 

2.1.12.5.4.1 Usually the slow-speed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treatment plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, 
125 HP and 150 HP. 

2.1.12.5.4.2 Horsepower for each individual aerator: 

HPN - HPd 
(W (NT) (NM 

If HPN > 150 HP and NT - 2 or 3, then repeat the calculation with 
NT=NT+ 1. 
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if HPN > 150 HP and NT 14, then repeat the-calculation with NT = 
NT+ 2. 

where 

HPN = horsepower of each unit, horsepower* 

HPd - design capacity of aeration equipment, horsepower. 

NB = nunber of batteries. 

NT - nunber of aeration tanks per battery. 

??A - nunber of aerators per tank. 

2.1.12.5.4.3 Ccmpare HPN with the available off-theshelf sizes 
and select the smallest unit with capacity larger than HPN. The 
capacity of the selected unit would be designated as HPSN. Thus 
the total capacity of the aeration units would be 

HPT - (NB) l (NT) l (NA) l (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2.1.12.5.5 Design of aeration tanks. 

2.1.12.5.5.1 Volume of each individual tank would be 

vN= 'd 
0-W (NT) 

VX ='volume of single aeration tank, cu ft. 

2.1.12.5.5.2 Depth of aeration tanks. The depth of an aeration 
basin is controlled by the capacity of the aerators to be in- 
stalled inside. If the water depth is too shallow, interference 
with the mixing current and oxygen transfer would occur. If the 
water depth is too deep, insufficient mixing would occur at the 
bottom of the tank and sludge accunulation would occur. Thus 
proper selectioa of liquid depth of an aeration basin is impor- 
tant. The relationship between the recanmended basin depth and 
the capacity of the aerators can be expressed as follows: 

When HPSN 5 100 HP 

DW - 4.816 (HPSN)"*2467 
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When HPSN > 100 Hi 

DW - 15 ft 

where 

DW = water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 

2.1.12.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent on the 
nunber of aerators to be installed in this tank, NA.. 

If NA - 1. Square tank construction, L/W - 1 

If NA * 2. Rectangular tank construction, L/W - 
2 

If NA - 3. Rectangular tank construction, L/W - 
3 

If NA = 4. Rectangular tank construction, L/W - 
i 

and 

L/w - NA 

where 

NA - nunber of aerators per tank. 

L - length of aeration tank, ft. 

W - width of aeration tank, ft. 

After the volme, depth and L/W ratio of the tank are detemined, 
the width of the tank can be calculated by: 

The length of the aeration tank would be 

L- OW 00 

2.1.12.5.6 Aeration tank arranganents. I. 
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2.1J2,5.6,1 Figure 2.1-14 shows the schematic diagram of the 
arrangments. Piping gallery will be provided when the nmber of 
tanks is equal or larger than four. The purpose of piping gallery 
is to hobble various piping syseans and control equipment. 

?,1,12,5.6,2 Size of pipe gallery. The width of this gallery is 
dependent on the cmplexity and capacity of the piping system to 
be housed. An experience cume is provided to approximately 
e.stiJnate this width. It is expressed as: 

Par - 20 + (0.3) CQavg> 
NB 

where 

PGW = piping gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

HB = nmber of batteries. 

2,1,12.5.7 Earthwork required for construction. It is assumed 
that tank bottm would be 4 feet below ground level. Thus the 
earthwork requird would be estimated by the following equations: 

2,1.12.5,7.1 When NT = 2, earthwork required would be: 

v = 3 [(2 w t 18.5) (w + 17) + (2 w + 26.5) (W + 25)1 - 
ew 

v 
eW 

= quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.1.12.5.7.2 When NT = 3, earthwork required would be: 

v ew = 3 [(3 w + 28) (W + 25) + (3 w + 20) (W+ 17)] 

2.1.12.5.7.3 When NT 2 4, the width and length of the concrete 
siab for the whole aeration tank battery can be calculated by: 

LS 
=2L+ pGw+ 16 

% 
- $ (NT) (W) + 14.5 

where 
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PIPE GALLERY 

FOR LARGER NT’S THE ARRANGEMENT WOULD 8E SlMlLAF? TO 
THOSE WHEN NT= 4 AND NT= 6. 

FIGURE 2. I-1 4 EXAMPLES OF TANK ARRANGEXENTS 
ACTIVATED SLUDGE PROCESSES 



Ls - length of the basin slab, ft. 

L - length of one aeration tank, ft. 

PGW - piping gallery width, ft. 

Ws - width of the basin slab, ft. 

NT - number of tanks per battery. 

Thus the earthwork can be estimated by: 

v ew -3' (NW [CL, + 4) (Ws + 4) + (Ls + 12) (Ws + WI 

v ew - volume of earthwork, cu ft. 

2.1.12.5.8 Reinforced concrete slab quantity. 

2.1.12.5.8.1 It is assuned that a 1'06" thick slab will be 
utilized in this progran regardless of the size of the system. 

2.1.12.5.8.2 For NT = 2, 

v cs - 1.5 (2 w+ 14.5) (W + 13) 

where 

v cs = R.C. slab quantity, cu ft. 

2.1.12.5.8.3 NT = 3, 

v 
cs - 1.5 (3 W+ 16) (W + 13) 

2.1.12.5.8.4 When NT 2 4, 

v cs = 1.5 as) Ws) 

where 

LS 
- length of slab, ft. 

Ws = width of slab, ft. 

2.1.12.5.9 Reinforced Concrete Wall Quantity. 

2.1.12.5.9.1 In using the plug flow systeu, influent to the 
aeration basin will be piped to oue end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wal? 
construction. Two typical wall sections are required, as shown iz 
Figure 2.1-15. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 
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2.1.12.5.9.2 When NT - 2: 

V cw = W (1.25 DW+ 11) + (6 W + 9) (1.25 DW+ 3.75) 

2.1.12.5.9.3 When NT = 3: 

V cw - (1.25 DW + 11) (3 W + 6) + (1.25 DW + 3.7s) (7 W + 6) 

2.1.12.5.9.4 When NT 2 4: 

V + (L + 3) (1.25 DW + 11) + [(O.S NT + 2) (L + 3) + 
cw 

2 (NT) (WI I l (1.25 DW+ 3.75) l (NB) 

2.1.12.5.10 Reinforced concrete required for piping gallery 
corrjtruction. The quantity of piping gallery slab has been 
estimated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.1.12.5.10.1 When NT < 4, 

V -0 
cg 

where 

V 
cg 

= quantity of R.C. for gallery construction, cu ft. 

2.1.12.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.5 - 
feet, then the quantity of reinforced concrete would be: 

V 
cgc 

= (NB) . (1.5) (PGW) [ -=++ 0.75 (NT) + 1.51 

where 

V 
cg= 

- volume of R.C. ceiling for piping gallery construction, 
.cu ft. 

and for two end walls: 

V 
cgw - 2 (PGW) (NB) (DW+ 3) 

where 

V 
c@;w 

- volume of R.C. walls for piping gallery construction, 
cu ft. 

Thus total R.C. volume for piping gallery construction would be 

V =V + v 
cg cc cl3w 

2.1.12.5.11 Reinforced concrete quantity for aerator supporting 
platform construction. 
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2.1.12.5.11.1 Number of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.1.12.5.11.2 Figure 2.1-16 shows a typical supporting platform 
for the aeration equipment. The width of the platform would be a' 
function of the capacity of the aerator to be supported. The 
following experienced formula is given to approximate this r* 
Lationship. 

X - 5 + 0.078 (HPSN) 

where 

X - width of the platform, ft. 

RPSN = horsepower of the mechanical aerator, BP. 

2.1.12.5.11.3 Volume of reinforced concrete for the construction 
of the platforms would be: 

V 
CP 

- jX2 + 5.6 (DW + 2)] (NT) (NA) (NB) 

where 

V 
CP 

= volume of R.C. for the platform construction, cu 
ft. 

DW = water depth of the aeratioa basin, ft. 

2.1.12.5.11.4 Volume of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to the 
walkway-sidewalls for ease of operation and maintenance. By using 
a width of 4 feet and slab thickness of 1 foot, the quantity of 
reinforced concrete can be calculated by: 

V 
CWb 

- [2 (W- XII OW (NT) (NA) 

where 

V 
CWb 

= quantity of concrete for pedestrian bridge construction, 
cu ft. 

2.1.12.5.12 Sunmary of reinforced concrete structures. 

2.1.12.5.12.1 Quantity of concrete slab. 

V cst =V cs 

where 
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FIGURE 2.1-16 AERATOR SUPPORT PLATFORM 



v cst = total quantity of R.C. slab for the construction 
of aeration tanks, cu ft. - 

2.1.12.5.12.2 Quantity of concrete wall. 

v 
CWt 

=v 
cw 

+ v + v + vc* 
=I3 cP 

where 

V 
CWt 

- quantity of R.C. wall for the construction of 
aeration tanks, cu ft. 

V cw = quantity of aeration tank R.C. walls, cu ft. 

V = quantity of R.C. for the construction of'piping 
=g gallery, cu ft. 

V = quantity of R.C. for the construction of aerator- 
CP supporting platfoxns, cu ft. 

V 
CWb 

- quantity of R.C. for the construction of pedestrian 
bridges. . 

2.1.12.5.13 Quantity of handrail for safety. Handrail is 
required for the safety protection of the operation personnel of 
wastewater treatment plants. Wateway walls, aerator platfoms 
and bridges, and the top of the piping gallery will require 
handrail. Quantity of handrail can be estimated thus: 

2.1.12.5.13.1 When XT = 2, 

LHR=4W+ll+ 2' (3X+W- 4) 

where 

LHR =,handrail length, ft. 

W = aeration tank width, ft. 

X - width of aerator-supporting platfom, ft. 

2.1.12.5.13.2 When NT * 3, 

LHR=66+10+3'(3X+W-4) 

2.1.12.5.13.3 When NT 2 4, 

If Fis an even nunber, 

LliR= E'fSJ + (XT) (W) + [L + 3 - 4 @A)] (NT) + (XA) l (XT) 

l (3X+ w- 4) l (NB) 



If is an odd nunber, 

LHR = PGW + (ST) (W) + [L + 3 - '4 (NA)] (XT + 2) + 

(NA) (NT) (3X+ w - 4) ' (NB) 

where 

PCW = width of the piping gallery, ft. 

2.1.12.5.14 Operation and maintenance manpower requirenents. 
Patterson and Bunker's data will be utilized to project the 
operation and maintenance manpower requirements. The man-hour per 
year requirement is presented as a function of the total horse 
power of the aeration equipment. 

2.1.12.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA = (m) (NT) @A) (HPSW 

where 

TICA = total installed capacity of the aeration equipment, 
horsepower. 

HPSB - capacity of one individual aerator, horsepower, 

2.1.12.5.14.2 The operation manpower requirenent can be estimated 
as follows: 

When TICA C 200 hp 

OMH - 242.4 (TXCA)0'3731 

When TICA 2 ZOO hp 

OMH - 100 (TICA)0*5425 

where 

OMH = operational man-hour requirenent, man-hour/yr. 

2.1.12.5.14.3 The maintenance manpower requirement can be es- 
timated as follows: 

When TICA 5 100 hp 

MMH = 106.3 (TICA)0'4031 

When TICA > 100 hp~ 

HMH= 42.6 (TICA)0'5g56 
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where 

MMH = maintenance manpower requirement, man-hour/yr. 

2.1.12.5.15 Energy requiranent for operation. By assuming that 
all the aerators will be operated 90 percent of the time year- 
round, the electrical energy consumption would be: 

KWH - 0.85 x 0.9 x 24 x 365 x (TZCA) 

where 

KIJH = electrical energy required for operation, kwhr/ yr. 

0.85 = conversion factor fran hphr to kwhr. 

2.1.12.5.16 Material. and supply costs for operation and main- 
tenance. Material and supply costs for operation and maintenance 
include such itens as lubrication oil, paint, and repair material, 
etc. These costs are estimated as a percent of installed costs for 
the aeration equipment and are expressed as follows: 

OMMP = 4.225 - 0.975 log (TICA) 

where 

OMMP =.percent of the installed equipment cost as O&M 
material costs, percent. 

TZCX = total installed capacity of aeration equipment, 
horsepower. 

2.1.12.5.17 Other construction cost items. Using the above 
calculation, the majority of cost itens of the activated sludge 
process have been accounted for. Other cost itens, such as piping 
system, control equipment, painting, site cleaning and preparation, 
etc., can be estimated as a percent of the total bare construction 
cost. This percentage value has been shown to vary fran 4 to 15 
percent of the total construction cost of the aeration tank system. 
The value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
would be adequate. Thus, 
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CF= 1 - = 1.11 0.90 

where 

CF = correction factor to account for the minor cost 
items. 

2.1.12.6 Quantities Calculations Output Data. 

2.1.12.6.1 

2.1.12.6.2 

2.1.12.6.3 

2.1.12.6.4 

2.1.12.6.5 

2.1.12.6.6 

2.1.12.6.7 

2.1.12.6.8 

2.1.12.6.9 

2.1.12.6.10 

2.1.12.6.11 

2.1.12.6.12 

2.1.12.6.13 

2.1.12.6.14 

2.1.12.6.15 

2.1.12.6.16 
percent. 

Number of aeration tanks, NT. 

Nmber of aerators per tank, NA. 

Number'of process batteries, N5. 

Capacity of each individual aerator, IIPSZJ, hp. 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for constructioa, Vew, cu ft. 

Total quantity of R.C. slab, Vest, cu ft. 

Total quantity of R.C. wall, Vc,, cu ft. 

Quantity of handrail, LEIR, ft. 

Operation manpower requirement, OMH, XEI/yr. 

Maintenance manpower requirement, !MH, HH/yr. 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for ObMmaterial and supply cost, OMMP, 
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2.1.12.6.17 Correction factor for minor capital cost items, CF. 

2.1.12.7 Unit Price Input Required. 

2.1.12.7.1 Cost of earthwork, UPIEX, $/cu yd. 

2.1.12.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.1.12.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd, 

2.1.12.7.4 Standard size low speed surface aerator cost (20 
hp), SSXSA, $, optional. 

2.1.12.7.5 Marshall & Swift Equipment Cost Index, MSECI. 

2.1.12.7.6 Equipment installation labor rate, $/?lH. 

2.1.12.7.7 Crane rental rate, UPICR, $/hr. 

2.1.12.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.1.12.8 Cost Calculations. 

2.1.12.8.1 Cost of earthwork, COSTE. 
V 

COSTE - + 
. UPIEX 

where 

COSTE - cost of earthwork, $. 

V 
ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.12.8.2 Cost of concrete wall in-place, COSTCW. 

V 
COSTCW -3 . UPICW 

where 

COSTCW = cost of concrete wall in place, $. 

V 
CWt 

= quantity of R.C. wall, cu yd. 

UPICW = unit price input of concrete wall in-place, $/ 
cu yd. 
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2.1.12.8.3 Cost of concrete slab in-place, COSTCS. 

v 
cst . COSTCS - 27 UPICS 

where 

COSTCS - cost of R.C. slab in-place, $. 

V 
cst - quantity of concrete slab, $/cu yd. 

UPIC s = unit price input of R.C. slab in-place, $/cu yd. 

2.1.12.8.4 Cost of installed aeration equipment. 

2.1.12.8.4.1 Purchase cost of slow speed pier-mounted surface 
aerators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA - SSXSA ' RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepover is 20 hp. 

RSXSA = ratio of cost of aerators with capacity of HPSN hp 
to that of the standard size aerator. 

2.1.12.8.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA - 0.2148 (HPSN)0*513 

where 

HPSN = capacity of each individual aerator, hp. 

2.1.12.8.4.3 Cost of standard size aerator. The cost of pier- 
mounted slow speed surface aerator for the first quarter of 1977 
iS 

SSXSA = $16,300 

For a better estimate, SSXSA should be obtained fraa equipment 
vendor and treated as a unit price input. Otherwfse, for future 
escalation, the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 
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MSECX 
SSXSA - 16,300 l 491 . 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Cost Index, first quarter 1977. 

2.1.12.8.4.4 Equipment installation maa-hour requirement. The 
man-hour requirement for field installation of fixed-mounted 
surface aerator can be esthated as: 

When KPSN S 60 hp 

. m - 39 + 0.55 (HPSW 

When HPSN > 60 hp 

IMH - 61.3 + 0.18 (HPSN) 

where 

IMH = installation man-hour requirement, man-hour. 

2.1.12.8.4.5 Crane requirement for installation. 

'CH = (0.1) ' IMH 

where 

CH = crane time requirement for installation, hr. 

2.1.12.8.4.6 Other costs associated with the installed equip- 
ment. This category includes the costs for electric wiring and 
setting, painting, inspection, etc., and can be added as a percentage of 
purchase equipment cost: 

PMINC = 23% 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.12.8.4.7 Installed equipment cost, LEC. 

IEC * [CSXSA (1 + w) + L% ' LABRI + CH l UPICR] 

l cm 
l (NT) ' @A) 
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where 

1% - installed equipment cost, dollars. 

LABRX = labor rate, dollars/man-hour. 

UPICR = crane rental rate, dollars/hr. 

2.1.12.8.5 Cost of handrail. The cost of installed handrail systen 
can be estimated as: 

COSTHR = LHR x UPIER 

where 

LHR = handrail quantity, ft. 

UPIHR = unit price input for handrail cost, $ per lineal 
foot. A vaiue of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.1.12.8.6 Other cost Itens. This category includes cost of process 
piping system, control instrunents, site work, etc. Costs can be adjusted 
by multiplying the correction factor CF to the sum of other costs. 

2.1.12.8.7 Total bare construction costs, TBCC, dollars. 

TBCC - (COSTE+ COSTCX + COSTCS + IEC + COSTER) l CF 

where 

TBCC * total bare construction costs, dollars. 

CF - correction factor for minor cost items, fran 
second-order design output. 

2.1.12.8.8 Operation and maintenance material costs. Since this 
item of the O&M expenses is expressed as a percentage of the installed 
equipment costs, it can be calculated by: 

where 

omc = operation and maintenance material and supply 
c-ts, WV. 

OMKP = percent of the installed aerator cost as O&X 
material and supply expenses. 
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2.1.12.9 Cost Calculations Output Data. 

2.1.12.9.1 Total bare construction cost of the mechanical aerated 
activated sludge process, TBCC, dollars. 

2.1.12.9.2 Operation and maintenance supply and material costs, 
OMMC, dollars. 
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2.1.13 EXTENDED AERATION ACTIVATED SLUDGE (DIFFUSED 
AERXION). 

2.1.13.1 Input Data. 

2.1.13.1.1 Wastewater Flow (Average and Peak). In case 
of high variability, a statistical distribution should be 
prwided. 

2.1.13.1.2 

2.1.13.1.2.1 

2.1.13.1.2.2 

2.1.13.1.2.3 

2.1.13.1.2.4 

2.1.13.1.2.5 

2.1.13.1.3 

2.1.13.1.3.1 

2.1.13.1.3.2 

2.1.13.1.3.3 

2.1.13.1.3.4 

2.1.13.1.3.5 

2.1.13.1.3.6 

2.1.13.1.3.7 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minimum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other.Characterization. 

PH. 

Acidity and/or alkalinity, mgfl. 

Nitrogen,' mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., 
phenols), &g/l. 

2.1.13.1.3.8 Temperature, OF or 'C. 

2.1.13.1.4 Effluent Quallity Requirements. 

2.1.13.1.4.1 BOD5, mg/l. 

2.1.13.1.4.2 SS, mg/l. 

2.1.13.1.4.3 TKX,mg/l. 

2.1.13.1.4.4 P, mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.13.2 Design Parmeters. 

2.1.13.2.1 Reaction rate constants. 

Constants 

E&e&elder 
k 
a 

b" 
9 

b' 

E" 
F' 

2.1.13.2.2 

2.1.13.2.3 

2.1.13.2.4 

2.1.13.2.5 

2.1.13.2.6 

2.1.13.2.7 

2.1.13.2.8 

2.1.13.2.9 

2.1.13.2.10 

2.1.13.2.11 

2.1.13.2.12 

2.1.13.3 

2.1.13.3.1 

2.1.13.3.1.1 

2.1.13.3.1.2 

2.1.13.3.1.3 

2.1.13.3.1.4 
solids (ao). 

2.1.13.3.1.5 
( f )  l 

Range 

0.0007-0.002 l/mg/hr 
0.73 
0.52 

O.O75/day 
O.lS/ day 

0.77a - 0.56 
0.40 
O-053 

F/M - (0.05-0.15). 

Volumetric loading = 10-25. 

t - (H-36) hr. 

t 
S 

= (20-30) days. 

MLSS = (3000-6000) mg/l. 

MLVSS = (21OG4200) t&l. 

QJQ - (0.75-1.5). 

lb O,,lb BOD, 2 1.5. 

lb solids/lb BOD, 2 0.2. 

0 = (1.0-1.03). 

Efficiency * ( > 90 percent). 

Process Design Calculations. 

Assume the following parameters. 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

Fraction of BOD5 synthesized to degradable 

Nonbiodegradable fraction to VSS in influent 
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2.1.13.3.1.6 Mixed liquor suspended solids (?LSS). 

2.1.13.3.1.7 Volatile solids in mixed liquor suspended 
solids (XLVSS). 

2.1.13.3.1.8 Temperature correction coefficient (&I). 

2.1.13.3.1.9 Degradable fraction of the XLVSS (f'). 

2.1.13.3.1.10 Food-to-microorganism ratio (F/M). 

2.1.13.3.1.11 Effluent soluble BOD5 (Se). 

2.1.13.3.2 Adjust the BOD removal. rate constant for 
tanperature. 

KT = K20° 
(T-20) 

where 

KT - rate constant for desired temperature. 

K20 = rate constant at 20°C. 

O= tenperature correction coefficient. 

T= tenperature, OC. 

2.1.13.3.3 Detecnine the size of the aeration tank. 

V= ao(So g 'ejQavq 
(5, (f ' > W 

V - aeration tank volume, million gal. 

a o - fraction of BOD8 synthesized to degradable solids. 

sO 
= influent BOD5, mg/ 1. 

'e - effluent soluble BOD5, mg/l. 

Q 
avg 

- waste flow, mgd. 

s = MLVSS, mgll. 

f' = degradable fraction of the MLVSS. 

b- endogenous respiration rate, l/day. 
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2.1.13.3.4 Calculate the detention time. 

t -524 * 

where 

t = detention time, hr. * 

V = volme, million gal. 

Q - flow, mgd. 
\ 

2.1.13.3.5 Assume the organic loading and calculate 
detention time. 

where 

24s 
t- 0 

7 
% Fi 

t = detention time, days. 

sO 
= influent BOD5, mg/l. 

sr 
x volatile solids in raw sludge, mg/l. 

F/M = organic loading (food-to-microorganism ratio). 

Select the larger of the two detention times fran 2.1.13.3.4 
or 2.1.13.3.5. 

2.1.13.3.6 Determine the oxygen requirement allowing 60 
percent for nitrification during summer. 

O2 = a's Q r avgW4) + b'XVI(8.34) + 0.6(4.57)(Ta) (Q,,)8.34 

where 

O2 - oxygen required, lb/day. 

a' = fraction of BOD oxidized for energy. 

'r - BOD5 removed, mg/l. 

Q aw 
- average waste flow, mgd. 

b' = endogenous respiration rate, l/day. 

\ = MLVSS, mg/l. 
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V = aeration tank volume, million gal. 

TKIN = total Kjeldahl nitrogen, mg/l. 

and calculate oxygen requirement 

lb 02 
-= 
lb BOD,. 

. 

( 2 1.5). 

O2 
(QHS,) (8.34) 

where 

O2 = oxygen required, lb/day. 

Q = waste flow, mgd. 

'r = BOD5 removed, mg/l. 

2.1.13.3.7 Design aeration system and check horsepower 
supply for canpletemixing against horsepower required for 
canplete mixing 2 0.1, hp/lOOO gal. 

2.1.13.3.7.1 Assume the following design paraneters. 

2.1.13.3.7.1.1 Standard transfer efficiency, percent, fran 
manufacturer (S-8 percent). 

2.1.13.3.7.1.2 02 transfer in waste/O2 transfer in water "c 
0.9. 

2.1.13.3.7.1.3 O2 saturation in waste/P2 saturation in water z 
0.9. 

2.1.13.3.7.1.4 Correction factor for pressure -1.0. 

2.1.13.3.7:2 Select summer operating tenperature (253OOC) 
and detenuine (fran standard tables) O2 saturation. 

2.1.13.3.7.3 Adjust standard transfer efficiency to ape- 
rating conditions. 

OTE = STE 
(Cs>T (p) (PI - CL 

9.17 oc(l.02)T-20 

where 

OTE - operating transfer efficiency, percent. 

STE = standard transfer efficiency, percent. 
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vqT = 02 saturation at selected summer tanperature T, 

Oc, mg/L. 

P =o 2 saturation In waste/02 saturation in water 
", 0.9. 

p - correction factor for pressure M1.0. 

t = minimum dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

d- 02 transfer in waste/02 transfer in watereO*90 

T = temperature, 'C. 

2.1.13.3.7.4 Calculate required air flow. 
. 

Blowers are treated as a separate unit process since several 
unit processes in a single plant may require air fran the 
blowers. The air requirements fran all unit processes in a 
treannent train which require air are summed and the total 
air requirement is used to size the blower facility. The 
unit process design for the blower facility is found in 
subsection 2.3. . 

where 

o2 (105) (7.48) 

Ra= lb O2 

WE) 0.0176 - 
ft3 air 

144oms v - 

Ra = required air flow, cfm/lOOO ft 
3 , 

O2 - oxygen required, lb/day. 

OTE = operating transfer efficiency, percent. 

v = volume of basin, gal. 

2.1.13.3.7.5 Calculate sludge production. 

A 5 = 8.34 b+)(Q) - (b)(%)(V) - Q(SSeff) + Q(VSS)f' + Q(SS - VW] 

where 

0 XV = volatile sludge produced, lb/day. 

a - fraction of BOD synthesized. 

‘r = BOD5 removed, mg/l. 
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Q = waste flow, mgd. 

b= endogenous respiration rate, l/day. 

\ = volatile solids in raw sludge, nrg/l. 

V = aeration tank volume, million gal. 

ss eff = effluent suspended solids, mg/l. 

VSS = volatile suspended solids in influent, mg/l. 

f' - degradable fraction of the MLVSS. 

2.1.13.3.7.6 Calculate solids produced per pound of BOD removed. 

lb solids I A% 
lb BODr Q(S 

0 
- Sej8.34 

where 

A XV = volatile sludge produced, lb/day. 

Q * waste flow, mgd. 

sO 
= influent BOD5, mg/l. 

'e = effluent soluble BOD8, mg/l. 

2.1.13.3.7.7 Calculate the solids retention time. 

Xa(V)(8.34) 

t-A S xv 

where 

t 
S 

= solids retention time, days. 

‘a = KLSS, mg/l. 

V = volume of aeration tank, million gal. 

A XV = volatile sludge produced, lb/day. 

2.1.13.3.7.8 Effluent Characteristics. 

2.1.13.3.7.8.1 B0D5. 
BODE = Se + 0.84 (Xv) efff' 

where 

BODE = effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD3 concentration, mg/l. 

(%)eff = effluent volatile suspended solids, mg/l. 
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f' - degradable fraction of XLVSS. . 

2.1.13.3.7.8.2 COD. 

CODE - (1.5) (BODE) 

CODSE = (1.5) (Se) 

where 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD 5 
concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mdl. 

2.1.13.3.7.8.3 Nitrogen. 

TKNE- (0.4) na 

NH3E = TKNE 

N03E = TKNE 

where 

TK?IE = effluent total Kjeldahl nitrogen concentration, 
mgfl. 

TKH = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NEl3E = effluent anmonia nitrogen concentration, mg/l. 

N03E = effluent nitrate concentration, mg/l. 

2.1.13.3.7. 8.4 Phosphorus. 

P04E = (0.7) (PO41 

where 

P04E = effluent phosphorus concentration, mg/l. 

m4* influent phosphorus concentration, mg/l. 

2.1.13.3.7.8.5 Oil and Grease. 

o&E - 0.0 
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where 

OiGE = effluent oil and grease concentration, mg/l. 

2.1.13.3.7.8.6 Settleable Solids. 

SETS0 - 0.0 

SETS0 - settleable solids, mg/l. 

2.1.13.3.7.9 Calculate sludge recycle ratio. 

Qr 'a 
Q - xu - xa 

=vg 
where 

Q, = vollnne of recycled sludge, mgd. 

Q avg 
= average flov, mgd. 

'a = XLSS, mg/l. 

Xu = suspended solids concentration in returned sludge, 
mg/l. 

2.1.13.3.7.10 Calculate the nutrient requirements for nitrogen. 

N - 0.1230 % 

and phosphorus 

P = 0.026 4% 

where 

a $ - sludge produced, lb/day. 

2.1.13.4 Process Design Output Data. 

2.1.13.4.1 Aeration Tank. 

2.1.13.4.1.1 React ion rate constant, l/mdhr. 

2.1.13.4.1.2 Sludge produced per BOD removed. 
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2.1.13.4.1.3 Endogenous respiration rate-(b, b'). 

2.1.13.4.1.4 O2 utilized per BOD removed. 

Influent nonbiodegradable VSS, mg/l. 2.1.13.4.1.5 

2.1.13.4,1.6 

2.1.13.4.1.7 

2.1.13e4.1.8 

2.1.13.4.1.9 

2.1.13.4.1.10 

2.1.13.4.1.11 

2.1.13.4.1.12 

2.1.13.4.1.13 

2.1.13.4.1.14 

2.1.13.4.1.15 Phosphorus requirement, lb/day. 

2.1.13.4.1.16 Sludge recycle ratio, percent. 

2.1.13.4.1.17 Solids retention time, days. 

2.1.13.4.2 Aeration System. 

2.1.13.4.2.1 Standard transfer efficiency, percent. 

2.1.13.4.2.2 

2.1.13.4.2.3 

2.1.13.5 

2.1.13.5.1 

Effluent degradable VSS, mg/l. 

lb BOD/Lb MISsday (F/M). 

Mixed liquor SS, mg/l (US). 

Mixed liquor VSS, mg/l (MLVSS). 

Aeration time, hr. 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Operating transfer efficiency, percent. 

Required air flow, cfm/lOOO ft3. 

Quantities Calculations. 

Design values for activated sludge systan. 

lo6 
‘d-7.48 

CFMd - (CM) (V) (133.7) 

where 

V = volume of aeration tanks, milli.on gallons. 
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2.1.13.5.2 Selection of nunbers of aeration tanks. The 
following rule will be utilized in the selection of nunbers 
of aeration tanks. 

Q avg 
(m~.d) 

Nmber of 
Aeration Tanks 

NT 

0.5 - 2 2 
2- 4 3 
4- 10 4 

10 - 20 6 
20 - 30 8 
30 - 40 10. 
40- 50 12 
50 - 70 14 
70 - 100 16 

When Q is larger than 100 mgd, several batteries of 
aeratiggtanks will be used. See next section for details. 

2.1.13.5.3 Selection of nunber of tanks and nunber of 
batteries of tanks when Q is larger than 100 mgd. It is 
general practice in desig%!g larger sewage treannent plants 
that several batteries of aeration tanks, instead of a single 
group of tanks, are used. .This is due to land area avail- 
ability and certain hydraulic limitations. To simplify the . 
modeling process, the following rules will be used: 

2.1.13.5.3.1 When Q 5 100 mgd, only one battery of 
aeration tanks will bgv8sed. Thus 

NB-1 

where 

XB = number of batteries of units. 

2.1.13.5.3.2 When 100 C Q 5 200 mgd, the system will be 
designed as two identical b%eries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to 
the rules established in subsection 2.1.13.5.2 by using half 
the design flow as Q avg' Thus 

NB -2 

2.1.13.5.3.3 When Q > 200 mgd, the design will be 
performed to use thre$?$atteries of aeration basins, each 
handling on-third of the wastewater. Thus 
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2.1.13.5.4 Number of diffusers. The oxygen transfer 
rates used in the first-order design dictate the use of 
coarse bubble diffusers. These diffusers have an air flow 
frcm 10-15 scfm; for design purposes an average of 12 scfm 
will be used. 

T = 
cFMd 

12 (NT) (NB) 

NDtmust be an integer. 

where 

NDt 
= nunber of diffusers per tank-. 

2.1.13.5.5 Number of swing arm diffuser headers. For 
ease of maintenance swing axm headers are usually used. The 

number of diffusers per header is dictated by the nunber of 
connections provided on each header by the manufacturer. 
This varies with manufacturer and header size fran 8 to 30. 
For our purposes an average of 20 diffusers per header will 
be assumed. 

NSAt = 2 
20 

NSAt must be an integer. 

where 

NSXt = nuuber of swing arm headers per tank. 

2.1.13.5.6 Design of aeration tanks. 

2.1.13.5.6.1 Volume of each tank would be 

where 

V?I = volume of single aeration tank, cu ft. 

2.1.13.5.6.2 Depth and width of aeration tanks. The depth 
and width of the aeration tanks will be fixed at 15 ft and 30 
ft. respectively. 

2.1.13.5.6.3 Length of aeration tanks. 
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If L is greater than 400 ft, then recalculate VN using NT - 
NT + 1, then recalculate L. 

2.1.13.5.7 Aeration tank arranganents. 

2.1.13.5.7.1 Figure 2.1-17 shows the schanatic diagram of 
the arrangements. A pipe gallery will be provided when the 
number of tanks is equal to or larger than four. The purpose 
of the pipe gallery is to house the various air and water 
piping systems and control equipment. 

Q 
PGW - 20 + (0.4) (S) 

where 

PGw= pipe gallery width, ft. 

Q avg 
- average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.1.13.5.8 Earthwork required for construction. It is 
assumed that the tank bottan will be 4 feet below ground 
level. The earthwork required can be esttiated by the 
following equations : 

2.1.13.5.8.~ When NT is less than 4, the earthwork required 
would be: 

v ew 
= 6 m +NT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) (t + 25)) 

2 

where 

V ew = vol-e of earthwork required, cu ft. 

NT =.nunber of tanks per battery. 

L - length of aeration tanks, ft. 

2.1.13.5.8.2 When NT is greater than or equal to 4, the 
earthwork required would be: 

v ew 
r: 6 m [(15.75(NT)+l5.5) (ZL+PGWZO) + (15.75(NT)+2.5) (2L+PGWt28+ 

2 

2.1.13.5.9 Reinforced concrete slab quantity. It is 
assumed that a l'- 6" thick slab will be utilized regardless 
of the size of the system. The volume of reinforced concrete 
slab will be the same for both plug and canplete mix flow. 

2.1.13.5.9.1 For NT less than 4: 
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v 
CS 

= 1.5 NB [(NT(31.5) + 15..5) (L +.17)] 

where 

v 
cs = R.C. slab quantity required, cu ft. 

2.1.13.5.9.2 For NT greater than or equal to 4: 

v 
CS 

= 1.5 NB [(15,75(NT) + 15.5) (2L + PGW +.200)1 

2.1.13.5.10 Reinforced coacrete wall quantities. 

2.1.13.5.10.1 In using the plug flow system, influent to the 
aeration basin will be piped to oae end of the tank and 
discharged at the other end. Thus it does not require such 
an elaborate wall construction. Two typical wall sections 
are required, as shown in Figure 2.1-18. One would be slrnple 
straight side wall and the other would be enlarged on top SO 
that walkways can be provided. 

2.1.13.5.10.2 When NT - 2: 

v cw - w (1.25 DW + 11) + (6 W + 9) (1.25 DW+ 3.75) 

2.1.13.5.10.3 When NT - 3: 

v 
CW 

= (1.25 DW + 11)' (3 W + 6) + (1.25 DW + 3.75) (7 W+ 6) 

2.1.13.5.10.4 When NT 2 4: 

v cw * 9 (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (L + 3) + 

2 (NT) 00 I ' (1.25 DW + 3.75) l (NW 

V = R.C. wall quantity required, cu ft. cw . 

L = length of aeration tanks, ft. 

2.1.13.5.11 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater treament plants. Wateway walls and the top of 
the pipe gallery will require handrail. The quantity of 
handrail required may be estimated as follows: 

2.1.13.5.11.1 If NT is less than 4: 

LHR = [UNT) (L> + 2(L) + 61.5(NT) + 1.51 NB 

2.1.13.5.11.2 If NT is greater than or equal to 4: 

LHR= [UNT) CL) + (4L) + 36,5(NT) + 2 PCW + 131 NB 
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where 

LHR= handrail length, ft. 

2.1.13.5.12 Calculate operation manpower requirwents. 

2.1.13.5.12.1 If CFMd is less than or equal to 3000 SC&%, 
the operation manpower can be calculated by: 

OMH = 62.36 (CFMd)o-3g72 

where 

OMH = operation manpower required, MH/yr. 

2.1.13.5.12.2 If CFM is greater than 3000 scfm, the operation 
manpower can be talc uf ated by: 

OMH = 26.56 (CFMd)o*5038 

2.1.13.5.13 Calculate maintenance manpower requirenents. 

2.1.13.5.13.1 If CMd is less than or equal to 3000 scfm, 
the maintenance manpower can be calculated by: 

MMH = 22.82 (cnfd)o*43'g 

2.1.13-5.13.2 If Cmd > 3000 scfm, the maintenance manpower 
can be calculated by: 

MMH - 6.05 (CFMd)o*6037 

where 

MMX - maintenance manpower required, Wyr. 

2.1.13.5.14 Energy requirenent for operation. The eiec- 
trical energy required for operation is related to the air 
requirement by the following equation: 

KWH- (cm& (241.6) 

where 

KVH = electrical energy required for operation, kwhr/yr. 

2.1.13.5.15 Operation and maintenance material and supply 
costs. Operation and maintenance material supply costs 
include items such as lubricant, paint, replacement parts, 
etc. These costs are estimated as a percent of the total 
bare construction costs. 
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OMNP = 3.57 (Q ) -0.2602 
avg 

where 

OMMP = operation and maintenance material costs as 
percent of total bare construction cost, percent. 

2.1.13.5.16 Other construction cost iteus. The majority of the 
costs of the diffused aeration activated sludge process have been 
accounted for. Other cost itens, such as liquid piping system, 
cant rol equipment, painting, site cleaning and preparation, etc., 
can be estimated as a percent of the total bare construction cost. 
This value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
will be used. 

CF 1 = - = 1.11 0.90 

where 

CF = correction factor to account for the minor cost 

2.1.13.6 

2.1.13.6.1 

Quantities Calculation Output Data. 

Number of aeration tanks, NT. 

2.1.13.6.2 Number of diffusers per tank, ND,. 

2.1.13.6.3 Number of process batteries, Nl3. 

2.1.13.6.4 Number of swing am headers per tank, NSAt. 

2.1.13.6.5 Length of aeration tanks, L, ft. 

2.1.13.6.6 Width of pipe gallery, PGW, ft. 

2.1.13.6.7 Earthwork required for construction, V,,, cu ft. 

itans. 
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. 

2.1.13.6.8 

2.1.13.6.9 

2.1.13.6.10 

2.1.13.6.11 

2.1.13.6.12 

2.1.13.6.13 

2.1.13.6.14 

Quantity of R.C. slab required, Vcs, cu ft. 

Quantity of R.C. wall required, Vcw, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requirenent, OMH, MH/yr. 

Maintenance manpower requirement, MMH, MH/yr. 

Electrical energy for operation, KWEI, kwhr/yr, 

Operation and maintenance material and supply cost 
as percent of total bare construction cost, OMMP, percent. 

2.1.13.6.15 

2.1.13.7 

2.1.13.7.1 

2.1.13.7.2 

2.1.13.7.3 

2.1.13.7.4 
$/ ft. 

2.1.13.7.5 

2.1.13.7.6 

2.1.13.7.7 
MSECI. 

2.1.13.7.8 
CEPCIP. 

Correction factor for minor construction costs, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab i-place, UPICS, $/cu yd. 

Unit price input for handrails in-place, UPIHR, 

Cost per diffuser, COSTPD, $, (optional). 

Cost per swing arm header, COSTPH, $, (optional). 

Current Marshall and Swift Equipment Cost Index, 

Current CE Plant Cost Index for pipe, valves, etc., 



2.1.13.7.9 Equipment installation labor rate, LABRI, 
$/m* 

2.1.13.7.10 Unit price input for 
$/hr. 

2.1.13.8 Cost Calculations. 

2.1.13.8.1 Cost of earthwork. 

COSTE 

where 

COSTE - cost of earthwork, $. 

crane rental, UPICR, 

= 'ew UPIEX 
27 

v = ew quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.13.8.2 Cost of R.C. wall iwplace. 

COSTCW = vcw UPICW 
27 

where 

COSTCW = cost of R.C. wall in-place, $. 

V cw = quantity of R.C. wall, cu ft. 

UPICW - unit price input for R.C. wall in-place, $/cu 
Yd* 

2.1.13.8.3 Cost of R.C. slab in-place. 

COSTCS = 'cs UPICS 
27 

where 

COSTCS - cost of R.C. slab in-place, $. 

v - volume of concrete slab, cu yd. cs 
UPICS - unit price R.C. slab in-place, $/cu yd. 

2.1.13.8.4 Cost of handrails in-place. 

COSTHR = LHR x UPIHR 

where 
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COSTHR = cost of handrails in~place, $.- 

LHR= length of handrails, ft. 

UPIHR = unit price input for handrails in-place, $/ ft. 

2.1.13.8.5 Cost of diffusers. 

2.1.13.8.5.1 The oxygen transfer values given indicate the 
use of coarse bubble diffusers. The cost of a coarse bubble 
diffus,er with a capacity of 12 scfm for the first quarter of 
1977 is 

COSTPD = $6.50 

For a better estimate COSTPD should be obtained fran an 
equipment vendor and treated as a unit price input. Other- 
wise, for future escalation the equipment cost should be 
adjusted by using the Marshall and Swift Equipment Cost 
Index. 

MSECI COSTPD - 6.50 - 491.6 
where 

COSTPD - cost per diffuser, $. 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first 
quarter 1977. 

2.1.13.8.5.2 Calculate COSTD. 

COSTD = COSTPD x ND, x NT x NE 

where 

COSTD = cost of diffusers for systan, $. 

mt = nunber of diffusers per tank. 

NT - nunber of tanks. 

2.1.13.8.6 Cost of swing ana diffuser headers. 

2.1.13.8.6.1 Swing arm diffuser headers cane in several 
sizes. The cost used is for a header which will handle 550 
scfm and up to 37 diffusers. The cost of this header for the 
first quarter of 1977 is 
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COSTPH = $5,000. 

For a better estimate COSTPY should be obtained fran an 
equipment vendor and treated as a unit price input. Other- 
wise, for future escalation the equipment cost should be 
adjusted by 
Index. 

using the I4arshal.l and Swift Equipment Cost 

where 

COSTPH = 

MSECI = 

491.6 = 

COSTPH MSECI 
- S~,OOO 491,6 

cost per swing arm header, $. 

current Marshall and Swift Equipment Cost Index. 

Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.1.13.8.6.2 Calculate COSTH. 

COSTH - COSTPH x NSAt x NT x NB 

where 

COSTH = cost of swing arm headers for system, $. 

NSAt = nunber of swing arm headers per tank. 

NT = nunber of tanks. 

NB = nunber of batteries. 

2.1.13.8.7 Equipment installation man-hour requirement. 
The labor requiranent for field installation of the swing arm 
headers, including mounting the diffusers, is approximately 
25 man-hours per header. 

IMH= 25 NSAt x NT x NB 

where 

Ixli = installation man-hour requirement, MH. 

2.1.13.8.8 Crane requirement for installation. 

CH = C.1) am 

where 

CH = crane time requirement for installation, hr. 
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2.1.13.8.9 Cost of air piping. The air piping for the 
diffused aeration system is very canplex and includes many 
valves and fittings of different sizes. This causes cost 
estimation by material take-off to be very difficult for a 
wide range of flow. In this case we feel the use of para- 
metric costing is justified as the overall accuracy of the 
estimate will not be affected to a great extent. 

2.1.13.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the 
cost of air piping can be calculated by: 

CEPCIP COSTAP - 617.2 (CFMd)o*2553 x - 241.0 

where 

COSTAP = cost of air piping, $. 

CF?ld = design capacity of blowers, scfm. 

CEPCIP = current CE Plant Cost Index for pipe, valves, 
etc. 

241.0 = CE Plant Cost Index for pipe, valves, etc., for 
first quarter of 1977. 

2.1.13.8.9.2 
the cost of 

If CMd is between 1000 scfm and 10,000 scfm, 
air piping cati be calculated by: 

COSTAP - 1.43 (cFMd)1*1337 x m . 

2.1.13.8.9.3 If CFHd is greater than 10,000 scfm, the cost 
of air pip'ing can be calculated by: 

COSTAP CEPCIP - 28.59 (CFMd)o*8085 x - 241.0 

2.1.13.8.10 Other costs associated with the installed 
equipment. This category includes the cost for weir in- 
stallation, painting, inspection, etc., and can be added as a 
percentage of the purchased equipment cost: 

PMINC = 10% 

where 

P??fmc - percentage of purchase costs of equipment as 
minor instdllation cost, percent. 

2.1.13.8.11 Installed equipment costs. 

IEC = (coSTD+ COSTH) (I+ W) + (IMH) (LABRI) + (CXj (UPICR) 
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where 

1% = installed equipment cost, $. 

LABRI - labor rate, $/MH. 

UPICR = crane rental rate, $/-hr. 

2.1.13.8.12 Total bare construction cost. 

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTKR + 
COSTAP) CF 

where 

TBCC = total bare construction cost, $. 

CF = correction factor for minor cost itans. 

2.1.13.8.13 Operation and maintenance material cos.ts. 
OMMP OMCC - TBCC - 100 

where 

OMMC = operation and maintenance material supply costs, 
$/yra 

OMMP = operation and maintenance material suppI.y costs, 
as percent of total bare construction cost, 
percent. 

2.1.13.9 Cost Calculations Output Data. 

2.1.13.9.1 Total bare construction cost of diffused 
aeration activated sludge systar, TBCC, dollars. 

2.1.13.9.2 Operation and maintenance material and supply 
costs, OMMC, dollars. 
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2.1.14 EXTENDED AERATION ACTIVATED.SUJDGE (,?lFXHANICAL 
AERATION) . 

2.1.14.1 Input Data. 

2.1.14.1.1 Wastewater Flow (Average and Peak). In case 
of high variability, a statistical distribution should be 
provided. 

2.1.14.1.2 

2.1.14.1.2.1 

2.1.14.1.2.2 

2.1.14.1.2.3 

2.1.14.1.2.4 

2.1.14.1.2.5 

2.1.14.1.3 

2.1.14.1.3.1 

2.1.14.1.3.2 

2.1.14.1.3.3 

2.1.14.1.3.4 

2.1.14.1.3.5 

2.1.14.1.3.6 

2.1.14.1.3.7 
phenols), mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., 

2.1.14.1.3.8 Temperature, OF or 'C. 

2.1.14.1.4 Effluent Quallity Requirements. 

2.1.14.1.4.1 BOD5, mg/l. 

2.1.14.1.4.2 SS, mg/l. 

2.1.14.1.4.3 TKN,mdl. 

2.1.14.1.4.4 P, mg/l. 

Wastewater Strength. 

BOD5 (soluble and total), m&l. 

COD and/or TOC (maximum and minimm),.mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other 'Characterization. 

PH. 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.14.2 Design Paraneters. 

2.1.14.2.1 Reaction rate constants. 

Constants 

Eckenfelder 

2.1.14.2.2 

2.1.14.2.3 

2.1.14.2.4 

2.1.14.2.5 

2.1.14.2.6 

2.1.14.2.7 

2.1.14.2.8 

2.1.14.2.9 

2.1.14.2.10 

2.1.14.2.11 

2.1.14.2.12 

2.1.14.3 

2.1.14.3.1 

2.1.14.3.1.1 

2.1.14.3.1.2 

2.1.14.3.1.3 

2.1.14.3.1.4 
sol ids (ao) . 

k 
a 

it 
1 

b’ 

F* 
f' 

F/M = (0.05-0.15). 

Range 

0.0007-0.002 l/mg/hr 
0.73 
0.52 

O.O75/day 
O.lS/day 

0.77a - 0.56 
0.40 
0.53 

Volumetric loading = 10125. 

t = (M-36) hr. 

t 
S 

- (‘20-30) days. 

mss = (3000-6000) mg/l. 

MLVSS = (2100-4200) mg/l. 

QJQ = (0.75-1.5). 

lb 02/lb BOD., 2 1.5. 

lb solids/lb BOD,: 2 0.2. 

O= (1.0-1.03). 

Efficiency = ( > 90 percent). 

Process Design Calculations. 

Assume the following paraneters. 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a’). 

Endogenous respiration rate (b and b'). 

Fraction of B0D5 synthesized to degradable 
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2.1.14.3.1.5 Nonbiodegradable fraction to VSS in influent 
(0 l 

2.1.14.3.1.6 Mixed liquor suspended solids (?Q,SS). 

2.1.14.3.1.7 Volatile solids in mixed liquor suspended 
solids (?WSS). 

2.1.14.3.1.8 Temperature correctioa coefficient (4). 

2.1.14.3.1.9 Degradable fraction of the MLVSS (f'). 

2.1.14.3.1.10 Food-to-microorganism ratio (F/M). 

2.1.14.3.1.11 Effluent soluble BOD5 (Se). 

2.1.14.3.2 Adjust the BOD renoval rate constant for 
tanperature. 

where 
% - K20° 

(T-20) 

KT * rate constant for desired tenperature. 

K20 - rate constant at 20°C. 

0 - temperature correction coefficient. 

T = temperature, Oc. 

2.1.14.3.3 Determine the size of the aeratioa tank. 

where 

V- ao(So - Se)Qavq 
(5) (f ' > W 

V= aeration tank volume, million gal. 

a 
0 

- fraction of BOD5 synthesized to degradable 
solids. 

sO 
= influent BODj, mg/l. 

'e = effluent soluble BOD5, mg/l. 

Q avg = waste flow, mgd. 

XV = ?EVSS, mg/l. 
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f' = degradable fraction of the MLVSS. 

b= endogenous respiration rate, l/day. 

2.1.14.3.4 Calculate the detention time. 

t $24 

where 

t - detention time, hr. 

V - volume, million gal. 

Q = flow, mgd. 

2.1.14.3.5 Assume the organic loading and calculate 
detention time. 

where 

24s t- 0 

* xv 
F 
K 

t = detention the, days. 

sO 
- influeni BOD5, u&l. 

5 = volatile solids in raw sludge, n&l. 

F/M = organic loading (food- to-microorganism ratio). 

Select the larger of the two detention times fran 2.1.14.3.4 
or 2.1.14.3.5. 

2.1.14.3.6 . Determine the oxygen requirement allowing 60 
percent for nitrification during summer. 

O2 = a's Q r avg(8.34) + b'XVV(8.34) + 0.6(4.57)(TKN)(Qavg)8.34 

where 

o2 = oxygen required, lb/day. 

a' = fraction of BOD oxidized for energy. 

'r = BOD5 removed, mg/l. 

Q avg * average waste flow, mgd. 
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b' = endogenous respiration rate, l/-day. 

\ = xvss, !ng/l. ‘ 

V= aeration tank volume, million gal. 

TKN = total Kjeldahl nitrogen, mg/l. 

and calculate oxygen requirement ( 1.5). 

where 

lb O2 O2 
Ibr - (Q> (Sr) (8.34) 

02 - oxygen required, lb/day. 

Q = waste flow, mgd. 

sr = BOD5 renoved, mg/l. 

2.1.14.3.7 Design- Aeration System. 

2.1.14.3.7.1 Assume the following design parameters and 
design aeration systan and check horsepower supply for mixing 
against horsepower required for ccxnplete mixing 0.1 hp/lOOO 
gal. 

2.1.14.3.7.1.1 Standard transfer efficiency, lb/hp-hr (0 
dissolved oxygen, 20°C, and tap water) (>5 lb/hr-hr). 

2.1.14.3.7.1.2 O2 transfer in waste/O2 transfer in water s 
0.9. 

2.1.14.3.7.1.3 O2 saturation in waste/O2 saturation in water r 
0.9. . 

2.1.14.3.7.1.4 Correction factor for pressure z1.0. 

2.1.14.3.7.2 Select smer operating temperature (25-30°C) 
and determine (fran standard tables) O2 saturation. 

2.1.14.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

OTE = STE I(Cs)T(P ) 6') - CL1 oc ~leo2~‘=0 
9.17 

where 

OTE = operating transfer efficiency, Lb 02/hp-hr. 

STE'= standard transfer efficiency, lb 02/hphr. 

2.19122 



(CsjT = 02 saturation at selected summer tanperature T, 

OC, mg/l. 

B = 02 saturation in waste/02 saturation in water 
s 0.9. 

p = correction factor for pressure s1.0. 

5 = minimum dissolved oxygen to be maintained in the 
basin w 2.0 mg/L. 

oL= O2 transfer in waste/O2 transfer in water. 

T - tenperature, Oc. 

2.1.14.3.7.4 Calculate horsepower requirement. 

O2 
hP = x 1000 

OTE 
lb O2 
hp (241(V) 

where 

hp - horsepower required/1000 gal. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V = volcnne of basin, gal. 

2.1.14.3.8 Calculate sludge production. 

A. \ * a.34 [a$> (Q) - W $)(V) - Q(SSeff) * Q(VSS>f' + 

Q(SS - VSS)] 

where 

b \ = volatile sludge produced, lb/day. 

a - fraction of BOD synthesized. 

'r - BOD3 removed, mg(1. 

Q = waste flow, mgd. 

b = endogenous respiration rate, l/day. 
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XV = volatile solids in raw sludge, mg/l. 

V = aeration tank volume, million gal. 

ss eff = effluent suspended solids, mg/l. 

VSS - volatile suspended solids in influent, mg/l. 

f' = degradable fraction of the MT.,VSS. 

2.1.14.3.9 Calculate solids produced per pound of BOD renoved. 

lb solids - A% 
lb BOD, Q(So - Se)&34 

where 

A 5 = volatile sludge produced, lb/day. 

Q = waste flow, mgd. 

sO 
= influent BOD5, mg/l. 

'e = effluent soluble BOD5, mg!l. 

2.1.14,3.10 Calculate the solids retention time. 

Xa(V) (8.34) 
t= A S 

. xv 

where 

t s - solids retention time, days. 

Xa - MLSS, mlJ1. 

V -L’volme of aeration tank, million gal. 

A \ = volatile sludge produced, lb/day. 

2.1.14.3.11 Effluent Characteristics. 

2.1.14.3.11.1 BOD5. 

BODE - Se+ 0.84 (Xv) efff’ 

where 

BODE = effluent BOD5 concentration, mg/l. 

Se = effluent soluble B0D5 concentration, mg/l. 

(XV)erf = effluent volatile suspended solids, mg/l. 
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f' = degradable fraction of MLVSS. 

2.1.14.3.11.2 COD. 

CODE = (1.5) (BODE) 

CODSE = (1.5) (Se) - 

where 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. . 

Se = effluent soluble BOD 5 concentration, mg/l. 

2.1.14.3.11.3 Nitrogen. 

TKNE = (0.4) TKN 

NH3E - TKNE 

N03E = TKIIE 

where 

TKNE = effluent total Kjeldahl. nitrogen concentration, 
mg/l. 

TKN = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E - effluent ammonia nitrogen concentration, mg/l. 

N03E = effluent nitrate concentration, mg/L. 

2.1.14.3.11.4 Phosphorus. 

P04E = (0.7) (PO4) 

P04E = effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mdl. 

2.1.14.3.11.5 Oil and Grease. 

OAGE = 0.0 

OAGE = effluent oil and grease concentration, mdl. 
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where 

SETS0 = settleable solids, mg/l. 

2.1.14.3.12 Calculate sludge recycle ratio. 

Qr 'a 
Q = xu - x, 

aw 

Qr = volume of recycled sludge, mgd. 

Q 
aw 

= average flow, mgd. 

'a = MISS, mg/l. 

Xu = suspended-solids concentration in returned sludge, 
mg/l. 

2.1.14.3.13 Calculate the nutrient requiraaents for nitrogen. 

N = O.l23A% 

and phosphorus 

P - 0.026 A xv 

where 

2.1.14.3.11.6 Settleable Solids. 

SETS0 - 0.0 

where 

A 
xv = sludge produced, lb/day. 

2.1.14.4 . 

2.1.14.4.1 

2.1.14.4.1.1 

2.1.14.4.1.2 

2.1.14.4.1.3 

2.1.14.4.1.4 

2.1.14.4.1.5 

2.1.14.4.1.6 

2.1.14.4.1.7 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/mg/hr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD removed. 

Influent nonbiodegradable VSS, mg/l. 

Effluent degradable VSS, mg/l. 

lb BOD/lb MLSS-day (F/M). 
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2.1.14.4.1.8 

2.1.14.4.1.9 

2.1.14.4.1.10 

2.1.14.4.1.11 

2.1.14.4.1.12 

2.1.14.4.1.13 

2.1.14.4.1.14 

2.1.14.4.1.15 

2.1.14.4.1.16 

2.1.14.4.1.17 

2.1.14.4.2 

2.1.14.4.2.1 Standard transfer efficiency, lb 02/hphr. 

2.1.14.4.2.2 Operating transfer efficiency, lb 02/hphr. 

2.1.14.4.2.3 Horsepower required, hr. 

2.1.14.5 Quantities Calculations. 

2.1.14.5.1 
would be: 

Mixed liquor SS, mg/l (MISS). 

Mixed liquor VSS, mg/I (MLVSS). 

Aeration time, hr. 

Volume of aeration tank, million gal.' 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Phosphorus requirement, lb/day. 

Sludge recycle ratio, percent. 

Solids retention time, days. 

Aeration Systan. 

The design values for activated sludge systan 

6 
Vd - 0 l 7% 
HPd Uv) ' (V) (133.7) 

where 

V = volume of aeration basin million gallons. 

2.1.14.5.2 Selection of nunber of aeration tanks and 
mechanical aerators per tank. The following rule will be 
utilized in the selection of nunber of aeration tanks and 
mechanical aerators per tank. 
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PIPE GALLERY 

FOR LARGER NT’S THE ARRANGEMENT WOULD BE SlMILAR TO 
THOSE WHEN NT= 4 AND NT= 6. 

FIGURE 2.1-24 EXAMPLES OF TANK ARUNGEZENTS 
ACTIVATED SWDGE PROCESSES 



Q ' 
Number of . Number of Aerators 

Aeration Tanks Per Tank 
avg 

0.5 - 2 2 
2- 4 3 
4- 10 4 

10 - 20 6 
20 - 30 8 
30 - 40 10 
40. 50 12 
50 - 70 14 
70 - 100 16 

When Q 
tanks a!1 

is larger than 100 mgd, several batteries of aeration 
be used. See next section for details. 

2.1.14.5.3 Selection of nunber of tanks and nunber of 
batteries of tanks when Q is larger than 100 mgd. It is 
general practice in desigxgg larger sewage treatment plants 
that several batteries of aeration tanks, instead of a single 
group of tanks, are used. This is due to land area availability 
and certain hydraulic limitations. To simp1if.y the modeling 
process, the following rules will be used: 

2.1.14.5.3.1 When Q 5 100 mgd, only one battery of 
aeration tanks will bgv&sed. Thus 

NB-1 

where 

NB - nunber of batteries of units. 

2.1.14.5.3.2 When 100 < Q 5 200 mgd, the system will be 
designed as'two identical b%Peries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to 
the rules established in subsection 2.1.14.5.2 by using half 
the design flow as Q avg' Thus 

NB=2 

2.1.14.5.3.3 When Q > 200 mgd, the design will be performed 
to use three batterie?%f aeration basins, each handling one- 
third of the wastewater. Thus 

NB =3 

2.1.14.5.4 Mechanical aeration equipment design. 
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2.1.14.5.4.1 Usually the slo~speed, fix-mounted mechanical 
surface aerators are used in dcxnestic wastewater treatment 
plants. The available sizes of this type aerator are 5 HP, 
7.5 HP, 10 HP, 15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 
HP, 75 HP, 100 HP, 125 HP and 150 HP. 

2.1.14.5.4.2 Horsepower for each individual aerator: 

HPN = HPd 
(NB)(NT)(NA) 

If HPN >150 HP and NT = 2 or 3, then repeat the calculation 
withNT =NT+ 1. 

If HPN > 150 HP and XT ,> 4, then repeat the calculation with 
NT = NT+ 2. 

where 

HPN = horsepower of each unit, horsepower. 

HPd = design capacity of aeration equipment, horsepower. 

NB = nunber of batteries. 

NT - number of aeration tanks per battery. 

NA = number of aerators per tank. 

2.1.14.5.4.3 Canpare HPN with the available off-theshelf 
sizes and select the smallest unit with capacity larger than 
HPN. The capacity of the selected unit would be designated 
as HPSN. Thus the total capacity of the aeration units would 
be 

HPT = (NB) l (NT) l (NA) l (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2.1.14.5.5 Design of aeratioa tanks. 

2.1.14.5.5.1 Volume of each individual tank would be 

vN= 'd 

where 

VN = volume of single aeration tank, cu ft. 
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2.1.14.5.5.2 Depth of aeration tanks. The depth of an 
aeration basin is controlled by the capacity of the aerators 
to be installed inside. If the water depth is too shallow, 
interference with the sixing current and oxygen transfer 
would occur. If the water depth is too deep, insufficient 
mixing would occur at the bottan of the tank and sludge 
accunulation would occur. Thus proper selection of liquid 
depth of an aeration basin is important. The relationship 
between the recanmended basin depth and the capacity of the 
aerators can be expressed as follows: 

When HPSN 5 100 HP 

DW - 4.816 (HPSN)"'2467 

When HPSN > 100 HP 

DW * 15 ft 

where 

DW = water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 

2.1.14.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent on 
the nunber of aerators to be installed in this tank, NA. 

If NA = 1. Square tank construction, L/W - 1 

If NA - 2. Rectangular tank coustruction, L/W - 
2 

If NA - 3. Rectangular tank construction, t/W = 
3 

If NA = 4. Rectangular tank construction, L/W - 
4 

and 

L/W=NA 

where 

NA - nunber of aerators per tank. 

L = length of aeration tank, ft. 

W = width of aeration tank, ft. 
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After the volume, depth and L/W ratio of the tank are determined, 
the width of the tank can be calculated by: 

W= (DW)yNA) - 

The length of the aeration tank would be 

L= @A) 00 

2.1.14.5.6 Aeration tank arrangements. 

2.1.14.5.6.1 Figure 2.1-19 shows the schematic diagram of 
the arrangements. Piping gallery will be provided when the 
number of tanks is equal or larger than four. The purpose of 

piping gallery is to house various piping systems and control 
equipment. 

2.1.14.5.6.2 Size of pipe gallery. The width of this 
gallery is dependent on the caxtplexity and capacity of the 
piping system to be housed. An experience curve is provided 
to approximately estimate this width. It is expressed as: 

PGW = 20 + (0.3) (9,,) 
NB 

where 

PGW = piping gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.1.14.5.7 Earthwork required for construction. It is 
assumed that tank bottan would be 4 feet below ground level. 
Thus the earthwork required would be estimated by the fol- 
lowing equations: 

2.1.14.5.7.1 When ?IT = 2, earthwork required would be: 

v = 3 [(2 w + 18.5) (W + 17) + (2 W + 26.5) (W + 25)1 
ew 

where 

v - 
ew 

quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.1.14.5.7.2 WhenNT= 3, .iarthwork required would be: 

v ew = 3 [(3 w + 28) (W+ 25) + (3 w + 20) (W+ 17)j 
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FOR LARGER NT’S THE ARRANGEMENT WOULD 8E SIMILAi3 TO 
THOSE WHEN NT= 4 AND NT= 6. 

FIGURE 2.1-19 EXAMPLES OF TANK ARRMGEXENTS 
ACTIVATED SLUDGE PROCESSES 



2.1.14.5.7.3 When NT 2 4, the width and length of the 
concrete slab for the whole aeration tank battery can be 
calculated by: 

Ls -2 L+ eGW+ 16 

ws - h (NT) (W) + 14.5 

where 

Ls = length of the basin slab, ft. 

L = length of one aeration tank, ft. 

PGW = piping gallery width, ft. 

Ws = width of the basin slab, ft. 

NT = nunber of tanks per battery. 

Thus the earthwork can be estimated by: 

v =3’(m) RLs ew + 4) (Ws + 4) + (Ls + 12) (Ws + 12)I 
. 

where 

V ew - volume of earthwork, cu ft. 

2.1.14.5.8 Reinforced concrete slab quantity. 

2.1.14.5.8.1 It is assumed that a l'-6" thick slab will be 
utilized in this program regardless of the size of the system. 

2.1.14.5.8.2 For NT = 2, 

V cs * 1.5 (2 w + 14.5) (W + 13) 

where 

V = R.C. cs slab quantity, cu ft. 

2.1.14.5.8.3 

2.1.14.5.8.4 

where 

NT - 3, 

V = 1.S (3 W + 16) (W+ 13j . cs 

When NT 2 4, 

V cs - 1.5 (Ls) (Ws) 
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Ls = length of slab, ft. 

Ws = width of slab, ft. 

2.1.14.5.9 Reinforced Concrete Wall Quantity. 

2.1.10.5.9.1 In using the plug flow systen, influent to the 
aeration basin will be piped to one end of the tank and 
discharged at the other end. Thus it does not require such 
an elaborate wall construction. Two typical wall sections 
are required, as shown in Figure 2.1-20. One would be simple 
straight side wall and the other would be enlarged on top SO 
that walkways can be provided. 

2.1.14.5.9.2 When I?T - 2: 

V cw = W (1.25 DW + 11) + (6 W + 9) (1.25 DW+ 3.75) 

2.1.14.5.9.3 When NT = 3: 

V cw = (1.25 DW+ 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W + 6) 

2.1.14.5.9.4 'When NT.2 4: 

v + 
cw (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (L + 3) + 

2 0-W 60 I . (1.25 DW + 3.75) l ( N B )  

2.1.14.5.10 Reinforced concrete required for piping gallery _ 
construction. The quantity of piping gallery slab has been 
estimated with the aeration tanks slab calculations. Only 
the quantity of reinforced concrete for ceilings and end wall 
is necessary. 

2.1.14.5.10.1 When NT < 4, 

V =O 
cl3 

where 

V 
cg 

= quantity of R.C. for gallery construction, cu ft. 

2.1.14.5.10.2 When NT 2 4, assuming the ceiling thickness is 
1.5 feet, then the quantity of reinforced concrete would be: 

V 
cgc 

* ( N B )  l (1.5) (PGW) [ a=$=. 0.75 (ST) + 1.51 

V 
cgc 

= volume of R.C. ceiling for piping gallery construction, 
cu ft. 

and for two end walls: 
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V 
cgw 

- 2 (PGW) (NB) (DW + 3) 

where 

v 
=gw 

= volume of R.C. walls for piping gallery construction, 
cu ft. 

Thus total R.C. volume for piping gallery construction would 
be 

V -V + v 
cg =g= cgw 

2.1.14.5.11 Reinforced concrete quantity for aerator 
supporting platform construction. 

2.1.14.5.11.1 Nmber of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.1.14.5.11.2 Figure 2.1-21 shows a typical supporting 
platform for the aeration equipment. The width of the platform 
would be a function of the capacity of the aerator to be 
supported. The following experienced formula is given to 
approtiate this relationship. 

x = 5 + 0.078 (BPSN) 

where 

X = width of the platform, ft. 

KPSN = horsepower of the mechanical aerator, HP. 

2.1.14.5.11.3 Volme of reinforced concrete for the constructloo 
of the platfoms would be: 

V 
=e 

- [X2 + 5.6 (DW + 2)] (NT) (NA) (XB) 

where 

V = volume of R.C. for the platfom construction, cu 
=? ft . 

DW = water depth of the aeration basin, ft. 

2.1.14.5.11.4 Volume of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to 
the walkway-sidewalls for ease of operation and maintenance. 
By using a width of 4 feet and slab thickness of 1 foot, the 
quantity of reinforced concrete can be calculated by: 

V 
CWb 

= [2 (W- X)] (NW CW (NA) 
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where 

v = cwb quantity of concrete for pedestrian bridge 
construction, cu ft. 

2.1.14.5.12 Smmary of reinforced concrete structures. 

2.1.14.5.12.1 Quantity of concrete slab. 

v cst -V cs 

where 

v cst - total quantity of R.C. slab for the construction 
of aeration tanks, cu ft. 

2.1.14.5.12.2 Quantity of concrete wall. 

V =V 
CWt cw + v + v + vcw,, 

cg cP 

where 

v = 
CWt 

v = cw 

v - 
cg 

v * 
cP 

V cwb = 

2.1.14.5.13 Quantity of handrail for safety. Handrail is . 
required for the safety protection of the operation personneL 
of wastewater trealznent plants. Waterway walls, aerator 
platforms and bridges, and the top of the piping gallery will 
require handrail. Quantity of handrail. can be estimated 
thus : 

quantity of R.C. wall for the construction of 
aeration tanks, cu ft. 

quantity of aeration tank R.C. walls, cu ft. 

quantity of R.C. for the construction of piping 
gallery, cu ft. 

quantity of R.C. for the construction of aerator- 
supporting platforms, cu ft. 

quantity of R.C. for the construction of pedestrian 
bridges. 

2.1.14.5.13.1 When NT - 2, 

LRR=4W+ 11+ 2' (3X+W- 4) 

where 

LER = handrail length, ft. 
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W= aeration tank width, ft. 

X = width of aerator-supporting platform, ft. 

2.1.14.5.13.2 When NT = 3, 

LHR=6w+ LO+ 3*(3X+ W- 4) 

2.1.14.5.13.3 When NT 2 4, 

If NT his an even nunbet, 

LHR= PCW + (m) (W) + [L + 3 - 4 (NA)] (NT) + (SA) l (NT) 

l (3X+ w- 4) *mu - 

is an odd nunber, 

LHR= PGW + (NT) (W) + [L + 3 - 4 (NA)] (NT + 2) + 

(NA) (NT) (3X+ w- 4) l ( N B )  

where 

PCW = width of the piping gallery, ft. 

2.1.14.5.14 Operation and maintenance manpower require- 
ments. Patterson and Bunker's data will be utilized to 
project the operation and maintenance manpower requiranents. 
The man-hour per year requirement is presented as a function 
of the total. horsepower of the aeration equipment. 

2.1.14.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA - (X3) (XT) (NA) (HPSN) 

where 

TEA = total installed capacity of the aeration equipment, 
horsepower. 

HPSN - capacity of one individual aerator, horsepower. 

2.1.14.5.14.2 The operation manpower requiranent can be 
estimated as follows: 

'When TICA < 200 hp 

OMH = 242.4 (TICA)o*3731 
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When TtCA Z 200 hp 

OMH - JO0 (TICA)” 5425 

where 

OMH = operational man-hour requiranent, man-hour/ yr. 

2.1.14.5.14.3 The maintenance manpower requirement can be 
estdmated as follows : 

When TICA 5 100 hp 

MMH= 106.3 (TICA)0*403l 

When TICA > 100 hp 

MMH - 42.6 (TICA)o*5956 

where 

NMH - maintenance manpower requiranent , man-hour/ yr. 

2.1.14.5.15 Energy requirenent for operation. By assuming 
that all the aerators will be operated 90 percent of the time 
year- round, the electrical energy consumption would be: 

KWH = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

KWH = electrical energy required for operation, kw+/ yr. 

0.85 - conversion factor fran hphr to kwhr. 

2.1J4.5.16 Material and supply costs for operation and 
maintenance. Material and supply costs for operation and 
maintenance include such itens as lubrFcati.on oil, paint, and 
repair material, e tc . These costs are estimated as a percent 
of installed costs for the aeration equipment and are expressed 
as follows : 

OMMP - 4.225 - 0.975 log (TICA) 

where 

OMMP = percent of the installed equipment cost as O&M 
material costs, percent. 

TICA = total installed capacity of aeration equipment, 
horsepower. 
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2.1.14.5.17 Other construction cost Fteus. Using the above 
calculation, the majority of cost items of the activated sludge 
process have been accounted for. Other cost itans, such as piping 
sys-b cant rol equipment, painting , s 1 te cl eaning and preparation, 
etc., can be estimated as a percent of the total bare construction 
cost. This percentage value has been shown to vary fran 4 to 15 
percent of the total construction cost of the aeration tank systen. 
The value depends greatly on site conditions and caaplexity of the 
process. For a generalized model, an average value of 10 percent 
would be adequate. Thus, 

CF 
1 

= - - 1.11 0.90 

where 

CF - correctLon factor to account for the minor cost 
items. 

2.1.14.6 

2.1.14.6.1 

2.1.14.6.2 

2.1.14.6.3 

2.1.14.6.4 

2.1.14.6.5 

2.1.14.6.6 

2.1.14.6.7 

2.1.14.6.8 

Quantities Calculations Output Data. 

Nmber of aeration tanks, NT. 

Number of aerators per tank, NA. 

Number of process batteries, NB. 

Capacity of each individual aerator, HPSN, hp. 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 
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2.1.14.6.9 

2.1.14.6.10 

2.1.14.6.11 

2.1.14.6.12 

2.1.14.6.13 

?.1.14.6.14 

2.1.14.6.15 

2.L14.6.16 
percent. 

2.1.14.6.17 

2.1.14.7 

2.1.14.7.1 Cost of earthwork, UPIEX, $/ cu yd. 

2.1.14.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.1.14.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.1.14.7.4 Standard size low speed surface aerator cost (20 

Earthwork required for construction, V,,, cu ft. 

Total quantity of R.C. slab, Vest, cu ft. 

Total quantity of R.C. wall, Vcw, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requiranent, OMH, MH/ yr. 

Maintenance manpower requiranent, MMH, MH/ yr. 

Electrical energy for operatfon, KWH, kwhr/yr. 

Percentage for O&M material and supply cost, OMMP, 

Correction factor for minor capital cost itens, CF. 

Unit Price Input Required. 

W. SSXSA, $, optional.. 

2.1.14.7.5 Marshal 1 &i Swift Equipment Cost Index, MSECI. 

2.1.14.7.6 Equipment installation labor rate, $/MH. 

2.1.14.7.7 Crane rental rate, UPICR, $/hr. 

2.1.14.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.1.14.8 Cost Calculations. 

2.1.14.8.1 Cost of earthwork, COSTE. 
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V 
COSTE = $ 

. UPIEX 

where 

COSTE - cost of earthwork, $. 

V 
ew - quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.14.8.2 Cost of concrete wall in-place, COSTCW. 

V 
COS'J"W P + ' uplcw 

where 

COSTCW - cost of concrete wall in place, $. 

V 
CWt 

- quantity of R.C. wall, cu yd. 

UPICW * unit price input of concrete wall in-place, $/ 
cu yd. 

2.1.14.8.3 Cost of concrete slab in-place, COSTCS. 

V cst . COSTCS = 27 JJPICS 

COSTCS = cost of R.C. slab in-place, $. 

V 
cst 

= quantity of concrete slab, $/cu yd. 

UPICS - unit price input of R.C. slab in-place, $/cu yd. 

2.i.i4,8.4 Cost of installed aeration equipment. 

2.m4.8.4.1 Purchase cost of slow speed pier-mounted 
surface aerators o The purchase cost of aerators can be 
obtained by using the following equation: 

CSXSA = SSXSA l RSXSA 

CSXSA = purchase cost of surface aerator, $. 
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SSXSA = purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RSXSA = ratio of cost of aerators with capacity of HPSN 
hp to that of the standard size aerator. 

2.1.14.3.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA - 0.2148' (HPSN)"*513 

where 

HPSN - capacity of each individual aerator, hp. 

2.1.14.8.4.3 Cost of standard size aerator. The cost of 
pier-mounted slow speed surface aerator for the'first quarter 
of 1977 is 

SSXSA = $16,300 

For a better estimate, SSXSA should be obtained fran equipment 
vendor and treated as.a unit price input. Otherwise, for 
future escalation, the equipment cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 

SSXSA = 16,300 . MSECI 
491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 - Marshall and Swift Cost Index, first quarter 
1977. 

2.1.14.8.4.4 Equipment installation man-hour requiranent. 
The maphour requiranent for field installation of fixed- 
mounted surface aerator can be estimated as: 

When HPSN 5 60 hp 

Em- 39 + 0.55 (HPSN) 

When HPSN > 60 hp 

Im - 61.3 + 0.18 (HPSN) 

where 

IXH = installation man-hour requirement, ma-hour. 
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2.1.14.8.4.5 Crane requirement for installation. 

CH - (0.U l IMH 

where 

CH = crane time requirenent for installation, hr. 

2.1.14.8.4.6 Other costs associated with the installed 
equipment. This category includes the costs for electric 
wiring and setting, painting, inspection, etc., and can be 
added as a percentage of purchase equipment cost: 

PMINC - 23% 

where 

PMINC = percentage of purchase costs of equipment as 
minor installed equipment cost, IEC. 

IEC = [CSXSA (1 + -F) + IMH ' LABRI + CH l UPICR] 

l (NB) ' (NT) l (NA) 

where 

IEC = installed equipment cost, dollars. 

LABRI = labor rate, dollars/ma-hour. 

UPICR = crane rental rate, dollars/hr. 

2.1.14.8s Cost of handrail. The cost of installed 
handrail systm can be estimated as: 

COSTHR = LHR x UPIHR 

where 

LHR = handrail quantity, ft. 

UPIHR = unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.1.14.8.6 Other cost itens. This category includes cost 
of process piping system, control instrunents, site work, 
etc. Costs can be adjusted by multiplying the correction 
factor CF to the sum of other costs. 

2.1.14.8.7 Total bare construction costs, TBCC, dollars. 
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TXC = (COSTE + COSTCW + COSTCS + ‘IEC + COSTHR) l CF 

where 

TBCC - total bare construction costs, doLlars. 

CF = correction factor for minor cost items, fran 
secoad-order design output. 

2.1.14.8.8 Operation and maintenance material costs. 
Since this itan of the O&M expenses is expressed as a percentage 
of the installed equipment costs, it can be calculated by: 

OMMP OMMC - IEC '- 100 

where 

OMMC - operation and maintenance material and supply 
c-ts, s/v. 

OMMP - percent of the installed aerator cost as O&M 
material and supply expenses. 

2.1.14.9 Cost Calculations Output Data. 

2.1.14.9.1 Total bare construction cost of the mechanical 
aerated activated sludge process, TBCC, dollars. - 

2.1.14.9.2 Operation and maintenance supply and material 
costs, OMMC, dollars. 
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2.1.15 HIGH RATE ACTIVATED SLUDGE (DIFFUSED AERATION). 

2.1.15.1 Input Data. 

2.1.15.1.1 Wastewater Flow (Average and Peak). In case of high 
variab il ity , a statistical distribution should be prwided. 

2.1.15.1.2 

2.1.15.1.2.1 

2.1.15.1.2.2 

2.1.15.1.2.3 

2.1.15.1.2.4 

2.1.15.1.2.5 

2.1.15.1.3 

2.1.15.1.3.1 

2.1.15.1.3.2 

2.1.15.1.3.3 

2.1.15.1.3.4 

2.1.15.1.3.5 

2.1.15.1.3.6 

2.1.15.1.3.7 
mg/l. 

2.1.15.1.3.8 

2.1.15.1.4 

2.1.15.1.4.1 

2.1.15.1.4.2 

2.1.15.1.4.3 

2.1.15.1.4.4 

2.1.15.1.4.5 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/ or TOC (ma-urn and minimum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. . 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/ 1. 

Phosphorus (total and soluble), mg/ 1. 

Oils and greases, mg/ 1. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), 

Temperature, OF or 'C. 

Effluent Quality Requiranents. 

BOD5, mg/l. 

SS, mgll. 

TKN,mg/l. 

P, mg/l. 

Total nitrogen (TKN + NO3 - N), mg/l. 

1 The form of nitrogen should be specified as to its biological 
mailability (e.g., NU3 or Kjeldahl). 
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2.1.15.1.4.6 Settleable solids, mg/l. 

2.1.15.2 

2,1.15.2.1 

2.1.15.2.2 

2.1.15.2.3 

2.1.15.2.4 

2.1.15.2.5 

2.1.15.2.6 

2.1.15.2.7 

2.1.15.2.8 

2.1.15.2.9 

2.1.15.2.10 

2.1.15.2.11 

2.1.15.3 

2.1.15.3.1 Assume the following design parameters when unknown. 

2.1.15.3.1.1 Fraction of BOD synthesized (a). 

2.1.15.3.1.2 

2.1.15,3.1,3 

2.1.15.3.1.4 

2.1.15.3.1.5 

2.1.15.3.1.6 

2.1.15.3.1.7 

Design Paraneters. 

Reaction rate constants and coefficients. 

Eckenfelder 
k 
a 
b" 1 

b' 
f 
f' 

0.0007-0.002 l/mg/hr. 
0.73 
0.52 

O.O75/day 
O.l5/day 

0.40 
0.53 

F/M - (1.5-5.0). . 

Volumetric loading - 100-250. 

t = (153.0) hr. 

t 
S 

= (p.Z-0.5) days. 

MLSS = (20011000) mg/l. 

MLVSS * (140-700) mg/l. 

Ql!Q - (0.0$0.15). 

lb 02/lb BODr = (0.5-0.75). 

lb solids/lb BOD, = (0.65-0.85). 

Efficiency = (50160 percent). 

Process Design Calculations. 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

Mixed liquor suspended solids (MLSS). 

Mixed liquor volatile suspended solids (?ILVSS). 

Food-to-microorganism ratio (F/M). 

Tenperature correction coefficient (43). 
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2.1.15.3.1.8 Nonbiodegradable fraction of VSS in influent (f). 

2.1.15.3.1.9 Degradable fraction of the MLVSS (f'j. 

2.1.15.3.2 Determine the size of the aeration tank by first 
determining the detention time. 

24So 

t*7qm 
where 

t * 

so = 
xv 31 

F/M - 

2.1.15.3.3 

where 

V= 

Q avg i 

t * 

2.1.15.3.4 

detention time, hr. 

influent BOD, mg/l. 

HLVSS, sag/l. 

food-tbmicroorganism ratio. 

Calculate the volune of aeration tank. 

V*Q avg 6 

volume of aeration tank, million gal. 

average daily flow, mgd. 

detention time, hr. 

Calculate oxygen requirenents. 

d0 a' $1 
-=- 
dt t 

or 

O2 - a’ $1 (Q,,) (8.34) 

where 

dO/dt = 

a' = 

t* 

oxygen uptake rate, mg/l/hr. 

fraction of BOD otidized for energy. 

BOD renoved (So - Se), mg(1. 

detention time, hr. 
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*2 = oxygen uptake rate, lb/day. - 

Q avg 
= average flow rate, mgd. 

2.1.15.3.5 Check the oxygen supplied against pounds of BOD re 
moved (O.S-0.7). 

where 

lb 02/lb BODr = 
*2 

Q(SrHg.34) 

O2 = oxygen required, lb/day. 

Q - flow, mgd. 

Sr = BOD removed, mg/l. 

2.1.15.3.6 Design Aeration System. 

2.1.15.3.6.1 Assume-the following design parameters. 

2.1.15.3.6.1.1 Standard transfer efficiency,..percent, fran manu- 
facturer (5-8 percent). 

2.1.15.3.6.1.2 O2 transfer in waste/02 transfer in water = 0.9. 

2.1.15.3.6.1.3 O2 saturation in waste/02 saturation in water & 
0.9; 

2.1.15.3.6.1.4 Correction factor for pressure w1.0. 

2.1.15.3.6.2 Select summer operating tenperature (2%3O'C) and 
determine (fran standard tables) O2 saturation. 

2.1.15.3.6.3 Adjust standard transfer efficiency to operating 
conditions.. 

OTE = STB 
(Cs)Tc/3~ (P) - CL 

9.17 
oc (l.02)T-20 

where 

OTE - operating transfer efficiency, percent. 

STE - standard transfer efficiency, percent. 

(Cs) = o* saturation at selected summer temperature T, 
T 

OC, mg/l. 
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/B =O 
0?9. 

saturation in waste/02 saturation in water * 
. 

P = correction factor for pressure s1.0. 

CL = minimum dissolved oxygen to be maintained in the 
basin 2.0 mdl. 

oc= 0 2 transfer in waste/02 transfer in water -0.9. 

T= temperature, OC. 

2.1.15.3.6.4 Calculate required air flow. 

Blowers are treated as a separate unit process since.several 
unit processes in a single plant may require air fran the 
blowers. The air requirements fran all unit processes in a 
treatment train which require air are sunmed and the total air 
requirement is used to size the blower facility. The unit process 
design for the blower facility is found in subsection 2.3. 

0,(105>(7.48) 
Ra * L 

lb O2 
(OTE) 0.0176 - 

ft3air 
1440% V 

where 

Ra = required air flow, cfm/lOOO ft3. 

O2 - oxygen required, lb/day. 

OTE = operating transfer efficiency, percent. 

V - volume of basin, gal. 

2.1.15.3.7 . Calculate sludge production. 

“5 a laSrQavg + fQ(VSS) + Q(SS - VSS] 3.34 

where 

A % = sludge produced, lb/day. 

a - fraction of BOD removed synthesized to cell 
material. 

'r = BOD removed, mg/l. 

Q am 
= average flow, mgd. 
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f = nonbiodegradable fraction of VSS in influent. 

Q= flow, mgd. 

VSS - volatile suspended solids, mg/l. 

SS - suspended solids in influent, mg/l. 

2.1.15.3.8 Check A XV against 0.65-0.85 lb solids/lb BODr. 

lb solids 
A xv 

(Ib = sr(Q)(8.34) 

where 

A \ = sludge produced, lb/day. 

Sr = BOD ranoved, mg/l. . 

Q - flow, mgd. 

2.1.15.3.9 Calculate sludge recycle ratio. 

where 

Qr 'a -=- 
Q Xu - X, 

Q, = volume of recycled sludge, mgd. 

Q = flow, mgd. 

. 

Xu = suspended solids concentration in returned sludge, 
q//L. 

2.1.15.3.10- Calculate solids retention time. 

where 

V(Xa)8.34 
SRT - nX (Z volatile) 

a 

SRT = solids retention time, days. 

V - volume of basin, million gal. 

'a - ass. 

aXa - sludge produced, lb/day. 
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2.1.15.3.11 Effluent Characteris tics. 

2.1.15.3.11.1 B0D5. 

BODE - Se + 0.84 (Xv) eff" 

where 

BODE = effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

(%),, = effluent volatile suspended solids, mg/l. 

f' - degradable fraction of MLVSS. 

2.1.15.3.11.2 COD. 

where 

CODE = (1.5) (BODE) 

CODSE = (L5) (Se) 

CODE = effluent COD concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 -concentration, mg/ 1. 

Se = effluent soluble BOD5 concentration, mdl. 

2.1.15.3.11.3 Nitrogen. 

TKNE* (0.7) TKN 

NH3E = TKNE 

where 

TKNE = effluent total Kjeldahl nitrogen concentration, 
mdl. 

TKN = influent total Kjeldahl nitrogen concentration, 
mgll. 

NH3E = effluent mania nitrogen concentration, mg/l. 

2.1.15.3.11.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 
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P04E = effluent phosphorus concentration, tug/l. 

PO4 = influent phosphorus concentration, rag/l. 

2.1.15.3.11.5 Oil and Grease. 

OAGE = 0.0 

where 

OAL;E - effluent oil and grease concentration, mg/l. 

2.1.15.3.11.6 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 = settleable solids, 1~41. 

2.1.15.3.12 Determine nutrient requirenents for nitrogen. 

N = 0.123aXV 

and phosphorus 

P - 0.026 % 

where 

0 XV = sludge produced, lb/day. 

and check against BOD:N:P - 1OO:S:l. 

2.1.15.4 

2.1.15.4.1 ' 

2.1.15.4.1.1 

2.1.15.4.1.2 

2.1.15.4.1.3 

2.1.15.4.1.4 

2.1.15.4.1.5 

2.1.15.4.1.6 

2,1.15.4.I..7 

2.1.15.4.1.8 

2.1.15.4.1.9 
2.1.15.4.1.10 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/mdhr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD ranoved. 

Influent nonbiodegradable VSS, mg/l. 

Effluent degradable VSS, mg/l. 

lb BOD/lb MISS-day (F/M ratio). 

Mixed Liquor SS, mg/l (US). 

Mixed liquor VSS, m$l (MLVSS). 
Aeration time, hr. 

2.1-151 



2.1.15.4.1.11 

2.1.15.4.1.12 

2.1.15.4.1.13 

2.1.15.4.1.14 

2.1.15.4.1.15 

2.1.15.4.1.16 

2.1.15.4.1.17 

2.1.15.4.1.18 

2.1.15.4.2 

2.1.15.4.2.1 

2.1.15.4.2.2 

2.1.15.4.2.3 

2.1.15.5 Quantities-Calculations. 

2.1.15.5.1 Design values for activated sludge systan. 

lo6 vd=v- 7.48 

CF?fd - (CM) (V) (133.7) 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Phosphorus requirement, lb/day. 

Sludge recycle ratio, percent. 

Solids retentioa the, days. 

Volumetric loading, lb BOD/lOOO ft3. 

Aeration System. 

Standard transfer efficiency, percent. 

Operating transfer efficiency, percent. 

Required air flow, cfm/lOOO ft3. 

where 

V = volume of aeration tanks, million gallons. 

2.1.15.5.2 Selection of nunbers of aeration tanks. The 
following rule will be utilized in the selection of nunbers of 
aeration tanks. 

Number of 
Q Aeration Tanks 

avg 
(mgd) NT 

0.5 - 2 2 
2-4 3 
4- 10 4 

10 - 20 6 
20 - 30 8 
30 - 40 10 
40 - 50 12 
50. 70 14 
70 - 100 16 
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When Q 
tanks %!l 

is larger than 100 mgd, several batteries of aeration 
be used. See next section for details. 

2.1.15.5.3 Selection of number -of tanks and nmber of bat- 
teries of tanks when Q is Larger than 100 mgd. It is general. . 
practice in designing fx&er sewage treatment plants that several 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic lknitations. To simplify the modeling process, the 
following rules will be used: 

2.1.15.5.3.1 
when Qm3- 

C 100 mgd, only one battery of aeration 
tanks will be used. 

NB=l 

where 

NB = nunber of batteries of units. 

2.1.15.5.3.2 When 100 C Q 5 200 mgd, the systezl will be 
designed as two identical b%teries of aeration basins. Each 
battery would handle half of the wastewater. The nmber of 
aeration tanks in each battery would be selected according to the 
rules established in subsection 2.1.15.5.2 by using half the 
design flow as Q 

avg' Thus 

2.1.15.5.3.3 When Q > 200 mgd, the design will be performed 
to use three batterie?gf aeration basins, each handling onethird 
of the wastewater. Thus 

NB=3 

2.1.15.5.4 Nanber of diffusers. The oxygen transfer rates 
used in the ‘first-order design dictate the use of coarse bubble 
diffusers. These diffusers have an air flow fran LO-15 scfm; for 
design purposes an average of 12 scfm will be used. 

cMd 
mt = 12 (NT) (NB) 

NDt must be an integer. 

where 

ND, - nunber of diffusers per tank. 
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2.1.15.5.5 Nmber of swing arm diffuser headers. For ease of 
maintenance swing arm headers are usually used. The number of 
diffusers per header is dictated by the nmber of connections 
provided on each header by the manufacturer. This varies with 
aanufacturer and header size fran 8 to 30. For our purposes au 
average of 20 diffusers per header w-ill be assumed.. 

NSA, must be an integer. 

where 

NSA, = umber of swing arm headers per tank. ' 

2.1.15.5.6 Design of aeration tanks. 

2.1.15.5.6.1 Volume of each tank would be 

VN- 'd 
7?iB) 

where 

VN = volme of single aeration tank, cu ft. 

2.1.15.5.6.2 Depth and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft and 30 ft, 
respectively. 

2.1.15.5.6.3 Length of aeratioa tanks. 

If L is greater than 400 ft, then recalculate VN using NT = NT + 
1, then recalculate L. 

2.1.15.5.7 Aeration tank arrangenents. 

2.1.15.5.7.1 Figure 2.1-22 shows the schenatic diagram of the 
arranganents. A pipe gallery will be provided when the umber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systems and 
control equipment. 

Q 
PGW = 20 + (0.4) (+p) 

where 
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PGW = pipe gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

NB - nunber of batteries. 

2.1.15.5.8 Earthwork required for construction.' It is assumed 
that the tank bottan will be 4 feet below ground level. The 
earthwork required can be estimated by the following equations: 

2.1.15.5.8.1 When IIT is less than 4, the earthwork required 
would be: 

V p 6 w  [(?JT(31.5) A 
+ 15,5) (L + 17) + (NT(31.5) + 23.5) (L + WI 

ew 2 

w-here 

V ew = volume of earthwork required, cu ft. 

NT - nunber of tanks per battery. 

L = length of aeration tanks, ft. 

2.1.15.5.8.2 When NT is greater than or equal to 4, the earthwork 
required would be: 

V ew 
p 6 m [(15.75(NT)+15.5) (2L+PGW+20) + (15.75(NT)+2.5) (2L+PGWt2S)] 

2 

2.1.15.5.9 Reinforced concrete slab quantity. It is assumed 
that a l'-6" thick slab will be utilized regardless of the size of 
the system. The volume of reinforced concrete slab will be the 
sane for both plug and ccmplete mix flow. 

2.1.15.5.9.1 For I?T less than 4: 

V cs - 1.5 NE [(NT(31.5) + 15.5) (L + 1711 

where 

V = R.C. cs slab quantity required, cu ft. 

2.1.15.5.9.2 For NT greater than or equal to 4: 

V cs = 1.5 NE [(15.75(NT) + 15.5) (2L + PGW+ ZOO)] 

2.1.15.5.10 Reinforced concrete wall quantities. 

2.1.15.5.10.1 In using the plug flow system, influent to the 
aeration basin will be piped to one end of the tank and discharged 
at the other end. Thus it doeS not require such an elaborate wall 
construction. Two typical wall sections are required, as shown in 
Figure 2.1-23. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 
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2.1.15.5.10.2 When NT * 2: 

Q cw - w (1.25 DW+ 11) + (6 W+ 9) (1.25 DW+ 3.75) 

2.1.15.5.10.3 When NT = 3: 

Q 
cw = (1.25 DW+ 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W 4 6) 

2.1.15.5.10.4 When NT 2 4: 

Q = cw 3 (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (L + 3) + 

2 om WH l (1.25 DW+ 3.75) l ( N B )  

where 

,QCW 
= R.C. wall quantity required, cu ft. 

L = length of aeration tanks, ft. 

2.1.15.5.11 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater treafznent plants. Waterway walls and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be estimated as follows: 

2.1.15.5.11.1 If NT is less than 4: 

LHR * KUNT) CL) + 2(L) + 61.5(NT) + 1.51 NB 

2.1.15.5.11.2 If NT is greater than or equal to 4: 

LER * LWW CL) + (4L) + 36,5(NT) + 2 PCW+ 131 X-B 

where 

LHR = handrail length, ft. 

2.1.15.5.12 Calculate operation manpower requirenents. 

2.1.15.5.12.1 If CFMd is less than or equal to 3000 scfm, the 
operation manpower can be calculated by: 

OMH = 62.36 (CFMd)o*3972 

where 

OMH = operation manpower required, XH/yr. 

2.1.15.5.12.2 If CM is greater than 3000 scfm, the operation 
manpower can be calcu ated 9 by: 
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. 

OMH = 26.56 (CFMd)o*5038 

2.1.15.5.13 Calculate maintenance manpower requiranents. 

2.1.15.5.13.1 If CPM is less than or equal to 3000 scfm, the main- 
tenance manpower can ii! e calculated by: 

MMH - 22.82 (CFMd)"*437g 

2.1.15.5.13.2 If CFMd 3000 scfm, the maintenance manpower can be 
calculated by: 

MM3 - 6.05 (CFMd)o*6037 

where 

XMH = maintenance manpower required, JS-I/yr. 

2.1.15.5.14 Energy requi-rment for operation. The electrical energy 
required for operation is related to the air requirement by the fol- 
lowing equation: 

KWH = (cFb$) (241.6) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

2.1.15.5.15 Operation and maintenance material and supply costs. 
Operation and maintenance material supply costs include itens such as 
Lubricant, paint, replacenent parts, etc. These costs are estimated as 
a percent of the total bare construction costs. 

OMMP = 3.57 (Q ) -0.2602 
avg 

where 

OMMP = operation and maintenance material costs as percent 
of total bare construction cost, percent. 
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2.1.15.5.16 Other construction cost items. The majdtity of the costs 
of the diffused aeration activated sludge process have been accounted 
for. Other cost itens, such as liquid piping sys ten, control equipment, 
painting , site cleaning and preparation, etc., can be estimated as a 
percent of the total bare construction cost. This value depends greatly 
on site conditions and cunplexity of the process. For a generalized 
model, an average value of 10 percent will be used. 

CF 
1 

* - = 1.11 0.90 

where 

CF - correction factor to account for the minor cost itans. 

2.1.15.6 Quantities Calculation Output Data. 

2.1.15.6.1 

2.1.15.6.2 

2.1.15.6.3 

2.1.15.6.4 

2.1.15.6.5 

2.1.15.6.6 

2.1.15.6.7 

2.1.15.6.8 

2.1.15.6.9 

2.1.15.6.10 

2.1.15.6.11 

2.1.15.6.12 

2.1.15.6.13 

Number of aeration tanks, NT. 

Number of diffusers per tank, ND,. 

Number of process batteries, NB. 

Number of swing arm headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 

Quantity of R.C. slab required, Vcs, cu ft. 

Quantity of R.C. wall required, V cw’ cu ft. 

Quantity of handrail, LRR, f t . 

Operation manpower requirement, OMEI, MH/ yr. 

Maintenance manpower requirement, MMH, XI/ yr. 

Electrical energy for operation, KWH, kwhr/yr. 
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2.1.15.6.14 Operation and maintenance material and supply cost as 
percent of total bare construction cost, OMMP, percent. 

2.1.15.6.15 

2.1.15.7 

2.1.15.7.1 

2.L15.7.2 

2.1.15.7.3 

2.1.15.7.4 

2.1.15.7.5 

2.1.15.7.6 

2.1.15.7.7 

2.1.15.7.8 
CEPCIP. 

2.1.15.7.9 

2.1.15.7.10 

2.1.15.8 

2.1.15.8.1 

Correction factor for minor construction costs, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab in-place, UPICS, $/cu yd. 

Unit price input for handrails in-place, UPIHR, $/ft. 

Cost per diffuser, COSTPD, $, (optional). 

Cost per swing arm header, COSTPH, $, (optional). 

Current Marshall and Swift Equipment Cost Index, YSECI. 

Current CE Plant Cost Index for pipe, valves, etc.,. 

Equipment installation labor rate, LABRI, $/MH. 

Unit price input for crane rental, UPICR, $/hr. 

Cost Calculations. 

Cost of earthwork. 

COSTE = 'ew UPIEX 
27 

where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.15.8.2 Cost of R.C. wall in-place. 
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where 

COSTCW - 'cv UPICW 
27 

COSTW = cost of R.C. wall in-place, $. 

v cw = quantity of R.C. wall, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu 
Yd. 

2.1.15.8.3 Cost of R.C. slab in-place. 

cosTcs - L UPICS 
27 

where 

cosTcs - cost of R.C. slab i-place, $. 

V cs - volme of concrete slab, cu yd. 

UPICS = unit price R.C. slab in-place, $/cu yd. 

2.1.15.8.4 Cost of handrails in-place. 

COSTHR - LHR x UPIHR 

where 

COSTHR = cost of handrails in-place, $. 

LKR = length of handrails, ft. 

UPIHR - unit price input for handrails iwplace. $/ft. 

2.1.15.8.5 Cost of diffusers. 

2.1.15.8.5.1 The oxygen transfer values given indicate the use 
of coarse bubble diffusers. The cost of a coarse bubble diffuser 
with a capacity of 12 scfm for the first quarter of 1977 is 

COSTPD - $6.50 

For a better estimate COSTPD should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPD - 6.50 smf$ 
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where 

COSTPD = cost per diffuser, $. 

MSECI = current Xarshall and Swift Equipmellt Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first quarter 
1977. 

2.1,15,8.5.2 Calculate COSTD. 

COSTD - COSTPD x ND, x XI' x NB 

where 

COSTD = cost of diffusers for system, $. 

T = nunber of diffusers per tank. 

NT - nunber of tanks. 

2.1.15.8.6 Cost ok swing arm diffuser headers. 

2.1.15.8.6.1 Swing am diffuser headers cane in several sizes. 
The cost used is for a header which will handle 550 scfm and up to 
37 diffusers. The cost of-this header for the first quarter of 
1977 is 

COSTPH - $5,000 

For a better esttiate COSTPH should be obtained fran an equipinent 
vendor and treated as a unit price input. Otherwise, for future 

escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

MSECI 
COSTPH - $5,000 491.6 

where 

COSTPH = cost per swing arm header, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first quarter 
of 1977. 

2.1.15.8.6.2 Calculate COSTH. 

COSTH = COSTPH x NSA, x NT x NB 
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where 

COSTH = cost of swing arm headers for system, $. 

NSAt = number of swing ana headers per tank. 

NT - nunber of tanks. 

NB = nunber of batteries. 

2.1.15.8.7 Equipment installation man-hour requirement. The 
labor requirenent for field installation of the swing am headers, 
including mounting the diffusers, is approximately 25 man-hours 
per header. 

IMH - 25 NSAt x NT x NB 

where 

IMH - installation man-hour requirement, MH. 

2.1.15.8.8 Crane requiranent for installation. 

. CH = (.l) um 

where 

CH = crane t&ne requirenent for installation, hr. 

2.1.15.8.9 Cost of air piping. The air piping for the dif- 
fused aeration system is very complex and includes many valves and 
fittings of different sizes. This causes cost estimation by 
material take-off to be very difficult for a wide range of flow. 
In this case we feel the use of parametric costing is justified as 
the overall accuracy of the estimate will not be affected to a 
great extent. 

2.1.15.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost 
of air piping can be calculated by: 

COSTAP m 617.2 (cad)o*2553 x CEPCZP 
241.0 

where 

COSTAP = cost of air piping, $. 

cmd - design capacity of blowers, scfm. 

CEPCXP = current CE Plant Cost Index for pipe, valves, etc. 
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241.0 = CE Plant Cost Index for pipe, valves, etc., for first 
quarter of 1977. 

2.1.15.8.9.2 If CM is between 1000 scfm and 10,000 SC&U, the 
cost of air piping cai be calculated by: 

COSTAP - 1.43 (CMd) 1.1337 CEPCIP 
xTzziT 

2.1.15.8.9.3 If CFKd is greater than 10,000 scfm, the cost of 
air piping can be calculated by: 

COSTAP = 28.59 (CFMd) ‘- 8085 X CEPCIP mix 

2.1.15.8.10 Other costs associated with the installed equipment. 
This category includes the cost for weir installation, painting, 
inspection, etc., and can be added as a percentage of the purchased 
equipment cost: 

PMINC - 10% 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.15.8.11 Installed equipment costs. 

IEC - (coSTD+ COSTH) (l+.W-) + (IMR) (LABRI) + (CE) (UPICR) 

where 

IEC = installed equipment cost, $. 

LABRI - labor rate, $/MH. 

UPICR = crane rental rate, $/hr. 

2.1.15.8.12 Total bare construction cost. 

TBCC = (COSTE + COSTCV + COSTCS + IEC + COSTHR + COSTAP) CF 

where 

TBCC - total bare construction cost, $. 

CF = correction factor for minor cost itens. 

2.1.15.8.13 Operation and maintenance material costs. 

OMMP OMCC = TBCC - 100 
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where 

OMHC = operation and maintenance material supply costs , 
Wyr. I 

OMMP - operation and maintenance material supply costs, 
as percent of total bare cons’truction cost, percent. 

2.1.15.9 Cost Calculations Output Data. 

2.1.15.9.1 Total bare construction cost of diffused aeration 
activated sludge systan, TBCC, dollars. 

2.1.15.9.2 Operation and maintenance material an4 supply 
costs, OMMC, dollars. 
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2.1.16 HIGH BATE ACTIVATED SLUDGE (MECHANICAL AERATION). 

2.1.16.1 Input Data. 

2.1.16.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be provided. ' 

2.1.16.1.2 

2.1.16.1.2.1 

2.1.16.1.2.2 

2.1.16.1.2.3 

2.1.~6.1.2.4 

2.1.16.1.2.5 

2.1.16.1.3 

2.1.16.1.3.1 

2.1.16.1.3.2 

2.1.16.1.3.3 

_ 2.1.16.1.3.4 

2.1.16.1.3.5 

2.1.16.1.3.6 

2.1.16.1.3.7 
UlgL 

2.1.16.1.3.8 

2.1.16.1.4 

2.1.16.1.4.1 

2.1.16.1.4.2 

2.1.16.1.4.3 

2.1.16.1.4.4 

2.1.16.1.4.5 

Wastewater Strength. 

BODS (soluble and total), mg/l. 

COD and/or TOC (maximm and mindmum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. _ 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/l. 

Phosphorus -(total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

TOXIC or special characteristics (e.g., phenols), 

Temperature, OF or 'C. 

Effluent Quality Requirements. 

BOD5, mg/l. 

SS, mg/l. 

TKN,mg/l. 

P, mg/l. 

Total nitrogen (TKN + NO3 - N), zag/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.16.1.4.6 Settleable solids, tag/l. 

2.1.16.2 Desiq Paraneters. 

2.1.16.2.1 Reaction rate constants and coefficients. 

2.1.16.2.2 

2.1.16.2.3 

2.1.16.2.4 

2.1.16.2.5 

2.1.16.2.6 

2.1.16.2.7 

2.1.16.2.8 

2.1.16.2.9 lb 02/lb BOD, - (0.5-0.75). 

2.1.16.2.10 lb solids/lb BODr = (0.6E0.85). 

2.1.16.2.11 Efficiency - (N-60 percent). 

Eckenfelder 
k 
a 

b" 
t 

b’ 
f 
f' 

0.0007-0.002 l/mg/hr. 
0.73 
0.52 

O.O75/day 
0.15/dap 

0.40 
0.53 

F/M - (U-5.0). 

Volunetric loading = 1001250. 

t= (1.5-3.0) hr. 

t - (0.2-0.5) days. 
s . 

MLSS = (200-1000) mgll. 

MLVSS = (140-700) mg/l. 

Q#Q = (0.05-0.15). 

2.1.16.3 Process Design Calculations. 

2.1.16.3.1 Assume the following design parmeters when un- 
known. 

2.1.16.3.1.1 Fraction of BOD synthesized (a). 

2.1.16.3.1.2 Fraction of BOD oxidized for energy (a'). 

2.1.16.3.1.3 Endogenous respiration rate (b and b'). 

2.1.16.3.1.4 Mixed liquor suspended solids (MISS). 

2.1.16.3.1.5 Mixed liquor volatile suspended solids (XLVSS). 

2.1.16.3.1.6 Food-tc+microorganism ratio (F/M). 
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2.1.16.3.1.7 Temperature correction coefficient (8). 

2.1.16.3.1.8 Xonbiodegradable fraction of VSS in influent (f). 

2.1.16.3.1.9 DegradabLe fraction of the MLVSS (f'). 

2.1.16.3.2 Determine the size of the aeration tank by first 
detexmining the detention the. - 

24s 

T&i 

t = detention time, hr. 

so = influent BOD, mg/l. 

\ - MLVSS, mg/l. 

F/M = food-to-microorganism ratio. 

2.1.16.3.3 Calculate the volume of aeration tank. 

where 

V=Q t 
avg 24 

V - volume of aeraiion tank, million gal. 

Q avg 
= average daily flow, mgd. 

t = detention time, hr. 

2.1.16.3.4 Calculate oxygen requirements. 

d0 a'(Sr) 
-=- 
dt t 

O2 = a'(Sr)(Qavg)(**34) 

dO/dt - oxygen uptake rate, mg/ l/hr. 

a' = fraction of BOD oxidized for energy. 

Sr = BOD renoved (So - Se), mdl. 
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. 

t = detention time, hr. 

*2 = oxygen uptake rate, lb/day. 

Q w3 
= average flow rate, mgd. 

2.1.16.3.5 Check the oxygen supplied against pounds of BOD re 
moved (0.5-0.7). 

0, 
lb ‘2’lb BoDr = Q(S );a 34) r l 

where 

*2 - oxygen required, lb/ day. 

Q - flow, mgd. 

Sr = BOD renoved, mg/l. 

2.1.16.3.6 Design Aeration Spsten. 

2.1.16.3.6.1 Assume'the following design paraneters and design 
aeration system and check horsepower supply for mixing against 
horsepower required for canplete mixing 2 0.1 hp/lOOO gal. 

2.1.16.3.6.1.1 Standard transfer efficiency, lb/hp-hr (0 dissolved 
oxygen, 20°C, and tap water) (3-5 lb/hphr). 

2.1.16.3.6.1.2 O2 transfer in waste/O2 transfer in water -0.9. 

2.1.16.3.6.1.3 O2 
0.9. 

saturation in waste/O2 saturation in water = 

2.1.16.3.6.1.4 Correction factor for pressure ~~1.0. 

2.1.16.3.6.2 Select summer operating tenperature (2>30°C) and 
determine (fran standard tables) O2 saturation. 

2.1.16.3.6.3 Adjust standard transfer efficiency to operating 
conditions. 

OTE = STE &)T(/B > (P> - CL1 ~ ~1e02~T-2* 
9.17 

where 

OTE = operating transfer efficiency, lb 02hphr. 

STE = standard transfer efficiency, lb 02/hp-hr. 
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0, saturation at selected summer 'temperature 
T: Oc, mgll. 

0, saturation in waste/02 saturation in water 
&%s 0.9. 

correction factor for pressure s1.0. 

minimum dissolved oxygen to be maintained in the 
basin 2.0 IllgIl. 

O2 transfer in waste/O2 transfer in water. 

temperature, Oc. 

2.1.16.3.6.4 Calculate horsepower requirenent. 

hP - 
O2 

lb 0, 
x 1000 

OTE hphr (24) co 

where 

hp = horsepower required/1000 gal. 

O2 - oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V - volume of basin, gal. 

2.1.16.3.7 CaLculate sludge production. 

. *\ = bSrQavg + fQ(VSS) + Q(SS - VSS)] 8.34 

where 

A % - sludge produced, lb/day. 

a - fraction of BOD removed synthesized to cell 
material. 

Sr - BOD removed, mg/l. 

Q =Jg 
- average flow, mgd. 
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f - nonbiodegradable fraction of VS.S in influent. 

Q - flow, mgd. 

vss - volatile suspended solids, tug/l. 

SS - suspended solids in influent, mg/l. 

2.1.16.3.8 Check P 5 against 0.65-0.85 lb solids/lb BOD,. 

where 

lb solids a xv 
-(Ib - Sr(Q) (8.34) 

a % - sludge produced, lb/day. 

Sr - BOD ranoved, mg/l. 

Q - flow, mgd. 

2.1.16.3.9 Calculate sludge recycle ratio. 

Qr 'a -w- 

where 
Q Xu - xa 

Q, = volume of recycled sludge, mgd. 

Q = flow, mgd. 

‘a =MLSS 

xU 
= suspended solids concentration in returned 

.sludge, mg/l. 

2.1.16.3.10 Calculate solids retention time. 

where 

8(X8)8.34 
SRT = aX (X volatile) 

a 

SRT - solids retention time, days. 

V = volume of basin, million gal. 

‘a = MLSS. 

aXa - sludge produced, lb/day. 
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2.1.16.3.11 Effluent Characteristics. 

2.1.16.3.11.1 BOD5. 

BODE = Se + 0.84 (Xv) efff' 

BODE = effluent BOD5 conc?ntration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/l. 

(XV)eff = effluent volatile suspended solids, mg/l. 

f' = degradable fraction of MLVSS. 

2.1.16.3.11.2 COD. 

CODE = (1.5) (BODE) 

CODSE = (1.5) (Se) 

where 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

Se = effluent soluble BOD 5 concentration, mg/l. 

2.1.16.3.11.3 Nitrogen. 

TKNE= (0.7) TKN 

NH3E - TKNE 

where 

TKXE = effluent total Kjeldahl nitrogen concentration, 
mg/l. 

TKY = influent total Kjeldahl nitrogen concentration, 
mgll. 

NH3E = effluent ammonia nitrogen coacentration, mg/l. 

2.1.16.3.11.4 Phosphorus. 

P04E = (0.7) (PO41 
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where 
P04E = effluent phosphorus concentration, mdl. 

PO4 = influent phosphorus concentration, mg/l. 

2.1.16.3.11.5 OF1 and Grease. 

OAGE = 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 

2.1.16.3.11.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 = settleable solids, mdl. 

2.1.16.3.12 Determine nutrient requirements for nitrogen. 
N - 0.123a SI 

and phosphorus 

P - 0.026 9 5 

where 

A 5 = sludge produced, lb/day. 
and check against BOD:N:P = 100:5:1. 

2.1.16.4 

2.1.16.4.1 

2.1.16.4.1.1 

2.1.16.4.1.2 

2.1.16.4.1.3 

2.1.16.4.1.4 

2.1.16.4.1.5 

2.1.16.4.1.6 

2.1.16.4.1.7 

2.1.16.4.1.8 

2.1.16.4.1.9 

2.1.16.4.1.10 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/mg/hr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD removed. 

Influent nonbiodegradable VSS, mg/l. 

Effluent degradable VSS, ms/l. 

lb BOD/lb MLSS-day (F/M ratio). 

Mixed liquor SS, mg/l (MISS). 

Mixed liquor VSS, mg/l (MLVSS). 

Aeration time, hr. 
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2.1.16.4.1.11 

2.1.16.4.1.12 

2.1.16.4.1.13 

2.1.16.4.1.14 

2.1.16.4.1.15 

2.1.16.4.1.16 

2.1.16.4.1.17 

2.1.16.4.1.18 

2.1.16.4.2 

2.1.16.4.2.1 

2.1.16.4.2.2 

2.l.i6.4.2.3 

2.1.16.5 

2.1.16.5.1 
be: 

Volume of aeration tank, million gal. 

Oxygen required, 1 b/day. 

Sludge produced, lb/day. 

Nitrogen requiraaent, lb/day.' . 

Phosphorus requiranent, lb/day. 

Sludge recycle ratio, percent. 

Solids retention time, days. 

Volumetric loading, lb BOD/lOOO ft3. . 

Aeration Systen. 

Standard transfer efficiency, lb 02/hp-hr. 

Operating transfer efficiency, lb 02/hphr. 

Horsepower required, hp. 

Quantities Calculations. 

The design-values for activated sludge systan would 

'd V . LO6 
7,48 

HPd - (hp) (W (133.7) 

where 

V =.volume of aeration basin million gallons. 

2.1.16.5.2 Selection of nunber of aeration tanks and mechanical 
aerators per tank. The following rule will be utilized in the 
selection of nunber of aeration tanks and mechanical aerators per 
tank. 
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Q avg 
Cud) 

Number of Number of Aerators 
Aeration Tanks- Per Tank 

NT XT 

0.5 - 2 2 1 
2- 4 3 1 
4- 10 4 1 

lo- 20 6 2 
20- 30 8 2 
.30 - 40 10 3 
40 - 50 12 3 
50 - 70 14 3 
70 - 100 16 4 

When Q 
tanks %'l 

is larger than 100 mgd, several batteries of aeration 
be used. See next section for details. 

2.1.16.5.3 Selection of nunber of tanks and number of bat- 
teries of tanks when Q is larger than 100 mgd. It is general 
practice in designing ?%g er sewage treatment plants that several 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic limitations. To simplify the modeling process, the 
following rules will be used: 

2.1.16.5.3.1 5 100 mgd, only one battery of aeration 
tanks will be used. 

NB-1 

where 

NB - number of batteries of units. 

2.1.16.5.3.2 When 100 C Q S 200 mgd, the systan will be 
designed as two identical bix?eries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of aeration 
tanks in each battery would be selected according to the rules 
established in subsection 2.1.16.5.2 by using half the design flow 
as Q avg’ Thus 

NB-2 

2.1.16.5.3.3 When Q > 200 mgd, the design will be perfocned 
to use three batterie?Qf aeration basins, each handling onethird 
of the wastewater. Thus 

NB=3 

2.1.16.5.4 Mechanical aeration equipment design. 
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2.1.16.5.4.1 Usually the slo+speed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treatment plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, . 
125 HP and 150 HP. 

2.1.16.5.4.2 Horsepower for each individual aerator: 

HPN = HPd 
(NB) (NT) WA) 

If HPN >150 HP and NT = 2 or 3, then repeat the calculation with 
NT=NT+ 1. 

If HPN >150 HP and NT 2 4, then repeat the calculation with NT = 
NT+ 2. 

where 

HPN - horsepower of each unit, horsepower, 

HPd = design capacity of aeration equipment, horsepower. ' 

NB - nunber of batteries. 

NT = nunber of aeration tanks per battery. 

NA = nunber of aerators per tank. 

2.1.16.5.4.3 Canpare HPN with the available off-theshelf sizes 
and select the smallest unit with capacity larger than HPN. The 
capacity of the selected unit would be designated as HPSN. Thus 
the total capacity of the aeration units would be 

HPT - (NS3) ' (NT) l (NA) l (HPSN) 

where 

HPT - total. capacity of selected aerators, horsepower. 

2.1.16.5.5 Design of aeration tanks. 

2.1.16.5.5.1 Volume of each individual tank would be 

where 

VN = volume of single aeration tank, cu ft. 
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2.1.16.5.5.2 Depth of aeration tanks. The depth of an aeration 
basin is controlled by the capacity of the aerators to be in- 
stalled inside. If the water depth is too'shallow, interference 
with the mixing current and oxygen transfer would occur. If the 
water depth is too deep, insufficient mixing would occur at the 
bottan of the tank and sludge accunulation would occur. Thus 
proper selection of liquid depth of an aeration basin is impor- 
tant. The relationship between the recamended basin depth and 
the capacity of the aerators cau be expressed as follows: 

When HPSN 5 100 BP 

DW - 4.816 (HPSN)002467 

When HPSN >lOO HP 

DW - 15 ft 

where 

IIW - water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 

2.1.16.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent ou the 
nunber of aerators to be installed in this tank, NA. 

If NA - 1. Square tank construction, L/W = 1 - 

If NA * 2. Rectangular tank coustruction, L/W - 2 

If NA - 3. Rectangular tank construction, L/W - 3 

If NA = 4. Rectangular tank construction, L/W - 4 

_ and 

L/W=NA 

where 

NA = nunber of aerators per tank. 

L - length of aeratioa tank, ft. 

W - width of aeration tank, ft. 

After the volme, depth and L/W ratio of the tank are detemined, 
the width of the tank can be calculated by: 
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The length of the aeration tank would be 

L= WA) (WI _ 

2.1.16.5.6 Aeration tank arrangements. 

2.1.16.5.6.1 Figure 2.1-24 shows the schematic diagram of the 
arranganents. Piping gallery will be provided when the amber of 
tanks is equal or larger than four. The purpose of piping gallery 
is to house various piping system and control equipment. 

2.1.16.5.6.2 Size of pipe gallery. The width of this gallery is 
dependent on the canplexity and capacity of the piping systan to 
be housed. An experience curve is provided to approximately 
estinate this width. It is expressed as: 

PGW - 20 + (0.3) (QaVQ * 
NB 

where 

PGW- piping gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

NB - nmber of batteries. 

2.1.16.5.7 Earthwork required for constructioa. It is assumed 
that tank bottan would be 4 feet below ground level. Thus the 

- earthwork required would be esttiated by the following equations: . 

2.1.16.5.7.1 When NT = 2, earthwork required would be: 

v ew = 3 [ (2 W + 18.5) (W + 17) + (2 w + 26.5) (W + 25)] 

where 

v ew -,quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.1.16.5.7.2 When NT = 3, earthwork required would be: 

v ew = 3 [(3 W+ 28) (W+ 25) + (3 W + 20) (W+ 17)] 

2.1.16.5.7.3 When NT Z 4, the width and length of the concrete 
slab for the whole aeration tank battery can be calculated by: 

Ls - 2 L + PGW + 16 

ws -$ (NT) (W) + 14.5 

where 
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Ls - length of the basin slab, ft. 

L = length of one aeration tank, ft. 

PGW = piping gallery width, ft. 

Ws = width of the basin slab, ft. 

NT - number of tanks per battery. 

Thus the earthwork can be estimated by: 

v ew -3’ 0-m [(Ls + 4) <ws + 4) + (Ls + 12) (ws + WI 

where 

v ew - volune of earthwork, cu ft. 

2.1.16.5.8 Reinforced concrete slab quantity. 

2.1.16.5.8.1 It is assumed that a 1’06” thick slab will be 
utilized in this program regardless of the size of the systen. 

2.1.16.5.8.2 For NT = 2, 

v cs = 1.5 (2 w + 14.5) (W + 13) 

where 

v 
CS 

- R.C. slab quantity, cu ft. 

2.1.16.5.8.3 NT = 3, 

v cs = 1.5 (3 W + 16) (w + 13) 

2.1.16.5.8.4 When NT 2 4, 

where 

v cs - 1.5 as) Ws) 

LS 
- length of slab, ft. 

Ws - width of slab, ft. 

2.1.16.5.9 Reinforced Concrete Wall Quantity. 
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2.1.16.5.9.1 in using the plug flow system, influent to the 
aeration basin will be piped to one end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wall 
construction. Two typical wall sections are required, as shown in 
Figure 2.1-25. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 

2.1.16.5.9.2 When NT = 2: 

v 
cw - W (1.25 DW+ 11) + (6 W + 9) (1.25 DW + 3.75) 

2.1.16.5.9.3 When NT = 3: 

v cw = (1.25 DW + 11) (3 W + 6) + (1.25 DW+ 3.75) (7 W + 6) 

2.1.16.5.9.4 When NT 2 4: 

v cw + (L + 3) (1.25 DW + 11) + t(0.5 N3 + 2) (L + 3) + 

2 (NT) (W> 1 ' (1.25 DW+ 3.75) ' (NB) 

2.1.16.5.10 Reinforced concrete required for piping gallery 
construction. The quantity of piping gallery slab has been 
estimated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.1.16.5.10.1 When NT < 4, 

V 
cg 

=O 

where 

V 
cg 

= quantity of R.C. for gallery construction, cu ft. 

2.1.16.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.5 
feet, then the quantity of reinforced concrete would be: 

v = (NB) l 0.5) (PGW) 1 W> (NT) 
cgc 

2 + 0.75 (NT) + 1.51 

where 

v 
cgc 

= volume of R.C. ceiling for piping gallery construction, 
cu ft. 

and for two end walls: 

v cw = 2 (PGW) (NB) (DW + 3) 

where 

v = 
cgw 

volume of R.C. walls for piping gallery construction, 
cu ft. 
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Thus total R.C. volume for piping gallery construction would be 

v =v + v =g =s cgw 
2.1.16.5.11 Reinforced concrete quantity for aerator supporting 
platform construction. 

2.1.16.5.11.1 Number of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.1.16.5.11.2 Figure 2.1-26 shows a typical supporting platform 
for the aeration equipment. The width of the platform would be a 
function of the capacity of the aerator to be supported. The 
following experienced formula is given to approximate this r* 
latlonshlp. 

X = 5 + 0.078 (HPSN) 

where 

X = width of the platform, ft. 

HPSN - horsepower of the mechanical aerator, HP. 

2.1.16.5.11.3 Volume of reinforced concrete for the construction 
of the platforms would be:. 

V - [X 2 
=P 

+ 5.6 (DW+ 2)] (NT) (NA) (NB) 

where 

V 
CP 

- volume of R.C. for the platform construction, cu ft. 

DW = water depth of the aeration basin, ft. 

2.1.16.5,11;4 Volume of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to the 
walkway-sidewalls for ease of operation and maintenance. By using 
a width of 4 feet and slab thickness of 1 foot, the quantity of 
reinforced concrete can be calculated by: 

V 
CWb 

= [2 (W- X>l (m) (NT) WA) 

where 

V 
CWb 

= quantity of concrete for pedestrian bridge construction, 
cu ft. 

2.1.16.5.12 Sunmary of reinforced concrete structures. 

2.1.16.5.12.1 Quantity of concrete slab. 
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v cst =v cs - . 
where 

v cst = total quantity of R.C. slab for the construction of 
aeration tanks, cu ft. 

2.1.16.5.12.2 Quantity of concrete wall. 

V 
CWt 

=V cw + v + v + V& 
=g CP 

where 

V 
CWt 

- quantity of R.C. wall for the construction of aeration 
tanks, cu ft. 

V 
cw - quantity of aeration tank R.C. walls, cu ft. 

V = quantity of R.C. for the construction of piping gallery, 
=g cu ft. 

V = quantity of R.C. for the construction of aerator- 
CP supporting.platfoms, cu ft. 

V 
CWb 

= quantity of R.C. for the construction of pedestrian 
bridges. 

2.1.16.5.13 Quantity of handrail for safety. Handrail is 
required for the safety protection of the operation personnel of 
wastewater treament plants. Waterway walls, aerator platforms 
and bridges, and the top of the piping gallery will require 
handrail. Quantity of handrail can be estimated thus: 

2.1.16.5.13.1 When NT = 2, 

where 

LHR - handrail length, ft. 

W= aeration tank width, ft. 

X = width of aerator-supporting platfom, ft. 

2.1.16.5.13.2 When NT = 3, 

LHR=6W+10+3'(3x+W-4) 

2.1.16.5.13.3 When NT 2 4, 
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If NT - 2 1s an even nunber, 

LHR= PGW + (NT) (W) + [L + 3 - 4 (NA)] (NT) + (NA) l (NT) 

l (3X + w - 4) l ow 

If NT ris an odd nunber, 

LHR = PGW + (NT) (W) + [L + 3 - 4 (NA)] (NT + 2) + 

(NA) (NT) (3X + w - 4) l ( N B )  

PGW = width of the piping gallery, ft. 

2.1.16.5.14 Operation and maintenance manpower requiranents. 
Patterson and Bunker's data will be utilized to project the 
operation and maintenance manpower requirements. The man-hour per 
year requiranent is presented as a function of the total horse- 
power of the aeration equipment. 

2.1.16.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA = (NB) (NT) (NA) (HPSN) 

TICA = total installed capacity of the 
horsepower. 

aeration equipment, 

HPSN = capacity of one individual aerator, horsepower. 

2.1.16.5.14.2 The operation manpower requirement can be estimated 
as follows:. 

When TICA < 200 hp 

OMH = 242.4 (TICA)0'3731 

When TICA 1200 hp 

OMH * 100 (TICA)0*5425 

OMH = operational man-hour requirement, maphour/yr. 

2.1.16.5.14.3 The maintenance manpower requirement can be es- 
timated as follows: 
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When TICA 100 hp 

MMH= 106.3 (TICA)0.4031 

where 

When TICA 100 hp 

HMH = 42.6 (TICA) 0.5956 

MMH = maintenance manpower requirement, man-hour/yr. 

2.1.16.5.15 Energy requirenent for operation. By assuming that all 
the aerators will be operated 90 percent of the time year-round, the 
electrical energy consumption would be: 

KWH = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

KkH - electrical energy required for operation, kwhr/yr. 

0.85 - conversion factor fran hphr to kwhr. 

2.1.16.5.16 Material and supply costs for operation and maintenance. 
Material and supply costs for operation and maintenance include such 
itens as lubrication oil, paint, and repair material, etc. These costs 
are estimated as a percent of installed costs for the aeration equipment 
and are expressed as follows: 

OMMP = 4.225 - 0.975 log (TICA) , 

where 

OEMP = percent of the installed equipment cost as ObMmaterial 
costs, percent. 

TICA = total installed capacity of aeration equipment, horsepower. 
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2.1.16.5.17 Other construction cost itans. Using the above cal- 
culation, the majority of cost items of the activated sludge process 
have been accounted for. Other cost itens, such as piping systan, 
control equipment, painting, site cleaning and preparation, etc., can be 
estimated as a percent of the total bare construction cost. This 
percentage value has been shown to vary fran 4 to 15 percent of the 
total construction cost of the aeration tank systen. The value depends 
greatly on site conditions and canplexity of the process. For a ge- 
neralized model, an average value of 10 percent would be adequate. 
Thus, 

where 
CF * 0 9'0 1.11 . 

CF = correction factor to account for the minor cost items. 

2.1.16.6 Quantities Calculations Output Data. 

2.1.16.6.1 Number‘of aeration tanks, NT. 

2.1.16.6.2 Number of aerators per tank, NA. 

2.1.16.6.3 Number of process batteries, NB. 

2.1.16.6.4 Capacity of each individual aerator, HPSN, hp. 

2.1.16.6.5 Depth of aeration tanks, DW, ft. 

2.1.16.6.6 Length of aeration tanks, L, ft. 

2.1.16.6.7 Width of aeration tanks, W, ft. 

2.1.16.6.3 Width cf pipe gallery, PGW, ft. 

2.1.16.6.9 Earthwork required for construction, V,,, cu ft. 

2.1.16.6.10 Total quantity of R.C. slab, VcSt, cu ft. 

2.1.16.6.11 Total quantity of R.C. wall, Vent, cu ft. 

2.1.16.6.12 Quantity of handrail, LHR, ft. 

2.1.16.6.13 Operationmanpower requiranent, OMH, ?IH/yr. 

2.1.16.6.14 Xaintenance manpower requirement, MMH, MH/yr. 
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2.1.16.6.15 

2.1.16.6.16 
percent. 

2.1.16.6.17 

2.1.16.7 

2.1.16.7.1 

2.1.16.7.2 

2.1.16.7.3 

2.1.16.7.4 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for O&Mmaterial and supply cost, OMMP, 

Correction factor for minor capital cost itans, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall in-place, UPICW, $/cu yd. 

Cost of R.C. slab in-place, UPICS, $/cu yd. 

Standard size low speed surface aerator cost (20 hp), 
SSXSA, $, optional. 

2.1.16.7.5 Marshall & Swift Equipment Cost Index, MSECI. 

2.1.16.7.6 Equipment installation labor rate, $/MH. 

2.1.16.7.7 Crane rental rate, UPICR, $/hr. 

2.1.16.7.8 Unit price of handrail, UPXHR, $/L.F. 

2.1.16.8 Cost Calculations. 

2.1.16.8.1 Cost of earthwork, COSTE. 
v 

COSTE -e . UPZEX 

where 

COSTE - cost of earthwork, $. 

V ew - quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.16.8.2 Cost of concrete wall in-place, COSTCW. 

V 
cosTcw = + . UPICW 

where 

COSTCW = cost of concrete wall in place, $. 
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V 
Cwt 

= quantity of R.C. wall, cu yd. 

UPICW = unit price input of concrete wall in-place, $/ 
cu yd. 

2.1.16.8.3 Cost of concrete slab in-place, COSTCS. 

V cst . cosTcs - 27 UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

' V cst - quantity of concrete slab, $/cu yd. 

UPICS - unit price input of R.C. slab in-place, $/cu yd. 

2.1.16.8.4 Cost of installed aeration equipment. 

2.1.16.8.4.1 Purchase cost of slow speed pier-mounted surface ae 
rators. The purchase.cost of aerators can be obtained by using the 
following equation: 

CSXSA = SSXSA l RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RSXSA = ratio of cost of aerators with capacity of HPSN hp to 
that of the standard size aerator. 

2.1.16.8.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA - 0.2148 (HPSN)"*513 

where 

HPSN = capacity of each individual aerator, hp. 

2.1.16.8.4.3 Cost of standard size aerator. The cost of pier-mounted 
slow speed surface aerator for the first quarter of 1977 is 

SSXSA = $16,300 
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For a better estimate, SSXSA should be obta-ined frun equipment vendor 
and treated as a unit price input. Otherwise, for future escalation, 
the equipment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

SSXSA - 16,300 l m . 

where 

MSECI = current Marshall and Swift Equipment Cost Index fran 
input. 

491.6 - Marshall and Swift Cost Index, first quarter 1977. 

2.1.16.8.4.4 Equipment installation man-hour requiraaent. The man- 
hour requiranent for field installation of fixed-mounted surface aerator 
canbe estkaated as: 

When HPSN L 60 hp 

IMH - 39 + 0.55 (HPSN) 

When HPSN > 60 hp 

IMH = 61.3 + 0.18 (HPSN) 

where 

IMH- installation man-hour requiranent, maphour. 

2.1.16.8.4.5 Crane requirement for installation. 

CR - (0.1) l IMH 

where 

CH = crane time requirgnent for installation, hr. 

2.1.16.8.4.6 Other costs associated with the installed equipment. 
This category includes the costs for electric wiring and setting, painting, 
inspection, etc., and can be added as a percentage of purchase equipment 
cast: 

PMINC - 23% 

where 

PMINC - percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.16.8.4.7 Installed equipment cost, IEC. 
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IEC = [CSXSA (1 + w) + IMH ' LABRI + CH l UPICR] 

where 

l (NB) l (NT) l (NA) 

IEC = installed equipment cost, dollars. 

LABRI = labor rate, dolfars/mawhour. 

UPICR - crane rental rate, dollarslhr. 

2.1.16.8.5 Cost of handrail. The cost of installed handrail systa 
can be estimated as: 

COSTHR - LHR x UPIHR 

LHR - handrail quantity, ft. 

UPIHR = unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.1.16.8.6 Other cost itans. This category includes cost of process 
piping system, control instrunents, site work, etc. Costs can be 
adjusted by multiplying the correction factor CF to the sum of other 
costs. 

2.1.16.8.7 Total bare construction costs, TBCC, dollars. 

TBCC - (COSTE + COSTCW+ COSTCS + IEC + COSTHR) l CF 

TBCC - total bare construction costs, dollars. 

CF = correction factor for minor cost items, fran second- 
order design output. 

2.1.16.8.8 Operation and maintenance material costs. Since this 
item of the O&M expenses is expressed as a percentage of the installed 
equipment costs, it can be calculated by: 

OMMC = IEC . OMMP 
100 

OMMC - operation and maintenance material and supply costs, 
$/Fe 
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OMHP = percent of the installed aerator cost as O&H material 
and supply expenses. 

2.1.16.9 Cost Calculations Output Data. 

2.1.16.9.1 Total bare construction cost of the mechanical aerated 
activated sludge process, TBCC, dollars. 

2.1.16.9.2 Operation and maintenance supply and material costs, 
OMMC, dollars. 



2.1.17 PLUG PLOW ACTIVATED SLUDGE (DIFFUSED AERATION). 

2.1.17.1 Input Data. 

2.1.17.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be pro- 
vided. 

2.1.17.1.2 

2.1.17.1.2.1 

2.1.17.1.2.2 

2.1.17.1.2.3 

2.1.17.1.2.4 

2.1.17.1.2.5 

2.1.17.1.3 

2.1.17.1.3.1 

2.1.17.1.3.2 

2.1.17.1.3.3 

2.1.17.1.3.4 

2.1.17.1.3.5 

2.1.17.1.3.6 

2.1.17.1.3.7 
lug/l. . 

2.1.17.1.3.8 

2.1.17.1.4 

2.1.17.1.4.1 

2.1.17.1.4.2 

2.1.17.1.4.3 

2.1.17.1.4.4 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minlmum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/L. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterizatioa. 

PH. 

Acidity and/or alkalinity, mg/l. 

1. Nitrogen, mg/l. 

Phosphorus (total and soluble), mdl. 

Oils and greases, mg/l. 

Heavy metals, tag/l. 

Toxic or special characteristics (e.g., phenols), 

Tenperature, OF or 'C. 

Effluent Quality Requirements. 

BOD5, mg/l. 

SS, ms/l. 

TKN,mg/l. 

P, mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.17.1.4.5 Total, nitrogen (TKN + NO3 - fly>, mgJ1. 

2.1.17.1.4.6 Settleable solids, mgJl/hr. 

2.1.17.2 Design Paraaeters. 

2.1.17.2.1 Reaction rate constants and coefficients (average 
values to be used in absence of specific data). 

2.1.17.2.2 

Constants 
(Eckenfelder) Range 

k 0.0007 to 0.002 l/mg/hr 
a 0.73 

b" 
t 0.52 

O.O75/day 
f 0.4 
b' 0.15J day 
f' 0.53 

Organic loading, F/M ratio. 

F/M = (0.2-0.4) 

Volumetric Loading (lb BQD5/1000 f t3JdayL 

Range 20-40 

Hydraulic detention time, t. 

t - (&8) hr 

Solids retention t&e, ts. 

t 
S 

- (S-15) days 

Mixed liquor suspended solids concentration, 

2.1.17.2.3 

2.1.r7.2.4 

2.1.17.2.5 

2.1.17.2.6 
MLSS. 

2.1.17.2.7 

2.1.17.2.8 

MLSS = (1500-3000) mgJ1. 

Mixed liquor volatile suspended solids, MLVSS. 

MLVSS - 0.7 MLSS 

- (1050-2100) mgJ1 

Recycle ratio, QrJQ. 

QdQ - (0.25-0.5) 
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2.1.17.2.9 Oxygen requirements, lb 02/lb BOD,. 

lb C2/lb BODr 2 1.25 

2.1.17.2.10 Sludge production, lb solids/lb BOD,' 

lb solids/lb BOD, = 0.5-0.7 

Temperature coefficient, 0. 

0= 1.0-1.03 

BOD removal efficiency (80-90 percent). 

Return sludge concentration. 

Process Design Calculations. 

Assume the following design parmeters when 

2.1.17.2.11 

2.1.17.2.12 

2.1.17.2.13 

2.1.17.3 

2.1.17.3.1 
unknown. 

2.1.17.3.1.1 

2.1.17.3.1.2 

2.1.17.3.1.3 

2.1.17.3.1.4 

2.1.17.3.1.5 

2.1.17.3.1.6 

2.1.17.3.1.7 

2.1.17.3.1.8 
w. . 

2.1.17.3.1.9 

2.1.17.3.1.10 

2.1.17.3.2 

BOD ranoval rate coustant (k). 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

Mixed liquor suspended solids (MISS). 

Mixed liquor volatile suspended solids (?ILVSS). 

Food-to-microorganism ratio (F/M). 

Nonbiodegradable fraction of VSS in influent 

Degradable fraction of the MLVSS (f'). 

Tanperature correction coefficient (&I). 

Adjust k for tanperature. 

KT = K20° 
(T-200) 

where 
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KT = rate constant at desired tanperatuse, Oc. 

K20 = rate constant at 20°C. 

8 - temperature correction coefficient. 

T= tanperature, OC. 

2.1.17.3.3 Deternine the size of the aeration tank by 
first determining the detention time. 

t - 24S, 

<%I (F/M) 
where 

t= 

so = 

xv 
s 

F/M = 

2.1.17.3.4 

where 

'e =I 

so = 

hydraulic detention time, hr. 

influent BOD, mg/l. 

MLVSS, lug/l. 

food-to-microorganism ratio. 

Check the detention time for treatability. 

-se -? = See kxv 

BOD5 (soluble) in effluent, mg/l. 

BOD5 in influent, mg/l. 

k = BOD ranoval rate constant, l/mg/hr. 

I$ = MLVSS, mg/l. 

t - detention the, hr. 

Solve for t and canpare with t fraa above and select the 
larger. 

2.1.17.3.5 Calculate the volume of aeration tank. 

V=Q am XT+ 

where 

V = volume of tanks, million gal. 

Q avg = average daily flow, mgd. 

t - detention time, hr. 
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2.1.17.3.6 Calculate oxygen requirenents. 

do p “Sr + 
dt 

b’ 
t xv 

or 

where 

O2 - a ’ (S,) (Q,,,> (8.34) + b’ ($> W) (8.34) 

dO/dt - oxygen uptake rate, mg/ l/ hr. 

a’ - fraction of BOD oxidized for energy. 

Sr - BOD removed (So - Se), mg/ 1. 

t - detention time, hr. 

b’ - endogenous respiration rate/ hr. 

XV - MLVSS, mg/l. 

O2 - oxygen required, lb/ day. 

Q 
avg 

= average daily flow, mgd. 

V = volume of aeration tank, million gal. 

and check the oxygen supplied per pound of BOD renoved 1 1.25. 

lb 02/lb BOD, = 
O2 

Q(Sr) x 8.34 

where 

o2 - oxygen required, 1 b/day. 

Q - flow, mgd. 

‘I: - BOD removed, mg/ 1. 

2.1.17.3.7 Design aeration sys tan. 

2.1.17.3.7.1 Assume the following design paraneters. 

2.1.17.3.7.1.1 Standard transfer efficiency (fran manufacturer), 
S-8 percent (coarse bubble diffuser). 

2.1.17.3.7.1.2 O2 transfer in waste/O2 transfer in water= 0.9 
“4. 



2.1.17.3.7.1.3 O2 saturation in waste/O2 saturation in water W 
0.9 =p 

2.1.17.3.7.1.4 Correction factor for pressure ~1.0 = p. 

2.1.17.3.7.2 Select summer operating temperature (25-30°C) 
and determine (fran standard tables) O2 saturation. 

2.1.17.3.7.3 Adjuste standard transfer efficiency to ope- 
rating conditions. 

[KS) 
T 

cpHP> W CL1 
OTE = STE 

&(1.02)T-20 
9.17 

where 

OTE = operating transfer efficiency, percent.. ._ 

STE = standard transfer efficiency, percent. ' 

(Cs) saturation at selected summer tanperature T, 
T = '6, mg/l. 

P = O2 saturation in waste/O2 saturation in water 
zso.9. 

p - correction factor for Pressure "1.0. 

cL = minimum dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

oL.0 O2 transfer in waste/O2 transfer in watera0.9. 

T= temperature, Oc. 

2.1.17.3.7.4 Calculate required air flow. 

Blowers are treated as a separate unit process since several 
unit processes in a single plant may require air frcm the 
blowers. The air requirements frau all unit processes in a 
treatment train which require air are smmed and the total air 

requironent is used to size the blower facility. The unit 
process design for the blower facility is found in subsection 
2.3. 

0, (10~) (7.48) 
L 

lb O2 
(OTE X) 0.0176 - 

ft3air 
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where 

Ra = required air flow, cfm/lOOO ft3. 

V = volume of the basin, gal. 

2.1.17.3.8 Calculate sludge production. 

A% - [aSrQavg - b%(V) + (Q)(VSS)(f) + Q(SS - VSS)]8.34 

where 

LI I$ - sludge produced, lb/day. 

a - fraction of BOD removed synthesized to cell 
material.. 

Sr = BOD ranoved, mgjl. 

Q av* 
- average flow, mgd. 

b - endogenous respiration rate/day. 

V = volume of aeration tank, million gal. 

Q = flow, mgd. 

VSS - volatile suspended solids in effluent, mdl. 

f - nonbiodegradable fraction of VSS in influent. 

SS = suspended solids in effluent, mg/l. 

Check & 
0.7). 

I$ solids produced against pounds of BOD removed (0.5- 

(lb solids) p oxv 
(lb BOD,) Sr(Q)(8.34)(% volatile) 

2.1.17.3.9 Determine nutrient requirements (lb/day). 

for nitrogen 

N - 0.123 &XV 

and phosphorus 

P = 0.026 6% 

and check against BOD:N:P = 100:5:1. 
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2.1.17.3.10 

where 

Qr = 
Q = avg 

xu = 
2.1.17.3.11 

where 
SRT = 

V= 

AX = 
a 

2.1.17.3.12 

Calculate sludge recycle ratio. 
Qr 'a 

0 = xu - xa 
am 

volume of recycled sludge, mgd. 

average flow, mgd. 

MLSS, mg/l. 

SS concentration of returned sludge, mg/l. 
Calculate solids retention tkne. 

SRT - 
co Gal (8.34) 

AXa 

solids retention time, days. 

volume of aeration tank, million gal. 

ms, q/l. 

A‘ SI 
% volatile 

Effluent Characteristics. 

2.1.17.3.12.1 BOD5. 
BODE = Se + 0.84 (Xv) efff' 

where 

BODE = effluent BOD5 concentration, mgll. 

Se - effluent soluble BOD5 concentration, mdl. 

(%)eff = effluent volatile suspended solids, mg/l. 

f' = degradable fraction of MLVSS. 

2.1.17.3.12.2 COD. 
CODE - (1.5) (BODE) 

CODSE - (1.5) (Se) 

where 

CODE = effluent COD concentration, mdl. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 
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Se = effluent soluble BOD5 concentration, tag/l. 

2.1.17.3.12.3 Nitrogen. 

TKNE = (0.7) TKN 

NH3E = TKNE 

where 

TKNE = effluent total Kjeldahl nitrogen concentration, 
mg/l. 

TKI = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/l. 

2.1.17.3.12.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mg/l. 

2.1.17.3.12.5 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.17.3.12.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 3: settleable solids, mdl. 

2.1.17.4 Process Design Output Data. 

2.1.17.4.1 Aeration Tank. 

2.1.17.4.1.1 Reaction rate constant, l/mg/hr. 

2.1.17.4.1.2 Sludge produced per BOD removed. 

2.1.17.4.1.3 Endogenous respiration rate (b, b'). 

2.1.17.4.1.4 O2 utilized per BOD removed. 
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2.1.17.4.1.5 
(VW (0 l 

2.1.17.4.1.6 

2.1.17.4.1.7 

2.1.17.4.1.8 

2.1.17.4.1.9 
(MLVSS) . 

2.1.17.4.1.10 

2.1.17.4.1.11 Volume of aeration tank, million gal. 

2.1.17.4.1.12 Oxygen required, lb/day. 

2.1.17.4.1.13 

2.1.17.4.1.14 

2.1.17.4.1.15 

2.1.17.4.1.16 

2.1.17.4.1.17 Solids retention time, days. 

2.1.17.4.2 Aeration System. 

2.1.17.4.2.1 Standard transfer efficiency, percent. 

2.1.17.4.2.2 Operating transfer efficiency, percent. 

2.1.17.4.2.3 Required air flow, &m/1000 ft3. 

2.1.17.5 Quantities Calculations. 

2.1.17.5.1 Design values for activated sludge system. 

Influent nonbiodegradable volatile suspended solids 

Effluent degradable volatile suspended solids (f'). 

lb BOD/lb MLSS-day (F/M ratio). 

Mixed liquor suspended solids, mg/l (MISS). 

Mixed liquor volatile suspended solids, mg/l 

Aeration time, hr. 

Sludge produced, lb/day. 

Nitrogen requirgnent, lb/day. 

Phosphorus requiranent, lb/day. 

Sludge recycle ratio, percent. 

'*d - KM) (V) (133.7) 

where 

V = volume of aeration tanks, million gallons. 
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2.1.17.5.2 Selection of nunbers of aeration tanks. The 
following rule will be utilized in the selection of nunbers of 
aeration tanks. 

Q am 
(mqd) 

Ntlmber of 
Aeration Tanks 

NT 

0.5 - 2 2 
2-4 3 
4- 10 4 

lo- 20 6 
20. 30 8 
30- 40 10 
40- 50 12 
50 - 70 14 
70 - 100 16 

When Q 
avg 

is larger than 100 mgd, several batteries of a* 
ration tanks will be used. See next section for details. 

2.1.17.5.3 Selection of nunber of tanks and nunber of 
batteries of tanks &en Q is larger than 100 mgd. It is 
general practice in desig%g larger sewage treanaent plants 
that several batteries of aeration tanks, instead of a single 
group of tanks, are used. This is due to land area availability 
and certain hydraulic limitations. To simplify the modeling 
process, the following rules will be used: 

2.1.17.5.3.1 When Q 5 100 mgd, only one battery of 
aeration tanks will b$%ed. Thus 

NB-1 

where 

NB = nunber of batteries of units. 

2.1.17.5.3.2 When 100 < Q 
avg 

S 200 mgd, the systan will be 
designed as two identical batteries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to 
the rules established in subsection 2.1.17.5.2 by using half 
the design flow as Q avg' Thus 

NB =2 

2.1.17.5.3.3 When Q 
avg > 200 mgd, the design will be per- 

formed to use three batteries of aeration basins, each handling 
one-third of the wastewater. Thus 
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NB=3 

2.1.17.5.4 ??umber of diffusers. The oxygen transfer rates 
used in the first-order design dictate the use of coarse 
bubble diffusers. These diffusers have an air flow fran 10-15 . 

scfm; for design purposes an average of 12 scfm will be used. 

cFMd 
9 = 12 (NT) (NB) 

NDt must be an integer. 

where 

NDt - number of diffusers per tank. 

2.1.17.5.5 Number of swing arm diffuser headers. For ease 
of maintenance swing arm headers are usually used. The nunber 
of diffusers per header is dictated by the nunber of COP 
nections provided on each header by the manufacturer. This 
varies withmanufacturer and header size fran 8 to 30. For 
our purposes an average of 20 diffusers per header will be 
assumed. 

NSAt = 2 
20 

NSAtmust be an integer. 

where 

NSAt - nuuber of swing arm headers per tank. 

2.1.17.5.6 Design of aeration tanks. 

2.1.17.5.6.1 Volme of each tank would be 

vN= 'd 
0 

where 

VN = volume of single aeration tank, cu ft. 

2.1.17.5.6.2 Depth and width of aeration tanks. The depth 
and width of the aeration tanks will be fixed at 15 ft and 30 
ft, respectively. 

2.1.17.5.6.3 Length of aeration tanks. 
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If L is greater than 400 ft, then recalculate VN using NT - NT 
+ 1, then recalculate L. 

2.1.17.5.7 Aeration tank arrangements. 

2.1.17.5.7.1 Figure 2.1-27 shows the schematic diagrm of 
the arrangements. A pipe gallery will be provided when the 
nunber of tanks is equal to or larger than four. The purpose 
of the pipe gallery is to house the various air and water 
piping systems and control equipment. 

Q 
PGW -,20 + (0.4) (*I 

where 

PGW- pipe gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

NB - nunber of batteries. 

2.1.17.5.8 Earthwork required for construction. It is . 
assumed that the tank bottan will be 4 feet below ground 
level. The earthwork required can be estimated by the following . 
equations: 

2.1.17.5.8.1 When NT is less than 4, the earthwork required would be: 

v ew = 6 NB t 
(NT(31.5) + 15.5) (L + 17) + (NT(31.5) + 23.5) ( 

2 
L + 25+ 

where 

V ew - volume of earthwork required, cu ft. 

NT - number of tanks per battery. 

L * length of aeration tanks, ft. 

2.1.17.5.8.2 When NT is greater than or equal to 4, the earthwork 
required would be: 

V ew - 6 NB 1 
(15.75(NT)+15.5) (2L+PGWt20) + (15.75(NT)+2.5) (2L+PGcit28li 

2 

2.1.17.5.9 Reinforced concrete slab quantity. It is assumed that a 
l'-6" thick slab will be utilized regardless of the size of the system. 
The volume of reinforced concrete slab will be the sane for both plug 
and ccmplete mix flow. 

2.1.17.5.9.1 For NT less than 4: 
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. 
v cs - 1.5 NB [(XT(31.5) + 15.5) (L + 17)1 

where 

v 
cs = R.C. slab quantity required, cu ft. 

2.1.17.5.9.2 For NT greater than or equal to 4: 

v cs = 1.5 NB [(15.75(NT) + 15.5) (2L + PGW + ZOO)] 

2.1.17.5.10 Reinforced concrete wall quantities. 

2.1.17.5.10.1 In using the plug flow systan, influent to the aeration 
basin will be piped to one end of the tank and discharged at the other 
end. Thus it does not require such an elaborate wall construction. Two 
typical wall sections are required, as shown in Figure 2.1-28. One 
would be simple straight side wall and the other would be enlarged on 
top so that walkways can be provided. 

2.1.17.5.10.2 When NT = 2: 

v cw - W (1.25 DW+ 11) + (4 W + 9) (1.25 DW+ 3.75) 

2.1.17.5.10.3 When NT = 3: 

v cw = (1.25 DW + 11) (3 W+ 6) + (1.25 DW+ 3.75) (7 W + 6) 

2.1.17.5.10.4 When NT 2 4: 

v = cw 9 (L + 3) (1.25 DW + 11) + ((0.5 NT + 2) (L + 3) + 

2 (NT) (WI 1 l (1.25 DW + 3.75) l om 

where 

v 
cw = R.C. wall quantity required, cu ft. 

L = length of aeration tanks, ft. 

2.1.17.5.11 Quantity of handrail for safety. Handrail is required 
for safety protection of the operation personnel of wastewater treatment 
plants. Waterway walls and the top of the pipe gallery will require 
handrail. The quantity of handrail required may be estimated as follows: 

2.1.17.5.11.1 If NT is less than 4: 

LHR- [WV (L) + 2(L) + 61.5(NT) + la51 NB 

2.1.17.5.11.2 If NT is greater than or equal to 4: 

LHR = LUW CL) + (4L) + 36,5(NT) + 2 PGW+ 131 NB 
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where 

LHR = handrail length, ft. 

2.1.17.5.12 Calculate operation manpower requirements. 

2.1.17.5.12.1 If CFM is less than or equal to 3000 scfm, the operation 
manpower can be talc 19 ated by: 

OMH - 62.36 (CFMd)oo3972 

where 

OMH = operation manpower required, Wyr. 

2.1.17.5.12.2 If CFMd is greater than 3000 scfm, the operation manpower 
can be calculated by: 

OMH = 26.56 (CFMd)om5038 

2.1.17.5.13 Calculate maintenance manpower requirements. 

2.1,17.5.13.1 If CM is less than or equal to 3000 scfm, the maintenance 
manpower can be calcu ated f by: 

MMH - 22.82 (cFMd)o*4379 

2.1.17.5.13.2 If CFMd > 3000 scfm, the maintenance manpower can be 
calculated by: 

tfhfH - 6.05 (cmd) 0.6037 

where 

MHH = maintenance manpower required, Wyr. 

2.1.17.5.14 Energy requirement for operation. The electrical energy 
required for operation is related to the air requirenent by the folloting 
equation: 

KwH= (CMd) (241.6) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

2.1.17.5.15 Operation and maintenance material and supply costs. 
Operation and maintenance material supply costs include itens such as 
lubricant, paint, replacanent parts, etc. These costs are estimated as 
a percent of the total bare construction costs. 
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OMMP = 3.57 (Qavg)-o*2602 

where 

OMMP = operation and maintenance material costs as 
percent of total bare construction cost, percent. 

2.1.17.5.16 Other construction cost items. The majority of the costs 
of the diffused aeration activated sludge process have been accounted 
for. Other cost itens, such as liquid piping systgn, control equipment, 
painting, site cleaning and preparation, etc., can be estimated as a 
percent of the total bare construction cost. This value depends greatly 
on site conditions and canplexity of the process. For a generalized 
model, an average value of 10 percent will be used. 

CF - -j&j - 1.11 

where 

CF = correction factor to account for the minor cost 

2.1.17.6 

2.1.17.6.1 

2.1.17.6.2 

2.1.17.6.3 

2.1.17.6.4 

2.1.17.6.5 

2.1.17.6.6 

2.1.17.6.7 

items. 

Quantities Calculation Output Data. 

Number of aeration tanks, NT. 

Number of diffusers per tank, ND,. 

Number of process batteries, h’B. 

Number of swing am headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 
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2.1.17.6.8 Quantity of R.C. slab required, Vcs, cu ft. 

2.1.17.6.9 Quantity of R.C. wall required, Vcw, cu ft. 

2.1.17.6.10 Quantity of handrail, LHR, ft. 

2.1.17.6.11 Operation manpower requirement, OMH, MH/yr. 

2.1.17.6.12 Maintenance manpower requirenent, MMH, MH/yr. 

2.1.17.6.13 Electrical energy for operation, KWH, kwhr/yr. 

2.1.17.6.14 Operation and maintenance material and supply cost as 
percent of total bare construction cost, OMMP, percent. 

2.1.17.6.15 

2.1.17.7 

2.1.17.7.1 

2.1.17.7.2 

2.1.17.7.3 

2.1.17.7.4 

2.1.17.7.5 

2.1.17.7.6 

2.1.17.7.7 

2.1.17.7.8 
CEPCIP. 

2.1.17.7.9 

2.1.17.7.10 

2.1.17.8 

2.1.17.8.1 

Correction factor for minor construction costs, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab in-place, UPICS, $/cu yd. 

Unit price input for handrails in-place, UPIHR, $/ft. 

Cost per diffuser, COSTPD, $, (optional). 

Cost per swing arm header, COSTPH, $, (optional). 

Current Marshall and Swift Equipment Cost Index, XSECI. 

Current CE Plant Cost Index for pipe, valves, etc., 

Equipment installation labor rate, LABRI, $/%l. 

Unit price input for crane rental, UPICR, $/hr. 

Cost Calculations. 

Cost of earthwork. 

COSTE = 'ew UPIEX 
27 
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where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.17.8.2 Cost of R.C. wall in-place. 

COSTCW - vcw UPXCW 
27 

where 

COSTCW = cost of R.C. wall in-place, $. 

V cw - quantity of R.C. wall, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/CU 
yd, 

2.1.17.8.3 Cost of R.C. slab in-place. 

COSTCS * 'cs UPICS 
T- 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs = volume of concrete slab, cu yd. 

UPICS = unit price R.C. slab in-place, $/cu yd. 

2.1.17.8.4 Cost of handrails in-place. 

COSTHR = LHR x UPIHR 

where 

COSTAR - cost of handrails in-place, $. 

LHR - length of handrails, ft. 

UPIHR = unit price input for handrails in-place, $/ft. 
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2.1.17.8.5 Cost of diffusers. 

2.1.17.8.5.1 The oxygen transfer values given indicate the use of 
coarse bubble diffusers. The cost of a coarse bubble diffuser with a 
capacity of 12 scfm for the first quarter of 1977 is 

COSTPD = $6.50 

For a better estimate COSTPD should be obtained fran an equipment vendor 
and treated as a unit price input. Otherwise, for future escalation the 
equipment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

MSECI COSTPD - 6.50 m . 

where 

COSTPD - cost per diffuser, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first 
quarter 1977. 

2.1.17.8.5.2 Calculate COSTD. 

COSTD -COSTPD x NDtxNT x ND 

where 

COSTD - cost of diffusers for system, $. 

NDt - nunber of diffusers per tank. 

NT * nunber of tanks. 

2.1.17.8.6 Cost of swing am diffuser headers. 

2.1.17.8.6.1 Swing axm diffuser headers cane in several sizes. The 
cost used is for a header which will handle 550 scfm and up to 37 
diffusers. The cost of this header for the first quarter of 1977 is 

COSTPH - $5,000 

For a better estimate COSTPH should be obtained fran an equipment vendor 
and treated as a unit price input. Otherwise, for future escalatioa the 
equipment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

MSECI COSTPH = $5,000 491 . 
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where 

COSTPH = cost per swing arm header, $. 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.1.17.8.6.2 Calculate COSTH. 

COSTH - COSTPH x NSA, x NT x NB 

where 

COSTH = cost of swing axn headers for systen, $. 

NSA, = nunber of swing am headers per tank. 

NT = nunber of tanks. 

NB = number of batteries. 

2.1.17.8.7 Equipment installationman-hour requiraaent. The labor 
requirement for field installation of the swing arm headers, including 
mounting the diffusers, is approximately 25 man-hours per header. 

IMH - 25 NSAt x NT x NB 

where 

IMH * installationman-hour requiranent, MB. 

2.1.17.8.8 Crane requirement for installation. 

CH = W) (IMH) 

where 

CH = crane time requirenent for installation, hr. 

2.1.17.8.9 Cost of air piping. The air piping for the diffused 
aeration systan is very canplex and includes many valves and fittings of 
different sizes. This causes cost estimation by material takeoff to be 
very difficult for a wide range of flow. In this case we feel the use 
of parmetric costing is justified as the overdL1 accuracy of the 
estimate will not be affected to a great extent. 

2.1.17.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost of 
air piping can be calculated by: 

COSTAP - 617.2 (CF?4d)o*2553 x CEPCIP m 
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COSTAP = cost of air piping, $. 

cFMd = design capacity of blowers, scfm. 

CEPCIP = current CE Plant Cost Index for pipe, valves, etc. 

241.0 = CE Plant Cost Index for pipe, valves, etc., for 
first quarter of 1977. 

2.1.17.8.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the cost of 
air piping can be calculated by: 

CEPCIP COSTAP - 1.43 (cFMd)l*1337 x - 
241.0 

2.1.17.8.9.3 If CM is greater than 10,000 scfm, the cost of air 
piping can be calcula Q ed by: 

COSTAP CEPCIP = 28.59 (Cnfd)o*8085 x - 
241.0 

2.1.17.8.10 Other costs associated with the installed equipment. 
This category includes the cost for weir installation, painting, in- 
spection, etc., 
equipment cost: 

and can be added as a percentage of the purchased 

where 

PMINC * 10% 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.17.8.11 Installed equipment costs. 

IEC = (COSTD + COSTH) (1 + w) + (IMH) (LABRI) + (CH) (UPICR) 

where 

IEC = installed equipment cost, $. 

LABRI = labor rate, $/MH. 

UPICR - crane rental rate, $/hr. 

2.1.17.8.12 Total bare construction cost. 

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR+ COSTAP) CF 

where 

TBCC = total bare construction cost, $. 
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CF = correction factor for minor cost items. 

2.1.17.8.13 Operation and maintenance material costs. 
OMMP OMCC = TBCC - 100 

where 

OMMC = operation and maintenance material supply costs, 
$I yr. 

OMMP - operation and maintenance material supply costs, 
as percent of total bare construction cost, percent. 

2.1.17.9 Cost Calculations Output Data. 

2.1.17.9.1 Total bare construction cost of diffus'ed aeration ac- 
tivated sludge system, TBCC, dollars. 

2.1.17.9.2 Operation and maintenance material and supply costs, 
OMMC, dollars. 
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2.1.18 PLUG FLOW ACTIVATED SLUDGE (YECHANICAL AERATION). 

2.1.18.1 Input Data. 

2.1.18.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be pro- 
vided. 

2.1.18.1.2 

2.1.18.1.2.1 

2.1.18.1.2.2 

2.1.18.1.2.3 

2.1.18.1.2.4 

2.1.18.1.2.5 

2.1.18.1.3 

2.1.18.1.3.1 

2.1.18.1.3.2 

2.1J8.1.3.3 

2.1.18.1.3.4 

2.1.18.1.3.5 

2.1.18.1.3.6 

2.1.18.1.3.7 
mgll. 

2.1.18.1.3.8 

2.1.18.1.4 

2.1.18.1.4.1 

2.1.18.1.4.2 

2.1.18.1.4.3 

2.1.18.1.4.4 

Wastewater Strength. 

B0D5 (soluble and total), mg/l. 

COD and/or TOC (maxim= and minimm), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. 

Acidity and/or alkalinity, mg/l. 
. 

Nitrogen,1 mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special. characteristics (e.g., phenols), 

Temperature, OF or 'C. 

Effluent Qua1 ity Requiranents. 

BOD5, mg/l. 

SS, mg/l. 

TKN,m~l. 

P, mgll. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.13.1.4.5 Total. nitrogen (TKN + NO3 - N), mg/l. 

2.1.18.1.4.6 Settleable solids, mg/l/hr. 

2.1.18.2 Design Parmeters. 

2.1.18.2.1 Reaction rate constants and coefficients (average 
values to be used in absence of specific data). 

Constants 
(Eckenfelder) Range 

2.1.18.2.2 

-2.1.18.2.3 

2.1.18.2.4 Hydraulic detention time, t. 

2.1.18.2.5 

2.1.18.2.6 
MLSS. 

2.1.18.2.7 

k 0.0007 to 0.002 l/mg/hr 
a 0.73 
b" T 0.52 

O.O75/day 
f 0.4 
b' O.l5/day _- 
f' 0.53 

Organic loading, F/M ratio. 

F/M = (0.2-0.4) 

Volumetric loading (lb BOD5/1000 ft3/day). 

Range 20-40 

t - (4-8) hr 

Solids retention time, ts. 

% 
- (5-15) days 

Mixed liquor suspended solids concentration, 

MLSS = (1500-3000) mg/l. 

Mixed liquor volatile suspended solids, MLVSS. 

MLVSS - 0.7 MISS 

= (1050-2100) mg/l 

2.1.18.2.8 Recycle ratio, m/Q* 

Qd Q - (0.240.5) 
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2.1,18.2.9 Oxygen requirements, lb 02/lb BOD,. 

2.1.18.2.10 

2.1.18.2.11 

2.1.18.2.12 

2.1.18.2.13 

2.1.18.3 

2.1.18.3.1 
unknown. 

2.1.18.3.1.1 

2.1.18.3.1.2 

2.1.18.3.1.3 

2.1.18.3.1.4 

2.1.18.3.1.5 

2.1.18.3.1.6 

2.1.18.3.1.7 

2.1.18.3.1.8 
w  l 

2.1.18.3.1.9 

2.1.18.3.1.10 

2.1.18.3.2 

lb 02/lb BOD, 2 1.25 

Sludge production, lb solids/lb BOD,. 

lb solids/lb BODr - 0.5-0.7 

Tenperature coefficient, 8. 

4 - 1.0-1.03 

BOD ranoval efficiency (80-90 percent). 

Return sludge concentration. 

Process Design Calculations. t 

Assume the following design paraeters when 

BOD ranoval rate constant (k). 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 

Mixed liquor suspended solids (MISS). 

Mixed liquor volatile suspended solids (?EVSS). 

Food-to-microorganism ratio (F/M). 

Nonbiodegradable fraction of VSS in influent 

Degradable fraction of the MLVSS (f'). 

Temperature correction coefficient (4). 

Adjust k for temperature. 

yr * K20Q 
(T-200) 

where 

KT = rate constant at desired temperature, Oc. 

K20 - rate constant at 20°C. 
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4= tanperature correction coefficient. 

T - tanperature, OC. 

2.1.18.3.3 Detemine the size of the aeration tank by 
first determining the detention time. 

where 

t = 

so = 

sr 31 
F/M = 

2.1.18.3.4 

where 

'e a 

so = 
k= 

% 
a 

t = 

Solve for t 
larger. 

2.1.18.3.5 

where 

24s 
t= 

hydraulic detention time, hr, 

influent BOD, mg/l. 

MLVSS, mg/L. 

food-t*microorganism ratio. 

Check the detention time for treatability. 

se -Wbt - S,e 

BOD5 (soluble) in effluent, mg/l. 

BOD5 in influent, mg/l. 

BOD ranoval rate constant, l/mg/hr. 

MLVSS, mdl. 

detention tJme, hr. 

and cunpare with t fran above and select the 

Calculate the volume of aeration tank. 

V = volume of tanks, million gal. 

Q avg 
- average daily flow, mgd. 

t = detention time, hr. 

2.1.18.3.6 Calculate oxygen requirements. 
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or 

where 

dO/dt = 

a’ = 

'r 3 

t = 

b' = 

O2 = 

Q - avg 
V= 

d0 "Sr + b' -a- 
dt t xv 

o2 = a' (Sr) (Q,,> (8.34) + b' <\> (VI (8.34) 

oxygen uptake rate, mg/l/hr. 

fraction of BOD oxidized for energy. 

BOD removed (So - Se), mg/l. 

detention time, hr. 

endogenous respiration rate/hr. 

MLVSS, Ins/l. 

oxygen required, lb/day. 

average daily flow, mgd. 

volume of aeration tank, million gal. 

and check the oxygen supplied per pound of BOD removed 21.25. 

lb 02/lb BODr = O2 
Q(S,) x 8.34 

where 

O2 = oxygen required, lb/day. 

Q = flow, mgd. 

Sr = BOD renoved, mg/l. 

2.1.18.3.7 Design Aeration System. 

2.1.18.3.7.1 Assume the following design paraneters and 
design aeration system and check horsepower supply for mixing 
against horsepower required for caaplete mixing 0.1 hp/lOOO 
gal. 

2.1.18.3.7.1.1 Standard transfer efficiency, lb/hphr (0 
dissolved oxygen, 20°C, and tap water) (3-5 lb/hphr). 

2.1.18.3.7.1.2 O2 transfer in waste/O2 transfer in water w 
0.9. 
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2.1.18.3.7.1.3 02 saturation in waste/02 saturation in water= 
0.9. 

2.1.18.3.7.1.4 Correction factor for pressure x1,0. 

2.1.18.3.7.2 Select summer operating temperature (2%30°C) 
and deteanine (from standard tables) O2 saturation. 

2.1.18.3.7.3 Adjust standard transfer efficiency to op+ 
rating conditions. 

OTE = STE 
&)T(/?)(P) a CL3 d(l.02)T-20 

9.17 

where 

OTE = operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

ccs>T = o saturation at selected summer temperature 
T: 'C mgll. 

P =O 2 saturation in waste/O2 saturation in water 
e 0.9; 

p - correction factor for pressure sl.0. 

CL - minimum dissolved oxygen to be maintained in 
the basinm2.0 mg/l. 

oc= 0 2 transfer in waste/O2 transfer in water. 

T = temperature, Oc. 

2.1.18.3.7.4 Calculate horsepower requirement. 

hP = 
O2 x 1000 

lb O2 
0TE hp (24)(v) 

where 

hp = horsepower required/1000 gal. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hplhr. 

V - volume of basin, gal. 
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2.1.18.3.8 CaLculate sludge production. 

A% = bSrQavg - b&,JW + (Q)(VSS)(f) + Q(SS - VSS)] 8.34 

where 

A I$ - sludge produced, lb/day. 

a - fraction of BOD renoved synthesized to cell 
material. 

Sr - BOD removed, mgh. 

Q aw 
= average flow, mgd. 

b - endogenous respiration rate/day. 

V = volume of aeration tank, million gal. 

Q = flow, mgd. 

VSS - volatile suspended solids in effluent, mg/l. 

f - nonbiodegradable fraction of VSS in influent. 

SS - suspended solids in effluent, mg/l. 

Check A 
0.7). 

s sol ids produced against pounds of BOD raaoved (0.5 

(lb solids) * A xv 
(lb BODr) Sr(Q)(8.34)(% volatile) 

2.1.18.3.9 Determine nutrient requirements (lb/day). 

for nitorgen 

and phosphorus 

N- 0.123&q, 

P - 0.026 A% 

and check against BOD:N:P - 1OO:S:l. 

2.1.18.3.10 Calculate sludge recycle ratio. 
Qr 'a 

-=x -xa Q avg U 
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where 

% = volume of recycled sludge, mgd. 

Q =vg 
= average flow, mgd. 

Xa = XLSS, mg/l. 

Xu = SS concentration of returned sludge, mg/ 1. 

2.1.18.3.11 Calculate solids retention tkae. 

SRT 
09 (X,) (8.34) ’ 

Axa 

where 

SRT = solids retention time, days. 

V = volume of aeration tank, million gal. 

'a - HISS, mg/l. 
A 

AX = 
% 

a % volatile 

2.1.18.3.12 Effluent Characteristics. 

2.1.18.3.12.1 BOD5. 

BODE = Se + 0.84 <Xv) efff' 

where 

BODE = effluent BOD5 concentration, mdl. 

Se - effluent soluble BOD5 concentration, mg/l. 

(XV)eff = effluent volatile suspended solids, mg/l. 

f' = degradable fraction of MLVSS. 

2.1.18.3.12.2 COD. 

where 

CODE = effluent 

CODSE = effluent 

BODE = effluent 

CODE * (1.5) (BODE) 

CODSE = (1.5) (Se) 

COD concentration, mg/l. 

soluble COD concentration, mg/l. 

BOD5 concentration, mdl. 
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Se = effluent soluble BOD5 concentration, mg/l. 

2.1.18.3.12.3 Nitrogen. 

TKNE * (0.7) TKN 

NH3E - TKNE 

TKNE - effluent total Kjeldahl nitrogen concentration, 
Hlgll. 

TKN = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/l. 

2.1.18.3.12.4 Phosphorus. 

P04E - (0.7) (PO4) 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mg/l. 

2.1.18.3.12.5 Oil and Grease. 

OAGE = 0.0 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.18.3.12.6 Settleable Solids. 

SETS0 = 0.0 

SETS0 = settleable solids, mg/l. 

2.1.18.4 Process Design Output Data. 

2.1.18.4.1 Aeration Tank. 

2.1.18.4.1.1 Reaction rate constant, l/mg/hr. 

2.1.18.4.1.2 Sludge produced per BOD ranoved. 

2.1.18.4.1.3 Endogenous respiration rate (b, b'). 

2.1.18.4.1.4 O2 util Fzed per BOD renoved. 
2.1.18.4.1.5 Influent nonbiodegradable volatile suspended sol ids 
(VSSj (f). 
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2.1.18.4.1.6 
(f'j. 

2.1.18.4.1.7 

2.1.10.4.1.8 

2.1.18.4.1.9 
(MLVSS). 

2.1.18.4.1.10 

2.1.18.4.1.11 

2.1.18.4.1.12 

2.1.18.4.1.13 

2.1.18.4.1.14 

2.1.18.4.1.15 

2.1.18.4.1.16 

2.1.~8.4.l.u 

2.1.18.4.2 

2.1.18.4.2.1 

2.1.18.4.2.2 

2.1.10.4.2.3 

2.1.18.5 

2.uas.1 
would be: 

where 

Effluent degradable volatile suspended solids 

lb BOD/lb MLSS-day (F/M ratio). 

Mixed liquor suspended solids, mg/l (KLSS). 

Mixed liquor volatile suspended solids, mg/l 

Aeration time, hr. 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requiranent, lb/day. 

Phosphorus requirenent, lb/day. 

Sludge recycle ratio, percent. 

Solids retention time, days. 

Aeration Systen. 

Standard transfer efficiency, lb 02/hphr. 

Operating transfer efficiency, lb 02/hphr. 

Horsepower required, hp. 

Quantities Calculations. 

The design values for activated sludge system 

Vd * v l 

lo6 
7.48 

HPd (hp) (v> (133.7) 

V - volume of aeration basin million gallons. 

2.1.18.5.2 Selection of nunber of aeration tanks and 
mechanical aerators per tank. The following rule will be 
utilized in the selection of nunber of aeration tanks and 
mechanical aerators per tank. 
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Number of Xumber of Aerators 
Aeration Tanks Per Tank 

0.5 - 2 2 
2- 4 3 
4- LO 4 

lo- 20 6 
20 - 30 8 
30- 40 10 
40. 50 12 
50- 70 14 
70 - 100 16 

When Q 
avg 

is larger than 100 mgd, several batteries of aeration tanks 

will be used. See next section for details. 

2.1.18.5.3 Selection of nunber of tanks and nunber of batteries of 
tanks when Q avg is larger than 100 mgd. It is general practice 
in designing larger sewage treatment plants that several 
batteries of aeration tanks, instead of a single group of 
tanks, are used. This is due to land area availability and 
certain hydraulic limitations. To simplify the modeling 
process, the following rules will be used: 

2.1.18.5.3.1 When Q I; 100 mgd, only one battery of ae 
ration tanks will be %d. Thus 

N-B-1 

where 

NB= number of batteries of units. 

2.1.18.5.3.2 When 100 < Q 5 200 mgd, the systan will be 
designed as two identical b%$eries of aeration basins. Each 
battery would handle half of the wastewater. The number of 
aeration tanks in each battery would be selected according to 
the rules established in subsection 2.1.18.5.2 by using half 
the design flow as Q avg' Thus 

NB-2 

2.1.18.5.3.3 When Q > 200 mgd, the design will be per- 
fonaed to use three binderies of aeration basins, each handling 
onethird of the wastewater. Thus 

N3-3 

2.1.18.5.4 Mechanical aeration equipment design. 
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2.1.18.5.4.1 Usually the slo~speed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treatment 
plants. The available sizes of this type aerator are 5 HP, 
7.5 HP, 10 HP, 15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 
HP, 75 HP, 100 HP, 125 HP and 150 HP. 

2.1.18.5.4.2 Horsepower for each individuaL aerator: 

EPN =. 
"d 

(NB)(NT)(NA) 

If HPN >150 HP and NT - 2 or 3, then repeat the calculation 
withE =NT+ 1. 

If HPN > 150 HP and NT 2 4, then repeat the calculation with 
NT-NT+ 2. 

where 

HPN = horsepower of each unit, horsepower. 

HPd = design capacity of aeration equipment, horsepower. 

XB - nunber of batteries. 

NT = nunber of aeration tanks per battery. 

NA = nunber of aerators per tank. 

2.1.18.5.4.3 Canpare HPN with the available off-the-shelf 
sizes and select the smallest unit with capacity larger than 
HPN. The capacity of the selected unit would be designated as 
HPSN. Thus the total capacity of the aeration units would be 

HPT = (NB) l (NT) ' (NA) ' (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2.1.18.5.5 Design of aeration tanks. 

2.1.18.5.5.1 Volume of each individual tank would be 

where 

VN = volume of single aeration tank, cu ft. 
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2.1.18.5.5.2 Depth of aeration tanks. The depth of an 
aeration basin is controlled by the capacity of the aerators 
to be installed inside. If the water depth is too shallow, 
interference with the mixing current and oxygen transfer would 
occur. If the water depth is too deep, insufficient mixing 
would occur at the bottan of the tank and sludge accunulation 
would occur. Thus proper selection of liquid depth of an 
aeration basin is fmportant. The relationship between the 
recmnended basin depth and the capacity of the aerators can 
be expressed as follows: 

When HPSN C 100 HP 

DW - 4.816 (HPSN)oo2467 

When HPSN 1100 HP 

DW = 15 ft 

where 

DW - water depth of the aeration tanks, ft. 

HPSN - capacity of the aerator, HP. 

2.1.18.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent on 
the number of aerators to be installed in this tank, NA. 

If NA = 1. Square tank construction, L/W = 1 

If NA - 2. Rectangular tank con6truction, L/W - 
2 

If NA - 3. Rectangular tank construction, L/W = 
3 

If NA = 4. Rectangular tank construction, L/W = 
4 

and 

L/W= NA 

where 

NA = number of aerators per tank. 

L = length of aeration tank, ft. 

W = width of aeration tank, ft. 
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After the volme, depth and L/W ratio of the tank are de- 
termined, the width of the tank can be calculated by: 

W- (DwjyNA) . 

The length of the aeration tank would be 

2.1.18.5.6 Aeration tank arrangenents. 

2.1.18.5.6.1 Figure 2.1-29 shows the schanatic diagram of 
the arranganents. Piping gallery will be provided when the 
number of tanks is equal or larger than four. The purpose of 
piping gallery is to house various piping systems and control 
equipment. 

2.1.l.8.5.6.2 Size of pipe gallery. The width of this 
gallery is dependent on the canplexity and capacity of the 
piping systan to be housed. An experience curve is provided 
to approximately estimate this width. It is expressed as: 

PGW * 20 + (0.3) CQavs> 
NB 

where 

PGW = piping gallery width, ft. 

Q avg 
= average influent wastewater flow, ngd. 

NB - nunber of batteries. 

z.i.la.5.7 Earthwork required for construction. It is 
assumed that tank bottan would be 4 feet below ground level. 
Thus the earthwork required would be estimated by the fol- 
lowing equations: 

2.1.18.5.7.1 When NT - 2, earthwork required would be: 

V ew - 3 [(Z w + 18.5) (W + 17) + (2 w + 26.5) (W + 25)j 

where 

V ew - quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.1.18.5.7.2 When NT = 3, earthwork required would be: 

V ew = 3 [(3 W + 28) (W+ 25) + (3 W + 20) (W+ 17)] 
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2.1.18.5.7.3 When NT 2 4, the width and length of the 
concrete slab for the whole aeration tank battery can be 
calculated by: 

Ls - 2 L + PGW + 16 

W 
S 

-% (NT) (W) + 14.5 

where 

Ls - length of the basin slab, ft. 

L - length of one aeration tank, ft. 

PCW= piping gallery width, ft. 

Ws - width of the basin slab, ft. 

NT - number of tanks per battery. 

Thus the earthwork can be estimated by: 

V 13' ew (NB) [(L, + 4) (Ws + 4) + (Ls + 12) (Ws + 12)] 

where 

V ew = volume of earthwork, cu ft. 

2.1.18.5.8 Reinforced concrete slab quantity. 

2.1.18.5.8.1 It is assumed that a l'-6" thick slab will be 
utilized in this program regardless of the size of the system. 

2.1.18.5.8.2 For NT = 2, 

where 

V cs - 1.5 (2 w + 14.5) (W + 13) 

V cs = R.C. slab quantity, cu ft. 

2.1.18.5.8.3 NT = 3, 

V cs - 1.5 (3 w + 16) (W + 13) 

2.1.18.5.8.4 When NT 1: 4, 

V cs * 1.5 (Ls) (Ws) 

where 
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Ls = length of slab, ft. 

Ws = width of slab, ft. 

2.1.18.5.9 Reinforced Concrete Wall Quantity. 

2.1.18.5.9.1 In using the plug flow systm, influent to the 
aeration basin will be piped to one end of the tank and 
discharged at the other end. Thus it does not require such an 
elaborate wall construction. Two typical wall sections are 
required, as shown in Figure 2.1-30. One would be simple 
straight side wall and the other would be enlarged on top so 
that walkways can be provided. 

2.1.18.5.9.2 When NT = 2: 

v = W (1.25 DW+ 11) + (6 W + 9) (1.25 DW+ 3.75) cw 

2.1.18.5.9.3 When NT - 3: . 

V cw = (1.25 DW+ 11) (3 w + 6) + (1.25 DW+ 3.75) (7 W + 6) 

2.1.18.5.9.4 When NT 2 4: 

V cw =+ (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (L + 3) + 

2 WV Go I l (1.25 DW+ 3.75) ' (NW 

2.1.18.&O Reinforced concrete required for piping gallery 
construction. The quantity of piping gallery slab has been 
estimated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.1.18.5.10.1 When NT < 4, 

v =O 
cg 

where 

V 
cg 

= quantity of R.C. for gallery construction, cu ft. 

2.1.18.5.10.2 When NT 2 4, assuming the ceiling thickness is 
1.5 feet, then the quantity of reinforced concrete would be: 

V 
cw- = 0-w l (1.5) (pad) [ =$=+ 0.75 (NT) + 1.51 

where 

V 
cgc =I volume of R.C. ceiling for piping gallery construction, 

cu ft. 
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and for two end walls: 

v cw = 2 (PCW) (NB) (DW + 3) . 

where 

V 
=gw 

= volume of R.C. walls for piping gallery construction, 
cu ft. 

Thus total R.C. volme for piping gallery construction would 
be 

V -V + v 
cg =g= =gw 

2.1.18.5.11 Reinforced concrete quantity for aerator 
supporting platform construction. 

2.1.18.5.11.1 Nmber of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.1.18.5.11.2 Figure 2.1-31 shows a typical supporting 
platform for the aeration equipment. The width of the plat- 
fom would be a function of the capacity of the aerator to be 
supported. The 'following experienced formula is given to 
approximate this relationship. 

X - 5 + 0.078 (HPSN) 

where 

X = width of the platform, ft. 

HPSN = horsepower of the mechanical aerator, HP. 

2.1.18.5.11.3 Volume of reinforced concrete for the con- 
struction of the platforms would be: 

V 
CP 

= [X2 + 5.6 (DW+ 2)] (NT) (NA) (NB) 

where 

V - volume of R.C. for the platform construction, cu 
cp ft . 

DW - water depth of the aeration basin, ft. 

2.1.18.5.11.4 Volme of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to 
the walkway-sidewalls for ease of operation and maintenance. 
By using a width of 4 feet and slab thickness of 1 foot, the 
quantity of reinforced concrete can be calculated by: 
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v 
CWb 

= 12 (W- X)] (NB) (XT) (NA) 

where 

V 
cwb = quantity of concrete for pedestrian bridge construction, 

cu ft. 

2.1.18.5.12 Smmary of reinforced concrete structures. 

2.L.18.S.IZ.L Quantity of coucrete slab. 

v cst =V cs 

where 

v cst - total quantity of R.C. slab for the construction 
of aeration tanks, cu ft. 

2.1.18.5.12.2 Quantity of concrete wall. 

V 
CWt 

=V + v + v cw =g CP 
+ vc* 

where 

V cwt = 

v * cw 

v = 
cg 

v = 
CP 

V 
cwb = 

2.1.18.5.13 

quantity of R.C. wall for the construction of 
aeration tanks, cu ft. 

quantity of aeration tank R.C. walls, cu ft. 

quantity of R.C. for the construction of piping 
gallery, cu ft. 

quantity of R.C. for the construction of aerator- 
supporting platfoms, cu ft. 

quantity of R.C. for the construction of pedestrian 
bridges. 

Quantity of handrail for safety. Handrail is T 
required for the safety protection of the operation personna 
of wastewater treatment plants. Waterway walls, aerator 
platfoms and bridges, and the top of the piping gallery will 
require handrail. Quantity of handrail,can be estimated thus: 

2.1.18.5.13.1 When NT - 2, 

where 
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LHR = handrail length, ft. 

W = aeration tank width, ft. 

X = width of aerator-supporting platform, ft. 

2.1.18.5.13.2 When NT - 3, 

LHR=6W+ lO+ 3' (3x+ W- 4) 

2.1.18.5.13.3 When NT 2 4, 

If F Is an even nunber, 

LHR= 
I 

PC-w + (NT) (W) + [L + 3 - 4 (NA)] (NT) + (NA) l (NT) 

l (3X+ w - 4) 
I 

l (NW 

is an odd nunber, 

LHR= 
I 

PGW+ (NT) (W) + (L + 3 - 4 (NA)] (NT + 2) + 

WA) (NT) (3X+ w- 4) 
I  

l ( N B )  

where 

PCW - width of the piping gallery, ft. 

2.1.18.5.14 Operation and maintenance manpower require- 
ments. Patterson and Bunker's data will be utilized to 
project the operation and maintenance manpower requirements. 
The man-hour per year requirement is presented as a function 
of the total horsepower of the aeration equipment. 

2.1.18.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA = (NW (ND (W (HPSW 

where 

TEA = total installed capacity of the aeration equipment, 
horsepower. 

HPSN = capacity of one individual aerator, horsepower. 

2.1.18.5.14.2 The operation manpower requirenent can be 
estimated as follows: 

When TICA < 200 hp 

OMH = 242.4 (TICA)0*3731 
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When TICA 2 200 hp 

om = 100 (TICA)0g5425 

where 

OMH - operational mawhour requirement, man-hour/yr. 

2.1.18.5.14.3 The maintenance manpower requirement can be es- 
timated as follows: 

When TICA < 100 hp 

MMH = 106.3 (TICA)0*4031 

When TICA > 100 hp 

MME = 42.6 (TICA)0'5956 

where 

KHH = maintenance manpower requirement, man-hour/yr. 

2.1.18.5.15 Energy requiranent for operation. By assuming 
that all the aerators will be operated 90 percent of the time 
year-round, the electrical energy consumption would be: 

KWH = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

WH = electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fran hphr to kwhr. 

2.1.18.5.16 Material and supply costs for operation and 
maintenance. Material and supply costs for operation and 
maintenance include such items as lubrication oil, paint, and 
repair material, etc. These costs are estimated as a percent 
of installed costs for the aeration equipment and are ex- 
pressed as follows: 

OMMP = 4.225 - 0.975 log (TICA) 

where 

OMMP - percent of the installed equipment cost as O&H 
material costs, percent. 

TICA - total installed capacity of aeration equipment, 
horsepower. 
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2.1.18.5.17 Other construction cost itens. Using the above cal- 
culation, the majority of cost itens of the activated sludge process 
have been accounted for. Other cost items, such as piping system, 
control equipment, painting, site cleaning and preparation, etc., can be 
estimated as a percent of the total bare construction cost. This 
percentage value has been shown to vary fran 4 to 15 percent of the 
total construction cost of the aeration tank system. The value depends 
greatly on site conditiorrs and canplexity of the process. For a gene- 
ralized model, an average value of 10 percent would be adequate. Thus, 

CF 1 - - = 1.11 0.90 
where 

CF = correction factor to account for the minor cost 
itens. 

2.1.18.6 

2.1.18.6.1 

2.1.18.6.2 

2.1.18.6.3 

2.1.18.6.4 

2.1.18.6.5 

2.1.18.6.6 

2.1.18.6.7 

2.1.18.6.8 

2.1.18.6.9 

2.1.18.6.10 

2.1.18.6.11 

2.1.18.6.12 

2.1.18.6.13 

2.1.18.6.14 

2.1.18.6.15 

2.1.18.6.16 
percent. 

Quantities Calculations Output Data. 

Number of aeration tanks, NT. 

Number of aerators per tank, NA. 

Number of process batteries, NB. 

Capacity of each individual aerator, EPSN, hp. 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 

Total quantity of R.C. slab, Vest, cu ft. 

Total quantity of R.C. wall, Vcwt, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requiranent, OMH, HH/yr. 

Maintenance manpower requirement, IMH, EPIIyr. 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for O&M material and supply cost, OYXP, 
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2.1.15.6.17 Correction factor for minor capital cost itms, CF. 

2.1.18.7 Unit Price Input Required. 

2.1.18.7.1 Cost of earthwork, UPIEX, $/cu yd. 

2.1.18.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.1.18.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.1.18.7.4 Standard size low speed surface aerator cost (20 hp), 
SSXSA, $, optional. 

2.1.18.7.5 Marshall 6 Swift Equipment Cost Index, MSECI. 

2.1.18.7.6 Equipment installation labor rate, $/MH. 

2.1.18.7.7 Crane rental rate, UPICR, $/hr. 

2.1.18.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.1.18.8 Cost Calculations. 

2.1.18.8.1 Cost of earthwork, COSTE. 
v 

COSTE = $ . UPIEX 

where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.10.8.2 Cost of concrete wall in-place, CUSTCW. 

v 
COSTCW = + 

. UPICW 

where 

COSTCW - cost of concrete wall in place, $. 

v 
CWt 

- quantity of R.C. wall, cu yd. 

UPICW = unit price input of concrete wall in-place, $/ 
cu yd. 

2.1.18.8.3 Cost of concrete slab in-place, COSTCS. 
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v cst . COSTCS = 27 UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cst = quantity of concrete slab, $/cu yd. 

UPICS - unit price input of R.C. slab in-place, $/cu yd. 

2.1.18.8.4 Cost of installed aeration equipment. 

2.1.18.8.4.1 Purchase cost of slow speed pier-mounted surface aer+ 
tors. The purchase cost of aerators*can be obtained by using the 
following equation: 

CSXSA - SSXSA l RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RSXSA = ratio of cost of aerators with capacity of HPSN hp 
to that of the standard size aerator. 

2.1.18.8.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA = 0.2148 (HPSN)"'513 

where 

HPSN = capacity of each individual aerator, hp. 

2.1.18.8.4.3 Cost of standard size aerator. The cost of pier-mounted 
slow speed surface aerator for the first quarter of 1977 is 

SSXSA - $16,300 

For a better estimate, SSXSA should be obtained fran equipment vendor 
and treated as a unit price input. Otherwise, for future escalation, 
the equipment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

SSXSA = 16,300 ' w . 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 
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491.6 = Harshall and Swift Cost Index, first quarter 1977. 

2.1.18.8.4.4 Equipment installation man-hour requirement. The man- 
hour requirement for field installation of fixed-mounted surface aerator 
can be estimated as: 

When HPSN 60 hp 

m - 39 + 0.55 (EPSN) 

When HPSN 60 hp 

IMH f 61.3 + 0.18 (HPSN) 

where 

TMH = installation man-hour requiranent, man-hour, 

2.1.18.8.4.5 Crane requirgnent for installation. 

CH = (0.1) ' IMH 

where 

CH = crane time requirement for installation, hr. 

2.1.18.8.4.6 Other costs associated with the installed equipment. 
This category includes the costs for electric wiring and setting, 
painting, inspection, etc., and can be added as a percentage of purchase 
equipment cost: 

PMINC = 23% 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.18.8.4.7 installed equipment cost, IEC. 

IEC =I [ C S X M  (1 + SW) + m l LABRI + CH l UPICR] 

’ cm l (NT) l (NA) 

where 

IEC = installed equipment cost, dollars. 

LABRI = labor rate, dollars/man-hour. 

UPICR = crane rental rate, dollars/hr. 
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2.1.18.8.5 Cost of handrail. 
can be estimated as: 

The cost of installed handrail system 

COSTHR = LHR x UPIHR 

where 

Lm - handrail quantity, ft. 

UPIHR - unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.1.18.8.6 Other cost itens. 
piping system, 

This category includes cost of process 
control instruments, site work, etc. Costs can be 

adjusted by multiplying the correction factor CF to the sum of other 
co6 ts. 

2.1.18.8.7 Total bare construction costs, TBCC, dollars. 

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHII) ' CF 

where 

TBCC - 

CF = 

total bare construction costs, dollars. 

correction factor for minor cost items, from 
second-order design output. 

2.1.18.8.8 
iten of the 
equipment costs, it can be calculated by: 

Operation and maintenance material costs. Since this 
O&M expenses is expressed as a percentage of the installed 

OMMC = IEC ' OMMP 
100 

where 

OMMC - 

OMMP- 

2.1.18.9 

2.1.18.9.1 

operation and maintenance material and supply 
costs, $/yr. . 

percent of the installed aerator cost as O&M 
material and supply expenses. 

Cost Calculations Output Data. 

Total bare construction cost of the mechanical aerated - activated sludge process, TBCC, dollars. 

2.1.18.9.2 
OMMC, do1 lars. 

Operation and maintenance supply and material. costs, 
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2.1.19 

2.1.19.1 

2.1.19.1.1 

2.1.19.1.1.1 

2.1.19.1.1.2 

2.1.19.1.2 

2.1.19.1.2.1 

2.1.19.1.2.2 

2.1.19.1.2.3 

2.1.19.1.2.4 

2.1.19.2 

2.1.19.2.1 

2.1.19.2.2 

. 

PURE OXYGEN ACTIVATED SLUDGE. 

Input Data. 

Wastewater flow. 

Average flow, mgd. 

Peak hourly flow, mgd. 

Wastewater characteristics. 

BOD5, mg/l. 

COD, mg/l. 

TSS, mg/l. 

VSS, mg/l. 

Design Parameters. 

MLSS, mg/l, (range 4000 - 7000, mean 5000). 

Organic loading (F/M ratio), lb BOD5/lb MLVSS/day 
(0.6 - 0.8 with peak of 2.0). 

2.1.19.2.3 Hydraulic retention time, hrs (2 - 4). 

2.1.19.2.4 Recycle ratio, (25 - 50 percent). 

2.1.19.2.5 Effluent quality, excellent, approximately 90 
percent reduction of BOD and SS. 

2.1.19.3 Process Design Calculations. 

2.1.19.3.1 Calculate the amount of MLVSS required. 

2.1.19.3.1.1 Select designed F/M ratio of 0.7 lb BOD5/lb 
MLVSS/day. 

Q 
(MLvsq = avg 

x So x 8.34 

F/M 

where 

(MLXSS) l = mixed liquor volatile suspended solids in the aeration 
tanks, under average conditions, lb. 

Q avg 
= average wastewater flow, mgd. 

So = influent BOD5 concentration, mg/l. 
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F/M = food to microorganism ratio, Lb BOD5/lb XLVSS/day. 

2.1.19.3.1.2 Check the peak F/M not to exceed 2.0. 

where 

Q xsoxa.34 
wJw2 = p 2 

(MLVSS) 2 = mixed liquor suspended solids in the aeration tank 
under peak conditions, lb. 

B = peak flow, mgd. 

2.1.19.3.1.3 Use the larger of the two MLVSS values as the designed 
MLVSS quantity, (MLVSS)d. 

2.1.19.3.1.4 Calculate the total mixed liquor suspended solids qua- 
tity. For the design loading range, the volatile content of the aixed 
liquor is approximately fran 0.75 - 0.8. Thus: 

where 

(&vss)d 
tms>, - V c . . 

(ms>, = designed mixed liquor suspended solids, lb. 

V.C. = volatile content of mixed liquor use 0.75. 

2.1.19.3.2 Effluent Characteristics. 

2.1.19.3.2.1 BOD5. 

BODE = Se + 0.84 (xv) efff' 

where 

BODE = effluent BOD5 concentration, mg/ 1. 

Se = effluent soluble BOD5 concentration, mg/ 1. 
(fran user input). 

(Sr)eff = effluent volatile suspended solids, mg/l. 

f' - degradable fraction of MLVSS. 

2.1.19.3.2.2 COD. 

CODE = (1.5) (BODE) 

CODSE = (1.5) (Se) 
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where 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/J.. 

Se =I effluent soluble BOD5 concentration, mg/l. 

2.1.19.3.2.3 Nitrogen. 

TKNE - (0.7) TKN 

NH3E = TKNE 

where 

TKNE = effluent 
mg/l. 

TKN - influent 
mg/L. 

NH3E = effluent 

total Kjeldahl nitrogen concentration, 

total Kjeldahl nitrogen concentration, 

ammonia nitrogen concentration, mg/l. 

2.1.19.3.2.4 Phosphorus. 

P04E * (0.7) (PO4) 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.1.19.3.2.5 Oil and Grease. 

OAGE = 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 

2.1.19.3.2.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 = settleable solids, mg/l. 

2.1.19.3.3 Sizing of aeration tanks. 
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where 

(MLVSQd x lo6 
' - 8.34 x (?WSS)c x 7.48 

V = volume of aeration tank, cu ft. 

(MLvSS)c - ?KVSS concentration in aeration tanks (use 4000 
mg/l) l 

2.1.19.3.4 Oxygen requirement. The oxygen requirement of the 
activated sludge system depends on the F/M, influent COD to BOD5 
ratio. The following equations give the oxygen requirgnents. 

. When COD/BOD5 - 3.0 

O2 * [we3 + 0.309(&)] ’ (Q , , )  ’ (So) l (8.34) 

When COD/BOD5 - 2.5 

O2 - [0.653 + 0.347 (+$I ’ (Qavg) l (So) l (8.34) 

When COD/BOD5 - 2.0 

O2 = [0.48 + 0.32 (&] ’ (Q,,) ’ (So) l (8.34) 

where 

O2 = oxygen requirement, lb/day. 

F/M - food to microorganism ratio, lb/BOD /lb 5 MLVSS/day. 

2.1.19.3.5 Sludge production for municipal waste only. 

2.1.19.3.5.1 Volatile sludge production. 

xV 
= El.073 - (1.55) (COD/BOD5-2.5) l 

(Q , , )  l (so -  Se> l (803~) 

where 

X v = volatile sludge production, lb/day. 

COD = influent COD, mg/l. 

BOD5 = influent BOD5, mg/l. 

1.55 = correction factor for other COD/BOD5 than 2.5. 

2.1.19.3.5.2 Inert sludge production. 
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xo - (TSS - vss) x Q,, x 8.34 

w-here 

xo = inert sludge production, lb/day. 

TSS = total suspended solids concentration in influent, 
mgll. 

VSS = volatile suspended solids concentration in effluent, 
I&l. 

2.1.19.3.5.3 Total sludge production. 

sr =x +x 
V 0 

where 

XT - total sludge production, lb/day. 

2.1.19.4 Process Design Output Data. 

2.1.19.4.1 Designed MLVSS, (mVSS)d, lbs. 

2.1.19.4.2 Effluent BOD5, Se, mgll. 

2.1.19.4.3 Volume of aeration tank, V, cu ft. 

2.1.19.4.4 Oxygen requirement, 02, lb/day. 

2.1.19.4.5 Volatile sludge production, Xv, lb/day. 

2.1.19.4.6 Inert sludge production, X0, lb/day. 

2.1.19.4.7 Total sludge production, XT, lb/day. 

2.1.19.5 Quantities Calculations. 

2.1.19.5.1 Excess capacity factor. In order to take care of 
the peak loading and for consecrative design, the capacities of 
actual units are increased by multiplying the design values by 
the excess capacity factors. Smith et al conducted a statistical 
analysis of the excess capacity factors of existing pure oxygen 
systexls. They are used in this program. 

2.1.19.5.1.1 For aeration tanks: 

WFlat = 1.89 
0 u/u4LI 

(Qavg) l 

2.1.19.5.1.2 For oxygenation system: 
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where 

1.85 

(ECF) I ( '2 
0.07334 

as 2ooo' 

(EW at 
= excessive capacity factor for aeration tank. 

(ECF) as - excessive capacity factor for oxygenation systan. 

O2 - oxygen requirement, lb/day. 

2.1.19.5.1.3 Designed aeration tank volune, Vd: 

'd - (ECF)at l v 

where 

vd - designed volume of aeration tank, cu ft. 

V = calculated aeration tank volume, cu ft. 

2.1.19.5.1.4 Designed capacity of the oxygenation systen. 

O X Y G E N  -  

O2 l (Was 

(2000) (0.9) 

where 

OXYGEN = designed capacity of oxygenation system, ton/day. 

0.9 = oxygen utilization is 90 percent for a typical pure 
oxygen system. 

2.1.19.5.2 Reactor configuration. 

2.1.19.5.2.1 In general, the aeration tanks for pure oxygen 
systems utilize the canpletemixing reactors in series concept. 
Usually the number of stages in each reactor train is 3 or 4 and 
the minimum number of reactor trains would be 2. Based on 
experience, the following rule is given to determine the nunber 
of reactor trains and tanks to be used. 

Q avg 
bgd) 

No. of Trains 
NT 

No. of Stages 
Per Train 

l- 15 
15 - 30 
30 - 50 
50 - 60 
60 - 80 
80 - 100 

100 - 120 
120 - 150 

2 3 or 4 
3 3 or 4 
4 3 or 4 
5 3 or 4 
6 3 or 4 
7 3 or 4 
8 3 or 4 

10 3 or 4 
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2.1.19.5.2.2 When Q 5 150 mgd, only one battery of reactors 
will be used and NB gay! 

2.1.19.5.2.3 When Q 
two identical batteri%! 

>150 mgd, the systan will be designed as 
Each can handle Q and NB - 2. 

avg 
2 

where 

NT = nunber of reactor trains. 

NS = number of stages per train. 

NB - nuuber of batteries . 

2.1.19.5.2.4 Dimensions. As suggested by one of the manu- 
facturers of the pure oxygen systa, the following rules are to 
be satisfied in the design of aeration tanks. 

m Side water depth of tank, SWD - 8 to 12 ft. 

w  Each stage will be square construction with length of 
T ft, and T should be in the range of 22 to 65 ft. 

- Length to depth ratio should be tn the range of 0.2 to 
0.37, with 0.3 the canmonly used number. 

Thus the length of each aeration tank stage would be: 

T=( 
'd 

(NB) (NT) (NSj (0.3)) 

u 3 

where 

T= length of one aeration stage, ft. 

NS = number of stages per train; use 3 to start with. 

If T I; 22 ft, use 22 ft as the length. 

If 7: >65 ft, increase the nunber of stages, NS, to 4 and cal- 
culate new length. If the length is still larger than 65 ft, 
increase the number of reactor trains NT = NT + 1 and repeat, 
until T is in the right range of 22 ft to 65 ft. 

The side water depth is calculated by: 

SWD = 0.3 ' T 
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where 

SVD - side water depth, ft. 

Host manufacturers suggest 2.5 ft of freeboard; therefore, the 
total depth would be: 

z = swD+ 2.5 

where 

2 = total depth of aeration tanks. 

2.1.19.5.3 Oxygenation system design. There are three 
different ways that pure oxygen can be supplied to the wastewater 
treatment sites. The first one is using a liquid oxygen storage 
tank. The second would be an o-site generation by using a PSA 
systan and the third would be oxygen generation using the cryo- 
genic process. Liquid oxygen is only used as backup storage In 
danestic wastewater treatment. PSA oxygen supply is generally 
used with smaller installation, usually for systens which require 
less than 20 tons of oxygen per day. For larger applications the 
cryogenic plant will be utilized. The pure oxygen is piped fran 
the generating site to the aeration tank and the oxygen transfer 
is pranoted by using surface aerator. 

2.1.19.5.3.1 Calculate the capacity of surface aerators. 

When OXYGEN s 20 tons/day: 

Dissolution horsepower, DBP = (OXYGEN) (0.9) (2000x 
(24)(7.0) 

where 

DHP = dissolution horsepower required, hp. 

7.0 = lbs of oxygen dissolved per horsepower - hr for PSA 
units. 

When OXYGEN > 20 tons/ day: 

Dm = (OXYGEN) (0.9) (2000) 
(24) (84 

where 

8.5 = lbs of oxygen dissolved per horsepower-hr for cryogenic 
units. 

2.1.19.5.3.2 Calculate the horsepower required for generation 
of pure oxygen. 
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When OXYGEN ,( 20 tons/day: 

GHP = (20.4) (OXYGEN) 

When OXYGEN >2O tons/day: 

GPH = (17.5) (OXYGEN) 

where 

GHP - pure oxygen generating horsepower, hp. 

20.4 - energy required per ton of oxygen generated for PSX 
units. 

17.5 = energy required per ton of oxygen generated for 
cryogenic units. 

2.1.19.5.3.3 Calculate the total horsepower required. 

THP - DHP+ GHP 

where 

THP = total horsepower required for the pure oxygen system. 

2.1.19.5.3.4 Calculate size and nunber of cryogenic oxygen 
generation units. 

If OXYGEN $100 tons/day, one unit will be used: 

CUC = OXYGEN 

If OXYGEN > 100 tons/day, multiple units will be used: 
OXYGEN cut - - N 

Try N - 2 first; if CUC > 100, go to N - N + 1 and repeat until 
cut i; 100. 

where 

cut = individual cryogenic unit capacity, tons/day. 

N- nunber of cryogenic units. 

2.1.19.5.4 Calculate horsepower of individual aerators. The 
aerators must be one of the following sizes: 5, 7.5, 10, 15, 20, 
25, 30, 40, 50, 60, 75, 100, 125, and 150 hp. 

HPs = DHP 
NT x NS x NB 
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Canpare HP, to the sizes listed and select the next largest size. 

where 

HPS 
= horsepower of the individual aerators, hp. 

2.1.19.5.5 CaLculate earthwork required for construction. 
Assume that the tank will be half-buried. 

V o [zJ2+1] [NS(T)+NSt4) (NT(T)+NT+4) + (NS(T)+NS+Z+6) (NT(T)+NT+Z+6)] 
ew 2 

where 

v ew = earthwork required for construction, cu ft. 

2.1.19.5.6 Calculate reinforced concrete quantities. 

2.1.19.5.6.1 Calculate quantity of R.C. slab in-place required. 

v cs = (NS(T) + NS + 4) (NT(T) + NT + 4) (NW 

where 

V cs - quantity of R.C. slab in-place required, cu ft. 

2.1.19.5.6.2 Calculate quantity of R.C. wall in-place required. 

v = cw [NS(T)+NS+l] [NT+11 + [NT(T)+NT+l] [Nstl] [(Z)(NB)] 

where 

V cw = quantity of R.C. wall i-place required, cu ft. 

2.1.19.5.6.3 Calculate quantity of R.C. in-place for top slab. 

where 

V cts - [NS(T)+NS+ l] [NT(T)+NT+l] 

V cts = quantity of R.C. in place required for top slab, cu 
ft. 

2.1.19.5.6.4 Calculate quantity of R.C. in-place required for 
effluent trough. 

V cet - 12.5 (NT(T)+NT+l] 

where 

V cet = quantity of R.C. in-place required for effluent 
trough. 
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2.1.19.5.6.5 Calculate totaL quantity of R.C. in-place for 
walls. The forming required for the top slab and effluent trough 
cause the cost to be the same as for walls; therefore, they will 
be added together to obtain a total quantity. 

v 
CWt 

=v 4-v 
cw cts + 'cet 

where 

V 
CWt 

- total. quantity of R.C. wall iwplace required, cu ft. 

2.1.19.5.7 Calculate electrical energy requiranents for 
operation. Assume that the aerators and oxygen generation 
equipment operate 90 percent of the time year-round. 

KWH = 0.85 x 0.9 x 24 x 365 x THP 

where 

WH = electrical energy required for operation, kwhrjyr. 

0.85 - conversion factor fran hp-hr to kwbr. 

2.1.19.5.8 Calculate operation manpower requirements. The 
operation manpower requiranents for the pure oxygen systen should 
be very nearly the same as that for the activated sludge process 
with mechanical aeration. The operation manpower is presented as 
a function of the total horsepower of the equipment. 

2.1.19.5.8.1 If THP C 200 hp, the operation manpower is cal- 
culated by: 

OMH - 242.4 (THP)"'3731 

2.1.19.5.8.2 If THP 2 200 hp, the operation manpower is cal- 
culated by: 

OMH = 100 (THP)"'5425 

where 

OMH - operation manpower requirenent, MNyr. 

2.1.19.5.9 Calculate the maintenance manpower requirements. 
The maintenance manpower requirements for the pure oxygen system 
are of two types essentially: the aeration equipment and the 
oxygen generation equipment. The maintenance required for the 
aeration equipment has been related to aeration horsepower by 
Patterson and Bunker and this will be utilized to estimate the 
maintenance manpower for the dissolution equipment. There is no 
published data on maintenance for the oxygen generation equip- 
ment; however, estimates of maintenance manpower requiranents 
have been obtained fran manufacturers and will be utilized to 
predict this requirenent. 
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2.1.19.5.9.1 When OXYGEN s 20 tons/day and DHP 5 100 hp, the 
maintenance manpower requireuent is calculated by: 

mH= 160 + 106.3 (DHP)"'4031 

2.1.19.5.9.2 When OXYGEN < 20 tons/day and DHP > 100 hp, the 
maintenance manpower requirement is calculated by: 

MMH- 160 + 42.6 (DHP)"'5g56 

2.1.19.5.9.3 When OXYGEN > 20 tons/day and DHP S 100 hp, the 
maintenance manpower requirenent is calculated by: 

M?fH - 480 + 106.3 @HP)o*4o31 

2.1.19.5.9.4 When OXYGEN > 20 tons/day and DHP > 100 hp, the 
maintenance manpower requirenent is calculated by: 

mH= 480 + 42.6 (DHP)0'5g56 

where 

XMH = maintenance manpower requirement, MH/yr. 

2.1.19.5.10 Operation and maintenance material and supply 
co5 ts. Material and supply costs for operation and maintenance 
include such itens as lubrication oil, paint, and repair mate- 
rial. These costs are estimated as a percent of installed costs 
for the aeration and oxygen generation equipment. 

2.1.19.5.10.1 Operation and maintenance material and supply 
costs for aerators. 

OMMPA - 4.225 - 0.975 log (DHP) 

where 

OMMPA = operation and maintenance material and supply costs 
for aerators as percent of installed costs for 
aerators, percent. 

2.1.19.5.10.2 Operation and maintenance material and supply 
costs for oxygen generation equipment. 

OMMPO = 1.35% 

where 

OMMPO = operation and maintenance material and supply costs 
for oxygen generation equipment as percent of in 
stalled cost of oxygen generation equipment, percent. 
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2.1.19,5.11 Other construction cost items. The majority of 
the costs for the pure oxygen system has been accounted for in 
the previous calculations. Other items such as oxygen piping, 
control equipment, site cleaning, painting, etc., will be es- 
timated as a percent of the total bare construction cost. It is 
estimated these itens would represent 10 percent of the cost. 

CF=+ 1.11 . 

where 

CF = correction factor for minor construction cost items. 

2.1.19.6 

2.1.19.6.1 

2.1.19.6.2 
tons/day. 

2.1.19.6.3 

Quantities Calculation Output Data. 

Design aeration tank volume, Vd, cu ft. 

Design capacity of oxygenation system, OXYGEN, 

Number of reactor trains, NT. 

2.1.19.6.4 Number of stages per train, NS. 

2.1.19.6.5 

2.1.19.6.6 

2.1.19.6.7 

2.1.19.6.8 

2.1.19.6.9 

2.1.19.6.10 

2.1.19.6.11 

2.1.19.6.12 

2.1.19.6.13 
ft. 

2.1.19.6.14 
V 

CWt’ 
cu ft. 

Number of batteries, NB. 

Length of one aeration stage, T, ft. 

Tank side water depth, SWD, ft. 

Total tank depth, 2, ft. 

Dissolution horsepower, DHP, hp. 

Oxygen generation horsepower, CHP, hp. 

Total horsepower requiranent, THP, hp. 

Earthwork required for construction, Vew, cu ft. 

Quantity of R.C. slab in-place required, Vcs, cu 

Total quantity of R.C. wall ipplace required, 
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2.1.19.6.15 Electrical energy required for operation, KWH, 
k&r/yr. 

2.1.19.6.16 Operation manpower requirement, OMH, MH/yr. 

2.1.19.6.17 Maintenance manpower requirement, MMH, MH/yr. 

2.1.19.6.18 Operation and maintenance material and supply 
costs as percent of purchase cost of equipment, OMMP, percent. 

2.1.19.6.19 
itans, CF. 

2.1.19.6.20 

2.1.19.6.22 

2.1.19.6.23 

2.1.19.7 

2.1.19.7.1 

2.1.19.7.2 
S/cu yd. 

2.1.19.7.3 
Sh yd. 

2.1.19.7.4 

Correction factor for minor construction cost 

Horsepower of individual aerators, HPs, hp. 

Individual cryogenic unit capacity, CUC, tons/day. 

Number of cryogenic units, N. 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price input for R.C. wall in-place, UPICW, 

Unit price input for R.C. slab in-place, UPICS, 

Standard size low 
ccsts, SSXSA, $, (optional). 

2.1.19.7.5 Standard size PSA 
COSTSP, $, (optional). 

speed fixed surface aerator 

oxygen generation unit cost, 

2.1.19.7.6 Standard size cryogenic oxygen generation cost, 
COSTSCR, $, (optional.). 

2.1.19.7.7 Current Marshall and Swift Equipment Cost Index, 
MSECI. 

2.1.19.7.8 Equipment installation labor rate, LABRI, $/man- 
hour. 

2.1.19.7.9 Crane rental rate, UPICR, $/hr. 
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2.1.19.8 Cost Calculations. 

2.1.19.8.1 Cost of earthwork. 

V 
COSTE = + UPIEX 

where 

COSTE = cost of earthwork, $. 

v ew - quantity of earthwork, cu ft. 

UPXEX = unit price input of earthwork, $/cu yd. 

2.1.19.8.2 Cost of concrete slab in-place. 

v 
COSTCS - + UPICS 

where 

COSTCS - cost of R.C. slab in-place, $. 

V cs - quantity of R.C. slab iwplace required, cu ft. 

UPICS = unit price input R.C. slab in-place, $/cu yd. 

2.1.19.8.3 Cost of concrete wall in-place. 

V 
COSTCS = g UPICW 

where 

COSTCW = cost of R.C. wall in-place, $. 

V cw - quantity of R.C. wall in-place required, cu ft. 

UPICW = unit price input R.C. wall in-place, $/cu yd. 

2.1.19.8.4 Installed cost of PSA oxygen generation equipment. 
If OXYGEN is <20 tons/day, the PSX unit will be used. 
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2.1.19.8.4.1 Calculate purchase cost of PSA oxygen generation 
equipment. 

COSTRO COSTOE - COSTSP x - 100 

where 

COSTOE = purchase cost of oxygen generation equipment, $. 

COSTSP = purchase cost of standard size (l&ton) PSA oxygen 
generation unit, $. 

cosTRo = purchase cost of oxygen generation equipment of 
OXYCEN capacity as percent of standard unit cost, 
percent. 

2.1.19.8.4.2 Calculate COSTRO. 

COSTRO = 22.96 (OXYGEN)"-6531 

where 

OXYCEN = design capacity of oxygen system, tons/day. 

2.1.19.8.4.3 Cost of standard size PSA unit. The cost of the 
LO-ton/day PSA unit selected as the standard size unit is: 

COSTSP = $800,000 

For better cost estfmation COSTSP should be obtained fran the 
vendor and treated as a unit price input. However, if it is not 
treated as a unit price input, the cost will be adjusted by using 
the Marshall and Swift Equipment Cost Index. 

COSTSP MSECI 
- $800,000 491.6 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.1.19.8.4.4 Installed cost of PSA unit. The installation cost 
for PSA unit is approximately 28 percent of the equipment purchase 
c-t. 

IOEC - 1.28 COSTOE 

where 

IOEC = installed cost of oxygen generation equipment, $. 
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2.1.19.8.5 Installed cost of cryogenic generation equipment. 
Xf OXYGEN > 20 tons/day, the cryogenic units will be used. 

2.1.19.8.5.1 Calculate purchase cost of cryogenic oxygen 
generation equipment. 

COSTOE - COSTSCR x COSTRO 
100 

where 

COSTOE - purchase cost of oxygen generation equipment, $. 

COSTSCR = purchase cost of standard size (50lton) cryogenic 
oxygen generation unit, $. 

COSTRO = purchase cost of oxygen generation equipment of 
OXYGEN capacity as percent of standard unit cost, 
percent. 

2.1.19.8.5.2 Calculate COSTRO. 

COSTRO = 14.1 (0,GEN)"*so41 

where 

OXYGEN = design capacity of oxygen 'generation systan, tons/ 
day. 

2.1.19.8.5.3 Cost of standard size cryogenic unit. The cost of 
the X)-ton/ day cryogenic unit selected as the standard size unit 
is: 

COSTSCR = $1,90O,OCO 

For better estimation COSTSCR should be obtained fran the vendor 
and treated as a unit price input. However, if it is not treated 
as a unit price input, the cost will be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTSCR - $1,900,000 m . 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.1.19.8.5.4 Installed cost of cryogenic unit. The instal- 
lation cost for cryogenic units is approximately 23 percent of 
the equipment purchase cost. 
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XOEC 1 1.23 (COSTW (N) 

IOEC - installed cost of oxygen generation equipment, $. 

N = nunber of cryogenic units required. 

2.1.19.8.6 Cost of installed aeration equipment. 

2.1.19.8.6.1 Purchase cost of slow speed fixed surface ae- 
rators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA- (SSXSA) (RSXSA) 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed fixed 
aerator. Motor horsepower is 20 hp. 

RSXSA = ratio of cost of aerators with capacity of HPs hp 
and that of the standard size aerator with 20 hp. 

2.1.19.8.6.2 RSXSA. The cost ratio can be expressed as: 

RSXSA = 0.2148 BPS 0.513 

HPS 
- capacity of each individual aerator, hp. 

2.1.19.8.6.3 Cost of standard size aerator. The cost of fixed 
slow speed surface aerator for the first quarter of 1977 is: 

SSXSA - $16,300 

For a better cost estfmate. SSXSA should be obtained fran equip- 
ment vendor and treated as a unit price input. 
future escalation, the equipment cost should be 
the Marshall and Swift Equipment Cost Index. 

Otherwise, 
adjusted b 

for 
Y us ing 

SSXSx - 16,300 l E . 

where 

3fSECI = current mrshal.1 and Swift Equipment Cost Index fran 
input. 
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491.6 3: Marshall and Swift Cost Index, first quarter 1977. 

2.1.19.8.6.4 Equipment installationman-hour requirenent. The 
man-hour requirenent for field installation of fixed-mounted 
surface aerator can be estimated as: 

When HPs 5 60 hp 

YMH - 39 + 0.55 (BPS) 

When HPs ) 60 hp 

IHH = 61.3 + 0.18 (BPS) 

where 

IMH = installation mawhour requirement, man-hour. 

2.1.19.8.6.5 Crane requirement for installation. 

CH = (0.1) l IMH 

where 

CH = crane time requiranent for installation, hr. 

2.1.19.8.6.6 Other costs associated with the installed equipment. 
This category includes the costs for electric wiring and setting, 
painting, inspection, etc., and can be added as a percentage of pur- 
chased equipment cost: 

EWING - 23% 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.19.8.6.7 Installed aeration equipment cost, IAEC. 

UEC = fCs=A (1 + w) + IMH l LABRI + CH x UPICR] 

l (NB) l (NT) l (NS) 

where 

IAEC - installed aeration equipment cost, $. 

LABRI = labor rate, $/MH. 

UPICR = crane rental rate, $/hr. 
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NB = nunber of batteries. 

NT = nunber of trains. 

NS - nunber of stages. 

2.1.19.8.7 Total bare construction cost. 

TBCC = (COSTE + COSTCS + COSTCW + IOEC + IAEC) CF 

where 

TBCC = total bare construction cost, $. 

CF - correction factor for minor costs items. 

2.1.19.8.8 Operation and maintenance material and supply 
costs. 

omc - (OMMPA) (IAEC) + (OMMPO) (IOEC) 
100 

where 

OMMC = operation and maintenance material and supply costs, 
$9 

OMHPA - operation and maintenance material and supply costs 
for aeration equipment as perceot of installed cost 
of aeration equipment, percent. 

OMMPO= operation and maintenance material and supply costs 
for oxygen generation equipment as percent of installed 
cost of oxygen generation equipment, percent. 

2.1.19.9 Cost Calculations Output Data 

2.1.19.9.1 Total bare construction cost for the pure oxygen 
activated sludge process, TBCC, $. 

2.1.19.9.2 Operation and maintenance material and supply 
costs, OMMC, $. 
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2.1.20 

2.1.20.1 

STEP AERATION ACTIVATED SLUDGE (DIFFUSED AERATION). 

Xnput Data. 

2.1.20.1.1 Wastewater Flow (Average and Peak). In case of 

high variability, a statistical distribution should be provided. 

2.1.20.1.2 

2.1.20.1.2.1 

2.1.20.1.2.2 

2.1.20.1.2.3 

2.1.20.1.2.4 

2.1.20.1.2.5 

2.1.20.1.3 

2.1.20.1.3.1 

2.1.20.1.3.2 

2.1.20.1.3.3 

2.1.20.1.3.4 

2.1.20.1.3.5 

2.1.20.1.3.6 

2.1.20.1.3.7 
Ulg/l. 

2.1.20.1.3.8 

2.1.20.1.4 

2.1.20.1.4.1 

2.1.20.1.4.2 

2.1.20.1.4.3 

2.1.20.1.4.4 

Wastewater Strength. 

BOD5 (soluble and total), n&l. 

COD and/or TOG (maximum and minfmclm), rug/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS, mg/l. 

Other Characterization. 

PH. 

Acidity and/or alkalinity, mg/l. 

Nitrogen,' mg/l. 

Phosphorus (total and soluble), mg/l. 

Oils and Greases, mdl. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), 

Tanperature, OF or 'C. 

Effluent Quality Requirements. 

BOD5, mg/l. 

SS, rndl. 

TKN,mg/l. 

P, mg/l. 

-~ 
1 The form of nitrogen should be specified as to its biological 

availability (e.g., NH3 or Kjeldahl). 
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2.1.20.1.4.5 Total nitrogen (TKN + NO3-N), mg/l. 

2.1.20.1.4.6 Settleable solids, mg/l/hr. 

2.1.20.2 Design Paraneters. 

2.1.20.2.1 Reaction Rate Constants and Coefficients. 

Constants 

Eckenfelder 

Range 

2.1.20.2.2 

2.1.20.2.3 

2.1.20.2.4 

2.1.20.2.5 

2.1.20.2.6 

2.1.20.2.7 

2.1.20.2.8 

2.1.20.2.9 

2.1.20.2.10 

2.1.20.2.11 

2.1.20.2.12 

2.1.20.3 

2.1.20.3.1 
known. 

2.1.20.3.1.1 

Jo. 2.1.20.3.1.2 

2.1.20.3.1.3 

2.1.20.3.1.4 

k 0.0007-0.002 l/mg/ hr 
a 0.73 

b" 
f 0.52 

O.O75/day 
b' 0.15fday 
f 0.40 
f' 0.53 

F/M - (0.2-0.4). 

Volumetric loading - 4&60. 

t - (3-5) hr. 

t 
S 

- (3-7) days. 

MLSS = (2OOCb3500) mg/l. 

MLVSS = (14OC-2450) mg/l. 

QJQ - (0.25-0.75). 

lb 02/lb BOD, 2 1.25. 

lb solids/lb BOD, = (0.5-0.7). 

0s (1.0-1.04). 

Efficiency = ( > 90 percent). 

Process Design Calculations. 

Assume the following design parameters when un- 

BOD removal rate constant (k). 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (5 and b'). 
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2.1.20.3.1.5 Mixed liquor suspended solids (?%SS). 

2.1.20.3.1.6 Mixed liquor volatil'e suspended solids (MLVSS). 

2.1.20.3.1.7 Food-to-microorganis ratio ('F/M). 

2.1.20.3.1.8 Tanperature correction coefficient (4). 

2.1.20.3.1.9 Nonbiodegradable fraction of VSS in influent (f). 

2.1.20.3.1.10 Degradable fraction of the MLVSS (f'). 

2.1.20.3.2 

where 

KT 
1 

K20 = 

0s 

T= 

2.1.20.3.3 
determining 

tanperature correction coefficient. 

temperature, OC. 

Determine size of the aeration tank by first 
the detention time. 

where 

t = 24So 

$) U’/ M) 

t = detention time, hr. 

so * 
xv 31 

F/M - 

2.1.20.3.4 

where 

Adjust BOD removal rate constant for temperature. 

5 - K20° 
(T-20) 

rate constant for desired tanperature, Oc. 

rate constant at 20°C. 

influent BOD, mg/l. 

Muss, ms/ 1. 
food-to-microorganism ratio. 

Check detention time for treatability. 
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se 
= BOD5 soluble in effluent, mg/l. 

sO 
= BOD3 in influent, mg/l. 

k= BOD removal rate constant, l/mg/hr. 

s = MLVSS, mg/l. 

t - detention time, hr. 

and solve for t and canpare with t in (2.1.20.3.3) above and 
select the larger. 

2.1.20.3.5 

where 

V= 

Q avg o 

t = 

2.1.20.3.6 

Calculate the volume of aeration tank. 

V*Q t 
avg 24 

volume, million gal. 

average daily flow, mgd. 

detention time, hr. 

Calculate oxygen requirements. 

d0 a'$) 
K=-+b 1 

t xv 

or 

O2 - a'(Sr)(Qavg)(g.34) + b'C$,) (V)(g.34) 

where 
d0 
dt= 
a' r 

'r 3 

t = 

b' = 

O2 = 

Q avg = 

oxygen uptake rate, mg/l/hr. 

fraction of BOD oxidized for energy. 

BOD removed (So - Se) 

detention time, hr. 

endogenous respiration rate, l/hr. 

mvss. 

oxygen requirement, lb/day. 

average flow rate, mgd. 
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V = volume of aeration tank, million gal. 

and check the oxygen supplied against 2 1.25. 

lb 02/lb BOD, = 02 

where 
9ESr)(8.34) 

O2 s oxygen required, lb/day* 

Q = flow, mgd. 

Sr = BOD raoved, mg/l. 

3 1 20,3,7 11 ? A. " Design aeration systarn, 

2,1,20,3,7,1 Assume the following design parameters. 

2,1,20,3,7,1,1 Standard transfer efficiency, percent, from manu- 
faeturer (5-8 percent). 

5*1,20,3,7,1,2 0 2 transfer in waste/02 transfer in watera0.9. 

2,I.,20,3.7,1,3 02 saturation in waste/02 saturation in water s 
0.3. 

2,1,20,3.7,1.4 Correction factor for pressure- 1.0. 

2,1*20.3,7.2 Select summer operating tenperature (ZS-30°C) and 
detzmine (frcm standard tables) O2 saturation. 

2,1,20.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

KS) 
T 

(/J)(P) - CL 
OTB = ST% 

o&02>T-20 
9.17 

where 

OTE = operating transfer efficiency, percent. 

STE = standard transfer efficiency, percent. 

(Cs) = 02 saturation at selected summer temperature T, Oc, 
T mg/l. 

P =O 2 saturation in waste/02 saturation in water eO.9. 

p = correction factor for pressure E=l.O. 



cL = minknum dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

T= taaperature, OC. 

4s O2 transfer in waste/O2 transfer in water eO.9. 

2.1.20.3.7.4 Calculate required air flow. 

Blowers are treated as a separate unit process since several unit 
processes in a single plant may require air fran the blowers. The 
air requirements fran all unit processes in a treatment train 
which require air are summed and the total air requirement is used 
to size the blower facility. The unit process design for the 
blower facility is found in subsection 2.3. 

where 

Ra * 
02(105)(7.48) 

(OTQ0.0176 
lb O2 

ft3 air 
1440% V 

Ra 
3 - required air flow, cfm/lOOO ft . 

O2 = oxygen required, lb/day. 

OTE - operating transfer efficiency, percent. 

V = volume of basin, gal. 

2.1.20.3.8 Calculate sludge production. 

"xv = [aSrQavg - b%(V) + fQ(VSS> + Q(SS - VSS)](8.34) 

where 

P 
% = sludge produced, lb/ day. 

a - fraction of BOD renoved synthesized to cell material. 

Sr = BOD removed, mg/l. 

Q avg 
- average flow, mgd. 

b - endogenous respiration rate, l/day. 

51 = volatile solids in raw waste, mg/l. 

V = volme of tank, gal. 

f = nonbiodegradable fraction of influent VSS. 

Q= flow, ngd. 
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VSS = volatile suspeuded solids in effluent, mg/l. 

SS = suspended solids in influent, mg/l. 

2.1.20.3.9 Check AXV aginst 0.50.7. 

lb/solids t 
A 

xv 

(lb BODrj S,(Q) 03.34) 

where 

A 5 = sludge produced, lb/day. 

Sr = BOD removed,mg/l. 

Q = flow, mgd. 

2.1.20.3.10 Calculate sludge recycle ratio. 

Qr 'a -I 
Q Xu - Xa 

where 

Q, = volume of recycled sludge, mgd. 

Q = flow, mgd. 

xa = MISS, mg/l. 

xU 
- suspended solids concentration in returned sludge, 

mg/l. 

2.1.20.3.11 Calculate solids retention time. 

W)(Xa> 03.34) 
SRT = nX 

a 

where 

SRT = solids retention time, days. 

V - volume of basin, gal. 

'a - MISS, mg/l. 

A xv 
AXa * % volatile 
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CI $ = sludge produced, lb/day. 

2.1.20.3.12 Effluent Characteristics. 

2.1.20.3.12.1 BOD5. 

BODE = Se + 0.84 (Xv) efff' 
where 

BODE = effluent BOD5 concentration, mg(L. 

Se = effluent soluble BOD5 concentration, mg/l. 

($)eff - effluent volatile suspended solids, mg/l. 

f' - degradable fraction of MLVSS. 

2.1.20.3.12.2 COD. 

CODE - (1.5) (BODE) 

where 
CODSE - (1.5) (Se> 

CODE = effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/l. 

2.1.20.3.12.3 Nitrogen. 

TKNE- (0.7) TKN 

NH3E = TICNE 
where 

TKHE = effluent total Kjeldahl nitraen concentration, 
mg/l. 

TKN = influent total Kjeldahl nitrogen concentration, 
mdl. 

NH3E = effluent anmonia nitrogen concentration, mdl. 

2.1.20.3.12.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.1-264 



2.1.20.3.12.5 Oil and Grease. 

OAGE = 0.0 

where , 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.20.3.12.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - settleable solids, mg/l. 

2.1.20.3.13 Determine nutrient requiranents. ' 

for nitrogen 

N = 0.1236 %( or 0 xv) 

and phosphorus 

P - 0.026 A MT (of "xv> 
where 

\ = sludge produced, lb/day. 1 

sr = sludge produced, lb/day. 

and check against BOD:N:P - 100:5:1. 

2.1.20.4 

2.1.20.4.1 

2.1.20.4.1.1 

2.L20.4.1.2 

2.L.20.4.1.3 

2.1.20.4.1.4 

2.1.20.4.1.5 

2.1.20.4.1.6 

2.1.20.4.1.7 

2.1.20.4.1.8 

2.1.20.4.1.9 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/mg/hr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD renoved. 

Influent nonbiodegradable VSS (f). 

Effluent degradable VSS (f'). 

lb BOD/lb MLSS-day (F/M ratio). 

Mixed liquor SS, mg/l (MISS). 

Mixed liquor VSS, mg/l (MLVSS). 
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2.1.20.4.1.10 

2.1.20.4.1.11 

2.1.20.4.1.12 

2.1.20.4.1.13 

2.1.20.4.1.14 

2.1.20.4.1.15 

2.1.20.4.1.16 

2.1.20.4.1.17 

2.1.20.4.2 

2.1.20.4.2.1 

2.1.20.4.2.2 

2.1.20.4.2.3 

2.1.20.5 

2.1.20.5.1 

Aeration time, hr. 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requiraent, lb/day. 

Phosphorus requiranent, lb/day. 

Sludge recycle ratio, percent. 

Solids retention time, days. 

Aeration System. 

Standard transfer efficiency, percent. 

Operating transfer efficiency, percent. 

Required air flow, cfm/lOOQ ft3. 

Quantities Calculations. 

Design values for activated sludge system. 

LO6 vd=v- 7.48 

CFMd = (CFM) (V) (133.7) 

where 

V = volume of aeration tanks, million gallons. 

2.1.20.5.2 Selection of numbers of aeration tanks. The 
following rule will be utilized in the selection of nunbers of 
aeration tanks. 

Number of 
Q avg 
(wd) 

Aeration Tanks 
NT 

0.5 - 2 2 
2-4 3 
4- 10 4 

10 - 20 6 
20- 30 8 
30 - 40 10 
40- 50 12 
50 - 70 14 
70 - 100 16 
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liien Q is larger than 100 mgd, several batteries of aeration 
tanks $fl be used. See next section for details. 

2.1.20.5.3 Selection of nunber of tanks and ntxnber of bat- 
teries of tanks when Q is larger than 100 mgd. It is general 
practice in designing ?%ger sewage treatment plants that several. 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic limitations. To simplify the modeling process, the 
following rules will be used: 

2.1.20.5.3.1 When Q avg g 100 mgd, only one battery of aeration 
tanks will be used. Thus 

NB-1 

where 

NB - nunber of batteries of units. 

2.1.20.5.3.2 When 100 C Q,, 5 200 mgd, the systaa till be 

designed as two identical batteries of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to the 
rules established in subsection 2.1.20.5.2 by using half the 
design flow as Q,,. Thus 

NB=2 

2.1.20.5.3.3 When Qavg > 200 mgd, the design will be performed 

to use three batteries of aeration basins, each handling one-third 
of the wastewater. Thus 

NB-3 

2.1.20.5.4 Nmber of diffusers. The oxygen transfer rates 
used in the first- order design dictate the use of coarse bubble 
diffusers. These diffusers have an air flow fran 10-15 scfm; for 
design purposes an average of 12 scfm will be used. 

cFMd 
mt = 12 (NT) (NB) 

ND, must be an integer. 

where 

NDt = nunber of diffusers per tank. 
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2.1.20.5.5 Number of swing arm diffuser headers. For ease of 
maintenance swing arm headers are usually used. The nunber of 
diffusers per header is dictated by the nunber of connections 
provided on each header by the manufacturer. This varies with 
manufacturer and header size fran 8 to 30. For our purposes an 
average of 20 diffusers per header will be assumed. 

NSAt - NDt 
20 

NSA, must be an integer. 

where 

NSAt = nunber of swing arm headers per tank. 

2.1.20.5.6 Design of aeration tanks. 

2.1.20.5.6.1 Volume of each tank would be 

where 

VN- 'd 
(NB) (NT) 

VN = volume of single aeration tank, cu ft. 

2.1.20.5.6.2 Depth and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft and 30 ft, 
respectively. 

2.1.20.5.6.3 Length of aeration tanks. 

L= 
(15$(30) 

If L is greater than 400 ft, then recalculate VN using NT = ?IT + 
1, then recalculate L. 

2.1.20.5.7 Aeration tank arrangements. 

2.1.20.5.7.1 Figure 2.1-32 shows the schematic diagram of the 
arrangements. A pipe gallery will be provided when the nunber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systems and 
control equipment. 

Q 
PGW = 20 + (0.4) ($p) 

where 

PGW = pipe gallery width, ft. 
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Q = avg average influent wastewater flow, mgd. 

NB= nunber of batteries. 

2,1,20,5,8 Earthwork required for construction. It is assumed 
that the tank bottun will be 4 feet below ground level. The 
earthwork required can be estimated by the following equations: 

2,1.20*5*8,1 When NT is less than 4, the earthwork required 
ucu.ld be: 

T;r 
(~T(31.5) + 15.5) (L + 17) + (NT(31.5) * 23-5) (L + 25)~ 

ew=6NIS f-m-- 2 1 

where 

v ew = volume of earthwork required, cu ft. 

XT =o nrmber of tanks per battery. 

E 2 length of aeration tanks, ft. 

2*i*28.5.8a2 When NT is greater than or equal to 4, the earthwork 
required would be: 

v ~ 6 'dB +15.75(NT)+15.5) (2L+PGWZO) + (15.75(NT)+2.5) (2L+PGWt28)I 
ew L 2 

2,1.20,5,9 Reinforced concrete slab quantity. It is assumed 
that a l'-6" thick slab will be utilized regardless of the size of 
the systsn a The volume of reinforced concrete slab will be the 
sake for both plug and canpletemix flow. 

2*1.20*5.9.1 For NT less than 4: 

v cs = 1.5 NB [ (NT(31.5) + 15.5) (L + 17)] 

where 

v = R.C. cs slab quantity required, cu ft. 

2‘31*20.5.9.2 For NT greater than or equal to 4: 

v cs - 1.5 NB [ (15.75(NT) + 15.5) (2L + PGW+ ZOO)] 

2,1,20.5,10 Reinforced concrete wall quantities. 

2,1,20.5.10.1 In using the plug flow systan, influent to the 
aeration basin will be piped to one end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wall 
construction. Two typical wall sections are required, as shown in 
Figure 2.1-33. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 
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2.1.20.5.10.2 When NT - 2: 

v cw = W (1.25 DW+ 11) + (6 W+ 9) (1.25 DW + 3.75) 

2.1.20.5.10.3 When NT - 3: 

v 
cw = (1.25 DW + 11) (3 W + 6) + (1.25 DW + 3.75) (7 W + 6) 

2.1.20.5.10.4 When NT 2 4: 

v = cw 9 (L + 3) (1.25 DW+ 11) + t(O.5 NT + 2) (L + 3) + 

2 ow w> I  l (1.25 DW+ 3.75) l om 

where 

v cw - R.C. wall quantity required, cu ft. 

L = length of aeration tanks, ft. 

2.1.20.5.11 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater trealment plants. Waterway walls and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be estimated as follows: 

2.1.20.5.11.1 If NT is less than 4: 

LHR - [WW OI) + 2(L) + 61,5(NT) + 1.51 NB 

2.1.20.5.11.2 If NT is greater than or equal to 4: 

LHR = [UNT) UJ) + (4L) + 36,S(NT) + 2 PGW+ 131 XB 

where 

LHR = handrail length, ft. 

2.1.20.5.12 Calculate operation manpower requirements. 

2.1.20.5.12.1 If CFM. is less than or equal to 3000 scfm, the 
operation manpower cai be calculated by: 

OMEI - 62.36 (CFMd)o*3g72 

where 

OMH = operation manpower required, MH/yr. 

2.1.20.5.12.2 If CFMd is greater than 3000 scfm, the operation 

manpower can be calculated by: 
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OMH - 26.56 (CFMd) 0.5038 

2.1.20.5.13 Calculatemaintenance manpower requiranents. 

2.1.20.5.13.1 If CFMd is less than or equal to 3000 scfm, the 
maintenance manpower can be calculated by: 

MMH - 22.82 (CFMd)oo4379 
. 

2.1.20.5.13.2 If CFMd 3000 scfm, the maintenance manpower can 
be calculated by: 

MMH - 6.05 (CFMd)o*6037 

where 
I 

MMH = maintenance manpower required, IWyr. 

2.1.20.5.14 Energy requirement for operation. The electrical 
energy required for operation is related to the air requirement 
by the following equation: 

w = (CFMd) (241.6) 

where 

KUH = electrical energy required for operation, kwhr/yr. 

2.1.20.5.15 Operation and maintenance material and supply 
cc6 ts. Operation and maintenance material supply costs include 
items such as lubricant, paint, replacement parts, etc. These 
costs are estimated as a percent of the total bare construction 
costs. 

OMMP = 3.57 (Q,,) 
-0.2602 

where 

OMMP = operation and maintenance material costs as percent 
of totat bare construction cost, percent. 
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2.1.20.5.16 Other construction cost items. The majority of 
the costs of the diffused aeration activated sludge process have 
been accounted for. Other cost ftens, such as liquid piping 
systen, control equipment, painting, site cleaning and prepa- 
ration, etc., can be esttiated as a percent of the total bare 
construction cost. This value depends greatly on site conditions 
and canplexity of the process. For a generalized model, an 
average value of 10 percent will be used. 

CF 1 - - = 1.11 0.90 
where 

CF = correction factor to account for the minor cost 
items. 

2.1.20.6 

2.1.20.6.1 

2.1.20.6.2 

2.1.20.6.3 

2.1.20.6.4 

2.1.20.6.5 

2.1.20.6.6 

2.1.20.6.7 

2.1.20.6.8 

2.1.20.6.9 

2.1.20.6.10 

2.1.20.6.11 

2.1.20.6.12 

2.1.20.6.13 

Quantities Calculation Output Data. 

Number of aeration tanks, NT. 

Number of diffusers per tank, ND,. 

Nunber of process batteries, NB. 

Nunbet of swing arm headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PCW, ft. 

Earthwork required for construction, Ve,, cu ft. 

Quantity of R.C. slab required, V CS' cu ft. 

Quantity of R.C. wall required, V cw' cu ft. 

Quantity of handrail, LER, ft. 

Operation manpower requiranent, OMH, MH/yr. 

Maintenance manpower requiranent, MMH, MH/yr. 

Electrical energy for operation, KWH, kwhr/yr. 
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2.1.20.6.14 Operation and maintenance material and supply cost 
as percent of total bare construction cost, OMMP, percent. 

2.1.20.6.15 Correction factor for minor construction costs, 
CF. 

2.1.20.7 Unit Price Input Required. 

2.1.20.7.1 Cost of earthwork, UPIEX, $/cu yd. 

2.1.20.7.2 Unit price input R.C. wall in-place, UPICW, $/cu 
yd. 

2.1.20.7.3 Unit price input R.C. slab in-place, UPICS, $/cu 
Yd* 

2.1.20.7.4 Unit price input for handrails in-place, UPIHR, 
wt. 

2.1.20.7.5 Cost per diffuser, COSTPD, $, (optional). 

2.1.20.7.6 Cost per swing arm header, COSTPH, $, (optional}. 

2.1.20.7.7 Current Marshall and Swift Equipment Cost Index, 
MSECI. 

2.1.20.7,8 Current CE Plant Cost Index for pipe, valves, 
etc., CEPCIP. 

2.1.2Oi7.9 Equipment installation labor rate, LABRI, $/?QI. 

2.1.20.7.10 Unit price input for crane rental, UPICR, $/hr. 

2.1.20.8 Cost Calculations. 

2.1.20.8.1 Cost of earthwork. 

COSTE = 'ew UPIEX 
27 

where 

COSTE - cost of earthwork, $. 

V ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 
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2.1.20.8.2 Cost of R.C. wall in-place. 
I 

COSTCW = 'cw UPICW 
27 

where 

COSTCW - cost of R.C. wall iwplace, $. 

V 
cw = quantity of R.C. wall, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu 
yd. 

2.1.20.8.3 Cost of R.C. slab in-place. 

cosTcs = %s UPICS 27 
where 

cos+lxs - cost of R.C. slab ieplace, $. 

V 
CS 

= volume of concrete slab, cu yd. 

UPICS = unit price R.C. slab in-place, $/cu yd. 

2.1.20.8.4 Cost of handrails in-place. 

COSTHR - LHR x UPIHR 

where 

COSTHR = cost of handrails in-place, $. 

LHR = length of handrails, ft. 

UPIHR = unit price input for handrails in-place, $/ft. 

2.1.20.8.5 Cost of diffusers. 

2.1.20.8.5.1 The oxygen transfer values given indicate the use 
of coarse bubble diffusers. The cost of a coarse bubble diffuser 
with a capacity of 12 scfm for the first quarter of 1977 is 

COSTPD = $6.50 

For a better estimate COSTPD should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Harshall and Swift Equipment Cost Index. 
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MSECI 
COSTPD - 6.50 - 491.6 

COSTPD = cost per diffuser, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 3: Marshall and Swift Equipment Cost Index, first quarter 
1977. 

2.1.20.8.5.2 Calculate COSTD. 

COSTD - COSTPD x ND, x NT x NB 

COSTD - cost of diffusers for systan, $. 

NDt - number of diffusers per tank. 

NT = number of tanks. 

2.1.20.8.6 Cost of swing arm diffuser headers. 

2.1.20.8.6.1 Swing am diffuser headers caue in several sizes. 
The cost used is for a header which will handle 550 scfm and up to 
37 diffusers. The cost of this header for the first quarter of 
1977 is 

COSTPH = $5,000 

For a better estimate COSTPH should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

cosTPli - $5,000 m 
. 

COSTPH - cost per swing am header, $. 

MSECI - current tirshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index, first quarter 
of 1977. 

2.1.20.8.6.2 Calculate COST& 

COSTH - COSTPH x NSAt x NT x NB 



where 

COSTH = cost of swing arm headers for systen, $. 

NSAt - nunber of swing arm headers per tank. 

NT = number of tanks. 

NB = nunber of batteries. 

2.1.20.8.7 Equipment installation mawhour requiranent. The 
labor requirement for field installation of the wing arm headers, 
including mounting the diffusers, is approximately 25 mart-hours 
per header. 

where 

IMH - 25 NSAt x NT x NB 

IMH = installation man-hour requirement, 3fH. 

2.1.20.8.8 Crane requirenent for installation. 

CH - C.1) mm 

where 

CH - crane time requirement for installation, hr. 

2.1.20.8.9 Cost of air piping. The air piping for the dif- 
fused aeration system is very canplex and includes many valves and 
fittings of different sizes. This causes cost estimation by 
material take-off to be very difficult for a wide range of flov. 
In this case we feel the use of paranetrfc costing is justified as 
the overall accuracy of the estimate will not be affected to a 
great extent. 

2.1.20.8.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost 
of air piping can be calculated by: 

COSTAP = 617.2 (CFMd)o*2553 x m . 

where 

COSTAP = 

CFMd = 

CEPCIP = 

241.0 = 

cost of air piping, $. 

design capacity of blowers, scfm. 

current CE Plant Cost Index for pipe, valves, etc. 

CE Plant Cost Index for pipe, valves, etc., for first 
quarter of 1977. 
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2.1.20.8.9.2 If CMd is between 1000 scfz and 10,000 scfm, the 
cost of air piping can be calculated by: 

COSTAP CEPCIP - 1.43 (cFMd)1a1337 x - 241.0 

2.1.20.8.9.3 If CFMd is greater than 10,000 scfm, the cost of 
air piping can be calculated by: 

CEPCIP COSTAP - 28.59 (CFMd)oo8085 x - 241.0 

2.1.20.8.10 Other costs associated with the installed equip 
ment. This category includes the cost for weir installation, 
painting, inspection, etc., and can be added as a percentage of 
the purchased equipment cost: 

PMINC = 10% - 

where 

PMI,NC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.20.8.11 Installed equipment costs. 

IEC = (coSTD+ COSTH) (l+*E) + (IMH) (LABRI) + (CH) (UPICR) 

where 

IEC = installed equipment cost, $. 

LABRI - labor rate, $/MH. 

UPICR = crane rental rate, $/hr, 

2.1.20.8.12 Total bare construction cost. 

TBCC = (COSTE + COSTCW + COSTCS + LEC t COSTHR + COSTAP) CF 

where 

TBCC - total bare construction cost, $. 

CF - correction factor for minor cost items. 

2.1.20.8.13 Operation and maintenance material costs. 

OMMP OMCC = TBCC - 100 

where 
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OMMC = operation and maintenance material supply costs, 
$/ yr. 

OMMP - operation and maintenance material supply costs, 
as percent of total bare construction cost, percent. 

2.1.20.9 Cost Calculatious Output Data. 

2.1.20.9.1 Total bare coustruction cost of diffused aeration 
activated sludge systen, TBCC, dollars. 

2.1.20.9.2 Operation and maintenance material and supply 
costs, OMMC, dollars. 
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2.1.21 STEP AERATION ACTIVATED SLUDGE (MECHANICAL AERATION). 

2.1.21.1 Input Data. 

2.1.21.1.1 Wastewater Flow (Average and Peak). In case of 
high variability, a statistical distribution should be provided. 

2.1.21.1.2 

2.1.21.1.2.1 

2.1.21.1.2.2 

2.1.21.1.2.3 

2.1.21.1.2.4 

2.1.21.1.2s 

2.1.21.l..3 

2.1.21.1.3.1 

2.1.21.1.3.2 

2.1.21.1.3.3 

2.1.21.1.3.4 

2.1.21.1.3.5 

2.1.21.1.3.6 

2.1.21.1.3.7 
mg/l. 

2.1.21.1.3.8 

2.1.21.1.4 

2.1.21.1.4.1 

2.1.21.1.4.2 

2.1.21.1.4.3 

2.1.21.1.4.4 

Wastewater Strength. 

BOD5 (soluble and total), mg/l. 

COD and/or TOC (maximum and minknum), mg/l. 

Suspended solids, mg/l. 

Volatile suspended solids (VSS), mg/l. 

Nonbiodegradable fraction of VSS,'mg/l. 

Other Characterizatioa. 

PH. 

Acidity and/or alkalinity, mdl. 

Nitrogen,' mg/l. 

Phosphorus (total and soluble), mg/l. - 

Oils and Greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics (e.g., phenols), 

Temperature, OF or OC. 

Effluent Quality Requirements. 

B0D5, mg/l. 

SS, mg/l. 

TKX,mg/l. 

P, mg/l. 

1 The form of nitrogen should be specified as to its biological 
availability (e.g., NH3 or Kjeldahl). 
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2.1.21.1.4.5 Total nitrogen (TKN + N03-N), mg/l. 

2.1.21.1.4.6 Settleable solids, mg/L/hr. 

2.1.21.2 Design Paraneters. 

2.1.21.2.1 Reaction Rate Constants and Coefficients. 

Constants Range 

Eckenfelder 

2.1.21.2:2 

2.1.21.2.3 

2.1.21.2.4 

2.1.21.2.5 

2.1.21.2.6 - 

2.1.21.2.7 

2.1.21.2.8 

2.1.21.2.9 

2.1.21.2.10 

2.1.21.2.11 

2.1.21.2.12 

2.1.21.3 

2.1.21.3.1 
known. 

2.1.21.3.1.1 

2.1.21.3.1.2 

2.1.21.3.1.3 

2.1.21.3.1.4 

k 0.0007-0.002 l/mg/hr 
a 0.73 

it 
I 0.52 

O.O75/day 
b' O.lS/day 
f 0.40 
f' ' 0.53 

F/M - (0.2-0.4). 

Volumetric loading - 40160. 

t = (SS) hr. 

% 
= (3_7) days. 

MISS = (200013500) mg/l. 

MLVSS = (140012450) mg/l. 

QJQ = (0.240.75). 

lb 02/lb BOO, 2 1.25. 

lb solids/lb BOD, = (0.5-0.7). 

0= (1.0-1.04). 

Efficiency = ( > 90 percent). 

Process Design Calculations. 

Assume the following design paraneters when un- 

BOD ranoval rate constant (k). 

Fraction of BOD synthesized (a). 

Fraction of BOD oxidized for energy (a'). 

Endogenous respiration rate (b and b'). 
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2.1.21.3.1.5 

2.1.21.3.1.6 

2.1.21.3.1.7 

2.1.21.3.1.8 

2,1,21,3.1.9 

2.1.21.3.1.10 

2.1.21.3.2 

Mixed liquor suspended solids (HISS). 

Xixed liquor volatile suspended solids (?ILVSS). 

Food-to-microorganism ratio (F/M). 

Tanperature correction coefficient (0). 

Nonbiodegradable fraction of VSS in influent (f). 

Degradable fraction of the MLVSS (f'). 

Adjust BOD removal rate constant for temperature. 

% = K20° 
CT- 20) . 

where 

8= 

2.1.21.3.3 Determine size of the aeration tank by first 
determining the detention time. 

where 

t - detention time, hr. 

so = 
xv t 

F/M = food-to-microorganism ratio. 

2.1.21.3.4 Check detention time for treatability. 

rate constant for desired tanperature, Oc. 

rate constant at 20°C. 

tenperature correction coefficient. 

temperature, OC. 

t= 24So 

G$,> (F/M) 

influent BOD, mg/l. 

MLVSS, u&l. 

‘e 1 
c=1+kxg 

where 
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se = 
so = 

k= 

xv 
31 

t- 

BOD5 soluble in effluent, mg/l. 

B0D5 in influent, mg/l. 

BOD removal rate constant, l/mg/hr. 

MLVSS, uld 1. 

detention time, hr. 

and solve for t and compare with t in (2.1.21.3.3) above and 
select the larger. 

2.1.21.3.5 Calculate the volume of aeration tank. 

where 

V= 

Q avg = 

t = 

2.1.21.3.6 

V-Q t 
avg 24 

volume, million gal. 

average daily flow, mgd. 

detention time, hr. 

Calculate oxygen requirements. 

d0 a' $1 
-m-+ b' 
dt t xv 

or 

O2 = a' Gr> (Q,,) (8.34 + b' C$,> (V> (8-W 

where 
d0 
dt= 

a' = 

'r = 

t* 

b' = 

5J 
0 

O2 = 

Q = avg 

oxygen uptake rate, mg/ l/hr. 

fraction of BOD oxidized for energy. 

BOD removed (So - Se) 

detention time, hr. 

endogenous respiration rate, l/hr. 

MLVSS. 

oxygen requirement, lb/day. 

average flow rate, mgd. 
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V = volume of aeration tatik, million gal. 

and check the oxygen supplied against 1.25. 

where 

lb 02/lb BOD, - O2 
Q(S,> (8.34) 

O2 = oxygen required, lb/day. - 

Q = flow, mgd. 

Sr = BOD ranoved, mg/l. 

2.1.21.3.7 Design aeration system. 

2.1.21.3.7.1 Assume the following design paraeters and design 
aeration systan and check horsepower supply for mixing against 
horsepower required for mixing 2 0.1 hp/lOOO gal. 

2.1.21.3.7.1.1 Standard transfer efficiency,, lb/hphr (0 dissolved 
oxygen, 20°C, and tap water) (3-S lb/hphr). 

2.1.21.3.7.1.2 O2 transfer in waste/O2 transfer in water -0.9. 

2,1.21,3.7.1.3 O2 saturation in waste/O2 saturation in waters 
0.9. 

2.1.21.3.7.1.4 Correction factor for pressure -1.0. 

2.1.21.3.7.2 Select summer operating tanperature (2%30°C) and 
determine (fran standard tables) O2 saturation, 

2.1.21.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

KS) 
T 
c/3> w - CL 

OTE = STE 
k(1.02)T-20 

9.17 

where 

OTE = operating transfer efficiency, lb 02/hphr. 

STE - standard transfer efficiency, lb 02/hphr. 

(cs) = 0 saturation at selected sunmer tanperature T, OC, 
T mt1. 

/B =O 2 saturation in waste/O2 saturation in water aO.9. 

P' correction factor for pressure 'Y-1.0. 
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cL = 

T= 

cc- 

minimum dissolved oxygen to be maintained in the 
basin 2.0 mg/l. 

tgnperature, OC. 

O2 transfer in waste/O2 transfer in water. 

2.1.21.3.7.4 Calculate horsepower requirement. 

where 

O2 x 1000 

hP - lb O2 

OTE - hphr (24) cv) 

hp = horsepower required/1000 gal. 

O2 - oxygen required, lb/day. 

OTE - operating transfer efficiency, lb 02/hphr. 

V - volume of basin, gal. 

2.1.21.3.8 Calculate sludge production. 

0% = [aSrQavg - b%(V) + fQ(VSS) + Q(SS - VSS)](5.34) 

where 

A s = sludge produced, lb/day. 

a - fraction of BOD removed synthesized to cell material.. 

Sr - BOD removed, mg/l. 

Q avg 
- average flow, mgd. 

b= endogenous respiration rate, l/day. 

I$ = volatile solids in raw waste, mg/l. 

V = volume of tank, gal. 

f = nonbiodegradable fraction of influent VSS. 

Q - flow, mgd. 

VSS = volatile suspended solids in effluent, mg/l. 

SS = suspended solids in influent, mg/l. 

2.1.21.3.9 
‘\ 

Check As aginst 0.5-0.7. 
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lb/solids o 
A xv 

(lb BOD,) S,(Q) Q-4 

where 

A = 
‘t 

sludge produced, lb/day. 

sr = 

Q= 

2.1.21.3.10 

BOD removed, mg/l. 

flow, mgd. 

Calculate sludge recycle ratio. 

Qr *a -n 
Q Xu e *a 

where 

Qr - 

Q= 

*a = 

xu = 

2.1.21.3.11 

where 

SRT = solids retention time, days. 

V= 

xa = 

AXa = 

A = 
% 

2.1.21.3.12 

volume of recycled sludge, mgd. 

flow, mgd. 

MLSS, mgll. 

suspended solids concentration in returned sludge, 
mg/l. 

Calculate solids retention the. 

PO (Xa> (8.34) 
SRT = AX 

a 

volume of basin, gal, 

XLSS, mg/l. 

xv 
% volatile 

sludge produced, lb/ day. 

Effluent Characteristics. 

2.1.21.3J2.1 BOD5. 

BODE = Se + 0.84 (Xv) efffl 

where 

BODE = effluent BOD 5 concentration, mg/l. 
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Se = effluent soluble BODS concentration, mg/l. 

($jeff - effluent volatile suspended solids, tug/l. 

f' = degradable fraction of MLVSS. 

2.1.21.3.12.2 COD. 

CODE - (1.5) (BODE) 

where 
CODSE - (1.5) (Se) 

CODE - effluent COD concentration, mg/l. 

CODSE = effluent soluble COD coucentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

2.1.21.3.12.3 Nitrogen. 

TKNE= (0.7) TKN 

NH3E = TKNE 
where 

TKNE - effluent total Kjeldahl nitrogen concentration, 
U&/l. 

TKN = influent total Kjeldahl nitrogen concentration, 
mg/l. 

NH3E - effluent anmonia nitrogen concentration, mg/l. 

2.1.21.3.12.4 Phosphorus. 

P04E = (0.7) (PO4) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.1.21.3.12.5 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.1.21.3.12.6 Settleable Solids. 
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SETS0 - 0.0 

where 

SETS0 = settleable solids, mgll. 

2.1.21.3.13 Determine nutrient requirenents. 

for nitrogen 

N = 0.1230 %( or A xv) 

and phosphorus 

P - 0.026 A 
K1:( 

or A xv) 

where 

A. YT = sludge produced, lb/day. 

A XV = sludge produced, lb/day. 

and check against BOD:N:P - 100:5:1. 

2.1.21.4 

2.1.21.4s 

2.1.2L4.1.1 

2.1.21.4.1.2 

2.1.21.4.1.3 

2.1.21.4.L.4 

2,1.21.4.1.s 

2.1.21.4A.6 

2.1.21.4.1.7 

2.1.22.4.1.8 

2.1.21.4.1.9 

Process Design Output Data. 

Aeration Tank. 

Reaction rate constant, l/ms/ hr. 

Sludge produced per BOD removed. 

Endogenous respiration rate (b, b'). 

O2 utilized per BOD ranoved. 
/ 

Influent nonbiodegradable VSS (f). 

Effluent degradable VSS (f'). 

lb BOD/lb MLS%day (F/M ratio). 

Mixed liquor SS, mg/l (MISS). 

Mixed liquor VSS, mg/l (MLVSS). 
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2.1.21.4.1.10 

2.1.21.4.1.11 

2.1.21.4.1.12 

2.1.21.4.1.13 

2.1.21.4.1.14 

2.1.21.4.1.15 

2.1.21.4.1.16 

2.1.21.4.1.17 

2.1.21.4.2 

2.1.21.4.2.1 

2.1.21.4.2.2 

2.1.21.4.2.3 

2.1.21.5 

2.1.21.5.1 
be: 

Aeration tkne, hr. 

Volume of aeration tank, million gal. 

Oxygen required, lb/day. 

Sludge produced, lb/day. 

Nitrogen requirement, lb/day. 

Phosphorus requirement, lb/day. 

Sludge recycle ratio, percent. 

Solids retention time, days. 

Aeration System. 

Standard transfer efficiency, lb 02/hpht. 

Operating transfer efficiency, lb 02/hphr. 

Horsepower required, hp. 

Quantities Calculations. 

The design values for activated sludge systen would 

lo6 
'd-" 7.48 

HPd = (W (V> (133.7) 
where 

V - volume of aeration basin million gallons. 

2.1.21.5.2 Selection of nunber of aeration tanks and mechani- 
cal aerators per tank. The following rule will be utilized in the 
selection of nunber of aeration tanks and mechanical aerators per 
tank. 

Nrrmber of Number of Aerators 
Q 
(Egd) 

Aeration Tanks Per Tank 
NT NT 

o.s- 2 2 1 
2- 4 3 1 
4- 10 4 1 

LO- 20 6 2 
20- 30 a 2 
30 - 40 10 3 
40- 50 12 3 
50 - 70 14 3 
70 - 100 16 4 
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Idhen Q,* is larger than 100 mgd, several batteries of aeration 

tanks wi:l be used. See next section for details. 

2.1.21.5.3 Selection of nunber of tanks and knber of bat- 
teries of tanks when Q avg is larger than 100 mgd. It is general . 

practice in designing larger sewage treaunent plants that several 
batteries of aeration tanks, instead of a single group of tanks, 
are used. This is due to land area availability and certain 
hydraulic limitations. To simplify the modeling process, the 
following rules will be used: 

2.1.21.5.3.1 When Q 
avg 

s 100 mgd, only one battery of aeration 

tanks will be used. Thus 

NB-1 

where 

NB - nunber of batteries of units. 

2.1.21.5.3.2 When 100 C Q 
avg 

I 200 mgd, the systan will be 

designed as two identical batteries of aeration basins. Each 
battery would handle half of the wastewater. The number of 
aeration tanks in each battery would be selected according to the 
rules established in subsection 2.1.21.5.2 by using half the 
design flow as Q,,. Thus 

NB-2 

2.1.21.5.3.3 When Q 
avg 

> 200 mgd, the design will be performed 

to use three batteries of aeration basins, each handling on-third 
of the wastewater. Thus 

NB=3 

2.1.21.5.4 Mechanical aeration equipment design. 

2.1.21.5.4.1 Usually the slow-speed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treatment plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, LOO HP, 
125 HP and 150 HP. 

2.1.21.5.4.2 Horsepower for each individual aerator: 

HPN = HPd 
(NB)(NT) (NA) 
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IfHPN >150HPandNT=Zor3, then repeat the calculation with 
NT-NT+ 1. 

If HPN > 150 HP and NT Z 4, then repeat the calculation with NT - 
NT+ 2. 

where 

HPN - horsepower of each unit, horsepower. 

"d - design capacity of aeration equipment, horsepower. 

NB = nuaber of batteries. 

NT = nunber of aeration tanks per battery. 

NA - nunber of aerators per tank. 

2.1.21.5.4.3 Canpare HPN with the available off-the-shelf sizes 
and select the smallest unit with capacity larger than HPN. The 
capacity of the selected unit would be designated as HPSN. Thus 
the total capacity of the aeration units would be 

HPT = (NB) ' (NT) ' (NA) l (HPSN) 

where 

HPT - total capacity of selected aerators, horsepower. 

2.1.21.5.5 Design of aeration tanks. 

2.1.21.5.5.1 Volume of each individual tank would be 

VN- (NB; (NT) 

where 

VN = volume of single aeration tank, cu ft. 

2.1.21.5.5.2 Depth of aeration tanks. The depth of an aeration 
basin is controlled by the capacity of the aerators to be in- 
stalled inside. If the water depth is too shallow, interference 
with the mixing current and oxygen transfer would occur. If the 
water depth Is too deep, insufficient mixing would occur at the 
bottan of the tank and sludge accuuulation would occur. Thus 
proper selection of liquid depth of an aeration basin is impor- 
tant. The relationship between the recanmended basin depth and 
the capacity of the aerators can be expressed as follows: 
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When HPSN < 100 HP 

DW = 4.816 (HPSN)0'2467 

When HPSN I 100 HP 

DW - 15 ft 

where 

DW = water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 

2.1.21.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent on the 
nunber of aerators to be installed in this tank, NA. 

If NA = 1. Square tank construction, L/W = 1 

If NA = 2. Rectangular tank construction, L/W = 2 

If NA - 3. Rectangular tank construction, L/W * 3 

If NA = 4. Rectangular tank construction, L/W = 4 

L/W=NA 

where 

Nh - nunber of aerators per tank. 

L = length of aeration tank, ft. 

W = width of aeration tank, ft. 

After the volme, depth and L/W ratio of the tank are determined, 
the width of the tank can be calculated by: 

The length of the aeration tank would be 

L = (NA) (W) 

2.1.21.5.6 Aeration tank arranganents. 
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2.1.21.5.6.1 Figure 2.1-34 shows the schanatic diagran of the 
arrangements. Piping gallery will be provided when the nunber of 
tanks is equal or larger than four. The purpose of piping gallery 
is to house various piping systans and control equipment. 

2.1.21.5.6.2 Size of pipe gallery. The width of this gallery is 
dependent 011 the cmplexity and capacity of the piping systen to 
be housed. ~n experience curve is provided to approximately 
estimate this width. It is expressed as: 

PGW - 20 + (0.3) &iv,) 
NB 

where 

PGW- piping gallery width, ft. 

Q avg 
= average influent wastewater flow, mgd. 

NB - number of batteries. 

2.1.21.5.7 Earthwork required for construction. It is assumed 
that tank bottan would be 4 feet below ground level. Thus the 
earthwork required would be estimated by the following equations: 

2.1.21.5.7.1 When NT - 2, earthwork required would be: 

V ew = 3 [(2 w+ 1ge5) W+ 17) + (2 W + 26.5) (W+ 2511 

where 

V ew - quantity of earthwork required, cu ft. 

W - width of aeration tank, ft. 

2.1.21.5.7.2 When NT - 3, earthwork required would be: 

v ew = 3 f(3 W + 28) (W + 25) + (3 W + 20) (w+ 17)] 

2.1.21.5.7.3 When NT 2 4, the width and length of the concrete 
slab for the whole aeration tank battery can be calculated by: 

Ls-2L+PGW+16 

W s 1% (NT) (W) + 14.5 

where 

Ls - length of the basin slab, ft. 

L - length of one aeration tank, ft. 

PGW = piping gallery width, ft. 

2.1-292 



NT3 2 - . Nfl 3 ,AERATOR 

NT: 4 

kaii PIPE GALLERY 

NT: 6 

FOR LARGER NT’S THE ARRANGEMENT WOULD 8E SiMlLAR TO 
THOSE WHEN NT= 4 AND NT= 6. 

FIGURE 2.1-34 EXilMPLES OF TANK ARRANGEXENTS 
ACTIVATED SLUDGE PROCESSES 



Ws = width of the basin slab, ft. 

NT = nmber of tanks per battery. 

Thus the earthwork can be estimated by: 

v ew =3- (NB) [(Ls + 4) (Ws + 4) + (Ls + 12) (Ws + 12>] 

where 

v ew - volume of earthwork, cu ft. 

2.1.21.5.8 Reinforced concrete slab quantity. 

2.1.21.5.8.1 It is assumed that a l'-6" thick slab will be 
utilized in this program regardless of the size of the systan. 

2.1.21.5.8.2 For NT - 2, 

v cs = 1.5 (2 w+ 14.5) (W+ 13) 

where 

v cs = R.C. slab quantity, cu ft. 

2.1.21.5.8.3 NT = 3, 

v cs = 1.5 (3 W + 16) (W + 13) 

2.1.21.5.8.4 When NT 2 4, 

V cs - 1.5 as1 Ws) 

where 

LS 
= length of slab, ft. 

Ws = width of slab, ft. 

2.1.21.5.9 Reinforced Concrete Wall Quantity. 

2.1.21.5.9.1 In using the plug flow systaa, influent to the 
aeration basin will be piped to oue end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wall 
coustruction. Two typical wall sections are required, as shown in 
Figure 2.1-35. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 

2.1.21.5.9.2 When NT f 2: 

v 
CW = W (1.25 DW+ 11) + (6 w + g) (1.25 DW+ 3.75) 
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2.1.21.5.9.3 When NT - 3: 

v 
cw = (1.25 'DW+ 11) (3 W + 6) + (1.25 DW + 3.75) (7 w + 6) 

2.1.21.5.9.4 When NT 2 4: 

v cw = F (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (I, + 3) + 

2 (NT) W> 1 ’ (1.25 DW+ 3.75) l ow 

2.1.21.5.10 Reinforced concrete required for piping gallery 
construction. The quantity of piping gallery slab has been 
estimated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.1.21.5.10.1 When NT < 4, 

where 

V 
cg -0 

V 
=g 

= quantity of R.C. for gallery construction, cu ft. 

2.1.21.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.S 
feet, then the quantity of reinforced concrete would be: 

V 
=g= = ow ' (1.5) (PGW) [ =+ 0.75 (NT) + 1.51 

where 

V 
=g= 

= volume of R.C. ceiling for piping gallery construction, 
cu ft. 

and for two end walls: 

where 

V 
=gw 

- 2 (PGW) (NB) (DW + 3) 

V 
cgw 

= volme of R.C. 
cu ft. 

Thus total R.C. volume for piping gallery constructioa would be 

walls for piping gallery construction, 

V =V 
=g =g= 

+ v 
=gw 

2.1.21.5.11 Reinforced concrete quantity for aerator supporting 
platform construction. 
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2.1.21.5.11.1 Number of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.1.21.5.11.2 Figure 2.1-36 shows a typical supporting platform 
for the aeration equipment. The width of the platform would be a' 
function of the capacity of the aerator to be supported. The 
following experienced formula is given to approximate this re 
lationship. 

x = 5 + 0.078 (HPSN) 

where 

X = width of the platform, ft. 

HPSN = horsepower of the mechanical aerator, HP. 

2.1.21.5.11.3 Volume of reinforced concrete for the construction 
of the platforms would be: 

V 
CP 

- [X2 + 5.6 (DW + 2)] (NT) (NA) (NB) 

where 

V 
CP 

= volume of R.C. for the platform construction, cu ft. 

DW = water depth of the aeration basin, ft. 

2.1.21.5.11.4 Volume of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to the 
walkwaysidewalls for ease of operation and maintenance. By using 
a width of 4 feet and slab thickness of 1 foot, the quantity of 
reinforced concrete can be calculated by: 

V 
CWb 

= [2 (W- XII 0-W (NT) (NA) 

where 

V 
CWb 

- quantity of concrete for pedestrian bridge construction, 
cu ft. 

2.1.21.5.12 Sunmary of reinforced concrete structures. 

2.1.21.5.12.1 Quantity of concrete slab. 

V cst -V cs 

where 

V cst - total quantity of R.C. slab for the construction of 
aeration tanks, cu ft. 
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2.1.21.5.12.2 Quantity of concrete wall. 

V 
CWt 

-V + v cw =g 
+ v 

CP 
+ vcwb 

where 

V cwt = 

v - 
cw 

v = =g quantity of R.C. for the construction of piping gallery, 
cu ft. 

v = 
CP 

V cwb = 

2.1.21.5.13 

quantity of R.C. wall for the construction of aeration 
tanks, cu ft. 

quantity of aeration tank R.C. walls, cu ft. 

quantity of R.C. for the construction of aerator- 
supporting platforms, cu ft. 

quantity of R.C. for the construction of pedestrian 
bridges. 

Quantity of handrail for safety. Elandrail is 
required for the safety protectioa of the operation personnel of 
wastewater treatment plants. Waterway walls, aerator platforms 
and bridges, and the top of the piping gallery will require 
handrail. Quantity of handrail can be estimated thus: 

2.1.21.5.13.1 When NT - 2, 

LER=4W+ll+2'(3X+W-4) 

where 

LHR = handrail length, ft. 

W = aeration tank width, ft. 

X - width of aerator-supporting platform, ft. 

2.1.21.5.13.2 When NT = 3, 

LHR= 6 W + 10 + 3 l (3X + W - 4) 

2.1.21.5.13.3 When NT 3 4, 

If F is an even nunber, 

LER = I PGW * (NT) (W) + [L + 3 - 4 (NA)] (NT) + (NA) l (xT) 
L 

' (3X+ w- 4) 
7 

' mm 
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If NT 2 is an odd nunber, 

LHR = 
I 

PGW + (NT) (W) + IL + 3 - 4 (NA)] (NT, + 2) + 

(NA) (NT) (3X + w - 4) l (NB) 

where 

PGW = width of the piping gallery, ft. 

2.1.21.5.14 Operation and maintenance manpower requirements. 
Patterson and Bunker's data will be utilized to project the 
operation and maintenance manpower requirgnents. The man-hour per 
year requirement is presented as a function of the total horse- 
power of the aeration equipment. 

2.1.21.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA = (NB) (NT) (NA) (HPSN) 

where 

TICA - total installed capacity of the aeration equipment, 
horsepower. 

HPSN = capacity of one individual aerator, horsepower. 

2.1.21.5.14.2 The operation manpower requiranent can be esttiated 
as follows: 

When TICA < 200 hp 

OME = 242.4 (TICA)o'3731 

When TICA 2 200 hp 

om = 100 (TICA)0o5425 

where 

OMH = operational man-hour requirgaent, man-hour/yr. 

2.1.21.5.14.3 The maintenance manpower requirement can be es- 
timated as follows: 

When TICA < 100 hp 

MME= 106.3 (TICA)oo4031 
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When TICA 100 hp 

?dMH = 42.6 (TICA)"*5g56 

where 

MMH = maintenance manpower requirement, man-houdyr. 

2.1.21.5.15 Energy requirement for operation. By assuming 
that all the aerators will be operated 90 percent of the time 
year-round, the electrical energy conslrmption would be: 

KWEl = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fran hphr to kwhr. 

2.1.21.5.16 Material and supply costs for operation and main- 
tenance. Material and supply costs for operation and maintenance 
include such itans as lubrication oil, paint, and repair mate- 
rial, etc. These costs are estimated as a percent of installed 
costs for the aeration equipment and are expressed as follows: 

OMMP = 4.225 - 0.975 log (TICA) 

where 

OMMP - percent of the installed equipment cost as O&M 
material costs, percent. 

TICA = total installed capacity of aeration equipment, 
horsepower. 

2.1.21.5.17 Other construction cost items. Using the above 
calculation, the majority of cost itens of the activated sludge 
process have been accounted for. Other cost itas, such as 
piping system, control equipment, painting, site cleaning and 
preparation, etc., can be estimated as a percent of the total 
bare construction cost. This percentage value has been shown to 
vary fron 4 to 15 percent of the total construction cost of the 
aeration tank systan. The value depends greatly on site conditions 
and ccmplexity of the process. For a generalized model, an 
average value of 10 percent would be adequate. Thus, 

2.1-298 



CF = 0 ;o = 1.11 . 
where 

CF = correction factor to account for the minor cost 
items. 

2.1.21.6 

2.1.21.'6.1 

2.1.21.6.2 

2.1.21.6.3 

2.1.21.6.4 

2.1.21.6.5 

2.1.21.6.6 

2.1.21.6.7 

2.1.21.6.8 

2.1.21.6.9 

2.1.21.6.10 

2.1.21.6.11 

2.1.21.6.12 

2.1.21.6.13 

2.1.21.6.14 

2.1.21.6.15 

2.1.21.6.16 
percent. 

2.1.21.6.17 
CF. 

2.1.21.7 

2.1.21.7.1 

Quantities Calculations Output Data. 

X-bet of aeration tanks, NT. 

Number of aerators per tank, NA. 

Nunber of process batteries, NB. 

Capacity of each individual aerator, HPSN, hp. 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 

Total quantity of R.C. slab, VCSt, cu ft. 

Total quantity of R.C. wall, Vcwt, cu ft. 

Quantity of handrail, LHR, ft. 

Operationmanpower requirement, OMH, MH/yr. 

Maintenance manpower requirsnent, MMH, MI./ yr. 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for O&Mmaterial and supply cost, OMXP, 

Correction factor for minor capital cost items, 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 



2.1.21.7.2 Cost of R.C. wall in-place, UPICW, $/CU yd. 

2.1.21.7.3 Cost of R.C. slab in-place, UPICS, $/CU yd. 

2.1.21.7.4 Standard size low speed surface aerator cost (20 
hp), SSXSA, $, optional. 

2.1.21.7.5 Marshal1 & Swift Equipment Cost Index, ?ISECI. 

2.1.21.7.6 Equipment installation labor rate, $/M& 

2.1.21.7.7 Crane rental rate, UPICR, $/hr. 

2.1.21.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.1.21.8 Cost Calculations. 

2.1.21.8.1 Cost of earthwork, COSTE. 

v 
COSTE = + . UE'IEX 

where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.1.21.8.2 Cost.of concrete wall in-place, COSTCW. 

where 

COSTCW - cost of concrete wall in place, $. 

v 
CWt 

= quantity of R.C. wall, cu yd. 

UPLCW = unit price input of concrete wall in-place, $/ 
cu pd. 
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2.1.21.8.3 Cost of concrete slab ieplace, COSTCS. 

v cst . COSTCS = 27 
UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cst = quantity of concrete slab, $/cu yd. 

UPSCS = unit price input of R.C. slab in-place, $/cu yd. 

2.1.21.8.4 Cost of installed aeration equipment, 

2.1.21.8.4.1 Purchase cost of slow speed pier-mounted surface 
aerators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA - SSXSA l RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RSXSA - ratio of cost of aerators with capacity of HPSN hp to 
that of the standard size aerator. 

2.1.2r.a.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA - 0.2148 (RPSN)"*513 

where 

HPSN = capacity of each individual aerator, hp. 

2.1.21.8.4.3 Cost of standard size aerator. The cost of pier- 
mounted slow speed surface aerator for the first quarter of 1977 
iS 

SSXSA - $16,300 

For a better estimate, SSXSA should be obtained fran equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation, the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

SSXSA - 16,300 ' m . 
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where 

MSECX = current Marshall and Swift Equipment Cost Index from 
input. 

491.6 = Marshall and Swift Cost Index, first quarter 1977. 

2.1.21.8.4.4 Equipment installation man-hour requiranent. The 
man-hour requirement for field installation of fixed-mounted 
surface aerator can be esttiatad as: 

When HPSN s 60 hp 

IMH - 39 + 0.55 (HPSN) 

When HPSN > 60 hp 

IMH - 61.3 + 0.18 (HPSN) 

where 

IMH = installation man-hour requirement, ma-hour. 

2.1.21.8.4.5 Crane requiranent for installation. 

CH - (0.1) l IMH 

where 

- CH = crane time requiraaent for installation, hr. 

2.1.21.8.4.6 Other costs associated with the installed equip 
ment. This category includes the costs for electric wiring and 
setting, painting, inspection, etc., and can be added as a per- 
centage of purchase equipment cost: 

PMINC - 23% 

where 

PMINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.1.21.8.4.7 Installed equipment cost, IEC. 

IEC = [CSXSA (l+ w) + IMH l LABRI + CH l UPICR] 

l cm l (NT) l ( N A )  
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where 

IEC = installed equipment cost, dollars. 

LABRI = labor rate, dollars/man-hour. 

UPXR = crane rental rate, dollars/hr. 

2.1.21.8.5 Cost of handrail.. The cost of installed handrail 
system can be estimated as: 

COSTHR - LEIR x UPIHR 

where 

LHR = handrail quantity, ft. 

UPZHR - unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.1.21.8.6 Other cost iteas. This category includes cost of 
process piping systen, control instrunents, site work, etc. Costs 
can be adjusted by multiplying the correction factor CF to the sum 
of other costs. 

2.1.21.8.7 Total bare construction costs, TBCC, dollars. 

TBCC = (COSTE + COSTCW + COSTCS + IX + COSTHR) l CF 

where 

TBCC = total bare construction costs, dollars. 

CF = correction factor for minor cost itens, fran second- 
order design output. 

2.1.21.8.8 Operation and maintenance material costs. Since 
this iten of the O&M expenses is expressed as a percentage of the 
installed equipment costs, it can be calculated by: 

OMMC - IEC .OKMP 
-im 

where 

OMMC = operation and maintenance material and supply costs, 
$/yr* 

OMMP = percent of the installed aerator cost as 06Mmaterial 
and supply expenses. 
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2.1.21.9 Cost Calculations Output Data. 

2.1.21.9.1 Total bare construction cost of the mechanical 
aerated activated sludge process, TBCC, dollars. 

2.1.21.9.2 Operation and maintenance supply and material 
costs, OMMC, dollars. 
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2.2 BELT FILTER 

2.2.1 Background. 

2.2.1.1 Belt pressure filters aremarketed in the United States 
by Passavant and Ralph B. Carter Canpany. The system is widely used 
in Europe, where it was jointly developed by two firms, Degexnont and 
Phillipe. It is known as the "Floepress" in Europe. Most of the 
comments related to filter presses are also applicable to belt pres- 
sure filters. 

2.2.1.2 In this design the sludge is spread across a woven 
synthetic fiber belt, tJhich travels horizontally for a variable length 
where the action of both capillarity and gravity will allow a natural 
drainage. This belt, after running horizontally on supporting rol- 
lers, wraps around a rubber-covered drun provided with grooves for 
draining away the filtrate. The action of a continuous pressure belt 
of cloth reinforced rubber subjects a pressure by gradually decreasing 
the gap between the filter belt and the pressure belt as they move 
forward, so that the pressure applied increases over the whole length 
of the filtration zone. The dried cake is then removed frcm the 
filter belt by means of a flexible scraper. A second scraper is also 
needed to clean the pressure belt. 

2.2.1.3 Chemical conditioning is required for belt pressure 
- filters just as it is for filter presses. One notable exception is 

that, while filter presses usually require media conditioning, belt 
pressure filters do not generally require conditioning. Chanical 
addition, mixing, flocculation, and gravity thickening are required. 
In most instances a polymer addition is helpful. 

2.2.1.4 There is a tendency for sludge to flow out the edges 
between the belts and to limit the applied pressure to slightly more 
than two amospheres as pressure increases. Because of pressure 
limitation, the dryness of the cake never approaches that of filter 
presses. Table 2.2-l indicates typical operating performances of the 
"Flocpress". 

2.2.2 Input Data. 

2.2.2.1 Average wastewater flow, mgd. 

2.2.2.2 Sludge volume, gallons/million gallons. 

2.2.2.3 Raw sludge solids concentration, 'x;. 

2.2.2.4 Sludge produced by conditioning chemicals. 
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Table 2.2-1. Operating Perfomance for the Flocpress 

Type of Sludge 

Cake 
Feed Sludge Output in lbs Percent Polymer 

Percent Per ft of Belt Dry lbs per 
Dry Solids Width Per Hr Solids Dry Ton 

Municipal Sewage 
Raw Primary 
Anaerobic Digested - 

Primary 
Mixed Primary and 

Waste Activated 
Anaerobic Digested 

Primary and Waste 
Activated 

Aercbic Digested 

Raw Slaughter House Waste 

Lime Softening Sludge 

Alum Sludge 

White Water Sludge 
Paper Mill 

Manufacturer of Semi-Ghan 
Pulp 

Fibers and Sawdust 
Sawdust 

5-10 161-268 2435 1.8-4 

4-10 16%235 26-36 2.016 

4-9 87-168 20-28 1.56 

3.5-9 134-268 18-23 3.4-8 

1.5-2.5 54-101 12-18 4.018 

2.5-3.5 134-302 20-30 5.018 

lo- 15 335-670 55-70 0.4-l 

3-6 54-85 lb-18 1.5-5 

2.5-4 67-268 20-25 2.014 

4-7 134-335 2532 0 
8-15 402-670 30-35 0 
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2.2.2.5 Cake solids, X. 

2.2.2.6 Cake density, lb/ft3. 

2.2.2.7 Belt speed, ft/hr. 

2.2.2.8 Loading rate, lb/ft of width/hr. 

2.2.2.9 Operating schedule, hr/day. 

2.2.3 Design Parmeters. 

2.2.3.1 Sludge volume per million gallons treated. 

2.2.3.2 Raw sludge solids concentration, X. 1.515% 

2.2.3.3 Conditioning sludge, fran laboratory studies. Use 0.2 
of sludge solids as an estimate if laboratory data are not available. 

2.2.3.4 Type and amount of conditioning chemicals, %, frcm 
laboratory studies. 

2.2.3.5 Cake solids. (Table 2.2-l). 

2.2.3.6 Cake density. Approximately 7G80 lb/ ft3. 

2.2.3.7 Belt speed, fran laboratory studies. If unknown, use 
10-15 ft/hr, or an average of 12 ft/hr. 

2.2.3.8 Loading rate, fran laboratgry studies. If unknown, use 
5-8 lb/ft2/hr, or an average of 6.5 lbjft /hr. 

2.2.3.9 Operating schedule, hours per day. (8-16 hr). 

2.2.4 

2.2.4.1 
day. 

Process Design Calculations. 

Calculate the pounds of dry solids in sludge flow per 

> (SF) CW (8-W 
DSS = 100 

where 

DSS = pounds of dry sludge solids per day. 

Q avg 
= average wastewater flow, mgd. 

SF - sludge flow, gallons/million gallons. 
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SS = suspended solids in flow to pressure filter, Z. 

2.2.4.2 
day. 

Calculate the total pounds of dry solids produced per 

PDSPD - DSS + (CS)(DSS) 

where 

PDSPD = dry solids produced daily, pounds. 

CS = conditioning solids, expressed as a fraction of 
sludge solids. (0.2) 

2.2.4.3 Calculate the weight of the filter cake produced. 

PFC PDSPD =mx 100 

where 

PFC = pounds of filter cake produced per day, net weight. 

CSC = cake solids content, %. 

2.2.4.4 

. 

Determine the cake volume. 

PFC cv = yj 

where 

3 CV = cake volume, ft /day. 

CD = cake density, lb/ft3. 

2.2.4.5 Calculate the total area of pressure filter needed to 
dewater the specific sludge at specified loading rate. 

where 

AF = PDSPD 
(HPD) (~LR) 

AF = area of pressure filter, ft 2 . 

HPD = operating schedule for unit, hours per day. 

SLR = sol ids loading rate, lb/ f t2/ hr. 

2.2.4.6 Consult manufacturer's literature to select appropriate 
filter, based on the area calculated and desired dewatering time 
(typically 3-6 hours) and the belt speed determined fran laboratory 
studies. 
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2.2.5 Process Design Output Data. 

2.2.5.1 Volume of filter cake, ft3, 

2.2.5.2 Cake solids content, f. 

2.2.5.3 Weight of filter cake, lb/ft 
3 . 

2.2.5.4 Area of pressure filter, ft2. 

2.2.6 Quantities Calculations. Not Used. 

2.2.7 Quantities Calculations Output Data. Not Used. 

2.2.8 Unit Price Input Required. Not Used. 

2.2.9 Cost Calculations. 

2.2.9.1 Calculate operation and maintenance cost. 

X = log (Q,,) 

z = 1.3906 - 0.73944(X) + O.O8l625(X)2 

O&M = 100 

where 

O&M = operation and maintenance cost, $/yr. 

2.2.9.2 Calculate total bare construction cost. 

= -0.69698 - 0,12594(X) + O.O95578(X)2 Y 

where 

TBCC = total bare construction cost, $. 

2.2.10 Cost Calculations Output Data. 

2.2.10.1 Total bare construction cost, TBCC, $. 

2.2.10.2 Operation and maintenance cost, O&M, $/yr. 
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2.3 BLOWERS 

2.3.1 Background. Air is often required in several 
places in a sewage treatment facility. For this reason it is 
treated as a separate process. The capacity required will be 
determined by summing all the air requiranents fran the various 
processes; fran this, the nunber and capacity of blowers required 
will be determined. . 

2.3.2 Input Data. The input data for this design consists 
of the output blower capacity from the quantities calculations for 
Activated Sludge Processes: Diffused Aeration System and Aerobic 
Sludge Digestion: Diffused Aeration. 

2.3.2.1 Design capacity of blowers, fran quantities calculations 
output of Activated Sludge Processes: Diffused Aeration Systen, 
cmdv scfm. 

2.3.2.2 Design capacity of blowers, fran quantities cal- 
cdations output of Aerobic Sludge Digestion: Diffused Aeration, 
cmdv scfm. 

2.3.3 Process Design Calculations. There will be no 
process design calculations as such since it has already been 
accanplished in other sections. 

2.3.4 Quantities Calculations. 

2.3.4.1 The sum of the air requirements fran the two pro- 
cesses shown above represent virtually 100% of the air requirements 
and will be used as the design capacity (TCFM) for the blowers. 

TCFM = design capacity for blower system, scfm. 

2.3.4.2 Select type, nunber and capacity of blowers. For 
the purposes of this design, all blowers will be assumed to operate 
at 8 psig. For ease of maintenance all blowers in a single instal- 
lation will be the same size. ALSO it is standard policy that 
blowers shall be provided in multiple units, so arranged and in 
such capacities as to meet the maximum air demand with the single 
largest unit out of service. There are a nunber of different types 
of blowers which have been used to supply air for sewage treahnent 
facilities. Each type semes a particular need. Whichever one is 
chosen for a given set of circunstances should be determined by a 
thorough econanic and engineering study. For the purposes of this 
design the following guidelines will be used for selection. 7% 

Total Air Requirement (TCFM) Blower Type 

O- 30,000 
30,000 - 72,000 

> 72,000 

Rotary positive blowers. 
Vertically-split multistage centrifugal 
Pedestal-type single-stage centrifugal 
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2.3.4.2.1 0 < TCFM S 30,000 scfm. As shown above in this 
range, rotary positive blowers will be used. The nunber of blower 
(N) can be 1, 2, 3, or 4. The nunber of blowers will be selected 
by trial and error. Start with N = 1. If TCFM/N 7500 scfm go to 
N = N + 1 and repeat until TCFM/N 7500 scfm. This will give the 
nunber of blowers to provide the maximm air requiranents. The . 
total nunber of blowers (NB) will be N + 1. 

TCFM CFMB =y 

NB=N+ 1 

where 

CFMB - capacity of individual blowers, scfm. 

N - nunber of blowers needed to provide maximum air 
requiranents. 

NB = total nunber of blowers required. 

2.3.4.2.2 30,000 scfm < TCFM 5 72,000. In this range, ver- 
tically-split multistage centrifugal blowers will be utilized. The 
nunber of blowers can be 1, 2, 3 or 4. The nunber of blowers will 
be selected by trial and error. Start with N = 1. If TCFM/N 
18,000 scfm go to N = N + 1 and repeat until TCFM/N 18,000 scfm. 
This will give the nunber of blowers to provide the maximlnn air 
requirements. The total nunber of blowers (NB) will be N + 1. 

TCM CFMB =r 

NB=N+l 

2.3.4.2.3 TCFM > 72,000. In this range, pedestal-type single- 
stage centrifugal blowers will be used. The nunber of blowers will 
be determined by trial and error. Start with N - 1. If TCFM/N 
100,000 scfm go to N = N + 1 and repeat the trial; until TCFM/N 
100,000 scfm. This will give the nunber of blowers to provide the 
maximum air requirements. The total nunber of blowers (NB) will be 
N+ 1. 

TCFM CFMB-~ 

NB-N+l 

2.3.4.3 Determine blower building area required. The blower 
building area can be related to the blower capacity as follows: 

BBA = 128.0 (TCFM)"'256 

where 

BBA = blower building area, sq ft. 
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2.3.4.4 Operation and maintenance manpower requirements. The 
operation and maintenance manpower requirements have been included in 
the individual processes which require air for operation, therefore it 
will not be included here. 

2.3.4.5 Electrical energy requirement for operation. As with 
the ObMmanpower this has been included in the processes which require 
air for operation. 

2.3.4.6 Operation and maintenance material and supply costs. 
This, too, has been included in the processes which require air for 
operation. 

2.3.4.7 Other construction cost items. The majority of the 
costs for the blower installation have been accounted for. Other cost 
items, such as painting, site cleaning and preparation, etc., can be 
estimated as 10 percent of the total bare construction cost. 

CF=+ 1.11 . 

where 

CF = correction factor for other construction cost itans. 

2.3.5 Quantities Calculation Output Data. 

2.3.5.1 Design capacity of blower system, TCFM, scfm. 

2.3.5.2 Total nunber of blowers required, NB. 

2.3.5.3 Capacity of individual blowers, CFHB, scfm. 

2.3.5.4 Blower building area, BBA, sq ft. 

2.3.5.5 Correction factor, CF. 

2.3.6 Unit Price Input Required. 

2.3.6.1 Cost of standard blower, COSTSB, $ (optional). 

2.3.6.2 
MSECI. 

Current Marshall and Swift Equipment Cost Index, 

2.3.6.3 Unit price input for building cost, UPTBC, $/sq ft. 

2.3.7 Cost Calculations. 

2.3.7.1 Purchase cost of blowers and accessories. The purchase 
cost includes the blower, electric motor, silencers and inlet vanes, 
if required. 
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C*SmE = (COSTSB) (COSTRO) 
100 

where 

COSTBE = purchase cost of blower of CFMB capacity, $. 

COSTSB - purchase cost of standard blower, $. 

COSTRO - purchase cost of blower of CFHB capacity as percent of 
cost of standard blower, percent. 

2.3.7.2 Calculate COSTRO. 

2.3.7.2.1 If 0 <TCFI4<30,000 scfm, the rotary positive blowers 
will be used and COSTRO iscalculated by: 

COSTRO = 0.70 (cFMB)"*616g 

where 

CFMB = individual blower capacity, scfm. 

2.3.7.2.2 If 30,000 <TCFM< 72,000 scfm the vertically-split 
multistage centrifugal blowers zll be used and COSTRO is calculated 
by: 

COSTRO - 0.377 (cFMB)om5g28 

2.3.7.2.3 If TCM >72,000 scfm the pedestal-type single-stage 
blowers will be used and COSTRO is calculated by: 

COSTRO - 0.964 (CFMB)~'~~*~ 

2.3.7.3 Determine purchase cost of the standard blower. 

2.3.7.3.1 If 0 <TCFM ,< 30,000 scfm, the standard size blower is 
a rotary positive blower with a capacity of 3,000 scfm at 8 psig. 

COSTSB - $16,000 

2.3.7.3.2 If 30,000 <TCFM< 72,000 scfm the standard size 
blower is a vertically-split mulTistage centrifugal blower with a 
capacity of 12,000 scfm at 8 psig. 

COSTSB - $45,000 

2.3.7.3.3 If TCM >72,000 scfm the standard size blower is a 
pedestal-type singlestage centrifugal blower with a capacity of 
50,000 scfm at 8 psig. 
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COSTSB = $300,000 

2.3.7.3.4 For better cost estimation, COSTSB should be obtained 
frcm an equipment vendor and treated as a unit price input. However, 
if it is not treated as a unit price input the cost will be adjusted 
by using the Marshall and Swift Equipment Cost Index. 

MSECI COSTSB - COSTSB 491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index for 1st quarter 
1977. 

2.3.7.4 Blower Installation Costs. Typically the installation 
cost of blowers is approximately 100% of the equipment cost. This 

includes costs of piping, concrete, steel, electrical, paint and 
installation labor. Therefore, the installed blower cost is given by: 

IBC - COSTBE x 2.0 

where 

IBC = installed blower cmts, $. 

2.3.7.5 BLower building costs. 

BBC = (BBA) (UPIBC) 

where 

BBC = blower building costs, $. 

BBA = blower building area, sq ft. 

UPIBC = unit price input for building costs, dollars/sq ft. 

2.3.7.6 Total bare construction cost. 

where 

TBCC - [(IBC) (NB) + BBC] CF 

TBCC = total bare construction cost, $. 

NB = total nunber of blowers. 
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CF = correction factor for other construction cost itms, 
fran second-order design output. 

2.3.8 Cost Calculations Output Data. 

2.3.8.1 Total bare constructioa cost of blowers, TBCC, $. 

2.3.9 Bibliography. 
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2.3.9.3 Popper, Herbert, Modern Cost-Engineering Techniques, 
McGrawHill Book Company, New York, 1970. 
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2.5 CARBON ADSORPTION 

2.5.1 Background. 

2.5.1.1 Activated carbon, when contacted with water containing organic 
material, will renove these canpounds selectively by a canbination of 
adsorption of the less polar molecules, filtration of the larger par- 
ticles, and partial deposition of colloidal material on the exterior 
surface of the activated carbon. Adsorption results fran the forces of 
attraction between the surface of a particle and the soluble organic 
materials that contact the particle. As a result of the activation 
process, activated carbon has nunerous pores within each particle and 
hence a large surface area per unit weight, making it a very efficient 
adsorptive material. It has long been used to ranove taste and odor- 
causing impurities frcm public water supplies. More recently, activated 
carbon adsorption has been used in wastewater treatment as a tertiary 
process following conventional secondary trealment or as one of several 
unit processes canprising physical-chanical treatment. 

2.5.1.2 The most efficient and practical use of activated carbon in 
wastewater treahnent has been in fixed beds of granular activated carbon. 
A typical adsorption system consists of several adsorption trains ope- 
rated in parallel. Each train contains two adsorbers arranged for series 
flow. The wastewat5r is applied to the adsorbers at a flow rate ranging 
fran 4 to 8 gpm/ft . Contact t&ne (anpty bed residence time) ranges fran 
15 to 35 minutes depending on the desired effluent quality. 

2.5.1.3 To ensureminimum suspended solids collection in the adsorbers 
which can clog the pores and reduce adsorber capacity, the carbon ad- 
sorption system should be preceded by media filtration. Provisions must 
be made to regularly backwash the adsorption systen to flush out accu- 
mu?.ated suspended solids and biological growth. A good design practice 
is to allow for a bed expansion of fran 10 to 15 percent. Flow rates 
during backwash should range fran 10 to 15 gpm/ft . Biological growth 
can be controlled effectively by chlorination of the influent to the 
adsorber or by chlorination during the backwash operation. 

2.5.1.4 &en the active sites on the carbon particles have been filled, 
the effluent quality deteriorates and the carbon must be regenerated or 
replaced. For systans requiring regeneration of less than 400 pounds of 
carbon per day, it is not econanical to have on-site regeneration. For 
larger systens, a regeneration system should be provided. A typical 
regeneration systen would include a) hydraulic transport of the carbon to 
the regeneration unit, b) dewatering of spent carbon, c) heating of 
carbon to oxidize or volatilizate the adsorbed impurities, d) water 
cooling of the carbon, e) water washing and hydraulic transport back to 
the adsorbers, and f) scrubbing of furnace off--gasses. The most caumon 
type of furnace in use is the multiple hearth furnace. 
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2.5.1.5 The following sections present a design for a packed bed 
downflow carbon adsorption system that includes owsite carbon regent 
ration. Input such as the minimum contact time, optimum flow rate, head 
loss at various flows, backwash rate, and required carbon dosage should 
be obtained fran on-site pilot plant carbon column tests. Where ,this is 
not possible, accepted design criteria should be used to generate the 
required input data. Static isotherm tests conducted in the laboratory 
are not sufficient. 

2.5.2 Input Data. 

2.5.2.1 Peak wastewater flow, B 
, mgd. 

2.5.2.2 Average flow, Q avg' mgd. 

2.5.2.3 Design superficial velocity, Vs, gpm/ft2 (usually 6 gpn/ft'). 

2.5.2.4 Einpty bed residence ttne at B 
, TR, minutes, (25 minutes). 

2.5.2.5 Elevation of adsorber underdrain above adsorber bottan, Ru, ft. 
(usually 2 ft.) 

2.5.2.6 Chemical oxygen demand (COD) of wastewater feed, Co, mg,/l. 

2.5.2.7 COD of carbon treated wastewater, Cf, mg/ 1. 

2.5.2.8 COD/carbon loading at saturation, x/m, lb/lb. Typical value 
for domestic wastewater are in the range of 0.30.8 lbCOD/lb of Carbon. 

2.5.2.9 Length to width ratio for concrete absorbers, RLW. 

- 2.5.2.10 Furnace loading rate, F, lb/day/ft2. 

2.5.3 

2.5.3.1 

2.5.3.1.1 

Process Design Calculations. 

Required Adsorber Characteristics 

The required cross sectional surface area is given by: 

694 Q 
D 

A= 
vS 

where 

A - Required cross sectional area, ft 2 

QP 
= Peak flow rate, mgd 

Vs = Superficial velocity, gpm/ft2 
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If an optimum superficial velocity is not available fran pilot 

studies, a value of 6 gpm/ ft2 shovld be used. 

2.5.3.1.2 Nmber of absorption Trains Required. For peak flows of 
10 mgd or less, pressurized downflow adsorbers constructed of steel 
should be used. The maximum diameter of steel adsorbers is 16 
feet. 

For peak flows greater than 10 mgd, gravity flow rec- 
tangular concrete adsorbers are recamnended. 

Aminimum of two adsorption trains are required for any 
carbon adsorption system. Table 2;s1 lists the nunber and type of 
adsorption trains reccmmended for various flow rates. 

TABLE 2.591 

Peak Plow Rate (Qp) 
b Rd) 

0.5 
1 
2 
4 
8 

10 
20 
50 . 

100 
150 
200 
250 
300 

2.5.3.1.3 The surface area of an individual adsorber is calculated by 

Number of Trains (N) Number of Trains (N) 
Pressurized Adsorbers Gravity Adsorbers 

Steel Construction Concrete Construction 

2 
2 
2 
4 
6 

4 
4 
4 
8 
8 
10 
12 
12 

where 

AA = Adsorber cross sectional area, ft 
2 

A = Total cross sectional area, ft2 

N = Nmber of trains required 
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2.5.3.1.4 Since there are two adsorbers in each adsorption train, the 
total nunber of adsorbers is given by: 

where 

NA = 2N 

N = number of adsorption trains 

NA - number of adsorbers 

2.5.3.2 Adsorption Bed Depth 

The overall bed depth is given by: 

where 

&s = overall adsorber bed depth, (ft) 

Tr - anpty bed residence time, (minutes) 

Vs - superficial velocity at Qp 9 (gpm/ ft2) 

The anpty bed residence time usually ranges fran 15 to 35 
minutes. 

A Tr value of 25 minutes is suggested if not specified. 

2.5.3.3 Backwash Requirenent. Each adsorber shoul be backwashed 
daily at a maximum superficial ve$ocity of 15 gpm/ft 

9 and a minimlrn 
superficial velocity of 12 gp/ft . Backwash should last 15 minutes. 

2.5.3.3.1 Calculate Backwash Flow Rate 

'SBW AA 
QBW = 2 

where 

QBW = Backwash flow rate (gpm) 

VSBW = Superficial velocity of backwash (gpo/ft2) 

AA - Adsorber cross sectional area (ft2) 

2.5.3.3.2 Calculate Backwash Volune 
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where 

V -.. = Total volume of backwash per day (gpd) 
ISW 

T BW = Backwash duration (minutes) 

Q RW = Backwash flow rate (gpm) 

N - Number of absorbers 

carbon inventory in 
and can be calculated by 

2.5.3.4 Total Carbon Inventory. The total 
the systan is figured as first fill plus 10% 
using the following formula: 

where 

Qc = 1.10 (A x HB) x CD 

Qc = Total carbon inventory in the system, pounds 

A = Required cross sectional area, ft2 

HB - Overall adsorber bed depth, ft 

CD = Virgin carbon density, 26 lb/ft 
3 

2.5.3.5 Carbon Regeneration Requirement. In a two-stage adsorption 
train, water is passed through adsorber A, the lead adsorber and then 
adsorber 8, the polish adsorber. When the carbon in-adsorber A is 
exhausted, the carbon in adsorber B is only partially spent, The 
carbon is adsorber A is removed for regeneration and replaced with 
fresh carbon. Adsorber B then becanes the lead adsorber and adsorber 
A becanes the polish adsorber. When adsorber B is canpletely exhausted, 
it too is regenerated and adsorber A becanes the lead adsorber again. 

2.5.3.5.1 Calculate Adsorber Life. 

*s = 
b/m) (A) cH$2) (CD) 

a.345 (Co-Cf 1 (Q,,) 

where 

*S 
= Adsorber service life, days 

2 
A = Total adsorber cross sectional area, ft 

3 
cD - Virgin carbon density, 26 lb/ft 

cO 
= Influent COD, mg/l .I . 

Cf - Effluent COD, mg/l 
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Q AVIS 
= Average flow rate, mgd 

x/m = COD/carbon loading, lb/lb 

HB = Bed length of adsorber train, ft 
(length of two adsorbers) 

2.5.3.5.2 Calculate Regeneration Rate 

@g/2) (A) CC,) 
R- 

TS 

where 

BB = Bed length of adsoprtion train, ft 

A - Total adsorber cross sectional area, ft2 

CSD = Spent carbon density, 32 lb/ft3 

TS 
- Adsorber service life, days 

2.5.3.6 Effluent Characteristics. The effluent COD is specified 
by the user. 

2.5.3.6.1 B0D5. 

EBOD - .5 cc,) 

EBODS = EBOD 

where 

EBOD = effluent BOD 5y mdl. 

cf = effluent COD, mg/l. 

EBODS = effluent soluble BOD5, mg(l. 

2.5.3.6.2 CODS. 

CODS = C f 

CODS = effluent soluble COD, mg/l. 

cf = effluent COD, mg/l. 

2.5.3.6.3 Suspended Solids. 



Process Design Output Data. 

Total required cross sectional area, A, (ft'). 

Total nunber of adsorption trains, N. 

.  
w  

TSSE = (.Ol)(TSSI) 

where 

TSSE = total suspended solids in effluent, mg/l. 

TSSI = total suspended solids in influent, mdl. 

2.5.3.6.4 Oils and grease. 

OAG - 0.0 

where 

OAG = oil and grease in effluent, mdl. 

2.5.3.6.5 Settleable solids. 

SETS0 = 0.0 

SETS0 - settleable solids in influent, mg/l. 

2.5.4 

2.5.4.1 

2.5.4.2 

2.5.4.3 

2.5.4.4 

2.5.4.5 

2.5.4.6 

2.5.4.7 

2.5.4.8 

2.5.4.9 

2.5.4.10 

2.5.4.11 

2.5.4.12 

2.5.4.13 

2.5.4.14 

2.5.4.15 

Total nunber of adsorbers, NA. 

Individual adsorber cross sectional. area, AA, (ft'). 

Overall adsorber bed depth, HB, (ft). 

Backwash flow, Q,,, (gpm). 

Backwash volume, VBW, (gal). 

Total carbon inventory in the system, Q,, (pounds). 

Adsorber senrice life, Ts, (days). 

Regeneration rate, R, (lbs/day). 

Effluent BOD5, EBOD, mg/l. 

Effluent COD, Cf, mg/l. 

Effluent soluble BOD5, EBODS, mg/l. 

Effluent soluble COD, CODS, mg/l. 

Total suspended solids in effluent, TSSE, mg/l. 
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2.5.4.16 Oil and grease in effluent, OAG, mg/l. 

2.5.4.17 Settleable solids in effluent, SETSO, mg/l. 

2.5.5 Quantities Calculations. 

2.5.5.1 Calculate adsorber dianeter for 0.5 mgd < B 
C 10mgd 

where 

D - Adsorber dianeter, ft 

AA = Individual absorber cross sectional area, ft2. 

The actual adsorber diameter should be rounded to the nearest foot. 

2.5.5.2 Calculate adsorber length and width for 10 mgd < Q, s 300 mgd 

W= 

where 

L=W RL W 

L - Inside length of gravity adsorber, ft 

W - Inside width of gravity adsorber, ft 

5, w - Length to width ratio 

The actual adsorber dtiensions should be rounded to the nearest foot. 

2.5.5.3 Calculate column height 

Hc - Hv + la4 HB + 1 
2 

HC 
= 3 + o.7HB 

where 

Hv = Height of underdrain - 2 feet is sufficient 

HC 
= Height of one adsorber, ft 

5 = Overall carbon bed depth, ft (2 adsorbers) 
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2.5.5.4 Regeneration System Size. The decision as to whether to 
regenerate and reuse the carbon or to use it on a once through, 
throwaway basis is strictly based on econanics. Based on current 
cost of multi-hearth furnace regeneration systan, for plants 
requiring less than appr0ximatel.y 400 Lbs/day of carbon, on-site 
regeneration is not econanical because of the capital cost of 
minimum size equipment of this type. In this design procedure, a 
carbon regeneration rate, R, of 400 pounds per day is, thus, 
chosen as a demarcation point. When R is less than 400 ppd, no 
regeneration systen is provided. Whereas, when R 2400 ppd, the 
following design procedure is followed. 

The spent carbon and reactived carbon storage tanks are 
usually sized to accanmodate fran 5 to 10 days supply of carbon to 
keep the system in operation during routine maintenance or un- 
scheduled shutdowns. The furnace feed tank is designed to hold 
enough carbon for one shift of operation. The furnace feed tank 
controls the flow of the carbon slurry to a dewatering screw which 
dewaters the carbon to 40 to 50 percent water and controls the 
flow of carbon to the furnace. The furnace can be either a rotary 
kiln or multiple hearth type. For this design a six-hearth 
multiple hearth furnace is utiLized. Two furnaces are recanmended 
so that operation is not interrupted during maintenance shutdowns, 
however, one is usually used in municipal systems. Temperatures 
in the hearths are as follows: No. 1, 800*F, No. 2, lOOO"F, No. 
3, L20O*F, No. 4, 1680*F, No. 5, 1600°F, and No.6, 1680'F. Steam 
is introduced on the bottan three hearths at the rate of one pound 
stean per pound of dry carbon to give a more uniform distribution 
of temperatures throughout the furnace and to improve the quality 
of the regenerated carbon. Fran the furnace the carbon flows to a 
quench tank that both wets the reactivated carbon and provides a 
water seal for the furnace bottan. The gases driven off during 
the thermal regeneration pass through an afterburner which burns 
the volatile and noxious gases at approximately 1200'F. A wet 
scrubber renoves carbon dust and odorous substances. 

2.5.5.4.1 The effective hearth area of the regeneration furnace 
is given by the following equation. Excess capacity of 50% should 
be provided. 

AR = 1.5 R 
FR 

where 

pk = Effective hearth area, ft2 

R= Regeneration rate, Lbs/day 
2 

FR = Furnace Loading rate, 70-80 lbs/ft /day 
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2.5.5.4.2 Table 2.5-2 lists standard size &hearth furnaces. 
The desired furnace size is chosen fran this table. 

TABLE 2.5-2 

AVAILABLE MULTIHEARTH FURNACES 

Approximate Effectsve Hearth Area 
(ft > 

2.5 3.70 24 
3.25 4.75 37 
4.5 6.00 7s 
5.5 7.75 125 
7.0 9.25 179 
8.5 10.75 269 

10.5 12.75 436 
12.0 14.25 548 
14.5 16.75 732 
16.5 18.75 1,050 
18.0 20.25 1,268 
20.0 22.25 1,509 

hearth area. 
The largest furnace canmerci?lly available has 1509 ft2 of 

If pk is less than 1509 ft , one furnace would be 
used, 

NFN = landARI= , AR 

and the inside diameter of the furnace is 

ID - 0.397(ARI)"*541 

where 

ARI - Hearth area of each individual furnace, ft 2 

ID - Inner dianeter of furnace, ft 

AR = Effective hearth area 

NFN - Number of furnaces 

When AE is greater than 1509 ft2. two furnace would be used, 

NFN = 2, 

and each furnace would have a hearth area of 

The internal dianeter of each unit is: 

ID - 0.397 (A& 0.541 
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2.5.5.4.3 Spent Carbon Storage Tank 

given by 
The required volume for spent carbon storage is 

VOLSC = NDR 

'SD 

where 

VOLSC - Vol\lme of spent carbon storage tank, ft3 

ND - Nmber of days of storage required, 5 to 10 
days 

R = Regeneration rate, lb/day 
3 

'SD = Spent carbon density, 32 Lb/ft 

2.5.5.4.4 Reactivated Carbon Storage Tank 

The required volume for reactivated carbon 
storage is given by: 

VOLRC = NDR 

cD 

where 

VOLRC - Vo ume 3 
of reactivated carbon storage tank, 

ft 

ND = Number of days of storage required, 5 to 10 
days 

R = Regeneration rate, lb/day 

cD - Reactivated carbon density, 26 lb/ft3 

2.5.5.5 Quantities of material associated with adsorption 
systell. A parametric cost estimating systa would be used to 
figure the capital cost of the pressurized adsorption system. 
The only design output frun this section would be the surface 
area of building to house the adsorption system. Thus : 

2.5.5.5.1 Area Requirement for Adsorber Building. The adsorber 
building will house adsorbers, pumping systems, and control 
systea. 
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for 0.5 < Qp 5 10 mgd 

% = 2125 x Qp 0.675 + 400 Q 0.35 
P 

for 10 < Q 5 300 mgd, the adsorber systan would be out doors. The only 
building a?ea required is for the control ram and is calculated by 

% - 600 
% 

0.35 

where 

AB - Building area for adsorption system, ft 2 

B - Peak flow rate, mgd 

2.5.5.5.2 For an adsorption system with capacity of 10 C Q 5 
300 mgd, the adsorbers will be constructed of reinforced C?IW 
crete utilizing canmonwall construction. Sluiceways will be 
integrated into the adsorber construction and utilized to 
transport wastewater and threefoot wide sluicegates used to 
isolate adsorbers. 
gravity. 

Flow through the adsorbers will be by 

2.5.5.5.2.1 Reinforced concrete volume required, Vc 

vc * %l + Vc2 
where 

% - Volune of concrete 

V cl = Volme of concrete 

V c2 = Volume of concrete 

required, yd3 

for adsorbers 

for spent carbon storage 

V 
Cl 

= 17.8 x (TR x 
B 

)"*712 

and 

V & = 37.9 x 
Qp 

0.385 

2.5.5.5.2.2 Earthwork VE 

vE = 146.5 
B + 68.7 

% 
0.599 

where 

vE = Volume of earthwork, yd3 
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Qp = Peak flow rate, mgd 

2.5.5.5.2.3 Calculate adsorber cross sectional area for underdrain and 
troughs. 

where 

Al = Underdrain and trough area required, ft 
2 

QP 
- Peak flow rate, mgd 

(d) Calculate the nunber of flow control gates (A 3 x 6 ft 
gate with operator and franc). 

G = 4N 

G = Number of gates required 

N = Number of trains 

2.5.5.6 Adsorption System O&M Requirements. The O&M requirements and costs 
for the carbon adsorption systan excluding carbon regeneratioa can be related 
to the average flow rate (Q V 

kF 
), given inmillion gallons per day (mgd), or 

to the total capital cost o he systan. 

2.5.5.6.1 Man-hour requirements, man-hours per year 

MHAD p 860 QAvG 
0.473 

2.5.5.6.2 Electricity requirements, KWH per year 

KWHAD = 67,000 QAvG'.02 

2.5.5.6.3 Maintenance materials requirement, percent of total cost 

for 0.5 mgd C Q,, 5 4 mgd 

MMAD - 0.55 - 0.664 loglo Q,, 

for 4 mgd < QAvG S 20 mgd 

l4tfAD = 0.193 - 0.0715 loglo QAVG 

for QAVG > 20 mgd 

MMAD = 0.1% of total capital costs 



MMAD = percentage of total cost of the adsorption system 
for each flow range 

2.5.5.7 Regeneration System O&M Requirements. When R 400 lbs/day, on- 
site regeneration is recanmended and the following O&M requirenents must be 
included in the cost of the carbon adsorption systan. If R 400 Lbs/day, 
the spent carbon must be replaced and the only 0 & M cost incurred is the 
cost of replacement carbon. 

The 0 & M requirements and costs for carbon regeneration can be 
re$ated to the regeneration rate (R), lbs/day, the total hearth area (AR), 
ft , or the total capital costs of the systen. 

2.5.5.7.1 Man-hour requirenents, man-hours per year 

for R < 400 lbs/day 

MHRG - 0 

for R L 400 lbs/day 

MHRG = 90.46 pk 
0.624 

2.5.5.7.2 Electricity requirements, KWH per year 

for R C 400 lbs/day 

KWHRG = 0 

for R 2 400 lb/day 

KWHRG - 3110R0'313 

2.5.5.7.3 Steam requiranents, lbs per year 

for R C 400 lb/day 

STRG - 0 

for R 2 400 lb/day 

STRG = 365 (C) (R) 

C = 0.6 lb stean per lb carbon 

2.5.5.7.4 Fuel requirements, BTU per year 
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for R < 400 lb/day 

BTURG - 0 

for R 2 400 lb/day 

BTURG - 3,942,000,000 Roego 

2.5.5.7.5 Carbon makeup requirement, lbs per year 

for R < 400 lb/day 

CMRG = 365 x R 

for R 2400 lb/day 

CMRG - 25.68 

2.5.5.7.6 Maintenance materials requirement, percent 

for R d 400 lb/day 

MMRG - 0 

for R 2 400 lb/day 

MMRG = 3% of total capital cost of regeneration system 

MMRG=3 

2.5.6 

2.5.6.1 

2.5.6.2 

2.5.6.3 

2.5.6.4 

2.5.6.5 

2.5.6.6 

2.5.6.7 

2.5.6.8 

2.5.6.9 

2.5.6.10 

2.5.6.11 

Quantities Calculations Output Data. 

Adsorber diameter, when Qp C 10 mgd, D, (ft) 

Adsorber length, when \ 2 10 mgd, L, (ft) 

Adsorber width, when s 2 10 mgd, W, (ft) 

Adsorber colunn height, Hc, (ft) 

Effective regeneration hearth area, AR, (ft2) 

Individual hearth area, ARI, (ft2) 

Nunber of furnace required, NFN 

Furnace inside diameter, ID, (ft) 

Adsorption system building requirenent, h, (ft2) 

Reinforce concrete quantity for B 
2 10 mgd, Vc, (yd3> 

Earthwork volume, B 
2 10 mgd, VE, (yd3) 
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2.5.6.12 Underdrain surface area, Al, (ft2) 

2.5.6.13 Number of control gates, G 

2.5.6.14 Man-power requiranent for adsorption system 0 & M, MHAD 

2.5.6.15 Electricity required for adsorption system 0 & M, KYHAD, 
WW yr) 
2.5.6.16 Maintenance, material supply cost as percentage of ad- 
sorption system capital cost, MMAD, (X) 

2.5.6.17 Man-power requirement for 
WW yr). 
2.5.6.18 Steau requirement for carbon regeneration, STRG, (lbs/pr) 

2.5.6.19 Fuel requirement for carbon regeneration, BTURG, (BTU/yr) 

2.5.6.20 Virgin carbon makeup, CMRG, (lbs/yr) 

2.5.6.21 Maintenance material supply cost as percentage of re 
generation capital cost, MMRG, (X) 

2.5.7 Unit Price Input Required. 

2.5.7.1 Standard size multiple hearth regeneration system cost, 
COSTMH, dollars (optional). 

2.5.7.2 Unit price input for building construction cost, UPIBC, 
$/sq ft. 
2.5.7.3 Unit price input for R.C. wall, UPICW, $/cu yd 

2.5.7.4 Unit price input for earthwork, UPIEX, $/cu yd. 

2.5.7.5 Unit price input for virgin carbon purchase, UPICC, $/ 
lbs. 

2.5.7.6 Unit price input for underdrain systm, UPIUD, $/sq ft 
(optional). 
2.5.7.7 Unit price input for control gate, UPICG, $, (optional). 

2.5.7.8 Current Marshall and Swift Equipment Cost Index, MSECI. 

2.5.8 Cost Calculations. 

2.5.8.1 Capital cost estimate of the pressurized adsorption 
sptm, (Q, C 10 mgd). 

2.5.8.1.1 Calculate Adsorber Cost. Each adsorber would be con- 
structed of steel with an internal epoxy coating. An underdrain 
would be supplied with support/ backwash distribution nozzles on 
nineinch centers. Each vessel would be designed for 50 psi pres- 
sure (actual max. pressure is not to exceed 30 psi). Shut-off 
valves for influent, effluent and carbon removal are included. 
Backwash control valves are not included in the adsorber cost. 
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Cost Al = 133,000 Q, 
0.587 

where 

Cost Al = Adsorber cost, installed, 0.5 to 10 mgd, $. 

2.5.8.1.2 Calculate wastewater feed systen cost. This cost includes wet 
well, dry well, pumps and piping. 

Cost Fl - 35,500 
B 

0.6 

where 

Cost FL = wastewater feed system cost, 0.5 to 10 mgd, $. 

B = Peak flow, mgd. 

2.5.8.1.3 Calculate cost of Adsorber Eackwash System. The backwash system 
consists of a wetwell to contain the full backwash volume, 
and backwash pumps. Piping, valves and fittings are also 

VB 
inc uded. F 

, dry well, 

Cost Bl - 30,000 Q o'38 
P 

where 

Cost Bl = Backwash systan cost, 0.5 to 10 mgd, $ 

QP 
- Peak flow, mgd 

2.5.8.1.4 Calculate cost of Carbon Handling Systan. The carbon 
fran a lead adsorber to the equipment interface with the regent 
ration system which is the feed mechanism to the furnace. 

The carbon handling system includes eductors for each 
adsorber, piping, valves, fittings, spent carbon holding/ dewatering 
tank, wet well, dry well and eductor motive water pumps. 

Cost HI. - 19,600 Q 
0.28 

P 

where 

Cost Hl = Cost of carbon handling systan, $ 

QP 
- Peak flow rate, mgd 

2.5.8.1.5 Calculate cost of building 

Cost B2 = AB x UPIBC 

where 

Cost 82 = Building cost, $ 
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UPIBC = Unit price input for building cost, $/sq.ft 

% = Total building area requirenent, ft 2 

2.5.8.1.6 First fill carbon cost 

where 

Cost CB - UPICC x Q, 

Cost CB = First fill carbon cost 

Qc = Total carbon inventory in the systen, lbs 

UPICC - Unit price input for carbon cost, $/lb 
(1st quarter 1977 cost $0.56/lb) 

2.5.8.1.7 Total base construction cost for adsorption systen 

TBCAD - [Z (Cost Al+Cost Fl+Cost Bl+Cost Hl) . 

+Cost B2+Cost CB] x 1.42 

where 

TBCAD = Total bare construction cost for the adsortion 
q-t-r $ 

MSECI - Current Marshall and Swift Equipment Cost Index 

491.6 = Marshall and Swift Equipment Cost Index for 
1st Quarter, 1977 

1.42 = Correction factor for other construction itms 

2.5.8.2 Capital cost estimate of the concrete adsorption systext, (Q, > 10 a] 

2.5.8.2.1 Cost of reinforced concrete in place 

Cost RC = Vc x UPICW 

where 

Cost RC = Cost of RC in place, $. 

vc - volme of reinforced concrete required, cu.yd. 

UPICW = Unit price input for R.C. wall, in place, 
$/cu.yd. 
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2.5.8.2.2 Cost of earthwork 

COSTE = VE x UPIEX 

where 

COSTE = Cost of earthwork, $. 

vE - Volume of earthwork, cu.yd. 

UPIEX = Unit price input for earthwork, $/cu yd. 

2.5.0.2.3 First fill carbon cost 

Cost CB - Q, x UPICC 

where 

Cost CB - First fill carbon cost, dollars 

QC 
= Total carbon inventory, lbs 

UPXCC = Unit price input for carbon cost 

2.5.8.2.4 Underdrain systan cost* 

COSTUD - Al x UPIUD 

where 

COSTUD = Underdrain systen cost, dollars 

A, = Underdrain and trough area required, ft2 

UPIUD = Underdrain system unit price input, $/ft* 
($35/ft2 at 1st Quarter 1977) 

UPIUD MSECL 
=35x491.6 

2.5.8.2.5 Control gate cost 

where 

COSTCG = 

G = 

UPICG = 

COSTCG = G x UPICG 

Control gate cost, dollars 

Nmber of control gates 

Unit price input of control gate 
(3 x 6 ft gate with operator and franc) 
A $17,300 is used for 1st Quarter 1977 
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UPXCG 
MSECI 

- $17,300 491.6 

where 

MSECI = Marshall Swift Cost Index 

2.5.8.2.6 Calculate the cost of the backwash spstan. The backwash 
system iri$cudes the backwash holding basins for 15 minutes supply at 
15 gpm/ft , pumps, piping and valves, and dry well 

COST Bl - 40171 Qp 0.637 MSECI 
*491,6 

where 

COST Bl = Cost of backwash system, $ 

QP = Peak flow rate, mgd 

MSECI = Marshall and Swift Equipment Cost Index 

491.6 - MSECI for 1st Quarter 1977 

2.5.8.2.7 Calculate the cost of the carbon handling system. This 
system includes educators, valve, piping for ranoving spent carbon 
fran each lead adsorber. Pumps, wet well and dry well are included. 

COST H2 - 9452 Qp 0.543 ?4SECI 
x491.6 

where 

COST H2 = Cost of the carbon handling system, $ 

QP = Peak flow rate, mgd 

2.5.8.2.8 Calculate cost of building 

COST 82 = % x UPIBC 

where 

COST B2 = 

%3 
s 

UPIBC - 

Building cost, $. 

Total building use requirement, ft2 

Unit price input for building cost, $/ft2 

2.5.8.2.9 Total bare construction cost for adsorption system 

TBCAD = 1.42 (COSTRC + COSTE+ COSTCB + COSTUD + COSTCG 
+ COST Bl + COST H2 + COST 82) 
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2.5‘. 8. 3 Capital cost estimate of the regeneration systen, when the carbon 
regeneration rate, R, is less than 400 lbs per day. The spent carbon would 
either be used on a throwaway or regenerated on an off-site 
facility. The total bare construction cost of the regeneration systa, 
in this case, would be zero. 

TBCRC - 0 

where 

TBCRC = Total bare construction cost for the regeneration 
syst=, $0 

2.5.8.4 Capital cost estimate of the regeneration system when R 400 
lbs/day 

2.5.8.4.1 Calculate COSTR 

When ARI 5 400 sq.ft 

COSTR - 0.192 (ARI)"'308 

When ART > 400 sq.ft 

COSTR = 0.0272 (ARX)o'6o2 

COSTR - Cost of furnace expressed as percent of 
standard size incinerator cost 

ART - Hearth area of individual furnace, sq.ft 

2.5.8.4.2 Purchase cost of standard size furnace. The systan includes a 
furnace, canbustion air flow, induced draft flow, cooling in flow, con- 
trols, carbon feed system, scrubber and dust control. The unit selected as 
standard is a unit with a total hearth area of 400 sq.ft. The cost of this 
furnace for the 1st quarter of 1977 is: 

cosm = $825,000 

where 

COS'IXH - Cost of standard size furnace system, dollars 

For better estinate, COS'IMH should be obtained fran the manufacturer 
as a unit price input. ff COSTMHis not treated as a unit price input, the 
cost will be adjusted by using the Marshall and Swift Equipment Cost 
Index. 

COSIXH - MSECI 
$825,000 x 491,6 

where 
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MSECI = Current ?Iarshall and Swift Equipment Cost Index 

491.6 = XSECI, 1st quarter, 1977 

2.5.8.4.3 Purchase cost of multiple hearth furnace systen 

where 

COSTNF - COSTR x cosTm x NFN 

COSTNF = Purchase cost of furnace systan 

NFN = Ntnnber of furnace required 

2.5.8.4.4 Calculate total bare construction cost for regeneration 
system 

TBCRG - 1.25 x COSTNF 

where 

TBCRG = Total bare construction cost for the regeneration 
systell 

2.5.8.5 Total bare construction cost of the total carbon adsoqtion and 
regeneration systan 

TBCC - TBCAD + TBCRG 

where 

TBCC = Total bare construction cost, dollars 

2.5.8.6 Calculate total operation and maintenance materials and supply 
cc6 ts 

MMRG x TBCAD+ TX TBCRG 

where 

OMMC = Operation and maintenance material and supply cost, 
$/ yr l 

MAD - Operation and maintenance supply requirement for 
adsorption system as percent of total bare construc- 
tion cost of the adsorption system (TBCAD) 

MHRG = Operation and maintenance material and supply require- 
ment for regeneration system as percent of total bare 
construction cost (TBCRG) 

2.5.9 Cost Calculations Output Data. 

2.5922 

a 



2.5.9.1 Total bare construction cost, TBCC, dollars. 

2.5.9.2 Operation and maintenance material and supply cost, OmC, dollars/yr. 
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2.7 CENTRIFUCATION 

2.7.1 Background. 

2.7.1.1 Centrifugration is a widely used process for co+ 
centrating and dewatering sludge for final disposal. The 
process offers the following advantages: 

2.7.1.1.1 Capital cost is low in comparison with other mecha- 
nical equipment. 

2.7.1.1.2 Operating costs aremoderate, provided flocculants are 
not required. 

2.7.1.1.3 The unit is totally enclosed, thus odors are mini- 
mized. 

2.7.1.1.4 The unit is simple and will fit in a small place. 

2.7.1.1.5 Chemical conditioning of the sludge is often not 
required. 

2.7.1.1.6 The unit is flexible and can process a wide variety of 
solids. 

2.7.1.1.7 Minimum supervision is required. 

2.7.1.2 Disadvantages associated with centrifugation are: 

2.7.1.2.1 Without the use of chanicals, solids capture is often 
poor. 

2.7.1.2.2 Chanical costs can be substantial. 

2.7.1.2.3 Trash must often be removed fran the centrifuge feed 
by screening. 

2.7.1.2.4 The percentage of cake solids is often lower than that 
resulting fran vacuun filtration. 

2.7.1.2.5 Maintenance costs are higher than vacuun filtration. 

2.7.1.2.6 Fine solids (in concentrate) that escape the centrifuge 
may resist settling when recycled to the head of the treannent 
plant and gradually build up in concentration, eventually raising 
effluent solids level. 

2.7.1.3 Centrifuges applicable to sludge thickening and dewatering 
fall into three general classifications: disc, basket, and the 
currently popular solid-bowl. Basically, centrifuges separate 
solids fran liquids through sedimentation and centrifugal force. 
Process variables in centrifugation include feed rates, sludge 
solids characteristics, feed consistency, and chanical additives. 
&chine variables include bowl design, bowl speed, pool volume, 
and conveyor speed. 
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2.7.1.4 The main objectives in centrifuge design are cake 
dryness and solids recovery. The effect of the various para- 
meters on these two factors are summarized in Table 2.7-l. 
Operating data reported In the literature indicate that raw 
primary and digested primary sludge dewater easily. With 
polymer addition, a centrifuge (fig. 2.7-l) can produce 25-40 
percent cake solids with better than 90 percent recovery. 

Y IN 

LlOUlOS SOLIDS 
OISCHA RGE DISCHARGE 

Figure 2.7:1. Schanatic of a centrifuge. 

Waste activated sludge, however, is difficult to thicken or 
dewater with centrifugation. High polymer dosages will be 
required to produce S-10 percent cake solids and 90 percent 
recovery. 

2.7.1.5 Design criteria for centrifugation systems are scarce. 
One criterion used in determining the size of centrifuge re- 
quired is the power requirement per gallon per minute of inflow 
(0.5-2.0 hp per gpn). Generally, a power requirenent of 1.0 
hp/gpm of inflow is applicable to most centrifuges canmercially 
manufactured. 

2.7.2 Input Data. 

2.7.2.1 Sludge flow, gpd. 

2.7.2.2 Sludge concentration, percent solids. 

2.7.3 Design Paraneters. 

2.7.3.1 Centrifuges power requirement, hp/gpm (~1.0). 

2.7.3.2 Operation per day, hr. 

2.7.3.3 Operation per week, days. 
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2.7.3.4 

2.7.3.5 

2.7.3.6 

2.7.4 
2.7.4.1 

where 

Number of units. 

Excess capacity factor, 1.25. 

Chemical dosage, percent of dry weight of solids. 

Process Design Calculations. 

Calculate total. power required. 

TEP = (SF) (CPR) (7) (ECF) (24) 
(60) (DPW) (HE'D) 

TEP - total power required, hp. 

SF = sludge flow, gpd. 

CPR - centrifuge power requiranent, hp/gpm ( 1.0). 

DPW = operation per week, days. 

ECF = excess capacity factor, 1.25. 

HPD = operation per day, hr. 

2.7.4.2 Calculate power per unit. Use duplicate units. 
hp/unit = E 

where 
THP = total power required, hp. 

NU = number of units. 

2.7.4.3 Canpare horsepower withmanufacturer's specification and 
select centrifuge that meets the requirements. 

2.7.4.4 Calculate chemical requirements. 

(SF) (7) (c,> (8.34 lb/ gd (24) 100 - ci 
CR = (HPD)(DPW)(lOO) 100 

where 

CR = chanical requirements, lb/hr. 

SF - sludge flow, gpd. 

'd = chemical dosage, percent of dry weight of solids fed 
to filter. 

HPD - operation per day, hr. 

DPW = operation per week, days. 
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ci 
- initial moisture content of sludge, percent. 

2.7.4.5 Calculate output sludge quantity. 
sm - (SF) (100 - Ci) (.9) 

9 
where 

SF0 = sludge flow out, gpd. 

SF = sludge flow, gpd. 

Ci - initial moisture content of sludge, X. 

9 - final solids content of sludge, X. 

.9 - fraction of solids captured. 

2.7.5 Process Design Output Data. 

2.7.5.1 Power required/unit. 

2.7.5.2 Nunber of units. 

2.7.5.3 Chenfcal requiranents, lb/hr. 

2.7.5.4 Sludge flow, gal/day. 

2.7.5.5 Initial solid concentrate, percent. 

2.7.5.6 Operation per day, hr. 

2.7.5.7 Operation per week, days. 
Table 2.7-l. Sunmary of the Effect of Various 

Paraneters on Centrifuge Performance 

To Increase Cake Dryness 

Increase bowl speed 
Decrease pool volme 
Decrease coweyor speed 
Increase feed rate 
Decrease feed consistency 
Increase temperature 
Do not use flocculants 

2.7.6 Quantities Calculations. 

2.7.6.1 Calculate area of centrifuge 
the centrifuges was developed based on 
and accessories. 

To Increase Solids Recovery 

Increase bowl speed 
Increase pool volume 
Decrease conveyor speed 
Decrease feed rate 
Increase tenperature 
Use flocculants 
Increase feed consistency 

building. The building area for 
actual size of commercial units 

2.7.6.1.1 If the nunber of units (NU) is one (I), then the building area 
is: 

AB = 200 sq ft 

2.7.6.1.2 If the nunber of units (NU) is greater than one (l), then the 
building area is: 

AB - 200 + 5.3 (NU) (HP)o*738 
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where 

% 
= area of centrifuge building, sq ft. 

NU = nunber of centrifuges. 

HP = power required per unit, HP. 

2.7.6.2 Calculate dry solids produced. 

DSnD 31 (SF) (8.34) (CL> 
(2000) (100) 

where 

DSTPD = dry solids produced, tpd. 

SF = sludge flow, gpd. 

Ci = initial solids concentration, percent. 

2.7.6.3 Calculate operational labor. 

2.7.6.3.1 If DSTPD is between .1 tpd and 1.0 tpd, the opera- 
tional labor is calculated by: 

OMH = 1520 (DSTPD) 0.3293 

2.7.6.3.2 If DSTPD is between 1.0 tpd and 10.0 tpd, the opera- 
tional labor is calculated by: 

OMH = 1520 (DSTPD)"'4gg4 

2.7.6.3.3 If DSTPD is greater than 10.0 TPD, the operational 
labor is calculated by: 

OMH = 632 (DSTPD)0-8751 

where 

OMH = operation labor, WI/yr. 

DSTPD = dry solid produced, tpd. 

2.7.6.4 Calculate maintenance labor. 

2.7.6.4.1 If DSTPD is between .l tpd and 1.0 tpd, the mai+ 
tenance labor is calculated by: 

MMK= 264 (DSTPD)"*3424 

2.7.6.4.2 If DSTPD is between 1.0 tpd and 10.0 tpd, the main- 
tenance labor is calculated by: 

MM-l= 264 (DSTPD)"~481s 
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2.7.6.4.3 If DSTPD is greater than 10.0 tpd, the maintenance labor is 
calculated by: 

MMH = 112.0 (DSTPD)"'8573 

where 

MME = maintenance labor, man-hour/yr. 

2.7.6.5 Calculate electrical energy required for operation. 

KWH - 33,000 (DSTPD)0'g248 

where 

KWH - electrical energy required for operation, kwhr/yr. 

2.7.6.6 Calculate other operation and maintenance material costs. 
This iten includes repair and replacement material costs. It is 
expressed as a percent of total bare construction cost. This does not 
include chanical costs. 

O?MP - 2.27 (DSTPD)"'1868 

where 

OMMP = percent of total bare construction cost for the 
operation and maintenance material costs, percent. 

2.7.6.7 Other minor construction items. Itens such as piping, 
electrical conduits, etc., would be approximately 15 percent of the 
total construction costs. 

CF - -& - 1.18 

where 

CF = correction factor for minor costs. 

2.7.7 Quantities Calculatioos Output Data. 

2.7.7.1 Area of centrifuge building, $, sq ft. 

2.7.7.2 Power required per unit, BP, hp. 

2.7.7.3 Number of units, ND. 

2.7.7.4 Operational labor, XXI, man-hour/yr. 
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2.7.7.5 

2.7.7.6 

2.7.7.7 

2.7.7.8 

2.7.8 

2.7.8.1 

2.7.8.2 

2.7.9 

2.7.9.1 

where 

Xaintenance labor, MMH, man-hourlyr. 

Electrical energy required for operation, KWH, kxhr/yr. 

Other operation and maintenance costs, OMMP, percent. 

Correction factor for other construction costs, CF. 

Unit Price Input Required. 

Cost of building, UPIBC, dollars/sq ft. 

Unit price for 50 hp centrifuge, COSTSC, dollars (optional). 

Cost Calculations. 

Cost of centrifuge building. 

COSTS = 53 x UPIBC 

COSTS = cost of centrifuge building, dollars, 

$ = area of centrifuge building, sq ft. 

UPIBC = unit price input for building construction costs, 
$/=I ft. 

2.7.9.2 Purchase cost of centrifuge. 
is calculated by: 

COSTC - COSTSC 

The purchase cost of centrifuges 

COSTR 
x1oo 

where 

COSTC = cost of centrifuge selected, $. 

COSTSC = cost of standard size centrifuge of 50 hp, $. 

COSTR = cost of centrifuge selected expressed as percent of 
standard size unit cost, percent. 
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2.7.9.2.1 Standard size unit cost. The 1st quarter 1977 price 
for COSTSC is $165,000. For better estimation COSTCS should be 
o Stained fran the equipment vendors and treated as a unit price 
input. If this is not done, the following equation will be 
utilized to caapensate for inflation. 

COSTSC - 165,000 m 
. 

where 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = MSECI value for 1st quarter 1977. 

2.7.9.2.2 Calculate COSTR. 

COSTR = ii.567 (HP)o*g362 

where 

COSTR - cost of centrifugal selected expressed as percent of 
standard size unit cost, percent. 

HP = power required per unit, hp. 

2.7.9.3 Other equipment and installation costs. Other equip 
ment required to make the dewatering process cunplete includes 
c onveyo rs , polymer feed systen, pumps, and conditioning tanks. 
It is estimated by the equipment vendors and contractors that 
the purchase and installation costs of this equipment are 
approximately equal to the purchase cost of the centrifuge. 

OICOST = COSTC 

where 

OICOST = other equipment and installation costs, dollars. 

2.7.9.4 Calculate total bare construction cost: 

TBCC = (CF) (COSTC + COSTB + OICOST) 

where 

TBCC - total bare construction cost, dollars. 

2.7.9.5 Operation and maintenance material costs. 

otmc - s (TBCC) 
where 
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OMNC = operation and maintenance material costs, dollars. * 

OMMP = percent of total bare construction cost for the 
operation and maintenance material costs, percent. 

2.7.10 Cost Calculations Output Data. 

2.7.10.1 Total bare construction cost, TBCC, $. 

2.7.10.2 Operation and maintenance cost, OMMC, $/yr. 
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CHEMICAL COAGULATION 2.9 

2.9.1 Background. 

2.9.1.1 Chemical coagulation involves the aggregation of small 
particles into large, more readily settleable conglanetates. 
Chenical coagulation is a canmon process used in water treafment 
for the r-oval of turbidity and color. In wastewater treat- 
ment, chanical coagulation has been used to remove colloidal and 
suspended matter form raw wastes, renove phosphorus, ranove 
algae fran orddation pond effluents, and enhance sludge dewa- 
terability. 

2.9.1.2 Wastewater can be coagulated using any of the coa- 
gulants caumon for water treatment. The most widely used 
chemicals include: iron salts (ferric chloride, ferric sulfate, 
ferrous chloride, and ferrous sulfate), aluminum salts (alum and 
sodium aluminate), lime and synthetic polymers. The choice of 
chanicals should be based on careful evaluation of the waste- 
water characteristics, availability and cost of the coagulant, 
and sludge handling and disposal characteristics. Jar tests 
must be conducted to determine the coagulant dosage, the optimum 
conditions for coagulation, the quality of the effluent, and the 
characteristics of the chemical sludge. . 

2.9.1.3 Rapid mixing, flocculation and sedimentation are the 
major processes involved in the unit process of chemical coa- 
gulation. These steps may be accanplished in separate basins or 
in the integrated flocculator-clarifier type of unit. Only the 
circular integrated mixing chamber-flocculator-clarifier type 
system will be utilized due to its popularity in recent years 
and its econany. 

2.9.1.4 Chanical coagulation may be used as a part of a 
physicochenical treament system or for phosphorus r-oval fran 
wastewaters generated at recreation areas. 

2.9.2 Input Data. 

2.9.2.1 Wastewater flow. 

2.9.2.1.1 Average daily flow, mgd. 

2.9.2.1.2 Peak hourly flow, mgd. 

2.9.2.2 Wastewater characteristics. 

2.9.2.2.1 BOD, total and soluble, mg/l. 

2.9.2.2.2 COD, total and soluble, mg/l. 
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2.9.2.2.3 

2.9.2.2.4 

2.9.2.2.5 

2.9.2.2.6 

2.9.2.3 

2.9.3 

2.9.3.1 

2.9.3.2 

2.9.3.3 

2.9.3.4 

2.9.3.5 
. 

2.9.3.6 

2.9.3.7 

2.9.4 

2.9.4.1 

Phosphorus, mg/l. 

Suspended solids, mg/l. 

PH. 

Al'kalinity, mg/l. 

Coagulant to be used and its dosage, mg/l. 

Design Paraneters. 

Desired quality of treated effluent, mg/l. 

Coagulant dosage, mg/l (jar test). 

Detention time of rapid mix basin, (l-3 min). 

Detention time of flocculation basin, (15-60 min). 

Surface loading rates for clarification, gpd/sq ft. 

Sludge production, lb/day. 

Sludge quantity, pgd. 

Process Design Calculations. 

Selection of coagulant and calculation of dosing 
requirement. 

CR = (CD) (Q,,) (8.34) 

where 

CR = coagulant requirement, lb/day. 

CD = coagulant dosage (fran input data), mg/ 1. 

Q avg 
= average daily flow, mgd. 

2.9.4.2 Sludge production when alum is used as coagulant. 

2.9.4.2.1 Suspended solid renoval. 

xs = Q avg 
l [ ( sS& -  (Weff] ’ 8.34 

where 

xS 
= sludge produced due to suspended solids removed, 

lb/day. 

(sshf = influent suspended solids, mdl. 
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(ss)eff =I effluent suspended solids, rug/l. 

2.9.4.2.2 Aluminun phosphate sludge. 

xP =Q avg [Pinf - Peff] ' 8.34 l 4.0 

1 

% 

= ALP0 4 sludge production, lb/day. 

P inf = influent phosphorus concentration, mg/l as E* 

P eff = effluent phosphors concentration, mg/l as I* 

2.9.4.2.3 Alum required for phosphorus precipitation. 

AP -  I &  -  Peffl l 9.6 

where 

AP - ala required for phosphorus precipitatioa, mg/l. 

2.9.4.2.4 Alum available to form hydroxide precipitate. 

AOH - CD - AP 

where 

AOH = ~I.I.xJ.I available to form aluminun hydroxide, mg/l. 

'OH o Qavg l AOH ' (8.34) l (0.263) 

where 

'OH = Al(OH), sludge production, lbs/day. 

2.9.4.2.5 Total sludge production when alum is used as coagulant 
is 

xAl = xs + xp + XOH 

where 

xAl = total sludge production, lb/day. 

2.9.4.3 Sludge production when ferric chloride is used as 
coagulant. 

2.9.4.3.1 Suspended solids removal. 

Xs = Q avg ’ [(SS)lnf -  (SS>effJ l (8.34) 

2.9.4.3.2 FeP04 sludge production. 

'P = Qavg tpinf - 'eff ] (8.34) (4.9) 
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2.9.4.3.3 Fe(OH)3 sludge production. 

' FP - [Piti - Peff] ' (5.23) 

where 

FP = FeCl 3 requirement for phosphorus removal, mgb 

then 

FOH - CD - FP 

where 

FOH - FeCl 3 available for precipitation as hydroxide. 

thus 

x OH -FP'Q 
avg 

l (8.34) ' (0.65) 

2.9.4.3.4 Total sludge production when FeC13 is used as coa- 
gulant. 

5 -x +x 
e S P + 'OH 

where 

% e = total sludge production, lb/day. 

2.9.4.4 Sludge production when lime is used as coagulant. 

2.9.4.4.1 Suspended solids renoval. 

Xs = Q avg ’ 1 Winf -  Weff] l (8.34) 

2.9.4.4.2 Chemical sludge production. The chanical reactions 
involved in the lime precipitation process are quite canplex. 
Factors such as raw waste, hardness, alkalinity, calcium and 
magnesium ratio, pH, and others, can significantly af feet the 
sludge quantity. For prelfminary estimation purposes, the . 
following equation can be utilized: 

X Ca = Qavg l (8.34) l (CD) l (1.5) 

where 

XCa = chemical sludge production due to lime precipitation, 
lb/day. 

CD = chanical dosage as quicklime, mg/ 1. 
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2.9.4.4.3 Total sludge production. 

*CaT = xs + x Ca 

where 

X CaT = total sludge production due to lime addition, 
lb/day. 

2.9.4.5 Selection of floccular-clarifier. 

2.9.4.5.1 This type system integrates the rapid mixing tank, 
flocculator and clarifier into one unit. It is sanetimes 
referred to as an upflow clarifier or a sludge blanket clari- 
fier. Figure 2.9-1 illustrates the components of such a unit. 

2.9.4.5.2 The design of the upflow clarifier is based on over- 
flow rate, (Table 2.9-l), Q,,. For lime coagulation: 

Q of = 630 gpd/sq ft based on Q avg' 

For alum coagulation. 

Q of = 360 gpd/sq ft. 

For iron salt coagulation. 

Q of - 500 gpd/sq ft. 

2.9.4.5.3 Unit selection. The nunber of units to be employed 
depends upon the wastewater quantity to be handled. The fol- 
lowing assumptions will be followed in the determination of 
nunber of units, N. 

Flow Range 
?='b Q avg 

0.5 1.0 
1.0 - 10.0 

10.0 - 24.0 
24.0 - 50.0 
50.0 - 70.0 
70.0 -100.0 

Number of Units, N 

2 
2 
4 
8 

12 
16 

When Q 
avg 

is larger than 100 mgd, the system will be designed as 

several batteries of units. 
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Table 2.9-l. Recumended Surface-Loading Rates 
For Various Suspensions 

Suspension 
Loading Rate, qpd/ft2 
Range Peak Flov 

600 to 1200 1200 
300 to 600 600 
500 to 800 800 
500 to 1200 1200 

(4 Mixed with the settleable suspended solids in the untreated 
wastewater and colloidal or other suspended solids swept out by 
the floe. 

If 100 5 Q-g5 200 

Nunber of process batteries, NB, would be 2. 

The system would be designed as two identical batteries 
with flow to each battery at Qav$2. 

Select the nunber of units per battery as described above 
using flow to be Qav 4 

2. 

If Q,, > 200 

Nmber of process batteries, NB, would be 3. 

The systen would be designed as three identical batteries 
with flow to each battery at Qav$3. 

Select the nmber of units per battery as described above 
using flow to be Q, $ 

3. 

2.9.4.5.4 Sizing individual unit. Wastewater to be handled by 
one unit, Qu. 

where 

Qu = wastewater to be handled by one unit, mgd. 

N = nunber of units. 

2.9.4.5.5 The surface area of each unit, As. 
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As = 

Qu l IO6 

\  Q of 

As = surface area of each individual unit, sq ft. 

Q of = design overflow rate, dependent on the type of 
coagulant used, gpd/sq ft. 

2.9.4.5.6 The dianeter of this unit then: 

DU = dizzueter of the unit, ft. 

2.9.4.5.7 The depth of the unit, SWD, is a function of the diameter and 
can be expressed as: 

SWD = 10.67 + (0.067) l (DU) 

where 

S'VD = side water depth, ft. 

2.9.4.5.8 The available sizes fran off-the-shelf itans range 
frau 10 ft to 200 ft. 

So if the calculated DLA is larger than 200 ft, the number of 
units will have to be increased to N = N + 1. 

2.9.4.6 Effluent Characteristics. 

2.9.4.6.1 BOD5. 

BODE = (BODS)(l.O - s) 

If BODE < BODSS then BODE - BODSS 

BODE = effluent BOD 5'mdl* 

BODR = BOD 5 ranoval rate, %. 

BOD5 = influent BOD5, mg/l. 

BOD5S = effluent soluble BOD5, mg/l. 
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2.9.4.6.2 COD. 

CODE = (COD) (1 - w) 

If CODE < CODS then CODE = CODS 

where 

CODE = effluent COD concentration, mg/l. 

COD - influent COD coucentration, mg/L. 

CODR = COD remuvdl rate, %. 

CODS - effluent soluble COD concentration, q/l. 

2.9.4.6.3 Phosphorus. 
PO4R 

P04E - PO4 (1.0 - m) 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4- influent phosphorus concentration, mg/l. 

PO4R = phosphorus removal rate, X. 

2.9.4.6.4 Suspended solids. 

SSE - SSI (1 - SSIL, 
100 

where 

SSE - effluent suspended solids concentration, mg/l. 

SSI = influent suspended solids concentration, mg/l. 

SSR 3: suspended solids removal rate, %. 

2.9.4.6.5 Nitrogen. 

If TKNE <NH3thenTKN -NH3 

where 

TKNE = effluent TIC4 concentration, ms/l. 

TKN - influent TKN concentration, mg/l. 

TIQIR - TKN ranoval rate, %. 
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NY3 = effluent ammonia concentration. 

2.9.4.6.6 Oil and grease. 

OAG = 0.0 

where 

OAG = effluent oil and grease concentration, mg/l. 

2.9.4.6.7 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 = settleable solids concentration, mg/l. 

2.9.5 Process Design Output Data. 

2.9.5.1 Coagulant type. 

2.9.5.2 Coagulant requiranent, CR, lb/day. 

2.9.5.3 

2.9.5.4 

2.9.5.5 

2.9.5.6 

2.9.5.7 

2.9.5.8 

2.9.5.9 

2.9.5.10 

2.9.5.11 

2.9.5.12 

2.9.5.13 

2.9.6 Quantities Calculations. 

Sludge production, X, lb/day. 

Number of clarifiers per battery, N. 

Nmber of batteries, NB. 

Diameter of each unit, DW, ft. 

Side water depth of clarifier, SWD, ft. 

Effluent ROD5 concentration, RODE, mg/l. 

Effluent COD concentration, CODE, u&l. 

Effluent phosphorus concentration, P04E, mg/L. 

Effluent suspended solids concentration, SSE, mdl. 

Effluent TKH concentration, TKIIE, mg/l. 

Effluent oil and grease concentration, OAG, mg/l. 
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2.9.6.1 Earthwork required for construction. The procedure to 
estimate the earthwork requirenent is the same as that for circular 
clarifier. 

v ew = (1.15) (xi) (N) [0.035 (DIA)3 + 4.88 (DWj2 + 77 (DM) '+ 3501 

where 

V ew = earthwork required for construction, cu ft. 

1.15 = addition of 15% more for safety factor. 

2.9.6.2 Reinforced concrete quantities. 

2.9.6.2.1 Reinforced concrete slab quantity, Vcsn, for one tank. 

t 
V csn - (0.825) (DIA + 4j2 l (+I 

where 

V 
CS 

= quantity of R.C. slab in-place, cu ft. 

t s = thickness of the slab, inches, can be obtained by 

53 
- 7.9 + 0.25 SWD 

2.9.6.2.2 Reinforced concrete wall quantity, Vcm, for o'ae tank. 

V 
CWSl 

- (3.14) (SWD + 1.5) l (DU) ($ 

where 

V 
Cwll 

- quantity of R.C. wall in-place, cu ft. 

t = wall thickness, inches, and can be estimated by: 
W 

tW 
= 7 + (0.5) (SWD) 

2.9.6.2.3 Quantity of coacrete for splitter boxes, Vcb. 

V cb 
m 100 . l&l3 

where 

V cb = quantity of R.C. for splitter box, cu ft. 

N = nunber of units. 
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2.9.6.2.4 Total quantity of R.C. in-place. 

Wall: Vcw = [N l Vcm + Vcb] l NB 

Slab: Vcs = [N ' Vcsn] ' NB 

2.9.6.3 Mechanism Horsepower. Mechanism horsepower is a function of 
the capacity of the unit, expressed as million gallons per day which 
can be handled. 

Qhu * 
Q of ’ *s 

lo6 

where 

Qhu = flow can be handled by one unit, mgd. 

The total connective horsepower associated with the mixing, scraping, 
and recirculation mechanisms, MPH, can be estimated as: 

?IHP - ++ ' Qhu For Qhu 11.0 mgd 

PiHP = 14 + (0.06) ' (Q, - 11) For Qhu 11.0 mgd 

where 

MHP = mechanism horsepower installed, Hp. 

2.9.6.4 Electrical energy required for operation, KWH. 

KWH -  N  l M H P  l (24) l (365) ' (0.9) l (0.85) l ( N B )  

where 

KWH - electric energy requiranent, kwhr/yr. 

2.9.6.5 Operation and Maintenance Manpower Requirement. 

Operation man-hour requiranent, OMH. 

OMH - [3285 + (142) l N1*365] l N B  

where 

OMH = operation man-hour per year. 

N - nunber of units. 
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Xaintenance man-hour requirement, XMK. 

lQlH= [11X + (64) ’ N1*365] l NB 

where 

HMH = maintenance man-hour requirement. 

2.9.6.6 Other Operation and Maintenance Material Costs. This iten 
includes repair and replacement material costs and other minor costs. 
It is expressed as a percent of total installed costs of the upflow 
clarifier system. 

OMHP = 1.0% 

OMMP = percent of the installed upflow clarifier costs for 
operation and maintenance material costs. 

2.9.6.7 Chemical Quantity. Total chanical requirenent per year can 
be estimated as: 

2.9.6.7.1 For lime coagulation. 

LIME - (CR) l (365) 

where 

LIME = quantity of lime purchased per year, lb/yr. 

2.9.6.7.2 For alum coagulation. 

ALUM = (CR) l (365) 

where 

ALUM = quantity of aim purchased per year, lb/yr. 

2.9.6.7.3 For iron salt coagulation. 

IRON = (CR) l (365) 

where 

IRON = quantity of iron salt (FeC13) purchased per year, 
lb/v. 

2.9.6.8 Other construction cost items. 

2.9.6.8.1 Fran the above estimation, approximately 85 percent of the 
construction costs have been accounted for. 
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2.9.6.8.2 Other minor cost itans such as piping, site cleaning, 
control panel, etc., would be 15 percent. 

2.9.6.8.3 CF correction factor would be & = 1.18. . 

2.9.7 

2.9.7.1 

2.9.7.2 

2.9.7.3 

2.9.7.4 

2.9.7.5 

2.9.7.6 

2.9.7.7 

2.9.7.8 
percent. 

2.9.7.9 

2.9.7.10 

2.9.7.11 

2.9.7.12 

2.9 .a 

2.9.8.1 

2.9.8.2 

2.9.8.3 

2.9.8.4 

Quantities Calculation Output Data. 

Quantity of earthwork, Vew, cu ft. 

Quantity of R.C. wall in-place, Vcw, cu ft. 

Quantity of R.C. slab in-place, Vcs, cu ft. 

Horsepower for mechanisms, MHP, hp. 

Electrical energy requiranents, KWEI, kwhrjyr. 

Operational manpower, OMR, man-hour/yr. 

Maintenance manpower, MMH, man-hourlyr. 

Other operation and maintenance material costs, OmP, 

Lime requirement, LIME, Ib/yr. 

Altxn requirement, ALUM, lb/yr. 

Iron salt requirement, IRON, lb/yr. 

Correction factor for construction costs, CF. 

Unit Price Inputs Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall in-place, UPXCW, $/cu yd. 

Cost of R.C. slab in-place, UPSCS, $/cu yd. 

Standard size flocculator-clarifier mechanism (60lfeet 
diameter) cost, COSTCL, $ (optional). l 

2.9.8.5 Marshall and Swift equipment cost index, MSECI. 

2.9.8.6 Equipment installation labor rate, $/MH. 
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2.9.8.7 

2.9.9 

2.9.9.1 

Crane rental rate, UPXCR, $/hr. 

Cost CaLcuLatFons. 

Cost of earthwork, COSTE. 

V 
COSTE = + l UPIEX 

where 

COSTE = cost of earthwork, $. 

V ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.9.9.2 Cost of concrete wall in-place, COSTCW. 

V 
cosTcw -  + l UPICW 

where 

COSTCW = cost of concrete wall in-place, $. 

V cw = quantity of'concrete wall, cu ft. , 

UPICW = unit price input cost of concrete wall in-place, 
$/cu yd. 

2.9.9.3 Cost of concrete slab ir+place, COSTCS. 

V 
cosTcs -  + l UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs - quantity of concrete slab, cu Et. 

UPICS = unit price input of R.C. slab In-place, $/cu yd. 

2.9.9.4 Cost of installed equipment. 

2.9.9.4.1 Purchase cost of clarifier mechanism. The purchase 
cost of mechanisms can be obtained by using the following 
equation. 
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COSTCM - COSTCL l COSTRO 

where 

COSTCM = purchase cost of mechanism with diameter DIA feet, . 
$0 

COSTCL = purchase cost of standard size mechanism with 
dianeter of 60 ft. 

COSTRO - ratio of cost of mechanism with dianeter of DIA, 
feet and the cost of standard size clarifier. 

2.9.9.4.2 COSTRO. The cost ratio can be expressed as: 

COSTRO - (0.0164) ' DIA 

2.9.9.4.3 Cost of standard size mechanism. The cost of me- 
chanism for a 60lfoot dianeter upflow clarifier for the first 
quarter of 1977 is: 

COSTCL - $110,000 

For better estimate, COSTCL should be obtained from equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTCL - 110,000 . MSECI 
491.6- 

where 

MSECI = current Marshall and Swift equipment cost index. 

491.6 = Marshall and Swift Cost Index 1st quarter 1977. 

2.9.9.4.4 Equipment installation man-hour requirement. The man- 
hour requirement for field erection of clarifier mechanism can 
be estinated as: 

IMH = 200 + (25) ' (DLA) 

where 

LEM = installation man-hour requirement, MH. 

2.9.9.4.5 Crane requiranent for installation, CH. 

CH = (0.1) l IMH 

CH = crane time requiraaent for installation, hr. 
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2.9.9.4.6 Other minor costs associated with the installed 
equipment. This category includes the costs for electric wiring, 
piping, painting, etc., and can be added as percent of purchased 
equipment cost. 

PMINC - 5% 

where 

FWNC = percentage of purchasing costs of equipment as minor 
costs, percent. 

2.9.9.4.7 Installed equipment costs, IEC. 

1% = [COSTCM (1 + w) + IMH x IABRI + CH x UPICR] ' (N) (NB) 

where 

IEC - installed equipment costs, $. 

LABRI = labor rate, $/Ma. 

UPICR - crane rental rate, $/hr. 

2.9.9.5 Other cost itens. This category includes cost of 
piping, walkways, electrical control instruuents, site work, 
etc. Costs can be adjusted by multiplying the correction factor 
CF to the sum of other costs. 

2.9.9.6 Total bare construction costs, TBCC. 

TBCC - (COSTE + cosm + COSTCS + I E C )  l CF 

where 

TBCC = total bare construction costs, $. 

CF - correction factor for minor cost itens. 

2.9.9.7 Operation and maintenance material costs. Since this 
item of the cperation and maintenance costs is expressed as a 
percentage of the total bare construction costs, it can be 
calculated by: 

OMMC - TBCC x * 

where 

OMMC = operation and maintenance material costs, $/Jx. 

OMMP= percentage of the total bare construction costs as 
operation and maintenance material cost, percent. 



2.9.10 

2.9.10.1 
clarifier 

2.9.10.2 

2.9.11 

2.9.11.1 

Cost Calculations Output Data. 

Total bare construction costs of the flocculator- 
cost, TBCC, $. 

Operation and maintenance material costs, OMMC, $. 
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2.11 CHMICAL FEED SYSTMS 

2.1?.1 3ackground. Various organic and inorganic chemical 
canpounds are used in wastewater treatment processes. Four of the 
most widely used chemicals; lime, alum, iron salts and synthetic' 
polymers, are discussed in this section. The discussion of other 
chemical canpounds can be added as the situation warrants. In 
this section the general properties of these chemicals will be 
briefly described and the capital. costs of the chemical feed 
systems will be provided in paraaetric forms. The using of the 
paranetric cost curves is justified by the fact that chanical feed 
systems are usually a part of other unit processes. Lime feed 
system, for example, is only a minor part of the chemical coagule 
tion process. Using the parametric cost estimating procedure will 
not introduce significant error in the capital cost estimate of 
the whole project. 

2.11.2 General Description Alum Feed System. 

2.11.2.1 Alum is utilized in wastewater treatment primarily 
as a coagulant. It is also used in phosphate removal processes. 
Alum is available in either dry or liquid forms. The caumercial 
dry alum most often used in wastewater treatment is known as 
"filter alum" and has the approximate chanical formula Al 
x 14 H20 and a molecular weight of about 600. The z 

(S04)3 
availa le 

grades of dry filter alum and their corresponding bulk density and 
angle of repose may be seen as follows: 

Grade Angle of Repose 
Rulk Density 

lb/cu.ft. 

LUnp . me 62 - 68 

Ground 43" 60 -- 71 

Rice 38" 57 -- 71 

Powdered 65" 38 -. 45 

The liquid form is available at a solution strength of about 49 
percent as Al (SO,) 
lb/gal at 60's. 

' 14 H20. The solution weighs about 11 
&& solution must be stored or conveyed in 

corrosion resistant material such as rubber-lined steel, fiber- 
glass or type 316 stainless steel. 

2.11.2.2 Alum storage and feed system. The storage and feed 
equipment for dry alum is similar to that for the hydrated lime, 
except corrosion resistant material is used in the solution tank, 
piping and pumping sys-ans. Liquid alum is usually the preferred 
form to be used in municipal wastewater treaknent plants due to 
its ease of handling. The storage and feed system for liquid aim 
usually consists of sheltered storage tanks and metering pump for 
feeding. A schanatic diagram of liquid alum storage and feed 
system is given in Figure 2.11-l. 
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2.11.3 General Description Iron Salt Feed System. 

Iron canpounds have pH coagulation ranges and floe characteristics 
similar to aluminun sulfate. The cost of iron compound may often 
be less than the cost of alun. However, the iron canpounds are 
corrosive and often present difficilties in dissolving. Gene 
rally, iron salts are used only in sludge conditioning and, in 
lesser degree, in the precipitation of phosphates fran waste 
streams. In certain locations, iron salts are available in the 
form of waste pickling liquor. In most instances, the avaU.abi- 
lity of waste pickling liquor will depend on the proximity to 
steel processing plants. The storage and feeding systems for iron 
salts are similar to those utilized in handling alum. 

2.11.4 General Description Lime Feed System. 

Ghenical Lime is produced by the calcination of high quality lime 
stones. Either high calcium quicklime or dolanitic quicklime is 
the end product, depending on the chanical makeup of the raw 
material. These quicklimes are further treated by adding water to 
produce their hydrated counterparts termed hydrated lime or slaked 
lime. Both the high calcim and the dolwitic types have been 
utilized in water and wastewater treannent extensively. Each has 
particular advantages over the other which should be weighed for a 
given application. Table 2.11-l summarizes technical information 
on the various forms of lime. 

2.11.4.1 Lime applications in wastewater treatment. Limes 
are used in wastewater treatment mainly for the following func- 
tions : 

2.11.4.1.1 Limecoagulation in physical-chanical wastewater 
treatment processes. 

2.11.4.1.2 Supplementation of alkalinity in biological nitri- 
fication processes. 

2.11.4.1.3 Phosphate percipitation by lime addition. 

2.11.4.1.4 pH elevation of wastewaters for the removal of 
ammonia by air-stripping process. 

2.11.4.1.5 Regeneration of spent clinoptilolite, an ammonia 
selective ion exchange zeolite. 

2.11.4.1.6 Sludge conditioning prior to dewatering processes. 
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TABLE 2.11-l 

CHARACTERISTICS OF VARIOUS LIME FORMS 

CHE\IICAL SHIPPING DATA PHYSICAL AN0 CHEMICAL CHARACTiWISTICS 

Common Nanc 
Formula 

zutcklime 
CaO 

tecovered 
Lime 
Cd0 

Avaitabk 
Forms 

Pebble 
Crushed 
Lump 
Ground 
Pulverized 

Peilets 

Containrn A&lWllW 
Weight 

Soiubility in 
and and lb/cu ft Commercial \VJtCr 

Requirements Properties (&J/k Dcnsityl strength g/m ml at WC 

Moisture proof White (light gray, tan) 51-75 7th96% Reacts to form 
bags, 80-100 lb lumps to powder To calculate CaO Cd(OH)~ 

Wood bbt Unstable, caustic ir- hopper capac- (Below 88% Each lb of quick- 
Bulk C/t ritant ity - use 60 can be poor lime will form 
Store dry Slakes to hydroxide Sp. G., 3.2-3.4 quaiity) 1.16-l .32 lb. 

Max. 60 days slurry evolving heat of Ca(OH)% with 
Keep container Air slakes to CaCOa 2-12% grit, de- 

closed Sat. Sol. pH 12.4 pending on purity 

Bulk delivery light gray, tan 7S90% Same as 
direct from Same properties cao quicklime 
kiln to stor- as quicklime 
age bin 

Dolomitic Lime 
CaO.MgO 

(MgO content 
varies) 

Pebble 
Crushed 
Lump 
Ground 
Pulverized 

Bags, SO-60 
lb 

8ulk C/L 
bbl 

Same appearance 
and properties as 
quicklime, except 
MgO slakes slowly 

Pebble, 60-65 00 Slakes to form 
Ground, SO-75 55-57.51/o Ca(0i-f). slurry 
Lump. SO-65 MS0 plus MgO, which 
Powder, 37-63 37.6-4O.S# slakes slowly 

A-. 60 
Sp. C., 3.2-3.4 

Hydrated time 
CatOH), 

Carbide Lime 
Ca(0l-k 

Powder (passes 
200 mesh) 

Powder 70-906/o 
(200 mesh) 
Slurry 

Bags, SO lb. 
Bbf. 100 lb. 
Bulk, C/L 

(Store drv) 

Bulk 

White, 200-400 mesh. 35 to 50 Ca(OH)a - 0.18 at O’C 
powder, free of lumps To calculate hop- 82-9a% 0.76 at 2O’C 

Caustic, dusty irritant per capacity CaO 0.13 at 30’C 
Absorbs X:0 and CO2 use 40 62-7456 0.077 at 1oo’C 

from air to form Some 20-30 (Std. 70%) 
Ca(HCOJa use 23 

Sat. Sol. pH 12.4 . Sp. C., 2.3-2.4 

Coarse, gray powder 35 to 55 95% Ca(OH), Same as 
Gray slurry (35% solids) Cr(OH), 

Doiomiiic Monohydrated Bags, SO lb. Tan to white powder Monohydrate Monohydrate Same as 
Hydrated Lime powder slaked Bbl free of lumps 25-37 Ca(OH)+2% CotOH)~ . 

Ca(O+& + Ms(OHh at atmos. press. Buik, CfL l-200 mesh) Dihydrate MgO-34% 
Content oi hIgO Dihydrate powder (Store dv) Caustic, dusty irritant 27-43 Dihydrate 

and hlg(Ol-& slaked at high Sat. Sol. pH 12.4 To calculate hop- Ca(OH)&4?6 
varies press. & temp. per capacity, Ms(OH)z-G% 

use 40 (approx.) 
Sp. CL, 2.65-2.75 

Limestone 
(Unburned lime) 

CdCOJ 

Doirmrte 
CaCO,~xlsCc!; 

Powder Bags, 50 lb. White amorphous Powder 9649% 0.0013 at ZO’C 
Granules 80 lb. powder 35 to 60 0.002 at IOO’C 
Ground 100 lb. Sat. Sol. PH P-9.S Granules 

Drums loo to 175 
Bulk, C!L Sp. G.. 2.63-2.75 

Lump ot crushed 8~~s. 50 lb. White, gray, tan 87 to 93 Varies Appro.~. same 
Granular Drun?s Sat. Sol. pli 9-9.5 Sp. C., 2.0-2.9 as limeston 
Ground Bulk, C/L 
Powder 

\ 
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2.11.4.2 Lime storage and feed equipment description. As 
indicated in Table 2. II-l, l&ne may be supplied in a variety of 
f0lln.s and containers. The types and sizes of lime feed equipment 
are determined by the dosage rate and type of Lime supplied. For 
preliminary design and cost estimating purposes, the following 
generalizations are offered in the selection of lime feed equip- * 
ment. These rules of thumb are based on the considerations of 
econanics and ease of operation. 

2.11.4.2.1 When lime consumption is in the range of 50-500 
lb/day, bagged hydrated ljme will be used. The suggested storage 
and feed equipment is shown in Figure 2.11-.2. 

2.11.4.2.2 &hen lime consumption is in the range of 500-6000 
Lb/day, bulk hydrated lime will be used. A schanatic diagram of 
the storage and feed systan is given in Figure 2.11-3. 

2.11.4.2.3 When lime consumption is above approximately 6000 
lb/day, bulk quantity of quicklime will be used. A schematic 
diagram of lime storage, slaking and feed equipment is shown in 
Figure 2.11-4. 

2.11.5 General Description Polymer Feed Systm 

Polyelectrolytes are playing an ever increasing role in wastewater 
treatment. They have been utilized as flocculation aids, sludge 
conditioners, coagulants and filtration aids. Ail synthetic 
polpers can be classified on the basis of the type of charge on 
the polymer chain. Thus polymers possessing negative charges are 
called anionic while those carrying positive charges are cationic. 
Certain compounds carry no electrical charge and are called 
nonioic polyelectrolytes. There is a great variety of polymer 
canmercially available on the market. The extensive use of jar 
testing is mandatory to determine the specific polymer that will 
perform well in each individual application. The polymers usually 
are available both in dry form and liquid form. In order to feed 
the dry polymer, a systan which consists of dry chemical feeder, 
polymer dispenser, dissolving-aging tank, holding tank and me 
tering pump, is usually required. For liquid polymer dosing, a 
simple system with dilution tank and metering pcanp is all that is 
required for feeding. 

2.11.6 Alum Feed System 

2.11.6.1 Input Data 

2.11.6.1.1 Alum dosage rate, lb/day as A12(S04)3 l 14 H20. 

2.11.6.2 Design Parameters. 

2.11.6.2.1 Alum dosage rate, lb/day as .u2(SC4)3*14 H20. 
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2.L1.6.3 Process Design Calculations. The costing for this 
unit process is parametric and is determined by the dosage rate, 
therefore no process design calculations are required. 

2.11.6.4 Process Design Output Data. Not used. 

2.11.6.5 Quantities Calculations. 

2.11.6.5.1 Operation and Maintenance Manpower. 

2.11.6.5.1.1 The operation and maintenance manpower is estimated 
as a function of gallons of liquid chemical fed per day. It is 
assumed that liquid alun contains 0.4902 lb of aluminum per gallon. 

z,cv m mm C2’) 
0.4902 (603) 

where 

27/603 - comrersion fran alum to filter alumintnn. 

LCV = liquid chemical solution fed per day, gpd. 

AL = alum dosage in lb/day as A12(S04)3'14H20. 

2.11.6.5.1.2 Calculate 06Mmanpower. 

2.11.6.5.1.2.1 If LCV < 90 gpd. 

OMMH - 600 

2.11.6.5.1.2.2 If 90 5 LCV < 350 gpd. 

OMMH = 189.2 (Lcv)"*2565 

2.11.6.5.1.2.3 If 350 5 LCV < 1050 gpd. 

OMMH - 33.4 (Lcv)"'5527 

2.11.6.5.1.2.4 If 1050 5 LCV 5 10,000 gpd. 

OMm = 51.8 (LCV)"*48g4 

2.11.6.5.1.2.5 If LCV > 10,000 gpd. 

OMMH = 12.2 (Lcv)"'647 

where 

OMMH = operation and maintenance manpower, Wyr. 

LCV = liquid chemical solution fed per day, gpd. 

2.11-4 



2; 
2 

.J 3 
Q 
t 

% 
2 

u 

IO4 

I 
I I i I I III 
I i I 1 IIl1I 

I 
I 

2 3 4 56769 

I !III I 
II I_ 

I I I1 I 
I 1 . 

l 11111111 I lll1llll 
2 3 4 5 678g104 : 2 3 4 5 6789,05 

ALUM DOSAGE RATE, tbs./day OF ALUM 

FIGLRE 2.11-S. CAPITAL COST OF ALUM STORAGE AND FEED SYSTM . 



2.11.6.5.2 Operation and maintenance material and supply costs. 
The O&X material and supply costs for the alum feed system are not 
available in the literature. However, information for various can? 
ponents of the system are available. By canbining the information for 
the canponents an average value of approximately 2 percent of the 
capital, cost was obtained. 

OMMP - 0.02 

where 

OMXP = O&X material and supply cost as fraction of 
capital cost, fraction. 

2.11.6.5.3 Electrical energy required. The electrical energy 
required for this process is considered negligible in canparison with 
overall treatment facility energy usage. 

2.11.6.6 Quantities Calculations Output Data. 

2.11.6.6.1 Operation and maintenance manpower required, OMMH, 
W!yr. 

2.11.6.6.2 O&M material and supply costs as fraction of capital 
costs, OMMP, fraction. 

2.11.6.7 
is used. 

Unit Price Input Required. None as parametric costing 

2.1l..6.8 Cost Calculations. 

2.ii.6.a.i Capital cost of alum storage and feed system. A cost 
curve relating the capital expenditure for liquid alum feed system to 
the dosage rate is shown in Figure 2.11-5. This is obtained by 
upgrading an existing cume to first quarter 1977 costs by means of 
EPA cost index. In order to use this cume, the alum feed rate has to 
be expressed as equivalent amount of aluminuu. Thus 

27 
ALOLUMX~ 

where 

AL = alum dosage rate expressed as equivalent aluminun, 
lb/ day. 

ALUM - alum dosage rate, lb/day as A12(so 
43 

) 
l 14 H20. 
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27 = molecular weight of alum. 

603 = molecular weight of filter alum. 

2.11.6.8.2 The cost of alum feed system can be estknated by: 

When AL 400 lb/day 

CALFED -wx 59,000 

When 400 s AL C 1000 lb/day 

LCAT (10,260) l (AL)o'28g CALFED-- 132 
When 1OOOi AL< 4000 lb/day 

LCAT l CALFED -- (661.7) l (AL)o*68g 

132 
When AL > 4000 lb/day 

LCAT l CALFED -- 132 (2.419)(AL)1*365 

where 

CALFED - capital cost of alum storage and feed systen, 
$. 

LCAT = EPA Cost Index for Larger City Advanced Treament. 

2.11.6.8.3 Calculate ObMmaterial and supply cost. 

OMMC - (CALFED) (OMMP) 

where 

OMMC = O&i+4 material and supply costs, $/yr. 

CALFED = capital cost of alum storage and feed systen, $. 

CMMP = O&H material and supply costs as fraction of 
capital cost, fraction. 

2.11.6.9 Cost Calculations Output Data. 

2.11.6.9.1 Capital cost of alum storage and feed systems, CALFED, 
$. 

2.11.6.9.2 CM material and supply costs,$/yr. 
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' 2.11.7 Iron Salt Feed Systens 

2.11.7.1 InDut Data 

2.11.7.1.1 Iron salt dosage rate, lb/day 

2.11.7.2 Design Paraneters. 

2.11.7.2.1 Iron salt dosage rate, lb/day 

2.11.7.3 Process Design Calculations. 
unit process is parametric and is determined 
therefore no process design calculations are 

as FeC13. 

as FeCl 3' 

The costing for this 
by the dosage rate, 
required. 

2.11.7.4 Process Design Output Data. Not Used. 

2.11.7.5 Quantities Calculations. 

2.11.7.5.1 Calculate operation and maintenance manpower. 

2.11.7.5.1.1 The O&M manpower has been related in the literature 
to the amount of equivalent iron feed rate each day in a liqufd 
solution. It will be assumed that liquid ferric chloride contains 
4.11 lbs. of iron per gallon. 

FE = IRON 55.8 
162.2 

LCV = FE 4.11 

where 

IRON = ferric chloride dosage rate, lb/day. 

FE = iron salt dosage rate expressed as equivalent 
iron molecules, lb/day. 

55.8 = molecular weight of iron. 

162.2 = molecular weight of FeC13. 

LCV = liquid chemical solution feed per day, gpd. 

2.11.7.5.1.2 If LCV C 90 gpd. 

OMMII = 600 

2.11.7.5.1.3 If 90 s LCV < 350 gpd. 

OMMH * 189.2 (LCV)"*2565 

2.11.7.5.1.4 If 350 5 LCV C 1050 gpd. 

om = 33.4 (Lcv)0'5527 
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2.11.7.5.1.5 If 1050 LCV 10,000 gpd. 

OMMH - 51.8 (LCV)“*48g4 

2.11.7.5.1.6 If LCV 10,000 gpd. 

OMMH = 12.2 (Lcv)"'647 

where 

OMMH = O&Z4 manpower requirement, MH/yr. 

LCV = liquid chemical solution feed per day, gpd. 

2.11.7.5.2 Calculate operation and maintenance material and 
supply cost. The operation and maintenance material and supply costs 
for the iron salt feed system are not available in the literature. 
However, information for the various canponents of the systen are 
available and a canbination of these valves indicates the coat to be 
approximately 2 percent of the capital cost. 

OMW = 0.02 

where 

OMMP = O&M material and supply cost as fraction of 
capital. cost, fraction. 

2.11.7.5.3 Electrical energy requirenent. The electrical energy 
requirenent for this systen is insignificant in canparison with the 
energy requirement for the entire treatment facility. 

2.11.7.6 Quantities Calculations Output Data. 

2.11.7.6.1 Operation and maintenance manpower requirenents OMHEI, 
MHfyr* 

2.11.7.6.2 O&Mmaterial and supply costs as a fraction of capital 
cost, OMMP, fraction. 

2.11.7.7 
is used. 

Unit Price Input Required. None as paranetric costing 
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2.11.7.8 Cost Calculations. 

2.11.7.8.1 Capital cost of iron salt storage and feed systan. 
A cost curve relating the capital expenditure for liquid FeCl 3 
feed systan to the dosage rate is shown in Figure 2.11-6. This is 
obtained by upgrading an existing curve to first quarter 1977 
costs by means of EPA cost index. In order to use this cume, the 
iron salt feed rate has to be expressed as equivalent amount of 
iron. 

55.8 
FE = IRON l - 162.2 

where 

FE = iron salt dosage rate expressed as equivalent iron 
molecules, lb/day. 

IRON * ferric chloride dosage rate, lb/day. 

55.8 = molecular weight of iron. 

162.2 = molecular weight of FeC13. 

The cost of iron salts storage and feed systen can be es&mated by 
the following equations. 

2.11.7.8.1.1 When FE < 1000 lb/day 

CFEFDD =sx 59,000 

2.11.7.8.1.2 When 1000 5 FE < 4000 lb/day 

CFEFED = +$ (3352) (FE)o*4152 

2.11.7.8.1.3 When 4000 I FE 5 10,000 lb/day. 

CFEFED = g (86.92) (FE)o*8857 

2.11.7.8.1.4 hihen FE > 10,000 lb/day 

CFEFED = s (0.458) (FE)1*425 

where 

Fe * iron salt dosage rate expressed as equivalent 
iron molecules, lb/day. 

CFEFED = capital costs of iron salt feed system, $. 

LCAT = current EPA cost index for Larger City 
Advanced Treatment. 
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2.11.7.8.2 Calculate O&Mmaterial and supply costs. 

OMMC = (CFEFED) (OMMP) 

where 

OMMC - O&M material and supply costs, $/yr. 

CFEFED = capital cost of iron salt feed system, $. 

OMMP - O&Mmaterial and supply costs as fraction of 

2.11.7.9 

2.11.7.9.1 

2.11.7.9.2 

2.11.8 

2.11.8.1 

2.11.8.1.1 

2.11.8.2 

2.11.8.2.1 

2.11.8.3 

capital cost, fraction, 

Cost Calculations Output Data 

Capital cost of iron salt feed systen, CFEFED, $. 

ObMmaterial and supply costs, OMMC, $/yr. 

Lime Feed System 

Input Data 

Lime dosage rate, lb/day as Ca(OH)2. 

Design Paraneters 

Lime dosage rate, lb/day as Ca(OH)2. 

Process Design Calculations. The costing for this 
unit process is paranetric and is determined by the dosage rate, 
therefore no process design calculations are required. 

2.11.5.4 Process Design Output Data. Not Used. 

2.11.8.5 Quantities Calculations. 

2.11.8.5.1 Calculate operation and maintenance manpower. 

2.11.8..5.1.1 The O&Mmanpower can be estimated as a function of 
gallons of liquid chemical fed per day. It is assumed that a lime 
solution contains 0.5 lb of Ca(OH)2 per gallon. 

LCV - * 
. 

where 

LCV = liquid chanical solution fed per day, gpd. 

LIME = lime dosage rate in lb/day as Ca(OH)2, lb/day. 

2.11~-10 



2.11.8.5.1.2 The operation and maintenance manpower is a function of 
gallons of liquid chemical used. 

2,11.8.5.1.2,1 If LCV 90 gpd. 

OMMH = 600 + 92.5 (Lcv)“‘2827 

2.11.8.5.1.2.2 If 90 LCV 350 gpd. 

OMMH = 189.2 (LCV)"*2565 + 92.5 (LCV) 0.2827 

2.11.8.5.1.2.3 If 350 LCV 1050 gpd. 

OMMH = 33.4 (Lcv)O'5527 + 92.5 (LCV) 0.2827 

2.11.8.5.1.2.4 If 1050 LCV 10,000 gpd. 

OMME = 51.8 (LCV)"'48g4 + 92.5 (LCV)"'2827 

2.11.8.5.1.2.5 If LCV 10,000 gpd 

o?lMH = 12.2 (Lcv)"'647 + 92.5 (LCV)O.-2827 

where 

OMXH = operation and maintenance manpower required, 
WV. 

LCV = liquid chemical solution fed per day, gpd. 

2.11.8.5.2 Operation and maintenance material and supply costs. 
The operation and maintenance material and supply costs for the lime 
feed system are not available in the literature. However, information 
for the various canponents of the systan are available and a canbination 
of these values indicates the cost to be approximately 2 percent of 
the capital costs. 

OMMP - 0.02 

where 

OMMP - O&?-i material and supply costs as fraction of 
capital cost, fraction. 

2.11.8.5.3 Electrical energy requiranent. The electric energy 
requiranent for this sytem is considered insignificant in canparison 
with the energy requirement for the entire treannent facility. 
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2.11.8.6 Quantities Calculations Output Data. 

2.11.8.6.1 Operation and maintenance manpower requirenents, OMXEI, 
LWyr. 

2.11.8.6.2 O&Mmaterial and supply costs as a fraction of capital 
costs, OMMP, fraction. 

2.11.8.7 
is used. 

Unit Price Input Required. None as paranetric costing 

2.11.8.8 Cost Calculations. 

2.11.8.8.1 Lime storage and feed equipment capital costs. By 
using the rules set up in the preceding subsection and a lime storage 
capacity of 30 days, a generalized cost curve is given in Figure 2.ll- 
7. This cost cuwe was generated based on experience and certain 
esthnated data. It gives an approx&nate esthate of the first quater 
1977 cost of lime feed systems. 

2.11.8.8.1.1 If LIME 750 lb/day. 

CCLIME - +$ x $26,100 

2.11.8.8.1.2 If LIME 750 lb/day. 

CCLLXE - 5%~ 326.7 . (LIME) 0.6614 

where 

LXME = lime feed rate as lb/day of Ca(OH)2. 

CCLIME = capital costs of lime feed systan, $. 

LCAT = current EPA cost index for Larger City 
Advanced TreaIment. 

132 = LCAT value at first quarter 1977. 

2.11.8.8.2 Calculate O&M material and supply costs. 

OMMC = (OMMP)(CCLIME) 
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where 

OXHC = O&M material and supply costs, $/yr. 

OEtkfP = 06tlmaterial and supply costs as fraction of capital 
costs, fraction 

CCLME = capital costs of lime feed system, $. 

2.11.8.9 Cost Calculations Output Data. 

2.11.8.9.1 Capital costs of lime feed systan, CCLIME, $. 

2.11.8.9.2 O&Mmaterial and supply costs, OMMC, $/yr. 

2.11.9 Polymer Feed Systan. 

2.11.9.1 Input Data. 

2.11.9.1.1 Polymer dosage rate, lb/day. 

2.11.9.2 Design Paraneters. 

2.11.9.2.1 Polymer dosage rate, lb/day. 

2.11.9.3 Process Design Calculations. The costing for this 
unit process is paranetric and is determined by the polymer dosage 
rate, therefore, no process design calculations are required. 

2.11.9.4 Process Design Output Data. Not Used. 

2.11.9.5 Quantities Calculations. 

2.11.9.5.1 Calculate operation and maintenance manpower. 

2.11.9.5.1.1 The O&M manpower can be estimated as a function of 
gallons of liquid chemical fed per day. It is assumed that the 
solution of polymer and water has a concentration of 0.25 percent. 

LCV = (PLMER) (100) 
(0.25) (8.34) 

where 

LCV = liquid chemical solution fed per day, gpd. 

PLXER = polymer dosage rate, lb/day. 

2.11.9.5.1.2 If LCV < 90 gpd. 

OMMH = 600 + 92.5 (LCV)"*2827 
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2.11.9.5.1.3 If 90 2 LCV < 350 gpd. 

OMME = 189.2 (LCV)oo2s6s + 92.5(LCV)"'2827 

2.11.9.5.1.4 If 350s LCV < 1050 gpd. 

OMME = 33.4 (Lcv)oo4894 + 92.S(LCV)"*2827 

2.11.9.S.l.S If 1050 <LCV< 10,000 gpd, 

OMMcf - 51.8 (LCv)"*48g4 + 92.5 (~CV)~*~~~' 

2.11.9.5.1.6 If LCV >10,000 gpd, 

OMME = 12.2 (LCV)"'647 + 92.5 (LCV)"*2827 

where 

OMMH - operation and maintenance manpower, HH/yr. 

LCV = liquid chemical solution fed per day, gpd. 

2.11.9.5.2 Operation and Maintenance Material and Supply Costs. 
The O&M material and supply costs for the polymer feed system are not 
available in the literature. However, information for the various 
ccmponents of the systen are available and a canbination of these 
values indicates that the cost to be approximately 2 percent. 

OMMP - 0.02 

where 

OMMP = 

2.11.9.5.3 Electrical energy requirement. The electrical energy 
requirement for this unit process is considered insignificant in 

O&t material and supply as fraction of capitdL 
costs, fraction. 

caaparison to the energy requirement for the entire facility. 

2.11.9.6 Quantities Calculations Output Data. 

2.11.9.6.1 Operation and maintenance manpower requirements, OMMZ, 
Wyr. 

2.11.9.6.2 O&Mmaterial and supply cost as a fraction of capital 
cost, OMMP, fraction. 
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2.11.9.7 
is used. 

Unit Price Input Required. None as parametric costing 

2.11.9.8 Cost Calculations. 

2.11.9.8.1 Capital cost of polymer feed systan. The cost of 
polymer feed system is obtained by upgrading an existing curve to $7 
costs by means of EPA Cost Index. It is shown in Figure 2.11-8. 
ccst of polymer feed systen can be estimated by: 

2.11.9.8.1.1 When PLJ4ER ( 30 lb/day, 

CPMFED - % (4524) l (PLMER)0.4075 

2.11.9.8.1.2 When PLIER> 30 lb/day, 

CPMFED = s (1018) (PLMER)0*8562 

where 

PLHER = polymer dosage, lb/day. 

CPMFED = capital cost of polymer feed system, $. 

2.11.9.8.2 O&M material and supply costs. 

OMMC * (CPMFED)(OMMP) 

where 

OHXC = O&N material and supply costs, $/yr. 

CPMFED - capital cost of polymer feed system, $. 

QMHP = O&X material and supply costs as fraction 
of capital cost, fraction. 

2.11.9.9 Cost Calculations Output Data. 

2.11.9.9.1 Capital cost of polymer feed systan, CPMFED, $. 

2.11.9.9.2 O&Mmaterial and supply cost, OMMC, $/yr. 
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2.13 CHLORINATION 

2.13.1 Background. 

2.13.1.1 Disinfection is the selective destruction of patho- 
genic organisms; steri1ization;i.s the complete destruction of all 
microorgzinisms. Disinfection may be considered as one of the most 
important processes in wastewater treatment. This practice used in 
wastewater treatment has resulted in the virtual disappearance of 
waterborne diseases. 

2.13.1.2 Disinfection may be accomplished through the use of 
chemical agents, physical agents, mechanical means, and radiation. 
In wastewater treatment the most commonly used disinfectant is 
chlorine; however, other halogens, ozone, and ultraviolet radiation 
have been used. Because of its almost universal use, only disinfection 
using chlorine gas is considered. 

2.13.1.3 The rate of disinfection by chlorine depends on 
several factors, including chlorine dosage, contact time, presence 
of organic matter, pH, and temperature. The recommended chlorine 
dosage for disinfection purposes is that which produces a chlorine 
residual of 0.5 to 1 mg/l after a specified contact time. Effec- 
tive contact time of not less than 15 min at peak flow is recom- 
mended. Typical chlorine dosages recommended for disinfection and 
odor control are presented in Table 2.13-l. 

2.13.1.4 The most common forms of chlorine used in wastewater 
treatment plants are calcium and sodium hypochlorites and chlorine 
gas. Hypochlorites are recommended for small treatment plants 
where simplicity and safety are more important than cost. Chlorine 
gas may be applied as a gas, or mixed with water to form a solu- 
tion, a method used almost exclusively in wastewater treatment. 

2.13.1.5 The design of the chlorine contact tank plays an 
important role in the degree of effectiveness produced from chlo- 
rination. Factors which must be considered in the design include 
method of chlorine addition, degree of mixing, minimization of 
short circuiting, and elimination of solids settling. A recent 
study indicated that, to minimize short-circuiting, the basin 
outlet may be designed as a sharp-creasted weir that spans the 
entire width of the basin outlet. The longitudinal baffling of a 
serpentine flow basin was superior to cross-baffling; a length-to- 
width ratio of 40 to 1 was necessary to reach maximum plug flow 
performance regardless of the type of baffling. 

2.13.2 Input Data. 

2.13.2.1 Chlorine contact tank influent flow, mgd. 

2.13.2.2 Peak flow, mgd. 

2.13.2.3 Average flow, mgd. 
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2.13.3 Design Paraneters. 

2.13.3.1 Contact time at maximum flow, min. 

2.13.3.2 Length-to-width ratio. 

2.13.3.3 Number of tanks. 

2.13.3.4 Chlorine dosage, mg/l. 

2.13.4 Process Design Calculations. 

2.13.4.1 Select contact time at peak flow and calculate 
volume of contact tank. 

where 

VCT = volme of contact tank, gal. 

B * peak flow, mgd. 

CT. = contact time at maximum flow, min. 

2.13.4.2 
area. 

Select a side water depth and calculate surface 

where 

SA - surface area, ft 2 . 

VCT = volume of contact tank, gal. 

SWD - side water depth w 8 ft. 

2.13.4.3 
mensions. 

Select a lengtbto-width ratio and calculate di- 

where 

CTW = contact tank width, ft. 

SA - surface area, ft 2 . 

RLW = length-to-width ratio. 

2.13-2 



CTL = contact tank length, ft. 

2.13.4.4 Select chlorine dosage (Table 2.1%1) and calculate 
chlorine requirements. 

CR = (Q,,) GW (8.34) 
where 

CR = chlorine requiranent, lb/day. 

Q =g 
= average flow, mgd. 

CD = chlorine dosage, mg/l. 

2.13.4.5 Calculate peak chlorine requirements. 

PCR = (CRL B 
Q 

where avg 

PCR * peak chlorine requirenents, lb/day. 

CR - chlorine requiranents, lb/day. 

B = peak flow, mgd. 

Q avg 
= average flow, mgd. 

2.13.4.6 Effluent Quality. It is assumed that none of the 
characteristics are changed by this unit process. The following- 
equation by Shelleck, Collins and White is used to predict 
coliform reduction. -3 

COLIFR = [l.O - ((1.0 + C.23) om wn) ] 100 

where 

COLIFR = coliform reduction, %. 
CD = chlorine dosage, mg/l. 

CT = contact time, minutes. 

2.13.5 process Design Output Data. 

2.13.5.1 Maximum flow, mgd. 

2.13.5.2 Average flow, mgd. 

2.13.5.3 Contact time, min. 

2.13.5.4 Volume of contact tank, gal. 

2.13.5.5 Average chlorine requirement, lb/day. 

2.13.5.6 Peak chlorine requirenent, lb/day. 

2.13.5.7 Tank dimensions. 
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Table 2.13-l. Typical Chlorine Dosages for 
Disinfection and Odor Control 

Effluent from 
Dosage Range 

w/l 

Untreated wastewater (prechlorination) 6 to 25 

Primary sedimentation 5 to 20 

Chemical precipitation plant 2 to 6 

Trickling filter plant 3 to 15 

Activated sludge plant 2 to 8 

Multimedia filter following activated sludge plant 1 to 5 
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2.13.6 Quantities Calculations 

2.13.6.1 Calculate size and number of chlorine cylinders. 

2.13.6.1.x If the chlorine requirement (CR) is between 0 and 50 

lb/day, use 150-l-b cylinders. Assume that a minimum of 30 days supply 

will be kept on hand. The minimum number of cylinders, regardless 
of chlorine requirement, will be two 150-lb cylinders. 

CR (30) 
NC =(150) 

If NC is not an integer, use the next larger integer. 

where 

NC = number of chlorine cylinders required. 

CR = chemical requirement, lb/day. 

2.13.6.1.2 Xf the chlorine requirement is greater than 50 
lb/day, use l-ton cylinders, The minimum number of cylinders is 
2. 

CR (30) NC = (2000) - 

If NC is not an integer, use the next larger integer. 

where 

NC 
= number of cylinders. 

CR = chlorine requirement, lb/day. 

2.13.6.2 Calculate chlorination building area. The chlori- 
nation building is sized according to the area required for the 
anticipated equipment to be used for the various chlorine require- 
ments. 

2.13.6.2-l If CR is less than 2000 lb/day, 

BAC = 220 sq ft 

2.13.6.2.2 If CR is greater than 2000 lb/day, 
CR 

NU =8ooo 

If NU is not an integer, use the next larger integer. 

BAC = 360 x NU 

where 

BAc =I chlorination building area, sq ft. 
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CR = chlorine requirement, lb/day. 

NU 
= number of chlorinators and evaporators required. 

2.13.6.3 Calculate chlorine storage area. 

2.13.6.3.1 If CR is less than 50 lb/day, 

AS 
= 16 x NC 

2.13.6.3.2 If CR is greater than 50 lb/day, 

AS 
= 140 x N 

C 

where 

N 
C 

= number of chlorine cylinders required. 

A 
S 

= area of chlorine storage building, sq ft. 

2.13.6.4 Chlorine contact tank. 

2.13.6.4.1 The basic configuration of the chlorine contact 
tanks is shown in Figure 2.13-l. 

2.13.6.4.2 Dimensions for the various size contact tanks are 
shown in Table 2.13-2. Quantities of reinforced concrete and the 
earthwork were calculated using the dimensions shown in Table 
2.13-2. 

2.13.6.5 Calculate earthwork for chlorine contact tank. 

2.13.6.5.1 If Q, is between 0.50 mgd and 3.75 mgd, the 
volume of earthworkaxz calculated by: 

V 
ew 

= (3700) (Q,,g)o-3782 

2.13.6.5.2 If Q 
volume of earthworka: 3 

is between 3.75 mgd and 100 mgd, the 
calculated by: 

V ew = 1870 (Qavg)oo8873 

2.13.6.5.3 If Q is between 100 mgd and 200 mgd, the 
volume of earthworka: calculated by: 

V ew = 2021.9 (Qavg)o*8873 

2.13.6.5.4 If Q is between 200 mgd and 300 mgd, the 
volume of earthworka: calculated by: 

V ew = 2116.4 (Q 
avg 

)o*8873 
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Table 2.13-2 

CHLORINE CONTACT CHAMBER DIMENSIONS 

Flow Range Rectangular Chlorine Contact Chamber Diznensions 

B h 'I, W G 
(ft) (ft1 (ft) (ft) (ft) 

0.5 - 1.00 2.5 2.5 5 40 10 2.5 

1.00 - 2.50 4 4 10 40 10 4 

2.50 - 5.00 4 7.5 10 55 15 4 

5.00 - 10.00 4 15 10 85 20 4 

10.00 - 20.00 4 30 10 92 40 4 

20.00 - 40.00 5 50 10 150 50 5 

40.00 - 80.00 8 60 10 230 65 8 

80.00 - 100.00 8 77 10 280 80 8 

2.13-7 



where 

Q av 
= average daily flow, mgd. 

v = volume of earthwork, cu ft. ew 

2.13.6.6 Calculate the volume of reinforced concrete 
required for the walls of the contact tank. 

2.13.6.6.1 If Q is between 0.5 mgd and 3.75 mgd, the 
volume of concrete E &red is calculated by: 

V = (2000) (Qaw)o*2545 

2.13.6.6.2 If Q is between 3.75 mgd and 100 mgd, the 
volume of concrete E &red is calculated by: 

V = (1100) (Q,) o*7108 

2.13.6.6.3 If Q is between 100 mgd and 200 mgd, the 
volume of concrete fX tired is calculated by: 

V = (1344.1) (Qavg)007108 

2.13.6.6.4 If Q is between 200 mgd and 300 mgd, the 
volume of concrete %&ired is calculated by: 

V = (1511.4) (Qavg)o*7108 

where 

Q aw 
= average daily flow, mgd. 

V = volume of reinforced concrete for wall, cu ft. 

2.13.6.7 Calculate the volume of reinforced concrete 
required for the slab of the contact tanJc. 

2.13.6.7.1 If Q 
volume of concrete ?X 

is between 0.5 mgd and 3.75 mgd, the 
sired is calculated by: 

V cs = (700) (Qavg)0-4078 

2.13.6.7.2 If Q 
E 

is between 3.75 mgd and 100 mgd, the 
volume of concrete &red is calculated by: 

V cs = (340) (Qavg)o-g554 

2.13.6.7.3 If Q 
volume of concrete E 

is between 100 mgd and 200 mgd, the 
sired is calculated by: 

V = (350.7) (Q )"-g554 
cs aw 
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2.13.6.7.4 If Q,, is between 200 mgd and 300 mgd, the 
volume of concrete re % ired is calculated by: 

v 
cs = (357.1) (Qavg~o*g554 

where 

Q = average daily flow, mgd. 
av9 
v = volume of reinforced concrete for slab, cu ft. 

cs 

2.13.6.8 Other construction cost items for the chlorine 
contact chamber. 

2.13.6.8.1 From the calculations, approximately 85% of the 

construction costs of the chlorine contact chamber have been 
accounted for. 

2.13.6.8.2 Other minor items such as grass seeding, site 
cleaning, piping, etc., would be 15%. 

2.13.6.8.3 The correction factor would be & = 1.18. 
. 

2.13.6.9 Calculate chlorine requirement for one year. 

CRTPY = (CR) (365) 
2000 

where 

CP!TPY = chlorine requirement per year, ton/yr. 

CR = chlorine requirement, lb/day. 

2.13.6.10 Calculate operational labor. 

om = 100 (cRTPY)"'5316 

where 

OMH = operational labor, man-hours/yr. 

CRTPY = chlorine requirement per year, ton/yr. 

2.13.6.11 Calculate maintenance labor. 

2.13.6.11.1 If the chemical requirement is between 1 ton/yr 
and 10 ton/yr, 

MJ!dH= (27) (CRTpY)"*3141 

2.13.6.11.2 If the chemical requirement is between 10 ton&r 
and 50 ton/yr. 

MXH = (18.06) (CRTPY)"'4g14 
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2.13.6.11.3 If the chenical requirement is greater than 50 
ted yr, 

XMn- (2.8) (CRTPY)".g682 

where 

MMEI = maintenance maphour requirments, man-hours/yr. 

2.13.6.12 Calculate the energy requirement for operation. 

2.13.6.12.1 If Qavg is between 0.5 mgd and 5 mgd, the energy 
requirenent is constant. 

KWH - 118,000 

2.13.6.12.2 If Qavg is greater than 5 mgd, the energy re- 

quirement is found by: 

KwH= (83,000) (Qavg)o-lggl 

where 

K'WH = electrical energy requirement for operation. 
kwhr/yr. 

Q 
avg 

= average daily flow, mgd. 

2.13.6.13 Calculate the material and supply costs for 
operation and maintenance. 

2.13.6.13.1 Material and supply costs include the materials 
and replacement parts required to keep the chlorination faci- 
lities in proper operating conditions. These costs are esti- 
mated as a percent of the construction costs fran the following 
equations. 

2.13.6.13.2 If CR is between 0 lb/day and 300 lb/day, the 
material and supply costs are found by: 

OMMP = 6.255 (CR)'0-07g7 

2.13.6.13.3 If CR is greater than 300 lb/day, the material 
and supply costs are found by: 

OMMP = 15.01 (CR)'o-2332 

where 

2.13-10 



OMNP = material and supply costs for operation and 
maintenance as percent of construction costs, 
percent. 

CR = chlorine requirement, lb/day. 

2.13.7 Quantities Calculations Output Data. 

2.13.7.1 Chlorination building area, BAc, sq ft. 

2.13.7.2 Area of chlorine storage building, As, sq ft. 

2.13.7.3 

2.13.7.4 
ft. 

Volune of earthwork, Vew, cu ft. 

Volume of reinforced concrete for walls, Vcw, cu 

2.13.7.5 
ft. 

Volume of reinforced concrete for slab, VCS, cu 

2.13.7.6 Correction factor for construction cost of chlo- 
rine contact chamber, CF. 

2.13.7.7 Operational labor, OMH, mar+hours/yr. 

2.13.7.8 Maintenance labor, MME, man-hours/yr. 

2.13.7.9 Energy requirement for operation, KWH, kwhr/yr. 

2.13.7.10 Material and supply costs for operation and 
maintenance, OMH?, percent. 

2.13.8 Unit Price Input Required. 

2.13.8.1 
tional). 

Standard size chlorinator cost, COSTCLE, $ (op 

2.13.8.2 Chlorination building cost, UPIBC, $/sq ft. 

2.13.8.3 Excavation cost, UPIEX, $/cu yd. 

2.13.8.4 Reinforced concrete wall cost, UPICW, $/cu yd. 

2.13.8.5 Reinforced concrete slab cost, UPICS, $/cu yd. 
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2.13.8.5 
XSECI. 

Current Marshall and Swift Equipment Cost Index, 

2.13.9 Cost Calculations. 

2.13.9.1 Calculate installed equipment costs. 

2.13.9.1.1 The equipment purchase cost includes chlori- 
nators, evaporators, scales, leak detector, flow recorder, 
booster pump, and residual aaalyser as required according to the 
size of the facility. 

between 0 lb/day and 50 lb/day. 

COSTCE = 4.33 x COSTCLE 

between 50 lb/day and 500 lb/day, 

COSTCE - 5.93 x COSTCLE 

between 500 lb/day and 1000 lb/day. 

COSTCE - 7.15 x COSTCLE 

between 1000 lb/day and 1500 lb/day. 

COSTCE - 7.41 x COSTCLE 

between 1500 lb/day and 2000 lb/day. 

2.13.9.1.1.1 If CR is 

2.13.9.1.1.2 If CR is 

2.13.9.1.1.3 If CR is 

2.13.9.1.1.4 If CR is 

2.13.9.1.1.5 If CR is 

2.13.9.1.1.6 

2.13.9.1.1.7 

COSTCE = 11.33 x COSTCLE 

If CR is between 2000 lb/day and 8000 lb/day, 

COSTCE = 20.26 x COSTCLE 

If CR is greater than 8000 lb/day, 

COSTCE = ((& + 1) (13.48) + 31 COSTCLE 

where 

CR - chlorine requiranent, lb/day. 

COSTCE = purchase cost of chlorination equipment, $. 

COSTCLE - purchase cost of standard size chlorinator. 
Chlorinator with 2000 lb/day capacity, $. 
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2.13.9.1.2 Cost of standard size chlorinator. The approximate 
cost of a 2000 lb/day chlorinator for the first quarter of 1977 
is: 

COSTCLE = $2,700 

For better estimation COSTCLE should be obtained from equipment ' 
vendor and treated as unit price input. If COSTCLE is not 
treated as a unit price input, the cost will be adjusted by 
using the Marshall and Swift Equipment Cost Index. 

COSTUE = $2,700 m . 

where 

MSECI = 

491.6 = 

current Marshall and Swift Equipment Cost Index. I 

Marshall and Swift Equipment Cost Index first 
quarter 1977. 

2.13.9.1.3 Installation costs of chlorination equipment and 
other minor equipment. This includes the cost for installing 
the chlorination equipment and also other costs such as electrical 
piping, painting, etc. It is expressed as a percent of the 
equipment costs. 

ICOST = (0.3) COSTCE 

where 

ICOST = installation and minor equipment costs, $. 

COSTCZ = purchase cost of chlorination equipment, $. 

2.13.9.1.4 Calculate installed equipment costs. 

Ix = COSTCE + ICOST 

where 

IEC = installed equipment costs, $. 

2.13.9.2 Calculate cost of chlorination building. 

COSTCB = BAc x UPIBC 

where 

COSTCB = cost of chlorination building, $. 

BAc = chlorination building area, sq ft. 

UFIBC = unit price input building cost, $/sq ft. 
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2.13.9.3 

where 

COSTS = cost of chlorine storage building, $. 

As = 

0.5 = 

2.13.9.4 

Calculate cost of chlorine storage building. 

COSTS = As x UPIBC x 0.5 

area of chlorine storage building, sq ft. 

factor to convert UPIBC to unit cost of storage 
building. 

Calculate cost of earthwork. 

V 
COSTE +hJPIEx 

where 

COSTE = 

v = ew volume of earthwork, cu ft. 

UPIEX = unit price input for excavation, $/cu yd. 

2.13.9.5 

where 

COSTCW = 

v = cw 

UPICW = 

2.13.9.6 

where 

COSTCS = 

v = cs 

cost for excavation, $. 

Calculate cost of reinforced concrete walls. 

COSTCW %w =~uPICW 

cost of concrete walls, $. 

volume of reinforced 

unit price input for 

Calculate cost of 

COSTCS 

concrete for walls, cu ft. 

concrete walls, $/cu yd. 

reinforced concrete for slab. 

V I- 
= * UPICS 

cost of concrete slab, $. 

volume of reinforced concrete for slab, cu ft. 

IRICS = unit price input for concrete slab, $/cu yd. 
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2.13.9.7 
chamber. 

Calculate construction cost for chlorine contact 

COSTCC = (COSTE + COSTCW + COSTCS) (CF) 

where 

COSTCC = construction cost for chlorine contact chamber. 

2.13.9.8 Calculate total bare construction cost. 

TBCC = IEC + COSTCB + COSTS + COSTCC 

where 

TBCC = total bare construction cost, $. 

2.13.9.9 
costs. 

Calculate operation and maintenance material 

OMMP 
OMMC = (TBCC) 100 

where 

OMMC = operation and maintenance material costs. 

2.13.10 Cost Calculations Output Data. 

2.13.10.1 Total bare construction cost, TBCC, $. 

2.13.10.2 O&M material and supply costs, OMMC, $/yr. 
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2.15 C'LARIFICATION 

2.15.1 Background. Sedimentation is a solid-liquid 
separation process designed primarily to raPove the suspended 
particles that are heavier than water. This process is the most 
popular and most widely used process in waste treatment. Sedi- 
mentation removes grit, renoves the settleable fraction of the 
suspended soLids fran raw waste in primary clarifiers, separates 
the biological floe fran the mixed liquor in the final clarifier 
of a biological treatment system, separates the chanical floe fran 
the supernatent in physical-chenical systems, and concentrates 
sludges in thickeners. Sedimentation may be classified into four 
categories depending on the characteristics of the suspension. 

2.15.1.1 Discrete Settling. Suspended solids in this case 
are discrete particles which retain their identity, size, shape, 
and settling velocity during the settling process. The main 
factor influencing the esficiency of the process is the overflow 
rate expressed as gal/ft /day. All particles with settling 
velocities greater than the design overflow rate will be renoved. 
Particles with settling velocities less than the design overflow 
rate will be removed in proportion to the ratio of their settling 
velocities to the design overflow rate. This type of settling 
normally occurs in a grit chamber. 

2.15.1.2 Flocculant Settling In this type of settling, 
particles flocculate and agglcanerate during settling with changes 
in size, shape, and density. The settling velocity increases as 
the particles grow larger. The settling characteristics of the 
flocculant suspension can be determined through laboratory set- 
tling tests. Efficiency of ranoval is influenced by both the 
overflow rate and detention tiae. Flocculant settling normally 
occurs in a primary clarifier. 

2.15.1.3 Zone Settling. This type of settling normally 
occurs with activated sludge. Particles adhere to each other and 
settle as a blanket, forming a distinct solid-liquid interface at 
the top of the settling zone. Renoval efficiency is influenced by 
mass loading, overflow rate, and detention time. Batch sedimen- 
tation tests are usually performed to evaluate these characteris- 
tics for industrial waste suspensions. 

2.15.1.4 Canpression Settling. In this case, the concen- 
tration of the suspension is so great that the particles rest on 
each other at the bottan of the sedimentation basin. This type of 
settling occurs in a sludge thickener. 
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2.15.2 General Description Primary Clarification. 

2.15.2.1 Primary clarifiers are normally used in conjunction 
with biological waste treatment systens to ranove the settleable 
solids and a fraction of the BOD, thereby reducing the load on the 
biological systems. Efficiently designed and operated, primary 
clarifiers can remove 50 to 65 percent of the suspended solids and 
25 to 35 percent of the 5-&y BOD. 

2.15.2.2 PrimaryZclarifiers are usually keyed to the over- 
flow rates (gal/day/ft ) and detention times. Detention times of 
2 to 3 hr, based on average flows, are recanmended. Surface 
loading rates usually depend on the characteristics of the sus- 
pension to be separated. Batch laboratory studies may be used to 
determine the optimum design paraueters for a specific suspension. 
Typical values for various suspensions are reported in Table 2.15- 
1. Ten State $tandards recanmends a surface loading not to exceed 
600 gal/day/ft for small plants (1 mgd or less). Relationship of 
overflow rates, detention times, and tank depths are presented in 
Table 2.142. 

2.15.2.3 Outlet design and arrangement have been reported to 
affect the efficiency of the primary clarifier. Weir loadings, 
defined in the Ten State Standards, should not exceed 10,000 
gpd/ft for small plants (1 mgd or less) and 15,000 gpd/ft for 
larger plants. 

2.15.2.4 Primary clarifiers, rectangular or circular (fig. 
2.15-l), are usually cleaned mechanically. Two tanks should be 
provided to allow for maintenance and repair work. 

2.15.2.5 The volume of sludge produced in primary settling 
tanks depends on several factors which include the characteristics 
of the raw waste, the design of the clarifier, the condition of 
the removed solids, and the period betweea sludge removals. 
Sludge should be renoved continuously or at least oace per shift 
(more frequently in hot weather) to avoid deterioration of the 
effluent quality. Specific gravities of several types of sludge 
are shown in Table 2.15-3. 

2.15.2.6 Prtiary sedimentation may be used in both biole 
gical treahnent systems and physical-chanical systems. Figure 
2.15-l shows typical primary sedimentation tanks. 

2.15.3 General Description Secondary Clarification. 

2.15.3.1 The final clarifier performs a vital role in a 
secondary waste treatment system. In the activated sludge prp 
CeSS, the final clarifier must provide an effluent low in sus- 
pended solids and an underflow of sufficient concentration to 
maintain a sufficient population of active microbial mass in the 
aeration tank. Final clarifiers are, therefore, designed to 
provide clarification, as well as thickening. 
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2.15.3.2 In addition to being governed by the overflow rate 
and detention time, the design of fi 

9 
al clarif iera must be based 

on solid loading rates (lb solids/f t /day). Surface overflow 
rates and detention times recanmended by the Ten State Standards 
are presented in Table 2.15-4. Typical values of overflow rates . 
reccmmfjnded for the design of secondary clarifiers include 600 
gal/fti/day for smaller plants (up to 1 mgd), and up to 800 
gal/ft /day for larger plants. The design calculations should 
consider the peak inccming wastewater flow; the return sludge 
withdrawal takes place at a point very near the inlet to the tank. 
Solids loading rates for various mixed liquor suspended solids are 
illustrated in Figure 2.144. Typ$cal solids loading rates 
reported range fran 12 to 30 lb/ft /day. Solid concentration of 
the underflow ranges fran 0.8 to 1.20 percent, by weight. 

2.15.3.3 The performance of the final clarifiers is also 
affected by the method of sludge withdrawal. The preferred sludge 
collection mechanism is a vacuum- or suctioetype draw off. The 
plow-type collectors with the chain and flight mechanism in 
rectangular basins or the bridge with attached plows in circular 
basins ineffectively concentrate the waste activated sludge. 

2.15.3.4 The bibliography contains excellent discussions on 
the design and operations of final clarifiers. 
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Table 2.15-1. Recanmended Surfact+Loading Rates 
for Various Suspensions 

Suspension 
Loading Rate, gpd/ft2 

Range Peak Flow 

Untreated wastewater 600 to 1200 1200 
Alum floca 360 to 600 600 
Iron floca 540 to 800 800 
Lime floca 540 to 1200 1200 

aMixed with the settleable suspended solids in the untreated 
wastewater and colloidal or other suspended solids swept out 
by the floe. 

Table 2.152. Detention Times for Various 
SurfaceLoading Rates and Tank Depths 

Surface-Loading 

Rate, gpd/ft2 

Detention Time, hr 
7-ft &ft IQ-ft L2-ft 

Depth Depth Depth Depth 

400 3.2 3.6 4.5 5.4 
600 2.1 2.4 3.0 3.6 
800 1.6 1.8 2.25 2.7 

1000 1.25 1.4 1.8 2.2 

Table 2.15-3. Specific Gravity of Raw Sludge 
Produced fran Various Types of Sewage 

Type of Strength Specific 
Sewerage Systan of Sewage Gravity 

Sanitary 
Sanitary 
Canbined 
Combined 

Weak 
Medium 
Medium 
Strong 

1.02 
1.03 
1.05 
1.07 
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Table 2.1514. Design Requiranents for Final Settling Tanks 

Types of Process 

Surface 
Average Design Detention 

Flow, mgd Time, hr. 
Settling Raty 

gallday/ft 

Conventional, modified, or To 0.5 3.0 600 
"high rate" and step aeration 0.5 to 1.5 2.5 700 

1.5 and up 2.0 800 

Contact stabilization To 0.5 3.6 500 
0.5 to 1.5 3.0 7 600 
1.5 and up 2.5 700 

Extended aeration To 0.05 4.0 300 
0.05 to 0.15 3.6 300 
0.15 and up 3.0 600 

Note: T'ne inlets and sludge collection and withdrawal facilities shall 
be designed to minimize density currents and assure rapid return 
of sludge to the aeration tanks. Multiple units capable of inde- 
pendent operation are desirable and shall be provided in all 
plants where design flows exceed 0.1 mgd unless other provision is 
made to assure continuity of treahnent. 

The detention time, surface settling rate, and weir overflow rate 
should be adjusted for the various processes to minimize the 
problans with sludge loadings, density currents, inlet hydraulic 
turbulence, and occasional poor sludge settleability. 
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2.15.4 

2.15.4.1 

2.15.4.1.1 

2.15.4.1.1.1 

2.15.4.1.1.2 

2.15.4.1.2 

2.15.4.1.3 

2.15.4.1.4 

2.15.4.2 

2.15.4.2.1 

2.15.4.2.2 

2.15.4.2.3 

2.15.4.2.4 

2.15.4.2.5 

2.15.4.2.5.1 

2.15.4.2.5.2 

2.15.4.2.6 

2.15.4.3 

2.15 .4.3.1 

Primarv Clarification - Circular. 

Input Data. 

Wastewater flow. 

Average flow, mgd. 

Peak flow, mgd. 

Suspended solids, mg/l. 

Volatile suspe=lded solids, percent. 

BOD5 concentration, mg/ 1. 

Des ien Parameters. 

Overflow rate, gpd/ft2. See Tables 2.15-l and 2.15-2. 

Detention time, hr. See Table 2.15-l. 

Specific gravity of sludge. See Table 2.15-3. 

Solids content of underflow, percent (4 to 6 percent). 

Removal efficiencies. 

Suspended solids, percent. 

BODg, percent. 

Weir loading, gpd/ft (10,000 to 15,000 gpd/ft). 

Process Design Calculations. 

Select an overflow rate by using Table 2.15-l or by laboratory 
methods and calculate surface area. 

Q p x 
Sit= OEX 

lo6 

where 

SX f surface area, ft2 

QP 
= peak flow, mgd. 

OFR = overflow rate, gal/ft2/day 

2.15.4.3.2 Select detention the and calculate volume (see Table 
2.15-2). 
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V = (9,,) (t) * & * 2 x lo6 

where 

V = volume of tank, ft3. 

Q w 
= average flow, mgd. 

t = time, hr 

2.15.4.3.3 Calculate side water depth. 

SWD = $$ 

where 

SWD = side water depth, ft 

V - volume, ft3 

Sh = surface area, ft 2 

2.15.4.3.4 Check solid loading rate. 

(9,, ) (SSI) (8.34) 
SLR = (SA) 

where 
2 

Sm = solid loading rate, lb/ft /day 

Q avg 
= average flow, mgd. 

SSI = influent solids concentration, mg/l. 

SA = surface area, ft 2 

2.15.4.3.5 Select weir loading rate and calculate weir length. 

where 

WL = weir length, ft 

QP 
= peak flow, mgd 

WLR = weir loading rate, gal/ft/day 
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2.15.4.3.6 Determine percentage of suspended solids removed fran 
Figure 2.15-2. 

2.15.4.3.7 Calculate amount of primary sludge produced. 

PSP = (Q,,) (SSI) (SSR) (10W2) (8.34) 

where 

PSP = primary sludge produced, lb/day 

Q aw 
= average flow, mgd 

SSI = influent solids concentration, mg/l 

SSR = suspended solids renoved, percent (50 to 60 percent 
for municipal systems) 

2.15.4.3.8 Select underflow concentration (3 to 6 percent) and 
sludge specific gravity (Table 2.1%3), and calculate the volume flow of 
primary sludge produced. 

VPSP = PSP(100) 
(specific gravity) (UC) (8.34) 

where 

VPSP = volume flow of primary sludge produced, gal/day 

PSP = primary sludge produced, gal/day 

UC - underflow concentration (3 to 6 percent) 

2.15.4.3.9 Effluent Characteristics. 

2.15.4.3.9.1 BOD. Specify a BOD5 renoval rate or select a ranoval 
rate frcm Figure 2.15-3. 

BODE = (BODI) (1 - +$) 

‘e = (BODSI) 

If BODE < Se set BODE = Se 

where 

BODE = effluent BOD5 concentration, mg/l. 

BODI = influent BOD5 concentration, mg/l. 

BODR = BOD5 reuoval rate, %. 

Se = effluent soluble BOD5 concentration, mg/l. 
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BODSI = influent soluble BODS concentration, mg/l. 

2.15.4.3.9.2 COD. 

CODE = 1.5 (BODE) 

CODSE = 1.5 (Se> 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent B0D5 concentration, mdl. 

CODSE = effluent soluble COD concentration, mg/l. 

‘e - effluent soluble BOD5 concentration, tug/l. 

2.15.4.3.9.3 Suspended solids. 

SSE - (SSL) (1 - fg) 

where 

SSE = effluent suspended solids concentration, mg/l. 

SSI = influent suspended solids concentration, mg/l. 

SSR = suspended solids removal rate, %. 

2.15.4.3.9.4 Nitrogen. 

TKNE = WW (1 - $+ 

If TKNE NEI3E set TKNE = NH3E 

where 

TKXE = effluent total Kjedahl nitrogen concentration, mg/l. 

TKN = influent total Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/l. 

TKNR = total Kjedahl nitrogen ranoval rate, %. 

2.15.4.3.9.5 Phosphorus 

P04E = (PO4) (1 - q$) 

where 

P04E = effluent phosphorus concentration, mg/l. 
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PO4 = influent phosphorus concentration, ag/L. 

P04R = phosphorus ranoval rate, %. 

2.15.4.3.9.6 Oil and Grease 

OAGE = OAG 

where 

OAGE.= effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

2.15.4.3.9.7 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - effluent settleable solids. 

2.15.4.4 Process Design Output Data. 

2.15.4.4.1 Overflow rate, gal/ ft2/day. 

2.15.4.4.2 Surface area, ft2. 

2.15.4.4.3 Side water depth, ft. 

2.15.4.4.4 Detention time, hr. 

2.15.4.4.5 Solid loading, lb/ft2/day. 

2.15.4.4.6 Weir loading, gal/ft/day. 

2.15.4.4.7 Weir length, ft. 

2.15.4.4.8 VolLlme of sludge produced, gal/day. 

2.15.4.4.9 Suspended solids ranoval, percent. 

2.15.4.4.10 BOD ranoval, percent. 

2.15.4.4.11 COD ranoval, percent. 

2.15.4.4.12 TIQI ranoval, percent. 

2.15.4.4.13 PO4 r-oval, percent. 

2.15.4.4.14 Effluent BOD, mg/l. 
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2.15.4.4.15 Effluent suspended solids, mZI/l. 

2.15.4.4.16 Effluent COD, q/l. 

2.15.4.4.17 Effluent TKN, mg/l. 

2.15.4.5 Quantities Calculatious. 

2.15.4.5.1 Unit selection. The nunber of units to be en- 
ployed depends upon the wastewater quantity to be handled. The 
following assumptions will be followed in the determination of 
nunber of units, N. 

Flow Range 
Ma, Q,, Number of Units 

0.5 1.0 2 
1.0 10.0 2 

10.0 24.0 4 
24.0 50.0 8 
50.0 70.0 12 
70.0 100.0 16 

2.15.4.5.1.1 When Q is larger than 100 mgd, the system will 
be designed as severdvfiatteries of units. 

2.15.4.5.1.2 If 100<Qavg 5 200 

Number of process batteries, ND, would be 2. 

The system would be designed as two identical batteries 
with flow to each battery at Q,$2. 

Select the nunber of units per battery as described 
above using flow to be Q, 4 

2. 

2.15.4.5.1.3 If Q avg'200 

Nmber of process batteries, NB, would be 3. 

The system would be designed as three identical batteries 
with flow to each battery at Qav$3. 

Select the nunber of units per battery as described 
above using flow to be Qav$3. 

2.15.4.5.2 Sizing individual unit. 
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2.15.4.5.2.1 The surface area of each unit. 

where 

SALJ = surface area per unit, sq ft. 

N - number of units. 

2.15.4.5.2.2 .The dianeter of each unit. 

If DIA is not an integer, use the next larger integer. 

where 

DIA = diaeter of the unit, ft. 

2.15.4.5.2.3 The available sizes fran off-theshelf itens 
range frm 10 f t to 200 ft; so if the calculated DIA is larger 
than 200 ft, the nunber of units will have to be increased to N 
=N+l. 

2.15.4.5.3 Earthwork required for construction. 

V ew = (1.15) N [0.035 (DU)3 + 4.88 (DLQ2 + 77 (DIA) + 3501 

where 

v = ew 

1.15 = 

2.15.4.5.4 

earthwork required for construction, cu ft. 

additioa of 15% more for safety factor. 

Reinforced concrete quantities. 

2.15.4.5.4.1 
tank. 

Reinforced concrete slab quantity, Vcsn, for one 

V csn - (0.825) (DIA + 4)2 ' (6) 

where 

V cs = quantity of R.C. slab in-place, cu ft. 

%i 
= thickness of the slab, inches, can be obtained by 

% 
- 7.9 + 0.25 SWD 

2.1412 



where 

S WD = sidewater depth, ft. 

2.15.4.5.4.2 Reinforced concrete wall quantity, VcwI1, for one 
tank. 

tW 
V 

CWTl 
= (3.14) (SD + 1.5) l (DIA) \12) 

where 

v 
C wn 

- quantity of R.C. wall in-place, cu ft. 

tW 
= wall thickness, inches, and can be estimated by 

tW 
= 7 + (0.5) (Sal) 

2.L5.4.5.4.3 Quantity of concrete for splitter boxes, Vcb 

V cb 
s 100 l N1’13 

where 

V cb = quantity of R.C. for splitter box, cu ft. 

N = nunber of units. 

2.15.4.5.4.4 Total quantity of R.C. in-place. 

wall: vcw = [ N  l vcm + vcb] l m 

Slab: Vcs - [N l Vcsn] l NEI 

2.15.4.5.5 Calculate maintenance manpower requiranents. 

2.15.4.5.5.1 If SA is less than 1000 sq ft, then the maintenance 
manpower required is: 

mm = 200 

2.15.4.5.5.2 If SA is between 1000 and 3000 sq ft, then the 
maintenance manpower required is: 

I' : 

MMH = 30.3 (SA) 0.2733 
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2.15.4.5.5.3 If SA is greater than 3000 sq ft, then the aain= 
tenance manpower required is: 

XMI - 2.05 (SA)0m6098 

where 

HMH =maintenance manpower required, man-hours/yr. 

SA - surface area, sq ft. 

2.15.4.5.6 Calculate operation manpower required. 

2.15.4.5.6.1 If SA is less than 1000 sq ft, then the opera- 
tions manpower required is: 

OMH = 350 

2.15.4.5.6.2 lf SA is between 1000 and 3000 sq ft, then the 
operation manpower required is: 

OMH - 37.1 (SA)0*3247 

2.15.4.5.6.3 If SA is greater than 3000 sq ft, then the operation 
manpower required is: 

OMH - 4.0 (SA) 0.6020 

where 

OMH = operation manpower required, man-hours/yr. 

2.15.4.5.7 Calculate electrical energy required. 

2.15.4.5.7.1 If SA is less than 1670 sq ft, then the electrical 
energy required is: 

Km = 7500 

2.15.4.5.7.2 If SAis between 1670 and 16,700 sq ft, then the 
electrical energy required is: 

KWH - 2183.3 (SA)"'1663 

2.15.4.5.7.3 If SA is greater than 16,700 sq ft, then the 
electrical energy required is: 

KMH = 38.4 (SA)"*58r8 
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where 

WE = electrical energy required, kwhr/yr. 

2.15.4.5.8 Other operation and maintenance material costs. 
(c) This iten includes repair and replacement material costs and 
other minor costs. It is expressed as a percent of the total 
bare construction cost of the sedimentation system. 

OMMP -1% 

where 

OMMP - percent of sedimentation systen total bare construction 
costs for operation and maintenance material supply. 

2.15.4.5.9 Other construction cost items. 

2.15.4.5.9.1 Frcra the above estimation, approximately 85 
percent of the construction costs have been accounted for. 

2.15.4.5.9.2 Other minor cost items such as piping, site 
cleaning, control panel, etc., would be 15 percent of the total 
installed cost. 

2.15.4.5.9.3 The correction factor would be: 

CF =.& = 1.18 

where 

CF = correction factor for other minor cost itens. 

2.15.4.6 

2.15.4.6.1 

2.15.4.6.2 

2.15.4.6.3 

2.15.4.6.4 

2.15.4.6.5 

2.15.4.6.6 

2.15.4.6.7 
ft. 

Quantities Calculations Output Data. 

Surface area, SA, sq ft. 

Number of units, N. 

Nmber of batteries, NB. 

Surface area per unit, SAU, sq ft. 

Dianeter of unit, DLA, ft. 

Earthwork required, Vews cu ft. 

Total quantity of R.C. wall required, Vcw, cu 
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2.15.4.6.8 Total quantity of R.C. slab required, Vcs, cu ft. 

2.15.4.6.9 Haintenance manpower required, MMH, mawhouriyr. 

2.15.4.6.10 Operation manpower required, OMH, man-hour/pr. 

2.15.4.6.11 Electrical energy required, KWH, kwhr/yr. 

2.15.4.6.12 Other operatioa and maintenance material costs, 
OMMP, percent. 

2.15.4.6.13 Correction factor for construction costs, CF. 

2.15.4.7 Unit Price Inputs Required. 

2.15.4.7.1 Cost of earthwork, UPIEX, $/cu yd. 

2.15.4.7.2 Cost of R.C. wall i-place, UPICW, $/cu yd. 

2.15.4.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.15.4.7.4 Standard size clarifier mechanism (90-ft diameter) 
cost, COSTES, $ (optional). 

-2.15.4.7.5 Marshall and Swift Equipment Cost Index, HSECI. 

2.15.4.7.6 Equipment installation labor rate, LABRI, $/man- 
hour. 

2.15.4.7.7 Crane rental rate, UPICR, $/hour. 

2.15.4.8 Cost Calculations. 

2.15.4.a.l Cost of earthwork. 

COSTE - 'ew ' UPLEX 
27 

where 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPXEX = unit price input for earthwork, $/cu yd. 

2.15.4.8.2 Cost of R.C. wall in-place. 

cosTcw = vcw l UPICW 
27 
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where 

COSTCW = cost of R.C. wall in-place, $. 

v cw = quantity of R.C. required for walls, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/ 
cu yd. 

2.15.4.8.3 Cost of R.C. slab &n-place. 

cosTcs -  %s l U P I C S  

27 

COSTCS = cost of R.C. slab in-place, $. 

V cs = quantity of R.C. required for slab, cu ft. 

UPICS = unit price input for R.C. slab ipplace, $/cu yd. 

2.15.4.8.4 Cost of installed equipment. 

2.15.4.8.4.1 Purchase cost of clarifier equipment. The pur- 
chase cost of the clarifier mechanism can be obtained fran the 
following equation: 

COSTRO COSTCM = COSTES x - 100 

where 

cosTc2l = 

COSTES = 

COSTRO = 

purchase cost of mechanism with diameter of DIA ft, 
$0 

purchase cost of standard size mechanism with diameter 
of 90 ft, $. 

cost of mechanism with diameter of DTA ft, as percent 
of cost of standard size mechanism, percent. 

2.15.4.8.4.2 Calculate COSTRO. 

COSTRO - 2.16 (DIA) 0.8515 

2.15.4.8.4.3 Cost of standard size mechanism. The cost of the 
mechanism for a 90-ft diameter clarifier for the first quarter 
of 1977 is: 

COSTES = $75,000 

2.1517 



For better cost estimation, COSTES should be obtained fran 
equipment vendor and treated as a unit price input. If COSTZS 
is not treated as a unit price input, the cost will be auto- 
matically updated by using the Marshall and Swift Equipment Cost 
Index. 

COSTES - 75,000 l E  

.  

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Cost Index 1st quarter 1977. 

2.15.4.8.4.4 Installation man-hours for clarifier mechanism. 
The man-hour requiranent for field erection of clarifier mechanism 
can be estimated by: 

IME - 2.04 (DIA) 

where 

L"IH = installationman-hour requirement, man-hours. 

2.15.4.8.4.5 Crane requirement for installations, CR. 

CH * (0.1) wm 

where 

CB = crane time requirement for installation, hr. 

2.15.4.8.4.6 Otherminor costs associated with the installed 
equipment. This category includes the cost for electrical con- 
trols, influent pipe, effluent weirs, stun baffles, special 
materials, painting, etc., and can be added as percent of 
purchase equipment cost. 

PMINC * 15% 

where 

Em - percentage of purchase cost of equipment as minor 
costs, percent. 

2.15.4.8.4.7 Installed equipment costs. 

IEC = (N) @R) [COSXS [l + w ] +(IMH) (LABRX) + (CR) (UPICR)] 

2.15-18 



where 

IEC - installed equipment costs, $. 

LABRI = labor rate, $/man-hour. 

UPICR = crane rental rate, $/hr. 

2.15.4.8.5 Total bare construction cost. 

TBCC = (CosTE + COSTCW + COSTCS + IEC) (CF) 

where 

TBCC = total bare construction cost, $. 

CF - correction factor for minor cost itaas. 

2.15.4.8.6 Operation and maintenance material costs. 

OMMP OMMC = TBCC x 100 

where 

OMMC = operation and maintenance material costs, $/yr. 

OMMP- percentage of total bare construction cost as operation 
and maintenance material costs, percent. 

2.15.4.9 Cost Calculations Output Data. 

2.15.4.9.1 Total bare construction cost of the circular 
clarifier, TBCC, $. 

2.15.4.9.2 Operation and maintenance material costs, OMMC, 
s/*/r. 
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2.15.5 

2.15.5.1 

2.15.5.1.1 

2.15.5.1.1.1 

2.15.5.1.1.2 

2.15.5.1.2 

2.15.5.1.3 

2.15.5.1.4 BOD5 concentration, mg/l. 

2.15.5.2 

2.15.5.2.1 
2.15-2. 

2.15.5.2.2 

2.15.5.2.3 

2.15.5.2.4 
percent). 

2.15.5.2.5 

2.15.5.2.5.1 

2.15.5.2.5.2 

2.15.5.2.6 

2.15.5.3 

2.15.5.3.1 

Primary Clarification - Rectangular. 

Input Data. 

Wastewater flow. 

Average flow, mgd. 

Peak flow, mgd. 

Suspended solids, mg/l. 

Volatile suspended solids, percent. 

Design Paraneters. 

Overflow rate, gpd/ft2. See Tables 2.15-l and 

Detention time, hr. See Table 2.15-2. 

Specific gravity of sludge. See Table 2.15-3. 

Solids content of underflow, percent (4 to 6 

Removal efficiencies. 

Suspended sol ids, percent. 

BOD5, percent. 

Weir loading, gpd/ft (10,000 to 15,000 gpd/ft). 

Process Design Calculations. 

Select an overflow rate by using Table 2.&l or by 
laboratory methods and calculate surface area. 

SA = 
Q, x lo6 

OFR 

where 

SA = surface area, ft2 

QP 
= peak flow, mgd. 

2 OFR = overflow rate, gal/ft /day 
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2.15.5.3.2 Select detention time and calculate volume (see 
Table 2.15-2). 

v- (Q,,) W x & x & x lo6 

IT= 

Q = avg 
t- 

2.15.5.3.3 

where 

SW0 * 

v- 

SA = 

2.15.5.3.4 

where 

volume of tank, ft 3 . 

average flow, mgd. 

time, hr 

Calculate side water depth. 

side water depth, ft 

volume, ft3 
2 

sufface area, ft 

Check solid loading rate. 

) WI:) (8.34) 
SLR * (SA) 

ST3 = solid loading rate, lb/ft'/day 

Q avg 
= average flow, mgd. 

SSI = influent solids concentration, mg(l. 

2 SA = surface area, ft 

2.15.5.3.5 Select weir loading rate and calculate weir length. 
-Q, x lo6 

wL If&R 

WL - weir length, ft 

QP = peak flow, mgd 

m = weir loading rate, gal/ft/ day 
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2.15.5.3.6 Determine percentage of suspended solids renoved fran 
Figure 2.15-2. 

2.15.5.3.7 Calculate amount of primary sludge produced. 

where 

PSP - (Q,,) (HI) (SSR) (10'2) (8.34) 

PSP * primary sludge produced, lb/day 

Q =g 
- average flow, mgd 

SST = influent solids concentration, mg/l 

SSR - suspended solids renoved, percent (50 to 60 percent 
for municipal systens) 

2.15.5.3.8 Select underflow concentration (3 to 6 percent) and 
sludge specific gravity (Table 2.15-3), and calculate the volune flow of 
primary sludge produced. 

VPSP = PSP(lO0) 
(specific gravity) (UC) (8.34) 

where 

VPSP = volume flow of primary sludge produced, gal/day 

PSP - primary sludge produced, gal/day 

UC = underflow concentration (3 to 6 percent) 

2.15.5.3.9 Effluent Characteristics. 

2.15.5.3.9.1 BOD. Specify a BOD5 removal rate or select a ranoval 
rate fran Figure 2.143. 

BODE = (BODI) (1 - s) 

‘e - (BODSI) 

If BODE Se set BODE = S e 

where 

BODE = effluent BOD5 concentration, mg/l. 

BODI = influent BOD5 concentration, mg/l. 

BODR * BOD 5 tenoval rate, %. 

Se - effluent soluble BOD5 concentration, mg/l. 
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SODS1 = influent soluble BOD5 concentration, mg/l. 

2.15.5.3.9.2 COD. 

CODE = 1.5 (BODE) 

CODSE - 1.5 (Se) 

where 

CODE = effluent COD coucentration, tug/l. 

BODE = effluent BOD5 concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

‘e * effluent soluble BOD5 concentration, mg/l. 

2.15.5.3.9.3 Suspended solids. 

SSE = (SSI) (1 - $$) 

SSE = effluent suspended solids concentration, mg/l. 

SSI = influent suspended solids concentration, mg/l. 

SSR = suspended solids ranoval rate, X. 

2.15.5.3.9.4 Nitrogen. 

TKNE - (TW Cl- s) 

If TKXE XFi3E set 'RNE = NE3E 

where 

TKS"c - effluent total Kjedahl nitrogen concentration, mg/l. 

Tm = influent total Kjedahl nitrogen concentration, mg/ 1. 

N83E = effluent anmonia nitrogen concentration, mg/l. 

TK?JR = total Kjedahl nitrogen removal rate, %. 

2.15.5.3.9.5 Phosphorus 

P04E = (PO4) (1 - y$ 

where 

?04E = effluent phosphorus concentration, mg/l. 
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PO4 = influent phosphorus concentration, mg/l. 

PO4R = phosphorus raaoval rate, %. 

2.15.5.3.9.6 Oil and Grease 

OAGE = OAG 

where 

OAGE = effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

2.15.4.3.9.7 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - effluent settleable solids. 
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2.15.5.4 

2.15.5.4.1 

2.15.5.4.2 

2.15.5.4.3 

2.15.5.4.4 

2.15.5.4.5 

2.15.5.4.6 

2.15.5.4.7 

2.15.5.4.8 

2.15.5.4.9 

2.15.5.4.10 

2.15.5.4.11 

2.15.5.4.12 

2.15.5.4.13 

2.15.5.4.14 

2.15.5.4.15 

2.15.5.4.16 

2.15.5.4.17 

2.15.5.5 

2.15.5.5.1 

Process Design Output Data. 

Overflow rate, gal/ ft2/day. 

Surface area, ft2. 

Side water depth, ft. 

Detention time, hr. 

Solid loading, lb/ft2/day. 

Weir loading, gal/ft/ day. 

Weir length, ft. 

Volume of sludge produced, gal/ day. 

Suspended solids tenoval, percent. 

BOD renoval, percent. 

COD renoval, percent. 

TKN removal, percent. 

PO49 removal, percent. 

Effluent BOD, mg/l. 

Effluent suspended solids, mg/l. 

Effluent COD, mg/l. 

Effluent TKN, mg/l. 

Quantities Calculations. 

Calculate nunber and size of units. It is assumed - -_- - 
that the units will be 20 ft wide and will be a maximum of 260 ft 
in length. The minti- nunber of units that will be used is 2. 

Begin with N = 2; if L is greater than 260, then try N - N + 1 and 
repeat until L is less than 260. If L is not an integer, use the 
next larger integer. 

where 

L = length of rectangular clarifier, ft. 

N = number of rectangular clarifiers. 
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2.15.5.5.2 Earthwork required for construction. The volume of 
earthwork required for rectangular clarifiers can be estimated by 
the following equation. 

v ew = x[69.3L + 4/3(660L2 + 85802, + 19,800)1'2 + 9881 . 

where 

v ew = volume of earthwork required for construction, cu ft. 

2.15.5.5.3 Reinforced concrete quantities. 

2.15.5.5.3.1 Reinforced concrete wall quantity. 

V cw -v +v ew SW+ v iec + 'ts 

V ew = (44.7 SWD + 134)N 

V SW = 110 SWD + (SW) (L) + l.SL + 301 (N + 1) 

V iec - 220 N 

V ts = (90 + 2L) N 

where 

V cw = total volume of R.C. wall in-place, cu ft. 

V ew - volume of R.C. wall for end walls, cu ft. 

V sw - volme of B.C. wall for side wall, cu ft. 

V iec - volume of R.C. wall for influent and effluent channels, 
cu ft. 

V tS - volume of R.C. wall for top slab, cu ft. 

SWD = side water depth, ft. 

L = length of clarifier, ft. 

N - number of clarifiers. 

2.15.5.5.3.2 Reinforced concrete slab quantity. 

where 

V cs = N(22L + 150) 

V cs = quantity of R.C. wall slab in-place, cu ft. 
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2.15.5.5.4 Calculate maintenance manpower requiraaents. 

2.15.5.5.4.1 If SA is less than 1000 sq ft, thep the maintenance 
manpower required is: 

MMH - 200 

2.15.5.5.4.2 If SA is between 1000 and 3000 sq ft, then the 
maintenance manpower required is: 

MMH = 30.3 (SA) 0.2733 

2.15.5.5.4.3 If SA is greater than 3000 sq ft, then the mairk 
tenance manpower required is: 

MZH - 2.05 (SA) 0.6098 

where 

HHH = maintenance manpower required, man-hours/yr. 

SA = surface area, sq ft. 

2.15.5.5.5 Calculate operation manpower required. 

2.15.5.5.5.1 If SA is less than 1000 sq ft, then the operation 
manpower required is: 

. 

OMEI = 350 

2.15.5.5.5.2 If SA is between 1000 and 3000 sq ft, then the 
operation manpower required is: 

OMH = 37.1 (SA) 0.3247 

2.15.5.5.5.3 If SA is greater than 3000 sq ft, then the opera- 
tion manpower required is: 

OMH = 4.0 (SA) 
0.6020 

where 

OMH = operation manpower required, mawhours/yr. 

2.15.5.5.6 Calculate electrical energy required. 

2.14.5.5.6.1 If SA is less than 1670 sq ft, then the electrical 
eneqy required is: 

KWH = 7500 
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2.15.5.5.6.2 If SA is between 1670 and 16,700 ft, then the 
electrical energy required is: 

KWE- 2183.3 (SA)"*1663 

2.15.5.5.6.3 If SA is greater than 16,700 sq ft, then the 
electrical energy required is: 

KWH - 38.4 (SA)"'5818 

where 

KWH - electrical energy required, kwhr/yr. 

2.15.5.5.7 Other operation and maintenance material costs. 
This iten includes repair and replacement material costs and 
other minor costs. It is expressed as a percent of the total 
bare construction cost of the sedimentation system. 

OMMP -1% 

where 

OMXP = percent of sedimentation system total-bare construction 
costs for operation and maintenance material supply. 

2.15.5.5.8 Other comtructioo cost itens. 

2.15.5.5.8.1 Fran the above estimation approxfmately 85 percent 
of the construction costs have been accounted for. 

2.15.5.5.8.2 Other minor construction costs such as piping, 
site cleaning, control panel, etc., would be 15 percent of the 
total construction costs. 

where 

CF = a& - 1.18 

CF = correction factor for other minor cost itans. 

2.15.5.6 Quantities Calculation Output Data. 

2.15.5.6.1 Surface area, SA, sq ft. 

2.15.5.6.2 Number of units, N. 

2.15.5.6.3 Surface area per unit, sq ft. 

2.15928 



2.15.5.6.4 Length of units, L, ft. 

2.15.5.6.5 Earthwork required, Vew, cu ft. 

2.15.5.6.6 Quantity of R.C. wall required, VcW, cu ft. 

2.15.5.6.7 Quantity of R.C. slab required, Vcs, cu ft. 

2.15.5.6.8 Maintenance manpower required, MMH, man-hourdyr. 

2.15.5.6.9 Operation manpower required, OMH, man-hours/yr. 

2.15.5.6.10 Electrical energy required, KWH, kwhr/ yr. 

2.15.5.6.11 Other operation and maintenance material costs, 
OMMP, percent. 

2.15.5.6.12 Correction factor for construction costs, CF. 

2.15.5.7 Unit Price Input Required. 

2.15.5.7.1 Cost of earthwork, COSTE, $/cu yd, 

2.15.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.15.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.15.5.7.4 Standard rectangular clarifier mechanism cost, 
COSTRC, $ (optional). 

2.15.5.7.5 Marshall and Swift Equipment Cost Index, MSECI. 

2.15.5.7.6 Equipment installation labor rate, LABRI, $/man- 
hours. 

2.15.5.7.7 Crane rental rate, UPICR, $/ hr. 

2.15.5.8 Cost Calculations. 

2.15.5.8.1 Cost of earthwork. 

COSTE + 

where 

COSTE - cost of earthwork, $. 

V ew UPIEX 
27 

V ew = volume of earthwork, cu ft. 

2.1529 



UPIEX = unit price Input for earthwork, $/cu yd. 

2.15.5.8.2 Cost of R.C. wall in-place. 
v cw UPICW 

cosTcw - 27 

where 

COSTCW = cost of R.C. wall *place,' $. 

v cw = volume of R.C. required for walls, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu 
Yd* 

2.15.5.8.3 Cost of R.C. slab in-place. 

cosTcs - vcs (UPICS) 
27 

where 

cosTcs = cost of R.C. slab in-place, $. 

V cs = volume of R.C. required for slab, cu ft. 

UPICS = unit price input for RX. Slab in-place, $/cu 
Yd. 

2.15.5.8.4 Cost of installed equipment. 

2.1.5.5.8.4.1 Purchase cost of clarifier equipment. The purchase 
cost of the rectangular clarifier mechanism can be obtained frau 
the following equation. 

where 

COSTCM = COSTES l COSTRO 

100 

COSTCM = purchase cost of mechanism 20 ft wide and length L 
feet, $. 

COSTRC = purchase cost of standard size mechanism 20 ft wide 
and 120 ft long, $. 

COSTRO - cost of mechanism of length L as a percent of cost 
of the standard size mechanism, percent. 

2.15.5.8.4.2 Calculate COSTRO. 

COSTRO - (.31) (L) + 63 
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2.15.5.8.4.3 Cost of standard size clarifier mechanism. The 
cost of the mechanism for a clarifier 20 ft wide aud 120 ft long 
for the first quarter of 1977 is: 

cosTRc = $42,000 

For better cost estimation, COSTRC should be obtained fran 
equipment vendors and treated as a unit price input. If COSTES 
is not treated as a unit price input, the cost will be auto 
matically updated by using the Marshall and Swift Equipment Cost 
Index. 

MSECI COSTRC - 42,000 - 491.6 

where 

XSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Cost Index 1st quarter, 1977. 

2.15.5.8.4.4 Installation man-hours for clarifier mechanism. 
The man-hour requirement for field erection of clarifier me= 
chanism can be estimated by: 

EfH= 0.978 (L) + 80 

where 

XXI? = installation man-hour requirement for clarifier 
mechanism, man-hours. 

2.15-5.8.4.5 Crane requirenent for installation. 

CH = (.OS) (ml) 

where 

CH = crane time requirement for installation, hrs. 

2.15.5.8.4.6 Other minor costs associated with the installed 
equipment. This category includes the cost of electrical wiring, 
drive unit assembly, tee rails, painting, etc., and can be added 
as a percent of the purchased equipment cost. 

where 

PMINC = percentage of purchase cost of equipment as minor 
costs, percent. 
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2.u.5.8.4.7 Installed equipment cost. 

IEC = (COSTCH (1 + a=) + (IMH) (LABRI) + CH(UPICR)]N 

where 

1% = installed equipment cost, $. 

LABRI - labor rate, $/ma-hour. 

UPICR = crane rental rate, $/hr. 

2.i5.5.8.5 Total bare construction cost. 

TBCC - (COSTE + COSTCW + COSTCS + IEC) (CF) 

where 

TBCC - total bare construction cost, $. 

CF - correction factor for minor cost items. 

2.15.5.8.6 Operation and maintenance material costs. 

OMMC - TBCC *qg 

where 

OMMC = operation and maintenance material costs, $/yr. 

OMXP- percentage of total bare construction cost as 
operation and maintenance material cost, percent. 

2.15.5.9 Cost Calculation Output Data. 

2.15.5.9.1 Total bare construction cost of rectangular 
clarifier, TBCC, $. 

2.15.5.9.2 Operation and maintenance costs, OMMC, $. 
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2.15.6 

2.15.6.1 

2.15.6.1.1 

2.15.6.1.1.1 

2.15.6.1.1.2 

2.15.5.1.2 

2.15.6.2 

2.15.6.2.1 

2.15.6.2.2 

2.15.6.2.2.1 

2.15.6.2.2.2 

2.15.6.2.3 

2.15.6.2.4 

2.15.6.2.4.1 

2.15.6.2.4.2 

2.15.6.2.5 

2.15.6.2.6 

2.15.6.3 

2.15.6.3.1 

Secondary Clarification - Circular 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Peak flow, mgd. 

Mixed liquor suspended solids, mg/l. 

Design Paraneters. 

Solids loading rate (lb/ft2/day) (30 lb/ ft'/day). 

Surface overflow rate. 

Small plants 600 gal/ f t2/ day. 

Larger plants 800 gal/ft2/day. 

Sludge specific gravity fran Table 2.15-3. 

Underflow concentration (UC), percent. 

For activated sludge UC = 0.8-1.2 percent. 

For trickling filter UC = 2-4 percent. 

Weir overflow rate - lO,OOO-15,000 gpd/ft/day. 

Detention time - 2-4 hr. 

Process Design Calculations. 

Select a solids Loading rate and calculate the 
surface area. 

1 @==I (8.34 
SA = SLR 

where 

SA = surface area, ft2. 

Q avg = average flow, mgd. 

MLSS = mixed liquor suspended solids, mg/l. 

SLR = solid loading rate, 2 lb/ft /day. 
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2.15.6.3.2 Check the maximum overflow rate. 

where 

OFR = maxinun overflow rate, gal/f t 2 /day, 

B - peak flow, mgd. 

SA = surface area, ft 2 . 

If OFR is within range, proceed to next step; if OFd is outside 
range, assume OFR and recalculate SA as follows. 

Q x10 6 

SA- ’ OFR 

2.15.6.3.3 Amme detention time and calculate volume. 

where 

V - volme, ft3. : ’ 

Q =g * average daily flow, mgd. 

t = detention tfme, hr. 

2.15.6.3.4 Calculate side water depth. 

SWD = + 

where 

SWD - side water depth, ft. 

V = volume, ft3. 

SA - surface area, ft2. 

2.15.6.3.5 
length. 

Select weir overflow rite and calculate weir 

Q x10 6 

WL- p WOFR 
where 
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WL = weir length, ft. 

B = peak flow, mgd. 

WOFR = weir overflow rate, gal/ft/day. 

2.15.6.3.6 Effluent Characteristics. 

2.15.6.3.6.1 BOD. Specify a BOD5 r-oval rate or select a ranoval 
rate frun Figure 2.15-3. 

BODE = (BODI) (1 - s) 

‘e - (BODSI) 

If BODE < Se set BODE = Se 

BODE = effluent BOD 5 concentration, mg/l. 

BODI =I influent B0D5 concentration, mg/l. 

BODR = BOD5 renoval rate, X. 

'e = effluent soluble BOD5 concentration, mg/l. 

BODSI = influent soluble BOD 5 
concentration, mg/l. 

2.15.6.3.6.2 COD. 

CODE - 1.5 (BODE) 

CODSE = 1.5 (Se> 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent BOD 5 concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

‘e = 
effluent soluble BOD5 concentration, rndl, 

2.15.6.3.6.3 Suspended solids. 

SSE = (SSI) (1 - +$$ 

SSE = effluent suspended solids concentration, mg/l. ' 
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SSI - influent suspended solids concentration, mg/l. 

SSR - suspended solids,"r'aaoval rate, X. 

2.15.6.3.6.4 Nitrogen. 

TKNE - (TKN) (l- EF) 

If TKNE < NH3E set TKNE - NH3E 

where 

TKNE = effluent total Kjedahl nitrogen concentration, q/l. 

TKN - influent total Kjedahl nitrogen concentration, mg/l. 

NH3E - effluent anmonia nitrogen concentration, mg/l. 

TKNR - total Kjedahl nitrogen renoval rate, X. 

2.15.6.3.6.5 Phosphorus 

P04E - (PO4) (1 - +) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4 - influent phosphorus concentration, mg/l. 

PO4R - phosphorus removal rate, X. 

2.15.6.3.6.6 Oil and Grease 

OAGE - OAG 

where 

OAGE - effluent oil and grease concentration, mg/l. 

OAG - influent oil and'grease concentration, mg/l. 

2.15.6.3.6.7 Settleable Solids. 

where 

.- SE&O - 0.0 

SETS0 = effluent settleable solids. 
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2.15.6.4 

2.15.6.4.1 

2.15.6.4.2 

2.15.6.4.3 

2.15.6.4.4 

2.15.6.4.5 

2.15.6.4.6 

2.15.6.4.7 

2.15.6.4.8 

2.15.6.4.9 

2.15.6.4.10 

2.15.6.5 

2.15.6.5.1 

Process Design Calculations Output Data. 

Solids loading rate, lb/ft2/day. 

Surface area, ft2. 

Overflow rate, gal/ft2/day. 

Detention time, hr. 

Weir overflow rate, gal/ft/day. 

Tank side water depth, ft. 

Weir length, ft. 

Volme of wasted sludge, gal/day. 

Underflow concentration, percent. 

Effluent total BOD, mg/L. 

Quantities Calculations. 

Unit selection. The nunber of units to be employed 
depends upon the wastewater quantity to be handled. The following 
assumptions will be followed in the determination of nunber of units, N. 

Flow Range 
MW Q, Number of Units 

0.5 1.0 2 

1.0 10.0 2 

10.0 24.0 4 

24.0 50.0 8 

50.0 70.0 12 

70.0 100.0 16 

2.15.6.5.1.1 When Q is larger than 100 mgd, the systaa will be 
designed as several b%!eries of units. 

2.15.6.5.1.2 If 100<Qav 
a 

200 
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Nuaber of process batteries, NB, would be 2. 

The systm wouldL be designed as two identical batteries 
with flow to each battery at Qav 4 

2. 

Select the number of units per battery as described 
above using flow to be Q, 4 

2. 

2.15.6.5.1.3 If Q > 200 
=g * 

Number of proce9s batteries, NB, would be 3. 

The spsten would be designed as three identical batteries 
with flow to each battery at Q,$3. 

Select the number of units per battery as desc,ribed above 
using flow to be Q, 

4 
3. 

2.15.6.5.2 Sizing individual unit. 

2.lS.6.5.2.1 The surface area of each unit. 

where 

SAU - surface area per unit, sq ft. 

N - nmber of units. 

2.15.6.5.2.2 The diameter of each uuit. * 

l SAU 
y” - 43 1416 . 

If DIA is not an integer, use the next larger integer. 

where 

DIA - diameter of the unit, ft. 

2.15.6.5.2.3 The available sizes fran off-theshelf item range 
fran 10 ft to 200 f t; so if the calculated DIA is larger than 200 
ft, the number of units will have to, be increased to N - N + 1. 

2.15.6.5.3 Earthwork required for construction. 

V - (1.15) N (0.035 (Du)3 + 4.88 (DXA)’ + 77 (DLA) + 3501 
ew 

where 

V ew - earthwork required for construction, cu ft. 

1.15 = addition of 1,5X more for safety factor. 
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2.15.6.5.4 Reinforced concrete quantities. 

2.15.6.5.4.1 Reinforced concrete slab quantity, Vcsn, for one 
tank. 

t 
V csn - (0.825) (DIA + 4)2 ' (e) 

where 

V cs = quantity of R.C. slab in-place, cu ft. 

t s = thickness of the slab, inches, can be obtained by 

53 
= 7.9 + 0.25 SWD s 

where 

SWTI = sidewater depth, ft. 

2.15.6.5.4.2 
tank. 

Reinforced concrete wall quantity, Vcm, for one 

tW 
V 

CWIl 
= (3.14) (SWD + 1.5) l @IA) (12) 

where 

V 
CWn 

= quantity of R.C. wall in-place, cu ft. 

tW 
= wall thickness, inches, and can be estimated by 

t 
W 

= 7 + (0.5) (SWD) 

2.15.6.5.4.3 Quantity of concrete for splitter boxes, V cb 

V cb 
i 100 l N1*13 

V 
cb = quantity of R.C. for splitter box, cu ft. 

N - nunber of units. 

2.15.6.5.4.4 Total quantity of R.C. in-place. 

Wall: Vcw = [ N  l Vctm + Vcb] l NB 

Slab: Vcs = [N ' Vcsn] l NB 

2.15.6.5.5 Calculate maintenance manpower requireuents. 
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. . 

2.15.6.5.5.1 If SA is less than 1000 sq ft, then the maintenance 
manpower required is: 

MMEI - 200 

2.15.6.5.5.2 If SA is between 1000 and 3000 sq ft. then the 
maintenance manpower required is: 

MMH - 30.3 (SA)0*2733 

2.15.6.5.5.3 If SA is greater than 3000 sq ft. then the mai* 
tenance manpower required is: 

MMi = 2.05 (SA)0'6098 

where 

MME = maintenance m-power required, man-hours/yr. 

SA - Surface area, sq ft. 

2.15.6.5.6 Calculate operation manpower required. 

2.15.6.5.6.1 If SA is less than 1000 sq ft, then the operations 
danpower required is: - 

OMH - 350 

2.15.6.S.6.2 If SA is between 1000 and 3000 sq ft, then the 
operation manpower required is: c 

OMH - 37.1 (SA)003247 

2.15.6.5.6.3 If ASA is greater than 3000 sq ft, then the opera 
tion manpower required is: 

OMH - 4.0 (SA)“‘6020 

where 

OMH - operation manpower required, man-hours/ yr. 

2.15.6.5.7 Calculate electrical energy required. 

2.15.6.S.7.1 If SA is less than 1670 sq ft. then the electrical 
energy required is: 

m - 7500 

2.15.6.5.7.2 Zf SA is between 1670 and 16,700 sq ft. then the 
electrical energy required is: 
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KWH = 2183.3 (SA) 
0.1663 

2.15.6.5.7.3 If SA is greater than 16,700 sq ft, then the 
electrical energy required is: 

WEI = 38.4 (7SA)"*5818 

where 

K?IJH - electrical energy required, kwhr/yr. 

2.15.6.5.8 Other operation and maintenance material costs. 
This iten includes repair and replacanent material costs and 
other minor costs. It is expressed as a percent of the total 
bare construction cost of the sedimentation system. 

OMMP -1% 

where 

OMMP = percent of sedimentation systaa total bare construction 
costs for operation and maintenance material supply. 

2.15.6.5.9 Other construction cost itens. 

2.15.6.5.9.1 Fran the above estimation, approximately 85 
percent of the construction costs have been accounted for. 

2.15.6.5.9.2 Other minor cost itens such as piping, site 
cleaning, control panel, etc., would be 15 percent of the total 
installed cost. 

2.15.6.5.9.3 The correction factor would be: 

CF - -& = 1.18 

CF = correction factor for other minor coat items. 

2.15.6.6 Quantities Calculations Output Data. 

2.15.6.6.1 Surface area, SA, sq ft. 

2.15.6.6.2 Number of units, N. 

2.15.6.6.3 Number of batteries, NB. 

2.15.6.6.4 Surface area per unit, SAU, sq ft. 

2.15.6.6.5 Diameter of unit, DIA, ft. 

2.15-41 



2.15.6.6.6 

2.15.6.6.7 
ft. 

2.15.6.6.8 
ft. 

2.15.6.6.9 

2.15.6.6.10 

2.15.6.6.11 

2.15.6.6.12 
OMMP, percent. 

2.15.6.6.13 

2.15.6.7 

2.15.6.7.1 

2.15.6.7.2 

2.15.6.7.3 

2.15.6.7.4 

Earthwork required, Vew, cu ft. 

Total quantity of R.C. wall required, Vcw, cu . 

Total quantity of R.C. slab required, Vc3, cu 

Maintenance manpower required, MMi, man- houdyr. 

Operation manpower required, OMH, mawhour/yr. 

Electrical energy required, XWH, kwhr/pr. 

Other operation and maintenance material costs, 

Correction factor for construction costs, CF. 

Unjt Price Inputs Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall in-place, UPSCW, $/cu yd. 

Cost of R.C. slab in-place, UPICS, $/cu yd. 

Standard size clarifier mechanism (9sft dlaetet) 
cast, COST& $ (optional). 

2.15.6.7.5 Mrshall and Swift Equipment Cost Index, MSECI. 

2.15.6.7.6 Equipment installation labor rate, LABRI, $/man- 
hour. 

2.15.6.7.7 Crane rental rate, UPICR, $/hour. 

2.15.6.8 Cost Calculations. 

2.15.6.8.1 Cost of earthwork. 

where 

COSTE - 'ew ' UPIEX 
27 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX = ullft price input for earthwork, $/cu yd. 
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2.15.6.8.2 Cost of R.C. wall in-place. 

COSTCW = 'cw l UPICW 
27 

where 

cosTcw = cost of R.C. wall iwplace, $. 

V cw - quantity of R.C. required for walls, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/ 
cu yd. 

2.15.6.8.3 Cost of R.C. slab ieplace. 

cosTcs -  vcs l UPICS 
27 

where 

COSTCS = cost of R.C. slab in-place, $. 

V 
CS 

= quantity of R.C. required for slab, cu ft. 

UPZCS = unit price input for R.C. slab in-place, 
$/cu yd. 

2.15.6.8.4 Cost of installed equipment. 

2.15.6.8.4.1 Purchase cost of clarifier equipment. The purchase 
cost of the clarifier mechanism can be obtained fran the following 
equation: 

COSTRO cosTc?f - COSTES x - 100 

where 

COSTCX = purchase cost of mechanism with diaeter of DIA ft, 
$. 

COSTES = purchase cost of standard size mechanism with diameter 
of 90 ft, $. 

COSTRO - cost of mechanism with dianeter of DIA ft, as percent 
of cost of standard size mechanism, percent. 

2.15.6.8.4.2 Calculate COSTRO. 

COSTRO = 2.16 (D,>o.a515 

2.15.6.8.4.3 Cost of standard size mechanism. The cost of the 
mechanism for a 90-ft diameter clarifier for the first quarter 
of 1977 is: 

2.15-43 



COSTES - $75,000 

For better COW L estimation, COSTES should be obtained fran equipment 
vendor and treated as a unit price input. If COSTES is not treated as a 
unit price input, the cost will be autanaticallp updated by using the 
Marshall and Swift Equipment Cost Index. 

COSTES - 75,000 . MSECI 
491.6 

where 

MSECf - current Marshall and Swift Equipment Cost Index 
fran Input. 

491.6 - Marshall and Swift Cost Index 1st quarter 1977. 

2.&6.8.4.4 Installation man-hours for clarifier mechanism. The ma- 
hour requirement for field erection of clarifier mechanism can be 
estimated by: 

IMH - 2.04 (DIA) 

where 

IMH - installation ma-hour requirement, man-hours. 

2.15.6.8.4.5 Crane requfrenent for installations, CH. 

CH - (0.1) ma 

where 

CH - crane time requiranent for installation, hr. 

2.15.6.8.4.6 Other minor costs associated with the installed equip 
ment. This category includes the cost for electrical controls, influent 
pipe, effluent weirs, scull baffles, special materials, painting, etc., 
and can be added as percent of purchase equipment cost. 

PMINC - 152 

where 

PMfC = percentage of purchase cost of equipment as minor 
costs, percent; 

2.15.6.8.4.7 Ins talled equipment costs. 
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IEC = (N) (YB) [cos~cs [ 1 + 31 + (Im) (La=) + KH) W’ICR) 1 

where 
IEC = installed equipment costs, $. 

LABRI = labor rate, $/man-hour. 

UPlCR = 

2.15.6.8.5 

crane rental rate, $/hr. 

Total bare construction cost. 

TBCC - (COSTE+ COSTCW + COSTCS + IEC) (CF) 

where 

TBCC = total bare construction cost, $.. 

CF = 

2.15.6.8.6 

where 

omc = 

OMMP = 

2.15.6.9 

2.15.6.9.1 
TBCC, $. 

2.15.6.9.2 

correction factor for minor cost items. 

Operation and maintenance material costs. 
OrQJIP 

OMMC = TBCC x 100 

operation and maintenance material costs, $/yr. 

percentage of total bare construction cost as operation 
and maintenance material costs, percent. 

Cost Calculations Output Data. 

Total bare construction cost of the circular clarifier, 

Operation and maintenance material costs, OMMC, $. 
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2.15.7 

2.15.7.1 

2.15.7.1.1 

2.15.7.1.1.1 

2.15.7.1.1.2 

2.lS.7.1.2 

2.15.7.2 

2.15.7.2.1 

2.15.7.2.2. 

2.15.7.2.2.1 

: 2.15.7.2.2.2 

2.15.7.2.3 

2.15.7.2.4 

2.i5.7.2.4.1 

2.15.7.2.4.2 

2,15.7.2.5 

2.15.7.2.6 

2.15.7.3 

2.15.7.3.1 
surface area. 

where 

Secondary Clarification - Rectangular. 

Input Data. 

Wastewater flow. 

Average daiLp flow, mgd. 

Peak flow, mgd. 

Mixed Liquor suspeuded sol ids, mg/ 1. 

Design Paraneters. 

Solids Loading rate (lb/ft2/day) ( 30 lb/ ft2/day). 

Surface 0verfiow rate. 

SumLL plants 600 gal/ f t2/ day. 

Larger plants 800 gal/ f t2/ day. 

Sludge specific gravity from Table 2.15-3. 

Underflow concentration (UC), percent. 

For activated sludge UC - O.&L.2 percent. . 

For trickling .fiLter UC - 2-4 percent. 

Weir overflow rate - 10,00&15,000 gpd/ft/day. 

Detention tfme - 2-4 hr. 

Process Design CaLcuLatioas. 

Select a solids loading rate and cafculate the 

O=S) (8.34) 
SA - SLR 

, 

3 
SA - surface area, ft’. 

c! 
avg 

= average flow, mgd. 

MISS - mixed Liquor suspended sol ids, mg/ 1. 

SLR - solid Loading rate, 2 lb/ft /day. 
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2.15.7.3.2 Check the matium overflow rate. 

Q x lo6 
OFR = ' SA 

where 
OFR = maximum overflow rate, gal/ft2/dap. 

B = peak flow, mgd. 

SA = surface area, ft 2 . 

If OFR is within range, proceed to next step; if OFR is outside 
range, assume OFR and recalculate SA as follows. 

Q, x lo6 
SA = OFR 

2.15.7.3.3 Assume detention time and calculate volume. 

v= (Q,,) (106) 2 1 7.48 

where 

V = volume, ft3. 

Q avg 
= average daily flow, mgd. 

t - detention time, hr. 

2.15.7.3.4 Calculate side water depth. 

SWD - =& 

where 

SWD = side water depth, ft. 

V = volume, ft3. 

SA = surface area, ft 2 . 

2.15.7.3.5 Select weir overflow rate and calculate weir 
length. 

Q, x lo6 
wT.J= - WOFR 

where 

I& = weir length, ft. 

B 
= peak flow, mgd. 

WOFR = weir overflow rate, gal/ft/day* 

2.15947 



2.15.7.3.6 Effluent Characteristics. 

2.15.7.3.6.1 BOD. Specify a BOD5 removal rate or select a removal 
rate fran Figure 2.153. 

BODE - (BODI) (1 - 2) 

S e - (BODSI) 

If BODE < Se set BODE = Se 

where 

BODE - effluent B0D5 concentration, mg/ 1. 

BODI - influent BOD5 concentration, mg/l. 

BODR = BOD5 removal rate, X. 

‘e - effluent soluble BOD5 concentratfon, ms/ 1. 

BODSI - influent soluble BOD5 concentration, mg/ 1. 

2.15.7.3.6.2 COD. 

CODE - 1.5 (BODE) 

CODSE - 1.5 (Se) 

where 

CODE = effluent COD concentration, rnd 1. 

BODE = effluent BOD5 concentration, mg/ 1. 

CODSE = effluent soluble COD concentratioa, mg/ 1. 

‘e = effluent soluble BOD5 concentration, mg/l. 

2.15.7.3.6.3 Suspended solids. 

SSE - (SSI) (1 - # 

where 

SSE - effluent suspended solids concentration, mg/l. 

SSI - influent suspended solids concentratiot, mg,/l. 

SSR = suspended solids removal rate, X. 
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2.15.7.3.6.4 Nitrogen. 

TKNE = UK-M (1 - +$+ 

If TKNE < NH3E set TKNE = NH3E 

where 

TKXE = effluent total Kjedahl nitrogen concentration, mg/l. 

TKN = influent total Kjedahl nitrogen concentration, mg/l. 

NH3E - effluent ammonia nitrogen concentration, mg/l. 

TKIIR = total Kjedahl nitrogen removal rate, %. 

2.15.7.3.6.5 Phosphorus 

PO4E * (PO4) (1 - y$) 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

- PO4R = phosphorus removal rate, %. 

2.15.7.3.6.6 Oil and Grease 

OAGE = OAG 

where 

OAGR = effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

2.15.7.3.6.7 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 = effluent settleable solids. 

2.1449 



2.15.7.4 

2.15.7.4.1~ 

2.15.7.4.2 

2.13.7.4.3 

2.E5.7.4.4 

2.15.7.4.5 

2.15.7.4.6 

2.15.7.4.7 

, 

Process Design Calculations Output Data. 
2 Solids loading rate, lb/ft /day. , 

Surf-ace area, ft2. 

dveiflow rate, 2 gal/ft /day. 

Detentioa tfine, hr. 

Weir overflow rate, gal/ft/day. 

Tank side water depth, ft. 

Weir length, aft. 

Volume of wasted sludge, gal/day. 

Underflow concentration, percent. 

Effluent total BOD, a&l. 

Quantities Calculations. . 

Calculate aunber and size of units. Zt is assumed 

2.15.7.4.8 

2.15.7.4.9 

2.15.7.4.10 

2.15.7.5 

2.15.7.5.1 
that the units will be 20 ft wide and till be a maximum of 260 ft 
in length. The minlmum amber of units that will be used is 2. 

Begin with N - 2; if L is greater than 260, then try’N - N + 1 and 
repeat until L is less than 260. If L is not an integer, use the 
next larger integer. 

where 

L - length of rectangular clarifier, ft. 

N - nunber of rectangular clarifiers. 

2.15.7.5.2 Earthwork required for construction. The volume of 
earthwork required for rectangular clarifiers can be estimated by 
the following equation. 

v ew = N[69,3L + 4/;(660L2 + 8580L + 19,800) ‘l/2 + 9881 
, 

where 
,’ 

v ew - vol,me of earthwort required for construction, cu ft. 
,' 
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2.15.7.5.3 Reinforced concrete quantities. 

2.15.7.5.3.1 Reinforced concrete wall quantities. 

V =V +v +v iec + v 
CW ew SW ts 

V ew = (44.7 SWD + 134)M 

V SW = [lo SWD + (SWD) (L) + 1.52, + 301 (3 + 1) 

V iec - 220 N 

V 
ts - (90 + 2L) N 

where 

V cw = total volume of R.C. wall in-place, cu ft. 

V ew = volume of R.C. wall for end walls, cu ft. 

V sw - volume of R.C. wall for side wall, cu ft. 

V iec = volume of R.C. wall for influent and effluent channels, 
cu ft. 

V ts = volume of R.C. wall for top slab, cu ft. 

SWD = side water depth, ft. 

L = length of clarifier, ft. 

N = nunber of clarifiers. 

2.15.7.5.3.2 Reinforced concrete slab quantity. 

V cs = N(22L + 150) 

where 

V cs = quantity of R.C. wall slab in-place, cu ft. 

2.15.7.5.4 Calculate maintenance manpower requirements. 

2.15.7.5.4.1 If SA is less than 1000 sq ft, then the maintenance 
manpower required is: 

MMH = 200 
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2.1X7.5.4.2 If SA is between 1000 and 3000 sq ft, then the 
maintenance manpower required is: 

MNH - 30.3 (SA)“*z733 

2.15.7;5,4.3, If SA is greater than 3000 sq ft, then the main- 
tenance.matipower required is: 

MMEl - 2.05 (SA)0*6098 

where 

MM vnaintqnance :- i 
manpower required, maehours/yr. 

SA - surface area, sq ft. Y 
2.15.7.3.5 Calculate oderation manpower required. 

, 
~.lS.7.S.S.l If SA Is less than 1000 sq ft. then the operation 
manpower required is: 

; 
! ‘I 

0Kl.l - 350 

2X5.7.5.5.2 If SA is between 1000 and 3000 sq ft. then the 
operation manpower required Is: 

J 

OMH - 37.1 (SA)003247 
I 

2.15.7.5.5.3 Ii SA is greater than 3000 sq ft, then the ape 
ration manpower required is: 

OMH - 4.0 (SA)oo6020 

where 

OMH - operation manpower required, man-hours/yr. 

2.15.7.5.6 Calculate electrical energy required. 

2.15.7.5.6.1 If SA is less than 1670 sq ft, then the electrical 
energy required is: 

KWH - 7500 

2.15.7.5.6.2 If SA is greater than l6.700 sq ft, then the 
electrical energy required is: 

KWH = 2183.3 (SA)"*1663 
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2.15.7.5.6.3 If SA is greater than 16,700 sq ft, then the electrical 
energy required is: 

KWK = 38.4 (s*)“*5818 

where 

KVK = electrical energy required, kwhr/yr. 

2.15.7.5.7 Other operation and maintenance material costs. This ften 
includes repair and replacement material costs and other minor costs. 
It is expressed as a percent of the total bare construction cost of the 
sedimentation system. 

OMMP =1x 

where 

OM.?lP - percent of sedimentation systga total bare construction 
costs for operation and maintenance material supply. 

2.15.7.5.8 Other construction cost itans. 

2.15.7.5.8.1 Fran the above estimation approximately 85 percent of 
the construction costs have been accounted for. 

2.15.7.5.8.2 Other minor construction costs such as piping, site 
cleaning, control panel, etc., would be 15 percent of the total con- 
struction costs. 

CF 
1 

- - = 1.18 0.85 

where 

CF - correction factor for other minor cost items. 

2.15.7.6 Ouantities Calculation Output Data. 

2.15.7.6.1 Surface area, SA, sq ft. 

2.15.7.6.2 Number of units, N. 
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2.15.7.6.3 Surface area per unit, sq ft. 

2.15.7.6.4 Length of units, L, ft. 

2.15.7.6.5 Earthwork required, V,,, cu ft. 

2.15.7.6.6 Quantity of R.C. wall required, Vcv’ cu ft. 

2.15.7.6.7 Quantity of R.C. slab required, Vcs, cu ft. 

2.15.7.6.8 Maintenance manpower required, NMEI, man-hours/yr. 

2.15.7.6.9 Operation manpower required, OMH, man-hours/yr. 

2.15.7.6.10 Electrical energy required, KWH, kwhr/yr. 

2.15.7.6.11 Other operation and maintenance material costs, OMXP, 
percent. 

2.15.7.6.12 Correction factor for construction costs, CF. 

2.15.7.7 Unit Price Input Required. 

2.15.7.7.1 Cost of earthwork, COSTE, $/cu pd. 

2.15.7.7.2 Cost of R.C. wall in-place, UPXCW, $/cu yd. 

2.15.7.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.15.7.7.4 Standard rectangular clarifier mechanism cost, COSTRC, $ 
(optional). 

2.15.7.7.5 Marshall and Swift Equipment Cost Index, MSECI. 

2.15.7.7.6 Equipment installation labor rate, LABRI, $/man-hours. 

2.15.7.7.7 Crane rental rate, UPICR, $/hr. 
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2.15.7.3 Cost Calculations. 

2.15.7.3.1 Cost of earthwork. 
V ew UPIEX COSTE + 27 

where 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.15.7.3.2 Cost of R.C. wall in-place. 
V cw UPXCW COSTCW - 27 

where 

COSTCW = cost of R.C. wall in-place, $. 

v cw = volume of R.C. required for walls, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu yd. 

2.15.7.8.3 Cost of R.C. slab in-place. 

COSTCS = %s (UPICS) 
27 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs = volume of R.C. required for slab, cu ft. 

UPICS = unit price input for R.C. Slab ieplace, $/cu yd. 

2.15.7.8.4 Cost of installed equipment. 

2.15.7.3.4.1 Purchase cost of clarifier equipment. The purchase 
cost of the rectangular clarifier mechanism can be obtained fran 
the following equation. 

where 

COSTCM = COSTES l COSTRO 
100 

COSTCM = purchase cost of mechanism 20 ft wide and length L 
feet, $. 
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COSTRC = purchase cost of standard size mechanism 20 ft wide 
and 120 ft long, $. 

COSTRO = cost of mechanism of length L as a percent of cost of 
the standard size mechanism, percent. 

2.15.7.8.4.2 Calculate COSTRO. 

COSTRO = (.31) (L) + 63 

2.15.7.8.4.3 Cost of standard size clarifier mechanism. The 
cost of the mechanism for a clarifier 20 ft wide and 120 ft long 
for the first quarter of 1977 is: 

COSTRC - $42,000 

For better cost estimation, COSTRC should be obtained fran equip 
ment vendors and treated as a unit price input. If COSTES is not 
treated as a unit price input, the cost will be automatically 
updated by using the Marshall and Swift Equipment Cost Index. 

MSECI COSTRC - 42,000 4g1.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Cost Index 1st quarter, 1977. 

2.15.7.8.4.4 Installationman-hours for clarifier mechanism. 
The man-hour requirement for field erection of clarifier mechanism 
can be estimated by: 

IMH = 0.978 (L) + 80 

where 

IMH - installation man-hour requirment for clarifier 
mechanism, man-hours. 

2.15.7.8.4.5 Crane requirement for installation. 

CH = (.05) mm 

where 

CH = crane time requiranent for installation, hrs. 

2.15.7.8.4.6 Other minor costs associated with the installed 
equipment. This category includes the cost of electrical wiring, 
drive unit assembly, tee rails, painting, etc., and can be added 
as a percent of the purchased equipment cost. 
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PMINC = 15% 

w'here 

PMIX = percentage of purchase cost of equipment as minor 
costs, percent. 

2.15.7.8.4.7 Installed equipment cost. 

IEC = [COSTCX (1 + PMINC) + (IMH) (LABRI) + CH(UPICR)]?J 
100 

where 

IEC = installed equipment cost, $. 

LAfZRI - labor rate, $/man-hour. 

UPICR = crane rental rate, $/hr. 

2.15.7.8.5 Total bare construction cost. 

where 

TBCC = 

CF = 

2.15.7.8.6 

where 

OMMC = 

OMXP = 

2.15.7.9 

2.15.7.9.1 

TBCC = (COSTE + COSTCW + COSTCS + IEC) (CF) 

total bare construction cost, $. 

correction factor for minor cost items. 

Operation and maintenance material costs. 
OMMP OMMC = TBCC 100 

operation and maintenance material costs, $/yr. 

percentage of total bare construction cost as operation 
and maintenance material cost, percent. 

Cost Calculation Output Data. 

Total bare construction cost of rectangular cla- 
rifier, TBCC, $. 

2.15.7.9.2 Operation and maintenance costs, OMMC, $. 
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2.17 DENITRIFICATION 

2.17.1 Background. 

2.17.1.1 Nitrogen in wastewater can exist in four forms: organic 
nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate nitrogen. 
The prevalent forms present in untreated sewage are organic nitro- 
gen and ammonia nitrogen. Organic nitrogen exists in both soluble 
and particulate forms. 

2.17.1.2 Discharge of ammonia nitrogen to a receiving strean 
causes depletion of the strean's dissolved oxygen content as the 
ammonia nitrogen is oxidized to nitrate. In addition, ammonia 
nitrogen can adversely affect fish life under certain environ- 
mental conditions. As a result, many wastewater treatment plants 
employ a nitrification process to convert ammonia nitrogen to 
nitrate nitrogen prior to discharge. Nitrification is a bio- 
logical oxidation process which can be performed in either a 
suspended or attached growth mode. 

2.17.1.3 However, the nitrogen in nitrate is available as a 
nutrient for biological growth. Thus, the discharge of nitrate 
can contribute to biostimulation of surface waters, resulting in 
affects such as algal bloans and eutrophication. As a result, a 
denitrification system must be enployeed at certain treatment 
plants. The biological process of denitrification involves the 
conversion of nitrate nitrogen to a gaseous nitrogen species. The 
gaseous product, which is relatively unavailable for biological 
growth, is primarily nitrogen gas but also may contain sane - 
quantities of nitrous oxide or nitric oxide. 

2.17.1.4 Denitrification is a two-step biological process. 
Nitrate is converted to nitrite, which.in turn is reduced to 
nitrogen gas. This twcrstep process is termed "dissimilation". A 
relatively broad range of bacteria, including Psuedauonas, Micro- 
cactus, Archrcmobacter and Bacillus, can accomplish denitrifi- 
cation. These bacteria can use either nitrate or oxygen to 
oxidize organic material. Since the use of oxygen is more ener- 
getically favorable than nitrate, denitrification must be COW 
ducted in the absence of oxygen (anoxic condition) to ensure that 
nitrate, rather than oxygen, is used in the oxidation of the 
organic material. 

2.17.1.5 In order for denitrification to occur, a carbon source 
must be available for oxidation. Since the process typically 
occurs after carbonaceous material in the raw wastewater has been 
renoved, an external carbon source must be added to the deni- 
trification system. Since methanol (CH OH) is the carbon source 
most often used in practice, its use wi 1 i! be incorporated in this 
model. It is important that only sufficient m,-.thanol is added in 
denitrification to accanplish the nitrate removal, as excess 
dosing causes organics to appear in the effluent unless control 
measures are taken. 
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2.17.1.6 The two-step conversion of nitrate nitrogen to nitrogen 
gas occurring in the denitrification process is represented by 
Equations 1 and 2. Equation 3 is the overall reaction, and is the 
su~l of Equations 1 and 2. The chemical reaction for synthesis of 
the denitrifying organisms is presented in Equation 4. 

(1) NO; + 0.33 CH30HeNO; + 0.67 H20 + 0.33 CO2 

(2) NO; + 0.5 CH30H*0.5 N2 + 0.5 CO2 + 0.5 H20 +OH-' 

(3) NO; + 0.83 CE130H-.0.5 N2 + .83 CO2 + 1.17 H20 + OH-‘ 

(4) 3NOj + 14 CH30H + 4 H2C03+3 C5H702N + 20H20 + 3 HCO; 

2.17.1.7 The theoretical methanol requirement for nitrate reduc- 
tion and cell synthesis is calculated as 2.47 mg methanol per mg 
nitrate nitrogen. However, additional methanol is needed for 
reduction of any nitrite present and elimination of any remaining 
oxygen. These factors increase the required methanol dosage to a 
value of 3 mg methanol per mg nitrate nitrogen. 

2.17.1.8 The pH affect of denitrification must be examined. In 
the conversion of nitrate nitrogen to nitrogen gas, bicarbonate is 
produced and the carbonic acid concentration is reduced, thus 
increasing the wastewater alkalinity. This increase is estimated 
to be 3.0 mg alkalinity (CaC03) produced per mg nitrogen reduced. 

2.17.1.9 As a result, denitrification will tend to at least 
s partially reverse the pH depression occurring in the nitrification 

process. It has been determined that the highest-denitrification 
rates occur in the pH range fran 7.0 to 7.5. Denitrification 
rates are depressed below pH 6.0 and above pH 8.0. 

2.17.1.10 The model of denitrification will include both suspended 
and attached modes of operation. A canmon assumption for both 
systems is that the influent to the process is a nitrified secon- 
dary effluent. 

2.17.2 General Description Attached Growth Denitrification. 

2.17.2.1 Several different attached growth processes are availa- 
ble for denitrification. Most schenes use an upflow configuration 
with the media submerged. Reactors are classified as either 
packed bed or fluidized bed types. Packed bed media can be high- 
porosity plastic modules and dunped rings or lo+porosity fine 
media. Fluidized bed units use higkporosity fine media. The 
system investigated in this study will be a submerged, packed bed 
reactor filled with high porosity corrugated plastic sheet modules. 
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2.17.3 General Description Suspended Growth Denitrification. 

2.17.3.1 Suspended growth systems should be operated in the plug 
flow raode. The contents of the denitrification reactor must be 
kept mixed, but not aerated. Liquor fran the reactor must receive 
clarification in order to collect bianass for return to the 
reactor vessel and to produce a clear effluent fran the process. 
Because the nitrogen gas released in the process often becanes 
attached to the biological solids, a nitrogen release step is 
included between the reactor and the sedimentation facilities. 
The removal of the attached nitrogen gas bubbles can be performed 
either in aerated channels connecting the biological reactor to 
the sedimentation facilities or in a separate tank in which the 
biological solids are aerated for a short period of time. 

2.17.4 

2.17.4.1 

2.17.4.1.1 

2.17.4.1.2 

2.17.4.1.3 

2.17.4.1.4 

2.17.4.1.5 
N)eff 

2.17.4.1.6 

2.17.4.1.7 

2.17.4.1.8 

2.17.4.2 

2.17.4.2.1 

2.17.4.2.2 
inf. 

2.17.4.2.3 
ranoved. 

2.17.4.2.4, 

Denitriflcation (Attached Growth). 

Innut Data. 

Average wastewater flow, MGD (Qave) 

Peak wastewater flow, MGD (Qpeak) 

Wastewater temperature, OC 

Influent nitrate nitrogen, mg/l (N03-N)inf 

Allowable effluent nitrate nitrogen, mg/l (NO3- 

Wastewater dissolved oxygen content, mg/l 

Wastewater alkalinity, mg/l as CaCo3 

Water viscosity, centipoise 

Design Paraneters. 

pH 7.0 to 7.5. 

Methanol requirement = 3 lb methanol/lb (N03-N) 

Alkalinity production = 3 mg as CaCO3/mg NO3-N 

Surface rexoval rate (SR), lb nitrate nitrogen 
removed/ ft' media surface area/day. 

2.17.4.2.5 Dentrification media specific surface (SS), ft2/ft3. 

2.17.4.2.6 Dentrification media void volume (W), X. 
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2.17.4.2.7 Wastewater application rate (AR), gpm/ft2 of colon 
cross-sectional area. 

2.17.4.2.8 2 Water backwash rate = 10 gpm/ft . 

2.17.4.2.9 Denitrificationmedia depth, minimum is 8 feet. 

2.17.4.3 Process Design Calculations. 

2.17.4.3.1 Select the applicable surface removal rate (SR) for 
the minimum wastewater temperature ('C) - see Figure 2.17-l. 

2.17.4.3.2 
(TSA). 

Determine the total media surface area required 

TSA (Qpeak)(8.34) [(NO3-N)inf - (N03-N)eff] 
s 

SR 

2.17.4.3.3 
used: 

Select the media specific surface (SS) value to be 

2. 7.4.3.4 
3 ft . 

Calculate the total volume of media needed (VM) in 

TSA 
/ v”=ss 

2.17.4.3.5 
in gpm/sf. 

Select the design wastewater application rate (AR) 

2.17.4.3.6 
(CSSA) in ft2. 

Determine the total column cross-sectional area 

Q x lo6 
CSSA = avg 1440 (AR) 

2.17.4.3.7 Determine the application rate at peak flow (XRP). 

AR = Qp x lo6 
P (144Oj (CSSA) 

2.17.4.3.8 Determine the media depth (D) in ft. 

D-3 
CSSA 

2.17.4.3.9 
volume @MA). 

If D < 8; use 8' depth. Recalculate actual media 

vMA = (CSSA) (8 ') 
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2.17.4.3.10 Determine methanol requiranent (M) in lb CH30H/day. 

?I== 
3 lb CH30H 
lb (N03-N)inf * Qavo x 8.34 lb/gal x (NO30N)inf 

0 

2.17.4.3.11 Calculate alkalinity production (AP) in mg/l as CaC03. 

3 mg as CaC03 
AP= mg (N03-N) removed 

[(N03-N)inf - (N03-N)effl 

2.17.4.3.12 Calculate total water backwash requirement. 

BV = 10 (CSSA) 

2.1.7.4.3.13 Effluent Characteristics 

2.17.4.3.13.1 BOD5. The values for BOD5 are set as follows: 

BODE = 10 mg/L 

'e = 7mg/l 

where 

BODE = effluent BOD5 concentration, mg/l. 

S e = effluent soluble BOD5 concentration, mg/l. 

2.17.4.3.13.2 COD. 

CODE =I 1.5 BODE 

CODSE = 1.5 (Se) 

where 

CODE = effluent COD concentration, mg/l. 

BODE - effluent BOD5 concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 
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se = effluent soluble BOD5 concentration, ad/l. 

2.17.4.3.13.3 Suspended Solids. 

SSE - 20 mg/l 

where 

SSE - effluent suspended solids, mg/l. 

2.17.4.3.13.4 Nitrogen 

N03E is specified by user 

NOZE = 0.0 

where 

N03E = effluent NO3 concentration, mg/l. 

NO2 = effluent NO2 concentration, mg/l. 

2.17.4.3.13.5 Phosphorus 

P04E - 0.7 PO4 

where 

P04E = effluent phosphorus coucentration, mg/l. 

PO4 = influent phosphorus concentration, mdl. 

2.17.4.3.13.6 pH. 

PH = 7.2 

where 

PH = effluent pEL 

2.17.4.3.13.7 Settleable solids. 

SETS0 - 0.0 

where 

SETS0 - effluent settleable solids concentration, mg/l. 
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2.17.4.3.13.8 Oil and Grease. 

OAGE = 0.0 

where 

OAGE - effluent oil and grease concentratioa, mg/l. 

2.17.4.4 Process Design Output Data. 

2.17.4.4.1 Total media surface area required, ft2. 

2.17.4.4.2 Total media volme required, ft3. 

2.17.4.4.3 Denitrif ication column cross-section& area, ft2. 

2.17.4.4.4 Denitrification media depth, ft. 

2.17.4.4.5 Methanol requirement. 

2.17.4.4.6 Alkalinity production. 

2.17.4.4.7 Peak wastewater application rate. 

2.17.4.4.8 Total water backwash requirenents, gpm. 

2.17.4.5 Quantities Calculations. 

2.17.4.5.1 Selection of nunber of denitrification column units. The 
following rules will be used: 

Q avg-XGD 

0.5 - 2 

2-5 

s- 10 
10 - 20 

20 - 30 

30 - 40 

40- 50 

50 - 70 

70 - 100 

Number of Columns (NC) 

2 

2 

4 

6 

8 

12 

16 

24 

32 

is larger than 100 MGD, several batteries of columns will be 
next section for details. Various example layouts for a 

single battery are shown in Figure 2.17-2. 
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2.17.4.5.2 Selection of nunber of columns and number of 
batteries when Q is larger than 100 MGD. It is general prac- 
tice in designi$ofarger sewage treannent plants that several 
batteries of units, instead of a single group of units, are used. 
This is due to land availability and certain hydraulic limita- . 
tions. To simplify the modeling process, the following rules will 
be used: 

2.17.4.5.2.1 When Q avgs 100 MGD, only one battery of columns 
will be used. Thus, 

NBC - 1 

where 

NBC - nunber of batteries of units. 

2.17.4.5.2.2 When 100 < Q S 200 mgd, the system will be 
designed as two identical b%eries of denitrification columns. 
Each battery would handle half of the wastewater. The nunber of 
colons in each battery would be selected according to the rules 
establish& in Section 2.17.4.5.1 (above) by using half the design 
flow as Q avg' Thus, 

NBC = 2 

2.17.4.5.2.3 When Q > 200 mgd, the design will use three 
batteries, each handlEE onethird of the wastewater. Thus, 

NBC - 3 

2.17.4.5.3 Sizing of denitrif ication columns. 

2.17.4.5.3.1 Height of columns. The overall column height is 
equal to the sum of the media depth, distribution system height 
and freeboard above the media. 

HC=UH+D+F 

where 

HC = overall column height, ft. 

UH = distribution system height, ft. 
(use 8' as default value) 

D = media depth, ft. (minimum is 8'). 

F= freeboard above media, ft. 
(use 3' as default value) 
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2.17.4.5.3.2 Length and width of columns. In all cases, each 
column will be square, so that 

where 

Lc = colon cross-sectional length, ft. 

WC = column cross-sectional width, ft. 

These values are calculated fran: 

Lc * WC = (NC 
CSSA), 0.5 

where 

CSSA = total colon cross-sectional area, sf. 

2.17.4.5.3.3 Size of piping gallery. As seen in Figure 2.17- 
2, a pipe gallery will be provided when the nunber of columns is 
equal to or larger than four. The purpose of the piping gallery 
is to house various piping systems and control equipment. The 
width of this gallery is dependent on the canplexity and capacity 
of the piping system to be housed. An experience curve is provided 
to approximate this width. It is expressed as: 

Q 
PGW = 20 + (0.3) (+g) 

where 

PCW = piping gallery width, ft. 

NBC = nunber of batteries of columns. 

2.17.4.5.3.4 Size of underdrain systan. The height of under- 
drain system was assumed to be 8'. The cross-sectional area of 
the underdrains is equal to that of the columns. Thus, 

Lu = Lc 
wu = wc 

therefore 
CSSA )Oe5 Lu = wu - ( NC 

2.17.4.5.4 Methanol feed system. 

2.17.4.5.4.1 Deternine liquid methanol feed rate. 
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M1 
sM*1 1 day 

5.9 Lb x 1440 nin 
where 

XL = Liquid methanol feed rate, gpm. 

M= methanol feed requirement (Ib/ day). 

2.17.4.5.4.2 Determine methanol storage volume. Storage should 
be provided for approximateiy three weeks. 

Vs’nt - (Ml) ( 14iiymin) (7 day) (3 weeks) 

where 

VSTR = total methanol storage volume, gal. 

2.17.4.5.5 Earthwork required for construction. It is assumed 
that column bottan would be 3 feet below ground Level. Thus, the 
earthwork required would be estimated by the following equations: 

2.17.4.5.5.1 When NC - 2, the earthwork required would be: 

V ew = 3 i(2wc + 18.5HWc+ 17) + (2Wc + 26.5) (WC + 25)) 

where 

V ew - quantity of earthwork required, cu ft. 

w 
C 

= width of each column. 

2.17.4.5.5.2 When NC - 4, 6 or 8, the width and length of the 
concrete slab for the whole column battery can be caLcul.ated by: 

LB = % (NC)(L$ + 16 

wB = 2(Wc) + PGW + 16 

when NC = 12 or 16 

LB - +I (NC)(L,) + PGW + 16 

'B - 2(wc) + PGW + 16 

when NC - 24 

LB = l/3 OWGc) + PGWt 16 

'B = 3 (WC) f 2(PGW) + 16 
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When NC = 32 

LB = l/4 (NC) (Lc) + PGW + 16 

WB = 4(wc) + 3(PGW) + 16 

The earthwork for these cases is estimated by: 

v ew - 3 x NBC [(LB + 4)(WR + 4) + (LB + 12)(WB + 12)1 

2.17.4.5.6 Reinforced concrete slab quantity, it is assumed 
that a 2' -0" thick slab will be used in this program regardless 
of the size of the systan. 

2.17.4.5.5.1 For NC = 2, 

v cs = 2.0 (2Wc + 14.5q + 131 

where 

v 
cs - R.C. slab quantity, cu ft. 

2.17.4.5.6.2 When NC 2 4 

V cs = (2) cLB) tw,) 

where 

LB = slab length, ft. 

wB = slab width, ft. 
. _ 

2.17.4.5.7 Reinforced concrete wall quantity. It is assumed 
that a 1'00" thick wall will be used in this program regardless of 
the size of the systm. 

2.17.4.5.7.1 For NC = 2. 

V cw - (HC)(7Lc) 

where 

V = R.C. cw wall quantity, cu ft. 

EC - total colon height, ft. 

LC 
= column cross-sectional length, ft. 

2.17.4.5.7.2 For NC = 4, 6 or 8 
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2.17.4.5.7.3 

2.17.4.5.7.4 

2.17.4.5.7.5 

2.17.4.5.8 

v cw = 2[(HC) (4+ 3 (F- 1)) Lcl 

For NC = 12 of 16 

v cw = 4[(HC) (4 + 3 (F - 1)) LC] 

For NC = 24 

v - 6 + - cw [(HC) (4 3 (F 1)) Lcl 

For NC = 32 

v cw - 8[(HC) (4 + 3 (F- 1)) $1 

Reinforced concrete for piping gallery slab has 
been estimated in the colon slab calculations. Ouly the concrete 
for ceilings and end slab is necessary. Assume these are 1'96" 
thick. 

2.17.4.5.8.1 I&en NC = 2 

v 
=g 

=O 

where 

v 
=g 

= quantity of R.C. for gallery construction, cu ft. 

2.17.4.5.8.2 When NC = 4, 6 or 8 
(NC) 

v - 1.5 =g (PCW) [ 
<WC> 
2 + 0.75(NC) + 1.5) 

2.17.4.5.8.3 When NC - 12 or 16 

v 
=g 

= 1.5 PCW [ + 3) WC + 0.75(X) + 1.51 

2.17.4.5.8.4 When NC - 24 

v 
=g 

= 1.5 PCW [(F + 5) WC+ 0.75(NC) + 1.51 

2.17.4.5.8.5 When NC - 32 

v 
cg 

= 1.5 PCW ((9 + 7) WC+ 0,75(NC) + 1.5) 

2.17.4.5.9 Sunmary of reinforced concrete structures. 

2.17.4.5.9.1 Quantity of concrete slab 

v cst =v cs 
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where 

v cst = total quantity of R.C. slab for the construction 
of denitrification columns. 

2.17.4.5.9.2 Quantity of concrete wall. 

v 
CWt 

=v +v 
cw =g 

where 

V cwt = total quantity of R.C. wall for the construction 
of denitrification tanks. 

2.17.4.5.10 Operation and maintenance manpower requirements. 
The manday per year requiranent is a function of the design 
average flow of the denitrification systan. 

2.17.4.5.10.1 The maintenance labor can be estimated as follows: 

When Q avg s 10 mgd 

ML = 1896.0 (Qavg)o*278 

When Q >lO MGD 
=I3 

ML = 675.2 (Q ) 0.727 
avg 

where 

WI, = maintenance labor, MH/yr. 

2.17.4.5.10.2 The operation labor can be estknated as follows: 

When Q avg S 10 mgd 

OL = 3351.2 (Qavg)o*446 

When Q,, > 10 mgd 

OL - 4344.8 (Q )0.3332 
avg 

where 

OL = operation labor, MH/yr. 

2.17.4.5.11 Energy requirements for operation. The power 
consumption for the denitrification systan is related to the 
average design flow by the following: 
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KwH= 170,000 (Qavg~o*g2 

where 

KwH= electrical energy required for operation, kwhr/yr. . 

2.17.4.5.12 Operation and maintenance material and supply cost. 
It is assumed that 0.5% of the total bare construction cost of the 
denitrification system would be required annually for the r* 
placement and repair material cost. 

2.17.4.5.13 Other construction cost items. Using the above 
calculations, 'the majority of cost itans for the denitrification 
process have been evaluated. Other cost itens, such as control 
equipment, painting, piping, site cleaning and preparation, etc., 
can be estimated as a percentage of the total bare construction 
cost. This percentage value has been shown to vary fran LO-20 
percent of the total construction cost of the systen. The value 
depends greatly on site location and systm cauplexity. For a 
generalized model, an average value of 15% would be adequate. 
Thus, 

cF-1~ 
0.85 1.18 

where 

CF = correction factor to account for the minor cost items. 

2.17.4.6 

2.17.4.6.1 

2.17.4.6.2 

2.17.4.6.3 

2.17.4.6.4 

2.17.4.6.5 

2.17.4.6.6 

2.17.4.6.7 

2.17.4.6.8 

2.17.4.6.9 

2.17.4.6.10 

2.17.4.6.11 

Quantities Calculation Output Data. 

Number of colunns, NC. 

Nunber of batteries, NBC. 

Height of columns, HC, ft. 

Length of column, Lc, ft. 

Width of colunn, WC, ft. 

Width of pipe gallery, PGW, ft. 

Length of underdrain system, Lu, ft. 

Width of underdrain system, Wu, ft. 

Earthwork required for construction, V,,, cu ft. 

Reinforced concrete slab quantity, Vcs, cu ft. 

Reinforced concrete wall quantity, Vcw, cu ft. 

2.17- 14 



2.17.4.6.12 

2.17.4.6.13 

2.17.4.6.14 

2.17.4.6.15 

2.17.4.6.16 

2.17.4.6.17 
%. 

2.17.4.7 

2.17.4.7.1 

2.17.4.7.2 

2.17.4.7.3 

2.17.4.7.4 

2.17.4.8 

2.17.4.8.1 

Reinforced concrete for pipe gallery, V 
cg' 

cu ft. 

Operation labor, OL, MH/yr. 

bintenance labor, ML, MN/yr. 

Energy requirements, KWH, kwhr/yr. 

Correction factor for minor capital cost items, CF. 

Percentage for O&M material and supply cost, OMMP, 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C, wall in-place, UPICW, $/cu yd. 

Cost of R.C. slab in-place, UPICS, $/'cu yd. 

Marshall and Swift 

Cost Calculations. 

Cost of earthwork, 

COSTE - 

Equipment Cost Index, MSECI. 

COSTE, dollars. 

v 
+ x UPIEX 

where 

COSTE = cost of earthwork, $. 

V ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, cu yd. 

2.17.4.8.2 Cost of concrete wall in-place. 

v 
COSTCW = + x UPICW 

where 

COSTCW = cost of concrete wall in-place, $. 

v 
Cbs’ 

= quantity of R.C. Wall, cu ft. 

UPICW = unit price input of concrete wall in-place, $/CU yd. 
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2.17.4.8.3 Cost of concrete slab in-place. 
v 

COSTCS -cst = 27 x UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cst = quantity of concrete slab, $/cu yd. 

UPICS = unit price input of R.C. slab in-place, $/cu yd. 

2.17.4.8.4 Cost of methanol feed systen. 

2.17.4.8.4.1 Methanol, CH OH, has a variety of names such as 
methyl alcohol, carbinol an a wood alcohol and is normally supplied 
pure (99.9%). It is a colorless liquid, non-corrosive (except to 
aluminuu and lead) at normal amospheric tanperatures. It has a 
density of 6.59 lbs per gallon at 20°C. Fire and explosion are 
primary dangers of methanol. Methanol can be received in 55 
gallon metal druns, tank wagon, tank cars or tank truck. The 
recanmended storage and feed system in municipal plants includes a 
methanol storage tank, feed pump and control system. 

2.17.4.8.4.2 Methanol feed system cost. A cost curve is used 
for this purpose. This cost curve was generated based on es- 
timated data. It gives an approximate estimate of the first 
quarter 1977 cost of methanol feed systan. Thus, the cost of 
me than01 feed systan: 

CI4AFS = +$ x 1290 (M)Oo417 

where 

CMAFS = capital cost of methanol feed system, $. 

LCAT = current EPA cost index for larger city advanced 
treatment. 

M = methanol feed rate, pounds/day. 

2.17.4.8.5 Cost of denitrificationmedia. The media cost is 
calculated by using a unit cost ($/cu ft media). This unit cost 
is $3.OO/cu ft in second quarter 1977 dollars. 

TMC = $3.00/cf (vMA) MSECI 
x491.6 

where 

'RX = total installed media cost, $. 
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t?iA = total media volume, cu ft. 

MSECI 3: current Harshall Swift Equipment Cost Index. 

2.17.4.0.6 Cost of distribution system and effluent weir troughs. 
This cost is based on a unit price of $40/sf of cross-sectional area 
based on second quarter 1977 dollars. 

CDEW - ($40/sf)(CSSA) x m . 

where 

CDEW = cost of distribution system and effluent weir troughs. 

CSSA = total colunn cross-sectional area. 

2.17.4.8.7 Other cost items. This cost includes the cost of process 
PWng, control instrumentation, site work, etc. Costs can be adjusted 
by multiplying the correction factor CF by the sum of the other costs. 

2.17.4.8.8 Total bare construction costs. 

TBCC = (COSTE + COSTCW + COSTCS + CMAFS + TMC + CDEW) x CF 

where 

TSCC = total bare construction costs, $. 

CF = correction factor for minor cost itans. 

2.17.4.8.9 Operation and maintenance material and supply cost. 

omc - (O.OOS)(TBCC) 

where 

OMXC = operation and maintenance material and supply costs, 
$/F. 

2.17.4.9 Cost Calculations Output Data. 

2.17.4.9.1 Total bare construction cost of the denitrification 
process, TBCC, $. 

2.17.4.9.2 Operation and maintenance supply and material costs, 
=c, $0 
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2.17.5 

2.17.5.1 

2.17.5.1.1 

2.17.5.1.2 

2.17.5.1.3 

2.17.5.1.4 

2.17.5.1.5 

2.17.5.1.6 

2.17.5.1.7 

2.17.5.1.8 

2.17.5.2 

2.17.5.2.1 

2.17.5.2.2 

2.17.5.2.3 

2.17.5.2.4 

2.17.5.2.5 

2.17.5.2.6 

. 

DenitrFfication (Suspended Growth). 

Innut Data. 

Average wastewater flow, mgd (Qave). 

Peak wastewater flow, mgd (Qpeak). 

Wastewater temperature, OC. 

Influent nitrate nitrogen, mg/l. (N03-N) inf. 

Allowable effluent nitrate nitrogen, ma/l (N03-N) eff. 

Wastewater dissolved oxygen content, mg/l. 

Wastewater alkalinity, mg/l as CaCo3. 

Water viscosity, centipoise. 

Design Parmeters. 

pH 7.0 to 7.5. 

MLSS (X) - 1,000 to 2,000 mg/l. 

MLVSS (X ) - 0.8X. 1 

Methanol requirement - 3 lb methanol/lb (N03-N) inf. 

Alkalinity production = 3 mg as CaC03/mg N03-N removed. 

Denitrifier gross field (Y,) = 0.6-1.2 lb VSS grown per 
lb removed. 

2.17.5.2.7 
for system 

Half saturation constant (Ko) = 0.16 mg/l N03-~ at 20°C 
with solids recycle. 

2.17.5.2.8 Decay coefficient (KD) = 0.04 day-l. 

2.17.5.2.9 
MLVSS - 

Peak nitrate removal rate (qD) = lb N03-N removed/lb 
day (assumes neither methanol nor nrtrate is a limiting factor) - 

see Figure 2.17-3. 

2.17.5.2.10 Final clarifier effluent suspended solids = 20 mg/l. 

2.17.5.2.11 Final clarifier effluent BOD5 - 10 mg/ 1. 

2.17.5.2.12 Final clarifier sludge concentration (Xw) = 10,000 zag/l. 

2.17.5.2.13 Final clarifier design hydraulic loading = 600 gpd/sf. 
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2.17.5.2.14 Final clarifier peak solids loading = 30 lbs/sf- 
day. 

2.17.5.2.15 Return sludge rate QK/Qave) = 1.0. 

2.17.5.3 Process Design Calculations. 

2.17.5.3.1 Select the applicabLe geak denitrification rate 
(q,) for the vastewater temperature ( C) - see Figure 2.17.3. 

2.17.5.3.2 Calculate the design denitrification rate (4,). 

(N03-N)eff 

90 = qD K. + (N03-N)eff 

where 

KO 
= half saturation constant. 

K. = 0.16 mg/l N03-N. 

2.17.5.3.3 Calculate the design sludge age (GcD). 

QD s 1 
C YDqo [(N03-N)inf-(N03-N)effl 

- (N03-N)inf-(N03-N)eff + K. In (N03-Winf % 

(NO,-N)eff 

where 

YD = denitrifier gross yield. 

KD = decay coefficient. 

2.17.5.3.4 Select a MLSS (X) value and calculate MLVSS (Xl). 

xl = 0.8X 

2.17.5.3.5 Calculate the hydraulic detention the (T) in days. 
D 

[(N03-N)inf - (N03-N)eff] YDOc 
T= 

00 (1 + KgcD) 

2.17.5.3.6 Calculate denitrification reactor volume (V) in 
million gallons. 

V = Q,, x T 

2.17.5.3.7 Determine sludge wasting schedule. 
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I = a.34 3 a> (W 

where 

I= total lb solids in denitrification reactor. 

s = I/8 D 
C 

where 

S = total sludge wasted, lb/day. 

W- S 
(a.34 lb/g) X X 

W 

where 

W = waste sludge flow rate, mgd. 

xW = final clarifier sludge concentration = LO,000 mg/l. 

Note: For purposes of preliminary design, it is assumed that no 
solids are lost in the final clarifier effluent. 

2.17.5.3.8 
day. 

Calculate methanol requireuents (M) in Ibs CH30H/ 

x- 
3 lb CH308 

lb (1103-N)inf x Qave x 8.34 = x (N03-N)inf 
@ 

2.17.5.3.9 Calculate alkalinity production (AP) in mg/l as 
CaC03. 

AP- 
3 mg as CaC03 

mg (N03-N removed) [(?I03-N)inf - (N03-N)eff] 

2.17.5.3.10 Size aerated stabilization tank (VA) in million 
gallons. 

VA = Q,, x $$ 

where 

TA = aerated stabilization tank detention time in hours. 

= 1 hour. 

2.17.5.3.11 Size mechanical mixing systan for denitrification 
reactor. Assume sufficient power is needed to provide canplete 
mixing both tanks. 

p/v = 0.00475 uco-3xo*2g8 
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where 

p/ v = hp/lOOO gal tank volume. 

U 
C 

- water viscosity in centipoise for wastewater 
tenperature (OC). 

X = HLSS in reactor, mgll. 

P P--xX. V 

where 

P = total denitrification reactor power requirement. 

2.17.5.3.12 Size mechanical aeration system for aerated stabilization 
tank. 

PA 
- = 1.0 to 2.0 hp/lOOO cf tank volume VA 

where 

PA=+ VA 

7.48 x lo3 

PA = total stabilization tank power requirenent. 

2.17.5.3.13 Size return sludge facilities. 

. ‘8 QR = 1.0 (Qave) 

2.17.5.3.14 Effluent Characteristics. 

2.17.5.3.14.1 Suspended Solids. 

SSE is specified by the user 

where 

SSE = effluent suspended solids concentration. 

2.17.5.3.14.2 BOD5. 

BODE - S e + 0.84 (f') (Xv)eff 
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where 

Se is specified by the user 

BODE = effluent BOD5 concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/L. 

f' = degradable fraction of HLVSS. 

('v'ef f - effluent volatile suspended solids concentration, mg/l. 

2.17.5.3.14.3 COD. 

CODE - 1.5 BODE 

CODSE = 1.5 Se 

where 

CODE = effluent COD concentration, mg/l. 

BODE = ef.fluent BOD5 concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

2.17.5.3.14.4 Phosphorus. 

P04E - 0.7 PO4 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mg/l. 

2.17.5.3.14.5 Nitrogen. 

where 

N03E is specified by the user 

N02E - 0.0 

N03E = effluent NO3 concentration, mg/l. 

N02E - effluent NO2 concentration, mdl. 
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2.17.5.3.14.6 pH. 

PH = 7.2 

where 

PR = effluent pEL 

2.17.5.3.14.7 Settleable solids. 

SETS0 - 0.0 

where 

SETS0 = effluent settleable solids concentration, mdl. 

2.17.5.3.14.8 Oil and grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.17.5.4 Process Design Output Data. 

2.17.5.4.1 
vss-day. 

Design denitrification rate (q,), lb N03-N ranoved/lb 

2.17.5.4.2 Design sludge age (Gc D), days. 

2.17.5.4.3 

2.17.5.4.4 

2.17.5.4.5 

2.17.5.4.6 

2.17.5.4.7 

2.17.5.4.8 

2.17.5.4.9 

Denitrification reactor detention time (T), hours. 

MISS (X), mg/l. 

MLVSS (X,), mg/l. 

Denitrification reactor volume (V), M.Gal. 

Waste sludge quantity (S), lb/day. 

Waste sludge flow rate (W), mgd. 

Methanol requirment (M), lb/day. 
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2.17.5.4.10 Al'kalinity production (AP), mg/l as CaC03. 

2.17.5.4.11 Aerated stabilization tank volume (VA), &Gal. 

2.17.5.4.12 Power requiranents for denitrification tank mixing. 

2.17.5.4.13 Power requirements for aerated stabilization tank 
mixing. 

2.17.5.4.14 Return sludge systen capacity. 

2.17.5.5 Quantities Calculations. 

2.17.5.5.1 Selection of nunbers of denitrificatioa tanks and 
mechanical mixers per tank. 

The following rule will be utilized in the selection of nunbers of 
tanks and mechanical mixers per tank. 

Q ave 
WW 

Number of N\rmber of Mixers 
Tanks (NTD) Per Tank (NM) 

0.5 - 2 2 
2- 4 2 
49 10 2 

10 - 20 3 
20 - 30 4 
30 - 40 4 
40 - 50 6 
50 - 70 a 
70 - 100 10 

When Q is larger than 100 mgd, several batteries of tanks will 
be use8ye See Section 2.17.5.5.4 for detail’s. 

2.17.5.5.2 Selection of nunbers of aerated stabilization tanks and 
mechanical aerators per tank. 

Q ave 
(MGD) 

Number of 
Tanks (NTA) 

Number of Aerators 
Per Tank (XA) 

0.5 - 2 
2- 4 
4- 10 

10 - 20 
20 - 30 
30 - 40 
40 - 50 
50- 70 
70 - 100 

1 1 
2 1 
2 1 
2 1 
3 1 
4 1 
4 1 
4 2 
4 3 
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Fhen Q 
be use8ye 

is larger than 100 mgd, several batteries of tanks will 
See Section 2.17.5.5.3 for details. 

2.17.5.5.3 Selection of nunber of tanks and nunber of bat- 
teries of tanks when Q avg is larger than 100 mgd. It is general 

practice in designing larger sewage treatment plants that several 
batteries of tanks, instead of a single group of tanks, are used. 
This is due to land area availability and certain hydraulic 
limitations. To simplify the modeling process, the following 
rules will be used: 

2.17.5.5.3.1 When Q avg s 100 mgd, only one battery of tanks will 

be used. Thus, 

where 

NB = nunber of batteries of units. 

2.17.5.5.3.2 When 100 < Q avg I 200 ngd, the system will be 

designed as two identical batteries of basins. Each battery would 
handle half of the wastewater. The nunber of denitrification or 
stabilization tanks in each battery would be selected according to 
the rules established in subsections 2.17.5.5.2 and 2.17.5.5.3 by 
using half the design flow as Q avg' Thus, 

2.17.5.5.3.3 When Q 
avg 

> 200 mgd, the design will be performed 

to use three batteries of basins, each handling one-third of the 
wastewater. Thus, 
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NE = 3 

2.17.5.5.4 Mechanical aeration equipment design for aerated 
stabilization tank. 

2.17.5.5.4.1 Usually the slow-speed, fix-mounted mechanical 
surface aerators are used in danestic wastewater treahnent plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, 
125 HP, and 150 HP. 

2.17.5.5.4.2 Horsepower for each individual aerator: 

HPNA = (PA) 
(NBA)(NTA)(NA) 

where 

HPNA = horsepower of each aerator, horsepower. 

PA = horsepower required for the aerated stabilization 
tanks, horsepower. 

NRA - number of batteries of stabilization tanks. 

NTA = nunber of aeration tanks per battery. 

NA = nunber of aerators per tank. 
- 

2.17.5.5.4.3 Sizing of aerators. Canpare HPNA with the availa- 
ble off-the-shelf sizes and select the smallest unit with capacity 
larger than HPNA. The capacity of the selected unit would be 
designated as HPSXA. Thus the total capacity of the aeration 
units would be: 

HPTA - (NBA) x (NTA) x (NA) x (HPSNA) 

where 

HPTA - total capacity of selected aerators for stabilization 
tanks, horsepower. 

Canparing HPTA with PA, the designed horsepower would be correct. 

If PA < HPTA, the selection would be correct. 

If PA > HPTA, the HPSNA value should be adjusted to the next 
larger off-theshelf sizes. Repeat this procedure until PA 5 ROTA 
is met. 

2.17.5.5.5 Mechanical mixing equipment design for denitri- 
fication tanks. 
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2.17.5.5.5.1 A turbineflocculator device would be used to mix 
the denitrification tanks without introducing oxygen to the 
wastewater. These units consist of a submerged impeller attached 
to a vertical shaft. The shaft is rotated by a variable-speed 
drive, mounted on beans spanning the tank. The impeller consists 
of vertical, radical steel blades extending above and below a 
horizontal steel disc, which is -attached to the drive shaft. 
Maximum standard size of these units is 5 hp. The 5 hp unit will 
prwide mixing for a volume of 167,000 gallons. Other standard 
size units are l/2, 3/4, 1, 1.5, 2 and 3 hp. 

2.17.5.5.5.2 Horsepower for each individual mixer. 

where 

HPNM = (PI 
(NBD)(NTD)(NM) 

HPXM = horsepower for each individual mixer. 

P = horsepower required for the 
denitrification reactors, hp. 

NBD = nunber of batteries. 

NTD = nunber of tanks per battery. 

NM= nunber of mixers per tank. 

2.17.5.5.5.3 Sizing of mixers. Compare HPNM with the available 
off-the-shelf sizes and select the smallest unit with capacity 
larger than HPNM. The capacity of the selected unit is designated 
as HPSW. Thus, 

HPTM = (NBD)(NTD)(NM)(HPSNM) 

where 

PTX = total capacity of selected mixers for denitrification 
tanks, hp. 

Canparing HP'EI with P, the designed horsepower requirement. 

If P < HPTM, the selection is correct. 

If P >WTX, the HPSNM value would be adjusted to the next larger 
standard size. Repeat this procedure until P 5, HPT?I. 

2.17.5.5.6 Methanol feed system. 
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2.17.5.5.6.1 Determine the liquid methanol feed rate. 
1 gal 

ML = M * 5.9 lb * 
1 day 

1440 min 

where 

\ - liquid methanol feed rate, gpm. 1 

M = methanol feed requirement lb/day. 

2.17.5.5.6.2 Determine methanol storage volume. Storage should 
be provided for approldmately three weeks. 

VSTR = m.$ (144;a;in) ( *) (3 week) 

where 

VSTR = total methanol storage volume, gal. 

2.17.5.5.7 Design of aerated stabilization tanks. 

2.17.5.5.7.1 Volume of each individual tank would be: 

VXA = (VA) 
(NBA)(NTA) 

where 

VXA - volume of single stabilization tank, cu ft. 

2.17.5.5.7.2 Depth of stabilization tanks. The depth of an 
aerated basin is controlled by the capacity of the aerators to be 
installed inside. If the water depth is too shallow, interference 
with the mixing current would occur. If the water depth is too 
deep, insufficient mixing would be extended to the bottan of the 
tank and sludge accunulation would occur. Thus, proper selection 
of liquid depth of a basin is important. The relationship between 
the recaumended basin depth and the capacity of the aerators can 
be e-xpressed as follows: 

When HPSNA 5 100 HP 

DWA = 4.816 (HPSNA)oo2467 

When HPSNA > 100 HP 

DWA - 15 ft 

where 

DWA = twater depth of the stabilization tanks, ft. 

HPSXA = capacity of each aerator, HP. 
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2.17.5.5.7.3 Width and length of stabilization tank. The ratio 
between length and width of a tank is dependent on the number of 
aerators to be installed in this tank, NA. 

If XA = 1. Square tank construction, MWA = 3. 

If XA = 2. Rectangular tank construction, LA/WA - 2. 

If NA = 3. Rectangular tank construction, LA/WA = 3. 

If NA * 4. Rectangular tank construction, LA/WA = 4. 

and 

LA/WA = NA 

where 

NA = nunber of aerators per tank. 

ZA = length of tank, ft. 

WA = width of tank, ft. 

After the volume, depth and LA/WA ratio of the tank are deter- 
mined, the width of the tank can be calculated by: 

WA * b-1 u 2 . 

2.17.5.5.8 

2.17.5.5.8.1 

The length of the tank would be: 

LA - (NA) (WA) 

Design of denitrification tanks. 

Volume of each individual tank would be: 

VND = (V) 
(NW (NW 

where 

VXD = volume of single denitrification tank, cf. 

V= total denitrification tank volume 

2.17.5.5.8.2 Depth of tank. The relationship between the basin 
depth and the capacity of the mixers can be expressed as: 
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DWD = 1.45 HPSNM + 5 

where 

DWD = water depth of the denitrification tanks, ft. 

HPSXM = capacity of each mixer, hp. 

2.17.5.5.8.3 Width and length of stabilization tank: the ratio 
between length and width is dependent on the nunber of mixers to 
be installed in the tank, NM. 

If NM - 1. Square tank: LD/WD - 1 

NM - 2. Rectangular tank: LD/WD = 2 

NM - 3. Rectangular tank: LD/WD = 3 

M = 4. Rectangular tank: LD/WD = 4 

NM = 5. Rectangular tank: LD/WD = 5 

and 

LD/WD = NM 

where 

NM - number of mixers per tank. 

CD - length of tank, ft. 

WD = width of tank, ft. 

After the volume, depth and LD/WD ratio of the tank are deter- 
mined, the width of the tank can be calculated by: 

wD= vND (DWP) (I-M) 

The length of the denltrification tank would be: 

LD = mf) WV 

2.17.5.5.9 Treatment tank arrangements - either denitrifi- 
cation or aerated stabilization tanks. 

2.17.5.5.9.1 Figure 2.17-4 shows the schenatic diagram of the 
arrangements. Piping galleries will be provided when the ntnnber 
of tanks is equal to or larger than four. The purpose of piping 
gallery is to house various piping spstens and control equipment. 
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NT= 2 NT=3 

4 

-STRAIGHT SiOE WALL 

L WALKWAY WALL 

NT:4 m PIPE GALLERY 

L PIPE GALLERY 

FOR LARGER NT’S THE ARRANGEMENT WOULD BE SIMILAR TO 
THOSE WHEN NT= 4 AND NT= 6 

FIGURE 2.17-4. LWPLES OF T.ANK ARUNGE?fEXB DENITRIFICATION PROCESSES 



2.17.5.5.9.2 Size of pipe gallery. The width of this gallery is 
dependent on the canplexity and capacity of the piping systan to 
be housed. hn experience curve is provided to approldmately 
estimate this width. It is expressed as: 

Q 
PGW = 20 + (0.3) (+I 

where 

PGW = piping gallery width, ft. 

Q = a-J!3 
average influent wastewater flow, mgd. 

?m= nmber of batteries (either denitrification or 
stabilization).. 

2.17.5.5.10 Typical wall construction. 

2.17.5.5.10.1 The wall constructions are different for canplete 
mix and plug flow systems. The denitrification tanks should be 
designed as a plug flow system. The aerated stabilization tanks 
would utilize the canplete mix schane. In order to achieve 
canplete mix, the inflow to the denitrification stabilization 
tanks would be distributed uniformly along one side of the de- 
ration tank, flowing across the width of the tank and being 
discharged along the other side wall. Thus, a Y-wall construction 
will be used so that the top section of the wall can be an open 
channel for fnfluent and/or effluent discharges. Figure 2.17-5, 
shows a typical section of the canplete mix denitrification tank. 

2.17.5.5.10.2 In using the plug system, influent to the deni- 
trification basin will be piped to one end of the tank and dis- 
charged at the other end. Thus, it does not require such an 
elaborate wall construction. Two typical wall sections are 
required, as shown in Figure 2.17-6, One would be simple straight 
side wall and the other would be enlarged on top so that walkways 
can be prwided. 

2.17.5.5.11 Earthwork required for construction. It is assumed 
that tank bottan would be 3 feet below ground level. Thus, the 
earthwork required would be estimated by the following equations: 

2.17.5.5.11.1 When NT = 2, earthwork required would be: 

v * ew 
3 [(2 w + 18.5) (w + 17) + (2 W + 26.5) (W + 25)I 

where 

NT = nunber of denitrification or stabilization tanks. 

v ew = quantity of earthwork required, cu ft. 
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W = width of tank, ft. 

2.17.5.5.11.2 &%en NT = 3, earthwork required would be: 

v ew = 3 [t3 w + 28) (W + 25) + (3 ,w + 20) (w + 17)1 

2.17.5.5.11.3 When NT 2 4, the width and length of the concrete 
slab for the whole tank battery can be calculated by: 

Ls - 2 L+ PGW+ 16 

W s -$ (NT) (W) + 14.5 

where 

Ls = length of the basin slab, ft. 

L = length of one tank, ft. 

PGW = piping gallery width, ft. 

Ws - width of the basin slab, ft. 

NT = nunber of tanks per battery. 

Thus, the earthwork can be estimated by: 

v ew = 3 x Cm) l (Ls + 4) (MS + 4) + (Ls + 12) (Ws + 12)j 

2.17.5.5.12 Reinforced concrete slab quantity. 

2.17.5.5.12.1 It is assumed that a l'-6" thick slab will be 
utilized in this progran regardless of the size of the systen. 

2.17.5.5.12.2 For NT = 2, 

where 

v 
cs - 1.5 (2 w + 14.5) (W + 13) 

V 
cs = R.C. slab quantity, cu ft. 

2.17.5.5.12.3 NT = 3, 

V cw = 1.5 (3 W+ 16) (W+ 13) 

2.17.5.5.12.4 When NT 2 4. 

V cs = 1.5 $1 cw,> 

where 

LS 
= length of slab, ft. 

W s = width of slab, ft. 
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2.17.5.5.13 Reinforced concrete wall quantity. 

2.17.5.5.13.1 For canplete mix flow stabilization tanks, 

2.17.5.5.13.1.1 When NTA - 2, 
v cw = WA [8.75 DWA+ 881 

where 

v cw - R.C. wall quantity, cu ft. 

WA = width of individual tank, ft. 

DWA = water depth of tank, ft. 

2.17.5.5.13.1.2 When NTA = 3, 

V cw = 6 (WA + 2)' (1.25 DWA + 13.45) + 5 WA [DWA + 31 

2.17.5.5.13.1.3 When NTA > 3, 

V 
CW 

= (MA) 4 x LA x [1.25 (DWA + 3) + 9.71 + 

(NTA- 2) x LA x (1.25 DWA+ 31) + 2.5 

WA) - (WA) (DWA + 3) 

2.17.5.5.13.2 For plug flow denitrification tanks, 

2.17.5.5.13.2.1 When NTD - 2, 

V cw = WD (1.25 DWD + 11) + (6 WD + 9) 

(1.25 DWD + 3.75) 

2.17.5.5.13.2.2 When HTD = 3, 

V = (1.25 DWD + 11) (3 WD + 6) c (1.25 DWD + 3.75) 
cw 

(7 WD + 6) 

2.17.5.5.13.2.3 When XTD 2 4, 

V cw 
I F (LD + 3) (1.25 DWD + 11) + t(0.5 NTD + 2) 

(LD + 3) + 2 (NTD) (WD)] x (1.25 DWD + 3.75) 

x (NBD) 
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2.17.5.5.14 Reinforced concrete required for piping gallery 
construction. The quantity of piping gallery slab has been 
estimated with the tank slab calculations. Only the quantity of 
reinforced concrete for ceilings and end wall is necessary. 

2.17.5.5.14.1 When NT < 4 

where 

v 
cg 

=O 

v 
cg 

= quantity of R.C. for gallery construction, cu ft. 

2.17.5.5.14.2 When NT L 4, assuming the ceiling thickness is 1.5 
feet, then the quantity of reinforced concrete would be 

V 
cgc 

= (NB) x (1.5) (PCW) [V + 0.75 (N) + 1.51 

where 

V 
cg= 

- volume of R.C. ceiling for piping gallery construction, 
cu ft. 

and for two end walls: 

V cw - 2 (PGW (NB) (DW + 3) 

where 

V 
C8W 

= volume of R.C. walls for piping gallery construction, 
cu ft. 

Thus, total R.C. volume for piping gallery construction would be: 

V =v 
cc 

+ v 
cg cgw 

2.17.5.5.15 Reinforced concrete quantity for aerator/mixer 
supporting platform construction. 

2.17.5.5.15.1 Number of aerator/mixer supporting platforms. Each 
unit will be supported by an individual platform. 

2.17.5.5.15.2 Figure 2.17-7 shows a typical supporting platform 
for the aeration/mixing equipment. The width of the platform 
would be a function of the capacity of the unit to be supported. 
The following experience formula is given to approximate this 
relationship. 

z = 5 + 0.078 (HPSN) 

where 



I - I r4ERATOR / MIXEF 

PEDESTRIAN BRIOGE 

HANORAL 

FIGURE 2.17-7 AETCS(rOR/MIi[L:R SUPWRT PLATFORM 



z = width of the platform, ft. 

HPSN = horsepower of the mechanical aerator/mixer, hp. 

2.17.5.5.15.3 Volume of reinforced concrete for the construction 
of the platforms would be: 

V 
CP 

= [Z2 + 5.6 (DW + 2)] (NT) (N) (NB) 

where 

V 
cP 

- volume of R.C. for the platform construction, 
cu ft. 

DW = water depth of the basin, ft. 

N = nunber of mechanical aerators or mixers. 

2.17.5.5.15.4 Volume of reinforced concrete for pedestrian bridges. 
The pedestrian bridge links the platform to the walkway-sidewalls 
for ease of operation and maintenance. By using a width of 4 feet 
and slab thickness of 1 foot, the quantity of reinforced concrete 
can be calculated by: 

V cwb = [2 (W- X)1 (NW (NT) (N) 

where 

V cst = total quantity of R.C. slab for the construction 
of tanks, cu ft. 

2.17.5.5.16 Summary of reinforced concrete structures. 

2,17,5,5.16.1 Quantity of concrete slab. 

V cst = vcs 

where 

V = total quantity of R.C. slab for the construction 
cst tanks, cu ft. 

2.17.5.5.16.2 Quantity of concrete wall. 

V =v 
CWt cw + v + v + vcwb 

cg cP 

where 

V 
CWt 

= quantity of R.C. wall for the construction of 
tanks, cu ft. 
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v cw 
= quantity of tank R.C. walls, cu ft. 

v 
=g 

= quantity of R.C. for the construction of piping 
gallery, cu ft. 

v 
CP 

= quantity of R.C. for the construction of 
aerator/mixer supporting platforms, cu ft. 

v 
CWb 

= quantity of R.C. for the construction of 
pedestrian bridges. 

2.17.5.5.17 Quantity of handrail for safety. Handrail is 
required for the safety protection of the operation personnel of 
wastewater treatment plants. Waterway walls, aerator/mixer 
platfoxms and bridges, and the top of the piping gallery will 
requi;re handrail. Quantity of handrail can be estimated thus: 

2.17.5.5.17.1t kben NT = 2. 

LHR=4 w+ ll+ 2 x (32+ W- 4) 

where 

LHR - handrail length, ft. 

W = tank width, ft. 

2 = width of aerator/mixer supporting platform, ft. 

2.17.5.5.17.2 When NT - 3 

2.17.5.5.17.3 When NT 2 4 

If NT 2i.s an even number 

HRL = I PGw + (NT) (W) + [L + 3 - 4 (?I)] (NT) + (N) 
1 

If NT 2 is an odd nmber 

HRL = Pad + (NT) (WI + [L + 3 - 4 (N)] (NT + 2) 

+ (NJ (NT) (32 + w - 4) 
3 x cm 

where 
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PGW = width of the piping gallery, ft. 

N= nlnber of mixers or aerators per tank. 

2.17.5.5.18 Operation and maintenance manpower requirenents. 
Patterson and B&&r's data will be utilized to project the 
operation and maintenance manpower requirertents. The man-hour per 
year requirement is presented as a function of the total horse- 
power of the aeration and mixing equipment. 

2.17.5.5.18.1 Calculate the total installed capacity of the 
aeration and mixing equipment. 

TICA = (NBA) (YTA) (NA) (HPSNA) + (NBD) (NTD) (NM) (HPSNM) 

where 

TICA - total installed capacity of the aeration 
equipment, horsepower. 

HPSXA - capacity of one individual aerator, horsepower. 

HPSNM = capacity of one individual mixer, horsepower. 

2.17.5.5.18.2 The operation manpower requirenent can be estimated 
as follows: 

When TICA C 200 hp 

OMH = 242.4 (TICA)o-3731 

When TICA 2 200 hp 

OMH = 100 (TICA)0'5425 

where 

OMH = operational man-hour requirement, man-hour/yr. 

2.1?.5.5.18.3 The maintenance manpower requiranent can be es- 
timated as follows: 

When TICA < 100 hp 

MMH= 106.3 (TICA)0'4031 

When TICA 2100 hp 

MMH = 42.6 (TICA)o*5g56 
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where 

MMH = maintenance manpower requirement, man-hour/yr. 

2.17.5.5.19 Energy requiranent for operation. By assuming that all 
the aerators and mixers will be operated 90 percent of the time year- 
round, the electrical energy consmption would be: 

KWH = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fron hphr to kwhr. 

2.17.5.5.20 Material and supply costs for operation and maintenance. 
Material and supply costs for operation and maintenance include such 
items as lubrication oil, paint and repair material, etc. These costs 
are estimated as a percent of installed costs for the aeration/miting 
equipment and are expressed as follows: 

OMMP - 4.225 - 0.975 log (TICA) 

where 

OMMP = percent of the installed equipment cost as 
O&M material costs, percent. 

TICA = total installed capacity of aeration and mixing 
equipment, horsepower. 

2.17.5.5.21 Other construction cost items. Using the above cal- 
culation, the majority of cost items of the denitrification process have 
been accounted for. Other cost itens, such as piping systen, control 
equipment, painting, site cleaning and preparation, etc., can be es- 
timated as a percent of the total bare constructioa cost. This per- 
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centage value has been shown to vary 4 to 15 percent of the total 
construction ccst of the systan. The value depends greatly on site 
conditions and canplexity of the process. For a generalized model, an 
average value of 10 percent would be adequate. Thus, 

CF 1 -- = 1.11 0.90 

where 

CF = correction factor to account for the minor cost 
itens. 

2.17.5.6 

2.17.5.6.1 

2.17.5.6.2 

2.17.5.6.3 

2.17.5.6.4 

2.17.5.6.5 

2.17.5.6.6 

2.17.5.6.7 

2.17.5.6.3 

2.17.5.6.9 

2.17.5.6.10 

2.17.5.6.11 

2.17.5.6.12 

2.17.5.6.13 

Quantities Calculations Output Data. 

Number of denitrification tanks, NTD. 

Number of aeration stabilization tanks, NTA. 

Number of aerators per stabilization tank, NA. 

Number of mixers per denitrification tank, HM. 

Ntlmber of process batteries, NBA, NBD. 

Capacity of each individual aerator, HPSNA, hp. 

Capacity of each individual mixer, RPSNM, hp. 

Depth of stablization tanks, DWA, ft. 

Depth of denitrification tanks, DWD, ft. 

Length of stabilization tanks, LA, ft. 

Length of denitrification tanks, LD, ft. 

Width of stabilization tanks, WA, ft. 

Width of denitrification tanks, WD, ft. 
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2.17.5.6.14 

2.17.5.6.15 

2.17.5.6.16 

2.17.5.6.17 

2.17.5.6.18 

2.17.5.6.19 

2.17.5.6.20 

2.17.5.6.21 

2.17.5.6.22 
percent. 

2.17.5.6.23 

2.17.5.7 

2.17.5.7.1 

2.17.5.7.2 

2.17.5.7.3 

2.17.5.7.4 

Width of pipe gallery, PGWA or PGWD, ft. 

Earthwork required for construction, V,,, cu ft. 

Total quantity of R.C. Slab, Vest, cu ft. 

Total quantity of R.C. wall, Vcvt, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requirement, OMH, man-hour/yr. 

tiaintenance, manpower requiraaent, MMH, man-hour/yr. 

Electrical energy for operation, KWH, kwhrjyr. 

Percentage for 06Mmaterial and supply cost, OMMP, 

Correction factor for minor capital cost Ftens, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall in-place, UPICW, $/cu yd. 

Cost of R.C. slab in-place, UPICS, $/cu yd. 

Standard size low speed surface aerator cost (20 hp), 
SSXSA, $, optional. 

2.17.5.7.5 Marshall and Swift Equipment Cost Index, XSECI. 

2.17.5.7.6 Equipment installation labor rate, LABRI, $/>fH. 

2.17.5.7.7 Crane rental rate, UPICR, $/hr. 

2.17.5.7.8 Unit price of handrail, UPIHR, $/LF. 

2.17.5.8 Cost Calculations. 

2.17.5.8.1 Cost of earthwork. 

V 
COSTE + + x UPIEX 
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where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPLEX = unit price input of 

2.17.5.8.2 Cost of concrete 

cosTcw 

where 

earthwork, $/cu yd. 

wall in-place. 

V 
- + x UPICW 

COSTCW - cost of concrete wall in-place, $. 

V cwt = quantity of R.C. wall, cu ft. 

UPICW = unit price input of concrete wall in-place, $/cu yd. 

2.17.5.8.3 Cost of concrete slab in-place. 

V 
COSTCS = +x UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

v cst = quantity of concrete slab, cu yd. 

UPICS = unit price input of R.C., slab in-place, $/cu yd. 

2.17.5.8.4 Cost of installed mechanical aeration equipment. 

2.17.5.8.4.1 Purchase cost of slow speed pier-mounted surface 
aerators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA - (RSXSA) (SSXSA) 

where 

CSXSA = purchase cost of surface aerator, $. 

SSXSA = purchase cost of a standard size slow speed 
pier-mounted aerator. Motor horsepower is 20 hp. 
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RSXSX = ratio of cost of aerators with capacity of HPSNA hp 
and that of the standard size aerator with 20 hp. 

2.17.5.8.4.2 RSXSA. The cost ratio can be expressed as: 

RSXSA - 0.2148 (HPSNA)'*'13 

where 

HPSNA = capacity of each individual aerator, hp. 

2.17.5.8.4.3 Cost of standard size aerator. The cost of the 
standard size pier-mounted slow speed surface aerator for the 
first quarter of 1977 is 

SSXSA - $16,300 

For a better estimate, SSXSA should be obtained frun an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation, the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

SSXSA= 16,300 x :E 

where 

MSECI = current Marshall and Swift Equipment Cost 
Index fran input. 

491.6 = Marshall and Swift Cost Index, First quarter 1977. 

2.17.5.8.4.4 Equipment installation man-hour requirement. The 
man-hour requiranent for field installation of fixed-mounted 
surface aerator can be estimated as: 

When HPSNA 5 60 hp 

MHA = 39 + 0.55 (HPSNA) 

When HPSNA > 60 hp 

IMHA = 61.3 + 0.18 (HPSNA) 

where 

IMHA = installationma&hour requirement, MH. 

2.17.5.8.4s Crane requirement for installation. 

CHA = (0.1) x IMHA 
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where 

CHA = crane time requirenent for installation, hr. 

2.17.5.8.4.6 Other costs associated with the installed equip- 
ment. This category includes the costs for electric wiring and . 
setting, painting, inspection, etc., and can be added as a per- 
centage of purchase equipment cost: 

PMINC - 23% 

where 

PMINC = percentage of purchase costs of equipment as minor _ 
installation cost, percent. 

2.17.5.8.4.7 Installed equipment cost, IECA. 

IECA = [CSXSA ( 1 + PMINC) + IMHA x LABRI + CHA x UPICR) 

x (NBA) x (NTA) x (NA) 

where 

ICEA =I installed equipment cost, $. 

LABRI - labor rate, $/MH. 

UPICR = crane rental rate, $/hr. 

2.17.5.8.5 Cost of installed mechanical mixing equipment. 

2.17.5.8.5.1 Purchase cost of vertical turbine mixers. The 
purchase cost of mixers can be obtained by using the following 
equation: 

CSXM = (RSXM) (SSXM) 

where 

CSXM - purchase cost of each mixer. 

SSXM = purchase cost of a standard size (5 hp) mixer. 

RSXM - ratio of cost of mixers with capacity of HPSNM (hp) 
and that of the standard size mixer (5 hp). 

2.17.5.8.5.2 RSXM. The cost ratio can be expressed as: 

RSXM = 0.67 + 0.067 x (HPWM) 

where 
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H?S?M = capacity of each individual mixer, hp. 

2.17.5.2.5.3 Cost of standard size mixer. For the most accurate 
estimate, SSm should be obtained from a suitable equipment 
vendor. For first quarter 1977, SSXX - $7,740. Xf SSX?f is not 
obtained fran the vendor the cost twill be updated by the Xarshall 
and Swift Equipment Cost Index. 

SSXM = MSECI 
7v740 x 491.6 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Cost Index for 1st quarter, 1977. 

2.17.5.8.5.4 Equipment installation man-hour requirenent. The 
man-hour requirement for field installation of fixed-mounted 
mixers can be estimated as: 

E4HM - 61.3 + 0.18 (HPSNM) 

where 

IXHM = installationman-hour requirement. 

2.17.5.8.5.5 Crane requirement for installation. 

CHM * (0.1) x IMHM 

where 

CHM = crane time for installation, hr. 

2.17.5.8.5.6 Other costs associated with the installed equip- 
ment. This category includes the costs for electrical wiring and 
setting, painting, inspection, etc., and can be added as a per- 
centage of purchase equipment cost: 

PMINC = 23% 

where 

PMINC - % of purchase cost of equipment as minor 
installation cost. . 

2.17.5.8.5.7 Installed equipment cost, IECM. 

IECX = [(CSX?f) (1 + PMINC) + IMHM x WBRI + 

CHM x UPICR ] x (NBD)(XTD)(NM) 
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where 

IECM = installed equipment cost. 

2.17.5.8.6 Cost of methanol feed system. 

2.17.5.8.6.1 Background. Methanol, CH30H, has a variety of 
names such as methyl alcohol, carbinol and wood alchohol and is 
normally supplied pure (99.9%). It is colorless liquid, non- 
corrosive (except to aluminun and lead) at normal atmospheric 
temperatures. It has a density of 6.59 lbs per gallon at ZO'C. 
Fire and explosion are the primary dangers of methanol. Methanol 
can be received in 55 gallonmetal drums, tank wagon, tank cars or 
tank truck. The recommended storage and feed system in municipal 
plants is schematically shown in Figure 2.17-a. The total system 
includes a methanol storage tank, feed pump and control system. 

2.17.5.8.6.2 Methanol feed system,cost. A cost cume is used 
for this purpose. (See Figure 2.17-g). This cost curve was 
generated based on estimated data. It gives an appropriate estimate 
of the first quarter 1977 cost of methanol feed system. Thus, the 
cost of methanol feed system: 

CMAFS = sx 1290 (M)*0417 

where 

CXAFS = capital co6t of methanol feed systan, $. 

LCAT = current EPA cost index for larger city advanced 
treatment. 

M = methanol feed rate, pounds/day. 

2.17.5.8.7 Cost of handrail. The cost of installed handrail 
system can be estimated as: 

COSTHR = LHR x UPIHR 

where 

COSTII = installed handrail cost, $. 

LXR - handrail quantity, ft. 

UPIfm = unit price input for handrail cost, $ per linear foot. 

2.17.5.8.8 Other cost items. This category includes cost of 
process piping system, control instruments, site work, etc. Costs 
can be adjusted by multiplying the correction factor CF to the sum 
of other costs. 

2.1745 





! I I 
I I 

0 
w 

W 
I 



2.17.5.8.9 Total bare construction costs. 

TBCC = (COSTE+ COSTCW + COSTCS + IECX+ IECX 

+ CMAFS + COSTER) x CF 

where 

TBCC = total bare corrstruction costs, $. 

CF = correction factor for minor cost items. 

2.17.5.8.10 Operation and maintenance costs. Since this item 
of the O&M expenses is expressed as a percentage of the installed 
equipment cost, it can be calculated by: 

OMMPM OMMC - IECA x w+ IECM x 100 

where 

OMMC = 

OMMPA = 

c&IMP!4 = 

2.17.5.9 

2.17.5.9.1 Total bare construction cost of the denitrification 
and aerated stabilization process, TBCC, $. 

2.17.5.9.2 

operation and maintenance material and supply 
costs, $/yr. 

percent of the installed aerator cost as O&Mmaterial 
and supply expenses. 

percent of the installed mixer cost as 0bMmateria.l 
and supply expenses. 

Cost Calculations Output Data. 

Operation and maintenance supply and material 
costs, OMMC, $. 
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2.19 DIGESTION 

2.19.1 Background. 

2.19.1.1 Sludge digestion primarily has a two fold objective, 
stabilization of the sludge and reduction of sludge quantities. 
Stabilization produces a less odorous and putrescible sludge and 
also reduces the nunber of pathogenic organisms in the sludge. The 
reduction in quantity of sludges is desirable because it decreases 
the quantity and thus the cost of ultimate disposal of sludges. 

2.19.1.2 There are two very popular methods of digestion currently 
being used; aerobic and anaerobic. Aerobic digestion as its name 
suggests is carried out in an oxygen atmosphere while anaerobic 
digestion is accauplished in an oxygen free amosphere. 

2.19.1.3 Both the aerobic and anaerobic sludge digestion processes 
will be addressed in detail in this manual. 

2.19.2 General Description Aerobic Digestion. 

2.19.2.1 This method of digestion is capable of handling waste 
activated, trickling filter, or prknary sludges as well as mixtures 
of the same. The aerobic digestor operates on the same principles 
as the activated sludge process. As food is depleted, the microbes 
enter the endogenous phase and the cell tissue is aerobically 
oxidized to CO2, H20, NH3, N02, and N03. 

2.19.2.2 Up to 80 percent of the cell tissue may be oxidized in 
this manner, the renaining fractions contain inert and nonbio- 
degradable materials. Factors to be considered during the design 
process are characteristics (origin(s)) of the sludge, hydraulic 
residence, true solids loading criteria, energy requirenent for 
mixing, environnental conditions, and process operation. 

2.19.2.3 The aerobic combustion of the sludges is usually depicted 
as follows. 

C5H,02N + 502 - 5C02 + 2H20 + NH3 

The NH3 in the presence of oxygen can be further oxidized to NO2 or 
N03. 

2.19.2.4 Advantages claimed for aerobic as canpared with anaerobic 
digestion are listed below. 

2.19.2.4.1 VSS is reduced to 40-50 percent--nearly equivalent 
to that for anaerobic. 
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2.19.2.4.2 

2.19.2.4.3 
duced. 

2.19.2.4.4 

2.19.2.4.5 

2.19.2.4.6 

2.19.2.4.7 

2.19.2.4.8 
ment). 

2.19.2.5 

2.19.2.5.1 

2.19.2.5.2 

2.19.3 

2.19.3.1 This 

Supernatant has lower BOD. 

A relatively stable humuslike end product is pro- 

More basic fertilizer values are recovered. 

Operation is relatively simple. 

Capital cost is lower. 

Odor is minimal. 

Sludges dewater well (this is a controversial state- 

The major disadvantages appear to be: 

A higher operating cost associated with O2 supply. 

The lack of a useful by-product (no CH4). 

General Description Anaerobic Digestion. 

type of digestion can be traced back to the 1350's. - 
The mechanics involved in the process are summarized in Figure 
2.19-l. Anaerobic digestion may be adapted to both stationary and 
mobile systems for handling solids fran waste treaiment systems, 
trailer dunp stations, marine dunp stations, and vault toilets. 

I SOLUBLE ORGANIC MATERIAL 
I 

AC10 - PROOUCING 

11 BACTERIA 

l /  .  t  .  1 

VOLATILE 
ACIDS 

t co, t H* t 

METABOLISM 
TO EN0 PROOUCTS 

. 

I 

Figure 2.19-l Mechanism of Anaerobic Sludge 
Digestion (Eckenfelder). 
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2.19.3.2 There are conventional and high-rate digesters; the 
conventional design uses the one or two-stage process. In any of 
these systms, provisions are normally made for sludge heating. 
The principal difference in the one- and twestage systans is that, 
in the two-stage systems, digestion is accanplished in the first 
tank. Figures 2.19-2 and 2.19-3 contain a pictorial explanation of 
the systan. 

GAS REMOVAL 

SLUDGE 
INLETS ACT1 VELY 

OIGESTING 
SLUOGE 

SUPERNATANT 
OUTLETS 

SLUDGE 
OUTLETS 

Figure 2.19-2 Schematic of Conventional 
Digester Used in the Onestage Process. 

FIXED COVER FLOAT/NC COVER 

GAS STORAGE 

SCUM LAYER 

SUPERNATANT SUPERNATANT 

r -1 
SLUOGE 
HEATER 

O~GESTEO 

FIRST STAGE 
(COMPLETELY MIXED) 

SECONOSTAGE 
(STRATIFI EDI 

Figure 2.19-3. Schanatic of Two-stage 
Digestion Process. 

2.19.3.4 The advantages of anaerobic as canpared with aerobic 
digestion include: 

2.19.3.4.1 Higher organic loading, i.e. rates of treatient not 
limited by O2 transfer. 

2.19.3.4.2 Minimal need for biological nutrients (N and P) and 
for further treament. 

2.19.3.4.3 Lower energy requirement. 

2.19.3.4.4 Production of a useful by-product (CH4) which has a 
low heat value canpared to natural gas. 

2.19.3.5 The disadvantages are as follows: 
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2.19.3.5.1 Digesters must be heated to 85-9O0F for opttim 
operation. 

2.19.3.5.2 Molecular oxygen is toxic to the systen and must be 
excluded. 

2.19.3.5.3 Fundamental knowledge concerning the process is 
sparse. 

2.19.3.5.4 Highly skilled operation is required. 

2.19.3.5.5 Anaerobic digesters are easily upset by unusual 
conditions and are slow to recover. 

2.19.3.5.6 Recycled supernatant liquor tends to "shock" waste 
water treaaent facilities. 

2.19.3.5.7 The fact that a closed vessel is required ccmpli- 
cates the inevitable cleaning necessary. 

2.19.3.5.8 The recovered gas, while usefuly, increases initial 
costs because of the necessity of providing explosion-proof ap 
purtenant equipment. 

2.19.3.5.9 Digested sludge tends to be high in alkalinity. 
Where vacuuu filtration preceded by chemical coagulation with the 
usual inorganic chanicals is practiced, increased chenical costs 
are inmitable. 

2.19.4 

2.19.4.1 

2.19.4.1.1 

2.19.4.1.1.1 

2.19.4.1.1.2 

2.19.4.1.2 

2.19.4.1.2.1 

2.19.4.1.2.2 

2.19.4.1.3 

2.19.4.1.4 

2.19.4.2 

2.19.4.2.1 
below. 

Aerobic Digestion (Diffused Aeration). 

Input Data. 

Sludge production. 

Primary, lb/day. 

Secondary, lb/day. 

Solids contents (percent solids). 

Primary, percent. 

Secondary, percent. 

Specific gravity. 

Volatile solids content, percent. 

Design Paraneters. 

The design parameters are as shown in Table 2.19-l 
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Table 2.19-l. Aerobic Digestion Design Parameters. 

'Parrmeter Value 

Hydraulic detention time, days at 20°Ca 
Activated sludge only 12 to 16 ' 
Activated sludge fran plant operated without 

primary settling 16 to 18 
Primary plus activated or trickling-filter sludge 18 to 22 

Solids loading, lb volatile solids/ ft3/day 0,l to 0.2 

Oxygen requirements 
MD5 in primary sludge, lb/lb cell tissue 2 

Energy requiranents for mixing 
Mechanical aerators, hp$lOOO ft 

3 

Air mixing, cfm/lOOO ft 
Dissolved oxygen level in liquid, mg/l 

0.5 to 1.0 
20 to 30 

1 to 2 

aDetention times should be increased for taperatures below 20°C. 
If sludge cannot be withdrawn during certain periods (e.g. week- 
ends, rainy weather), additional storage capacity should be pro- 
vided. Prmmonia produced during carbonaceous oxidation is oxidized 
to nitrate. 

2.19.4.3 Process Design Calculations. 

2.19.4.3.1 Calculate total quantity of raw sludge. 

vs * 
SP(100) 

( specific gravity)(percent solids)(8.34) 

where 

vS 
= volume of raw sludge to digester, gal/day. 

SP = sludge produced, lb/day. 

2.19.4.3.2 Select hydraulic detention time and calculate digesters' 
volume. 

where 

V - volume of digester, gal. 

t = hydraulic detention time, days. 
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vs = volume of raw sludge to digester, gal/day. 

2.19.4.3.3 Check volatile solids loading. 

vsL 
31 lb/day VS (7 48) 

v l 

(0.1-0.2) 

where 

vsL = volatile solids loading, lb VS/ft3/day. 

V = volume of digester, gal. 

2.19.4.3.4 Calculate solids retention the. 

2.19.4.3.4.1 Assume percent destruction of volatile solids: 40 
percent is cunmon but it increases with temperature and retention 
time frcm approximately 33 to 70 percent. 

2.19.4.3.4.2 Calculate solids accunulation per day. 

S - SP - SP 
% volatfle X destroyed 

100 
(0.75) 

ac 100 

where 

S ac = solids accunulated per day. 

SP =-sludge produced. 

2.19.4.3.4.3 Assume MLSS in digester and calculate total capacity 
of sludge digester. 

DC= (V) (XL%) (8.34) (10-6> 

where 

DC = digester capacity, lb. 

V = volume of digester, gal. 

MLSS = mixed liquor SS in digester, mg/l. 

2.19.4.3.4.4 Calculate solids retention the. 

SRT + 
ac 

where 

SRT = solids retention time, days. 

DC= digester capacity, lb. 
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S ac = total solids accuuulated, lb/day. 

2.19.4.3.5 Calculate sludge wasting schedule. Assume solids 
content in digested sludge is approximately 2.5 percent. 

Volume of sludge to be wasted - total sludge in digester (lb)(lOO) 
specific gravity)(% solids)(8.34) 

This volume must be wasted each SRT. 

2.19.4.3.6 Calculate oxygen requirements. 

2.19.4.3.6.1 O2 required for bacterial growth. Assume O2 r- 
quired per pound of volatile solids destroyed. 

O2 - (OTjsp 
% volatile 

100 > 

where 

O2 = total oxygen required, lb/day. 

OT = oxygen required/lb of volatile solids destroyed 
* 2.0 lb. 

SP = sludge produced, lb/day. 

2.19.4.3.6.2 Energy 

2.19.4.3.6.2.1 Assume 

2.19.4.3.6.2.2 Assume 

2.19.4.3.6.2.3 Select 

for mixing. 

standard transfer efficiency, percent. 

constants d, / , and p. 

summer temperature T. 

2.19.4. 3.6.2.4 Calculate operating transfer efficiency. 

c cs 
T 

/Tp - CL] Oc (r.024)T-20 

OTE - STE 9.20 

where 

OTE = operating transfer efficiency, percent. 

STE = standard transfer efficiency, percent (S-8%). 

(Cs> = o2 saturation at the summer tanperature. 

; cc = s waste/CS water) -0.9. 

p = correction for altitude ~~1.0. 
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s = minimum oxygen to be maintained in the digester, 
mg/L. 

= (KLa waste/KLa water) 0.9. 

Kt a = oxygen transfer coefficient. 

T - temperature, Oc. 

2.19.4.3.6. 
cfm/lOOO ft 

3.5 Calculate air supply; check against a minimum of 20 
. 

Blowers are treated as a separate unit process since several unit 
processes in a single plant may require air fran the blowers. The air 
requirenents fran all unit processes in a treatment train which require 
air are summed and the total air requirement is used to size the blower 
facility. The unit process design for the blower facility is found in 
subsection 2.3. 

0,(7.48) (105> 
RS = 

L 

(OTE X) 0.0176 
lb 02 

'1 
1440 p$ v 

ftJ air 
where 

Rs - air supply, &n/1000 ft3. 

OS! = oxygen supply, lb/day. 

OTE = operating transfer efficiency, percent. 

V = volume of the basin, gal. 

2.19.4.3.7 Calculate volatile content of wasted sludge. 

PSVOLAT = 

where 

PSVOUT = percent volatile solids in wasted sludge, %. 

SLVS = percent volatile solids in influent sludge, X. 

PSVD = percent of volatile solids destroyed, %. 

2.19.4.3.8 Supernatant Return. 

2.19.4.3.8.1 Quantity. 

2.19-8 



2.19.4.3.3.1.1 Activated Sludge and Oxidation Ditch. 

QSUP * (Q , , , )  (0 l 02) 

where 
. 

QSUP = quantity of supernatant returned, mgd. 

Q avg 
- average daily wastewater flow, mgd. 

2.19.4.3.8.1.2 Trickling Filter and Rotating Biological Contactor. 

QSUP - (Q,,) (0.007) 

where 

QSUP - quantity of supernatant returned, mgd. 

Q avg 
= average daily wastewater flow, mgd. 

2.19.4.3.8.2 Supernatant Quality. 

where 

TSS = 

BOD = 

COD = 

PH= 

2.19.4.4 

2.19.4.4.1 

2.19.4.4.2 

2.19.4.4.3 

2.19.4.4.4 

2.19.4.4.5 

2.19.4.4.6 

TSS - 3400 
BOD - 500 

COD = 2600 
TKN = 17.0 

PH = 7.0 

total suspended solids concentration, mg/l. 

BOD5 concentration, mg/l. 

COD concentration, mg/l. 

pH; 

Process Design Output Data. 

Raw sludge specific gravity. 

Detention time, days. 

Volatile solids destroyed, percent. 

Yixed liquor solids, mdl. 

Solids in digested sludge, percent. 

Rate constant, BOD5 applied to filter. 
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2.19.4.4.7 
water. 

2.19.4.4.8 

2.19.4.4.9 

2.19.4.4.10 

2.19.4.4.11 

2.19.4.4.12 

2.19.4.4.13 

2.19.4.4.14 

2.19.4.4.15 

2.19.4.4.16 

2.19.4.5 

2.19.4.5.1 

Coefficient of O2 saturation in waste/O2 saturation i 

Standard transfer efficiency, percent. 

Digester volume, gal. 

Volatile solids loading, lb VS/ ft3/day. 

Solids accunulated, lb/day. 

Volme of wasted sludge, gal. 

Solids retention time, day. 

Oxygen requiraaent, lb/day. 

Air supply, cfm/lOOO ft3. 

Percent volatile solids in wasted sludge, Z. 

Quantities Calculations. 

Design values for activated sludge system. 

n 

vd=&- - 

cmd = (Rs) (V) (1.34 x 10'4) 

where 

V = volume of digester, gal. 

2.19.4.5.2 Selection of nunbers of aeration tanks. The following 
rule will be utilized in the selection of nunbers of aeration tads. 

vS 

Cwd) 

Number of 
Aeration Tanks 

NT 

0.5 - 2 2 
2- 4 3 
4- 10 4 

lo- 20 6 
20 - 30 8 
30 - 40 10 
40 - 50 12 
50 - 70 14 
70 - 100 16 
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khen V is Larger than 100 mgd, several batteries of aeration tanks 
will bs used. See next section for details. 

2.19.4.5.3 Selection of number of tanks and number of batteries 
of tanks when V is larger than 100 mgd. It is general practice.in 
designing large? sewage treatment plants that several batteries of 
aeration tanks, instead of a single group of tanks, are used. This 
is due to land area availability and certain hydraulic limitations. 
To simplify the modeling process, the following rules will. be used: 

2.19.4.5.3.1 When V 5 100 mgd, only one battery of aeration 
tanks will be used. &us 

NB-1 

where 

XB = nunber of batteries of units. 

2.19.4.5.3.2 When 100 < V I; 200 mgd, the systan will be designed 
as two identical batteries xf aeration basins. Each battery would 
handle half of the wastewater. The nmber of aeration tanks Fn 
each battery would be selected according to the rules established 
in subsection 2.19.4.5.3 by using half the design flow as Vs. 
Thus 

2.19.4.5.3.3 When V > 200 mgd, the design will be performed to 
use three batteries of aeration basins, each handling onethird of 
the wastewater, Thus 

NB=3 

2.19.4.5.4 Number of diffusers. The oxygen transfer rates used 
in the first-order design dictate the use of coarse bubble dif- 
fusers. These diffusers have an air flow fran 10115 scfm; for 
design purposes an average of 12 scfm will be used. 

T = 
cFMd 

12 (NT) (NB) 

NDt must be an integer. 

where 

ND t = nunber of diffusers per tank. 
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2.19.4.5.5 Number of swing arm diffuser headers. For ease of 
naintenance swing am headers are usually used. The nunber of 
diffusers per header is dictated by the nunber of connections 
provided on each header by the manufacturer. This varies with 
manufacturer and header size fran 8 to 30. For our purposes an 
average of 20 diffusers per header will be assumed. 

NSAt must be an integer. 

where 

NSA, = nunber of swing arm headers per tank. 

2.19.4.5.6 Design of aeration tanks. 

2.19.4.5.6.1 Volume of each tank would be 

vN= 'd 
(NB) (NT) 

where 

VN = volume of single aeration tank, cu ft. 

2.19.4.5.6.2 Depth and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft and 30 ft, 
respectively. 

2.19.4.5.6.3 Length of aeration tanks. 

If L is greater than 400 ft, then recalculate VN using NT = NT + 1, 
then recalculate L. 

2.19.4.5.7 Aeration tank arranganents. 

2.19.4.5.7.1 Figure 2.19-4 shows the schanatic diagram of the 
arrangements. A pipe gallery will be provided when the nunber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systems and 
control equipment. 

Q 
PGW - 20 + (0.4) (+q 

where 

PGW = pipe gallery width, ft. 
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Q awz 
= average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.19.4.5.8 Earthwork required for construction. It is assumed 
that the tank bottcm will be 4 feet below ground level. The 
earthwork required can be estimated by the following equations: 

2.19.4.5.8.1 When NT is less than 4, the earthwork required would 
be: 

V = 6 m [(NT(31.5) + 15.5) (L + 17) + (NT(32.5) + 23.5) (L + 25+ 
ew 2 

where 

v ew - volume of earthwork required, cu ft. 

NT - nunber of tanks per battery. 

L - length of aeration tanks, ft. 

2.19.4.5.8.2 When NT is greater than or equal to 4, the earthwork 
required would be: 

V ew 
~ 6 NB $15.75(?IT)+15.5) (2L+PGwt20) + (15.75(NT)+2.5) (2L+PGWt28)] 

2 

2.19.4.5.9 Reinforced concrete slab quantity. It is assumed 
that a 1'~6" thick slab will be utilized regardless of the size of 
the systan. The volume of reinforced concrete slab will be the 
sane for both plug and canpletemix flow. 

2.19.4.5.9.1 For NT less than 4: 

v 
cs = 1.5 NB I(NT(31.5) + 15.5) (L + 17)] 

where 

v cs = R.C. slab quantity required, cu ft. 

2.19.4.5.9.2 For XT greater than or equal to 4: 

V cs - 1.5 NB [(15.75(NT) + 15.5) (2L + PGW+ 200)] 

2.19.4.5.10 Reinforced concrete wall quantities. 

2.19.4.5.10.1 In using the plug flow systen, influent to the 
aeration basin will be piped to one end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wall 
construction. Two typical wall sections are required, as shown in 
Figure 2.19-5. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 
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2.19.4.5.11.2 When NT = 2: 

v 
CW 

= 77 (1.25 DW + 11) + (6 W + 9) (1.25 DW + 3.75) 

2.19.4.5.11.3 Cjhen NT = 3: 

v cw = (1.25 DW + 11) (3 W+ 6) + (1.25 DW + 3.75) (7 W + 6) 

2.19.4.5.11.4 When NT 4: 

v = cw F (L + 3) (1.25 DW + 11) + ((0.5 XT + 2) (L + 3) + 

2 (NT) W I l (1.25 DW+ 3.75) l m) 

where 

v cw = R.C. wall quantity required, cu ft. 

L = length of aeration tanks, ft. 

2.19.4.5.11 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater treaIment plants. Waterway walls and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be estimated as follows: 

2.19.4.5.11.1 If NT is less than 4: 

LHR= [2(NT) (L) + 2(L) + 61.5(NT) + 1.51 NB - 

2.19.4.5.11.2 If NT is greater than or equal to 4: 

LHR = [2(W) (L) + (4L) + 36..5(NT) + 2 PGW+ 131 NB 

where 

LHR - handrail length, ft. 

2.19.4.5.12 Calculate operation manpower requirements. 

2.19.4.5.12.1 If CFMd is less than or equal to 3000 scfm, the 
operation manpower can be calculated by: 

where 

om = 62.36 (CFXd)o-3g72 

OMH = operation manpower required, MH/yr. 

2.19.4.5.12.2 If CFM is greater than 3000 scfl, the operation 
manpower can be talc up ated by: 
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OMH = 26.56 (CFMd) 
0.5038 

2.19.4.5.13 Calculate maintenance manpower requirements. 

2.19.4.5.13.1 If CFMd is less than or equal to 3000 scfm, the 

maintenance manpower can be calculated by: 

MMR = 22.8.2 (CFMd) 
0.4379 

2.19.4.5.13.2 If CFMd 3000 scfm, the maintenance manpower can be 
calculated by: 

m - 6.05 (CFMd) 
0.6037 

where 

MMH = maintenance manpower required, Wyr. 

- 2.19.4.5.14 Energy requirement for operation. The electrical 
energy required for operation is related to the air requirement by 
the following equation: 

iolH= (md) (241.6) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

2.19.4.5.15 Operation and maintenance material and supply 
costs. Operation and maintenance material supply costs i;ncit 
itans such as lubricant, paint, replacanent parts, etc. 
costs are estimated as a percent of the total bare construction 
costs. 

OMMP = 3.57 (Q,,) 
-0.2602 

where 

OFfMP = operation and maintenance material costs as 
percent of total bare construction cost, percent. 
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2.19.4.5.16 Other construction cost itens. The majority of the 
costs of the diffused aeration activated sludge process have been 
accounted for. Other cost items, such as liquid piping system, 
control equipment, painting, site cleaning and preparation, etc., 
can be estlrnated as a percent of the total bare construction cost. 
This value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
will be used. 

where 

CF = correction factor to account for the minor cost 
itens. 

2.19.4.6 Quantities Calculation Output Data. 

. 
2.19.4.6.1 Number of aeration tanks, NT. 

2.19.4.6.2 Number of diffusers per tank, ND,. 

2.19.4.6.3 Number of process batteries, NB. 

2.19.4.6.4 

2.19.4.6.5 

Nunber of swing aan headers per tank, NSAt. 

Length of aeration tanks, L, ft. 

2.19.4.6.6 Width of pipe gallery, PCW, ft. 

2.19.4.6.7 

2.19.4.6.8 

2.19.4.6.9 

2.19.4.6.10 

Earthwork required for construction, V,,, cu ft. 

Quantity of R.C. slab required, Vcs, cu ft. 

Quantity of R.C. wall required, Vcw, cu ft. 

Quantity of handrail, LHR, ft. 

2.19.4.6.11 Operation manpower requirenent, OMH, MH/yr. 
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2.19.4.6.12 Maintenance manpower requiranent, MMH, MH/yr. 

2.19.4.6.13 Electrical energy for operation, KWH, kwhr/yr. 

2.19.4.6.14 Operation and maintenance material and supply cost 
as percent of total bare construction cost, OMMP, percent. 

2.19.4.6.15 

2.19.4.7 

2.19.4.7.1 

2.19.4.7.2 

2.19.4.7.3 

2.19.4.7.4 
S/ft* 

2.19.4.7.5 

2.19.4.7.6 

2.19.4.7.7 
MSECI. 

2.19.4.7.8 
CEPCXP. 

2.19.4.7.9 

2019.4.7.10 

2.19.4.8 

2.19.4.8.1 

where 

Correction factor for minor construction costs, CF. 

Unit Price Xnput Required. 

Cost of earthwork, UPXEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab in-place, UPICS, $/cu yd, 

Unit price input for handrails in-place, UPIHR, 

Cost per diffuser, COSTPD, $, (optional), 

Cost per swing arm header, COSTPH, $, (optional). 

Current Marshall and Swift Equipment Cost Index, 

Current CE Plant Cost Index for pipe, valves, etc., 

Equipment installation labor rate, LABRI, $/MEL 

Unit price input for crane rental, UPICR, $/hr. 

Cost Calculations. 

Cost of earthwork. 

COSTE = 'ew UPIEX 
27 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 
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. 
UPIEX = unit price input of earthwork, $/cu yd. 

2.19.4.8.2 cost of R.C. wall in-place. 

COSTCW - 'cw UPICW 
27 

where 

COSTCW - cost of R.C. wall in-place, $. 

v cw - quantity of R.C. wall, cu ft. 

UPICW = unit price input for R.C. wall i-place, $/cu 
Yd. 

2.19.4.8.3 Cost of R.C. slab in-place. 

COSTCS = 'cs UPICS 
27 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs = volume of concrete slab, cu yd. 

UPICS - unit price R.C. slab irr-place, $/cu yd. 

2.19.4.8.4 Cost of handrails i*place. 

where 

COSTHR - LHR x 

COSTHR = cost of handrails in-place, 

LHR = length of handrails, ft. 

UPLHR 

$0 

UPIHR = unit price input for handrails in-place, $/ft. 

2.19.4.8.5 Cost of diffusers. 

2.19.4.8.5.1 given indicate the use of 
coarse bubble diffusers. t of a coarse bubble diffuser with 
a capacity of 12 scfm rst quarter of 1977 is 
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For a better estiznate COSTPD should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

MSECI COSTPD = 6.50 - 491.6 

where 

COST?D = cost per diffuser, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - Xarshall and Swift Equipment Cost Index, first 
quarter 1977. 

2.19.4.8.5.2 Calculate COSTD. 

COSTD =COSTPD x NDtx NT x N8 

where 

COSTD = cost of diffusers for systen, $. 

NDt = nunber of diffusers per tank. 

NT = nunber of tanks. 

2.19.4.8.6 Cost of swing axm diffuser headers. 

2.19.4.8.6.i Swing am diffuser headers cane in several sizes. 
The cost used is for a header which will handle 550 scfm and up to 
37 diffusers. The cost of this header for the first quarter of 
1977 is 

COSTPH = $5,000 

For a better estiznate COSTPH should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPH - $5,000 m . 

where 

COSTPH - cost per swing arm header, $. 

MSECI = current Marshall and Swift Equipment Cost Index. 
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491.6 - Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.19.4.8.6.2 Calculate COSTH. 

where 

COSTH - COSTPH x NSA, x NT x NB 

COSTH = cost of swing arm headers for system, $. 

NSAt = nunber of swing arm headers per tank. 

NT = nunber of tanks. 

NB - nunber of batteries. 

2.19.4.8.7 Equipment installationman-hour requirement. The 
labor requirement for field installation of the swing arm headers, 
including mounting the diffusers, is approximately 25 man-hours per 
header. 

IMH = 25 NSAt x NT x NH 

where 

XMH = installationman-hour requirement, MH. 

2.19.4.8.8 Crane requirement for installation. 

CH = (  l 1) mw 

where 

CH = crane time requirment for installation, hr. 

2.19.4.8.9 Cost of air piping. The air piping for the diffused 
aeration system is very canplex and includes many valves and fittings 
of different sizes. This causes cost estimation by material take 
off to be very difficult for a wide range of flow. In this case we 
feel the use of paranetric costing is justified as the overall 
accuracy of the estimate will not be affected to a great extent. 

2.19.4.8.9.1 If CPMd is between 100 scfm and 1000 scfm, the cost 
of air piping can be calculated by: 

COSTAP CEPCIP - 617.2 (CFMd)o*2553 x - 241.0 

where 
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COSTAP = 

CFNd = 

CEPCIP = 

241.0 = 

cost of air piping, $. 

design capacity of blowers, scfm. 

current CE Plant Cost Index for pipe, valves, etc. 

CE Plant Cost 
first quarter 

2.19.4.8.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the 
cost of air piping can be calculated by: 

Index for pipe, valves, etc., for 
of 1977. 

COSTAP = 1.43 (Cmd) 1.1337 CEPCIP 
*241.0 

2.19.4.8.9.3 If CM is greater than 10,000 scfm, the cost of air 
piping can be calcula f ed by: 

CEPCIP COSTAP = 28.59 (CFHd)oo8085 x - 241.0 

2.19.4.8.10 Other costs associated with the installed equipment. 
This category includes the cost for weir installation, painting, 
inspection, etc., and can be added as a percentage of the purchased 
equipment cost: 

PNIXC - 10% 

where 

EMiNc = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.19.4.8.11 Installed equipment costs. 

IEC = (COST9 + cosm> (l+ %) + (IMH) (LABRI) + (a) (UPICR) 

where I 

IEC = installed equipment cost, $. 

LABRI = labor rate, $/MII. 

UPICR = crane rental rate, $/hr. 

2.19.4.8.12 Total bare construction cost. 

TBCC = (COSTE + COSTCW + COSTCS + IEC + COSTHR + COSTAP) CF 

where 
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TBCC = total bare construction cost, $. 

CF = correction factor for minor cost items. 

2.19.4.8.13 Operation and maintenance material costs. 

OM?IP OMCC - TBCC loo 

where 

OMMC - operation and maintenance material supply costs, 
Wyr. 

OMMP = operation and maintenance material supply costs, 
as percent of total bare construction cost, percent. 

2.19.4.9 Cost Calculations Output Data. 

2.19.4.9.1 Total bare construction cost of diffused aeration 
aerobic digestion system, TBCC, $. 

2.19.4.9.2 Operation and maintenance material and supply costs, 
OMMC, $. 
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2.19.5 

2.19.5.: 

2.19.5.1.1 

2.19.5.1.1.1 

2.19.5.1.1.2 

2.19.5.1.2 

2.19.5.1.2.1 

2.19.5.1.2.2 

2.19.5.1.3 

2.19.5.1.4 

2.19.5.2 

2.19.5.2.1 
2 below. 

Aerobic Digestion (Mechanical Aeration). 

Input Data. 

Sludge production. 

Primary, lb/day. 

Secondary, lb/day. 

Solids contents (percent solids). 

Primary, percent. 

Secondary, percent. 

Specific gravity. 

Volatile solids content, percent. 

Design Paraneters. 

The design paraneters are as shown in Table 2.199 

Table 2.19-2. Aerobic Digestion Design Parameters 

Paraneter Value 

Hydraulic detention time, days at 20°Ca 
Activated sludge only 12 to 16 

Activated sludge fran plant operated without 
primary settling 16 to 18 

Primary plus activated or trickling-filter sludge 18 to 22 

Solids loading, lb volatile solids/ft3/day 0.1 to 0.2 

Oxygen requiraents 
SOD5 in primary sludge, lb/lb cell tissue 2 

Energy requirements for mixing 
Mechanical aerators, hp 1000 ft3 
Air mixing, cfm/lOOO ft !3 

Dissolved oxygen level in liquid, mg/l 

0.5 to 1.0 
20 to 30 

1 to 2 

aDetention tiaes should be increased for temperature below 20°C. 
If sludge cannot be withdrawn during certain periods (e.g. week- 
ends, rainy weather), additional storage capacity should be pro- 
vided. Ammonia produced during carbonaceous oxidation is oxidized 
to nitrate. 
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2.19.5.3 Process Design Calculations. 

2.19.5.3.1 Calculate total quantity of raw sludge. 

vs = 
SP(100) 

(specific gravity)(percent solids)(d.3A) 

where 

Vs = volume of raw sludge to digester, gal/day. 

SP = sludge produced, lb/day. 

2.19.5.3.2 Select hydraulic detention time and calculate 
digesters' volume. 

v- w (Vs) 
where 

V = volume of digester, gal. 

t = hydraulic detention time, days. 

Vs = volume of raw sludge to digester, gal/day. 

2.19.5.3.3 Check volatile solids loading. 

vsl = lb'd;y " (7.48) (0.1-0.2) 

where 

vsl = volatile solids loading, lb VS/ft3/day. 

V= volume of digester, gal. 

2.19.5.3.4. Calculate solids retention time. 

2.19.5.3.4.1 Assume percent destruction of volatile solids: 40 
percent is camon but it increases with temperature and retention 
time frau approximately 33 to 70 percent. 

2.19.5.3.4.2 Calculate solids accunulation per day. 

S ac = SP - SP (" v;;;tfiy t des;;;yed) (0.75) 

where 

S ac = solids accunulated per day. 

SP = sludge produced. 
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2.19.5.3.4.3 Assume MLSS in digester and calculate total capacity 
of sludge digester. 

DC= (V)(MLss)(8.34)(10-6) 

where 

DC = digester capacity, lb. 

V = volume of digester, gal. 

MLSS = mixed liquor SS in digester, mg/l. 

2.19.5.3.4.4 Calculate solids retention time. 

SRT + 
ac 

where 

SRT = solids retention the, days. 

DC= digester capacity, lb. 

S ac = total solids accunulated, lb/day. 

2.19.5‘3.5 Calculate sludge wasting schedule. Assume solids 
content in digested sludge is approximately 2.5 percent. 

Volune of sludge to be wasted - 
total sludge in digester (lb)(lOO) 
(specific gravity)(% solidsj(8.34) 

This volume must be wasted each SRT. 

2.19.5.3.6 Calculate oxygen requirements. 

2.19.5.3.6.1 O2 required for bacterial growth. Assume O2 required 
per pound of volatile solids destroyed. 

O? = (OpP / 
\ 

O2 = total oxygen required, lb/day. 

OT = oxygen required/lb of volatile solids destroyed 
w2.0 lb. 

SP = sludge produced, lb/day. 
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2.19.5.3.7 Design Aeration Systan. 

2.19.5.3.7.1 Assume the following design paraneters and design 
aeration system and check horsepower supply for mixing against 
horsepower required for canplete mixing 0.1 hp/lOOO gal. 

2.19.5.3.7.1.1 Standard transfer efficiency, lb/hphr (0 dissolved 
oxygen, 20°C, and tap water)(3-5 lb/hphr). 

2.19.5.3.7.1.2 O2 transfer in waste/O2 transfer in water eO.9. 

2.19.5.3.7.1.3 O2 saturation in waste/O2 saturation in water a 
0.9. 

2.19.5.3.7.1.4 Correction factor for pressure "-1.0. 

2.19.5.3.7.2 Select summer operating temperature (25-30'(Z) and 
determine (frun standard tables) O2 saturation. 

2.19.5.3.7.3 Adjust standard transfer efficiency to operating 
conditions. 

OTE = STE 
1 (Cs)+3 1 (PI - 51 d (l*opo 

9.17 - 

where 

OTE 3' operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

(‘& = o saturation at selected summer temperature 
T: 'C mdl. 

P= 02 saturation in waste/O2 saturation in water 
e 0.9. 

P = correction factor for pressure m-1.0. 

CL = minimum dissolved oxygen to be maintained in 
the basin 2.0 mg/l. 

crc= 0 2 transfer in waste/O2 transfer in water. 

T= tenperature, OC. 

2.19.5.3.7.4 Calculate horsepower requiranent. 

where 

hP = 
O2 

lb O2 - x 1000 

OTE - hwhr (24) cv> . 
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hp = horsepower required/1000 gal. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V = volume of basin, gal. 

2.19.5.3.8 Supernatant Return. 

2.19.5.3.8.1 Quantity. 

2.19.5.3.8.1.1 Activated Sludge and Oxidation Ditch. 

QSUP = (Q,,) (0.02) 

where 

QSUP = quantity of supernatent returned, mgd. 

Q au 
* average daily wastewater flow, mgd. 

2.19.5.3.8.1.2 Trickling Filter and Rotating Biological Contactor. 

QSUP - (Q,,) (0.007) 

- where 

QSUP = quantity of supernatant returned, mgd. 

Q aw 
= average daily wastewater flow, mgd. 

2.19.5.3.8.2 Supernatant Quality. 

TSS = 3400 
BOD - 500 

COD - 2600 
TKN - 170 
PH - 7.0 

where 

TSS = total suspended solids concentration, mg/l. 

BOD = BOD 5 concentration, mg/l. 

COD - COD concentration, mg/l. 

TKX = total Kjeldahl nitrogen concentration, mg/l. 

PH = pH, 
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2.19.5.4 

2.19.5.4.1 

2.19.5.4.2 

2.19.5.4.3 

2.19.5.4.4 

2.19.5.4.5 

2.19.5.4.6 

2.19.5.4.7 
water. 

2.19.5.4.8 

2.19.5.4.9 

2.19.5.4.10 

2.19.5.4.11 

2.19.5.4.12 

2.19.5.4.13 

2.19.5.4.14 

2.19.5.4.15 

2.19.5.5 

2.19.5.5.1 

Process Design Output Data. 

Raw sludge specific gravity. 

Detention time, days. 

Volatile solids destroyed, percent. 

?Iixed liquor solids, mg/l. 

Solids in digested sludge, percent. 

Rate constant, ROD5 applied to filter. 

Coefficient of O2 saturation in waste/O2 saturation in 

Standard transfer efficiency, percent. 

Digester volme, gal. 

Volatile solids loading, lb VS/ft3/day. 

Solids accunulated, lb/day. 

Vol\nne of wasted sludge, gal. 

Solids retention time, days. 

Oxygen requirement, lb/day. 

Horsepower required, hp. 

Quantities Calculations. 

Determine volune of digester. 

where 

V = volume of digester, gal. 

Vd = volume of digester, cu ft. 
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2.19.5.5.2 Selection of nunber of aeration tanks and mechanical 
aerators per tank. The following rule will be utilized in the 
selection of nunber of aeration tanks and mechanical aerators per 
tank. 

vs 

Number of Number of Aeratbrs 
Aeration Tanks Per Tank 

0.5 - 2 2 
2- 4 3 
4- 10 4 

10 - 20 6 
209 30 a 
30" 40 10 
40- 50 12 
50 - 70 14 
70 - 100 16 

1 
1 
1 
2 
2 
3 
3 
3 
4 .' 

When V is larger than 100 mgd, several batteries of aeration tanks 
will bg used. See next section for details. 

2.19.5.5.3 Selection of nunber of tanks and number of batteries 
of tanks when V is larger than 100 mgd. It is general practice in 
designing large? sewage treament plants that several batteries of 
aeration tanks, instead of a single group of tanks, are used. This 

. is due to land area availability and certain hydraulic limitations. 
To sizuplify the modeling process, the following rules will be used: 

2.19.5.5.3.1 When V 5 100 mgd, only one battery of aeration 
tanks will be used. Thus 

NB = 1 

where 

NB- number of batteries of units. 

2.19.5.5.3.2 When 100 < V 5 200 mgd, the systan will be designed 
as two identical batteries $f aeration basins. Each battery would 
handle half of the wastewater. The nunber of aeration tanks in 
each battery would be selected according to the rules established 
in subsection 2.19.5.5.2 by using half the design flow as Vs. 
Thus 

NB=2 

2.19.5.5.3.3 When V > 200 mgd, the design will be performed to 
use three batteries o f aeration basins, each handling onethird of 
the wastewater. Thus 
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. 

NB-3 

2.19.5.5.4 Yechanical aeration equipment design. 

2.19.5.5.4.1 Usually the slox+speed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treatzent plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP, 125 
HP and 150 HP. 

2.19.5.5.4.2 Horsepower for each individual aerator: 

HPN - (NB&(NA) 

If HPN >I50 HP and NT - 2 or 3, then repeat the calculation with 
NT = NT+ 1. 

If HPN > 150 HP and NT 2 4, then repeat the calculation with NT = 
NT+ 2. 

where 

HPN = horsepower of each unit, horsepower. 

HP = design capacity of aeration equipment, horsepower. 

NB - nunber of batteries. 

NT = nunber of aeration tanks per battery. 

NA = nunber of aerators per tank. 

2.19.5.5.4.3 Canpare HPN with the available off-the-shelf sizes 
and select the smallest unit with capacity larger than HPN. The 
capacity of the selected unit would be designated as HPSN. Thus 
the total capacity of the aeration units would be 

HPT = (NB) ' (NT) ' (NA) l (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2.19.5.5.5 Design of aeration tanks. 

2.19.5.5.5.1 Volume of each individual tank would be 

2.19-30 



vN= 'd 
_ (NB) (HJT) 

where 

VN = volme of single aeration tank, cu ft. 

2.19.5.5.5.2 Depth of aeration tanks. The depth of an aeration 
basin is controlled by the capacity of the aerators to be installed 
inside. If the water depth is too shallow, interference with the 
mixing current and oxygen transfer would occur. If the water depth 
is too deep, insufficient mixing would occur at the bottan of the 
tank and sludge accunulation would occur. Thus proper selection of 
liquid depth of an aeration basin is important. The relationship 
between the recwmended basin depth and the capacity of the ae- 
rators can be expressed as follows: 

When HPSN < 100 E1P 

DW = 4.816 (HPSN)"'2467 

When HPSN Z 100 HP 

DW = 15 ft 

where 

DW = water depth of the aeration tanks, ft. 

HPSX = capacity of the aerator, HP. 

2.19.5.5.5.3 Width and length of aeration tank. The ratio 
between length and width of an aeration tank is dependent on the 
number of aerators to be installed in this tank, NA. 

If M = 1. Square tank construction, L/W = 1 

If NA = 2. Rectangular tank construction, L/W = 
2 

If NA = 3. Rectangular tank construction, L/W = 
3 

If NA * 4. Rectangular tank construction, L/W = 
4 

and 

L/w = NA 
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xii = nunber of aerators per tank. 

L= length of aeration tank, ft. 

W = width of aeration tank, ft. 

After the volume, depth and L/W ratio of the tank are determined, 
the width of the tank can be calculated by; 

The length of the aeration tank would be 

L= @A) (W 

2.19.5.5.6 Aeration tank arrangements. 

2.19.5.5.6.1 Figure 2.19-6 shows the schematic diagram of the 
arrangements. Piping gallery will be provided when the nunber of 
tanks is equal or larger than four. The purpose of piping gallery 
is to house various piping systems and control equipment. 

2.19.5.5.6.2 Size of pipe gallery. The width of this gallery is 
dependent on the canplexity and capacity of the piping systen to be 
housed. An experience cume is provided to approximately estimate 
this width. It is expressed as: 

PGW = 20 + (0.3) (Qav@ 
NB 

where 

PGW = piping gallery width, ft. 

Q avg = average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.19.5.5.7 Earthwork required for construction. It is assumed 
that tank bottan would be 4 feet below ground level. Thus the 
earthwork required would be estimated by the following equations: 

2.19.5.5.7.1 WhenNT = 2, earthwork required would be: 

v ew = 3 [(2 W + 18.5) (W+ 17) + (2 W + 26.5) (w + 25)] 

where 
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V ew = quantity of earthwork required, cu ft. 

w= width of aeration tank, ft. 

2.19.5.5.7.2 When NT = 3, earthwork required would be: 

v = ew 3 [(3 W + 28) (W + 25) + (3 W + 20) (W + 17)] 

2.19.5.5.7.3 When NT 2 4, the width and length of the concrete 
slab for the whole aeration tank battery can be calculated by: 

Ls-2L+PGW+16 

wS 
1% (NT) (W) + 14.5 

where 

LS 
= length of the basin slab, ft. 

L = length of one aeration tank, ft. . 

PGW * piping gallery width, ft. 

W 
S 

= @idth of the basin slab, ft. 

NT = nunber of tanks per battery. 

Thus the earthwork can be estimated by: 

V =3' ew 
(NB) [(Ls + 4) (Ws + 4) + (Ls + 12) (Ws + WI 

where 

v ew = volume of earthwork, cu ft. 

2.19.5.5.8 Reinforced concrete slab quantity. 

2.19.5.5.8.1 It is assumed that a 1'06" thick slab will be 
utilized in this progran regardless of the size of the systan. 

2.19.5.5.8.2 For NT = 2, 

v cs = 1.5 (2 w + 14.5) (W + 13) 

where 

V = R.C. cs slab quantity, cu ft. 

2.19.5.5.8.3 NT = 3, 

V cs = 1.5 (3 w + 16) (W + 13) 
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2.19.5.5.8.4 When NT 2 4, 

v cs = 1.5 (Ls) (Ws) 

where 

Ls = length of slab, ft. 

Ws = width of slab, ft. 

2.19.5.5.9 Reinforced Concrete Wall Quantity. 

2.19.5.5.9.1 In using the plug flow system, influent to the 
aeration basin till be piped to one end of the tank and discharged 
at the other end. Thus it does not require such an elaborate wall 
construction. Two typical wall sections are required, as shown in 
Figure 2.19-7. One would be simple straight side wall and the 
other would be enlarged on top so that walkways can be provided. 

2.19.5.5.9.2 When NT = 2: 

v cw = I.4 (1.25 Dw+ 11) + (6 W + 9) (1.25 DW+ 3.75) 

2.19.5.5.9.3 When NT = 3: 

v cw = (1.25 DW + 11) (3 w + 6) + (1.25 DW+ 3.75) (7 W + 6) 

2.19.5.5.9.4 When NT 2 4: 

IT cw + (L + 3) (1.25 DW + 11) + [(0.5 NT + 2) (L + 3) + 

2 (NT) 00 I l (1.25 DW+ 3.75) ' (NW 

2.19.5.5.10 Reinforced concrete required for piping gallery 
construction. The quantity of piping gallery slab has been es- 
timated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.19.5.5.10.1 When NT < 4, 

where 

v 
=g 

= quantity of R.C. for gallery construction, cu ft. 

2.19.5.5.10.2 When NT 2 4, assuming the ceiling thickness is 1.5 
feet, then the quantity of reinforced concrete would be: 
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v = (NB) l (1.5) (PGW) [ 
cgc 

(NT)20 + 0.75 (NT) + 1.51 

where 

v = volume of R.C. ceiling for pulping gallery construction, 
a= cu ft. 

and for two end walls: 

V 
cgw - 2 (PGW) (NB) (DW+ 3) 

where 

V = volume of R.C. walls for piping gallery construction, 
=w cu ft. 

Thus total R.C. volume for piping gallery construction would be 

V =V +v j 
cg =s cgw 

2.19.5.5.11 Reinforced concrete quantity for aerator supporting 
platform construction. 

2.19.5.5.11.1 Number of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.19.5.5.11.2 Figure 2.19-8 shows a typical supporting platform 
for the aeration equipment. The width of the platform would be a 
function of the capacity of the aerator to be supported. The 
following experienced formula is given to approximate this rela- 
tionship. 

X- 5 + 0.078 (HPSN) 

where 

X= width of the platform, ft. 

HPSN = horsepower of the mechanical aerator, HP. 

2.19.5.5.11.3 Volume of reinforced concrete for the construction 
of the platfoms would be: 

V 
CP 

- [x2 + 5.6 (DW + 2)] (NT) (NA) (NB) 

where 
V = volume of R.C. CP 

for the platfom construction, cu 
ft. 

DW = water depth of the aeration basin, ft. 
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2.19.5.5.11.4 Volume of reinforced concrete for pedestrian bridges. 
The pedestrian bridge links the aerator platform to the walkway- 
sidewalls for ease of operation and maintenance. By using a width 
of 4 feet and slab thickness of 1 foot, the quantity of reinforced 
concrete can be calculated by: 

V 
CWb 

= [2 (W- X)] (NB) (NT) (NA) 

where 

V 
CWb 

= quantity of concrete for pedestrian bridge construction, 
cu ft. 

2.19.5.5.12 Summary of reinforced concrete structures. 

2.19.5.5.12.1 Quantity of concrete slab. 

V cst =V cs 
where 

V cst = total quantity of R.C. slab for the construction 
of aeration tanks, cu ft. 

2.19.5.5.12.2 Quantity of concrete wall. 

V 
CWt 

=V cw 4-v tv +v 
cg CP cwb 

where 

v = 
Cwt 

v = cw 

v = 
cg 

v = CP 

V cwb = 

2.19.5.5.13 

quantity of R.C. wall for the construction of quantity of R.C. wall for the construction of 
aeration tanks, cu ft. aeration tanks, cu ft. 

quantity of aeration tank R.C. walls, cu ft. quantity of aeration tank R.C. walls, cu ft. 

quantity of R.C. quantity of R.C. for the construction of piping for the construction of piping 
gallery, cu ft. gallery, cu ft. 

quantity of R.C. quantity of R.C. for the construction of aerator- for the construction of aerator- 
supporting platforms, cu ft. supporting platforms, cu ft. 

quantity of R.C. quantity of R.C. for the construction of pedestrian for the construction of pedestrian 
bridges. bridges. 

Quantity of handrail for safety. Handrail is Quantity of handrail for safety. Handrail is 
required for the safety protection of the operation personnel of 
wastewater treatment plants. Waterway walls, aerator platforms and 
bridges, and the top of the piping gallery will require handrail. 
Quantity of handrail can be est;lmated thus: 

2.19.5,5.13.1 When NT = 2, 
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LHR = 4 Wt ll+ 2 l (3X+ w- 4) 

where 

LHR = handrail length, ft. 

W= aeration tank width, ft. 

X = width of aerator-supporting platform, ft. 

2.19.5.5.13.2 When NT = 3, 

LHR= 6 w+ lO+ 3 l (3X+ w- 4) 

2.19.5.5.13.3 When NT 2 4, 

If F is an even nunber, 

LHR= 
I 
PGW + (NT) (w) + [L + 3 - 4 (NA)] (NT) + (NA) l (NT) 71" 

l (3X+ w- 4) 
3 

' (NW 

If z 2 is an odd number, 

LKK= PGW + (NT) (W) + [L + 3 - 4 (NA)] (NT + 2) + 

(NA) (NT) (3X + w - 4) l (I?B) 

where 

PGW = width of the piping gallery, ft. 

2.19.5.5.14 Operation and maintenance manpower requirements. 
Patterson and Bunker's data will be utilized to project the o- 
peration and maintenance manpower requirements. The mawhour per 
year requirement is presented as a function of the total horsepower 
of the aeration equipment. 

2.19.5.5.14.1 Calculate the total installed capacity of the 
aeration equipment. 

TICA = (NB) (NT) (NA) (HPSN) 

where 

TICA = total installed capacity of the aeration equipment, ' 
horsepower. 

HPSN = capacity of one individual aerator, horsepower. 

2.19.5.5.14.2 The operation manpower requiranent can be estimated 
as follows: 
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When TICA < 200 hp 

OMH = 242.4 (TICA)o*3731 

When TICA 2200 hp 

OMH = 100 (TICA)"'S42s 

where 

OMH = operational man-hour requirement, man-hour/ yr. 

2.19.5.5.14.3 The maintenance manpower requirement can be es- 
tfmated as follows: 

When TICA s 100 hp 

MMH= 106.3 (TICA)0*4031 

When TICA >lOO hp 

MMH = 42.6 (TICA)o*5g56 

where 

MMH = maintenance manpower requirement, maphour/yr. 

2.19.5.5.1s Energy requirement for operation. By asstnning that 
all the aerators will be operated 90 percent of the time year- 
round, the electrical energy consumption would be: 

KWH = 0.85 x 0.9 x 24 x 365 x (TICA) 

where 

KWH = electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fran hphr to kwhr. 

2.19.5.5.16 Material and supply costs for operation and mainte 
nance. Material and supply costs for operation and maintenance 
include such items as lubrication oil, paint, and repair material, 
etc. These costs are estimated as a percent of installed costs for 
the aeration equipment and are expressed as follows: 

OMMP = 4.225 - 0.975 log (TICA) 

where 

OMMP = percent of the installed equipment cost as O&M 
material costs, percent. 
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TICA'= total installed capacity of aeration equipment, 
horsepower. 

2.19.5.5.17 Other construction cost Ftens. Using the above cal- 
culation, the majority of cost itms of the activated sludge process 
have been accounted for. Other cost items, such as piping systan,, 
control equipment, painting, site cleaning -and preparation, etc., can be 
estimated as a percent of the total bare construction cost. This 
percentage value has been shown to vary fran 4 to 15 percent of the 
total corrstruction cost of the aeration tank system. The value depends 
greatly on site conditions and canplexity of the process. For a gene 
ralized model, an average value of 10 percent would be adequate. Thus, 

CF 1 - - = 1.11 0.90 
where 

CF = correction factor to account for the minor cost 
itens. 

2.19.5.6 

2.19.5.6.1 

2.19.5.6.2 

2.19.5.6.3 

2.19.5.6.4 

2.19.5.6.5 

2.19.5.6.6 

2.19.5.6.7 

2.19.5.6.8 

2.19.5.6.9 

2.19.5.6.10 

2.19.5.6.11 

Quantities Calculations Output Data.. 

Number of aeration tanks, NT. 

Number of aerators per tank, NA. 

Number of process batteries, NB. 

Capacity of each individual aerator, HPSN, hp. 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, Vew, cu ft. 

Total quantity of R.C. slab, Vcsp, cu ft. 

Total quantity of R.C. wall, Vces cu ft. 
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2.19.5.6.12 Quantity of handrail, LHR, ft. 

2.19.5.6.13 Operation manpower requirement, 

2.19.5.6.14 Maintenance manpower requiremen 

2.19.5.6.15 Electrical energy for operation 

2.19.5.6.16 
percent. 

Percentage for O&M material and supply cost, OMMP, 

2.19.5.6.17 Correction factor for minor cap 

2.19.5.7 

2.19.5.7.1 

2.19.5.7.2 

2.19.5.7.3 

2.19.5.7.4 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu d. 

Cost of R.C. wall In-place, UPI W, $/cu yd. 

Cost of R.C. slab in-place, UPI S, $/cu yd. 

Standard size low speed surface 
SSXSA, $, optional. 

2.19.5.7.5 Marshall & Swift Equipment Cost Index, MSECI. 

2.19.5.7.6 Equipment installation labor rate, $/MH. 

2‘19.5.7.7 Crane rental rate, UPICR, $/hr. 

2.19.5.7.8 Unit price of handrail, UPIHR, $/L.F. 

2.19.5.8 Cost Calculations. 

2.19.5.8.1 Cost of earthwork, CDSTE. 

om, wyr. 

s MM& wyr. 

KWH, kwhr/yr. 

tal cost itans, CF. 

aerator cost (20 hp), 
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v 

COSTE = 3 
. UPIEX 

where 

COSTE = cost of earthwork, $. 

v ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of 

2.19.5.8.2 Cost of concrete 

COSTCW 

where 

earthwork, $/cu yd. 

wall in~place, COSTCW. 

v cwt . UPICW 
*27 

COSTCW = cost of concrete wall in place, $. 

v 
CWt 

= quantity of R.C. wall, cu yd. 

UPICW - unit price input of concrete wall implace, $/ 
cu yd. 

2.19.5.8.3 Cost of concrete slab in-place, COSTCS. 

V cst . 
cosTcs - - 

UPICS 
'27 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cst - quantity of concrete slab, $/cu yd. 

UPICS = unit price input of R.C. slab in-place, $/cu yd. 

2.19.5.8.4 Cost of installed aeration equipment. 

2.19.5.8.4.1 Purchase cost of slow speed pier-mounted surface 
aerators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA -  S S X S A  l RSXSA 

where 

CSXSA = purchase cost of surface aerator, $. 
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SSXSA= purchase cost of a standard size slow speed pier- 
mounted aerator. Motor horsepower is 20 hp. 

RSXSA - ratio of cost of aerators with capacity of HPSN hp 
to that of the standard size aerator. 

2.19.5.8.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA = 0.2148 (HPSN)0'513 

where 

HPSN - capacity of each individual aerator, hp. 

2.19.5.8.4.3 Cost of standard size aerator. The cost of pier- 
mounted slow speed surface aerator for the first quarter of 1977 is 

SSXSA = $16,300 

For a better estimate, SSXSA should be obtained fran equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation, the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

SSXSA - 16,300 ' = 491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Cost Index, first quarter 1977. 

2.19 s.a.4.4 Equipment installation man-hour requirement. The 
man-hour requirement for field installation of fixed-mounted 
surface aerator can be estimated as: 

When HPSN < 60 hp 

IMH = 39 + 0.55 (HPSN) 

where 

When HPSN > 60 hp 

mi - 61.3 + 0.18 (HPSN) 

IMH = installation man-hour requiranent, man-hour. 

2.19.5.8.4.5 Crane requirement for installation. 

CH * (0.1) l IMH 
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where 

CH - crane time requirement for installation, hr. 

2.19.5.8.4.6 Other costs associated with the installed equipment. 
This category includes the costs for electric wiring and setting, 
painting, inspection, etc., and can be added as a percentage of 
purchase equipment cost: 

where 

PMINC - percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.19.5.8.4.7 Installed equipment cost, IEC. 

IEC = [CSXSA (1 + %) + IMH l LABRI + CH ' UPICR] 

’ (NB) l (NT) l (NA) 

where 

IEC = installed equipment cost, $. 

LABRI = labor rate, $/man-hour. 

UPICR - crane rental rate, $/hr. 

2.19.5.8.5 Cost of handrail. The cost of installed handrail 
systen can be estimated as: 

where 

LNR= 

UPIHR * 

handrail quantity, ft. 

unit price input for handrail cost, $ per lineal 
foot. A value of $25.20 per foot for the first 
quarter of 1977 is suggested. 

2.19.5.8.6 Other cost itans. This category includes cost of 
process piping system, control instrunents, site work, etc. Costs 
can be adjusted by multiplying the correction factor CF to the sum 
of other costs. 

COSTHR - LHR x UPIHR 

2.19.5.8.7 Total bare construction costs, TBCC. 

TBCC = (COSTE + COSTCW t COSTCS t IEC + COSTHR) ' CF 

where 
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TBCC - total bare construction costs, $. 

CF = correction factor for minor cost itans. 

2.19.5.8.8 Operation and maintenance material costs. Since 
this itan of the O&M expenses is expressed as a percentage of the 
installed equipment costs, it can be calculated by: 

. 
OMMC = IX . OKMP 

-iin 
where 

OMMC - 

OMHP- 

2.19.5.9 

2.19.5.9.1 

operation and maintenance material and supply 
costs, $/yr. 

percent of the instaIled aerator cost as O&M 
material and supply expenses. 

Cost Calculations Output Data. 

Total bare construction cost of the mechanical 
aerated aerobic digestion process, TBCC, $. 

2.19.5.9.2 Operation and maintenance supply and material costs, 
omc, $/yL 
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2.19.6 Anaerobic Digestion. 

2.19.6.1 Input Data. 

2.19.6.1.1 Wastewater flow, average daily, Q,,, mgd. 

2.19.6.1.2 Sludge flow, gpd. 

2.19.6.1.2.1 Primary. 

2.19.6.1.2.2 Secondary. 

2.19.6.1.3 Volatile solids in raw sludge, percent. 

2.19.6.1.4 Solids content in raw sludge, percent. 

2.19.6.1.5 Volatile solids destroyed during digestion, percent 
(usually 40-60 percent). 

2.19.6.2 Design Paraneters. 

2.19.6.2.1 

2.19.6.2.2 

2.19.6.2.3 

2.19.6.2.4 

2.19.6.2.5 

2.19.6.2.6 

2.19.6.3 

2.19.6.3.1 

where 

Digestion time, days. 

Number of digesters. 

Heat requirenent, BTW/hr. 

Sludge gas generation, cu f t/day. 

Prtiary digester, volume, cu ft. 

Secondary digester, volume, cu ft. 

Process Design Calculations. 

Calculate sludge production. 

se - 
(P,) (SF) (Sp.gr.) (8.34) 

100 

SP = sludge produced, lb/day. 

P s - solids content in raw sludge, Z. 

SF = sludge flow, gpd. 

Sp.gr. = specific gravity of sludge. 

2.19.6.3.2 Calculate total volume of raw sludge to digester. 

vf = 
SP(100) 

(% solids)(62.4)(specific gravityj 
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where 

vf - volume of raw sludge to digester, ft3/day. 

SP - sludge produced, lb/day. 

2.19.6.3.3 Number and type of digesters to be used. 

2.19.6.3.3.1 For small treatment works, usually only one digester is 
provided. In this case, the conventional digester will be utilized due 
to the fact that digestion, storage, and clarification are to be carried 
out in one tank. When more than two tanks are provided, the digestion 
and clarification processes will be carried out separately in the 
primary and secondary digesters. Thus the following assumption will be 
used in selecting the nuuber of digesters. (The nunber of secondary 
digesters is determined by the storage time required for the digested 
sludge. Usually, 30 days storage time is provided. But since there is 
no general rule governing the length of the storage period, the fol- 
lowing assumption is based on general field practice). 

h, mgd 
Total Number 

Digesters, NT 
Number of Number of 

Primary, NP Secondary, NS 

0.5 - 2 
2- 10 

lo- 20 
20- 30 
30- 40 
40- 50 
50 - 60 
60- 80 
80 - 100 

1 w 
2 1 1 
3 2 1 
4 3 1 
6 4 2 
8 5 3 
9 6 3 

12 a 4 
16 10 6 

When Q is larger than 100 mgd, 
identi% batteries of units. 

the system will be designed as several 

When 100 Q avg' only one battery of units till be utilized, thus, NB = 
1 

2.19.6.3.3.2 When 100 < Q 5 200 mgd, 
two identical batteries of 3yiesters. 

the system will be designed as 
Each can handle half the sludge 

flow. The nunber of digesters in each battery would be selected fran the 
above table by using half the design flow. For instance, if the incaning 
wastewater flow is 120 mgd, the system will have two batteries of digesters. 
Each battery contains 9 digesters (using Q - 60 mgd and fran the 
above table). Total nunber of digesters w%d be 9 IS 2 = 18. The 
design procedures would be based on one battery with Q 
the total material and costs would be twice as much as 
battery, NB = 2, 

2.19.6.3.3.3 When Q > 200 mgd, the design will be performed as 
three identical batte?% of digesters. me Q would be equal to 

only one battery will be designed. T!?sgtotal material and 
be three times as high, I?B - 3. 
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2.19.6.3.4 Sizing individual units. Digestion time required for 
volatile solids reduction can be predicted by the following equation: 

2.19.6.3.4.1 Conventional digesters: heated but no mixing. 

2.19.6.3.4.1.1 Calculate digestion the.. 

td - (PVR - 30) x 2 
where 

td = the of digestion, days. 

PVR - percent volatile solid reduction, percent (usually 
use 50 percent). 

2.19.6.3.4.1.2 Calculate quantity of digested solids. 

The quantity of solids remaining in the digester at the end of digestion 
period can be calculated by: 

SD - SP [l - W) (pm 
(100) (1oo)1 

where 

SD - quantity of digested solids, lb/day. 

PV * percent volatile of fresh sludge, percent. 

2,19.6.3.4.1.3 Calculate volume of digested solids. 

By assuming that the digested sludge will be 7 percent solids, the 
volclme of digested sludge would be expressed: 

SD 
'd - (1.04) (62.4) (0.07) 

where 

Vd = digested sludge volme, cu ft/day. 

2.19.6.3.4.1.4 Calculate digester volume. 

By using the volume reduction method for the design of the standard rate 
digester, the volme of the digester may be calculated by: 

where 
vT = Ivf - + @f = vd> 1 td 

VT - volume of standard rate digester, cu ft. 

Canpare VT with the available off-theshelf sizes and select the appropriate 
size. 

2.19.6.3.4.2 EIigh rate digesters: Primary digesters are heated and 
canpletlymixed. 

2.19.6.3.4.2.1 Calculate digestion time required, td. 
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PVR- 
td - e ( 13.7 

18.94) 

2.19.6.3.4.2.2 Calculate total primary digester volme: 

v =v l t 
P f d 

where 
v 

P 
= total primary digester volme requirement, cu ft. 

2.19.6.3.4.2.3 Calculate individual digester volume. 

where 

I v vP 
PU -'(NB) 

V pu = volume of each individual tank, cu ft. 

:zare vpu 
with the available off-the-shelf sizes and select the proper 

. 

2.19.6.3.4.3 Digester size and configuration. The diameter of digester, 
DIA, is determined by the available sizes of floating cover and stie 
water depth of the digester. The side water depth is a function of 
dianeter and can be expressed by: 

SWD - 15.6 + (0.1765) (DLA) 

where 

SWD = side water depth of digester, ft. 

DIA = dianetei: of digester, ft. 

Figure 2.19-9 shows typical tank configurations of an anaerobic digester. 

Volunes of available digester diameters are listed below: 

Diameter Side Water Depth 
ft ft 

Volme 
cu ft 

25 20.0 10,330 
30 21.0 15,727 
35 21.5 22,087 
40 22.5 30,367 
45 23.5 40,355 
50 24.5 52,193 
55 25.0 64,836 
60 26.0 80,577 
65 27.0 98,575 
70 28.0 118,980 
75 28.5 139,704 
80 29.5 148,493 
85 30.0 190,317 
90 31.5 224,233 
95 32.0 254,810 

100 33.0 291,882 
110 35.0 376,141 
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2.19.6.3.4.4 Total volme of digester. 

2.19.6.3.4.4.1 For conventional digester: 

'TOT = 'T 

2.19.6.3.4.4.2 For high-rate digester: 

'TOT - 'T 

2.19.6,3,4.4.3 For higbrate digester: 
V TOT - vpu x NT x NB 

where 

VTOT = total. digester volme, cu ft. 

2.19.6.3.5 Calculate heat requiranents. 

2.19.6.3.5.1 Heat supplied must be sufficient to raise the taaperature 
of the inconing sludge to 95'F. 

Q, - (F) (c) (Td - Ts) & (100) 
S 

where 

QS - BTU/hr required for sludge heating. 

SP 31 sludge added per day, lb. 

Ps - solids in fresh sludge, percent, 

C = 1.0 BTU/lb. 

Td - tanperature of sludge in digester, 95'F. 

Ts - temperature of incaning sludge, OF. 

2.19.6.3.5.2 Heat losses through digester wall, floor and cover, etc. 
Use empirical formulae to estimate heat loss: 

In Northern U.S. and Canada: 

QL = (1.25) (46.3) (DIA)2*24 

In Middle U.S.: 

QL - (1.25) (31.8) (DIA)2'24 

In Southern U.S.: 

QL 31: (1.25) (25.9) (DIA)2'24 

where 

QL = heat loss, BTU/hr. 

1.25 - with safety factor of 25%. 

DIA - dimeter of digester. 
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2.19.6.3.5.3 Total heat requirgaent, QT, BTU/hr. 

QT - Qs + OW (Q,) (NB) 

2.19.6.3.6 3 Calculate daily gas production. Assuming 15 ft of 
sludge gas is produced per pound of volatile solids destroyed, the gas 
production rate would be: 

DGP = (SP) (X volatile) (PVEI) (10°4) x 15 
24 

where 

DGP - daily gas produced, cu ft/hr. 

SP = sludge produced, lb/day. 

2.19.6.3.7 Wasted sludge characteristics. 

2.19.6.3.7.1 Sludge flow out. 

(SD)(lOO) 
sm - PSD (8 34) . ( Sp.gr.) 

where 

SF0 = sludge flow out, gpd. 

SD = quantity of sludge digested, lb/day. 

PSD - percent solids in digested sludge, (input by user), Z. 

SP.gr. = specific gravity of sludge. 

2.19.6.3.7.2 Volatile solids in wasted sludge. 

pms 31 (W (W (1 - Ej (100) 
(SFO) (8.34) (Sp.gr.) (MD) 

where 

PVDS = percent volatile solids in digested sludge, Z. I 

PV = percent volatile solids in influent sludge, X. 

SP = input sludge quantity, lb/day. 

PVR = percent volatile solid reduction, X. 

SF0 = sludge flow out, gpd. 
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Sp.gr. = specific gravity of sludge. 

PSD = percent solids in dige.sted sludge, (input by user), %: 

2.19.6.3.8 Supernatant Return. 

2.19.6.3.8.1 Supernatant Quantity. 

2.19.6.3.8.1.1 Activated Sludge Processes and Oxidation Ditch. 

QSUP = (Q,,) (0.02) 

where 

QSUP - quantity of supernatant returned, mgd. 

Q =Jg 
- average daily wastewater flow, mgd. 

2.19.6.3.8.1.2 Trickling Filter and Rotating Biological Contactor. 

where 

QSUP = (Q,,>(O.O07) 

QSUP - quantity of supernatant returned, mgd. 

Q =g 
= average dafly wastewater flow, mgd. 

2.19.6.3.8.2 Supernatant Quality. 

TSS - 6250 
BOD - 1000 
COD = 2150 

TKN - 950 
NHS = 650 
PH = 7.4 

where 

TSS = total suspended solids concentration, mg/l. 

BOD - BOD 5 conchtration, mg/l. 

COD - COD concentration, mg/l. 

TKN - total Kjeldahl nitrogen concentration, mg/l. 

NH3 = anmania nitrogen concentration, mg/l. 

PH - pH. 
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2.19.6.4 Process Design Output Data. 

2.19.6.4.1 Volatile solids destroyed, PVR, percent. 

2.19.6.4.2 Digester volune, VTOT, cu ft. 

2.19.6.4.3 Nunber of digesters per battery, NT. 

2.19.6.4.4 Nunber of batteries, NB. 

2.19.6.4.5 Nunber of primary digesters per battery, NP. 

2.19.6.4.6 Nunber of secondary digesters per battery, NS. 

2.19.6.4.7 Gas production, DGP, cu ft/day. 

2.19.6.4.8 Heat requiraaent, QT, BTU/hr. 

2.19.6.5 *antities Calculations. 

2.19.6.5.1 Quantity of earthwork. Assume the earthwork required 
would be the sime as the digester volume. Thus, for one tank with 
diameter of D&I feet, the earthwork required would be, V,,. 

V ewn - (0.1713) (DIA)3 + (12.174) (DLA>2 

where 

V ewn - earthwork required per tank, cu ft. 

For N'S nunber of tanks, the earthwork would be: 

V ew - (NT) Wewn) (NW 

where 

V ew - volume of earthwork, cu ft. 

2.19.6.5.2 Quantity of reinforced concrete wall, V CW. 

For one tank: 

V 
CWti - (0.275) (SWD + 4.5) (DIA) (t,) 

where 

V 
CWU - quantity of R.C. Wall, cu ft. 

tW 
= wall thickness, in. 

and 

tW 
= 7.5 + (0.5) (SWD) 
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Thus the total wall quantity: . 

v cw = (NT) (Vcm) (NB) 

where 

V cw = total R.C. in place for wall, cu ft. 

2.19.6.5.3 Quantity of reinforced concrete slab. 

For one tank: 

V csn - (0.0675)' (DIA)2 (t,) + (3.1416) (DU) 

V csn - quantity of R.C. slab, cu ft. 

t = slab thickness, in. 
S 

and 

t - 8+ 0.24 (SWD - 15.5) 
S 

Thus the total slab quantity would be: 

%s = (NT) (Vcsn> @B) 

V cs - total R.C. slab in place, cu ft. 

2.19.6.5.4 Dimension of control buildings. The control buil- 
dings are of two-story construction. Digester walls are utilized 
as canmon wall. The quantity, which is the floor space of a single 
floor, can be expressed as: 

2.19.6.5.4.1 For NT < 6 

*dcb - [O.l + 0.097 (NT)] (DU)' l cm) 

2.19.6.5.4.2 For NT 2 6 

*dcb - i0.13 (NT) = 0.083 (DIA)2 ' (ND) 

*dcb = surface area of single floor of two-story control 
building, sq ft. 

NT = total nunber of digesters per battery. 

NB = nunber of process batteries. 
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2.19.6.5.5 Heater and heat exchanger selection. 

2.9.6.5.5.1 Number of sludge heating systems, NH. The following 
assumption will be utilized in design of the heating systen. This 
is based on field experience. 

Nunber 
of 

Primary Digesters, NP 

Number 
of 

Heating Systans 
Per Battery, NH 

1 
2 
3 
4 
5 
6 
8 

10 

2.19.6.5.5.2 Thus each heating system would handle: 

QH - QT 
0-W (NW 

where 

QH = capacity of a single heating systen, BTU/hr. 

2.19.6.5.5.3 Select nunber and capacity of heater and heat 
exchanger. Available off-theshelf sizes (sludge heating capacity 
in BTU/hr) are listed below: 

140,000 1,125,OOO 
175,000 1,250,OOO 
250,000 1,500,000 
375,000 2,000,000 
500,000 2,500,000 
750,000 3,500,000 

1,000,000 

2.19.6.5.5.3.1 Calculate heating capacity of single unit. 

If Q, 2 7,000,OOO BTU/hr, nunber of heaters, NHE = 3. 

If 3,500,OOO 5 QU C 7,000,000, nunber of heaters, NHE = 2. 

If Q, C 3,500,000, nunber of heaters, NHE = 1. 

Thus capacity of one heating unit, Qm, would be 
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NHE 

where 

QHU = capacity of one heating unit, BTU/ht. 

NHE = nunber of heating units per heating system. 

C&pare Q 
FIY 

with the available off-the-shelf sizes and select a 
proper UN with capacity of Q,,. 

2.19.6.5.5.4 Calculate additional units for backup. The nunber 
of additional units for emergency backup is dependent upon the type 
and nunber of digesters. The following ruleof-thumb is to be 
used: 

Nmber of Number of 
Digesters, NT Backup Heating Units, NEIEB 

1 0 
2-4 1 
6-9 2 
9 - 16 3 

2.19.6.5.5.5 Calculate total. nunber of heating units and their 
capacity. 

Total nunber of heating units, NHT. 

N HT - [(NH) @HE) + NHEBl (NB) 

where 

NHT = total number of heating units. 

2.19.6.5.5.6 Calculate excess fuel to be used for heating. For 
dally sludge gas requiryent (DCR) for heating, assume3heat value 
of gas to be 600 BTU/ft for digester gas, 1000 BTU/ft for natural 
gas. Q+ 

where 

DGR = (0.80) (0.9; (600 BTU/ft3) 

DGR = daily gas requirement, cu ft/hr. 

0.80 - boiler efficiency. 

0.90 = heat exchanger efficiency. 

Natural gas to be added, EGR: 
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EGR - (DGR - DGP) (+$) 

If EGR > 0, EGR = EGR 

If EGR S 0, EGR = 0 

where 

EGR - natural gas requirement in cu ft/hr. 

2.19.6.5.5.7 Calculate total natural gas requirenent. The total 
natural gas required per year depends ou the geographical location 
of the digester system and the tanperature variations throughout 
the year. The following assumptions will be used in design cal- 
culations. 

Total gas requirement per year, TNG: 

2.19.6.5.5.7.1 In Northern U.S. - four months of a year require 
supplanentary fuel: 

TNG -4 x30x 24xEGR 

2.19.6.5.5.7.2 In Middle U.S. = two and onehalf months of a year: 

TNG = 2.5 x 30 x 24 x EGR 

2.19.5.5.5.7.3 In‘ Southern U.S. m one month of a year: 

TNG = 1.0 x 30 x 24 x EGR 

where 

TNG = total annual natural gas requirenent, cu ft/yr. 

2.19.6.5.6 Gas safety equipment. This category includes 
accunulator pressure relief valve, flame trap, gas meter, and waste 
gas burner. This system is usually sized by the digneter of gas 
piping and can be related to the diaueter of the digester. 

Dianeter Gas Piping 
ft Size jD", GPS 

530 2 '1 
30 - 50 3 11 
so- 75 4" 
75 - 100 6 '1 

The nunber of gas safety equipment sets, NGSE, is dependent upon 
the nunber of digesters. It is assmed that one set of safety 
equipment will be utilized by two digesters. 

2.19-56 



Total Nmber 
of Digesters, NT. NGSE 

1 1 
>l Ear the next integer 

2 
2.19.6.5.7 Sludge recircula'tion pumps. Pmps are needed for 
sludge recirculation fran the digester to the heating system, 
sludge wastage, and sludge transfer. 

2.19.6.5.7.1 Type of pumps. Usually the positive displacanent 
types are used for this purpose. 

2.19.6.5.7.2 Nunber of pmps, NSTP, depends on the nunber of 
digesters. Backup units are included. 

Nunber of Tanks, NT NSTP 

1 
>l 

2 
NT x 3 (NSTP must 
2 be an integer). 

2.19.6.5.7.3 Size of pump depends on the sizes of the digester. 
The following rules will be used in the sizing. 

Diaueter of Digester 
DTA (ft) 

Punp Capacity 
DPUMP (gpn) 

25 - 30 75 
30 - 70 150 
>70 350 

2.19.6.5.7.4 Pumping head. Assume 70 feet. 

2.19.6.5.8 Piping System. The piping system within anaerobic 
digesters can be grouped into the following subcategories: raw 
sludge piping, sludge recirculation piping, supernatant piping, 
digested sludge piping, plant water supply piping, gas piping, etc. 
Only the sludge piping systems will be designed and quantities 
estimated. Other minor piping will be estimated as a percent of 
the total pipe system. 

2.19.6.5.8.1 Size of piping system. Usually the sludge piping 
systan in the anaerobic digesters utilizes cast iron pipes with 
sizes ranging fran 4 bW to 12 /I'. Size of pipe can be approximated 
by the following figures: 

Dianeter of Digester Pipe Size 
DIA (ft) PIPES (in) 

< 30 4 
30 - 50 6 
50- 70 8 
70 - 90 10 

>90 12 
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2.19.6.5.8.2 Length of pipe. 

PIPEL = NT [SWD + (2.17) (DIA) + 361 + F 

[2.25 (DIA) + 701 mm 

where 

PIPEL = length of total piping system, ft. 

2.19.6.5.8.3 Quantity of fittings and valves. 

Number of 90' elbows, PIRN. 

PIRN = j(6) (NT) + 14 ($ 1 0-W 

PIRN must be an integer. 

where 

PIRN - nunber of 90° elbows. 

Nunber of tees, PITN. 

PITN - [16 (NT) + 19 (f% (NW 

PITN must be an integer. 

where 

PITN = nunber of tees. 

Nunber of plug valves, PIVN. 

PIVN - I7 (NT) + 23 @ 1 (NW 

where 

PIVN - nunber of plug valves. 

2.19.6.5.8.4 Other piping. This includes gas piping, water 
supply piping and other minor pipes. The cost of this category can 
be estimated as a percentage of the major piping. The percentage 
is: 

PENPIP - 25% 

where 

PENPIP = percentage of the minor piping costs compared 
with major piping costs, percent. 
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2.19.6.5.9 Electrical energy required for operation. Alec- 
trical energy is required for sludge pumping, gas circulation for 
mixing purposes, and for certain electrical motors within the 
heating system. This itan can be estimated by using the following 
equations: 

2.19.6.5.9.1 First, calculate total sludge dry solids to be 
treated in the digester. 

where 

TDS = total dry solids to be treated per day, ton/day. 

SP = sludge produced, lbsjday. 

2.19.6.5.9.2 For TDS < 8.5 tons/day: 

KFJH - (46720) (TDS)"'sg6 

2.19.6.5.9.3 For TDS > 8.5 tons/day: 

KwH= (30691) (TDS)Oe8' 

where 

KWH - electrical energy consumed per year, kwhr/yr. 

2.19.6.5.10 Operation and maintenance manpower requirement. 

2.19.6.5.10.1 Operation man-hour requirement, OMH. 

2.19.6.5.10.1.1 

2.19.6.5.10.1.2 

2.19.6.5.10.1.3 

2.19.6.5.10.1.4 

For TDS 5, 0.1 tons/day. 

OMH = 608 man-hours/yr 

For 0.1 < TDS 5 1.0 tons/day. 

OMH = 720 (TDS) 0.0734 

For 1.0 < TDS < 10.0 tons/day. 

OMH = 720 (TDS)"'4437 

For TDS > 10.0 tons/day. 

OMH - 280 (TDS) 
0.8405 
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0?4H = operation man-hour requirement, man-houdyr. 

2.19.6.5.10.2 Maintenance man-hour requiranent, MMH. 

2.19.6.5.10.2.1 

2.19.6.5.10.2.2 

2.19.6.5.10.2.3 

2.19.6.5.10.2.4 

For TDSL 0.1 tons/day. 

MMH - 352 

For O.lC TDS Cl.0 tons/day. 

Mm = 448 (TDS) 0.105 

For 1.0 4 TDS 510.0 tons/day. 

MMH = 448 (TDS) 0.47 

For TDS 710.0 tons/day. 

MMEI - 200 (TDs)"'804 

where 

MMH - maintenance man-hour requirenent, mawhour/yr. 

2.19.6.5.11 Other operation and maintenance material costs. This 
iten includes repair and replacanent material costs. It is expressed as 
a percentage of total installed equipment costs of the anaerobic di- 
gester system. 

OMMP - 1.5X 

where 

OMMP = O&Mmaterial costs as percent of the installed 
anaerobic digester equipment costs. 

2.19.6.5.12 Other construction cost items. 
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2.19.6.5.12.1 Fran the above estimation, approximately 90 percent of 
the construction costs have been accounted for. 

2.19.6.5.12.2 

2.19.6.6 

2.19.6.6.1 

2.19.6.6.2 

2.19.6.6.3 

2.19.6.6.4 

*dcb* sq ft. 

2.19.6.6.5 

2.19.6.6.6 

2.19.6.6.7 

2.19.6.6.8 

2.19.6.6.9 

2.19.6.6.10 

2.19.6.6.11 

2.19.6.6.12 

2.19.6.6.13 

2.19.6.6.14 

2.19.6.6.15 

2.19.6.6.16 

2.19.6.6.17 

2.19.6.6.18 

2.19.6.6.19 

CF correction factor would be &= = 1.11. 

'Quantities Calculations Output Data. 

Volune of earthwork, Vew, cu ft. 

Volume of R.C. wall, VCw, cu ft. 

Volme of R.C. slab, VCS, cu ft. 

Surface area of single floor of two-story control building, ". 

Beater and heat exchanger nunber, NT*. 

Heater and heat exchanger capacity, Q,,, BTU/hr. 

Excess fuel for heating, TNG, cu ft of natural gas/yr. 

Gas safety equipment, nuaber/battery, NGSE. 

Gas safety equipment size, GPS. 

Number of sludge pumps/battery, NSTP. 

Sludge pump capacity, DPUMP, gpn. 

Piping size, PIPES, in. 

Length of pipes, PIPEL, ft. 

Nmber of 90' elbows, PIRN, 

Nrnnber of tees, PITN. 

Number of plug valves, PIVN. 

Other minor piping costs, PENPIP, percentage. 

Electrical energy requiraaent, KWH, kwhr/yr, 

Operational manpower requirement, OME, man-hour/yr. 
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2.19.6.6.20 Maintenance manpower requirement, MMH, man-hour/yr. 

2.19.6.6.21 Other ObMmaterial costs as percent of installed equip 
ment cost, OMMP, X. 

2.19.6.6.22 

2.19.6.6.23 

2.19.6.7 

2.19.6.7.1 

2.19.6.7.2 

2.19.6.7.3 

2.19.6.7.4 

2.19.6.7.5 

2.19.6.7.6 

2.19.6.7.7 
(optional). 

2.19.6.7.8 

Correction factor for minor construction costs, CF. 

Diameter of digester, ft. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu pd. 

Cost of R.C. wall in-place, UPICW, $/cu yd. 

Cost of R.C. slab in-place, UPICS, $/cu yd. 

Equipment installation labor rate, LABRI, $/ME. 

Crane rental rate, UPICR, $/hr. 

Piping installation labor rate, LABRI, $/MB. 

Seventy foot diameter floating cover cost, SFLOCO, $, 

Cost of hearth gas circulation equipment for 6bfoot 
diameter digester, CGCUS, $ (optional). 

2.19.6.7.9 Cost of external heater and heat exchanger unit with 
l,OOO,OOO BTU/hr capacity, EIRHXS, $ (optional). 

2.19.6.7.10 Cost of digester gas safety equipment with size of 2" D 
CGSES, $ (optional.). 

2.19.6.7.11 Cost of positive displacanent pump with capacity of 80 
gpm and ?&foot TDK, CSPUMP, $ (optional). 

2.19.6.7.12 Purchase cost of 8" p cast iron pipe, CCIPS, $/L.F. 

2.19.6.7.13 Purchase cost of 8" D plug valve, CCPUS, $/unit. 

2.19.6.7.14 Purchase cost of 8" p 90" bend, CCRS, $/unit. 

2.19.6.7.15 Purchase cost of 8" p tee, COTS, $/unit. 

2.19.6.7.16 Marshall and Swift Equipment Cost Index, MSECI. 
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2.19.6.8 Cost Calculations. 

2.19.6.8.1 Cost of earthwork. 

COSTE (Vew> W-X) 
27 

where 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.19.6.8.2 Cost of reinforced coacrete wall in-place. 

COSTCW - (Vcw> (UPICW 
27 

where 

COSTCW - cost of R.C. wall in-place, $. 

v = volume of R.C. wall, cu ft, cw 

UPICW = unit price input R.C. wall in-place, $/cu yd. 

2.19.6.8.3 Cost of concrete slab in-place. 

cosTcs = WCS) WPICS) 
27 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs - volume of R.C. slab, cu ft. 

UPICS = unit price input R.C. slab in-place, $/cu yd. 

2.19.6.8.4 Cost of Control Building. 

2.19.6.8.4.1 Due to the fact that digester control building 
utilizes digester wall as canmon wall, the cost per unit sq ft 
would be lowered to approldmately half the standard building cost. 

2.19.6.8.4.2 Cost of control building. 

COSTCB = (A& (2) (0.5) (UPIBC) 

where 
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COSTCB = cost of control building, $. 

Adcb = surface area of single floor of two-story control 
building, sq ft. 

UPIBC = unit price input for building cost, $/sq ft. 

2.19.6.8.5 Floating cover cost. 

2.19.6.8.5.1 It is assumed that only primary digesters will 
require gas recirculation devices and both pr%nary and secondary 
digesters will utilize floating covers. 

2.19.6.8.5.2 Purchase cost of floating cover. 

CFLOCO - (SFLOCO) (FLOCOR) 

where 

cFJxc0 - purchase cost of floating cover, $. 

SFLOCO - cost of standard size floating cover (70 ft diameter), 
$71,000 (first quarter, 1977). 

FLOCOR = cost ratio between cover with diameter of DIA and the 
standard size (70 ft diameter). 

For a better estimate, SFLOCO should be obtained fran equipment 
vendors and treated as a unit price input. Otherwise, the price 
should be adjusted by using the Marshall and Swift Equipment Cost 
Index. 

SFLCXO - 71,000 . MSECI 
491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 = Marshall and Swift Equipment Cost Index for 1st 
quarter, 1977. 

2.19.6.8.5.3 Determine FLOCOR. 

2.19.6.8.5.3.1 When 30 I DIA < 70 

FLOCOR = (0.14) [lo (0.0122) (DIA)] 

2.19.6.8.5.3.2 When DIA 2 70 

E’LOCOR = . (o 209) 110(0.00973) (DWl 
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where 

DIA = diameter of digester, ft. 

FLOCOR - cost ratio between cover with diameter DIA and standard 
size (70 ft diameter). 

2.19.6.8.5.4 Installationman-hour requirement. 

IMH = 0.374 (DIA)1*g66 

where 

IMH = installation man-hour 

DIA = diameter of digester, 

2.19.6.8.5.5 Installation crane 

requirement, MH. 

ft. 

hour. 

1 CH = 0.037 (DIA)1*g66 
.+. 

where 

ICH = installation crane requirement, hr. 

DIA = diameter of digester, ft. 

2.19.6.8.5.6 Other installation costs such as painting, electric 
work, etc., can be figured as a percentage of the purchase equips 
ment cost. 

2.19.6.8.5.6.1 When DIA C 70. 

PMINC = 23% 

2.19.6.8.5.6.2 When DIA 2 70. 

PMINC = 29% 

where 

PMINC = minor cost as percentage of purchase cost of 
equipment, percent. 

2.19.6.8.5.7 Installed floating cover cost. 

IFLEO - (CFLOCO) (l+ F) + (IMH) (LABRI) + (ICH) (UPICR) 

where 

LABRI = unit price of labor rate, classification I, 
$/man-hour. 
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UPICR = crane rental rate, $/hr. 

IFLOCO = installed floating cover cost, $. 

PMINC - minor costs as percentage of purchase cost of 
equipment, percent. 

IMH = instdllation man-hour requirement, MH. 

ICH - installation crane requirement, hr. 

2.19.6.8.5.8 Total floating cover cost. 

IFLOCT - 0.W ('IFLOW @W 

where 

IFLOCT = total cost of floating cover, $. 

NT - nunber of digesters per battery. 

NB = nunber of batteries. 
. 

IFLCCO = installed floating cover cost, $. 

2.19.6.8.6 Gas circulation equipment costs. 

2.19.6.8.6.1 The hearth gas recirculation systan will be used as 
a digester mixing device. Only primary digesters will require 
mixing. 

2.19.6.8.6.2 Purchase cost of gas circulation unit. 

CGCUP - (CGCUS) (CGCUR) 

where 

CGCUP * purchase cost of gas circulation unit, $. 

CGCUS = purchase cost of standard size gas circulation 
unit. (Can handle 601foot diameter digester). 
$32,000 1st quarter 1977 price. 

CGCUR = cost ratio between gas systen for digester with 
diameter, DIA, to standard size digester. 

For a better estimate, CGCUS should be obtained fran equipment 
vendors and treated as a unit price input. Otherwise, the fol- 
lowing equation will be utilized for cost escalation purposes: 
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CGCUS 
MSECI 

= 32,000 x 491,6 

where 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 - MSECI value, 1st quarter 1977. 

2.19.6.8.6.3 Determine CGCUR. 

2.19.6.8.6.3.1 When DIA S 60. 

CGCUR - 0.678 + (0.00537) (DLA) 

2.19.6.8.6.3.2 When DIA > 60. 

CGCUR - 0.3715 + (0.01048) (DW 

where 

CGCIR - cost ratio between gas system for digester with 
diameter DIA, to standard size digester. 

DIA = diameter of digester, ft. 

2.19.6.8.6.4 Installation costs. The installation costs and 
other itens can be estimated as a percentage of the purchased 
equipent costs. 

PMIC = 75x 

where 

PMIC * percentage of purchase costs of equipment as 
installation costs, XI. 

2.19.6.8.6.5 Total installed gas circulation units cost, ICGCUP, 

ICGCUP = (NP) [CGCUE' (1 + 

where 

ICGCUP - total installed cost of gas circulation units, $. 

NP - nunber of prtiary digesters per battery. 

CGCUP = purchase cost of gas recirculation unit, $. 

PMIC = percentage of purchase cost of equipment as 
installation costs, %. 
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NB - nunber of batteries. 

2.19.6.8.7 Cost of heater and heat exchanger. 

2.19.6.8.7.1 Purchase cost of the combined heater and heat 
exchanger cost. 

HRHXC- (HR=S > (H=) 

where 

HRXXC- purchase cost of the caubined heater and heat 
exchanger, $. 

HRHXS = purchase cost of the standard size heating unit 
(l,OOO,OOO BTU/hr sludge heating capacity), $. 

HRHXR = cost ratio between heating unit with capacity of 
Q,,, BTU/hr the standard size unit. 

For a better estimate, HRHXS should be obtained fran equipment 
vendors and treated as a unit price input. Othervise, the fol- 
lowing equation will be utilized for cost escalation purposes: 

HRHXS = 49,000 . MSECI 
491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
fran input. 

491.6 - MSECI value, 1st quarter 1977. 

2.19.6.8.7.2 Determine HRHXR. 

2.19.6.8.7.2.1 When Q,, < l,OOO,OOO BTU/hr. 

HRHXR = 0.6778 + 3.222 x 1O-7 (Q,,) 

2.91.6.8.7.2.2 Q,, > l,OOO,OOO BTU/hr: 

HBHXR = 0.256 + 7.44 x 1O-7 (Q,,) 

where 

Q,, = heat exchanger capacity, BTH/hr. 

HRHXR = cost ratio between heating unit with capacity 
QHUS ' and the standard size unit. 

2.19.6.8.7.3 Installation costs. Using a percentage of purchase 
equipment costs as the installation costs, it is estimated to be 
approximately 51%. 
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2.19.6.8.7.4 Total installed heating units cost. 

IHRHX = (NHT) f @WC) Cl.5111 

IRRHX = total installed cost of heating units, $. 

NHT - total nunber of heaters and heat exchangers. 

HRHXC - purchase cost of the canbined heater and heat 
exchanger, $. 

2.19.6.8.8 Cost of gas safety equipment. 

2.19.6.8.8.1 This item includes the following equipment: ac- 
cunulator with drip trap, low pressure check valve, pressure relfef 
and flame trap valve, flame trap, six drip traps, gas pressure 
gage I waste gas burner, and gas meter. 

2.19.6.8.8.2 Purchase cost of the gas safety equipment can be 
expressed as: 

CGSE = (CGSES) (CGSER) 

where 

CGSE = purchase cost of gas safety equipment, $. 

CGSES = purchase cost of the standard size gas safety 
equipment, 2-inch ,fl, $7,100 1st quarter 1977. 

CGSER - cost ratio of purchase cost of gas safety 
equipment with pipe size GPS to standard size 
equipment. 

For a better estimate, CGSES should be obtained fran equipment 
vendors and treated as a unit price input. Otherwise, the fol- 
lowing equation will be utilized for cost escalation purposes: 

CGSES - 7,100 . MSECI 
491.6 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 - MSECI value, 1st quarter 1977. 

2.19.6.8.8.3 Detexmine CGSER. 

CGSER - 0.675 + (0.1625) (GPS) 
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where 

CGSER = cost ratio of purchase cost of gas safety 
equipment with pipe size GPS to standard 
size equipment. 

GPS = gas safety equipment size. 

2.19.6.8.8.4 Installation cost. This cost can be estimated as a 
percent of the purchasing cost, approxim,ately 90 percent. 

2.19.6.8.8.5 Total installed gas safety equipment cost. This 
cost can be expressed as follows: 

IGSEC = (1.90) (CGSE) (NGSE) (NB) 

where 

IGSEC = total installed cost of gas safety equipment, $. 

CGSE = purchase cost of gas safety equipment, $. 

NGSE = nunber of gas safety equipment sets per battery. 

NB = nunber of batteries. 

2.19.6.8.9 Cost-of sludge recircularion pumps. Only the 
positive displacement type will be utilized. 

2.19.6.8.9.1 Purchase cost of the sludge recirculation pumps can 
be expressed as follows: 

CRPUMP - (CSPUMP) (CRPUMR) 

where 

CRPUMP = purchase cost of sludge recirculation punps, $. 

CSPUMP - purchase cost of the standard size sludge pmp, 
80 gpn and 70 feet of total dynamic head, 
$2,500 1st quarter 1977 cost. 

CR?UMR = cost ratio of sludge pmp with capacity of DPUMP 
to the standard size pump (80 gpm). 

For a better estimate, CSPUMP should be obtained fran equipment 
vendors and treated as a unit price input. Otherwise, the fol- 
lowing equation will be utilized for cost escalation purposes: 

MSECI CSPUMP - 2,500 l - 491.6 
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where 

XSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = MSECI value, 1st quarter 1977. 

2.19.6.8.9.2 Determine CRPUMR. 

CRPUMR = 0.379 + 0.00766 (DPUMP) 

where 

CRPDMR - cost ratio of sludge ptamp with 
DPUMP to the standard size pump 

DPUMP = sludge pump capacity, gpm. 

. 

2.19.6.8.9.3 Installation costs. ' This iten includes electrical 
work, piping, concrete pad, instrunentation, painting, etc., and 
can be estimated as a percentage of the purchase equipment costs. 
Generally it adds 150 percent to the pmp costs for the installed 
pmp price. 

2.19.6.8s9.4 Total installed p\nnp costs. These costs can be 
expressed as follows: 

IPUMPC = (2.50) (CRPDMP) (NSTP) (NB) 

where 

IPUMPC - total installed cost of pump, $. 

CRPUMP = purchase cost of sludge recirculation pumps, $. 

NSTP = nunber of sludge pumps per battery. 

NB = nuuber of batteries. 

2.19.6.8.10 costs of piping system. 

2.19.6.8.10.1 Piping system costs can be divided into pipe and 
fitting costs, valve costs, and installation man-hour costs. 

2.19.6.8.10.2 Cost of cast iron pipe. This cost can be expressed 
as follows: 

CCIP = (CCIPS) (PCRIO) 

where 

CCIP - cost of cast iron pipe, $. 
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CUPS = cost of standard size pipe per L,F., 8" D, 
price is $7.41/L.F. 1st quarter 1977. 

PCRIO = cost ratio of pipe of size PIPES to standard 
size pipe (W 0). 

2.19.6,8,10,3 Determine PCRIO. 

PCRIO = 0.083 (PIPES)l*1g7 

where 

PIPES = pipe diameter, inches. 

PCRIO - cost ratio of pipe of size PIPES to standard size 
pipe (8" D). 

2.19.6.8.10.4 Cost of plug valve. This cost can be expressed as 
follotss: 

CCPV - (CCPVS) (VCRIO) 

where 

CCPV = cost of plug valve, $. 

CCPVS - cost of 8" 0 plug valve. $1,099.00/unit, 
1st quarter 1977. 

VCRIO - cost ratio of plug valve size PIPES to standard 
size valve (8" D>. 

2.19.6.8.10.5 Determine VCRIO. 

VCRIO - 0.044 (PrPEs)'*507 

where 

VCRIO - cost ratio @g.,plug valve size PIPE!$ to standard 
size valve (8$' P). 1 

PIPES = pipe diameter, inches. I / 
i 

2,19.6.8.10.6 Cost of 90" bend. 
r'ollows: 

This cost cfin be expressed as 
I 

CCRB = (CCRS) (BENRIO) 

where 

CCRB = cost of 90" bend, $. 

CCRS = standard size (8'* D) 90" bend cost. $70,88/unit, 
1st quarter 1977. 
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BENRIO = cost ratio of 90" bend of size P.IPES to standard 
size 90" bend (8" lo). 

2.19.6.8.10.7 Determine BENRIO. 

BENZ10 = 0.078 (PIPES) 
1.233 

BENRIO = cost ratio of 90" bend of size PIPES to standard 
size 90" bend (V D). 

PIPES = pipe diameter, inches. 

2.19.6.8.10,8 Cost of tee. This cost can be expressed as follows: 

. COT = (COTS) (TRIO) 

where 

COT = cost of tee,, $. 

COTS = standard size (8" 0) tee cost $104.90/unit 
1st quarter 1977. 

TRIO = cost ratio of tee of size PIPES to standard 
size tee (8" p). 

2.19.6.8.10.9 Determine TRIO. 

2.19.6.8.10.9.1 For PIPES C 8" P. 

TRIO = 0.074 (PIPES)'*263 

2.19.6.8.10.9.2 For PIPES 2 8" 0. 

TRIO = 0.011 (PIPES)2"6 

TRIO - cost ratio of tee of size PIPES to standard 
size tee (8“ 0). 

PIPES - pipe diameter, inches. 

2.19.6.8.10.10 Man-hours for erection of bolt-ups per joint, Man- 
hour requirements can be expressed as follows: 

2.19.6.8.10.10.1 For erection of valve flange: ‘i 

MENJ = 0.25 (PIPES) 
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MHVJ - man-hour/joint. 

2.19.6.8.10.10.2 For erection of pipe and fitting flanges: 

MHPJ = 1.5 + 0.125 (PIPES) 

MHPJ = ma-hour/joint. 

2.19.6.8.10.11 Man-hours for material handling. Ma&hour require- 
ments can be estjmated as follows: 

2.19.6.8.10.11.1 For pipe spool pieces and fittings: 

MHPH = 0.0633 (PIPES) 

MHPH = man-hours/joint. 

2.19.6.8.10.11.2 For valve handling: 

MHvH = 0.2 + 0.288 (PIPES) 

where - 

MHVH = mawhours/joint. 

2.19.6.8.10.12 Other labor requirements. Add 21 percent to the 
total maphours for field supervision, cleanup, minor labor, etc. 

2.19.6.8.10.13 Piping system material cost., This cost can be 
expressed as follows: 

PSMC = (PIPEL) (CCIP) + (PIRN) (CCRB) 

+ (PITN) (COT) + (PIVN) (CCPV) 

PSMC - piping system material cost, $. 

2.19.6.8.10.14 Piping system labor cost. This cost can be ex- 
pressed as follows: 

'. 
PSLC - (LABRII) (PIVN) [2 (MHVJ) + MHVH] + (MElPJ) 

[2(PIRN) + 3 PITN)] + (PIPEL) (MHPH) (1.21) 
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where 

PSLC = piping system labor cost, $. 

LABRII = composite piping labor rate, $/man-hour. 

2.19.6.8.10.15 Total piping systan cost. This cost can be ex- 
pressed as follows: 

TPIPEC = (PSMC + PSLC) (1 + PENPIP 
-1 100 

TPIPEC = total cost of piping system, $. 

PENPIP = percent cost for other piping. 

2.19.6.8.11 Total bare construction costs. These costs can be 
expressed as follows: 

TBCC - CF (COSTE + COSTCW + COSTCS + COSTCB 

+ IFLOCT + ICGCUP + IHRFfX + IGSEC + IPUMPC + TRIPEC) 

TBCC = total bare construction costs, $. 

COSTE = cost of earthwork, $. 

COSTCW = cost of R.C. wall in-place, $. 

COSTCS - cost of R.C. slab in-place, $. 

COSTCB = cost of control building, $. 

IFLOCT = total cost of floating cower, $. 

LCGCUP * total installed cost of gas recirculation units, $. 

IBRHX = total installed cost of heating units, $. 

IGS EC = total installed cost of gas safety equipment, $. 

IPUMPC - total installed cost of pumps, $. 

TPIPEC - total cost of piping system, $. 

2.19.6.8.12 Operation and maintenance material costs. These 
cats can be expressed as follows: 

OMMC = 5 (IFLOCT + ICGCUP + IHRHX + IGSEC + IPUMPC) 

where 
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OMMC - operation and maintenance material and supply 
costs. 

OMMP - other O&M material cost as percent of installed 
equipment cost, X. 

IFLOCT = total cost of floating cover, $. 

ICGCUP = total installed cost of gas recirculation units, $. 

IHRHX = total installed cost of heating units, $. 

IGSEC = total installed cost of gas safety equipment, $. 

IPUMPC = total installed cost of punps, $. 

2.19.6.9 Cost Calculations Output Data. 

2.19.6.9.1 Total bare construction costs, TBCC, $. 

2.19.6.9.2 Operation and maintenance material costs, OMMC, $. 
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2.21 EQUATJZATION - 

2.21.1 Bat kground. 

2.21.1.1 Equalization is used for highly variable waste flows 
to dampen the variations so that the treatment facility receives a 
relatively constant flow. It has been shown that many treatment 
processes operate better if extreme fluctuations in hydraulic and 
organic loadings are eliminated. 

2.21.1.2 Equalization basins are usually aerated to prevent 
the settling of solids and the development of anaerobic conditions. 

2.21.1.3 The volume of equalization basins required is based 
on the magnitude and frequency of the variations of hydraulic and 
organic load. The voluaae of a basin required for equalizing dry 
weather diurnal flows will be calculated if the hourly flows for 24 
consecutive hours are input. However, if the hourly flow data is 
not available the desired volume of the basin must be input by the 
user. Also the program can be used for equalization of flows other 
than dry weather diurnal flows simply by inputting the required 
basin volme. 

2.21.2 Input Data. 

2.21.2.1 Wastewater flow 

2.21.2.1.1 Average daily flow, mgd. 

2.21.2.1.2 Hourly flow for 24 consecutive hours, gph. 

2.21.2.2 Basin volume, million gal. This is optional. If 
the user wishes to equalize wet weather flows or hourly flow data 
is not available the basin volume may be specified. 

2.21.2.3 Influent BOD, So, mg/l. 

2.21.3 Design Parameters. 

2.21.3.1 Aerator mixing requirements (0.02 to 0.04 hp/lOOO 
gal) (Default 0.03) 

2.21.3.2 Oxygen requirenents (15 mg/l/hr). 

2.21.3.3 
5.0. 

Standard transfer efficiency, STE, lb02/hp-hr,B 

2.21.3.4 
0.9. 

O2 transfer in waste/O2 transfer in water, crc , w 

2.21.3.5 
0.9. 

O2 saturation in waste/O2 saturation in water, ,cY ,G 
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2.21.3.6 Correction for pressure, P, * 1.0. 

2.21.3.7 O2 saturation at summer tanperature, Cs, mg/l. 

2.21.3.8 Minimum dissolved oxygen to be maintained in basin, 
CL, mg/l 2.0. 

2.21.3.9 Depth of basin, ft. 

2.21.4 Process Design Calculations. 

2.21.4.1 Determine equalization basin volume. 

2.21.4.1.1 Determine average hourly flow. 

FLOWA - FLOW I+ FLOW2 + l ***' PLOW24 
24 

where 

FLOWA = average hourly flow, gph. 

FLOWl-24 = hourly flows for 24 consecutive hours. 

2.21.4.1.2 Calculate equalization volume. Subtract each 
hourly flow rate from the calculated average hourly flow. 

FLOWD - PLOW A- PLOW1 

Sane of these numbers will be negative and some will be positive. 
The sum of the positive numbers will be the equalization volume 
required. 

24 
v= > FLOWD . 

where 

V = equalization volume required, gal. 

FLOWJI = The sum of the positive differences between the 
average hourly flow and actual hourly flow, 
gPh* 

2.21.4.2 Calculate dimensions for earthen basins. It is 
assumed the minimum depth the water will be 5 ft. due to operation 
of aerators. The lagoon side slopes will be 3 to 1. The basin 
will be square. 

2.21.4.2.1 Calculate the length and width of the basin at water 
level. 

I( 4v 
3 

0.5 

Lw = D-5)(7.48) - 54(D5)2 + 18(D-5)2 + 3(D-5) 
2 
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where 

Lw = 

v= 

D= 

2.21.4.2.2 

where 

'T = 

D= 

Lw 3o 

2.21.4.3 

2.21.4.3.1 

length of earthen basin at water level, ft. 

equalization volume required, gal. 

depth of basin, ft. 

Calculate total volume of water for earthen basin. 

VT - D 2w 60) (Lw) + (12) (D) 

total volme of water in earthen basin, gal. 

depth of basin, ft. 

length of basin at water level. 

Calculate dimensions if concrete basin is used. 

Calculate length of basin. 

L = 2.73(&j 
0.5 

where 

L = length of basin 

D = depth of basin 

V = equalization volume required. 

2.21.4.3.2 Calculate total volume of water in concrete basin. 

where 

'T = 

L- 

D- 

2.21.4.4 

2.21.4.4.1 

total volume of water in the basin, gai. 

length of basin, ft. 

depth of basin, ft. 

Calculate horsepower required for aerators. 

Determine horsepower based on mixing. The horsepower 
required to keep the solids suspended is between 0.02 and 0.04 hp 
per 1000 gal. 

vT - (L)2(D) (7.48) 

2.21-3 



HPM = (VT) (W ww 

where 

HPM = horsepower of aerators required for mixing, hp. . 

VT = total volume of water in lagoon, gal. 

MR - mixing requirement, hp/lOOO gal. 

2e21.4.4.2 

2.21.4.4.2.1 

where 

O2 - 

'T = 

OR = 

2.21.4.4.2.2 
conditions. 

Determine horsepower required for oxygen requirements. 

Calculate oxygen required for aerobic conditions. 

O2 - 
(OR) tv,> (834 

lo6 

oxygen required, lb/hr. 

total volume of water in basin, gal. 

oxygen requirement for aerobic conditions, 
mg/l/hr. 

Calculate O2 transfer efficiency of operating 

OTE = STE -(cs) (,6 cp> - c&) (‘*02)T-203 

where 

OTE = operating transfer efficiency, lb 02/hp-hr. 

STE = standard transfer efficiency, lb 02/hphr. 

cs = O2 saturation at summer temperature, mg/l. 

P =O 2 saturation in waste/O2 saturation in water. 

p = correction factor for pressure. 

s = minimum dissolved oxygen to be maintained in 
basin, mg/l. 

oc= 0 2 transfer in waste/O2 transfer in water. 

T= temperature, OC. 
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2.21.4.4.2.3 Calculate horsepower required for oxygen transfer. 

(02) 
HP0 = - 

(O’W 

where 

HP0 = horsepower required for oxygen transfer, hp. 

O2 = oxygen required, lb/hr. 

OTE = operating transfer efficiency, lb 02/hphr. 

Canpare horsepower for mixing (HPM) with horsepower for oxygen transfer 
(HPO) and use the largest for the horsepower of the aerators (HP). 

2.21.4.5 Calculate equalized flow 

(FLOWA)(24) 
QE = 1O6 

where 

QE = equalized flow, mgd. 

J?L,OWA = average hourly flow, gph. 

2.21.4.6 Effluent Characteristics. 

2.21.4.6.1 BOD5. 

BODE * C.9) (So) 

BODSE = t.9) WDS) 

If BODE C BODSE set BODE = BODSE 

where 

BODE = effluent BOD5 concentration, mg/l. 

So - influent BOD5 concentration, mg/l. 

BODSE = effluent soluble BOD5 concentration, mg/l. 

*D5 - influent soluble B0D5 concentration, mg/l. 

2.21.4.6.2 COD 

CODE - COD - (.l)(So) 
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CODSE = CODS - (.l) (BODS) 

If CODE < CODSE set CODE - CODSE 

where 

CODE = effluent COD concentration, mg/l. 

COD - influent COD concentration, mg/l. 

So - influent BOD3 concentration, mg/l. 

CODSE = effluent soluble COD concentration, u&l. 

CODS - influeat soluble COD concentration, mg/l. 

BOD, - influent soluble BOD3 concentration, mg/l. 
Process Design Output Data. 2.21.5 a 

2.21.5.1 

2.21.5.2 

2.21.5.3 

2.21.5.4 

2.21.5.5 

2.21.5.6 

2.21.5.7 

2.21.5.8 

2.21..5.9 

2.21.5.10 

2.21.5.11 

2.21.5.12 

2.21.6 

2.21.6.1 

Equalization volme required, V, gal. 

Average hourly flow, FLOWA, gph. 

Length of earthen basin at water level, Lw, ft. 

Length of concrete basin, L, ft. 

Total volune of water in basin, VT, gal. 

Horsepower of aerators required, HP, hp. 

Effluent BOD3, BODE, mg/l. 

Depth of basin, D, ft. 

Equalized flow, QE, mgd. 

Effluent soluble BOD3 concentration, BODSE, mg/l. 

Effluent COD concentration, CODE, mg/l. 

Effluent soluble COD concentration, CODSE, mg/l. 

Quantities Calculations. 

Calculate volume of earthwork for earthen basin. The 
following assumptions aremade on construction of basin. 

The basin will be constructed using equal cut and 
fill. 
The side slopes will be 3 to 1. 
The basin will have 2 ft. of freeboard. 
The levees will be 10 ft. wide across the top. 
There will be only one basin. 
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2.23 FILTRATION 

2.23.1 Background. 

2.23.1.1 Filtration is the removal of suspended solids 
through a porous medium. Until recently, filtration was used 
mainly in water treatment to remove suspended solids and bacteria. 
However, the increasing concern for abatement of water pollution 
and the requirements for high quality effluents fran wastewater 
treannent facilities have resulted in the rapid, wide acceptance 
of filtration in wastewater treahnent, Filtration is being used 
for the removal of biological floe fran secondary effluents, 
phosphate precipitates fran phosphate ranoval processes, and as a 
tertiary wastewater treatment operation to prepare effluents for 
reuse in industry, agriculture, and recreation. 

2.23.1.2 Granular media used in filtration include sand, 
coal, crushed anthracite, diataaaceous earth, perlite, and pow- 
dered activated carbon. Sand filters have been mostly used in 
water treatment. These filters are classif ied into slow sand 
filters and rapid sand filters. 

2.23.1.3 Slow sand filters are normally 12-30 in. deep. The 
sand rests on a layer of gravel which, in turn, rests on an 
underd 

5 
ain system. The filter is usually operated at a rate of 3 

gal/ft /hr. When the filter becanes clogged, it is normally 
deactivated, drained, allowed to partially dry, and the surface 
layer of sludge is manually removed. Since slow sand filters 
require large space, have high maintenance costs, and clog ra- 
pidly, their application to water treatment has been abondoned; 
their application to wastewater treahnent has been very limited. 

2.23.1.4 Rapid sand filters consist of a layer of sand 18-30 
in thick supported by a layer of gravel 6-18 in thick and an 
underdrain sys ten. The underdrain system not only supports the 
sand, but also collects the filtered water and distributes the 
backwash water. The gravel aids in the distribution of the wash 
water ttifie preventing the loss of filter media to the underd 
Rapid sand filters are usually operated at a rate of 2 

5 ain. 
gal/ft /min. 

The filters are cleaned by backwashing. Normally, the filter is 
backwashed when the head loss increases to a value approaching the 
actual head available or when the effluent quality begins to 
deteriorate. The length of time of filter runs normally depends 
on the quality of the feed water 2 The canmon rate of backwashing 
is 24-30 in/min (about 15 ga/lft /min) for 3-10 min. This rate 
results in about 30 percent expansion of the sand. 
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2.23.1.5 
duplicate. 

Rapid sand filters are usually constructed in 
The filters are canmonly arranged in rows along one or 

both sides of a pipe gallery. Total depths of filters fran water 
surface to underdrains range fran 8 to 10 ft. 
ratio of the filter box o 

A length-to-width 
f 3 to 6 has been found most econaical. 

Wash water gutters must be located so that they limit the horizontal 
travel of dirty water during backwashing to 3 ft. As a safety 
factor, the top edge of the backwash gutter is normally located 6- 
12 in above the allowed expansion of the sand (usually 50 per- 
cent). Backwash gutters must be designed to carry all backwash 
water with a minimum 3-in free fall at the upper end. The under- 
drain system must be designed to carry the backwash water and to 
provide uniform distribution of backwash water. 

2.23.1.6 The removal of surface material by sand filters 
leaves a heavy residue of removed solids on the raw water side of 
the filter medium. Surface filtration is extranely sensitive to 
suspended solids concentration in the feed water. Sand filters 
may quic'kly beccme clogged at the surface, resulting in an ex- 
trenely short filter run, thereby limiting the practical appli- 
cation of sand filters in wastewater treatment. 

2.23.1.7 One method used to increase the effective depth of 
filtration involves the use of dual-media or multimedia beds. The 
filters are ca?lposed of two or three materials of different 
specific gravities and sizes. The coarsest and lightest materials 
are placed on top; the finest and heaviest materials are on the 
bottcm. An anthracite/sand filter is an example of a dual-media 
filter. Typical anthracite/ sand filters may include fran 12 to 
24 in of anthracite (specific gravity, 1.4-1.6) and 6 to 16 in of 
sand (specific gravity, 2.65). Multimedia filters normally 
consist of anthracite placed on top of sand which is placed on top 
of garnet. 

2.23.1.8 Another innovation introduced into filtration is 
the mixed media concept. For this process, the size distribution 
of the different media is selected to ensure intermixing between 
the various media at the interfaces. This mixing will prevent the 
formation of an imperious layer of the interface during fil- 
tration. A typical mixed dual-media filter may consist of 12 in 
of sand with an effective size of 0.5-0.55 mm and a uniformity 
coefficient of less than 1.65, and 12 in of crushed anthracite 
coal with an effective size of 0.9-1.0 mm and a uniformity c@ 
efficient of less than 1.8. A typical mixed multimedia filter has 
a particle size gradation that decreases fran about 2-mm anthra- 
cite at the top to about 0.15mm garnet at the bottan. 
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2.23.1.9 A mixed-media design typically used for removal of 
moderate quanti,ies of chemical floe requires a backwash rate of 
about 15 gpn/ft i . The head Loss through the expanded filter is 2- 
4 ft. The required duration for backwash water is typically 2-5 
percent of the plant throughout. Surface wash is also necessary 
to break up the clunps. Normally, surface wash is initiated 1 min 
before the main backwash starts and is stopped about lmin prior 
to the end of the backwash. 

2.23.1.10 In conclusion, the design of filters depends on the 
influent wastewater characteristics, process and hydraulic Loadings, 
method and intensity of cleaning, nature, size, and depth of the 
fiLtering material, and the required quality of the final effluent. 
In general, mixed dualmedia and multimedia filters are more effective 
and easier and less expensive to operate.than sand filters for the 
treahnent of wastewaters; therefore, they are more widely accepted 
in wastewater treatment, - L 

2.23.1.11 However, in reality, the design of a tertiary 
filtration system involves using pilot study data or rules-of- 
thumb to calculate the required filter surface area and select the 
appropriate off-the-shelf units available fran various manufac- 
turers. The filtrationmanufacturers usually provide custaners 
with all necessary equipment except pumps, concrete structure, and 
housing, The filter media, backwash trough, and underdrain 
system are specified by the manufacturers. The consulting engineers 
only have to select the appropriate model fran the manufacturers 
and design the concrete structures. 

2.23.1.12 There are hundreds of various sizes and types of 
filtration units available in the market. For smaller installations, 
the package units usually are selected. They are canpletely self- 
contained filter units to be shipped fran the factories preas- 
sanbled. The-general contractors have to provide only the con- 
crete slabs and influent-effluent piping systems. For larger 
installations, concrete wall constructions are used for containing 
the filter units. The fiLter manufacturers supply the media, 
backwashing troughs, control systems, underdrain, etc., which are 
installed in the field by the general contractor. Thus, the 
design of of these two types of filters are different and should 
be treated separately. 

2.23.1.13 Each manufacturer specifies his own filter configu- 
rations, dimensions and other requirements. These requirenents 
are often different and proprietary information is involved. 
These diversifications make the canputer modeling extremely 
difficult. This is especially true when package units are used. 
It is thus decided that a parametric cost curve will be provided 
for the package type filtration units. The construction cost for 
the larger concrete wall constructed, four-rectangular cell filtration 
systells, will be estimated based on equipment and material costs. 
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2.23.1.14 Due to the fact that tertiary filters are usually 
at the end of treafznent processing trains and large head losses 
are expected, intermediate pumping is always required to deliver 
the main stream to the filter units. However, information on the 
main strem pmping facility is not included in this section; 
rather, design and cost data are presented in the section entitled 
"Intermediate Prrmping Station". 

2.23.2 Input Data. 

2.23.2.1 Wastewater characteristics. 

2.23.2.1.1 Average daily flow, Q avg' mgd. 

2-23.2.1.2 Peak flow, , mgd. 
B 

2.23.2.1.3 Suspended solids concentration, SSinf, mg/l. 

2.23.2.2 Loading rate, gpn/sq ft of filter surface area, if 
available. 

2.23.3 Design Paraneters. 

2.23.3.1 Backwash rate, gpm/ft2. 

2.23.3.2 Backwash period, min. 

2.23.3.3 Loading rate, gpm/ft2. 

2.23.4 Process Design Calculations. 

2.23.4.1 Filter surface area required. 

2.23.4.1.1 If a loading rate is not available fran the input, 
a value of 3.5 gpm/sq ft will be used. The surface area required 
would be: 

SA 3c Q,, (lo 
6 

) 
(1440) LR 

where 

SA = surface area of filter required, sq ft. 

LR = loading rate, gpm/sq ft. 

2.23.4.1.2 The minimum nunber of filter cells should be two. 
ljsually three to four cells are provided in package units and 
four-cell construction is canmon among the concrete filtration 
facilities. It is generally true that package filters are more 
econcmically feasible when the surface area required is less than 
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approximately 400 sq ft. For applications with surface area 
requiranents larger than 400 sq ft, filters with concrete wall 
cowtruction are used. The maximum size filter of this type is 
approximate1 y 2200 sq ft (with four cells). When larger sizes are 
required, multiple filtration units will be selected. The general 
rules are summarized in the following table. 

Q p, mgd 
Number of Number of 

Filtration Units, NU Cells per Units, NC 

l- 10 1 4 
10 - 20 2 4 
20 * 40 4 4 
40 m 60 6 4 
60 - 80 8 4 
80 - 100 10 4 

is larger than 100 mgd, the systan will be designed as 
atteries of units. 

2.23.4.1.3 When Q 2 100 mgd, only one battery of filtration 
unitswillb&used. b=l. 

2.23.4.1.4 When 100 ( Q 5 200 mgd, the number of process 
batteries, X3, would be two? The system would be design as two 
identical batteries with flow to each battery at Q,/2. 

where 

NU = nunber of filtration units per battery. 

NB = number of batteries. 

NC - nunber of cells per filter units. 

2.23.4.1.6 It is stated in Addendun No, 6 of the Ten State 
Standards that "Filtration rate should not exceed 5 gp/sq ft 
based on the maximum hydraulic flow rate with one of the filter 
units out of service”. Thus, the filter surface area based on 
this requirement is: 

QP 
l lo6 

SAP = (5) (1440) l (NU)yN$ 
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where 

SAP = surface area requirement based on Ten-State 
Standard, sq ft. 

QP = peak flow, mgd. 

NU = number of filtration units. 

KC = nlnber of cells per filter. 

2.23.4.1.7 Canpare SA with SAP and use the larger value as the 
design surface area, SAD, sq ft. 

2.23.4.1.8 The surface area of individual filtration unit can 
be calculated by: 

where 

SAU = surface area of individual filtration 
units, sq ft. 

SAD = designed total surface area with filter 
required, sq ft. 

2.23.4.1.9 The size of each cell within a unit can be cal- 
culated by: 

SAU SAC = NC 

where 

SAC = surface area of each cell, sq ft. 

2.23.4.2 Backwash requiranents. 

2.23.4.2.1 It is stated in Ten-State Standards that "Provision 
should be made for a mintnum of 20 gpa/sq ft and a minimum back- 
wash period of 10 minutes". Usually, filtered water is used for 
backwash purposes. In certain cases, product water fran other 
filters cannot meet the demand for backwashing one unit. In these 
cases a clearwell is provided to store filtered water for this 
purpose. It is suggested that storage capacity be provided which 
equals twice the volme of required backwash water. In this 
model, however, it is assumed that chlorine contact tanks will 
follow the tertiary filtration units and the contact tanks would 
provide more than enough capacity for backwash water storage. 
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2.23.3.2.2 Pumps are usually used to provide pressure for backwash 
in package filter units. For the concrete construction types, enough 
head (3 ftj is provided in the effluent cleardell; thus no pumping is - 
necessary. 

2.23.4.2.3 It is stated in Ten-State Standards that the rate of 
return of waste filter backwash water to treatment units should be 
controlled so that the rate does not exceed 15 percent of the design 
flow rate to the treatment units. Surge tanks should have a minimum 
capacity of twice the volume of backwash water required. 

2.23.4.2.4 The following table gives the design backwash surge tank 
capacity, based on design experience. 

Number of Number of Backwash Volumes 
Filter Units, NU . To Be Stored, Nbws 

1 2 
2 2 
4 3 
6 4 
8 5 

10 6 

2.23.4.2.5 Thk volume of the backwash surge tank can be calculated 
by: 

l ( S A C )  l (20) l (LO) 

V 
(NB) (sbws > 

bws * 7.48 

where 

V bws = capacity of surge tank, cu ft. 

20 = backwash rate, gp/sq ft. 

10 = backwash period, minutes. 

2.23.4.3 Effluent Characteristics. 

2.23.4.3.1 Suspended solids. 
TSSE = (.4)(TSS) 

where 

TSSE = total suspended solids in effluent, mdl. 

TSS * total suspended solids in influent, mg/ 1. 

2.23.4.3.2 BOD . 
BODE - BODS 

where 

BODE = total effluent BOD5 concentration, mg/l. 

SODS = influent soluble BOD5 concentration, mg/l. 
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2.23.4.3.3 COD. 

CODE = CODS 
where 

CODE = total effluent COD concentration, m5/1. 

CODS = influent soluble COD concentration, mg/l. 

2.23.4.3.4 Oil and grease. 

OAG = 0 
where 

OAG = effluent oil and grease concentration, mg/l. 

2.23.4.3.5 Nitrogen. 

TKNE = NH3E 
where 

TKNE = effluent total Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg'l. 

2.23.4.3.6 Settleable solids. 

SETS0 = 0.0 
where 

SETS0 = effluent settleable solids concentration, mgl1. 

2.23.5 Process Design Output Data. 

2.23.5.1 Design filter surface area, SAD, sq ft. 

2.23.5.2 Number of process batteries, NB. 

2.23.5.3 Number of filtration units per battery, W. 

2.23.5.4 Number of cells per filtration units, NC. 

2.23.5.5 Surface area of individual filtration unit, SALJ, sq ft. 

2.23.5.6 Volume of backwash surge tank, Vbws, cu ft. 

2.23.5.7 Total suspended solids in effluent,. TSSE, mg/l. 

2.23.5.8 Total effluent BOD5 concentration, BODE, rig/l. 

2.23.5.9 Total effluent COD concentration, CODE, mg/l. 

2.23.5.10 Effluent oil and grease concentration, OAG, mg/l. 
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2.23.6 Quantities Calculations. 

2.23.6.1 When SAD 5 400 sq ft, parametric cost estimating 
procedures will be utilized. The output required for cost es- 
timates is surface area. 

SAPF = SAD 

where 

SAPF = surface area of package filter, sq ft. 

The quantities of earthwork, concrete and others would be zero, 

hhen SAD > 400 sq ft, concrete construction is required. Thus, 
SAPF should be zero and other material quantities could be cal- 
culated by using the formulae provided in the following sections. 
Figure 2.251 shows the cross-sections of one of the commercially 
available units. 

2.23.6.2 
unit. 

Earthwork required for construction of the filter 

2.23.6.2.1 A wide range of filter sizes are available fran 
various manufacturers. In this model the sizes are limited from 
400 sq ft to 2200 sq ft. 

2.23.6.2.2 The following equation provides the estimated 
earthwork quantity for the construction of a single filter unit 
with surface area of SAU sq ft. 

v ewf = 8.875 (SAU) + 5300 

where 

V ewf = earthwork quantity for the construction of a single 
filter unit, cu ft. 

SAU - surface area of filter unit, sq ft. 

2.23.6.2.3 For multiple filter units, the earthwork required 
would be: 

v =v ewn ewf (0.1667 + 0.8333 ' Nu) ' (NB) 

where 

v ewm = quantity of earthwork for multiple filter units, 
cu ft. 

NU = number of filter units. 
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m = number of batteries. 

(0.1667 + 0.8333 l NJ) = Experience equation to account for 
_ the canmon wall construction and 

requiranents when multiple filter 
units are used. 

2.23.6.3 Concrete works required for construction of fil- 
tration units. 

2.23.6.3.1 The relationship between the concrete works re 
quired for the construction of filter units and their sizes is 
given by: 

v 
CWf 

= 4.4 (SAU) + 2850 

v 
CWf 

= volume of reinforced concrete requiranent, cu ft. 

2.23.6.3.2 When multiple units are used, the following e- 
quation gives the required quantities: 

v =V 
CWCO 

cti (0.056 + 0.9444 ’ N U )  l (NB) 

where 

V 
CWII 

= quantity of R.C. for multiple filter units, cu ft. 

(0.056 + 0.9444 ’ NU) = experience equation to account for 
the canmon wall construction and 
other requirements when multiple 
units are used. 

2.23.6.4 Backwash waste surge control tank design. The 
backwash waste would be drained fran the bottan of the filtration 
units into a surge control tank by gravity flow. It is assumed 
that this surge tank would be a concrete structure built below 
grade. The depth of this tank is assumed to be 7 feet and the 
length to width ratio is to be 2:l. 

2.23.6.4.1 Calculate the dimension of the surge tank. 

k 
W st 

where 

W st = width of surge tank, ft. 
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Vbws = volume of backwash surge tank, cu ft. 

The length of surge tank would be: 

L 
st 

= 2 l Wst 

where 

L St = length of surge tank, ft. 

2.23.6.4.2 Quantities of earthwork and reinforced concrete 
calculations. Figure 2.23-Z illustrates the configuration of a 
typical surge tank. The quantities of reinforced concrete and 
earthwork for its construction can be estiaated. 

Earthwork required: 

V ews t = l/3 (AL + A2 + A1 . AZ) ' LO 

where 

V ewSt - volme of earthwork, cu ft. 

A1 = (Lst + 10) l (Wst + 10) 

A2 = (Lst+ 20) (Wst + LO) 

Reinforced concrete required: 

V cwst = 20 (Lag+ wst) + (Lst+ 6) (Wst+ 6) 

where 

V cwst = volume of reinforced concrete for the construction 
of the backwash surge tank, cu ft. 

2.23.6.5 Electrical energy required for operation. In the 
nultiaedia filtration system the process which requires the most 
electrical energy is pumping of the main stream of wastewater to 
the filters. Minor but significant energy requirements include 
power for backwash, surface spray and air blowers. In this section 
only the energy for the minor requirements will be calculated. 
Energy required for influent pumping is estimated in the section 
entitled "Intermediate Pumping Station". Electrical energy for 
filter backwash, surface spray and air blowers is given by the 
following equation: 

KwH = 8213 l (Qavg)om972 

where 
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KWX = electrical energy requiraaent, kwhr/yr. 

Q avg = averaged design flow, mgd. 
l 

2.23.6.6 Operation and maintenance manpower requirements. 

2.23.6.6.1 Operation man-hour requiranent, OMH. 

OMH - 80.4 l (Q , , )  

0.572 

where 

om = operational man-hour/yr. 

2.23.5.6.2 Haintenance man-hour requirements, ElH. 

M?lH = 54 l (Q 

avg 
)0.585 

where 

MMH = maintenance man-hour/yr. 

2.23.6.7 Other operation and maintenance material cost. This iten 
includes repair and replacement material costs and other minor costs. 
It is expressed as a percent of total installed costs of the multimedia 
filtration unit. 

OMXP - 5% 

~where 

OMXP = percent of the installed filtration system costs 
for operation and maintenance material costs. 
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2.23.6.8 Other constructi&ln cost items. In the above estimations 
approximately 80 percent of the construction costs have been accounted 
for. The renaining 20 percent would include minor costs such as backwash 
autillary supply pumps, piping, housing, etc. 

CF, correction factor would be & = 1.25 . 

2.23.7 Quantities Calculations Output Data. 

2.23.7.1 

2.23.7.2 

2.23.7.3 
V ewf' cu ft. 

2.23.7.4 
V ewm' cu ft. 

2.23.7.5 
cu ft. 

2.23.7.6 
cu ft. 

2.23.7.7 
V ewst' cu ft. 

Surface area of package filters, SAPF, sq ft. 

Design filter surface area, SAD,'sq ft. 

Volume of earthwork required for a single filter unit, 

Volume of earthwork required for multiple filter units, 

Volt;ane of R.C. required for a single filter unit, Veti, 

Volume of R.C. required for multiple filter units, VcW, 

Volume of earthwork required for backwash surge tank, 

2.23.7.8 
cu ft. 

Volume of R.C. required for backwash surge tank, Vcvst, 

Electrical energy requirement for operation, KWI, kwhr/ 

2.23.7.10 Operation manpower requirements, OMH, man-hours/yr. 

2.23.7.11 Maintenance manpower requirements, MMH, maphours/yr. 

2.23.7.12 Other operation and maintenance material costs as percent 
of total bare construction cost, OMMP, percent. 

2.23.7.13 Correction factor for minor construction costs. 
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2.23.8 Unit Price Input Required. 

2.23.8.1 Unit price input for earthwork, UPIEX, $/CU yd. 

2.23.8.2 
Sh yd. 

Unit price input for concrete wall in-place, UPICW, 

2.23.8.3 Cost of standard size filter equipment (784 sq ft), 
COSF, $, (optional). 

2.23.8.4 EPA construction cost index for municipal waste- 
water treatment facilities, EPACI. 

2.23.9 Cost Calculations. 

2.23.9.1 Cost of earthwork for filtration units. 

2.23.9.1.1 WhenNU = 

2.23.9.1.2 WhenHU > 

1 
V ewf COSTEF = 27 

1 
Q 

COSTEF xL2$ 

UPIEX 

UPIEX 

where 

COSTEF = cost of earthwork for filtration units, $. 

Q ewf = volume of earthwork for a single filtration unit, 
cu ft. 

Q ewm = volume of earthwork for multiple filtration units, 
cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.23.9.2 Cost of earthwork for backwash surge tank. 
Q 

COSTEST = + UPIEX 

w'here 

COSTEST - cost of earthwork for backwash surge tank, $. 

Q ewst = volume of earthwork for backwash surge tank, 
cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 
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2.23.9.3 
units. 

Cost of reinforced concrete in-place for filtration 

2.23.9.3.1 When W-1 
Y 

COSTCF csf = 27 lJPICW 

2.23.9.3.2 '&en XU > 1 
v 

COSTCF = 3 UPICW 

where 

COSTCF = cost of reinforced concrete in-place for filtration 
units, $. 

Y cti = volume of R.C. required for a single filtration unit, 
cu ft. 

Y = 
Cbilll 

volume of R.C. required for multiple filtration units, 
cu ft. 

UPICW ='unit price input of concrete wall in-place, $/ 
cu yd. 

2.23.9.4 Cost of reinforced concrete in-place for backwash 
surge tank: 

V 
COSTCST = --yp UPICW 

where 

Y = 
cwst volume of R.C. required for backwash surge tank, 

cu ft. 

UPICW - unit price input of concrete wall in-place, 
S/w yd. 

2.23.9.5 Installed cost of package filter units (SAD < 400 
sq ft). As stated previously, because of the wide differences in 
pac'kage plants supplied by different manufacturers, pardnetric 
cost estimation will be used for these plants. 

COSTPF - 33,149.g (SAPF)"*3203 s2 . 

where 

COSTPF = installed cost of package filter equipment, $. 

SAPF = surface area of package filter, sq ft. 
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EPACI = current Environmental Protection Agency construction 
cost index for municipal wastewater treatment 
facilities (Index 100 3d Quarter 1973). 

131.52 = Environmental Protection Agency construction cost 
index for municipal wastewater treament facilities, 
first quarter, 1977. 

2.23.5.6 Filter equipment cost for concrete construction 
(S.AD > 400 sq ft). 

2.23.9.6.1 Cost of standard size unit. A unit with 784 sq ft 
of filter area was selected as the standard unit. 

COSF = $165,000 

For a better cost estimation COSF should be obtained fran the 
equipment vendor and treated as a unit price input. However, if 
this is not done, the cost should be adjusted by using the EPA 
construction cost index. 

COSF = EPACI 
$165,000 131.52 

where 

CQSF = cost of standard size filter equipment (784 sq ft), 
$0 

2.23.9.6.2 Calculate COSTR. 

When SAD s 784 sq ft: 

COSTR = 8.99 (sAD)“‘3615 

When SAD > 784 sq ft: 

COSTR = 1.04 (SAD)O.6S53 

where 

COSTR = purchase cost of filter equipment for filter of size 
SAD as percent of standard size filter cost, percent. 

SAD = area of filter unit, sq ft. 

2.23.9.6.3 Calculate equipment purchase cost. 

COSTR / 
COSTFE =mxB 

OSF 
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where 

COSTFE = purchase cost of filter equipment for filter of SAD 
sq ft, $0 

2.23.9.7 Installation cost. The installation cost is best 
related to the concrete cost. The installation cost is estimated 
to be 53 percent of the concrete cost. 

EIC = .53 (COSTCF + COSTCST) . 

where 

EIC = equipment installation cost, $. 

2.23.9.8 Total bare construction cost. 

2.23.9.8.1 For package filter units. 

TBCC i (COSTPF + COSTCST + COSTEST) CF 

where 

TBCC = total bare construction cost for filter unit, $. 

CF = correction factor for minor construction costs. 

2.23.9.8.2 For concrete units. 

TBCC = (COSTFE + COSTEF + COSTCF + COSTSCST + COSTEST+ EIC) CF 

where 

TBCC = total bare construction cost for filter units, 

2.23.9.9 Operation and maintenance material costs. 

2.23.9.9.1 For package filter units. 

OMMC = (COSTPF) s 

where 

ONMC - operation and maintenance material costs, $. 

OMMP = operation and maintenance material costs as percent 
. of installed filtration equipment cost. 

2.23.9.9.2 For filter units of concrete construction. 

omc = (COSTFE+ EXC) OMXP 
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2.23.10 Cost Calculations Output Data. 

2.23.10.1 Total bare construction cost, TBCC, $. 

2.23.10.2 Operation and maintenance material costs, OMMC, $. 

2.23.11 Bibliography. 
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2.25 FILTER PRESS 

2.25.1 Eat kgrou:ld . 

2.25.1 The filter press is a type of pressure filtration 
and differs frar, vacuum filtration in that the liquid is forced 
through the filter medium by a positive pressure instead of a 
VaCUM. The press finds application primarily i.n the field of 
water and wastewater treatment as a means for dewatering of sludges. 
A nunber of different kinds of filter presses are currently avail+ 
ble. Older models apply pressure by pumping the solution Lnto 
chambers 1 ined with filter cloth, whereas the most recent designs 
actually press the water out by applying direct pressure to the 
sludge. 

2.2s. 1.2 Filter presses are available in varying sizes 
according to the amount of sludge to be dewatered. Optimum opera- 
tion conditions are usually provided by conditioning, thickening, 
and other pretreatment to produce a sludge with an initial con- 

centration of 3-5X and specific resistances of log-10 10 
cd& 

2.25.1.3 The word press is somewhat misleading when applied 
to the earliest designs which originated in the early twentieth 
c ent u ry . These early filter presses did not actually press the 
water out by consolidating the sludge, but instead the solution was 
pumped between plates that were covered with a fiber filter cloth 
where the liquid seeped through the filter cloth leaving the solids 
behind between the plates. When the void spaces became filled, the 
operator separated the plates to remove the solids. Figure 2.24 
1 is a schaatic for this type of press. 

2.25.1.4 This type of filter pressing is a cyclic operation 
which has been the most objectionable characteristic of the process 
in the United States. However , this cyclic. operation is considered 
to be a great advantage in Europe, since in the smaller towns, the 
wastewater treatment plant operator can start the press in the 
afternoon or late evening, Let the operation proceed through the 
night and upon returning to work the following day, empty the solid 
materials. . 

2.25.1.5 The unpopularity of the earl ier f il ter presses in 
the United States has prompted new design approaches by several 
manufacturers toward continuous operating presses. Pre t reatrnent of 
the sludge is required, however, for either a batch or continuous 
flow operation. Usually a chemical addition (alum, lime, or ferric 
chloride j is followed by mixing, flocculation, and gravity thic- 
kening. Conditioning of the filter media may also prove to be 
beneficial . Extensive laboratory work is required to determine 
chemical requirements for plant optimization. 
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2.25.1.6 Filter presses are superior to vacuuu filters in 
both cake solids concentration and suspended solids in the f il- 
trate. Incineration and landfill costs may be reduced if filter 
presses are used because they produce a cake having 40-50X solids, 
while centrifugation and vacuum filtration produce only Z&25% cake 
solids, The fiLtrate fron presses may contain as Little as 75 mg/l 
suspended solids while the other two methods typically discharge 
8OG 1000 mg/ 1 suspended sol ids. 

2.25.2 

2.25.2.I 

2.25.2.2 

2.25.2.3 

2.25.2.4 

2.25.2.5 
%. 

2.25.2.6 

2.25.2.7 

2.25.2.8 

2.25.2.9 

2.25.2.10 

2.25.2.11 

2.25.3 

2.25.3.1 

2.25.3.2 

2.25.3.3 

Input Data. 

Average wastewater flow, mgd. 

Sludge volume, gallons/million gallons. 

Raw sludge solids concentration, %. 

Sludge produced by conditioning chanical s. 

Type and amount of conditioning material required, 

Cake t hit knttss , inches. 

Cake sol ids content, %. 

Filter cake density, lbjft 3 . 

3 Volume of fi! ter chamber, ft . 

Fil ter cycle time, hours. 

Operating schedule, hr/day. 

Design Parameters. 

Sludge volume per million gallons treated. 

Raw sludge solids concentration, %. 1.5015%. 

Conditioning sol ids, fram laboratory studies. L!se. 
0.2 of sludge solids as an estimate. 

2.25.3.4 Type and amount of conditioning chemicals, %, from 
laboratory studies. 

2.25.3.5 Cake thickness (0.50 1.5 Inches). Use 1.2 inch es . 

2.25.3.6 Cake sol ids content (3s 50%). use 45%. 

2.25.3.7 3 Filter chamber volu;ne, ft . Fran manufacturer’s 
literature (If unknown, use 1-2 cu ft), 
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2.25.3.8 

2.25.3.9 

2.25.4 

FiLter cycle time', hr. USC 2.0 hr. , 
- 

Operating schedule, hours per day (8-16 hr). 

Process Design Calculations. 
. 

2.25.4.1 
day. 

Calculate the pounds of dry solids in sludge flow per 

DSS = 
(Q, > (SF) (SS) (8.34) 

100 
where 

DSS - pounds of dry sludge solids per day. 

Q avg: 
= average wastewater flow, mgd. 

SY - sludge flow, gallons/million gallons. * 

ss = suspended solids flow to filter press, X. 

2.25.4.2 
day. 

Calculate the total pounds of dr,y solfds produced per 

PDSPD = DSS + (CS)(DSS) 

where 

PDSPD = pounds of dry solids produced per day. 

CS = conditioning solids, expressed as a fraction of 
sludge solids. (0.2). 

2.25.4.3 Calculate the weight of filter cake produced per day. 
PDSPD PFC =- csc 

x 100 

where 

PFC - pounds of filter cake produced per day, net weight. 

CSC = cake solids content, %. 

2.25.4.4 

where 

Calculate the cake volume. 
PFC cv - - CD 

cv = cake volume, ft3/day. 

CD - cake density, lb/ft3. 

2.25.4.5 Calculate the number of chambers. 
CPD = 2 FCV 

where 

CPD = chambers per day. 
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. 

FCV = filter's ch&ber volume, .3- ft '. 

2.25.4.6 Calcula.te the nunbe? of filter cycles per day. 

HPD KFC =- 8 
FCT ' 

where 

NFC = nunber of filter cycles per day. 

HFD = opeerating schedule for filter, hours per day. 

FCT = filter cycle time, hours per cycle. 

2.25.4.7 Calculate the nunber of filter chambers required i? the 
filter press. 

FCR=$ 

where 

FCR = nunber of filter chambers required in the filter 
press. 

2.25.4.8 Detemine sludge flow out. 

SF0 = PDSPD (100) 
(CSC) (3.34) (Sp.gr.1 

where 

SF0 = sludge flow out, gpd. 

PDSPD = pounds of dry solids produced per day, lb/day. 

csc = cake solids content, X. 

SP .gr. = specific gravity of sludge. 

2.25.5 Pr'ocess Design Output Data. 

2.25.5.1 Total dry solids produced, lb/day, 

2.25.5.2 Weight of filter cake produced, lb/day. 

2.25.5.3 Cake moisture content, %. 

2.25.5.4 Cake density, lb/ft3. 

2.25.5.5 Cake volume, ft3. 

2.25.5.6 Filter chamber volume, ft3. 

2.25.5.7 Number of chanbers per day. 

2.25-4 



2.25.5.8 
I  

Operating schedule, hours/day. 

2.25.5.9 Number of filter cycles per iay. 

2.25.5.10 
press. 

Number of filter chambers required in the filter 

2.25.6 Quantities Calculations. Not Used. 

2.25.7 Quantities Calculations Output Data. Not Used. 

2.25.3 Unit Price Input Required. Not Used. 

2.25.9 Cost Calculations. 

2.25.9.1 Unit costi.ng 1s not available for this treatment 
process, therefore paranetric costing will be used. 

2.25.9.2 Calculate total bare construction cost. 

X= lois (Q,,,) 

Y Zd 0.69698 - 0.12594 (X) + O.O95578(x)2 

TBCC = ey 

where 

TBCC - total bare construction cost, $. 

2.22.9.3 Operation and maintenance cost . 

z = 1.3906 - 0.73944(X) + 0.081625(X)2 

O&M 

where 

O&M =I operation and maintenance cost, $/yr. 

2.25.10 Cost Calculations Output Data. 

2.25.10.1 Total bare construction cost,’ TB’CC, $. 

2.25.10.2 Operation and maintenance cost, O&M, $/yr. 

2.25.11 Bibliography. 

2.25.11.1 Adams, C.E., and W.W. Eckenfelder, “Process Design 
Techniques for Industrial Waste Treatment”, “Pressure ‘FFL tration”, 
pp. 167- 77. 
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2.25.11.8 Silberblatt, C.E., Hemant Risbud, and Frank ?I. 
Tiller, “Batch, Continuous Process for Cake Filtration,” Chanical 
Engineering, April 1974, pp. 127-36. 
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2.27 J?LOTATI.OS. 

2.27.1 Eackground. 

2.27.1.1 Flotation is a solid-liquid separation process. Separation 
is artifically induced by introducing fine gas bubbles (usually air) 
into the systa. The gas-solid aggregate with an overall bulk 
density less than the density of the liquid; thus, these aggregates 
rise to the surface of the fluid. Once the solid particles have been 
floated to the surface, they can be collected by a skimming opera- 
tion. 

2.27.1.2 In wastewater treatment, flotation is used as a clarifi- 
cation process to remove suspended solids and as a thickening process 
to concentrate various types of sludges. However, high operating 
costs of the process generally limit its use to clarification of 
certain industrial wastes and for concentration of wasteactivated 
sludge. 

2.27.1.3 Air flotation systems may be classified as dispersed air 
flotation or dissolved air flotation. In dispersed air flotation, 
air bubbles are generated by introducing air through a revolving 
Impeller or porous media. This type of flotation system is inef- 
fective and finds very limited application in wastewater treatment. 
Dissolved air flotation may be subclassified as pregsure flotation or 
vacuun flotation. Pressure flotation involves air being dissolved in 
the wastewater under elevated pressures and later released at at- 
mospheric pressure. Vacuum flotation, however, consists of applying 
a vacuun- to wastewater aerated at atmospheric pressure. Dissolved 
air-pressure flotation, considered herein is the most caamonly used 
in waterwater treament. 

2.27.1.4 The principal canponents of a dissolved air-pressure 
flotation system as shown in Figure 2.27-l are a pressurizing pump, 
air injection facilities, a retention tank, a back pressure regu- 
lating device, and a flotation unit. The primary variables for 
flotation design are pressure, recycle ratio, feed solid concen- 
tration, detention period, air-to-solids ratio, use of polymers and 
solids and hydraulic loadings. Optimum design parameters must be 
obtained fran bench scale or pilot plant studies. Typical design 
parmeters are listed in Table 2.27-1. 
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Table 2.27-l. Air Flotation Parameters 

Paraineter 

Air Pressure, psig 

Typical Value 
Thickening Clarification 

40 to 70 40 to 70 

Effluent recycle, % 130 to 150 30 to 120 

Detention time, hr 3 0.25 to 0.5 

Air-to-solids ratio 
(lb air/lb solids) (0.005 to 0.00) 

Solid loading, lb/ft2/day 

Activated sludge 
(mixed liquor) 5 to 15 

Activated sludge 
(settled) 10 to 20 

50% primary 
+50% activated 20 to 40 

Primary only 

Hydraulic loading, gpm/ft2 

to 55 

0.2 to 4 

Detention tiae, nin 
(pressurizing tank) 1 to 3 

1 to 4 

1 to 3 
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CHEMICALS 
EFFLUENT 

THICKEYE 

FLOlATIOh TANK 

PRESSUPI 2 I NC PRESSURE 
REOUC~NG 

UETEN-f’lON F’rom Metcalf and Eddy, 1972 

Figure 2.27-l. Schanatic of Dissolved-Air Flotation Tank 

2.27.2 

2.27.2.1 

2e27e2.2 

2.27.2.2.1 

2.27.2.2.2 

2.27.2.3 

2.27.3 
studies. 

2.27.3.1 

2.27.3.2 

2.27.3.3 

2.27.3.4 

2.27.3.5 

2.27.3.6 

2.27.3.7 

Input Data. 

Wastewater flow, mgd. 

Suspended solids concentration in the feed, mg/l. 

Average concentration. 

Variation in concentration. 

Polymer dosage, Ib/ son dry solids. 

Design Paraneters. Fran laboratory or pilot plant 

Air-to-solid ratio, A/S. 

Air pressure, P, psig. 

Detention time in flotation tank, DTFT, hr. 

Solids loading, ML, lb/ft'/day. 

Hydraulic loading, HL, gpn/ft2. 

Detention time in pressure tank, DTPT, min. 

Float concentration, CF, percent. 
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2.27.4 Process 3esiqn Calculations. 

2.27.4.1 Select air-tc+solids ratio. 

3 L.27.4.2 Assume air pressure (40 to 60 psig). 

2.27.4.3 ' 7 Calculate P in atmospheres = pslgl: i'*' 
-). 

2.27.4.4 Calculate recycle flow. 

R= w s> (Q) (Co> 
1.3 Sa(0.5P-1) 

where 

A/S = air- tpsolid ratio. 

'a = air solubility at standard conditions, cc/f. 

P = absolute pressure, abnospheres. 

R= recycle flow, mgd. 

Q= feed flow, mgd. 

co = influent suspended solids concentration, mg/L. 

2.27.4.5 Calculate surface area required. 

2.27.4.5.1 Select a solids loading rate and calculate surface 
arsa. If no pilot data is available, use the following mass loadings: 

Xith -+1>mer addition: 30 lb/sq ft/day 

Without polyiner addition: 10 lb/sq ft/day 

where 

SA = 
(Q)(Co)(8.34) 

ML 

SA = surface area, ft 2 . 

Q= feed flow, mgd. 

co = influent suspended solids concentration, mg/l. 

Ia= solids loading rate, lb/ft2/day. 
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2.27.4.5.2 Select a hydraulic loading rate and calculate the 
surface area. 

SA = (Q+R)(106) 
(HL)(60)(24) 

where 

SA - surface area, ft 2 . 

Q = feed flow,.mgd. 

R= recycle flow, mgd. 

HL = hydr&ilic loading rate, gpm/ft 2 . 

2.27,4.%3 ' Canpare the surface areas calculated and use the 
larger of the two, 

2.27.4.6 Select detention time in the flotation tank and 
calculate the volme. 

1 1 
VOLFT = (Q + RI x 733 24 (DTFT) (106) 

where 
3 

VOLFT = volume of flotation tank, ft . 

Q= total flow, mgd. 

R = recycle flow, mgd. 

DTFT = detention time in flotation tank, hr. 

2.27.4.7 Select pressure tank detention time and calculate 
volme of pressure tank. 

VOLPT = (RI (, 48 + & (&, (DTPT) (106> 

where 
3 

VOLPT = volume of pressure tank, ft . 

R=‘ recycle flow, mgd. 

DTPT = detention time in pressure tank, min. 

2.27.4.8 Calculate volume of sludge. 

vs = 
(Q) (co) (% rewval) 

(CF)(specific gravity) 
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where 

VS = volume of sludge, gpd. 

Q= feed flow, agd. 

cO 
= influent suspended solids concentration, mg'l. 

cF = solids concentration in float, percent. 

2.27.4.9 Calculate polymer usage (if applicable). 

PU = 
(WQ)(co) 8.34 

2000 
where 

PU = polymer usage, lb/day. 

PD = polymer dosage, lb/ton dry solids (if polymers 
are used and no dosage rates are given in 
input, use 10 lb/ton dry solids). 

Q- sludge flow, mgd. 

co = suspended solids concentration in the feed, mg/l. 

2.27.4.10 Effluent Characteristics. 

2.27.4.10.1 Suspended solids. 

SSE 7 (Co) (1.0 - $$ 

where 

SSE = effluent suspended solids concentration, mg/l. 

Co = influent suspended solids concentration, mg/l. 

SSR = suspended solids removal rate, X. 

2.27.4.10.2 BOD. 

BODE = (BOD) (1 - s) 

If BODE C BODSE set BODE = BODSE 

where 

BODE = effluent BOD5 concentration, mg/l. 

BOD = influent BOD5 concentration, mg/l. 

BODSE = effluent soluble BOD5 concentration, mg/l. 

BODR = BOD 5 removal rate, X. 
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2.27.4.10.3 COD. 

CODE * (COD) ('1.0 

If CODE < CODSE, set CODE = CODSE 

where 

CODR < 

100) 

CODE = effluent COD concentration, mg/l. 

COD = influent COD concentration, mdl. 

CODSE = effluent soluble COD concentration, mg/l. 

CODR = COD ranoval rate, %. 

2.27.4.10.4 Nitrogen. I 
TKNE = (TKN) (1.0 - 5) 

NH3E * TKNE 

where 

TKNE = effluent Kjeldahl nitrogen concentration, mg/l. 

TKN = influent Kjeldahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/ 1. 

TK.NR = Kjeldahl nitrogen removal rate, %. 

2.27.4.10.4 Oil and .grease. 

OAGE = (OAG) (0.05) 

where 

OAGE = effluent oF1 and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

2.27.5 Process Design Output Data. 

2.27.5.1 Suspended solids concentration, Co, mg/l. 

2.27.5.2 Air-to-solid ratio, A/S. 

2.27.5.3 Air pressure, P, psig. 

2.27-7 



2.27.5.4 

2.27.5.5 

2.27.5.6 

2.27.5.7 

2.27.5.8 

2.27.5.9 

2.27.5.10 

2.27.5.11 

2.27.5.12 

2.27.5.13 

2.27.5.14 

2.27.5.15 

2.27.5.16 

2.27.5.17 

2.27.6 

2.27.6.1 

Solids loading, ML, lb/ft?/day. 

Hydraulic loading, HL, gpm/ft2. 

Recycle flow, 8, mgd. 

Surface area, SA, ft2. 

Volume of pressure tank, VOLPT, ft3. 

Volme of flotation tank, VOLFT, ft3. 

Pressure tank detention time, DTPT, min. 

Flotation tank detention time, DTFT, hr. 

Polymer usage, PU, lb/day. 

Effluent suspended solids concentration, SSE, mg'l. 

Effluent BOD5 concentration, BODE, mg/l. 

Effluent COD concentration, CODE, mg/l. 

Effluent Kjeldahl nitrogen concentration, TKXE, mg'l. 

Effluent oil and grease concentration,-OACE, mg/l. 

Quantities Calculations. 

Select nunber and size of flotation units. The 
standard size units available canmercially are 40, 50, 70, 100, 140, 
200, 280, 350, 450, 570, 750, 960, and 1250 sq ft. 

2.27.6.1.1 If SA is less than 1250 sq ft, then NU is one. 
Compare SA to the commercially available units and select the smal- 
lest unit that is larger than SA. 

2.27.6.1.2 If SA is greater than 1250 sq ft, then NU must be two 
or greater. Try NU = 
= NU+ 1. 

2 first, if SA/NU is greater than 1250, then W 
Repeat the procedure until SA/NU is less than 1250, then 

canpace SA/NU to the canmercially available units and select the 
smallest unit that is larger than SA/NU. 

where 

SA = calculated surface area, sq ft. 

N-u = nunber of units. 

SAS = surface area of unit selected. 
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2.27.6.2 Calculate building area. In area where freezing 
weather may be expected, flotation units would normally be encl.osed 
in buildings. . 

2.27.6.2.1 Calculate diameter of unit. 

DL4 s (y) ye5 

where 

DIA = diameter of unit selected, ft. 

2.27.6.2.2 Calculate building area. 

$ - (DIA + 2) (DIA + 5) (NU) 

where 

AD = area of building, sq ft. 

2.27.6.3 Earthwork required for construction. The procedure to 
estimate the earthwork requirement is the same as that for circular 
clarifier. 

v ew = (1.15) NU[0.035 (DIA)3 + 4.88 (DIA)2 + 77 (DIA) + 3501 

where 

v ew - earthwork required for construction, cu ft. 

1.15 * 15 percent excess volume as safety factor. 

NU = number of units. 

2.27.6.4 Reinforced concrete quantities. 

2.27.6.4.1 Calculate side water depth. The side water depth can 
be related to the diameter by the following equation: 

SWD = 6.72 + 0.0476 (DIA) 

where 

SWD = side water depth, ft. 

2.27.6.4.2 Calculate the thickness of the slab. The thickness of 
the slab can be related to the side water depth by the following 
equation: 

% 
= 7.9 + 0.25 SWD 
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where 

t 
S 

= thickness of the slab, inches. 

2.27.6.4.3 Calculate the wall thickness. The wall thickness can 
be related to the side water depth by the following: 

tW 
= 7 + (0.5) SWD 

t 
W 

= wall thickness, inches. 

2.27.6.4.4 Calculate reinforced concrete slab quantity. 

v 
cs = 0.825 (DW + 4)2 (&) (NU) 

where 

v cs = quantity of R.C. slab in-place, cu ft. 

2.27.6.4.5 Calculate reinforced concrete wall quantity. 

v 
cw = (3.14) (SWD + 1.0) (DLd) (2 (XJ) 

where 

V cw = quantity of R.C. wall in-place, cu ft. 

2.27.6.4.6 Quantity of concrete for splitter box. 

V cb = 100 (NU)l*13 

where 

V cb = quantity of R.C. for splitter box, cu ft. 

NU = rrmber of units. 

2.27.6.4.7 Total quantity of R.C. 

wall: V 
CWt 

=V + v cw cb 

slab: V 
cst =V 

CS 

where 

V 
CWt 

= total quantity of R.C. wall in-place, cu ft. 

V cst = total quantity of R.C. slab in-place, cu ft. 
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2.27.6.5 Calculate dry solids produced. 

DSTPD = 
(Q) (Co) (S-34) 

2000 

where 

DSTPD = dry solids produced, tpd. 

Q = sludge fLow, mgd. 

cO 
= suspended solids concentration in the feed, 

mg/L. 

2.27.6.6 Calculate operational labor. 

2.27.6.6.1 If DSTPD is between 0 and 2.3 tpd, the operational 
labor is calculated by: 

ON8 - 560 (DSTPD)".4973 

2.27.6.6.2 If DSTPD is greater than 2.3 tpd, the operational 
labor is calculated by: 

OMH - 496 (DSTPD) 0.5092 

where 

OHH = operation Labor, man-hourlyr. 

2.27.6.7 Calculate maintenance Labor. 

2.27.6.7.1 If DSTPD is between 0 and 3.0 tpd, the maintenance 
labor is calculated by: 

mm * 156.0 (DSTPD) 0.4176 

2.27.6.7.2 If DSTPD is greater than 3.0 tpd, the maintenance 
labor is calculated by: 

Mm= 124.0 (DSTPD)"*642g 

where 

MYH = maintenance Labor, man-hour/ yr. 

2.27.6.8 Calculate electrical energy requirements for operation. 

KWH = 63,000 (DSTPD)"*g422 
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KWH = electrical energy requirement for operation, 
kwhr/yr. 

2.27.6.9 Operation and maintenance material costs. This item 
includes repair and replacement material costs and other minor costs. 
It is expressed as a percent of total bare construction cost. 

where 

OMMP = percent of air flotation total bare construction 
cost as operation and maintenance materials 
costs, percent . 

2.27.6.10 Other construction cost items. 

2.27.6.10.1’ Fran the above estimation, approximately 85 percent of 
the construction costs have been accounted for. 

2.27.6.10.2 Other minor cost itans such as piping, electrical wiring 
and conduit, concrete slab for pumps and pressure tanks, etc., would be 
15 percent. 

2.27.6.10.3 The correction factor would be 

CF 1 = - - 1.18 0.85 

where 

CF = correction factor for construction costs. 

2.27.7 Quantities Calculations Output Data. 

2.27.7.1 Surface area of unit selected, SAS, sq ft. 

2.27.7.2 Number of units, NU. 
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2.27.7.3 Area of building, $, sq ft. 

2.27.7.4 Earthwork required, V,,, cu ft. - - 

2.27.7.5 Total quantity of R.C. Wall in-place, Vcti, cu ft. 

2.27.7.6 Total quantity of R.C. slab in-place, Vest, cu ft. 

2.27.7.7 Operational labor, OMH, man-hour/yr. 

2.27.7.8 Maintenance labor, MMH, man-hour/yr. 

2.27.7.9 
hr/yr. 

Electrical energy requirement for operation, KWH, kwl 

2.27.7.10 Operation and maintenance material costs as percent of . 
air flotation total bare construction cost, percent. 

2.27.7.11 

2.27.8 

2.27.8.1 

2.27.8.2 

2.27.3.3 

2.27.8.4 
(optional). 

2.27.8.5 

2.27.9 

Correction factor for construction costs, CF. 

Unit Price Input Required. 

Unit price input fcr earthwork, UPIEX, $/cu yd. 

Unit price input for R.C. wall in-place, UPICW, $/cu yd. 

Unit price input for R.C. slab in-place, UPICS, $/cu yd. 

Cost of standard size flotation equipment, COSTFS, $, 

Marshall and Swift Equipment Cost Index, MSECI. 

Cost Calculations. 

2.27.9.1 Cost of building. 

where 

COSTB = XB x UPIBC (.75) 

COST3 = cost of building, $. 

L % = building area, sq ft. 
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where 

COSTB = cost of building, $. 

% = building area, sq ft. 

UPIBC = unit price input for building cost, $/ft 2 . 

.75 = correction factor since slab is already accounted 
for in concrete costs. 

2.27.9.2 Cost of earthwork. 
V 

COSTE = --g UPIRX 

where 

COSTE = cost of earthwork, $. 

V ew = quantity of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.27.9.3 Cost of R.C. wall in-place. 

V 
C(-jS~W = +L upxcw 

where 

COSTCW = cost of R.C. wall in-place, $. 

V 
CWt 

= total quantity of R.C. wall in-place, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/ 
cu yd. 

2.27.9.4 Purchase cost of flotation equipment. The costs given 
include the basic mechanism to be mounted in the concrete tank, air 
pressurization tank, pressurization pump, pressure release valve, air 
injection system, and electrical panel. 

COSTF = COSTFS x yg 

where 

COSTF = purchase cost of flotation equipment of SAS 
surface area, $. 

COSTFS = cost of standard size air flotation unit of 
350 sq ft, $. 
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COSTRO = cost of unit of SXS sq ft expressed as percent of 
cost of standard size unit. 

2.27.9.5 Calculate COSTRO. 

2.27.9.5.1 If SAS is less than 240 sq ft, COSTRO is calculated by: 

COSTRO = 0.3 (SAS) + 25 

2.27.9.5.2 If SAS is between 240 sq ft and 480 sq ft, COSTRO is 
calcula.ted by: 

COSTRO = 0.092 (SAS) + 75 

2.27.9.5.3 If SAS is greater than 480 sq ft, COSTRO is calculated 
by: 

COSTRO - 0.161 (SAS) + 43 

2.27.9.6 Cost of standard size unit. The cost of a dissolved air 
flotation unit with 350 sq ft of surface area for the first quarter of 
1977 is: 

COSTFS = $44,200 

par better cost estimation, COSTFS should be obtained fran equipment 
vendor and treated as a unit price input. Otherwise, for future es- 
calation, the equipment cost should be adjusted by using the Karshall 
and Swift Equipment Cost Index. 

COSTFS XSECI 
w $44,200 491.6 

where 

MSECI = current HarshaLl and Swift Cost Index. 

491.6 = MSECI first quarter 1977. 

2.27.9.7 Equipment Installation Costs. These costs would include 
mounting of a flotationnechanism in the flotation tank, setting pumps 
and tanks, interconnecting piping, electrical installation, etc. These 
costs are estimated as 75 percent of the purchase cost of the equipment. 

ELC = .7S COSTF 

where 
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EIC = equipment installation costs, dollars. 

2.27.9.8 Installed equipment cost. 

where 

IEC = (COSTF + EIC) NU 

IEC = installed equipment cost, $. 

NU = nunber of *units of area SAS sq ft. 

2.27.9.9 Total bare construction costs. 

TBCC = (COSTB + COSTE + COSTCW + COSTCS + IEC) CF 
. 

where 

TBCC = total bare construction costs, $. 

CF = construction cost correction factor, 

2.27.9.10 Operation and maintenance material costs. 

O?f?lP OMMC = TBCC x - 
100 

where 

OMX * operation and maintenance costs, $/yr. 

2.27.10 

2.27 'n 1 . A". 
unit, TBCC, $. 

2.27.10.2 

2.27.11 

2.27.11.1 

Cost Calculations Output Data. 

Total bare corstruction cost for dissolved air flotation 

Operation and maintenance material costs, OMMC, $/yr. 
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2.29 IXCINERATION 

2.29.1 Background. 

2.29.1.1 High tenperature processes have been used for can- 
bustion of municipal wastewater solids since the early 1900’s. 
Popularity of these processes has fluctuated greatly since their 
adaptation fran the industrial combustion field. In the past, 
combustion of wastewater solids was both practical and inexpensive. 
SoLids were easily dewatered and the fuel required for canbustion was 
cheap and plentiful . In addition, air emission standards were 
virtually non-existent. 

2.29.1.2 In today’s environment, wastewater solids are more 
canplex and include sludges fran secondary and advanced waste treat- 
ment (AWT) processes. These sludges are more difficult to dewater 
and thereby increase fuel requiranents for combustion. Due to 
environmental concerns with air quality and the energy crisis, the 
use of high temperaturh processes for canbustion of municipal solids 
is being SC rut inized . 

2.29.1.3 However , recent developments in more efficient solids 
dewatering processes and advances in canbustion technology have 
renewed an interest in the use of high taperature processes for 
specific applications. High temperature processes should be consi- 
dered where available land is scarce, stringent requirements for land 
disposal exist, destruction of toxic materials is required, or the 
potential exists for recovery of energy, either with wastewater 
solids alone or canbined with municipal refuse. 

2.29.1.4 High temperature processes have several potential 
advantages over other methods: 

2.29.1.4.1 Maxlmum volume reduction. Reduces the volme and 
weight of wet sludge cake by approximately 95 percent, thereby 
reducing disposal requirements. 

2.29.1.4.2 Detoxification. Destroys or reduces toxics that may 
otherwise create adverse environmental impacts. 

2.29.1.4.3 Energy recovery. Potentially recovers energy through 
the canbustion of waste products, thereby reducing the overall 
expenditure of eneroy. 

2.29 l l.S Disadvantages of high tslperature processes include: 

2.29.1.5.1 cost. Both capital and operation and maintenance 
costs, including costs for supplenental fuel, are generally higher 
than for other disposal alternatives. 
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2.29.1.5.2 Operating problems. High temperature operations 
create high maintenance requiranents and can reduce equipment re- 
liability. 

2.29.1.5.3 Staffings. Highly skilled and experienced operators 
are required for high temperature processes. Municipal salaries and 
operator status may have to be raised in many locations to attract 
the proper personnel. 

2.29.1.5.4 Environmental impacts. Discharges to atmosphere 
(particulates and other toxic or noxious emissions), surface waters 
(scrubbing water), and land (furnace residues) may require extensive 
treatment to assure protection of the environment. 

2.29.1.6 Multiple-hearth and fluid bed furnaces are the most 
canmonly used sludge combustion equipment in the United States, 
Europe and Great Britain. These two processes will be considered in 
this section. 

2.29.2 General Description Fluidized Bed Incineration. 

2.29.2.1 Fluidized bed incineration for wastewater sludges 
involves the destruction of wastewater solids through combustion. 
Basically, dewatered sludge is pumped into the incineration vessel 
containing a heated catal 
controlled upward airflow at pressures of 2.0 to 5.0 psig; this air T 

tic bed. This bed is fluidized by a 

also supplies oxygen for canbustion. Tenperatures for canbustion 
range from 1200' to 1600" F. Supplanental fuel may be added by 
burners to keep temperatures at optimum levels if the sludge charac- 
teristics do not allow for autogenous canbustion. Burning of waste 
water sludge produces ash and several gases which are carried upward 
by the flow of air through an exhaust stack. Figure 2.29-l describes 
a typical material balance for incineration of 1 lb of dry sludge. 
Normally, sane type of air pollution equipment such as scrubbers, 
electrostatic precipitators, and cyclones are connected to process 
the incinerator byproducts. This exhaust may also pass through other 
control devices if noxious odors are expected to result from can- 
bustion. 

2.29-2 



AUXILIARY FUEL 
‘NO. 2 OIL) 

AIR 23.75 LBS. EXCESS AIR 

SLUOGE ONE DRY POUND II) ASH 0.14 LB. 

4 W20 4.027 LB. 

? 

Figure 2.29-l. Material balance for fluidized bed 
sewage sludge incineration 

2.29.2.2 The fluidized bed incinerator used for canbustion of 
wastewater sludge is a vertical cylinder with an air distributor 
plate containing small openings near the bottau as seen in Figure 
2.29-2. The base plant semes two functions: (1) allows air to pass 
into the media and (2) supports the media. An external air source 
forces the air into the bottan of the vessel where it is distributed 
in such a manner as to fluidize the bed and supply oxygen for ccm- 
bustion. 

2.29.2.3 The bed material is canposed of graded silica sand 
with size varying fran ASTM No. 8 to No. 20. The normdl operating 
temperatures for these fluidized sand beds are between 1200' and 
1600" F, the maximum being 2000" F. At this temperature, the sand 
approaches its melting point which is detrimental to the incinerator 
process. Also, damage to the incinerator vessel would be experienced 
in the heat exchanger and flue piping. 

2.29.2.4 There are two possible locations for the sludge feed 
inlet to be placed on a fluidized bed incinerator vessel. One is 
positioned so that the sludge is pmped (screwtype) directly into 
the fluidized bed. The advantage of this configuration lies in the 
fact that canplete canbustion is realized in a short time. Yet, 
problems can be incurred due to clogging fran dried sludge. The 
second location is above the fluidized bed or the freeboard zone. 
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Hot gases evaporate the water in the sludge as the solids enter the 
vessel . This operation is more amenable to canbustion of solids with 
high moisture contents. However, cclnbustion time for the elevated 
configuration is increased. 

2.29.2.5 Sludge combustion in an incinerator occurs in two 
zones: Zone 1 (bed) where the principal processes are pyrolysis and 
ccmbustion and Zone 2 (freeboard) where the principal processes are 
flame holding and final burnup. Canbustible elanents contained in 
sludge are carbon, hydrogen, nitrogen, and sulfur, which when cun- 
pletely burned with oxygen, 
NO , and SO respectively. 

form the canbustion products C02, H20, 

in&neratini'sludge. 
Ash is also generated in the process of 

The NO S02, 
classified as major air polfe;ants. 

and particulate ash can be 
In order to prevent the release 

of these by-products into the abnosphere, all fluidized bed inci- 
nerators are equipped with scrubbers of varying efficiency. These 
units have been found to be quite effective. 

2.29.2.6 In sane cases, an air preheater or heat exchanger czn 
be used in conjunction with a fluidized bed as seen in Figure 2.29- 
2. The function of the preheater is to raise the tenperature of the 
inconing air to 1000" F by mixing the cool air at 70" F with the 
exhaust gas at 1500" F. 

2.29.2.7 It should be noted that fluidized bed incinerators are 
very specialized equipment and are not usually designed by general 
consultants and not installed by the general contractor for the 
sewage treatment facil-ity. The incinerator is usually obtained on a 
turnkey basis fron the manufacturer; that is, the manufacturer 
designs and installs all the equipment required for incineration of 
the sludge. The only work done by the general contractor would be 
construction of the ,foundation and building to house the incinerator. 
Normally the dewatering equipment is furnished and installed by the 
incinerator manufacturer, but it is not included here as it has been 
provided for in a separate section of this report. 

2.29.2.8 Much of the information concerning sizing and design 
of fluidized bed incinerators is confidential since it has been 
developed by the manufacturers. It is difficult to relate any one 
design parameter to the cost, because of the difference in design 
fran manufacturer to manufacturer. We have chosen to use the dia- 
meter of the unit to relate to the cost. 

2.29.3 General Description Multiple-Hearth Incineration. 

2.29.3.1 The multiple-hearth furnace is the most widely used 
wastewater sludge incinerator in use today because it is simple to 
operate, durable and capable of burning a wide variety of materials. 
Reasonable fluctuations in the feed rate may be accanmodated without 
interruption of the incineration process. Figure 2.29-3 represents a 
typical cross section of a multiple-hearth incinerator. Sludge frcn 
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water or wastewater treatment is normally thickened and dewatered by . 
vacuun filtration and/ or centrifugation. The dewatered sludge enters 
the multiplehearth furnace at the top and is held first on the top 
hearth. The sludge is stirred constantly to pranote drying and 
burning by rabble arms. These slow-moving arms move the sludge 
across the hearths to the inner or outer edge where it drops to the 
hearth beneath. This process continues until the sludge reaches the 
bottau of the furnace as ash. 

2.29.3.2 The multiple- hearth incinerator, 1 ike the fluidized 
bed incinerator, is a special iten of equipment. It is generally 
provided by the manufacturer on a turnkey basis. All necessary 
equipment, installation, and start-up are provided by the manufac- 
turer. The only thing provided by the general contractor are the 
concrete foudation and a building; if required. Normally dewatering 
equipment is supplied by the manufacturer but it has been emitted 
here, since it is provided for in another part of this report. 

2.29.4 

2.29.4.1 

2.29.4.1.1 

2.29.4.1.2 

2.29.4.1.3 

2.29.4.1.4 

2.29.4.1.5 

2.29.4.1.6 

2.29.4.1.6.1 

2.29.4.1.6.2 

2.29.4.1.6.3 

2.29.4.1.6.4 

2.29.4.1.7 

2.29.4.1.8 

2.29.4.1.8.1 

2.29.4.1.8.2 

2.29.4.1.8.3 

Fluidized Bed Incinerator. 

Input Data. 

Average flow, Q avg’ mgd. 

Sludge volume, gal/milIion gal. 

Sludge sol ids concentration, percent. 

Moisture content of dewatered sludge, percent. 

Work schedule, hr/day. 

Sludge analysis. 

Carbon content, percent. ’ 

Hydrogen content, percent. 

Oxygen content, percent. 

Sulfur content, percent. 

Heat value of fuel . 

Fuel analysis, for fuel oil. 

Carbon content, percent. 

Hydrogen content, percent. 

Sulfur content, percent. 
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2.29 .4.1.9 

2.29.4.1.10 

2.29.4.1.11 

2.29.4.1.12 

2.29.4.1.13 

2.29.4.1.14 

2.29.4.2 

2.29.4,2,1 

2.29.4.2.2 
cent. 

2.29.4.2.3 

Operating tanperature of preheater, OF. 

hbient air temperature, OF. 

Sand-to-sludge ratio. 

Specific weight of sand, lb/ ft3. 

Volatile solid content of sludge, percent. 

Fuel cost, $ per million BTU’s, 

Design 2arzmeters. 

Sludge solids concentration, 1.5 to 5 percent. 

Moisture content of dewatered sludge, 40 to 96 per- 

Sludge analysis. Use laboratory values if known; 
otherwise use the following. 

2.29.4.2.3.1 Carbon cant ent , 43.6 percent. 

2.29.4.2.3.2 Hydrogen content, 6.4 percent. 

2.29 .4.2.3.3 Oxygen content, 33.4 percent. 

2.29.4.2.3.4 Sulfur content, 0.3 percent. 

2.29.4.2.4 Heat value of fuel oil, 18,000 BTU/lb. 

2.29.4.2.5 Fuel anal ys is. Use reported values, or for fuel oil 
use the following. 
/ 

2.29.4.2.5.1 Carbon content, 87.3 percent. 

Hydrogen conteilt , 12.6 percent. 

Oxygen content, 0 percent. 

Sulfur content, 1.0 percent. 

2.29.4.2.5.2 

2.29.4.2.5.3 

2.29.4.2.5.4 

2.29.4.2.6 

2.29.4.2.7 

2.29.4.2.8 

2.29.4.2.9 

Operating tmperature of preheater, 1000” to 1200” F. 

Incinerator retention time, 10 to 50 sec. 

Ratio of incinerator height:diameter, 4:1 to 6:l. 

Heat release rate, < 50,000 BTU/hr/ft. 
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2.29.4.2.10 Sand-tesludge ratio, 3 to 8 lb/lb/hr. 

2.29.4.2.11 Specific weight of sand, 110 lb/ft3. 

2.29.4.2.12 Grid jet velocity, S 300 fps. 

2.29.4.2.13 Volatile solids content of sludge, percent. Use 
reported values, or 40 to 60 percent volatile. 

2.29.4.2.14 Fuel cost, $ per million BTU. 

2.29.4.3 Process Design Calculations. 

2.29.4.3.1 Determine the amount of sludge to be incinerated, 
lb/day. 

(Qav, >(SF)(SS)(SCAP)(8.34) 
SP = (100)(100) r 

where 

SP = dry sludge produced per day, lb. 

Q = 
avg 

average wastewater flow, mgd. 

SF = sludge flow, gal/million gal. 

SS = suspended solids in sludge, percent. 

SCAP = solids capture, percent. 

2.29.4.3.2 Calculate the sludge hourly loading rate. 

LR = 2 
HPD 

where 

LR = dry sludge loading rate, lb/hr. 

HPD = work schedule, hr/day. 

2.29.4.3.3 Calculate sludge heat value. 

Ol 
BS = 145C1 + 620 II1 - n4 . + 45s1 

where 

BS = sludge heat value, BTU/lb. 
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c1 = carbon in sludge, percent (if unknown, use 43.6). 

H1 = hydrogen in sludge, percent (if unknown, use 6.4). 

Ol = oxygen in sludge, percent (if unknown, use 33.4). 

s1 = sulfur in sludge, percent (if unknown, use 0.3). 

2.29.4.3.4 Calculate sludge loading rate. 

SL = 10 (2.7-0.0222?1) . 

where 

SL = sludge loading rate, 1b/ft2/hr. 

M = moisture content of dewatered sludge, percent. 

2.29.4.3.5 Calculate cross-sectional area of incinerator. 

where 

A= area of incinerator, ft 2 . 

2.29.4.3.6 Calculate diameter of incinerator. 

D= (1.273A)"' 

where 

D = diameter, ft. 

2.29.4.3.7 Canpute auxiliary fuel supply. 

2.29.4.3.7.1 Calculate burning rate. 

BR = 10 (5.947-0.0096M) 

where 

BR = burning rate, BTU/ft2/hr. 

2.29.4.3.7.2 Canpute total heat input rate. 

HIR = (W (-4) 

where 

HIR = total heat input rate, BTU/hr. 
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2.29.4.3.7.3 Calculate heat input frun sludge. 

HIS = (W (La 

where 

HIS = heat input fran sludge, BTU/hr. 

2.29.4.3.7.4 Calculate auxiliary fuel supply. 

AFS = HXR - HIS 

where 

AFS = auxiliary fuel supply, BTU/hr. 

2e29.4.3.7.5 Calculate fuel oil required. 

AFS FO = HV 

where 

FO = fuel oil required, lb/hr. 

Hv= heat value of fuel. 

2.29.4.3.5 Compute air supply rate (20 percent excess air). 

2.29.4.3.8.1 Calculate air supply rate for sludge. 

91 = 0.0127[(LR)(2.67C1 + 7.94HL + S1 - OL)] 

where 

q1 = air supply rate for sludge, scfm. 

2.29.4.3.8.2 Calculate air supply rate for fuel. 

q2 = 0.0127[(F0)(2.67C2 + 7.94H2 + S2 - O,)] 

where 

42 = air supply rate for fuel, scfm. 

c2 = carbon in fuel, percent (if unknown, use 87.3). 

H2 = hydrogen in fuel, percent (if unknown, use 12.6). 

s2 - sulfur in fuel, percent (if unknown, use 1.0). . 

O2 = oxygen in fuel, percent (if unknown, use 0.0). 
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2.29.4.3.8.3 Calculate air supply rate. 

where 

Q = 91 + 42 

9 = total dry air supply, scfm. 

2.29.4.3.9 Calculate total gas flow (air plus water). 

where 

qt = total gas flow, scfm. 

2.29.4.3.10 Calculate air preheater Capacity. 

2.29.4.3.10.1 Calculate the air-to-sludge ratio. 

where 

ASR = air-to-sludge ratio, lb air/lb sludge. 

2.29.4.3.10.2 Calculate air preheater capacity. 

. 

where 

APHS = (0.24)(ASR)(T2 - T1)(LR) 

APHS = air preheater capacity, BTU/hr. 

T2 = operating tenperature, OF (1000" to 1200" F). 

T1 = ir,cming air taperature, OF. 

2.29.4.3.11 Assume a retention time for the incinerator. 

10 S dt s 50 set 

where 

dt = retention time, sec. 

2.29.4.3.12 Determine volume of reactor. 
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. 

where 
3 

V= voiuiie of reactor, ft . 

2.29.4.3.13 Calculate the height of the reactor. (4 H/D 6). 

where 

H = height of reactor, ft. 

(If WD does not fall between 4 and 6, adjust dt and make a new 
determination of the volume, V).- 

2.29.4.3.14 Check heat release rate. (hr ,< 50,000 BTU/hr/ft). 

HIR Hr =c 

where 
3 

Hr = heat release rate, BTU/hr/ft . 

2.29.4.3.1s Assume a sand-to-sludge ratio. Use 3 to 8 lb sand/lb 
sludge/hr for ASTM No. 8 sand. 

3 5 Rss. 5 8 lb/lb/hr 

where 

Rss = ratio of sand to sludge. 

2.29.4.3.16 Calculate the depth of ASTM No. 8 silica sand t-e 
quired. 

L= (12) (LR) (Rss) 
( &A> 

where 

L = depth of sand, in. 

s - specific weight of sand, lb/cu ft (approx 110). 

2.29.4.3.17 Calculate the grid jet velocity. * 

5 = 160 + 160 log L 

where 

V 
j 

= grid jet velocity, fps. 
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2.29.4.4 Process Design Output Data. 

2.29.4.4.1 Dry sludge loading rate, lb/hr. 

2.29.4.4.2 Sludge heat value, BTU/lb. 

2.29.4.4.3 Sludge loading rate, lb/ft2/hr. 

2.29.4.4.4 Cross-sectional area of incinerator, ft2. 

2.29.4.4.5 Diameter of incinerator, ft. 

2.29.4.4.6 Burning rate, BTU/ft2/hr. 

2.29.4.4.7 Total heat Input rate, BTU/hr. 

2.29.4.4.8 Heat input fran sludge, BTU/hr. 

2.29.4.4.9 Auxiliary fuel supply, BTU/hr. 

2.29.4.4.10 Fuel oil required, lb/hr. 

2.29.4.4.11 Total dry air supply, scfm. 

2.29.4.4.12 Total gas flow, scfm. 

2.29.4.4.13 Air preheater capacity, BTU/hr. 

2.29.4.4.14 Volume of reactor, ft3. 

2.29.4.4.15 Height of reactor, ft. 

2.29.4.4.16 Heat release rate, BTU/ft/hr. 

2.29.4.4.17 Depth of sand, in. 

2.29.4.4.18 Grid jet velocity, fps. 

2.29.4.5 Quantities Calculations. 

2.29.4.5.1 Determine size and number of incinerators to be used. 

2.29.4.5.1.1 It was detecnined fran manufacturers that units less 
than 6 ft in diameter are not normally built. For this reason, if 
the diameter calculated is less than 6 ft, use a 6-ft diameter unit. 

2.29.4.5.1.2 The size of canmercially available units begins at 6- 
ft diameter and increases in l-ft increnents to the largest diameter 
of 25 ft. 
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Table 2.29-l. Normal Quantities of Sludge Produced by 
Different Treatment Processes 

Wastewater Treatment Process 

Gallons 
Sludge/ 

*g 
Treated 

Solids 
Percent 

Sludge 
Specific 
Gravity 

Primary sedimentation 
Undigested 2,950 5.0 1.02 
Digested in separate tanks 1,450 6.0 1.03 

Trickling filter 745 7.5 1.025 

Chemical precipitation 5,120 7.5 1.03 

Primary sedimentation and 
activated sludge 

Undigested 6,900 4.0 1.02 
Digested in separate tanks 2,700 6.0 1.03 

Activated sludge 
Waste sludge 19,400 1.5 1.005 

Septic tanks, digested 900 10.0 1.04 

Imhoff tanks, digested 500 15.0 1.04 

Table 2.29-2. Process Efficiencies for Dewatering 
of Wastewater Sludge 

Unit Process Solids Capture, Percent Cake Solids, Percents 

Centrifugation 
Solid bowl 
Disc-nozzle 
Basket 

80-90 5-13 
80-97 5-7 
70-90 9-10 

Dissolved air flotation 95 4-6 

Dry beds 8499 S-25 

Filter press 99 40160 

Gravity thickener go-95 5-12 

Vacuun filter go+ , 28-35 
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Table 2.29-3. Recommended Fluidized Sed Sludge 
Incinerator Design Criteria 

Paraneter Magnitude 

Sludge loading rate* 

Burning rate 

Heat release rate 

Air:dry sludge ratio 

Fuel: dry sludge ratio* 

Canbustion tenperature 

Retention time (at standard conditions) 

Pressure drop 

Height:dianeter ratio 

Grid jet velocity 

Fre&oard gas velocity 

Stack gas velocity 

Ratio of freeboard diameter:grid diameter 

Ratio of No. 8 sand to sludge rate** 

5 to 40 1b dry sludge/hr/ft2 

Up to 300,000 BTU/hr/ft2 

Up to 50,000 BTU/hr/ft3 

6 to 50 lb/lb 

0 to 30,000 BTU/lb 

1200 to 1400°F 

10 time 50 set 

50 to 100 in of water 

4 to 6:l 

Greater than 300 fps 

5 to 10 fps 

20 to 50 fps 

1.5 

3 to 8 lb/hr/lb 

*Sludge loading rates and air and fuel requirements depend on sludge 
moisture content and the ratio of air and sludge. 

**Sand to sludge ratios depend on sludge moisture content. 
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2.29.4.5.1.3 If the diameter calculated is between 6 f t and 25 ft, 
the nunber of units will be one. If the diameter is not an integer, 
the diameter will be equal to the next larger integer. 

2.29.4.5.1.4 If the diameter is greater than 25 ft, then multiple 
units must be used and the diameter is calculated by: 

D= 1.273 (4/Xje5 

Try N = 2 first, if A/N is greater than 490 sq f t; then try N = N + 1 
and repeat until 4/N is less than 490 sq ft. 

where 

D = diameter of incinerator, ft. 

A = area of incinerator, sq ft. 

N = nunber of incinerators. 

2.29.4.5.2 Calculate the area of incinerator building. The area 
of the building to house the incinerator and associated equipment was 
taken from manufacturer’s literature and recaumendations. 

2.29.4.5.2.1 If the incinerator diameter (D) is between 6 ft and 12 
ft, the area of the building is calculated by: 

% = 12140 + 28 D] N 

2.29.4.5.2.2 If the incinerator diameter (D) is between 13 ft and 
15 f t, the area of the building is calculated by: 

$ = [1665 + 90 D] N 

2.29.4.5.2.3 If the incinerator diameter (D) is between 16 Et and 
25 ft, the area of the building is calculated by: 

$ = [2930 + 40.3 D] N 

AB = area of incinerator building, sq ft. 

D = diameter of incinerator, ft. 

N - nunber of incinerators. 

2.29.4.5.3 Calculate volume of concrete foundations. 

V 
cs 

= AB x 1.5 
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where 

V 
cs 

= volume of reinforced concrete required for 
foundations, cu ft. 

2.29.4.5.4 Calculate maintenance labor per year. 

2.29.4.5.4.1 If PDSPD is between 0 lb/day and 5400 lb/day, the 
maintenance labor per year is calculated by: 

= 38.34 (PDS?D)"'3653 

2.29.4.5.4.2 If PDSPD is 
maintenance labor per year 

Mm-l 

between 5400 lb/day and 44,000 lb/day, the 
is calculated by: 

= 6.02 (PDSPD)0'57S3 

2.29.4.5.4.3 If PDSPD is greater than 44,000 lb/day, the nain- 
tenance labor is calculated by: 

M = 0.194 (PDSPD)~*~~~~ 

where 

PDSPD = pounds of dry sludge produced per day, lb/day. 

MFlH = maintenance labor required per year, man-hours/yr. 

2.29.4.5.5 Calculate operational labor per year. 

2.29.4.5.5.1 If PDSPD is between 0 lb/day and 6200 lb/day, the 
operational labor is calculated by: 

OMH = 62.4 (PDSPD)0*40'4 

2.29.4.5.5.2 If PDSPD is between 6200 lb/day and 4.6,000 lb/day, the 
operational labor is calculated by: 

OMH = 17.968 (PDSPD)"*5483 

2.29.4.5.5.3 If PDSPD is greater than 46,000 lb/day, the operational 
labor is calculated by: 

OMH = .24 (PDSPD)"*g43' 

where 

E'DSPD = pounds of dry sludge produced per day, lb/day. 

OMH = operational labor required per year, nan-hours/ yr. 
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2.29.4.5.6 Calculate electrical energy required per year. 

2.29.4.5.6.1 Electrical energy is required for motors which power 
fluidizing air blower, sludge pumps, scrubber recycle pump, air 
blower for preheater burner, ash thickener driver, and ash dewatering 
driver. Fran data furnished by manufacturers, the total horsepower 
required can be related to the incinerator diameter by the following: 

HP = 1.165 (D) 
1.9115 

where 

HP = operating horsepower required, hp. 

2.29.4.5.6.2 The operating horsepower is related to electrical 
energy usage by the following equation: 

KWH = (N) (260) (235) (HPD) (HP) 

where 

KWH = electrical energy requirwent per year, kw hr/yr. 

N = number of incinerators. 

260 = days per year of operation, days/ yr. 

,877 - conversion from horsepower to kilowatts. 

HPD = work schedule, hr/ day. 

2.29.4.5.7 Operation and maintenance material costs. This i.tem 
covers the cost of replacanent parts, replacing sand lost f ran the 
bed, and replacanent of insulation. It is expressed as a percent of 
the total bare construction cost of the incinerator: 

OMMP = 0.45% 

where 

OMXP - operation and maintenance material costs as percent 
of total bare construction cost, percent. 

2.29.4.6 Quantities Calculations Output Data. 

2.29.4.6.1 Diameter of incinerator, D, ft. 

2.29.4.6.2 NtPnber of incinerators, N. 

2.29.4.6.3 Area of incinerator building, AB, sq ft. 
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2.29.4.6.4 Volume of reinforced concrete required for foundation, 
V cs ' cu ft. 

2.29.4.6.5 Maintenance labor required per year, MMH, man-hours/yr. 

2.29.4.6.6 Operational labor required per year, OMH, man-hours/yr. 

2.29.4.6.7 Electrical energy required per year, KWH, kw hr/yr. 

2.29.4.6.8 Operation and maintenance material costs as percent of 
total bare construction cost, OMMP, percent. 

2.29.4.7 Unit Price Input Required. 

2.29.4.7.1 Unit price input for concrete slab, UPICS, $/cu yd. 

2.29.4.7.2 Unit price input for building costs, UPIBC, $/sq ft. 

2.29.4.7.3 
MSECI, 

Current Marshall and Swift Equipment Cost Index, 

2.29.4.7.4 Standard size incinerator, COSTFI, $ (optionalj. 

2.29.4.8 Cost Calculations. 

2.29.4.8.1 Calculate installed equipment costs. Fluidized bed 
incinerators are usually procured on a turnkey basis fran the manu- 
facturer. The costs used here include all equipment required except 
dewatering equipment. The costs also include installation and start- 
up* This is the usual way in which manufacturers quote costs for 
fluidized bed incinerators. 

2.29.4.8.1.1 If N is equal to 1, the equipment cost is: 

COSTFB = .122 (D)"*7788 (COSTFI) 

2.29.4.8.1.2 If N is greater than 1, the equipment cost is: 

COSTFB - .122 (D)"*7788 (.9) (N) (COSTFI) 

where 

COSTFB = cost of fluidized bed incinerator, $. 

D = diameter of incinerator, ft. 

N- nunber of incinerators. 

COSTFI = cost of standard size (lS-ft diameter) fluidized 
bed incinerator, $. 
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0.9 = discount when more than one unit is purchased at 
the sme time. 

2.29.4.3.1.3 Cost of standard size, fluidized bed incinerator. The 
approximate cost of a 15-f t diameter incinerator for the first 
quarter of 1977 is: 

COSTFI - $1,100,000 

For a better estimation, COSTFI should be obtained fran the equipment 
manufacturer and treated as a unit price input. If COSTFI is not 

treated as a unit price input, the cost will be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTA = $1,100,000 y;y; . 
where 

HSECI = current Marshal.1 and Swift Equipment Cost Index. 

49 1.6 - Marshal 1 and Swift Equipment Cost Index First 
quarter 1967. 

2.29.4.8.2 Calculate cost of foundation. 

v 
COSTCS = -g$ UPICS 

where 

COSTCS = cost of reinforced concrete for foundation, $. 

v = volume of reinforced concrete required for 
cs foundation, cu ft. 

UPICS = unit price input for reinforced concrete slab, 
$/cu yd. 

2.29.4.8.3 Cost of incinerator building. 

COSTIB = $ x UPLBC 

where 

COSTXB = cost of incinerator building, $. 

$ = area of incinerator building, sq ft. 

UPIBC = unit price input building cost, $/sq ft. 
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:.29.4.;.4 Calculate total bare construction cost. 

TBCC = COSTFB + COSTCS + COSTIB 

where 

TBCC = total bare construction cost, S. 

2.29.4.8.5 Calculate operation and maintenance material costs. 

OMMC = (TBCC) s 

where 

OMMC = operation and maintenance material costs, 
$I yr. 

2.29.4.9 Cost Calculations Output Data. 

2.29.4.9.1 Total bare construction cost, $. 

2.29.4.9.2 Operation and maintenance material costs, $/yr. 
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2.29.5. 

2.29.5.1 

2.29.5.1.1 

2.29.5.1.2 

2.29.5.1.3 

2.29.5.1.4 

2.29.5.1.5 

2.29.5.2 

2.29.5.2.1 

2.29.5.2.2 
percent. 

2.29.5.2.3 
percent. 

2.29.5.2.4 

MultipleHearth Inckneration, 

Input Data. 

Average wastewater flow, mgd. 

Sludge volume, gal/million gal. 

Raw sludge concentration, percent solids. 

Dewatered sludge concentration, percent solids. 
2 . 

Wet sludge loading rate, lb/hr/ft , 

Design Parameters. 

Sludge volume per million gal treated. 

Raw sludge concentration, percent solids, 1.5-15 

Dewatered sludge concentration, percent solids, 4-60 

Design multiple-hearth furnace wet sludge loading 
rate, 7-12 Ib/hr/ft" at 20-25 percent total solids. 

2.29.5.3 Process Design Calculations. 

2.29.5.3.1 Calculate 
day. 

SP = 

where 

the pounds of dry solids in sludge flow per 

(Q,,> (SF) (SS)(SCAP) (8.34) m 
(100)(100) 

SP = dry solids produced per day, lb. 

Q avg 
= average wastewater flow, mgd. 

SF = sludge flow, gal/million gal (Table 2.29-4). 

ss = suspended solids flow to dewatering process, percent. 

SCAP = solids capture, percent (Table 2.29-5). 

2.29.5.3.2 Calculate the dry solids loading rate. 

LR = (WSLR)(PSTHHF)(24) 
100 
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Table 2.29-4. Normal Quantities of Sludge Produced by 
Different Treatment Processes 

Wastewater Trea!ment Process 

Primary sedimentation 
Undigested 
Digested in separate tanks 

2,950 
1,450 

Trickling filter 745 

Chemical precipitation 5,120 

Primary sedimentation and 
activated sludge 

Undigested 
Digested in separate tan'& 

6,900 4.0 1.02 
2,700 6.0 1.03 

Activated sludge 
Waste sludge 19,400 

Septic tanks, digested 900 

Imhoff tanks, digested 500 

Gallons 
Sludge/ 

mg 
Treated 

Sludge 
Solids Specific 
Percent Gravity 

5.0 1.02 
6.0 1.03 

7.5 1.025 

7.5 1.03 

1.5 1.005 

10.0 1.04 

15.0 1.04 

Table 2.29-5. Process Efficiencies for Dewatering 
of Wastewater Sludge 

Unit Process Solids Capture, percent Cake Solids, percent 

Centrifugation 
Solid bowl 
Disc-nozzle 
Basket 

80190 5-13 
80-97 5-7 
70190 9-10 

Dissolved air flotation 95 4-6 

Drying beds 85-99 &25 

Filter press 99 40-60 

Gravity thickener 90-95 512 

Vacuum filter 9ot 28-35 
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where 

LR = 
2 

dry sol fds Lo;+dFng rate, l.b/day/ft . 
7 

WSLR = wet sludge loading rate, 1b/hr/ft”. 

PS’lMiF = percent solids in sludge to multiple-hearth 
furnace. 

2.29.5.3.3 Calculate total hearth area requirment. 

where 

sx = required total hearth area, Et 
2 

. 

2.29.5.3.4 Fran Table 2.29-6, select the next larger standard 
size of multiple-hearth furnace and enter data for final design. 

THA = xxxx.x ft 
2 

O.D. = xx.xx ft 

No. of hearths = xx 

No of furnaces = x 

where 

T’HA * total hearth area furnished. 

2.29.5.3.5 Calculate canbustion air blower Ilorsepower required. 

CBHP = (0.15) (!W,Ri (TM) ,?I, 
2000 

’ . 

where 

CaHP - ccmbustion air blower horsepower required. 

0.15 = horsepower required per ton of wet sludge per day 
at l-psig pressure. 

2.29.5.3.6 Calculate canbustion air blower SCM supplied. 

CBSCFY = (22.5) (VSLR) (TM)24 
2000 

where 

CBSCM = cmbus tion air blower SCFY suppl icd. 
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Table 2.29-6. Standard Sizes of Xul tipLe-Hearth 
Furnace Units 

X0. of ‘rfearths 6 to 12 
Wall Thickness, in. 13.5 
Outer Dimeter (O.D.), ft2 6.75 to 22.25 
Effective Hearth Area, ft 85 to 312Q 

Tf4 No. ‘Jm O.D. 
FtL 

O.D. 

fr Hearths FtL ft 

No. 
Hearths 

85 6.75 
98 6.75 

112 4.75 
125 7.75 
126 6.75 
140 6.75 
145 7.75 
166 7.75 
137 7.75 
193 , 9.25 
208 7.75 
225 9.25 
256 9.25 
276 10.75 
!88 9.25 
3 19 9.25 
123 10.75 
151 9.25 
(64 10.75 
183 9.25 
11 10.75 
52 10.75 
10 !.0.75 
40 10.75 
75 14.25 
72 14.25 
60 14.25 
45 16.75 
57 11.25 
44 14.25 

.6 
7 
8 
4 
9 

10 
7 
8 
9 
4 
10 
7 
8 
4 
9 

10 
7 

11 
8 

12 
9 

10 
11 
12 

4 
7 
8 
6 
9 

10 

988 16.75 7 
1041 14.25 11 
1068 18.75 6 
1117 16.75 8 
1128 14.25 12 
1249 18.75 7 
1260 16.75 9 
1268 20.25 6 
1400 16.75 10 
1410 1s. 75 8 
1483 20.25 7 
1540 14.75 11 
1580 22.25 6 
1591 18.75 9 
1660 20.25 8 
1675 16.75 12 
1752 18.75 10 
1849 22.25 7 
1875 20.25 9 
1933 13.75 11 
2060 20.‘5 111 
2054 22.25 8 
2030 18.75 1, 

2275 20.25 11 
2352 22. 25 9 
2464 20.25 12 
2400 22.25 10 
2860 22.25 11 
3120 22.25 12 
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22.5 = 

2.29.5.3.7 

where 

CLHP = 

0.08 * 

2.29.5.3,8 Calculate cooling air fan SCFM supplied. 

where 

CLSCFM = 

36.0 = 

2.29.5.4 

2.29.5.4.1 

2.29.5.4.2 

2.29.5.4.3 

2.29.5.4.4 

2.29.5.4.5 

2.29.5.4.6 

2.29.5.4.7 

2.29.5.4.8 

2.29.5.4.9 

2.29.5.4.10 

2.29.5.4.11 

2.29.5.4.12 

2.29.5.4.13 

s ;CFM required per ton of wet sludge per day at I-psig 
F tressure. 

Calculate cooling air fan horsepower requirements. 

CLHP = (O,OS)(X?LR)(THA)24 
2000 

:ooli.ng air fan horsepower required. 

lorsepower required per ton wet sludge per day at 
s-in. water static pressure. 

CLSCFM = (36.O)(;SL;)(THA)24 

cooling air fan SCFM supplied. 

SCM required per wet too sludge per day at g-in. 
water static pressure. 

Process Design Output Data. 

Raw sludge conceatration, percent solids. 

Dewatered sludge concentration, percent solids. 

Dry solids produced per day, lb. 

Dry solids loading rate, lb/hr/ft2. 

Required total. hearth area, ft2. 

Total hearth area furnished, ft2. 

Outside diameter, ft. 

Nunber of hearths. 

Nmber of furnaces. 

Canbustion air blower horsepower required, hp. 

Canbustion ait blower SCFM supplied, SCM. 

Cooling air fan horsepower required, hp. 

Cooling air fan SCPM supplied, SCFM. 
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2.29.5.5 Quantities Calculations 

2.29.5.5.1 Calculate building area. In the colder climates the 
incinerators are usually housed in a building for operator cmfort 
and to reduce heat loss. The floor area of 
estimated by the following equation: 

this housing can be 

s = (2 l OD)2 (N) 

where 

33 = incinerator building area, sq ft. 

OD = outside dimeter of incinerator selected, ft. 

N= nunber of incinerators. 

2.29.5.5.2 Calculate reinforced concrete for foundation. 

v =2 cs (ODt 4)2 l N  

where 

V 
cs = volume of reitiforced concrete required for 

slab, cu ft. 

2= thickness of concrete slab, ft. 

2.29.5.5.3 Calculate dry solids produced. 

DSTPD I PDSPD 
2000 

where 

DSTPD = dry solids produced, tpd. 

PDSPD - dry solids produced, lb/day. 

2.29.5.5.4 Calculate operational labor. 

2.29.5.5.4.1 If DSTPD is between 0 and 3.1 tpd, then operational 
labor is calculated by: 

.' 5. 
OMH = 1320 (DSTPD)0'4014 

2.29.5.5.4.2 If DSTPD is between 3.1 and 23.0 tpd, then operational 
labor is calculated by: 

OMH = 1160 (DSTPD)0*5483 
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2.29.5.5.4.3 If DSTPD is greater than 23.0 tpd, then operational 
labor is calculated by: 

OXH = 319 (DSTPD)"-9431 

where 

OMH = operational labor, man-hours/yr. 

2.29.5.5.5 Calculate maintenance labor. 

2.29.5.5.5.1 If DSTPD is between 0 and 2.7 tpd, then maintenance 
labor is calculated by: 

MMH = 616 (DSTPD)"*3653 

2.29.5.5.5.2 If DSTPD is between 2.7 and 22.0 tpd, thenmaintenance 
labor is calculated by: 

MMH - 488.0 (DSTPD)"*5783 

2.29.5.5.5.3 If DSTPD is greater than 22.0 tpd, thenmaintenance 
labor is calculated by: 

MMH= 184.0 (DSTPD)"*9021 

where 

MMH =I maintenance labor, man-hoursjyr. 

2.29.5.5.6 Calculate electrical energy required for operation. 

2.29.5.5.6.1 If DSTPD is between 0 and 10.0 tpd, then electrical 
energy requirement is calculated by: 

KWH = 30,000 (DSTPD)"'6843 

2.29.5.5.6.2 If DSTPD is greater than 10.0 tpd; then electrical 
energy requirement is calculated by: 

KWH - 15,000 (DSTPD)"'g847 

where 

KVH = electrical energy required for operation, kwhr/yr. 

2.29.5.5.7 Calculate auxiliary fuel required. 

AF = 3.7 x 10' (DSTPD)"*g544 

where 
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AF = auxiliary fuel required, BTU/yr. 

2.29.5.5.8 Other operation and maintenance material costs. This 
iten includes repair and replacement material costs such as refrac- 
tory or casting. It is expressed as a percentage of the total bare 
construction cost of the incinerator systan. 

OMNP = 5% 

where 

. OMMP = percent of total bare construction costs as O&M 

2.29.5.6 Quantities Calculations Output Data. 

2.29.5.6.1 Incinerator building area, AB, sq ft. 

2.29.5.6.2 
cu ft. 

Volme of reinforced concrete required for slab, Vcs, 

2.29.5.6.3 Operational labor, OMH, man-hours/yr. 

2.29.5.6.4 Maintenance labor, MNH, man-hours/yr. 

2.29.5.6.5 Electrical energy requirement, KWH, kwhr/yr. 

2.29.5.6.6 Auxiliary fuel requirement, AF, BTU/yr. 

2.29.5.6.7 
percent. 

2.29.5.7 

Other operation and maintenance material costs, OMXP, 

Unit Price Input Required. 

2.29.5.7.1 Standard size multiplehearth incinerator, COSTIS, $ 

material costs. 

(optional). 

2.29s.7.2 Unit price input for building construction cost, 
UPIBC, $/sq ft. 
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2.29.5.7.3 Unit price input for R.C. slab, UPICS, $/CU yd. 

2.29.5.7.4 Current Marshall and Swift Equipment Cost Index, 
XSECI. 

2.29.5.ij Cost Calculations. 

2.29.5.8.1 Cost of incinerator building.‘ 

COSTB = $ x UPICS 

where 

COSTB = cost of incinerator building, $. 

UPIBC - unit price input for building cost, $/sq ft. 

2.29.5.8.2 Gost of R.C. slab in-place. 

V 
COSTCS = -g x UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. \. 

UPICS = uzt price input of R.C. slab in-place, $/cu yd. 

2.29.5.8.3 Cost of installed equipment. 

2.29.5.8.3.1 Calculate COSTR. 

COSTR * .0375 (TKA) + 43.0 

where 

COSTR = cost of incinerator expressed as percent of 
standard size incinerator cost. 

2.29-29 



T1X4 = total hearth area of incinerator selected, 
sq ft. 

2.29.5.8.3.2 Purchase cost of standard size incinerator. The unit 
selected as standard is a unit with a total hearth area of 1580 sq 
ft. The cost of the 1580 sq ft multiplehearth incinerator for the 
1st quart2r of 1377 is: 

COSTIS - $1,190,000 

where 

COSTIS = cost of standard size incinerator, $. 

For better cost estimation, COSTIS should be obtained from the 
manufacturer and treated as a unit price input. If COSTIS is not 
treated as a unit price input, the cost will be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTIS - $1,190,000 E 
. 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Index Lst quarter, 1977. 

2.29.5.8.3.3 Purchase cost of multiple-hearth incinerator selected. 

COSTIE COSTR - loo x COSTIS x N 

where 

COSTIE = purchase cost of multiple-hearth incinerator 
selected, $. 

N= nunber of incinerators. 

2.29.5.8.4 Calculate total bare construction cost. 

TBCC + COSTB + COSTCS + COSTIE 

where 

TBCC = total bare construction cost, $. 

2.29.5.8.5 Calculate operation and maintenance material and 
supply costs. 

OMXC OKYP = TBCC x loo 
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where 

OMMC = operation and maintenance material and supply 
costs, $/yr. 

2.29.5.9 Cost Calculations Output Data. 

2.29.5.9.1 Total bare construction cost, TBCC, $. 

2.29.5.9.2 Operation and maintenance material and supply costs, 
OMMC, $/yr. 
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2.31 ION EXCHASGE 

2.31.1 Background. 

2.31.1.1 Ion exchange is the reversible interchange of ions 
between a solid ion-exchange medium and a solution. Ion exchange has 
been used extensively in the ranoval of hardness and iron and man- 
ganese frcm groundwater supplies. In wastewater treatment, ion 
exchange has been used mainly for the tr,eatment of industrial wastes. 
Recently, however, ion exchange was evaluted for the ranoval of 
nitrogen and phosphorus fran municipal wastes. 

2.31.1.2 An ion-exchange systen usually consists of the exchange 
resin (cation or anion natural or synthetic), with provisions made for 
regeneration and rinsing. The most canmonl y- used regenerants include 
sulfuric acid and caustic soda. Prior to application to the ion- 
exchange bed, wastewater may be subjected to pretreatment to reuove 
certain contaninants which may hinder the performance of the exchange 
bed. Canmon pretreatment requirements are listed in Table 2.31-1. 

2.31.2 Input Data. 

2.31.2.1 Wastewater flow. 

2.31.2.1.1 Average flow, mgd. 

2.31.2.1.2 Minimttn and maximum flows, mgd. 

2.31.2.2 Cation and anion concentrations, mdl. 

2.31.2.3 Allowable effluent concentration, mg/ 1. 

2.31.3 Design Paraneters. 

2.31.3.1 Type of resin. 

2.31.3.2 Resin exchange capacity, lb/ f t3 (manufacturer’s speci- 
f ications). 

2.31.3.3 Regenerant dosage, lb/ f t3 (consult resin manufacturer’s 
specifications). 

2.31.3.4 Flow rates. 

2.31.3.4.1 Treatment flow rate (2-5 g&f t3>. 

2.31.3.4.2 Regenerant flow rate (1-2 gpn/ ft3). 

2.31.3.4.3 Rinsing flow rate (0.5-1.5 gpn/ft3). 

2.31.3.5 Amount of rinse water (30-120 gal/ft3). 

2.31- 1 



2.31.3.6 Colon depth (24-30 in. minkm). 

2.31.3.7 

2.31.3.8 

Operation per day, hr. 

Amount of backwash water, gal/ ft3. 

2.31.3.9 3 Regenerant level, lb/ f t . 

2.31.3.10 Regenerant level, lb/ft3. 

2.31.3.11 Regenerant specific gravity. 

2.31.3.12 Backwash water rate, gpm/ft3. 

2.31.4 Process Design Calculations. 

2.31.4.1 Select an ion-exchange system (consult manufacturer's 
specifications). 

2.31.4.2 Select leakage, regenerant dosage, exchange capacities, 
and flow rates (consult manufacturer’s specifications). 

2.31.4.3 Canpute service volume and time. 

REC sv = - 
IRC 

where 

IRC = (influent concentration - allowable effluent 

concentration) x 0.624(ld4) 
7.48 

sv = 3 service volume, gal,/ft . 

REC = resin exchange capacity, lb/ft 3 . 

IRC - ion removal concentration, lb/gal. 

ST s 2 
SFR 

where 

ST - service time, min. 

sv = service volune, galfft 3 . 

SFR = service flow rate, gpm/f t3. 

2.31.4.4 Canpute volume of resins. 
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Vol = [ IRC(Q) (d) 
REC I x '(,s,:(,,,] 

where 

Vol = volume of resin, ft 3 . 

IRC - ion rmoval concentration, lb/gal. 

Q = total flow, agd. 

REC = resin exchange capacity, lb/ft3. 

ST = service tFae 

2.31.4.5 Calculate 

'R = 

min. 

volume of regenerant. 

RL x Vol x (100) 
RC(8,34)(Specific Gravity) 

where 

VR = volume of regenerant, gal. 

RL = regenerant level, lb/ft3. 

Vol = volume of resin, ft 3 . 

RC = regenerant concentration, percent. 

2.31.4.6 Canpute rinse requirements. 

VRW - RW x Vot 

where 

VRW - volme of rinse water, gal. 

RW - rinse water, gal/ft 3 . 

Vol = volume of resin, ft 3 . 

2.31.4.7 Canpute backwash water requirements. 

VBW = OW) (Vol> 

where 

VBW = backwater requirements, gal. 

BW = backwash water, gal/ft3. 

Vol = volume of resin, ft3. 
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2.31.4.8 Cnnpute exchange cycle time. 

EC = ST + BT + RT + WT + OHT 

where 

EC = exchange cycle, min. 

ST = service time, min. 

BT = backwash time, min. 

RT = regeneration ttne, min. 

wr= rinse time, min. 

OMT = operation and maintenance time, hr. 

ST - service time, min. 

2.31.4.8.1 Calculate backwash time. 

BT 

where 

BW 
BR 

BW = backwash water, gal/ft 3 . 

311 = 3 rate of backwashing, gpm/ ft . 

2.31.4.8.2 Calculate regeneration time. 

'R 1 RT=-x- 
RRF Vol 

where 

vR = volume of regenerant. 

RRF = rate of regenerant flow, gpm/ft3. 

Vol = volume of resin, ft 3 . 

2.31.4.8.3 Calculate rinse time. 

where 

WT = RW 
?Kir 

RW= rinse water, gal/ft 3 
. 

RRW = rate of rinse water flow, gpm/ft3. 

2.31-4 



2.31.4.8.4 Calculate O&M time, hr. 

OKT = c;.:O(ST + ST + RT + WT) . 

where 

aMT = O&t! time, hr. 

2.31.4.9 Calculate nunber of cycles per day. 
HPD(60) 

Cycles/day = EC _ 

where 

HPD = operation per day, hr. 

2.31.5 

2.31.5.1 

2.31.5.2 

2.31.5.3 

2.31.5.4 

2.31.5.5 

2.31.5.6 

2.31.5.7 

2.31.5.8 

2.31.5.9 

2.31.5.10 

2.31.5.11 

2.31.5.X 

2.31.5.13 

2.31.5.14 

2.31.5.15 

2.31.5.16 

2.31.5.17 

Process Design Output Data. 

Average waste flow, mgd. 

Effluent concentration, mg/l. 

Resin exchange capacity, lb/ft3. 

Regenerant level, lb/ ft3. 

Treatment flow rate, gpn/ft3. 

Regenerant flow rate, gpm/ft 3 . 

Rinse flow rate, gpm/ft3. 

Backwash flow rate, gpn/ft3. 

Volume of regenerant, gal. 

Volme of rinse water, gal. 

Volume of backwash water, gal. 

Volume of resin, ft 3 . 

Senrice time, min. 

Exchange cycle, min. 

Cycles per day. 

Service volume, gal/ft3. 

Backwash water, gaL/ft3. 
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2.31.5.18 Rinse water, gal/ft3. 

2.31.6 Quantities Calculations. Not_ used. 

2.31.7 Quantities Calculations Output Data. Not used. 

2.31.8 Unit Price Input Required. Not used. 

2.31.9 Cost Calculations. 

2.31.9.1 Unit costing i s not available for this treabent 
process. Parametric costing will be used. 

2.31.9.2 Calculate total bare construction cost. 

TBCC = 146,943 (Qavg)o'88 

where 

TBCC = total bare construction cost, $. 

Q avg = average daily flow, mgd. 

2.31.9.3 Calculate O&M material and supply cost. 

OMMC = 3,371 (Qavg)o'72 

where 

OMMC - O&M material and supply costs, $/yr. 

Q avQ = average daily flow, mgd. 
0 

2.31.10 Cost Calculations Output Data. 

2.31.10.1 Total bare construction cost, TBCC, $. 

2.31.10.2 O&M material and supply cost, O?IX, $/yr. 

2.31.11 Bibliography. 
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2.31.11.2 Eckenfelder, W.W., Jr., Industrial Water Pollution 
Control, McGraw-Hill, New York, 1966. 

2.31.11.3 Kunin, R., 
York, 1958. 

Ion Exchange Resins, 2d ed., Wiley, New 
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2.31.11.4 Metcalf and Eddy, Inc., Wastewater Engineering: 
Collection, Treatment and Disposal, XcGraw-Hill, Xew York, 1972. 

2.31.11.5 Sanks, R.L., "Ion Exchange", Seminar on Process Design 
for Water Quality Control, 9-13 Nov 1970, Vanderbilt University, 
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2.31.11.6 Weber, W.J., Jr., Physiochemical Processes for Water 
Qualitv Control, Wiley-Interscience, New York, 1972. 

Table 2.31-l. Canmon Pretreannent Requirements 

Contaminant 

Suspended solids 

Effect Removal 

Bind resin particles Coagulation and 
filtration 

Organic ' Large molecules foul Carbon absorption or 
strong base resins weak base resins 

OdY 

Oxidants Slowly oxidize resins Avoid prechlorination 

Iron and mangenese Coat resin particles Aeration 
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2.33 LAGOONS 

2.33.1 Background. Lagoons have been extensively used for 
municipal and industrial waste where sufficient land area is 
available. Sun2 of the reasons for the popularity of lagoons are 
operational stability with fluctuating loads, require relatively 
unskilled operators, low O&H costs, and low construction costs. 

Six different types of lagoons will be addressed; aerated aerobic 
lagoons, aerated facul tative lagoons, anaerobic lagoons, facu- 
ltative lagoons, oxidation lagoons, and sludge lagoons. 

2.33.2 General Desc rip t ion Aerated Aerobic Lagoons. The 
contents of an aerobFc aerated lagoon must be completely mixed so 
that the inccming solids and the biological solids produc.ed in the 
lagoon do not settle. Effluent quality is a function of detention 
time and will normally have a BOD ranging fran one-third to one- 
half of the influent value. This BOD is due to the endogenous 
respiration of the biological solids escaping in the effluent. 
Before the effluent is discharged, the solids may be removed by 
settling. 

2.33.3 General Description Aerated Facultative Lagoon. 

2.33.3.1 The contents of this type of lagoon are not cau- 
pletely mixed. Thus, portions of the incaa ing sol ids and the 
biologically produced solids settle out and undergo anaerobic 
deccmposition. As a result, the effluent f ran the facul tative 
lagoon would contain higher soluble BOD concentration than fran 
the aerobic one. 

2.33.3.2 Algal growth is possible, due to the non-cixnplete 
mixing. The contribution of effluent suspended solids can be very 
high, dependent on the season, tenperatur.e and mixing intensity in 
the lagoon, 

2.33.4 General Description Anaerobic Lagoon. As the nane 
suggests these lagoons are anaerobic throughout their depth except 
for a very shallow upper layer. These lagoons are constructed 
deep in order to insure anaerobic conditi.ons and to conserve heat. 
Typically they are fran 8 to 20 feet deep, Reductions of 70% of 
the influent BOD5 are canmon with anaerobic lagoons and under 
ideal condition reductions of 85% are possible. 

2.33.5 General Description Facultative Lagoon. In a 
facultative lagoon three zones exist; aerobic, f acul tative and 
anaerobic. The aerobic zone is near the surface and is like the 
aerobic or oxidation pond with aerobic bacteria and algae existing 
in a symbiotic relationship. The anaerobic zone is at the bottcm 
of the lagoon where accumulated solids are decomposed by anaerobic 
bacteria. The facultative zone is an internedlate zone between 
the surface and bottau of the lagoon which Is partly aerobic and 
part1 y anaerob Fc . Decanposition of the waste in this zone is 
accanplished by facul tative bacteria. Normal depths for these 
lagoons is 3 to 8 feet. 
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2.33.6 General Description Oxidation Lagoon. The aerobic 
or oxidation lagoon is one in which aerobic bacteria and algae 
coexist in an aerobic envirornent. The oxygen required for 
reduction of the organic waste by the aerobic bacteria is supplied 
by algae production of oxygen through photosynthesis and atmos- 
pheric teaertion. The pond depths are very shallow, usually not 
greater than 4 feet, because of the dependency of algae photo 
synthesis upon sunlight. Soluble BOD removal is high, but this 
is misleading because the high concen ration of algae in the z 
effluent. 

2.33.7 General Description Sludge Lagoons. Lagoons have 
been used extensively in small systems for the dewatering of 
sludge. Drying lagoons are similar to sandbeds in that they are 
both designed for the dewatered sludge to be ranoved periodically 
and the lagoon refilled. However, they differ fran sandbeds in 
that they use earthern levees and are built on the natural ground, 
therefore they ar e inherently cheaper to build. 

Several factors must be considered in designing drying lagoons. 
The major factors include climate, subsoil permeability, lagoon 
depth, solids loading rates, and sludge characteristics. 

2.33.8 

2.33.8.1 

2.33.8.1.1 

2.33.8.1.1.1 

2.33.8.1.1.2 

2.33.8.1.2 

2.33.8.1.2.1 

2.33.8.1.2.3 

2.33.8.1.2.3 

8 
2.33.8.1.2.4 

2.33.8.1.2.5 

2.33.8.1.2.6 

2.33.8.1.3 

2.33.8.1.4 

Aerated Aerobic Lagoon. 

Input Data. 

Waste flow. 

Average daily flow, mgd. 

Peak (hourly) flow, mgd. 

Wastewater characteristics. 

BOD influent, rag/l. 

Influent suspended sol ids, mg/ 1. 

Influent volatile suspended solids, mg/l. 

Nitrogen, mg/l as I?. 

Phosphorus, mg/l as P. 

Non-biodegradable fraction of VSS. 

Desired degree of treabaent. 

Tanperature, ‘C (summer and winter). 
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2.33.8.2 Design Paraneters. 

2.33.8.2.1 Reaction rate constant, O.OO07-0.r302 l/-rig-hr. 

2.33.8.2.2 MLSS, 200-500 mg/L. 

2.33.8.2.3 MLVSS, 140-350 rndl. 

2.33.8.2.4 Fraction of BOD synthesized, 0.73. 

2.33.8.2.5 Fraction of BOD oxidized for energy, 0.52. 

2.33.8.2.6 Endogenous respiration rate per day, (b - O.O7S/day, 
b’ = O.lj/day). 

2.33.8.2.7 Tenperature coefficient , 1.035. 

2.33.8.2.8 Hydraulic detention tine, 2-4 days. 

2.33.8.2.9 Depth, 6-12 ft. 

2.33.8.3 Process Design Calculations. 

2.33.8.3.1 Calculate volume of lagoon. 

2.33.8.3.1.1 Adjust reaction rate constant for winter and summer 
tenperatures. 

KT = K20 8 
(T- 20) * 

where 

KT = adjusted reaction rate constant, l/mg hr. 

K20 
= reaction rate constant at 20’ C, l/mg hr. 

8= tanperature coefficient , (1.035). 

T = temperature, OC. 

2.33.8.3.1.2 CaLculate detention time. 

t - 
1 

24aKTSe- b 
where 

t = detenti-on time, days. 

a = fraction of BOD synthesized. 

% - adjusted reaction rate constant, l/mg hr. 

‘e = effluent soluble BOD, mg/l. 
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b = endogenous respiration rate, l/day. 

Calculate the detention time based on summer temperature and 
winter tdnperature and desired treatment, then select the larger 
detention time. 

2.33.5.3.1.3 Calculate lagoon volume. 

V-Q t 
avg 

where 

V= voluine of lagoon, million gallons. 

Q avg = average daily flow, mgd. 

t = detention time, days. 

2.33.8.3.2 Calculate mixed liquor volatile suspended solids. 

‘ir 

X0 + a (So - Se> 
x 

1 + bt 

where 

I$, = mixed liquor volatile suspended solids, mg/l. 

xO 
= influent suspended solids, mg/ 1. 

a = fraction of BOD synthesized. 

so = lnfluent BOD, rndl. 

‘e = effluent soluble BOD, mg/l. 

b = endogenous respiration rate, l/day. 

t = detention time, days. 

2.33.8.3.3 Calculate oxygen requirement. 

O2 = (a') (So - Se> (Q,,,) U-34) + 6') 0X$ (v) (8.34) 

where 

O2 = oxygen required, lb/day. 

a’ = fraction of BOD oxidized for energy (0.52). 

sO 
= influent BOD, mg/l. 

‘e = effluent soluble BOD, mg/l. 
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Q =vg = average daily flow, mgd. 

b’ = endogenous respiration rate, l/day (O.ls/day) . 

% = mixed liquor volatile suspended solids, mg/l. 

V = volume of lagoon, million gallons. 

2.33.8.3.4 Design aechanical aeration system. 

2,33.8.3.4.1 Assume the following design paraneters. 

2.33.8.3.4.1.1 Standard transfer efficiency, STE, lb/hp-hr s 5. 

2.33.8.3.4.1.2 O2 transfer in waste/02 transfer in water, o(. ,NN 
0.9, 

2.33.8.3.4,1.3 O2 saturation in waste/02 saturation in water, 

P ) - 0.9. 

2.33.8.3.4.1.4 Correction factor for pressure, P, HH 1.0. 

2.33.8.3.4.1.5 02 saturation at selected summer temperature, 
(Cs)Ty mg/ l* . 

2.33.8.3.4.1.6 Minimum dissolved oxygen to be maintained in the 
basin, 2.0 mgll. 

2.33.8.3.4.2 Adjust standard transfer efficiency to operating 
efficiency. 

OTE = STE 
[ (cs>T (/a (P) * CL1 

9.17 
cc (l.02)T’20 

where 

OTE = operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

$>T - O2 saturation at selected summer temperature, 
lad/l. 

p = 02 saturation in waste/O2 saturation in water. 

P - correction factor for pressure. 

CL = minimum dissolved oxygen to be maintained in 
basin, mg/ 1. 

oc= 0 2 transfer in waste/02 transfer in water. 

T= temperature, Oc. 
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2.33.8.3.4.3 Calculate horsepower for aerators. 

where 

HP = 
(O*) (1000) 

(OTE) (24) (V) (106) 

HP = aerator horsepower required per 1000 gallons, 
hp/lOOO gallons. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

v= volume of lagoon, million gal. 

2.33.8.3.4.4 Check the calculated horsepower versus minimum required 
for canplete mixing. 

If HP 0.06 hp/lOOO gallons set hp = 0.06 hp/lOOO gal. 

2.33.8.3.4.5 Calculate total horsepower required. 

where 

THP = total aerator horsepower required, hp. 

HP = aerator horsepower required per 1000 gal., 
hp/lOOO gal. 

2.33.8.3.5 Calculate nutrient requirements. 

BOD: Nitrogen: Phosphorus - 1OO:S:l 

2.33.8.3.6 Effluent Characteristics. 

2.33.8.3.6.1 Calculate total BOD of the effluent. 

BODE = Se + 0.3 XV 

where 

BODE = total BOD of effluent, mg/l. 

S e = effluent soluble BOD5, mg/l. 

XV = mixed liquor volatile suspended solids, mg/l. 
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2.33.8.3.6.2 Suspended Solids. 

where 

xv =- SSE .8 

SSE = effluent suspended solids concentration, mg/l. 

Xv = mixed liquor volatile suspended solids, mg/l. 

2.33.8.3.6.3 COD. 

CODE = 1.5 BODE 

CODSE = 1.5 Se 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent BOD5 concentration. 

CODSE = effluent COD soluble concentration, mg/l. 

Se = effluent soluble BOD 5 concentration, mg/l. 

2.33.8.3.6.4 Nitrogen. 

TKNE = TKN 

NH3E = .25 TKN 

N02E = 0.0 

where 

TK2E = effluent Kjedahl nitrogen concentration, mg/?. 

TKN = influent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia nitrogen concentration, mg/l. 

N02E = effluent NO2 concentration, mg/l. 

2.33.8.3.6.5 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 
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2.33.8.4 Process Design Output Data 

2.33.3.4.1 Average daily flow, Q avg' mgd. 

2.33.8.4.2 Peak flow, Q 
P' 

mgd. 

2.33.8.4.3 Detention time, t, days. 

2.33.0.4.4 Effluent soluble BOD, Se, mg/l. 

2.33.8.4.5 Volume of lagoon, V, million gal. 

2.33.8.4.6 Oxygen required, O2 lb/day. 

2.33.8.4.7 Total aerator horsepower required, THP, hp. 

2.33.8.4.8 Total BOD of effluent, BODeff, mg/l. 

2.33.8.5 Quantities Calculations. 

2.33.8.5.1 Calculate nunber of basins required, the Number of 
basins may be designated, if not, it will be selected fkan the 
folLowing, based on flow. 

mow Range (Q,,) - f-i Number of Basix (N) 

Less than 0.5 mgd 1 
Fran 0.5 to 2.0 mgd 2 
Fran 2.0 to 5.0 mgd 3 
Greater than 5.0 mgd 4 

where 

W 
avg 

= average daily'flow, mgd. 

N= nunber of basins. 

2.33.5.5.2 Select SiZO, and number of aerators. 

2.33.8.5.2.1 Calculate aerator horsepower- per basin. 

THP 'HPb = N 

where 

IIPb = aerator horsepower required per basin, hp. 

THP = total aerator horsepower required, hp. 

N = nunber of basins. 
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2.33.8.5.2.2 Deternine nmber of aerators per basin. The number 
of aerators per basin must be one of the following 2, 3, 4, 6, 8. 
Also the aerators lust be one of the following sizes, 10, 15, 20, 
25, 30, 43, 50, 60, 75, 100 or 150. The selection process will be 
trial and error. 

Assume nunber of aerator per basin (K) is 2. If HPb 
K 

> 150, go 

to next trials K = 3, 4, 6, 8 until 
HP b s 150, then canpare HPb 
K K 

with values for individual aerators (HP,) given above. Select the 

smallest value of HPa that is greater than HPb . 
K 

Canpare HPa x K 

with HPb. If HPa x K is larger than HPb by 5% dr more, go to next 

trial using the next larger K, until HPa x K is within 5% of HPb. 

2.33.8.5.3 Calculate basin depth. The basin water depth (Dw) 
is controlled by the aerator ‘sizes used. This is true because 
each size aerator has a maxinum depth at which it can be used and 
still achieve mixing without the use of a draft tube. 

2.33.8.5.3.1 If HPa < 100 HP 

DW =I 4.82 (HPa)o*2467 

2.33.8.5.3.2 If 100 5 HPa 5 150 

DW = is ft 

where 

DW = basin water depth, ft. 

HPa 
= horsepower of individual aerators, hp. 

2.33.8.5.4 Calculate basin dimensions. 

2.33.3.5.4.1 Calculate length to width ratio. 

If K >4, r = k/2 

where 

K = nunber of aerators per basin. 

r = basin length to width ratio. 
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2.33.8.5.4.2 Calculate the length of the basin at water level. 

L 
r 4/r Aa - 6/r (3DW)' [ + 2 (3DW)2]om5 + 3DW (l+r) 

= 
W 2 

where 

Aa * v x lo6 
(N) (DW) (7.48) 

Lw = length of basin at water level, ft. 

r = length to width ratio. 

s = side slope = 3 to 1 for all basins. ’ 

Aa = average lagoon surface area, ft 2 . 

DW = basin water depth, ft. 

2.33.8.5.4.3 Calculate basin width at water level. 

Lw \’ =- 
w r 

where 

W 
W 

= width of basin at water level, ft. 

L w - length of basin at water level, ft. 

r = length to width ratio. 

2.33.8.5.5 Calculate volume of earthwork required. The 
following assumptions were ;nade concerning basin construction. 

Basins will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
A 2 ft. freeboard will be used on all lagoons. 
Cmmon levee construction will be used where practical. 

2.33.8.5.5.1 
and error. 

The volune of earthwork must be determined by trial 
Assme a depth of cut of 1 ft. 

2.33.8.5.5.1.1 Calculate the length and width at original ground 
level. 

Lc =Lw- 6 (DW- DC) 

w oLc 
c 7 
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where 

cc = 

w = 
C 

r= 

DW = 

DC = 

length of lagoon at original ground level, ft. 

width of lagoon at original ground level, ft. 

length to width ratio. 

basin water depth, ft. 

depth of cut, ft. 

2.33.3.5.5.1.2 Calculate the volume of cut. 

vc = (1.3)(X)(DC) [WcLc - 3(DC)(Wc) - 3(DC)(Lc) + 12(DC)2] 

where 

I v = volume of cut, cu ft. 
C 

N = nunber of lagoons. 

DC = depth of cut, ft. 

w = 
C 

width of lagoon at original ground level, ft. 

LC 
= length of lagoon at original ground level, ft. 

2.33.8.5.5.1.3 Calculate length and width at top of levee. 

LT = Lw + 12 

where 

LT = length of lagoon at top of levee, ft. 

wT = width of lagoon at top of levee, ft. 

Lw - length of lagoon of water level, ft. 

r = length to width ratio. 

2.33.9.5.5.1.4 Calculate the depth of fill. 

DF = DW + 2 - DC 

where 

DF = depth of fill, ft. . 
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DW = basin water depth, ft. 

DC = depth of cut, ft. 

2.33.8.5.5.1.5 Calculate nunber of levees. 

NL =N+ 1 

Nw =2N 

where 

N L = nmber of levees of length, LT. 

NW 
= nunber of levees of width, WT. 

N = nunber of lagoons. 

2.33.8.5.5.1.6 Calculate volume of fill. 

vF = 110~~ + XDF)2@Tl (NL) + WT) (?J,,'l 
-.A 

where 

vF = volume of fill, cu ft. 

DF = depths of fill, ft. 

LT - length of lagoon at the top of the levee, ft. 

wT = width of the lagoon at the top of the levee, ft. 

NL = nunber of levees of length, $. 

NW 
= nunber of levees of width, WT. 

2.33.8.5.5.1.7 Cmpare Vc and Vf. 

If Vc < VF then assme DC > 1 ft and recalculate Vc and VF. 

If Vc > VF then assme DC C 1 ft and recalculate Vc and VF. 

Repeat this procedure until Vc - VF. This is the volme of 
earthwork required. 

where 

v =V 
C F = i%EW 

DC = depth of cut, ft. 

2.33-12 . 



% - volume of cut, cu ft. 

vF 
= volume of fill, cu ft. 

V-LEW = volume of earthwork required, cu ft. 

2.33.8.5.6 Calculate reinforced concrete requirement. 

2.33.8.5.6.1 lnfluent structure. The influent structure would 
be a flow splitter box. The size of the structure would be 
determined by the number of basins, since it would have to accanmodate 
weirs for each basin. The following quantities will be used. 

N=l,or2 V cti = 81 cu ft 
33 cu ft 

N=3 V = 97 cu ft 
V CWi 

csf = 43 cu ft 

N=4 v cwi = 135 cu ft 
V 

csi - 66 cu ft 

where 

v 
CWi 

= volume of R.C. wall required for influent 
structure, cu ft. 

V 
csi 

= volume of R.C. slab required for influent 
structure, cu ft. 

N = number of basins. 

2.33.8.5.6.2 Effluent structure. Each basin would have a separate 
effluent structure. The size of the structure would be approximately 
the same regardless of flow. 

V 
cue 

= (81) (N) 

V 
cse = (32) VJ) 

where 

V cwe = volume of R.C. wall required for effluent 
structure, cu ft. 

v * 
cse volulne of R.C. slab required for effluent 

structure, cu ft. 

N= number of basins. 
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2.33.8.5.6.3 Total reinforced concrete required. 

where 

V 
cw = vcti + vcwe 

V 
cs L: ‘csi + ‘lcse 

V 
cw - total volume of R.C. wall required, cu ft. 

V 
cs 

- total volume of R.C. slab required, cu ft. 

V cti = volume of R.C. wall required for influent 
structure, cu ft. 

V ewe = volme of R.C. wall required for effluent 
structure, cu ft. 

V csi = volume of R.C. slab required for influent 
structure, cu ft. 

V cse = volume of R.C. slab required for effluent 
structure, cu ft. 

2.33.8.5.7 Calculate volume of concrete required for anbanlanent 
protect ion. In large lagoons and in aerated lagoons the earthem 
levees require protection frau the wave action of the water. For 
this purpose concrete is placed around the interior of the levee 
at the water line. The concrete would extend frm the top of the 
levee to about 1.5 ft below the water surface. Using a 3 to 1 
side slope, the width of the slab would be 11 ft. The slab would 
be 8 inches thick. 

V 
c eP 

- (2Lw + 2Ww) (11) (0.67) (N) 

where 

V 
=eP 

= volme of concrete for mbanhent protection, 
cu ft. 

LW 
= length of levee at water level, ft. 

Ww = width of levee at water level, ft. 

N = number of basins. 

2.33.8.5.8 Calculate lagoon surface area. 

A = (N) Gw) (Ww) 
S 43560 

where 
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As = lagoon water surface area, acres. 

N = nmber of basins. 

Lw = length of levee at water surface, ft. 

WW= width of levee at water surface, ft. 

2.33.3.5.3 Calculate operation aanpower required. 

2.33.8.5.9,1 If AS 5, 4 acres, the operation manpower is cal- 
culated by: 

OMH = 700 (AS) 0.2571 

where 

OMH = operation manpower required, MH/yr. 

A 
S 

- lagoon water surface area, acres. 

2.33.8.5.9.2 the operation manpower is cal- 
culated by: 

If AS > 4 acres, 

OMH = 539.3 (AS)o'4453 ' 

2.33.8.5.10 Calculate maintenance raanpower required. 

2.33.5.10.1 If AS 5 4 acres, the maintenance manpower is cal- 
culated by: 

MXH = 130.0 (AS)o'2g25 

where 

MMH = maintenance manpower required, MH/yr. 

AS = lagoon water surface area, acres. 

2.33.8.5.10.2 If AS > 4 acres, the maintenance manpower is calculated 
by: 

MxH= 105 (As)o'4466 

where 

MNH- maintenance manpower required, MH/yr. 

AS = lagoon water surface area, acres. 
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2.33.8.5.11 Calculate electrical energy required for operation. 
hsuming that all the aerators operate 90% of the time and the 
efficiency of the electric aotors is 0.877. 

2.33.8.5.11.1 Calculate total installed horsepower. 

where. 

HPT - Wa> (0 (W 

HPa = horsepower of individual aerators, hp. 

HPT - total installed horsepower, hp. 

K = nunber of aerators per basin. 

N= nunber of basins. 

2.33.8.5.11.2 Calculate electric energy required. 

KWH * (HPT) (365) (24) (.9) (.85) (.877) 

where 

KwH= el ectrical energy required, kwhr/ yr. 

HPT = total installed horsepower, hp. 

2.33.8.5.12 Calculate quantity for lagoon liner. In sane areas 
the soils are such that lagoons must be lined to prevent loss of 
water. User should designated whether liner is required. 

2.33.8.5.12.1 Calculate area of the bottan of the lagoon. 

where 

S$ - (Lw - 6DW) <ww - 6DW) 

S $ = area of the bottom of lagoon, ft’. 

LW 
- length of basin at water level, ft. 

wW 
- width of basin at water level, ft. 

DW = basin water depth, ft. 

2.33.8.5.12.2 Calculate area of lagoon enbanknent. 
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DW+Z 
% = 2(LT + WT) \-Jig+ 5) 

where 

2 
sAE = area of lagoon embankment, ft . 

LT = length of basin at top of levee, ft. 

WT - width of basin at top of levee, ft. 

DW = basin water depth, ft. 

2.33.8.5.12.3 Calculate total surface area required for liner. 

SAL - N (S% + S+) 

where 

Sk = total area of lagoon liner, ft 2 . 

N - nunber of basins. 
2 

S$ = area of bottom of lagoon, ft . 

S+ = area of lagoon embankment, ft 2 . 

2.33.8.5.13 Other operation and maintenance material and supply 
costs. This iten includes such itans as lubrication oil, paint, repair 
and replacanent parts. These costs are estimated as a percent of the 
installed equipment cost. 

OMMP = 4.93 (HPT) -0.1827 

where 

OMMP - O&M maintenance and supply costs as percent of 
the installed equipment cost, X. 
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2.33.8.5.14 Other minor construction cost items. Fran the above 
calculations apprordmately 90% of the construction costs have been 
accounted for. 
would be 10%. 

Other minor itens such as piping, grass seeding, etc., 

CF = & - 1.11 

where 

CF - correction factor for other construction costs 
itells. 

2.33.8.6 Quantities Calculations Output Data. 

2.33.8.6.1 

2.33.8.6.2 

Number of basins, N. 

Basin water depth, DW, ft. 

2.33.8.6.3 

2.33.8.6.4 

Number of aerators per basin, K. 

Basin length to width ratio, r. 

2.33.8.6.5 Horsepower of individual aerators, HP,, hp. 

2.33.8.6.6 Length of basin at water level, Lw, ft. 

2.33.8.6.7 

2.33.8.6.8 

2.33.8.6.9 

2.33.8.6.10 

2.33.8.6.11 
ft. 

2.33.8.6.12 

2.33.8.6.13 

2.33.8.6.14 

Width of basin at water level, Ww, ft. 

Volume of earthwork required, VLEW, cu ft. 

Total volume of R.C. wall required, VcW, cu ft. 

Total. volume of K.C. slab required, Vcs, cu ft. 

Volume of concrete for embankgent protection, V cep' cu 

Operation manpower required, OMH, MH/yr. 

Maintenance manpower required, MMH, MH/yr. 

Electrical energy required, KWH, Kwhr/yr. 
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2.33.8.6.15 Total area of lagoon liner, Sk, ft'. 

2.33.8.6.16 O&M maintenance and supply costs as percent of the installed 
equipment cost, OMMP, %. 

2.33.8.6.17 

2.33.8.7 

2.33.8.7.1 

Correction factor for other minor construction costs, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

2.33.8.7.2 Unit price input for R.C. wall in-place, UPICW, $/cu yd. 

2.33.8.7.3 

2.33e8.7.4 

2.33.8.7.5 

2.33.8.7.6 

2.33.8.7.7 

2.33.8.8 

Unit price input for R.C. slab in-place, UPICS, $/cu yd. 

Cost of standard size aerator (50 hp), COSTA, $, (optional). 

Current Marshall and Swift Equipment Cost Index, MSECI, 

Installation labor rate, LABRI, $/MH. 

Unit price input for lagoon liner, UPILL, $/ft2. 

Cost Calculations. 

2.33.8.8.1 Cost of earthwork. 

COSTE VLEW - 27 UPIEX 

where 

COSTE = cost of earthwork, $. 

VLEW - volume of earthwork required, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.33.8.8.2 Cost of reinforced concrete wall. 

COSTCW - %w UPICW 
27 
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where 

cosTcw = cost of R.C. wall in-place, $. 

v = 
cw 

UPICW = 

2.33.8.8.3 

where 

COSTCS = 

v = cs 

UPICS - 

2.33.0.8.4 

where 

COSTEP = 

v * 
c eP 

UPICS = 

0.5 = 

2.33.8.8.5 

volume of R.C. wall required, cu yd. 

unit price input for R.C. wall in-place, 
$/cu yd. 

Cost of reinforced concrete slab. 
V 

COSTCS = + UPICS 

cost of R.C. slab in-place, $. 

volume of R.C. slab required, cu ft. 

unit price input for R.C. slab in-place, 
$/cu yd. 

Cost of concrete embankment protection. 

COSTEP = ' -+ (0.5) (UPICS) 

cost of concrete embankment protection in-place, 
$0 

volume of concrete for embankment protection, 
cu ft. 

unit price Lnput for R.C. slab in-place, 
$/cu yd. 

factor to adjust R.C. concrete unit price 
to nonreinforced. 

Calculate purchase cost of aerators. 

COSTA - (COSTSA) (COSTR) (K) (N) 
100 

where 

COSTA = purchase cost of aerators, $. 

COSTSA = cost of standard size aerator (50 hp), $. 
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COSTR = cost of aerator of horsepower HP as a percent 
of the cost of the standard sFzeaaerators, X. 

K = nunber of aerators per basin. 

N - nunber of basins. 

2.33.8.8.5.1 Calculate COSTR. 

If HPa I; 25 hp; COSTR is calculated by: 

COSTR - 20.7 (HP,) 0.2686 

If Wa > 25 hp; COSTED is calculated by: 

COSTR - 4.12 (HPa)0'7878 

2.33.8.8.5.2 Purchase cost of staidard size aerator. The stan- 
dard size aerator is a 50 hp, higkspeed floating aerator. The 
cost of the 50 hp aerator in the first quarter of 1977 is: 

COSTSA - $13,960 

For better cost estimation, COSTSA should be obtained fran the 
equipment vendor and treated as a unit price input. However, if 
COSTA is not treated as a unit price input, the cost will be 
adjusted by using the Marshall and Swift Equipsent Cost Index. 

COSTA - $13,960 m . 

where 

COSTA = cost of standard size aerator (50 hp), $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = Narshall and Swift Equipment Cost Index for 1st 
quarter of 1977. 

2.33.8.8.6 Calculate total installed equipment cost. 

2.33.8.8.6.1 Calculate aerator installation labor. 

IMH - 0.633 (HPa) + 40 

where 

IMH = aerator installation labor, MH. 

HPa - horsepower of Individual aerators, hp. 

. 
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2.33.8.8.6.2 Calculate aerator installation cost. 

AIC = (NH) (K) (N) (LABRI) 

where 

AIC - aerator installation cost, $. 

IMH = aerator installation labor, MH. 

K = nunber of aerators per basin. 

N = nunber of basins. 

LABRI = installation labor rate, $/MH. 

2.33.8.8.6.3 Calculate installed cost for electrical/mechanical. 

MC - 0.589 (HPa) -"*1465 (COSTA) 

where 

EMC - installed cost for electrical/mechanical, $. 

"a - horsepower of individual aerators, hp. 

COSTA - purchase cost of aerators, $. 

2.33.8.8.6.4 Calculate total installed equipment cost. 

IEC = COSTA+ AX + EMC 

where 

IEC = total installed equipment cost, $. 

AIC - aerator installation cost, $. 

EMC = installed cost of electrical/mechanical, $. 

2.33.8.8.7 Calculate cost of lagoon liner. 

COSTLL - (SpLL) WILL) 

COSTLL = installed cost of lagoon liner, $. 

S 4, = total area of lagoon liner, ft 2 . 

UPXLL = unit price input for lagoon liner, $/ft'. 
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2.33.8.8.8 Calculate total bare construction cost. 

TBCC * (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + LEC) (CF) 

where 

TBCC - total bare construction cost, $. 

COSTE = cost of earthwork, $. 

COSTCW - cost of R.C. wall in-place, $. 

COSTCS = cost of R.C. slab in-place, $. 

COSTEP - 

COSTLL = 

XEC - 

2.33.8.8.9 

where 

OMMC * 

OMMP - 

IEC - 

2.33.8.9 

2.33.8.9.1 

2.33.8.9.2 

cost of concrete embankment protection iwplace, 
$. 

installed cost of lagoon liner, $. 

total installed equipment cost, $. 

Calculate OUlmaintenance and supply cost. 

OMMC = ‘W OMMp IEC 

O&M material and supply costs, $/yr. 

O&M material and supply costs as percent of 
installed equipment cost, %. 

total installed equipment cost, $. 

Cost Calculations Output Data. 

Total bare construction cost, TBCC, $. 

ObMmaterial and supply costs, $/yr. 
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2.33.9 

2.33.9.1 

2.33.9.1.1 

2.33.9.1.1.1 

2.33.9.1.1.2 

2.33.9.1.2 

2.33.9.1.2.1 

2.33.9.1.2.2 

2.33.9.1.2.3 

2.33.9.1.2.4 

2.33.9.1.2s 

2.33.9.1.2.6 

2.33.9.1.3 

2.33.9.1.4 

2.33.9.2 

2.33.9.2.1 

2.33.9.2.2 

2.33.9.2.3 

2.33.9.2.4 

Aerated Facultative Lagoon. 

Input Data. 

Wastewater flow. 

Average dally flow, mgd. 

Peak (hourly) flow, mgd. 

Wastewater characteristics. 

BOD influent, mg/l. 

fnfluent suspended solids, mg/l. 

Influent volatile suspended solids, mg/l. 

Nitrogen, mg/l as N. 

Phosphorus, mg/l as P. 

Non-biodegradable fraction of VSS. 

Desired degree of treatment. 

Tanperature, 'C (summer and winter). 

Design Parameters. 

Reaction rate constant/day (0.5-1.0, avg 0.75). 

Temperature correction coefficient= 1.075. 

Fraction BOD ranoved for respiration (0.9-1.4). 

ROD feedback fran bottan or sediment (summer = 20 - percent; winter - 5 percent). 

2.33.9.2.5 MLVSS, mgI1, (50-150) average 100. 

2.33.9.3 Process Design Calculations. 

2.33.9.3.1 Select the rate constant, K. Adjust K for summer 
and winter temperatures. 

yr = K20° 
(T-20) 

where 

yr - rate constant for desired temperature, Oc. 
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K2C - rate constant at 20°C. 

8= temperature correction coefficient. 

T = temperature, OC. 

2.33.9.3.2 For summer and winter efficiencies, calculate detention 
times to meet winter efficiency. 

1.05 so - 1 
t- SK r e 

where 

Se * effluent soluble BOD5, mg/l. 

sO 
- influent BOD5, mg/l. 

K - reaction rate constant. 

t - detention time, days. 

and summer efficiency: 

t 1.2 so 1 s-r-. 
ScK K 

Select the larger of the detention times. 

2.33.9.3.3 Calculate volume. 

where 

V-Q avgt 

V - volume, million gal. 

Q avg 
- average daily flow,mgd. 

t - detention time, days. 

2.33.9.3.4 .Detennine oxygen requirements, assume a'. 

O2 - a'S,Q(8.34) (1.2) 

where 
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*2 - oxygen required, lb/day. 

a' = fraction of BOD oxidized for energy. 

Sr = BOD ranoved, mg/l. 

Q = flow, mgd. 

2.33.9.3.5 Design mechanical aeration system and check horse 
power supply to allow solids to settle: horsepower required to 
allow solids to settle (0.01-0.02 hp/lOOO gal). 

2.33.9.3.5.1 Assume the following design paranetets. 

2.33.9.3.5.1.1 Standard transfer efficiency, lb/hphr (02 dis- 
solved oxygen, 20°C, and tap water). 

2.33.9.3.5.1.2 O2 transfer in waste/O2 transfer in water Z0.9. 

2.33.9.3.5.1.3 o2 
a 0.9. 

saturation in waste/O2 saturation in water 

2.33.9.3.5.1.4 Correction factor for pressure "-1.0. 

2.33.9.3.5.2 Select summer operating tenperature (25-30°C) and 
determine (fran standard tables) O2 saturation. 

2.33.9.3.5.3 
conditions. 

Adjust standard transfer efficiency to operating 

OTE = STE 
KJT(B) (PI - CL 

(d) (l.02)T-20 
9.17 

where 

OTE - operating transfer efficiency, lb 02/hphr. 

STE - standard transfer efficiency, lb 02/hphr. 

KS) 
T 

= o2 saturation at selected summer tenperature, 
mg/l. 

P= 02 saturation in waste/O2 saturation in 
water W 0.9. 

P = correction factor for pressure -1.0. 

5 = minimum dissolved oxygen to be maintained in 
the basin 2.0 mg/l. 
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oc= 0 2 transfer in waste/02 transfer in water 
& 0.9. 

'I: = temperature, %. 

2.33.9.3.5.4 Calculate horsepower requirement. 

HP = 
O2 

lb O2 
x 1000 

OTE qzi7 (24) (V)(106) 

where 

HP - horsepower required per 1000 gal. 

O2 - oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V - volume of the basin, million gal. 

2.33.9.3.5.5 Calculate total horsepower requirement. 

Tm = (HP)(V>(l& 
1000 

where 

THP - total horsepower required, hp. 

V - volume of lagoon, million gal. 

HP = horsepower required per 1000 gal, hp/lOOO gal. 

2.33.9.3.6 Effluent Characteristics. 

2.33.9.3.6.1 Effluent suspended solids concentration. The suspended 
solids fran an aerated facultative lagoon can be divided into three 
categories; inert solids, bacteria cells and algal cells. The growth 
of algae in sewage lagoons is a very canplex process. Geographic 
location, temperature, season, organic loading, nutrient concentration 
and light penetration are the factors that govern the ecological systan 
in a sewage lagoon. However, mite and Rich have presented the fol- 
lowing which relates the algal concentration with mixing level in 
aerated lagoon systems. 

0.407 
SS& =BP- 10.7 

where 

SSAL - algal concentration of suspended solids, mg/l. 

HP - horsepower required/1000 gal. 
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The suspended solids due to inert material and bacteria cells is more or - 
less independent of the mixing level. St is usually in the range of 25 
to 30 mg/l and approximately 85% volatile. 

ssOi 
= 25mgIl 

Thus, the total suspended solids concentration would be 

W,ff = SS& + ssoi 

where 

(SS)eff = total suspended solids in effluent, mg/l. 

SSAL - algal concentration of suspended solids, mg/l. 

ssOi 
= suspended solids due to inert material and 

bacteria cells, ms/l. 

2.33.9.3.6.2 Calculate BOD in the final effluent. 

BODE = Se + 0.3 (0.85 x SSoi) + 0.12 (SSAL) 

where 

BODE - BOD in effluent in mg/l. 

Se - soluble effluent BOD, mg/l. 

0.12 = BOD concentration contributed by algae in the 
effluent. 

2.33.9.3.6.3 COD 

CODE - 1.5 BODE 
CODSE = 1.5 Se 

where 

CODE - effluent COD concentration, mg!l. 

BODE - effluent BOD5 concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/l. 

2.33.9.3.6.4 Nitrogen 
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TKNE=TKN 
NJII~E -TKNE 
N03E = NO3 
N02E - NO2 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. 

TKN = influent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia concentration, mg/l. 

N03E = effluent NO3 concentration, mg/l. 

NQ3 - influent NO3 concentration, mg/l. 

N02E = effluent NO2 concentration, mg/l. 

NO2 - influent NO2 concentration, mg/l. 

2.33.9.3.6.5 Phosphorus 

P04E - 0.7 PO4 

P04E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.33.9.3.6.6 Oil and Grease. 

OAGE - 0.15 OAG 

OAGE = effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

2.33.9.3.8 Deteanine nutrient- requirements. 

BOD:Nitrogen:Phosphorus = 1OO:S:l 

2.33.9.4 Process Design Output Data. 

2.33.9.4.1 Average daily flow, Q,,, mgd. 

2.33.9.4.2 Peak flow, , mgd. 
Qp 
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2.33.9.4.3 Detention time, t, days. 

2.33.9.4.4 Effluent soluble BOD, Se, rag/l. 

2.33.9.4.5 Volune of lagoon, V, million gal, 

2.33.9.4.6 Oxygen required, 02, lb/day. 

2.33.9.4.7 Total aerator horsepower required, THP, hp. 

2.33.9.4.8 Total BCD of effluent, BODE, mg/l. 

2.33.9.5 Quantities Calculations. 

2.33.9.5.1 Calculate umber of basins required. The nunber of 
basins may be designated, 
based on flow. 

if not, it will be selected fran the following, 

now Range (9,,) Nunber of Basins (NL 

Less than 0.5 mgd 1 
Fran 0.5 to 2.0 mgd 2 
Fran 2.0 to 5.0 mgd 3 
Greater than 5.0 mgd 4 

where 

Q =g 
= average daily flow, mgd. 

N =nunber of basins. 

2.33.9.5.2 Select size and nunber of aerators. 

2.33.9.5.2.1 Calculate aerator horsepower per basin. 

where 

HPb - aerator horsepower required per basin, hp. 

THP = total aerator horsepower required, hp. 

-N = nunber of basins. 

2.33.9.5.2.2 Determine number of aerators per basin. The nunber of 
aerators per basin must be one of the following 2, 3, 4, 6, 8. Also the 
aerators 60, 75, must be one of the following sizes, 10, 100, or 150. The selection will 15, 20, 25, 30, 40, 50, 

process 
be trial and 

error. 
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HPb 
Assume nunber of aerator per basin (K) is 2. -If 7 >lSO, go to 

HPb HPb 
next trials K=3, 4, 6, 8 until 7 5 150, then canpare K 

with values for individual aerators (HP,) given above. Select the 

"b 
smallest value of HPa that is greater than K' 

2.33.9.5.3 Calculate basin depth. The basin water depth (Dw) is 
controlled by the aerator sizes used. This is true because each size 
aerator has a maximum depth at which it can be used and still achieve 
mixing without the use of a draft tube. 

2*33.9.5.3.1 If HPa< 100 HP 

DW = 4.82 (HP,) 0.2467 

2.33e9.5.3.2 If 1005 HPa< 150 

DW * 15 ft 

where 

DW = basin water depth, ft. 

*'a = horsepower of individual aerators, hp. 

i.33.9.5.4 Calculate basin dimensions. 

2.33.9.5.4.1 Calculate length to width ratio. 

IfK<4,r=K 

IfK>4,r-K/2 

where 

K - number of aerators per basin. 

r - basin length to width ratio. 

2.33.9.5.4.2 Calculate the length of the basin at water level. 
? 

LW 
6/r (3DW)2 + 2 (3DW)2 'a5 + 3DW (l+r) 

2 
. 

Aa * v x 10 6 

(N) (DW) (7.48) 
where 

LW 
= length of basin at water level, ft. 
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r - length to width ratio. 

s - side slope - 3 to 1 for all basins. 

*a - average lagoon surface area, ft 2 . 

DW = basin water depth, ft. 

2.33.9.5.4.3 Calculate basin width at water level. 

LW 

ww - T- 
where 

Ww - width of basin at water level, ft. 

LW 
- length of basin at water level, ft. 

r - length to width ratio. 

2.33.9.5.5 Calculate volune of earthwork required. The following 
assumptions were made concerning basin constnxtion. 

Basins will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
A 2 ft freeboard will be used on all lagoons. 
Canmon levee construction will be used where practical. 

2.33.9.5.5.1 The volume of earthworkmust be determined by trial and 
error. Assume a depth of cut of 1 ft. 

2.33.9.5.5.1.1 Calculate the length and width at original ground level. 

Lc - Lw - 6 (DW - DC) 

WC -2 
r 

where 

Lc = length of lagoon at original ground level, ft. 

WC = width of lagoon at original ground level, ft. 

r - length to width ratio. 

DW = basin water depth, ft. 

DC= depth of cut, ft. 
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2.33.9.5.5.1.2 Calculate the volme of cut. 

vc = (1.3) (N)(DC) [WcLc - 3(DC)(Wc) - 3(DC)(Lc) + 12(DC)2] 

where 

vc = volume of cut, cu ft. 

N - nunber of lagoons. 

DC - depth of cut, ft. 

WC - width of lagoon at original ground level, ft. 

Lc = length of lagoon at original ground level, ft. 

2.33.9.5.5.1.3 Calculate length and width at top of levee. 

LT - Lw+ 12 

LT 'T - 1: 

where 

LT - length of lagoon at top of levee, ft. 

WT - width of lagoon at top of levee, ft. 

LW 
= length of lagoon at water level, ft. 

r - length to width ratio. 

2.33.9.5.5.1.4 Calculate the depth of fill. 

DF - DW + 2 - DC 

where 

DF = depth of fill, ft. 

DW - basin water depth, ft. 

DC - depth of cut, ft. 

2.33.9.5.5.1.5 Calculate nmber of levees. 

NL =N+l 

NW 
=2N 
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where 

NL = nunber of levees of length, 5. 

NW = nunber of levees of width, WT. 

N - nunber of lagoons. 

2.33.9.5.5.1,6 Calculate volme of fill. 

'F = tlmF + 3W21 ($1 (NL) + Cw,> (NW) 

where 

'p = volme of fill, cu ft. 

DF = depths of fill, ft. 

LT = length of lagoon at the top of the levee, ft. 

WT - width of the lagoon at the top of the levee, ft. 

NL = nunber of levees of length, 5. 

NW - nunber of levees of width, WT. 

2.33.9.5.5.1.7 Compare Vc and Vf. 

If Vc < VF then assme DC > 1 ft and recalculate Vc and VF. 

If Vc > VF then assume DC < 1 ft and recalculate Vc and VF. 

Repeat this procedure until Vc - VF. This is the volme of earth- 
work required. 

where 

DC - depth of cut. ft. 

vc = volume of cut, cu ft. 

vF = volume of fill, cu ft. 

VLEW - volume of earthwork required, cu ft. 

2.33.9.5.6 Calculate reinforced concrete requiranent. 
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2.33.9.5.6.1 Influent structure. The influent structure would 
be a flow splitter box. The size of the structure would be 
determined by the number of basins, since it would have to 
accamodate weirs for each basin, The following quantities will 
be used. 

N=l,or2 V 
Cd. 

= 81 cu ft. 
33 cu ft. 

N=3 V cwi - 97 cu ft. 
V 

CSi 
= 43 cu ft. 

N-4 V 
CWi 

= 135 cu ft. 

V csi = 66 cu ft. 

where 

V cti - volume of R,C. wall required for influent 
structure, cu ft. 

V csi - volme of R.C. slab required for influent 
structure, cu ft. 

N = number of basins. 

2.33.9.5.6.2 Effluent Structure. Each basin would have a sepa- 
rate effluent structure. The size of the structure would be 
approximately the sane regardless of flow. 

V cse - (32) (N) 

where 

V 
CWe 

- volume of R.C. wall required for effluent 
structure, cu ft. 

V csi - volume of R.C. slab required for influent 
structure, cu ft. 

. 
N = nunber of basins. 

2.33.9.5.6.3 Total-reinforced concrete required. 

V =V cw CWi + 'ewe 

V =V 
cs csi + ‘cse 
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where 

V cw = total volume of R.C. wall required, cu ft. 

V cs = total volume of R.C. slab required, cu ft. 

V 
CWi 

- volume of R.C, wall required for influent 
sturcture, cu ft. 

V ewe = volume of R.C. wall required for effluent 
structure, cu ft. 

V csi - volume of R.C. slab required for influent 
structure, cu ft. 

V cse - volume of R.C. slab required for effluent 
structure, cu ft. 

2.33.9.5.7 Calculate volune of concrete required for em- 
bankment protection. In large lagoons and in aerated lagoons 
earthern levees require protection fran the wave action of the 

the 

water. For this purpose concrete is placed around the interior 
of the levee at the water line. The concrete would extend fran 
the top of the levee to about 1.5 ft below the water surface. 
Using a 3 to 1 side slope, the width of the slab would be 11 ft. 
The slab would be 8 inches thick. 

V 
=eP 

- (2Lw + 2Ww) (11) (0.67) (N) 

where 

V 
=eP 

- volume of concrete for anbankment protection, 
cu ft. 

Lw - length of levee at water level, ft. 

Ww = width of levee at water level, ft. 

N - nunber of basins. 

2.33.9.5.8 Calculate lagoon surface area. 

As - (N)(Lw)(Ww) 
43560 

where 

AS 
- lagoon water surface area, acres. 

N - nunber of basins. 

2.33-36 

.--_-.. --. _ - _ __ _ - _ ____ . - 



Lw = length of levee at water surface, ft. 

Ww = width of levee at water surface, ft. 

2.33.9.5.9 Calculate operation manpower required. 

2.33.9.5.9.1 If AS 5 4 acres, the operation manpower is cal- 
culated by: 

where 
OMH - 700 (AS)o*2571 

OMH - operation manpower required, HWyr. 

AS - lagoon water surface area, acres. 

2.33.9.5e9.2 If AS > 4 acres, the operation manpower is cal- 
culated by: 

OMEI = 539.3 (AS) 
0.4453 

2.33,9.5.10 Calculate maintenance manpower required. 

2.33.9.5.10.1 If AS S 4 acres, the maintenance manpower is 
calculated by: 

MMH - 130.0 (AS) 0.2925 

where 

MMH - maintenance manpower required, MH/yr. 

AS - lagoon water surface area, acres. 

2.33.9.5.10.2 If AS > 4 acres, the maintenance manpower is 
calculated by: 

MMH - 105 (As)o'4466 

where 

24MH = maintenance manpower required, MH/yr. 

AS - lagoon water surface area, acres. 

2.33.9.5.11 Calculate electrical energy required for oper* 
tion. Assuming that all the aerators operate 90% of the time and 
the efficiency of the electric motors is 0.877, the power re 
quired would be. 
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2.33.9.5.5.11.1 Calculate total installed horsepower. 

where 
HPT - (HP,) (0 WI 

HPa - horsepower of individual aerators, hp. 

HpT - total installed horsepower, hp. 

K = nunber of aerators per basin. 

N - nunber of basins. 

2.33.9.5.11.2 Calculate electric energy required. 

KWH E (HPT) (365) (24) (69) (.85) (.877) 

where 

KWH - electrical energy required, kwhr/yr. 

KpT = total installed horsepower, hp. 

2.33.9.5.12 Calculate quantity for lagoon liner. In sane 
areas the soils are such that lagoons must be lined to prevent 
loss of water. User should designate whether liner is required. 

2.33.9.5.12.1 Calculate area of the bottan of the lagoon. 

% - Gw - 6Dw) (Ww- 6Dw) 

where 

S $ - area of the bottan of lagoon, ft'. 

LW 
= length of basin at water level, ft. 

Ww - width of basin at water level, ft. 

DW = basin water depth, ft. 

2.33.9.5.12.2 Calculate area of lagoon embanlanent. 

DWc2 - ‘cLT + wT> ‘mg+ % 

where 

SAK = area of lagoon embankment, ft 2 . 
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$ - length of basin at top of levee, ft. 

WT = width of basin at top of levee, ft. 

DW - basin water depth, ft. 

2.33.9.5.12.3 Calculate total surface area required for liner. 

S4, - N (S% + S%> 

where 

SAL - total area of lagoon liner, ft2e 

N - nunber of basins. 

S$ - area of bottcm of lagoon, ft2. 

S% - area of lagoon embankment, ft2. 

2.33.9.5.13 Other operation and maintenance material and supply 
costs. This iten includes such itens as lubrication oil, paint, repair 
and replacement parts. These costs are estimated as a percent of the 
installed equipment cost. 

OMMP = 4.93 (EPT) -0.1827 

where 

OMMP - ObMmaintenance and supply costs as percent of the 
installed equipment cost, %. 

2.33*9.5.14 Other minor construction cost items. Fran the above 
calculatious approximately 90% of the construction costs have been , 
accounted for. Other minor items such as piping, grass seeding, etc., 
would be 10%. 

CF-&- 1.11 . 

where 

CF = correction factor for other construction costs 
items* 
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2.33.9.6 Quantities Calculations Output Data. 

2.33.9.6.1 

2.33.9.6.2 

Nmber of basins, N. 

Basin water depth, DW, ft. 

2.33.9.6.3 Ntnnber of aerators per basin, K. 

2.33.9.6.4 Basin length to width ratio, r. 

2.33.9.6.5 

2.33.9.6.6 

2.33.9.6.7 

2.33.9.6.8 

Horsepower of individual aerators, HPa, hp. 

Length of basin at water level, Lw, ft. 

Width of basin at water level, Ww, ft. 

Volume of earthwork required, VLEW, cu ft. 

2.33.9.6.9 

2.33.9.6.10 

2.33.9.6.11 
ft. 

2.33.9.6.12 

Total voltnne of R.C. wall required, Vcw, cu ft. 

Total volke of R.C. slab required, Vcs, cu ft. 

Volune of concrete for enbanlanent protection V cep' cu 

Operationmanpower required, OMH, MH/yr. 

2.33.9.6.13 Maintenance manpower required, MMEZ, MH/yr. 

2.33.9.6.14 Electrical energy required, KWR, kwhr/ yr. 

2.33.9.6.15 Total area of lagoon liner, SAL, ft2. 

2.33.9.6.16 OdrMmaintenance and supply costs as percent of the installed - 
equipment cost, OMMP, X. 

2.33.9.6.17 Correction factor for other minor construction costs, CF. 

2.33-40 

_ .._ --- -_ - _. .- - . .._- _ __ -__ . _ - _ . . - _ _ _ _ _ _ _ -. 



2.33.9.7 

2.33.9.7.1 

2.33.9.7.2 
Sku Yd* 

2.33.9.7.3 
$/cu yd. 

2.33.9.7.4 
(optional). 

2.33.9.7.5 
MSECI. 

2.33.9*7.6 

2.33.9.7.7 

2.33.9.8 

2.33.9.8.1 

where 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price inputfor R,C. slab iwplace, UPXCW, 

Unit price input for R.C. slab in-place UPICS, 

Cost of standard size aerator (50 hp), COSTA, $, 

Current Marshal1 abd Swift Equipment Cost Index, 

Installation labor rate, LABRX, $/MH. 

Unit price input for lagoon liner, UPILL, $/ft2. 

Cost Calculations. 

Cost of earthwork. 

COSTE -,w UPIEX 

COSTE - cost of earthwork; $. 

VLEW - volme of earthwork required, cu ft. 

UPXEX - unit price input for earthwork, $/cu pd. 

2.33.9.8.2 Cost of reinforced concrete wall. 
V 

cosTcw - +y UPICW 

where 

COSTCW - cost of R.C. wall in-place, $. 

V cw - volme of R.C. wall required, cu yd. 

UPICW - unit price input for R.C. wall in-place, $/cu yd. 

2.33.9.8.3 Cost of reinforced concrete slab. 
V 

COSTCS - + UpICS 

where 

. 
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cosTcs - 

v * cs 
UPICS = 

2.33.9.8.4 

where 

COSTEP - 

v - 
Cep 

UPICS - 

0.5 - 

2.33.9.8.5 

where 

COSTA - 

COSTSA - 

OOSTR - 

K- 

N= 

2.33.9.8.5.1 

cost of R.C. slab in-place, $. 

volme of R.C. slab required, cu ft. s 

unit price input for R.C. slab in-place, $/cu yd. 

Cost of concrete embanhent protection. 

COSTEP - * (0,5)(UPICS) 

cost of concrete embankment protection in-place, $. 

volume of concrete for embankment protection, cu 
ft. 

unit price input for B.C. slab in-place, $/cu yd. 

factor to adjust R.C. concrete unit price to 
nonrelnforced. 

Calculate purchase cost of aerators. 

cosTA - (COSTSA) (COSTR) (K) (N) 
100 

purchase cost of aerators, $. 

cost of standard size aerator (50 hp), $. 

cost of aerator of horsepower HP as a percent of 
the cost of the standard size aetators, X. 

number of aerators per basin. 

nunber of basins. 

Calculate COSTR. 

If HPa s 25 hp; COSTR is calculated by: 

COSTR - 20.7 (HPa)o*2686 

If HPa > 25 hp; COSTR is calculated by: 

COSTR - 4.12 (HPa)o'7878 
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2.33.9.8.5.2 Purchase cost of standard size aerator. The 
standard size aerator is a 50 hp, high-speed floating aerator. 
The cost of the 50 hp aerator in the first quarter of 1977 is: 

COSTSA - $13,960 

For better cost estimation, COSTSA should be obtained fran the 
equipment vendor and treated as a unit price input. However, if 
COSTA is not treated as a unit price input, the cost will be 
adjusted by using the Marshall and Swift Equipment Cost Index. 

COSTA - $13,960 ;* 

where 

COSTA - cost of standard size aerator (50 hp), $. 

MSECI - current Marshall and Swift Equipment Cost Index, 

491.6 - Marshall and Swift Equipment Cost Index for 1st 
quarter of 1977. 

2.33.9.8.6 Calculate total installed equipment cost. 

2.33.9.8.6.1 Calculate aerator installation labor. 

IMH - 0.633 (HP,) + 40 

where 

IHH - aerator installation labor, ME. 

IIpa - horsepower of individual aerators, hp. 

2.33.9.8.6.2 Calculate aerator installation cost. 

AIC * (=I (K) (N) (LAB=) 

where 

AXC - aerator installation cost, $. 

IMH - aerator installation labor, ME. 

K = nunber of aerators per basin. 

N = nmber of basins. 

LABRI - installation labor rate, $/MEL 

2.33.9.8.6.3 Calculate installed cost for electrical/mechanical, 
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where 

EMC = 0.589 (HP,) -ogl465 (COSTA) 

EMC - installed cost for electrical/mechanical, $. 

HPB - horsepower of individual aerators, hp. 

COSTA - purchase cost of aerators, $. 

2.33.9.8.6.4 Calculate total installed equipment cost. 

IEC - COSTA+ AIC + EMC 

where 

IEC - total installed equipment cost, $. 

AIC - aerator installation cost, $. 

EKC - installed cost of electrical/mechanical, $. 

2.33.9.8.7 Calculate cost of lagoon liner. 

COSTLL - (Spt) (WILL) 

COSTLL = installed cost of lagoon liner, $. 

S AL - total area of lagoon liner, ft 2 . 

UPILL - unit price input for lagoon liner, $/ft2. 

2.33.9.8.8 Calculate total bare construction cost. 

TBCC - (COSTE + COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF) 

where 

TBCC = total bare construction cost, $. 

COSTE - cost of earthwork, qD 

COSTCW - cost of R.C. wall in-place, $. 

COSTCS - cost of R.C. slab in-place, $. 

COSTEP - cost of concrete anbanlunent protectioa in-place, $. 

COSTLL - installed cost of lagoon liner, $. 
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IEC - total installed equipment cost, $. 

2.33.9.8.9 Calculate O&M maintenance aad supply cost. 

where 

OMMC - ObMmaterial and supply costs, $/yr. 

OMMP - O&Mmaterial and supply costs as percent of installed 
equipment cost, X. 

IEC = total installed equipment cost, $. 

2.33.9.9 Cost Calculations Output Data. 

2.33.9.9.1 Total bare construction cost, TBCC, $.' 

2033.9.9.2 O&Mmaterial and supply costs, $/yr. 
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2.33.10 Anaerobic Lagoons 

2.33.10.1 Input Data. 

2.33.10.1.1 Wastewater flow. 

2.33.10.1.1.1 Average daily flow, mgd. 

2.33.10.1.1.2 Peak hourly flow, mgd, 

2.33.10.1.2 Wastewater strength, BOD5, n&l. 

2.33.10.1.3 Other characteristics. 

2.33.10.1.3.1 PH. 

2.33.10.1.3.2 Temperature (maxim\nn and minim=). 

2.33.10.2 Design Paraneters (See Table 2.3>1). 

2.33.10.3 Process Design Calculations. 

2.33.10.3.1 Calculate BOD5 in the waste. 

where 

BOD = (Q,,) (WDI) 03.34) 

BOD - quantity of BOD5 in waste, lb/day. 

Q avg 
= average daily flow, mgd. 

BODI = concentration of BOD, in influent, mg/l. 

8.34 = conversion factor. 

2.33.10.3.2 Determine lagoon 

- Based on type of lagoon 
rate (LBOD). 

surface area. 

and climate select a loading 

SA = d!!?!i 
LBOD 

where 

SA - lagoon surface area, acres. 

BOD - quantity of BOD3 in waste, lb/day. 

LBOD = lagoon loading rate, lb/day acre. 
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2.33.10.3.3 Determine volume of lagoon. 

e Based on type of lagoon select an operating depth. 

V = (SA) (D) (0.32585) 

where 
. 

V - volme of lagoon, million gal. 

SA = lagoon surface area, acres. 

D = lagoon operating depth, ft. 

0.32585 = conversion factor, acre ft to million gallons. 

2.33e10.3.4 Detenaine detention time. 
V DT =- 

Q avg 
where 

DT = detention time, days. 

V - volume of lagoon, million gal. 

Q -g 
- average daily flow,mgd. 

Check detention time against minimum detention times in Table 2.331. 
If D'T is less than minimum increase the surface area (SA) until the 
minimum detention time is obtained. 

2.33.10.3.5 Effluent Characteristics. 

2.33.10.3.5.1 Determine effluent BOD5 concentration. The mechanisms in 
lagoons are complex and can not be accurately predicted, therefore 
effluent concentrations will be determined based on percent reduction 
fran actual experfence. The average soluble BOD5 reduction for lagoons 
is 65%. 

BODE - (1 - .65) (BODI) 
Se - 0.75 BODE 

where 

BODE = concentration of BOD5 in effluent, mg/l. 

BODI = concentration of BOD5 in influent, mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 
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TABLE 2.33- 1 
DESIGN PARaMETERS FOR STABILIZATION PONDS 

Type of Pond 

Paraneter Adda) Facul tative Facul tative Anaerob lc 

Flow regime Intermittently mixed 

;;i;a;;;;bfcrec’ 
10 mu1 tlples 

W 
Series or parallel 

Detention time, days 10 to 40 
Depth, ft 3 to 4 
PH 6.5 to 10.5 
Temperature range, OC 0 to 40 
Optimum temperature, OC 
BOD5 loading, lb/acre/day 

(=) 
60 :: l20(d) 

BOD5 conversion 60 to 70 
Principal conversion products Algae, C02, 

bacterial cell tissue 
Algal concentration, mg/l 80 to 200 
Effluen 

if mg/l e 
uspended sol ids, 

140 to 340 

2 to 10~ultiples 
Series or parallel 

7 to 30 
3 to 6 

6.5 to 9.0 
0 to 50 

20 
15 to 50 
60 to 70 

Algae, CO , CH4, 
bacterial ce 1 1 tissue 

40 to 160 

160 to 400 

Mixed surface layer 
2 to 10 multiples 

Series or parallel 
7 to 20 
3 to 8 

6.5 to 8.5 
0 to 50 

20 
30 to 100 
60 to 70 

C02, CH 
ccl f 

, bacterial 
tissue 

10 to 40 

110 to 340 

0.5 to 2.-dmultiplI 
Series 

20 to 50 
8 to 15 

6.8 to 7.2 
6 to 50 

30 
200 to 500 

50 to 70 
C02, CH , bacteria 

ccl f tissue 

80 to 160 

(a) Conventional aerobic ponds designed to maximize the amount of oxygen produced rather than the amount of algae produ 
(b) Depends on climatic conditions. 
(c) Typical values (much higher values have been applied at various loadings). Loading values are often specified 

by state control agencies. 
(d) Sane states limit thla figure to SO or less. 
(e) Incl udes al gae , microorganisms , and residual influent suspended sol ids. Values are based on an influent 

soluble BOD5 of 200 mg/l and, with the exception of the aerobic ponds, an inf luent suspended-sol ids 
concent ration of 200 mg/ 1. 



2.33.10.3.5.2 Suspended Solids. 

SSE - 100 

where 

SSE = effluent suspended solids concentration, mg/l. 

2.33.10.3.5.3 COD 

CODE - 1.5 BODE 
CODSE = 1.5 Se 

where 

CODE - effluent COD concentration, mg/l. 

CODSE = effluent soluble COD concentration, mg/l. 

BODE - effluent B0D5 concentration, mg/l. 

'e = effluent soluble BOD5 concentration, mdl. 

2.33.10.3.S.4 Nitrogen. 

TKNE - TKN 
NH3E -TKNE 
N03E - NO3 
NOZE - NO2 

where 

TKN = influent Kjedahl nitrogen concentration, mg/l. 

TKNE - effluent Kjedahl nitrogen coacentration, mg/l. 

NH3E - effluent ammonia concentration, mg/l. 

NO3 - influent NO3 concentration, mg/l. 

N03E - effluent NO3 concentration, mdl. 

NO2 - influent NO2 concentration, mg(1. 

NO2E - effluent NO2 concentratioa, mg/l. 

2.33.10.3.5.5 Phosphorus 

P04E - 0.7 PO4 
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where 

~04 - influent phosphorus concentration, mg/l* 

PO4E - effluent phosphorus concentration, mg/l. 

2.33.10.3.5.6 Oil and Grease. 

OAGE - 0.15 OAG 

where 

OAG = influent oil and grease concentration, mg/l. 

OAGE = effluent oil and grease concentration, n&l. 

2.33.10.3.5.7 PH. 

PH = 6.8 

where 

PH - effluent PH. 

2.33.10.4 Process Design Output Data. 

2.33.10,4.1 Lagoon loading rate, LBOD, lb/day acre. 

2.33.10.4.2 Lagoon surface area, SA, acres. 

2.33.10,4.3 Lagoon operating depth, D, ft. 

2.33.10.4.4 Volme of lagoon, V, million gal. 

2.33.10.4.5 Concentration of BOD5 in effluent, BODE, mg/l. 

2.33.10,5 Quantities Calculations. 

2.33.10.5.1 Determine quantity of earthwork. 

The following assumptions aremade concerning the construction of the 
lagoons. H 

Aminimum of 2 cells will always be used. 
Anaerobic lagoon cells will not be greater than 2 acres 
in surface area. 
Lagoon cells will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
An even number of lagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square, 
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2.33.10.5.1.1 Determine the nunber and size cf lagoon cells. 

2.33.10,5,1.1.1 For Anaerobic lagoons, 

If SA c 4, NLC - 2 

If SA) 4, NLC + 

NLX: must be an even number. 

CSA - & 

where 

NLC - number of lagoon cells. 

SA - lagoon surface area, acres. 

CSA = lagoon cell surface area, acres. 

2.33.10.5.1.2 Determine lagoon cell dimensions. 

L - 208.7 (CSA)Oo5 + 12 

where 

L - length of one side of lagoon cell, ft. 

CSA - lagoon cell surface area, acres. 

208.7 - cornrersion factor acres to sq ft. 

12 - additional length required for 2 ft freeboard. 

2.33.10.5.1.3 Calculate voluue of earthwork required for lagoons. 
The volume of earthwork must be determined by trial and error using the 
following equations: 

DC+DF=D+2 

VI?= [3 (DF)2 + 10 DF] [5NLc +2 2 I. 04 

vc = (1.3) (NW WI IL2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 60L + 12001 

Assume that the depth of cut (DC) is equal 'to 1 ft. Fran 
the equations calculate the volune of fill (VF) required and the volume 
of cut (VC) required. Cuapare VC and VF. 
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If VC < VF then assume DC > 1 ft and recalculate VC and VF. 
IF VC > VF then assume DC < 1 ft and recalculate VC and VF. 

Repeat this procedure until VC = VF. This is the volme of earthwork 
required for the lagoons. 

where 

Dc- 

DF - 

D- 

VF- 

vc - 

NIX- 

L- 

VLEW - 

2.33.10.5.2 

VC - VF = VLEW 

depth of cut, ft. 

depth of fill, ft. 

lagoon operating depth, ft. 

volaxne of fAl1, ft3. 

volume of cut, ft 3 . 

nunber of lagoon cells. 

length of one side of lagoon cell, ft. 

vo 
3 

une of earthwork required for lagoon construction, 
ft . 

Determine requiranent for lagoon liner. In sane areas 
due to soil conditions the lagoons must be lined with an impervious 
material to prevent percolation of the wastewater Into the natural 
ground. 

2.33.10.5.2.1 Calculate area to be lined. 

ALL - NLC [(4) (3D)G3W6) + (L~6&12)~] 

where 

ALL - area of lagoon liner, ft 2 . 

NLC - nunber of lagoon cells. 

D = lagoon operating depth, ft. 

L - length of one side of lagoon cell, ft. 

2.3352 
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2.33.10.5.3 Piping for lagoon cells. 

b3ume: 

Pipes are flowing full. 
Velocity is 3 fps. 
Pipes going through the levee extend 10 ft past toe of 
the levee. -. 

2.33.10.5.3.1 Detenniae pipe size. 

DIA - 9.72 (\ax)0o5 

The smallest pipe to be used will be 4 inches. If DIA < 4 
inches set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 
10, 12, 14, etc. Always use next higher diameter. 

where 

DIA - pipe diameter, inches. 

%l ax = peak hourly flow, mgd. 

9.72 - caabined conversion factors. 

2.33,10.5.3.2 Detemine length of pipe. 

LDIA - (6D + 10) NLC 

LDU - length of pipe of dianeter DIA, ft. 

D - lagoon operating depth, ft. 

NU - nunber of lagoon cells. 

2.33.10.5.4 Valve for lagoous. Each lagoon cell will be capable of 
being isolated by the use of valves. There will be one valve for each 
lagoon cell and the valves will be the sme size as the pipe feeding the 
cell. The valves will be butterfly valves. 

NBV-NLc+l 

DBV - DIA 
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where 

NBV - 

DBV - 

DIA - 

2.33.10.5.5 
in this range 
with 6" thick 
the lagoon. 

where 

v = cw 
D= 

L3 - 
2.33.10.5.6 

where 

Q -g = 
OKMH - 

2.33.10.5.7 

nunber of valves. 

nunber of lagoon cells. 

d&meter of valves, inches. 

pipe diameter, inches. 

Effluent structure. 
is 

The effluent structure for all flows 
assumed to be a concrete structure 4 feet by 4 feet 

walls. The depth will be the sane as the total depth of 

V cw - (8) 0-1 

volume of concrete wall, ft 3 . 

lagoon operating depth. 

volume of concrete slab, ft 3 . 

Calculate operation and maintenance manpower. 

If Q,,s. 0.1; OMMB - 160 

If Qavg> 0.1; OMMEI - 313.8 (Q 
=g )oo2g25 

average daiSy flow, mgd. 

operation and maintenance manhours, KH/pr. 

Other miscellaneous construction costs. The iten already 
calculated represents approldmately 90% of the construction cost. 
other 10% consists of item such as seeding, miscellaneous concrete The 

pads, walkways, etc. 

CF -+ - 1.11 
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where 

CF - correction factor for miscellaneous construction. 

2.33.10,6 

2.33.10.9.1 
VLEW, ft . 

2.33.10.6.2 

2.33.10.6.3 

2.33.10.6.4 

2.33.10.6.5 

2.33.10.6.6 

2.33.10.6.7 

2.33.10.6.8 

2.33.10.6.9 

2.33.10.6.10 

2.33.10.7 

2.33.10.7.1 

2.33.10.7.2 

2.33.10.7.3 

2.33.10.7.4 

2.33.10.7.5 

2.33.10.8 

2.33.10.8.1 

Quantities Calculations Output Data. 

Volune of earthwork required for lagoon construction, 

Area of lagoon liner, ALL, f-t2* 

Pipe diameter, DIA, inches. 

Length of pipe of dianeter DIA, LDIA, ft. 

Nunber of valves, NBV. 

Diameter of valves, DBV, inches. 

Volune of concrete wall, Vcw, ft 3 . 

Voluxte of concrete slab, Vcs, ft 3 . 

Operation and maintenance manpower, OMKH, MH/yr. 

Correction factor for miscellaneous construction, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu pd. 

Unit price input for concrete wall, UPICW, $/cu yd. 

Unit price input for concrete slab, UPICS, $/cu yd. 

Cost of standard size pipe (12” p), COSP, $/ft. 

Cost of standard size valve (12" butterfly), COSTSV, $. 

Cost Calculations. 

Calculate cost of earthwork. 

COSTE - 9 UPIRX 

2.3>55 



where 

COSTE = 

VLEW - 

UPIEX - unit price Input for earthwork, $/cu yd. 

27 = comrersion fraa ft3 to cu pd. 

2.33.10.8.2 Calculate cost of piping. 

2.33.10.8.2.1 Installed cost of pipe. 

where 

ICP = 

COSTP - 

C0SP - 

LDIA - 

2.33.10.8.2.2 

where 

COSTP - 

DIA - pipe diameter, inches. 

2.33.10.8.2.3 Determine COSP. COSP is the cost per foot of 12" P 

cost of earthwork, $. 

vo 3 une of earthwork required for lagoon construction, 
ft 0 

Icp -,w (COSP) (LDIA) 

installed cost of pipe, $. 

cost of pipe of diameter DIA as percent of cost of 
standard size pipe, X. 

cost of standard size pipe (12"& $/ft. 

length of pipe of diameter DIA. ft. 

Determine COSTP. 

COSTP = 6.842 @IA)1’2255 

cost of pipe of diameter DIA as percent of cost of 
standard size pipe, X. 

welded steel pipe. This cost Is $13.50 per foot in 4th quarter, 1977. 

2.33.10.8.3 Calculate cost of concrete. 

2.3556 
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2.33.10.8.3.1 

where 

COSTCW - 

v = cw 

UPICW - 

27 - 

2.33.10.8.3.2 

where 

COSTCS = 

v - 
CS 

UPICS - 

Cost of concrete walls. 

COSTCW = %) (UPICW) 
27 

cost of concrete wall, $. 

volume of concrete wall, ft 3 . 

unit price input for concrete wall, $/cu yd. 

conversion factor ft 3 to cu pd. 

Cost of concrete slab. 

cosTcs = (vcs) UPICS 
27 

cost of concrete slab, $. 

volume of concrete slab, ft 3 . 

unit price 

27 = conversion 

2.33.10.8.4 Calculate 

2.33.10.8.4.1 Installed 

IBV 

where 

input for concrete slab, $/cu yd. 

factor frun ft3 to cu yd. 

cost of valves. 

cost of valves. 

I (cosnw) (COSTSV) (NBV) 
100 

IBV - installed cost of valves, $. 

COSTBV = cost of valve of diameter DBV as percent of cost 
of standard size valve, X. 

COSTSV = Cost of standard size valve, $. 

NBV = nunber of valves. 

2.33.10.8.4.2 Determine COSTBV. 

COSTBV = 3.99 (DBV) 
1.395 
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where 

cosTBv - cost of valve of diameter DBV as percent of cost 
of standard size valve, X. 

DBV = diameter of the valve, inches. 

2.33.10.8.4.2 Determine COSTSV. COSTSV is the cost of a 12" 4 
butterfly valve suitable for water sewice. This cost if $1004 for 4th 
quarter, 1977. 

2.33.10.8.5 Calculate total bare construction cost. 

TBCC - (WSTE + ICP + COSTCW + COSTCS + mv) CF 

where 

TBCC = total bare construction cost, $. 

COSTE = cost of earthwork, $. 

ICP = installed cost of pipe, $. 

COSTCW - cost of concrete wall, $. 

COSTCS - cost of concrete slab, $. 

IBV - installed cost of valves, $. 

CF - correction factor for miscellaneous construction. 

2.33.10.9 Cost Calculations Output Data. 

2.33.10.9.1 Total bare construction cost, TBCC, $. 
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2.33.11 

2.33.11.1 

2.33.11.1.1 

2.33.11.1.1.1 

2.33.11.1.1.2 

2.33.11.1m2 

2.33.11.1.3 

2.33.11.1.3.1 

2.33.11.1.3.2 

2.33.11.2 

2.33.11.3 

2.33.11.3.1 

where 

BOD = quantity of BOD5 in waste, lb/day. 

Q * avg 
BODI = 

Facul tative Lagooa 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Peak hourly flow, mgd. 

Wastewater strength, BOD5, mg/ 1. 

Other characteristics. 

PH. 

Temperature (maximum and minim-). 

Design Paraneters (See Table 2.33-Z). 

Process Design Calculations. 

Calculate BODS in the waste. 

BOD= (Q,,) (BODI) (8.34) 

average daily flow, mgd. 

concentration of BOD5 in influent, mg/l. 

8.34 = conversion factor. 

2.33.11.3.2 Determine lagoon surface area. 

- Based on type of lagoon and climate select a loading 
rate (LBOD). 

BOD SA = - LBOD 

kzhere 

SA - lagoon surface area, acres. 

BOD * quantity of BOD5 in waste, lb/day. 
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LBOD - lagoon loading rate, lb/day acre. 

2.33.11.3.3 Determine volrmne of lagoon. 

w  Based on type of lagoon select an operating depth. 

V = (SA) (D) (0.32585) 

where 

V - volume of lagoon, million gal. 

SA - lagoon surface area, acres. 

D - lagoon operating depth, ft. 

0.32585 = conversion factor, acre ft to million gallons. 

2.33.11.3.4 Determine detention time. 

where 

MI - detention time, days. 

V - volune of lagoon, million gal. 

Q aw = average daily flow,mgd. 

Check detention time againstmlnbun detention times in Table 2.3>2. 
If DT is less thanminimtmr increase the surface area (SA) until the 
minimum detention time is obtained. 

2.33.11.3.5 Effluent Characteristics. 

2.33.11.3.5.1 Detenuine effluent BOD5 concentration. The mechanisms 
in lagoons are canplex and can not be accurately predicted, therefore 
effluent concentrations will be determined based on percent reduction 
fran actual experience. 
is 65%. 

The average soluble BOD5 reduction for lagoons 

where 

BODE - 

BODI - 

BCJDk - (1 - .65) (BODI) 
Se - 0.75 BODE - 

concentration of BOD5 in effluent, mg/l. 

concentration of BOD5 in influent, mg/l. 

effluent soluble BOD5, mg/l. 

2.3360 
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TABLE 2.33-2 
DESIGN PARAMETERS FOR STABILIZATION PONDS 

Type of Pond 

Parameter Aerob.icca) Pacultative Pacultattve Anaerobic 

Flow regime Intermittently mixed 

;;~~a;:~=(b~cres 10 multiples 
Series or parallel 

Detention the, days W 10 to 40 
Depth, ft' 3 to 4 
PH 6.5 to 10.5 
Temperature range, OC 0 to 40 
Optimum taaperature, OC 
BOD5 loading, lb/acre/day (4 60 :8 120td) 

60 to 70 
N 

BOD5 conversion 
. 1Princlpal conversion products Algae, C02, 

7 ' 
bacterial cell tissue 

Algal concentration, mg/l 80 to 200 m F Effluen 
ts mg/l e 

uspended solids, 
140 to 340 

2 to 1Oz.lltiples 
Series or parallel 

7 to 30 
3 to 6 

6.5 to 9.0 
0 to 50 

20 
15 to 50 
60 to 70 

Algae, CO 
bacterial ce 3 1 tissue 

v CH4, 

40 to 160 

160 to 400 

Mixed surface layer 
2 to 10 multiples 

Series or parallel 
7 to 20 
3 to 8 

6.5 to 805 
0 to 50 

20 
30 to 100 
60 to 70 

9, CH 0 bacterial 
ccl f tissue 

PO to 40 

110 to 340 

0.5 to 2.-dmultiples 
Series 

20 to 50 
8 to 15 

6.8 to 7.2 
6 to 50 

30 
200 to 500 

50 to 70 
C02, CH , 

f 
bacterial 

ccl tissue 
em 

80 to 160 

(a) Conventional aerobic ponds designed to maximize the amount oE oxygen produced rather than the amount of algae produced. 
(b) Depends on climatic conditions. 
(c) Typical values (much higher values have been applied at various loadings). Loading values are often specified 

by state control agencies. 
(d) Sane states limit this figure to 50 or less. 
(e) Includes algae, microorganisms, and residual influent suspended solids. Values are based on an influent 

soluble BOD5 of 200 me/l and, with the exception of the aerobic ponds, an influent suspended-solids 
concentration of 200 mg/l. 



2.33.11.3.5.2 Suspeia Solids. 

SSE -. 100 

where 

SSE - effluent suspended solids concentration, rag/l. 

2.33.11.3.5.3 CQB 

CODE - 1.5 BODE 
CODSE - 1.5 se 

where 

CODE - @$&gent COD concentration, mdl. 

CODSE - effluent soluble COD concentration, mg/l. 

BODE - &Flue@ BOD5 concentration, mg/l. 

Se - effluent soluble MD5 cancentration, m$l. 

2.33.11.3.5.4 Nltrqen. 

TKNE-TKN 
NE3&-TKNE 
N03E = NO3 
NOZE - NO2 

where 

TKN - influent Kjedahl nitrogen concentration, mg/l. 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

NE3E - effluent anmonia concentration, m8/ 1. 

NO3 - influent NO3 concentration, mg/l. 

NO3E - effluent NO3 concentsatlon, mg/l. 

NO2 = influent NO2 concentration, mg/L 

NO2E = effluent NO2 concentration, mg/l. 

2.33.11.3.5.5 Phosphorus 

PO4E - 0.7 PO4 

2.3%62 
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where 

PO4 - influent phosphorus concentration, mg/l. 

PO4E - effluent phosphorus concentration, m@l. 

2.33.11.3.5.6 Oil and Grease. 

OAGE - 0.15 OAG 

where 

OAG = influent oil and grease concentratic 

OAGE - effluent oil and grease concentratic 

2.33.11,3.5.7 PH. 

PH =, 6.8 

where 

PH - effluent pH. 

2.33.11.4 Process Design Output Data. 

2.33.11.4.1 Lagoon loading rate, LBOD, lb/da1 

2.33.11.4.2 Lagoon surface area, SA, acres, 

2.33.11.4.3 Lagoon operating depth, D, ft. 

2.33.11.4.4 Volune of lagoon, V, million gal, 

2.33.11.4.5 Concentration of BOD5 in effluenl 

2.33.11.5 Quantities Calculations. 

2.33.11.5.1 Determine quantiq of earthwork. 

t 

n, mg/l. 

n, lag/l. 

acre. 

, BODE, mg/l. 

The following assumptions aremade concerning the construction of 
the lagoons. 

Amidman of 2 cells will always be usedi 
Facultative lagoon cells will not be greater 
than 10 acres in surface area. 
Lagoon cells will be constructed using ebual cut and fill. 
Levee side slopes will be 3 to 1. 
An even nunber of lagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square. 
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2.33.11.5.1.1 Determine the nunber and size of lagoon cells. 

2.33.11.5.1.1.1 For facultative lagoons. 

If SAL20 NLC - 2 

If SA > 20, NLC = E 

CSA = $& 

where 
NIL: - nmber of lagoon cells. 

SA = lagoon surface area, acres. 

CSA - lagoon cell surface area, acres. 

2.33.11.5.1.2 Deternine lagoon cell dimensions. 

L = 208.7 (CSA)"*5 + 12 

where 

L - length of one side of lagoon cell, ft. 

CSA - lagoon cell surface area, acres. 

208.7 = conversion factor acres to sq ft. 

12 - additloual length required for 2 ft freeboard. 

2.33.11.5.1.3 Calculate volune of earthwork required for 
lagoons. The volune of earthworkmust be determined by trial and 
error using the following equations: 

DC+DF-D+2 

VF- [ 3 (DF)2 + 10 DF ] ISNu: 7+21 w 

vc - (1.3) (NW (DC) t L2 - 6@F)(L) + 12 (DP)2 + 120 DF - 60L + 12001 

Assume that the depth of cut (DC) is equal to 1 ft. 
Frcm the equatiorrs calculate the volune of fill (VP) required and 
the volme of cut (VC) required. Canpare VC and VF. 

If VC < VF then assume DC > 1 ft and recalculate VC and VF. 
IF VC ) VF then assume DC C 1 ft and recalculate VC and VF. 

Repeat this procedure until VC = VF. This is the volune of earth- 
work required for the lagoons. 
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VC - VF - VLEW 

where 

DC = depth of cut, ft. 

DF - depth of fill, ft. 

D - lagoon operating depth, ft. 

3 VF -volune of fill, ft. 

VC - volme of cut, ft 3 . 

NIX - nunber of lagoon cells. 

L - length of one side of lagoon cell, ft. 

VLEW - vo 4 une of earthwork required for lagoon construction, 
ft . 

2.33.11,5.2 Determine requirement for lagoon liner. In sane 
areas due to soil conditions the lagoons must be lined with an 
kapezvious material to prevent percolatioa of the wastewater into 
the natural ground. 

2.33.11.5.2.1 Calculate area to be lined. 

ALL - NXX [ (4) (3~)(Lr3&6) + (~6D-lZ)~l 

where 

ALL - area of lagoon liner, ft'. 

NU - number of lagoon cells. 

D - lagoon operating depth, ft. 

L - length of one side of lagoon cell, ft. 

2.33.11.5.3 Piping for lagoon cells. 

Assume: 

Pipes are flowing full. 
Velocity is 3 fps. 
Pipes going through the levee extend 10 ft past toe of 
the levee. 

2.33.11.5.3.1 Determine pipe size. 
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DLA - 9.72 (Q&'*' 

The smallest pipe to be used will be 4 inches. If DIA 4 inches 
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10, 
12, 14, etc. Always use next higher diaaeter. 

where 

DIA- pipe diameter, inches. 

Qm ax - peak hourly flow, mgd. 

9.72 = canbined conversion factors. 

2.33.11.5.3.2 Determine length of pipe. 

LDIA - (6~ + lo) NLC 

where 

LDIA = length of pipe of diameter DIA, ft. 

D - lagoon operating depth, ft. 

NTX - nunber of lagoon cells. 

2.33.11.5.4 Valve for lagoons. Each lagoon cell will be capable 
of being isolated by the use of valves. There will be one valve for 
each lagoon cell and the valves will be the same size as the pipe 
feeding the cell. The valves will be butterfly valves. 

NBV-NLc+l 

DBV - DLA 

where 

NBV - nunber of valves. 

NIX - nunber of lagoon cells. 

DBV - diameter of valves, inches. 

DIA - pipe diameter, inches. 

2.33.11.5.5 Effluent structure. The effluent structure for all 
flows in this range is assumed to be a concrete structure 4 feet by 
4 feet with 6" thick ualls. The depth will be the saPe as the total 
depth of the lagoon. 
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v cw - (8) w9 

V =a 
cs - 

where 

v cw - volme of concrete wall, 

D = lagoon operating depth. 

v cs - volune of concrete slab, 

2.33.11.5,6 Calculate operation and 

If $v,S 0.1 

If Qavg > 0.1 ot4.m - 

where 

Q mg 
- average daily flow, mgd. 

ft3. 

ft3. 

maintenance manpower. 

o-mm - 160 

313.8 (Q,3°.2925 

ol!‘l?m - operation and maintenance manhours S MFI/ yr, 

2.33.11.5.7 Other kscellaneous construction costs. The itaa 
already calculated represents approximately 90% of the construction 
cost. The other 10% collsists of items such as seeding, miscel- 
laneous concrete pads, walkways, etc. 

where 

CF - correction factor for miscellaneous construction. 

2.33.11.6 Quantities Calculations Output Data. 

2.33.11.9.1 Volune of earthwork required for lagoon construction, 
VLEW, ft . 

2.33.11.6.2 Area of lagoon liner, ALL, ft 2 . 

2.33.11.6.3 Pipe d&meter, DIA, inches. 

2.33.11.6.4 Length of pipe of diameter DIA, LDLA, ft. 

2.33.11.6.5 Nunber of valves, NW. 
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2.33.11.6.6 

2.33.11.6.7 

2.33.11.6.8 

2.33.11.6.9 

2.33.11.6.10 

2.33.11.7 

2.33.11.7.1 

2.33.11.7.2 

2.33.11.7.3 

2.33.11.7.4 

2.33.11.7.5 
$. 

2.33.11.8 

2.33.11.8.1 

D&meter of valves, DBV, inches. 

Volune of concrete wall, Vcw, ft3. 

Volume of concrete slab, Vcs, ft 3 . 

Operation and maintenance manpower, OKMEl, ME?/yr. 

Correction factor for miscellaneous coostruction, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price input for concrete wall, UPICW, $/cu gd. 

Unit price input for concrete slab, UPICS, $/cu yd. 

Cost of standard size pipe (12" p), COSP, $/ft. 

Cost of standard size valve (12" butterfly), COSTSV, 

Cost Calculations. 

Calculate cost of earthwork. 

COSTE - + UPIEX 

where 

COSTE - cost of earthwork, $. 

VLEW - vo 3 une of earthwork required for lagoon construction, 
ft . 

UPIEX - unit price input for earthwork, $/cu yd. 

27 - conversion fraz ft 3 to cu yd. 

2.33.11.8.2 Calculate cost of piping. 

2.33.11.8,2,1 Installed cost of pipe. 

ICP =w (COSP) (LDIA) 

where 

ICP - installed cost of pipe, $. 

COSTP - coat of pipe of diameter DIA as percent of cost of 
standard size pipe, %. 
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COSP - cost of standard size pipe (12'%), $/ft. 

LDU = length of pipe of diameter DIA, ft. 

2.33.11.8.2.2 Detemine COSTPo 

where 

COSTP - 

DIA * pipe diameter, inches. 

2.33.11.8.2.3 

cost of pipe of diameter DIA as percent of cost of 
standard size pipe, X. 

COVE - 6.842 (DU)1'2255 

Determine COSP. COSP is the cost per foot of 12" b _ ,. 
welded steel pipe. This c-t is $13.50 per foot in 4th quarter, 
1977. 

2.33.11.8.3 Calculate cost of concrete, 

2.33.11.8.3.1 Cost of concrete walls. 

COSTCW - %J (UPICW) 
27 

where 

COSTCW = cost of concrete wall, $. 
3 

V cw - volume of concrete wall, ft . 

UPICW = unit price input for concrete wall, $/cu yd. 

27 - couversion factor ft 
3 to cu yd. 

2.33.11.8.3.2 Cost of concrete slab. 

COSTCS = @cs) UPICS 
27 

where 

COSTCS - cost of concrete slab, $. 
3 

IT cs - volmne of concrete slab, ft . 

UPICS - unit price input for concrete slab, $/cu yd. 

27 - couversion factor from ft 3 to cu pd. 

2.33.11.8.4 Calculate cost of valves. 
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2.33.11.8.4.1 Installed cost of valves. 

IBV I (COSTBV) (COSTS?) (NBV) 
100 

where 

IBV - installed cost of valves, $. 

COSTBV - cost of valve of diameter DBV as percent of cost 
of standard size valve, X, 

COSTSV - Cost of standard size valve, $. 

NBV = nmber of valves. 

2.33.11.8.4.2 Determine COSTBV. 

COSTBV - 3.99 (DBV)1'3g5 

where 

COSTBV = cost of valve of diameter DBV as percent of cost 
of standard size valve, X. 

DBV = diameter of the valve, inches. 

2.33.11.8.4.3 Deternine COSTSV. COSTSV is the cost of a 12" b 
butterfly valve suitable for water service. This cost if $1004 for 
4th quarter, 1977. 

2.33.11.8.5 Calculate total bare construction cost. 

TBCC = (cosm + ICP + COSTCW + COSTCS + IBV) CF 

where 

TBCC - total bare construction cost,, $. 

COSTE - cost of earthwork, $. 

ICP = installed cost of pipe, $. 

COSTCW - cost of concrete wall, $. 

COSTCS - cost of concrete slab, $. 

IBV - installed cost of valves, $. 

CF - correction factor for miscellaneous construction. 
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2.33.11.9 Cost Calculations Output Data. 

2.33.11.9.1 Total bare construction cost, TBCC, $. 



2.33.12 Oxidation Lagoon. 

2.33.12.1 Input Data. 

2.33.12.1.1 Wastewater flow. 

2.33.12.1.1.1 Average daily flow, mgd. 

2.33.12.1.1.2 

2.33.12.1.2 

2.33.12.1.3 

2.33.12.1.3.1 

2.33.12.1.3.2 

2.33.12.2 

- 2.33.12.3 

2.33.12.3.1 

Peak hourly flow, mgd. 

Wastewater strength, BQD5, mg/l. 

Other characteristics. 

PH. 

Tenperature (maximum and minimum). 

Design Parameters. (See Table 2.33-3). 

Process Design Calculations. 

Calculate BOD5 in the waste. 

BOD- (Q,,) (BODI) (8.34) 

where 

BOD = quantity of BOD5 in waste, lb/day. 

Q avg 
= average daily flow,mgd. 

BODI = concentration of BOD5 In influent, mg/l. 

8.34 = conversion factor. 

2.33.12.3.2 Determine lagoon surface area. 

- Based on type of lagoon and climate select a loading 
rate (LBOD). 

where 

SA = lagoon surface area, acres. 

BOD - quantity of BOD5 in waste, lb/day. 

LBOD = lagoon loading rate, lb/day acre. 
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2.33.12.3.3 Determine voluue of lagoon. 

- Based on type of lagoon select an operating depth. 

V = (SA) (D) (0.32585) 

where 

V - volune of lagoon, million gal. 

SA * 

D- 

0.32585 = 

2.33.12.3.4 Determine detention thae. 

where 

lx- 

v= 

Q - avg 

lagoon surface area, acres. 

lagoon operating depth, ft. 

conversion factor, acre ft to million gallons. 

detention time, days, 

voltlme of lagoon, million gal. 

average daily flow, mgd. 

Check detention time againstminfmun detention times in Table 2.33- 
3. If DT is less thanminimlnn increase the surface area (SA) until 
the minimum detention thse is obtained. 

2.33.12.3.5 Effluent Characteristics. 

2.33.12.3.S.l Determine effluent BODg concentration. The meche 
nians in lagoons are canplex and can not be accurately predicted, 
therefore effluent concentrations will be determined based on 
percent reduction fran actual experience. The average soluble BOD5 
reduction for lagoons is 65%. 

BODE = (1 - .65) (BODL) 

where 

BODE - concentration of BOD5 in effluent, mg/l. 

BODI - concentration of BOD5 in influent, mg/l. 

- -_- 
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I TABLE 2.33-3 
/ DESIGN PARAMETERS FOR STABILIZATION PONDS 

Paraneter Aerobic(a) Facultative 

ape of Pond 

Facultative Anaerobic 

1 
1 

Flow regime Intermittently mixed ’ 
Pond elze(bycres 10 multiples 
Operation d Series or parallel 

.I Detention time, days (W 10 to 40 
Depth, ft 3 to 4 
PR 6.5 to 10.5 
Temperature range, OC 0 to 40 

I 
I 

Optimun temperature, OC 
w 60 :8 120td) 

I 
BOD5 loading, lb/acre/day 

! 60 to 70 
, 

BOD5 conversion 
I h, Principal conversion products 

tba 
Algae, C02, 

I 

j 

bacterial cell tissue 
‘$’ Algal concentration, mg/l ’ 80 to 200 

l 2 ‘Effluen 
I u mg/le 

uspended solids, 
140 to 340 

2 to 10~ultiples 
Series or parallel 

7 to 30 
3 to 6 

6.5 to 9.0 
0 to 50 

20 
15 to 50 
60 to 70 

Algae, CO 
bacterial 

, CH4, 
ce 1 1 tissue 

40 to 160 

160 to 400 

Mixed surface layer 
2 to 10 multiples 

Series or parallel 
7 to 20 
3 to 8 

6.5 to 8.5 
0 to 50 

20 
30 to 100 
60 to 70 

C02, CH 
ccl f 

, bacterial 
tissue 

10 to 40 

110 to 340 

0.5 to 2.-dmultiples 
Series 

20 to 50 
8 to 15 

6.8 to 7.2 
6 to 50 

30 
200 to 500 

50 to 70 
9. CH * 

f 
bacterial 

ccl tissue 

80 to 160 

(a) Conventional aerobic ponds designed to maximize the amount of oxygen produced rather than the anount of algae producl 
(b) Depends on climatic conditions. 
(c) Typical values (much higher values have been applied at various loadings). Loading values are often specffied 

by state control agencies. 
(d) Sane states limit thfs figure to 50 or less. 
(e) Includes algae, microorganisms, and residual influent suspended solids. Values are based on an influent 

soluble BOD of 200 mg/l and, with the exception of the aerobic ponds, 
concentratlk of 200 mg/l. 

an influent suspended-solids 



2.33.12.3.5,2 Suspended Solids. 

SSE = 100 

where 

SSE - effluent suspended solids concentration, mg/l. 

2.33.12.3.5.3 COD 

CODE ir 1.5 BODE 
CODSZ = 1.5 Se 

where 

CODE - effluent COD concentration, mg/l. 

CODSE - effluent soluble COD concentration, mg/l. 

BODE - effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD5 concentration, mg,/l. 

2.33.12.3.5.4 Nitrogen. 

TK.NE - TKN 
NH3E - TKNE 
N03E - NO3 
N02E - NO2 

where 

TKN - influent Kjedahl nitrogen concentration, ma/l. 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

NEI3E - effluent ammonia concentration, mg/l. 

NO3 - influent NO3 concentration, mg/l. 

N03E - effluent NO3 concentration, mg/l. 

NO2 - influent NO2 concentration, mg/l. 

NO2E - effluent NO2 concentration, mg/l. 

2.33.12.3.5.5 Phosphorus 

P04E - 0.7 PO4 
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where 

PO4 = influeat phosphorus concentration, u&l. 

PO4E = effluent phosphorus concentration, mg/l. 

2.33.12.3.5.6 Oil and Grease. 

OAGE = 0.15 OAG 

where 

OAG - lnfluent oil and grease concentration, mg/l. 

OAGE * effluent oil and grease concentration, mg/l. 

2.33.12.3.5.7 pH. 

PH - 6.8 

where 

pH - effluent PH. 

2.33.12.4 Process Design Output Data. 

2.33.12.4.1 Lagoon loading rate, LBOD, lb/day acre. 

2.33.12.4.2 Lagoon surface area, SA, acres. 

2.33.12.4.3 Lagoon operating depth, D, ft. 

2.33.12.4.4 Volune of lagoon, V, mlllion gal. 

2.33.12.4.5 Concentration of BOD5 In effluent, BODE, mg/l. 

2.33.12.5 Quantities Calculations. 

2.33.12.5.1 Determine quantity of earthwork. 

The following assumptions aremade concerning the construction of 
the lagoons. 

Aminim~~ of 2 cells will always be used. 
Oxidation lagoon cells will not be greater 
than 10 acres In surface area. 
Lagoon cells will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
An even number of lagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square. 
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2,33.12.5.1.1 Detexnine the nunber and size of lagoon cells. 

2.33,12.5,1.1.1 For oxidation lagoons. 

If SA I20 NLC - 2 

If SA > 20, NIX: -E 

where 
NU: - 

SA - 

CSA - 

2.33.12.5.1.2 

where 

L- length of one side of lagoon cell, ft. 

CSA - lagoon cell surface area, acres. 

208.7 = cowersion factor acres to sq ft. 

12 - additional length required for 2 ft freeboard. 

2.33.12.5.1.3 Calculate volune 
The volune of earthworkmust be 
the following equations: 

of earthwork required for lagoons. 
detennlned by trial and error using 

number of lagoon cells. 

lagoon surface area, acres. 

lagoon cell surface area, acres. 

Detexmine lagoo'u cell dimensions. 

L = 208.7 (CSA)oo5 + 12 

DC+DF-D+2 

VF-[3(DF)2+10DF]ry+2] (L) 

vc = (1.3) (NIX) (DC) [ L2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 6OL + 1200 ] 

Assume that the depth of cut (DC) is equal to 1 ft. 
Fran the equations calculate the volune of fill (VF) required and 
the volme of cut (VC) required. Canpare VC and VF. 

. If VC <'VF then assume DC > 1 ft and recalculate VC and VF. 
IF VC > VF then assume DC < 1 ft and recalculate VC and VF. 

__- --_ . 
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Repeat this procedure until VC - VF. This is the volune of earth- 
work required for the lagoons. 

VC - VF - VIXW 

where 

DC = depth of cut, ft. 

DF - depth of fill, ft. 

D - lagoon operating depth, ft. 

VF - volme of fill, ft3. 

VC - wlune of cut, ft 3 . 

NLC - number of lagoon cells. 

L = leugth of one side of lagoon cell, ft. 

VLEW = w 
3 me 

ft . 
of earthwork required for lagoon construction, 

2.33.12.5.2 Determine requiranent for lagoon liner. In sane 
areas due to soil couditiom the lagoons must be lined with an 
impervious material to prevent percolation of the wastewater into 
the natural ground. 

2.33.12.5.2.1 Calculate area to be lined. 

ALL - NLC [(4) (3D)(L-3D-6) + (t61H2)2] 

where 

ALL - area of lagoon liner, ft 2 . 

Nzx: - nunber of lagoon cells. 

D = lagoon operating depth, ft. 

L - length of one side of lagoon cell, ft. 

2.33.12.5.3 Piping for lagoon cells. 

Assume: 

Pipes are flowing full. 
Velocity is 3 fps. 
Pipes going through the levee extend 10 ft past toe of 
the levee. 
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2.33.12.5.3.1 Determine pipe size. 

DIA - 9.72 (\ax)Oo5 

The smallest pipe to be used will be 4 inches. If DTA < 4 inches 
set DIA - 4 inches. DIA must be one of the following 4, 6, 8, 10, 
12, 14, etc. Always use next higher diameter. 

where 

DIA - pipe dianeter, inches. 

$ ax - peak hourly flow, mgd. 

9.72 - conbined conversion factors. 

2.33.12.5.3.2 Detennine length of pipe. 

LDIA - (6D + 10) NLC 

where 

LDIA - length of pipe of dfaneter DIA, ft. 

D - lagoon operating depth, ft. 

NU - nmber of lagoon cells. 

2.33.12.5.4 Valve for lagoous. Each lagoon cell will be capable 
of being isolated by the use of valves. There will be one valve for 
each lagoon cell and the valves will be the sane size as the pipe 
feeding the cell. The valves till be butterfly valves. 

NBV=NLc+l 

DBV = DLA 

where 

NBV - nmber of valves. 

NU - nunber of lagoon cells. . 
DBV - dianreter of valves, inches. 

DIA- pipe diameter, inches. 

2.33.12.5.5 Effluent structure. The effluent structure for all 
flows in this range is assumed to be a concrete structure 4 feet by 
4 feet with 6" thick walls. The depth will be the sane as the total 
depth of the lagoon. 
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where 

v cw - WW2) 

V cs 18 

V cw - volume of concrete wall, ft 3 . 

D - lagoon operating depth. 

V cs - volune of concrete slab, ft3. 

2.33.12.5.6 Calculate operation and maintenance manpower. 

If Qavg C 0.1 OMMH-160 

If Qavg > 0.1 OMMH - 313.8 (Q,g)o*2g25 

where 

Q =g 
= average daily flow, mgd. 

oJ!4MH = operation and maintenance manhours, MII/v. 

2.33.12.5.7 Other miscellaneous construction costs. The iten 
already calculated represents approximately 90% of the construction 
cost. 
laneous 

The other 10% consists of items such as seeding, miscel- 
concrete pads, walkways, etc. 

CP-+- 1.11 

where 

CF - correction factor for miscellaneous construction. 

2.33.12.6 

2.33.12. .l 
VLEW, 9 ft . 

2.33.12.6.2 

2.33.12.6.3 

2.33.12.6.4 

2.33.12.6.5 

2.33.12.6.6 

2.33.12.6.7 

Quantities Calculations Output Data. 

Volune of earthwork required for lagoon construction, 

Area of lagoon liner, ALL, ft2. 

Pipe dlaneter, DIA. Inches. 

Length of pipe of dianeter DIA, LDIA, ft. 

Nunber of valves, NBV. 

Diaeter of valves, DBV, inches. 

Volume of concrete wall, Vcw, ft3. 
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2.33.12.6.8 

z.h.12.6.9 

2.33.12.6.10 

2.33.12.7 

2.33.12.7.1 

2.33.12.7.2 Unit price input for concrete wall, UPICW, $/cu yd. 

2.33.12.7.3 Unit price input for concrete slab, UPICS, $/CU yd. 

2.33.12.7.4 Cost of standard size pipe (12" p), COSP, $/ft. 

2.33.12.7.5 
$. 

2.33.12.8 Cost Calculations. 

2.33.12.8.1 Calculate cost of earthwork. 

where 

Volune of concrete slab, so, 

Operation and maintenance manpower, OMMH, wyr. 

Correction factor for miscellaneous construction, CF. 

Unit Price Input Required. 
. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Cost of standard size valve (12" butterfly), COSTSV, 

COSTE = $+JPIEX 

COSTE - cost of earthwork, $. 

VLEW = vo 3 
13me of earthwork required for lagoon construction, 

ft . 

UPLEX * unit price input for earthwork, $/cu yd. 

27 = conversion fran ft 3 to cu yd. 

2.33.12.8.2 Calculate cost of piping. 

2.33.12.8.2.1 Installed cost of pipe. 

ICP = % (cosp) (LDTIA) 

where 

ICP - installed cost of pipe, $. 
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COSTP = cost of pipe of diameter DIA aspercent of cost of 
standard size pipe, %. 

COSP = cost of standard size pipe (12"b), $/ft. 

LDLA = length of pipe of diameter DLA, ft. 

2.33.12.8.2.2 Determine COSTP, 

COSTP - 6.842 (DIA)1*2255 

where 

COSTP = cost of pipe of diameter DIA as percent of cost of 
standard size pipe, %. 

DL4 = pi.pe dimeter, inches. 

2.33.12.8.2.3 Determine COSP. COW is the cost per foot of 12" b 
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 
1977. 

2.33.12.8.3 Calculate cost of concrete. c 
‘ 
2.33.12.8.3.1 Cost of concrete walls. 

where 

cosTcw - %w> (UPICW) -77 
COSTCW = cost of concrete wall, $. 

V =w = volume of concrete wall, ft 3 . 

UPICW = unit price input for concrete wall, $/cu yd. 

27 - conversion factor ft 
3 to cu yd. 

2.33.12.8.3.2 Cost of concrete slab. 

where 

COSTCS - w UPICS 
27 

COSTCS = cost of concrete slab, $. 

v - volume of concrete slab, 
3 

cs 
ft . 

UPICS = unit price input for concrete slab, $/cu yd. 
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27 = conversion factor fran ft 3 to cu yd. 

2.33.12.8.4 Calculate cost of valves. 

2.33.12.8.4.1 Installed cost of valves. 

IBv = (COSTSV) (COSTSV) (NBV) 
100 

where 

IBV = installed cost of valves, $. 

COSTBV = cost of valve of diameter DBV as percent of cost 
of standard size valve, %. 

COSTSV = Cost of standard size valve, $. 

NBV = nunber of valves. 

2.33.12.8.4.2 Determine COSTBV. 

COSTIBV = 3.99 (DBV)1'3q5 

where 

COSTBV = cost of valve of diameter DBV as percent of cost 
of standard size valve, %. 

DBV = diameter of the valve, inches. 

2.33.12.8.4.2 Detemine COSTSV. COSTSV is the cost of a 12” b 
butterfly valve suitable for water service. This cost if $1004 for 
4th quarter, 1977. 

2.33.12.8.5 Calculate total bare construction cost. 

TBCC = (COSTE+ ICP + COSTCW+ COSTCS + IBV) CF 

where 

TBCC = total bare construction cost, $. 

COSTE = cost of earthwork, $. 

ICP * installed cost of pipe, $. 

COSTCW = cost of concrete wall, $. 

COSTS = cost of concrete slab, $. 
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IBV = installed cost of valves, $. 

CF = correction factor for miscellaneous construction. 

2.33.12.9 Cost Calculations Output Data. 

2.33.12.9.1 Total bare construction cost, TBCC,.$. 
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2.33.13 

2.33.13.1 

2.33.13.1.1 

2.33.13.1.2 

2.33.13.1.3 
lb/pr cu ft.) 

2.33.13.2 

2.33.13.2.1 

2.33.13.2.2 

2.33.13.2.3 

2e33.13.3 

2.33.13.3.1 

where 

Sludge Lagoon. 

Input Data. 

Sludge flow, Qs, gpd. 

Initial solids content in sludge, So, %. 

Solids loading rate, LRS, lb/yr cu ft (2.2 to 2.4 

Design Paraneters. 

Solids' Loading rate, lb/yr cu ft. 

Sludge characteristics. 

Soil permeability. 

Process Design Caicuiations. 

Calculate dry solids produced. 

DSP = (Q,) (So) (8.34) (36% 

100 < . 
0 

DSP - dry solids produced, lb/y% 

So = initial solids content in sludge, X. 

8.34 = conversion fran gal to lb, lb/gal. 

365 * conversion, days/ yr. 

2.33.13.3.2 Calculate volume of lagoons. 
DSP LV = - LRS 

where 

LV - lagooa volume, cu ft. 

DSP = dry solids produced, lb/yr. 

LRS = solids loading rate, Lb/yr cu ft. 

. 2.33.13.3.3 Calculate lagoon surface area. 
t tr 

TLSA = F 
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where 

TLSA = total lagoon surface area, sq ft. 

LV - lagoon volume, cu ft. 

D = sludge depth in lagoon, ft. 

2.33.13.3.4 Calculate nunber of lagoons. There should always be 
a minimum of 2 lagoons so that one is drping while the other is 
being filled. In this flow range no more than 2 lagoons should be 
required. 

N-L=2 

where 

NL = nunber of lagoons. 

2.33.13.3.5 Final sludge volume. 
(9,) 60) 

Qf = 30 

where 

Q, final sludge volume, gpd. 

QS 
= initial sludge volume, gpd. 

So - initial solids content, %. 

30 = final solids content, X. 

2.33.13.4 Process Design Output Data. 

2.33.13.4.1 Dry solids produced, DSP, lb/yr. 

2.33.13.4.2 Sludge flow, Q,, gpd. 

2.33.13.4.3 Initial solid content in sludge, SOW %. 

2.33.13.4.4 Solids loading rate, LRS, lb/yr cu ft. 

2.33.13.k.5 Sludge depth in lagoon, D, ft. 

2.33.13.4.6 Lagoon volcnne, LV, cu ft. 

2.33.13.4.7 Total lagoon surface area, TLSA, sq ft. 

2.33.13.4.8 Nmber of lagoons, NL. , 
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2.33.13.5 Quantities Calculations. 

2.33.13.5.1 AssumptiorYs 0 The following assumptions are made. 
concerning the construction of the Lagoons. 

2.33.13.5.1.1 The levees will have a 3 to 1 side slope. 

2.33.13.5.1.2 The levees will have a 10 ft wide flat top for 
access. 

2.33.13.5.1.3 The lagoons till be constructed with equal cut and 
fill. 

2.33.13.5.1.4 There will be a minimum of 2 lagoons for operational 
purposes. 

2.33.13.5.i.5 The sludge depth in the lagoons will be a maximum of c .b 2 ft vir';i 2 _ - of freeboard. 

2.33.13.5.1.6 Common levee construction will be used. 

2.33.13.5.1.7 Lagoons will be square. 

2.33.13.5.2 Calculate surface area per 
TLSA SAL = - 2 

where 

SAL = surface area per lagoon, sq 

lagoon. 

ft. 

TLSA = total lagoon surface area, sq ft. 

2 - nunber of lagoons. 

2.33.13.5.3 Calculate dimensions of lagoon, 

L= (sa)o*5 + 12 

where 

L - length of one side of lagoon at top of levee, ft. 

SAL - surface area per lagoon, sq ft. 

12 = additional length for 2 ft freeboard. 

2.33.13.5.4 Calculate volume of earthwork required. The volume 
of earthworkmust be determined by trial and error using the fol- 
lowing equations: 

2.33-87 



DF+DC=D+2 

VT- [3(DFJ2 + 10 DF] [7L] 

vc - (2.6)(DC) [L2 - 6(DF)(L) + 12(DF)2 + 120 DF e 60L + 1200) 

Assume that the depth of cut (DC) is equal to 1 foot. Fran the 
equations calculate the volme of fill: (VF) required and the volume 
of cut (VC) required. Canpare VC and VF. 

IF VC< VF then assume DC >l ft and recalculate VC and VF. 
IF VC> VF then assume DC<1 ft and recalculate VC and VF. 

Repeat this procedure until VC - VF. This is the volume of earth- 
work required for the lagoons. 

VC = VF = VLEW 

where 

DC = depth of cut, ft. 

DF = depth of fill, ft. 

D - sludge depth in lagoon, ft. 

VF = volume of fill, ft3. 

VC - volume of cut, ft 3 . 

L = length of one side of lagoon at the to of levee, ft. 

VLEW - volme of earthwork required, ft 3 . 

2.33.13.5.5 Calculate concrete required for overflo*decant 
structure. It is assumed that the same structure -1 be used for 
all flows. The structure will be 4' x 4' with 6" thick walls. The 
height of the structure will be 3 ft above the depth of sludge in 
the lagoon. 

V cw - [8 + (8) (D + 3)] 2 

where 

V cw = volume of concrete wall required, ft 3 . 

D= sludge depth in lagoon, ft. 

-2= I nunber of lagoons. 

2.33.13.5 5 Calculate operation manpower required. 
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2.33.13.5.6.1 If DSP 2 73,000 lb/yr. 

OMH=46 

2.33.13.5.6.2 If DSP > 73,000 lb/yr. 

OMH = 5.81 (DSP) 
0.1847 

where 

DSP - dry solids produced, lb/yr. 

OMH - operationman-hour requirement, MH/yr. 

2.33-13.5.7 Calculate maintenance manpower required. 

2.33.13.5.7.1 If DSP $. 73,000 lb/yr. 

2.33.13.5.7.2 If DSP > 73,000 lb/yr. 

MMH= 1.47 (DSP)"'24g1 

where 

DSP = dry solids produced, lb/yr. 

MMH = maintenance man-hours required, MH/yr. 

2.33.13.5.8 Other construction cost itans. The previous cal- 
culations account for approximately 80% of the cost of the drying 
lagoons. The other 20% includes influent piping, slide gates for 
decanting, grassing slopes, etc. 

\ 't CF - & = 1.25 
\ 

where 

CF - correction factor for other construction cost items. 

2.33.13.6 Quantities Calculations Output Data. 

2.33.13.6.1 Volune of earthwork required, VLEW, ft 
3 . 

2.33.13.6.2 Volume of concrete wall required, VCW, ft 
3. . 

2.33.13.6.3 Operation man-hour requiranent, OMH, Mq/yr. 

2.33.13.6.4 Mainte: ince man-hour requiranent, HHH, MH/yr. 
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2.33.13.6.5 
CF. 

Correction factor for other construction cost item, 

2.33.13.7 Unit Price Input Required. 

2.33.13.7.1 Unit price input for excavation, UPIEX, $/CU yd. 

2.33.13.7.2 
Yd l 

Unit price input for R.C. wall in-place, UPICW, $/CU 

2,33.13.8 Cost Calculations. 

2.33.13.8.1 Calculate cost of earthwork. 

COSTE 
where 

= + (UPIEX) 

COSTE = cost of earthwork, $. 

VLEW = volme of earthwork require, <:3. 

UPIEX = unit price input for excavation, $/cu yd. 

2.33.13.8.2 Calculate 

where 

COSTCW = cost of R.C. 

cost of concrete. 
vcw (UPICW) cosTcw = 27 

wal-i in-place, $. 
CJ V cw = volume of R.C. wall required, ftJ. 

UPICW = unit price input for R.C. wall in-place, 
$/cu yd. 

2.33.13.8.3 Calculate total bare construct cost. 

where 
TBCC = (COSTE + COSTCW) CF 

TBCC = total bare construction cost, $. 

COSTE = cost of earthwork, $. 

COSTCW = cost of R.C. wall in-Place, $. 

CF = correction factor for other construction cost. 

2.33.13.9 Cost Calculations Output Data. 

2.33.13.9.1 Total bare construction cost, TBCC, $. 
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TA = (WWGP)(36.84) 
FAP 

where. 

TX = required field area, acres. 

Q - average wastewater flow, mgd. 

2.35.6.3.12 Calculate phosphorus loading, L p, lb/acr*yr. 

Lp - 11.77 (TP)i(Lw) 

where 

LF = total phosphorus loading, Ibs/acr+yr. 

(TP) i = total phosphorus conclctration in applied 
wastewater, rT1kzJi. 

2.35.6.3.13 Calculate soil removal of phosphorus, SRP, lb/ acre 
Y=* 

(SW = 0.891 f(94.544 - 0.0041)(Lp)] 

where 

SRP - soil rwsval of phosphorus, lbs/acre-yr. 

2.35.6.3.14 Fran phosphorus mass balance, calculate phosphorus 
concentration of percolate water. 

(CP)P - [(Lp) - (SRP)]/ (11.77)(Wp) 

where 

(cP)P = phosphorus content of percolate water, mg/l. 
(0.10) (TP)i 

2.35.6.3.15 Calculate percolate rate, Wp, mgd. 

Wp hgd) = ((Wp) idwk (El (*II (TA) acre (43,560 &) 

(7.48 +(1/106) 
ftd 

2.35.6.3.16 Calculate suspended solids concentration in percolate, 
mg/L assume 99% removal. 

(Wp * (0.01>(ss), 
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where 

wp = suspended solids concentration in percolate, 
m&Q. 

(SSIi - suspended solids concentration in applied 
wastewater, mg/f. 

2.35.6.3.17 Calculate total and soluble BOD concentration in 
percolate, mg/l, assume 99% removal of total B D5. 3 

(~OD5) p - (TBOD5)i (0.01) 

(SBOD5)p - (SBOD5)i (0.01) 

where 

(TBOD5)P - total BOD5 concentration in percolate, m%/l. 

(TBOD5)i - total BOD5 concentration in applied wastewater, 
ms/l* 

(SBOD5) p - soluble BOD5 in percolate, mg/l. 

(SBOD5)i - soluble BOD5 in applied wastewater, mg/l. 

\2.35.6.3.18 Calculate total and soluble COD concentration in 
percolate, mg!l. 

(TCOD) p = [(TCOD)i - (TBOD5)i] (0.5) + 0.01 (TBOD5)I 

WOW p = W~D)i - (SBOD5)I] (0.5) + 0.01 (SBOD5ji 

where 

(TCOD)p and (TCOD)i - total COD concentration in percolate 
and applied wastewater, respectively, 
mg/l. 

(SCOD)P and (SCOD)i = soluble COD concentration in percolate 
and applied wastewater, respectively, 
mg/l. 

2.35.6.3.19 Nitrite-N concentration in percolate = 0.0. 

2.35.6.3.20 NitrateN concentration in percolate = 0.4 (Cp)N. 

2.35.6.3.21 hmoni+N concentration in percolate = 0.35 (C,>N. 
Total Kjeldahl-nitrogen concentration in percolate - .60 (C ) 

PN 
. 

2.35.6.3.22 Oil and grease concentration in percolate = 0.0. SETS0 = 
0.0. 

2.3549 
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2.35.6.4 

2.35.6.4.1 

2.35.6.4.2 

2.35.6.4.3 

2.35.6.4.4 

2.35.6.4.5 

2.35.6.4.6 

2.35.6.4.7 

2.35.6.4.8 

2.35.6.4.9 

2.35.6.4.10 

2.35.6.4.11 

2.35.6.4.12 

2.35.6.4.13 

2.35.6.4.14 

2.35.6.4.15 

2.35.6.4.16 

2.35.6.4.16.1 

2.35.6.4.16.2 
1 

2.35.6.4.1613 

2.35.6.4.16.4 

2.35.6.4.16.5 

2.35.6.4.16.6 

2.35.6.4.16.7 

2.35.6.4.16.8 

2.35.6.4.16.9 

Process Design Output Data. 

Application rate, in/week. 

Evapotranspiration rate, in/week. 

Precipitation rate, in/week. 

Runoff, in/week. 

Percent denitrlfied, percent. 

Percent ammonia volatilization, percent. 

Ranoval of phosphorus, percent. 

Wastewater generation period, days/yr. 

Field application period, weeks/yr. 

Surface flooding. 

Buffer zone width, feet. 

Number of monitoring wells, wells, 

Depth of monitoring wells, feet. 

Treatment area required, acres. 

Vollane of percolate, mgd. 

Quality of percolate. 

Suspended solids, mg/l. 

Volatile solids, percent. 
. > 

BOD5, mg/l. 

BOD5 soluble, mg/l. 

COD, mg/l. 

COD soluble, mg/l. 

PO49 mg/l. 

TKN,mg/l. 

N02, mg/l. 

2.35.6.4.16.10 N03, mg/l. 

2.35.6.4.16.11 Oil and grease, mg/l. 
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2.35.6.5 

2.35.6.5.1 
taken fran the 

2.35.6.5.2 

2.35.6.5.2.1 

Quantities Calculations. 

Distribution Pumping. Distribution pumping will be 
section entitled "Intermediate Pumping". 

Determine nunber and size of basins required. 

Assume: 

Use minimum depth of 4 feet. 
Use a minimum of 4 infiltration basins. 
Infiltration basins will be a maximum of 10 acres 
in area and will be square. 

2.35.6.5.2.2 If TAS 4 acres 

NIB ‘= 2 

If LBA < .1 set LBA = .l 

where 

TA * treatment area, acres. 

NIB - number of infiltration basins. 

XBA = area of individual infiltration basins, acres. 

2.35.6.5.2.3 If TA is less than or equal to 40 acres use 4 equal 
sized basins. 

4 C TA < 40; NIB = 4 

IBA = T-4 
4 

where 

TA * treatment area 

NIB - nunber of infiltration basins 

IBA - area of individual infiltration basins 

2.35.6.5.2.4 If TA is greater than 40 acres. 

TA > 40; NIB -E 
10 

NIB must be an integer. 

2.3451 



IBA = TA 
NIB 

2.35.6.5.3 Calculate volume af earthwork for basins. 

2.35.6.5.3.1 Assume: 

Levees will be built on top of natural ground with 
fill hauled in fran off the site. 
Levee side slopes will be 3 to 1. 
Top of the levee will be 10 feet wide. 
Basins will be 4 feet deep. 
Basins will be square. 

2.35.5.5.3.2 Calculate dimensions of basins. 

L = 208.7 (IBA)"' 

where 

L - Length of one side of the basin. 

2.35.6.5.3.3 Volume of earthwork. 

V ew = NIB (3522, + 11,968) 

where 

V 
ew 

= volume of fill required to construct levees. 

L = length of one side of the basin, 

NIB = number of infiltration basins. 

2.35.6.5.4 
basins. 

Calculate header size to feed infiltration 

If GF 5 40 mgd calculate PIPE using GF if GF > 40 

. . mgd calculate PIPE using GF/2. -. 
Assume velocity (V) = 4 fps. 

PIPE = 8.42 (GF)'.' 

14, Pipe must be one of the following: 16, 18, 20, 2,3, 24, 4, 
30, 

6, 8, 
36, 42, 

10, 48. 12, 

Check velocity (V) using selected pipe size. 

V= (283.6) (GF) or (283.6) (GF/2) 

(PIPE)2 (PIPQ2 
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If V i; 1 fps use next smallest dismeter. 

If V > 5 fps use next largest diameter. 

where 

FIPE = diameter of pipe (inches). 

GF - generated flow (mgd). 

V - velocity of water in pipe (fps). 

2.35.6.5.5 Calculate quantity of header pipe required. 

If GF < 40 mgd LPIPE = (NIB)(L), 

If GF > 40 mgd LPIPE = 2(NIB)(L) 

where 

LPIPE * length of header pipe required, ft. 

2.35.6.5.6 Calculate pipe size for lateral to each infil- 
tration basin. 

2.35.6.5.6.1 Calculate flow. 

FLOW = (.012)(AR) (IBA) 

If FLOW 5 62 ft3/sec calculate DIA using FLOW. 

If FLOW > 62 ft3/sec calculate DIA using FLOW/2: 

2.35.6.5.6.2 Calculate diameter. 

Assume velocity (V) = 4 fps. 

DLA - 6.77 (FLOW)0*5 

DIA must be one of the following 2, 3, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 30, 36, 42, 48. 

2.35.6.5.6.3 Select dismeter closest to the calculated dia- 
meter. - 

2.35.6.5.6.4 Check the velocity (V) using the selected dia- 
meter. 

v- (183.3) FLOW 

(DW 2 
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If V 5 1 fps use next mallest diameter. 

If V > 5 fps use next largest dimeter. 

where 

FLOW = the wastewater flow to each basin (ft3/sec). 

4 DIA = diameter of lateral pipe (Inches). 

V - velocity of water in pipe (ft/sec). 

AR - application rate, (in/wk). 

2.35.6.5.7 Determine size and number of valves for distri- 
bution system. 

2.35.6.5.7.1 Assume: 

Each lateral will have a valve to cut off flow to 
that infiltration basin. 
Valves will be butterfly valves suitable for use in 
water service. 

Valves will be the same size as lateral pipe (DIA). 

2.35.6.5.7.2 If FLOW S 62 ft3/sec. 

'NBV - NIB 

2.35.6.5.7.3 If FLOW > 62 ft3/sec 

NBV =2NIB 

where 

NBV = Number of butterfly valves. ' m 

NIB = Number of infiltration basins. 

F-LOW = the wastewater flow to each basin, ft3/sec 

DIA = . dianeter of lateral pipe, inches. 

2.35.6.5.8 Calculate quantity of lateral pipe required. 

If FLOW 5 62 ft3/sec; LUT = (100) (NIB) 

If FLOW > 62 ft3/sec; LLAT = (2) (100) (YIB) 
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FLOW = the wastewater flow to each basin (ft3/sec>. 

LLAT = length of lateral pipe of diameter DLA, (ft). 

NIB = nunber of infiltration basins. 

2.35.6.5.9 Recovery of renovated water. 

Two recovery systens are canmonly used, underdrains 
and recovery wells. The user must designate which systen Fs to 
be used if the water is to be recovered. 

2.35.6.5.9.1 Underdrain systan. 

2.35.6.5.9.1.1 The following assumptions are made: 

Perforated PVC pipe 6 inches in diameter will be used 
for underdrain laterals in basins. 
100% of the applied wastewater will be recovered. 
The 6 inch pipe will be laid on 1% slope and assumed 
to flow l/2 full. 
Concrete sewer pipe will be used as collection 
headers. 

2.35.6.5.9.1.2 Calculate quantity of underdrain pipe required. 

DPIPE - ( .0105) (L) (IBA) (AR) (NIB) 

where 

DPIPE = length of 6” drafn pipe required (ft). 

L = length of one side of infiltration basin, (ft). 

IBA = area of individual infiltration basins, (acres). 

AR = application rate, (inches/wk). 

NIB = nunber of infiltration basins. 

0.0105 - accunulated constants. 

2.35.6.5.9.1.3 Calculate size and quantity of collection header 
pipe. 

Assume: 

Class III concrete sewer pipe will be used. 
Pipe will be laid on 1% slope. 
Pipe will be sized by Manning formula assumed flowing 
half full with "N" factor 0.013. 
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where 
CDIA - 9.56 (FLow)~*~‘~ 

CDIA = diameter of collection header pipe, inches. 

E-LOW = the wastewater flow to each basin, ft3/sec. 

9.56 = accunulated constants. 

LDCH - CL) NW 

where 

LDCH = length of drain collection header pipe of 
diameter CDL4, ft. 

L = length of one side of infiltration basins, ft. 

NIB = nunber of infiltration basins. 

2.35.6.5.9.2 Recovery wells. 

User must specify number of wells (NW), size of wells 
(WDIA), and depth of wells (DW). 

where 

NW = number of recovery walls required. 

WDIA = diametet of recovery wells, inches. 

Dw= depth of recovery wells, ft. 

L' ' 
2.35.6.5.10 Monitoring System. 

Monitoring wells shall be 4" in diameter. User must 
specify the number of monitoring wells, (NMW) and depth of ' 
monitoring wells (DMW). . ., , ,~. 
where . . . ., '. 

NMW = number of monitoring wells. 
e 

DMW - depth of monitoring wells, (ft). 

2.35.6.5.11 Operation and maintenance manpower requirements. 

2.35.6.5.11.1 Distribution System. 

2.35.6.5.11.1.1 If TA 5 15 

OMMHD= 128.5 (TA)"*6285 
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2.35.6.5.11.1.2 If TA > 15 

OMMHD = 78.8 (TA) 0.8092 

where 

TA - treatment area, acres. 

OMMHD = operation and maintenance manpower for 
distribution, MH/yr. 

2.35.6.5.11.2 Water recovery by wells. 

OMMHW= 384.64 (GF)0*5g81 

where 

OMNHW - operation and maintenance manpower for water 
recovery by wells, MH/yr. 

GF = generated flow, mgd. 

2.35.6.5.11.3 Water recovery by underdrains. 

2.35.6.5.11.3.1 If TA S 80 

OMMHU - 54.71 (TA)'"*24L4 

2.35.6.5.11.3.2 If TA > 80 

oMMHu - lb.12 (TA)"*6254 

where 

OMMHU = operation and maintenance manpower for water 
recovery by underdrains, MH/yr. 

TA * treatment area, acres. 

2.35.6.5.11.4 Monitoring wells. 

OMMHM = 6.39(YMW)(DMW)"'2760 

where 

OMHHM = operation and maintenance manpower for monitoring 
wells, MH/ yr. 

NMW - nunber of monitoring wells. 

DMW = depth of monitoring wells, ft. 
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2.35.6.5.12 Operation and Maintenance Materials Cost. This 
iten includes repair and replacanent material costs. It is 
expressed as a percentage of the capital costs for the various 
areas of construction of the rapid infiltration system. * 

2.35.6.5.12.1 Distribution System. 

2.35.6.5.12.1.1 If TA 5 19 

OMMPD - 2.64 (TA)'O*2101 

2.35.6.5.12.1.2 IF TA > 19 

OMMPD - 1.59 (TA)'O*O399 

where 

OMMPD = O&M material cost for distribution systan 
as percentage of construction cost of 
distribution system. 

T-4 = treannent area, acres. 

2.35.6.5.12.2 Water recovery by wells. 

2.35.6.5.12.2.1 If GF I; 5 

oM?lPW - 1.53 (GF)"*6570 

2.35.6.5.12.2.2 If 5 < GF < 10 

c y _ OMMPW = 2.76 (GF)"*28g4 

2.35.6.5.12.2.3 ' If GF >lO 

CMMPW = 4.55 (GF)0*0715 

where 
. . . . 

OXXPW = O&M material cost for water'recovery wells 
as percentage of construction cost of recovery 
wells. 

GF = generated flow, mgd. 

2.35.6.5.12.3 Water recovery by underdrains. 

2.35.6.5.12.3.1 If T 5 200 

o!QlPU = 14.13 (TA)'0*13g2 

2.35.6.5.12.3.2 If TA>200 

2.35-58 



(MMPIJ 1 30.95 (TA) 
-0.2860 

vhe re 

CRJlHPU - 

TA - 

O&I! material ccsts for wster recovery by underdrains 
as percentage of co= truction cost of underdrains. 

Treatment area, acres. 

2.35.6.5.12.4 Honiroring wells. 

OMMPX - 2.28 @W) 0.0497 

where 

MPH - O&Ii material, cost for monitoring wells as percentage 
of cork3tructfoa cost of monitoring veils. 

DMU - depth of monitoring we1 1s. 

2.35.6.5.13 Electrical energy requirements. 

2.35.6.5.13.1 Recovery vells. 

Assume: 

Prmp efficiency of 60%. 
Motor ef f lcfency of 90%. 
Total head is equal to the veil depth plus 40 ft. . 

KWH - ‘,12.6) (GF) (DGA40) (DPW) (HPD) 

vhere 

KWH = energy required, kuhrjyr. 
. 

GF - generated flow, mgd. 

DW - depth of well, ft. 

DPW = days per week of operations, dayiwk. 

EiPD - hours per day of operation, hrlday. 

2.35.6.5.14 Other collstructlon cost Itens. 

The quantities and itens canputed account for approrhatef y 
85% of the cost of the systens. Other miscellaneous itens such as 
concrete head walls, pneumatic piping, etc., make up the other 15X. 

1 CF -ox - 1.18 
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. . 
. . . 

. - 

. where . 

CF = correction factor for other coostructlon costs. 

2.35.6.6 

2.35.6.6.3 

2.35.6.6.2 

2.35.6.6.3 

2.35.6.6.4 

2.3X6.6.5 

2.35.6.6.6 

2.3X6.6.7 

2.35.6.6..8 

2.35.6.6.9. 

2.35.6.6.10 

2.35.6.6.11 

2.35.6.6i2 

2.35.6.6.13 

2.35.6.6.14. 

2.35.6.6.15 
-, WV. 

@antitles Calculations Output Data. 

Area of individual tnf il tration basins, IBA, acres. 

Nunber of infiltration basins, NIB. 

Length of side of basin, L, ft. 

Volune of earthwork for infiltration basins, Vew, cu.ft. 

Diaaetet oE distribtitioa header, PIPE, inches. 

Length ai distribution header pipe required, LPIPE, ft. 

Diameter of lateral pipe, ‘DIA. inches. 

Length of lateral pipe of dfaneter DIA, LLAT, f.t. 

Length of 6 Inch dfaneter drain pipe required, DPZPE, ft. 

Nunber of recmery wells, NW. 

Diameter of recovery veils, UDXA, inches. 

Depth of recovery vells. DW,’ ft. 

Nunber of moal.toring wells, NMU. 

Depth of monitoring wells, !XW, ft. 

Operation and Maintenance manpower for distribution, 

2.35.6.6.16 Operatloa and maintenance manpover for recovery wells, 
-. wyt. 

2.35.6.6.17 Operation and maintenance manpover for underdrain system, 
-. *yr. 

2.35.6.6.18 Operat.ion and maintenance manpover for monitoring wells, 
~Mxfw wyr. ‘ 

2.35.6.6.19 06M material costs for distribution system, OMMPD, 2. 

2.35.6.6.20 O&?-I material costs for recovery wells, OMHPW, Z. 
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2.35.6.6.21 O&Mmaterial cost for underdrain system, OMMPU, %. 

2.35.6.6.22 O&M material costs for monitoring wells, OMMPX, %. 

2.35.6.6.23 Diameter of drain collection header pipe, CDLA, inches. 

2.35.6.6.24 Length of drain collection header pipe, LDCH, ft. 

2.35.6.6.25 Ntsnber of butterfly vlaves, NBV. 

2.35.6.6.26 Energy required for recovery wells, KWH, Kw hr/yr. 

2.35.6.6.27 Correction factor for other construction costs, CF. 

2.35.6.7 Unit Price Input Reqdired. 

2.35.6.7.1 Unit price input for earthwork assuming hauled fran 
offsite and canpacted, UPIEW, $/cu yd. 

2.35.6.7.2 Cost of standard size steel pipe (12"p), COSP, $/ft. 

2.35.6.7.3 Cost of standard size butterfly valve (12"p) COSTSV, $. 

2.35.6.7.4 Unit price input for 6" PVC perforated drain pipe, UPIPP, 
wt. 

2.35.6.7.5 Cost of standard size (24"p) reinforced concrete drain 
pipe (Class III) COSTCP, $/ft. 

2.35.6.8 Cost Calculations. 

2.35.6.8.1 Cost of earthwork. 

COSTE - (Vew> (UPIEW 
27 

where 

CCSTE - Cost of earthwork for levees, $. 

V ew = Volume of earthwork for infiltration basins, cu ft 

UPIEW - unit price input for earthwork assuming hauled fran 
offsite and campacted, $/cu.yd. 

2.35.6.8.2 Cost of header pipe. 

2.35.6.8.2.1 Calculate installed cost header pipe (excluding trenching 
and backfilling). 

COSTP = (COUP) (COSTRP) 
100 
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where 

COSTP = cat of pipe of diameter PXPE, $/ft. 

COSP = cost of standard size pipe (12" diameter), $/ft. 

COSTRP - cost of pipe of dimeter PIPE as perceat of cost of 
standard size pipe, percent. 

2.35.6.8.2.2 Calculate COSTRP. 

COSTRP - 5.48 (PIPE)l*1655 

where 

PIPE = diameter of header pipe, inches. 

COSTRP = cost of pipe of diameter PIPE as percent of cost of 
standard size pipe, percent. 

2.35.6.8.2.3 Deternine COSP. 

COSP is the cost per foot of 12" diameter welded steel pipe 
in place (excluding cost for trenching and backfilling). 

2.35.6.8.2.4 Calculate cost for trenching and backfilling. This cost 
is ca;puted as a fraction of the cost of the pipe. 

where 

If PIPEs12" EBF - 0.334 (PIPE)-o*684o . 

If PIPE >12" EBF = 0.061 

EBF= fraction of pipe cost for trenching and backfilling. 

PIPE = diameter of header pipe, inches. 

2.35.6.8.2.5 Total installed cost of header pipe. ., 
TICHP -.(l + EBF) (COSTP) (LPIPE) - 

where 
s ~ 

TICHP = total installed cost,of header pipe, $. 
.. . . 

EBF = fraction of pipe cost for trenching and backfilling. 

COST? = cost of pipe of diameter PIPE, $/ft. 

LPIPE = length of header pipe required, ft. 

2.35.6.8.3 Cost of lateral piping to infiltration basins. 

2.35.6.8.3.1 Calculate installed cost of lateral piping (excluding 
trenching and backfilling). 

COSTLP = (COSP) (COSTRL) 
100 

where 
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COSTLP - cost of lateral pipe of diameter DIA, $/ ft. 
COSP = cost of standard size pipe (12" diameter), $/ft. 

COSTRL = cost of lateral pipe of.diaueter DU as percent of 
cost of standard size pipe, percent. 

2.35.6.8.3.2 Calculate COSTRL 

COSTRL = 5.48 (DTA)l.1655 

where 
DIA = dianeter of lateral pipe, inches. 

COSTRL = cost of lateral pipe of diameter DIA as percent 
of cost of standard size pipe, percent. 

2.35.6.8.3.3 Calculate cost of trenching and backfilling. This cost 
is canputed as a fraction of the codt of the pipe. 

If DIA512" EBE'L = 0.334 (DIA) -0.6840 

If DIA>12" EBE'L = 0.061 

where 
EBFL = fraction of pipe cost for trenching and backfilling. 

DIA = diaeter of lateral pipe, inches. 

2.35.6.8.3.4 Total installed cost of lateral pipe. 

TICLP - (1 + EBE'L) (COSTLP) (LLAT) 

where 
TICLP = total installed cost of lateral pipe, $. 

EBE’L = fraction of pipe cost for trenching and backfilling. 

COSTLP = cost of lateral pipe of diameter DIA, $/ft. 

LLAT = length of lateral pipe required, ft. 

2.35.6.8.4 Cost of butterfly valves. 

2.35.6.8.4.1 Calculate installed cost of butterfly valves. 
COSTBV = (cos~sv) (cosmv) (NB~) 
e 100 

where 

COSTBV = installed cost of butterfly valves, $. 

COSTSV = cost of standard size valve (12" 6>, $. 

COSTRV = cost of valve of size DIA as a percent of the cost 
of the standard size valve, X. 
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NBV = nunber of butterfly valves. 

2.35.6.8.4.2 Calculate COSTRV 

COSTRV = 3.99 (DIA)1'3q5 

2.35.6.8.4.3 Determine COSTSV 

COSTSV is the installed cost of a 12"19 butterfly valve 
suitable for water service. 

2.35.6.8.5 Total cost of distribution system. 

TCDS - COSTE+ TICHP + TICLP + COSTBV 

where 

TCDS - total cost of distribution system, $. 

2.35.6.8.6 Cost of underdrain system. 

2.35.6.8.6.1 Cost of underdrain laterals. 

COSTUL - (DPIPE) (UPIPP) (1.1) 

where 

COSTUL - installed cost of underdrain laterals, $. 

DPIPE = length of 6” drain pipe required, ft. 

UPIPP - unit price input for 6" PVC perforated drain pipe, 
Sm. 

1.1 = 10% adjusment for trenching and backfilling. 

2.35.6.8.6.2 Cost of underdrain collection header pipe. 

ICUCH - (COSTRC) (CO'STCP) (LDCH) (1 + EB?!Q) .' . 
100 

where 

ICUCH - installed cost of underdrain collection header. 

COSTRC = cost of underdrain collection header pipe of 
diameter CDIA as percent of standard size pipe, %. 

COSTCP = cost of standard size pipe (24"13 reinforced concrete 
pipe Class III), $/ft. 

LDCH - length of underdrain collection header required, 
ft. 
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EBFD = cost for trenching and backfil‘ling as fraction of 
pipe cost. 

2.35.6.8.6.2.1 Calculate COSTRC. 

COSTRC = 0.489 (CDIA)1*686 
-. 

where 

CDLA - diameter of underdrain collection header pipe, 
inches. 

2.35.6.8.6.2.2 Determine COSTCP. 

COSTCP is the cost per.foot of 24"P Class 111 rein- 
forced concrete sewer pipe with gasket joints. 

2.35.6.8.6.2.3 Calculate EBFD‘ 

EBFD = 0.392 (CDZA) 
-0.2871 

EBPD = cost for trenching and backfilling as a fraction of 
pipe cost. 

2.35.6.8.6.3 Calculate total cost of underdrain system. 

TCUS - COSTUL + ICUCH 

where 

TCUS = total cost of underdrain system, $. 

2.35.6.8.7 Calculate cost of recovery wells and pump. 

2.35.6.8.7.1 Calculate cost of well. 

2.35.6.8.7.1.1 Calculate COSTW. 

COSTW - RWC (DW) (NW) (COSP) 

where 

COSTW = cost of recovery wells, $. 

RWC = recovery well cost as fraction of cost of 
standard pipe. 

COSP = cost of standard size pipe (12'p welded steel), 
wt. 
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2.35.6.8.7.1.2 

2.35.6.8.7.1.2.1 

2.35.6.8.7.1.2.2 

2.35.6.8.7.1.2.3 

2.35.6.8.7.1.2.4 

Calculate RWC. 

If 4V 5 WDIA 5 10" 

RWC = 160.4 (DW)'"*7033 

If 12"s WDIA 5 20" 

RWC = 159.8 (DW)-"'6209 

If 24" 5 WDIA I; 34" 

Rwc = 142.7 (DW)'"*5286 

If 36" 5 WDU 5 42" 

RWC - 206.5 (DW)-"*445 

WDIA = diameter of the well, inches. 

RWC - recovery well cost as fraction of cost of 
standard size pipe. 

DW = depth of recovery wells, ft. 

2.35.6.8.7.1.3 Detetmine COSP. 

COSP is the cost per foot of 12"D welded steel 
pipe. This cost in the 1st quarter of 1977 is $13.50/ft. For 
the best cost estimation COSP should be a current price Input 
frcm a vendor, however, if this is not done the cost will be 
updated using the Marshall and Swift Equipment Cost Index. 

COSP = $!3.50 gg 
. 

COSP = cost of standard size pipe (12"o welded steel), 
$/ ft. 

KSECI = current value for Marshall and Swift Equipment 
Cost Index. 

2.35.6.8.7.2 Calculate cost of pump for recovery wells. 

2.35.6.8.7.2.1 Calculate COSIWP. 

COSTWP = (COSTE'S) (WPR) (NW) 

2.35-66 



where 

COSTWP = cost of pumps for recovery wells, $. 

COSTPS = cost of standard size pump (3000 gp), $. 

WPR - cost of well pump as fraction of cost of 
standard pmp. 

NW - nunber of recovery wells. 

2.35.6.8.7.2.2 Calculate WPR. 

WPR - 0.00048 (WDIA)1'7g1 (DW) 0.658 

where 

WPR = cost of well pump as fraction of cost of standard 
PmP* 

WDIA - diameter of recovery wells, inches. 

DW = depth of recovery wells, ft. 

2.35.6.8.7.2.3 Determine COSTPS. 

COSTPS is the cost of a 3000 gpn pmnp. This cost 
is $17,250 for the first quarter of 1977. For the best cost 
estimate the user should input a current value for COST%, 
however, if this is not done the cost will be updated using the 
tirshall and Swift Equiment Cost Index. 

cosns = $17,250 m . 

where 

COSTPS = cost of standard size pump (3000 gpn), $. 

MSECI = current Marshal1 and Swift Equipment Cost Index. 

2.35.6.8.7.3 Calculate total cost of recovery wells. 

COSTRW = COSTW + COSTWP 

where 

COSTRW = total cost of recovery wells, $. 

COSTW = cost of recovery well, $. 

COSTWP = cost of pumps for recovery wells, $. 
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2.35.6.8.8 Cost of monitoring wells and pumps. 

2.35.6.8.8.1 Calculate cost of wells. 

2.35.6.8.8.1.1 Calculate COSTS. 

cosm = (RXWC) (DMW) (NMW) (COW) 

where 

COS'M - cost of monitoring wells, $. 

EMWC = cost of well as fraction of cost of standard 
pipe. 

DMW = depth of monitoring wells, ft. 

N?lW = nunber of monitoring wells. 

COSP = cost of standard size pipe (12" welded steel), $/ft. 

2.35.6.8.8.1.2 Calculate RMWC. 

RMWC = 160.4 (DMW)-"*7033 

where 

RMWC - cost of well as fraction of cost of standard plpe. 

DMW = depth of monitoring wells, ft. 

2.35.6.8.8.1.3 Determine COSP. 

COSP is the cost per foot of 12"b welded steel 
pipe l This cost in first quarter of 1977 is $13.50/ft. For the 
best cost estimate COSTSP should be a current price input fran a 
vendor, however, if this is not done the cost will be updated 
using the Marshall and Swift Equiment Cost Index. - 

COSP - $13.50 

where 

COSP = cost of standard size pipe 
$/ ft. 

MSECI = current Marshall and Swift 

2.35.6.8.8.2 Calculate cost of pumps 

2.35.6.8.8.2.1 Calculate COSTKP. 

KSECI 
491.-6 

(12"o welded steel), 

Equipment Cost Index. 

for monitoring wells. 

COSrnP = (COSTPS) (mm) (NMW) 
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where 

COSI?iP - cost of pumps for monitoring wells, $. 

COSTPS - cost of standard size pump (3000 gpn), $. 

MWPR - cost of well pump as fraction of cost of 
standard pump. , 

NMW = number of monitoring wells. 

2.35.6.8.8.2.2 Calculate NWPR. 

MWPR - 0.0551 (DMW)o*65g 

where \ 

NWPR - cost of well ptrmp as fraction of cost of 
standard size pump. 

, 
DMW - depth of monitoring wells, ft. 

2.35.6.8.8.2.3 Determine COSTPS, 

COSTPS is the cost of a 3000 gpn pump. The cost 
is $17,250 for the first quarter of 1977. For the best cost 
estimate the user should input a current value of COSTPS, 
however, if this is not done the cost will be updated using the 
MarshalL and Swift Equipment Cost Index. 

COSTPS = $17,250 m . 
where 

COSTPS = cost of standard size pump (3000 gpn), $. 

MSECI = current Harshal. and Swift Equipment Cost 
Index. 

2.35.6.8.8.3 Calculate total cost of monitoring wells. 

cosmw = cosTM+ COSlXP 

where 

COSTMW - total cost of monitoring wells, $. 

COST?4 - cost of monitoring wells, $. 

COSI)IP = cost of prnnps for monitoring wells, $. 

r 
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2.35.6.8.9 Operation and maintenance material cost. 

OMMC = (TCW @MMW+ (TCUS) (OMMPW)+ (CCSTRW) (OMMPW)+ (cosmw) (ompy) 
100 

where 

OXXC = O&M material costs, $/yr. 

2.35.6.8.10 Total bare construction cost. 

TBCCRI = (TCDS+TCUStCOSTRW+COSTXW)(1.18) 

where 

TBCCJXI = total bare construction cost for rapid infiltration, 
$. 

TCDS = total cost of distribution system, $. 

TCUS = total cost of underdrain systen, $. 

COSTRW = installed cost of recovery wells, $. 

cosmw = installed cost of monitoring wells, $. 

2.35.6.9 Cost Calculations Output Data. 

2.35.6.9.1 
tration, 

Total bare construction cost for rapid infil- 
TBCCRI, $. 

2.35.6.9.2 
S/yr. 

Operation and maintenance material cost, OMMC, 
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2.35.7 

2.35.7.1 

2.35.7.1.1 

2.35.7.1.1.1 

2.35.7.1.1.2 

2.35.7.1.1.3 

2.35.7.1.2 

2.35.7.1.2.1 

2.35.7.1.2.2 

2.35.7.1.2.3 

2.35.7.1.2.4 

2.35.7.1.2.5 

2.35..7.1.2.6 

2.35.7.1.2.7 

2.35.7.1.2.8 

2.35.7.1.2.9 

Slow Infiltration. t 

Input Data. 

Wastewater flow, Q, mgd. 

Minimum flow, mgd. 

Average flow, mgd. 

maximum flow, mgd. 

Wastewater chakacteristics. 

Suspended solids, mg/l. 

Volatile suspended solids, % of suspended solids. 

Settleable solids, mg/l. 

BOD5 (soluble and total), mg/l. 

COD (soluble and total), mg/l. , 

Phosphorus (as P04), mg/l. 

Total Kjeldahl Nitrogen (TKN), mg/l. 

Ammonia-Nitrogen, NH3, mg/l. 

NitriteNitrogen, N02, mg/l. 

NitrateNitrogen, N2O3, mg/ll. 

Temperature, *C. 

pEI, units. 

2.35.7.1.2.10 

2.35.7.1.2.11 

2.35.7.1.2.12 

2.35.7.1.2.13 

2.35.7.1.2.14 

2.35.7.1.2.15 

2.35.7.2 

2.35.7.2.1 

2.35.7.2.1.1 

Oil and Grease, mg/l. 

Cations, mg/l. 

Anions,mg/l. 

Design Parameters. 

Crops classification (specify). 

Forage grass. 
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2.35.7.2.1.2 

2.35.7.2.2 

2.35.7.2.2.1 
in/wk). 

2.35.7.2.2.2 
idhr). 

2.35.7.2.3 

2.35.7.2.4 

2.35.7.2.5 

2.35.7.2.6 

2.35.7.2.7 

2.35.7.2.8 

_ 2.35.7.2.8.1 

2.35.7.2.8.2 

2.35.7.2.9 

2.35.7.2.9.1 

2.35.7.2.9.2 

2.35.7.2.10 
storage). 

2.35.7.2.11 
storage). 

2.35.7.2.12 

corn. 

Application rate, Lw. 

Average application rate, Fn/wk = (0.5 - 4 

Maximum'application rate, in/hr - (0.1-0.5 

Precipitation rate, Pr, in/wk. 

Evapotraospiration rate, ET, in/wk. 

Runoff, R, in/wk. 

Wastewater generation period, WWGP, days/yr. 

Field application period, FAP, wks/yr. 

Piping classification (specify one). 

Solid set piping. 

Center pivot pi.ping. 

Storage requirements, days/yr (specify one). 

Mininm storage, dayslyr. 

No storage. 

Liner required (liner should only be used with 

EInbankment protection (should only be used with 

Recovery system (spicify one). 

2.35.7.2.12.1 Underdrains recovery systen. 

2.35.7.2.12.2 No recovery systan. 

2.35.7.2.13 Buffer zone width, ft (site dependent) = 0.&500 
ft. 

2.35.7.2.14 Current ground cover, %. 
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2.35.7.2.14.1 

2.35.7.2.14.2 

2.35.7.2.14.3 

2.35.7.2.15 

2.35.7.2.15.1 

2.35.7.2.15.2 

2.35.7.2.16 

2.35.7.2.16.1 

2.35.7.2.16.2 

2.35.7.2.17 

2.35.7.2.18 

2.35.7.2.19 

2.35.7.2.20 

2.35.7.2.21 

2.35.7.3 

2.35.7.3.1 

Forest, % (require heavy clearing). 

Brush, % (require medium clearing). 

Pasture, % (require Light clearing). 

SLope, %. 

Cultivated Land 20%. 

None cultivated Land 40%. 

Xonitoring wells. 

Number. 

Depth per well, ft. ' 

Fraction denitrified, D, X = 15 - 25%. 

hmonia volatilization, AV, % = 0.0%. 

Soil removal of phosphorus, % = 80%. 

Hours per day operation, HPD, hrs. 

Days per week operation, DPW, days. 

Process Design Calculations. 

Calculate total nitrogen concentration, Cn, in 
the applied wastewater. 

'n - (TKN)i + (N02)i + (NC3)i 

where 

'n 3 total nitrogen concentration in applied wastewater, 
mg/L. 

(TKN)i = total Kjeldahl nitrogen concentration in applied 
wastewater, mg/l. 

wo2>i = nitriteN concentration in applied wastewater, 
mg/L. 

0403>1 = nitrateN concentration in applied wastewater, 
mg/l. 

2.35.7.3.2 Calculate wastewater nitrogen loading, Ln, 
Lbs/acred. 
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- 11.77 c L 
nv 

where 

Ln = wastewater nitrogen loading, lbs/acr*yr. 

Lv = wastewater hydraulic loading rate, in/vk. 

2.35.7.3.3 
rate, W 

Fran water balance, calculate percolating water 

P' 
in/vk. 

w 
P 

= Lw + (Pr - ET) - R 

where 

w 
P 

= percolating water rate, in/vk. 

'r = design precipitation, in/vk. 

ET = evapotranspiration (or crops consumptive use 
of water), in/vk. 

R = net runoff, in/wk. 

2.35.7.3.4 
v-0 

Calculate total nitrogen loading, (L,),, lb/acre- 

where 

u& * L n + 11.77 (P,>(O.5) 

(yN = total nitrogen loading rate, lb,/acreyr. 
water, mng/l. 

2.35.6.3.5 
0.9. 

Assume crop nitrogen uptake, (v>,, lb/acre-yr = 

, 
2.35.7.3.5.1 For forage grass. 

(W, = 0.891 [(118.73) +0.36 (L,),] lb/acre-yr 

2.35.7.3.5.2 For corn. 

(U), = 0.891[(176.53)-0.0476(Lt)N] lb/acre-yr 

where 

w>, = crop nitrogen uptake, lb/acre-yr. 

2.35.7.3.6 
D, lb/acre-yr. 

Calculate nitrogen loss through denitrification, 
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D= Of) (LtjN/ (100) 

where 

D= nitrogen loss through denitrification, 
lb/acre-yr. 

Df = nitrogen loss as a percent of total applied 
nitrogen, X. 

2.35.7.3.7 Calculate nitrogen loss due to volatilization, 
AV, lb/acreyr. 

where 

AV = nitrogen loss due to volatilization, lb/acre-p. 

(AVjf = percent of total nitrogen applied lost to 
volatilization, X. 

2.35.7.3.8 Calculate sum of nitrogen losses, (zNjL, Lb/ 
acri+yr. 

(IWL = c”>, + D + Av 

where 

(xNjL = sum of total nitrogen lost, lb/ acreyr. 

2.35.7.3.9 Check total nitrogen against (0.8 (LtjN. 

(ZNjt 0.8 cLtjN 

if (5:NjL 0.8 cLt)N 

set (IN) L = 0.8 (Lt)N 

2.35.7.3.10 Fran nitrogen balance, calculate nitrogen con- 
centration Fn percolate, (C,),, mg/l. 

(Cp)N = [ tLt)N - ( N)L]/(11.77)(Wp) 

where 

WN - nitrogen concentration in percolate, rug/l. 

2.35.7.3.11 Calculate required treahneit acre, TA, acres. 

TA = (258.5) (Q>/ Gw) 
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where 

Tb = required field area, acres. 

Q = average wastewater flow, mgd. 

2.35.7.3.12 Calculate volme of required storage, acreft. 

cw = (SRI (Qave> (10% (7.48) (43,560) 

where 

sv = volme of required storage, acreft. 

2.35.7.3.13 Calculate phosphorus loading, Lp, lb/acre-yr. 

LP - 11.77 (TP)i(Lw) 

where 

LP = total phosphorus loading, lbs/acreyr. 

(TP) i = total phosphorus concentration in applied 
wasteuater, mg/ 1. 

3.35.7.3.14 Calculate soil r-oval of phosphorus,- lb/acreyr. 

(SW - GWf (LPI/ (100) 

where 

SRP = soil removal of phosphorus, lb/acreyr. 

(SRP) f - percent of total applied phosphorus removed by 
the soil, %. 

2.35.7.3.15 Calculate plant uptake of phosphorus, UP, lb/ acreyr. \ L 

Up = 0.891 [215.54 - 37.11 loge (Lp)] 

where 

uP - plant uptake of phosphorus, lbs/acreyr. - 

2.35.7.3.16 Frm phosphorus mass balance, calculate phosphorus concentration 
of percolate water. 

(cP) P = [(Lp) - (SRP) - oJp)llW.77) wp> 

where 
, 
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(Cp>p = phosphorus content of percolate water, mg/l. 
2 (0.01) (TP) i 

2.35.7.3.17 Calculate percolate rate, Wp, mgd. 

Wp bgd) - [(W,)in/wk(~)(~)] (TA) acre (43,560 

(7.48 @)(l/106) 
ft3 

2.35.7.3.18 Calculate suspended solids concentration in 
percolate, mg/l, assume 97% removal. 

(Wp = (O.OS)(SS), 
\ 

where 

cw p = suspended solids concentration in percolate, 
mgtl. 

GS) i = suspended solids concentration in applied 
wastewater, mg/l. 

2.35.7.3.19 Calculate total and soluble BOD concentration in 
percolate, mg/l, assume 95% removal of total B D5. a 

WD5) p = (TBOD5)i (0.05) 

(SBOD5) p = (SBOD5)i (0.05) 

where 

(mOD5) p = total BOD5 concentration in percolate, mg/l. 

(TBOD5) i = total BOD5 concentration in applied wastewater, 
mg/l. 

MD5 = soluble B0D5, mg/l. 

2.35.7.3.20 Calculate total and soluble COD concentration in 
percolate, mg/L, assume COD removal of 95%. 

(TCWp = (TCOD)i (0.05) 

WOD) p - (SCOD)i (0.05) 

where 

(TCOD)p and (TCOD)i = total COD concentration in percolate 
and applied wastewater, respectively, 
mgfl. 
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(SCOD)P and (SCOD). 1 = soluble COD concentration in percolate 
and applied wastewater, respectively, 
mgll. 

2.35.7.3.21 NitriteN concentration in percolate = 0.0. 

2.35.7.3.22 NitrateN concentration in percolate - (CP)N. 

2.35.7.3.23 hmonia-N concentration in percolate - 0.0. Total 
Kjeldahl-nitrogen concentration in percolate = 0.0. 

2.35.7.3.24 
SETS0 - 0.0. 

2.35.7.4 

2.35.7.4.1 

2.35.7.4.2 

2.35.7.4.3 

2.35.7.4.4 

2.35.7.4.5 

2.35.7.4.6 

2.35.7.4.7 

2.35.7.4.8 

2.35.7.4.9 

2.35.7.4.10 

2.35.7.4.11 

2.35.7.4.12 

2.35.7.4.13 

2.35.7.4.14 

2.35.7.4.15 

2.35.7.4.16 

2.35.7.4.17 

Oil and grease concentration in percolate - 0.0. 

Process Design Output Data. 

Hours per day operation, hours. 

Days per week operation, days. 

Forage grasses. 

Application rate, in/week. 

Maximtrm application rate, Fdhour. 

Evapotransportation rate, in/week. 

Precipitation rate, in/week. 

Runoff, in/week. 

Percent denitrified, percent. 

Percent ammonia volatilization, percent. 

Removal of phosphorus, percent. 

Wastewater generation period, days/yr, 

Field application period, weeks/yr.' 

Solid set piping and pumping. 

Calculated storage required, acreft. 

Buffer zone width, feet. 

Current ground cover. 

2.35.7.4.17.1 Forest, percent. 
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2.35.7.4.17.2 Brush, percent. 

2.35.7.4.17.3 Pasture, percent. 

2.35.7.4.18 Slope of site, percent. 

2.35.7.4.19 Number of monitoring wells, wells. 

2.35.7.4.20 Depth of monitoring wells, feet. 

2.35.7.4.21 Treatment area required, acres. 

2.35.7.4.22 Volume of percolate, mgd. 

2.35.7.4.23 Quality of percolate. 

2.35.7.4.23.1 Suspended solids, mg,/'l. 

2.35.7.4.23.2 Volatile solids, percent. 

2.35.7.4.23.3 BOD5, mg/l. 

2.35.7.4.23.4 BOD5 soluble, mg/l. 

2.35.7.4.23.5 COD, mg/l. 

2.35.7.4.23.6 COD soluble, mg/l. 

2.35.7.4.23.7 P04, mg/l. 

2.35.7.4.23.8 TKN, tug/l. 

2.35.7.4.23.9 N02, mg/l. 

2.35.7.4.23.10 N03, mg/l. 

2.35.7.4.23.11 Oil and grease; mg/l. 

2.35.7.5 Quantities Calculations. 

2.35.7.5.1 Distribution pumping. User must input the ape- 
rating schedule, days per week (DPW) and hours per day (HPD) of 
operation. 

2.35.7.5.1.1 Calculate the design flow. 

FLOW * (Qavg) (WWGP) (24) 
(FAP) hew) (HPD) 

where 

FLOW = actual daily flow to spray field, mgd. 
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Q = average daily flow, mgd. 

WdGP = wastewater generation period, days/yr. 

FXP = field application period, wks/yr. 

DPW = days per week treatment system is operated, 
dayslwk. 

HPD * hours per day treatment systen is operated, 
hrs/day. 

24 = conversion fran days to hours, hrs/day. 

Using the flow calculated (FLOW), the distribution pumping will 
be sized and the cost estimated fram the existing section en- 
titled "Intermediate Ptnnping". 

2.35.7.5.2 Storage requirements. The slow rate system, like 
overland flow, is dependent upon weather. Also if crops are 
grown it is dependent upon growing seasons. The user must input 
the number of days of storage required based on anticipated 
crops, and climatic data for the particular area. 

2.35.7.5.2.1 Calculate storage volume. 

sv = (SW (Q x lo61 

where 

SV = storage volume, gal. 

SR = storage required, dayslyr. 

Q = average daily flow, mgd. . 

2.35.7.5.2.2 Calculate size and nu;lber of storage lagoons. 

2.35.7.5.2.2.1 The following assumptions are made in determining 
size and nunber of lagoons: 

Aminimum of 2 lagoon cells will always be used. 
An even nuuber of lagoon cells will be used, such as 
2, 4, 6, 8, etc. 
The largest single lagoon cell will be 40 acres 
which represents approximately 85 million gallons 
storage volume. 

2.35.7.5.2.2.2 Lf SV 5 170,000,OOO gal. 

NLC-2 
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2.35.7.5.2.2.3 If SV>170,000,000 gal. a trial and error so- 
lution for NLC wilL be used. 

Assume NLC - 4; if ~~>85,000,000 gal. 

Redesignate NLC = NLC + 2 and repeat calculation until SV 5 
85,000,OOO gal. NLC 

where 

sv = storage volume, gal. 

NLC - nunber of lagoon cells. 

2.35.7.5.2.3 Calculate storage vo<-e per cell. 

svc - (NLC)':7.48) 

where 

SVC - storage volume per cell, ft3. 

SV = storage volume, gal. 

NLC = number of Lagoon cells. 

7.48 = conversi.on fran gal. to ft3, gal/ft3. 

2.35.7.5.2.4 Calculate lagoon cell dimensions. The follokdng 
assumptions are made concerning lagoon construction: 

'She Lagoon cells will be square. 
Canmon levee construction will be used where possible. 
Lagoons will be constructed using equal cut and fill. 
Lagoon depth will be 10 ft with 8 ft water depth and 2 ft freeboard. 
Minimum water depth will be 1.5 ft. 
Side slopes will be 3 to 1. 
A 30% shrinkage factor will be used for fill. 

L=( 0.615 SK - 1521) 0.5 + 60 
2 

where 

L - length of one side of Lagoon cell, ft. 

SVC = storage volume per cell, ft3. 
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2.35.7.5.2.5 Calculate volume of earthwork required for la- 
goons l The volume of earthwork must be determined by trial and 
error using the following equations: 

DC f DF = 10 

VF - [ 3 (DF)2 + 1ODF ] [ y + 2] (L) 

vc = (1.3)(Nu) (DC) [ L2 - W(DF) (L) + 12 (DF)2 + 120 DF - 60L + 12001 

Assume that the depth of cut (DC) is equal to 1 ft. Fran the 
equations calculate the volume of fill (VF) required and the 
volume of cut (VC) required. Canpare VC and VF. 

If VC<VF then assume DC >l ft and recalculate VC and VF. 

If VC>VF then assume DC<1 ft and recalculate VC and VF. 

Repeat this procedure until VC = VF. This is the volme of 
earthwork required for the storage lagoon. 

vc = VF = VLEW 

where 

DC= depth of cut, ft. 

DF = depth of fill, ft. 

VF = volume of fill, ft3. 

VC - volme of cut, ft3. 

NIX= nunber of lagoon cells. 

L = length of one side of lagoon cell, ft. 
\ 

VLEW = vo !3 ume of earthwork required for lagoon construction, 
ft . 

2.35.7.5.3 Slow rate distribution system. 'In a slow rate 
land treatment system the wastewater is usually applied to the 
field in one of two ways, buried solid set sprinklers or center 
pivot sprinkler systems. Both of these distribution methods 
will be addressed. 

2.35.7.5.3.1 Buried solid set sprinklers. The selection of 
the optimum sprinkler type, size, spacing is very dependent on 
the site conditions. Certain assumptions will be made on these 
paraneters to simplify the calculations. While these assump 
tions, if used to design sane systems, would drastically affect 
performance, they will have little affect on the overall costs. 

2.35-52 



Assume: 

The treatment area will be square. 
The spacing between laterals will be 50 ft. 
The spacing between sprinklers will be 50 ft. 
Sprinklers will be arranged in square patterns. 

2.35.7.5.3.1.2 Calculate dimensions of treatment area. 

LTA = [(TA) (43,560)] 'OS 

LTA = length of one side of treatment area, ft. . ' 

TA = treatment area, acres. 
. 

43,560 - conversion fran acres ;o ft2, f t2/ acre. 

2.35.7.5.3.1.3 Calculate flow per sprinkler.. " 3 

FPS - 2,500 (MAR) 
96.3 

where 
. 

FPS * flow per sprinkler, gpn, 

MAR = Maximum application rate, inches/hr. (Must be 
input by user based on crop and infiltration rate) 

2500 = application area for each sprinkler, ft2. 

96.3 - caubined conversion factors. 

2.35.7.5.3.1.4 Calculate nmber of headers. This will be a 
trial and error process. The governing assumption will be that 
the header pipes will be less than 4g"p. Assume NH - 1. 

2.35.7.5.3.1.4.1 Calculate the length of laterals. 

LL=LTA ' 
2NH 

where 

LL - length of laterals, ft. a 

LTA - length of one side of treatment area, ft. 

NH - number of headers. 

2.35.7.5.3.1.4.2 Calculate nunber of sprinklers per lateral. 

NSL - $+ 
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NL = nunber of laterals per header. 

LTA = length of one side of treaknent area. 

2.35.7.5.3.1.4.3 Calculate nunber of laterals per header. 

where 

NL - nunber of laterals per header. 

LTA = length of one side of treatment area, ft. 

50 = spacing of laterals on header, ft. 

2.35.7.5.3.1.4.4 Calculate nunber of sprinklers per header. 

NSH = (NW (NW 

NSH = nunber of sprinklers per header. 

NL = nunber of laterals per header. 

NSL = nunber of sprinklers per lateral. 

2.35.7.5.3.1.4.5 Calculate flow per header. 

FPH = (FPS) (NSH) 

If F?H > 16,000 gm; assume NH = NH + 1 and recalculate FPH 
until FPH 5 16,000 gpm. 

where 

FPH = flow per header, gpm. 

FPS - flow per sprinkler, gpm. 

NSH - nunber of sprinkler per header. 

2.35.7.5.3.1.5 Calculate pipe size for laterals. 

DIAL = 0.286 [(NSL) (FPS)] Oo5 

DIAL must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 24, 30, 36, 42, 48. Always use the next larger 
diameter above the calculated diameter. 
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where 

DIAL = diameter of lateral, inches. 

NSL - nunber of sprinklers per lateral. 

FPS = flow per sprinkler, gpm. 

0.286 = canbined conversion factors. 

2.35.7.5.3.1.6 Calculate quantity of lateral pipe required. 

TLL - (LL) (YLH) (NH) 

where 

TLL - total length of lateral pipe, ft. 

LL - length of laterals, ft. 

NLH = number of laterals per header. 

NH = number of headers. 

2.35.7.5.3.1.7 Calculate pipe sizes for headers. The header 
pipe normally decreases in size due to decreasing volume of flow 
as each lateral pipe removes part of the flow fran the header 
Pipe. The header size will be calculated after each lateral on 
the header. 

DLAHN = 0.286 [PPH - (N) (FPL)] 
0.5 

Begin calculation with N = 0. This will give the diameter of 
the header (DLAHO) before any flow is removed. Then set N = N + 
1 and repeat the calculation. This will give the diameter (DLUf 
1) of the header after the first lateral has removed a part of 
the flow. Repeat the calculation each time redesignating N 
until N - NLH. 

DLAHN must be one of the following: 2, 3, 4, 6, 8, 10, 12, 14, 
16, 13, 20, 24, 30, 36, 42, 48. 

DIAHN - diameter of header pipe, inches. 

FPH = flow per header, gpm. 

N - number of laterals. 

FPL - flow per lateral, gpm. 
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0.286 = cabined conversion factors. 

2.35.7.5.3.1.8 Calculate length of header pipe. 

LDIAHN - (50) (SW (NH) 

where 

LDIAHN = length of header pipe of diameter DIAHN, ft. 

SUM = the number of points with the same dianeter. 

50 = spacing between laterals, ft. 

2.35.7.5.3.1.9 Calculate nunber of butterfly valves for dis- 
tribution system. There will be a butterfly valve in each 
header for flow control. These valves will be in the header 
upstream fran the spray field and will be the same as the 
initial size calculated for the header. 

NBV =NH 

DBV = DIAHN 

where 

NBV = nunber of butterfly valves. 

NH = ntmber of headers. 

DBV = dimeter of butterfly valves, inches. 

D&MN = dimeter of header calculated when N = 0, inches. 

2.35.7.5.3.1.10 Calculate nmber of valves for lateral 
lines. There will be a plug valve in each lateral line which 
will be autanatic but will be either fully open or fully closed. 
They will be the same size as the,size calculated for the 
lateral. pipes. 

NLV = (NW (NH) 

DLV - DIAL 

where 

NLV - nunber of lateral valves. 

NLH = number of laterals per header. 

NH = nunber of headers. 

2.3546 



DLV = diameter of lateral valves, inches. 

DIAL - diameter of lateral pipes, inches. 

2.35.7.5.3.1.11 Calculate nuuber of sprinklers. 

NS = (NSL) (NLH) (NH) 

where 

NS - nunber of sprinklers 

NSL - number of sprinklers per lateral. 

NLH - nunber of laterals per header. 
\ 

NH = number of headers. 

2.35.7.5.3.2 Center pivot systan. 

2.35.7.5.3.2.1 Determine size and nunber of center pivot sys- 
tens. Center pivot systems are available in sizes which cover 
fran 2 to 450 acres. Because of weight and structural con- 
sideration, the largest pipe available in the system is 8 
inches. For this reason, hydraulics sometimes control the 
sizing rather than area of coverage. 

2.35.7.5.3.2.1.1 The following assumptions will be made: 

The systans will operate 24 hours per day, 7 days per week. 
A minimum of 2 units will be used. 
Ten percent of the treatznent area will not be irrigated because 
of the circular configuration. 

SW - (TN (1.1) 
N 

Begin with N = 2 and if SCP > 450 redesignate N = N + 1 and 
recalculate. 

2.35.7.5.3.2.1.2 Because of hydraulic considerations check 
systen velocity. 

V= C.017) (AR) (SCP) 

If V >lO fps redesignate N - N + 1 and recalculate SCP and V. 
When V s 10 fps use the calculated SCP and N. 

where 

SCP - size of center pivot system, acres. 
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TA = treatment area, acres. 

N = nunber of center pivot systems. 

V = velocity in system, ft./see. 

AR = application rate, in/hr. 

2.89 = canbined constants and conversion factors. 

2.35.7.5.3.2.2 Determine size of header pipe. Assume each 
center pivot system takes flow fran header consecutively. 

CDIAHN = 0.832 [(N) (AR) (SCP)] Og5 

This gives the header size to the first unit. DLAHNmust be one 
of the following: 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24, 
30, 36, 42, 48 inches. Always use next higher pipe size. 

Set N = N - 1 and repeat the calculation. This gives the 
diameter of the header pipe between the first and second unit. 

Redesignate N 

where 

CDIAHN = 

N= 

AR = 

SCP - 

after each calculation until N = 0. 

diazneter of segments of header, inches. 

nmber of center pivot systems. 

application rate, in/hr. 

size of center pivot systan, acres. 

2.35.7.5.3.2.3 Deteonine length of segments of header pipe. 

LCDIAN = 235.5 (SW) 'OS 

Each segment of header pipe is approximately the same length and 
is essentially equal to the diameter of the center pivot system. 

where 

LCDIAN = length of segment of header pipe of diameter 
CDIAHN, ft. 

SCP - size of center pivot systan, acres. 

235.5 = canbined constants and conversion factors. 

2.35.7.5.4 Underdrain systen for groundwater control. 
Practical drainage systems for wastewater applications will be 
at depths of 4 to 8 ft and spaced 200 ft apart. The following 
assumptions will be made concerning the drainage system. 

2.35-88 



6" diameter perforated PVC pipe will be used. 
Spacing will be 200 ft. 
Depth of burial will be 4 to 8 ft. . 

LDP = [s+ 21 LTA 

where 

LDP - length of drain pipe, ft. 

LTA = length of one side of treatment area, ft. 

2.35.7.5.5 Land preparation. Unlike overland flow there is 
very little land forming required fo,r slow rate. The land will, 
however, require clearing and grubbing. 

For clearing and grubbing the areas will be classified in three 
categories: heavy, medium and light. Heavy refers to wooded 
areas with mature trees. Medium refers to spotted mature trees 
with nunerous small trees and bushes. Light refers to only 
small trees and bushes. The user must specify the type of 
clearing and grubbing required as well as the percent of the 
treatment area requiring clearing and grubbing. 

CAGH = PCACH (TA) 
100 

CAGM - PCACM (TA) 
100 

where 

cAa - PCAGL (TA) 
100 

CAGH = area which requires heavy clearing, acres. 

PCAGH = percentage of treatment area requiring heavy 
clearing, X. 

CAGM = area which requires medium clearing, acres. 

PCACM - percentage of treatment area requiring medium 
clearing, %. 

CACL - area which requires llght clearing, acres. 

PCAGL * percentage of treatment area requiring light 
clearing, X. 

TA = treatment area, acres. 
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2.35.7.5.6 Determine total land requirement. The land 
requirement will be different depending on which application 
method is used center pivot, or fixed sprinklers. 

2.35.7.5.6.1 Total treannent area. 

2.35.7.5.6.1.1 Center pivot. The actual treatment area for the 
center pivot system wilL be increased by 10% because there will 
be unwetted areas due to the circular configuration. 

TTA = (TM (1.1) 

where 

TTA = total treatment area, acres. 

TA = treatment area, acres. 

1.1 - factor for unwetted area. 

2.35.7.5.6.1.2 Buried solid set sprinklers. The treatment area ' 
will be increased by approximately 5X for service roads. 

TTA = (1.05) (TA) 

where 

TTA = total treatment area, acres. 

TA - treahnent area, acres. 

1.05 = factor for service roads. 

2.35.7.5.6.2 Area for storage lagoons. 

As = (1~2)4~;;; tLj2 
, 

where \ 

ASL = area for storage lagoons, acres. 

?U - nmber of lagoon cells. . 

L - length of one side of lagoon cell, ft. 

1.2 = additional area required for cross levee. 

2.35.7.5.6.3 Area for buffer zone. 

Assume: 

Buffer zone will be around entire treament area. 
Facility will be square. 
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0.5 
ABZ - 4 WBZ [ (43,560 TTA) + WBZ 1 

43,560 
. 

where 

ABZ = area required for buffer zone, acres. 

WBZ - width of buffer zone (must be input by user), ft. 

TTA - total treatment area, acres. 

2.35.7.5.6.4 Total land area 

TLA = TTA+ ASL+ ABZ 

where 

TLA,= total land area required, acres. 

TTA - total treatment area, acres. 

ASL = area required for storage lagoons, acres. 

ABZ = area required for buffer zone, acres. 

2.35.7.5.7 Calculate fencing required. 

LF - 834.8 (TLA)"'5 

where 

LF = length of fence required, ft. 

TLA= total land area required, acres. 

834.8 = combined conversion factors and constants. 

2.35.7.5.8 Calculate operation and maintenance manpower. 

2.35.7.5.8.1 Distribution systan. 

2.35.7.5.8.1.1 Solid set sprinklers. 

2.35.7.5.8.1.1.1 If TA560; 

OMMHD- 158.32 (TA) 
0.4217 

2.35.7.5.8.1.1.2 If TA>60; 

(lt$hWD - 26.73 (TA)ooa561 
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2.35.7.5.8.1.2 Center pivot. 

2.35.7.5.8.1.2.1 If TA5 100; 

OMMHD- 209.86 (TA)0*4467 

2.35.7.5.8.1.2.2 If TA X00; 

OMMKD= 32.77 (TA)0*8481 

where 

TA = treament area, acres. 

OM?lHD = O&M manpower for distribution systan, MH/yr. 

2.35.7.5.8.2 Underdrain system. 

2.35.7.5.8.2.1 If TAs80; 

oMMHu= 54.71 (TA)oD2414 

2.35.7.5.8.2.2 If TA>80; 

where 

OMMHU = 10.12 (TA)0*6255 

TA = treatment area, acres. 

OMMHti = O&M manpower for underdrain systm,'MH/yr. 

2.35.7.5.8.3 Monitoring wells. 

OMMHM = 6.39(NMW)(DMw)"'2760 

where 

OFWHY = operation and maintenance manpower for monitoring 
wells, MH/yr. 

NMW - number of monitoring wells. 

DMW - depth of monitoring wells, ft. 

2.35.7.5.9 Calculate 06Mmaterial costs. 

2.35.7.5.9.1 Distribution system. 

2.35.7.5.9.1.1 Solid set sprinklers. 

OM?IPD - 0.906 (TA)'"*0860 
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2.35.7.5.9.1.2 Center pivot. 

2.35.7.5.9.1.2.1 If TAs175; 

OMMPD = 1.06 (TA) 0.0696 

2.35.7.5.9.1.2.2 If TA>I75; 

OMMPD - 2.92 (TA) -0.1261 

where 

TX = treatment area, acres. 

OMMPD - O&M material cost as percent of construction 
cost of distribution system, X.. 

2.35c7.5.9.2 Monitoring wells. 

OMMPM- 2.28 (DMW)"'04g7 

where 

ON.MP?f = O&M material cost as percent of‘construction '- 
cost of monitoring wells. 

DMW - depth of monitor$ng wells, ft. 

2.35.7.5.9.3 Underdrain system. 

2.35.7.5.9.3.1 If TAL200; 

OKMPU = 14.13 (TA)-"*13g2 

2.35.7.5.9.3.2 If TA>200; 

OMMPU - 30.95 (TA) -0.2860 

where 

OMMPU = O&Mmaterial cost as percent of construction cost 
of underdrain system, X. 

TA - treatment area, acres. 

2.35.7.5.10 Other construction cost itans. The quantities ccmputed 
account for approximately 85% of the construction cost of the systems. 
Other miscellaneous costs such as connecting piping for lagoons, lagoon 
influent and effluent structures, miscellaneous concrete structures, 
etc., make up the additional 15%. 

1 CF - - 0.85 - 1.18 
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where 

CF = correction factor for other construction costs. 

2.35.7.6 

2.35.7.6$ 
VLEW, ft l 

2.35.7.6.2 

2.35.7.6.3 

2.35.7.6.4 

2.35.7.6.5 

2.35.7.6.6 

2.35.7.6.7 

2.35.7.6.8 

2.35.7.6.9 

2.35.7.6.10 

2.35.7.6.11 

2.35.7.6.12 

2.35.7.6.13 

Quantities Calculations Output Data. 

Volume of earthwork required for lagoon construction, 

Diameter of lateral pipes, DIAL, inches. 

Total length of lateral pipe, 'I'LL, ft. 

Dianeters of header pipes, DIAHN, inches. 

Length of header pipes of diaeters DIAHN, LDIAHN, ft. 

Nunber of butterfly valves, NBV. 

Diameter of butterfly valves, DBV, inches. 

Number of lateral valves, NLV. 

Dianeter of lateral valves, DLV, inches. 

Number of sprinklers, NS. 

Nmber of center pivot systems, N. 

Size of center pivot system, SCP, acres. 

Diameter of segments of header pipe,for center pivot, 
CD L4HN, inch es. 

2.35.7.6.14 Length of segment of header pipe of diameter CDUHN for 
center pivot, LCD&IN, ft. 

2.35.7.6.15 

2.35.7.6.16 

2.35.7.6.17 

2.35.7.6.18 

2.35.7.6.19 

2.35.7.6.20 

2.35.7.6.21 

2.35.7.6.22 

Length of drain pipe, LDP, ft. 

Area which requires heavy clearing, CAGH, acres. 

Area which requires medium clearing, CAGM, acres. 

Area which requires light clearing, CAGL, acres. 

Total land area required, TLA, acres. 

Length of fencing required, LF, ft. 

O&M manpower for distribution system, OMMHD, !%H/yr. 

O&Mmanpower for underdrain system, OMMHU, MH/yr. 
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2.35.7.6.23 O&M material costs as percent of construction cost of 
distribution system, OMMPD, %. 

2.35.7.6.24 O&Mmaterial costs as percent of construction cost of 
underdrain system, OMMPU, X. 

2.35.7.6.25 

2.35.7.7 

2.35.7.7.1 

2.35.7.7.2 

2.35.7.7.3 

2.35.7.7.4 

2.35.7.7.5 
wt. 

2.35.7.7.6 
$/acre. 

2.35.7.7.7 

2.35.7.8 

2.35.7.8.1 

Correction factor for other construction costs, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPXEX, $/cu yd. 

Cost of standard size pipe (12'P), COSP, $/ft. 

Cost of standard size valve (12"p butterfly), COSTSV, $. 

Cost per sprinkler, COSTEN, $. 

Unit price input for 6" PVC perforated drain pipe, UPXPP, 

Unit price input for heavy clearing and grubbing, UPICG, 

Unit price input for fence, UPIF, </ft. 

Cost Cdlculations. 

Cost of earthwork. 

COSTE = .v UPIEX 

where 

COSTE = cost of earthwork, $. 

VLJZW = vo 
5 

ume of earthwork required for lagoon construction, 
ft . 

UPIEX = unit price input for earthwork, $/cu yd. 

2.35.7.8.2 Cost of distribution systan for solid set sprinklers. 

2.35.7.8.2.1 Cost of header pipes. 

2.35.7.8.2.1.1 Calculate total installed cost of header pipe, 

TICHP = s ICHPN 

where 

TICHP = total installed cost of header pipes, $. 

ICHPN - installed cost of various size header pipes, $. 
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2.35.7.8.2.1.2 Calculate installed cost of each size header pipe. 

where 

ICHPN - COSTPN 
(LD=JJW 100 (COW) 

ICHPN = installed cost of various size header pipes, $. 

LDUHN = length of header pipes of size DIAHN, ft. 

COSTPN - cost of pipe of dianeter DIAHN as percent of cost 
of standard size pipe, X. 

COSP = cost of standard size pipe (12" diameter), $/ft. 

2.35.7.8.2.1.3 Calculate COSTPN. 

COSTPN - 6.842 (DIAHN)1'2255 

where 

COSTPN = cost of pipe of diameter DIAHN as percent of cost 
of standard size pipe, X. 

DUHN = dianeters of header pipes, inches. 

2.35.7.8.2.1.4 Determine COSP. COSP is the cost per foot of 12" 
diameter welded steel pipe. 
1977. 

This cost is $13.50 per foot 4th quarter, 

2.35.7.8.2.2 Cost of lateral pipes. 

2.35.?.8 .2.2.1 Calculate total installed cost of lateral pipe. 

TICLP - (TLL) w (COSP) 

where 

TICLP - total installed cost of lateral pipe, $. 

TLL = total. length of lateral pipe. 

COST? - cost of pipe of dianeter DIAL as percent of cost 
of standard size pipe, X. 

COSP - cost of standard size pipe (12" dimeter), $/ft. 

2.35.7.8.2.2.2 Calculate COSTP. 

COSTP = 6.842 (DIAL)1'2255 

where 

COSTP - cost of pipe of dimeter DIAL as percent of cost 
of standard size pipe, X. 
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DIAL = diameter of Lateral pipes, inches. 

2.35.7.8.2.2.3 Determine COSP. COSP is the cost per foot of 12” di;eter 
welded steel pipe. This cost is $13.50 per foot in 4th quarter, . 

2.35.7.8.2.3 Calculate cost of butterfly valves. 

2.35.7.8.2.3.1 Calculate installed cost of butterfly valves. ' 
cosmv - (COSTRV) (COSTSV) (NBV) 

100 
where 

COSTBV - installed cost of butterfly valves, $. 

COSTRV - cost of butterfly valve of size DBV as percent of 
standard size valve, %. \ 

COSTSV = cost of standard size valve, $. 

NBV = nunber of butterfly valves. 

2.35.7.8.2.3.2 Calculate COSTRV. 
1.395 

COSTRV - 3.99 (DSV) I 

where 

COSTRV = cost of butterfly valve of size DBV as percent of 
standard size valve, X. 

DBV - diameter of butterfly valves, inches. 

2.35.7.8.2.3.3 Determine COSTSV. COSTSV is the cost of a 12” b butterfly 
valve suitable for water service. This cost is $1,004 for 4th quarter, 
1977. 

2.35.7.8.2.4 CaLculate cost of lateral valves. 

2.35.7.8.2.4.1 Calculate instaLLed cost of lateral valves. 
cosTLv II (COSTRL) (COSTSV) (WLV) 

100 
where 

COSTLV = installed cost of lateral valves, $. 

COSTRL = c&t of lateral valve of size DLV as percent of 
cost of standard size valve, X. 

COSTSV = cost of standard size valve (12" b butterfly), $. 

NLV - nunber of lateral valves. 

2.35.7.8.2.4.2 Calculate COSTRL. 

COSTRL = 15.33 (DLV)1'053 
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where 

COSTRL - cost of lateral valve of size DLV as percent of 
cost of standard size valve, 'x;. 

DLV = diazneter of lateral valves, inches. 

2.35.7.8.2.4.3 Detemine COSTSV. COSTSV is the cost of a 12" b 
butterfly valve suitable for water service. This cost is $1004 
for the 4th quarter of 1977. 

2.35.7.8.2.5 Calculate cost of sprinklers. 

2.35.7.8.2.5.1 Calculate installed cost of sprinklers. 

COSTS - 1.2 (NS) COSTEN 

COSTS = installed cost of sprinklers, $. 

NS = nunber of sprinklers. 

COSTEN = cost per sprinkler, $. 

1.2 - 20% for cost of installation. 

2.35.7.8.2.5.2 Determine COSTEN. COSTEN is the cost of an 
impact type rotary pop-up, full circle sprinkler with a flow 
fran 6 to 15 gpm. This cost is $65.00 for the 4th quarter of 
1977. 

COSTEN = $65.00 

For better cost estimation, COSTEN should be obtained fran an 
equipment vendor and treated as a unit price input. Otherwise, 
for future escalation, the equipment cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 

where 

MSECI COSTEN =,$65.00 518 
. 

MSECI - current Marshall and Swift Equipment Cost Index. 

518.4 - Harshall and Swift Equipment Cost Index 4th 
quarter of 1977. 

2.35.7.8.2.6 Calculate total cost of distribution system for 
solid set sprinklers. 

TCDSS - TICHP + TICLP + COSTBV + COSTLV + COSTS 

where 
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TCDSS = total cost of distribution systan, $. 

TICHP - total installed cost of header pipes, $. 

TICLP = total installed cost of lateral pipes, $. 

COSTBV = installed cost of butterfly valves, $. 

COSTLV - installed cost of lateral valves, $. 

COSTS = installed cost of sprinklers, $. 

2.35.7.8.3 Cost of distribution system for center pivot 
systell. 

2.35.7.8.3.1 Cost of center pivot ,systgas. 

2.35.7.8.3.1.1 Calculate cost of center pivot systems. 

(.OSTCP 31 (N) (COSTRC) (cocp) 
100 

where 

COSTCP = total cost of center pivot system, $. 

N = nunber of center pivot systems required. 

COSTRC - cost of center pivot system of size SCP as percent 
of standard size system, %. 

COCP = cost of standard size system (200 acres), $. 

2.35.7.8.3.1.2 Calculate COSTRC. 

COSTRC - 12.25 (SCP)“*455g 

where 

COSTRC - ccst of center pivot system of size SCP as percent 
of standard size system, X. 

SCP = size of center pivot systan, acres. 

2.35.7.8.3.1.3 Determine COCP. COCP is the cost of a center 
pivot sprinkler system capable of irrigating 200 acres. The 

cost is $29,200 for the 4th quarter of 1977. 

COCP - $29,200 

For better cost estimation, COCP should be obtained fran an 
equipment vendor and treated as a unit price input. Otherwise, 
for future escalation, the equipment cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 
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COSTCP = $29,200 E . 

where 

XSECI - current Marshall and Swift Equipment Cost Index. 

518.4 = Marshall and Swift Cost Index 4th quarter of 1977. 

2.35.7.8.3.2 Cost of header pipe for center pivot. 

2.35.7.8.3.2.1 Total cost header pipe. 

TCHPC - > CHPCN 

where 

TCHPC = total cost header pipe for center pivot, $. 

CHPCN - cost of various size header pipe for center pivot, 
$8 

2.35.7.8.3.2.2 Calculate cost of each size header pipe. 

CHPCN r (LCDIAN) (COSTPN) (COSP) 
100 

where 

CHPCN = installed cost of various size header pipe, $. 

LCDL4N = length of header pipes of diameter CDUHN, ft. 

COSTPN = cost of pipe of diameter CDIAHN as percent of cost 
of standard size pipe, X. 

COSP = cost of standard size pipe (12" dimeter), $/ft. 

2.35.7.8.3.2.3 Calculate COSTPN. 

COSTPN = 6.%42 (CDIAHN)1*2255 

where 

COSTE'N = cost of pipe of diameter CDUHN as percent of cost 
of standard size pipe, X. 

CDIAHN - dimeter of segments of header pipe, inches. 

2.35.7.8.3.2.4 Determine COSP. COSP is the cost per foot of 12" 
dimeter welded steel pipe. This cost is $13.50 per foot In 4th 
quarter of 1977. 

2.35.7.8.3.3 Calculate total cost of distribution system for 
center systm. 
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TCDCP - COSTCP + TCHPC 

where 

TCDCP = total cost of distribution system for center pivot 
systan, $6 . 

COSTCP = cost of center pivot systems, $. 

TCHPC = total cost of header pipe for center pivot, $. 

2.35.7.8.4 Cost of underdrain system. 

cosTu - (LDP)(UPIPP)(l.l) 

where 

COSTU = cost of underdrain systan, $. 

LDP = length of drain pipe, ft. 

UPIPP = unit price input for 6" PVC perforated drain pipe, 
wt. 

1.1 = 10% adjustment for trenching and backfilling. 

2.35.7.8.5 Calculate cost of clearing and grubbing. 

COSTCG - (CAGH + 0.306 CAGM+ 0.092 CAGL) UPICG 1 

where 

COSTCG = cost for clearing and grubbing site, $. 

CAGH = area which requires heavy clearing, acres. 

CAM = area which requires medium clearing, acres. 

CAGH = area which requires light clearing, acres. 

UPICG - unit price input for heavy clearing and grubbing 
$/acres. 

2.35.7.8.6 Calculate cost of fencing. 

COSTF = (LF) (UPIF) 

where 

COSTF = installed cost of fencing, $. 
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LF = length of fencing required,ft. 

UPIF = unit price input for fencing, $/ft. 

2.35.7.8.7 Cost of monitoring wells and pumps. 

2.35.7.8.7.1 Calculate cost of wells. 

2.35.7.8.7.1.1 Calculate COST%. 

cosm = (RMWC)(DMW)(XMW)(COSP) 

where 

COSTM = cost of monitoring wells, $. 

RMWC * cost of well as fraction of cost of standard 
pipe. 

DYW = depth of monitoring wells, ft. 

NMW = nunber of monitoring wells. 

COSP = cost of standard size pipe (12" welded steel), $/ft. 

2.35.7.8.7.1.2 Calculate RMWC. 

RMWC = 160.4 (DMW)-"*7033 

where 

RXWC = cost of well as fraction of cost of standard pipe. 

DXW = depth of monitoring wells, ft. 

2.35.7.8.7.1.3 Determine COSP. 

COSP is the cost per foot of 12"D welded steel 
pipe. This cost in first quarter'of 1977 is $13,50/ft. For the 
best cost estimate COSTSP should be a current price input from a 
vendor, however, if this is not done the cost will be updated 
using the Marshall and Swift Equipment Cost Index. 

COSP MSECI - $13.50 491.6 

where 

COSP = cost of standard size pipe (12"p welded steel), 
S/ft. 

MSECi - current Marshall and Swift Equipment Cost Index. 

2.35.7.8.7.2 Calculate c&t of pumps for monitoring wells; 
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2.35.7.3.7.2.1 Calculate COS'IMP. 

COSZMP = (COSTPS)(MWPR)(NMW) 

where 

COSTHP = cost of pumps for monitoring wells, $. 

COSTPS = cost of standard size pump (3000 gpm), $. 

MWPR - cost of well pump as fraction of cost of 
standard pump. 

NMW - nunber of monitoring wells. 

' 2.35.7.8.7.2.2 Calculate MWPR. 

MWPR = 0.0551 (DMW)"'658 

where 

MWPR = cost of well pump as fraction of cost of 
standard size pump. 

DMW - depth of monitoring wells, ft. 

2.35.7.8.7.2.3 Determine COSTPS. 

COSTPS is the cost of a 3000 gpn pump. The cost 
is $17,250 for the first quarter of 1977. For the best cost 
estimate the user should input a current value of COSTPS, 
however, if this is not done the cost will be updated using the 
Marshal.1 and Swift Equipment Cost Index. 

COSTPS = $17,250 m . 

where 

COSTPS = cost of standard size pump (3000 gpm), $. 

MSECI - current Marshal1 and Swift Equipment Cost 
Index. 

2.35.7.8.7.3 Calculate total cost of monitoring wells. 

cosmw = COSTM + COS-IHP 

where 

COSTMW - total cost of monitoring wells, $. 
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COSlM - cost of monitoring wells, $. 

COS?xP = cost of pumps for monitoring wells, $. 

2.35.7.8.8 Calculate O&Mmaterial costs. 

OMYC = (0mpD) (Tc~ss)+ (om) (T~D~P)+~MMPu(cosT~)+oMMP~~~~s~w) 
100 

where 

OMXC - total 0bMmateria.l cost, $. 

OMMPD - O&M material cost for distribution systen as 
percent of construction cost for distribution 
syst=, $0 

TCDSS = total cost of distribution systan for solid set 
sprinklers, $. 

OMXPM= O&M material cost for monitoring well as percent 
of construction cost of monitoring well, X. 

cosFfw = total cost of monitoring wells, $. 

TCDCP- total cost of distribution systen for center 
pivot, $. 

OMMPU = O&M material cost for underdrain systen as percent 
of construction cost of underdrain systan, $. 

COSTU = cost of underdrain system, $. 

2.35.7.8.9 Total bare construction cost. 

TBCCSR = (l.~8)(TCDSScTCDCP+COSTU+COSTEtCOSTCC+COSTF+COS'MW) 

where 

TBCCSR = total bare construct& cost for slow rate land 
treatment, $. 

TCDSS - total cost of distribution system for solid set 
sprinklers, $. 

TCDCP = total cost of distribution system for center pivot, 
$0 

COSTU = cost of underdrain systan, $. 

COSTE = cost of earthwork, $. 

COSTCG - cost of clearing and grubbing, $. , 
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2.35.7.9 cost Calculations Output Data. 

2.35.7.9.1 Total bare construction cost for slow rate land 
treatment, TBCCSR, $. 

2.35.7.9.2 O&Mmaterial cost, OMMC, $. 
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2.36 TWO-STAGE LIME TREATMENT 

2.36.1 Background. 

2.36.1.1 Two-Stage treatment systems are used for phosphorus 
removal fraa wastewaters. In principle, for a two-stage system, 
sufficient lime is added to the wastewater in the first stage to 
raise the pH to above 11. At this pH precipitation of hydroxy- 
apatite, calcium carbonate, and magnesium hydroxide takes place. 
Carbon dioxide is then added following the first-stage clarifier 
to reduce the pH to a value of 9.5-10, where calcium carbonate 
precipitation results. The sludge, which is mainly CaC03, is 
then separated in a clarifier and the pH of the wastewater is 
adjusted to around 7 for further treatment or final disposal. A 
flow diagram of a two-stage lime treatment system is presented in 
Figure 2.36-l. 

2.36.1.2 The design of a two-stage lime treatment systen will be 
a canbination of (1) chemical coagulation-precipitation basin 
using lime as a coagulate; (2) a priroary recarbonation stage; (3) 
a clarifier designed as a primary clarifier; and (4) a secondary 
recarbonation stage. 

2.36.2 Input Data. 

2.36.2.1 Chemical Coagulation. 

2.36.2.1.1 

2.36.2.1.1.1 

2.36.2.1.1.2 

2.36.2.1.2 

2.36.2.1.2.1 

2.36.2.1.2.2 

2.36.2.1.2.3 

2.36.2.1.2.4 

2.36.2.1.2.5 

2.36.2.1.2.6 

2.36.2.2 

2.36.2.2.1 

Wastewater flow, mgd. 

Average daily flow, mgd. 

Variation in flow, mgd. 

Wastewater characteristics. 

BOD, total and soluble, mg/l. 

COD, total and soluble, mg/l. 

Phosphorus, mg/l. 

Suspended solids, mg/l. 

PH. 

Alkalinity, mg/l. 

Prknary Clarifier. 

Wastewater pflow. 
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2.36.2.2.1.1 

2.36.2.2.1.2 

2.36.2.2.2 

2.36.2.2.2.1 

2.36.2.2.2.2 

2e36.2.3 

2.36.2.3.1 

2.36.2.3.1.1 

2.36.2.3.1.2 

2.36.2.3.2 

2.36.2.3.2.1 

2.36.2.3.2.2 

2.36.2.3.2.3 

2.36.2.3.3 

2.36.2.4 

2.36.2.4.1 

2.36.2.4.1.1 

2.36.2.4.1.2 

2.36.2.4.2 

2.36.2.4.3 

2.36.3 

2.36.3.1 

2.36.3.1.1 

2.36.3.1.2 

2.36.3.1.3 

2.36.3.1.4 

Average flow, mgd. 

z Peak flow, mgd. 

Wastewater characteristics. 

Suspended solids, mg/l. 

Volatile suspended solids, percent. 

Recarbonation. 

Wastewater flow. 

Average flow. 

Peak flow. 

Wastewater characteristics. 

Alkalinity. 

Hydroxide alkalinity, mg/l as CaC03. 

Carbonate alkalinity, mg/l as CaC03. 

PH. 

Primary Clarifier. 

Wastewater flow. 

Average flow, mgd. 

Peak hourly flow, mgd. 

Suspended solids, mg/l. 
\ 

Volatile suspended solids, percent. 

Design Parameters 

Chanical Coagulation. 

Desired quality of treated effluent, mg/l. 

Coagulant dosage, mg/l (jar testj. 

Detention time of rapid mix basin (1-3 min). 

Detention time of flocculator basin (15-60 min). 

2.3&2 



/ 

2.36.3.2 Primary Clarifier. 

2.36.3.2.1 Overflow rate, gpd/ft2e (Tables 2.36-l and 2.36- 
2). 

2.36.3.2.2 Detention time, hr. (Table 2.36-2). 

2.36.3.2.3 Specific gravity of sludge (Table 2.36-3). 

2.36.3.2.4 Solids content of underflow, percent (4 to 6 
percent). 

2.36.3.2.5 Renoval efficienty of suspended solids, percent. 
(Figure 2.36-l). 

2.36.3.2.6 Weir loading, gpd/ft ilO,OOO to 15,000 gpd/ft.) 

2.36.3.3 Recarbonation. 

2.36.3.3.1 Contact the, min (1430). 

2.36.3.3.2 Carbon dioxide dose, lb/million gal. 

2.36.3.3.3 Desired effluent pH. 

2.36.3.4 Primary Clarifier. 

2.36.3.4.1 Overflow rate, gpd/ft2* (Tables 2.3&l and 2.36- 
2). 

2.36.3.4.2 Detention the, hr. (Table 2.36-2). 

2.36.3.4.3 Specific gravity of sludge. (Table 2.36-3). 

2.36.3.4.4 Solids content of underflow, percent (4 to 6 
percent). 

2.36.3.4.5 Removal efficiency of suspended sol ids, percent 
(Figure 2.36-l). 

2.36.3.4.6 Weir loading, gpd/ft (10,000 to 15,000 gpd/ft). 

2.36.4 Process Design Calculations. 

2.36.4.1 Chemical Coagulation. 

2.36.4.1.1 Calculate coagulant requirements. 

CR = (CD) (Q,,) (8.34) 
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where 

CR = coagulant requirements, lb/day. 

CD = coagulant dosage, mg/l. 

Q avg .= average daily flow, mgd. 

2.36.4.1.2 Calculate volume of flash mixing basin. 

(Q ) (DTW W+) 
VFM= ' 

1440 
where 

VFM = volume of flash mix basih, gal. 

B - peak flow, mgd. 

DTFM - detention time of flash mixer, min (l-3 min). 

2.36.4.1.3 Calculate voluan of flocculator basin. 

(Q ) (DTFL)(l& 
VFL= p 

1440 

where 

VFL - volume of flocculator basin, gal. 

. B = peak flow, mgd. 

UTFL = detention time of flocculator basin, min 
(U-60 min). 

2.36.4.2 Prhnary Clarifier. 

2.36.4.2.1 Select an overflow rate by using Table 2.3&l or 
by laboratory methods and calculate surface area: 

where 

SA m Qp x lo 
6 

OFR 

SA- surface area, ft2. 

B = peak flow, mgd. 

OFR = overflow rate, gal/ft2/day. 
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2.36.4.2.2 Select detention time and calculate volme (Table 
2.362). 

v- (Q,,) (t) x -y& x & x lo6 
where 

V = volume of tank, ft 3 . 

Q w 
= average flow, mgd. 

t =I time, hr. 

2.36.4.2.3 CaLcuLate side water depths. 

where 

SWD - side water depth, ft. 

V = volume, ft3. 
. 

SA = surface area, ft2. 

2.36.4.2.4 Check solids loading rate: 

where 

ST.,Ii - solids loading rate, Lb/ft2/day. 

Q w3 
= average flow,mgd. 

SSI = influent solids concentration, mg/l. 

SA = surface area, ft2. 

2.36.4.2.5 Select weir Loading rate and calculate weir 
Length. 

where 

WL - weir Length, ft. 

B 
= peak flow, mgd. 

WLR = weir Loading rate, gal/ft/day. 
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2.36.4.2.6 Detersine percentage of suspended solids removed 
frcro Figure 2.36-l. 

2.35.4.2.7 Calculate amount of primary sludge produced. 

PSP = (Qavg)(SSI)(SSR)(ld2)(8.34) 

where 

PSP = primary sludge produced, lb/day. 

Q avg - average flow, mgd. 

SSI = influent solids concentration, mg/l (50 to 60 
percent for municipal systans). 

SSR - suspended solids removed, percent. 

2.36.4.2.8 Select underflow concentration (3 to 6 percent) 
and sludge specific gravity and calculate the volme flow of 
pri-nary sludge produced. 

VPSP = PSP(100) 
(specific gravity)(UC)(8.34) 

where 

VPSP = volume flow of primary sludge produced, gal/day. 

PSP = primary sludge produced, gal/day. 

UC h underflow concentration (3 to 6 percent). 

2.36.4.3 Recarbonation (1st stage). 

2.36.4.3.1 Calculate tank volume. 

vAd 
24(60) 

where 

V= tank volume, gal. 

Q = wastewater flow, mgd. 

t - contact time, min (15-30). 

2.36.4.3.2 Calculate CO2 requiranent. Assume pH to be 
adjusted to 9.3, 

co2 = (3.7)(OH-)(Q)/0.116/1440 
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Table 2.36-l. Recanmended SurfaceLoading Rates 
for Various Suspensions 

Suspension 

Untreated Was tewater 

Al- floca 

Iron floca 

Lime floca 

Loading Rate;qpd/ ft' 
Range Peak Flow 

600 to 1200 1200 

360 to 600 600 

540 to 800 800 

540 to 1200 1200 \ I 

aMixed with the settleable suspended solids in the untreated wastewater 
and colloidal or other suspended solids swept out by the floe. 

Table 2.3&2. Detention Times for Various 
SurfaceLoading Rates and Tank Depths 

SurfaceLoading 7- ft 
Detention Time, hr. 

&ft - IO-ft 12-ft - 
Rate, gpd/ ft2 Depth Depth Depth 

400 3.2 3.6 4.5 5.4 
600 2.1 2.4 3.0 3.6 
800 1.6 1.8 2.25 2.7 

1000 1.25 1.4 1.8 2.2 

Table 2.36-3. Specific Gravity of Raw Sludge 
Produced frau Various Types of Sewage 

Type of Strength Specific 
Sewerage System of Sewage Gravity 

Sanitary 
Sanitary 
Canbined 
Canbined 

Weak 
Medium 
Medium 
Strong 

1.02 
1.03 
1.05 
1.07 

2.36-7 



8 
i 
0 lo 
Ef 
0 4 
z 

aw 

2 

a 

0 a 
l 

\ 

0 MEDIAN LINE OMlTTlNG 
LESS THAN 35% AND OVERFLO* 
RATES LESS THAN 300 GPO/30 f f 

I 

1 I:* So0 1000 
OVERFLOW RATE. G: 

I 
LEGEND 

0 RECTANGULAR TANKS 

o CIRCULAR TANKS 

-I- 
/ 

0 

I  

h 

0 
\  

0 

\ 

La 

l ’ 

---?I%- . 
0 2 
ISO FT 

Flgme 2.36-2. Suspended solids removel versus overflow rate 
for secondary clarifiers. : , 



where 

3.7 = stochiauetric value to convert hydroxide to 
carbonate. 

OHI = hydroxide alkalinity, mg/l as CaC03. 

Q = wastewater flow, mgd. 

0.116 = density of CO*, lb/ft3. 

1440 * min/day. 

2.36.4.4 Primary Clarifier 

2.36.4.4.1 Select an overflow ra‘te by using Table 2.36-l or by 
laboratory methods and calculate surface area. 

SA s Q, x lo 
6 

OFR 
where 

SA - 

OFR * 

2.36.4.4.2 
2). 

peak flow, mgd. - 

overflow rate, gal/f t2/day. 

Select detention time and calculate volume (Table 2.36- 

V- (Q,,) W x L x 7.48 kx lo6 

where 

V= volume of tank, ft3. 

Q avg = 

t = 

2.36.4.4.3 

where 

SWD = 

V= 

SA = 

surface area, ft2. 

average flow, mgd. 

time, hr. 

Calculate side water depth. 

side water depth, ft. 

volume, ft3. 

surface area, ft2. 
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2.36.4.4.4 Check solid loading rate. 

SLR * 
GA) 

where 

!SLR = solid loading rate, lb/ft2/day. 

Q avg 
- average flow, mgd. 

SSI - influent solids concentration, mg/l. 

SA - surface area, ft2. 

2.36.4.4.5 Select weir loading rate and calculate weir length. 

where 

WL = weir length, ft. 

B 
= peak flow, mgd. 

WLR = weir loading rate, gal/ft/day. 

2.36.4.4.6 Determine percentage of suspended solids renoved from 
Figure 2.36-l. 

produced. 2.36.4.4.7 Calculate amount of primary sludge 

PSP - (Qavg)(SSI)SSR)(10-2) (8.34) 

where 

PSP - primary sludge produced, lb/day. 

Q avg = average flow, mgd. 

SSI = influent solids concentration, mg/l (50 to 60 
percent for municipal systems). 

SSR - suspended solids renoved, percent. 

2.36.4.4.8 Select underflow concentration (3 to 6 percent) and 
sludge specific gravity (Table 2.36-31, and calculate the volume flow of 
primary sludge produced. 

VPSP= PSP(lO0) 
(specific gravityj(UC) (8.343 

where 
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VPSP = volume flow or primary sludge produced, gal/day. 

PSP = primary sludge produced, gal/day. 

UC = underflow concentration (3 to 6 percent). 

2.36.4.5 Recarbonation (2nd stage). 

2.36.4.5.1 Calculate tank volume. 

,,d 
24(60) 

where 

V = volume, gal. 

Q = wastewater flow, mgd. 

t = contact time, min (lr30 min). 

2.36.4.5.2 
7.0. 

Calculate CO2 requirement. Assuae pH to be adjusted to 

co2 - 3.7(CO; + OH-)(Q)/O.l16/1440 

where 

3.7 = stochianetric value to convert hydroxide to 
carbonate. 

OH- = hydroxide alkalinity, mg/l as CaC03. 

Q = wastewater flow, mgd. 

0.116 - density of CO2, lb/ft3. 
\ 

1440 * midday. 

2.36.5 Process Design Output Data. 

2.36.5.1 Chemical Coagulation. 

2.36.5.1.1 Coagulant dosage, mg/l. 

2.36.5.1.2 Optimum pH. 

2.36.5.1.3 Rapid mix detention time, min. 

2.36.5.1.4 Flocculator detention time, min. 

2.36.5.1.5 Coagulant requirement, lb/day. 
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2.36.5.1.6 

2.36.5.1.7 

2.36.5.2 

2.36.5.2.1 

2.36.5.2.2 

2.36.5.2.3 

2.36.5.2.4 

2.36.5.2.5 

2.36.5.2.6 

2.36.5.2.7 

2.36.5.2.8 

2.36.5.2.9 

2.36.5.3 

2.36.5.3.1 

2.36.5.3.2 

2.36.5.3.3 

2.36.5.3.4 

2.36.5.4 

2.36.5.4.1 

2.36.5.4.2 

2.36.5.4.3 

2.36.5.4.4 

2.36.5.4.5 

2.36.5.4.6 

2.36.5.4.7 

2.36.5.4.8 

2.36.5.4.9 

Volme of flash mix basin, gal. 

Volme of flocculator basin, gal. 

Clarifier. 

Overflow rate, gal/day ft2. 

Surface are,a, ft2. 

Side water depth, ft. 

Detention time, hr. 

Solid loading, lb/ft2/day. \ 

Weir loading, gal/ft/day. a_ 

Weir length, ft. 

Volume of sludge produced, gal/day. 

Suspended solids ramoval, percent. 

Recarbonation unit, (1st stage). 

Volume of tank, million gal. 

Carbon dioxide requiranent, cfm/mgd. 

Final pH. 

Contact ttie, min. 

Clarifier. 

Overflow rate, gal/day/ft2. 

Surface area, ft2. 

Side water depth, ft. 

Detention time, hr. 

Solid loading, lb/ft'/day. 

Weir loading, gal/ft/daye 

Weir length, ft. 

Volume of sludge produced, gal/day. 

Suspended solids renoval, percent. 
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2.36.5.5 Recarbonation unit (2nd stage). 

2.36.5.5.1 Volume of tank, million gal. 

2.36.5.5.2 Carbon dioxide requirement, cfm/mgd. 

2.36.5.5.3 Final PH. 

2.36.5.5.4 Contact time, min. 

2.36.6 

2.36.6.1 

Quantities Calculations. 

Operation and Maintenance Labor. 

OMMH - 2,683 (Q)om46 

OMNH = annual operation and maintenance manpower, MR. 

Q = average daily wastewater flow, mgd. 

2.36.7 Quantities calculations output data. 

2.36.7.1 

2.36.8 

2.36.8.1 

Annual operation and maintenance manpower, MH. 

Cost Calculation 

Total bare construction costs. 

TBCC - 294,457 + 30,075 (Q) 

where 

TBCC = total bare construction costs, $. 

Q = average daily wastewater flow, mgd. 

2.36.8.2 OdrMmaterial and sipply costs. 

OMMC - 1,824 (Q)Oo6' 

where 

OMMC = O&M material and supply costs, $/yr. 

Q = average daily wastewater flow, mgd. 

2.36.9 Cost Calculations Output Data. 

2.36.9.1 Total bare construction cost, TBCC, $. 

2.36.9.2 O&M material a&i supply costs, $/yr. 
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2.37 MICRUSCREXNING 

2.37.1 Background. Microscreening is a method of removing 
suspended solids fran water utilizing a rotating drun covered 
with a screen having 20 to 40 micron openings. The water flows 
into the drun and out through the screen. As the drun rotates, 
backwash jets remove the collected solids frau the screen. The 
backwash water is usually product water. The dirty backwash 
which is about 3 to 5 percent of the applied flow is collected 
and returned to the front of the treatient pl3nt. The wastewater 
application rate is said to be 5 to 10 gpm/ft of the submerged 
screen area. The rotational speed can be varied with the flow 
utilizing level detection equipment which will send a signal to a 
speed controller. The higher the flow, the faster the speed 
would be. Experience with wastewater'indicates slime growth couLd 
be a problem. To minimize this, one manufacturer ut.iLizes. _, 
ultraviolet lights. Another method is to periodically wash the 
screen with a hypochlorite solution, drain the tanks and the- 
roughly clean the screen with a backwash. Grease accunulation s 
has also been a problem and a hosing with hot water has been used 
to minimize this. Wastewater flow through the microscreen device 
should be by gravity since punping will break the suspended 
solids into smaller sizes and hinder renoval. If ptznping is 
required, it should be on the downstream side of the unit. The 
backwash should be pumped with about 50 psig at the unit. The 
dirty backwash would be collected, transported to a wet well and 
pumped to the front of the plant. The largest unit available in 
a standard size is 10 ft. in diameter and 16 ft. long; however, 
vendors state that larger sizes are available which would be 
custan built on special order. The suspended solids removal 
efficiency is 50 to 90X. 

2.37.2 Input Data. 

2.37.2.1 Wastewater flow, average daily, mgd 

2.37.2.2 Peak wastewater flow, mgd 

2.37.2.3 InfLuent suspended soLids, mg/L 

2.37.2.4 Influent BOD5, mg/l 

2.37.2.5 Microscreen hydraulic loading, gpm/ft2 (optional) 

2.37.3 Design Paraneters. 

2.37.3.1 Microscreen hydraulic loading rate, 2.5 - 10 gpm/ft2 

2.37.3.2 Suspended solids removal efficiency, 50190% 
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2.37.3.3 BOD removal efficiency, 40-702 

2.37.3.4 Wash water quantity as percent of Q,,,, 3-5X, 

2.37.3.5 Fabric aperture, 23=35 micron 

2.37.4 Process Design Calculations. 

2.37.4.1 Calculate area of mlcroscreen required 

% 
plooo& 

1.44 Vs 

where 

As 
- area of microscreens, ft2 

Qp = Peak flow rate, mgd 

Vs = Microscreen loading rate, gpm/ft2, 4 gpm/ft2 is 
the default value suggested 

2.37.4.2 Effluent Characteristics. 

2.37.4.2.1 BOD. 

BODE = (BODI)(l - 3) 

'e = BODS 

If BODE < Se, Set BODE = Se 

where 

BODE = 

BODI - 

se = 

BODR - 

BODS - 

2.37.4.2.2 

where 

CODE = 

CODI = 

effluent BOD5 concentration, mg/l. 

influent BOD5 concentration, mg/l. 

effluent BOD5 concent?ation, mg/l. 

BOD5 ranoval rate, X. 

influent BOD5 concentration, mg/l. 

COD. 

CODE = COD1 (1 - +) 

effluent COD concentration, mg/l. 

influent COD concentration, mgll. 
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CODR = COD ranoval rate, %. 

2.37.4.2.8 Nitrogen. 

TKNE * (TKN) (1 - F) 

NE3E = NH3 
N03E = NO3 
N02E - NO2 

where 

TKNE = effluent Kjedahl 

TKN 7 influent Kjedahl 

TKNR - Kjedahl nitrogen 

NH3E - effluent ammonia 

NH3 = influent ammonia 

nitrogen concentration, mg/l. 

nitroger; concentration, mg/l. 

removal rate, X. 

nitrogen concentration, mg/l. 

nitrogen concentration, mg/l. 

N03E = effluent NO3 concentration, mg/l. 

NO3 = influent NO3 concentration, mg/l. 

N02E = effluent NO2 concentration, mg/l. 

NO2 = influent NO2 concentration, mg/l. 

2.37.4.2.4 Suspended Solids. 

SSE - SSI (1 - +g, 

where 

SSE - effluent suspended solids concentration, mg/l. 

SSI = influent suspended solids concentration, mg/l. 

SSR = suspended solids renoval rate, mg/'l. 

2.37.4.2.5 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 
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2.37.4.2.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - effluent settleable solids concentration; rnd 1. 

2.37.4.3 Wash Water Pumping Rate. It is shown that approxi- 
mately 3-5% of the flow processed through miscroscreen will have 
to be used for backwashing the screen. However, the firm pump 
capacity of the wash water systan can be as high as 15% of the 
processed flow. Thus, the pump capacity is estimated to be: 

B umP 
= 0.15 x Q avg. 

where 

Q PumP 
= Wash water pump capacity, mgd 

2.37.5 

2.37.5.1 

2.37.5.2 

2.37.5.3 

2.37.5.4 

2.37.5.5 

2.37.5.6 

2.37.6 

2.37.6.1 

Process Design Output Data. 

Microscreen area requirenent, As, ft2 

Effluent BOD concentration, BODE, mg/l 

Effluent suspended solids concentration, SSE, mg/l 

Wash water pump capacity, mgd 

Effluent COD concentration, CODE, mg/l. 

Effluent oil and grease concentration, OACE, mg/l. 

Quantities Calculations. 

Selection of nunber of microscreen to be installed. 
The following table will be utilized in the section of nunber of 
units to be installed: 

Q avg (mgd) 
. 

Kumber of Unit, X'U 

0.5- 1.0 2 
1.01 4.0 3 
4.0- 8.0 4 
8.01 15.0 8 

15.0- 30.0 15 
30.01 50.0 25 
50.0- 100.0 55 
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When Q Ls larger than 100 mgd, several batteries of 
microscreens %l be used. See next section for details. 

2.37.6.2 Selection of nunber of screens and nunber of batte 
ries of screens when Q, is larger than 100 mgd. It is 
general practice in des@ ning larger sewer treatment plants 
that several batteries of screens, instead of a single group of 
tanks, are used. This is due to land area availability and 
certain hydraulic limitations. To simplify the modeling 
process, the following rules will be used: 

2.37.6.2.1 When Q g 100 mgd, only one battery of micro- 
screens will be used. av$hus 

NB=1 

where 
. 

NB - nuuber of batteries of units 

2.37.6.2.2 When lOO< Q 5, 200 mgd, the systa! will be 
designed as two identical b%@eries of microscreens. Each 
battery would handle half of the wastewater. The nunber of 
screens in each battery would be selected according to the 
rules established in subsection (a) by using half the design 
flow as Q avg' Thus 

NB=2 

2.37.6.2.3 men Q, > 200 mgd, the design will be 
performed to use three batteries of screens, each handling 
one-third of the wastewater. Thus 

NB=3 

2.37.6.3 Sizing individual microscreens: The screen 
area of each individual microscreen can be calculated by 
using 

where 

ASI = Surface area of each microscreen, sq.ft. 

AS = Area of microscreen required, sq.ft. 

NB - Number of battery 

NU - Number of units in each battery 
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The following table lists the canmercially available 
sizes of microscreens. 

Drun Sizes ft 

Dian. Width Screen Area ft2 

4 2 24 
4 4 48 
6 4 72 
6 6 108 
6 8 144 

10 10 315 

AS1 should conform with one of the sizes canmercially 
available. 

2.37.6.4 Calculate installed concrete requiranent 

when ASS 2820 ft2 

v cw = 2.5 A o*6g 
S 

when As > 2820 

V 
cw - 0.213 x A 

S 

where 

V cw = Reinforced concrete wall inplace, cu.yd. 

AS 
= Area of microscreen required, sq.ft. 

2.37.6.5 

where 

Calculate of earth work requirement 

'e - 1.589 Aso.92g' 

. v2 = Quantity of earth work required, cu.yd. 

2.37.6.6 
operation 

Calculate electrical power requirement for 

when As L 4500 sq.ft. 

KWH = 1000 Aso'866 

2.37-6 



when As > 4500 sq.ft. 

KWH - 327 As 

where 

KWH = Power consumption of microscreens, Kwhr/yr. 

AS 
= Media area of microscreen, sq.ft. 

2.37.6.7 Building area requirement. Ordinarily the 
microscreen system is housed in a building to protect it 
frcm weather. The building surface area can be calculated 
as: 

5 - 1.322 AS 
0.90 ' 

where L . 

AB - Building area requiranent, sq.ft. 

2.37.6.8 Calculate operational labor 

CMH = 160 x Q,, 

where 

OMH = Operating labor, man-hrs/yr 

Q avo = Average design flow, mgd 
a 

2.37.6.9 Calculate maintenance labor 

MMH * 103 x Q,, 

where 

MXH - Maintenance labor, man-hr/yr. 

2.37.6.10 Calculate 0 & M material and supply cost. 
Material and supply costs include such itens as lubrication, 
screen and UV lamp replacement, etc. These costs are es- 

timated as 15% of the installed equipment cost. 
This high 

material supply cost is due to the frequent replacanent of 
the screen media panels. 

2.37.7 

2.37.7.1 

Quantities Calculations Output Data. 

Number of batteries, NB 

2.37.7.2 Ntnnber of unit per battery, NU 
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2.37.7.3 

ASI* 

2.37.7.4 

2.37.7.5 

2.37.7.6 

2.37.7.7 

2.37.7.8 

2.37.7.9 
h=/ yr 

2.37.8 

2.37.8.1 

Individual screen area of each unit, sq.ft. 

Quantity of earthwork, cu.yd., V 
e 

Quantity of concrete wall, cu.yd., V 
cv 

Building area requirement, sq.ft., 
% 

Operation electricity, Kwhr/yr., KWH 

Operating labor requirement, OMH, man-hrs/yr 

Maintenance labor requirement, MMH, man- 

Unit Price Input Required. 

Standard size microscreen equipment cost, 
COSTSH, $, (optional). 

2.37.8.2 
yd. 

Unit price input of 

2.37.8.3 
UPICW, $/cu yd. 

Unit price input of 

earthwork, UPIEX, $/cu 

concrete wall inplace, 

2.37.8.4 

2.37.8.5 
Index, MSECi. 

2.37.9 

2.37.9.1 

where 

Building construction costs, UPIBC, $/sq ft. 

Current Marshall and Swift Equipment Cost 

Cost Calculations. 

Cost of earthwork, COST% 

COSTE - Ve x UPIEX, 

COSTE - Cost of earthvork, $. 

'e = Quantity of earthwork, cu.yd. 

UPIEX = Unit price input of earthwork, $/cu.yd. 

2.37.9.2 Cost of concrete inplace, COSTC. 

COSTC - v cv x UPICW 
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COSTC ‘31 Cost of concrete inplace, $. 

V cw - Quantity of concrete, cu.yd. 

UPICW = Unit price input of concrete wall $/cu.yd. 

2.37.9.3 Cost of installed equipment. 

2.37.9.3.1 Purchase cost of microscreens includes the 
rotating drun, screen motor, backwashing assembly, UV lamps 
and other miscellaneous itans. The cost can be estimated by 
using the following formula: 

COS'INS = COSTSM x COSTR x NB x NU 

where 

COS?MS = Total purchase cost of microscreens and 
accessories, $ 

COSTSM = Purchase cost of standard size screen (108 
wf t.) , $ 

COSTR = Cost of microscreen of area ASI as ratio of 
the cost of the standard size screen 

NB 
- Nmber of batteries 

NU = Naber of units per battery 

2.37.9.3.2 Calculate COSTR 

when As,.s 108 sq.ft. 

COSTR = 0.231 ASI 0.318 

when ASI > 108 sq.ft. 

COSTR = 0.032 ASI 
0.748 

where 

AsI = Screen area of the microscreen selected, 
sq.ft. 

2.37.9.3.3 Purchase cost of standard size screen. The 
108 sq.ft. microscreen was selected as the standard size 
unit as it is midrange of the sizes available. The costs of 

a 108 sq.ft. screen and accessories for the first quarter of 
1977 are: 
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COSTS?f = 52,000 

For better estimation, CCSTSM should be obtained fran 
the equipment vendor and treated as a unit price input. If 
COST% is not treated as a unit price input, the cost will 
be adjusted by using the Marshall and Swift equipment cost 
index. 

COSTSM - $52,000 x -f$$ 

where 

XSECI - Current Marshall and Swift equipment cost 
index 

491.6 - Marshall and Swift equipment cost index 1st 
quarter 1977 

2.37.9.3.4 Calculate the installed cost of equipment. 
It is estimated that a 25% markup should be added for 
installation of microscreen equipment. Thus, the installed 
equipment cost, IEC 

IEC = 1.25 x COSlMS 

where 

IEC = Installed equipment 

2.37.9.4 Cost of building. 

COSTB - AB x UPIBC 

where 

c-t, $. 

COSTB = Cost of filter building, $. 

$ = Area of building, sq.ft. 

UPIBC = Unit price input for building construction 
costs, $/sq.ft. * 

2.37.9.5 Other costs. The cost of piping, control 
systa, electrical work and other minor items can be added 
as a percent of the total bare construction cost. It is 
estimated that a factor of 15% should be used. 

2.37.9.6 Total bare construction cost 

TBCC = 1.15 (COSTE + COSTC + IEC + COSTB) 
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where 

TBCC = Total bare construction cost, $. 

2.37.9.7 Calculate operation and maintenance material 
and supply costs. 

OMMC - (1%) x 0.15 

where 

CPiMC = Operation and maintenance material and supply 
casts, $/yr. . 

IEC - Total installed.equipme,nt costs, $. 

2.37.10 Cost Calculations Output Data. *. 
.  

2.37.10.1 Total bare construction cost of the'micro- 
screen systan, TBCC, $. 

2.37.10.2 Operational and maintenance material cost, 
omc, $/p 

2.37.11 Bibliography. 

2.37.11.1 Culp, Wesner and Gulp, Handbook of Advanced 
Wastewater Treahnent, 2nd Ed., Van Nostrand, Reinhold, 1978 
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2.37.11.3 Metcalf and Eddy, Inc., "Water Pollution 
Abatement Technology: Capabilities and Cost, Public Owned 
Treatment Works", P.B.-250/690-01. March, 1976, NTIS 
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2.39 NEUTRACIZATION 

2.39.1 Background. 

2.39.1.1 Neutralization is a unit operation in which pH ad- 
justment of highly acidic or highly alkaline wastewaters takes place. 
Neutralization of such wastes is necessary prior to: 

2.39.1.1.1 Biological waste treannent where the optimum pH for 
bacterial activity (ph 6.5-8.5) must be maintained. 

2.39.1.1.2 Chemical treatment to provide an opt&mm pH for the 
reaction. 

2.39.1.1.3 Disposal to the receiying streams. 

Neutralization is applied mainly to the treatment of industrial 
wastes. 

2.39.1.2 There are many acceptable methods for the neutrali- 
zation of acidic and alkaline wastes. Acidic wastes may be neutra- 
lized by reaction with caustic soda, liqe, or by passing the waste 
water through a ltiestone bed. Neutralization through limestone beds 
may be acccmplished through upflow or downflow systems to ensure 
sufficient retention time. Maximum acid concentration of 0.6 percent 
H SO4 is suggested to avoid coating the ltiestone with nonreactive 
C il clum sulfate and to prevent excessive evolution of carbon dioxide, 
both of which limit canplete neutralization. Higher hydraulic rates 
may be used for upflow beds since the products are swept out before 
precipitation. However, the disposal of exhausted limestone beds may 
be a serious drawback to this method of neutralization. 

2.39.1.3 Mixing acid wastes with Lfme slurries is an effective 
means of neutralization. The reaction is similar to that obtained 
with limestone beds. Lime is relatively inexpensive and posseses a 
high neutralizing power. Hydrated lime may produce a problem in 
handling since it has a tendency to arch or bridge over the outlet in 
storage bins and has poor flow characteristics. Both caustic soda and 
sodium carbonate are more powerful than lime, and the reaction pro- 
ducts are soluble and do not increase the hardness of the receiving 
waters. 

2.39.1.4 Alkaline wastes can be neutralized with acid (mostly 
sulfuric or hydrochloric), with flue gas containing 14 percent carbon 
dioxide, or with bottled carbon dioxide. Carbon dioxide will form 
carbonic acid when dissolved in water which will neutralize alkaline 
wastes. The reaction is slow, but sufficient, if the desired pH is 
near 7 or 8. The use of acid to neutralize alkaline wastes is fairly 
canmon. The reaction rate is almost instantaneous. A titration curve 
of the alkaline waste neutralized with various amounts of acid is 
helpful to ascertain the quantities of acid required for neutrali- 
zation. 
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2.39.1.5 The selection of a pH control system may prove to be 
one of the most troublesane tasks facing the design engineer because 
of the following factors. 

2.39.1.5.1 The relation between the amount of reagent and pH is 
nonlinear. 

2.39.1.5.2 The input pH can vary rapidly over a range of several 
decades in a short time. 

2.39.1.5.3 The flow can change while the pH is.changing, and the 
two are not related. 

2.39.1.5.4 The pH at neutrality is so sensitive to the addition of 
reagent that a slight excess can cause large deviations fran the 
setpoint. 

2.39.1.5.5 Measurement of the pH can be affected by materials 
which coat the electrodes. 

2.39.1.5.6 The buffer capacity of the waste has a profound effect 
on the relation between reagent feed and pH and may not rmain con- 
stant. 

2.39.1.6 Several types of pH control schanes have been applied 
in waste neutralization systens, including manual control, open loop 
control, closed loop sys tens, 
feedback control, 

canbined open and closed loop systems, 
and feed forward control. 

2.39.1.7 
systen. 

Figure 2.39-l shows *an acid-waste neutralization 

2.39.2 Input Data. 

2.39.2.1 Wastewater flow. 

2.39.2.1.1 Variations in waste flow (maximum and minimum), mgd. 
. 

2.39.2.1.2 Average daily flow, mgd. 

2.39.2.2 pH ranges at various waste flows. 
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Figure 2.39-f. Schanatic of acid-waste neutralization systen' " 

2.39.2.3 Acidity or alkalinity, mg/l. 

2.39.3 Design Paraneters. 

2.39.3.1 Desired pH level and range. 

2.39.3.2 Buffer capacity. 

2.39.3.2.1 Pound reagent/gallon waste to neutralize to desired pH 
(fran titration curves). 

2.39.3.2.2 Flow rate, depth, and concentration of feed for lime 
stone neutralization (fran laboratory investigation). 

2.39.3.3 

2.39.3.4 
hp/lOOO gal) 

2.39.4 

2.39.4.1 

2.39.4.1.1 
soda). 

. 

Residence time (depends on the degree of mixing). 

Degree of mixing (hp/lOOO gal) (manufacturer, 0.2-0.4 

Process Design Calculations. 

Select reagent. 

Acid waste (limestone bed or lime slurries or caustic 
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2.39.4.1.2 Alkaline wastes (sulfuric or hydrochloric acids, carbon 
dioxide gas). )- 

2.39.4.2 For limestone beds, select depth of bed and rate of 
flow (frcm laboratory investigation) and calculate surface area. 

Q x 10” 
SA = avg 

(24 (6WR 

where 

SA = surface area, ft2. 

Q 
avg 

= average flow, mgd. 

FR = flow rate, gpn/ft 2 . 

2.39.4.3 
curves. 

Calculate reagent feed using flow data and titration 

RF - (Q) W d) 

where 

RF = reagent feed rate, lb/day. 

Q = waste flow, mgd. 

R = buffer capacity, lb reagent/gal waste to neutralize 
to desired pH. 

2.39.4.4 Calculate volme of 

Vol = (Q> b-) 
where 

Vol = volume of mixing tanl;, 

Q = waste flow, mgd. 

a-='mixihg time, min (fran 

mixing tank. 

(105 
(24) (60) (7.48) 

ft3. 

manufacturer, 5-10 mPn). 

2.39.4.5 Calculate horsepower for mixing. 

hp =lHPR)(Vol)(7.48 gal/ft3) 
(1000) 

where 

hp = horsepower. 
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HPR = 

Vol - 

2.39.4.6 
proposed by 

where 
AA = 

aA, at 

t = 

6” 

2.39.4.7 
29 3 . 

2.39.4.8 

where 

PH - 
2.39.5 

2.39.5.1 

2.39.5.2 

2.39.5.3 

2.39.5.4 

2.39.6 

2.39.7 

2.39.8 

2.39.9 

2.39.9.1 

horsepower for mixing per 1000 gal (0.2-0.4 
hp/LOOO gal). 
volume of mixing tank, ft3. 

For feedback control, may be calculated by equation 
Greer. 

allowable deviation in acidity or alkalinity fran a 
given set point in the effluent. 

maximum rate of acidity or alkalinity change in feed 
to the unit. 

overall process lag time> = reaction tirr;e + measuranent ' 
and transport lag (* 0.5 min). 

minimum naninal residence time (time required for . 
perfectly mixed basin to give process controllability). 

Calculate and apply a factor of safety of 

PH. 
PH - 7.0 

effluent PH. 
Process Design Output Data. 

Buffer capacity, lb/day. 

Volme of mixing tank, ft3. 

Detention the, min. 

Horsepower. 

Quantities Calculations. Not used. 

Quantities Calculations Output Data. Not used. 

Unit Price Input Required. Not used. 

Cost Calculations. 

Unit costing is not available for this treahnent 
process. Paraaetric costing will be used. 

2.39.9.2 Calculate total bare construction cost. 
TBCC = 6.0 x lo4 (Qavg)Oo7 
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where 

TBCC - total bare construction cost, $. 

Q avg = average daily flow, mgd. 

2.39.10 Cost Calculations Output Data. 

2.39.10.1 Total bare construction cost, TBCC, $. 

2.39.11 Bibliography. 

2.39.11.1 Eckenfelder, W.W., Jr., Water Quality Engineering 
for Practicing Engineers, Barnes and Nobel, New York, 1970. 

2.39.11.2 Eckenfelder, W.W., Jr., and Ford, D.L., Water 
Pollution Control, Pemberton Press, New York, 1970. - 

2.39.11.3 Field, W.B., 
Simulation,n 

"Design of a pH Control Systan by Analog 

42-50. 
Instrunent Society of American Journal, Vol 6, 1959, pp 

2.39.11.4 Greer, W.N., The Measurement and Control of pl!, Leeds 
and Northrup, Philadelphia, 1966. 

2.39.11.5 Hoak, R.D., "Acid Iron Wastes Neutralization", Se 
wage and Industrial Wastes, Vol 22, No. 2, 1950, pp 212-221. - 

2.39.11.6 Nemerow, N.L., Liquid Waste of Industry, Addision- 
Wesley, Reading, Mass., 1971. 

2.39.11.7 Shinskey, F.G., "Feed Forward Control of pH," Snstr- 
umentation Technology, Vol 15, 1968. 

2.39.11.8 Wallace, A.T., "Neutralization and pH Control", 1st 
Short Course on Design of Wastewater Treatment, 1970, Vanderbilt 
University, Nashville, Tenn. 

2.39-6 



2.41 NITRIFICATION 

2.41.1 Background. 

2.41.1.1 Nitrificatioa is the process which converts organic 
and ammonia nitrogen to nitrate nitrogen. Nitrification may be 
coupled with denitrification, which reduces nitrate to nitrogen gas 
and removes the nitrogen fran the water. 

2.41.1.2 Conversion of ammonia nitrogen in wastewater to 
nitrates or atmospheric nitrogen is desirable for several reasons: 
1) Nitrogen is one of the growth limiting nutrients. Control of 
nitrogen in wastewater effluents will help to limit the growth of 
algae and aquatic organisms and will slow the eutrophication of the 
receiving water body. 2) Ammonia nitrogen in the molecular form 
(NH3) is toxic to fish. 3) Biological oxidation of ammonia to 
nitrite and then nitrate in the receiving water adds to the oxygen 
demand in the water. 4) Chlorination of wastewater containing 
ammonia requires high dosages because the chlorine canbines with 
the ammonia to form chloranines which are less effective disin- 
fectants. 

2.41.1.3 Nitrification Reactions. The two principal genera 
of bacteria involved in the nitrification processes are Nitroso- 
monas and Nitrobacter. These bacteria are classified as auto- 
trophic organisms. They derive energy frcm the oxidation of 
inorganic nitrogen canpounds rather than frau organic canpounds, 
and they use inorganic carbon (carbon dioxide) rather than organic 
carbon for synthesis. 

2.41.1.4 Nitrosanonas can oxidize aznmonia to nitri.te, and 
Nitrobacter can oxidize nitrite to nitrate. Both organisms must be 
present in a biological nitrification systan. 

2.41.1.5 The overall nitrification reactions, assuming an 
anperical formula for bacterial cells of C5H7N02, is given in the 
equations below: 

15 CO2 + 13 NH4+ --+ 10 NO; c 3 C5H7N02 + 23 H+ + 4 H20 (Nitrosanonas) 

5 co2 + NH~+ + lo ~0; + 2 H20 -10 NO; + C5H,N02 + H+ (Nitrobacter) 

2.41.1.6 
gaseous CO 

These equations+assume that the bacterial cells utilize 

it 
and produce free H . In actuality, these reactions take 

place in t e aqueous carbonic acid system. The organisms utilize the 
dissolved form of carbon dioxide, carbonic acid (H2CC 
free hydrogen ions (H+) which immediately canbine wit 4 

), and produce 
the bicarbonate 

ion (HCO;) to form carbonic acid. Nitrification tends to increase the 
H2C03 in solution which canlower the pH of the water and interfere 
with the nitriffcation reactions. 

. 
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2.41.1.7 Experiments have determined that approximately 7.14 mg/l 
alkalinity is destroyed per mg of ammonia nitrogen oxidized. Suffi- 
cient alkalinity in the form of X03- must be provided to maintain a pH 
favorable to the growth of nitrifying bacteria. 

2.41.1.8 Experiments have also shown that the aeration+require- 
ment for nitrification systaas is 4.6 mg/l 02 per one mg NH4 -N. 
Excess air should be provided for oxidation of carbonaceous or other 
oxygen demanding materials other than NR4+-N that are present in the 
wasteuater. 

2.41.1.9 The yield of nitrifiers is very low. Thus, ordinarily, 
the nitrifier sludge production is eliminated in engineering calcu- 
lations. 

2.41.1.10 Nitrification Systems. Biological nitrification and 
carbon oxidation may be canbined in conventional secondary treatment 
processes or they may be divided into separate stages. Separate stage 
nitirification is preferred in most cases. 

2.41.1.11 Also, in a separate stage nitrification system the ratio 
of BODj to Total Kjeldahl Nitrogen (TKN) is less than 3.0 as canpared 
to 5.0 for a canbined systan. The lower BOD load relative to the 
ammonia load allows a higher proportion of n 1 trifiers to heterotrophic 
bacteria which results in higher rates of nitrification. 

2.41.1.12 Separate stage nitrification may be carried out in three 
types of systems: 1) suspended growth activated sludge; 2) attached 
growth trickling filters; and 3) attached growth rotating biological 
contactors (RBC). 

2.41.2 General Description Rotating Biological Contactor Vitrification. 

2.41.2.1 The rotating biological contactor (RBC) is an attached 
growth nitrification system. The RBC process consists of a series of 
large diameter plastic disks which are mounted on a horizontal shaft 
and placed in a concrete tank. The disks are slowly rotated while 
approximately 40 percent of the surface area is immersed in the water 
to be treated. A layer of bianass grows on the surface of the disks. A 
thin film of water is picked up on the bianass and flows down as the 
RBC rotates, absorbing oxygen fran the air. The disk units are nor- 
mally housed to avoid tanperature drops, prevent algae growth and 
protect the slime layer fran rain or hail which can wash the slime 
layer off the disks. 

2.41.2.2 Special RBC media have been developed for nitrification. 
The minimal bianass that forms in a separate stage RBC allows 50 
percent more subsurface area per standard shaft. As in trickling 
filter nitrification systans, the low growth rate of solids produces an 
effluent with a suspended solids concentration equal to the fnfluent 
and eliminates the need for final clarification. 
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2.41.3 General Description Suspended Growth Nitrification, 

2.41.3.1 Suspended growth nitrification systems are very similar 
in design to carbon oxidation activated sludge systems. The biological 
growth is suspended in an aeration basin. Mechanical or diffused 
aerators provide oxygen for nitrification and provide a mixing action 
which keeps the growth in suspension. The aeration mixed liquor is 
clarified to renove suspended solids and concentrate the sludge for 
recycle. The sludge retention time in the nitrification system is 
longer than that in a carbon oxidation systan due to the slower growth 
rate of the nitrifiers as canpared to heterotrophic bacteria. 

2.41.3.2 The suspended growth activated sludge nitrification 
system can be operated as a cauplete mix or plug flow system and may 
utilize either mechanical or diffused aeration. In this design only 
the,plug flow system is addressed, however both diffused and mechanical . 

'aeration is"considered. This systan is preferred due to its superior 
shock load dampening capacity. The design is based on the sludge 

_ retention tkne required for the desired level of nitrification. In 
order to pranote the growth of nitrifiers and still maintain adequate 
solids in the aeration tank with good settleability, the Lnfluent BOD5 
concentration must be controlled. Separate stage nitrification re 
quires a BOD5 to TIC% ratio of less than 3.0 in order to pranote ni- 
trification. However, the influent BOD5 concentration must be greater 
than approximately 50 mg/l. This can be accanplished by adding a small 
amount of primary effluent directly to the nitrification basin. 
Another solution is to add waste sludge fran the system secondary 
aeration tank to maintain solids in the nitrification tank. 

2.41.4 General Description Trickling Filter Nitrification. 

2.41.4.1 In separate stage nitrification application, trickling 
filters can follow high rate trickling fiters with intermediate 
clarification or an activated sludge process. The rate of nitrifi 
cation is proportional to the surface area of the media exposed to the 
1 iquid being nitrified. Very little biological film develops in 
separate stage nitrification trickling filter. Hence, a media of 
higher specific surface area can be used without plugging or ponding 
which can be a problen in cabined oxidation-nitrification trickling 
filters. Also, because of the small growth of solids on the media, 
clarification is not necessary. In this section, only the separate 
stage fixed film system is modeled; the influent BOD and suspended 
solids concentration are in the range of secondary effluent levels. 
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2.41.5 

2.41.5.1 

2.41.5.1.1 

2.41.5.1.2 

2.41.5.1.3 

2.41.5.1.4 

2.41.5.1.5 

2.41.5.1.6 

2.41.5.1.7 

2.41.5.2 

2.41.5.2.1 

2.41.5.2.1.1 

RBC Nitrification. 

Input Data. 

TS, Summer Wastewater Temperature, 'C 

TW, Winter Wastewater Temperature, 'C 

NlS, Suumer Effluent Standard, mg/l as N 

NlW, Winter Effluent Standard, mg/l as N 

NO, Influent TKN Concentration, mg/l as N 

Q avg' Average Design Flow, mgd 

Q 
Pk' 

Peak Design Flow,mgd 

Process Design Calculations. 

Calculate Media Surface Required 

The relationships between surface nitrificatlon rate 
and the exposed ammonia concentration for secondary effluent is 
related to the temperature and the effluent ammonia concentration 
desired. This relationship can be expressed by the following e 
quation. 

5-7 = "~~~*6 18.6 In (g) + (NOINl)] 

where 

PLY i = Surface area required per million gallons of 
wastewater flow, sq ft/MG 

NO = Influent NH3 concentration, mg/l as N 

TCF = Temperature correction factor 

Nl = effluent NH3 concentration, mg/l as N. 

, and TCF, Tanperature Correction Factor can be.defined as: 

When T is larger than 18' C 

TCF - 1.41 

When T Is smaller than 18' C 

TCF - 0.0787 x T 

Where T = wastewater temperature, Oc 
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2.41.5.2.1.2 If different effluent concentration limitations are 
given for both summer and winter conditions, determine the surface 
area requiraent for each condition and base the final design on the 
condition that requires a larger media surface. 

2.41.5.2.1.3 Safety Factor for Variation of Influent Flow. The 
design formula used in the above procedure was enpirically obtained 
under the condition that no great variation of flow was received at 
the plant. 

2.41.5.2.1.4 One of the RBC manufacturers suggested that when the 
peak flow to average flow ratio is more than 2.5, a safety factor 
should be used to give a conservative deslgn. The safety factor is 
calculated by using the following equation: 

1 + 0 143 ,Qpk- 2.5) SF= . Q am 

where 

SF = safety factor 

Q Pk 
= peak flow in mgd 

Q = aw 
average design flow, mgd 

2.41.5.2.1.5 Calculate the required media surface area. 

A = Q,, x + x SF 

where 

A = Required media surface area, sq ft 

Q = avg 
average design flow, mgd 

SF = safety factor 

2.41.5.2.2 Calculate design hydraulic loading 

Q R x lo6 

Hd = av A 
where 

Hd - Design hydraulic loading, gpd/sq ft 

2.41.5.2.3 Secondary Clarifier. If the influent quality is that 
of a secondary effluent, no clarification is needed and the BOD and 
suspended solid concentration would be the same as those in the 
influent. 
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2.41.5.2.4 Effluent Quality. 

2.41.5.2.4.1 BOD5. 

BODE = BOD 

where 

BODE = effluent 

2.41.5.2.4.2 COD. 

where 

CODE - effluent 

BODE = effluent 

BOD5 concentration, mg/l. 

CODE - 1.5 BODE 

COD concentration, mg/l. 

BOD5 concentration, ms/l. 

2.41.5.2.4.3 Suspended Solids. 

SSE = SS 

where 

SSE = effluent suspended solids concentration, rug/l. 

ss = influent suspended solids concentration, mg/l. 

2.41.5.2.4.4 Nitrogen. 

TKNE - (0.1) (SSE) + NH3E 

N03E - NO3 + (TKN - TKNE) 

N02E = NO2 

where 

TK?UE - effluent Kjedahl nitrogen concentration, mg/l. 

SSE = effluent suspended solids concentration, mdl. 

NH3E - effluent ammonia concentration, mg/l. 

N03E = effluent NO3 concentration, mgll. 

NO3 = influent NO3 concentration, mg/l. 

N02E = effluent NO2 concentration, mg/l. 

NO2 = influent NO2 concentration, tag/l. 
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2.41.5.2.4.5 pH. 

PH = 7.2 

where 

PH = effluent PH. 

2.41.5.2.4.6 Oil and Grease. 

OAGE - 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. . 

2.41.5.2.4.7 Settleable Solids. 
. 

SETS0 - 0.0 

where 

SETS0 = effluent settleable solids concentration, mg/l. 

2.41.5.2.4.8 Phosphorus. 

P04E - 0.7 PO4 

where 

P04E = effluent phosphorus concentration, mg/l. 

Fo4* influent phosphorus concentration, mg/l. 

2.41.5.3 Process Design Output Data. 

2.41.5.3.1 Required media surface area, A, sq ft 

2.41.5.3.2 Design hydraulic loading, Hd, gpd/ sq ft 

2.41.5.4 Quantities Calculations. 

2.41.5.4.1 Calculate nunber of shafts necessary. In this design, 
the high density media with 150,000 sq ft of surface area per shaft 
is used. 

N A 
sh -A sh 

If Nsh is not an integer, use the next larger integer. 
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where 

N sh = nunber of shafts necessary 

A = total media surface area, ft2 

A 2 
sh = media surface area per shaft, ft 

(default value is 150,000) 

Since there is not a set rule for staging the nitrification RFX 
SFt=, the minimal practical nunber of shafts is the saPe as N 

sh' 
N 
mP 

=N sh 

where 

N 
mp 

= minimum practical nunber of shafts. 

2.41.5.4.2. For simplicity of design, it is assumed that shafts 
will be arranged in groups of eight. Each group will be called a 
bank and will consist of two end shafts and six intermediate shafts. 
Any shafts in excess of a multiple number of eight will form a 
partial. bank of fran one to seven shafts as needed'. Many other 
configurations are possible; however, varying the configuration 
should not affect earth work and concrete requirements significantly. 

2.41.5.4.2.1 Calculate number of banks needed. 

If Nb is not an integer, use next larger integer. 

where 

Nb = number of full and partial banks. 

N 
mP 

= minimum practical n&ber of shafts needed. 

2.41.5.4.2.2 Calculate nunber of end and intermediate shafts 
needed. 

N 
es * 2 Nb 

N 
is = Nmp - Nes 

where 

N es = nunber of end shafts needed. 

Nb = nunber of banks needed. 
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N = is number of intermediate shafts needed. 

N - minimum practical nunber of shafts needed. 
*P 

2.41.5.4.3 Calculate earthwork requiranents. 

2.41.5.4.3.1 Dlmensiom used in calculating earth work requiraaents 
are shown in Figure 3. 

2.41.5.4.3.2 Vew - 130 Nes + 142 Nis 

where 

v = volume of earth work required, yd3 ew 

N es = nuuber of end shafts needed. 

Nis = nunber of Fntemediate shafts needed. 

2.41.5.4.4 Calculate reinforced concrete requiranents. 

2.41.5.4.4.1 Dimensions used in calculating concrete iequiranents 
are shown in Figure 3. 

2.41.5.4.4.2 Vsc = 23 Nes + 20.7 Nis 

V WC - 11.5 Nes + 8.6 Nis 

where 
3 

V sc - volume of slab concrete needed, yd 

V wc - volume of wall concrete needed, yd3 

N es - nunber of end shafts needed. 

N is = nunber of intermediate shafts needed. 

2.41.5.4.5 Calculate annnual power consumption. 

2.41.5.4.5.1 For.a hydraulic loading between 0.5 and 2.5 mgd. 

Km3 - [3 (3.9 - la21 Hd) + 7.121 6,534 Q,, 

2.41.5.4.5.2 For a hydraulic loading between 2.5 and 4.5 gpd/ft2 

KWH = (17.05 - 2*5Hd) 6,534 Q,, 

where 

KWH = annual power consumption, kwh/yr. 

Hd - hydraulic loading, gpd/ft2 
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Q avg 
= design flow rate, mgd. 

2.41.5.4.6 Calculate annual operation and maintenance labor 
requirements. 

2.41.5.4.6.1 For a plant with less than 30 shafts 

Lam = (1.25 - 0.025 N,,) 52 N 
mP 

2.41a5.4.6.2 For a plant with 30 shafts or more 

where 

Lan - 26 N 
mP 

Lan = annual operation and maintenance labor requirements, 
person-hrs./yr. 

N 
mp 

= minimum practical nunber of shafts needed. 

2.41.5.4.6.3 It is assumed that 70% of the man hour requirement is 
allocated for maintenance and the rest to operation. Thus, 

Operation man hour requiranent, OMH, man hr/yr 

OMH - 0.3 x L 
an 

Maintenance man-hour requirement, MMH, man-hr/yr 

2.41.5.4.7 Other Operation and Maintenance Material Costs. This 
iten includes repair and replacement material cost and other minor 
costs, such as lubricating oil. It is expressed as a percent of 
installed costs of the RBC equipment. 

OWP-2% 

OMMP = percent of the installed RBC equipment costs 

2.41.5.4.8 Other Construction Cost Items. Fran the above es- 
timation, approximately 85% of the total construction costs have been 
accounted for. Other minor cost items such as piping, site work, 
control system, etc., would be the other 15 percent. 

1 

2.41.5.5 

CF, correction factor would be m - 1.18 

Quantities Calculations Output Data. 

2.41.5.5.1 Minimum practical nunber of shafts need, N 
mP' 

2.41.5.5.2 Earthwork required, V,,, cu yd. 
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2.41.5.5.3 

2.41.5.5.4 

2.41.5.5.5 

2.41.5.5.6 

2.41.5.5.7 

2.41.5.5.8 
percent. 

2.41.5.5.9 

2.41.5.6 

2.41.5.6.1 

2.41.5.6.2 

2.41.5.6.3 

2.41.5.6.4 

2.41.5.6.5 

2.41.5.7 

2.41.5.7.1 

R.C. wall quantity, Vws, cu yd. 

R.C. slab quantity, Vwc, cu yd. 

Annual power consumption, KWH, kwhr/yr. 

Operational manhour requirenent, man-hr/yr. 

Maintenance manhour requirement, man-hr/ yr. 

Other operation and maintenance material cost, OKMP, 

Correction factor, CF. 

Unit Price Inputs Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall in-place, UPICW, dollars/cu yd. ' 

Cost of R.C. slab in-place, UPICS, dollars/cu yd. 

Standard size RBC equipment cost, COSRBC, $ (optional). 

Marshall and Swift equipment cost index, MSECI. 

Cost Calculations. 

Cost of earthwork, COSTE. 

COSTE * V ew x UPIEX 

where 

COSTE - cost of earthwork, $. 

V 
ew 

- quantity of earthwork, cu yd. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.41.5.7.2 Cost of concrete wall in-place, COSTCW. 

COSTCW - vcw x UPICW 

where 

COSTCW = cost of concrete wall in-place, $. 

V cw = quantity of concrete wall, cu yd. 
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UPICW = unit price input cost of concrete wall in-place, 
$/cu yd 

2.41.5.7.3 Cost of concrete slab in-place COSTCS. 

cosTcs = v cs x UPICS 

where 

cosTcs = cost of R.C. slab in-place, $. 

v cs = quantity of concrete slab, cu yd. 

UPICS - unit price input of R.C. slab in-place, 
$/cu yd. 

2.41.5.7.4 Cost of Installed Equipment. 

2.41.5.7.4.1 Purchase cost of RE!C equipment. This includes the 
cost for the media, shaft and fiberglass cover. The first quarter, 
1977 cost of a shaft withmedia surface area of 150,000 sq ft is 
approximately $34,500. In this procedure, 
cost of equipment is input fran user. 

it is preferred that the 

default value should be used. 
If no user input is given, the 

COSRBC YSECI - 34,500 x 491.6 

where 

COSRBC - purchase cost of standard size media with 
surface area of 100,000 sq ft, $. 

MSECX = current Marshal.1 and Swift equipment cost 
index from input. 

481.6 = Marshall and Swift cost index first quarter 1977 

2.41.5.7.4.2 Installation cost. It is estimated that a 15% markup 
should be added for installation of the RBC equipment. 
installed equipment cost, IEC. 

Thus, the 

where 

IEC - 1.15 x COSRBC x N 
mp 

IEC = installed equipment cost, $. 

2.41.5.7.5 Other Cost Itans. 
pWwy 

This category includes cost of 
walkways, electrical control instruuents, site work, etc. 

Costs can be adjusted by multiplying the correction factor CF to the 
sun of other costs. 
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2.41.5.7.5 Total bare construction costs, TBCC. 

TBCC - (COSTE+ COSTCW + COSTCS + IEC) x CF 

where 

TBCC = total bare construction costs, $. 

CF = correction factor for minor cost items. 

2.41.5.7.7 Operation and Maintenance Material Costs. Since this 
iten of the operation and maintenance costs is expressed as a per- 
centage of the installed equipment cost, it can be calculated by: 

OMMC OMMP 
I =,mx IEC 

where 

OMX - operation and maintenance material costs, 
$/F. 

OMMP = percentage of the total bare construction costs 
as operation and maintenance material cost/percent. 

2.41.5.8 Cost Calculations Output Data. 

2.41.5.8.1 Total bare construction costs of the RBC system, TBCC, 
$. 

2.41.5.8.2 Operation and maintenance material costs, OMMC, $/yr. 
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2.41.6 Suspended Growth Nitrification (Diffused Aeration). 

2.41.6.1 Input Data. 

2.41.6.1.1 TS, summer operating temperature, 'C 

2.41.6.1.2 TW, winter operating tenperature, OC 

2.41.6.1.3 NO, influent total kjeldahl nitrogen concentration, mg/l 
as N 

2.41.6.1.4 NIS, effluent ammonia nitrogen concentration, summer 
effluent standard, mg/l as N 

2.41.6.1.5 NlW, effluent ammonia nitrogen concentration, tinter 
effluent standard, mg/l as N 

2.41.6.1.6 DO, dissolved oxygen concentration, 20 mg/l 

2.41.6.1.7 Qp, peak flow rate, mgd 

2.41.6.1.8 Q avg. averge flow rate, mgd 

2.41.6.1.9 -1 Kd, decay coefficient, 0.05 day 

2.41.6.1.10 Yh, heterotrophic yield coefficient, 0.65 lb VSS 
grown/lb BOD5 ranoved. 

2.41.6.1.11 

2.41.6.1.12 

2.41.6.1.13 

2.41.6.1.14 

2.41.6.1.15 
percent. 

2.41.6.1.16 

2.41.6.1.17 

2.41.6.1.18 

2.41.6.1.19 
tanperature. 

2.41.6.1.20 

2.41.6.1.21 

. 

So, influent BOD5 (must be2 50 mg/lO. 

Km, metabolic factor, 15 hf' at 20°C. 

SSI, influent inert suspended solids, mg/l. 

XW, sludge solids concentration, mg/l. 

STE, standard transfer efficiency of diffusers, 5 

ALPHA, oxygen transfer coefficient, 0.9. 

BETA, oxygen transfer coefficient, 0.9. 

P, pressure correction factor, 1.0. 

CS, O2 saturation concentration at summer operating 

CL, minimum O2 concentration, 2.0 mg/l. 

IALK, influent alkalinity, mg/l as CaC03-. 
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2.41.6.1.22 SLR, solids loading rate to clarifier, 25 Ib/ft*/ 
day. 

2.41.6.1.2 
2 

OFR, maximum surface overflow rate to clarifier, 
450 gpdjft . 

2.41.6.1.24 SAC, standard rated aerator capacity, 4.0 lb O2 
transfer/HP-hr mechanical systems. 

2.41.6.2 Process Design Calculations. 

2.41.6.2.1 Determine Sludge Retention Time (SRT). The sludge 
retention tfme is calculated fran the temperature of the waste, 
the pH of the waste, the effluent concentration of ammonia nitro- 
gen required and the dissolved oxygen concentration in the waste. 
In many.states the effluent concentration standards differ for 
s-mer and winter operation. The design sludge retention time 
must be calculated for both summer temperature and effluent 
concentration and winter temperature and effluent concentration. 
The longer retention time should be used in the design of the 
nitrification system. 

2.41.6.2.1.1 The first step required to calculate the desired . 
sludge retention time in a plug flow nitrification system is to 
determine the growth rate of the nitrifying bacteria. Since the 
maximum growth rate of nitrobactor is considerably larger than 
the maximum growth rate of nitroeanonas and the value of sub- 
strate concentration at half maximum growth rate is less than 1 
mg/l-N for both organisms, nitrite does not accumulate in large 
amounts in biological treannent systems. For this reason nitri- 
fier growth can be modeled using the rate limiting step, ammonia 
conversion to nitrite, and the growth rate is of the nitrosanonas 
bacteria. 

2.41.6.2.1.2 The growth rate of the nitrosomonas bacteria in 
plug flow is given by: 

for pH C 7.2 

MUN = 0.47 [ e 0.098(T-15)I x [l-0.833 (7.2-ph)] 

x 1 
NO-N1 

O.O51T-1.158 In NO IXC 
(NO-Nl) + 10 

DO +Dola31 da? 

N1 
For pH 7.2 

MUN = 0.47'[ e O.O98(T-15) I x [ NO-N1 
0.051T-1.1581n NO I 

(NO-Nl) + 10 N1 

x [ m +Dola31 day-‘, 
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where 

XJI - Growth rate, day -1 

T - Tanperature, Oc (8OC to 3OOC) 

NO = Influent TKN concentration (NH4+-NJ, mg/l 

Nl = Effluent ammonia concentration (NH,+-N), mg/l 

DO = Dissolved oxygen concentration, mg/l 
default value of 2.0 mg/l 

2.41.6.2.1.3 The minimum solids retention time is given by: 

SRmIN - & 

where 

SRTXIN - Minimum SRT required, days 

2.41.6.2.1.4 The minimum solids retention time is the time that Is 
theoretically required to obtain the desired effluent concentration 
of NH -N. 
a bio ogical ? 

Variation in flow may significantly affect the operation of 
nitrification system. The degree of ammonia renoval 

required may necessitate a longer SRT to accaumodate the variations 
in flow. A safety factor must be muitiplied by the minimum SRT to 
obtain the design SRT. The value of this safety factor is dependent 
on the allowable effluent ammonia concentration, the average flow 
rate, and the ratio of the peak flow rate to the average flow rate. 

Estimates for the safety factor can be obtained for the 
following equations: 

Q 
SF1 = 0.375 + 0.125 + 

avg 

SF2 = 0.935 - kO.271 log (Q 
-I3 

) 

SF3 = 1.03 - 0.053 Nl 

where 

QP = Peak flow, mgd 

Q 
am 

= Average flow, mgd 

Nl = Effluent ammonia limitation, NH -N mg/l 3 

The safety factor to be used is the sum of SFl, SF2, and 
SF3: 

. . 
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2.41.6.2.1.5 

where 

SRT 

SF 

SF = SF1 + SF2 + SF3 

The design sludge retention time is calculated by: 

SRT * (SF) (SRTMIM) 

= Design sludge retention time, day 

= Retention time safety factor 

SRTMIN = Minimum sludge retention time 

2.41.6.2.1.6 If the effluent concentration standards differ for summer 
and winter, repeat the design sludge retention time calculation for each 
season's paraneters. The largest SRT is used in the design procedure 
below. 

2.41.6.2.2 Calculate Organic Removal Rate 

1 
z+ Kd, (lb BOD renoval/lb MLVSS/ day) 

'b * V 

'b * 

'b 

0.65 lb VSS/lb BOD removal (heterotrophic yield 
coef.) 

Kd = 

SRT = 

qb - 

0.05 day -' (decay coefficient) 

Sludge retention time 

Organic removal rate, (lb BOD ranoval/lb MLVSS/day) 

2.41.6.2.3 Hydraulic De tent ion Time 

HT = 
(So-S> 

('lb) (mvss) 

where 

HT = Hydraulic detention time (days) 

sO 
= Influent BODS (mg/l) 

S = Effluent soluble B0D5 (assume S - 0 mg/ 1) 

qb 
- Organic renoval rate (lb BODS removal/lb MLVSS/day) 
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MLVSS = Mixed liquor volatile suspended solids (X 2000 mg/l) 

2.41.6.2.4 Volme of Aeration Tank 

V =Q avg (HT) 

where 

V = Volume, million gallons 

HT = Hydraulic detention time, days 

Q avg 
5: Average flow rate, mgd 

2.41.6.2.5 Calculate Effluent Soluble BOD5 

where 

s = 
sO 

Km HT(24) + 1 

S = Effluent soluble BOD5, mg/l 

sO 
= fnfluent BOD5, mg/ 1 

'rn = Metabolic factor = 15 hr -1 at 20°C 

HT = Hydraulic detention time, days 

2.41.6.2.6 Recalculate MLVSS 

MLVSS = 
so- s 

(Qb) W) 

where 

sO 
- Influent BOD5, mg/l 

S = Effluent soluble BOD5, rndl 

'b = Organic ranoval rate, lb BOD5 ranoval/lb MLSS/day 

MLVSS = Mixed liquor volatile suspended solids, mg/l 

HT = Hydraulic detention.time, days 
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2.41.6.2.7 CalculateMLSS 

MLSS = MLVSS + 

inert solids = 

in Aeration Tank 

inert solids 

SSI HT sRT + 0.1 MLVSS 

MISS - 1.1 MLVSS * SSI g 

where 

MLSS = Mixed liquor suspended solids, mg/l 

MLVSS 

SSI 

SRT 

HT 

2.41.6.2.5 

2.41.6.2.8.1 

where 

I 

MLSS 

V 

2.41.6.2.8.2 

where 

- Mixed liquor volatile suspended solids, mg/l 

=,Influent inert suspended solids, mg/l 
(a default value of 20 mg/l) 

= Sludge retention time, days 

= Hydraulic detention time, days 

Sludge Waste Schedule 

Sludge inventory 

I = a.34 of~~~(v~ 

= Sludge under aeration, lbs 

= Mixed liquor suspended solids, mg/l 

= Aeration tank volme, million gallons 

Total sludge wasted per day 

SW I =sRT 

SW = Sludge wasted, lb/day 

SRT = Sludge retention time, day 

I - Sludge under aeration, lbs 
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2.41.6.2.8.3 Waste sludge flow rate. For a conservative estimate, 
assume that the effluent suspended solids is negligible canpared to the 
sludge YLSS. 

w 3 lo6 SW 
8.34(XW) 

W = Sludge flow rate, gal/day 

SW = Sludge wasted, lb/day 

XW = Sludge suspended solids concentration, mg/l (12,000 mgll) 

2.41.6.2.8.4 Calculate return sludge rate 

RSR - 2 
Q 

x 100 
w 

RSR = Return sludge rate, % of Q avg (usually 100%) 

W = Sludge flow rate, mgd 

Q 
avg 

= Average flow rate, mgd 

2.41.6.2.9 Oxygen Requirement 

2.41.6.2.9.1 Carbonaceous oxygen requirement 

COR = 
1.5 (SO'S) 

(HT)24 
L 1.42 (MLVSS) 

(SRT)(24) ' (mg/l'hr) 

sO 
= Lnfluent BOD mg/l ' 

S = Effluent BOd mg/l 

2.41.6.2.9.2 Nitrogenous oxygen requiranent 

NOR - 4.6 (NO-Nl) 
HT , (mg/ 1/ hr) 
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NOR = nitrogenous oxygen requirement, mg/l 

NO = Influent nitrogen concentration, mg/i 

Nl = Effluent nitrogen concentration, mg/l 

HT = Hydraulic detention time, hours 

2.41.6.2.9.3 Oxygen demand safety factor 

L 
if Q 

2 2.2 
w3 

SFOX - (0.55) Q, 
Q 

avg 

if L 
Q 

c 2.2 
aw3 

SFOX = 1.2 

where 

SFOX - safety factor for oxygen demand 

2.41.6.2.9.4 Oxygen requirement (OR) 

OR - SFOX (COR + NOR) , (mg/l/hour) 

2.41.6.2.9.5 Calculate oxygen requirement in lb/day 

where 
02 * (ORI (V) (200) lb/day 

02 = Oxygen requirement, lbs/day 

V - Aeration tank volume, million gallons 

2.41.6.2.10 Design the Aeration System 

2.41.6.2.10.1 Assume following paraneters 

STE - 5.0 percent 

ALPHA = 0.9 

BETA = 0.9 

P = Pressure correction factor, 1.0 
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2.41.6.2.10.2 Select summer operating tanperature and de- 
termine O2 saturation 

TS = 2S°C, CS = 8.2 mg/l 

2.41.6.2.10.3 Determine operating transfer efficiency 

OTE = STE [ (CS)(BETA)(P) - CL1 ALpHA (1 02)TS'20 
9.17 . 

where 

OTE = Operating transfer efficiency, percent 

STE = Standard transfer efficiency, 5 percent 

cs = 8.2 mg/l at 25'C 

BETA = 0.9 

P = 1.0 

CL = Minimum dissolved oxygen, 2.0 mg/l 

ALPHA = 0.9 

TS = 2s"c, summer operating temperature 

9.17 = o2 saturation at 20°C 

2.41.6.2.10.4 Calculate required airflow 

Blowers are treated as a separate unit process since several 
unit processes in a single plant may require air fran the 
blowers. The air requirements fran all unit processes in a 
treatment train which require air'are summed and the total air 
requireznent is used to size the blower facility. The unit 
process design for the blower facility is found in subsection 
CI 3 

: . .  

:  

02 (7.48) 
CFM = OTE(0.0176)1440(V)(103) 

where 

CM = Required air flow, cfm/lOOO ft 3 

OTE = Operating transfer efficiency, percent 
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v = Aeration tank volume, million gal 

0.0176 = lb 02 per ft3 air 

1440 - Min per day 

02 = lb 02/day 

2.41.6.2.10.5 Check mixing requiranent. To provide sufficient 
mixing in an a tivated 
25 cfm/lOOO ft 5 

sludge nitrification systen, a min&nuin of 
is required. If CFM S 25 cfm, set 

CEX * 25 cfm/lOOO ft3 

If CFM >25cfm 
\ 

CM - cm 

2.41.6.2.11 Alkalinity Requirement 

2.41.6.2.11.1 Alkalinity destroyed during nitrification 

ALKD = 7.14 (NGNl) 

where 

NO = Influent NH3-N, mg/l 

Nl = Effluent NH3-N, mg/ 1 

ALKD - Alkalinity destroyed, mg/l as CaC03 

2.41.6.2.11.2 Required alkalinity addition. The amount of alkalinity 
which must be added, (ALKADD), is dependent upon the influent alkalinity 
(IALK) and the alkalinity destroyed (ALKD). It is recanmended that a 

minimum value of 60 mg/l of alkalinity to be maintained in the aeration 
basin. Thus, 

If (IALK - ALKD) 2 60 mg/l 

then ALKADD = 0 

IF (IALK - A.LKD)< 60mg/l 

then ALKADD - 60 - (IALK - ALKD) 

Total alkalinity added is: 

ALKT - MXADD (Q,,) 8.34 
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where 

%KT = Total alkalinity added, lb/day (CaC03) 

ALKADD = Amount of alkalinity which must be added, mdl 
as CaCO 3 

Q avg 
= Average flow rate, rng/l 

2.41.6.2.12 Effluent Quality 

2.41.6.2.12.1 The effluent suspended solids (SS) concentration for a 
suspended growth nitrification system followed by a secondary clarifier 
should be in the range of 20 to 30 mg/l 

ESS = 25 mg/l (or as specified by user) 

2.41.6.2.12.2 Th e effluent BOD concentration can be estimated 
fran the effluent SS concentrat on. 1 

EBOD5 = S + 0.8 (MLVSS/ML.SS) ESS 

where 

EBOD5 7 Effluent BOD5, mg/l 

S - Effluent soluble BOD5, mg/l 

MLVSS = ?lixed liquor volatile suspended solids in aeration 
tank, mg/l 

?fLss = axed liquor suspended solids in aeration tank, 
we 

ESS - Effluent suspended solids, mg/l 

2.41.5.2.12.3 COD. \ 

where 

CODE = 1.5 EBOD 
CODES = 1.5 s5 

CODE = effluent COD concentration, mg/l. 

EBODj = effluent BOD5 concentration, mg/l. 

CODES = effluent soluble COD concentration, mg/l. 

S - effluent soluble BOD5 concentration, mg/l. 
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2.41.6.2.12.4 Nitrogen. 

TKNE - (0.1) (ESS) + N1 
N03E = NO3 + (NO - TaE) 

N02E - NO2 

where 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

ESS - effluent suspended solids concentration, mg/l. 

Nl = effluent ammonia concentration, mg/l. 

N03E - effluent NO3 concentration, mg/l. 
\ 

NO3 = influent NO3 concentration, mg/l. 

NO - influent Kjedahl nitrogen concentration, mg/l. 

N02E - effluent NO 2 
concentration, mg/l. 

NO2 = influent NO2 concentration, mg/l. 

2.41.6.2.12.5 Phosphorus. 

P04E = 0.7 PO4 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4= influent phosphorus concentration, mg/l. 

2.41.6.2.12.6 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mdl. 

2.41.6.2.12.7 PH. 

PH - 7.2 

where 

PH - effluent PH. 

2.41.6.2.12.8 Settleable Solids. 
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SETS0 - 0.0 

where 

SETS0 = settleable solids, mg/l. 

2.41.6.3 Process Design Output Data. 

2.41.6.3.1 SF, safety factor to account for flow and concen- 
tration variations. 

2.41.6.3.2 SRT, design sludge retention time, days 

2.41.6.3.3 HT, hydraulic detention the, days 

2.41.6.3.4 V, aeration tank volume, million gallons 

2.41.6.3.5 MLVSS, mixed liquor volatile suspended solids in 
aeration basin, mg/l 

2.41.6.366 
basin, mg/l 

2.41.6.3.7 

2.41.6.3.8 

2.41.6.3.9 

2.41.6.3.10 

2.41.6.3.11 

3 
;; 4 

1.6.3.12 

2.41.6.3.13 

2.41.6.3.14 

2.41.6.3.15 

2.41.6.3.16 
N 

2.41.6.4 

2.41.6.4.1 

MISS, mixed liquor suspended solids in aeration 

SW, total sludge wasted per day, lb/day. 

W, waste sludge flow rate, MGD 

RSR, return sludge rate, percent 

OR, oxygen requirement, mg/l/hr 

02, oxygen requiranent, lb/day 

CFM, required airflow, diffuser systen, scfm/lOOO 

ALKT, total added alkalinity, lb/day as CaC03 

ESS, effluent suspended solids, mg/l 

EBOD5, effluent BOD5, mg/l 

NL, critical effluent ammonia concentration, mg/l as 

Quantities Calculations. 

Selection of numbers of aeration tanks. The fol- 
lowing rule will be utilized in the selection of nunbers of ae- 
ration tanks. 
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Q avg 
Number of 

Aeration Tanks 

2-4 3 

4-10 . 4 

10 - 20 6 

20 - 30 8 

30 = 40 . 10 

40 - 50 12 

50 - 70 14 

70 - 100 16 

hhen Q is larger than 100 mgd, several. batteries of 
aeration tan'ks wilfv8e used. See next section for details. 

2.41.6.4.2 Selection of nunber of tanks and nunber of batteries 
of tanks Iwhen Q, 

E 
is larger than 100 mgd. It is general practice 

in designing larg r sewage treatment plants that several batteries 
of aeration tanks, instead of a single group of tanks, are used. 
This is due to land area availability and certain hydraulic limi- 
tatiom. To simplify the modeling process, the following rules 
will be used: 

2.41.6.4.2.1 When QBgS 100 mgd, only one battery of aeration 
tanks will be used. 

NB-1 

where 

Na = number of batteries of units. 

2.41.6.4.2.2 When 100 Q 200 mgd, the system will be 
designed as two identical ba'?%rles of aeration basins. Each 
battery would handle half of the wastewater. The nunber of ae- 
ration tanks in each battery would be selected according to the 
rules established in subsections (c) and (d) by using half the 
design flow as Q,,. Thus 



2.41.6.4.2.3 When Q 200 mgd, the design will be performed 
to use three batterigvgf aeration basins, each handling one-third 
of the wastewater. Thus 

NB -3 

2.41.6.4.3 Nmbet of diffusers. The oxygen transfer rates used 
in the first-order design dictate the use of coarse bubble dif- 
fusers. These diffusers have an air flow fran 10 - 15 scfm; for 
design purposes an average of 12 scfm will be used. 

NDt = cMd 

12 (NT) (NB) 

NDt must be an integer. 

where 

T = number of diffusers per tank. 

2.41.6.4.4 Number of swing am diffuser headers. For ease of 
maintenance swing arm headers are usually used. The nunber of 
diffusers per header is dictated by the nunber of connections 
provided on each header by the manufacturer. This varies with 
Panufacturer and header size fran 8 to 30. For our purposes an 
average of 20 diffusers per header will be assumed. 

where 

NSAt must be an integer. 

NSAt = nunber of swing arm headers per tank. 

2.41.6.4.5 Design of aeration tanks. 

2.41.6.4.6 Volme of each tank would be 

vN= 'd 

(NB) (NT) . 

where 

VN= volume of single aeration tank, cu ft. 

2.41.6.4.5.2 Depth and width of aeration tanks. The depth and 
width of the aeration tanks will be fixed at 15 ft. and 30 ft., 
respectively. 
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2.41.6.4.5.3 Length of aeration tanks. 

L= 
(15Z30) 

If L is greater than 400 ft., then recalculate VN using NT = NT + 
1, then recalculate L. 

2.41.6.4.6 Aeration tank arrangements. 

2.41.6.4.6.1 Figure 2.41-l shows the schematic diagram of the 
arranganents. A pipe gallery will be provided when the nunber of 
tanks is equal to or larger than four. The purpose of the pipe 
gallery is to house the various air and water piping systems and 
control equipment. 

Q 
PGW - 20 + (0.4) (*I 

where 

PG'VJ = pipe gallery width, ft. 

Q avg = average influent wastewater flow, mgd. 

2.41.6.4.7 Earthwork required for construction. It is assumed 
that the tank bottom will be 4 feet below ground level. The earttr 
work required can be estimated by the following equations: 

2.41.6.4.7.1 When NT is less than 4, the earthwork required would 
be: 

V ew 
= 6 ~~ [(NT(31.5) + (15.5) (L + 17) + (NT(31.5) + 23.5) (L + 25)] 

2 

where 

v - volume of earthwork required, cu. ft. 
ew 

KT - nunber of tanks per battery. 

L- length of aeration tanks, ft. 

2.41.6.4.7.2 When NT is greater than or ‘equal’ to 4, the earthwork 
required would be: 

%W 

= 6 ,+15.75(NT) + (15.5)(2L + PGW + 20) + (15.75)(NT) + (23.5H2L + PGW l 25; 
2 

2.41.6.4.8 Reinforced concrete slab quantity. It is assumed 
that a l'-6" thick slab will be utilized regardless of the size of 
the system. The volume of reinforced concrete slab will be the 
sane for both plug and canplete mix flow. 
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2.41.6.4.3.1 For NT less than 4: 

V 
cs = 1.5 NB [(NT(31.5) + (15.5)(L + 17)] 

where 

V 
cs = R.C. slab quantity required, cu. ft. 

2.41.6.4.8.2 For NT greater than or equal to 4: 

V 
cs - 1.5 NB [(15.75(NT)(2L + PGW+ 200)] 

2.41.6.4.9 Reinforced concrete wall quantity. 

2.41.6.4.9.1 When NT is less than 4: 

V cs = (NB)[75.3(L) + [29.4(NT) - 58.81 (L) + 1383,75(NT) + 33.751 

2.41.6.4.9.2 When XT = 4, 8, 12, 16, 20, etc.: 

%W = (NBj [29.35(NT) (L) + 56.8 (L) + 1350(NT) + 45(PGW) + 185.651 

2.41.6.4.9.3 When NT - 6, 10, 14, 18, 22, etc.: 

V 
cw = (NB)[15.15(NT)(L) + 28.5 (L) + 1367(NT) + 45 (PGW) + 168.751 

2.41.6.4.10 Quantity of handrail for safety. Handrail is 
required for safety protection of the operation personnel of 
wastewater treatment plants. Waterway walls and the top of the 
pipe gallery will require handrail. The quantity of handrail 
required may be estimated as follows: 

2.41.6.4.10.1 For NT - 2 

LHR- [(NT)(L) + 36.5 (NT) + 1.51 NB 

2.41.6.4.10.2 For NT - 3 \ 

LHR = [(NT + 1)L + 36.5(NT) + 6.51 NB 

2.41.6.4.10.3 For NT greater than or equal to 4: 

LHR= [tNT + 4) (L) + 34(NT) + 2PGW + 31h7.B 

2.41.6.4.11 Calculate operation manpower requirements. 

2.41.6.4.11.1 If CFMd is less than or equal to 3000 scfm, the 
operation manpower can be calculated by: 

OMH - 62.36 (CFMd)o*3g72 
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where 

OMH = operation manpower req ired, man-hours/yr 

' 2.41.6.4.11.2 If CFM is greater th n 3000 scfm, the operation 
manpower can be talc Id ated by: 

OMH = 26.56 ( 

2.41.6.4.12 Calculatemaintenance requirements. 

2.41.6.4.12.1 If CFMd is less than 1: equal to 3000 scfm, the 
maintenance manpower can be calculat t by: 

MMH = 22.82 ( 
P 

FMd)o*437g 

2.41.6.4.12.2 If CFMd 3000 scfm, he maintenance manpower can be 
calculated by: 

where 

MMH = 6.05 ( FMd)o*6037 I 
M?W = maintenance man-hours year required. 

2.41.6.4.13 Energy requirenent fo operation. The electrical 
energy required for operation is rel to the average wastewater 
flow by the following equation: 

KWH = 248,950.8 (Qavg)o*g80g 

where 

KW = electrical energy requ k red for operation, kwhr/yr. 

2.41.6.4.14 Operation and mainten 

i 

rice material and supply 
costs. Operation and maintenance ma erial supply costs include 
itans such as lubricant, paint, rep1 cenent parts, etc. These 
costs are estimated as a percent of he total bare construction 
cc5 ts. 

OXMP - 3.57 ( 

where 

OMMP = operation and mainte ce material costs as percent 
of total bare cost, percent. 

2.410 1 
i 



2.41.6.4.15 Other construction cost itens. The majority of the 
costs of the diffused aeration activated sludge process have been 
accounted for. Other cost itas, such as liquid piping systa, 
control equipment, painting, site cleaning and preparation, etc., 
can be estimated as a percent of the total bare construction cost. 
This value depends greatly on site conditions and canplexity of the 
process. For a generalized model, an average value of 10 percent 
will be used. 

CF.- ho = 1.11 . 

where 

CF = correction factor to account for the minor cost 
items. 

2.41.6.5 

2.41.6.5.1 

2.41.6.5.2 

2.41.6.5.3 

2.41.6.5.4 

2.41.6.5.5 

2.41.6.5.6 

2.41.6.5.7 

2.41.6.5.8 

2.41.6.5.9 

2.41.6.5.10 

2.41.6.5.11 

2.41.6.5.12 

2.41.6.5.13 

2.41.6.5.14 

Quantities Calculations Output Data. 

Number of aeration tanks, NT. 

Nunber of diffusers per tank, NDt. 

Nmber of process batteries, NB. 

Nmber of swing arm headers per tank, NSA,. 

Length of aeration tanks, L, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 

Quantity of R.C. slab required, V CS' cu ft. 

Quantity of R.C. wall required, VCW, cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requiranent, OMH, man-hour/yr. 

Maintenance manpower requiraaent, MMH, man-hour/yr. 

Electrical energy for operation,'KWH, kwhr/yr. - 

Operation and maintenance material and supply cost 
as percent of total bare construction cost, OMMP, percent. 

2.41.6.5.15 Correction factor for minor construction costs, CF. 

. 
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2.41.6.6 

2.41.6.6.1 

2.41.6.6.2 

2.41.6.6.3 

2.41.6.6.4 
wt. 

2.41.6.6.5 

2.41.6.6.6 Cost per swing arm header, COSTPH, $, (optional). 

2.41.6.6.7 
XSECX. 

2.41.6.6.8 
CEPCIP. 

2.41.6.6.9 
hour. 

2.41.6.6.10 

2.41.6.7 

2.41.6..7.1 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Unit price input R.C. wall in-place, UPICW, $/cu yd. 

Unit price input R.C. slab in-place, UPXCS, $/cu yd. 

Unit price input for handrails in-place, UPIRR, 

Cost per diffuser, COSTPD, $, (optional). 

Current Marshall and Swift Equipment Cost Index, , 

Current CE Plant Cost Index for pipe, valves, etc., 

Equipment installation labor rate, LABRI, $/man- 

Unit price input for crane rental, UPICR, $/hr. 

Cost Calculations. 

Cost of earthwork. 
v 

COSTE - + UPIEX 

COSTE - cost of earthwork, dollars. 

v - ew quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.41.6.7.2 Cost of R.C. wall in-place. 
v 

cosTcw = + UPICW 

COSTCW = cost of R.C. wall in-place, $. 

v cw = quantity of R.C. wall, Cu ft. 

UPICW = unit price input for R.C. wall in-place, $/ 
cu yd. 
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2.41.6.7.3 Cost of R.C. slab in-place. 
v 

COSTCS - + UPICS 

where 

cosTcs = cost of R.C. slab in-place, $. 

V cw - volme of concrete slab, cu yd. 

UPICS = unit price of R.C. slab in-place, $/cu yd. 

2.41.6.7.4 Cost of handrails in-place. 

COSTHR - LHR x UPIHR 

where 

COSTHR = cost of handrails in-place, $. 

LHR = length of handrails, ft. 

UPIHR - unit price input for handrails in-place, $/ 
ft. 

2.41.6.7.5 Cost of diffusers. 

2.41.6.7.5.1 The oxygen transfer values given in process design 
calculations indicate the use of coarse bubble diffusers. The cost 
of a coarse bubble diffuser with a capacity of 12 scfm for the 
first quarter of 1977 is 

COSTPD - $6.50 

For a better estimate COSTPD should be obtained frm an equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost' Index. 

I where . I 

COSTPD - 6.50 R 
. 

. . . . .- : .- .* 

COSTPD = cost per diffuser, $. 

MSECI = current Marshal 1 and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first 
quarter 1977. 

2.41.6.7.5.2 Calculate COSTD. 
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COSTD - COSTPD x ND, x NT x NB 

where 

COSTD - cost of diffusers for system, $. 

mt - nunber of diffusers per tank. 

NT = number of tanks: 

2.41.6.7.6 Cost of swing arm diffuser headers. 

2.41.6.7.6.1 Swing arm diffuser headers cane in several sizes. 
The cost used is for a header which will handle 550 scfm and up to 
37 diffusers. The cost of this header for the first quarter of 
1977 is . 

COSTPH - $5000 

For a better estimate COSTPH should be obtained fran an equipment 
vendor and treated as a unit price input. Otherwise, for future 

escalation the equipment cost should be adjusted by using the 
Marshall and Swift Equipment Cost Index. 

COSTPH - $5000 $!$$ . 

\ 

where 

COSTPH - cost per swing arm header, $. 

XSECI = current Marshal.1 and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index, first 
quarter of 1977. 

2.41.6.7.6.2 Calculate COSTH. 

COSTH = COSTPH x NSA, x NT x NB 

where 

COSTH - cost of swing arm headers for system, $. 

NSAt - nunber of swing arm headers per tank. 

NT - nunber of tanks. 

NB - number of batteries. 

2.41.6.7.7 Equipment installation man-hour requirenent, The 
labor requirement for field installation of the swing arm headers, 
including mounting the diffusers, is approxknately 25 man-hours per 
header. 

2.41-35 



MH = 25 NSAt x NT x NB 

where 

IMH- installation man-hour requirement, man-hours. 

2.41.6.7.8 Crane requirement for installation. 

where 

CH = crane time requirement for installation, hr. 

2.41.6.7.9 Cost of air piping. The air piping for the diffused 
aeration system is very canplex and includes many valves and 
fittings of different sizes. This causes cost estimation by 
material take-off to be very difficult for a wide range of flow. 
In this case we feel the use of parametric costing is justified as 
the overall accuracy of the estimate will not be affected to a 
great extent. 

2.41.6.7.9.1 If CFMd is between 100 scfm and 1000 scfm, the cost 
of air piping can be calculated by: 

COSTAP CEPCIP - 617.2 (CFMd)o*2553 x - 
241.0 

where . 

COSTAP = cost of air piping, $. 

CFMd = design capacity of blowers, scfm. 

CEPCIP - current CE Plant Cost Index for pipe, valves, etc. 

241.0 = CE Plant Cost Index for pipe, valves, etc., for 
first quarter of 1977. 

. 
2.41.6.7.9.2 If CFMd is between 1000 scfm and 10,000 scfm, the 
cost of air piping can be calculated by: 

COSTAP - 1.43 (CFMd)l 
241.0 .. 

2.41.6.7.9.3 If CFM 
Q 

is greater than 0,000 scfm, the cost of air 
piping can be calcula ed by: 

COSTAP = 28.59 (cf?fd)"*8085 

2.41.6.7.10 Other costs associated w th the installed equipment. 
This category includes the costs for we r installation, painting, 
inspection, etc., and can be added as a percentage of the purchased 
equipment cost: 

t- 
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PYINC = 10% 

where 

PMIX ‘5: percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.41.6.3.11 Installed equipment costs. 

IEC = (COSTD + COSTH) (1 + yg ) + (IMH) (LABRI) + (Cii) (UPICR) 

where 

IEC = installed equipment cost, $. 

LABRI = labor rate, $/man-hour: 

UPICR = crane rental rate, $/hr. 

2.41.6.7.12 Total bare construction cost. 

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) CF 

TSCC = total bara construction cost, $. 

CF = correction factor for minor cost items. 

2.41.6.7.13 Operation and maintenance material costs. 

OMM? OMCC - TBCC m 

OYXC = operation and maintenance material supply costs, 
$/YT. 

OYX' = operation and maintenance material and suppiy costs 
as percent of total bare construction cost, percent. 

2.51.6.3 Cost Calculations Outnut 3ata. 

2.41.6.8.1 Total bare construction cost TBCC, $. 

2.41.6.8.2 Operation and maintenance material and supply 
ccets, omc, $/yr. 
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2.41.7 Suspended Growth Nitrification (Mechanical Aeration). 

2.41.7.1 Input Data. 

2.41.7.1.1 TS, summer operating temperature, 'C 

2.41.7.1.2 TW, winter operating temperature, OC 

2.41.7.1.3 
mg/las N 

NO, influent total kjeldahl nitrogen concentration, 

2.41.7.1.4 NlS, effluent ammonia nitrogen concentration, 
summer effluent standard, mg/l as N 

2.41.7.1.5 NlW, effluent ammonia nitrogen concentratfon, 
winter effluent standard, mg/l as N 

2.41.7.1.6 DO, dissolved oxygen concentration, 20 mg/l 

2.41.7.1.7 Qp, peak flow rate, mgd 

2.41.7.1.8 Q 
avg’ averge flow rate, mgd 

2.41.7.1.9 -1 Kd, decay coefficient, 0.05 day 

2.41.7.1.10 Yb, heterotrophic yield coefficient, 0.65 lb VSS 
grown/lb BOD5 ranoved 

2.41.7.1.11 

2.41.7.1.12 

2.41.7.1.13 

So, influent BOD5 (must be 50 mg/lO. 

&II, metabolic factor, 15 hf' at 20'C. 

SSI, influent inert suspended solids, mg/l. 

2.41.7.1.14 XW, sludge solids concentration, mg/l. 

2.41.7.1.15 
percent. 

STE, standard transfer efficiency of diffusers, 5 

2.41.7.1.16 ALPHA, oxygen transfer coefficient, 0.9. 

2.41.7.1.17 BETA, oxygent transfer coefficient, 0.9. 
-,. . . ; '. . .,i . : '. 

2.41.7.1.18 P, pressure correction factor, 1.0. 

2.41.7.1.19 
temperature. 

CS, O2 saturation concentration at summer operating 

2.41.7.1.20 CL, minimum O2 concentration, 2.0 mg/l. 
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2.41.7.1.21 WLK, influent alkalinity, mg/l as CaCO;. 

2.41.7.1.22 SLR, solids loading rate to clarifier, 25 lb/ft2/ 
day. 

2.4+1.23 OFR, maximum surface overflow rate to clarifier, 450 
gpdft . 

2.41.7.1.24 SAC, standard rated aerator capacity, 4.0 lb O2 
transfer/'HP-hr mechanical systans. 

2.41.7.2 Process Design Calculations. 

2.41.7.2.1 Determine Sludge Retention Time (SRT). The sludge 
retention tine is calculated fran the temperature of the waste, the 
pH of the waste, the effluent concentration of ammonia nitrogen 
required and the dissolved oxygen concentration in the waste. In 
many states the effluent concentration standards differ for summer 
and winter operation. The design sludge retention time must be 
calculated for both summer temperature and effluent concentration 
and winter temperature and effluent concentration. The longer 
retention time should be used in the design of the nitrification 
system. 

2.41.7.2.1.1 The first step required to calculate the desired 
sludge retention t%ne in a plug flow nitrification systan is to 
detexzine the growth rate of the nitrifying bacteria. Since the 
maximum growth rate of nitrobactor is considerably larger than the 
maximum growth rate of nitrosanonas and the value of substrate 
concentration at half maximm growth rate is less than 1 mg/l-N for 
both organisms, nitrite does not accunulate in Large amounts in 
biological treatment systans. For this reason nitrifier growth can 
be modeled using the rate limiting step, ammonia conversion to 
nitrite, and the growth rate is of the nitrosanonas bacteria. 

2.41.7.2.1.2 The growth rate of the nitrosanonas bacteria in 
plug flow is given by: 

for pH C 7.2 

MUN = 0.47 [ e 
0.098(T-15)I x [l-O.833 (7.2-ph)] 

x c 
NC-N1 1 x f 

(NO-Nl) + 10 O.OSlT-1.158 Ln JI$ DO fole31 da? 

For pH 7.2 

MUN = 0.47 [ e O.O98(T-15) I x [ N&N1 
0.051T-1.1581n NO 1 

(NO-Nl) + 10 N1 
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where 

MUN = Growth rate, -1 day 

T = Temperature, 'C (8'C to 30°C) 

NO = Influent TKN concentration (NH4+-N), mg/l 

Nl = Effluent ammonia concentration (NH4+-N), mg/l 

DO - Dissolved oxygen concentration, mg/l 
default value of 2.0 mg/l 

2.41.7.2.1.3 The minimum solids retention time is given by: 

SRWIN = & 

where 

SRTXIN = Minfmum SRT required, days 

2.41.7.2.1.4 The minimum solids retention time is the time that is 
theoretically required to obtain the desired effluent concentration 
of NH -N. 
a bio ogical ? 

Variation in flow may significantly affect the operation of 
nitrification systgn. .The degree of ammonia renoval 

required may necessitate a longe r SRT to accaamodate the variations 
in flow. A safety factor must be multiplied by the minimum SRT to 
obtain the design SRT. The value of this safety factor is dependent 
on the allowable effluent ammonia concentration, the average flow 
rate, and the ratio of the peak flow rate to the average flow rate. 

Estimates for the safety factor can be obtained for the 
following equations: 

Q 
SF1 - 0.375 + 0.125 $ 

avg 

SF2 - 0.935 - 0.271 log (Q 
avg 

) 

SF3 = 1.03 - 0.053 Nl 

where 

QP 
- Peak flow, mgd 

Q avg 
= Average flow, mgd 

Nl = Effluent ammonia limitation, NH30N mg/l 

The safety factor to be used is the sum of SFl, SF2, and 
SF3: 

SF - SFl+ SF2 + SF3 
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2.41.7.2.1.5 The design sludge retention time is calculated by: 

SRT = (SF)(SRT~~IN) 

where 

SRT - Design sludge retention time, day 

SF = Retention time safety factor 

SRT?IIN - Minimm sludge retention tine 

2.41.7.2.1.6 If the effluent concentration standards differ for summer 
and winter, repeat the design sludge retention time calculation for each 
season's parameters. The largest SRT is used in the design procedure 
below. \ 

2.41.7.2.2 Calculate Organic Ranoval Rate 

1 

'b = 
z+ Kd, (lb BOD removal/lb MLVSS/day) 

'b 

Yb - 0.65 lb VSS/Ib BOD renoval (heterotrophic yield 
coef.) 

Kd = 0.05 day -' (decay coefficient) 

SRT - Sludge retention time 

'b 
-'Organic removal rate, (lb BOD renoval/lb MLVSS/day) 

2.41.7.2.3 Hydraulic Detention Time 

where 

HT 

sO 

S 

'b 

HT = 
(So- 9 

(s,> tMLvss) 

= Hydraulic detention tine (days) 

= Influent BOD5 (mg/l) 

= Effluent soluble BOD5 (assume S - 0 mg/L) 

s Organic renoval rate (lb BOD5 r-oval/lb MLVSS/day) 
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XLVSS = Mixed liquor volatile suspended solids (%ZOOO mg/l) 

2.41.7.2.4 Volme of Aeration Tank 

V =Q avg (HT) 

where 

V = Volume, million gallons 

HT = Hydraulic detention time, days 

Q avg 
- Average flow rate, mgd 

2.41.7.2.5 Calculate Effluent Soluble BOD5 

s - sO 

Km HT(24) + 1 

where 

S = Effluent soluble BOD5, mg/l 

sO 
= Influent BOD5, mg/l 

Km 
-1 = Metabolic factor - 15 hr at 20°C 

HT = Hydraulic detention time, days 

2.41.7.2.6 Recalculate MLVSS 

MLVSS = 
so- s 

(q,> (W 

where ' \ 

sO 
= Influent BOD5, mg/l 

S - Effluent soluble BODg, mg/l .y 

'b = Organic removal rate, lb BOD5 removal/lb MLSS/day 

MLVSS - Mixed liquor volatile suspended solids, mg/l 

HT = Hydraulic detention time, days 

2.41.7.2.7 Calculate MISS in Aeration Tank 

MISS = MLVSS + inert solids 
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inert soLids - SSI 2 + 0.1 MLVSS 

MISS = 1.1 MLVSS + SSI g 

where 

MLSS = Mixed liquor suspended solids, mg/l 

?lLVSS - Uxed liquor volatile suspended solids, mg/l 

SSI = Influent inert suspended solids, mg/l 
(a default value of 20 mg/l) 

SRT = Sludge retention time, days 

HT - Hydraulic detention $ime, days 

2.41.7.2.8 Sludge Waste Schedule 

2.41.7.2.8.1 Sludge inventory 

where 
I - 8.34 (MLSS)(V) 

I = Sludge under aeration, lbs 

HISS = Mixed liquor suspended solids, mdl 

v - Aeration tank volume, million gallons 

2.41.7.2.8.2 Total sludge wasted per day 

SW x =sRT I 
where 

SW = Sludge wasted, lb/day 

SRT = Sludge retention time, day 

I = Sludge under aeration, lbs 

2.41.7.2.8.3 Waste sludge flow rate. For a conservative 
estimate, assume that the effluent suspended solids is 
negligible conpared to the sludge MISS. 

w - lo6 SW 
8.34(xW 

where 
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. 

W = Sludge flow rate, gal/day 

SW = Sludge wasted, lb/day 

xw = Sludge suspended solids concentration, mg/l (12,000 mg//: 

2.41.7.2.8.4 Calculate return sludge rate 

RSR = w 
Q 

x 100 
avg 

RSR = Return sludge rate, % of Q avg (usually 100%) 

W = Sludge flow rate, mgd 

Q avg 
= Average flow rate, mgd 

2.41.7.2.9 * Oxygen Requirement 

2.41.7.2.9.1 Carbonaceous oxygen requirement 

COR * 
1.5 (So-S> - 1.42 (?fLVSS) 

(HT)(24) (SRT)(24) ' (mg/l'hr) 

where 

sO 
= Influent BOD mg/l 

S - Effluent BOD mg/l 

HT = Hydraulic detention time, days. 

MLVSS - Mixed liquor volatile suspended solids mg/l 

SRT = Design SRT, days. ' 

2.41.7.2.9.2 Nitrogenous oxygen requirenent 

4.6 (N’GN1 “ .  :  . : .  .  .‘: 

NOR - 
(HT)(24) ' (mg/l'hr) 

NOR = nitrogenous oxygen requiranent, mg/l. 

NO = Influent nitrogen concentration, mg/l. 

Nl = Effluent nitrogen concentration, mg/l. 

HT = Hydraulic detention time, days. 

. 
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2.41.7.2.9.3 Oxygen demand safety factor 

if L ;! 2.2 Q avg 

SFOX - (0.55) Qp Q 
avg 

if 9p < 2.2 
Q avg 

SFOX - 1.2 

where 

SFOX = safety factor for oxygen demand 

2.41.7.2.9.4 Oxygen requirement (OR) 

OR = SFOX (COR + NOR) , (mg/l/hour) 

2.41.7.2.9.5 Calculate oxygen requirement in lb/day 

02 - (OR)(V)(200) lb/day 
where 

02 J Oxygen requirement, lbs/day 

V = Aeration tank volune, million gallons 

2.41.7.2.10 Design aeration system. 

2.41.7.2.10.1 Assume the following parameters. 

ALPHA = 0.9 

BETA = 0.9 

P= pressure correction factor, 1.0 

2.41.7.2.10.2 Select summer operating temperature and determine 
O2 saturation. 

TS - 25OC, CS - 8.2 mg/l 

2.41.7.2.10.3 Determine operating aerator capacity. 

OAC = SAC x (CS)(BETA) - c, 
9.17 

(ALPHA) x (l.02)TS20 
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OAC = operating aerator capacity, lbs of 02 transfer/hr-HP. 

SAC = standard rated aerator capacity, lbs of 02 transfer/ 
hpHp use 4.0 as default value. 

2.41.7.2.10.4 Calculate horsepower requiranents. 

t;here 

HP = horsepower requiranent for aerator, hp. 

2.41.7.2.10.5 Check mixing requirement: The minimum horsepower 
requirement for mixing purposes should be 75 hp/MG of aeration basin. 
Thus, 

where 

HPM -75xv 

v= aeration tank volume, million gallons. 

If HP2 HPM use HP = HP 

If HP < HPM, use 

HP = HPM 

2.41.7.2.11 .Alkalinity Requirement 

2.41.7.2.11.1 Alkalinity destroyed during nitrification 

ALKD = 7.14 (NO-Nl) 

where 

NO - Influent TKN, mg/l 

Nl - Effluent NH -N, 
3 

mg/l 
-c ."_ . 

ALKD = Alkalinity destroyed, mg/l as CaC03 

2.41.7.2.11.2 Required alkalinity addition. The amount of alkalinity 
which must be added, (ALKADD), is dependent upon the influent alkalinity 
(L4LK) and the alkalinity destroyed (ALKD). It is recanmended that a 
minimum value of 60 mg/l of alkalinity to be maintained in the aeration 
basin. Thus, 

If (IALK - ALKD)> 60 mg/l 

then ALKADD - 0 
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IF (IALK - ALKD) < 60 mg/l 

then ALKADD = 60 - (TALK-- ALKD) 

Total alkalinity added is: 

ALKT - ALKADD (Q avg) a*34 

where 

ALKT - Total alkalinity added, Lb/day (CaC03) 

tiKADD = Amount of al'kalinity which must be added, mg/l 
as CaC03 

Q avg = Average flow rate, m@l 

2.41.7.2.12 Effluent Quality 

2.41.7.2.12.1 The effluent suspended solids (SSj concentration for a 
suspended growth nitriflcation system followed by a secondary clarifier 
should be in the range of 20 to 30 mg/l 

ESS = 25 mg/l 

2.41.7.2.12.2 The effluent BODj concentration can be estimated fran 
4 

the effluent SS concentration. 

DOD5 - S + 0.8 (NLVSS/MLSS) ESS 

where 

EBOD5 - Effluent BOD3, mg/l 

S - Effluent soluble BOD5, mdl 

MLVSS - Mixed liquor volatile suspended solids in aeration 
tank, mg/l 

MLSS = Mixed liquor suspended solids in aeration tank, 
mu 

ESS = Effluent suspended solids, mg/l 
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2.41.7.2.12.3 COD. 

CODE - 1.5 EBOD5 
CODES - 1.5 S 

where 

CODE = effluent COD concentration, mg/l. 

EBOD5 = effluent BOD5 concentration, mg/l. 

CODES = effluent soluble COD concentration, mg/l. 

S = effluent soluble BOD5 concentration, mg/l. 

2.41.7.2.12.4 Nitrogen. 

TKNE - (0.1) (ESS) + Nl 
N03E - NO3 + (NO - TKNE) 

N02E = NO2 

where 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. 

ESS = effluent suspended solids concentration, mg/l. 

Nl = effluent ammonia concentration, mg/l. 

N03E = effluent NO3 concentration, mg/l. 

N03, = influent NO3 concentration, mg/l. 

NO = influent Kjedahl nitrogen concentration, mg/l. 

N02E = effluent NO2 concentration, mg/l. 
\ 

NO2 = influent NO2 concentration, mg/l. 

2.41.7.2.12.5 Phosphorus. 
a_.. ; . . . : . . . 

P04E = 0.7 PO4 

where 

P04E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 
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2.41.7.2.12.6 Oil and Grease. 

GAGE p 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 

2.41.7.2.12.7 pH. 

PH - 7.2 

where 

PH = effluent pH. 

2.41.7.2.12.8 Settleable solids. 

SETS0 = 0.0 . 

where 

SETS0 = settleable solids, mg/l. 

2.41.7.3 Process Design Output Data. 

2.41.7.3.1 SF, safety factor to account for flow and con- 
centration variations. 

2.41.7.3.2 SRT, design sludge retention time, days 

2.41.7.3.3 HT, hydraulic detention time, days 

2.41.7.3.4 V, aeration tank volme, million gallons 

2.41.7.3.5 MLVSS, mixed liquor volatile suspended solids in 
aeration basin, mg/l 

2.41.7.3.6 , MLSS, mixed Liquor suspended solids in aeration 
basin, tug/l. 

2.41.7.3.7 SW, total sludge wasted per day, lb/day. 

2.41.7.3.8 W, waste sludge flow rate, MGD 

2.41.7.3.9 RSR, return sludge rate, percent 

2.41.7.3.10 OR, oxygen requirement, mdl/hr 
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2.41.7.3.11 

3 
;; !I 

1.7.3.12 

2.41.7.3.13 
tion, hp. 

2.41.7.3.14 

2.41.7.3.15 

2.41.7.3.16 

2.41.7.3.17 
as N 

2.41.7.4 

2.41.7.4.1 

02, oxygen requirement, lb/day 

CFM, required airflow, diffuser systen, scfm/lOOO 

HP, horsepower requirement for mechanical aera- 

ALKT, total added alkalinity, lb/day as CaC03 

ESS, effluent suspended solids, mg/l 

EBOD5, effluent BOD5, mg/l 

Nl, critical effluent ammonia concentration, mg/l 

Quantities Calculations. 

Selection of nunbers of aeration tanks. The 
following rule will be utilized in the selection of nmbers of 
aeration tanks. 

Q 
Nunber of Number of Aerators 

avg Aeration Tanks Per Tank 
b gd) NT NA 

0.5 - 2 2 1 

2-4 3 1 

4- 10 4 1 

lo- 20 6 2 

209 30 8 2 

30- 40 \ 10 3 

40- 50 12 3 

50- 70 14 3 
70 100 - " 16..-.. 4: . . 
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bhen Q is larger than 100 mgd, several batteries of 
aeration tanks wilfvQe used. See next section for details. 

2.41.7.4.2 Selection of nunber of tanks and nuuber of batteries 
of tanks when Q is larger than 100 mgd. It is general practice 
in designing la$Egr sewage treatment plants that several batteries 
of aeration tanks, instead of a single group of tanks, are used. 
This is due to land area availability and certain hydraulic 
limitations. To stiplify the modeling process, the following 
rules will be used: 

2.41.7.4.2.1 < 100 mgd, only one battery of aeration men QBgse 
tanks will be used. 

NB*l 

where 

NB = nunber of batteries of units. 

2.41.7.4.2.2 khen 100 < Q 5 200 mgd, the system will be 
designed as two identical bzxferies of aeration basins. Each 
battery would handle half of the wastewater. The nunber of 
aeration tanks in each battery would be selected according to the 
rules established in Subsection 2.41.7.4.1 by using half the 
design flow as Q avg' Thus, 

NB=2 

2.41.7.4.2.3 Ihen Qavgf > 200 mgd, the design will be performed 
to use three batteries aeration basins, each handling onethird 
of the wastewater. Thus 

NB=3 

2.41.7.4.3 Mechanical aeration equipment design. 

2.41.7.4.3.1 Usually the slowspeed, fix-mounted mechanical 
surface aerators are used in domestic wastewater treahnent plants. 
The available sizes of this type aerator are 5 HP, 7.5 HP, 10 HP, 
15 HP, 20 HP, 25 HP, 30 HP, 40 HP, 50 HP, 60 HP, 75 HP, 100 HP,- 
125 HP and 150 HP. 

2.41.7.4.3.2 Horsepower for each individual aerator: 

HPN = HPd 
(NW (NT) @A) 
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If HPN > 150 EP and NT - 2 or 3, repeat the calculation with 
NT=NT+ 1. 

ff HPN >150 HP and NT 2 4, repeat the calculation with NT - 
NT+ 2. 

where 

HPN = horsepower of each unit, horsepower. 

HPd = design capacity of aeration equipment, horsepower. 

NB = nunber of batteries. 

NT - number of aeration tanks per battery. 

NA - nunber of aerators per tank. 

2.41.7.4.3.3 Sizing of aerators. Caapare HPN with the available 
off-theshelf sizes and select the smallest unit with capacity 
larger than HPN. The capacity of the selected unit would be 
designated as HPSN. Thus, the total capacity of the aeration 
units would be 

HPT = (NB) ' (NT) l (NA) ' (HPSN) 

where 

HPT = total capacity of selected aerators, horsepower. 

2e41.7.4.4 Design of aeration tanks. 

2e41.7.4.4.1 Volume of each individual tank would be 

where \ 

VN = volume of single aeration tank, cu ft. 

2.41.7.4.4.2 Depth of aeration tanks. The depth of an aeration 
basin is controlled by the capaci'ty of the aerators to be in- 
stalled inside. If the water depth is too shallow, interference 
with the mixing current and oxygen transfer would occur. If the 
water depth is too deep, insufficient mixing would be extended at 
the bottm of the tank and sludge accunulation would occur. Thus 
proper selection of liquid depth of an aeration basin is impor- 
tant. The relationship between the recanmended basin depth and 
the capacity of the aerators can be expressed as follows: 
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hlen HPSN 5 100 HP 

DW - 4.516 (HPSX)0'2467 

'when HPSN > 100 HP 

DW = 15 ft 

where 

DW = water depth of the aeration tanks, ft. 

HPSN = capacity of the aerator, HP. 

2.41.7.4.4.3 Width and length of aeration tank. The ratf.0 
between length and width of an aeration tank is dependent on the 
number of aerators to be installed in this tanks, NA. 

If XA = 1. Square tank construction, L/W = 1 

If NA = 2. Rectangular tank construction, L/W = 2 

Lf w = 3. Rectangular tank construction, L/W = 3 

If NA * 4. Rectangul.ar tank constructi?on, L/W = 4 

and 

where 

?lA = nunber of aerators per tank. 

L= length of aeration tank, ft. 

W= width of aeration tank, ft. 

After the 5701m5, depth and L/W ratio of the tank are detemined, 
the width of the tarrk can be calculated by: 

W=[ 
0.5 

The length of the aeration tank would be: 

L- @A)' (5) 

2.41.7.4.5 Aeration tank arrangements. 
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2.41.7.4.5.1 Figure 2.41-3 shows 
tank arrangements. Piping gallery 
nunber of tanks is equal or Larger 
piping gallery is to house various 
equipment. 

the schematic diagram of the 
will be provided when the 
than four. The purpose of 
piping systens and control 

2.41.7.4.5.2 Size of pipe gallery. The width of this gallery 
is dependent on the canplexity and capacity of the piping system 
to be housed. An experience curve is provided to approximately 
estimate this width. It is expressed as: 

Q 
PGW = 20 + (0.3) (*) 

where 

POW = piping gallery width, ft. \ 

Q 
avg 

- average influent wastewater flow, mgd. 

NB = nunber of batteries. 

2.41.7.4.6 Earthwork required for construction. It is as- 
suned that tank botton would be 4 feet below ground level. Thus 
the earthwork required would be estimated by the foLlowing equations: 

2.41.7.4.6.1 WhenNT = 2, earthwork required would be: 

Y 
ew = 3 [(2 w + 18.5) (W + 17) + (2 W+ 26.5) (W+ 25)] 

where 

Y ew = quantity of earthwork required, cu ft. 

W = width of aeration tank, ft. 

2.41.7.4.6.2 WhenNT = 3, earthwork required would be: 

Y 
ew = 3 I(3 W +' 28) (W + 25) + (3 w + 20) (w + 17)] 

2.41.7.4.6.3 When NT 2 4, the width and length of the concrete 
slab for the whole aeration tank battery can be calculated by: 

LS 
;2L+PGW+16 

W s - % (NT) (WI + 14.5 

where 

LS 
- length of the basin slab, ft. 

L - length of one aeration tank, ft. 

PGW * piping gallery width, ft. 
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% 
= width of the basin slab, ft. 

NT = nunber of tar&s per battery. 

Thus the earthwork can.be estimated by: 

v =3* ew cm CCL, + 4) (Ws + 4) + (Ls + 12) (Ws + 12)I 

where 

v ew - valuate of earthwork, cu ft. 

2.41.7.4.7 Reinforced concrete slab quantity. 

2.41.7.4.7.1 It is assumed that a l'-6" thick slab will be 
utilized in this progran regardless cf the size of the systan. 

2.41.7.4.7.2 For NT = 2, 

v cs - 1.5 (2 w + 14.5) (W + 13) 

where 

v 
cs - R.C.' slab quantity, cu ft. 

2.41.7.4.7.3 NT = 3, 

v cs - 1.5 (3 W+ 16) (W+ 13) 

2.41.7.4.7.4 When NT L 4, 

V cs - 1.5 CL,) Ws) 

where 

Ls = length of slab, ft. 

Ws - width of slab, ft. 

2.41.7.4.8 Reinforced concrete wall quantity. 

2.41.7.4.8.1 When NT = 2, 

V cw - W (1.25 DW+ 11) + (6 W + 9) (1.25 DW+ 3.75) 

2.41.7.4.8.2 When NT - 3, 

v = cw (1.25 DW+ 11) (3 W + 6) + (1.25 DW+ 3.75) (7 W+ 6) 

2.41.7.4.8.3 When NT 2 4, 
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v NT P- 
cw 2 (L + 3) (1.25 DW+ 11) + [ (0.5 NT + 2) CL + 3) + 

2 (NT) W> I  l (1.25 DW+ 3.75) l om 

2.41.7.4.9 
construction. 

Reinforced concrete required for piping gallery 
The quantity of piping gallery slab has been 

estknated with the aeration tanks slab calculations. Only the 
quantity of reinforced concrete for ceilings and end wall is 
necessary. 

2.41.7.4.9.1 When NT < 4, 

w-here 

v 
. =g 

-0 

v 
CEs 

= quantity of R.C. for gallery construction, cu ft. 

2.41.7.4.9.2 When NT 2 4, assuming the ceiling thickness is 1.5 
feet, then the quantity of reinforced concrete would be: 

V 
=gc * ow . (1.5) (PGW) [ =+QQ= + 0.75 (NT) + 1.51 

where 

V 
=g= 

= volume of R.C. ceiling for piping gallery construction, 
cu ft. 

and for two end walls: 

V 
=w 

= 2 (PGW) (NE) (DW+ 3) 

where 

V cgw = volme of R.C. walls for piping gallery construction, 
cu ft. 

Thus total R.C. voluble for piping gallery construc- 
tion would be: 

V 
=g 

-V 
=g= 

+ v 
Cgv 

2.41.7.4.10' Reinforced concrete quantity for aerator supporting 
platform construction. 

2.41.7.4.10.1 Number of aerator-supporting platforms. Each 
aerator will be supported by an individual platform. 

2.41.7.4.10.2 Figure 2.41-5 shows a typical supporting platform 
for the aeration equipment. The width of the platform would be a 
function of the capacity of the aerator to be supported. The 
following experience formula is given to approxfmate this relationship. 

X = 5 + 0.078 (HPSN) 
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where 

X = width of the platform, ft. 

HPSN - horsepower of the mechanical aerator, HP. 

2.41.7.4.10.3 Volme of reinforced concrete for the construction 
of the platforms would be: 

V 
cP 

- [X2 + 5.6 (DW + 2)) (NT) (NA) (NB) 

where 

V - volume of R.C. for the platform construction, cu 
cp ft . 

DW = water depth of the aeration basin, ft. 

2.41.7.4.10.4 Voltnne of reinforced concrete for pedestrian 
bridges. The pedestrian bridge links the aerator platform to the 
walkway-sidewalls for ease of operation and maintenance. By 
using a width of 4 feet and slab thickness of 1 foot, the quan- 
tity of reinforced concrete can be calculated by: 

V 
CWb 

= [2 (W- X)1 (NW (NT) (NA) 

where 

V 
cwb = quantity of concrete for pedestrian bridge construction, 

cu ft. 

2.41.7.4.11 Summary of reinforced concrete structures. 

2.41.7.4.11.1 Quantity of concrete slab. 

V cst =V cs 

where 

V cst = total quantity of R.C. slab for the construction of 
aeration tanks, cu ft. 

2.41.7.4.11.2 Quantity of concrete wall. 

V 
CWt 

=v +v cw cg 
*+ v + vcwb 

cP 

V 
CWt 

= quantity of R.C. wall for the construction of 
aeration tanks, cu ft. 
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v cw = quantity of aeration tank R.C. walls, cu ft. 

v 
=g 

= quantity of R.C. for the construction of piping 
gallery, cu ft. 

v 
CP 

= quantity of R.C. for the construction of pedestrian 
bridges. 

2.41.7,4.12 Quantity of handrail for safety. Handrail is required 
for the safety protection of the operation personnel of wastewater 
treatment plants. Waterway walls, aerator platforms and bridges, and 
the top of the piping gallery will require handrail. 
handrail can be estimated thus: 

Quantity of 

2,41.7,4,12.1 When NT = 2 

LHR - 
4 w+ 11 + 2 l (3X + w- 4) 

where 

LHR - handrail length, ft. 

W = aeration tank width, ft. 

X - width of aeratopsupporting platform, ft. 

2.41.7.4.12.2 When NT = 3 

LHR=6w+lO+ 3'(3x+w- 4) 

2,41.7.4.12.3 When NT 2 4 

If NT * 2 1s an even nuuber 

LHR= PC&J+ (NT) (w) + [L + 3 - 4 (NA)] (NT) + (NA) l (NT) 

o (3x + w - 4) l (NB) 
\ 

If hT 2 is an odd nmber 

.' LHR.= Pad+ (NT) (W)t [L+ 39 4 (NA)] (NT+ 2)+ ._ 

(NA) (NT) (3X + W - 4) 
l ow 

where 

PGW = width of the piping gallery, ft. 

2.41.7.4.13 Operation and maintenance manpower requirements. 
Patterson and Bunker's data will be utilized to project the operation 
and maintenance manpower requiranents. The manhour per year requirement 
is presented as a function of the total horsepower of the aeration 
equipment. 
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2.41.7.4.13.1 Calculate the total installed capacity of the aeration 
equipment. 

TICA = (N-B) (NT) (NA) (HPSN) 

where 

TICA - total installed capacity of the aeration equipment, 
horsepower. 

HPSN = capacity of one individual aerator, horsepower. 

2.41.7.4. 13.2 The operation manpower requirenent can be estimated as 
follows: 

When TICA < 200 HP 

OMH - 242.4 (TICA)o*3731 

where 

When TICA 2 200 HP 

OMH - 100 (TICA) oo5425 

OMX = operational man-hour requirenent, man-hour/yr. 

2.41.7.4.13.3 The maintenance manpower requirement can be estimated as 
follows: 

Gu'hen TICA s 100 HP 

MMH - 106.3 (TICA) 0.4031 

When TICA >lOO HP 

MMH = 42.6 (TICA)o'5g56 

where 

MMH = maintenance manpower requirement, man-hour/yr. 

2.41.7.4.14 Energy requirement for operation. By assuming that all 
the aerators will be operated 90 percent of the time year-round, the 
electrical energy consumption would be: 

'KWH - 0.85 x 0.9 x 24 x 365 x (TICA) 

where 
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KWH = electrical energy required for operation, kwhr/yr. 

0.85 = conversion factor fran hp-hr to kwhr. 

2.41.7.4.15 Material and supply costs for operation and 
maintenance. Material and supply costs for operation and main- 
tenance include such itens as lubrication oil, paint and repair 
material, etc. These costs are estimated as a percent of instal- 
led coats for the aeration equipment and are expressed as fol- 
lows: 

OMMP = 4.225 - 0.975 log (TICA) 

where 

OMMP = percent of the installed equipment cost as 06-M 
material costs, percent. 

TICA = total installed capacity of aeration equipment, 
horsepower. 

2,41.7.4.16 Other construction cost items. Using the above 
calculation, the majority of cost itans of the activated sludge 
process have been accounted for. Other cost itans, such as 
piping system, control equipent, painting, site cleaning and 
preparation, etc., can be estimated as a percent of the total 
bare construction cost. This percentage value has been shown to 
vary fraa 4 to 15 percent of the total construction cost of the 
aeration tank system. The value depends greatly on site con- 
ditiorss and complexity of the process. For a generalized model, 
an average value of 10 percent would be adequate, Thus, 

CF - A 0.90 - 1.11 

where 

CF = correction factor to account for the minor cost 
items. \ 

2.41.7.5 Quantities Calculations Output Data. 

2,41,7*5.1 Number of aeration tanks, NT. ._ - ( 
2,41,7.5.2 Number of aerators per tank, NA. 

2,4%,7,5,3 Number of process batteries, NB. 

2,41,7,5.4 Capacity of each individual aerator, HPSN, hp. 
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2.41.7.5.5 

2.41.7.5.6 

2.41.7.5.7 

2.41.7.5.8 

2.41.7.5.9 

2.41.7.5.10 

2.41.7.5.11 

2.41.7.5.12 

2.41.7.5.13 

2.41.7.5.14 
hour/yr. 

2.41.7.5.15 

2.41.7.5.16 
percent. 

2.41.7.5.17 
CF. 

2.41.7.6 

2.41.7.6.1 

2.41.7.6.2 

2.41.7.6.3 

2.41.7.6.4 

Depth of aeration tanks, DW, ft. 

Length of aeration tanks, L, ft. 

Width of aeration tanks, W, ft. 

Width of pipe gallery, PGW, ft. 

Earthwork required for construction, V,,, cu ft. 

Total quantity of R.C. slab, Vest, cu ft. 

Total quantity of R.C. wall, Vcwt9 cu ft. 

Quantity of handrail, LHR, ft. 

Operation manpower requirement, OMH',' man-hour/yr. 

Maintenance, manpower requirement, MMH,*man- 

Electrical energy for operation, KWH, kwhr/yr. 

Percentage for O&Mmaterial and supply cost, OWP, 

Correction factor for minor capital cost items, 

Unit Price Input Required. 

Cost of earthwork, UPLEX, $/cu yd. 

Cost of R.C. wall in-place, UPICW, $/cu yd. 

Cost of R.C. slab iwplace, UPXCS, $/cu yd. 

Standard size low speed surface aerator cost (20 
BP), SSXSA, $, optional.. 

2.41.7.6.5 Marshall and Swift Equipment Cost Index, ?ISECI. 

2.41.7.6.6 Equipment installation labor rate, $/man-hour. 

2.41.7.6.7 Crane rental rate, UPICR, $/hr. 

2.41.7.6.8 Unit price of handrail, UPIHR, $/L.F. 
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2.41.7.7 Cost Calculations. 

2,41.7.7.1 Cost of earthwork, COSTE. 

COSTE = 'ew l UPIEX 
27 

where 

COSTE = cost of earthwork, $. 

V 
ew = quantity of earthwork, cu ft. 

UPIEX = unit price input of earthwork, $/cu yd. 

2.41.7.7.2 Cost of concrete wall in-place, COSTCW. 

where 

COSTCW = L . UPICW 
27 

cosTcw = cost of concrete wall in-place, $. 

v ewt = quantity of R.C. wall; cu ft. 

UJPICW = unit price input of concrete wall in-place, $/ 
cu yd. 

2,41.7.7,3 Cost of concrete slab in-place, COSTCS. 

cosTcs -  %st l U P I C S  

27 

where . ., ,. . . . 

COSTCS = cost of R.C. slab -place, $. 
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V cst = quantity of concrete, $/cu yd. 

iTPICS = unit price input of R.C. slab in-place, $/ 
cu yd. 

2.41.7.7.4 Cost of ins talled aeration equipment. 

2.41.7.7.4.1 Purchase cost of slow speed pier-mounted surface 
aerators. The purchase cost of aerators can be obtained by using 
the following equation: 

CSXSA - SSXSA l RSXSA 

where 

CSXSA = purchase cost of 

SSXSA = purchase cost of 
rnounted aerator. 

surface aerator, $. 

a standard size slow speed pier- 
Motor horsepower is 20 HP. 

RSXSA = ratio of cost of aerators with capacity of HPSN HP 
and that of the standard size aerator with 20 HP. 

2.41.7.7.4.2 RSXSA. The cost ratio can be expressed as 

RSXSA = 0.2148 (HPSN) 0.513 .' 

where 

HPSN = capacity of each individual aerator, HP. 

2.41.7.7.4.3 Cost of standard size aerator. The cost of pier- 
mounted slow speed surface aerator for the first quarter of 1977 
is 

SSXSA - $16,300 

For a better estimate, SSXSA should be obtained fran equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation, the equipment cost should be adjusted by using the 
Marshal 1 and Swift Equipment Cost Index. 

MSECI SSXSA - 16,300 l 491.6 

where 

MSECI = current Marshall and Swift Equipment Cost Index 
f ran input. 

491.6 - Harshal. and Swift Cost Index, First quarter 1977. 

2.41- 63 



2.41.7.7.4.4 Equipment installation man-hour requirement. The 
man-hour requirement for field installation of fixed-mounted 
surface aerator can be estimated as: 

When HPSN 5 60 HP 

MH = 39 + 0.55 (HPSN) 

When UPSN > 60 HP 

MH = 61.3 + 0.18 (HPSN) 

where 

* I%H = installationman-hour requirement, man-hour. 

2.41.7.7.4.5 Crane requirenent for installation. 

CH - (0.1) l IMH 

where 

CH = crane time requirement for installation, hr. 

2.41.7.7.4.6 Other costs associated with the Installed equip- 
ment. This category includes the costs for electric wiring and 
setting, painting, inspection, etc., and can be added as a per- 
centage of purchased equipment cost: 

PMINC = 23% 

where 

PKINC = percentage of purchase costs of equipment as 
minor installation cost, percent. 

2.41.7.7.4.7 Installed equipment cost, 1%. 

IEC = [CSXSA (1 + w)'+ IMH ' LABRI + CH ' UPICR] 

' (NB) ' (NT) l (NA) 

where 

1% - installed equipment costs, $. 

LABRI = labor rate, $/man-hour. 

UPICR = crane rental rate, $/hr. 
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2.41.7.7.5 Cost of handrail. The cost of installed handrail 
system can be estimated as: 

COSTHR - LHR x UPIHR 

where 

LJIR - handrail quantity, ft. 

UPIHR - unit price input for handrail cost, $ per 
linear foot. A value of $25.20 per foot for the 
first quarter of 1977 is suggested. 

2.41.7.7.6 Other cost items. This category includes cost of 
process piping systen, control instrunents, site work, etc. 
Costs can be adjusted by multiplying the correction factor CF to 
the sum of other costs. . 

2.41.7.7.7 Total bare construction costs, TBCC, dollars. 

TBCC - (COSTE + COSTCW+ COSTCS + IEC + COSTHR) l CF 

where 

TBCC = total bare construction costs, $. 

CF = correction factor for minor cost items. 

2.41.7.7.8 Operation and maintenance material costs. Since 
this iten of the O&M expenses is expressed as a percentage of the 
installed equipment costs, it can be calculated by: 

OMMC = IEC l % 

where 

OMMC = operation and maintenance material and supply 
costs $/yr. 

OMMP = percent of the installed aerator cost as O&M 
material and supply expenses. 

2.41.7.8 Cost Calculations Output Data. 

2.41.7.8.1 Total bare construction cost of the mechanical 
aerated activated sludge process, TBCC, $. 

2.41.7.8.2 Operation and maintenance supply and material 
casts, OMMC, $. 
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2.41.8 Trickling Filter Nitrification. 

2.41.8.1 Input Data. 

2.41.8.1.1 TS, operating temperature, summer 'C 

2.41.8.1.2 TW, operating temperature, winter OC 

2.41.8.1.3 NlS, summer effluent standard, mg/I as XH4+-N 

2.41.8.1.4 NlW, winter effluent standard, mg/l as ?IH4+-N 

2.41.8.2 Process Design Calculations. 

2.41.8.2.1 Calculate media surface area required. 

2.41.8.2.1.1 The following equations can be used to calculate 
the required surface area based upon effluent concentration and 
operating tanperature. If different concentration standards are 
given for summer and winter, determine the surface area required 
for both summer and winter operating conditions and base the 
design on the larger area required. 

2.41.8.2.1.2 The critical ammonia effluent concentration is 
given by: 

LNHE = 4.5 - O.llST 

w-here 

LNHE = Critical+amonia effluent concentration, 
mgJlNH4-N 

T = Operating temperature, OC 

TS for summer 

TV for winier 

2e41.8.2.1.3 The required surface area is calculated: 

when NHE is larger than LI&IE 

SRNO - 6900 - 190T 

when NHE is smaller than LNEIE 

SRNO = (21,246 - 52.73317) - 3409 NHE 

where 
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LXHE = Critical ammonia effluent concentration, mg/l as 
NH;-N 

NHE = Des+ired effluent anmonia concentration, mg/l as 
NH3 -N 

T - Operating temperature, OC 

SRNO = Required surface area, ft' 

NHE = NlS, summer effluent standard 

NHE = NlW, winter effluent standard 

2.41.8.2.2 Calculate volume of media required 

v = F x (NO - NHE) (8.34) (Qavg) 

where 

V = Volume of media, ft3 

SRNO - Required surface area, ft 2 

n = Specific surface area, ft2/ft3 

The value of n, the specific surface area, depends on the 
type of media used. For nitrification process, high specific surface 
media can be used in o.der to minimize the cost of structure. A 
typical value is 41 ft'/ft' . 

2.41.8.2.3 Calculate th? surface area of the filter. A surface 

loading rate of 0.75 gpm/ft at design average flow is recanmended. 

SA = 
6g4 QAVG 

SLR 

where 
- 

SA - Cross-sectional area of filter, ft2 

SLR = Surface loading rate, 0.75 gp/ft2 

Q AVG - Average design flow rate, mgd 

2.41.8.2.4 Calculate depth of filter 
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where 

D - Depth, ft 

v = Volme, ft3 

SA = Cross-sectional area, ft2 

2.41.8.2.5 Check depth of filter. The maximum depth of 
filter is 28 ft 

If D 5 28 ft, the design is acceptable 

RCY = 0 
RCR - 0 

where 

RCY - Recycle flow, mgd 

RCR = Recycle ratio 

2.41.8.2.5.1 If D > 28 ft; set depth at 28 ft 

2,41.8,2.5,2 Calculate new surface area 

V 
SAL = - 28 ft 

w-here 

V = Volume of media, cu.ft. 

SAl = New cross-sectional area, sq.ft, 

2e41.8.2.5.3 Determine the 9 ount of recycle necessary to obtain a 
surface loading of 0.75 gpm/ft 

RCY - 0.75 SA1 
694 - QAVG 

where 

RCY = Amount of recycle, MGD 

Q AVG = Average flow, MGD 

SAl - New surface area required, ft2 
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2.41.8.3 Process Design Output Data. 

2.41.8.3.1 SRNO, required media surface area, ft2 

2.41.8.3.2 V, volume of media, ft3 

2.41.8.3.3 SA, filter cross-sectionaL area, ft2 

2.41.8.3.4 D, depth of filter, ft (maximum depth of 28 ftj 

2.41.8.3.5 
wetting 

RCY, recycle flow nec;essary to maintain total surface 

2.41.8.3.6 
wetting 

RCR, recycle ratio necessary to maintain total surface 

2.41.8.4 Quantities Calculations. 

2.41.8.4.1 Select Number of Filters. Field experience indicates 
that a single filter will be used when the total media volume is less 
than approx&nateLy 50,000 cu ft. Above this value two towers are 
generally utilized. The surface area of the filter tower is limi.ted 
by the available sizes of the distribution arms. The distribution 
aans are generally in the range of 20 to 200 feet in diameter. Thus, 

the maximum volme of a single trickling filter tower is Limited by 
the dianeter of the distributor arms and the depth of the media. 
Using the following values as the maximum 

Dfaneter of tower = 150 ft 

The maximum surface area of a filter tower would be: 

SAmax 
- (150)2 x + x = 17,700 sq ft 

The number of towers per stage, N, would be determined by the fol- 
lowing rule: 
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N 
Surface Area of Single Stage 

(sq ft) 

1 
2 

2,000 
2,000 

3 
- 17,700 

17,700 
4 

- 35,400 
35,400 

6 
- 53,100 

53,100 
8 

- 88,500 
88,500 

10 
- 123,900 

123,900 
12 

- 159,300 
159,300 

14 
- 194,700 

194,700 
15 

- 247,800 
247,800 

16 
- 265,500 

265,500 
18 

- 283,200 
283,200 

20 
- 300,900 

300,900 - Above 

2.41.8.4.2 Calculate the vollnne of the filter tower. 

The volume to be handled by one filter, VN, would be 

VN -NI 

where 

vN = volume of each individual filter tower, cu ft. 

2.41.8.4.3 Calculate the diameter of the filter tower. 

‘N 0.5 DTA = 1,128 (+ 

where 

DIA - diameter of the filter tower, ft. 

D = depth of the tower, given by first order design, ft. 

2,41,8,4.4 Trickling Filter Construction. 

2.41,8.4.4,1 A typical section of a plastic media trickling filter 
is showy in Figure 2.41-6. It can generally be divided into four 
cmponents: the minimum and the outside wall, the distributor arms, 
the medium support systen and the underdrain. 
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2.41.8.4.4.2 The plastic medium usually is supplied and installed by 
the manufacturers and the cost of the installed system is estimated as 
dollars/cu ft. Polyester fiberglass, lightweight steel, and precast 
double-tee constructions have been utilized as the medium containment 
structure. In this design, it is assumed a 6-inch reinforced concrete 
wall will be utilized. The distributor arms include the center colon 
and rotary distributors and their support. They are available fran 
several manufacturers with size ranging fran 20-feet to 200-feet die 
meter. 

2.41.8.4.4.3 The medium support system consists of precast beams and 
concrete support posts as shown in Figure 2.41-7. 

2.41.8.4.4.4 The underdrain system includes the drainage floor and 
channel, sidewall with air openings, and center column for distributor 
support. 

2.41.8.4.5 External Wall Construction. A reinforced wall with 6- 
inch thickness will be assumed for the wall.. Thus, the reinforced 
concrete wall quantity would be 

v 
ewe = (D + 3') x &DIA) x -$ 

= 1.57 (D + 3) (DIA) 

where 

V 
ewe 

= quantity of R.C. wall, cu ft. 

D - depth of filter media, fran first-order design, ft. 

DIA = diameter of the filter tower, ft. 

2.41.8.4.6 The Hedia Support Systan. 

2.41.8.4.6.1 The supporting system consists of concrete supporting 
posts and precast concrete beas. The nunbet of posts depend on the 
size of the filter and can be approximated by the following equations: 

When DU 5 40 ft 

NCP = 0.00106 (DIA)3'og 

When DIA > 40 ft 

NCP - 0.1739 (DIA)l'g35 

where 

NCP = total nunber of posts. 
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FIGURE 2.41-7. PRECAST CONCRETE BEAM SUPPORT 
SYSTEM FOR TRXGKLING FILTER 



2.41.8.4.6.2 With the dlmenslons shown in Figure 2.41-7 and using a? 
average depth of two feet, the volume of concrete required for zhe 
posts would be 

v 8 12 
Cwp - (NW (12) (12’ 2 

= 1.333 (NCP) 

V 
+wJ 

= volume of R.C. wall for the supporting post, cu ft. 

2.41.8.4.6.3 The precast concrete beam quantity, expressed as total 
length, can be related to the size of the filter as follows: 

When DXA S 40 ft \ 

LCB - (0.0119) (N) (DIA)2'g63 

When DW >40 ft 

LCB = (0.364) (N) (DLA)2’035 

where 

LCB = total length of the precast beans, ft. 

2.41.8.4.7 The Underdrain Sys ten. 

2.41.8.4.7.1 Floor concrete volume, assuming a thickness of 8” 

V 
csf - 0.524 (DLQ2 

where 

V csf = volume of R.C. slab, cu ft. 

2.41.8.4.7.2 Drainage Channel. The quantity of concrete for the 
drainage channel can be approximated by: 

When DU < 70 ft 

V cwd - (10) @W 

tvhen DLA 270 ft 

V 
cwd - (17) @W 

where 

V cwd - volume of R.C. wall, cu ft. 
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2.41.8.4.7.3 The center column for the distributor ams. The 
quantity of concrete for the colon can be estimated by: 

When DL4 C 70 ft 

v cwc = 4 W2) w 

When DTA 2 70 ft 

v cwc - 16 (IN) 

where 

v - volume of concrete for the center colon, cu ft. 
cwc 

2.41.8.4.7.4 The outside ring wal1,quantity. 

V -4 *-l-l-' (DU) l (1) 
CWT 

= 12.6 (DU) 

where 

v = volume of concrete for outside ring wall, cu ft. 
CWT 

2.41.8.4.8 Earthwork. The volume of earthwork can be estlaated 
by: 

V ewn = (1.15) x (0.035 (DLA)3 f 4.88 (DIA)2 + 77 (DIA) + 3501 

where 

v = 
ewn 

earthwork required for the construction of a single 
tower, cu ft. 

1.15 = safety factor for conservative design. 

X.41.8.4.9 Total reinforced concrete wall quantity, Vcw. 

V cw -N [Vcwe+ V Cwp + vcwd+ vcwc+ vcw.& 

where 

V 
cw 

= total quantity of R.C. wall in place, cu ft. 

N = nunber of trickling filter towers. 

2.41.8.4.10 Total reinforced concrete slab in place, Vcs. 

V =N'V cw csf 

where 
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v 
CS 

= total quantity of R.C. slab in place, cu ft. 

2.41.8.4.11 Total earthwork required, Ve,. 

V =N l v 

ew ewn 

where 

V 
en - total earthwork required, cu ft. 

2.41,5.4.12 Electrical energy required for operation. The electric 
energy required for operation depends on the flow to be pumped and the 
total dynamic head. It can be estimated by the following equation. 

KWH - 21,000 (Qavg)o*g61 

KWH = electric energy required, kwhr/yr. 

Q avg = average daily flow, mgd. 

2.41.8.4.13 Operation and maintenance manpower requirenent. 

2.41.8,4.13.1 Operationman-hours required, OKH. 

When Q avg 5 1.0 mgd 

OMEI - 128 (Q 
avg 

)Om301 

When 1.0 < Q avg 5 10 mgd 

OMH - 128 (Qavg)o'6088 

When Q 
avg 

> 10 mgd 

OMH = 68 (Q 
w 

)oo8861 
\ 

where 

om = operational manpower requirment, man-hour/ yr. 

Q avg = average daily flow, mgd. 

2,41,8,4,13,2 Maintenance man-hour requiranent, NMH. 

When Q 
avg 

I 1.0 mgd 

lmH= 112 (Qavg)0*2430 

I-&en 1.0 < Q avg 5 10 ml?@ 

MMH= 112 (Qavg)o=6021 
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When Q avg > 10 wd 

MMH = 80 (Q ) 
0.7066 

avg 

where 

MMH = maintenance man-hours required, marr-hour/yr. 

2.41.8.4.14 Other operation and maintenance material costs. This 
iten includes repair and replacement material costs. It is expressed 
as a percent of total installed cost of equipment which includes the 
plastic media and distributor arms. \ 

OMMP = 1% 

OMMP = percent of the installed equipment costs for the 
operation and maintenance material costs. 

2.41.8.4.15 Other minor construction items. Itws such as piping, 
walkways around the towers, and site cleaning would be approximately 
20 percent of the total construction costs. 

CF, the correction factor for this minor cost would be 

2.41.8.5 

2.41.8.5.1 

2.41.8.5.2 

2.41.8.5.3 

2.41.8.5.4 

2.41.8.5.5 

2.41.8.5.6 
LCB, ft. 

2.41.8.5.7 

2.41.8.5.8 

& = 1.25 . 

Quantities Calculations Output Data. 

Total volme of media, Vd, cu ft. 

Number of filter towers, N. 

Total R.C. wall in-place, Vcw, cu ft. 

Total R.C. slab in-place, VCs, cu ft. 

Total earthwork, Vew, cu ft. 

Total length of precast concrete media support bean, 

Operational manpower requirement, OMH, man-hour/ yr. 

Xaintenance manpower requirement, XMH, mall-hour/yr. 
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2,41.8.5.9 Electric energy requirement, KWH, kwhr/yr. 

2.41.8.5.10 Other operation and maintenance material costs, O?HP, 
percent. 

2.41.8.5.11 Correction factor for other capital costs, CF. 

2e41.8.6 Unit Price Input Required. 

2.a41.8.6.1 Cost of earthwork, UPIEX, $/cu yd. 

2.41e8.6.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2e41.8.6.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.41.8.6,4 Unit price of filter media, UPFM, $/cu yd. 

2.41.8-6.5 Unit price for a S&foot diameter distributor systa, 
CODAS, $ (optional). 

2.41.8.7 Cost Calculations. 

2.41a8.7.1 Cost of earthwork, COSTE. 

COSTE - Vew x UPIEX 
27 

where 

COSTE = costs of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.41,8.7,2 Cost of reinforced concrete wall in-place, COSTCW. \ 

where 

coslrw - v cw x UPICW 
27 

COSTCW = cost of R.C. wall in-place, $. 

V cw = total quantity of R.C. wall, cu ft. 

UPICW = unit price input of R.C. wall in-place, $/cu yd. 

2*41,8*7*3 Cost of R.C. slab in-place, COSTCS. 

where 

COSTCS = v cs x UPLCS 
27 

COSTCS = cost of R.C. slab in-place, $. 
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v cs - volume of R.C. slab, cu ft. 

UPICS = unit price input for R.C. slab in-place, $/cu yd. 

2.41.8.7.4 Cost of the filter media, COSTFM. 

COSTFM = V d l UPFM 

where 

COSTFH = cost of installed filter media, $. 

Vd - volume of plastic medium, cu ft. 

UPM = unit price of plastic media installed, $/cu ft. 

This media will be a high specific area media. (specific 
surface area must be larger than 41 sq ftlcu ft). 

The 1st quarter 1977 price for UPFM is $3.001~~ ft. For a 
better estimate this unit price should be obtained fran equipment 
vendor. 

2.41.8.7.5 Cost of distributor arms. 

2.41.8.7.5.1 Purchase cost of distributor arms. The purchase cost 
of distributor arms can be obtained by using the following equation: 

CODA = CODAS ' CRIODA 

where 

CODA = purchase cost of distributor arm with diameter of 
DIA ft, $. 

CODAS - purchase cost of a standard sized distributor arm 
with diameter of 50 feet. 

2.41.8.7.5.2 The 1st quarter 1977 price for CODAS is $39,000. 
However, for a better estimate, CODAS should be obtaiend from equip 
ment vendors and treated as a unit price input. Otherwise, the 
following equation will be utilized for cost escalation purposes: 

CODAS - MSECI 
%OOO x 491.6 

MSECI - current Marshall and Swift Equipment cost Index fran 
input. 

491.6 - MSECI value, 1st quarter 1977. 
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CROIDA = ratio of cost of distributor a'Lm with diameter of DIA 
feet to that of the standard size arm. 

and CROIDA can be estimated by: 

CROIDA = 0.367 + 0.01265 (DIA) 

2.41.8.7.5.3 Installation costs. An additional 32 percent of the 
purchase costs would be added for the installation costs. 

2.41.8.7.5.4 Total installed costs for the distributor arms, ICODA. 

ICODA = (N) (CODA) (1.32) 

vhere 

ICODA = total installed cost for the distributor arm systen, 
$. 

2.41.8.7.6 Cost of the precast concrete media support hems: 

2e41.8.7.6.1 The unit cost of the precast concrete beams can be 
approximated by using five times the unit cost of reinforced concrete 
wall in-place. The quantity of precast bean is V pcb' 

V 6 8 
Pcb = (12) (12/ (LW 

where 

LCB = total length of beams fran second order design output, 
ft. 

6 
- = width of the be=, ft. 12 

8 
-i-T- 

= length of the bean, ft. 

2.41e8.7.6.2 Cost of precast concrete bean, CPCB. 

CPCB = $ (V pcb) (uPrcw) 

where 

CPCB = cost of precast concrete beans, $. 

UPICW = unit price input of R.C. wall in-place, $/cu yd. 

2*41.8,7.7 Total bare construction cost of the trickling filter 
SP beiu a c' * $0 

TBCC = cl? (COSTE + COS'.I'CW + COSTCSi COS'l'FM+ ICODA + CPCB) 
where 
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TBCC = total bare construction cost, $. 

CF = correction factor for minor construction cost, 
fron second order design output. 

2.41.8.7.8 Operation and maintenance material cost, OMMC. Since 
O&M material cost is estimated as a percent of the installed equipment 
ccet, it is thus: 

OMMC - Oyg (COSTFM+ ICODA) 

where 

OMMC = operation and maintenance material cost, $/yr. 

OMMP - O&M material cost as percent of equipment 
cost, x. 

2.41.8.8 Cost Calculations Output Data. 

2.41.8.8.1 Total bare construction cost of the trickling filter 
systan, TBCC, $. 

2.41.8.8;2 Operation and maintenance material cost, OMMC, $/yr. 
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2.43 OXIDATION DITCH 

2.43.1 Background. The oxidation ditch, developed in 
the Netherlands, is a variation of the extended aeration process 
that has been used in small towns, isolated canmunities, and 
institutions in Europe and the United States. The typical 
oxidation ditch (Figure 2.431) is equipped with aeration 
rotors or brushes that provide aeration and circulation. The 
sewage moves through the ditch at 1 to 2 fps. The ditch may be 
designed for continuous or Intermittent operation. Because of 
this feature, this process may be adaptable to the fluctuations 
in flows and loadings associated with recreation area wastewater 
production. 

INP LUENT EFFLUENT 

OXIOATION OITCH FINAL 
SETTLING 

TANK 

Figure 2.43-l. Typical Oxidation Ditch 

2.43.2 

2.43.2.1 

2.43.2.1.1 

2.43.2.1.2 

2.43.2.2 

2.43.2.2.1 

2.43.2.2.2 

2.43.2.2.3 

2.43.2.2.4 

2.43.2.2.5 

2.43.3 

Input Data. 

Wastewater flow. 

Average, mgd. 

Peak hourly, mgd. 

Wastewater characteristics. 

BODS (average and peak). 

COD (average and peak). 

SS (average and peak). 

VSS (average and peak). 

Nondegradable VSS (average and peak). 

Design Paraneters. 
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2.43.3.1 

2.43.3.2 
day, (0.067). 

2.43.3.3 

2.43.3.4 

2.43.3.5 

2.43.3.6 

2.43.3.7 

MLSS, mg/l, (Range 400018000; mean 5000). 

Organic loading (F/M ratio), lb BOD5/lb MLVSS/ 

Volumetric loading, lb BOD5/1000 ft3/day, (12.5). 

Recycle ratio, (SO-100 percent). 

Oxygen requirement, lb O2 removed, (2.35). 

Wasted sludge, lb/lb BOD5 ranoved, (0.68). 

Effluent quality, . excellent, approximately 90-95X 
BOD and S.S. reduction. 

2.43.4 Process Design Calculations. 

2.43.4.1 Calculate Ditch Volume. 

V = Qavg x So x 8.34 x 1000 

12.5 

where 

V = volume of ditch, cu ft.. 

Q avg 
= average daily flow, mgd. 

S 
0 

'= BOD5 in influent, mg/l. 

12.5 - loading rate, lb BOD5/1000 cu ft/day. 

2.43.4.2 Calculate Oxygen Requirenents. 

O2 = 2.35 x Q,, x So x 8.34 

where \ 

O2 = oxygen required, lb/day. 

2.35 - oxygen utilization, lb‘02/lb BOD 5 applied. 

2.43.4.3 Effluent Quality. 

2.43.4.3.1 Suspended solids. 
by the user. 

The effluent suspended solids are specified 

2.43,4.3,2 BOD5. 

BODE = Se + .84 f' (5) 
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where 

BODE - effluent BOD5 concentration, mg/l. 

Se - effluent soluble BOD 5 concentration, mg/l. 

f' - degradable fraction of FILVSS. 

% 
s effluent volatile suspended solids concentration, mg/l. 

2.43.4.3.3 COD. 

CODE = 1.5 BODE 

CODES = 1.5 Se - 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

CODES = effluent soluble COD concentration, mdl. 

Se - effluent soluble BOD5 concentration, mg/l. 

2.43.4.3.4 Nitrogen. 

TKNE - (0.4) TKN 
NH3E = TKNE 

N03E = (0.4) (TKNE) 
N02E = NO2 

where 

TKNE* effluent Kjedahl nitrogen concentration, mg/l. 

TKN = influent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent tmmmonia concentration, mg/l. 

N03E = effluent NO 3 concentration, mg/l. 

N02E - effluent NO2 concentration, mg/l. 

NO2 - influent NO2 concentration, mg/l. 

2.43.4.3.5 Phosphorus. 

P04E = 0.7 PO4 
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PO4E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.43.4.3.6 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.43.4.4 Sludge Production. For municipal wastewater only. 

bicmass: 0.18 lb per lb of BOD5 ranoved 

XV 
- 0.18 x (So-Se) x Q,, x 8.34 

Inert Mass: 0.50 lb per lb of BOD5 ranoved 

*0 
= 0.50 x (So-Se) x Qavg x 8.34 

'lotal sludge produced 

xa = xv + x0 = 0.68 x (So-Se) x Q,, x 8.34 

where 

*a = total sludge production, lb/day. 

Xv = bianass wasted per day, lb/day. 

*0 
- inert mass wasted per day, lb/day. 

sO 
= influent BOD5, mg/l 

'e = effluent BOD5, mg/l ' 

Q avg 
= averaged daily flow, mgd. 

2a43.5 Process Design Output Data. 

2.43.5.1 Volume of aeration basin required, V, cu ft. 

2e43.5.2 Oxygen requirement, 02, lb/day. 

2.43a5.3 Effluent BOD5, Se, mg/l. 

2,43.5,4 Effluent suspended solids, (SS), eff., mg/l. 

2,43.5.5 Sludge production, Xa, lb/day. 
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2.43.6 Quantities Calculations. 

2.43.6.1 Assumptions for quantities calculations. 

2.43.6.1.1 The applicable flow range of the oxidation ditch 
for the treatment of danestic waste is considered to be 0.5 to 
10.0 mgd in this manual. 

2.43.6.1.2 Based on field experience, it will be assumed 
that for flows of 0.5 mgd to 1.0 mgd a single ditch will be 
utilized, while for flows 1.0 mgd to 10.0 mgd two ditches will 
be used. The shape and construction of the single and double 
ditches are sketched in Figure 2.43-2 and 2.43-3, respectively. 

2.43.6.1.3 For the range of applicability assumed, a 42-inch 
diameter rotor will be appropriate over the entire range. 
Figure 2.43-4 shows the oxygen transfer efficiency and power 
consumption rate for the 42-inch diameter rotor. For design 
purposes, an &inch submergence is assumed for oxygenation. 

2.43.6.2 Rotor selection. 

2.43.6.2.1 For oxygenation purposes, length required. 

LRTO - O2 
(3.74) (24) , 

where 

LRTO = length of rotor required for oxygenation, ft. 

O2 = oxygen required, lb/day. 

3.74 = oxygen transfer of 42 inch dianeter rotor with 8 

inch submergence, 
O2 lb/hr 

ft l 

24 = conversion, hrs/day. 

2.43.6.2.2 For ccnpletemix purposes, length required. 

LRTM - (7.48)(V) 
21,000 

where 

LRTM = length of rotor required for mixing, ft. 

V - volume of basin, cu ft. 
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7.48 = conversion factor, gal/cu ft. 

21,000 = mixing capacity, gal/ft of rotor. 

2.43.6.2.3 Design length of rotor, LRT, is the larger of the 
two LRTO and LRTM. 

2.43.6.2.4 For selection of the nunber of rotors per oxi- 
dation ditch, assume the following design procedure: 

Total Voltnae of Each Number of Rotors 
Basin, cu ft per basin, K 

O- 332,000 2 
332,000 - 498,000 3 

498,000 4 

2.43.6.2.5 Selection of length of individual rotor‘, LRTK. 

LRT LRTK - - NxK 

where 

LRTK = individual rotor length, ft. 

LRT - total design length of rotor required, ft. 

N - nunber of basins. 

K = nunber of rotors per basin. 

If LRTK > 50 feet, use one more rotor than the table suggests 
and recalculate LRTK. 

2.43.6.2.6 Motor horsepower required for rotor. The fol- 
lowing table gives the motor horsepower required for the opera- 
tion of the rotor. 

LRTK \ HPK 

7- 10 
ll- 13 
14 - 16 
179 22 
230 27 
28 - 30 

> 30 

15 
20 
30 HPK: HP of _ 
40 electrical motor 
50 for each individual 
60 rotor. 
75 

2.43,6.3 Basin Design and Calculations. 

2.43.6.3.1 The ditch bottan width Wb is determined by the 
length of the rotor. 
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LRTK < 15.5', Wb = LRTK + 1 

LRTK > 15.5', Wb = LRTK + 4 

2.43.6.3.2 Single Basin Design, Figure 2.21-2 configuration 
will be assumed. 

Assume: 

Basin water depth, D - 6 ft 
Basin bottan width, ab = (as described above) 
45 degree side walls 
Basin water surface width, Ws = Wb + 6 
Freeboard = 1.0 ft 
Median strip width = 1.0 ft 

Volme of circular ends, Ve 

'e = 18.85 Wb 2 + 150.8 wb + 282.7 

Volme of straight sections, Vs 

vS 
= 36Ls +' 12 LsWb I 

where 

LS 
= length of straight, ft. 

Length of straight section, Ls 

Ls * 

we 

36+ 12wb 

where 

V = volume required, cu ft. 

Total length, Lt, and width, Wt, including freeboard 

Lt - Ls + 2wb+ 14 

Wt = 2wb+ 15 

2.43.6.3.3 Two basin design, Figure 2.43-3 configuration 
will be assumed. 

Assuine: 

Basin water depth, Ds - 12 ft 
Basin top width - Wb ft 
Freeboard - 1.5 ft 
Volme of each ditch, Vd = f 
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Volme of circular ends, Ve 

‘e - 37.7 w b2 + 18.9 w 
b 

Volune of straight section, Vs 

vs * Vb - ve 

Straight volume length, Ls 

T3 
Ls - 2 x 12 w 

b 
Total ditch length Lt - Ls + 2 Wb 

Total ditch width Wt - 2 Wb + 1 

2.43.6.4 Quant f ty of earthwork!, 

2.43.6.4.1 When N - 1, earth excavation would be the volume 
of the ditch. 

v 
ex = 1.1 (14 Lswb + 56 Ls + 44 wb2 + 426.6 Wb + 1002.3) 

where 

V ex = volume of excavation, cu ft. 

1.1 = add 10% for contingency. 

2.43.6.4.2 When N = 2, more earth than the basin volume is 
to be excavated for ease of concrete faming and safety of 
workers. Backfill is also required. 

V 
ex - 17.6 (2 wt + L, + 20) + 5 (2 wt + lo) (Lo + 10) 

‘bf = 16 (2 wt + Lo + 20) ‘\ 

where 

V ex - volume of earth excavated, cu ft. 

Vhf = volume of earth to be backfilled, cu ft. 

2.43.6.5 Quantity of concrete in-place. 

2.43.6.5.1 When N - 1 

Concrete wall in-place, VCw, cu ft 

V cw - 7 Ls 
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Concrete slab in-place, Vcs, cu ft 

V cs 
a 4 Ls + (WbLs + lo.5 Ls + 1.57 Mb2 + 21.6 wb + 45*4) 

2.43.6.5.2 WhenN - 2 

Concrete wall in-place, Vcw, cu ft. 

V 
cw = 63 Ls + 340.1 Wb + 85.1 

Concrete slab in-place, Vcs, cu ft 

V cs = 1.33 WbLs + 20.7 L, + 2.1 Wb 2 + 52.5 W,, + 25.72 

2.43.6.6 Adjustable effluent weir. 

2.43.6.6.1 Length of effluent weir, LW, ft. 

LW - N x 66.1 x 1440 

where 

LW = length of adjustable weir, ft. 

Q 
avg 

= average daily flow, mgd. 

66.1 = flow can be handled by one foot of weir, gpm. 

2.43.6.6.2 Number of adjustable weirs is the same as nunber 
of ditches, N. 

2.43.6.6.3 Concrete work associated with weir, Vcew, cu ft. 

V cew - 20 + 4 (LW) 

2.43.6.7 Quantity of Handrailing for Safety. It is 
assumed that only the slope side wall construction requires 
handrailing for safety; the straight side wall construction does 
not due to the fact that the above-ground wall construction 
provides enough barricade for safety of workers. 

2.43.6.7.1 N = 1. Handrail length LHR; feet is the length 
of outside wall. 

LBR= 2 Ls + 6.28 Wb + 47.1 

2.43.6.7.2 When N = 2, 

LHR = 0 
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2.43.6.8 Operation and Maintenance Manpower Requirenent. 
Limited information is available in the literature. Data are 
especially rare for larger installations. The cume provided by 
“Estimating Staffing for Municipal Treatinent Facilities", 
published by EPA, ?iarch 1973, is used here. 

OMMH = 1000 Q 0.544 
av!3 

where 

OXMH = operation and maintenance 
per year, MH/yr. 

man-hours required 

0 -avg - average daily flow of wastewater, mgd. 

2.43.6.9 Energy Requirement for Operation. The operation 
energy for the rotor with S-inch submergence is 1.15 brake hp 
per foot of rotor. The operation energy for the total systen 
is: 

KWK = N x K x LRTK x 1.15 x 0.85 x 24 x 365 

where 

N= 

K= 

LRTK - 

Km= 

nunber of ditches. 

nmber of rotors per ditch. 

length of each individual rotor, ft. 

KWH per year, electrical energy requireuent 
for operation. 

1.15 = brake hp set foot of rotor. 

0.85 = conversion factor fran hphr to kwhr. 

2.43.6.10 
Maintenance. 

Material and Supply Costs for Operation and \ 

2.43.6.10.1 Material and supply costs include such ittzms as 
lubrication oil, paint, and repair materials, etc. These costs 
are estimated as a percent of installed costs for the aeration 
equipment. (No information is available specifically for rotor; 
it is assumed that material supply costs of operation and main- 
tenance for rotor can be approximate by the equation for mechan- 
ical surface aerators): 

OMMP - 4.225 - 0.975 log (THP) 
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where 

OMXP = percent of the installed equipment costs such 
as O&M material. 

THP = total installed hp - (N) (K) (hpK). 

2.43.6.11 Other construction cost itens. 

2.43.6.11.1 Fran the above calculation approximately 95 percent of 
the construction cost has been accounted for. 

2.43.6.11.2 
effluent weir, 

2.43.6.11.3 

2.43.7 

2.43.7.1 

2.43.7.2 

2.43.7.3 

2.43.7.4 

2.43.7.5 

2.43.7.6 

2.43.7.7 

2.43.7.8 

2.43.7.9 

2.43.7.10 

2.43.7.11 

2.43.7.12 

2.43.7.13 

2.43.7.14 

2.43.7.15 

Other minor itens such as piping, site cleaning, 
etc., would be approximately 5 percent. 

(CF) correction factor would be & = 1.052. . 

Quantities Calculations Output Data, 

Number of ditches, N. 

N-bet of rotors per ditch, K, 

Length of each individual rotor, LRTK, ft. 

Sizes of each individual rotor, hpK. 

Basin water depth, Ds, ft. 

Basin bottom width, Wb, ft. 

Total ditch length, LT, ft. 

Total ditch width, WT, ft. 

Earthwork volume for excavation, Vex, cu ft. 

Earthwork volume for backfill, Vhf, cu ft. 

Quantity of concrete wall in-place, Vcw, cu ft. 

Quantity of concrete slab in-place, Vcs, cu ft. 

Quantity of concrete wall for weir, V cew' cu ft. 

Lenght of effluent adjustable weir, LW, ft. 

Operation and maintenance man-hour per year, OMMH. 
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2.43.7.16 

2.43.7.17 
kwhr/yr. 

Handrail quantity, LHR, ft. 

Electrical energy requirgnent for operation, KWH, 

2.43.7.18 Percentage of installed equipment costs for O&?l, 
percent. mMP, percent. 

2.43.7.19 

2.43.8 

2.43.8.1 

2.43.8.2 

2.43.8.3 

2.43.8.4 

2e43.8.5 

2.43.8.6 

2.43.8.7 

2.43.9 

2.43.9.1 

2.43.9.1.1 

2a43.9.1.2 

2-43.9.2 

2,43*9.2.1 

Correction factor for other minor costs, CF. 

Unit Price Input Required. 

Cost of earthwork, UPIEX, $/cu yd. 

Cost of R.C. wall ieplace, UPICW, $/cu yd. 

Cost of R.C. slab in-place, UPLCS, $/cu yd. 

Standard size rotor cost, COSTDS, $ (optional). 

Equipment installation labor rate, S/man-hour. 

Cost of handrail per lineal foot, UPLHR, $/L.F. 

Current Marshall 6 Swift Equipment Cost Index, MSECI. 

Cost Calculations. 

Cost of earthwork. 

Total earthwork, Vet. 

V 
et =V ex + 'bf 

Cost of earthwork, COSTE. 

v ’ 
COSTE = + x UPIEX 

Cost of rienforced concrete wall in-place. 

Total quantity of concrete wall in-place, Vcm, cu ft. 

V 
CWt 

=V cw + v cew 
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. 

2.43.9.2.2 Cost of concrete wall in-place, COSTCW. 

2.43.9 l 3 

v 
CWt 

cosxw = UPICW x 27 

Cost of rienforced concrete slab in-place. 

v 
COSTCS = UPICS x + 

2.43.9.4 Cost of installed equipment. 

2.43.9.4.1 Purchase cost of rotors. The purchase cost of rotors 
can be obtained by using the following equation: 

COSTRK - COSTDS l COSTRO 

where 

COSTRK = purchase cost of rotor with length of 
LRTK feet, $. 

cosms = purchase cost of standard size rotor. Rotor 
with 42-inch d&meter and 20-foot length, $. 

COSTRO = ratio of cost of rotor with length of LRTK, 
feet, and the cost of the standard size rotor. 

2.43.9.4.2 COSTRO l The relationship between COSTRO vs. LRTK can 
be obtained by: 

2.43.9.4.2.1 If 6 fts LRTK $20 ft. 

COSTRO - 10 
(1.2672 + 0.001336 x LRTK) 

2.43.9.4.2.2 If 20 ft< LRTK < 30 ft. 

cosTRo I 1oO.O2228 (LRTK-20) 
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2.43.9.4.2.3 If LRTK > 30, divide the length by two. 

LRTK LRTK = 2 

Substitute into the other equations to find the ratio. The 
actual cost ratio would be: 

COSTRO = COSTRO (for LRTK/Z) x 1.755 

2.43.9.4.3 Cost of standard size rotor. The approximate 
cnst of a 42-inch diaeter rotor with 2Gft length for the first 
quarter of 1977 is $15,340. For a better estimation, COSTDS 
should be obtained fran equipment vendor and treated as a unit 
price input. Otherwise the following equation will be utilized 
for cost escalation purposes: 

COSTDS MSECI 
= $15,340 x 491.6 

where 

MSECI = current Marshal1 and Swift Equipment Cost 
Index. 

491.6 = MSECI value,. 1st quarter, 1977. 

2.43.9.4.4 Equipment installation man-hour requirenent. The 
man-hour requiranent for field erection of rotor is a function 
of the size of rotor and is expressed as: 

I?fH= 10 + 2.667 x LRTK 

where 

IKH= installation man-hour requirement, man-hours. 

Installation cost would be: 

ICOST = IMHpLABRI 

where 

ICOST = installation cost, $. 

LABRI = installation labor rate, $/man-hour. 

2.43.9.4.5 Other minor costs associated with the installed 
equipment. This category includes the costs for electric works, 
foundation, bridge, painting and other minor costs. It is 
expressed as percentage of the equipment purchase cost: 

p?IINC - 52.04 - 0.34 x LRTK 
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and PXINC is always larger than 40. 

PXINC = percentage of purchasing cost of equipment as 
minor cost, Z. 

2.43.9.4.6 Installed equipment cost, IEC. 

IEC = [COSTRK x ( 1 + w) + ICOST ] (N) (K) 

2.43.9.5 Other Cost Itens. 

2.43.9.5.1 Cost of handrail can be a major portion of the 
capital costs of oxidation ditch process. 

If N > 1. No handrail is required dye to the straight 
sidewall construction. 

COSTHR = 0.0 

IfN=l 

COSTHR - LHR x UPIHR . . 

where 

LHR = handrail quantity, feet. 

UPIHR = unit price input for handrail cost, $/L.F. 

UPIHR = unit price for alminun pipe rail anodized 
UPIHR - $25.20 per linear foot 
for first quarter, 1977. 

2.43.9.5.2 Other cost itans such as effluent weir, piping, 
site work, etc., can be adjusted by multiplying the correction 
factor CF to the sum of other costs. 

2.43.9.6 Total Bare Construction Costs. 

TBCC * (COSTE + COSTCW + COSTCS + 1% + COSTUR) x CF 

TBCC - total bare construction cost, $. 

2.43.9.7 Operation and maintenance material costs. Since 
this iten of the operation and maintenance costs is expressed as 
a percentage of installed equipment costs, it can be calculated 
by: 
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OMMC - IEC xe 

where 

OMMC = operation and maintenance material costs, $/yr. 

IEC = installed equipment costs, $. 

OMMP- percentage of installed equipment costs as 
operation and maitenance material, %. 

2.43.10 Cost Calculations Output Data. 

2.43.10.1 Total bare construction costs, TBCC, $. 

2.43.10.2 06Mmaterial costs, OMMC, $/yr. 
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2.45 POSTAEUTION 

2.45.1 Background. 

2.45.1.1 Many states have established standards which 
require minimum levels of dissolved oxygen in the effluent frau 
sewage treaQnent plants. To maintain this desired oxygen level 
postaeration is often used. Postaeration may be accomplished by 
diffused or mechanical aeration in separate basins or by cascade 
aeration. 

2.45.2 Cascade Aeration. 

2.45.2.1 Input Data. 

2.45.2.1.1 Wastewater flow. ' 

2.45.2.1.1.1 Average daily flow, mgd. 

2.45.2.1.1.2 Peak flow, mgd. 

2.45.2.1.2 Dissolved oxygen concentration of the postae- 
ration influent, mg/l. 

2.45.2.1.3 Desired dissolved oxygen concentration in ef- 
fluent, mdl. 

2.45.2.2 Design paraneters. 

2.45.2.2.1 
Klg/l. 

O2 saturation at selected summer temperature, Cs, 

2.45.2.2.2 Tanperature, T, OC. 

2.45.2.2.3 Water quality paraneter equal to 0.8 for a 
wastewater treatient plant effluent, n. 

2.45.2.2.4 Weir geauetry paraneter equal to unity for a free 
wier and 1.3 for step weirs, m. 

2.45.2.3 Process Design Calculations. 

2.45.2.3.1 Calculate deficit ratio. 

cs - ci r= 
's - 'e 

where 

r = deficit ratio. 

Cs = 0, saturation at selected summer temperature, mg/l. & 
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ci = 

ce = 

2.45.2.3.2 

where 

h= 

r= 

n= 

m= 

T= 

2.45.2.4 

2.45.2.4.1 

2.45.2.5 

2.45.2.5.1 

dissolved oxygen concentration of the postaeration 
influent, mg/l. 

desired dissolved oxygen concentration in effluent, 
mg/l. 

Calculate head required. 

h= r-I 
0.11 b> (m) (1 + 0.046T) 

required head, ft. 

deficit ratio. 

water quality paraneter equal to 0.8 for wastewater 
treatment plant effluent. 

weir geanetry paraaeter equal to unity for free 
weir and 1.3 for step weirs. 

temperature, 'C. 

Process Design Output Data. 

Required head, h, ft. 

Quantities Calculations. 

Assumptions. Several assumptions must be made 
concerning the construction of the step aerator. 

2.45.2.5.1.1 The steps will have a 6" drop with an 18" tread. 

2.45.2.5.1.2 There is sufficient relief to provide for the 
head required. 

2.45.2.5.1.3 The step aerator will provide 40 sq ft of surface 
area per mgd. 

2.45.2.5.2 Calculate the nunber of steps required. 

NS- h 
0.5 

NS must be an integer. 

where 

NS = number of steps. 

h = required head, ft. 
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2.45a2.5.3 Calculate width of cascade aerator. Using the surface 
area criteria of 40 sq ft/mgd the width may be calculated by: 

where 

W- - (40) (Q,,) 
(N!S-1) (1.5) + (NSj (0.5) 

W - width of cascade aerator, ft. 

Q w 
= average daily flow,mgd. 

NS = number of steps. 

2.45.2.5.4 Calculate volme of R:C. slab required. 

v 
CS 

= (w) (1.5) 0s) 

where 

v cs = volme of R.C. slab required, cu ft. 

w= width of cascade aerator, ft. 

NS = number of steps. 

2.45.2.5.5 There are virtually no power, operation, or maintenance 
costs associated with cascade aeration where sufficient head is 
available. 

2.45.2.5.6 Other minor construction costs. The above 
calculations account for approximately 90% of the construction 
cost. The other items such as earthwork special piping, etc., 
would be about 10%. 

CF = 1 = 1.11 
0.9 

where 

CF = correction factor for other construction costs. 

2.45.2.6 Quantity Calculations Output Data. 

2.45.2.6.1 Number of steps, NS. 
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2.45.2.6.2 Width of cascade aerator, ft. 

2.45.2.6.3 Volme of R.C. slab required, Vcs, cu ft. 

2.45.2.6.4 Correction factor for other construction costs, 
CF. 

2.45.2.7 Unit Price Input Required. 

2.45.2.7.1 Unit price input for R.C. slab in-place, UPICS, 
Sku yd. 

2.45.2.8 Cost Calculations. 

2.45.2.8.1 Calculate cost of R.C. slab. 

v . 
COSTCS - (3 1 LJPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs = volume of R.C. slab required. 

UPICS = unit price input for R.C. slab in-place, $/cu yd. 

2.45.2.8.2 Calculate total bare construction cost. 

TBCC = (COSTCS) (CF) 

where 

TSCC = total bare construction cost, $. 

COSTCS = COST of R.C. slab in-place, $. 

CF = correction factor for other construction costs, $. 

2,45,2.9 Cost Calculations Output Data. 

2.45.2.9.1 Total bare construction cost, TEXC, $. 

2.444 



2.45.3 Diffused Aeration. 

2.45.3.1 Input Data. 

2.45.3.1.1 Wastewater flow. 

2.45.3.1.1.1 Average daily flow, mgd. 

2.45.3.1.1.2 Peak flow, mgd. 

2.45.3.1.2 Dissolved oxygen concentration of the posta* 
ration influent, mg/l. 

2.45.3.1.3 Desired dissolved oxygen concentration in ef- 
fluent, mg/l. \ 

2.45.3.1.4 Detention time, min. 

2.45.3.2 Design Paraneters. 

2.45.3.2.1 Standard transfer efficiency, STE, %, (fran 
manufacturer 5-8 percent). 

2.45.3.2.2 
0.9. 

O2 transfer in waste/O2 transfer in water, OC ,X 

2.45.3.2.3 0, saturation in waste/O2 saturation in water,j3 
eo.9. 

L 

2.45.3.2.4 Correction factor for pressure, P, 1.0. 

2.45.3.2.5 Temperature, T, OC. 

2.45.3.2.6 
mgfl. 

O2 saturation at selected summer temperature, Cs, 

2.45.3.2.7 Minimum dissolved oxygen to be maintained in the 
basin, CL, mg/l. 

2.45.3.3 Process Design Calculations. 

2.45.3.3.1 Calculate oxygen required. 

O2 = (Ce - $1 (Q,,) @-34) 

where 

O2 = oxygen required, lb 02/day. 

'e - desired dissolved oxygen concentration in effluent, 
mg/l. 
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Ci = dissolved oxygen concentration of the postaeration 
influent, mg/l. 

2.45.3.3.2 Calculate operating transfer efficiency. 

OTE - STE 
[(cs) <p ) '(~1 - CL] oc (l,02jT-20 

9.17 

where 

OTE = operating transfer efficiency, X. 

STE = standard transfer efficiency, X. 

cS 
= O2 saturation at selected summer tenperature, mg/l. 

P = 02 saturation in waste/O 2 saturation in water. 

cc= O2 transfer in waste/O2 transfer in water. 

p = correction factor for pressure. 

C 
L = minimum dissolved oxygen to be maintained in the 

basin, mg/l. 

T= tanperature, OC. 

2e45.3.3.3 Calculate tank volume. 

where 

v= volume of basin, gal. 

Q avg 
= average daily flow, mgd. 

t = detention time, min. 

2.45.3.3.4 Calculate required air flow. 

Blowers are treated as a separate unit process since several 
unit processes in a single plant may require air fran the 
blowers. The air requirgnents fran all unit processes in a 
treatment train which require air are summed and the total air 
requirement is used to size the blower facility. The unit 
process design for the blower facility is found in subsection 
2.3. 
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where 

Ra - 
O2 (100) (7.48) 

(OTE) (0.0176) (1440) (V, 

Ra = required air flow, cfm. 

O2 = oxygen required, lb 02/day. 

OTE = operating transfer eff iciencp, %. 

V= volume of basin, gal. 

2.45.3.4 Process Design Output Data. 

2.45.3.4.1 Oxygen required, 02, ltb 02/day. 

2.45.3.4.2 Operating transfer efficiency, OTE, 4. 

2.45.3.4.3 Voltnne of basin, V, gal. 

2.45.3.4.4 Required air flow, Ra, cfm. 

2.45.3.5 Quantities Calculations. 

2.45.3.5.1 Calculate dimensions of basin. Assume for 
diffused air the basin will be 15 ft deep and 30 ft wide. 

L- V 
(7.48) (450) 

where 

L= length of basin, ft. 

V = volme of basin, gal. 

2.45.3.5.2 Calculate nunber of diffusers. The flow per 
diffuser ranges frau 10115 cfm, we will assume a flow of 12 cfm. 

ND 
Ra 

** 12 

where 

ND = nunber of diffusers. 

Ra = required air flow, cfm. 

2.45.3.5.3 Calculate nunber of diffuser headers. It is 
assumed that swing arm diffuser headers will be used. These 
headers have 8 to 30 diffuser connections depending upon the 
manufacturer. An average of 20 diffusers per header will be 
used. 
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where 

NSA = number of swing arm diffuser headers. 

ND = nunber of diffusers. 

2.45.3.5.4 Calculate volme of reinforced concrete for tank. 

Assume the walls and slabs are 9" thick. 

2.45.3.5.4.1 Volume of R.C. wall. 

V cw - (22.5) (L) + 675 

where 

v cw - volume of R.C. wall required, cu ft. 

L = length of basin, ft. 

2.45.3.5.4.2 Volume of R.C. slab required. 

where 

V 
cs - (22.5) (L) 

V cs = volume of R.C. slab required, cu ft. 

L - length of basin, ft. 

2.45.3.5.5 Calculate electrical energy required. 

KWH - CR,) (248.9) 

where 

RWH = electrical energy required, kwhr/yr. 

Ra = required air flow, cfm. 

2.45,3,5,6 Calculate O&Mmanpower required. 

2.45.3e5.6.1 Operation manpower required, 

OMH - 509 (Qavg)om1651 

where 
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OMH - operation manpower required, MH/yr. 

Q avg 
= average daily flow, mgd. 

2.45.3.5.6.2 Maintenance manpower required, 

MMH= 160 (Q,, o*301 -) 

where 

?MH = maintenance manpower required, MWyr. 

Q w3 
= average daily flow, mgd. 

2.45.3.5.7 Other operating and maintenance material and supply 
costs. This includes such items as lubrication oil, paint, repair 
parts, etc. 

OMMP - 3.57 (Q,,) 
-0.2602 

where 

OMMP - O&H material and supply costs as percent of 
total bare construction cost, %. 

Q avg 
= average daily flow, mgd. 

2.45.3.5.8 Other minor construction costs. From the calculations 
approximately 90% of the construction cost has been accounted for. 
Other itens such as miscellaneous piping, earthwork, painting, etc. 
would be approximately 10%. 

CF = & - 1.11 . 

where 

CF = correction factor for other construction costs. 

2.45.3.6 Quantities Calculations Output Data 

2.45.3.6.1 Length of basin, L, ft. 

2.45.3.6.2 Nmber of diffusers, ND. 

2.45.3.6.3 Nmber of swing arm diffuser headers, NSA. 

2.45.3.6.4 Volme of R.C. wall required, Vcw, cu ft. 

2.45.3.6.5 Voltnne of R.C. slab required, Vcs, cu ft. 

* 
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2.45.3.6.6 Electrical energy required, KWH, kwhr/yr. 

2.45.3.6.7 Operating manpower required, OMH, MH/yr. 

2.45.3.6.8 Maintenance manpower required, MMH, XH/yr. 

2.45.3.6.9 O&M material and supply costs as percent of total bare 
construction cost, OMMP, X. 

2.45.3.6.10 

2.45.3.7 

2.45.3.7.1 
yd . 

2.45.3.7.2 
yd . 

2.45.3.7.3 

2.45.3.7.4 

2.45.3.7.5 
MSECI. 

2.45.3.7.6 
CEPCIP. 

2.45.3.7.7 

2.45.3.7.8 

2.45.3.8 

2.45.3.8.1 

Correction factor for other construction costs, CF. 

Unit Price Input Required. 

Unit price input for R.C. wall in-place, UPICW, $/cu 

Unit price input for R.C. slab in-place, UPICS, $/cu 

Cost per diffuser, COSTPD, $ (optional). 

Cost per swing arm header, COSTPH, $ (optional). 

Current Marshall and Swift Equipment Cost Index, 

Current CE plant cost index for pipe, valves, etc., 

Equiment installation labor rate, LABRI, $/XH. 

Unit price input for crane rental, UPICR, $/hr. 

Cost Calculations. 

Calculate cost of R.C. wall. 

COSTCW - (, UPICW 

where 

cosTcw = cost of R.C. wall in-place, $. 

v 
cw = volume of R.C. wall required, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu yd. 
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2.45.3.8.2 Calculate cost of R.C. slab. 

v 
COSTCS - (+) UPICS 

where . 

COSTCS - cost of R.C. slab in-place, $. 

V cs - dune of R.C. slab required. cu ft. 

uexcs - unit price input for R.C. slab in-place, $/cu yd. 

2.45.3.8.3 Cost of diffusers. 

2.43.3.8.3.1 the cost of a coarse bubble diffuser vith a capacity of 
12 scfp for the first quarter of 1977 is: 

COSTPD - $6.50 

For a better estimate COSTPD should be obt&wd fraa an equipnent 
vendor and treated as a unit price fnput. Otherrise, for future 
escalation the equipment cost should be adjusted by using t5e Xarshall 
and Svif t Equiplaent Cost Index. 

HSECI . COST?0 - $6.50 491.6 

vhere 

COSTPD - cost per diPfuser, $. 

!G&CI = current atshall and Svif t Equipnent Cost Index. 

491.6 - XarshaLl and Swift Equipment Cost Index, 
first quarter 1977. 
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2.45.3.8.3.2 Calculate COSlD. 

COSD - COSTPD x YD 

uhere 

COSD - cost of dfffusers for system, $. 

ND = nuaber of diffusers. 

2.45.3.8.4 Cost of swing arm diffuser headers. 

2.45.3.8.4.1 Sdng am df f fuset headers case in several sizes. 
The COBC used is for a header which will handle SSO sch and up 
to 37 diffusers. 

The cat of this header for the first quarter of 1977 is: 

COSTPH - $5,000 

COSTPH - cost per suing am header, $. 

NSECI - current Xarshall and Suif t Equlpenc Cos c Index. 

COSTH - COSTPH x NSA 

where 

COSTH - cast of sving am headers for system, S. 

NSA - nuaber of suing am headers. 

2.45.3.8.5 Equipment ins cal lacion man-hour requireuent . The 
labor requirement for field installatiorx of the swing am headers, 
including nountfng the dif Eusers, is approximately 25 man-hours 
per header. 
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IXH = 25 NSA 

where 

IMH = installation ma-hour requirement, MH. 
Y 

2.45.3.8.6 Crane requiranent for installation. 

CH = W) (IMa 

where 

CH - crane time requirement for installation, hr. 

2.45.3.8.7 Cost of air piping. The air piping for the 
diffused aeration systan is very canplex and includes many 
valves and fittings of different sizes. This causes cost 
estdmation by material take-off to be very difficult for a wide 
range of flow. In this case we feel the use of parametric 
costing is justified as the overall accuracy of the estimate 
will not be affected to a great extent. 

2.45.3.8.7.1 If R is between 100 scfm and 1000 scfm, the cost 
of air piping can bg calculated by: 

COSTAP = 617.2 (R,) 
0.2553 CEPCIP 

x241.o 

where 

COSTAP = cost of air piping, $. 

Ra = required air flow, cfm. 

CEPCIP = current CE Plant Cost Index for pipe, valves, etc. 

241.0 = CE Plant Cost Index for pipe, valves, etc., for 
first quarter of 1977. 

2.45.3.8.7.2 If R is between 1000 scfm and 10,000 scfm, the 
cost of air piping gan be calculated by: 

COSTAP = 1 43 (Ra)1*1337 x w : . 

2.45.3.8.7.3 If R is greater than 10,000 scfm, the cost of 
air piping can be &culated by: 

COSTAP - 28.59 (Ra) 
0.8085 CEPCIP 

x241.o 

2.45.3.8.8 Other costs associated with the installed equipment. 
This category includes the costs for weir installation, painting, 
inspection, etc., and can be added as a percentage of the purchase 
equipment cost: 
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PMINC = 10% 

where 

?XINC = percentage of purchase costs of equipment as minor 
installation cost, percent. 

2.45.3.8.9 Installed equipment costs. 

IEC = (COSTD + COSTH + COSTAP) (1 + s) + (em) (LBRI) + (C-K) (UPICR) 

where 

IEC = installed equipment cost, $. 

LABRI = labor rate, $/MH. 

UPICR - crane rental rate, $/hr. 

2.45.3.8.10 Total bare construction cost. 

TBCC = (COSTE + COSTCW + COSTCS + IEC) (CF) 

where 

. TBCC = total bare construction cost, $. 

CF = correction factor for minor cost itens. 

2s45.3.8.11 Operation and maintenance material costs. 

OMMP OMCC - TBCC m 

where 

o%?x = operation and maintenace material supply 
costs, $/yr. . 

OMXP = operation and maintenance material and supply 
costs as percent of total bare construction 
cost, percent. 

2,45*3,9 Cost Calculations Output Data. 

2.4X3.9.1 Total bare construction cost, TBCC, $. 

2*45,3.9.2 O&M material and supply costs, OMMC, $/yr. 
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2.45.4 

2.45.4.1 

2.45.4.1.1 

2.45.4.1.1.1 

2.45.4.1.1.2 

2.45.4.1.2 
tion influent, 

2.45.4.1.3 
fluent, mg/l. 

2.45.4.1.4 Detention time, min. 

2.45.4.2 

2.45.4.2.1 

2.45.4.2.2 
0.9. 

2.45.4.2.3 

If , 0.9. 

2.45.4.2.4 

2.45.4.2.5 

2.45.4.2.6 
basin, CL, mg/ 

2.45.4.2.7 

Design Paraneters. 

Standard transfer efficiency, STE, lb/hphr. 

O2 transfer in waste/O2 transfer in water, Oc, 

O2 saturation in waste/O2 saturation in water, 

Correction factor for pressure, P, 1.0. 

O2 saturation at summer tanperature, Cs, mg/l. 

Minimum dissolved oxygen to be maintained in the 
1. 

Temperature, T, *C. 

2.45.4.3 Process Design Calculations. 

2.45.4.3.1 Calculate oxygen required. 

Mechanical Aeration. 

Input Data.- 

Wastewater flow. 

Average daily flow, mgd. 

Peak flow, mgd. 

Dissolved oxygen concentration of the pos taer- 
mg/l. 

Desired dissolved oxygen concentration in ef- 

O2 * se - ci) (Q,,> (8.34) 

O2 - oxygen required, lb 02/day. 

'e = desired dissolved oxygen concentration in effluent, 
mg/l. 

ci = dissolved oxygen concentration of the postaeration 
influent, mg/l. 
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2.45.4.3.2 Calculate operating transfer efficiency. 

OTE = STE 
1 KS) p (PI - CL1 

9.17 d (l.02)T-20 

where 

OTE = operating transfer efficiency, lb 02/hphr. 

STE = standard transfer efficiency, lb 02/hphr. 

oc= 0 2 transfer in waste/O2 transfer in water, 0.9. 

P= o2 saturation in waste/O saturation in water, 0.9. 2 

cs = O2 saturation of selected summer temperature, mg/l. 

CL = minimum dissolved oxygen to be maintained in basin, 
l-Q/l. 

2.45.4,3.3 Calculate volme of basin. 

Q= 
(Q,,) (t) (106) 

1440 

where 

v = volume of basin, gal. 

Q avg 
= average daily flow, mgd. 

t = detention time, min. 

2,45.4.3.4 Calculate horsepower required. 

HP = O2 
OIE (24) 

w-here 

HP = horsepower required, hp. 

02 = oxygen required, lb 02/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

2.45.4.4 Process Design Output Data. 

2,45.4,4.1 Oxygen required, 02, lb 02/day. 

2,45.4,4.2 Volume of basin, V, gal. 

2.45a4.4.3 Average.dafly flow, Q avg' mgd. 
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2.45.4.4.4 Horsepower required, HP, hp. 

2.45.4.5 Quantities Calculations. 

2.45.4.5.1 Determine nunber of aerators required. The nunber of 
aerators must be one of the following: 1, 2, 3, 4, 6, 8. Also the 
aerators must be one of the following sizes, 10, 15, 20, 25, 30, 40, 
50, 60, 75, 100, or 150. 
error. 

The selection process will be trial and 

Assume number of aerators 

to next trials K=2, 3, 4, 

per basin (K) is 1. If HP 
K > 150, go 

6, 8 until F c 150, then canpare F 

with values for individual aerators (HP,) given above. Se1 ect 

HP the smallest value of HPa that is greater than K 

2.45.4.5.2 Calculate basin depth. The basin water depth 
(Dw) is controlled by the aerator sizes used. This is true 
because each size aerator has a maximum depth at which it can be 
used and still achieve mixing without the use of a draft tube. 

2.45.4.5.2.1 If HPa < 100 Hp 

DW = 4.82 (HP,) 
0.2467 

2.45.4.5.2.2 If 1OOIHPa (, 150 

DW * 15 ft 

where 

DW = basin water depth, ft. 

Hpa = horsepower of individual aerators, hp. 

2.45.4.5.3 Calculate basin dimensions. 

2.45.4.5.3.1 Calculate length to width ratio. 

IfKs4,r-K 

IfK>4,r=k/2 
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K= nunber of aerators. 

r= basin length to width ratio. 

2.45.4.5.3.2 Calculate length of basin. 

where 

L- (VI (r) 1 
0.5 

(7.48) (DW) 

L - length of basin, ft. 

V - volume of basin, gal. 

DW = basin water depth, ft. 

r = length to width ratio. 

2.45.4.5.3.3 Calculate width of basin. 

where 

W = width of basin, ft. 

L= length of basin, ft. 

r = length to width ratio. 

2.45.4e5.4 Calculate volume of reinforced concrete required. 
Assume walls and slab will be 0.75 ft thick. 

2.45.4.5.4.1 Calculate volume of R.C. wall required. 

V cw = [ (2) @W + 2) (L + W) I (0.75) 

where \ 

V cw - volume of R.C. wall required, cu ft. 

DW = basin water depth, ft. 

L = length of basin, ft. 

W = width of basin, ft. 

2,45.4,5.4.2 Calculate volune of R.C. slab required. 

where 

V 
cs - (L) w (0.75) 

V cs = volume of R.C. slab required, cu ft. 

2.45-18 



L = length of basin, ft. 

W - width of basin, ft. 

2.45.4.5.5 Calculate total horsepower installed. 

HPT - (K) (HP,) 

where 

FIPT = total horsepower installed, hp. 

HPa = horsepower of indivfdual aerators, hp. 

K- number of aerators required. 

2.45.4.5.6 Calculate electrical energy required. 

WH = (*PT) (365) (24) (.9) (.85) (.877) 

where 

KWH = electrical energy required, kwhrjyr. 

HPT = total horsepower installed, hp. 

2.45.4.5.7 Calculate O&M manpower required. 

2.45.4.5.7.1 Operation manpower required. 

OMH - 509 (Q,,) 
0.1651 

where 

OMH = operation manpower required, MH/yr. 

9 = avg average daily flow, mgd. 

2.45.4.5.7.2 Maintenance manpower required. 

M..MH - 160 (Q 1 
0.301 

avg 

where 

X?IH = maintenance manpower required, MH/yr. 

Q avg 
= average daily flow, mgd. 

2.45.4.5.8 Other operating and maintenance material and 
supply cost. This itan includes such itans as lubrication oil, 
paint, repair and replacement parts. These costs are estimated 
as a percent of the installed equipment costs. 

. 
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OMMP = 4.93 (HP+ 
-0.1827 

where 

OMMP = O&M material and supply costs as percent of the 
installed equipment cost, X. 

HPT = total horsepower installed, hp. 

2.45.4.5.9 Other minor construction cost itans. Fran the 
calculations above approximately 90% of the construction costs 
have been accounted for. Other minor items such as handrails, 
piping, paint, etc., would be 10%. 

CF = 1 - 1.11 
0.9 

where 

CF = correction factor for other construction cost itgas. 

2.45.4.6 Quantities Calculations Output Data. 

2.45.4.6.1 Horsepower of individual aerators, HP,, hp. 

2.45.4.6.2 Number of aerators, k. 

2.45.4.6.3 Volume of R.C. wal1‘ required, Vcw, cu ft. 

2.45.4.6.4 Volume of R.C. slab required, V 
cs' cu ft. 

2.45.4.6.5 Total horsepower installed, HPT, hp. 

2e45.4.6.6 Electrical energy required, KWH, kwhr/yr. 

2.45.4.6.7 Operation manpower required, OMH, MH/yr. 

2s45.4.6.8 Maintenance manpower required, MMH, MH/yr. 

2.45.4.6.9 ObMmaterial and supply costs as percent of the 
installed equipment cost, OMMP, X. 

2.45.4.6.10 Correction factor for other minor construction 
costs, CF. 
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2.45.4.7 Unit Price Input Required. 

2.45.4.7.1 

2.45.4.7.2 

2.45.4.7.3 

2.45.4.7.4 
MSECI. 

2.45.4.7.5 
tional). 

2.45.4.8 

2.45.4.8.1 

2.45.4.8.1.1 

Unit price input for R.C. wall, UPICW, $/cu yd. 

Unit price input for R.C. slab, UPICS, $/cu yd. 

Equipment installation labor rate, LABRI, $/XI. 

Current Marshall and Swift Equipment Cost Index, 

Cost of standard size aerator, COSTSA, $ (op 

Cost Calculations. 

Calculate cost of reinforced concrete. 

Cost of R.C. wall. 

COSTCW = h) UPICW ( 27 

where 

COSTCW = cost of R.C. wall in-place, $. 

V cw = volume of R.C. wall required, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/cu yd. 

2.45.4.8.1.2 Cost of R.C. slab. 

V 
COSTCS - + UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs - volune of R.C. slab required, cu ft. 

UPICS - unit price input for R.C. slab in-place, $/cu yd. 
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2.45.4.8.2 Calculate purchase cost of aerators. 

COSTA * (COSTSA) (cost) (K) 
100 

where 

COSTA - purchase cost of aerators, $. 

COSTSA = cost of standard size aerator (50 hp), $. 

COSTR = cost of aerator of horsepower HP as a percent 
of the cost of the standard sizeaaertiors, %. 

K - nunber of aerators per basin. 

2.45.4.8.2.1 Calculate COSTR. 

If HP,s 25 hp; COSTR is calculated by: 

COSTR = 20.7 (HPa)o'2686 

If HPa > 25 hp; COSTR is calculated by: 

COSTR = 4.12 (HPa) 0.7878 

2.45.4.8.2.2 Purchase cost of standard size aerator. The 
standard size aerator is a 50 hp, high-speed floating aerator. 
The cost of the 50 hp aerator in the first quarter of 1977 is: 

COSTSA = $13,960 

For better cost estimation, COSTSA should be obtained fran the 
equipment vendor and treated as a unit price input. However, if 
COSTSA is not treated as a unit price input, the cost will be 
adjusted by using the Marshall and Swift Equipment Cost Index. 

COSTSA = $13,960 E 
. 

where 

COSTSA = cost of standard size aerator (50 hp), $. 

MSECI = current Marshall and Swift Equipment Cost Index. 
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491.6 = Xarshall and Swift Equipment Cost Index for 1st 
quarter of 1977. 

2.45.4.8.3 Calculate total installed equipment cost. 

2.45.4.8.3.1 Calculate aerator installation labor. 

IMH = 0.633 (HP,) + 40 

where 

I?lH = aerator installation labor, MH. 

HPa 
- horsepower of individual aerators, hp. 

2.45.4a8.3.2 Calculate aerator insballation cost. 

AK = (Im) (K) (LBRI) . 

where 

AIC - aerator installation cost, $. 

IXH = aerator installation labor, MH. 

K = number of aerators per basin. 

MRI = installation labor rate, $/Mll. 

2.45.4.8.3.3 Calculate installed cost for electrical/mechanical. 

EMC = 0.589 (HPa)-0'1465 (COSTA) 

where 

EMC = installed cost for electrical/mechanical, $. 

HPa = horsepower of individual aerators, hp. 

COSTA = purchase cost of aerators, $. 

2.45.4.8.3.4 Calculate total installed equipment cost. 

IEC - COSTA+ AIC + EMC 

where 

IEC - total installed equipment cost, $. 

AIC = aerator installation cost, $. 

EMC - installed cost of electrical/mechanical, $. 
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2.45.4.8.4 Calculate O&M material and supply costs. 

OMMC - (OMMP 100' lx 

where 

OMXC = O&M material and supply costs, $/yr. 

O?lMP = O&M material and supply costs as percent of 
installed cost, X. 

IEC = total installed equipment cost, $. 

2.45.4.8.5 Calculate total bare construction cost. 

TBCC - (COSTCW + COSTCS + IEC) (CF) 

where 

TBCC = total bare construction cost, $. 

COSTCW - cost of R.C. wall in-place, $. 

COSTCS = Cost of R.C. slab in-place, $. 

1% - total installed equipment cost, $. 

CF = correction factor for other minor construction 
costs. 

2.45.4.9 Cost Calculations Output Data. 

2.45.4.9.1 Total bare construction cost, TBCC, $. 

2.45.4.9.2 O&M material and supply costs, OMMC, $/yr. 
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2.47 PRELIMINARY TREATMENT 

2.47.1 Background. This section canbines three prol 
cesses: grit chmbers, canminution and screening. This has been 
done because most of the cost information available canbines 
these processes. The cost estimates will be parametric in nature 
for this same reason and also because the costs for these pro- 
cesses are small in canparison with the entire facility so that 
large errors in estimating the costs of the preliminary treatment 
would result in a very small error in the total treatment fa- 
cility cost. 

2.47.2 General Description Canminution. 

2.47.2.1 Cauminutors are screens equipped with a device 
that cuts and shreds the screenings without removing then frau ,' 
the waste stream. Thus, canminuting,devices eliminate odors, 
flies, and other nuisances associated with other screening 
devices. A variety of canminuting devices are available can- 
mercially. 

2.47.2.2 Canminutors are usually located behind grit 
removal facilities in order to reduce wear on the cutting sur- 
faces. They are frequently installed in front of pumping sta- 
tions to protect the pmps against clogging by large floating 
objects. 

2.47.2.3 The canminutor size is based usually on the volume 
of waste to be treated. Treatment plants with a wastewater flow 
below 1 mgd normally use one canminutor. Table 2.47-l summarizes 
design characteristics of cauminutors. 

2.47.2.4 In wastewater treatment facilities for recreation 
areas, one canminutor may be installed in the wet well to protect 
the pump fran large floating objects. In the treatment of vault 
waste, a cauminutor may be included as an integral part of a 
vault waste holding station. Figure 2.47-l shows a canminutor. 

2.47.3 General Description Grit Removal. 

2.47.3.1 Grit renoval is classified as a protective or a 
preventive measure. The process does not contribute materially 
to the reduction in the pollutional load applied to the waste 
water treatment facility. Grit chabers are designed to remove 
grit which may include sand, gravel, cinder, and other inorganic 
abrasive matter. Grit causes wear on paps, fills pump sumps and 
sludge hoppers, clogs pipes and channels, and occupies valuable 
space in sludge digestion tanks. Grit removal, therefore, 
results in the reduction of maintenance costs of mechanical 
equipment and the elimination of operational difficulties caused 
by grit. Grit removal is recanmended for small as well as large 
treatxent facilities and for those senred by canbined as well as 
separate sewer systems. Bar screens are usually installed ahead 
of grit chambers to ranove large floating objects. 
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2.47.3.2 Grit removal is normally accomplished through 
control of velocity and settling time. The objective is to 
settle the grit particles while keeping the putrescible matter in 
suspension. Theoretically, it is desirable to remove all grit; 
however, experience indicates that removing 65-mesh grit, i.e. 
grit that is retained on a 65-mesh screen, provides sufficient 
protection to mechanical equipment and eliminates the majority of 
operational troubles caused by the grit. To remove the 6%mesh 
grit with a minimum of putrescible matter, a flow-through ve- 
locity of 0.75-1.25 fps must be provided at all flows. 

2.47.3.3 The type of settling that normally takes place in 
a grit chamber is classified as discrete settling, since each 

' particle retains its identity while settling at a constant rate. 
The design of such a chamber is usually based on an overflow rate 
that exceeds the settling velocity of the smallest particle 
desired to be ranoved. Smaller particles are removed in pro- 
portion, according to the ratio of their settling velocities to 
the settling velocity of the smallest particle that is, theo- 
retically, 100 percent ranoved. The overflow rates selected in 
the design of a grit chamber must, therefore, exceed the settling. 
velocity of the 65-mesh particle. Grit settling velocities are 
sunmarized in Table 2.47-2. 

2.47.3.4 Grit chanbers may be classified generally as 
either horizontal flow or aerated. In the horizontal flow type, 
the velocity is controlled by the dimensions of the chamber or by 
the use of a proportional weir or a Parshall flume at the ef- 
fluent end of the chamber. Aerated grit chambers consist of a 
spiral flow aeration tank with the spiral flow velocity con- 
trolled by the dimensions and the quantity of air supplied to the 
chamber. These chambers are very efficient and the grit will be 
washed and easy to handle. Aerated grit chambers provide a 
detention time of 3 min at the maximum rate of flow. Mechanical 
grit ranoval equipment is usually recanmended. 

2.47.3.5 In summary, the design of grit chambers depends on 
the type selected, type of grit removal equipment, specification 
of the selected grit removal equipment, and the quantity and 
quality of the grit to be handled. 

2.47.3.6 As the trend toward mechanization of wastewater 
treatment facilities continues to increase at a rapid rate, it is 
beconing a canmon practice to include grit removal facilities in 
the design of treatment systems serving small, as well as large, 
ccmmunities. Picnickers and campers in sclme recreation areas 
either maliciously or accidentally drop cans, bags, bottles, 
sticks and rocks In vault toilets, trailer dump stations and 
other facilities. Hence, wastewater characteristics should be 
thoroughly examined to determine the need for grit removal 
facilities in the design of systems for recreation areas. Figure 
2.47-2 shows a typical aerated grit chamber. Figure 2.47-3 shows 
a typical horizontal flow grit chanber. 
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2.47.4 General Description Screening. 

2.47.4.1 Screening devices are used normally to renove 
large floating objects that otherwise may damage pumps and other 
equipment, obstruct pipelines, and interfere with the normal 
operation of the treannent facilities. Screens used in waste- 
water treatment facilities or in punping stations are generally 
classified as fine screens or bar screens. 

2.47.4.2 Fine screens are those with openings of less than 
l/4 in. These screens have been used as a substitute for sedi- 
mentation tanks to remove suspended solids prior to biological 
treatment. However, few plants today use this concept of solids 
renwal. Fine screens may be of the disk, drun or bar type. 
Bar-type screens are available with openings of 0.005 to 0.10 in. 

2.47.4.3 Bar screens are used mainly to protect pumps, 
valves, pipelines, and other devices fran being damaged or clogged 
by large floating objects. Bar screens are sometimes used in 
conjunction with conminuting devices. Bar screens consist of 
vertical or inclined bars spaced at equal intervals (usually 3/4 
to 3 in.) across the channel &here wastewater flows. These 
devices may be cleaned manually or mechanically, Bar screens 
with openings exceeding 2-k in are termed trashracks. 

2.47.4.4 The quantity of screenings removed by bar screens 
usually depends on the size of the bar spacings. Since the 
handling and disposal of screenings is one of the most disa- 
greeable jobs in wastewater treatment, it is usually recanmended 
that the quantity of screenings be kept at a minimum. Amounts of 
screenings 

5 
rem normal danestic wastes have been reported frcm 

0.5 to 5 ft /million gal of wastewater treated. Screenings may 
be disposed of by burial, incineration, grinding, and digestion. 

2.47.4.5 Design of bar screens is based mainly on average 
and peak wastewater flow. Normal design and operating parameters 
are usually presented in the manufacturer's specifications. 
General characteristics of bar and fine screens are presented in 
Tables 2.47-4 and 2.47-5, respectively. Figure 2.47-4 shows a 
mechanically cleaned bar rack. 
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Figure 2.47-4. Schematic of a mechanically cleaned bar rack. 

2.47-6 _ 



2.47.5 

2.47.5.1 

2.47.5.1.1 

2.47.5.1.1.1 

2.47.5.1.1.2 

2.47.5.2 

2.47.5.3 

2.47.5.3.1 

Canminution. 

Input Data. 

Wastewater flow, mgd. 

Average daily flow, mgd. 

Maximan flow, mgd. 

Design Paraneters. None. 

Process Design Calculations. 
\ 

Select size and nunber of canminutors from equipment 
manufacturer's catalog or Table 2.47-l to correspond to maximum 
wastewater flows. 

2.47.5.4 Process Design Output Data. 

2.47.5.4.1 Ccmminutor specifications. 

2.47.5.4.2 Nmber of canminutors. 
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Table 2.47-1. Camminutor Size Selection 

Standard Sizes 
Drun Avg Slot Net Rates of Flow Maximum Hour1 y 

. Dlaneter Drun Width Hors e- Weight Avg 12-hr Day Rates of Flow 
in rpm in power Height lb Time, mgd mgd 

4 56 k k 2 ft 3% in 175 0 to 0.035 0.09 

7 56 36 k 4 ft 3 in 450 0.03 to 0.113 0.24 

7 56 k k 4 ft 3 in 450 0.06 to 0.200 0.36 N . 
c- 
Y 10 45 k . ti 4 ft 5 In 650 0.17 to 0.720 1.08 
a, 

15 37 J4 314 4 ft ilk in 1100 0.25 to 1.820 2.40 

25 25 318 1% 5 f t 9’5 in 2100 0.97 to 5.100 6.10 

25 25 318 ti 6 ft 11% In 3500 1.00 to 9.400 11.10 

36 15 318 2 9 Et & In 8500 1.30 to 20.00 24.00 



2.47.6 

2.47.6.1 

2.47.6.1.1 

2.47.6.1.1.1 

2.47.6.1.1.2 

2.47.6.2 

2.47.6.2.1 

2.47.6.2.1.1 

2.47.6.2.1.2 

2.47.6.2.1.3 

2.47.6.2.1.4 

2.47.6.2.1.5 

2.47.6.2.1.6 

2.47.6.2.2 

2.47.6.2.2.1 

2.47.6.2.2.2 

2.47.6.2.2.3 

2.47.6.2.2.4 

2.47.6.2.2.5 

2.47.6.3 

2.47.6.3.1 

2.47.6.3.1.1 
unit. 

Grit Removal. 

Input Data. 

Wastewater Flow. 

Minimum and peak flows, mgd. 

Average daily flow, mgd. 

Design Paraneters. 

Horizontal Row Grit Chamber. 

Particle size, mm. 

Specific gravity. 

Maximum and average velocities, fps. 

Current allowance (1.7). 

Volae of grit, ft3. 

Number of units. 

Aerated Grit Chamber. 

Detention time, min. 

Air supply, cfm/ft. 

Maximum and average veolcities, fps. 

Volume of grit, ft3. 

Number of units. 

Process Design Calculations. 

Horizontal flow grit chamber. 

Select the nunber of units and calculate flow per 

Q/unit = QT 
N 

where 

QT = total flow to plant, mgd. 

N = nunber of units. 
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2.47.6.3.1.2 Select maximum controlled velocity, v * 1.25 fps. 

2.47.6.3.1.3 Calculate cross-sectional area. 

9n A * $ x 1.54 
max 

where 

A = cross-sectional area, ft'. 

%i ax = maximum flow/unit, mgd. 

V max = maximum controlled velocity, fps. v 

2.47.6.3.1.4 Assume depth and calculate width or vice versa. 

A=WD 

where 

W = channel width, ft. 

D = channel depth, ft. 

2.47.6.3.1.5 Calculate settling velocity of the smallest particle 
desired to be 100% ranoved (according to Table 2.47-2 or calcu- 
lations). 

Size m 0.2 mm 

Specific gravity -2.65 

vs - pl"'~;yP;;U (dpj"' 

Cd = (pj + @)+ (0.34) 

n 

where 

V s = settling velocity of smallest particle that is 
100% ranoved, fps. 

g = gravitational acceleration, 32.2 fps2. 

'd = drag coefficient. 

pS 
= specific gravity of the particle. 

c 
P 

= diameter of the particle, mm. 
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(v,) ($1 
Rn = Reynolds number = 

Y x 3.28 x ld3 r/ -- --- 

Y = kinematic viscosity of the liquid, ft2/sec. 

3.28 x 1O-3 = conversion factor, mm to ft. 

2.47.6.3.1.6 Calculate the length of each channel. 

V 

L=D 
max 

(1.7) max v 
S 

where 

L= length of the channel, ft. 

D 
max = depth at maximum flow, ft. 

v = 
max velocity at maximum discharge, fps. 

V s = settling velocity of the smallest particle 
that is 100X: removed, fps. 

1.7 = allowance for current. 

2.47.6.3.1.7 Calculate detention time. 

t I (D)(W) (L) 
Q x 1.54 

where 

t = detention time, sec. 

D = channel depth, ft. 

W = channel width, ft. 

L =-length of channel, ft. 

Q * flow, mgd. 

1.54 - conversion factor, mgd to cfs. 

2.47.6.3.1.8 Calculate bottau slope of channel. 

V 
- 1.49 R2J3S1/2 

where 

-avg n 

V 
w3 

= velocity at average discharge, 

n = Manning's coefficient (a value 

fps. 

of 0.03 may be used). 
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c 
Ii- hydraulic radius of cross section - & 'Or 

rectangular channel. 

S = slope. 

2.47.6.3.1.9 Calculate approximgte volume of grit. The volme of 
grit may vary fran less than 1 ft to more than 12 ft3 per million 
gal of wastewater. It must also be noted that the grit collected 
frcm a horizontal flow grit chamber will contain a high amount of 
putrescible matter and should be washed before disposal. 

Assume 4 ft3/million gal (approximate) 

V 
g - 44 

where 

V 
g 

= volume of grit, ft3/day. 

Q- flow, mgd. 

2.47.6.3.2 Aerated Grit Chamber. 

2.47.6.3.2.1 Calculate the length of channel. 

(t>(Q )(1.54)(1.7)(60) 
L= 

x 

where 

L- length of channel, ft. 

t - detention time, min. 

QP 
- peak flow, mgd. 

A = cross-sectional area, ft2. 

2.47.6.3.2.2 Calculate air requfrenents, cfm. 

Total air = L x 02/ft 

where 

L = length of chamber, 

02/ f6. = air supply per ft of length (Table 2.47-3). 

2,47,6.4 Process Design Output Data. 

2.47.6.4.1 Horizontal Flow Grit Chamber. 
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2.47.6.4.1.1 Maximum flow, cfs. 

2.47.6.4.1.2 Average flow, cfs. 

2.47.6.4.1.3 Minimum flow, cfs. 

2.47.6.4.1.4 Tenperature, OC. 

2.47.6.4.1.5 Maximum flow-through velocity, fps. 

2.47.6.4.1.6 Average flowthrough velocity, fps. 

2.47.6.4.1.7 Size smallest particle 100% ranoved, mm. 

2.47.6.4.1.8 Specific gravity of particle. 

2.47.6.4.1.9 Number of units. 

2.47.6.4.1.10 Maximum flow/unit, cfs. 

2.47.6.4.1.11 Width of channel, ft. 

2.47.6.4.1.12 Depth of channel, ft. 

2.47.6.4.1.13 Length of channel, ft. 

2.47.6.4.1.14 Settling velocity of particle, fps. 

2.47.6.4.1.15 Slope of channel bottom. 

2.47.6.4.1.16 Allowance for currents. 

2.47.6.4.1.17 Detention time, sec. 

2.47.6.4.1.18 Manning's coefficient. 

2.47.6.4.1.19 Volume of grit, ft3/day. 

2.47.6.4.1.20 Design outlet control section. 

2.47.6.4.2 Aerated Grit Chamber. 

2.47.6.4.2.1 Detention time, min. 

2.47.6.4.2.2 Air supply, cfm/ft. 

2.47.6.4.2.3 Length, ft. 

2.47.6.4.2.4 Total air requirement, cfm. 

2.47-13 



Table 2.47-2. Grit Settling Velocities 

Settling Velocity Area RequireC 
Particle Size 
?/iesh mm ft/min -- ppdlft2 mgd/ft2 ft2/million Cal 

18 0.833 14.7 160,000 0.1600 6.3 

20 0.595 10.5 114,500 0.1145 8.7 

35 0.417 7.4 80,100 0.0801 12.5 

48 0.295 5.2 56,700 0.0567 17.7 

6Sta' 0.208 3.7 40,000 0.0400 25.0 

100 0.147 2.6 28,200 0.0252 35.5 

150 0.105 1.8 20,200 0.0202 49.5 

(a) Xinimum particle size desirable for r-oval. 

Table 2.47-3. Design Paraneters for Aerated Grit Chambers 

1, 

2. 

3, 

4. 

5. 

6. Detention time - 2 to 3 min, 

7, Efficiency - 100% removal of 6smesh grit. 

Air supply - 3 cfm/ft of tank length. 

Air diffusers - located 2 to 3 ft above tank bottaa on one 
side of tank. 

Surface velocity - 1.5 to 2 fps. 

Tank floor velocity = 1 to 1.5 fps. 
\ 

Grit collectors - air lift pumps to decanting channels, grit 
conveyors or grit pumps. 
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2.47.7 

2.47.7.1 

2.47.7.1.1. 

2.47.7.1.1.1 

2.47.7.1.1.2 

2.47.7.1.1.3 

2.47.7.2 

2.47.7.2.1 

2.47.7.2.1.1 

2.47.7.2.1.2 

2.47.7.2.2 

2.47.7.2.3 

2.47.7.2.4 

2.47.7.2.5 

2.47.7.2.6 

2.47.7.2.7 

2.47.7.2.8 

2.47.7.2.9 

2.47.7.3 

2.47.7.3.1 

Screeninq. 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Maximm daily flow, mgd. 

Peak wet weather flow, mgd. 

Design Parameters. 

Type of bar screen. 

Manually cleaned. l 

Mechanically cleaned. 

Velocity through bar screen, fps (Table 2.47-4). 

Approach velocity, fps (Table 2.47-4). 

Maxlmum head loss through screen, in (Table 2.47-4). 

Bar spacings, in (Table 2.47-4). 

Slope of bars, deg (Table 2.47-4). 

Channel width, ft. 

Width of bar, In. 

Shape factor. 

Process Design Calculations. 

Consult equipment manufacturer’s specifications and select 
a bar screen which meets design requirements. 

2.47.7.3.2 Calculate head loss through the screen. It should be 
noted that when screens start to becane clogged between cleanings in 
manually cleaned screens head loss will increase. 

4'3 2sin2Q V 

2g 
where 

he = head loss through the screen, ft. 

/8 = bar shape factor. 
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= 2.42 for sharp-edged rectangular bars. 

= 1.83 for rectangular bars with senicircular upstream 
faces. 

= 1.79 for circular bars. 

= 1.67 for rectangular bars with semicircular 
upstrean and downstream faces. 

= 0.76 for rectangular bars with sanicircular upstrem 
faces and tapering in a symmetrical curve to a small 
circular downstrean face (teardrop). 

W = maximum width of bars facing the flow, in. 

b = minimum width of the clear spacings between pairs 
of bars, in. 

V' longitudinal approach velocity, fps. 

436 angle of the rack with horizontal, deg. 

g = gravitational acceleration. 

2.47e7.3.3 Calculate average depth. 

D= 
(Q,,) (1.54) 

$1 (V) 
where 

D= average depth, ft. 

Q avg 
* average flow, mgd. 

WC = channel width, ft. 

v= average velocity, fps.‘ 

2.47.7.3.4 Calculate maximum depth. 

D ax = maximum depth, ft. 

D = average depth, ft. 

B = peak flow, mgd. 
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Q am 
= average flow, mgd. 

2.47.7.4 Process Design Output Data. 

2*47.7.4.1 Bar size, in. 

2.47.7.4.2 Bar spacing, in. 

2.47.7.4.3 Slope of bars fran horizontal, deg. 

2.47.7.4.4 Head loss through screen, ft. 

2.47.7.4.5 Approach velocity, fps. 

2.47.7.4.6 Average flow-through velocity, fps. 

2.47.7.4.7 Maximum flow-through velocity, fps. 

2.47.7.4.8 Screen channel width, ft. 

2.47.7.4.9 Channel depth, ft. 

Table 2.47-4. General Characteristics of Bar Screens 

Item 

Bar screen size 

Hand Cleaned 
Mechanically 

Cleaned 

Width, in. l/4 to 5/8 l/4 to 5/8 
Depth, in. 1 to 3 1 to 3 
Spacing, in. 1 to 2 5/8 to 3 

Slope fran vertical, deg. 30 to 45 0 to 30 

Approach velocity, fps 1 to 2 2 to 3 

Allowable head loss, in. 6 6 
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Table 2.47-5. General Characteristics of Fine Screens 

item Disk Drum _ 

Fine Screen 

Openings, in. 

Diaoleter, ft. 
Length, ft. 

0.126 to 0.009 0.126 to 0.009 
(6 to 60 mesh) (6 to 60 mesh) 

4 to 18 3 to 5 
4 to 12 

vm 4 

2.47.8 Quantities Calculation. 

:.47.8,1 Calculate operation manpower required. 

2.47.8.1.1 IfO<Q 
calculated by: 

.avg I; 3 mgd, the operation manpower ts 

OMH = 600 (Qavg)o*3382 

where 

Q avg 
= average daily wastewater flow, mgd. 

OMH = operation manpower required, man-hours/yr. 

2,47.8.1.2 If 3<Q 
calculated by: 

avg s 7 mgd, the operation manpower is 

OXH = 469.3 (Qavg)oe5618 

2.47.8-1.3 If Qavo > 7 mgd, the operation manpower is calculated 
by: 0 

OMH = 255.3 (Qavg)o*8746 

2.47.8.2 Calculate maintenance manpower required. 

2.47e8.2.1 If 0 <Q 
calculated by: 

avg s 3 mgd, the maintenance manpower FS 

MMH= 340 (Q 
avg 

)"*2g46 

Mm = maintenance manpower required, maehours/yr. 
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2.47.8.2.2 If 3 ( Q,, 5 7 mgd, the-maintenance manpower is 
caLculated by: ' 

mm = 265.5 (Qavg)o*51eg7 * 

2.47.8.2.3 If Q avg 
> 7 mgd, the maintenance manpower is cal- 

culated by: 

MMH = 168.5 (Qavg)o*7534 

2.47.8.3 Calculate the energy required for operation. 

KWH = 16,000 lQavg)o*4631 

where 

KWH = energy required for operation, kwhrjyr. 

2.47.8.4 Calculate the operation and maintenance material and 
supply costs. The operation and maintenance material and supply 
costs can be expressed as a percent of the total bare construction 
cost. 

OMMP - 2.5 

where 

OMMP = operation and maintenance material and supply 
costs as percent of total bare construction 
cost, percent. 

2.47.9 Quantities Calculations Output Data. 

2.47.9.1 Peak wastewater flow, 
% 

, mgd. 

2.47.9.2 Average daily wastewater flow, Q avg' mgd. 

2.47.9.3 Operation manpower required, OMX, man-hours/yr. 

2.47.9 l 4 Maintenance manpower required, MHH, man-hourslyr. 

2.47.9.5 Energy required for operation, KWH, kwhr/yr. 

. 
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2.47.9.6 Operation and maintenance material and supply costs, 
as percent of total bare construction cost, OMM?, percent. 

2.47.10 
used). 

Unit Price Input Required. (None parmetric costing 

2.47.11 Cost Calculations. 

2.47.11.1 Total bare construction cost. 

TBCC - 40,000 (Qp)om6233 

where 

TSCC = total bare construction cost, $. 

B - peak wastewater flow, mgd. 

2.47.11.2 Operation and maintenance material and supply costs. 

(OrnP) omc = - 
100 l TBCC 

where 

OMMC = operation and maintenance material and supply 
costs, $/yr. 

2.47.12 Cost Calculations Output Data. 

2.47.12.1 Total bare construction cost, TBCC, $. 

2.47.12.2 
OMMC, $/yr. 

Operation and maintenance material and supply costs, 
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2.49 PUMPING 

2.49 l l Background. There are several situations 
throughout a sewage treatment facility which require pumping. 
Typically at the head of the treatment facility pumping of the 
raw waste is required. Other points in the treatment facility 
which might require pumping are prior to trickling filters, 
tertiary filters, carbon adsorption units, or any treatment 
process which creates relatively high head losses. Generally 
speaking two different type pmps are used for raw waste 
pumping and pmping for other processes in the treatment 
facility. For this reason the pmping has been divided into 
raw waste pumping and intermediate p-ping. 

2.49.2 General Description Ihtermediate Ptnnping. 

2.49.2.1 In intermediate pmping the wastewater is rsla- 
tively clean and free fran large solids so that more efficient 
punps can be used for these processes than for raw waste 
punping. 

2.49.3 General Description Raw Waste Pumping. 

2.49.3.1 Pumping of raw sewage at the head of a treatment 
facility is often required to produce the head required for 
sewage to flow through the plant. This pumping is accanplished . 
with relatively inefficient low-head pumps which are capable of 
passing large solids without damage to the pmps. 

2.49 l 4 

2.49.4.1 

2.49.4.1.1 

2.49.4.1.2 

2.49.4.2 

2.49.4.2.1 

2.49.4.2.2 

2.49.4.2.3 

2.49.4.3 

2.49.4.3.1 

Intermediate Pumping. 

Input Data. 

Average daily wastewater flow, Q avg. mgd. 

Peak wastewater flow, Qp ks mgd* 

Design Paraueters. 

Wastewater flow, mgd. 

Number of pumps. 

Total head on pmnps, ft. 

Process Design Calculations. 

Calculate design capacity of paps. 



2.49.4.3.1.1 Intermediate pumping. 

G PM I  

(Q,,) (2) d) 
1440 

where 

GPM = design capacity of pumps, gpm. 

2 - excess capacity factor to handle peak flows. 

2.49.4.3.1.2 Return sludge pumping. 

GPM = 
1440 

where 

GPM = design capacity of pumps, gpm. 

RSR = return sludge ratio to average wastewater 
flow, fran Table 2.49-l. 

TABLE 2.49-l 

Activated Sludge Processes RSR 

Conventional 1.0 
Canplete-Mix 1.0 
Step-Aeration 1.0 
Modified-Aeration 1.0 
Contact-Stabilization 1.0 
Extended-Aeration 1.5 
Kraus-Process 1.0 
HigbRate Aeration 5.0 
Pure-Oxygen System 1.0 

2.49.4.3.2 Determine the type, nuuber and size of pumps 
required. For the purposes of this program it has been assumed 
the pumps will be horizontal single-stage, singlesuction, 
split casing centrifugal pumps designed for sewage applica- 
tions. Also the head required is assumed to be 40 ft for all 
applications. All pumps will be assumed to be the same size 
with variable speed drives and the convention of sparing the 
largest pump will be adhered to. The punps will be arranged in 
identical batteries, with each battery handling a maximum flow 
of 80,000 gp. 
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2.49.4.3.2.1 Nmber of batteries. The number of batteries 
will be calculated by trial and error, begin with NB = 1. If 
GPM/NB > 80,000, then go the NB = NB + 1 and repeat until 
GPM(NB I; 80,000. Then: 

where 

GPMB = design flow per battery,gpm. 

NB - nunber of batteries. 

2.49.4.3.2.2 Number of pumps per battery. The nunber of 
pumps per battery will be calculated by trial and error. Start 
with N - 2. If GPMB/N >ZO,OOO gpn,,go to N - N + H and repeat 
until GPMB/N < 20,000 gpa. 

GPMB GPMP '31:~ 

NP=N+l 

where 

GPMP - 

N= 

NP = 

2.49.4.4 

2.49.4.4.1 

2.49.4.4.2 

2.49.4.4.3 

2.49.4.4.4 
N. 

2.49.4.4.5 
spare, NP. 

2.49.4.4.6 
8P* 

2.49.4.5 

2.49.4.5.1 

design capacity of the individual pumps, gpm. 

nunber of pumps required to handle design 
flow. 

total nunber of pumps per battery, including 
spare. 

Process Design Output Data. 

Design capacity of pmps, GPM, gpm. 

Number of batteries, NB. 

Design flow per battery, GPMB, gpn. 

Nmber of ptnnps required to handle design flow, 

Total nunber of pumps per battery, including 

Design capacity of the individual pmnps, GPMP, 

Quantities Calculations. 

Detemine area of pump building. 
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PBA = [0.0284 (GPMB) + 6401 NB 

PBA = pump building area, sq ft. 

2.49.4.5.2 Calculate volune of earthwork required. The 
pumping building is usually a bilevel building with the punps 
below ground and all electrical and control facilities above 
ground. It is assumed that the average depth of excavation 
would be 8 ft. The volme of earthwork will be estimated by: 

V ew - 03) (PBA) 

where 

V ew = volume of earthwork required, cu ft. 

2.49.4.5.3 Calculate operation manpower required. The 
operation manpower can be related to the finn pumping capacity. 

2.49.4.5.3.1 Calculate firm p-ping capacity. 

FPC r (GPM)(1440) - 
106 

where 

FPC = finn pumping capacity, mgd. 

2.49.4.5.3.2 If 0 < FPC 5 7 mgd: 

OMH - 440 (FPC)“*1285 

2.49.4.5.3.3 If 7 C FPC S 30 mgd: 

OMH - 294.4 (FPC)"'3350 

2.49.4.5.3.4 If 30 < FPC S 80 mgd: 

OMH - 40.5 (FPC)"'8661 

2.49.4.5.3.5 If FPC > 80 mgd: 

OMH - 21.3 (FPC)1'012 

where 

OMH = operating manpower required, man-hours/yr. 

2.49.4.5.4 Calculate maintenance manpower. 
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2.49.4.5.4.1 

2.49.4.5.4.2 

2.49.4.5.4.3 

2.49.4.5.4.4 

If 0 < FPC s 7 mgd: 

r&H = 360 (FPC)"*L478 

If 7 < FPC s 30 mgd: 

MMH = 255.2 (FPC) 
0.3247 

If 30 < FPC J 80 mgd: 

MMH - 85.7 (FPC) 
0.6456 

> 
\ 

If FPC < 80 mgd: 

MMH = 30.6 (FPC) 
0.8806 

where 

MMH - maintenance manpower requirement, man-hours/ 
yr* 

2.49.4.5.5 Calculate electrical energy required. 

KWH = 67,000 (Q,,) 
0.9976 

where 

KWH = electric energy required, kwhr/yr. 

2.49.4.5.6 Calculate operation and maintenance snaterial and 
supply costs. This lten covers the cost of lubrication oils, 
paint, repair and replacement parts, etc. It is expressed as a 
percent of the total bare construction costs. 

OMMP - 0.7% 

where 

OMMP = operation and maintenance material and supply 
costs, as percent of the total bare construction 
cost, percent. 
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2.49.4.5.7 Other minor construction cost itans. Fran the 
calculations approximately 85 percent of the construction costs 
have been accounted for. Other minor itens such as piping, 
overhead crane, site cleaning, seeding, etc., would be 15 
percent. 

CF -&- 1.18 . 
where 

CF - correction factor for other minor construction 
co6 ts. 

2.49.4.6 Quantities Calculations Output Data. 

2.49.4.6.1 Pump building area, PBA, sq ft. 

2.49.4.6.2 Volune of earthwork required, Vew, cu ft. 

2.49.4.6.3 Firm punping capacity, FPC, mgd. 

2.49.4.6.4 Operating manpower required, OMH, ma*hours/yr. 

2.49.4.6.5 Maintenance manpower required, MMH, man-hours/ 
yr. 

2.49.4.6.6 Electrical energy required, KWqlkwhr/yr. 

2.49.4.6.7 Operation and maintenance material and supply 
costs,.OMMP, percent. 

2.49.4.6.8 Correction factor for other minor construction 
costs, CF. 

2.49.4.6.11 Design capacity of the individual pumps, GPMP, 
ggm* \ 

2.49.4.7 Unit Price Input Required. 

2.49.4.7.1 Unit price input for building cost, UPIBC, $/sq 
ft. 

2.49.4.7.2 Unit price input for earthwork, UPIEX, $/cu ft. 

2.49.4.7.3 Cost of standard size pump equipment, COSTPS, $ 
(optional). 
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2,49.4,7.4 Ma-rshali and SGrife Equipment Cost Index, X~:CT. 

2.49.4.8 Cost Calculations. 

2,49 ,4.a.i Cost of earthwork. 
17 

COSTE = + UPIEX 

COSTE = cost of earthwork, $. 

v 
eW 

= volme of earthwork, cu'ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.49.4.8.2 Cost of pump building. 

COSTPB = (PBA) (UPIBC) 

where 

COSTPB = cost of pump building, $. 

PBA = pump building area, sq ft. 

UPIBC - unit price input for building cost, 
$/w ft. 

2.49.4.8.3 Purchase cost of puznps and drivers. 

2.49.4.8.3.1 Calculate COSTP. 

COSTRO 
COSTP = - 100 

(COSTPS)(XP)(XB) 

where 

COSTS = cost of pumps and drivers, $. 

COSTRO = cost of pumps and drivers of capacity GPXP, 
as percent of cost of standard size pump, 
percent. 

COSTPS = cost of standard size pump (3000 gp), $. 



Np = total nunber of pumps per battery. 

NB = nunber of batteries. 

2.49.4.8.3.2 Calculate COSTRO. 

If 0 C GPMP 5 5000 gpn, COSTRO is calculated by: 

COSTEO = 2.93 (GPMP)oo4404 

If GPMP > 5000 gpa, COSTRO is calculated by: 

COSTRO - .0064 (GPMP)1'16 

2.49.4.8.3.3 Purchase cost of standard size p~psp and driver. 
A 3000 gpm pmp was selected as a standard. The cost of a 3000 
gpm pump and driver for the first quarter of 1977 is: 

COSTPS = $17,250 

For better estimation, COSTPS should be obtained fran the 
vendor and treated as a unit price input. If this is not done, 
the cost will be adjusted using the Marshall and Swift Equip- 
ment Cost Index. 

where 

COSTPS - $17,250 R 
. 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index. 

2*49,4.8.4 Installed equipment costs. Typically, the 
installation cost of pumps is approximately 100 percent of the 
equipment cost. This includes cost of piping, concrete, steel, 
electrical, paint, and installation labor. , 

IPC = (COSTP)(2.0) 

where 

IPC = installed pumping equipment cost, $. 

2.49.4.8.5 Total bare construction cost. 

TBCC = [COSTE + COSTPB + IPC] CF 

where 

TBCC - total bare construction cost, $. 
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CF = correction factor minor construction costs 

2.49.4.8.6 Operation and maintenance material and supply 
costs. 

omc - (TB CC) +$f$ 

where 

OMMC - operation and maintenance material and supply 
cost, $. 

OMMP - operation and maintenance material and supply 
costs, as a percent of total bare construction 
cost, percent. \ 

2.49.4.9 Cost Calculations Output Data. 

2.49.4.9.1 Total bare construction cost, TBCC, $. 

2.49.4.9.2 Operation and maintenance material and supply 
costs, omc, s/v* 
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2.49.5 Raw Waste Pumping. 

2.49.5.1 Input Data. 

2.49.5.1.1 Average daily wastewater flow, Q avg. mgd. 

2.49.5.1.2 Peak wastewater flow, 
B kv mgd. 

2.49.5.1.3 Depth to the influent sewer, DS, ft. 

2.49.5.1.4 Static head to be pumped, SH, ft. Static head 
is defined as the vertical distance between the invert of the 
incaning sewer and the maximum water level in the next unit 
process. 

2.49.5.1.5 Number of pumps, N, (include standby). 

2.49.5.1.6 Variable speed or constant speed p\mnps. 

2.49.5.2 Design Paraneters. 

2.49.5.2.1 Wastewater flow, mgd. 

2.49.5.2.2 Number of pumps. 

2.49.5.2.3 Total head on punps, ft. 

2.49.5.3 Process Design Calculations. 

2.49.5.3.1 Calculate peak capacity of raw sewage pumps if 
Q Pk 

is not given in the input. 

Q Pk 
- 3.84 (Qavg)o*9098 

where 

B k - peak flow, mgd. \ 

Q avg 
= average daily flow,mgd. 

2.49.5.3.2 Calculate nunber of pumps, N. If the nunber of 
pumps, N, is not given in the input, the following rule will be 
used to decide the nunber of pumps. 

2 Less than 2 mgd 
3 2 mgd to 10 mgd 
4 10 mgd to 150 mgd 
5 I Larger than 150 mgd 
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N includes one standby pump. In this model all the pumps will 
be the same size. 

Thus each individual pump would handle: 
Q k x lo6 

q= P = 694.4 &&, 
144O(H- 1) N-l 

q = capacity of each individual pump, gpm. 

2.49.5.3.3 Variable speed or constant speed pumps. 

2.49.5.3.3.1 If no variable speed pip is specified in the 
input, all constant speed pumps will be supplied. 

NCS - N 
. 

where 

NCS'- nunber of constant speed pumps 

N - total nunber of pmps. 

2.49.5.3.3.2 If variable speed pump selection is made by the 
user, the following rule will be used in deciding the nunber of 
various pumps. 

Nvs - 2 

NCS - N-2 

where 

NVS - nunber of variable speed pumps. 

NCS = nunber of constant speed pumps. 

2.49.5.4 Process Design Output Data. 

2.49.5.4.1 Peak flow, 
B k' m& 

2.49.5.4.2 Number of pumps, N. 

2.49.5.4.3 Number of constant speed punps, NCS. 

2.49.5.4.4. Number of variable speed pumps, NK. 

2.49.5.5 Quantities Calculations. 

2.49.5.5.1 Sizing the discharge header pipe. Based on 
experience, for a municipal wastewater treatment plant, the 
most econanical pumping systaa is when the peak velocity in the 
discharge header is approximately 8 fps. Thus, the diameter 
would be: 
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DIAP - 5.955 ( Q 
Pk 

) o*5 
where 

DIAP - header pipe dimeter, inches. 

Q Pk 
- peak flow, mgd. 

2.49.5.5.2 Calculation of total dynamic head. 

2.49.5.5.2.1 If the static head, SH, is not given by the 
user, the total dynmic head (TDH) would be assumed: 

If 
B 

kc lmgd 

TDH - 70 

If 1 mgd 5 ks 1OOmgd 

TDH = 70 - (15 Log Q,,) 

If Qpk >lOO mgd 

TDH = 40 

where 

TDH - total dynanic head, ft. 

Q Pk 
= peak flow, mgd. 

2.49.5.5.2.2 If the static head is given, the total dynamic 
head would take the following form: 

TDH = SH+ 6+ 
\ (DL!LP)~'~~~~ 

where 

SH - 

6= 

Q Pk * 
DIAP = diameter of pipe, inches. 

376,400 - 

static head fran input data, ft. 

drop fran the sewer invert to the low level point 
in the wet well, ft. 

peak flow, mgd. 

Hazen-Williams coefficient with pipe length 
assumed to be 500 ft. 
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2.49.5.5.3 Pump Sizing. It is indicated that the pump 
discharge nozzle velocity should be in the range of fran 11 to 
14 fps. Thus, the pump sizing procedure would be to calculate 
the pump nozzle dianeter. 

Dpump - 0.1927 (q)‘05 

The available pump sizes are 4”, 6”, 8”, lo”, 12”, 14”, 16”, 
18”. 20”, 24”, 30”, 36”, 42”, 48”, 54”. 60” and 72“. The 
actual pump size would be the smallest size available which is 
larger than the value given fran the above equation. 

where 

DP~ P = ptrmp size, inches. , 

q - pump capacity, gpm. 

2.49.5.5.4 Pump speed. One of the most important charac- 
teristics of centrifugal pumps is the paraneter specific speed, 
NS. It is defined by the following equation. 

where 

NS - specific speed. 

RPM - pump rotating speed, rpm. 

For any pump operating at -any given speed, q and TDH are taken 
at the point of maximum efficiency. The canputed value of 
specific speed has no usable physical meaning, except as a type 
number, but it is extremely useful because it is constant for 
all similar pumps. It is usually considered a shape factor. 
For the most of ten used centrifugal pumps in the raw sewage 
pump station, a NS value of 4000 is a typical value. The 
rotating speed for the pump selected would be: 

RPM - 4000 (TDH)” 7s 

(q) On5 

However, the calculated RPM should match the available RP?I of 
synchronous motor. It is available in 600, 900, 1200 and 1800 
RPM. The final selected RPM should be the closest available 
speed. 
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2.49.5.5.5 Motor Sizing. Brake horsepower of the motor can 
be calculated by the following equation: 

where 

BHp - brake horsepower, hp. 

9 - pump capacity, gpn. 

TDH - total dynamic head, ft. 

Pumpe - PUIIP efficiency. 

Punp efficiency can be calculated by the following equation: 

Punpe = 0.63 + (2.42 x 10w5) (q) 

The available motor sizes in the market are rated in hp: 
3, 5, 

1, 2, 
7.5, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 125, 

200, 250, 300, 
150, 

350, 400, 450, 500, 600, 700. 

The actual motor size would be the smallest size available 
which is larger than the calculated value. 

2.49.5.5.6 Pump dimension: The length and width of a pump 
with its' motor and other necessary valves and piping can be 
calculated by the following formula: 

The width of the pump system. 

WP - 0,2 Dpmp +.0.6‘ 

The length of the pump systan. 

where 

WP - 

LP = 

DPumP - 

2.49.5.5.7 

LP = 0.333 ((0.684) Dpump + 6.3812 

width of p-p systen, ft. . 

length of pump system, ft. 

pump size, inch. 

Dry well dimensions: The total length of the 
dry well can be calculated by: 
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L - N (WP) + (N + 1) 4 

where 

L = length of the dry well, ft. 

And the width of the dry well would be: 

WD=LP+ 9 

where 

WD - width of dry well, ft. 

2.49.5.5.8 Wet Well Dimensions: The length of the wet well 
would be the same as that of the dry' well. However, the width 
of the wet well is dependent on various factors. The following 
sections give the calculation procedures. 

2.49.5.5.8.1 When constant speed prpmps are used. The wet 
well size is determined by the cycle time of the pump and the 
cycle time, in turn, is dependent on the motor size. The 
following rule of thumb will be used in determining the cycle 
time,CT. 

BHP, HP of Motor CY, Cycle Time, In Minutes 

o-15 
15 - 50 
50 - 200 

200 - 600 
600 and above 

10 
15 
30 
60 

120 

The wet well volume would be: 

VOLW - 
(Q w $in) CT 

7.48 

where 

VOLW - wet well volume, cu ft. 

?a in = minimum inflow, gpm. 

q = pump capacity, gpm. 

CT - cycle time, min. 

Assuming a 6 ft operating wet well depth, the width of the wet 
well, WW, would be: 

VOLW 
wp6 
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where 

Ww - wet well width, ft. 

L = drywell length. 

In some cases it may be possible for the wet well width cal- 
culated in the above fashion to approach zero. In such cases, 
wet well width is calculated as follows based on the standards 
of the Hydraulic Institute: 

WW - 0.32854 q 2.04809 

The larger WW will be utilized in design calculations. If WW 
is calculated to be less than 8 ft WW will be set to 8 ft. 

2.49.5.5.8.2 When variable speed p=ps are specified, the 
width of the wet well is determined by the distance required to 
prevent vortexing and can be calculated by: 

ww=1o+q . 4200 
where 

kW = wet well width, ft. 

9 = pump capacity, gp. 

Since it still requires 6 ft of operating depth for control 
systan to perform smoothly, the wet well volume is: 

VOLW - (6) WW W 

2.49.5.5.9 Depth of the punp station: The depth of the 
pmp station is defined as the vertical distance between the 
bottan of the dry well to the ground level. 

DP -DS+ 6'+ DM 

where 

DP = depth of the pump station, ft. 

DS = depth of the sewer invert, ft. ‘ 

DM - minimum depth of water in the wet well, ft. 

2.49.5.5.9.1 Depth of the sewer, DS, if not in the input, a 
value of 15 ft will be used. 

2.49.5.5.9.2 Minimum depth of water in the wet well, DM. It 
is related the ptnnp capacity as: 
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DM - 0.0544 (q) Oe5 + 2.033 

where 

q - pump capacity in gpn. 

2.49.5.5.10 
coostruction. 

2.49.5.5.10.1 

where 

'TS - 
L= 

W- 

2.49.50-5.10.2 

where 

v = cw voltxne of R.C. walls, cu ft. 

DP = depth of pmp station, ft. 

2.49.5.5.10.3 Bottcm Slab: It is assumed that the thickness 
of the bottan slab will vary to counter the uplift force of 
ground water. The thickness of the bottan slab would be: 

Reinforced concrete quantity for pump station 

Top Slab: 

VTs - 0.833 (L) (W) 

W=WW+WD 

reinforced concrete slab, quantity, cu ft. 

length of the pump station, ft. . 

width of the puap station, ft. ' 

Walls. 

V * (l+ g) (DE') 134 + 3L+ 4 (I+ 
cw 

$11 

tBS = 
(0.416) (DP) (L + X) (W + X) - VTs - Vcw 

(L + 8) (W + 8) 

where 

x-2(1+ 

and 

TBS - thickness of the bottan slab, ft. 

Thus, the volume of bottau slab is: 

'BS - (L + 8) (w + 8) (tBS) 
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where 
, 

VBs = volme of R.C. slab, cu ft. 

2.49.5.5.10.4 The total reinforced concrete slab quantity 
would be: 

vcs - 
where 

vcs = R.C. slab quantity, cu ft. 

'TS + 'BS , 

2.49.5.5.11 Earthwork required. The voltane of earthwork 
would include excavation and backfill quantities and can be 
estimated by: 

V exe - VBs + @PI HL + 8) (w+ 8) + F (w+ L + DP + 16)) 

where 

V exe = quantity of excavation, cu ft. 

DP - depth of pump station, ft. 

'BS = volume of the bottan slab. 

'bf = 'exe - (L + X) (W + X) (DP) 

where 

Vhf = volume of backfill required, cu ft. 

m * us, h the total volume of earthwork would be: 

V ew - 1.10 (vexc + vhf) 

where \ 

V ew = total earthwork volme, cu ft. 

2.49.5.5.12 Determine area of plnnp building. 

PBA * 1.05 (WD) (L) 

where 

PBA - pump building area, sq ft. 

2.49.5.5.13 Calculate operation manpower required. The 
operation manpower can be related to the firm pumping capacity. 
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2.49.5.5.13.1 Calculate firm pumping capacity. 

FPC - (s-1) (q) (0.00144) 

FPC = firm pumping capacity, mgd. 

2.49.5.5.13.2 If 0 < FPC 5 7 mgd: , 

OMII - 440 (FPC)"*12ss 

2.49.5.5.13.3 If 7 C FPC S 30 mgd: 

OME = 294.4 (FPC)"'3350 
.I 

2.49.5.5.13.4 If 30 < FPC 5 80 mgd:' 

OMH - 40.5 (FPC)"'8661 

2.49.5.5.13.5 If FPC > 80 mgd: 

OMH - 21.3 (FPC)1'012 

where 

OMFI = operating manpower required, MH/yyr. 

2.49.5.5.14 Calculatemaintenance manpower. 

2.49.5.5.14.1 If 0 < FPC < 7 mgd: 

MMH - 360 (FPC)"*1478 

2.49.5.5.14.2 If 7 C FPC < 30 mgd: 

MMH - 255.2 (FPC)"*3247 

2.49.5.5.14.3 If 30 < FPC 5 80 mgd: 

MMH - 85.7 (FPC)"*6456 

2.49.5.5.14.4 If FPC > 80 mgd: 

MMH - 30.6 (FPC)oe8806 

where 

MMH - maintenance manpower requirement, IWyr. 
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2.49.5.5.15 Electrical energy required for operation. 

2.49.5.5.15.1 Calculate the total dynamic head at average 
conditions. If the static head, SH, is not given by the user, 
the averaged total dynamic head would be 75% of the peak total 
dynamic head. 

A'L'DH - 0.75 TDH 

where 

ATDH - total dynamic head under average condition, ft. 

If the static head, SH, is given. 

A'IDH = SH+3+ 
(DUP)4'8655 

where 

ATDH = total dynamic head under average condition, ft. 

SH - static head, ft. 

DIAP - diameter of header pipe, inches. 

2.49.5.5.15.2 The total annual electrical energy requiraaent 
would be: 

KWH = 1352.65 x Q 
avg 

xATDHx (- l 1 P=Pe 
where 

KWH - annual electrical energy required, kwhr/yr. . 

Q 
w 

= average flow, mgd. 

Punpe - pump efficiency 

2.49.5.5.16 Calculate operation and maintenance material and 
supply costs. This item covers the cost of lubrication oils, 
paint, repair and replacenent parts, etc. It is expressed as a 
percent of the total bare construction costs. 

OMMP - 0.7% 

where 
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OMMP = operation and maintenance material and supply 
costs, as percent of the total bare construction 
cost, percent. 

2.49.5.5.17 Other minor construction cost Itens. Fran the 
calculations approximately 85 percent of the construction costs 
have been accounted for. Other minor itens such as overhead 
crane, heat, ventilation, site cleaning, etc., would be 15 
percent. 

CF - 

where 

CF = correction factor 
costs. 

s& - 1.18 

for other minor construction 

2.49.5.6 

2.49.5.6.1 

2.49.5.6.2 

2.49.5.6.3 

2.49.5.6.4 

2.49.5.6.5 

2.49.5.6.6 

2.49.5.6.7 

2.49.5.6.8 

2.49.5.6.9 

2.49.5.6.10 

2.49.5.6.11 

2.49.5.6.12 

2.49.5.6.13 

Quantities Calculations Output Data. 

Design capacity of pump, q, gpm. 

Pump size, DPump, inches. 

Pump speed, RPM, rpm. 

Motor size, BHP, horsepower. 

Pmp building area, PBA, sq ft. 

Volrnne of earthwork required, Ve,, cu ft. 

Volume of R.C. slab required, Vcs, cu ft. 

Volume of R.C. wall required, Vcw, cu ft. 

Firm pumping capacity, FPC, mgd. 

Operating manpower required, OMH, MH/yr. 

Maintenance manpower required, MM& Wyr. . 

Electrical energy required, KWH, kwhr/yr. 

Operation and maintenance material and supply 
costs, OMMP, percent. 
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2.49.5.6.14 
costs, CF. 

2.49.5.7 

2.49.5.7.1 
ft. 

2.49.5.7.2 

2.49.5.7.3 

2.49.5.7.4 

2.49.5.7.5 

2.49.5.7.6 

2.49.5.7.7 
(optional). 

2.49.5.7.8 
MSECI. 

2.49.5.8 

2.49.5.8.1 

Correction factor for other minor construction 

Unit Price Input Required. 

Unit price input for building cost, UPIBC, $/sq 

Unit price input for earthwork, UPIEX, $/cu ft. 

Unit price input for R.C. wall, UPICW, $/cu yd. 

Unit price input for R.C. Slab, UPICS, $/cu yd. 

Cost of standard size pump COSTPS, $, (optional). 

Cost of standard size motor, COS'NS, $ (optional). 

Cost of variable frequency motor control, $, 

Current Marshall and Swift Equipment Cost Index, 

Cost Calculatious. 

Cost of earthwork. 

V 
COSTE - + UPIEX 

where 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX.= unit price input for earthwork, $/cu yd. 

2.49.5.8.2 Cost of pp building. 

COSTPB = (PBA) (UPIBC) 

where 

COS'PB = cost of pump building, $. 
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PBA = pump building area, sq ft. 

UPIBC = unit price input for building cost, $/sq ft. 

2.49.5.8.3 Calculate cost of reinforced concrete walls. 

v 
cosTcw - + UPICW 

where 

cosxw = cost of concrete walls, $. 

v = volume of relnforced concrete for walls, cu ft. cw ..,_ 

UPICW - unit price input for concrete walls, $/cu yd. 

2.49.5.8.4 Calculate cost of reinforced concrete for slab. 

V 
cosTcs - + UPICS 

where 

COSTCS - cost of concrete slab, $. 

V - volume of reinforced concrete for slab, cu ft. cs 
UPICS - unit price input for concrete slab, $/cu ft. 

2.49.5.8.5 Purchase cost of pumps. 

2.49.5.8.5.1 Cost of a single pump. 

COSTP * (COSTRO) (COSTPS) 

where 

COSTP - cost of pimp, $. 
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COSTRO = cost pump as fraction of cost of standard size 
pump* 

COSTPS = cost of standard size pmp (16 Inches), $. 

2.49.5.8.5.2 Calculate COSTRO. 

If PumpD is smaller than 16 Inches: 

COSTRO - 0.041 (Pum~D)l*'~~ 

If PuxupD Is equal or greater than 16 inches 

COSTRO = 0.01 (Puu~D)~*~~~ 

where 

PumpD = pump size, inches. 

2.49.5.8.5.3 Purchase cost of standard size punp. A 16 inch 
punp was selected as a standard. The cost of a 16 Inch pump 
for the first quarter of 1977 is: 

COSTPS = $13,630 

For better cost estimation, COSTPS should be obtained fran the 
vendor and treated as a unit price input. If this is not done, 
the cost will be adjusted using the Marshall and Swift Equip 
ment Cost Index. 

COSTPS MSECI * $13,630 491,6 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 - Harshall and Swift Equipment Cost Index first 
quarter 1977. 

2.49.5.8.6 Purchase cost of motor. 

2.49.5.8.6.1 Cost of a single motor. 

0.85 
cosm = (corns) (5.4) CBHp+ 5, 

(RPM)o*75 

where 

COSTM = cost of motor, $. 
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COS'LMS - cost of standard size motor. (100 Hp, 1200 RPM), 
$0 

BHp = motor horsepower, hp. 

RPM = speed of motor, rpm. 

2.49.5.8.6.2 Purchase price of standard size motor. A 100 
Hp, 1200 RPM synchronous motor was selected as a standard. 

The 

cost of this motor for the first quarter 1977 is: 

cosms = $2,350 

For better cost estkuation, COS'IMS should be obtained fran the 
vendor and treated as a unit price rnput. If this is not done, 
the cost will be adjusted using the Marshall and Swift Cost 
Index: 

cosms - 2350 . MSECZ 
491.6 

2.49.5.8.7 Purchase price of pumps and driver. 

COSTPM = COSTP + COSm 

where 

COSTPM = cost of pump and'drivers, $. 

2.49.5.8.8 Installed equipment cost: 

2.49.5.8.8.1 Guthrfe gives the following factors to be used 
to estimate field installation cost of punp and drivers. 

Itells 

. 

Equipment cost 
Field Material 

Piping 
Concrete 
Instrunents 
Electrical 
Insulation 
Paint 

Field Labor 
Material erection 
Equipment setting 

Percent of Equipment Cost 

100.0% 

29.6% 
3.9% 
2.9% 

30.3% 
2.5% 
0.8% 

70.0% 

59.0% 
8.9% 

67.9% 

Total Direct Cost 237.9% 
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2.49.5.8.8.2 The installed equipment cost. 

IPC - 2.379 x (COSTPX) N 

where 

'ZPC = installed pumping equipment cost, $. 

N - total nunber of pumps. 

2.49.5.8.9 Variable speed control module. It is assumed 
the variable frequency drive system will be used. 

2.49.5.8.9.1 If no variable speed pump is specified: 

COSTV - 0 

2.49.5.8.9.2 If variable speed punp is specified. 

COSTV - (COSTVS) Exp (0.00432 BHp) 

where 

COSTV * purchase price of variable frequency drive 
module, $. 

cosTvs - cost of a standard size variable frequency drive, 
$, W-JW. 

BHp = horsepower of the motor, hp. 

2.49.5.8.9.3 Cost of the standard size control module for a 
20 HP motor. 

COSTVS = $11,500 l E  

.  

2.49.5.8.9.4 Installed cost. The folloting multipliers Will 
have to be added to the purchase price of the equipment for 
installation cost. 

Logic Control 
Motor Starter 
Installation 

SUn 45% 

Thus the installed control module cost would be: 

COSTVI = 1.45 (COSTV) (NW) 
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2.49.5.8.10 Total bare construction cost. 

TBCC = CF (COSTE + COSTPB + COSTCW + COSTCS + IPC + COSTV) 

where 

TBCC * 

CF = 

2.49.5.8.11 
costs. 

where 

omc = 

OMMP = 

2.49.5.9 Cost Calculations Output Data. 

2.49.5.9.1 

2.49.5.9.2 

Total bare construction cost, TI3CC, $. 

Operation and maintenance material and supply 

total bare construction cost, $. 

correction factor minor construction costs. 

Operation and maintenance material and supply 

OMMC - OMMP 
(TBW (m' 

operation and maintenace material and supply 
cost, $. 

operation and maintenance material and supply 
costs, as a percent of total bare construction 
cost, percent. 

c0es, OMMC, $/yr. 
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2.51 PRESSURE FILTRATION 

2.51.1 Background. 

2.51.1.1 Be1 t pressure filt.ers are marketed In the United States 
by Passavant and Ralph B. Carter Canpany. ‘She systan is widely used 
in Europe, where it was jointly developed by two finns, Degexrnont and 
Phillipe. It is known as the “Flocpress” in Europe. Most of the 
conments related to filter presses are also applicable to belt pres- 
sure filters. 

2.51.1.2 In this design the sludge is spread across a woven 
synthetic fiber be1 t, which travels horizontally for a variable length 
where/the action of both capillarity and gravity will allow a natural 
drainage. This belt, after running tiorizontally on supporting rol- 
lers, wraps around a rubber-covered drun provided with grooves for 
draining away the filtrate. The action of a continuous pressure belt 
of cloth reinforced rubber subjects a pressure by gradually decreasing 
the gap between the filter be1 t and the pressure belt as they move 
forward, so that the pressure applied increases over the whole length 
of the filtration zone. The dried cake is then ranoved fran the 
filter belt by means of a flexible scraper. A second scraper is also 
needed to clean the pressure belt. 

2.51.1.3 Chemical conditioning is required for belt pressure 
filters just as it is for filter presses. One notable exception is 
that, while filter presses usually require media conditioning, belt 
pressure filters do not generally require conditioning. Chenical 
addition, mixing, flocculation, and gravity thickening are required. 
In most instances a polymer addition is helpful. 

2.51.1.4 There is a tendency for sludge to flow out the edges 
between the belts and to limit the applied pressure to slightly more 
than two atmospheres as pressure increases. Because of pressure 
limitation, the dryness of the cake never approaches that of filter 
presses. Table 2.51-l indicates typical operating performances of the 
"Flocpress". 

. 

2.51.2 Input Data. 

2.51.2.1 Average wastewater flow, mgd. 

2.51.2.2 Sludge volume, gallons/million gallons. 

2.51.2.3 Raw sludge solids concentration, X. 

2.51.2.4 Sludge produced by conditioning chanicals. 

2.51-l 



Table 2.51-1. Operating Performance for the Elocpress 

Type of Sludge 

Cake 
Feed Sludge Output In lbs Percent Pal ymer 

Percent Per ft of Belt Dry lbs per 
Dry Solids Width Per Hr Solids Dry Ton 

Municipal Sewage 
Raw Primary 
Anaerobic Digested - 

Primary 
Mixed Primary and 

Waste Activated 
Anaerobic Digested 

Primary and Waste 
Activated 

Aerobic Digested 

Raw Slaughter House Waste 

Lime Softening Sludge 

Alum Sludge 

White Water Sludge 
Paper Mill 

Manufacturer of Sani-Ghan 
Pulp 

Fibers and Sawdust 
Sawdust 

5-10 161-268 2535 1.8-4 

4-10 168-235 26-36 2.0-6 

4-9 87-168 20-28 1.5-6 

3.49 134-268 18-23 3.4-8 

1.5-2.5 54-101 12-18 4.0-8 

2.5-3.5 134-302 20-30 5.G8 

10-15 335-670 5470 0.4-l 

3-6 54-85 14-18 1.5-5 

2.5-4 67-268 20-25 2.0-4 

4-7 134-335 '25-32 0 
8-15 402-670 30-35 0 
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2.51.2.5 Cake solids, X. 

2.51.2.6 Cake density, lb/ft3. 

2.51.2.7 Belt speed, ft/hr. 

2.51.2.8 Loading rate, lb/ft of width/hr. 

2.51.2.9 Operating schedule, hr/day. 

2.51.3 Design Paraneters. 

2.51.3.1 Sludge volme per million gallons treated. 

2.51.3.2 Raw sludge solids concentration, X. 1.5-15% 

2.51.3.3 Conditioning sludge, frcm laboratory studies. Use 0.2 
of sludge solids as an estimate if laboratory data are not available. 

2.51.3.4 Type and amount of conditioning chami&ls, %, fran 
laboratory studies. \ 

' 2.51.3.5 Cake solids. (Table 2.51-l). * 

2.51.3.6 Cake density. Approximately 70-80 lb/ft3. 

2.51.3.7 Belt speed, from laboratory studie;. If unknown, use 
l&15 ft/hr, or an average of 12 ft/hr. 

2.51.3.8 Loading rate, fran laboratqry studies. If unknown, use 
5-8 lb/ft2/hr, or an average of 6.5 lb/ft /hr. 

2.51.3.9 Operating schedule, hours per day. (8-16 hr). 

2.51.4 Process Design Calculations. 

2.51.4.1 
day. 

Calculate the pounds of dry solids in sludge flow per 

> (SF) WI (8.34) 
DSS = 100 

where 

DSS - pounds of dry sludge solids per day. 

Q avg - average wastewater flow, mgd. 

SF = sludge flow, gallons/million gallons. 
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SS = suspended solids in flow to pressure filter, Z. 

2.51.4.2 
day. 

Calculate the total pounds of dry solids produced per 

PDSPD - DSS + (CS)(DSS) 

where . 

PDSPD = dry solids produced daily, pounds. 

CS - conditioning solids, expressed as a fraction of 
sludge solids. (0.2) 

2.51.4.3 Calculate the weight of the filter cake produced. 

PFC PDSPD -xx 100 

where 

PFC - pounds of filter cake produced per day, net weight. 

csc - cake solids content, %. 

2.51.4.4 Detexnine the cake volme. 

where 

CV = cake volume, ft3/day. 

CD - cake density, lb/ft3. 

2.51.4.5 Calculate the total area of pressure filter needed to 
dewater the specific sludge at specified loading rate. '-- 1 ,.. 

AF - PDSPD 
@PD)(~LR) 

where 

AF = area of pressure filter, ft 2 . 

HPD = operating schedule for unit, hours per day. 

LR - solids loading rate, lb/ft2/hr. 

2.51.4.6 Consult manufacturer's literature to select appropriate 
filter, based on the area calculated and desired dewatering time 
(typically 3-6 hours) and the belt speed determined fran laboratory 
studies. 
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2.51.5 Process Design Output Data. 

2.X.5.1 Volume of filter cake, ft3. 

2.51.5.2 Cake solids content, X. 

2.51.5.3 Weight of filter cake, lb/ft3. 

2.51.5.4 Area of pressure filter, ft2. 

2.51.6 

2.51.7 

2.51.8 

2.51.9 

Quantities Calculations. Not Used. 

Quantities Calculations Output Data. Not Used. 

Unit Price Input Required. Not Used. 
\ 

Cost Calculations. 

2.51.9.1 Calculate operation and maintenance cost. 

X - log (Q,,) 

2 = 1.3906 = 0.73944(x) + O.OSl625(X)2 . 

O&M = l 

100 

where 

O&M = operation and maintenance cost, $/yr* 

2.51.9.2 Calculate total bare construction cost. 

Y = -0.69698 - 0,12594(X) + O.O95578(X)2 

TBCC = e Y 

where 

TBCC - total bare construction cost, $. 

2.51.10 Cost Calculations Output Data. 

2.51.10.1 Total bare construction cost, TBCC, $. 

2.51.10.2 Operation and maintenance cost, O&M, $/yr. 
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2.53 RECARBONATION 

2.53.1 Background. 

2.53.1.1 Recarbonation is a unit process that has long been 
used in lim*softening water treabnent plants. In water treatment, 
recarbonation is usually practiced ahead of the filters to prevent 
calcium carbonate deposition on the grains which will result in 
shortening of the filter runs. Recarbonation is also used to lower 
the pH of the lime-treated water to the point of calcium carbonate 
stability to avoid deposition of calcium carbonate in pipelines. 

2.53.1.2 More recently, with the increased use of lime 
treatzient of wastewaters, recarbonation has been,mora widely.used ' a 
in wastewater treatment. Recarbonation, in wastewater treatment, 
is mainly used to adjust the pH following lime treatment for such 
applications as phosphorus removal, ammonia stripping, or chanical 
clarification. 

2.53.1.3 Recarbonation may be practiced as either a two-stage 
or a single-stage system. Twcrstage recarbonation consists of two 
separate treament steps. In the first stage;sufficient carbon 
dioxide is added in the primary recarbonation stage to lower the pH 
of the wastewater to pH = 9.3, which is near the minimum solubility 
of calcium carbonate. The sludge produced, which is mainly calcium 
carbonate, is then removed through settling and recalcined if 
recovery of the lime is desired. The time required to canplete the 
reaction is normally 1430 min. In the second stage, carbon 
dioxide is added to lower the pH to a value of pH = 7. It is 
possible, however, to add sufficient carbon dioxide to lower the pH 
from 11 to 7 in a single stage. Singlestage recarbonation eliminates 
the need for an intermediate settling basin which is needed in the 
two-stage system. However, single-stage recarbonation normally 
results in an increase in the calcium hardness of the water. 

2.53.1.4 The reactions involved in the recarbonation process 
may be simplified as follows: 

Ca(OH)2 + C02*CaC03 + H20 

CaCO3 + CO2 + H20+Ca(HC03)2 

2.53.1.5 The amount of CO2 needed to complete the reactions, 
as calculated frau the equations above is as follows: 

Calcium hydroxide to calciun carbonate. 

CO2 (lb/million gal) - 3.7 (OH- alkalinity in mg/l as CaC03) 
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Calcium carbonate to calcium bicarbonate. 

CO., (lb/million gal) - 3.7 (COY alkalinity in ms/l as CaCO,). 
L 

2.53.2 

2.53.2.1 

2.53.2.1.1 

2.53.2.1.2 

2.53.2.2 

J 
-  

Input Data. 

Wastewater flow. 

Average flow. 

Peak flow. 

Wastewater characteristics. 

Alkalinity. 

Rydroxide alkalinity, mg/l as CaC03. 

PH. 

Design Paraneters. 

Contact time, min (15-30). 

Carbon dioxide dose, lb/million gal. ' 

Desired effluent PH. 

Process Design Calculations. 

Twwstage. 

2.53.2.2.1 

2.53.2.2.2 

2.53.2.2.3 

2.53.3 

2.53.3.1 

2.53.3.2 

2.53.3.3 

2.53.4 

2.53.4.1 

2.53.4.1.1 

2.53.4.1.1.1 

where 

Primary stage to pH - 9.3. 

Calculate tank volume, 

,,d 
60(24) 

\ 

V - tank volume, gal. 

Q = wastewater flow, mgd. - 

t = contact time, min (15-30). 

2.53.4.1.1.2 Calculate CO2 requirement. 

co2 - (3.7)(OH-(Q)/O.116/1440) 

where 

co2 = carbon dioxide requirement, cfm/mgd. 
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3.7 - stochionetric value to convert hydroxide to 
carbonate. 

OH- = hydroxide alkalinity, in mg/l as CaC03. 

Q = wastewater flow, mgd. 

0.116 = density of CO2, lb/ft3. 

1440 = min/day. * 

2.53.4.1.2 Secondary stage to pH * 7. 

2.53.4.1.2.1 Calculate tank volume, 

where 

v - volume, gal. 

Q - wastewater flow, mgd. 

t = contact time, min (15-30 min). 

2.53.4.1.2.2 Calculate CO2 requirement. 

co* = 3.7(CO; + OH-) (4)/0.116/ 1440 

where 

CO; = carbonate alkalinity, mg/l as CaC03. 

OH- = hydroxide alkalinity, mg/l as CaC03. 

Q = wastewater flow, mgd. 

2.53.4.2 Single-stage recarbonation to pH = 7. 

2.53.4.2.1 Calculate volume of tank. 

V = (Q)(t)/60/1440 

where 

V - volume, million gal. 

t - contact time, min (5-30 min). 

2.53.4.2.2 Calculate CO2 requirements. 

CO2 (cfm/mgd) - 7.4(OH-) + 3.7 (CO;)(Q)/O.116/1440 
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where 

OH- = hydroxide alkalinity, mg/l as CaCO3. 

coy - carbonate alkalinity, mg/l as CaCO3. 

2.53.5 Process Design Output Data. 

2.53.5.1 Volune of tank, million gal. 

2.53.5.2 Carbon dioxide requirement, cfm/mgd. 

2.53.5.3 Final PH. 

2.53.5.4 Contact time, min. 

2.53.6 Quantities Calculations. Not used. 

2.53.7 CJuantities Calculations Output Data. Not used. 

2.53.8 Unit Price Input Required. Not used. 

2.53.9 Cost Calculations. At present no cost data are 
available for recarbonation units. As costs are made available 
they will be included. 

2.53.10 Cost Calculations Output Data. Not used. 

2.53.11 Bibliography. 

2.53.11.1 American Water Works Association, "Water Quality and 
Treatment", 3rd Edition, McGrawHill Book Co., 1971. 

2.53.11.2 Culp, R.L. and Culp, G.L., "Advanced Wastewater 
Treabnent", Van Nostrand Reinhold Canpany, 1971. 

2.53.11.3 Sawyer, C.N. and M&arty, P.L.,"Chenistry for 
Sanitary Engineers", McGraw-Hill Book Co., 2nd Edition, 1967. 
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2.55 ROTATING BIOLOGICAL CONTACTOR SYSTEM 

2.55.1 Background. 

2.55.1.1 The rotating biological contactor (RBC) systan 
consists of a series of plastic discs mounted on a shaft. These 
discs are partially submerged in the wastewater and slowly rotated, 
thus exposing then alternately to air and wastewater. The discs act 
as supporting media for the biological growth which aerobicaLLy 
treats the wastes. Growth thickness is controlled by the shear 
forces produced by the water acting on the rotating discs. Covering 
the shafts is necessary to prevent sun-induced algae growth as well 
as to prevent freezing in colder climates. RBC shafts are available 
in lengths of fran 10 to 25 feet an& support fran 40,000 to 150,000 
square feet of media per shaft. In order to simplify the design 
procedure, a shaft of 100,000 square feet of surface area is used in . 
this section. 

2.55.1.2 The main advantages RBC has over activated sludge and 
trickling faters are reduced land requirements and lower power 
consumption. With increased concern in these areas, RBC has been 
receiving increased attention. Although this process is relatively 
new to the U.S. (since 1969), it has been used successfully in 
Europe for the past 20 years. 

2.55.1.3 RBC is applicable to both carbonaceous removal and 
nitrification, however, this design procedure applies only to the 
former. 

2.55.1.4 New developments in RBC drives, such as air drive 
systa, are presently available fran sane manufacturers which reduce 
maintenance costs, however only mechanical drives will be considered 

! here to represent a more accurate cross section of available units. 

2.55.2 Input Data. 

2.55.2.1 Influent soluble BOD, mg/l (optional). 

2.55.2.2 Influent BOD, mdl. 

2.55.2.3 Design effluent total BOD, mg/l. 

2.55.2.4 Design flow rate, mgd. 

2.55.2.5 Peak design flow, mgd. 

2.55.2.6 

2.55.2.7 
100,000). 

Wastewater taaperature, OC. 

Media surface area per shaft, ft.2 (default value of 
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2i55.3 Design Parameters. 

2.55.3.1 Influent soluble, BOD, n&l. 

2.55.3.2 Hydraulic loading. 

2.55.3.3 Media surface area per shaft, ft2. 

2.55.4 Process Design Calculations. 

2.55.4.1 The governing factor in the design of RBC systgn has 
been shown to be the soluble BOD 
However, very few soluble BOD va ues I 

loadings to the media surface. 

ble. 
of municipal sewage are availa- 

In this design, if soluble BOD value is not given, the fol- 
lowing gnpirical equatiok is utilized to synthesize an influent 
soluble BOD5 value fran the total BOD given. 

I - 0.6 IH 

where 

I = Lnfluent Soluble BOD, mg/l 

IH - Total Influent BOD, mg/l 

2.55.4.2 Calculate design hydraulic loading. The following design 
procedure is suggested by one of the leading manufacturers of BBC sys- 
tens. 

2.55.4.2.1 If the design effluent total BOD is between 30 and 50 
mdl, 

H- E-O.061 + 50 
0.3X+ 1.58 

2.55.4.2.2 If the design effluent total BOD is between 10 and 29 
41, \ 

' - E + 9.94 
0.171- 0.37 

where 

H = hydraulic loading, gpd/ft.2 

-E - design effluent total BOD, mg/l.. 

I = influent soluble BOD. mg/l. 

2.55.4.3 Temperature Effect. Since the empirical equation is 
expressed with regard to temperature in OF, the influent tanperature will 
be corrected by using the following equation: 

TF - 1.8 x T+ 32 n 
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If the average wastewater temperature is expected to be below 
55’F, the hydraulic loading must be corrected to achieve ccmplete treat- 
ment. The following equation is provided for this correction: 

C - O.O225(TF) - 0.25 

where 

Hc =CxH 

C = correction factor. 

TF = average was.tewater tanperature, OF. 

Hc = corrected hydraulic loading, gL~I/ft.~. \ 

H = hydraulic loading, gpd/ft.2. 

2.55.4.4 Safety Factor for Variation of Influent Flow. The design 
formula used in the above procedure was empirically obtained under the 
condition that no great variation of flow was received at the plant. 

One of the RBC manufacturers suggested that when the peak flow to 
average flow ratio is more than 2.5, a safety factor should be used to 
give a conservative design. The safety factor is calculated by using 
the following equation. 

SF = 1 + 0.143 (E - 2.5) 

where 

SF = safety factor 

Qpk = peak flow in mgd 

Qavg = average design flow, mgd 

and the design hydraulic loading, Hd would be: 

Hd - He/SF 

where 

Hd- design hydraulic loading, gpd/ft.2. 

Hc - corrected hydraulic loading. 

2.55.4.5 Calculate the required media surface area. 

LeQ avg x LO6 
'd 
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where 

A- 

Qavs = 

*d = 
2.55.4.6 

required media surface area, ft. . 

design flow rate, mgd. 

designed hydraulic loading, gpd/ft.2. 

To ensure that the first stage Is not overloaded, vhich . . __ _ creates anaerobrc conditions, 
the total media area. 

it must contain a certain percentage of 

The 

where 

P- 

*c = 
I= influent soluble BOD, mg/l. 

Afs - 

A= 

2.55.4.7 
lowing table: 

where 

E= 

N st = 

percentage is given as: 

P - 2.09 x 10 -3 HcI 

Afs -PxA 

percent of total media surface area required in first 
stage, decimal fraction. 

corrected hydraulic loading, gpd/ft.2. 

2 media surface area required for first stage, ft. . 

2 total media surface area, ft. . 

Determine the recanmended number of stages using the fol- 

E bdl) N st \ 

less than 30 4 
between 30 and 50 3 
between 50 and 120 2 
greater than 120 1 

design effluent BOD, mg/l. 

recanmended nmber of stages. 
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2.55.4.5 Secondary Clarifier Loading. Secondary clarifier 
following the rotating contactor can be designed in accordance with 
accented standards. However, it iy recanmended that a surface 
overflow rate of 4000 700 gpd/ft. should be used. 

Because rotating contactor effluent will generally 
contain 100 to 150 mg/L of suspended solids prior to reaching the 
secondary clarifier, the solids loading on the clarifier is quite 
low. Therefore, surface overflow rate is the only important design 
factor. 

2.55.4.9 Effluent Qua1 ity. 

2.55.4.9.1 BOD5. 
\ 

Both effluent BOD5 and effluent soluble BOD5 are specified by the 
user. 

2.55.4.9.2 Suspended solids. 

The effluent suspended solids is specified by the user. 

2.55.4.9.3 COD. 

CODE = 1.5 BODE 
CODES - 1.5 BODES 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

CODES = effluent soluble COD concentration, mg/l. 

BODES = effluent soluble BOD5 concentration, mg/l. 

2.55.4.9.4 Nitrogen. 

TKNE - 0.7 TKN 
NH3E = TKNE 

N03E = NO3 + 0.3 TKN 
N02E - 0.0 

where 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

TKN = influent Kjedahl nitorgen concentratfon, mg/l. 
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NH3E = effluent ammonia concentration, mg/l. 

N03E * effluent NO3 concentration, mdl. 

NO3 = influent NO3 concentration, mg/l. 

N02E - effluent NO2 concentration, mg/L. 

2.55.4.9.5 Phosphorus. 

P04E - 0.7 PO4 

where 

PO4E = effluent phosphorus concentration, mg/l. 

PO4 = influent phosphorus concentration, mg/l. 

2.55.4.9.6 Oil and Grease. 

OAGE = 0.0 

where 

OAGE = effluent oil and grease concentration, mg/l. 

2.55.4.9.7 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 - effluent settleable solids concentration, mg/l. 

2.55.4.10 Sludge Production. 

2.55.4.10.1 Sludge production by the rotating biological co* 
tactor process has been shown to be related to the percent BOD 
removal through the systen. 

The total dry solids produced can be estimated by using: 

SLDS = Y x (I&E) x 8.34 x Qavg 

and the volatile portion is usually 80% of the total solids. Thus 
the volatile solids production rate is: 

where 

SLVDS - 0.8 x SLDS 
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SLDS = sludge production rate, lbs. of dry solids/day. 

SLVDS = volatile sludge product rate, lbs. of dry solids/day. 

Y - sludge yield factor, lbs. of sludge/lb. BOD ranoved. 

2.55.4.10.2 The RBC sludge fran the bottan of clarifiers has 
been shown to be in the range of 1 = 2% solids. Thus the sludge 
flow rate is: 

SLF - SLDS x lo6 
SLCON x 8,34 

SLF - sludge flow rate, gpd. 

SLCON = sludge concentration, hse 15,000 mg/l. 

2.55.5 

2.55.5.1 

2.55.5.2 

2.55.5.3 

2.55.5.4 

2.55.5.5 

2.52.5.6 
ft. 

2.55.5.7 

2.55.5.3 
gpd ft. 

2.55.5.9 

2.55.5.10 

2.55.5.11 

2.55.5.12 

Process Design Output Data. 

Average design flow, Qavg, mgd. 

Influent BOD concentration, IH, rndl 

Xnfluent soluble BOD concentration, I, mg/l 

Design hydraulic loading, Hd, gpd/sq. ft. 

Required media surface area, A, ft.2 

Media surface area required for first sgate, Afs, 

Recanmended nunber of stages, Nst 

Recanmended secondary clarifier overflow rate, 

Effluent suspended solids concentration, ESS, mg/l 

Total sludge production, SLDS, lbs./day 

Total volatile solids production, SLEDS, lbs./day 

Total sludge flow, SLF, gpd 



2.55.6 Quantities Calculations. 

2.55.6.1 Calculate nunber of shafts necessary. 

N A 
sh -7 sh 

If Nsh is not an integer, use the next larger integer. 

where 

N sh = nunber of shafts necessary. 

A - total media surface area, ft.2. 

A sh = media surface area per shaft, ft.2. 
(default value is 100,~OO) 

2.55.6.2 Calculate nunber of shafts necessary in first stage. 

Nfs - '*sh 

Xf Nfs is not an integer, use next larger integer. 

where 

Nfs = nunber of shafts in first stage. 

e= percent of total media surface area required in first 
stage, decimal fraction. 

N sh - nunber of shafts necessary. 

2.55.6.3 
N 

SS. 

Calculate nunber of shafts in each subsequent stage, 

2.55.6.3.1 Xf the design effluent total BOD is greater than 120 
mg/L then only one stage is required and there are no subsequent 
stages. 

If *St =l,thenNSs-0 . 

2.55.6.3.2 If the design effluent total BOD is less than 120 
mgll, then the following formula should be used. 

N 
N - sh - Nfs 

ss -1 st 



If Nss is not an integer, use next larger integer. 

where 
N P nunber of shafts in each stage following the first ss stage. 

N 
sh = 

total. nunber of shafts required. 

*fs = nunber of shafts in first stage. 

N st = nunber of stages recanmended. 

2.55.6.4 Calculateminimum practical nunber of shafts needed. 
This step is necessary due to roundihg in previous calculations. 

N 
mP - Nfs + (Nst -1) *,, 1 

where 

N 
mp 

- minimum practical nunber of shafts n'eedeh. 

*fs * nunber of shafts needed in first stage. 

N 
st - nunber of stages recanmended. 

N = nunber of shafts in each stage following the first ss stage. 

2.55.6.5 For simplicity of design, it is assumed that shafts 
will be arranged in groups of eight. Each group will be called a 
bank and will consist of two end shafts and six intermediate 
shafts. Any shafts in excess of a multiple nunber of eight will 
form a partial bank of fran one to seven shafts as needed. Many 
other configurations are possible; however, varying the configu- 
ration should not affect earth work and concrete requirements 
significantly. 

2.55.6.5.1 Calculate nunber of banks needed. 

If Nb is not an integer, use next larger integer. 

where 

*b = nunber of full and partial banks. 
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N 
mp 

- minimum practical nunber of shafts needed. 

2.55.6.5.2 Calculate nunber of end and intermediate shafts 
needed. 

N es =2N b 
N is -N mp * Nes 

where 

N es - nunber of end shafts needed. 

Nb = number of banks needed. 

Nis - number of intennedfate shafts needed. 

N 
mP 

= minimm practical nunber of shafts needed. 

2.55.6.6 Calculate earthwork requirements. 

where 

v ew - 130 Nes + 142 Nis 

V 3 ew = volume of earthwork required, yd. . 

N es = nunber of end shafts needed. 

N is = nunber of intermediate shafts needed. 

2.55.6.7 Calculate reinforced concrete requirements. 

2.55.6.7.1 V sc - 23 N es + 20.7Nis 

2.55.6.7.2 V wc = 11.5 Nes + 8.6 Nis \ 

where 

V 3 sc = volume of slab concrete needed, yd. . 

V ‘3 
wc = volume of wall concrete needed, yd. . 

N es - number of end shafts needed. 

N is - nunber of intermediate shafts needed. 
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2.55.6.8 Calculate annual power consumption. 

2.55.6.8.1 For a hydraulic loading between 0.5 and 2.5 gpd/ft2. 

KwH= [3W - le2’ Hd)+ 7.121 6,534 Q,, 

2.55.6.8.2 For a hydraulic loading between 2.5 and 4.5 gpd/ft.2 

KWH - (17.05 - 2.5Hd) 6,534 Qavg 

where 

KWH = annual power consmnption, kwh/yr. -.. 
. 

\ 
Hd - hydraulic loading, gpd/ft.2. 

Qavg = design flow rate, mgd. 

2.55.6.9 Calculate annual operation and maintenance labor 
requiranents. 

2.55.6.9.1 For a plant with less than 30 shafts 

Lan * (1.25 - 0.025 N,,) 52 Nmp 

2.55.6.9.2 For a plant with 30 shafts or more. 

Lan = 26 Nmp 

where 

Lan = annual operation and maintenance labor requirements, 
person-hrs./yr. 

N 
mp 

- minimum practical nunber of shafts needed. 

2.55.6.9.3 It is assumed that 70% of the man hour requirement is all- 
cated for maintenance and the rest to operation. Thus, 

Operation man hour requirement, OMH, man hr./yr* 

OMH = 0.3 x L an 

Maintenance man-hour requirement, MMH, man-hr./yr. 

Mm = 0.7 x L an 
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2.55.6.10 Other Operation and Maintenance Material Costs. This itan 
includes repair and replacenentmaterial cost and other minor costs, 
such as lubricating oil. It is expressed as a percent of installed 
costs of the RBC equipment. 

'OMMP = 2% 

OMMP - Percent of the installed RBC equipment costs. 

2.55.6.11 Other Construction Cost Itens. Fran the above estimation, 
approximately 85% of the total construction costs have been accounted 
for. Other minor cost items such as piping, site work, control system, 
etc. would be the other 15 percent. 

1 CF, correction factor would be x - 1.18 

2.55.7 Quantities Calculatlorrs Output Data. 

2.55.7.1 Minimum practical nunber of shafts need, N 
*P 

2.55.7.2 Number of shafts in first stage, Nfs. 

2.55.7.3 Earthwork required, V,,, Cu. Yd. 

2.55.7.4 R.C. wall quantity, Vwc, Cu. Yd. 

2.55.7.5 R.C. slab quantity, Vsc, Cu. Yd. 

2.55.7.6 Annual power co=umption, KWH, kwhrlyr. 

2.55.7.7 Operational man hour requirement, OMH man-hr./yr. 

2.55.7.8 
hr./yr. 

Maintenance man hour requirement, MMH maw 

2.55.7.9 Other operation azd maintenance material cost, 
OMMP, percent. 

2.55.7.10 Correction factor, CF, 

2.55.8 Unit Price Inputs Required. 

2.55.8.1 Cost of earthwork, UPIEX, $/cu yd. 

2.55.8.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 
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2.55.8.3 

2.55.8.4 
(optional). 

2.55.8.5 
MSECI. 

2.55.9 

2.55.9.1 

where 

Cost of B.C. slab in-place, UPICS, $/cu yd. 

Standard size RBC equipment cost, COSRBC, $ 

Marshall and Swift Equipment Cost Index, 

Cost Calculations. 

Cost of earthwork, 

COSTE - Vew x 

COSTE. 

UPJEX 

COSTE - cost of earthwork, $. 

V ew = quantity of concrete wall, cu. yd. 

UPIEX - unit price input of earthwork, $/cu yd. 

2.55.9.2 Cost of concrete wall in-place, COSTCW. 

COSTCW = vcw x UPICW 

where 

COSTCW - cost of concrete wall in-place, $. 

v = cw quantity of concrete wall, cu. yd. 

UPXCW = unit price input cost of concrete wall in- 
place. $/cu. yd. 

2.55.9.3 

where 

Cost of concrete slab in-place, COSTCS. 

COSTCS - vcs x UPICS 

COSTCS - cost of R.C. slab in-place, $. 
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%s = quantity of concrete slab, cu. yd. 

UPICS = unit price input of R.C. slab in-place, $/cu. 
Yd* 

2.55.9.4 Cost of Xnstalled Equipment. 

2.55.9.4.1 Purchase cost of RBC equipment. This includes 
the cost for the media, shaft and fiberglass cover. The 
first quarter, 1977 cost of a shaft withmedia surface area 
of 100,000 sq, ft. is approximately $30,500. In this pro- 
cedure, it is preferred that the cost of equipment is input 
fran user. If no user input is given, the default value is 
given: 

COSRBC MSECI - 30,500 x 491,6 

where 

COSRBC IL purchase cost of standard size media with 
surface area of 100,000 sq. ft, $. 

HSECI - current Marshall and Swift equipment cost index 
f ran input. 

491.6 = Marshall and Swift cost index first quarter 
1977. 

2.55.9.4.2 Installation cost. It is estimated that a 152 
markup should be added for installation of the RBC equipment. 
Thus, the installed equipment cost, XC. 

1% - 1.15 x COSRBC (Nmp) 

where 

IEC - irstalled equipment cost, $. 

-N 
mP 

- minimum practical nunber of shafts needed. 

2.55.9.5 Other Cost Itens. This category includes cost 
of piping, walkways, electrical control instruments, site 
work, etc. Costs can be adjusted by multiplying the cor- 
rection factor CF to the sum of other costs. 
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2.55.9.5.1 Total bare construction costs, TBCC. 

where 
TBCC = (CASTE+ COSTCW + COSTCS + LEC) x CF 

TBCC = total bare construction costs, $. 

CF - correction factor for minor cost items. 

2.55.9.6 Operation and Maintenance Material Costs. 
Since this iten of the operation and maintenance costs is 
expressed as a percentage of the installed equipment cost, it 
can be calculated by: 

OMMP OMMC=- x IEC 100 , 

where 

OMMC - operation and maintenancg material costs, $/yr. 

OMMP = percentage of the total. bare construction costs 
as operation and maintenance material cost, 
percent. 

2.55.10 Cost Calculations Output Data. 

2.55.10.1 TotaL bare construction costs of the RBC 
system cost, TBCC, $. 

2.55.10.2 Operation and maintenance material costs, 
0M.W $/yr. 
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2.57 SLUDGE DRYING BEDS 

2.57.1 Background. 

2.57.1.1 Sludge drying beds are a canmon method for 
dewatering digested sludge, especially in small plants. Drying 
beds are usually constructed using 4-9 inches of sand over 8-18 
inches of graded gravel. The beds are usually divided into at 
least three sections for operational purposes. An underdrain 
systeu usually of vetrified clay pipe, spaced 9-20 ft apart, is 
used to renove water. 

2.57.1.2 The design of sludge beds is influenced by many 
factors, such as weather conditions, sludge characteristics, 
land value, proximity of residences-and use of sludge condi- 
tioning aids. 

2.57.2 Input Data. 

2.57.2.1 Sludge flow, gpd. 

2.57.2.2 Solids in thickened sludge, X. 

2.57.2.3 

2.57.3 

2.57.3.1 

Solids desired, X. 

Design Paraneters. 

Depth of sludge. applied (8-12 in). 

2.57.3.2 Days (T) in which drainage is the primary drying 
nechanisrn (l-8 days). 

2.57.3.3 Solids after T days (15-25X) l 

2.57.3.4 Clearwater evaporation rate (available fran the 
U. S. Weather Bureau). 

2.57.3.5 
0.75). 

Correction of evaporation rate for sludge ( 

2.57.3.6 Average rainfall in wet month (available from the 
U. S. Weather Bureau). 

2.58.3.7 
0.57). 

Fraction of rainfall absorbed by the sludge ( 

2.57.3.8 Number of sections desired. 
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Process Design Calculations. 

2.57.4.1 Fill several colunns with thickened/digested 
sludge to desired application depth. The bottan of the column 
should contain sand and gravel in similar depths to that ex- 
pected in the bed. Check the bed daily until drainage fran the 
bottcan has essentially ceased. Record the nunber of days of 
drainage (t,) and the percent solids in the sludge. 

2.57.4.2 Calculate the required drying tlrne. 

30 x H x So 1 
T- a.E -,bR (Fi $J+ 'd 

where 

T = total drying time, days. 

H = depth to which sludge is applied, in. 

sO 
= initial solids, percent. 

a - correction of evaporation rate for sludge, 
0.75. 

E = clearwater evaporation rate sludge, 
idmonth. 

b= fraction of water absorbed by sludge, 
0.57. 

R - rainfall' during wet month, in/month. 

s1 - solids content after td days; percent. 

s2 = final solids content,tpercent. 

td = time during which drainage is significant, 
days. 

2.57.4.3 Calculate the surface area. 

SA - 
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where 

SX - surface area required, ft*. 

Qs = volumetric sludge flow, gpd. 

2.57.4.4 Calculate the solids produced. 

DTPY = QsSo ( 
a.34 lb/gal ) 

100 (365 days/yr) ( 2fjit lb ) 

where 

DTPY = tons of dry solids per year. 

2.57.4.5 Calculate weight of solids removed. 

o(LOO) 
TPY - s2 

where 

TPY * total tons per year ranoved. 

s2 - final solids content, %. 

2.57.5 Process Design &tput Data. 

2.57.5.1 Area required, ft2. 

2.57.5.2 Depth of sludge application, in. 

2.57.5.3 Nunber of sections,' 

2.57.5.4 Area of each section, ft2. 

2.57.5.5 Drying time in bed, days. 

2.57.6 Quantities Calculations. 

2.57.6.1 Uncovered drying beds with truck tracks for ease 
of sludge pickup (See Figure 2.57-l) will be utilized in this 
manual. A minimum of three beds will be provided for alternate 
sludge application, drying and cleanup. A typical width of 20 

feet is utilized. This limitation is imposed by the constraint 
of manual sludge pickup and transfer to trucks. The length of 
bed is limited to less than 150 feet. This is due to the 
hydraulic constraint of the drainage pipes. 
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2.57.6.2 Selectioa of the nunber of beds. The selection 
of the nuuber of drying beds is dependent on the total surface 
area required. The following rule will be followed in this 
selection. 

N - 3 + jSA ;;;ooo) 

N must be an integer and should always be larger than 3. 

where 

N = nunber of beds. 

SA = total drying bed surface area required, sq ft. 

2.57.6.3 Dimensions of drying beds. 

2.57.6.3.1 Surface area of each individual bed, SAN, sq ft. 

2.57.6.3.2 Length of each bed, LN, ft. 

where 

20 = width of bed, ft. 
\ 

2.57.6.4 Earthwork required for drying bed coustruction. 
Lt is assumed that the depth of cut would be 4 feet and the 
slope of cut would be 1:l. Thus the total volume of cut can be 
expressed by: 

v ew = [48 N (LN) + 224 N + 560 Nf (LN)2 + 4480 N2 (LN)] 4 
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where 

v ew = volume of earthwork in cu ft. 

2.57.6.5 Quantity of reinforced concrete required. 

2.57.6.5.1 This item includes the concrete dividing walls 
and the truck tracks. 

2.57.6.5.2 The typical cross section of the dividing wall is 
shown in Figure 2.57-l. The quantity of wall would be: 

where 

v - 5.06 (40 l N + (N) (LN) + (LN)] 
cw 

\ 

v cw = volme of reinforced concrete in-place, 
cu ft. 

2.57.6.5.3 Volume of concrete required for the construction 
of truck tracks: 

V cs = 3 (N) (LN) 

where 

V =s = volume of R.C. in-place, cu ft. 

2.57.6.6 Quantity of sand and gravel. 

2.57.6.6.1 It is assumed that a 12-inch depth of gravel and 
a g-inch depth of sand will be utilized in drying bed construc- 
tion. 

2.57.6.6.2 Volme of sand. 

'ds = 20 (N) (LX) & - 15 (N) (LN) 

where 

Vds = volume of sand required, cu ft. 

2.57.6.6.3 Volune of gravel. 

‘dg - 20 (II) (LN) 

where 

% 
= volume of gravel, cu ft. 
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2.57.6.7 Perforated drain pipe required. 

2.57.6.7.1 It is assumed that only the vitrified clay pipe 
will be used for this purpose. 

2.57.6.7.2 Size of pipe to be used. Only 4-inch, &inch, 
and &inch diameter will be utilized. Selection of pipe size 
depends on length of bed. The following rule will be used: 

Length of Bed, LN 

c 100' 

Clay Pipe Dianeter 
(DICLP) In 

4" 

100 - 200 6 11 

>200 8 I1 

2.57.6.7.3 Total length of pipe, CPL. 

CPL = 2 (N) (LN) 

2.57.6.8 Operation and maintenance manpower requiranent. 

2.57.6.8.1 Operation man-hours required, OKEi. 

When TPD C 0.09 (tons/day) 

OMH - 360 

When 0.09 5 TPD 5 0.8 (tons/day) 

OMB - 964 (TFD)"'409 

When TPD > 0.8 (tons/day) 
* 

oMH= 1066.4\ (TPD) 

where 

TPD = sludge solids applied per day, tons/day. 

OXH - operation man-hour requirenent, man-hours/yr. 

2.57.6.8.2 Maintenance man-hour requirenent. 

When TPD C 0.09 (tons/day) 

M?SH = 160 

When 0.09 5 TPD 5 0.8 (tons/day) 

MMEI - 432.8 (TPD)Oo409 
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When TPD > 0.8 (tons/day) 

MMH = 532.8 (TPD) 

where 

MYH = maintenance man-hour requirement, man-hour/ yr. 

2.57.6.9 Operation and material costs. This item is 
principally related to replacaaent of sand removal in the bed 
cleaning process. It is expressed as a percent of total bare 
construction costs of the drying bed. 

OMMP = 0.9%' 

where 

OMMP = percent of the installed equipment costs for the 
operation and maintenance material costs, percent. 

2.57.6.10 Other construction cost items. Fr&n the above 
calculations it can be seen that approximately 90 percent of the 
construction costs have been accounted for. Other iteus such as 
inlet piping, filtrate collection system, etc., would be 10 
percent. Thus, the correction factor would be: 

1 CF = - 0.90 = 1.11 

where 

CF - correciton factor for minor construction costs. 

2.57.7 Quantities Calculations Output Data. 

2.57.7.1 Number of beds, N. 

2.57.7.2 Surface area of each bed, SAN, sq ft. 

2.57.7.3 

2.57.7.4 

Length of each bed, LN, ft. 

Quantity of earthwork required, V,,, cu ft. 

a 2.57-7 



2.57.7.5 

2.57.7.6 

2.57.7.7 

2.57.7.8 

2.57.7.9 

2.57.7.10 

2.57.7.11 

2.57.7.12 
hours/yr. 

2.57.7.13 Operation and maintenance costs as a percent of 
capital costs, OMMP, percent. 

2.57.7.14 

2.57.8 

2.57.8.1 

2.57.8.2 
Sku yd. 

2.57.8.3 
S/cu yd. 

2.57.8.4 
Index, ENRCCI. 

2.57.9 

2.57.9.1 Cost of earthwork, COSTE. 

Quantity of concrete wall, V cw, cu ft. 

Quantity of concrete slab, V CS' cu ft. 

Quantity of sand, V ds' cu ft. 

Quantity of gravel, V W cu ft. 

Perforated pipe size, DICLP, in. 

Length of pipe, CPL, ft. 

Operation manpower requirement, OMH, man-hours/yr. 

Maintenance manpower requirement, MM, man- 

Other construction cost items, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price input for R.C. wall iwplace, UPICW, 

Unit price input for R.C. slab iwplace, UPICS, 

Current Engineering News Record Construction Cost 

Cost Calculations. . 

V 
COSTE - + x UPIEX 

where 

COSTE = cost of earthwork, $. 

V ew = volume of earthwork, cu ft. 

UPIEX - unit price input for earthwork, $/cu yd. 
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2.57.9.2 
COSTCW. 

Cost of reinforced concrete wall in-place, 

v 
COSTCW = + x UPICW x 0.7 

where 

COSTCW - cost of R.C. wall in-place, $. 

v 
cw = total quantity of R.C. wall, cu ft. 

UPICW - unit price input of R.C. wall in-place, $/cu yd. 

0.7 = due to the simple construction, the unit price is 
lowered to 70 percent. \ 

2.57.9.3 Cost of R.C. slab i-place, COSTCS. 

V 
coslxs = $ x UPICS x 0.6 

where 

COSTCS = cost of R.C. slab in-place, dollars. 

V cs = volme of R.C. slab, cu ft. 

UPICS - unit price input for R.C. slab in-place, 
$/cu yd. 

0.6 = due to the simple construction, the unit price 
is lowered to 60 percent. 

2.57.9.4 
system. 

Costs of sand and gravel media and drain pipe 

2.57.9.4.1 Cost of perforated clay piping systgn. The 
installed piping cost for 1st quarter 1977 is summarized in the 
following table: 

Pipe Size Unit Cost of Installed Pipe 
DICLP CO&P, $/L.F. 

4" $2.15/L.F. 
6 II $2.75/L.F. 
a 11 $4.25/L.F. 

Cost of drain pipe systan, CDPS, dollars. 

CDPS = COSTCP ' CPL 
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where 

CDPS - cost of drain pipe systaa, $. 

COSTCP - unit cost of installed piping systan, $/L.F. 

CPL - length of pipe, ft. 

2.57.9.4.2 Cost of sand and gravel. The 1st quarter 1977 
costs of in-place sand and gravel are: 

COSAND = $5.9O/cu yd 

COGRVL, = $4.3O/cu yd 

where 

COSAND = unit cost of sand in-place, $/cu yd. 

COGRVL = unit cost of gravel In-place, $/cu yd. 

Thus cost of drying bed media, CODBM. 

CODBM - 'ds (COSm) (7) + (COGRm) !k& ( 27) 

where 

'ds = volume of sand, cu ft. 

vdg = volume of gravel, cu ft. 

3.57.9.4.3 For better estimates, the unit prices, COSAND, 
COGRVL, and COS'ICP, should be obtained fran local vendors and be 
treated as unit price input. Otherwise, the Engineering News 
Record (ENR) Construction Cost Index should be used to update 
these costs. \ 
Thus, if unit prices are given fran the input: 

CODBMU - (CODBM + CDPS) 

If no unit prices are given fran the input: 

CODBMU = (CODBM+ CDPS) 9 

where 

CODBMIJ = updated costs of drying bed media and drainage 
systan, $. 
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ENRCCI = Engineering News,Record Construction Cost Index. 

2470 - ENRCCZ of 1st quarter, 1977. 

2.57.9.5 Total bare construction costs of drying 
TBCC. 

TBCC = CF (COSTE+ COSTCW + COSTCS + CODBMU) 

where 

bed, 

TBCC = total bare construction costs of sludge drying 
bed, $. 

CF - correction factors for minor construction itens. 

2.57.9.6 Operation and maintenance material costs, OMMC. 
O&M material costs are estimated as a percent of the total bare 
construction costs. Thus: 

OMMC = e (TBCC) 

where 
7 

OMMC = operation and maintenance material costs, $/yr. 

OMMP - O&M material costs as percent of total 
construction cost, percent. 

2.57.10 Cost Calculations Output Data. 

2.57.10.1 Total bare construction cost for sludge drying 
be& $9 

2.57.10.2 Operation and maintenance material costs, $/yr. 

2.57.11 

2.57.11.1 
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2.59 SLUDGE HAULING AND LANDFILLING 

2.59.1 Background. 

2.59.1.1 Landfilling can provide an acceptable and inexpensive ' 
method for ultimate sludge disposal, particularly for smaller facili- 
ties. The method may be of special importance if it can be integrated 
with solid waste disposal systems that have an operating sanitary 
landfill. Other methods of sludge treatment, such as drying beds or 
incineration, are considered to be methods of volume reduction that 
produce a residue requiring ultimate disposal. 

2.59.1.2 Sludge hauling.and landfilling may be approached in a 
manner similar to that for a typical\ solid waste disposal problem. 
Most solid waste disposal systans have at least four definable can- 
ponents: storage, collection, haul and disposal. In addition, 
sludge disposal systans usually require some form of pretreahnent if 
associated costs are to be minimized. 

2.59.1.3 Pretreatment of sludge is related to reducing the 
volume to a minimum before transporting. Typical unit processes used 
for volume reduction may include digestion, centrifugation, vacuum 
filtration and sludge drying beds. Costs associated with these 
processes are not considered to be part of sludge hauling or land- 
filling but are very important in the overall sludge handling train. 

2.59.1.4 Storage costs are sitespecific and depend largely 
. upon the method selected in the sludge handling train. They may be 

simply the costs associated with the purchase of bins for storage of 
waste activated or primary sludge, a dunp truck for storage of 
digested sludge solids that have been centrifuged or vacuun filtered, 
or the cost associated with sludge drying beds. 

2.59.1.5 Collection costs are dependent upon a time-labor 
relationship to transfer the sludge fran storage to the transporting 
vehicle, as a dunp or tank truck. There may not be a collection cost 
associated with labor, however, a cost would be incurred to provide a 
vehicle during the loading period. Larger facilities may require 
that a driver be assigned to the vehicle during loading periods. 
Collection costs may be significant when it is necessary to shovel 
sludge fran drying beds into trucks for transportation to the land- 
fili. As indicated in the above paragraphs collection costs are site 
and system specific. 

2.59.1.6 Transportation costs are associated with such para- 
meters as truck cost, truck size, haul time, labor, and operating 
ccsts per unit tiroe for items such as depreciation, fuel, insurance, 
maintenance, etc. Operating costs may be estimated fra;l manufac- 
turer’s rating information and used in conjunction with est;knates of 
sludge production fran various wastewater treatment processes. 
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2.59.2 

2.59.2.1 

2.59.2.2 

2.59.2.3 
cent. 

2.59.2.4 

2.59 l 2.5 

2.59.2.6 

2.59.2.7 

2.59.2.8 

2.59.2.9 

2.59.2.10 

2.59.3 

2.59.3.1 
1). 

2.59.3.2 
percent. 

2.59.3.3 

2.59.3.4 

2.59.1.7 Disposal costs are related to the operation and 
management of the final disposal facility. This cost should be 
minimal if the facility will integrate ultimate sludge disposal with 
the disposal of refuse. When this is possible, the disposal costs 
may only include the costs of unloading and a landfill fee. On the 
other hand, if the landfill is to receive only waste sludge; costs 
may be very significant as other equipment for operation of the 
landfill will be required. The equipment used for landfill operation 
may include units for excavation, placing, covering, and canpactlon 
of fill. 

2.59.1.8 The lowest possible moisture content attainable at a 
reasonable costs should be produced for econanical sludge hauling and 
landfill operations. A reduction of moisture content will produce a 
savings in storage, initial equipment, operating, and labor costs. 

Input Data. 

Average wastewater flow, Q avg' mgd. 

Sludge flow, SF, gallons/million gallons. 

Raw sludge suspended solids concentration, SS, per- 

Dewatered sludge solids concentration, CSS, percent. 

Vehicle loading time, LT, hr. 

Vehicle unloading time, ULT, hr. 

Round trip haul time, HT, hr. 

Solids capture in dewatering process, SCAP, percent. 

Distance to disposal site, D, miles. 

iork schedule, HPD, hrs/day. 

Design Paraueters* 

Sludge volme per million gallons treated (Table 2.59- 

Raw sludge solids concentration (Table 2.59-l). 1.5-15 

Concentrated solids (Table 2.59-l), .6-60 percent. 

Vehicle capacity, yd3/truck. 
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2.59.3.5 Truck loading time, 0.5-2.0 hr. 

2.59.3.6 Haul time, local conditions. 

2.59.3.7 Daily work schedule, 6-8 hr. 

2.59.3.8 

2.59.4 

Solids capture (Table 2.59-Z), 70199 percent. 

Process Design Calculations. 

2.59.4.1 Sludge volume hauled. 

+ sv - 
(Q,,) (SF) (SS) 

(7.48)(27)(CSS) 

where \ 

sv = sludge volme hauled, cu.yd/day* 

Q avg 
= average wastewater flow, mgd. 

SF - sludge flow, gallons/millFon gallons. 

ss = raw sludge suspended solids concentration, percent. 

CSS - dewatered sludge solids concentration, percent. 

2.59.4.2 Capacity of trucks. The systen which was selected to 
haul the sludge is a San&trailer with a tractor. The trazzrfi; 
equipped with a hydraulic ran for ranoval of the sludge. 

e 

lowing is given for selection of trailer size. 

Q avo (mgd) Truck Capacity, CAP (CU yd) 

0.5 to 12.5 
12.5 to 25.0 

25.0 

19 
22 
30 

2.59.4.3 Number of vehicles. 

NTR - (SV)(LT + HT) 
(HPD)(CAP) 

where 

NTR - nunber of trucks required. 

LT - vehicle loading time. 

HT = round trip hauling the. 

HPD = work schedule, hrs/day. 

CAP = vehicle capacity, cu ydltruck. 

2.59-3 



2.59.4.4 Tons of sludge hauled per day. 

TSH - 
(Q,,) (SF) (SS)(SCAP)(8.34) 

100 (css)(2000) 

where i 

TSH = tons of sludge hauled per day, tons/day. 

SCAP - solids capture, percent. 

2.59.4.5 Number of round trips per day per truck. 

RID- " 
(NTR)(CAP) 

Round RTD up to next largest integer. 

where 

RTD = round trips per truck per day. 

SV = sludge volme hauled, yd3/day. 

NTR = nunber of trucks required. 

CAP - vehicle capacity, yd3/truck. 

2.59.5 Process Design Output Data. 

2.59.5.1 Average wastewater flow, Q 
avg ) mgd. 

2.59.5.2 
cent. 

Raw sludge suspended solids concentration, SS, per- 

2.59.5.3 Dewatered sludge solids concentration, CSS, percent. 

2.59.5.4 

2.59.5.5 

Sludge volme hauled, SV, cu yd/day. \ 

Vehicle capacity, CAP, cu yd. 

2.59.5.6 Number of trucks required, NTR. 

2.59.5.7 Tons of sludge hauled per day, TSH, tons/day. 

- 2.59.5.8 Distance to disposal site, D, miles. 

2.59.6 Quantities Calculations. 

2.59.6.1 Sludge storage shed. Depending on the location of the 
landfill site, there will be periods, especially during the winter 
months, when landfilling operations cannot be continued. For this 
reason, a storage shed, sized to handle the anticipated volume of 
sludge produced during landfill shutdown periods, must be furnished. 
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2.59.6.1.1 Sludge storage shed floor area. 

SSSA = (SV)(T)(27) 
h 

where 

SSSA = sludge storage shed area, sq 'ft. 

SV = sludge volme hauled, cu yd/day. 

T = maximum anticipated landfill downtime, use 30 
days, days. 

h = anticipated sludge storage height, use 8 ft, ft. 

2.59.6.1.2 Length and width of siorage shed slab. The length of 
the shed is assumed to be twice the width. 

L * 2w 

SSSA - (L)(W) - 2W2 
. ..I - 

where 

L = length of sludge storage shed slab, ft. 

W = width of sludge storage shed slab, ft. 

2.59.6.1.3 Volume of earthwork required for sludge storage shed. 
It is assumed that the top of the slab will be at the natural ground 
level. The side slopes of the excavation will be 1 to 1. 

0.5 
V = [4W2 + 15W + 25 + (4W4 + 3ow3 + 50W2) 

ew 

where 

v ew - volume of earthwork, cu ft. 

2.59.6.1.4 Volme of reinforced concrete required for slab, 

V cs = W(13.74 + 2W) 

where 

V cs = volume of R.C. required for slab, cu ft. 
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2.59.6.1.5 Surface area of canopy roof for sludge storage shed. 

SACR = SSSA 

where 

SACR = surface area of canopy roof, sq ft. 

2.59.6.2 Operation manpower. 

2.59.6.2.1 Calculate round-trip haul distance. 

RTHD-2D 

where 

D - distance to disposal site, miles. 

RTHD - round trip haul distance, miles. 

2.59.6.2.2 Calculate operation manpower. 

If 0 < RTHD 5 16.5 miles. the operation manpower is calculated by: 

OMH = (260)(TSIQ(.0263)(RTHD)"*2708 

where 

OMH = operation manpower required, man-hours/yr. 

If RTHD > 16.5 miles, the operation manpower is calculated by: 

omi- (.0034)(260)(TSH)(RTHD) 

2.59.6.3 Distance travelled per year per truck. 

DTT- (RTDW(RTD)(5)(50) 

where 

DTT - distance travelled per year per truck, mileslyr. 

RTD = round trips per day per truck. 

5 = days of operation per week. 

50 = weeks of operation per year. 
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2.59.6.4 Operation and maintenance material and supply costs. 
These costs are given as a percent of the cost of the vehicle used 
for hauling. The costs include the cost for maintenance labor as 
well as the cost of repair and replacement parts. 

2.59.6.4.1 For 19 cu yd vehicle: 

OMMP * .0013 (DTT) 

2.59.6.4.2 For 22 cu yd vehicle: 

OMMP - .00106 (DTT) 

2.59.6.4.3 For 30 cu yd vehicle:' 
. 

. *a 
OMMP - .00102 (DTT) 

where 

OMMP = O&.X maintenance material and supply costs, as 
percent of vehicle cost, percent. 

2.59.7 Quantities Calculations Output Data. 

2.59.7.1 Sludge storage shed area, SSSA, sq ft. 

2.59.7.2 Volune of earthwork, Vew, cu ft. 

2.59.7.3 Volune of R.C. slab required, VCs, cu ft. 

2.59.7.4 Surface area of canopy roof, SACR, sq ft. 

2.59.7.5 Round-trip haul distance, RTHD, miles. 

2.59.7.6 Operation and maintenance material and supply costs, 
as percent of vehicle cost, OMXP, percent. 

2.59.7.7 Operationmanpower required, OMH, man-hours, yr. 

2.59.7.8 Distance travelled per year per truck, DTT, miles/yr. 

2.59.8 Unit Price Input Required. 

2.59.8.1 Cost of earthwork, COSTE, $/cu yd. 
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2.59.8.2 Cost of R.C. concrete slab in-place, COSTCS, $/cu yd. 

2.59.8.3 Cost of canopy-type roof, UPIR, $1 sq ft. 

2.59.8.4 Cost of flat monthly or yearly charge for landfilling 
sludge, CMC or CYC, $/mo or yr. 

2.59.8.5 Cost per cubic yard to landfill sludge, CPCY, $/cu yd. 

2.59.8.6 Cost per ton of sludge to landfill, CPT, $/ton. 

2.59.8.7 Cost of standard size vehicle, COSTSSV, $ (optional). 

2.S9.8.8 Marshall and Swift Equipment Cost Index, MSECI. 

2.59.9 Cost Calculations. 

2.59.9 .I Cost of earthwork. 

COSTE - ($) UPIEX 

where 

COSTE - cost of earthwork, $. 

V ew - volme of earthwork, cu ft. 

UPIEX --unit price input for earthwork, $/cu yd. 

2.59.9.2 Cost of concrete slab ipplace. 

v ' 
COSTCS = (g) '(UPICS) 

where 

COSTCS = cast of R.C. slab in-place, $. 

V cs - volune of R.C. slab in-place required, cu ft. 

UPICS - unit price input for R.C, slab in-place, $/cu yd. 

2.59.9.3 Cost of canopy-type roof. ' 

COSTCR - (SACR)(UPIR) 
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where 

COSTCR - coat of canopptype roof, $. 

SACR = surface area of canopy-type roof, sq ft. 

UPIR - unit price input for canopy-type roof, $/sq ft. 

2.59.9.4 Cost of sludge hauling vehicles. 

2.59.9.4‘1 Purchase cost of sludge hauling vehicles. 

COSTSV - (NTR)(COSTSSV)(COSTRO) 

COSTSV = cost of sludge hauling vehicle, $. ," 

NTR - nunbet of vehicles. 

COSTSSV - coat of standard size vehicle, 22 cu yd, $. 

COSTRO = ratio of cost of vehicle of desired capacity and 
the cost of the standard size vehicle. 

2.59.9.4.2 COSTRO. Vehicles in three sizes are available. The 
ccxst ratio for each size is as shown: 

Vehicle Size (cu yd) COSTRO 

19 .32 
22 1.00 
30 1.04 

2.59.9.4.3 Cost of standard size vehicle (22 cu yd). The cost of 
a vehicle with a 22 cu yd capacity in the first quarter of 1977 is: 

COSTSSV - $51,700 

For better cost estimation, COSTSSV should be obtained from the 
vehicle manufacturer and treated as a unit price input. Otherwise, 
for future escalation, the equipment coat should be adjusted by using 
the Marshall and Swift Equipment Cost Index. 

COSTSSV = (51,700) s . 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index for 1st 
quarter 1977. 
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2.59i9.5 Cost of landfilling dewatered sludge. Generally in a 
private landfilling operation, the charges assessed to a municipality 
to dispose of dewatered sludge, are caaputed one of three ways: 1) 
Flat monthly or yearly charge, 2) Charge by the truck load (which 
can be related back to a charge per cu yd), 3) If the landfill has a 
set of scales, a charge per ton of sludge can be used. 

2.59.9.5.1 

where 

COSTLF * 

cm = 

CYC = 

2.59.9.5.2 

Case I - Monthly or yearly disposal fee. 

COSTLF = (12)(0X) or CYC 

cost to landfill dewatered sludge, $/yr. 

constant monthly charge (local option - local 
condition), $ per month. 

constant yearly charge (local option - local 
condition), $ per year. 

Case II - Disposal fee based on yd3 of sludge de 
livered to landfill site. 

COSTLF = (SV)(CPCY)(365) 

where 

COSTLF = cost to landfill dewatered sludge, $/yr. 

SV - sludge volume hauled, yd3/day. 

CPCY - cost3per cubic yard of sludge to landfill, 
$/yd (local conditions). 

2.59.9.5.3 Case III- Disposal fee based on tons of sludge 
delivered to landfill site. , 

COSTLF = (TSH)(365)(CPT) 

where 

COSTLF = cost to landfill dewatered sludge, $/yr. 

TSH = tons of sludge hauled per day, tons/day. 

CPT = cost per ton of sludge to landfill, $/ton 
(local condition). 
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2.59.9.6 Operation and maintenance material and supply costs. 
In addition to the normal material and supply costs, the cost of 
operating the landfill will be considered a part of this cost. 

OMMC - (cE)(COSTSV) + COSTLF 

where 

OMMC - operation and maintenance material and supply costs, 
$/yr. 

OMMP = operation and maintenance material and supply costs, 
as percent of purchase cost of sludge vehicles, percent. 

2.59.9.7 Total bare construct+ cost. 

TBCC - COSTE + COSTCS + COSTCR+ COSTSV 

where 

TBCC * total bare construction cost, $. 

2.59 .lO 

2.59.10.1 

2.59.10.2 

Cost Calculations Output Data. 

Total bare construction cost, TBCC, $. 

O&M material and supply Costs, OMMC, $/yr. 
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Table 2.59-l. Nomal Quantities of Sludge Produced by 
Different Treatment Processes 

Gallons 
Sludge/ 

mg 
Treated Wastewater Treatient Process 

Solids 
Percent 

Sludge 
Specific 
Gravity 

Primary sedimentation 
Undigested 
Digested in separate tanks 

2,950 5.0 
1,450 6.0 

745 7.5 

1.02 
1.03 

Trickling filter 1.025 

Chenical precipitation 5,120 7.5 1.03 

Primary sedimentation and 
activated sludge 

Undigested 
Digested in separate tanks 

6,900 4.0 1.02 
2,700 6.0 1.03 

Activated sludge 
Waste sludge 19,400 

900 

1.5 

10.0 

15.0 

1.005 

Septic tanks, digested 

Imhoff tanks, digested 500 

1.04 

1.04 

Table 2.59-2. Process Efficiencies for Dewatering 
of Wastewater Sludge 

Unit Process Solids Capture, percent Cake Solids, percent 

Centrifugation 
Solid bowl 
Disc-nozzle 
Basket 

\ 

80-90 5913 
80-97 5-7 
70190 9-10 

Dissolved air flotation 95 4-6 

Drying beds 85-99 g-25 

Filter press 99 40-60 

Gravity thickener 

Vacwn filter 

9&95 >12 

go+ 28-35 

2.59-12 



2.61 THICKENING. 

2.61.1 Background. 

2.61.1.1 Thickening reduces the moisture content of a slurry. 
Thickening is used at most waste treatment plants, as an econanic 
measure, to reduce the volume of sludge or for greater efficiency in 
subsequent processes. Thickening is normally accanplished by gravity 
or flotation thickeners; centrifuges have also been used as sludge 
thickeners. 

2.61.1.2 In this section only gravity thickening and flotation 
thickening will be addressed. 

2.61.2 General Description Flotation Thickening. 

2.61.2.1 Flotation is a solid-liquid separation process. 
Separation is artifically induced by introducing fine gas bubbles 
(usually air) into the systan. The gas-solid aggregate with an 
overall bulk density less than the density of the liquid; thus, these 
aggregates rise to the surface of the fluid. Once the solid par- 
ticles have been floated to the surface, they can be collected by a 
skimming operation. 

2.61.2.2 In wastewater treannent, flotation is used as a 
clarification process to raaove suspended solids and as a thickening 
process to concentrate various types of sludges. However, high 
operating costs of the process generally limit its use to clari- 
fication of certain industrial wastes and for concentration of waste- 
act iva ted sludge. 

2.61.2.3 Air flotation systans may be classified as dispersed 
air flotation or dissolved air flotation. In dispersed air flo- 
tation, air bubbles are generated by introducing air through a 
revolving impeller or porous media. This type of flotation system is 
ineffective and finds very limited application in wastewater treat- 
ment. Dissolved air flotation may be subclassified as pressure 
flotation or vacuun flotation. Pressure flotation involves air being 
dissolved in the wastewater under elevated pressures and later 
released at atmospheric pressure. Vacuun flotation, however, con- 
sists of applying a vacuun to wastewater aerated at atmospheric 
pressure. Dissolved air-pressure flotation, considered herein is the 
most canmonly used in watewater treatment. 

2.61.2.4 The principal cauponents of a dissolved air-pressure 
flotation system as shown in Figure 2.61-l are a pressurizing pump, 
air injection facilities, a retention tank, a back pressure regu- 
lating device, and a flotation unit. The primary variables for 
flotation design are pressure, recycle ratio, feed solid 
concentration, detention period, air-to-solids ratio, use of polymers 
and solids and hydraulic loadings. Optknum design parameters must be 
obtained fran bench scale or pilot plant studies. Typical design 
parameters are listed in Table 2.61-L. 
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tLOTATlON TlrNR 

CHEMICAL 
MIX TANK + AIR 

OFTEN INCLUDED 

PRESSURIZING 
PUMP 

PRESSURE 
REDvC~NG 

VALVC 

Figure 2.61-1. Schenatic of Dissolved-Air Flotation Tank 

2.61.3 General Description Gravity Thickening. 

2.61.3.1 Gravity thickening is the most common process curt 
rently used for dewatering and for the concentration of sludge prior 
to digestion. Gravity thickening is essentially a sedimentation 
process similar to that which occurs in all settling tanks. The 
process is simple and is the least expensive of the available thic- 
kening processes. 

2.61.3.2 Gravity thickening may be classified as plain settling 
and mechanical thickening. Plain settling usually results in the 
formation of stun at the surface and stratification of sludges near 
the bottan. Sludges fran secondary clarifiers usually cannot be 

. concentrated by plain settling. 
to stir,the sludge, 

Gentle agitation is usually employed 
thereby opening channels for water escape and 

pronoting densification. A canmon mechanical thickener consists of a 
circular tank equipped with a slowly revolving sludge collector. 
Primary and secondary sludges are'usually mixed prior to thickening. 
A ratio of secondary sludge to primary sludge of 8 to 1 or greater is 
recommended to assure aerobic conditions in the thickener. Chlorine 
has been used to prevent sludge septicity and gasification which 
interfere with optima solids concentration of organic materials. A 
chlorine residual of 0.5 to 1.0 mg/l in the thickening tank overhead 
prevents such problems. Organic polyelectrolytes (anionic, nonionic, 
and cationic) have been used successfully to increase the sludge 
settling rates, the overflow clarity, and the allowable tank loading. 
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2.61.3.3 Design of Thickeners. In the design of thickeners, 
concentration of the underflow and clarification of the overflow must 
be achieved. Mechanical thickeners (fig. 2.61-2) are designed on the 
basis of hydraulic surface Loading and solid loading. These par- 
ameters are normally obtained fran laboratory batch settling tests. 
Procedures for conducting the tests and evaluating the design para- 
meters are well documented in literaure. In the absence of labo- 
ratory data, Table 2.61-Z may be used as a guide for selecting solid 
loading rates. Typical surface loading rates of 600 to 800 gpd/ft 
are reccmmended for most thickeners. Hydraulic loading rates of less 
than 400 gpd/ft' were reported to produce odor problems. Detention 
time of the thickener may range between 2 and 4 hours. Gravity 
thickening is the most canmon method currently used at wastewater 
treatment plants for concentrating sludges. 
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Figure 2.61-2. Schanatic of a mechanical thickener. 
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2.61.4 

2.61.4.1 

2.61.4.1.1 

2.61.4.1.2 

2.61.4.1.2.1 

2.61.4.1.2.2 

2.61.4.1.3 

2.61.4.2 
studies. 

2.61.4.2.1 Air-to-solid ratio, AfS. . 

2.61.4.2.2 Air pressure, P, psig. 

2.61.4.2.3 Detention time in flotation tank, DTFT, hr. 

2.61.4.2.4 

2.61.4.2.5 

2.61.4.2.6 

2.61.4.2.7 

2.61.4.3 

2.61.4.3.1 

2.61.4.3.2 

2.61.4.3.3 

2.61.4.3.4 

Flotation Thickening. 

Input Data. 

Sludge flow, mgd. 

Suspended solids concentration in the feed, mg/l. 

Average concentration. 

Variation in concentration. 

Polymer dosage, lb/ton dry solids. 

Design Paraneters. &an laboratory or pilot plant 

Solids loading, ML, lb/ft*/day. 

Hydraulic loading, HL, gpn/ft2. 

Detention time in pressure tank, DTPT, min. 

Float concentration, CF, percent. 

Process Design Calculations. 

Select air-to-solids ratio. 

Assume air pressure (40 to 60 psig). 

Calculate P in atmospheres - psig * 14*' 14.7 
Calculate recycle flow. 

R  -  U/S)(Q)(Cd 
1.3 Sa(O.SP-1) 

where 

A/S - air-t-solid ratio. 
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sa - air solubility at standard conditions, cc/l. 

P - absolute pressure, atmospheres. 

R = recycle flow, mgd. 

Q = feed flow, mgd. 

cO 
= influent suspended solids concentration, mg/l. 

2.61.4.3.5 Calculate surface area required. 

2.61.4.3.5.1 Select a solids loading rate and calculate surface 
area. If no pilot data is available, use the following mass loadings: 

With polymer addition: 30 lb/sq ft/day 

Without polymer addition: 10 lb/sq ft/day 

where 

SA - 
(Q)(Co)(g.34) 

ML 

SA = surface area, ft2. 

Q = feed flow, mgd. 

cO 
- influent suspended solids concentration, mg/l. 

ML = solids loading rate, lb/ft2/day. 

2.61.4.3.5.2 Select a hydraulic loading rate and calculate the 
surface area. 

where 

SA = 

Q= 

R= 

HL = 

SA ='(@R)(106) 
@~)(60)(24) 

surface area, ft2. 

feed flow, mgd. 

recycle flow, mgd. 

hydraulic loading rate, gpm/ft2. 
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2.61.4.3.5.3 Caapare the surface areas calculated and use the 
Larger of the two. 

2.61.4.3.6 Select detention time in the flotation tank and 
calculate the volume. 

VOLFT = (Q + R) x (DTFT) (106> 

where 

VOLPT = volume of flotation tank, ft3., 

Q - total flow, mgd. 

R - recycle flow, mgd. \ , 
DTFT = detention time in flotation tank, hr.. +*. ' 

2.61.4.3.7 Select pressure tank detention ti& and calculate 
volume of pressure tank. 

VOLPT - (R) (A) (2) (4) (DTPT&? 

where 

VOLPT = volume of pressure tank, ft3. 

R = recycle flow, mgd. 

DTPT = detention time in pressure tank, min. 

2.61.4.3.8 Calculate volume of sludge. 

vs - 
(Q)(Co)(% removal) 

(CP)(specific gravity) 

where 

VS = volume of sludge, gpd. 

Q = feed flow, mgd; 

cO 
- influent suspended solids concentration, mg/l. 

CP - solids concentration in float, percent. 

2.61.4.3.9 Calculate polymer usage (if applicable). 

PU - 
(PD) (Q) (Co) 8.34 

2000 
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where 

PU = polymer usage, lb/day. 

PD - polymer dosage, lb/ton dry solids (if polymers 
are used and no dosage rates are given in 
input, use 10 lb/ton dry solids). 

Q - sludge flow, mgd. 

Co = suspended solids concentration in the feed, mg/l. 

2.61.4.4 

2.61.4.4.1 

2.61.4.4.2 

2.61.4.4.3 

2.61.4.4.4 

2.61.4.4.5 

2.61.4.4.6 

2.61.4.4.7 

2.61.4.4.8 

2.61.4.4.9 

2.61.4.4.10 

2.61.4.4.11 

2.61.4.4.12 

2.61.4.5 

2.61.4.5.1 

Process Debign Output Data. 

Suspended solids concentration, Co, mg/l. 

Air-to-solid ratio, AfS. 

Air pressure, P, psig. 

Solids loading, ML, lb/ft2/day. 

Hydraulic loading, HL, gpn/ft2. 

Recycle flow, R, mgd. 

Surface area, SA, ft2. 

Volume of pressure tank, VOLPT, ft3. 

Volme of flotation tank, VOLFT, ft3. 

Pressure tank detention time, DTPT, min. .. 

Flotation tank detention time, DTFT, hr. 

Polymer usage, PU,,lb/day. 

Quantities Calculations. 

Select nunber and size of flotation units. The 
standard size units available canmercially are 40, 50, 70, 100, 
140, 200, 280, 350, 450, 570, 750, 960, and 1250 sq ft. 

2.61.4.5.1.1 If SA is less than 1250 sq ft, then NU is one. 
Compare SA to the canmercially available units and select the 
smallest unit that is larger than SA. 
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2.61.4.5.1.2 If SA is greater than 1250 sq ft, then NU must be 
two or greater. Try NU = 2 first, if SA/NU is greater than 
1250, then NU = NU + 1. Repeat the ptocedure until SA/NU is 
Less than 1250, then canpare SA/NU to the caamercially available 
units and select the smallest unit that is larger than SA/NU. 

where 

SA - calculated surface area, sq ft. 

NU = number of units. 

SAS - surface area of unit selected. 

2.61.4.5.2 Calculate building area. In area where freezing 
weather may be expected, flotation units would nomally be 
enclosed in buildings. 

2.61.4.5.2.1 Calculate diameter of unit. 

where 

DIX - diameter of unit selected, ft. 

2.61.4.5.2.2 Calculate building area. 

$ - (DIA + 2) (DIA + 5) (NU) 

where 

$ - area of building, sq ft. 

2.61.4.5.3 Earthwork required for construction. The pro- 
cedure to estimate the earthwork requirenent is the same as that 
for circular clarifier. 

v ew = (1.15) NUC0.035 (DL4)3 + 4.88 (DIA)'+ 77 (DIA) + 3501 

v ew - earthwork required for construction, cu ft. 

1.15 - 15 percent excess volme as safety factor. 

NU - nunber of units. 

2.61.4.5.4 Reinforced concrete quantities. 
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2.61.4.5.4.1 Calculate side water depth. The side water depth 
can be related to the diameter by the following equation: 

SWD = 6.72 + 0.0476 (DIA) 

where 

SWD - side water depth, ft. 

2.61.4.5.4.2 Calculate the thickness of the slab. The thick- 
ness of the slab can be related to the side water depth by the 
following equation: 

ts - 7.9 + 0.25 SWD 

% 
= thickness of the slab, inches. 

2.61.4.5.4.3 Calculate the wall thickness. The wall thickuess 
can be related to the side water depth by the following: 

where 
tW 

- 7 + (0.5) SWD 

tW 
- wall thicicness, inches. 

2.61.4.5.4.4 Calculate reinforced concrete slab quantity. 

V 2 % cs = 0.825 (DIA+ 4) (12' (NU) 

where 

V cs = quantity of R.C. slab in-place, cu ft, 

2.61.4.5.4.5 Calculate reinforced concrete wall quantity. 

V cw - (3.14) (SWD + 1.0) (DIA) (t+) (NU) 

where 

V cw = quantity of R.C. wall in-place, cu ft. 

2.61.4.5.4.6 Quantity of concrete for splitter box. 

V cb - 100 (NU)l'13 
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where 

v 
cb 

- quantity of R.C. for splitter bo.x, cu ft. 

NU = nunber of units. 

2.61.4.5.4.7 Total quantity of R.C. 

wall: Vcti = Vcw + Vcb 

slab: Vest = V,, 

where 

V cwt = total quantity of R.C. will in-place, cu ft. 

v = cst total quantity of R.C. slab in-place, cu ft. 

2.61.4.5.5 Calculate dry solids produced. 

(Q) (Co) (8.34) 
DSTPD = 2000 

where 

DSTPD - dry solids produced, tpd. 

Q = sludge flow, mgd. 

cO 
- suspended solids concentration in the feed, 

mg/l. 

2.61.4.5.6 Calculate operational labor. 

2.61.4.5.6.1 If DSTPD is between 0 and 2.3 tpd, the opera- 
tional labor is calculated by: 

OMH = 560 (DSTPD) 0.4973 

2.61.4.5.6.2 If DSTPD is greater than 2.3 tpd, the operat:onal 
labor is calculated by: 

OMH = 496 (DSTPD) 0.5092 

where 

OMH * operation labor, man-hour/yr. 

2.61.4.5.7 Calculate maintenance labor. 
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2.61.4.5.7.1 If DSTPD is between 0 and 3.0 tpd, the main- 
tenance labor is calculated by: 

Mm- 156.0 (DSTPD)'*~~~~ 

2.61.4.5.7.2 If DSTPD is greater than 3.0 tpd, the maintenance 
labor is calculated by: 

MMH= 124.0 (DSTPD) 
0.6429 

where 

MMH - maintenance labor, man-hourjyr. 

2.61.4.5.8 Calculate electrical energy requirements for 
operation. 

KWH - 63,000 @STPD)0*g422 

where 

KWH - electrical energy requirement for operatlon, 
kwhr/yr. 

2.61.4.5.9 Operation and maintenance material costs. This 
iten includes repair and replacement material costs and other 
minor costs. It is expressed as a percent of total bare co* 
struction cost. 

OMMP = 1% 

where 

CMMP- percent of air flotation total bare construction 
cost as operation and maintenance materials 
costs, percent. 
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. 
2.61.4.5.10 Other construction cost itens. 

2.61.4.5.10.1 Fran the above estimation, approximately 85 
percent of the construction costs have been accounted for. 

2.61.4.5.10.2 Other minor cost itans such as piping, electrical 
wiring and conduit, concrete slab for punps and pressure tanks, 
etc., would be 15 percent. 

2.61.4.5.10.3 The correction factor would be 

CF ' --- 1.18 0.85 

where 

CF = correction factor for construction costs. 

2.61.4.6 

2.61.4.6.1 

2.61.4.6.2 

2.61.4.6.3 

2.61.4.5.4 

2.61.4.6.5 
ft. 

2.61.4.6.6 
ft. 

2.61.4.6.7 

2.61.4.6.8 

2.61.4.6.9 
kwhr/yr. 

Quantities Calculations Output Data. 

Surface area of unit selected, SAS, sq ft. 

Number of units, NU. 

Area of building, AR, sq ft. 

Earthwork required, V,,, cu ft. 

Total quantity of R.C. Wall in-place, Vcwt, cu 

Total quantity of R.C. slab in-place, Vest, cu 

Operational labor, CMH, man-hour/yr. 

Maintenance labor, MMH, man-hour/yr. 

Electrical energy requirement for operation, KWII, 

2.61.4.6.10 Operation and maintenance material costs as 
percent of air flotation total bare construction cost, percent. 

2.61.4.6.11 Correction factor for construction costs, CF. 
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2.61.4.7 Unit Price Input Required. 

2.61.4.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

2.61.4.7.2 
S/m yd. 

Unit price input for R.C. wall in-place, UPICW, 

2.61.4.7.3 
S/cu yd. 

Unit price input for R.C. slab in-place, UPICS, 

2.61.4.7.4 Cost of standard size flotation equipment, 
COSTFS, $, (optional). 

2.61.4.7.5 Marshall and Swift Equipment Cost Index, MSECI. 

2.61.4.8 Cost Calculatious. 

2.61.4.8.1 Cost of building. 

where 

COSTB = $ x UPIBC (.75) 

COSTB = cost of building, $. 

$ - building area, sq ft. 

UPIBC = unit price input for building cost, $/ft2. 

.75 = correction factor since slab is already accounted 
for in concrete costs. 

2.61.4.8.2 Cost of earthwork. 
v 

COSTE = + UPIEX 

where 

COSTE = cost of earthwork, $: 

v ew = quantity of earthwork, cu ft. 

UPIEX - unit price input for earthwork, $/cu yd. 

2.61.4.8.3 Cost of R.C. wall in-place. 
v cwt UPICW cosTcw - - 27 

where 

cosTcw - cost of R.C. wall in-place, $. 
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v * 
CWt 

total quantity of R.C. wall in-place, cu ft. 

UPICW = unit price input for R.C. wall in-place, $/ 
cu yd. 

2.61.4.8.5 Purchase cost of flotation equipment. The costs 
given include the basic mechanism to be mounted in the concrete 
tank, air pressurization tank, pressurization pump, pressure 
release valve, air injection system, and electrical panel. 

COSTRO 
COSTF - COSTFS x - 100 

where 

COSTF - purchase cost of flotation equipment of SAS 
surface area, $. \ 

COSTFS = cost of standard size air flotation unit of 
350 sq ft, $. 

COSTRO = cost of unit of SAS sq ft expressed as percent of 
cost of standard size unit. 

2.61.4.8.6 Calculate COSTRO. 

2.61.4.8.6.1 If SAS is less than 240 sq ft, COSTRO is cal- 
culated by: 

COSTRO - 0.3 @AS) + 25 

2.61.4.8.6.2 If SAS is between 240 sq ft and 480 sq ft, COSTRO 
is calculated by: 

COSTRO - 0.092 (SAS) + 75 

2.61.4.8.6.3 Zf SAS is greater than 480 sq ft, COSTRO is 
calculated by: 

COSTRO - 0.161 (SAS) + 43 

2.61.4.8.7 Cost of standard size unit. The cost of a 
dissolved air flotation unit with 350 sq ft of surface area for 
the first quarter of 1977 is: 

COSTFS = $44,200 

For better cost estimation, COSTFS should be obtained fran 
equipment vendor and treated as a unit price input. Othetise, 
for future escalation, the equipment cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 
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COSTFS 
MSECI = $44,200 491.6 

where 

MSECI = current Marshall and Swift Cost Index. 

491.6 = MSECI first quarter 1977. 

2.61.4.8.8 Equipment Installation Costs. These costs would 
include mounting of a flotation mechanism in the flotation tank, 
setting pumps and tanks, interconnecting piping, electrical 
installation, etc. These costs are estimated as 75 percent of 
the purchase cost of the equipment. 

EIC = .75 COSTF 

where 

EIC = equipment installation costs, dollars. 

2.61.4.8.9 Installed equipment cost. 

IEC = (COSTF + EIC) NU 

where 

IEC = installed equipment cost, $. 

, NU = number of units of area SAS sq ft. 

2.61.4.8.10 Total bare construction costs. 

TBCC = (COSTB + COSTE+ COSTCW + COSTCS + IEC) CF 

where 

TBCC = total bare construction costs, $. 
. 

CF - construction cost correction factor, 

2.61.4.8.11 Operation and maintenance material costs. 

OMMP OMMC = TBCC x 100 

where 

OMMC = operation and maintenance costs, $/yr. 

2.61.4.9 Cost Calculations Output Data. 

2.61.4.9.1 Total bare construction cost for dissolved air 
flotation unit, TBCC, $. 

2.61.4.9.2 Operation and maintenance material costs, OXMC, 
$/p 
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Table 2.61-l Air Flotation Parmeters 

Paraneter 

tir pressure, psig 

Effluent recycle, % 

Detention time, hr 

Air-to-solids ratio 
(lb air/lb solids) 

Solid loading, lb/ft2/day 

Activated sludge 
(mixed liquor) 

Activatd sludge 
(settled) 

SO% primary 
+SO% activated 

Primary only 

Hydraulic loading, gpcn/ft2. 

Detention time, rain 
(pressurizing tank) 

Typical Value 
Thickening Clarification 

40 to 70 40 to 70 

130 to 150 30 to 120 

3 0.25 to 0.5 

(O.Ob5 to 0.06) 

5 to 15 

10 to 20 

20 to 40 

to 50 

0.2 to 4 1 to 4 

1 to 3 1 to 3 
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2.61.5 

2.61.5.1 

2.61.5.1.1 

2.61.5.1.1.1 

2.61.5.1.1.2 

2.6_145.1.2 
10 . 

2.61.5.2 

2.61.5.2.1 
(mg/l x 0.624 

2.61.5.2.2 
test). 

2.61.S22.3 
gpd/ft ). 

2.61.5.2.4 

2.61.5.2.5 

2.61.5.3 

2.61.5.3.1 
test. 

Gravity Thickening, 

Input Data. 

Sludge flow (Q), gpd. 

Average daily flow (Q,,), gpd. 

Maximum flow (gnax) and minkam flow (Qmin), gpd. 

Solids concentration (Co), percent - (mg/l) x 

Note: 1 percent solids = 0.624 lb/ft3. 

Design Parameters. 

Desfhed underflow concentration (Cu), lb/ft3 = 
x10 ). 

Mass loading (ML), lb/ft2/day (fran settling 

Hydraulic loading (HL), gpd/ft2 (400 to 800 

Detention time (t), hr (2 to 6 hr). 

Number of tanks (N). 

Process Design Calculations. 

Calculate unit area, using data fran settling 

1 1 -,- - 

UA - ci cu 1 
ui xo.624 

where 
3 

UA = unit area, f t&/lb/day. 

ci = solids concentration at settling velocity Ui, 
percent. 

- (mg/l x (10e4) * - coHo 
(settling test, Fig. 2.61- 

3). Hi 
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co = ini_tial solids concentration, percent = (mg/l) x 
(10 1. 

HO 
= initial height, ft. 

Hi = intercept of tangent to the settling cume, ft 
(Fig. 2.61-3). 

% - underflow concentration, percent. 

'i - settling velocity at the interface, ft/day 
(settling velocity, Fig. 2.61-3). 

“i 

Figure 2.61-3. Typical settling cume fran laboratory test. ' 

2.61.5.3.2 Calculate mass loading. 

m-1 
UA 
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where 

ML -mass loading, lb/ft2/day. 

UA = unit area, ft2/lb/day. 

2.61.5.3.3 If settling data are not available, select mass 
loading frau Table 2.61-2. 

2.61.5.3.4 Calculate total surface area. 

TSA = 
(p,,) (Co) CO.6241 

(MU (7.48) 

where 

TSA - total surface area, ft 2 . 

Q avg = average daily flow, gpd. 

cO 
= initial solids concentration, percent. 

ML = mass loading, lb/ft2/day. 

2.61.5.3.5 Check hydraulic loading. 
Qm HL -+ ( 2 400 gpdlft2) 

HL %I 
- + ( S 800 gpd/ft2) 

where 

HL = hydraulic loading, gpd/ft2. 

gn in - minimum flow, gpd. 
. 

% ax -maximum flow, gpd. 

SA = surface area, ft2. 

2.61.5.3.6 Select nunber of tanks and calculate surface area 
per tank. 

SAE'T =F 

where 

SAPT - surface area per tank, ft2. 
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2 
TSA = total surface area, ft . 

N - nunber of tanks. 

2.61.5.3.7 Select a detention time (2 to 6 hr) and calculate 
tank volune. 

v= (Q,,> W (24 '1 c&@ 

where 

V = vollane, ft3. 

Q avg - average daily flow, gpd. \ 

t - detention time, hr. 

2.61.5.3.8 Calculate depth. 

where 

D - (V> 
(SAW 

D = depth, ft. 

V = volume, ft3. 

SAPT - surface area per tank, ft2. 

2.61.5.3.9 Calculate volume of thickened sludge. 

VTS - 
(Q) (Co) (0.9) 

(Cu) (Specific Gravity) 

where 

VTS - volme of thickened sludge, gpd. 

Q - sludge flow, gpd. 

co = initial solid concentration, percent. 

cU 
- desired underflow concentration, percent. 

2.61.5.4 Process Design Output Data. 

2.61.5.4.1 Average sludge flow, mgd. 

2.61.5.4.2 Initial concentration, percent. 

2.61.5.4.3 Thickened concentration, percent. 
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2.61.5.4.4 

2.61.5.4.5 

2.61.5.4.6 

2.61.5.4.7 

2.61.5.4.8 

2.61.5.4.9 

2.61.5.4.10 

2.61.5.4.11 

2.61.5.5 

2.61.5.5.1 

Mass loading, lblft'fday. 

Hydraulic loading, gal/day/ft'. 

Detention time, hr. 

Nmber of units. 

Depth, ft. 

Volune, ft3. 

Surface area per tank, ft'. 

Voltme of thickened sludge, gpd. 

Quantities Calculations. 

Calculate diameter of each tank. 

If DIA is not an integer, use the next larger integer. 

where 

DIA - diameter of the unit, ft. 

2.61.5.5.2 Calculate earthwork required for construction. 
The procedure to estimate the earthwork requirenent is the sane 
as that for the circular clarifier. 

V ew = (1.15) N [0.035 (DIA)3 + 4.88 (DIA)'+ 77 (DIA) + 350) 

where 

V ew = volume of earthwork required for construction, 
cu ft. . 

1.15 - addition of 15 percent for safety factor. 

2.61.5.5.3 Calculate reinforced concrete quantities. 

2.61.5.5.3.1 Reinforced concrete slab quantity for tanks. 

V cst - (N) (0.825) (DIA + 4)2 k 
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v 
cst 

- quantity of R.C. slab in-place, cu ft. 

% 
- thickness of the slab, Inches, can be obtained by: 

ts I 7.9 + 0.25 SWD 

where 

SWI) - sidewater depth, ft. 

2.61.5.5.3.2 Reinforced concrete wall quantity for tanks. 
tW 

v cst - (N) (3.14) (SWD + 1.5) (DIA) 12 

where , 

v 
CWt 

- quantity of R.C. wall in-place for tank, cu ft. I . 

t w - wall thickness, inches, can be calculated by: 

tW 
- 7 + (0.5) (SWD) 

2.61.5.5.3.3 Reinforced concrete for splitter boxes. 

v cb - (100) N1*13 

where 

v cb = quantity of R.C. for splitter boxes, cu ft. 

2.61.5.5.3.4 Total quantity of reinforced concrete in-place. 

wall: vcw = v,, + vcb 

Slab: Vcs = Vest 

where 

v = cw total quantity of R.C. wall in-place, cu ft. 

v - cs total quantity of B.C. slab in-place, cu ft. 

2.61.5.5.4 Calculate dry solids produced. 

Q 8; (Co) 0.34 

DSTPD - loo (2000) 

where 

DSTPD = tons of dry solids produced per day, tpd. 
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2.61.5.5.5 Calculate the maintenance manpower requirement. 

2.61.5.5.5.1 If 0 < DSTPD I; 2.7 tpd, the maintenance manpower 
is calculated by: 

MMH - 141.36 (DSTPD)oo566 

where 

MMH - maintenance manpower requirements, man-hours/yr. . 
2.61.5.5.5.2 If 2.7 < DSTPD 5 13 tpd, the maintenance manpower 
is calculated by: 

MMEI- 164.8 (DSTPD)"*4093 

2.61.5.5.5.3 If DSTPD > 13 tpd, the maintenance manpower is 
calculated by: 

mm - 91.04 (DSTPD)O*~~~~ 

2.61.5.5.6 Calculate the operation manpower reuqiranent. 

2.61.5.5.6.1 If 0 C DSTPD 5 2.7 tpd, the operation manpower is 
calculated by: 

OMH = 152.0 (DSTPD)0*7066 

where 

OMH = operation manpower requiranent, man-hours/yr. 

2.61.5.5.6.2 If 2.7 < DSTPD 5 13 tpd, the operation manpower 
is calculated by: 

OMH - 184.16 (DSTPD)0'5046 

2.61.5.5.6.3 If DSTPD > 13 tpd, 'the operation manpower is 
calculated by: 

OMH - 93.12 (DSTPD)0'7704 

2.61.5.5.7 Calculate the energy requirement for operation. 

2.61.5.5.7.1 If 0 < DSTPD < 50 tpd, the energy requirenent for 
operation is calculated by: 

KWH = 4500 (DSTPD)0'301 

where 

2.61-24 



KW = energy requirkent for operation, kwhr/yr. 

2.61.5.5.7.2 If DSTPD 50 tpd, the energy requiranent for 
operation is calculated by: 

KWH - 1463.6 (DSTPD)005881 

2.61.5.5.8 Other operation and maintenance material costs. 
This iten includes repair and replacement material costs and 
other minor costs. Xt is expressed as a percent of the total 
bare construction cost .of the sludge thickening system. 

OMMP - 1% 
\ 

where 

QMMP = 

2.61.5.5.9 Other construction cost items. 

O&X material costs as percent of total bare 
construction cost for sludge thickening systan, 
percent. 

2.61.5.5.9.1 Fraa the above estimation, approximately 85 
percent of the construction costs have been accounted for. 

2.61.5.5.9.2 Other minor cost itans such as piping, site 
cleaning, control panel, etc., would be 15 percent of the total 
bare cons truct ion cost. 

2.61.5.5.9.3 The correction factor would be: 

where 
CF - a& - 1.18 

CF = correction factor for other m’inor cost itens. 

2.61.5.6 Quantities Calculations Output Data. 

2.61.5.6.1 Diameter of unit, DTA, ft. 

2.61.5.6.2 Quantity of earthwork required, V,,, cu ft. 

2.61.5.6.3 Total quantity of R.C. wall in-place required, 
V cw, cu ft. 

2.61.5.6.4 Total quantity of B.C. slab in-place required, 
V 

cs ’ cu ft. 
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2.61.5.6.5 Maintenance manpower required, MMH, man-hours/yr. 

2.61.5.6.6 Operation manpower required, OMH, man-hours/yr. 

2.61.5.6.7 Energy requirement for operation, XWH, kwhr/yr. 

2.61.5.6.8 O&Mmaterial costs as percent of total bare 
construction cost of sludge thickening system, OMMP, percent. 

2.61.5.6.9 Correction factor for other minor cost items, CF. 

2.61.5.7 Unit Price Inputs Required. 

2.61.5.7.1 Cost of earthwork, UPIEX, dollars/cu yd. 

2.61.5.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

2.61.5.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

2.61.5.7.4 Standard size thickener mechanism (90-ft dia- 
meter) cost, COSTTS, $, (optional). 

2.61.5.7.5 Marshall and Swift Equipment Cost Index, MSECI. 

2.61.5.7.6 Equipment installation labor rate, LABRX, $/man- 
hour. 

2.61.5.7.7 Crane rental rate, UPICR, $/hour. 

2.61.5.8 Cost Calculations. 

2.61.5.8.1 Cost of earthwork. 

COSTE - + l UPIEX 

where 

COSTE - cost of earthwork, $. 

v ew = volume of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 
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2.61.5.8.2 Cost of R.C. wall in-place. 

v 
COSTCW -  * l UPICW 

where 

COSTCW = cost of R.C. wall in-place, $. 

v cw = quantity of R.C. required for walls, cu ft. 

UPICW - unit price input for R.C. wall iwplace, 
$/cu yd. \ 

2.61.5.8.3 Cost of R.C. slab in-place. 

v 
cosTcs = + l UPICS 

where 

COSTCS - cost of R.C. slab in-place, $. 

v cs = quantity of R.C. required for slab, cu ft. 

UPICS = unit price input for R.C. slab in-place, 
$/cu yd. 

2.61.5.8.4 Cost of installed equipment. 

2.61.5.8.4.1 Purchase cost of thickener equipment. The pur- 
chase cost of the thickener mechanism can be obtained fran the 
following equation: 

COSTRO 
cosm - COSTTS x 100 

where 

cosm = purchase cost of thickener mechanism with 
dianeter of DIA ft, $. . 
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COSTTS = purchase cost of standard size thickener 
mechanism with diameter of 90 ft, $. 

COSTRO - cost of mechanism with diameter of DIA ft, 
as percent of cost of standard size 
mechanism, percent. 

2.61.5.8.4.2 Calculate COSTRO. 

COSTRO - 2.16 (DIA)"'8515 

2.61.5.8.4.3 Cost of standard size mechanism. The cost of the 
mechanism for a 90-f t diameter thickener for the first quarter 
of 1977 is 

cos'rrs - $82,500 

For better cost estimation COSTTS should be obtained fran equip 
ment vendor and treated as a unit price input. If COSTES is not 
treated as a unit price input, the cost will be autauatically 
updated by using the Marshall and Swift Equipment Cost Index. 

KSECI 
COSTTS - 82,500 ' 491.6 

where 

MSECI - current Marshall and Swift Equipment 
frcm input. 

Cost Index 

491.6 - Marshall and Swift Cost Index for first 
quarter 1977. 

2.61.5.8.4.4 Installation man-hours for thickener mechanism. 
The man-hour requirenent for field erection of thickener me- 
chanism can be estimated by: 

XMH = i.04 (DIA) 

where 

LW - installation man-hour requiranent, man-hours. 

2.61.5.8.4.5 Crane requirement for installation, CH. 

CH = (0.1) mm 

where 

CH = crane time requirement for installation, hr. 
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IEC - installed equipment costs, $. 

UBRI = labor rate, $/man-hour. 

UPICR = crane rental rate, $/hr. 

2.61.5.8.5 Total bare construction cost. 

TBCC * (COSTE + COSTCW + COSTCS + IEC) (CF) 

where 

TBCC - total bare construction cost, $. 

CF = correction factor for minor cost items. 

2.61.5.8.6 Operation and maintenance material costs. 

OMMC - TBCC x qg 

where 

OMMC = operation and maintenance material costs, 
do1 lars/yr. 

OMMP * 

I 

percentage of total bare construction cost 
as operation and maintenance material 
costs, percent. 

2.61.5.8.4.6 Other minor costs associated with the installed 
equipment. This category includes the cost for electrical 
controls, influent pipe, 'effluent weirs, SCM baffles, special 
materials, painting, etc., and can be added as percent of 
purchase equipment cost. 

PMINC - 15% 

where 

PMINC = percentage of purchase cost of equipment as 
minor costs, percent, 

2.61.5.8.4.7 Installed equipment costs. 

IEC = (ij [(cost) (1 + pyir) +'(IMH) (LABRI) + (CH) (UPICR)] 

where 
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2.61.5.9 Cost Calculations Output Data. 

2.61.5.9.1 Total bare construction cost of the sludge 
thickener, TBCC, $. 

2.61.5.9.2 Operation and maintenance material costs, OMMC, 
$/yr. 

Table 2.61-2. Concentrations of Unthickened and Thickened 
Sludges and Solids Loadings for Mechanical Thickeners 

. 

Type of Sludge 

Separate sludges 

Primary 2.5 to 5.5 8.0 to 10.0 
Trickling filter 4.0 to 7.0 7.0 to 9.0 
Modified aeration 2.0 to 4.0 4.3 to 7.9 
Activated 0.5 to 1.2 2.5 to 3.3 

Canbined sludges 

Primary and trickling filter 

Sludge, Solid, percent 
Unthickened Thickened 

3.0 to 6.0 7.0 to 9.0 
Primary and modified aeration 3.0 to 4.0 8.3 to 11.6 
Primary and activated 2.6 to 4.8 4.6 to 9.0 

Solids 
Loading for 
Mechanical 
Thickeners 

lb/ft21dap 

20 to 30 
8 to 10 
7 to 18 
4 to 18 

12 to 20 
12 to 20 

8 to 16 
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2.63 TRICKLING FILTERS. 

2.63.L Background. 

2.63.1.1 Trickling filters were one of the earLiest forms 
of wastewater treament used in the United States. They are 
cLassified as Lo+ or high-rate filters, depending on the hy- 
draulic Loading (l-4 mgad for low, lo-40 mgad for high). In the 
trickLing fiLtration process wastewater is distributed unifortnLy 
over the filter media by a fLow distributor. The majority of 
,%uch units use a reaction drive rotary distributor. A Large 
portion of the wastewater rapidly passes through the filter; the 
remainder SLOWLY trickles over the sltie Layer formed on the 
filter surface. BOD renovaL is achieved by biosorption and 
coagulation fran the rapidly moving portion of the flow and by 
progressive removal of soluble constituents from the more slowly 
moving portion of the flow. . 

2.63.1.2 The quantity oi bioLogica slime produced is 
controlled by the avaiLabLe food; the growth wiL1 increase as the 
organic load increases until a maximum effective thickness is 
reached. The maximum growth is controLLed by physical factors 
including hydraulic dosage rate, type of media, type of organic 
matter, amount of essentiaL nutrients present, oxygen transfer, 
and nature of the particular biologicaL growth. 

2.63.1.3 The use of recently developed synthetic media has 
increased the popularity as well as the capability of trickling 
filters in domestic wastewater treannent. The granite stone 
medium is rarely used in modern sewage treament systems due to 
its higher capitaL costs (cunpared with synthetic midia) and 
other Limitations such as growth of fiLter fLies, odor, and 
ponding problems. Thus only the synthetic medium filter tower 
wiLL be designed here. 

2.63.2 Input Data. 

2.63.2.1 Wastewater flow. 

2.63.2.1.1 Average daiLy flow, mgd. 

2.63.2.1.2 Peak hourly flow, mgd. 

2.63.2.2 Influent BOD, u&l. 

2.63.2.3 Desired effluent BOD, mg/le 

2.63.2.4 Temperature, *C. 

2.63.2.5 Recirculation ratio. 

2.63.3 Design Parmeters. . 



2.63.3.1 Reaction rate constant, k (0.0015-0.003) (fra 
laboratory). 

2.63.3.2 Specific surface area of the media, ft2/ft3, fran 
manufacturer - A 

P* 
2.63.3.3 Media factor = n (fran laboratory). 

2.63.3.4 Hydraulic loading. gpm/ft2 = Q. (fran laboratory). 

2.63.3.5 Sludge production factor = PF (0.42-0.65) lb 
solids/lb BOD5. 

2.63.4 Process Design Calculations. 

2.63.4.1 Eckenfelder’s design procedure vi11 be utilized. 

where 

S = desired effluent BOD5, mg/l, fran input data. 

sO 
= influent BOD5, mg/l, frau input data. 

K = treatability constant. 

Ap - specific surface area of the media, ft2/ft3. 

D = depth of the filter tower, ft. 

Q. - hydraulic loading, gpa/.ft2. 

n = media factor. 

2.63.4.1.1 Treatabil ity Cons tint, K. K is a parmeter de 
pendent on the wastewater characteristics and taierature, but 
independent of the type of media used. The values of K extracted 
fran the literature are presented in the following table: 
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BOD TREATABILITY FACTORS OF SETTLED SEWAGE IN 
TRIGKLING FILTER WITH VARIOUS MEDIA 

Type of Media 

1%" Raschig rings 

2%” slag 

1 II - 3” gravel 

3s 0.0023 * 

20 0.00145 

19 0.00311 

Surfpac 

Surf pat 

2s 0.0020 

2st 0.0020 

Surfpac 25 . O.OOM 

Smfpac 28 0.00282 

Average 0.00220 

. 

Thus K can be expressed as: 

K - (l.03s)T-20 l (0.0022) 

where 

T = waste tenperature, OC. 

1.035 - temperature correction factor. 

2.63.4.1.2 Specific Surface Area, Ap. 

Filter packings have been canposed of21 t -- ,-. ,fl !I 
3 inches 

of rock with specific surface area of 9 tf zu3(r~ /xt ) and the 

new plastic media of 20 to 3S or more (ft /ft ) specific surface 
arfa. 3As recanmended by Eckenfelder, a max%num A of about 30 
f t /f t is recunmended for the treatment of carboRaceous wastes 
to avoid filter plugging and pending. 

Note: It is to be emphasized that the treatability 
factor or rate constant used by scxnemedia manufacturers is 
different fraa the treatability constant K used in thXs section. 
Their rate constant is equivalent to (K'AQ. 
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2.63.4.1.3 Media Factor, n. The media factor, n, is an 
apirical factor devised to relate the film fluid flow con- 
ditions to various packing methods. It is shown that n does not 
appear related to Q the filter hydraulic loading. 
factor is related tg’the specific surface area, A 

The media 
in the 

f 01 lowing way. P’ 

. n = 0.91 - 6.45/A 
P 

It is suggested by Eckenfelder and plastic media manufacturers 
that a media factor of 0.5 should be used for the surfpac and/or 
vinyl core media. 

2.63.4.2 When recirculation is mployed, the following 
equation should be used to consider dilution of the filter 
influent: 

where 

Ql = total hydraulic loading, gpmf f t2. 

Ql -Q. U+ RI 

R = the recirculation ratio. 

There are two purposes for recycling the tower effluent back to 
the filter tower. One is that the plast$c media requires an 
hydraulic loading of at least 0.5 g&ft for canplete wetting 
of the surface. The other reason is to enhance BOD raoval when 
high strength waste is treated. It has been shown that when the 
influent BOD5 concentration exceeds 400-500 mg/ lV oxygen li- 
miting can hapPen In the tower. Recirculation helps to louer 
the influent BOD as well as increise aeration in the tower. 

The .following equation is given to relate the recaumended 
recirculation rate, R, to the influent BOD concentration. 

R - 0.004 So - 0.6 

R must always be larger than or equal to zero. 

2.63.4.3 Sizing a trickling filter system. 
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2.43.4*3.1 Select a hydraulic loding, usually use 0.75 gpm 2 
per ft . If the hydraulic loading Ql is smaller than 0.5 gpm/ft , 

set Ql = 0.5 gpn/ft 
2 and readjust R Ad * 1 Q . 

0 . 
2.63.4.3.2 Calculate the required depth, D, by using: 

The height or depth of a plastic media trickling filter tower 
can be up to 27 feet without extend. structural support. Thus, 
it is to our advantage to Unit the>tower height below 30 ft to 
avoid expensive structure. 

2.63.4.3.2J If D is larger than 60 ft, it is recanmended that 
other process should be tried. 

2.63.4.3.2.2 If D is larger than 40 f t but smaller than 60 ftv 
a 2 stage trickling filter system would be used. Thus 

Nsg = 2 

where 

Nsg - nmber of stages 

2.63.4.3.2.3 If D is larger than 27 ft but smaller than 40 f t, 
a single stage systa would be used. 

and, a smaller hydraulic loading (such as 0.5 gpm per sq ft) 
should be used and the sizing procedure should be repeated until 
D is sailer than 27 ft. 

2.63.4.3.2.4 If D is smaller than 27 f t, the sizing procedure 
is canpleted. 

2.63.4.3.2.5 If D is smaller than 8 ft, use 8 ft as depth. It 
is reccmmended by sane media mamfacturem that a minimum D of 
8- 10 f t should be provided to insure good contact between 
wastewater and the biofilm. 



2.63.4.3.3 Calculate surface area of filter. 

Q x lo6 
SA = avg 

QoU44W 
where 

SA = surface area, ft2. 

Q 
avg 

= lnfluent w8ste flow, mgd. 

Q. = hydr8ulic lo8ding, gpm/ft 2 . 

2.63.4.3.4 Calcul8te the filter volune. 

V - (SA) ’ D 

where , 

V - medi8 volume, cu ft. 

2.63.4.3.5 The depth of e8ch tower. 

where 

Df = D/Nsg 

Df - depth of e8ch tower, ft. 

2.63.4.4 Filter feed pumping statlon design. 

2.63.4.4.1 Pumping c8pacity: The largest of the three flow 
values would be used to design the pump c8paclty. 

2.63.4.4.1.1 

2.63.4.4.1.2 

2.63.4.4.1.3 

To t8ke c8re of peak loading 

Q P-P- R % 

To t8ke care of recircul8tion 

Q 
P*P 

- (1 + R) Q8vg 

To take c8re of canplete wetting 

Q 
P-P = WU 

1440 
l (0.5) x -  

lo6 

where 
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Q PmF 
* f im pumping capacity of the filter feed pumping 

station, mgd. 

2.63.4.4.2 Pumping he& : The punp systems should have the 
pumping head of 

H 
P=P 

- 1.5 (Df) 

where 

H 
PmP 

= pumping head, ft. 

2.63.4.4.3 Nmber of pump stations: For a two stage systm. 
double pumping is necessary. The number of filter feed pumping 
station would be: ’ 4 

N -N 
Ps sg ~ 

where 

N 
Ps 

- number of pump stations. 

2.63.4.5 Sludge Product ion. The sludge production is 
dependent on the loading rate of the trickling filter. However, 
no information is available frm the literature concerning this 
relationship. Based on field measurements, the solids pro- 
duction rate is in the range of 0.42 to 0.65 lbs solids per lbs 
of BOD 

2 
applied. A typical value of 0.4s lbs per lbs of BOD5 

for a yplcal domestic waste is suggested. Thus, the sludge 
procluction rate would be: 

where 

SP = sludge solids produced, lbs/day. 

SPR = solids production rate. 

2.63..4.6 Effluent Qua1 ity. 

2.63.4.6.1 Suspended Sol ids. 

The effluent suspended solids coucentration is specified by the user. 
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2.63.4.6.2 BOD5. 

BODE = se + (0.84) (f') (SSE) 

Se is specified by the user. 

where 

BODE - effluent BOD5 concentrationW mg/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

f' - degradable fraction of MLVSS. 

SSE = effluent suspended solids concentration, q/l. 

2.63.4.6.3 COD. 

CODE = 1.5 BODE 
CODES = 1.5 s e 

where 

CODE = effluent COD concentration, mg/l. 

BODE = effluent BOD5 concentration, mg/l. 

CODES - effluent soluble COD concentration, q/l. 

Se - effluent soluble BOD5 concentration, u&l. 

2.63.4.6.4 Nitreen. 

TKNE - (0.7) TKN 
NH3E = TKNE 

NO3E = NO3 + (O&3) (TKN) 
NO2E - NO2 

where 

TKNE - effluent Kjedahl nitrogen concentrakon, mg/l. 

TKN - influent Kjedahl nitrogen concentration, mg/l. 

NH3E - effluent mmonia concentration, mg/l. 

NO3E - effluent NO3 concentration, mg/l. 
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NO3 = influent NO2 concentration, mg/l. .# 

NOZE = effluent NO2 concentration, rndl 

NO2 - influent NO2 concentration, mg/l 

2.63.4.6.5 Phosphorus. 

PO4E = (0.7) (PO4) 

where 

PO4E = effluent phosphorus concentration, mg/l. 

Po4* influent phosphorus couoentratiyn, mdl~ 

2.63.4.6.6 Oil and Grease. I 

OAGE - 0.0 

where 

OAGE - effluent oil and grease concent L ation, lmg/l. 

2.63.4.6.7 Settleable Solids. 

SETS0 = 0.0 

where 
I 

SETS0 = effluent settleable solids con entration, tag/l. 

2.63.5 

2.63.5.1 

2.63.5.2 

2.63.5.3 

2.63.5.4 

2.63.5.5 

2.63.5.6 

2.63.5.7 

Process Design Output Data. 1 

R-oval efficiency, percent. 

Voluue of filter media, ft3* V. 

Surface area, sq ft. SA 

Total tower depth, D, ft. 

Sludge production, lbs/day, 

Nunber of stages, Nsg. 

Depth of individual filter, 

SP. 

Df, ft. 
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2.63.5."8 

2.63.5.9 

2.63.5.10 

Recirculatfon ratio, R. 

Tower filter punp capacity, Op 
umP' mgd. 

Number of pump stations, N 
Ps- 

2.63.6 Quantities Calculations. 

2.63.6.1 Select nuuber of filters. Field experience 
indicates that a single filter will be used when the total media 
volume is less than approtiately 50,000 cu ft. Above this 
value two towers are generally utilized. The surface area of 
the filter tower is lkited by the available sizes of the 
distribution arms. The distribution arms are generally in the 
range of 20 to 200 feet in diaeter. Thus the mahum volume of 
a single trickling filter tower is limited by the dianeter of 
the distributor arms and the depth of the media. Using the 
following values as the maxlmum 

Dianeter of tower - 150 ft 

Thenaximm surface area of the filter to&r would be: 

sAmax - (150)2 x l/4 x = 17,700 sq ft 

The nmber of towers per stage, NTS, would be determined by the 
following rule: 

NTS 

1 
2 
3 
4 
6 
8 
10 
12 
14 
15 
16 
18 
20 

Total nunber of towers -N -N TS 

Surface area of Single Stage 
(sq ft) 

2,000 
2,000 - 17,700 

17,700 - 35,400 
35,400 - 53,100 
53,100 - 88,500 
88,500 - 123,900 

123,900 - 159,300 
159,300 - 194,700 
194,700 - 247,800 
247,800 - 265,500 
265,500 - 283,200 
283,200 - 300,900 
300,900 - Above 

' Nsg 

where 
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N - total number of towers. 

N TS - nunber of tower per stage. 

Nsg = nunber of stages. 

2.63.6.2 Calculate the volume of the 

The volme to be handled by one filter, VN, 

ilter tower. 

would be 

where 

2.63.6.3 

vN = volume of each individual filter tower, cu ft. 

Calculate the dimeter of the filter tower. 

‘N 0.5 DIA - 1.128 ($ 
f 

where , 

DIA - diameter of the filter tower, ft. 

Df - depth of the tower, ft. 

2.63.6.4 Trickling Filter Constructian. 

2.63.6.4.1 A typical section of a plastic media trickling 
filter is shown in Figure 2.63-l. It can $enerally be divided 
into four canponents: the medium and the outside wall, the 
distributor arms, themedim support system and the underdrain. 

2.63.6.4.2 The plastic medium usually i,s supplied and 
installed by the manufacturers and cost of the installed system 
is estimated as dolI.ars/cu ft. Polyester fiberglass, lightweight 
steel, and precast double-tee constructionz3 have been utilized 
as the medium containment structure. In this design, it is 
assumed a &inch reinforced concrete wall will be utilized. The 
distributor arms include the center column and rotary distri- 
butors and their support. They are available fran several 
manufacturers with size ranging fran 2Sfeet to 200-feet dia- 
meter. 

2.63.6.4.3 The medium support system consists of precast 
beans and concrete support posts as shown in Figure 2.63-2. 
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SUPPORT POST 

FIGURE 2.63-2. TYPICAL PRECAST CONCRETE BEAM SUPPORT 
!3YSTDf EDR TRICKLING FILTER 



2.63.6.4.4 
and channel, 

The underdrain system includes the drainage floor 
sidewall with air openings, and center colon for 

distributor support. 

2.63.6.5 External Wall Construction. A reinforced wall 
with &inch thickness will be assumed for the wall. 
retiforced concrete wall quantity would be: 

Thus, the 

V 
CW 

- 1.57 (Df + 3') (DIA) 

V ewe - quantity of RC wall, cu ft. 

Df = depth of filter media, ft. 

DXA = dimeter of the filter tower, ft. 

2.63.6.6 The Media Support System. The supporting system 
consists of concrete supporting posts and precast concrete 
beans. The nuuber of posts depends on the size of the filter 
and can be approximated by the following equations: 

2.63.6.6.1 When DIA < 40 ft 

NCP - 0.00108 (DIA)3*08 

2.63i6.6.2 When DLA > 40 ft 

NCP - 0.0739 (DU)1*g35 

where 

NCP - total nunber of posts* 

2.63.6.6.3 With the dimensions shown in Figure 2.63-2 and 
using an average depth of two feet, the volme of concrete 
required for the posts would be: b 

where 

V 
=v - 1e333 (NCP) 

V 
CWP 

= volume of R.C. wall for the supporting post, cu 
ft. 

2.63.6.6.4 The precast concrete beam quantity, expressed as 
total length, can be related to the size of the filter as 
follows: 
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2.63.6.6.4.1 When DIA s 40 ft 

LCB - (0.0119) (N) (DLA)2'g63 

2.63.6.6.4.2 When DIA > 40 ft 

LCB = (0.364) (N) (DIA)2=03s 

where 

LCB = total length of the precast besms, ft. 

2.63.6.7 The Underdrain System. 

2.63.6.7.1 Floor concrete volme, assuming a thicbess of 8" 

v csf = 0.524 (DIA)2 

v csf - volume of R.C. slab, cu ft. 

2.63.6.7.2 Drainage Channel. The quantity of concrete for 
the drainage channel can be approximated by: 

2.63.6.7.2.1 When DIA < 70 ft 

V cwd - UW @W 

2.63.6.7.2.2 When DLA 2 70 ft 

V cwd = Cl?) @W 

where 

V cwd - volune of R.C. wall, cu ft. 

2.63.6.7.3 The center colon for the distributor axus. The 
quantity of concrete for the colon can be estknated by: 

2.63.6.7.3.1 When DLA < 70 ft 

V - 4 + CWC (Df 5') 

2.63.6.7.3.2 When DXA 2 70 ft 

V - 16 + cwc (Df 5') 
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where 

V cwc = volume of concrete for the center column, cu ft. 

2.63.6.7.4 The outside ring wall quantity. 

v - cwr 12.6 (DIA) 

where 

V =~ - volume of concrete for outside ring wall, cu ft. 

2.63.6.8 Earthwork. The volume of earthwork can be 
estixuated by: 

V ewn - (1.15) x [0.035 (DIA)3 + 4.88 (DIA)'+ 77 (DU) + 3501 

where 

V Ed - earthwork required for the coustruction of a 
single tower, cu ft. 

1.15 - safety factor for consemative design. 

2.63.6.9 Total reinforced concrete wall quantity, Vcw. 

V cw=N[V +V +V cwd +V ewe CV cwc +I' ] 
Cm 

where 

V cw = total quantity of R.C. wall in place, ct+ ft. 

N = nunber of trickling filter towers. 

2.63.6.10 Total reinforced concrete slab in place, Vcs. 

where 

V -N’v cs ' csf 

V =s - total quantity of R.C. slab in place, cu ft. 

2.63.6.11 Total earthwork required, Vew. 

V ew -N'V ewn 

where 

V en = total earthwork required, cu ft. 
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2.63.6.12 EYlectrical energy required for operation. The 
electric energy required for operation depends on the flow to be 
pumped and the total dynmic head. It can be estimated by the 
following equation. 

KWH - ZOO0 tQavgl 
0.961 

where 

KWH = electric energy required, kwhr/yr. 

Q w3 
- average daily flow, mgd. 

2.63.6.13 Operation and maintenance manpower requirement. 

2.63.6.13.1 Operationman-hours requirti, OMH. . 

2.63.6.13.1.1 When Qavg< 1.0 mgd. 

mm - 128 CQavgl 
0.301 

2.63.6.13.1.2 When I.0 C QavgS 10 mgd 

OMH - 128 (Q 
w3 

jO.6O88 

2.63.6.13.1.3 Nhen QavgBIO mgd 

OMX = 68 (Q 
w3 

jO.886l 

where 

OMH = operational manpower requirement, maphour/yr. 

Q - average daily flow, mgd. 
\ 

w3 

2.63.6.13.2 Maintenance man-hour requirement, MMH. 

2.63.6.13.2.1 When QmgS 1.0 mgd 

MMH - 112 (Q ) 
0.2430 

av 

2.63.6.13.2.2 When 1.0 C Qavg S 10 mgd 

MMH - 112 (Q ) 
0.6021 

a% 

2.63.6.13.2.3 When Qavg > 10 mgd 

MMH - 80 (Q 1 
0.7066 

m3 
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where 

?Wl = maintenance man-hours required, mawhour/yr. 

2.63.6.14 Other operation and maintenance material costs. 
This iten indudes repair and replacement material costs. It is 
expressed as a percent of total installed cost of equipment 
which includes the plastic media and distributor arms. 

OMMP -1% 

OMMP = percent of the installed equipment costs for the 
operation and maintenance material costs, %. 

2.63.6.15 Other minor construction itens. Items such as 
pWq3, walkways around the towers, and site cleaning would be 
approximately 20 percent of the total construction costs. 

CF, the correction factor for this minor cost would 
be: 

CF - & = 1.25 . 

2.63.7 Quantities Calculations Output Data. 

2.63.7.1 Total volune of media, Vd, cu ft. 

2.63.7.2 Nmber of filter towers, N. 

2.63.7.3 Total R.C. wall in-place, Vcw, cu ft. 

2.63.7.4 

2.63.7.5 

2.63.7.6 
bean, LCB, ft. 

Total R.C. slab i&place, Vcs, cu ft. . 

Total earthwork, Vew, cu ft. ' . 

Total length of precast concrete media support 

2.63.7.7 Operational manpower requirement, OMH, Wyr. 
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2.63.7.8 Maintenance manpower requireuent, MMH, MWyr. 

2.63.7.9 Electric energy requirenent, KWH, kwhr/yr. 

2.63.7.10 Other operation and maintenance material costs, 
OMMP, percent. 

2.63.7.11 Correction factor for oth&r )capital costs,, CF. 

2.63.8 Unit Price Input Required. 

2.63.8.1 Cost of earthwork, UPIEX, $/cu yd. 

2.63.8.2 Cost of R.C. wall in-place, UPTCW, $/cu yd. 

2.63.8.3 Cost of R.C. slab in-place, UPTCS, $/cu yd. 

2.63.8.4 Unit price of filter media, UPFM, $/cu ft. 

2.63.8.5 Unit price for a SO-foot diaeter distributor 
system, CODAS, $ (optional). 

2.63.9 Cost Calculations. 

2.63.9.1 Cost of earthwork, COSTE, $. 
v 

COSTE = $! x UPIEX 

where 

COSTE = cost of earthwork, $. 

v ew - volume of earthwork, cu ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

2.63.9.2 Cost of reinforced concrete wall in-place, 
cosTcw, $. 

v 
COSTCW - g x UPICW 

where 

COSTCW - cost of R.C. wall in-place, $. 

v cw - total quantity of R.C. wall cu ft. 
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UPICW - unit price input of R.C. wall in-place, $/cu yd. 

2.63.9.3 Cost of R.C. slab in-place, COSTCS, $. 
v 

where 

COSTCS - + x UPICS 

cosTcs - cost of R.C. slab in-place, $. 

v =s - volume of R.C. slab, cu yd. 

UPICS = unit price input for R.C. slab *place, $/cu yd. 

2.63.9.4 Cost of the filter media, COSTFM, $. 

COSTFM - V d l UPFM . 

where 

COSTFH - cost of installed filter media, $. 

Vd = volume of plastic medium, cu ft. 

UPFM = unit price of plastic media installed, $/cu ft. 

The first quarter 1977 price for UPFM is $2.SO/cu ft. For a 
better estimate this unit price should be obtained fran equip 
merit vendor. . 

2.63.9.5 Cost of distributor arms. 

2.63.9.5.1 Purchase cost of distributor arms. The purchase cost of 
distrLbutor arms can be obtained by using the following equation: 

CODA = CODAS l CRIODA 

where 
. 

CODA = purchase cost of distributor arm with diaeter of 
DLA ft, $. 

, CODAS - purchase cost of a standard sized distrlbutor arm 
with dizxneter of 50 feet. 

The 1st quarter 1977 price for CODAS is $39,000. However, for a better 
estimate, CODAS should be obtained fran equipment vendors and treated as 
a unit price input. OtheMse, the following equation will be utilized 
for cost escalation purposes: 



MSECI 
CODAS - 39,000 x m 

l 

where 

MSECI = current Marshall and Swift equipent cost index 
for input. 

491.6 - MSECI value, 1st quarter 1977. 

CROIDA = ratio of cost of distributor am with diameter of 
DIA feet to that of the standard size am. 

and CEUIDA can be estimated by: 

CROIDA = 0.367 +%0,01265 (DIA) 

2.63.9.5.2 Installation costs. An additional 32 perceut of the 
purchase cost would be added for the installation costs. 

2.63.9.5.3 Total installed costs fo? the distributor arms, ICODA. 

ICODA - (I?) (CODA) (le32) 

where 

ICODA = total installed cost for the distributor arm 
system, $. 

2.63.9.6 Cost of the precast concrete media support beams: 

2.63.9.6.1 The unit cost of the precast coucrete beams can be 
approximated by using five times the unit cost of reiuforced concrete 
wall in-place. The quantity of precast be= is V pcb* 

where 

LCB - total length of beans, ft. 
6 = width of the bean, ft. 
iz 

a 
iT 

- length of be=, ft. 

2.63.9.6.2 Cost of precast concrete be=, CPCB, $. 

CxB - & Wpcb) (UPICW) 
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where 

CPCB - cost of precast concrete hems, $. 

UPICW = unit price input of R.C. wall in-place, $/cu yd. 

2.63.9.8 Total bare construction cost of the trickling filter 
system. 

TBCC - CF (COSTE + COSTCW + COSTCS + COSTFM+ ICODA+ CPCB) 

where 

TBCC - total bare construction cost, $. 

CF - correction factor for minor construction cost. 

2.63.9.8 Operation and maintenance material cost, OMMC. Since O&M 
material cost is estimated as a percent of the installed equipent cost, 
it is thus : 

OMMC - 

where 

OMMC = operation and 

OMMP = operation and 

s (COSTFM + ICODA) 

maintenance material cost, $/yr. 

maintenance material cost as 
percent of installed equipment cost, %. 

2.63.10 Cost Calculations Output Data. 

2.63.10.1 Total bare construction cost of the trickling filter 
systan, TBCC, $. 

-2.63.10.2 Operation and maintenance material cost, OMMC, $/yr. 

2.63.11 Bibliography. , 

2.63.11.1 Balakrishnan, S., et al, "Organlcs Removal by a Selected 
Trickling Filter Media", Water and Wastes Engineering, 6:A22, 1969. 

2.63.11.2 Benjes, H.H., "Small Canmunity Wastewater Treatment 
Facilities - Biological Treatment Systems", Prepared for the Environ- 
mental Protection Agency, Technology Transfer National Seninar on &all 
Wastewater Treatment Systas, March, 1977. 

2.63.11.3 Eckenfelder, W.W. Jr., Water Quality Engineering For 
Practicing Engineers, 1970, Barnes and Noble, pg 203. 

\ 2.63-20 



2.63.11.4 Gennain, J.E. "Econanical Treatment of Dcmestic Waste by 
Platic Medium Trickling Filtersn, Jour. of WFCF 38, 192, 1966. 

2.63.11.5 Keefer, C.E., Public Works, Vol. 98, pg 7. 

2.63.11.6 Liptak, B.G., Enviromental Engineers' Handbook 
Volme I Water Pollution, Chilton Book Co., 1974, Radnor, Pa. 

2.63.11.7 Metcalf and Eddy, "Water Pollution Abatement Technology: 
Capacity and Cost, Public 0wned Treatment Works", 1975, P&250690-03, 
NTIS, Springfield, Virginia 22161. 

2.63.11.8 Personnel Canmunication with Mr. Ken Gray of B.F. Goodrich 
General Products Canpany. 

2.63.11.9 Roesler, J.F. and Smith, R., "A Mathenatical Model for a 
Trickling Filter", Feb. 1969, U.S. Dept. of the Interior, FWPCA Report 
W69-2. 

2.63.11.10 SufpacR Plastic Media Biological Oxidation Process, 
Envirotech Corporation, 1975. 

2.63.11.11 Vinyl Core, information Bulletin, B.F. Goodrich. 

2.63-21 



2.65 VACWM FILTRATION 

2.65.1 Background., 

2.65.1.1 Vacuun filtration is one of the most widely used 
methods for mechanical dewatering of wastewater sludges. The 
process is carried out using a slowly rotating drun, the outside 
of which is covered by a filter medium. A portion (about 20-40 
perceat) of the drun Is submerged in sludge in the vat below the 
drun. Vacuun (lo-26 in. of mercury) is applied to the submerged 
portion of the trough. As a result, water is drawn into the 
drun and a thin mat of sludge is formed on the filter medium. 
As the filter rotates, the vacuun is continued, and further 
moisture reduction occurs. In addition, the deposited cake is 
further dried by air which rushes through the cake into the 
drun. Before the filter cake reaches the sludge vat again, it 
passes over a roller and is broken off onto a conveyor for 
ultimate disposal. The time the drun spends sulanerged in the 
slurry is called the "filter time"; the time the cake spends on 
the drun above the vat is called the "drying time". 

2.65.1.2 Vacuun filtration facilities are generally sold 
as a package by various filter manufacturers. In addition to 
the filter itself, the package normally includes vacuum pumps, 
sludge feed pumps, filtrate pumps, sludge conditioning tanks, 
chemical feed pumps, and belt conveyors that transport dewatered 
filter cake. Filter medium made of cloth (cotton, wood, nylon, 
dacron, or other synthetic material), coil springs, or a wire 
mesh stainless steel fabric are available in various weaves of 
different porosities. 

2.65.1.3 Vacuun filter performance is measured by fil- 
tration rate and dryness of the filter cake. Several factors 
affecting the performance of a vacuun filter include: 

2.65.1.3.1 Vacuum -- & the vacuun increases, the filtration 
rate and the dryness of the cake also increase; this process is 
limited, obviously, by capacity of the drun. An ideal filter 
design would incorporate two independent vacuun systems: one 
operating while the cake is being formed, and other after it 
cones out of submergence and is being dried. A vacuun of'at 
least 20 in of mercury is desirable. 

2.65.1.3.2 Feed Solid Coucentration -- In general, the 
sludge filtration rates increase directly in proportion to the 
increase in feed sludge solids concentratioq a smaller filtrate 
volume has to be removed per pound of filter cake formed. The 
practical limit for optimum operation for sewage sludges is 4-8 
percent. 
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2.65.1.3.3 Drun Speed and Submergence -- The drun speed 
influences the cycle time and consequently influences filter 
yield and filter cake moisture. 
should increase the yield. 

A decrease in filter cycle time 
Fiowever, lower filter cake moisture 

will be obtained by increasing the filter cycle, thereby ex- 
tending the drying cycle. 
has been used. 

A sulxnergence level of 20-40 percent 
It is usually more econaical to run the filter 

at lower submergence since it will increase the ratio of dewa- 
tering time to cake formation time, and will still allow a short 
cycle for greater filtration rates. 

2.65.1.3.4 Chaical Conditioning of Sludge -- Chemical 
conditioning of sludge is usually a necessary step prior to 
sludge vacuun filtration. Chemical conditioning agglanerates 
solids and causes a release of water, thereby making the sludge 
easier to filter. A wide variety of chmicals have been eva- 
luated for conditioning sludges prior to vacuun filtration. In 
general, lime and ferric chloride are the most camnonly used 
conditioners. Recently, sane organic polyelectrolytes have 
becane popular as sludge conditioners. The amount and type of 
conditioning chaicals required depend on the physical and 
chenical characteristics of the sludge. Tables 2.65-l and 2.6% 
2 summarize chaical doses reported frau the operating records 
of various treatntent facilities. 

2.65.1.4 Vacuuu filter systems are designed fran data 
describing quantities of sludge to be filtered, sludge charac- 
teristics, filtration rates, 
cycles. 

cake muisture, and filter operation 
The data could be generated fran laboratory or pilot 

investigations of the sludge. The Buchner funnel test and the 
filter leaf test are canmonly used in laboratory testing programs 
for estimating the filterabllity of sludges. The Buchner funnel 
test evaluates the optimum chaical requirments and sludge 
filtration characteristics measured in terms of specific re 
s is tance. The filter leaf test determines the effect of dif- 
ferent fabrics, fabric forms, and drying times on filter yield. 
Table 2.65~3 summarizes specific resistance; Table 2.65-4 pre- 
sents filter yields recanmended for various sewage sludges. 

\ 
2.65.1.5 Filter yield, or production rate, is the basic 
factor used in determining the size of vacuuu filser instal- 
lations. A conservative design rate of 3.5 lb/ft /hr has been 
wide1 y used. liowever, assuming'the yield to be equal to the 
solids concentration of the sludge to be filtered is more 
accurate. Geuerdly, the yield may vary fran 2 to 10 lb/ft2/hr. 
The low values represent filtration of fresh and digested 
activated sludge; the high values are typical for raw primary or 
primary plus trickling filter humus sludge filtration. 
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2.65.1.6 Vacuun filtration is being widely used for 
dewatering sewage sludges in small treannent facilities because 
of its flexibility, small space requirement, and the excellent 
characteris tics of the cake. Thus, vacuuu filtration is a 
viable alternative for sludge dewatering in treatment facilities 
sewing recreation areas. 

2.65.2 Input Data. 

2.65.2.1 Volae of sludge to be dewatered, gpd. 

2.65.2.2 Initial moisture content of sludge, percent. 

2.65.3 Design Paraneters. 

2.65.3.1 Final moisture content of sludge, percent. 

2.65.3.2 
test). 

Specific resistance, sec2/g (3uchner funnel 

2.65.3.3 Applied vacuum, psi. 

2.65.3.4 Fraction of cycle time for cake formation (formation 
timefcycle time), depends on degree of submergence. 

2.65.3.5 Cycle time, min (usually 1.5 to 5 min). 

2.65.3.6 Filtrate viscosity, centipoises. 

2.65.3.7 Chemical dose, percent of dry weight in solids 
fed to filter. 

2.65.3.8 Operation per week, days. 

2.65.3.9 

2.65.3.10 

Operation per day, hr. 

Loading rate, lb/ft2/hr. 

2.65.3.11 Nmber of units. 

2.65.4 Process Design Calculations. 

2.65.4.1 Calculate filter loading rate. 
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Table 2.65-l. Average Chemical Doses for Vacuun Filtration 

Type of Sludge 

Chmical Dose 
Rate, percent 
Ferric 
Chloride Lime 

Cake 
Yie.d Moisture 5 lb!ft /hr percent 

Raw primary 2.1 

Digested primary 3.8 

Elutriated digested primary 3.4 

Raw primary plus filter humus 2.6 

Raw primary plus activated 2.6 

Raw activated 7.5 

Digested primary plus filter 
humus 5.3 

Digested primary plus activated 5.6 

15.0 

18.6 4.0 78.5 

Elutriated digested primary 
plus activated: 

Average without lime 
Average with lime 

8.4 0.0 . 3.8 79.0 
2.5 6.2 3.8 76.2 

8.8 

12.1 

0.0 

11.0 

10.1 

0.0 

6.9 

7.2 

7.5 

7.1 

4.5 

0.0 

4.6 77.5 

69.0 

73.0 

69.0 

75.0 

77.5 

84.0 

Table 2.652. Polyelectrolyte Doses (Usual Ranges) for 
Vacuun Filtration 

Type of Sludge 

, 
Dose Rate 

Percent 

Cake 
Yie d !2 Moisture 

lb/ft /hr Percent 

Raw primary or raw prjmary 
plus filter humus 0.2 to 1.2 6 to 20 63 to 72 

Digested primary 0.2 to 1.5 4 to 15 66 to 74 

Digested primary plus 
activated 0.5 to 2.0 4 to 8 68 to 76 
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.  

TabL; 2.65 3. Speiif lc Resistmce of Scme Iudustrial . -.. . 

and Municipal Sludges . 

Type of Sludge 

Spkci.f ic. 
Resistance 

see2/ - x lQ7 
at 506 g/en2 - 

Coefficient of . 
Conprm3sC3fl it-7 

&utral.lzati.or! of sulfurk actd with 
lime slurry 

Neu:k ization of sulfuric acid tith 
dolanitic 1 tie s?.urr.y 

Pmcesuing o& aluninun 

Paper industry 

Neutralization of fatty acids tith 
aodim carbonate . * 

Froth fiotatfon ‘of coal 

Ualt whisky distfllery 

Mixed chrane and veget8ble tannery 

Biological treatment of chemical 
smstes 

Act lva ted {danes tic) 

Raw conditiomd (danestfc) 

Digdsted coditiork (dmestfc) 10.5 9.0 

Digested and activated {cotxiitiomd) 

Raw (dmestic) 

lto2 

3 0.+7 

3 ’ 0.44 . 

.i . : 
f ‘.C 

300 . 0.0 . 

300 Ok 

288il . . . !l,F: 

3.1 . :.oG 

L4.6 1.19 

, - . 
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Table 2.65-4. Expected Performance of Vacuun Filters 
Hand1 i.ng Proper1 y Condi tiomd Sl udge 

Fresh solids 
Prhary 
Prhary plus trick.Iing filter 
Priinary plus activated 
Activated (alone) 

4 to L2 
4 to d 
4 to 5 

2.5 to 3.5 

Dlgested solids (tith or without elutrkiion) 
Primaty 
Prlsnary plus trickling filter 
Prhary plus act ivatd 

4 t0 a 
4 to 5 
4 to 5 
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XCP J5 
LR - 35.7 (x) 

R - r(10-7) - sec2/g 

1 
C- ci cf 

100 - Cl -m 

where \ 

LR = filter loading rate, 
2 lb/ft /hr. 

X - form time/cycle ttie (0.1 to 0.6). 
\ 

C = weight of dry solids in cake, g/ml; . 

P = applied vacuun, psi (5 to 15 psi). 

R - filtrate viscosity, centipoises. 

r - specific resistan2e (Buchner funnel test or 
Table 2.31~3, set lg. 

t = cycle time (1.5 to 5 min), time of revolution 
of druu. 

ci - initial moisture content of sludge, percent. 

Cf - final moisture content of sludge, percent, (31%). 

2.65.4.2 If data are not ava $lable, select loading rate 
frcm Table 2.31-4 or use 3.5 lb/ft /hr. 

2.65.4.3 Calculate required total filter area. 

V(lO0 0 
TFA = 

cl) (8.34) (7)2b(lo@cd) 
LR(lOO)(HPD)(DPW) 

where 

TFA - total filter area, ft2. 

v - sludge volune, gal/day* 

ci - initial moisture content of sludge, percent. 
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LR - filter Loading rate, lb/ft2/hr. 

HPD = operation per day, hr. 

DFW = days/week. 

2.65.4.4 Calculate mount of chenicals required. 

CR - 'd" 
(HPD)(DPW)(lOO) '7)(8*34) 

(100 - Ci) 
100 

where 

CR - 

'd - 

V- sludge volune, gal/day. 

HPD - operation per day, hr. 

DPW = days/week. 

ci = 
2.65.4.5 
filter. 

where 

APF - 

TFA = 

NF = 

2.45.4.6 

2.65.4.6.1 

where 

SF = sludge volme after filtration, gpd. 

mount of chemicals required, Ib/hr. 

chemical dosage, percent of dry weight of 
soLids fed to filter. 

initial moisture content of sludge, percent. 

Select nunber of filters and calculate area per 

area per filter, ft2. 

total filter area, ft2. 

number of filters. ' 

Effluent Sludge Characterlstlcs. 

Sludge Volume. 

SF - V(lO0 - =) (loo + cd) (.9) 
100 - Cf 
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V = sludge voltxue before filtration, gpd. 

Ci - initiaL moisture content of sludge, %. 

Cf - final moisture content of sludge, %. 

Cd = chemical dosage, percent of dry weight of solids 
fed to filter, %. 

2.65.4.6.2 VolatSLes in sludge. 

PVOLAT = 
CW Kfl Wu'O 

v ) (100 - ci) (100 + cd) (.9) 

where , 

PVOLAT = percent volatile in effluent sludge, %. 

SF = sludge volune after filtration, gpd. 

Cf = final moisture content of sludge, %. 

VOLAT = percent volatile in influent sludge, %. , 

V = sludge volume before filtration, gpd. 

Ci - initial moisture content of sludge, %. 

Cd - chemical dosage, percent of dry weight of 
solids fed to filter, %. 

2.65.5 

2.6S.S.l 

2.65.S.2 

Process Design Output Data. 

Loading rate, lb/ft2/ hr. 

Total filter area, f t2. 

2.65.S.3 Chenical requirements, lb/hr. 

2.65.5.4 Initial moisture content, percent. 

2.6S.5.S 

2.6S.5.6 

2.6S.S.7 

Final moisture content, percent. 

Cycle time, min. 

Formation tkne, min. 
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2.65.5.8 Chaical dose, percent. 

2.65.5.9 Applied vacuun, psi. 

2.65.5.10 Operation per day, hr. 

2.65.5.11 Operation per week, days. 

2.65.6 pantities Calculations. 

2.65.6.1 Filter Selection. 

2.65.6.1.1 Units must be one of the following sizes (FAA) as these 
are the sizes canmercially available: 60, 85, 
300, 

100, 
360, 430, 

125, 150, 
500, 575, 675, 750 sq 

200, 250, 
ft. 

where 

FAA = filter area of commercially available units, 
sq ft. 

2.65.6.1.2 If the total filter area is less than 750 sq ft, only one 
filter will be used as it is assumed that plants of this size vi11 run 
the filter one shift per day and will have adequate sludge storage 
should the filter be out of semice for any period of the. The total 
filter area (TFA) should be canpared to the canmercially available units 
(FAA) and the smallest available unit which is larger than TFA shouLd be 
selected. 

2.65.6.1.3 If the total filter area (TFA) is greater than 750 sq ft, 
then a minImun of two units will be used. For maintenance purposes all 
units will be the sane size. 

where 

AF - calculated filter area for a single 
filter, sq ft. 

r3 F - the number of filters. 
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The selection of the correct filter size must be done by trial 
and error. Since the minkam number of units is two, the first 
trial will be: 

Try NF = 2: If Ay is greater than 750 sq-ft, try NF = NF + 1 

and repeat until AF is less than 750 sq ft. When an AF less 

than 750 sq ft is obtaineds canpare 5 to FAA and select the 

smallest FAA that is greater than AF. If FAA x NF is larger 

than TFA by more than lO%, go to NF - NF + 1 and repeat the 

procedure. When FAA x NF is larger ihan TFA by less than lO%, 

then FAA = FAs. 

where 

F% = filter area of the canmercial unit selected, 
sq ft. 

2.65.6.2 Calculate building size for housing filters. The 
area of the building was detenained fran the size of the equipent 
to be installed such as vacuun filter, sludge pumps, vacuun 
pumps, filtrate tanks, chemical pumps, belt conveyors, etc. 

s s [190 + 1.2 (FAS)] NF 

% - area of building, sq ft. 

FAs = filter area of the canmercial unit selected, 
sq ft. 

NF - number of filters. 

2.65.6.3 Calculate dry solids produced. s 

v (100 - 
DS - 

Ci) (8.34) (1 + 'd/100) 
100 (2000) 

where 

DS = dry solids produced, tpd. 

V = volume of sludge, gpd. 

Ci - initial moisture content of sludge, percent. 
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2.65.6.4 Calculate operational labor. 

2.65.6.4.1 
and .09 tpd. 

If the dry solids produced (DS) is betwen .Ol tpd 

OMH - 520 manhours/yr 

2.65.6.4.2 If the dry solids produced (DS) is between .09 
tpd and 9.0 tpd, 

OMH - 1760 (DS)"'504 

2.65.6.4.3 If the dry solids produced (DS) is between 9.0 
tpd and 300 tpd, 

OMH - 1200 (DS)"*734 

OMH = operating labor, man-hours/yr. 

DS - dry solids produced, tpd. 

2.65.6.5 Calculatemaintenance labor. 

2.65.6.5.1 If the dry solids produced 
tpd and .09 tpd, 

MM5 - 64 man-hours/yr 

2.65.6.5.2 If the dry solids produced 
tpd and 9.0 tpd, 

MMH - 240 (DS)og548 

2.65.6.5.3 If the dry solids produced 
tpd and 300 tpd, 

(DS) is between .Ol 

(DS) is between .09 

(DS) is between 9.0 

b 0.808 MMEI - 136 (DS) 

where 

MMH = maintenance labor, man-hours/yr. 

DS - dry solids produced, tpd. 

2.65.6.6 Calculate energy requirment for operation. 

KWH = 28,000 (DS)"*933 
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where 

WH - energy requireneW kwhr/yr. 

'DS = dry solids produced, tpd. 

2.65.6.7 Calculate O&M material and supply cost. 

2.65.6.7.1 Material and supply costs include such itens as 
lubrication oil, paint, and replacement material, etc. These 
costs are estimated as S% of the installed equiment cost. 

2.65.7 

2.65.7.1 
sq ft. 

2.65.7.2 

2.65.7.3 

2.65.7.4 

2.65.7.5 

2.65.7.6 

2.65.7.7 

2.65.7.8 

2.65.8 

2.65.8.1 
(optional). 

2.65.8.2 

2.65.8.3 

2.65.8.4 
MSECI. 

2.65.9 

2.65.9.1 

@antities Calculations Output Data. 

Filter area of the cqmercial unit selected, FAS, 

Number of filters, NF. 

Area of building, AR, sq ft. 

Dry solids produced, DS, tpd. 

Operating labor, OMH, man-hourdyr. 

Maintenance labor, MMH, man-hours/yr. 

Energy requirenent, KWH, kwhr/yr. 

Chemical requirement, CR, lb/hr. 

Unit Price Input Required. 

Standard size vacuun filter cost, COSTSF, $, 

Equipment installation labor rate, IABRI, $/MH. 

Building construction costs, UPIBC, $/sq ft. 

Current Marshall and Swift equipent cost index, 

Cost Calculations. 

Calculate cost of installed equipment. 
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2.65.9.1.1 Purchase cost of vacuun filter includes the cost 
of the vacuum filter, vacuun pump, filtrate punp, filtrate tank, 
sludge pump, chenical pumps, 
electric motors, 

conditioning tank, conveyor belt, 
and electrical control panel. 

COSTF = 
COSTSF ' COSTR l NF 

100 
where 

COSTF = purchase cost of vacuun filter and accessories 
$. 

COSTSF = purchase cost of standard size filter, 300 sq 
ft. $. 

COSTR = cost of filter of area FAS as percent of the cost 
of the standard size filter, percent. 

NF - number of filters. 

2.65.9.1.2 Calculate COSTk. The percent of the cost of the 
standard size unit is calculated by: 

where 

cost - 52 + 016 @A$ 

COSTR - cost of filter of area F AS as percent of the cost of 
the standard size filter, %. 

FAs = filter area of the canmercik unit selected, 
sq ft. 

2.65.9.1.3 Purchase cost of standard size filter. The 300 
sq ft vacuun filter was selected as the standard size unit as it 
Is midrange of the sizes avai.lablG* The costs of a 300 sq ft 
vacuun filter and accessories for the first quarter of 1977 are: 

COSTSF - $150,000 

For better estfmation, COSTSF should be obtained fran the 
equipment vendor and treated as a unit price input. If COSTSF 
is not treated as a unit price input, the cost will be adjusted 
by using the Marshall and Swift Equipment Cost Index. 

COSTSF - $150,000 l MSEX' m 
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where 

MSECI - current Harshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index 1st 
quarter 1977. 

2.65.9.1.4 Calculate filter installation labor. If the 
filter selected (FAS) is smaller than 400 sq ft, then: 

IL - [544+ 0.32 (FAs)] NF 

If the filter selected (FAS) is larger than 400 sq ft, then: 

IL = [476 + 0.48 (?A$] NF 

where 

IL - filter installation labor, man-hours. 

FAs - filter area of the camercial unit selected, 
sq ft. 

NF = number of filters. 

2.65.9.1.5 Calculate filter installation cost. 

XCOST - (IL) (LABRI) 

where 

ICOST = filter installation cost, $. 

IL = filter installation labor, mawhours. 

LABRI = installation labor rate, $/man-hour. 

2.65.9.1.6 Calculate other equipment installation costs. 
This includes costs for installation of vacuun pump, filtrate 
pump, filtrate tank, sludge tank, sludge pump, chemical pumps, 
comeyor belt, electrical panel, and piping. These costs are 
esttiated as 60% of the purchase costs of the vacuuu filter and 
accessories. 

OICOST - COSTF (.6) 

where 

OICOST - other equipent installation costs, $. 
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COSTP = 

2.65.9.1.7 

where 

IEC * total installed equipment costs, $. 

COSTF - 

ICOST - 

OICOST = 

2.65.9.2 

where 

COSTB = 

% 
% 

UPIBC = 

2.65.9.3 

total bare construction costs, $. 

total installed equipment costs, $. 

where 

TBCC = 

IEC = 

COSTB = 

2.65.9.4 
supply costs. 

cost of filter building, $. 

purchase cost of vacuun filter and accessories, 
$. 

Calculate total installed equipent costs. 

IEC - COSTF + ICOST + OICOST 

purchase cat of vacuun filter and accessories 
$a 

filter installation labor, $. 

other equipment installation costs, $. 

Calculate cost of filter building. 

COSTB - % l UPIBC 

cost of filter building, $. 

area of building, sq ft. 

unit price input for building construction 
costs, $/sq ft. 

Calculate total bare construction costs. 

TBCC - IEC + COSTB 

. 

Calculate operation and maintenance material and 

OMMC - (IEC) (.05) 
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where 

OX% - operation and maintenance material and supply 
costs, $. 

IEC = total installed equipment costs. 

2.65.10 Cost Calculations Output Data. 

2.65.10.1 Total bare construction costs, TBCC, $. 

2.65.10.2 Operation and maintenance material and supply 
costs, OMMC, $/yr. . 

2.65.11 Bibliography. 
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2.67 WET OXIDATION 

2.67.1 Background. 

2.67.1.1 Wet oxidation, also known as wet air oxidation, wet 
incineration, and wet canbustion, is based on the principle that any 
substance capable of burning can be otidized in the presence of 
liquid water at temperatures between 250°F and 7OO'F. In general, 
any degree of ofidation desired can be accanplished by providing the 
proper temperature, pressure, reaction the, and sufficient cau- 
pressed air or oxygen. 

2.67.1.2 The process has been patented and is canmercially 
known as the Zimpro process. Th process is capable of operating 
satisfactorily at sludge solids con;entrations as low as l%, much 
less than that required for conventional canbustion processes. 

2.67.1.3 The descriptions that follow are intended to be used 
to evaluate the wet air oxidation process as a disposal technique. 
It is not intended to give or lend the rights established by the 
patent held on the process described herein. 

2.67.1.4 The general flow diagram of the wet air oxidation 
'system is illustrated in Figure 2.67-1. The raw sludge is ground, 
reducing particle sizes to a maxhum of % inch* and mixed with a 
quantity of canpressed air or oxygen. When the process is operated 
cant inuousl y, the air-waste mixture is pmped through a series of 
heat exchangers, thereby being brought to the initial reaction 
temperature, and then into the pressurized reactor. When the process 
is operated as a batch system, the heat exchangers are eltiinated as 
a source of heating the reactor influent. 

2.67.1.5 The ofidation taking place in the reactor causes an 
increase in temperature. The oxidized effluent is cooled in the heat 
exchangers. Gases are separated fran the liquid, which is carrying 
the residual otidized material and released through a pressure 
reducing valve into an odor-controlling, catalytic oxidation unit. 
These gases, when econanical, may be expanded in a turbine as opposed 
to the pressure released to the atmosphere. Liquid and solids 
residue pass through a separate pressurereducing valve and the 
residue removed by conventional separation equipment. The solids are 
inert and may be disposed of accordingly. Wet air oxidation process 
wastewater must be returned to the beglnning of the wastewater 
treament facilities. The process can be designed to be thermally 
autogenous. When addition&L heat is needed, as in the cases of batch 
operation or process start-up, stean is injected into the reactor. 
This may also be necessary when low levels of oxidation are being 
used in process operation or if the sludge being oxidized has a low 
energy value. 
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2.67.1.6 There are certain disadvantages to using this systmn. 
After a period of fran 30 to 60 days the heat exchangers must be 
isolated frm the system and oleaned. Operationally, the need to 
retxrn the oxidized liquors, which are very high in organlcs, phos- 
phorus, and nitrogen, through the wastewater treahent systa re 
presents a considerable load and must be taken into consideration in 
over-all treatment plant design. The high pressurehigh temperature 
system also introduces some safety problms which will play a role in 
the design of the plant facilities. 

2.67.1.7 Oxygen must be present in stoichlanetric proportions 
to prevent knpedement of canbustion during the wet air otidation 
process. Oxygen in excess of the requlred stoichlanetrlc quantity 
will not accelerate the process. The chenical oxygen dmand of the 
waste has been found to be a very convenient parmneter of the oxygen 
requlred in the cmbustion process. Another parmeter utilized and 
verified through expertients Is the stea-to-air ratlo. 

2.67.2 Input Data. 

2.67.2.1 Average wastewater flow, mgd. 

2.67.2.2 Sludge volune, gallons/million gallons. 

2.67.2.3 Raw sludge solids concentration, %. 

2.67.2.4 Sludge COD (mg/l). 

2.67.2.5 . Operating temperature, OF. 

2.67.2.6 Operating pressure, psia. Fran stean tables, psia. 

2. 7.2.7 3 ft /lb. 
Specific volume of saturate stean, fran stea tables, 

2.67.2.8 Effluent COD, mg/l. To be recycled to head of separate 
biological treatment facilities. . 

2.67.3 Design Paraneters. 

2.67.3.1 Sludge volme per million gallons treated. 

2.67.3.2 Raw sludge sollds concentration, %, 1.5-15%. ' 

2.67.3.3 Sludge COD. (2&4Omg/l) Average 3Omdl. 

2.67.3.4 Operating temperature (250-7OO'F). May use 45O'F as 
an average. 

2.67.3.5 Specific volume of saturated stean, fran stem tables. 
Use 1.446 ft3/lb at 45O'F. 
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2.67.3.6 COD reduction. Approximately 60-90%. Typically 75%. 

2.67.3.7 Sludge retention time, select fraa Figure 2.67-Z for 
specified conditions. Use 1 hour. 

2.67.4 Process Design Calculations. 

2.67.4.1 

where 

Calculate the sludge volume per day. 

sv i- CQavgl W) ' 

SV = sludge volume, gallons/d,ay. 

Q =Jg 
* average wastewater flow, mgd. 

SF - sludge flow, gallons/million gallons. 

2.67.4.2 Calculate the air -requirenents. 

where 

A = air requirenents, lb dry air/gallon of sludge. 

COD = chemical oxygen demand of sludge, mg/l. 

2.67.4.3 Calculate the steawtpair ratio* assuming the gallon 
of sludge produces stean. 

S 8.34 -WV 
At 0.8A 

where 

f = stean-to-air ratio, lb of stean/lb dry air. 
t 

0.8 - a factor to insure some water will be retained 
in the liquid phase. 

2.67.4.4 Calculate the reactor pressure. 

where 

P * 53.3(T + 460) 
t 144 5 

t vS+ pS 

5 
= reactor pressure,. psia. 
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T = operating temperature, OR. 

vs - specific volume of stem, ft3/lbe 

pS 
- saturated stemn pressure, psia. 

2.67.4.5 Calculate the reactor volme. 

where 

'r = 
8.34(SV) (Vs) (RT) 

24 

‘r = reactor volme, ft3. 

RT = sludge retention time, hours. 

2.67.4.6 

where 

Calculate the heating value of the influent waste. 

Hw - SO(CODr) 

HW 
- heating value of influent waste, btu/gallon. 

CODr = chalcal oxygen d-and renoved, mg/l. 

2.67.4.7 Calculate additional heat required. 

H 
g 

- 1500 - H - He 
W 

where 

Hg = additional heat required, Btu/gallon. 

'e - heat supplied by the heat exchangers. Use 
250 btu/gallon. 

1500 = Btu/gallon required f&r an autogenous reactor. 

2.67.4.8 Supernatant Return. 

2.67.4.8.1 Quantity. 

2.67.4.8.1.1 Activated Sludge and Oxidation Ditch. 

where 

QSUP = quantity of supernatant returned, mgd. 
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Q avg = average daily wastewater flow, mgd. 

2.67.4.8.1.2 Trickling Filter and Rotating Biological Contactor. 

where 

QSUP = quantity of supernatant returned, mgd. 

Q - aw 
average daily wastewater flow, mgd. 

2.67.4.8.2 Supernatant Quality. 

TSS - 100' 
BOD - 3000 

COD = 9500 

TKN = a00 
NH3 = 700 
PH - 7.1 

where 

TSS - total suspended solids concentration, mg/l. 

BOD = BOD5 concentration, mg/l. 

COD = COD concentration, mg/l. 

TKN = total Kjeldahl nitrogen concentration, mg/l. 

NH3 = ammonia nitrsen concentration, mdl. 

PH = pH. 

2.67.5 Process Design Output Data. 

2.67.5.1 

2.67.5.2 
sludge. 

Sludge volume, gallons, day. 

Air requirements, pounds of dry air per gallon of 

2.67.5.3 Reactor pressure, psia. 
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2.67.5.4 Reactor tenperature, OF. 

2.67.5.5 Reactor volume, ft3. 

2.67.5.6 Additional heat required, Btu/gallon. 

2.67.6 Quantities Calculations. Not Used. 

2.67.7 Quantities Calculations Output Data. Not Used. 

2.67.8 Unit Price Input Required. Not Used. 

2.67.9 Cost Calculations. 

2.67.9.1 Unit price costing is not available for this treannent 
process, therefore paranetric costing will be used. 

2.67.9.2 Calculate operation and maintenance costs. 

Z - 3.4263 - 0.50377(X) + O.OZ2872(X)2 

where 

O&M = operation and maintenance cost, $/yr. 

X - sludge feed rate, 1000 gpd. 

2.67.9.3 Calculate total bare construction cost. 

Y = 4.3685 - 0.39095(X) + 0.013492(Xj2 

TBCC = e Y 

where 

TBCC = total bare construct&n cost, $* 

X - sludge feed rate, 1000 gpd. 

2.67.10 Cost Calculations Output Data. 

2.67.10.1 Operation and maintenance costs, O&M, $/yr. 

2.67.10.2 Total bare construction cost, TBCC, $. 

. 
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3.1 ACTIVATED SLUDGE 

3.1.1 Background; There are a nunber of variations of the 
activated sludge process. However in the range of flows which are 
being addressed (O-.S mgd) the costs for the various systems are very 
nearly the sane. Also in this flow range activated sludge plants are 
generally package units with everything except the foundations and 
raw pumping stations furnished as a single unit. As a general rule 
the extended air activated sludge process is selected for small 
plants, because it is easier to operate than other modifications of 
the activated sludge process and most small plants can not obtain 
adequately skilled operators. The following calculations for sizing 
and costing will be based on the extended air activated sludge 
process. 

3.1.2 

3.1.2.1 

3.1.2.1.1 

3.1.2.1.2 

3.1.2.2 

3.1.2.2.1 

3.1.2.2.3 

3.1.2.2.4 

3.1.2.2.5 

3.1.2.2.6 

3.1.2.2.7 

3.1.2.2.8 

3.1.2.2.9 

3.1.2.2.10 

3.1.2.2.11 

3.1.2.2.12 

3.1.2.2.13 

Input Data. 
. 

Wastewater flow. 

Average daily flow, Qavg, mgd. 

Peak flow, Qp, mgd. 

Influent wastewater characteristics. 

COD, mg/l. 

Total suspended solids, TSS, mg/l. 

Volatile suspended solids, VSS, mg/l. 

Nonbiodegradable volatile suspended solids, SSi, mg/l. 

PHa 

Acidity andor alkalinity, mg/l. 

Nitrogen (kjeldahl or NH3), x&lo 

Phosphorus ( total and soluble), mdl. 

Oils and greases, mg/l. 

Heavy metals, mg/l. 

Toxic or special characteristics, rndl* 

Temperamre, OF or 'C. 
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3.1.2.3 Effluent quality requiraents. 

3.1.2.3.1 q, Fe, mg/l. 

3.1.2.3..2 Suspended solids, SS, utg/l. 

3.1.2.3.3 Total kjeldahl nitrogen, TKN, mg/l. 

3.1.2.3.4 Phosphorus, P, mg/l. 

3.1.3 Process Design Calculations. 

3.1.3.1 McKinney's equations will be used for the design 
calculations. Assume the following design parameters. 

3.1.3.1.1 Metabolism constant, Km, use lS/hr at 2O'C. 

3.1.3.1.2 Synthesis factor, KS, use 10.4/hr at 2O'C. 

3.1.3.1.3 
2o"c. 

Endogenous respiration factor, Ke, use O.O2/hr at 

3.1.3.1.4 Temperature correction coefficient, 0, use 1.0 to 
1.03. 

3.1.3.1.5 Xydraulic detention the, t, use 18 to 36 hours. 

3.1.3.1.6 Solids retention the, ts, use 20 to 30 days. 

3.1.3.2 Adjust constants for temperature. Must adjust the 
metabol ism constant, synthesis factor, and endogenous respiration 
factor fran 20°C to operating temperature. 

where 

KT = rate constant at operating tenperature. 

. 
K20 = rate constant at 2O'C. 

&I = temperature correction coefficient. 

T - operating temperature, 'C. 

3.1.3.3 Determine aeration tank volune. 
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where 

V - volune of aeration tank, million gal. 

Q avg 
- average daily wastewater flow, mgd. 

t = hydraulic detentlon the, hrs. 

3.1.3.4 Calculate effluent soluble BOD5. 

Fe = " 1+ Kmt 

If Fe 10 mg/l, assume a longer detention the (t) and recalculate 
Fe until Fe 10 mg/l. 

where 

Fe = soluble effluent BOD5, mg/l. 

Fi - influent B0D5, mg/l. 

'rn - metabolic constant at operating temperature, l/hr. 

t = hydraulic detention time, hrs, 

3.1.3.5 Calculate MLSS concentration and check it to be sure 
it is between 3000 and 6000 rndl. 

3.1.3.5.1 Calculate (Ma) living active mass. 

Ma - Ky+Fel 
2% 

where 

Ma - living active mass, mg/l. 

KS 
- synthesis factor, l/hr. 

Ke - endogenous respiration factor, l/hr. 

Fe = soluble effluent BOD5, mg/l. 

% 
= solids retention time, days, use 20 to 30 days. 
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3.1.3.5.2 Calculate (Me) endogenous mass. 

‘e - 0.2 Ke Ma ts (24) . 

where 

Me = endogenous mass, mdl. 

K e - endogenous respiration factor, l/hr. 

'a = 1Iving active mass, mg/l. 

t s - solids retention time, days. 

3.1.3.5.3 Calculate (Mi) inert nonbiodegradable organic mass. 

Mi - inert nonbiodegradable organic mass, mg/l. 

ssi = inert nonbiodegradable organic~solids in influent, 
mdl. 

t s - solids retention time, days. 

t - hydraulic detention the, hrs. 

3.1.3.5.4 
rndl. 

Calculate (Mii) inert inorganic suspended solids, 

Mii 24 %i + - ssii * 7 JWa + MeI 

where 

Mii - inert inorganic suspended solids, mg/l. 

SSii - inert inorganic sus;nded solids in the influent, mg/l. 

ts - solids retention time, days. 

t - hydraulic detention time, hrs. 

'a - living active mass, u&l. 

Me - endogenous mass, mg/l. 

3.1.3.5.5 Calculate (MLSS) mixed liquor suspended solids. 

MLSS -Ma+ Me+ Mi+ M ii 
3.104 



where 

MLSS - mixed liquor suspended solids, mg/l. 

Ma - living active mass, mg/l. 

'e - endogenous mass, mg/l. 

Mi - inert nonbiodegradable organic mass, mg/l. 

Mii - inert inorganic suspended solids, rag/l. 

3.1.3.5.6 Check organic loading (F/M). 

where 

F/M - food to microorganism ratio. 

Fi = influent BOD5, mg/l. 

MLSS - mixed liquor suspended solids, mg/l. 

t - hydraulic detention time, hr. 

If F/M < 0.05 reduce t and recalculate MISS. 

If F/M 2 0.15 increase t and recalculate MLSS. 

3.1.3.6 Calculate sludge production. 

. 
5 

- (MLSS) (V) (8.34) 
%i 

where 

M,P - sludge produced, lb/day. 

MLSS - mixed liquor suspended solids, mg/l. 

V - volume of aeration tank, million gal. 

% 
- solids retention time, days. 

3.1.3.7 Calculate pounds of solids produced per pounds of BOD 
removed. 

M+ 
PSPBOD - 

(Qavg) (Fi -‘Fe) (8.34) 

where 
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where 

PSPBOD - pounds of solids produced per pounds of BOD rmoved. 

% = sludge produced, lb/day. 

Q 
=% 

= average daily flow, mgd. 

Fi = influent BOD3, mg/l. 

Fe = soluble effluent BOD5, mg/l. 

8.34 - conversion factor. 

3.1.3.8 Calculate sludge recycle ratio. 

where 

RR-M ML" * MLSS 
U 

RR = sludge recycl e ratio (.7%1.50). 

MLSS - mixed liquor suspended solids, mg/l. 

Hu = solids concentration in return sludge (10,000 to 
12,000 mg/l) mg!l. 

3.1.3.9 Effluent Characteristics. 

3.1.3.9.1 Calculate total effluent BOD5. 

BODE = Fe + (0.84) (SSeff) ( 'a ) (0.76) 
MLSS 

where 

BODE = total effluent BOD5, mg/l. 
. 

‘e - effluent soluble BOD5, n&l. 

ss eff = suspended solids in effluent, mg/l. 

'a = living active mass, mdl. 

MLSS - mixed liquor suspended solids, u&l. 

3.1.3.9.2 COD. 

CODE - 1.5 BODE 
CODSE = 1.5 Fe 
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where 

CODE = effluent COD concentration, mdl. 

BODE = effluent BOD5 concentration, mg/l. 

CODSE - effluent COD soluble concentration, mg/l. 

‘e = effluent BOD5 soluble concentration, mg/l. 

3.1.3.9.3 Nitrogen. 

The effluent Kjedahl nitrogen concentration is specified by the user. 

NH3E-TKNE ' 
NO3E - NO3 
NO2E - 0.0' 

where 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent ammonia concentration, mg/l. 

NO3 - influent NO3 concentration, mg/l. 

NO3E - effluent NO3 concentration, mg/l. 

NO2E = effluent NO2 concentration, mg/l. 

3.1.3.9.4 Oil and Grease. 

OAGE - 000 

where 

OAGE - effluent oil and grease concentration, rndl. 

3.1.3.9.5 Settleable Solids. 

SETS0 = 0.0 

where 

SETS0 = effluent settleable solids concentration, mg/l. 

3.1.4 Frocess Design Output Data. 

3.1.4.1 
3.1.4.2 
3.1.4.3 

3.1.4.4 
3.1.4.5 

Volune of aeration tank, V, million gal. 
Hydraulic detention time, t, hrs. 
Effluent soluble BOD5, Fe, mg/l. 
Mixed liquor suspended solids; MISS, rn$l*. 

Food to microorganism ratio, F/M. . 
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3.1.4.6 Sludge production, $ 1Wdq 

3.1.4.7 Sludge recycle ratio, RR. 

3.1.4.0 Total effluent BODE, BOD5, mg/l. 

3.1.5 Quantities Calculations. 

3.1.5.1 Calculate size of package plant. 

3.1.5.1.1 Determine size of package plant required fran flow. 

DIA- 126.4 (Qavg)o*4g43 

where 

DLA = dianeter of package plant, ft. 

Q avt3 
- average daily flow, mgd. 

3.1.5.1.2 Determine size of package plant required fron aeration 
tank volume. 

DIA = 114.4 (V) o*4g57 

where 

DU - diaeter of package plant, ft. 

V - aeration tank volme million gal. 

3.1.5.1.3 Select the larger of the two dimeters as the size of 
the package plant, 

3.1.5.2 Determine quantity of concrete slab. 

Assume: 
The slab thickness is 9 inches. 
The slab diameter is 3 ft greater ihan th& unit dimeter. 

V cs - (0.589) (?IA + 3)2 

where 

V =s = volune of R.C. slab required, cu -ft. 

DIA = diaeter of package plant, ft. 

3.1.5.3 Detemine operation manhours required. 

3.1.5.3.1 If QavgL 0.1 mgd 

OJ!4H - 1200 
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3.1.5.3.2 If Q avg > 0.1 w$ 

OMH - 1683 (Qavg)o*146g 

where 

OMH = operation manhours required, MWyr. 

Q w3 
- average daily flow,mgd. 

3.1.5.4 Detemine maintenance manhours required. 

3.1.5.4.1 If Qavg < 0.1 
MMH - 640 

. 
3.1.5.4.2 If Qavg > 0.1 

MMH - 1143 CQavgl 
0.2519 

where 

MMH = maintenance manhour requirements, Wyr. 

Q = average daily flow, mgd. . . . 
am 

3.1.5.5 Determine energy requir-ent. 

KWH - 75.000 CQavgl 

where 

KWH - energy required, Kwhr/yr. 

Q awi 
- average daily flow,mgd. 

\ 3.1.5.6 Operation and maintenance material and supply costs. 

OMMP - 1.74 CQavg) 
-0.2497 

where 

OMMP - O&M material and supply costs as percent installed 
package plant cost. 

Q w - average daily flow, mgd. 
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3.1.5.7 Other construction cost itens. Most of the 
cost associated with a package activated sludge plant have 
been accounted for. Sane minor items such as painting, 
electrical, minor piping, etc., have not been identified and 
these costs would represent approximately 10% of the total 
ccst. 

where 

3.1.6 

3.1.6.1 

3.1.6.2 

3.1.6.3 

3.1.6.4 

3.1.6.5 

3.1.6.6 

CF = Q& = 1.11 

CF = correction factor for other construction cost. 

Quantities Calculations Output Data. 

Di.aeter of package plant, DXA, ft. 

Volune of R.C. slab required, Vcs, cu ft. 

Operation manhours required, OME, MH/yr. 

Maintenance manhours required, MMH. MH/yr. 

Energy required, KWR, Kwhr/yr. 

O&M material and supply costs as percent 
installed package plant cost, OMMP, %. 

3.1.6.7 Correction factor for other construction 
costs, CF. 

3.1.7 Unit Price Input Required. 

3.1.7.1 Unit price input for R.C. slab In-place, 
UPICS, $/cu yd. 

3.1.7.2 Cost of standard size package plant (100,000 
gpd), COSTAS, $. , 

3.1.7.3 Current Marshall and Swift Equipment Cost 
Index, MSECI. 

3.1.8 Cost Calculations. 

3.1.8.1 Cost of concrete. 
V 

COSTCS - + UPXS 

where 

COSTCS = cost of R.C. slab in-place, $. 
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v us - volume of R.C. slab required, cu ft. 

UPICS = unit price input for R.C. slab, $/cu yd. 

3.1.a.z Cost of package plant installed. 

COSTPP - (COSTAS) w 

where 

COSTPE' = installed cost of package plant of diameter 
DJ& $0 

COSTAS = cost of standard size package plaut (100,000 
w0. G 

COSTRO - cost of package plant'of-diameter, DIA as 
percent of cost of standard unit. 

3.1.a.3 Determine COSTRO. 

COSTRO - 6.28 (DIA)Oea316 

where . 

COSTRO - cost of package plant of diameter, DIA, as 
percent of cost of standard unit. 

DIA = diaeter of package plant, ft. 

3.1.a.4 Determine COSTAS. COSTAS is the cost of the 
standard package extended aeration activated sludge plant. 
The standard unit is a package plant capable of treating 
100,000 gpd of municipal sewage of average canposition and 
strength. This would include all equipment except raw wastewater 
pumps* It does not include the slab or site preparation. 
These type units are normally furnished to a general contractor 
who prepares the site and furnishs the slab. 

COSTAS - $36,500 

For better cost estimation COSTAS should be obtained frau an 
equipent vendor and treated as a unit price input. If this 
is not done the equipent cost will be adjusted for inflation 
using the Marshall and Swift Equipment Cost Index. 

COSTAS WECI - $36,500 m 

where 

COSTAS - cost of standard size package plant (100,000 
gpd), $* 

MSECI = current Marshall and Swift Equipment Cost 
Index. 
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. 491.6 - Marshall and Swift Equipment Cost Index for first 
quarter, 1977. 

3.1.8.5 Detexmine total bare construction cost. 

TBCC = (COSTCS + COSTPP) CF 

where 

TBCC = total bare construction cost, $. 

COSTCS = cost of R.C. slab in-place, $. 

COSTPP = installed cost of package plant of diameter, DIA. $. 

CF - correction factor for other construction costs. 

3.1.8.6 O&Mmaterial and supply costs. 

OKMC - (COSTPP) (s) 

where 

CMMC = O&Mmaterial and supply costs, $/yr. 

COSTPP = cost of packge plant of diaeter, DIA. $. 

OM?lP = O&M material and supply costs as percent installed 
package plant cost, %. 

3.1.9 Cost Calculations Output Data. 

3.1.9.1 Total bare construction cost, TBCC, $. 

3.1.9.2 O&M material and supply cost, OMMC, $/yr. 

3.1.10 Bibliography. 
. 

3.1.10.1 Bernard and Eckenfelder, "Treatment-Cost Relatlonships 
for Industrial Waste Treament", Technical Report 23, Vanderbilt 
University, 1971. 

3.1.10.2 Gibbon, Donald, L., Aeration of Activated Sludge 
in Sewage Treament, Pergaon Press, Inc., Elmsford, N.Y., 1974. 
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3.3 BAR SCREENS 

3.3.1 Background. Bar screens are located at the head of 
treatment plants to renove large objects which may damage or clog 
pumps, valves, pipelines and other equipment within the treatment 
plant. Bar screens consist of vertical or inclined bars spaced at 
equal inte?xals across the channel where the wastewater flows. Bar 
screens may be manually or mechanically cleaned. Only the mechani- 
cally cleaned screens will be considered here, as most small systms 
do not usually have labor available for cleaning the screens. 

The design of bar screens is based mainly on average and peak flows. 
The main consideration is pressure loss through the bar screens 
during peak flow periods when the largest quantity of debris would be 
expected. . 

3.3.2 Input Data. 

3.3.2.1 Wastewater flow. 

3.3.2.1.1 Average daily flow, Q avg' mgd. 

3.3.2.1.2 Maximum daily flow, \ax, mgd. 

3.3.2.1.3 Peak wet weather flow, Qp, mgd. 

3.3.3 Design Parmeters. 

3.3.3.1 Velocity through the bar screen, Vb, fps. (Use 2 fps 
for Qm ax and 3 fps for %I . 

3.3.3.2 

3.3.3.3 

3.3.3.4 

3.3.3.5 

3.3.3.6 

3.3.3.7 

3.3.4 

3.3.4.1 

3.3.4.1.1 

Approach velocity, V, fps. 

Maaum head loss through screen, he, ft (.5 ft). 

Bar spacing, Bs, in (1 in). 

Width of bar, Bw, in (S/l6 in). 

Bar shape factor, , (1.67) See Table 3.3-l. 

Slope of bars, G, degrees. (10') See Table 3.3-Z. 

process Design Calculations. 

Calculate area of bar screen requlxed. 

Based on maximum daily flow. 

%I 
u&axl (1.5470) 

s 2 
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where 

5 - net flow area of screen, ft 2 . 

%I a~ - maximum daily flow, mgd. 

1.547 = conversion fran mgd to cfs. 

2 - maximm velocity through screen, fps. 

3.3.4.1.2 Based on peak wet weather flow. 

where 

Use the 

3.3.4.2 

% = net flow area of screen, ft 2 . 

% 
= peak wet weather flow. 

larger of the two net area. 

Calculate total area of screen. 

where 

J$ = total screen area, ft 2 . 

3.3.4.3 

hi= net screen area, ft2. 

Bs = bar spacing, inches. 
. 

BW 
- width of bar, inches. 

Calculate width of flow.channel. The smallest me . - am - chanically cleaned bar screen available is 2 ft wide. In the flow 
range we are concerned with a 2 ft wide screen should handle all the 
flow. 

wc - 2 ft 

where 

wc = width of channel, ft. 
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3.3.4.4. Calculate the depth of water in channel. 

D - water depth in the channel, ft. 

% = total area of screen, ft. 

2 = width of channel, ft. 

3.3.4.5 Calculate the depth of channel. The channel shall 
have 2 ft freeboard above the water in the channel. 

D 
,= 

-6+ 2 

where 

3.3.4.6 

Dc = depth of channel, ft. 

D = water depth in the channel, ft. 

Calculate head loss through screen. 

where 

he - head loss through screen, ft. 

,8 = bar shape factor 

BW 
- width of bar, inches. 

BS 
= bar spacing, inches. 

Q wi4 
= average daily flow,mgd. 

D = water depth in channel, ft. 

4 - slope of bars, degrees. 

3.3.5 Process Design Output Data. 

3.3.5.1 Wastewater flow. 

3.3.5.1.1 Average daily flow, Qavg, mgd. 



3.3.5.1.2 Max&mm daily flow, C&ax, mgd. 

3.3.5.1.3 Peak wet weather Q 
P' 

mgd. 

3.3.5.2 Width of channel, Wc, ft. 

3.3.5.3 Depth of channel, De, ft. 

3.3.5.4 Head loss through screen, ft. 

3.3.5.5 Width of bars, Bw, inches. 

3.3.5.6 Bar spacing, Bs, inches. 

3.3.5.7 Bar shape factor, . 

3.3.6 Quantities Calculations. 

3.3.6.1 Determine length of channel. A uniform velocity 
distribution across the width of the channel is desirable for screening 
operation. To assure reasonably uniform velocity distribution the 
channel should extend a distance of five times the width of the 
channel upstrem of the screen and two times the width downstrem. 

Lc -7w 
C 

where 

Lc - length of channel, ft,, 

Wc = width of channel, ft. 

3.3.6.2 Calculate volume of earthwork required. Assume as 
with other structures, it is 3 ft in ground. Assume 2 ft overexcavation. 

V ew = (WC + 4) (Le + 4) (Dc + 1) 

where 

V ew = volume of earthwork required, cu ft. 

Wc - width of channel, ft. 

Lc - length of channel, ft. 

Dc = depth of channel, ft. 

3.3.6.3 Calculate volume of concrete required. Assume con- 
crete is 9" thick. 

3.3.6.3.1 Volune of reinforced concrete wall. 

V cw - [CL=+ 1.5) (2) + 2 WJ (De) (075) + (WJ (6) (m75) 

3.34 



where 

v =w = volume of R.C. wall required, cu ft. 

Lc - length of channel., ft. 

wc - width of channel, ft. 

Dc - depth of channel, ft. 

3.3.6.3.2 Volme of reinforced concrete slab. 

where 

V us = volume of R.C. slab required, cu ft. 

W - width of channel, ft. 
C 

Lc = 

3.3.6.4 

3.3.6.4.1 

where 

OMH * 

Q - avg 
3.3.6.4.2 

length of channel, ft. 

Calculate operation and maintenance manpower required. 

Operation manpower required. 

OMH = 46 (Q =% 
)1.354 

operation manpower required, MD/yr. 

average daily flow, mgd. 

Maintenance manpower required. 

MMH - 16.7 (Qavg)oo372 

where 

MMH = 

Q - am 
3.3.6.5 

maintenance manpower required, MH/yr. 

average daily flow, mgd. 

Calculate electrical energy requirements. 

Log (KWH) - 3.0803 + 0.1833 (Log Qavg) - 0.0467 (Log 

+ 0.0428 (Log Qavg)3 

where 
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KWH = electrical energy required, kwhr/yr. 

Q avg 
- average daily flow, mgd. 

3.3.6.6 O&M material and supply costs. 

OMMP -2% 

where 

OMMP = O&Mmaterial costs as percent of total bare construction 
cost, %. 

3.3.6.7 Other construction costs. The above calculations 
account for approxjmately 90% of the construction cost. The other 
10% consists of miscellaneous electrical, painting, etc. 

CF - & - 1.11 
where 

. 
CF = correction factor for other construction costs. 

3.3.7 Quantities Calculations Output Data. 

3.3.7.1 Length of channel, Lc, ft. 

3.3.7.2 Volune of eatihwork required, Vew, cu ft. 

3.3.7.3 Volune of R.C. wall required, Vcw, cu ft. 

3.3.7.4 Volme of R.C. slab required, Vcs, cu ft. 

3.3.7.5 Operation manpower required, OMH, MU/yr. 

3.3.7.6 Maintenance manpower required, MMH, MH/yr. 

3.3.7.7 Electrical energy required, KWH* kwhr/yr. 

3.3.7.8 O&Mmaterial and supply costs as percent total bare 
comtruction ccst, OMMP, %. 

3.3.7.9 Correction factor for other construction costs, CF. 

3.3.8 Unit Price Inputs Required. 

3.3.8.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.3.8.2 
He 

Unit Price input for R.C. wall in-place, UPICW, $/CU 



3.3.8.3 
Yd l 

Unit price input for R.C. slab in-place, UPXCS, $/cu 

3.3.8.4 Purchase cost of bar screen, COSTBS, $, (Optional). 

3.3.8.5 Marshall and Swift Equipent Cost Index, MSECI* 

3.3.9 Cost Calculations. 

3.3.9.1 Calculate cost of earthwork. 

where 

COSTE - 'ew (UPIEX) 
77 - , .-. 

COSTE - cost of earthwork, $. 
",* ;, 

v ew - volume of earthwork required, cu ft. 

UPIEX = unit price input for earthwork, $/cu'yd.' 

3.3.9.2 Calculate ccst of reinforced concrete. 

3.3.9.2.1 Calculate cost of R.C. wall. 

V 
COSTCW -'q- UPICW 

where 

COSTCW = cost of R.C. wall in-place, $. 

V cw - volume of R.C. wall required, cu ft. . 

UPICW = unit price input for R.C. wall in-place, $/cu yd. 

3.3.9.2.2 Calculate cost of R.C. slab. 
V 

COSTCS - + UPICS 

where 

COSTCS - cost of R.C. slab in-place, $. 

V cs - volume of R.C. slab, cu ft. 

UPICS - unit price input for R.C. slab, $/cu yd. 
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3.3.9.3 Calculate installed cost of bar screens. For flows 
of 500,000 gal and less a 2 ft wide bar screen is adequate. The 
purchase cost of a 2 f t wide mechanically cleaned bar screen in the 
first quarter of 1977 is $10,350. For better cost estimation the 
cost of the bar screen should be obtained fran a vendor and treated 
as a unit price input. If this is not done the cost will be updated 
using the Marshall and Swift Equiment Cost Index. 

COSTBS * $10,350 m . 
where 

COSTSS = purchase cost of bar screen, $. 

MSECI - current Marshall and Swift Equiment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index 1st quarter, 
1977. 

3.3.9.3.1 Installed cost of bar screen. The installation cost 
is about 20% of the equipment cost. 

xcs * (1.2) (COSTBS) 

where 

xcs = installed cost of bar screen, $. 

COSTBS - 

3.3.9.4 

where 

TBCC = 

ICS - 

COSTE - 

COSTCW = 

COSTCS = 

CF - 

3.3.9.5 

purchase cost of bar screen, $. 

Calculate total bare construction cost. 

TBCC - (ICS + COSTE + COSTCW + COSTCS) (CF) 

total bare construction cost, $. , 
installed cost of bar screen, $. 

cost of earthwork, $. 

cost of R.C* wall in-place, $. 

cost of R.C. slab in-place, $. 

correction factor for other construction costs. 

Calculate O&M material and supply costs. 

OPIMP OMMC = TBCC m 
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OHMC - O&H material and supply cost, $/yr. 

T'SCC = total bare construction cost, $. 

OMMP - O&H material and supply costs as percent of total 
bare construction cost, %. 

3.3.10 Cost Calculations Output Data. 

3.3.10.1 Total bare comtruction cost, TBCC, $. 

3.3.10.2 O&M material and supply cost, OMMC, $. 
. 'S. 
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Shape Factor 

2.42 

1.83 

1.79 

1.67 

Item 

TABLE 3.3-l 

BAR SHAPE FACTORS 

Description of Bar 

Shavedged rectangular bars 

Rectangular bars with semicircular 
ups trem faces 

Bar, sizes 
Width, inch?s 
Depth, inches 
Spacing, inches 

Circular Bars 

Rectangular bars with senicircular 
upstrem and downstrean faces 

TABLE 3.3-2 

GENERAL CHAMCTERISTICS OF BAR SCREENS 

Dimensions 

Slope fran Vertical, deg 
Approach velocity, fps 
Allowable head loss, inches 

l/4 to 518 
1 to 3 

518 t0 3 

0 to 30 
2 to 3 

6 

3.3910 
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3.5 CHLORINATION 

3.5.1 Background. Chlorinat+on is one of several processes 
used in the disinfection of wastewater. S-e of the other methods of 
disinfection are use of other halogens, ozone, and ultraviolet 
radiation. While these other methods are sometImes used, chlori- 
nation is used almost exclusively in small plants. 

Several factors influence the effectiveness of disinfection by 
chlorine. The chlorine dosage rate, contact time, presence of 
organic matter, pH, and temperature all have an affect upon the 
disinfection with chlorine. 

3.5.2 Input Data. 

3.5.2.1 Wastewater flow. , 

3.5.2.1.1 Average flow, Q avg' mgd. 

3.5.2.1.2 Peak flow, , mgd. % 

3.5.3 Design Paraneters. 

3.5.3.1 
min.). 

Contact the at peak flow, CT, min. (min&num of 15 
, 

3.5.3.2 
fl-ow) . 

Length to width ratio, RLW (40 to 1 to approach plug 

3.5.3.3 

3.5.3.4 
sewage). 

Number of tanks, N (usually 1 for this flow range). 

Chlorine dosage, CD, mg/l (about 8 mg/l for average 

3.5.4 Process Design Calculations. 

3.5.4.1 Calculate contact tank volume. Select a contact the 
(CT) at peak flow (15 minutes minimum). 

vcT - Qpn lc d 
1440 

where 

VCT = volume of contact tank, gal. 

% 
- peak flow, mgd. 

CT = contact the at peak flow, min. 
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3.5.4.2 Calculate surface area of coutact tank. Select a side 
water depth (SWD). 

SA - (VW 
(7.48) (SWD) 

where 

SA = surface area of contact tank, sq ft. 

VCT - volume of contact tank, gal. 

SWD = side water depth, ft. 8 ft. 

3.5.4.3 Calculate tank dimensions. Select a length to width 
channel ratio (min. 40 to 1). 

3.5.4.3.1 Calculate channel width. 

where 

CW - channeL width, ft (CW is always 1 ft). 

SA - surface area of contact tank, sq ft. 

RLW - length to width channel ratio. 

3.5.4.3.2. Calculate channel length. 

CL -3 

where 

CL - channel length, ft. 

SA - surface area of tank, sq ft. 

CW - channel width, ft. ' 

3.5.4.3.3 Calculate contact tank length and width. Assuqe tank 
will have 4 baffles with rninimm distance between baffles of 1 ft. 
Also assume the baffles will be 6" thick concrete. 

mw - cm + .5) 5 

where 

CTL - contact tank length, ft. 
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CL - channel length, ft. 

CW = channel width, ft. 

CTW = contact tank width, ft. 

3.5.4.4 Calculate chlorine requirement. Select a chlorine 
dosage (See Table 3.5-l). 

where 

CR - chlorine requirement, lb/day. 

Q avi3 
- average flow, mgd. , 

CD = chlorine dosage, mg/l. 

3.5.5 Process Design Output Data. 

3.5.5.1 Average flow, Q avg' mgd. 

3.5.5.2 Peak flow, Q 
P' 

mgd. 

3.5.5.3 Contact t&ne, CT, min. 

3.5.5.4 Volme of contact tank, VCT, gal. 

3.5.5.5 Chlorine requirement, CR, lb/day. 

3.5.5.6 Contact tank length, CTL, ft. 

3.5.5.7 Contact tank widths CTW, ft. 

3.5.5.8 Side water depth, SWD, ft. 

3.5.6 *antities Calculations. 

3.5.6.1 Calculate earthwork required. Assume tank is 4 ft in 
ground and sties of excavation are at 1 to 1 side slope. 

V ew - 4(CTL)(CTW) + 16 CTW + 16 CTL + 128 . 

where 

V ew - volune of earthwork, cu ft. 

CTL - contact tank length, ft. 

CTW - contact tank width, ft. 
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3.5.6.2 

where 

Calculate quantity of concrete slab required. 

v cs - (CTL + 1) (CTW + 1) (.5) 

v us - vol-e of R.C. slab required, cu ft. 

CTL = contact tank length, ft. 

CTW - contact tank width, ft. 

3.5.6.3 Calculate quantity of concrete wall required. 

V 
CW 

- (6 CTL + 2 CTW) (.5) (SWD + 2) 

where 

v - cw 
CT.L - 

CTW- 

SWD= 

3.5.6.4 

3.5.6.4.1 

volume of R.C. wall required, cu ft. 

contact tank length, ft. 

contact tank width, ft. 

side water depth, ft. 

Calculate size and nunber of chlorine cylinders. 

If chlorine requirement (CR) is less than 50 lb/day 
use 150 lb cylinders. &sume that a minimum of 30 days supply will 
be .kept on hand. The minimum number of cylinders regardless of 
chlorine requirement, will be two 150 lb cylinders. 

Nc = 
(CR) 30 

150 

If NC is not an integer, use next largest integer. 

where 

Nc = nmber of cylinders required. 

CR = chlorine requiraent, lb/day. 

3.5.6.4.2 If the chlorine requirement is greater than 50 lb/day, 
use l-ton cylinders. The minImum nuuber of cylinders is 2. 

Nc * CR (30) 
2000 

where 
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Nc = nuuber of cylinders. 

CR - chlorine requirenent, lb/day. 

3.5.6.5 Calculate chlorination building area. The chlori- 
nation building size is determined by the anticipated equipment to be 
used for the various chlorine requirements. For flows less than 0.5 
mgd only one chlorinater and one evaporator would be required. 
Therefore, the sac size building would be used between flows of 0 to 
.5 mgd. 

BcC 
- 220 sq ft , 

where 

BAC 
- chlorination building Korea, sq ft. 

3.5.6.6 Calculate chlorine storage area. 

3.5.6.6.1 If CR 2 50 l%/day then As - 16 x NC. 

3.5.6.6.2 If CR >50 lb/day then As - 140 x NC. 

where 

As = area of chlorine storage building, sq ft. 

Nc - nunber of chlorine cylinders required. 

3.5.6.7 Calculate operational labor. 

OMH - 40.48 (CR)o*5316 

where 

OMH = operational labor? MH/yr. 

CR - chlorine requirenent, lb/day. 

3.5.6.8 Calculate maintenance labor. 

3.5.6.8.1 If the chlorine requirement is between 0 and 55 
lb/day, 

MMH - 15.82 (CR)o*3141 

3.5.6.8.2 If the chlorine requirement is greater than 55 lb/day, 

MMH - 7.83 (CR)o*4g14 
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where 

MMH 2 maintenance labor, MH/yr. 

CR - chlorine requirement, lb/day. 

3.5.6.9 Calculate energy requirement for operation. In this 
low flow range the energy requirement is constant. 

KWEI - 118,000 

where 

3.5.6.10 
supply costs. 

where 

OMMP - 

CR = 

3.5.6.11 

energy requirenent, kwhr/yr. 

Calculate operation and maintenance material and 

OMMP - 6.255 (CR)-o*o7g7 

O&M material and supply cost as percent of construction 
cost. 

chlorine requirement, lb/day. 

Other construction cost items for chlorine contact 
chanber. Fran the calculations, approximately 85% of the cost of the 
chlorine contact chamber have been accounted for. Other minor costs 
such as influent and effluent piping and weirs, handrails, painting, 
etc. would account for the other 15%. 

where 

3.5.7 

3.5.7.1 

3.5.7.2 

3.5.7.3 

3.5.7.4 

3.5.7.5 

CF - correction factor fo’r construction of chlorine contact 
chamber. 

Quantities Calculations Output Data . 

Chlorine requirement, CR, lb/day. 

Chlorination building area, BAc, sq ft. 

Area of chlorine storage building, As, sq ft. 

Volune of earthwork, Vew, cu ft. 

Volme of R.C. slab required, Vcs, cu ft. 
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3.5.7.6 Volune of R.C. wall required, Vcw, cu ft. 

3.s.7.7 Correction factor for construction cost of chlorine 
contact chmber, CF. 

3.s.7.a 

3.s.7.9 

3.s.7.10 

3.s.7.11 

3.s.a 

3.S.8.1 

3.s.a.2 

3.s.a.3 

3.s.a.6 

3.s.9 

3.s.9.1 

where 

COSTE - 

v = ew 
UPXEX = 

3.s.9.2 

operation labor, OMR, MB/v* 

Maintenance labor, MMEI, MH/yr. 

Energy requirement for aperation, KWH, kwhr/yr. 

O&Mmaterial and supply costs, ONKP, %. 

Unit Price Input Required. 

Standard size chlorinator costs, COSTCLE, $ (optional). 

Unit price input building cost, UPIBC, $/sq ft. 

Unit price input for excavation, UPIEX, $/cu yd. 

Unit price input for R.C. wall in-place, UFICW, 

Unit price input for R.C. slab in-place, UPICS, 

Marshall and Swift Equipment Cost Index. 

Cost Calculations. 

Calculate cost of earthwork. 

COSTE - 'ew UPIEX 
77 

cost of excavation, $. 

volme of earthwork, cu ft. 

unit price input for excavation, $/cu yd. 

Cost of R.C. walls in-place. 

V 
cosTcw - 5 UPICW 
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where 

COSTCW - cost of R.C. walls in-place, $. 

v ~w = volume of R.C. wall required, cu ft. 

UETCW = unit price input for R.C. wall, $/cu yd. 

3.5.9.3 Cost of R.C. slab in-place. 
V 

COSTCS - + UPICS 

where 

COSTCS - cost of R.C. slab i-place, $. 

V =s - volme of R.C. slab required, cu ft. 

UPICS - unit price input for concrete slab, $/cu yd. 

3.5.9.4 Calculate cost for chlorine contact chanber. 

COSTCC - (COSTE + COSTCS + COSTCWj (CF) 

where 

COSTCC - cwt of 

CDSTE - cost of 

COSTCS - cost of 

COSTCW -co6tof 

chlorine contact chamber, $. 

excavation, $. 

R.C. slab in-place, $. 

R*C. wall in-place, $. 

CF - correction factor for construction cost of chlorine 
contact chamber. ' . e , 

3.5.9.5 Calculate cost of chlorination building. 

COSTCB - BAc x UPIBC 

where 

COSTCB - cost of chlorination building, $. 

BAc - chlorination building area, sq ft. 

UPIBC - unit price input building cost, $/sq ft. 
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3.5.9.6 Calculate cost of chlorine storage building, 

COSTS = As x (.5) (UPIBC) 

where 

COSTS - cost of chlorine storage building, $. 

As - area of chlorine storage building, sq ft. 

UPIBC - unit price input building cost, $/sq ft. 

0.5 - factor to convert UPTBC to unit cost for 
storage building. \ 

3.5.9.7 CaLculate installed chlorination equipent cost. 

3.5.9.7.1 The equipent purchase cost includes all equipment 
required such as chlorinator, evaporator, scales, leak detector, 
flow recorder, and booster p-p. In this flow range residual 
analyzers are not required as chlorine is controlled based on flow. 

3.5.9.7.2 If CR is between 0 lb/day and SO lb/day. 

COSTCE = 4.33 x COSTCLE 

3.5.9.7.3 If CR is greater than 50 lb/day. 

COSTCE - 5.93 x COSTCLE 

where 

COSTCE = purchase cost of chlorination equipment, $. 

COSTCLE - purchase cost of standard size chlorinator (2,000 
lb/day). 

3.5.9.7.4 Determine cost of standard size chlorinator (COSTCLE). 

The approximate cost of a 2,000 lb/day chlorinator for the first 
quarter of 1977 is: 

COSTCLE - $2,700 

For a better cost estknation, COSTCLE should be obtained fran 
equipment vendor and treated as unit price input. If COSTCLS is 
not treated as a unit price input, the cost will be adjusted by 
using the Marshall and Swift Equipment Cost Index. 
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COSTCLE MSECI 
= 9,700 m 

where 

COSTCLE - cost of standard size chlorinator, $. 

BECI = current Marshall and Swift Equipem Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index first quarter 
1977. 

3.5.9.7.5 Calculate installation cost of chlorination equipment. 

ICOST- (0.3) (COSTCE) 

where 

ICOST - installation cost of chlorination equipment, $. 

COST'CE - purchase cost of chlorination equiment, $. 

3.5.9.7.6 Calculate installed equipment cost. 

IEC = COSKE + ICOST 

where 

IEC = installed equiment costs9 $. 

COSTCE = purchase cost of chlorination equipment, $. 

ICOST = installation cost of chlorination equignent, $. 

3.5.9.8 Calculate total bare construction cost. 

TBCC - XX + COS'lXB + COSTS 4 COSRC 

where 

TBCC = total bare construction cost, $. 

IEC = installed equipment cost, $. 

COSTCB = cost of chlorination building, $. 

C0STS = cost of chlorine storage building, $. 

COSTCC - cost of chlorine contact chmber, $. 
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3.5.9.9 Calculate operation and maintenance material and 
supply cost. 

OMMC = (TBCC) s 

where 

OMMC - O&MmateriaL and supply cost, $. 

TBCC - total bare construction cost, $. 

OMMP - O&M materid &d supply costs as percent of construction 
cost, %. 

3.5.10 Cost Calculations Output Data. 

3.5.10.1 Total bare construction cost, TBCC, $. 

3.5.10.2 O&M material. and supply cost, OMMC, $. 

TABLE 3.5-l 

CHLORINE DOSAGEI ~ .,. 

Wastewater Source Dosage Range (mdl) 

Untreated wastewater 6 to 25 

Primary sedimentation 

Chemical precipitatio: plant 

5 to 20 

2 to 6 

Trickling filter plant 

Activated sludge plant 

Multhedia filter after actl.vated sludge plant 

3 to 15 

2 to 8 

1 to 5 
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3.7 LAGOONS 

3.7.1 Background. Lagoons have been extensively used for 
municipal and industrial waste where sufficient land area is 
available. Sane of the reasons for the popularity of lagoons are 
operational stability with fluctuating loads, require relatively 
unskilled operators, low O&M costs, and low construction costs. 

Six different types of lagoons will be addressed; aerated aerobic 
lagoons, aerated facultative lagoons, anaerobic lagoous, facu- 
ltative lagoons, oxidation 1 agoons, and sludge lagoons. 

3.7.2 General Description Aerated Aerobic Lagoons. The 
contents of an aerobic aerated lagoonmust be ccmpletely mixed so 
that the inconing solids and the biological solids produced in the 
lagoon do not settle. Effluent quality is a function of detention 
time and will normally have a BOD ranging fraa one-third to one 
half of the influent value. This BOD is due to the endogenous 
respiration of the biological solids escaping in the effluent. 
Before the effluent is discharged, the solids may be removed by 
settling. 

3.7.3 General Description Aerated Facultative Lagoon. 

3.7.3.1 The contents of this type of lagoon a& not.can- 
pletely mixed. Thus, portions of the incaning solids and the 
biologically produced solids settle out and undergo anaerobic 
deccmposition. As a result, the effluent fran the facultative 
lagoon would contain higher soluble BOD concentration than fran 
the aerobic one. 

3.7.3.2 Algal growth is possible, due to the non-canplete 
mixing. The contribution of effluent suspended solids can be very 
high, dependent on the season, temperature and mixing intensity in 
the lagoon. 

3.7.4 General Description Anaerobic Lagoon. As the name 
suggests these lagoons are anaerobic throughout their depth except 
for a very shallow upper layer. These lagoons are constructed 
deep in order to insure anaerobic condition and to conseme heat. 
Typically they are fran 8 to 20 feet deep. Reductions of 70% of 

‘ the influent BODS are camnon with anaerobic lagoons and under 
ideal condition reductions of 85% are possible. 

3.7.5 General Description Facultative Lagoon. In a 
facultative lagoon three zones exisq aerobic, facultative and 
anaerobic. The aerobic ione is near the surface and is like the 
aerobic or oxidation pond with aerobic bacteria and algae existing 
in a symbiotic relationship. The anaerobic moue is at the bottan 
of the lagoou where accunulated solids are decauposed by anaerobic 
bacteria. The facultative zone is an intermediate zone between 
the surface and bottau of the lagoon which is partly aerobic and 
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partly anaerobic. Decanposition of the waste in this zone is 
accanplished by facultatfve bacteria. Normal depths for these 
lagoons is 3 to 8 feet. 

3.7.6 Genera Description Oxidation Lagoon. The aerobic 
or oxidation lagoon is one in which aerobic bacteria and algae 
coexist in an aerobic environment. The oxygen required for reduction 
of the organic waste by the aerobic bacteria is supplied by algae 
production of oxygen through photosynthesis and atmospheric re- 
aertion. The pond depths are very shallow, usually not greater 
than 4 feet, because of the dependency of algae photosynthesis 
upon sunlight. Soluble BOD5 renoval is high, but this is mis- 
leading because the high concentration of algae in the effluent. 

3.7.7 General Description Sludge Lagoons. Lagoons have 
been used extensively in small systems for the dewatering of 
sludge. Drying lagoons are similar to sandbeds in that they are 
both designed for the dewatered sludge to be rmoved periodically 
and the lagoon refilled. However they differ fran sandbeds in 
that they use earthern levees and are built on the natural ground, 
therefore they are inherently cheaper to build. 

Several factors must be considered in designing drflng lagoons. 
The major factors include climate, subsoil permeability, lagoon 
depth, solids loading rates, and sludge characteristics. 

, 
3.7.8 Aerated Aerobic Lagoon. 

Input Data. 

Waste flow. 

Average daily flow, mgd. 

Peak (hourly) flow, mgd. 

Wastewater characteristics. 

BOD inUuent, mg/l., 

Influent suspended solids, mg/l. 

Influent volatile suspended solids, q/l. 

Nitrogen, mdl as N. 

Phosphorus, mg/l as P. 

Nowbiodegradable fraction of VSS. 

Desired degree of treatment. 

Tenperature, ‘C (summer and winter). 

3.7-2 

3.7.8.1 

. 3.7.8.1.1 

3.7.8.1.1.1 

3.7.8.1.1.2 

3.7.8.1.2 

3.7.8.1.2.1 

3.7.8.1.2.2 

3.7.8.1.2.3 

3.7.8.1.2.4 

3.7.8.1.2.5 

3.7.8.1.2.6 

3.7.8.1.3 

3.7.8.1.4 



3.7.8.2 Design Paraneters. 

3.7.8.2.1 Reaction rate constant, 0.0007-0.002 l/mg-hr. 

3.7.8.2.2 MLSS, 200-500 mg/l. 

3.7.8.2.3 MLVSS, 140-350 mg/l. 

3.7.8.2.4 Fraction of BOD synthesized, 0.73. 

3.7.8.2.5 Fraction of BOD oxidized for energy, O.SZ. 

3.7.8.2.6 Endogenous respiration rate per day, (b = O.O75/day, 
b' - O.l5/day). 

3.7.8.2.7 

3.7.8.2.8 

3.7.8.2.9 

3.7.8.3 

3.7.8.3.1 

3.7.8.3.1.1 
temperatures. 

Temperature coefficient, 1.035. 

Hydraulic detention the, 2-4 days. 

Depth, 6-12 ft. 

Process Design Calculations. 

Calculate volme of lagoon. . . 

Adjust reaction rate constant for.winter and summer 

5 - K20 0 
(T-20) 

where 

KT - adjusted reaction rate constant, l./mg hr. 

K20 = reaction rate constant at 20' C, I./mg hr. 

Q= tmperature coefficient, (1.035). 

T - tmperature, Oc. 

3.7.8.3.1.2 Calculate detention time. 

t= 1 

where 
24aKTSe-b 

t - detention time, days. 

a = fraction of BOD synthesized. 

5 - adjusted reaction rate constant, l/mg hr. 

'e - effluent soluble BOD, mg/l. 
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b = endogenous respiration rate, l/day. 

Calculate the detention time based on summer temperature and 
winter temperature and desired treatment, then select the larger 
detention time. 

3.7.8.3.1.3 Calculate lagoon volume. 

V - volume of lagoon, million gallons. 

Q avg 
= average daily flow, mgd. 

t * detention time, days. 

3.7.8.3.2 Calculate mixed liquor volatile suspended solids. 

XV = mixed liquor volatile suspended solids, mdl. 

X0 - influent suspended solids, mg/l. 

a= fraction of BOD synthesized. 

So - influent BOD, mg/l. 

Se = effluent soluble BOD, rng/le ~ 

b - endogenous respiration rate, l/day. 
, 

t - detention time, days. 

3.7.8.3.3 Calculate oxygen requir-ent. 

O2 = oxygen required, lb/day. 

a' = fraction of BOD oxidized for energy (0.52). 

So = influent BOD, mg/l. 

Se = effluent soluble BOD, rndl. 
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Q =I5 
- average daily flow, mgd. . 

b‘ - endogenous respiration rate, l/day (O.l5/day). 

5 = mixed liquor volatile suspended solids, mg/l. 

V = volume of lagoon, million gallons. 

3.7.0.3.4 Design mechanical aeration systm. 

3.7.8.3.4.1 Assume the following design paraneters. 

3.7.8.3.4.1.1 Standard transfer effM.ency, STE, lb/hp-hr w 5. 

3.7.8.3.4.1.2 O2 transfer in waste/p2 transfer in water, 
0.9. 

3.7.8.3.4.1.3 O2 saturation in waste/O2 saturation in water, 
0.9. 

3.7.8.3.4.1.4 Correction factor for pressure, P,>m 1.0. 

3.7.8.3.4.1.5 O2 saturation at selected summer temperature, 
('&TV m!& 

3.7.8.3.4.1.6 Mi im n um dissolved oxygen to be maintained in the 
basin, 2.0 mg/l. 

3.7.8.3.4.2 Adjust standard transfer efficiency to operating 
efficiency. 

OTE = STE 
1 cc& (PI (‘1 - CL] 

9017 
a (l.02)T-20 

where 

OTE - operating transfer efficiency, lb 02/hp-hr. 

STE = standard transfer efficiency, lb 02/hp-hr. 

KS& - 02 saturation at selected summer tmperature, 
mdl. 

P -0 2 saturation in waste/O2 saturation in water. 

P = correction factor for pressure. 

s - minhun dissolved oxygen to be maintained in 
basin, rnd 1. 

oG- O2 transfer in waste/O2 transfer in water. 

T - temperature, Oc. 
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3.7.8.3.4.3 Calculate horsepower for aerators. 

where 

HP - aerator horsepower required per 1000 gallons, 
hp/lOOO gallons. 

O2 = oxygen required, lb/day. 

OTE = operating transfer efficiency, lb 02/hphr. 

V = volme of lagoon, million gal. 

3.7.a.3.4.4 Check the calculated horsepower versus minlmtm 
required for canplete mixing. 

If Iv 0.06 hp/lOOO gallons set hp = 0.06 hp/lOOO gal. 

3.7.8.3.4.5 Calculate total horsepower required. 

THP - 'Hp'lg; 
6 

'lo ) 

where 

THP = total aerator horsepower required, hp. 

HP = aerator horsepower required per 1000 gal., 
hp/ 1000 gal. 

3.7.8.3.S 

3.7.8.3.6 

Calculate nutrient requireuents. 

BOD: Nitrogen: Phosphorus - 1OO:S:l 

Effluent Characteristics. 

3.7.8.3.6.1 Calculate total BOD of the~effluent. 

BODE - Se + 0.3 XV 

where 
BODE - total BOD of effluent, u&l. 

Se - effluent soluble BOD5, mg/l. 

XV - mixed liquor volatile suspended solids, mg/l. 
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3.7.a.3.6.2 Suspended Solids. 

where 

SSE = effluent suspended solids concentration, mdl. 

Xv - mixed liquor volatile suspended solids, mg/l. 

3.7.a.3.6.3 COD. 

CODE - 105 BODE 
CODSE = 1.5 S e 

where . 

CODE - effluent COD concentration, mS/l. 

BODE = effluent BOD 5 concentration. 

CODSE = effluent COD soluble concentration, mg/l. 

‘e = effluent soluble BOD5 concentration, m$l. 

3.7.a.3.6.4 Nitrogen. 

TKNE - TKN 
NH3E = .25 TKN 

NO2E = 0.0 

where 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. 

TKN - influent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent anmonia nitrogen concentration, mg/l. 

NO2E - effluent NO 2 concentration, mg/l. 

3.7.a.3.6.5 Oil and Grease.' 

OAGE - 0.0 

where 

OAGE - effluent oil and grease concentration, mg/l. 
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3.7.8.4 Process Design Output Data 

3.7.8.4.1 Average daily flow, Q avg. mgd. 

3.7.8.4.2 Peak flow, , mgd. 
% 

3.7.0.4.3 Detention time, t, days. 

3.7.8.4.4 Effluent soluble BOD, Se, mgjl. 

3.7.8.4.5 Volume of lagoon, V, million gal. 

3.7.a.4.6 

3.7.Se4.7 

Oxygen required, O2 lb/day. 

Total aerator horsepower required, THP, hp. 

3.7.8.4.8 Total BOD of effluent, BODeff, mg/l. 

3.7.8.5 Quantities Calculations. 

3.7.8.S.l Calculate nunber of basins required, the Number of 
basins may be designated, if not, it will be selected fran the 
following, based on flow. 

Number of Basins (N) 

Less than 0.5 mgd 1 
Fran 0.5 to 2.0 mgd 2 
Fran 2.0 to 5.0 mgd 3 
Greater than 5.0 mgd 4 

where 
. 

W 
avg 

= average daily flow, mgd. 

N - nunber of basins. 

3.7.8.5.2 Select size and nunber of aerators. 

3.7.8.5.2.1 Calculate aerator horsepower per basin. 

where 

"b = aerator horsepower required per basin, hp. 

THP - total aerator horsepower required, hp., 

N = nunber of basins. 
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3.7.8.5.2.2 Determine nwber of aerators per basin. The nunber 
of aerators per basinmust be one of the following 2, 3, 4, 6, 8. 
Also the aerators must be one of the following sizes, 10, 15, 20, 
25, 30, 40, 50, 60, 75, 100 or 150. Th'e selection process will be 
trial and error. 

Assume nunber of aerator per basin (K) is 2. If *'b > 150, go - 7, 

to next trials K - 3, 4, 6, 8 until *'b s 150, 
T 

with values for individual aerators @Pa) given 

*'b sallest value of HPa that is greater than T. 

n 
then cunpare Hpb 

T 
above. Select the 

Capare HPa x K 

with HPb. If HPa x K is larger than HPb by 5% or more, go to next \ 

trial using the next larger K, until HPa x K is within 5% of HPb. 

3.7.8.5.3 Calculate basin depth. The basin water depth (Dw) 
is controlled by the aerator sizes used. This is true because 
each size aerator has a maximum depth at which it can be used and 

still achieve mixing without the use of a draft tube. 

3.7.8.5.3.1 If HPa C 100 HP 

DW = 4.82 (*Pa) 0.2467 

3.7.8.5.3.2 If 100 < HPa $ 150 

DW - 15 ft 

where 

DW - basin water depth, ft. 

*'a = horsepower of individual aerators, hp. 

3.7.8.5.4 Calculate basin dimensions. 

3.7.8.5.4-l Calculate length to width ratio. 

where 

K - number of aerators per basin. 

r = basin length to width ratio. 
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3.7.8.5.4.2 Calculate the length of the basin at water level. 

r 41 r Aa - 6/r (3DW)2 + 2 (3DW)2 *" + 3DW (l+r) 

=w = 2 

where 
'a * 

v x lo6 
(N) (DW) (7.48) 

Lw = length of basin at water level, ft. 

r= length to width ratio. 

6 = side slope = 3 to 1 for all ba6in6. 

'a = average lagoon surface area, ft 2 . 
. 

DW = basin water depth, ft. 

3.7.8.5.4.3 Calculate basin width at water level. 

where 

Ww = width of basin at water level, fte 

LW 
- length of basin at water level, ft. 

r - length to width ratio* 

3.7.8.5.5 Calculate volune of earthwork required. The fol- 
lowing assumption6 were made concerning basin con6truction. 

Basin6 will be con6tructed u6ing equal cut and fill. 
Levee Side Slope6 -1 be 3 to 1. 
A 2 ft. freeboard will be uSed on'all lagoon6. 
Camon levee corstruction will be u6ed where practical. 

3.7.8.5.5.1 The volme of eai%hwork mU6t be determined by trial 
and error. A6sume a depth of cut of 1 ft. 

3.7.8.5.5.1.1 Calculate the length and width at original ground 
level. 

Lc = Lw - 6 (DW - DC) 

WC = k 
r 
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where 

Lc = length of lagoon at original ground level, ft. 

W = - width of lagoon at original ground level, ft. 

r - length to width ratio. 

DW - basin water depth, ft. 

DC = depth of cut, ft. 

3.7.8.5.5.1.2 Calculate the volume of cut. 

vc = (103)(N)(DC) [WcLc - 3(DC) (WC) - 3(DC)($) + 12(DC)2] 

where . 

vc - volume of cut, cu ft. 

N - nunber of lagoons. 

DC - depth of cut, ft. 

wc = width of lagoon at original ground level, ft. 

Lc * length of lagoon at original ground level, ft. 

3.7.8.5.5.1.3 Calculate length and width at top of levee. 

5 = Lw+ 12 

LT 'T = F 

where 

LT - length of lagoon at top of levee, ft. 

WT - width of lagoon at top of levee, ft. 

LW 
= length of lagoon of water level, ft. 

r = length to width ratio. 

3.7.8.5.5.1.4 Calculate the depth of fill. 

DF=DW+2-DC 

where 

DF - depth of fill, ft. 
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DW = basin water depth, ft. 

DC - depth of cut, ft. 

3.7.8.5.5.1.5 Calculate nmber of levees. 

NL -N+l 

NW 
-2N 

where 

NL - nunber of levees of length, LT. 

NW - nmber of levees of width, WT. 

N - number of lagoons. 

3.7.8.5.5.1.6 Calculate volme of fill. 

where 

vF = volume of fill, cu ft. 

DF = depths of fill, ft. 

LT = length of lagoon at the top of the levee, ft. 

WT - width of the lagoon at the top of the levee, ft. 

NL - nunber of levees of length9 LT. 

NW = nunber of levees of width, WTO 

3.7.8.5.5.1.7 Caupare Vc and Vf. 

If Vc C VF then assume DC > 1 ft ind recalculate Vc and VF. 

If Vc > VF then assume DC C 1 ft and recalculate Vc and VF. 

Repeat this procedure until Vc - VF. This is the volme of 
earthwork required. 

where 

DC - depth of cut, ft. 
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vc 
= volume of cut, cu ft. 

vF 
- volume of fill, cu ft. 

VLJ3 - volume of earthwork required, cu ft. 

3.7.8.5.6 Calculate reinforced cmcrete requirenent. 

3.7.8.5.6.1 Influent structure. The influent structure would 
be a flow splitter box; The size of the structure would be 
detemined by the nunber of basins, since it would have to ac- 
canmodate weirs for each basin. The following quantities will be 
used. 

N-l,or2 Vcti-8lcuft 
. 33 cu ft.-. 

N-3 V 
VCti 

= 97 cu ft 
csi - 43 cu ft 

N-4 V 
VCti 

* 135 cu ft 

csi - 66 cu ft 

where 

V cti = volume of R.C. wall required for influent 
structure, cu ft. 

V osi - volume of R.C. slab required for influeut 
structure, cu ft. 

N - nunber of basina. 

3.7.8.S.6.2 Effluent structure. Each basin wotid have a 
separate effluent structure. The size of the structure would be 
approximately the szme regardless of flow. 

, 
V ewe - (81) WI 

V cse - (321 WI 

where 

V =~ - volume of R.C. wall required for effluent 
structure, cu ft. 

V =se - volume of R.C. slab required for effluent 
structure, cu ft. 

N - nmber of basins. 
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3.7.8.5.6.3 Total reinforced concrete required. 

V cw =V 
CWi 

+ v 
CW 

V cs -V csi +V cse 
where 

v cw - total volume of R.C. wall required, cu ft. 

V as - total volume of R.C. slab required, cu ft. 

V cti = volume of R.C. wall required for influent 
structure, cu ft. 

V =we - volume of R.C. wall required for effluent 
structure, cu ft. 

V csi - volume of R.C. slab required for influent 
structure, cu ft. 

v use - volume of R.C. slab required for effluent 
structure, cu ft. 

3.7.8.5.7 Calculate volume of concrete required for mbank- 
merit protection. In large lagoons and in aerated lagoons the 
earthern levees require protection fran the wave action of the 
water. For this PurPose concrete is placed around the interior of 
the levee at the water line. The concrete would extend frau the 
top of the levee to about 1.5 ft below the water surface. 
3 to 1 side slope, 

Using a 
the width of the slab would be 11 ft. The slab 

would be 8 inches thick. 

V 
CeP = (2Lw + 2Ww) (11) (0.67) (N) 

where 

V 
CeP 

= volume of concrete for enbanbnent protection, 
cu ft. 

LW 
= length of levee at water level, ft. 

VW = width of levee at water level, ft. 

N = number of basins. 

3.7.8.5.8 Calculate lagoon surface area. 

where 
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As = lagoon water surface area, acres. 

I? = nunber of basins. 

Lw = length of levee at water surface, ft. 

Ww - width of levee at water surface, ft. 

3.7.8.5.9 Calculate operationmanpomr required. 

3.7.8.5.9.1 If AS S 4 acres, the operation manpower is cal- 
culated by: 

OMH - 700 (AS) 0.2571 

where , . 

OMH = operation manpower required, MH/yr. 

AS 
= lagoon water surface area* acres. 

3.7.8.5.9.2 If AS > 4 acres, the operation manpower is cab 
culated by: 

OKE = 539.3 (As)o'44s3 

3.7.8.5.10 Calculate maintenance manpower required. 

3.7.8.5.10.1 Xf AQS 4 acres, the maintenance manpower is cal- 
culated by: 

MMH = 130.0 (AS) 0.2925 

where 

MMH = maintenance manpower required, MH/yr. 

AS = lagoon water surface area, acres. 

3.7.8.5.10.2 If AS > 4 acres, the maintenance manpower is 
calculated by: 

MMH - 105 (AS)o-4466 

where 

MMH = maintenance manpower required, MWyr. 

AS = lagoon water surface area, acres. 
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3.7.8.5.11 Calculate electrical energy required for operation. 
Assuming that all the aerators operate 90% of the time and the 
efficiency of the electric motors is 0.877. 

3.7.8.5.11.1 Calculate total installed horsepower. 

where 

lIPa'- horsepower of individual aerators, hp. 

HpT - total installed horsepower, hp. 

K - number of aerators per basin. 

N - number of basins* 

3.7.8.5.11.2 Calculate electric energy required. 

KWH m @PT) (365) (24) (e9) (e85) (e877) 

where 

KWH = electrical energy required, kwhr/yr. 

upT - total installed horsepower, hp. 

3.7.8.5.12 Calculate quantity for lagoon liner. In sane areas 
the soils are such that lagoons must be lined to prevent loss of 
water. User should designated whether liner is required. 

3.7.8.5.12.1 Calculate area of the bottan of the lagoon. 

where 

" . 
% = 

Lw = 

ww - 

DW = 

ss - cw - 6~w) (w W - ~DW) 

area of the bottan of lagoon, ft'. 

length of basin at water level, ft. 
. 

width of basin at water level, ft. 

b8si.n water depth, ft. 

3.7.8.5.12.2 Calculate 8rea of 18goon enbanbent. 

% 
DI+2 

= 'cLT + wT) (m + 5, 
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where 

SAP = area of lagoon enbanlunent, ft2- 

LT = length of basin at top of levee, ft. 

WT - width of basin at top of levee, ft. 

DW = basin water depth, ft. 

3.7.8.5.12.3 Calculate tot&l surface area required for Liner. 

SAL = total area of lagoonlinkr, ft2. 

N = number of basins. 

SAD - area of bottaa of lagoon, ft 2 ' 
l 

S% - area of lagoon mbankment, ft2. 

3.7.8.5.13 Other operation and maintenance material and supply 
costs. This item includes such itens as lubrication oil, paint, 
repair and replacement parts. These costs are estimated as a 
percent of the installed equipment cost. 

amp - 4 093 (HP$ -0.1827 

where 

OMMP - O&Mmaintenance and supply costs as percent of 
the installed equipment cost, %. 

I 

3.7.8.5.14 Other minor construction cost itsas. Frau the 
above calculation approximately 90% of the construction costs 
have been accounted for. Other minor items such as piping, grass 
seeding, etc., would be 10%. 

1 CF - m = l.lL 

CF = correction factor for other construction costs 
items. 

3.7.8.6 Quantities Calculations Output Data. 

3.7.8.6.1 Nunber of basins, N. 
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3.7.8.6.2 

3.7.8.6.3 

3.7.8.6.4 

3.7.8.6.5 

3.7.8.6.6 

3.7.8.6.7 

3.?.8.6.8 

3.7.8.6.9 

3.7.8.6.16 

3.7.8.6.11 
cu ft. 

3.7.8.6.12 

3.7.8.6.13 

3.7.8.6.14 

Basin water depth, DW, ft. 

Nunber of aerators per basin, K. 

Basin length to width ratio, r. 

Horsepower of individual aerators, EPa, hp. 

Length of basin at water level, Lw, ft. 

Width of basin at water level, Ww, ft. 

Volune of earthwork required, VLEW, cu ft. 

Total volune of R.C. wall required, Vcw, cu ft. 

Total volune of R.C. slab required, Vcs, cu ft. 

Volume of concrete for mbanlunent protection, V cep' 

Operation manpower required, OMH, MH/yr. 

Maintenance manpower requird, MMH, MH/yr. 

Electrical energy required, KWH, Kwhr/yr. 

3.7.8.6.15 Total area of lagoon liner, SAL, ft2. 

3.7.8.6.16 O&M maintenance and supply costs as percent of the 
installed equipment cost, OMMP, %. 

3.7.8.6.17 Correction factor for other minor construction 
costs, CF. 

3.7.8.7 Unit Price Input Required.. 

3.7.8.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.7.8.7.2 Unit price input for Rec. wall in-place, UPICW, 
$h yd. 

3.7.8.7.3 
$hu yd. 

Unit price input for R.C. slab i-place, UPICS, 

3.7.8.7.4 Cost of standard size aerator (50 hp), COSTA, $, 
(optional). 

3.7.8.7.5 
MSECI. 

Current Marshall and Swift Equipment Cost Index, 



3.7.8.7.6 Installation labor rate, LABRI, $/MI-l. 

3.7.8.7.7 Unit price input for lagoon liner, UPILL, $/ft2. 

3.7.8.8 Cost Calculation. 

3.7.8.8.1 Cost of earthwork. 

COSTE = v IJFIEX 

where 

COSTE - cost of earthwork, $. 

VLEW - volme of earthwork required, cu ft. \ 

UPIEX = unit price input for earthwork, $/cu yd. 

3.7.8.8.2 Cost of reinforced concrete wall. 

COSTCW - vcw UPICW 
77 

where . 

COSTCW = cost of R.C. wall in-place, $. 

V = volume of R.C. wall required,.cu yd. 
cw 

UFICW = unit price input for R.CL wall in-place, 
$/cu yde 

3.7.8.8.3 Cost of reinforced concrete slab. 
V 

cosTcs - + UPICS 

where 

COSTCS = cost of R.C. slab in-place, $. 

V cs = volune of R.C. slab required, cu ft. 

UPICS = unit price input for R.C. slab in-place, 
$/cu yd. 

3.7.8.8.4 Cost of concrete embankment protection. 
V COSTEP = cep 7 (0.5)(UPICS) 
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where 

COSTEP = cost of concrete embankment protection in-place, 
$0 

V 
CQ 

- volume of concrete for mnbankment proteition, 
cu ft. 

UPICS = unit price input for R.C. slab in-place, 
S/m ycL 

0.5 - factor to &just R.C, concrete unit price 
to nonreinforced. 

3.7.8.8.5 Calculate purchase cost of aerators. 

cosu = (COSTSA) (COSTR) (K) (N) 
100 

where 

COSTA = purchase cost of aerators, $. 

COSTSA - cost of standard size aerator (50 hp), $. 

COSm - cost of aerator of horsepower HP as a percent 
of the cost of the standard sheaaerators, %. 

K - nunber of aerators per basin. 

N = nunber of. basins. 

3.7.S.8.5.1 Calculate COSTR. 

If HPa 25 hp; COSTR is calculated by: 

COSTR - 20.) (HPa)o*2686 

15 HPa 25 hp; COSTR is calculated by: 

COSti - 4.12 (HPa)o*7878 

3.7.8.8.5.2 Purchase cost of standard size aerator. The stan- 
dard size aerator is a 50 hp, high-speed floating aerator. The 
cost of the 50 hp aerator in the first quarter of 1977 is: 

COSTSA - $13,960 

For better cost estimation, COSTSA should be obtained fran the 
equipment vendor and treated as a unit price input. However, if 
COSTA is not treated as a unit price input, the cost will be 
ad j us ted by us ing the Marshal 1 and Swift Equipment Cos t Index. 
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MSECI 
COSTA = $13,960 m . 

where 

COSTA - cost of standard size aerator (50 hp), $. 

MSECI - current Marshall and Swift Equipment Cost Xndex. 

491.6 = Harshall and Swift Equipment Cost Index for 1st 
quarter of 1977. 

3.7.8.8.6 Calculate total installed equipment cost. 

3.7.8.8.6.1 Calculate aerator installation labor. 

IMH - 0.633 @Pa) + 40 

IMH - aerator installation labor, MR. 

"a = horsepower of individual aerators, hp. 

3.7.8.8.6.2 Calculate aerator instaLlation cost. 

where 

AX - aerator installation cost, $. 

lXH - aerator installation labor, MH. 

K = number of aerators per basin. 

N - nunber of basins. 

WRI = installation labor rate, $/MH. 

3.7.8.8.6.3 Calculate installed cost for electrical/mechanical. 

EMC = 0.589 (lIPa) -oo1465 (COSTA) 

EMC = installed cost for electrical/mechanical, $. 

"a - horsepower of individual aerators, hp. 

COSTA - purchase ccst of aerators, $. 
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3.7.8.8.6.4 Calculate total installed equipment cost. 

IEC - COSTA + AIC + EMC 

where 

IEC = total installed equiment cost, $. 

AIC - aerator installation cost, $. 

EMC = installed cost of electrical/mechanical, $. 

3.7.8.8.7 Calculate cost of lagoon liner. 

COSTLL - (St) oJm4r4~ 

COSTLL = installed cost of lagoon liner, $. 

SAL - total area of lagoon liner, ft 2 . 

UPILL = unit price input for lagoon liner, $/ft2. 

3.7.8.8.8 Calculate total bare construction cost. 

TBCC = (COSTE+ COSTW + COSXS + COSTEP + COSTLL + IEC) (CF) 

where 

TPCC = total bare construction cost, $. 

COSTE = cost of.earthwork, $. 

COSTCW - cost of R.C. wall in-place, $. 

COSTCS = cost of R.C. slab in-place, $. 

COSTEP = cost of concrete enbanJanent protection in-place, 
$0 

COSTLL = installed cost of lagoon liner, $. 
. . 

XEC - total installed equipment cost, $. 

3.7.8.8.9 Calculate O&M maintenance and supply cost. 

OMMC = w IEC 

where 

OMMC = O&M material and supply costs, $/yr. 
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OMMP = O&H material and supply costs as percent of 
installed equipment cost, %. 

IEC - total installed equipment cost, $. 

3.7.8.9 Cost Calculations Output Data. 

3.7.a.9.1 Total bare construction c-t, TBCC, $. 

3.7.8.9.2 O&M materM. and supply costs, $/yra 
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3.7.9 Aerated Facd tative Lagoon. 

3.7.9 .l Input Data. 

3.7.9.1.1 Wastewater flow. 

3.7.9.1.1.1 Average daily flow, mgd. 

3.7.9.1.1.2 Peak (hourly) flow, mgd. 

3.7.9.1.2 Wastewater characteristics. 

3.7.9.1.2.1 BOD influent, mg/l. 

3.7.9.1.2.2 Tnfluent suspended solids, mg/l. 

3.7.9.1.2.3 Influent volatile suspended solids, mg/l. 

3.7.9.1.2.4 Nitrogen, mg/l as N. 

3.7.9.1.2.5 Phosphorus, mg/l as P. 

3.7.9.1.2.6 Non-biodegradable fraction of VSS. 

3.7.9.1.3 Desired degree of treatment. 

3.7.9.1.4 Tenperature, 'C (smmer and winter). 

3.7.9.2 Design Paraueters. 

3.7.9.2.1 Reaction rate constant/day (0.5-1.0, avg 0.75). 

3.7.9.2.2 Tmperature correction coefficient 1.075. 

3.7.9.2.3 Fraction BOD renoved for respiration (0.9-1.4). ' 

3.7.9.2.4 BOD feedback fran bottan or sediment (summer - 20 
percent; winter - 5 percent). . 

3.7.9.2.5 MLVSS, mg/l, (S&150) average 100. 

3.7.9.3 Process Design Calculations. 

3.7.9.3.1 Select the rate constant, K. Adjust K for smuner 
and winter temperatures. 

KT = K20@ 
(T-20) 

where 

5 = rate constant for desired temperature, Oc. 
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K20 * rate constant at 20°C. 

0% tmperature correction coefficient. 

T - temperature, Oc. 

3.7.9.3.2 For summer and winter efficiencies, calculate 
detention thes to meet w%inter efficiency. 

'e - - & (1.05) 
sO 

where 

Se = effluent soluble BOD5, q/l. s 

So - influent BOD5, mg/l. 

K - reaction rate constant. 

t - detention time, days. 

and summer efficiency: 

Select the larger of the detention times. 

3.7.9.3.3 Calculate volume. . 

V-Q avgt 

where 

V - volme, million gal. 

Q =Jg 
- average daily flow, mgd. 

t - detention time, days. 

3.7.9.3.4 Determine oxygen requirements, assume a'. / 
O2 - a'SrQ(8.34) (1.2) 

where 
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O2 = oxygen required, lb/day. 

a' - fraction of BOD oxidized for energy. 

Sr - BOD removed, mg/l. 

Q = flow, mgd. 

3.7.9.3.5 Design mechanical aeration system and check horse 
power supply to allow solids to settle: horsepower required to 
allow solids to settle (0.01-0.02 hp/lOOO gal). 

3.7.9.3.5.1 Assume the following design parmeters. 

3.7.9.3.5.1.1 Standard transfer efficiency, lb/hp-hr (02 dis- 
solved oxygen, 20°C, and tap water). 

3.7.9.3.5.1.2 o2 t ransfer in waste/O2 transfer in water 2 0.9. 

3.7.9.3.5.1.3 o2 
B 0.9. 

saturation in waste/O2 saturation in water 

3.7.9.3.5.1.4 Correction factor for pressure Zl.0. 

3.7.9.3.5.2 Select summer operating temperature (25-3O'C) and 
determine (fran standard tables) O2 saturation. 

3.7.9.3.5.3 
conditions. 

Adjust standard transfer efficiency to operating 

KS) 
T 

tp (P) - s 
OTE = STE (e) (l.02)T-20 

9.17 

where 

OTE - operating transfer efficiency, lb 02/hphr. 

STE - standard transfer efficiency, lb 02/hphr. 

KS) 
T 

= o2 saturation at selected Sumner temperature, 
Ulg/l. . 

P =O 
witer N 0.9. 

saturation in waste/O2 saturation in 

p = correction factor for pressure % 1.0. 

CL - minimum dissolved oxygen to be maintained in 
the basin e 2.0 mg/l. 
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= O2 transfer in waste/O2 transfer in water 
0.9. 

T = temperature, Oc. 

3.7.9.3.5.4 Calculate horsepower requirement. 

HP = 
OTE 

where 

Oz x 1000 

HP - horsepower required per 1000 gal. 

O2 = oxygen required, lb/day: 

OTE = operating transfer efficiency, lb 02/hp-hr. 

V - volune of the basin, million gal.' 

3.7.9.3.5.5 Calculate total horsepower requirement. 
Tw * (HP)(V)(lO5 

1000 ~ 

where 

THE' = total horsepower required, hp. 

V = volume of lagoon, million gal. 

HP - horsepower required per 1000 gal, hp/lOOO gal. 

3.7.9.3.6 Effluent Gharacteristics. 

3.7.9.3.6.1 Effluent suspended solids concentration. The 
suspended solids fran an aerated facultative lagoon can be divided 
Lnto three categories; inert solids, bacteria cells and algal 
cd&. The growth of algae in sewage lagoons is a very complex 
process. Geographic location, temperature, season, organic load- 
h3. nutrient concentration and light penetration are the factors 
that govern the ecological system in a sewage lagoon. However, 

White and Rich have presented the following which relates the 
algal concentration withmixing level in aerated lagoon systms. 

0.407 SQL -T- 10.7 

SS& = 

HP= 

algal concentration of suspended solids, mg/ 1. 

horsepower required/l000 gal. . 
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The suspended solids due to inert material and bacteria cells is 
more or less independent of the mixing level. It is usually in 
the range of 25 to 30 rndl and approximately 8X volatile. 

ssOi 
- 2541 

Thus, the total suspended solids concentration would be 

where 

("'eff - total suspended solids in effluent, mg/l. 

SS& - algal concentration of suspended solids, mdl. 

"oi = suspended solids due to inert material and 
bacteria cells, mdl. 

3.7.9.3.6.2 Calculate BOD in the final effluent. 

BODE - Se + 0.3 (0.85 x SSoi) + 0.12 (SS&) 

where 

BODE - BOD in effluent in mdl. 

Se = soluble effluent BOD, mdl. 

0.12 = BOD concentration contributed by algae in the 
effluent. 

3.7.9.3.6.3 COD. 

CODE = 1.5 BODE 
CODSE - 1.5 Se . 

where 

CODE - effluent COD concentration, mg/l. . 

BODE - effluent BOD5 concentration, rndl. 

'CODSE - effluent soluble COD concentration, mg/l. 

‘e = effluent soluble BOD3 concentration, !ng/ 1. 
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3.7.9.3.6.4 Nitrogen. 

TKNE - TKN 
NH3E - TKNE 
NO3E - NO3 
NOZE = NO2 

where 

TKNE = effluent 

TKN = influent 

NH3E - effluent 

NO3E - effluent 

NO3 * influent 

NO2E - effluent 

NO2 * influent 

Kjedahl nitrogen concentration, mg/l. 

Kjedahl nitrogen concentration, mg/l. 

amonia concentration, mdl. , 

NO3 concentration, mg/l. 

NO3 concentration, mg/l. 

NO2 concentration, mg/l. 

NO2 concentration, mg/l. 

3.7.9.3.6.5 Phosphorus. 

PO4E - 0.7 PO4 

where 

PO4E - effluent phosphorus concentration, mg/l. 

PO4- influent phosphorus concentration, mg/l. 

3.7.9.3.6.6 Oil and Grease. 

OAGFi = 0.15 OAG 

where 

OAGE = effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

3.7.9.3.7 Determine nutrient requirements. 

BOD:Nitrogen:Phosphorus * 1OO:S:l 

3.7.9.4 Process Design Output Data. 

3.7.9.4.1 Average daily flow, Qavg, mgd. 
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3.7.9.4.2 Peak flow, , mgd. 
% 

3.7.9.4.3 Detention time, t, days. 

3.7.9.4.4 Effluent soluble BOD, Se, mg/l. 

3.7.9.4.5 Volme of lagoon, V, million gal. 

3.7.9.4.6 Oxygen required, 02, lb/day. 

3.7.9.4.7 Total aerator horsepower required, THP, hp. 

3.7.9.4.8 Total BOD of effluent, BODeff, mg/l. 

3.7.9.5 Quantities Calculations. 

3.7.9.5.1 Calculate nunber of basins required. The nunber of 
basins may be designaM, If not, it will be selected fran the 
following, based on flow. 

Number of Basins (N) 

Less than 0.5 mgd 1 
Fran 0.5 to 2.0 mgd 2 
Fran 2.0 to 5.0 mgd 3 
Greater than 5.0 mgd 4 

where 

Q =I3 
= average daily flow, mgd. 

N - number of basins. 

3.7.9.5.2 Select size and nunber of aerators. 

3.7.9.5.2.1 Calculate aerator horsepower per basin. 

where 

HPb = aerator horsepower required per basin, hp. ' 

THP - total aerator horsepower required, hp. 

N = nunber of haslns. 

3.7.9.5.2.2 Determine nunber of aerators per basin. The nunber 
of aerators per basin must be one of the following 2, 3, 4, 6, 8. 
Also the aerators must be one of the following sizes, 10, 15, 20, 
25, 30, 40, 50, 60, 75, 100, or 150. The selection process will 
be trial and error. 
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Hpb 
Assume number of aerator per basin (K).is 2. If T 150, go to 

"b "b 
next trials K=3, 4, 6, 8 until T 150, then ccxnpare 7 

with values for individual aerators (HPa) given above. Select the 

"b 
smallest value of HPa that is greater than T. Canpare HPa x K 

with HPb. If HPa x K is larger than HPb by 5% or more, go to next 

trial using the next larger K, until HPa x K is within 5% of HPb. 

3.7.9.5.3 Calculate basin depth,. The basin water depth (Dw) 
is controlled by the aerator sizes used. This is true because 
each size aerator has a maximum depth at which it can be used and 
stfll achieve mixing without the use of a draft tube. 

3.7.9.5.3.1 If HPa 100 HP 

DW - 4.82 (HPa) Oe2467 

3.7.9.5.3.2 If 100 HPa 150 

DW - 15 ft 

where 

DW - basin water depth, ft. 

"a = horsepower of individual aerators, hp. 

3.7.9.5.4 Calculate basin dimensions. 

3.7.9.5.4.1 Calculate length to width ratio. 

If K 4,r-K 

If K 4,r=Kj2 

where 

K = number of aerators per basin. 

r - basin length to width ratio. 

3.7.9.5.4.2 Calculate the length of the basin at water level. 

LW = r 4/r Aa - 6/r (3DW)2 + 2 (3DW)2 'OS + 3DW (l+r) 
2 
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where 

LW 
= length of basin at water level, ft. 

r = length to width ratio. 

S - side slope - 3 to 1 for all basins. 

Aa - average lagoon surface area, ft 2 . 

DW - basin water depth, ft. 

3.7.9.5.4.3 Calculate basin width at water level. 

where 

wW 
= width of basin at water level, ft. 

LW 
= length of basin at water level, ft. 

r= length to width ratio. 
3.7.9.5.5 Calculate volme of earthwork required. The fol- 
lowing assumptions were made concerning basin construction. 
Basins will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
A 2 ft freeboard will be used on all lagoons. 
Carmen levee construction will be used where practical. 

3.7.9.5.5.1 The volume of earthwork must be detetmined by trial 
and error. &sume a depth of cut of 1 ft. 

3.7.9.5.5.1.1 Calculate the length and width at original ground 
level. 

where 
L = 

C 

wc - 
If r= 

DW - basin water depth, ft. 

Dc- depth of cut, ft. 

Lc = Lw - 6 (DW - DC) 

w; -k 
r 

length of lagoon at original ground level, ft. 

width of lagoon at original ground level, ft. 

length to width ratio. 

3.7.9.5.5.1.2 Calculate the volume of cut. 

vC 
= (1.3)(N)(LX) WcLc - 3(DC)(Wc) - 3(DC)(Lc) + 12(DC)2 
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where 

vc = volume of cut, cu ft. 

N - nunber of lagoons. 

DC - depth of cut, ft. 

Wc - width of lagoon at original ground lwel, ft. 

Lc = length of lagoon at original ground lwel , ft. 

3.7.9.5.5.1.3 Calculate length and width at top of levee. 

-L 
W 

‘T - 

+ 12 

2 
r 

where 

5 - length of lagoon at top of levee, ft. 

WT - width of lagoon at top of levee, ft. 

L w - length of lagoon at water lwel, ft. 

r = length to width ratio. 

3.7.9.5.5.1.4 Calculate the depth of fill. 

DF = DW+ 2 - DC 

where 

DF - depth of fill, ft. 

DW - basin water depth, ft. 

DC - depth of cut, ft. 

3.7.9.5.5.1.5 Calculate nunber of levees. 

NL -N+ 1 

Nw -2N 

where 

NL = nmber of levees of length, LT. 

NW = nunber of levees of width, WT. 
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N = number of lagoons. 

3.7.9.5.5.1.6 Calculate volume of fill. 

'F - [lODF + 3(DF)*j (L$ (NLI + (W$ (Nw) 

where 

VF - volume of fill, cu ft. 

DF - depths of fill9 ft. 

LT = length of lagoon at the top of the levee, ft. 

WT = width *of the lagoon at the top of the levee, ft. 

NL = nunber of levees of length, $. 

NW = nunber of levees of width, WT. 

3.7.9.5.5.1.7 Canpare Vc and Vf. 

If Vc < VF then assume DC > 1 ft and recalculate Vc and VF. 

If Vc > VF then assume DC < 1 ft and recalculate Vc and VF. 

Repeat this procedure until Vc - VF. This is the volme of earth- 
work required. 

vc - VF - VLEW 

where 

DC - depth of cut. ft. 

V 
C 

- volme of cut, cu ft* 
\ 

vF - volume of fill, cu ft, 

VLEW - volume of earthwork required, cu ft. 

3.7.9.5.6 Calculate reinforced concrete requirenent. 

3.7.9.5.6.1 Influent structure. The influent structure would 
be a flow splitter box. The size of the structure would be 
determined by the nunber of basins, since it would have to accanmodate 
weirs for each basin. The following quantities will be used. 

N- 1, or 2 Vcti - 81 cu ft. 
33 cu ft. 
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N=3 V cti - 97 cu ft. 
V csi - 43 cu ft. 

N-4 V cti - L35 cu ft. 

V csi = 66 cu ft. 

where 

V 
CWi 

= volume of R.C. wall required for influent 
structure, cu ft. 

V csi = volume of R.C. slab required for influent 
structure, cu ft. 

N - nunber of basins. 1 

3.7.9.5.6.2 Effluent Structure. Each basin would have a sepa- 
rate effluent structure. The size of the structure would be 
approtiately the sane regardless of flow. 

where 

v = ewe 

v = cse 

N- 

3.7.9.5.6.3 

where 

v * cw 

volume of R.C. wall required for effluent 
structure, cu ft. 

volme of R.C. slab required for effluent 
structure, cu fL 

nunber of basins. 

Total reinforced concrete required. 

V =v + v cw cwi CW 

V =V +v cs csi cse 

total volme of R.C. wall required, cu ft. 

V = total volme of R.C. slab required, cu ft. cs 
V cti - volme of R.C. wall required for influent structure, 

cu ft. 

V =we = volume of R.C. wall required for effluent structure, 
cu ft. 
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v csi - volume of R.C. slab required for influent structure, 
cu ft. 

V cse = volume of R.C. slab required for effluent structure, 
cu ft. 

3.7.9.5.7. 
protection. 

Calculate volune of concrete required for embankment 
In large lagoons and in aerated lagoons the earthern 

levees require protection frau the wave action of the water. For 
this purpose concrete is placed around the interior of the levee 
at the water line. The concrete would extend fraa the top of the 
levee to about 1.5 ft. below the water surface. Using a 3 to 1 
side slope, the width of the slab would be 11 ft. The slab would 
be 8 inches thick. 

V 
w - (ZLw + 2Ww)(ll)(0.67)(N) 

where 

V 
CeP 

- volume of concrete for mbankment protection, cu 
ft. 

L w = length of levee at water level, ft. 

wW 
- width of levee at water level, ft. 

N = nunber of basins. 

3.7.9.5.8 Calculate lagoon surface area. 

As - 
(N)(Lw)(Ww) 

43560 

where 

As = lagoon water surface area, acres. 

N = nunber of basins. , 

Lw = length of levee at water surface,.ft. 

Ww - width of levee at water surf&e, ft. .. 

3.7.9.5.9 Calculate operationmanpower required. 

3.7.9.5.9.1 
culated by: 

If ASS 4 acres, the operation manpower is cal- 

OMFI - 
where 

700 (As)oo2571 

OMH - operation manpower required, MH/yr. 
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*S = lagoon water surface area, acres. 

2.4.9.5.9.2 If As > 4 acres, the operation manpower is cal- 
culated by: 

om - 539.3 (As) 0.4453 

3.7.9.5.10 Calculate maintenance manpower required. 

3.7.9.5.10.1 If As s 4 acres, the maintenance manpower is 
calculated by: 

MMH = 130.0 (A$"*zg25 

where 

MMH = maintenance manpower riquired, MWyr. 

*S - lagoon water surface area, acres. 

3.7.9.5.10.2 If As > 4 acres9 the maintenance manpower is 
calculated by: 

MMH - 105 (AS)o*4466 

where 

MMH = maintenance manpower required, MH/yr. 

*S - lagoon water surface area, acres. 

3.7.9.5.11 Calculate electrical energy required for opera- 
tion. Assuming that al.1 the aerators operate 90% of the time and 
the efficiency of the electric motors is 0.877, the power re- 
quired would be. 

3.7.9.5.5.11.1 Calculate total installed horsepower. 

HpT = (HPa) (K) (W 

where 

"a - horsepower of individual aerators, hp. 

HPT - total installed horsepower, hp. 

K - nunber of aerators per basin. 

N - nunber of basins. 
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3.7.9.5.11.2 Calculate electric energy required. 

where 

mai - @PTl (365) (24) (.9) (.85) (.877) 

KWH - electrical energy required, kwhrlyr. 

HPT - total installed horsepower, hp. 

3.7.9.5.12 Calculate quantity for lagoon liner. In sane 
areas the soils are such that lagoons must be lined to prevent 
loss of water. User should designate whether liner is required. 

3.7.9.5.12.1 Calculate area of the bottan of the lagoon. 

93 * Gw - 6Dw) (Ww- 6Dw) 

where 

SAD - area of the bottan of lagoon, ft', 

Lw - length of basin at water level, ft. 

Ww - width of basin at water level, ft. 

DW - basin water depth, ft. 

P3.7.9.5.12.2 Calculate area of lagoon enbanknent. 

where 

Dw2 

SAg - area of lagoon 8nbankment, ft'. 

5 - length of basin at top of levee, ft. , 

wT - width of basin at top of levee, ft. 

. DW - basin water depth, ft. 

3.7.9.5.12.3 Calculate total surface area required for liner. 

where 

SAL - total area of lagoon liner, ft'. 

N = nunber of basins. 
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S% - area of bottcm of lagoon, ft2. 

S AK - area of lagoon embankment, ft2. 

3.7.9.5.13 Other operation and maintenance material and 
supply costs. This iten includes such itens as lubrication oil, 
r-tit. repair and replacement parts. These costs are esttiated 
as a percent of the fnstalled equipent cost. 

OMMP - 4.93 (HPJ**1827 

where 

OMMP - O&I+maintenance and supply costs as percent of the 
installed equipent cost* Z. 

3.7.9.5.14 Other minor constructlou cost item. Fran the 
above calculations approtiately 90% of the construction costs 
have been accounted for. Other minor items such as piping, grass 
seeding, etc., would be 10%. 

CF * & - 1.11 

where 

CF = correction factor for other construction costs 
itelns. 

3.7.9.6 Quantities Calculations Output Data 

3.7.9.6.1 Nunber of basins, N. 

3.7.9.6.2 Basin water depthP DW, ft. 

3.7.9.6.3 Number of aerators per basin, K. 

3.7.9.6.4 Basin length to width ratio, r* 

3.7.9.6.5 Horsepower of individual aerators, HPa, hp. 

3.7.9.6.6. Length of basin at water level, Lw, ft. 

3.7.9.6.7 Width of basin at water level, Ww, ft. 

3.7.9.6.8 volune of earthwork required, VLEW, cu ft. 

3.7.9.6.9 Total volune of R.C. wall required, Vcw, cu ft. 
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3.7.9.6.10 

3.7.9.6.11 
V 

=P' 
cu ft. 

3.7.9.6.12 

3.7.9.6.13 

3.7.9.6.14 

3.7.9.6.15 

3.7.9.6.16 

Total voluue of R.C. slab requlred, Vcs, cu ft. 

Volune of concrete for enbanlanent protectlon, 

Operation manpower required, OME, ME/yr. 

Malutenance manpower required, MME, Wyr. 

ElectrIcal energy required, KWH, Kwhr/yr. 

Total area of lagoon liner, St, ft.2. 

O&Mmaintenance and supply costs as perceut of the 
installed equipment cost, OMMP, %. 

3.7.9.6.17 
costs, CF. 

3.7.9.7 Unit Price Input Required. 

3.7.9.7.1 

3.7.9.7.2 
$hu yd. 

3.7.9.7.3 
$h yL 

3.7.9.7.5 
MSEGI. 

3.7.9.7.6 

3.7.9.7.7 

3.7.9.8 Cost Calculations. 

3.7.9.8.1 Cost of earthwork. 

Correction factor for other minor coustructlon 

Unit price input for earthwork, UPIF& $/cu yd. 

Unit price input for R.C. slab in-place, UPICW, 

Unit price input for R.C. slab in-place UPICS, 

Cost of standard size aerator (50 hp), COSTA, $, 

Current Marshall and Swift Equipment Cost Index, 

hst&Llatlon labor rate9 LA3RIv $/XH. 

Unit price input for lagoon liner, UPILL, $/ft2. 

COSTE = +%JPIKK 

where 

COSTE - cost of earthwork, $. 

VLEM = volme of earthworlc required, cu ft. 

- 
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UPIEX - unit price input for earthwork, $/cu yd. 

3.7.9.a.2 

where 

Cost of reinforced concrete wall. 
v 

COSTCW - +f UPICW 

COSICW - cost of R.C. wall in-place, $. 

V cw = volume of R.C. wall required, cu yd. 

UPICW - unit price input for R.C. wall iwplace, $/cu yd. 

3.7.9.8.3 Cost of reinforced coucrete slab. 

COSTCS ' vcs -7 UPICS 

where 

COSTCS = cost of R.C. slab in-place* $. 

V cs - volae of R.C. slab required, cu ft. 

UPICS - unit price input for R.C. slab in-place, $/cu yd. 

3.7.9.8.4 Cost of coucrete embanlanent protection. 

vCep 
COSTEP s 27 (0*5)(UPICS) 

where 

COSTEP * cost of concrete mbankuent protection ieplace, $. 

V - volme of concrete for enbankment protection, cu 
ceP ft . 

UPICS = unit price input for R.C. slab in-place, $/CU yd. 

0.5 = factor to adjust R.C. concrete unit price to non 
reinforcad. 

3.7.9.a.5 Calculate purchase cost of aerators. 
cosm - (COSTSA) (COSTR) 00 00 

100 

where 

COSTA = purchase cost of aerators, $. 

COSTSA * cost of standard size aerator (5: hp), $. 
.--- --- 
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COSTR - cost of aerator of horsepower HP as a percent of 
the cost of the standard size ae?ators, %. 

K = nunber of aerators per basin. 

N = nunber of basins. 

3.7.9.8.5.L Calculate COSTR. 

If HPa 25 hp; COSTR is calculated by: 

COSTR = 20.7 (HPa)"*2686 

If HPa 25 hp; COSTEk is calculated by: 

COSTR - 4.12 (HPa)"*7878 

3.7.9.8.5.2 Purchase cost of standard size aerator. The stan- 
dard size aerator is a SO hp, high=speed floating aerator. The 
cost of the 50 hp aerator in the first quarter of 1977 is: 

COSTSA - $13,960 

For better cost esttiatiou, COSTSA should be obtained fran the 
equipment vendor and treated as a unit price input. Hovever, if 
COST4 is not treated as a unit price input, the cost will be 
adjusted by using the Marshall and Swift Equipment Cost Index. 

COSTA - $13,960 m 
l 

where 

COSTA - cost of standard size aerator (SO hp), $. 

MSECI = current Marshall and Swift Equipment Cost Index. 

491.6 = Marshall and Swift Equipment Cost Index for 1st 
quarter of 1977. 

3.7.9.8.6 Calculate total installed equigxaent cost. 

3.7.9.8.6.1 Calculate aerator installation labor. 

IMH - 0.633 (HPa) + 40 

where 

IMi - aerator instdllationlabor, MH. 
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=?a = horsepower of individual aerators, hp. 

3.7.9.8.6.2 Calculate aerator installation cost. 

where 

AIC - aerator installation cost, $. 

IN!I - aerator installation labor, MH. 

K = nunber of aerator per basin. 

N - rmnber of basins. 

LABRI - installation labor rate, $/MS. 

3.7.9.8.6.3 Calculate installed cost for electrical/mechani- 
cal. 

EMC - 0.589 (HPa) -"*1465 (COSTA) 

where 

EMC - installed cost for electrical/mechanical, $. 

HPa = horsepower of individual aerators, hp. 

COSTA = purchase cost of aerators, $. 

3.7.9.8.6.4 Calculate total installed equipment cost. 

IEC - COSTA+ AIC + EMC 

where 

IEC - total installed equipment cost, $. 

AIC = aerator installation cost, $. 

mC = installed cost of electrical/mechanical, $. 

3.7.9.8.7 Calculate cost of lagoon liner. 

COSTLL - Gq GJp1m 

COSTLL - instAled cost of lagoon liner, $. 

Sk - total area of lagoon liner, ft 2 , . ' 

- - 
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UPILL - unit price input for lagoon liner, $/ft 2 . 

3.7.9.8.8 Calculate total bare construction cost. 

TBCC = (COSTE+ COSTCW + COSTCS + COSTEP + COSTLL + IEC) (CF) 

where 

TBCC - total bare construction cost, $. 

alSTE = cost of eartbork, $. 

OSTCW = cost of R.C. wall in-place, $. 

COSTCS = cost of R.C. slab in-place, $. 

COSTEP = cost of concrete enbanbnent protection in-place, $. 

COSTLL = installed cost of lagoon liner, $. 

IEC = total installed equipment cost, $. 

3.7.9.8.9 Calculate O&M maAintenance and supply cost. 

where 

O?N = O&M material and supply costs, $/F. 

OKMP = O&M material and supply costs as percent of installed 
equipment cost, %. 

IEC = total installed equipment cost, $. 

3.7.9.9 Cost Calculations Output Data. 

3.7.9.9.1 Total bare construition cost- TBCC, $. 

3.7.9.9.2 O&M material and supply costs, $/yr. 
. 
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3.7.10 

3.7.10.1 

3.7.10.1.1 

3.7.lO.lJ.l 

3.7.10.1.1.2 

3.7.10.1.2 

3.7.10.1.3 

3.7.10.1.3.1 

3.7.10.1.3.2 

3.7.10.2 

3.7.10.3 

3.7.10.3.1 

where 

Anaerobic Lagoons 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Peak hourly flow, mgd. 

Wastewater strength, BOD5, mg/l. 

Other characteristics. 

Pa* 

Tezuperature (mar&n= ind mi.nJmm). 

Design Paraneters (See Table 3*7-l). 

Process Design Calculations. 

Calculate BOD5 in the waste. . 
mrb CQmg ) (BODI) (8.34) 

BOD - quantity of BOD5 in waste, lb/day. 

Q =g 
- average daily flow,mgd. 

BODI = concentration of BOD5 in influent, mg/l. 

8.34 - conversion factor. 

3.7.10.3.2 Determine lagoon surface area. 

- Based on type of lagoon and climate select a loading 
rate (LB~D). 

BOD SA * - LBOD 

where 

SA - lagoon surface area, acres. 

BOD - quantity of BOD5 in waste, lb/day. 

LBOD = lagoon loading rate, lb/day acre. 
- .-.------ 
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3.7.10.3.3 Determine volune of lagoou. 

w Based on type of lagoon select an operating depth. 

V- (SA) (D) (0.32585) 

where 

V = volme of lagoon, million gal. 

SA - lagoon surface area, acres. 

D - lagoon operating depth, ft. 

0.32585 - conversion factor, acre ft to million gallons. 

3.7.10.3.4 Determine detention time. 

where 

DT - detention time, days. 

V - volume of lagoon, million gal. 

Q an 
= average daily flow,mgd. 

Check detention time againstmin&uun detention the in Table 3.70 
1. If DT is less thanminimum increase the surface araa (SA) 
until the mix&n- detention tfme is obtain& 

3.7.10.3.5 Effluent Characteristic& 

3.7.10.3.5.1 Detexnine effluent BOD5 concentration. The me 
chanims in lagoons are cauplex and cannot be accurately pre- 
dicted, therefore, effluent concentrations will be determined 
based on percent reduction fran acxual experience* The average 
soluble BOD5 reduction for lagoons is 65%. 

BODE - (1 - e65) (BODI) 
Se - 0.75 BODE 

where 

BODE - concentration of BOD5 in effluent, u&l. 

BODI - concentration of BOD5 in influent, sag/l. 

Se - effluent soluble BOD5 concentration, mg/l. 
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3.7.10.3.5.2 Suspeuded Solids. 

SSE - 100 

where 

SSE - effluent suspended solids concentration, mdl. 

3.7.10.3.5.3 COD. 

CODE - 1.5 BODE 
CODSE = 1.5 S e 

where 

CODE - effluent COD concentration, mgfl. 

CODSE - effluent soluble COD concentration, mg/l. 

BODB - effluent BOD5 concentration, mg/l. 

‘e - effluent soluble BOD5 concentration, mg/l. 

3.7.10.3.5.4 Nitrogen. 

TKNE-TKN 
NH3E -TKNE 
NO3E - NO3 
NOZE - NO2 

where 

TKN - influent Kjedahl nitrogen concentration, mg/l. 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. 

NH3E = effluent anm0nl.a concentration, mg/l. 

NO3 - influent NO3 concentration, mg/l. 

NO3E - effluent NO3 concentration, mg/l. 

NO2 - influent NO2 concentration, mg/ 1. 

NO2E - effluent NO2 concentration, mg/l. 

3.7.10.3.5.5 Phosphom. 

PO4E - 0.7 PO4 

where 
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PO4 = influent phosphonxs concentration, utg/l. 

PO4E - effluent phosphorus concentration, mg/l. 

3.7.10.3.5.6 Ofl and Grease. 

OAGE - 1.5 OAG 

where 

OAG = influent oil and grease concentration, mg/l. 

OAGB = effluent oil and grease concentration, mg/l. 

3.7.10.3.5.7 pH. 

PH - 6.8 

where 

PH - effluent pH. 

3.7.10.4 Process Design Output Data. 

3.7.10.4.1 Lagoon loading rate, LBOD, lb/day acre. 

3.7.10.4.2 Lagoon surface area> SA, acres. 

3.7.10.4.3 Lagoon operating depth,, D, ft. 

3.7.10.4.4 Volune of lagoon- V, million gal. 

3.7.10.4.5 Concentration of BOD5 in effluent, BODE, mg/l. 

3.7.10.5 Quantities Calculations. 

3.7.10.5.1 Detennine quantlty'of eanhwork. 

The following assumptions aremade concerning the construction of 
the lagoous. 

A minti- of 2 cells till always be used. 
Anaeroblc lagoon cells will not be greater than 2 acres 
in surface area. 
Lagoon cells will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
An even nunber of Jagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square. 

3.7.10.5.1.1 Detexmine the nuuber and size of lagoon cells. 

-- 
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TABLE 3.7-l 
DESIGN PARAMETERS FOR STABILIZATION PONDS 

, 
I Type of Pond 

4 I Paraneter Aerobic(a' Facultative Facultative Anaerobic 
I 

Flow regime Intemittently mixed Mixed surface layer 
;;~~a;f;=(b~res 10 multiples 2 to lo-kltiples 2 to 10 multiples 0.5 to 2.;-multiples 

CW 
Series or parallel Series or parallel Series or parallel Series 

Detention time, days 10 to 40 7 to 30 7 to 20 20 to 50 
Depth, ft 3 to 4 3 to 6 3 to 0 8 to 15 
P* 6.5 to 10.5 6.5 to 9.0 6e5 to 8.5 6.8 to 7.2 
Taperature range, OC 0 to 40 0 to 50 0 to 50 6 to 50 
Opthum temperature, 'C 

loading, lb/acre/day (cl 60 :: l2O(d' 
20 20 30 

BOD BOD5 conversion 
15 to 50 30 to 100 200 to 500 

Pri~cipal'conversion products 
60 to 70 60 to 70 60 to 70 50 to 70 

av=. 5, Algae, CO , 
3 

CH4, C02, CH 
f 

m bacterial C02, CH 
f 

, bacterial 
bacterial cell tissue bacterial ce 1 tissue ccl tissue eel tissue 

Algal concentration, mg/l 80 to 200 40 to 160 10 to 40 we 
EffLuen 

tf 
uspended solids, 

mg/le - 140 to 340 160 to 400 110 to 340 80 to 160 

(a) Conventional aerobic ponds designed to maximize the mount of oxygen produced rather than the anount of algae produced. 
(b) Depends on climatic conditions. 
(c) Typical values (much higher values have been applied at various loadings). Loading values are often specified 

by state control agencies. 
(d) Sane states 1Gnit this figure to 50 or less. 
(e) Includes algae, microorganisms, and residual influent suspended solids. Values are based on an influent 

soluble BOD5 of 2OOmg/l and, with the exception of the aerobic ponds, an influent suspended-solids 
concentration of 200 mg/l. 



3.7.10.5.1.1.1 For Anaerobic lagoons. 
If SA 4,NLC*2 

IfSA 4,NLC-p 
NU must be an even nunber. 

where 
CSA - & 

NLC - nunber of lagoon cells. 
SA - lagoon surface area, acres. 

CSA = lagoon cell surface area, acres. 

3.7.10.5.1.2 Determine lagoon call dimensions. 

L - 208.7 (CSA)'=' + 12 
where 

L - length of one side of lagoon cell, ft. 

CSA = lagoon cell surface area, acres. 

208.7 - conversion factor acres to sq ft. 

12 - addItional length required for 2 ft freeboard. 

3.7.10.5.1.3 Calculate volune of earthwork required for lagoons. 
The volme of earthworkmust be detennined by trial and error using the 
following equation: 

DC+DF-D+2 
VF- [3 (DF)2 + 10 DF] 1 =+ 2] (L) 

vc = (1.3) (NU) (DC) [L2 - 6(DF)(L) + 12 OF) 5 + 120 DF - 6OL + 12001 

Assume that the depth of cut (DC) is equal to 1 ft. From 
the equations calculate the volune of fill (VF) requlred and the volune 
of cut (VC) required. Ccanpare VC and VF. 

, 
If VC < VF then assume DC >l ft and recalculate VC and VF. 
If VC >VF then assume DC <l ft and recalculate VC and VF. 

Repeat this procedure until VC = VF- This is the volume of earthwork 
required for the lagoons. 

VC - VF - VLRW 

where 

DC = depth of cut, ft. 

x7-50 
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where 

v =w - vol-e of concrete wall, ft3. 

D = lagoon operating depth. 

v =s - volune of concrete slab, ft3. 

3.7.10.5.6 Calculate operation and maintenance manpower. 

where 

If Qavg < 0.1 OMKH-160 

If Qavg > 0.1 UMMH - 313m8 (Qavg)oo2g25 

Q avg - average daily flow, mgd. 

@fMH - operation and maintenance manhours, MIj/yr. 

3.7.10.5.7 Other miscellaneous construction costs. The Item 
already calculated represents approxjmately 90% of the construction 
ccst. The other 10% consists of items such as seeding, miscellaneous 
concrete pads, walkways, etc. 

where 

CF -+ = 1.11 

CF = correction factor for miscellaneous constnxtion. 

3.7.10.6 

3.7.10.6.1 

mw, ft3. 

3.7.10.6.2 

3.7.10.6.3 

3.7.10.6.4 

3.7.10.6.5 

3.7.10.6.6 

3.7.10.6.7 

3.7.10.6.8 

3.7.10.6.9 

Quantities Calculations Output Data. 

Volune of earthwork required for lagoon construction, 

Area of lagoon liner* AI& ft2. 

Pipe dianeter, DIA. inches0 

Length of pipe of diaeter DIA, LDIA, ft. 

Nunber of valves, NBV. 

Dianeter of valves, DBV, inche& 

Volune of concrete wall, Vcw, ft3. 

Volune of concrete slab, Vcs, ft3. 

Operation and maintenance manpower, OMMH, KEJ,/yr. 
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3.7.10.6.10 

3.7.10.7 

3.7.10.7.1 

3.7.10.7.2 

3.7.10.7.3 

3.7.10.7.4 

3.7.10.7.5 

3.7.10.8 

3.7.10.8.1 

Correction factor for miscellaneous construction, CF. 

Unit Price Input Required. 

Unit price input for earthwork, UPXEX, $/cu yd. 

Unit price input for concrete wall, UPICW, $/cu yd. 

Unit price input for concrete slab, UPICS, $/cu yd. 

Cost of standard size pipe (12" p), COSP, $/ft. 

cost of standard size valve (12" butterfly), COS'l'SV, $. 

Cost Calculatioos. , 

Calculate cost of earthwork. 

COSTE - Jg%JPIEX 

where 

COSTE - cost of earthwork, $. 

VLEW - volme of earthwork required for lagoon construction, 

UPIEX - unit price input for earthwork, $/cu yd. 

27 - ionwersion fran ft3 .to cu yd. 

3.7.10.8.2 Calculate cost of piping. 

3.7.10.8.2.1 Installed cost of pipe. 

ICP =.q (COSP) (LDU) 

where 

ICP - installed cost of pipe, $. 

aSTP - cost of pipe of dianeter DIA as percent of cost of. 
standard size pipe, %. 

aJSP - cost of standard size pipe (12"p), $/ft. 

LDIA - length of pipe of diameter DIA, ft. 

3.7.10.8.2.2 Detennine COSTP. 

COSTP - 6.842 @IA) 
1.2255 



where 

COSTP = cost of pipe of dianeter DIA as percent of cost of 
standard size pipe, %. 

DIA - pipe dlaneter, Inches. 

3.7.10.8.2.3 Detennlne COSP; COSP is the cost per foot of 12" fi 
welded steel pipe. Thfs.cost is $13.50 per foot in 4th quarter, 1977. 

3.7.10.8.3 Calculate cost of concrete. 

3.7.10.8.3.1 Cost of concrete walls. 

alsTcw = %r) (UPICW) 
7 

where 

COSXW - cost of concrete wall, $. 

V =w - volme of concrete wall, ft3. 

UPICW - unit price input for concrete wall, $/cu yd. 

27 - conversion factor ft3 to cu yd. 

3.7.10.8.3.2 Cost of concrete slab. 

where 

COSES 8a %3~ 
7T 

UPICS 

, , 

COSTCS = cost of concrete slabp $* 

V =s = volume of concrete slab, ft30 

UPICS - unit price Input for concrete slab, $/cu yd. 

27 = conversion factor from ft3 to cu yd, 

3.7.10.8.4 Calculate cost of valves. 

3.7.10.8.4.1 Installed cost of valves. 

Dv w~CWTBV) (COSTSV) (NBV) 
100 

where 

IBV = installed cost of valves, $. 

COSTBV = cost of valve of dianeter DBV as percent of cost 
of standard size valve, %. 
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COSTSV - Cost of standard size valve, $. 

NBV = nunber of valves. 

3.7.10.8.4.2 Detexmine COSTBV. 

COST6V - 3.99 (DBV)1*3g5 

where 

cosT0v = cost of valve of dianeter DBV as percent of cost 
of standard size valve, %. 

DBV - dimeter of the valve, &nches. 

3.7.10.8.4.2 Determine COSTSV. COSTSV is the cost of a 12" b 
butterfly valve suitable for water service. This &st if $1004 for 4th 
quarter, 1977. 

3.7.10.8.5 Calculate total bare construction cost. 

TBCC - (COSTE+ ICP + COSTCW+ COSTCS + IBV) CF 

where 

TBCC - total bare construction cost, $. 

COSTE - cost of eatihwork, $. 

ICP - installed cost of pipe, $. 

COSTCW = coet of concrete wall, $. 

COSTCS = cost of concrete slab, $. 

&BV - installed cost of valves, $. 

CF = correction factor for miscellaneous construction. 

3.7.10.9 Cost Calculations Output Data. 

3.7.10.9.1 Total bare construction cost, TBCC, $. 

---- - 
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3.7.11 

3.7.11.1 

3.7.11.1.1 

3.7.11.1.1.1 

3.7.11.1.1.2 

3.7.11.1.2 

3.7.11.1.3 

3.7.11.1.3.1 

3.7.11.1.3.2 

3.7.11.2 

3.7.11.3 

3.7.11.3.1 

Facultative Lagoon 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Peak hourly flow, mgd. 

Wastewater strength, BOD5, mg/l. 

Other characteristics. 

PK. 

Taperature (mahtnn and mhlm~~~). 

Design Paraneters (See Table 3.7-2). 

Process Design Calculations. 

Calculate BOD5 in the waste. 

BOD- CQmgl OOW (8.W 

where 

BOD = quantity of BOD5 in waste, lb/day. 

Q =% 
= average daily flow,mgd* 

BODI - concentration of BOD5 in influent, mg/l. 

8.34 - conversion factor. 

3.7.11.3.2 Determine lagoon surface area. 

- Based on type of lagoon and cltiate select a loading 
rate (LBOD). 

where 

SA = lagoon surface area, acres. 

BOD - quantity of BOD5 in waste, lb/day. 
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LBOD = lagoon loading rate, lb/day acre. 

3.7.11.3.3 Detemine volune of lagoon. 

- Based on type of lagoon select an operating depth. 

V- (SA) (D) (0.32585) 

where 

V - volune of lagoon, million gal. 

SA - lagoon surface area, acres. 

D = lagoon operating depth,, ft. 

0.32585 - conversion factor, acre ft to million gallons. 

3.7.11.3.4 Determine detention t&ne. 
m 

where 
-eg 

m - detentioq time, days. 

V - volune of lagoon, million gal. 

Q =a 
= average daily flow, mgd. 

Check detention the against minim- detention t%nes in Table 3.7-2. If 
DT is less than mix&am increase the surface area (SA) until the minimum 
detention t%ne is obtained. 

3.7.11.3.5 Effluent Characteristics. 

3.7.11.3.5.1 Determine effluent BOD5 concentration. The mechanisms in 
lagoons are canplex and can not be accurately predicted, therefore 
effluent concentrations will be determined based on percent reduction 
fraa actual experience. The average soluble BOD5 reduction for lagoons 
is 65%. 

where 

BODE - (I - .65) (BODI) 
Se - 0.75 BODE 

BODE - concentration of BOD5 in effluent, mdl. 

BODI = concentration of BOD5 in influent, mdl. 

Se - effluent soluble BOD5 concentration, mg/l. 

- - -- 
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3.7.11.3.5.2 Suspended Solids. 

SSE - 100 

where 

SSE = effluent suspended solids concentration, mg/l. 

3.7.11.3.5.3 COD. 

CODE = 1.5 BODE 
CODSE - I.5 S 

e 
where 

CODE = effluent COD concentration, q/l. 

CODSE - effluent soluble COD concentrat%on, mdl. 

BODE = effluent BOD5 concentration, q/l. 

Se - effluent soluble BOD5 concentration, mg/l. 

3.7.11.3.5.4 Nitrogen. 

TKNE-TKN 
NH3E -TKNE 
NO3E = NO3 
NO2E - NO2 

where 

TKN - influent Kjedahl nitrogen concentration, q/l. 

TKNE = effluent Kjedahl nitrogen concentration, q/l. 

m3E - effluent mania concentration, mg/l. 
. 

NO3 - influent NO3 concentration, mgk 

NO3E 7 effluent NO3 concentration, mdl. 

NO2 - influent NO2 concentration, mg/l+ 

NO2E - effluent NO2 concentration, q/l. 

3.7.11.3.5.5. Phosphorus. 

PO4E - 0.7 PO4 

where 

PO4 = influent phosphorus concentration, mdl. 
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PO4E = effluent phosphor concentration, mg/l. 

3.7.11.3.5.6 Oil and Grease. 

OAGE = 0.15 OAG 

where 

OAG - influent oil and grease concentration, mg/l. 

OACE = effluent ofi and grease concentration, rndl. 

3.7.11.3.5.7 pH. 

where 

PH - effluent pH. 

3.7.11.4 Process Design Output Data. 

3.7.11.4.1 Lagoon loading rate, LBOD, lb/day acre. 

3.7.11.4.2 Lagoon surface area, SA, acres. 

3.7.11.4.3 Lagoon operating depth, D, ft. 

3.7.11.4.4 Volme of lagoon, V, million gal. 

3.7.11.4.5 Concentration of BOD5 in effluent, BODE, mdl. 

3.7.11.5 *antities Calculations. 

3.7.11.5.1 Determine quantiq of earthwork. 

The following assumptions are made concerning the construction of the 
lagoork3. 

Aminimm of 2 cells will always be used. 
Facultative lagoon cells will not be greater 
than 10 acres in surface area. 
Lagoon cells will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
An even nmber of lagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square. 

--- 
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3.7.11.5.1.1 Deternine the number and size of lagoon cells. 

3.7.11.5.1.1.1 For facultative lagoous. 

where 
NLC- 

SA - 

CSA - 

3.7.11.5.1.2 

where 

L= 

CSA - 

208.7 - 

12 = 

3.7.11.5.1.3 

IfSAs NX=2 

If SA > 20, NLC - E 

CSA = & 

nunber of lagoon cells. 

lagoon surface area, acres. 

lagoon cell surface area, acres. 

Determine lagoon cell dimensious. 

L - 208.7 (CSA)"*5 + 12 

length of one side of lagoon cell, ft. 

lagoon cell surface area, acres. 

conversion 

additional 

Calculate 
volume of earthwork must 
following equation: 

factor acres to sq ft. 

length required for 2 ft freeboard. 

volune of earthwork required for lagoous. The 
be determined by trial and error using the 

DC+RF=D+Z 

VF - [3 (DF)' + 10 DF] [ ey+ 2 J (L) 

vc * (1.3) (NLC) (DC) L2 - 6(DF)(L) + 12 (DF)'+ 120 DF - 60x, + 1200] 
. 

Assume that the depth of cut (DC) is equal to 1 ft. Fran 
the equations calculate the volune of fill (VF) required and the volune 
of cut (VC) required. Canpare VC and VF. 

If vc VF then assume DC 1 ft and recalculate VC and VF. 
IF VC VF then assume DC 1 ft and recalculate VC and VF. 

Repeat this procedure until VC = VF. This is the volune of earthwork 
required for the lagoon. 

VC - VF = VLEW 
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TABLE 3.7-2 
DESIGN PARAMETERS FOR STABILIZATION PONDS 

Type of Pond 

, Paraneter Aeroblc(a' Facultative Facultative 

I 
, Flow regtie Intermittently mixed 
f 
I ;;~~af;~;b?cr- 

10 multiples 
Series or parallel I 

Detention time, days 04 10 to 40 
i Depth, ft 3 to 4 , 4 

PII 6.5 to 10.5 
Tenperature range, OC 0 to 40 
Opt&nun tenperature, OC 
BOD loading, lb/acre/day (d 

! BOD5 converslon 
60 :: 120td) 

bJ 60 to 70 
+ I Prikipal converslon products Algae, CO 

I m ' bacterial cel12iiesue 
- I Algal concentration, mg/l 80 to 200 

1 Effluen uspended solids, 
: 19 mg/le 140 to 340 

2 to lo-iultiple* 
Series or parallel 

7 to 30 
3 to 6 

6.5 to 9.0 
0 to 50 

20 
15 to 50 
60 to 70 

Algae, CO 
bacterial 

, (X4, 
ce 1 i! tissue 

40 to 160 

160 to 400 

Mixed surface layer 
2 to 10 multiples 

Series or parallel 
7 to 20 
3 to 8 

6.5 to 8.5 
0 to 50 

20 
30 to 100 
60 to 70 

cop CH v 
f 

bacterial 
Cd tissue 
@lo to 40 

110 to 340 

(a) Conventional aerobic ponds designed to maximize the mount of oxygen produced rather than the amount 
(b) Depends on climatic conditions. 
(c) Typkal values (much higher values have been applied at various loadings). Loading values are 

by state control agencies. 
(d) Sane states limit thin figure to 50 or less. 
(e) Includes algae, microorganisms, and residual lnfluent suspended solids. Values are baaed on an 

soluble BOD5 of 200 mg/l and, with the exceptlon of the aerobic ponds, an influent suspended-soLids 
concentration of 200 mg/l. 



where 

DC = depth of cut, ft. 

DF - depth of fill, ft. 

D = lagoon operatiug depth, ft. 

VF - volme of fill, ft3. 

VC - volme of cut, ft3. 

NLC - nunber of lagoon cells. 

L - length of one side of lagoon cell, ft. 

VLEN - vo 3 ume 
ft . 

of earthwork requirsd for lagoon construction, 

3.7.11.5.2 Determine requirement for lagoon liner. In sme 
areas due to soil conditious the lagoons must be lined with an 
impervious material to prevent percolation of the wastewater into 
the natural ground. 

3.7.11.5.2.1 Calculate area to be lined. 

ALL - NE (4) (3D)(L-3%6) + (b61H2)2 

where 

ALL - area of lagoon liner, ft2e 

NLC - nunber of lagoon cells. 

D - lagoon operating depth, ft. 

L = length of one side of lagoon cell, ft. 

3.7.11.5.3 Piping for lagoon cells. 

Assume: . ~ 

Pipes are flouing full. 
Velocity is 3 fps. 
Pipes going through the levee extend 10 ft past toe of 
the levee. 

3.7.11.5.3.1 Determine pipe size. 

DU - 9.72 (c&a)oo5 
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I 

The smallest pipe to 
set DIA - 4 inches. 
12, 14, etc. 

where 

DIA - 

Yll ax - 

9.72 - 

3.7.11.5.3.2 

where 

LDXA = 

D- 

NI&= 

3.7.11.5.4 

Always 

be used will be 4 inches. If DIA C 4 inches 
DIA must be one of the following 4, 6, 8, 10, 
use next higher diameter. 

pipe diaeter, inches. 
. 

peak hourly flow, mgd. 

canbined conversion factors. 

Determine length of pipe. 

LDIA - (6D + 10) N'LC 
. 

length of pipe of dianeter DIA, ft. 

lagoon operating depth, ft. 

nunber of lagoon cells. 

Valve for lagoons. Each lagoon cell will be capable 
of being isolated by the use of valves. There will be one valve for 
each lagoon cell and the valves will be the szme size as the pipe 
feeding the cell. The valves will. be butterfly valves. 

NBV -NW+ 1 

, DBV - DIA 

where 

NBV - nunber of valves. 

NU - nunber of lagoon cells. 

DBV = dimeter of valves, inches. 

DIA - pipe dimeter, inches. 

3.7.11.5.5 Effluent structure. The efflueut structure for all 
flows in this range is assumed to be a concrete structure 4 feet by 
4 feet with 6" thick walls. The depth will be the szane as the total 
depth of the lagoon. 

V =8 cs 
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where 

V ~w = volume of concrete wall, ft3. 

D - lagoon operating depth. 

V =s - volume of concrete slab, ft3. 

3.7.11.5.6 Calculate operation and maintenance manpower. 

If Qavg < 0.1 OMKEf-160 

If Q ~g > 0.1 OMW - 313e8 (Q 
-g 

)"*2g25 

where 

Q avg 
= average daily flow,mgd. 

OMME = operation and maintenance manhours, ME/yr. 

3.7.11.5.7 Other miscellaneous construction costs. The it- already 
calculated represents approxbately 90% of the construction cost. The 
other 10% consists of itens such as seeding, miscellaneous concrete 
pads, walkways, etc. 

CF - eL - 1.11 .9 
where 

CF = correction factor for miscellaneous construction. 

3.7.11.6 

3.7.11.631 
mEIf, ft . 

3.7.11.6.2 

3.7.11.6.3 

3.7.11.6.4 

3.7.11.6.5 

3.7.11.6.6 

3.7.11.6.7 

3.7.11.6.8 

3.7.11.6.9 

3.7.11.6.10 

Quantities Calculations Output Data. 

Volune of earthwork required for lagoon construction, 

Area of lagoon llnerv ALL, ft2e 

Pipe diaeter, DIA; inches. 

Length of pipe of diameter DLA, LDXA, ft. 

Nmber of valve;, NBV. 

Dimeter of valves, DBV, inches. 

Volme of concrete wall, Vcw, ft3. 

Volune of concrete slab, Vcs, ft3. 

Operation and maintenance manpower, OMMH, MEl/yr. 

Correction factor for miscellaneous construction, CF. 

--- 
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3.7.11.7 

3.7.11.7.1 

3.7.11.7.2 

3.7.11.7.3 

3.7.11.7.4 

3.7.11.7.5 

3.7.11.8 

3.7.11.8.1 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price input for concrete wall, UPICW, $/cu yd. 

Unit price input for concrete slab, UPICS, $/cu yd. 

Cost of standa,rd size pipe (12" fl), COSP, $/ft. 

Cost of standard size valve (12" butterfly), COSTSV, $. 

Cost Calculations. 

Calculate cost of earthwork. 

COSTE UPIEX 

where 

COSTE = cost of earthwork, $. 

VLEW * vo 3 me of earthwork required for lagoon construction, 
ft . 

UPIEX - unit price input for earthwork, $/cu yd. 

27 - conversion fran ft3 to cu yd. 

3.7.11.8.2 Calculate cost of piping. 

3.7.11.8.2.1 Installed cost of pipe. 

ICP = Cs (COSP) (LDIA) 

ICP = installed cost of pipe, $. 

COSTP - cost of pipe of dimeter DIA as percent of cost of 
standard size pipe, %. 

aISP = cost of standard size pipe (12"b), $/ft. 

LDLA - length of pipe of dimeter DIA, ft. 

3.7.11.8.2.2 Determine COSTP. 

COSTP - 6.842 (DIA) 
1.2255 
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where 

COSTP - cost of pipe of diameter DIA as percent of cost of 
standard size pipe, %. 

DIA - pipe dimeter, inches. 

3.7.11.8.2.3 Determine COSP. COSP is the cost per foot of 12" b 
welded steel pipe. This cost is $13.50 per foot in 4th quarter, 1977. 

3.7.11.8.3 Calculate cost of concrete. 

3.7.11.8.3.1 Cost of concrete walls. 

CQSTCW - %I2 (UPICW) 
77 

where 

COSZW = cost of concrete wall, $. 

V ~w - volme of concrete wall, ft3. 

UPICW - unit price input for concrete wall, $/cu yd. 

27 = conversion factor ft3 to cu yd. 

3.7.11.8.3.2 Cost of concrete slab. 

where 

cosTcs = %3~ UPICS 
77 

COSTCS - cost of concrete slab9 $. 

V =s - volme of'concrete slab, ft3. 

UPXCS = unit price input fez concrete slab, $/cu yd. 

27 - conversion factor fmn ft3 to cu ydO 

. 3.7.11.8.4 Calculate cost of valves. . 

3.7.11.8.4.1 Installed cost of valves. 

mv = (COSTBV) (COSTSV) (NBVL 
100 

where 

IBV * installed cost of valves, $. 

COSTBV - cost of valve of diameter DBV as percent of cost 
of standard size valve, %. 
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COSTSV = Cost of standard size valve, $. 

NBV - umber of valves. 

3.7.11.8.4.2 Detennine COSTBV. 

COSTBV - 3.99 (DBV)1*3gs 

where 

COSTBV = cost of valve of diameter DBV as percent of cost 
.of standard size valve, %. 

DBV - diameter of the valve,,inches. . 

3.7.11.8.4.3 Determine COSTSV. COSTSV is the cost of a 12" b butterfly 
valve suitable for water semice. This cost if $LOO4 for 4th quarter, 
1977. 

3.7.11.8.5 Calculate total bare coustructiou cost. 

TBCC = (CCSTE+ IMP + COsTCw+ cosTCs+ IBV) CF 

where 

TBCC - total bare comtruction cost, $. 

COSTE = cost of earthwork, $. 

ICP - installed cost of pipe, $. 

COSTCW = cost of concrete wall, $. 

COSTCS - cost of coucrete slab, $. 

IBV - installed cost of valves, $. 

CF = correction factor for miscellaneous construction. 

3.7.11.9 Cost Calculation Output Data. 

3.7.11.9.1 Total bare construction cost, TBCC, $. 

I  
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3.7.12 

3.7.12.1 

3.7.12.1.1 

3.7.12.1.1.1 

3.7.12.1.1.2 

3.7.12.1.2 

3.7.12.1.3 

3.7.12.1.3.1 

3.7.12.1.3.2 

3.7.12.2 

3.7.12.3 

3.7.12.3.1 

where 

Oxidation Lagoon. 

Input Data. 

Wastewater flow. 

Average daily flow, mgd. 

Peak hourly flow, mgd. 

Wastewater strength, 30D5, mg/l. 

Other characteristics. 

PK. 

Temperature (maxim= and mintiun). 

Design Paraneters (See Table 3.7-3). 

Process Design Calculations. 

Calculate BOD5 &n the waste. 

B(XI= (Q avgl WIW ~~J~~ 

3OD = quantity of BOD5 in waste, lb/day. 

Q a% 
- average daily flow, mgd. 

BODI = concentration of BOD5 in influent, mg/l. 

8.34 - conversion factor* 

3.7.12.3.2 Determine lagoon surface area. 

W Based on type of lagoon and climate select a loading 
rate (LBOD)* 

where 

SA = lagoon surface area, acres. 

BOD = quantity of BOD5 in waste, lb/day. 

LBOD - lagoon loading rate, lb/day acre. 
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3.7.12.3.3 Deternine volume of lagoon. 

- Based on type of lagoon select an operating depth. 

v= (SA) (D) (0.32585) 

where 

V- 

SA - 

D- 

0.32585 - 

3.7.12e3.4 

where 

DT- 

V- 

Q avg * average daily flow9 mgd. 

Check detention time against minImum detention times in Table 3.7-3. If 
DT is less than minimum increase the surface area (SA) until the minimum 
detention the is obtained. 

volme of lagoon, million gal. 

lagoon surface area, acres. 

lagoon operating depth, ft. 

conversion factor, ace ft to million gallons. 

Determine detention time. 

detention time, days. 

volume of lagoon, million gal. f 

3.7.12.3.5 Effluent Characteristic. 

3.7.12.3.5.1 Determine effluent BOD5 concentration. The mechanisms in 
lagoon are canplex and can not be accurately predicted, therefore 
effluent concentration will be detemined based on percent reduction 
frox actual experience. The average soluble BOD5 reduction for lagoons 
is 65%. 

BODE = (1 - .65) (BODI) 
'e = 0.75 BODE 

where 

BODE = concentration of BOD5 in effluent, mg/l. 

BODI - concentration of BOD5 in influent, mg/l. 

'e - effluent soluble BOD5 concentration, mdl. 
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3.7.12.3.5.2 Suspended Solids. 

SSE - 100 

where 

SSE - effluent suspended solids concentration, q/l. 

3.7.12.3.5.3 COD. 

CODE - 1.5 BODE 
CODSE = 1.5 S e 

where 

CODE = effluent COD concentration, mS/l. 

CODSE - effluent soluble COD concentration, u&l. 

BODE = effluent BOD5 concentration, mg/l. 

Se = effluent soluble BOD5 concentration, mg/l. 

3.7.12.3.5.4 Nitrogen. 

TKNE-TKN 
NH3E - TKNE 
NO3E = NO3 
NO2E - NO2 

where 

TKN = influent Kjedahl nitrogen concentration, mg/l. 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

NH3E - effluent mumonia concentration, mdl. 
. 

NO3 - influent NO3 concentration, mg/l. 

NO3E - effluent NO3 concentration, q/l. 

NO2 - influent NO2 concentration, rag/l. 

NO2E = effluent NO2 concentration, mdl. 

3.7.12.3.5.5 Phosphorus. 

PO4E = 0.7 PO4 

where 

-- 
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PO4 = influent phosphorus concentration, mg/l. 

PQ4E - effluent phosphorus concentration, mg/l. 

3.7.12.3.5.6 Oil and Grease. 

OAGE - 0.15 OAG 

where 

OAG - influent oil and grease concentration, q/l. 

OAGE = effluent oil and grease concentratio& mg/l. . 
3.7.12.3.5.7 pH. 

P 
PH - 6.8 

where 

PH = effluent pH. 
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TAULE 3.7-3 
DEST.GN PARAMETERS FOR STABXLIZATION PONDS 

Type of Pond 

Parmeter Aerobic (‘) Facultative Facul tative Anae rob ic 

Flow regime Intemittently mixed 

;;~~a;;~;U?res (b) 
10 mu1 t iples 

Series or parallel 
Detention time, days 10 to 40 
Depth, ft 3 to 4 
PH 6.5 to 10.5 
Temperature range, ‘C 0 to 40 
Opt&n- tenperature, OC 
BOD5 1 oad ing , 1 b/ ac re/ day 61 a 60 f: l2O(d) 
BOD5 conversion 60 toe70 
Principal conversion products W3ac C02v 

bacterial cell tissue 
Algal concentration, mg/ 1 80 to 200 
Effluen 

17 mg/l e 
uspended sol ids, 

140 to 340 

2 to lo-iultiples 
Series or parallel 

7 to 30 
3 to 6 

6.5 to 9.0 
0 to 50 

20 
15 to 50 
60 to 70 

Algae, CO 
bacterial 

, CH4, 
ce 1 f tissue 

40 to 160 

160 to 400 

Mixed surface layer 
2 to 10 multiples 

Series or parallel 
7 to 20 
3 to 8 

6.5 to 8.5 
0 to 50 

20 
30 to 100 
60 to 70 

9. aI , bacterial 
ccl i! tissue 

10 to 40 

110 to 340 

0.5 to 2.;-mu1 tiples 
Series 

20 to 50 
8 to 15 

6.8 to 7.2 
6 to 50 

30 
200 to 500 

50 to 70 
C02, CH , bacterial 

ccl f tissue 
m- 

80 to 160 

(a) Conventional aerobic ponds designed to maxtiize the amount of oxygen produced rather than the anount of algae produced. 
(b) Depends on climatic conditions. 
(c) Typical values (much higher values have been applied at various loadings). Loading values are of ten specified 

by state control agencies. 
(d) Sane states limit this ffgure to 50 or less. 
(e) Includes algae, microorganisms, and residual Influent suspended solids. Values are based on an influent 

soluble BOD5 of 200 mg/l and, with the exception of the aerobic ponds, an lnfluent suspended-solids 
concentration of 200 mg/ 1. 



3.7.12.4 Process Design Cutput Data. 

3.7.12.4.1 Lagoon loading rate, LBOD, lb/day acre. 

3.7.12.4.2 Lagoou surface area, SA, acres. 

3.7.12.4.3 Lagoou operating depth, D, ft. 

3.7.12.4.4 Voluae of lagoou, V, millIOn gal* 

3.7.12.4.5 Concentration of BOD5 in effluent, BODE, mg/l. 

3.7.12.5 Quantities Calculations. 

3.7.12.5.1 ktennine quantity of earthwork. 
\ 

The following assumptions aremade concerning the construction of 
the lagoons. 

A minimum of 2 cells will always be used. 
Oxidation lagoou cells will not be greater 
than 10 acres in surface area. 
Lagoon cells will be constructed using equal cut and fill. 
Levee side slopes will be 3 to 1. 
An even nunber of lagoon cells will be used, such as 2, 
4, 6, 8, etc. 
Lagoon cells will be square* 

3.7.12.5.1.1 Deternine the umber and size of lagoon cells. 

3.7.12.5.1.1.1 For oxidation lagoons. 

If SA s 20 NLC - 2 

If SA > 20, NLC - g 

where 
NLC - nunber of lagoon cells. 

SA - lagoou surface area, acres. 

CSA - lagoon cell surface area, acres. 

3.7.12.5.1.2 Detennlne lagoon cell dimensions. 

L - 208.7 (CSA)Og5 + 12 

where 

L - length of one side of lagoon cell, ftm 
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CSA = lagoon cell surface area, acres. 

208.7 = conversion factor acres to sq ft. 

12 = additlonal length required for 2 ft freeboard. 

3.7.12.5.1.3 Calculate volme of earthwork required for lagoons. 
The volume of earthwork must be detennlned by trial and error using 
the following equations: 

DC+DF-D+2 

VF - [ 3 (DF)2 + 10 DF ] [y + 21 a1 

vc = (1.3) (NLC) (DC) [ L2 - 6(DF)(L) + 12 (DF)2 + 120 DF - 60L + 12001 

Assume that the depth of cut (DC) IS equal to 1 ft. 
Fran the equations calculate the volume of fill (VF) required and 
the volme of cut (VC) required. Canpare VC and VF. 

If VC C VF then assume DC B 1 ft and recalculate VC and VF. 
IF VC >VF then assme DC C 1 ft and recalculate VC and VF. 

Repeat this procedure until VC = VF. Thti is the volme of earth 
work required for the lagoons. 

VC - VF - VLEW 

where 

DC = depth of cut, ft. 

DF - depth of fill, ft. 

D = lagoon operating depth, fte 

VF - volme of fill, ft3., 

VC = volune of cut, ft3. 

NLC - amber of lagoon cells. 

L - length of one side of lagoon cell, ft. 

VLEW - vo 
3 ume of earthwork required for lagoon constructlon, 

ft . 

.-- . . 



3.7.12.5.2 Determine requirement for lagoon liner. In some 
areas due to soil conditiok the lagoons must be lined with an 
impervious material to prevent percolation of the wastewater into 
the natural ground. 

3.7.12.5.2.1 Calculate area'to be lined. 

ALL - NU [ (4) (3~)(b3&6) + (I,-6T.k12)' I 

where 

ALL - area of lagoon liner, ft 2 . 

NLC - nunber of lagoon cells. 

D - lagoon operating depth; ft. 

L = length of one side of lagoon cell, ft. 

3.7.12.5.3 Piping for lagoon cells. 

Assume: 

Pipes are flowing full. 
Velocity is 3 fps. 
Pipes going through the levee extend 10 ft past toe of 
the levee. 

3.7.12.5.3.1 Determine pipe size. 

DIA - 9.72 (Q& 0.5 

The smallest pipe to be used will be 4 inches. If DIA < 4 inches 
set DLA = 4 inches. DIA must be one of the following 4, 6, 8, 10, 
12, 14, etc. Always use next higher dianeter. 

where 

DIA- pipe dianeter, inches. 

9n ax - peak hourly flow, mgd. 

9.72 - ccmbined conversion factors. 

3.7.12.5.3.2 Detemine length of pipe. 

LDU - (6~ + 10) NLC 

where 

LDIA - length of pipe of dianeter DIA, ft. 
- 
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D = lagoon operating depth, ft. 

NIC - nunber of lagoon cells. 

3.7.12.5.4 Valve for lagoons. 
of being isolated by 

Each lagoon cell will be capable 
the use of valves. There will be one valve for 

each lagoon cell and the valves will be the sme size as the pipe 
feeding the cell. The valves will be butterfly valves. 

NBV-NLc+ 1 

DBV - DIA 

where 

NW - nunber of valves. 

NLC - nunber of lagoon cells. 

DBV = dianeter of valves, Inches. 

DIA - pipe diaeter, inches. 

3.7.12.5.5 Effluent structure. The effluent structure for all 
flows in this range is assmed to be a concrete structure 4 feet by 
4 feet with 6" thick walls. The depth will be the same as the total 
depth of the lagoon. 

where 

V cw * W CD+21 

V 
CS 

-8 

V ~w = volume of concrete ,wall, ft3. 

D = lagoon operating depth. 
, 

V =s - volume of concrete slab, ft3. 

3.7.12.5.6 Calculate operation and maintenance manpower. 

w Qmg S 0.1 OMMH-160 

If Q w > 0.1 OMME - 313.8 (Qavg)o-2g2s 

where 

Q avg = average daily flow, mgd. 

OHHH - operation and maintenancemanhours, MH/yr. 
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3.7.12.5.7 Other miscellaneous construction costs. The iten 
a.lr&dy calculated represents approximately 90% of the construction 
cost. The other 10% consists of itens such*as seeding, miscellaneous 
concrete pads, walkwaysv etc. 

CF = + - 1.11 

where 

CF - correction factor for miscellaneous construction. 

3.7.12.6 

3.7.12.631 
VLEW, ft . 

3.7.12.6.2 

Quantities Calculations Output Data. 

Volune of earthwork required for lagoon constructioa, 

Area of lagoon liner, ALL, ft2. 

3.7.12.6.3 Pipe diaeter, DIA, inches. 

3.7.12.6.4 Length of pipe of diznneter DIA. LDLA, ft. 

3.7.12.6.5 Nunber of valves, NBV. 

3.7.12.6.6 Diaeter of valves, DBV,- inches. 

3.7.12.6.7 Volune of concrete wall, Vcw, ft3. 

3.7.12.6.8 Volune of concrete slab, Vcs, ft3. 

3.7.12.,6.9 Operation and maintenance manpower, OMMH, MH/yr. 

3.7.12.6.10 Correction factor for miscellaneous construction, CF. 

3.7.12.7 Unit Price Input Required. 

3.7.12.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.7.12.7.2 Unit price input for concrete wall, UPICW, $/cu yd. 

3.7.12.7.3 Unit price input for concrete slab, UPICS, $/cu yd. 

3.7.12.7.4 Cost of standard size pipe (12" p), COSTSP, $/ft. 
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. 

3.7.12.7.S 
$. 

Cost of standard size valve (12” butterfly), COSTSV, 

3.7.12.8 Cost Calculations. 

3.7.12.8.1 Calculate cost of earthwork. 

COSTE = w UPIEX 

where 

COSTE - cost of earthwork, $. 

VLEW - vo 
3 

me of earthwork required for l.agoon construction, 
ft. . 

UPIEX - unit price input for earthwork, $/cu yd. 

27 - conversion fran ft3 to cu yd. 

3.7.12.8.2 Camlate cost af plping. 

3.7.12.8.2.1 Installed cost of pipe. 

ICP - w (COSP) (LDIA) 

where 

ICP - installed cost of pipem $0 

COSTP - cost of pipe of dimeter. DIA as percent of cost of 
standard size pipe, %. 

CX)SP - cost of standard size pipe (12’$), $1 ft. 

LDIA - leugth of pipe of dimeter DIA, fte 

3.7.12.8.2.2 Detexmine COST?. 

COSTP = 6.842 (DU)1*22ss 

where 

COSTP - co6 t of pipe of diameter DIA as percent of cast of 
standard size pipe, %. 

DIA - pipe dlmeter, Inches. 
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3.7.12.a.2.3 Deternine COSP. COSP is the cost per foot of 12” 
b welded steel pipe. This cost Is $13.50 per foot in 4th quarter, 
1977. 

3.7.12.a.3 

3.7.12.a.3.1 

Calculate cost of concrete. 

Cost of concrete walls. 

cosTcw - %w) (UPICW) 
. 77. . 

where 

cosTcw = 

v .= cw 
UPICW - 

27 - 

3.7.12.a.3.2 

where 

cosTcs = cost of concrete slab, $. 

%I - 
UPICS - 

27 - 

3.7.12.a.4 

3.7.12.a.4.1 

cost of concrete wall, $. 
3 

volume of concrete wall, f t l 

unit price’lnput for concrete wall, $/cu yd. 

conversion factor. ft3 to cu yd. 

Cost of concrete slab. 

COSTCS = %) UPICS 
7 

volume of concrete slab, ft 3 
l 

unit price 

convers iou 

Calculate 

Installed 

IBV 

input for coucrete slab, $/cu yd. 

factor fran ft 3 to cu yd. 

cost of valves. 

cost of valves. 

* (COSTBV) (COSTSV) (NBV) 
LOO 

where 

IBV - Instaled cost of valves, $. 

COSmV - coet of valve of diameter DBV as wrcent of cost 
of standard size valve, %. 

COSTS? - Cost of standard size valve, $. 

NBV - nunber of valves. 
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3.7.12.a.4.2 Determine COSTBV. 

COSTBV - 3.99 (DBV) ““’ 

where 

COSTBV = cost of valve of diameter DBV as percent of cost 
of standard size valve, %. . 

DBV - diameter of the valve, inches. . 
-\ 

3.7.12.a.4.2 Determine COSTSV. COSTSV is the cosi of a 12" b 
butterfly valve suitable for water semice. This cost if $1004 for 
4th quarter, 1977. 

3.7.12.a.s Calculate total bare construction cost. 

TBCC - (COSTE-+ ICP + COSTCW + COSTCS + IBV) CF 

where 

TBCC = total bare construction cost, $. 

COSTE = cost of earthwork, $. 

ICP = installed cost of pipe, $. 

COSTCW = cost of concrete wall, $. 

COSTCS - cost of concrete slab, $. 

IBV - installed cost of valves, $. 

CF * correction factor for miscellaneous construction. 

3.7Al2.9 Cost Calculations Output Data. 

3.7.12.9.1 Total bare construction cost, TBCC, $. 

3.7080 



3.7.13 

3.7.13.1 

3.7.13.1.1 

3.7.13.1.2 

3.7.13.1.3 
lb/yr cu ft.) 

3.7.13.2 

3.7.13.2.1 

3.7.13.2.2 

3.7.13.2.3 Soil pemeability. 

3.?.13.3 

3.7.13.3.1 Calculate dry solids produced. 

Sludge Lagoon. 

Input Data.. 

Sludge flow, Qs, gpd. 

Initial solids content in sludge, So, %. 

Solids loading rate, LEiS, lb/yr cu ft (2.2 to 2.4 

Design Paraneters. . . 

Solids loading rate, lb/yr cu ft. 

Sludge characteristics. 

Process Design Calculations. 

where 

DSP - dry solids produced, lb/yr* 

so = 
8.34 = conversion fran gal to lb, lb/gal. 

365 - cotsversion, days/yr. 

3.7.13.3.2 Calculate volme of lagoons. 

where 

LV - 

DSP= 

initial solids content in sludge, %. 

lagoou volume, cu ft. 

dry solids produced, lb/yr. 

LRS - solids loading rate, lb/yr cu ft. 
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3.7.13.3.3 Calculate lagoon surface area. 
-AAL D 

where 

TISA - total lagoon surface area, sq ft. 

LV =lagoon volume, cu ft. 

D - sludge depth in lagoon, ft. 

3.7.13.3.4 Calculate uunber of lagoons. There should always be 
a mintium of 2 lagoon so that one is drying while the other is 
being filled. In this flov range no more than 2 lagoons should be 
required. 

NL=2 

where 

NL - nunber of lagoons. 

3.7.13.3.5 Final Sludge Volme. 

where 

Qf - final sludge volume, gpd. 

Qs - initial sludge volume, gpd. 

So = initial solids content, %. 

30 = final solids content, X. 

3.?.13.4 Process Deshn Output Data. 

3.7.13.4.1 Dry solids produced, DSP, lb/yr. 

3.7.13.4.2 Sludw flow, Qs. gtia 

3.7.13.4.3 Initial solid content in sludge, So, %. 

3.7.13.4.4 Solids loading rate, LRS, lb/yr cu ft. 

3.7.13.4.5 Sludge depth iu lagoon. D, ft. 

3.7.13.4.6 Lagoon volune, LV, cu ft. 

3.7.13.4.7 Total lagoon surface area, TLSA, sq ft. 

- . 
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3.7.13.4.0 

3.7.13.5 

3.7.13.5.1 
concerning the 

3.7.13.5.1.1 

3.7.13.5.1.2 
access. 

3.7.13.5.1.3 
fill. 

. 

3.7.13.5.1.4 
purposes. 

3.7.13.5.1.5 
2 ft with 2 ft 

3.7.13.5.1.6 

3.7.13.5.1.7 

3.7.13.5.2 

where 

Number of lagoons, NL. 

Quantities Calculations. 

AsslJmptiotx3. The following assumptions are made 
construction of the lagoons. 

The levees will have a 3 to 1 side slope. 

The levees till have a 10 ft wide flat top for 

The lagoons will be constructed with equal cut and 

. 

There will be a minImum of 2 lagoons for operational 

The sludge depth in the lagoons will be a maximum of 
of freeboard. 

Ccxnmon levee construction will be used. 

Lagoons will be square= 

Calculate surface area per 

TLSA SAL - - 2 

SAL = surface area per lagoon, sq 

lagoon. 

ft. 

TLSA- total lagoon surface area, sq ft. 

2 = nunber of lagoons. * 

3.7.13.5.3 Calculate dimensions of lagoon. 

L- (sAL)Oo5 + 12 

where 

L = length of one side of lagoon at top of levee, ft. 

SAL = surface area per lagoon, sq ft. 

12 - additional length for 2 ft freeboard. 

3.7.13.5.4 Calculate volune of earthwork required. The volume 
of earthwork must be determind by trial and error using the fol- 
lowing equation : 



DF+DC-D+2 

VF - [3(DF)2 + 10 DF] [7L] 

vc = (2.6) (DC) [L2 - 6(DF)(L) + 12(DF)2 + 120 DF - 60L + 12001 

Assume that the depth of cut (DC) is equal to 1 foot. Fran the 
equations calculate the volune of fill (VF) required and the volune 
of cut (VC) required. Canpare VC and VF. 

IF VC < VF then assume DC>1 ft and recalculate VC and VF. 
IF VC > VF then assume DC<1 ft and recalculate VC and VF. 

Repeat this procedure until VC - VF. This is the volme of earth- 
work requird for the lagoons. 

VC - VF - VLEW 

where 

DC = depth of cut, ft. 

DF = depth of fill, ft. 

D - sludge depth in lagoon, ft. 

VF = volune of fill, ft3. 

VC = volune of cut, ft3. 

L = length of one side of lagoon at the to of levee, ft. 

VLEW = volume of earthwork required* ft3. 

3.7.13.5.5 Calculate concrete required for overflowdecant 
structure. It is assumed that the sme structure will be used for 
all flows. The structure will be 4' x 4' with 6" thick walls. The 
height of the structure will be 3 ft above the depth of sludge in 
the lagoon. 

V cw - 8 + (8) (D + 3) 2 

where 

V =w - volme of concrete wall required, ft3. 

D = sludge depth in lagoon, ft. 

2 - nunber of lagoons. 

3.7.13.5.6 Calculate operation manpower required. 

3.7.13.5.6.1 If DSP 273,000 lb/yr. 
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OMH - 46 

3.7.13.5.6.2 If DSP >73,000 lb/yr. 

OMH = 5.81 (DSP) 0.1847 - 

where , 

DSP - dry solids produced, lb/Fr. 

CMB - operationmar+hour requiraent, MH/Fr. , 

3.7.13.5.7 Calculate maintenance manpower required. 

3.7.13.5.7.1 If DSP 73,000 lb/yr,. 

MMEI - 24 

3.7.13.5.7.2 If DSP 73,000 lb/yr. 

MMH = 1.47 (DSP) 0.2491 

where 

DSP - dry solids produced, lb/Fr. 

MMB - maintenance man-hours required, aFrD 

. 3.7.13.5.8 Other construction cost items. The previous calcu- 
lations account for approximately 80% of the cost of the drying 
lagoons. The other 20% includes influent piping, slide gates for 
decanting, grassing slopes, etc. 

CF - #J = 1.25 

where 

CF = correction factor for other construction cost itas. 

3.7.13.6 Quantities Calculations Output Data. 

3.7.13.6.1 Volune of earthwork required, VLEW, ft3. 

3.7.13.6.2 Volune of concrete wall required, Vcw, ft3. 

3.7085 
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3.7.13.6.3 

3.7.13.6.4 

3.7.13.6.5 
CF. 

3.7.13.7 

3.7.13.7.1 

3.7.13.7.2 
Yd- 

3.7.13.0 

3.7.13.8.1 

Operation man-hour requirement, OMH, ME/yr. 

Maintenance man-hour requirement, MMH, MEl/yr. 

Correction factor for other construction cost items, 

Unit Price Input Required. 

Unit price input for excavation, UPIEX, $/cu yd. 

Unit price input for R.C. wall in-place, UPICW, $/cu 

Cost Calculatious. 

Calculate cost of earthwork. 

COSTE - y (UPIEX) 

where 

COSTE - cost of earthwork, $. 

VLEW * volune of earthwork required, ft3. 

UPIEX - unit price input for excavation, $/cu yd. 

3.7.13.8.2 Calculate cost of concrete 
V 

COSTW - * (UPICW) 

where 

COSTCW - cost of R.C. wall in-place, $. 

V ~w - volutae of R*C. wall required, ft3. 

UPICW - unit price input for R.C* wall in-place, $/cu yd. 

3.7.13.8.3 Calculate total care construction cost. 

TBCC - (ms= + COSTCW) CF 

where 

TBCC - total care construction cost, $. 

COSTE - cost of earthwork, $. 
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CCSTCW - cost of R.C. wall in-place, $. 

CF = correction factor for other construction cost. 

3.7.13.9 Cost Calculations Qutput Data. 

3.7.13.9.1 Total bare construction cost, TBCC, $. 
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3.9 LAGOON UPWING 

3.9.1 Background. Many small facilities have utilized 
lagoons of one type or another for waste treatment because of their 
ease of operation and low construction cost. For a long period of 
time very little reliable data on the effectiveness of lagoons was 
available. As more data is massed and with the advent of stricter 
effluent standards in many areas, it has becane clear that many 
lagoon systems may require upgrading. Four potential methods of 
upgrading lagoou effluents will be addressed; coagulation and 
settling, dissolved air flotation, gravity filters, and intermit- 
tant sand filtration. 

3.9.2 General Description Coagulatiou and Settling. 

3.9.2.1 Chemical coagulatiou involves the aggregatiou of 
small particles into large, more readily settleable conglanerates. 
Chmical coagulation is used in wastewater treatment to remove 
colloidal and suspended matter fran raw wastes, remove phosphorus, 
renove algae fran lagoon effluents, aud enhance sludge dewatep 
ability. 

3.9.2.2 Wastewater can be coagulated using any of the coagulants 
camon in water treatment. The coagulants have been limited to 
three for purpose of this progra. They are alum, ferric chloride, 
and lime. 

3.9.2.3 The essential processes involved in chenical coagu- 
lation are rapid mixing, flocculation, and sedimentation. These 
processes can be carried out in separate basins or in a flocculator- 
clarifier system. Because of its popularity and lower capital 
costs, only the flocculator-clarifier system will be considered. 

3.9.3 General Description Dissolved Air Flotation. 

3.9.3.1 Dissolved air flotation is a solid-liquid separation 
process. Separation is accanplished by introducing fine gas bubbles 
into the system. The gas bubbles becane attached to the solid 
particles, forming an aggregate which has a bulk density less than 
water causing the aggregate to float to the surface. The aggregate 
can then be raoved fran the surface by skimming. This process has 
been evaluated for use in upgrading lagoons in small systems. The 
main component to be removed is algae. While flotation has been 
shown to work well when properly operatad with the addition of 
coagulants, its' use in small systems is hmpered in that it 
requires a relatively high degree of operator skil.1, which generally 
will not be available at this level. 

3.9- 1 
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3.9.4 General Description Gravity Filters. 

3.9.4.1 Gravity filters are used in upgrading the effluents 
fran secondary treament plants and stabilization ponds by removing 
suspended solids. In the flow range addressed here the filters are 
normally package, multimedia filtration units. These units cane 
cmplete except for concrete slab and connecting piping, which 
would be provided by the general contractor. 

3.9.4.2 Tertiary filters are generally at the end of the 
treaaent system and involve substantial head loss. For this 
reason pumping is usually required in front of the filters. Design 
and costing of the punping facilltles is not included in this 
section, this should be done in the section entitled, "Intermediate 
Punpiug? 

3.9.5 General Description Intermittent Sand Filtration. 

3.9.5.1 The intermittent sand filter has been used in waste- 
water treatment since the late nineteenth century. However, it was 
used to treat raw or primary settled sewage. Little work has been 
done in using th e intermittent sand filter as an effluent polishing 
process until recent years. Recent studies show that it gives good 
results when used as a polishing process for 
processes. For purposes of this progra the 
filter will be used only in conjunction with 
renoval fra lagoon effluent. 

secondary treatment 
intermittent sand 
suspended solids 

3.9.6 

3.9.6.1 

3.9.6.1.1 

3.9.6.1.1.1 

3.9.6.1.1.2 

3.9.6.1.2 

3.9.6.1.2.1 

3.9.6.1.2.2 

3.9.6.1.2.3 

3.9.6.1.2.4 

3.9.6.1.2.5 

Coagulation and SettUne 

Input Data. 

Wastewater flow. 

Average daily flow, Q avg. mgd, 

Peak flow, , mgd. (5 , 
Wastewater characteristics. 

BOD, total and solubleV mg/l. 

COD, total and soluble, n&l. 

Phosphorus, mg/l. 

Suspended solids, mdl. 

PH@ 
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3.9.6.1.2.6 

3.9.6.2 

3.9.6.2.1 

3.9.6.2.1.1 

3.9.6.2.1.2 

3.9.6.2.1.3 

3.9.6.2.2 

3.9.6.2.3 

3.9.6.2.4 

3.9.6.3 

3.9.6.3.1 

Alldixlity~ mg/l. 

Design Paraneters. 

Coagulant used. 

ALUll. 

Ferric chloride. 

LIxne, 

Coagulant dosage9 mg/l. 

Desired quality of treated effluent, mdl. 
, 

Surface loading rates for clarifier, gpd/ft2. 

Process Design Calculations. 

Calculate coagulant requirements. Select the type 
of coagulant and the dosage rate required. 

where 

CR = coagulant requirements, lb/day. 

CD - coagulant dosage, mg/l. 

Q avg = average daily flow, mgd. 

3.9.6.3.2 Sludge fran suspended solids removal. This is the 
sane regardless of the coagulant used. 

where 

Xs - sludge produced due to suspended solids removed, 
lb/day. 

ssinf - influent suspended solids, mg/l. 

ss eff - effluent suspended solids, mg/l* 

Q ~g = average daily flow, mgd. 
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3.9.6.3.3 Sludge production when alu~~ is used as coagulant. 

3.9.6.3.3.1 Sludge fraa phosphorus removal. 

x 
P - (8.34) (4) (Qmgl Pid - peffl 

where 

X 
P 

- sludge frm phosphorus ramoval, lb/day. 

Pinf - influent phosphorus concentration, rug/l. 

P eff - effluent phosphorus concentration, mg/l. 

Q av 
- average daily flow, mgdO 

3.9.6.3.3.2 Al= required for phosphorus precipitation. 

iv = (Piti - Peffl 9.6 

where 

AP - alum required for phosphorus precipitation, mg/l. 

pinf = influent phosphorus concentration, mg/l. 

P eff - effluent phosphorus concentration, mg/l. 

3.9.6.3.3.3 Sludge form hydroxide formatlou. 

'OH - (8.34) (0.263) (Qmg) (CD - AP) 

where 

xOH - sludge fron hydroxide formation, lb/day. 

Q avg 
- average wastewater flow, mgd. 

CD - coagulant dosage7 mg/l. 

AP - alun required for phosphorus precipitation, mg/l. 

3.9.6.3.3.4 Total sludge production when alun is the coagulant. 

xAL - xs + 'p + 'OH 
where 

XU - total sludge production with alun, lb/day. 

3.9-4 
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xs - sludge produced due to suspended solids renoved, 
lb/day. 

Xp - sludge produced frm phosphorus removal, lb/day. 

X OH - sludge form hydroxide fomation, lb/day. 

3.9.6.3.4 Sludge production when ferric chloride is used as 
coagulant. 

3.9.6.3.4.1 Sludge fran phosphorus removal. 

where . 

X 
P - sludge fran phosphorus removal, lb/day. 

Q avg * average daily flow, mgd. 

phlf - influent phosphorus concentration, mg/ 1. 

P eff - effluent phosphorus concentration, n&l. 

3.9.6.3.4.2 Ferric chloride requirement for phosphors renoval. 

where 

FP = ferric chloride requiraent for phosphorus removal, 
mg/l. 

Pinf - influent phosphorus concentration, n&l. 

P eff = effluent phosphorus concentration, mg/l. 

3.9.6.3.4.3 Sludge fran hydroxide formation. 

xOEZ - (8.34) (0.65) CQavg) (a - =I 

where 

53 H = sludge fran hydroxide formation. 

Qa vg - average daily flow,mgd. 

CD = coagulant dosage,mg/l. 

FP = ferric chloride required for phosphorus removal, 
mdl. 

3.9-S 
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3.9.6.3.4.4 
as coagulant. 

Total sludge production when ferric chloride is used 

5 e - xs + xp + x OH 
where 

5 e - total sludge production with ferric chloride, lb/day. 

Xs = sludge produced due to suspended solids renoval, 
lb/day. 

Xp - sludge produced fran phosphorus removal, lb/day. 

XoH = sludge fran hydroxLde formation. ~ 

3.9.6.3.5 Sludge production when l%ae is used as a coagulant. 

3.9.6.3.5.1 
iuvolved in 

Chenical sludge production. The chmical reactions 
the lime precipitation process are quite canplex. 

Factors such as raw waste, hardness, alkalinity, calcium or mag- 
nesium ratio, pH, and others can significantly affect the sludge 
quantity. For preliminary estimation purposes, the following 
equation will be used: 

where 

XCa - chemical sludge production due to lime precipitation, 
lb/day. 

Q aw.3 
- average daily flow, mgd. 

CD - coagulant dosage, mg/10 

3.9.6.3.5.2 Total sludge production when 1Ime is used as coagulant. 

'CaT "s + 'Ca 
where 

XCaT = total sludge production with lime, lb/day. 

Xs - sludge produced due to suspended solids renoval, 
lb/day* 

XCa - chemical sludge production due to lime precipitation, 
lb/day. 
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3.9.6.3.6 Selection of flocculator-clarifier. This type of 
systa integrates the rapid.miting tank, flocculator, and clarifier 
into one unit. It is sometimes referred to as an upflow clarifier 
or a sludge blanket clarifier. 

3.9.6.3.6.1 The size of an upflow clarifier is based on overflow 
rate. The design overflow rate varies with the type of coagdant 
USd. 

3.9.6.3.6.1.1 Lime coagulation. 

Q of = 630 gpd/ft* 

3.9.6.3.6.1.2 Alun coagulation. 

Q of - 36O'gpd/ft* 

3.9.6.3.6.1.3 Iron salt caogulation. 

Q 
2 

of - 500 gp4 ft 

where 

Q of = design overflow rate, gm/ft*. 

3.9.6.3.6.2 Unit selection. Assume in this flow range only one 
unit will be used. 

Q 
'vi3 

x 10 
60.5 

DIA - l.l.3 
Q of 

DIA must be an integer. 

If DIAz200 ft. assume 2 units and recalculate DIA. 

where 

DIA - diameter of flocculator-clarifier, ft. 

Q w = average daiy flow, mgd. 

Q of = design werflow rate, gpd/ft*. 

3.9.6.3.6.3 Detennine the depth of clarifier. The side water 
dqth is a function of the dimeter of the unit. 

SWD - 10.67 + (0.067) (DL4) 

where 

3.9- 7 
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SWD - side water depth of flocculato*clarifier, ft. 

DIA - diameter of flocculatopclarifler, ft. 

3.9.6.3 Effluent Characteristics. 

3.9e6.3.1 BODs. 

BODE - (BODS) (1.0 - w) 

If BODE < BODSS then BODE = BODSS 

BODE = effluent BOD5, mg/l. 

BODR = BOD5 renoval rate, %. 

BODS - Influent BOD5, mdl. 

BOD5S - effluent soluble BOD5, mg/la 

3.9.6.3.2 COD. 

CODE - GOD) (1 - q) 

If CODE <CODS then CODE - CODS 

where 

CODE - effluent COD concentration, mg/l. 

COD - influent COD concentration, mg/le 

CODR - GOD rmoval rate, %. 

CODS - effluent soluble COD concentration, mg/l. % 

3.9.6.3.3 Phosphorus. 

PO4E - PO4 (1.0 - PO4R 
-mi9 '* 

where 

PO4E - effluent phosphorus concentration, mdl. 

PO4 - influent phosphorus concentration, mdl. 

PO4R - phosphorus r-oval rate, %. 

3.9.6.3.4 Suspended Solids. 

SSE - SSI (le 



where 

SSE - effluent suspended solids concentration, rndl. 

SSI = influent suspended solids concentration, rndl. 

SSR - suspended solids r-oval rate, %. 

3.9.6.3.5 Nitrogen. 

TKNE - (TKN) (10 s) 

If TKNE < NH3 then TKN - NH3 

where . 
TKNE = effluent TKN concentration, rndl. 

TKN - influent TKII concentration, ma/l. ' 

TKNR = TKN removal rate, %. 

NH3 - effluent anmonia concentration. 

3.9.6.3.5 Oil and Grease. 

OAG - 0.0 

where 

OAG = effluent oil and grease concentration, mg/l. 

3.9.6.3.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - settleable solids concentration, ma/l. 

3.9.6.4 Process Design Output Data 

3.9.6.4.1 Coagulant used. 

3.9.6.4.2 Coagulant dosage, CD, mg/l. 

3.9.6.4.3 Coagulant requirenent, CR, lb/day. 

3.9.6.4.4 Sludge production, X, lb/day. 

3.9.6.4.5 Design overflow rate, Qof, gpd/ft2. 

3.9.6.4.6 Dianeter of flocculatopclarifier, DIA, ft. 
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3.9.6.4.7 Side water depth of flocculator-clarifier, SWD, ft. 

3.9.6.4.8 Nmber of units, N. 

3.9.6.5 Quantities Calculations. 

3.9.6.5.1 Determine quantity of earthwork required. 

V ew - (1.15) (N) [0.035 (DIA)3 + 4.88 (DIA)* + 77 (DIA) + 3501 

where 

V ew - volume of eaMxwork required, cu ft. 

DIA - dianeter of flocculatopclarifier, ft. 

N - nunber of units. 

3.9.6.5.2 Calculate reinforced concrete required. 

3.9.6.5.2.1 Calculate R.C. slab required. 

V cs - (N) (0.825) (DIA + 4)* (k 
12 

Ts = 7.9 + 0.25 Sm 

where 

V cs - volume of R.C. slab required, cu ft. 

DU = dimeter of flocculator-clarifier, ft. ' 

t s - thickness of slab, inches. 

SWD - side water depth of flocculator-clarifier, ft. 

N - number of units. 

3.9.6.5.2.2 Calculite R.C. wall required. 

V cw = (3.14) (N) (SWD + 1.5) (DU) & 

tw * 7 + (0.5) (SWD) 

where 

V cw = voltxne of R.C. wall required, cu ft. 

SWD = side water depth of flocculator-clarifier, ft. 

DIA = dianeter of flocculator-clarifier, ft. 
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tw - wall thickness, inches. 

N - nuaber of units. 

3.9.6.5.3 Determine electrical energy requirement. 

3.9.6.5.3.1 Calculatemechanism horsepower. The mechanism 
horsepower is a function of the dianeter of the unit. 

If DIA < 20 ft. 
MEP z 1.0 

Xf 20 < DIA< 90 

MHP - 0.0053 (DIA)1'75 

If DIA>90 
. . 

MHP = 7.62 (DIA)"*1351 

where 

MHP - mechanism horsepower, hp. 

DIA - dianeter of flocculato~clarifier, ft. 

3.9.6.5.3.2 Calculate electric energy required for operation. 

KWEI - (6701) (N) (MHP) 

where 

KWH = electric energy requirement, kw hr/yr. 

MEP - mechanism horsepower, hp. 

N = number of units. 

3.9.6.5.4 Operation and maintenance manpower requirement. 

3.9.6.5.4.1 Operation manpower requirement. 

- If Qavg < 0.1 mgd 

OKE - 304 

where 

If Qavg -> O.lmgd 

OMH - 1093.8 (Q 
avg 

)0.5561 
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. 

OMH = operationmanpower required, MH/yr. 

Q avg 
= average daily flow,mgd. 

3.9.6.5.4.2 Maintenance manpower required. 

If Qavg < 0.1 mgd 

MMEI - 128 

If Qavg > 0.1 mgd 

MMH = 474.8 (Q 
a-% 

)0.5693 

3.9.6.5.5 Operation and maintenance material and supply cost. 
This item includes repair and replacement material costs and other 
minor costs. It is expressed as a percent of the total bare construction 
cost of the coagulation systen* 

OMMP - 1.0% 

where 

OMMP = O&M material and supply costs as percent of the total 
bare co=truction cost, %. 

3.9.6.5.6 Calculate chenkal quantity used. 

3.9.6.5.6.1 When lime is used as coagulant. 

where 

LIME- quantity of ltie required per year, lb/yr. 

CR - coagulant requirement, lb/day. 

3.9.6.5.6.2 When al- is used As coagulant. 

ALUM - (CR) (365) 

where 

ALUM - quantity of ALUM required per year, lb/yr. 

CR - coagulant requirement, lb/day. 

3.9.6.5.6.3 When ferric chloride is used as coagulant. 
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where 

IRON * quantity Of ferric chloride required per year, lb/yr. 

CR - coagulaut requirement, lb/day. 

3.9.6.5.7 Other constnxtion cost items. The calculations 
account for approximately 85% of the constructiou cost of the 
systefl. The renaining 15% covers other minor costs, such as 
piping, control panel, painting, etc. 

CF 1 s, - - 1.18 0.85 

where 

CF = correction factor. , 

3.9.6.6 Quantities Calculations Output Data. 

3.9.6.6.1 Volune of earthwork required, Vew, cu ft. 

3.9.6.6.2 Volune of R*C. slab required, Vcs, cu ft. 

3.9.6.6.3 Volme of R.C. wall required, Vcw, cu ft. 

3.9.6.6.4 Electric energy requirement, KWH, kw hr/yr. 

3.9.6.6.5 -Operationmanpower required, OMB, MWyr. 

3.9.6.6.6 Maintenance manpower required, I@& MU/yr, 

3.9.6.6.7 Quantity of lime required per year, LIME, lb/yr. 

3.9.6.6.8 Quantity of alun required per year, ALUM, lb/yr. 

3.9.6.6.9 Quantity of ferric chloride required per year, IRON, 
lb/v. 

3.9.6.6.10 O&24 material and supply costs as percent of the 
total bare construction cost, @MP, %. 

3.9.6.6.11 Correction factor, CF. 

3.9.6.7 Unit Price Inputs Required. 

3.9.6.7.1 Cost of earthwork, UPIEX, $/cu yd. 

3.9.6.7.2 Cost of R.C. wall in-place, UPICW, $/cu yd. 

3.9.6.7.3 Cost of R.C. slab in-place, UPICS, $/cu yd. 

3.9.6.7.4 Standard size flocculatopclarifier mechanism (6& 
feet dianeter) cost, CMTCL, $ (optional). 

- ---- - 
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3.9.6.7.5 Marshall and Swift Equipent Cost Index, KSECI. 

3.9.6.7.6 Equipment installation labor rate, $/MI. 

3.9.6.7.7 Crane rental rate, UPICR, $/hr. 

3.9.6.8 Cost Calculation. 

3.9.6.8.1 

where 

Calculate cost of earthwork. 
v 

COSTE - + (UPIEX) 

COSTE = cost of earthwork, $. 

V ew - volune of earthwork required, cu ft. 

UPIEX = unit price input for earthwork, $/CU yd. 

3.9.6.8.2 Calculate cost of concrete wall. 
V 

COSTCW - + (UPICW) 

where 

COSTCW - cost of R.C. wall i-place, $. 

V cw = volune of R.C. Wall required, cu ft. 

UPlCW - unit price input for R.C. wall in-place, $/cu yd. 

3.9.6.8.3 Calculate cost of concrete slab. 
V 

COSTCS = + (UPICS) 

where , 

&S'CS - cost of R.C. slab i+pIace,'$. 

V cs - voluae of R.C. slab required, cu ft. . . 

UPICS - unit price input for R.C. slab iwplace, $/cu yd. 

3.9.6.8.4 Cost of installed equipmente 

3.9.6.8.4.1 Purchase cost of clarifiermechanim. The purchase 
cast of mechanics can be obtained by using the following equation: 
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COSTCM - COS'EL x COSTRO 

where 

COSTCM - purchase cost of mechanism with dianeter DIA feet, $. 

COSTCL - purchase cost of standard size mechanism with die 
meter of 60 ft. 

COSTRO - ratio of cost of mechanic with.dianeter of DIA, feet 
and the cost of standard size clarifier. 

3.9.6.8.4.2 COSTRO. The cost ratio can be expressed as: 

cosTRo - (OiOl64) x DIA 

3.9.6.8.4.3 Cost of standard size mecahnism. The cost of mechanism 
for a 6Gfoot dianeter upflow clarifier for the first quarter of 
1977 is: 

COSTCL = $110,000 

For better esttiate, COSTCL should be obtained fran equipment 
vendor and treated as a unit price input. Otherwise, for future 
escalation the equipment cost should be adjusted by using the 
Marshall and Swift equipment cost index. 

where 
COSTCL = 1~0,000 x 'm 

MSECI - current Marshall and Swift Equipment Cost Index fran 
input. 

491.6 - Marshall and Swift cost index 1st quarter of 1977. 

3.9.6.8.4.4 Equipment installationman-hour requirement. The 
man-hour requirsnent for field erection of clarifier mechanism can 
be estimated as: 

IMH = ZOO+ (25) x (DW 
, 

where 

IMH - installation mawhour requirement, man-hours. 

3.9.6.8.4.5 Crane requirement for installation, hr. 

CH - crane time requirement for installation, hr. 
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3.9.6.8.4.6 Other minor costs associated with the installed 
equipment. This category includes the costs for electric wiring, 
piping, painting, etc., and can be added as percent of purchased 
equipent cost. 

PMINC - 5% 

where 

PMINC - percentage of purchasing costs of equipent as minor 
costs, %. 

3.9.6.8.4.7 Installed equipment costs, IEC. 

IEC - [COSTCM (1 + yg$ + IMH x LABRI + CH x UPICR] x N 

where 

IEC - Installed equipment costs, $. 

LABRI - labor rate, $/Ml. 

UPICR - crane rental rate, $/yr. 

3.9.6.8.5 Other cost items. This category includes costs of 
P~P~W. ==wvs. electrical control instrunents, site work, etc. 
Costs.can be adjusted by multiplying the correction factor CF by 
the sum of other costs@ 

3.9.6.8.6 Total bare construction costs, TBCC, $. 

TBCC = cm=-= CWTCW+ COSES + IEC) x CF 

where 

TBCC - total bare CoxBtNstion costs* $. 

CF = correction factor fqr minor cost Items. 

3.9.6.8.7 Operation and maintenance mate&al costs. Since 
this iten of the operation and maintenance costs is expressed as a 
percentage of the total bare constructlon costs, it can be cal- . 
culated by: 

OMMP omc=TBccx~ 

where 

OMMC - operation and maintenance material costs, $/yr. 

CMMP- percentage of the total bare construction costs as 
operation and maintenance material cost, %. 

- - 
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3.9.6.9 Cost Calculations Output Data. 

3.9.6.9.1 Total bare comtruction costs of the chemical 
CoaguIation system TBCC, $. 

3.9.6.9.2 O&Mmaterial and supply cost, OMMC, $. 

- --.- 
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3.9.7 ’ 

3.9.7.1 

3.9.7.1.1 

3.9.7.1.2 

3.9.7.1.2.1 

3.9.7.1.2.2 

3.9.7.1.3 

3.9.7.2 
studies. 

3.9.7.2.1 

3.9.7.2.; 

3.9.7.2.3 

3.9.7.2.4 

3.9.7.2.5 

3.9.7.2.6 

3.9.7.3 

3.9.7.3.1 

Dissolved Air Elotation. 

Input Data. 

Wastewater flow, mgd. 

Suspended solids concentration in the feed, q/l. 

Average concentration. 

Variation in concentration. 

Chemical dosage, mg/l. 

Design Parmeters. Fran laboratory or pilot plant 

Air-to-solid ratio, A/S. 

Air pressure, P, psig. 

Detention time in flotation tank, DTFT# hr. 

Hydraulic loading, HL, g&ft2. 

Detention time in pressure tank, DTPT, min. 

noat concentrations CF. percent. 

Process Design Calculations. 

Select air-m-solid ratio. A/S between .Ol to .03 *a- - use .02 if none speclfled. 

3.9.7.3.2 

3.9.7.3.3 

3.9.7.3.4 

where 

Assume pressure (40 to 60 psig). 

Calculate P in atmosphere - -ps~4'714w7 
\ . 

Calculate recycle flow. 

A l.3Sa(0.5P - 1)R 
-* 
S QCo . . 

AfS - ai-t-solid ratio* 

Sa = air solubility at standard conditions, cc/l. 

P - absolute pressure, atmospheres. 

3.9-18 

- - --.-.. ----- ---..- - ----- - - - - 



R = recycle flow, mgd. 

Q - feed flow, mgd. 

cO 
= influent sus@ded solids concentration, mg/l. 

3.9.7.3.5 Select a hydraulic loading rate and calculate surface 
area. 

where 

SA - surface area, ft 2 . 

Q = feed flow, mgd. 

cO 
- influent suspended solids concentration,,mg/l. 

R = recycle flow, mgd. 

HL - hydraulic load rate, gp ft 2 . HL is between 
if no HL selected use 2.Q 

3.9.7.3.6 Select detention the in the flotation tank and 
calculate the volune. 

vom - (Q + R) x&&) CDT=) (lo6) 

where 

VOLFT - volume of flotation tank, ft3. 

Q - feed flow, mgd. 

R - recycle flow, mgd. 

DTFT = detention the in flotation tank, hr. 

3.9.7.3.7 Select pressure tank detention the and calculate 
volune of pressure tank. 

VOLPT - (R)(,+&)(&) WR'0 W6) . 

where 

VOLFT - volme of pressure tank, ft3. 

R - recycle flow, mgd. 
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DTPT = detention time ln pressure tank, min. 

3.9.7.3.8 Calculate volume of sludge. 

vs - 
CQ) No) G ---I) 

N&specific gravity) 
where 

VS - volme of sludge, gyd. 

Q - feed flow, mgd. 

Co - influent suspended solids concentration, rnd 1. 

(+ - solids concentration in float, percent. 

3.9.7.3.9 Calculate chenical usage (If applicable). 

CU + (CD) (Q) 8.34 

where 

CU = chmlcal usage, lb/day. 

CD - chemical dosage, q/L 

Q = feed flow, mgd. 

3.9.7.3.10 Effluent Characteristics. 

3.9.7.3.10.1 Suspended Solids. 

SSE - co (l- E) 

where 

SSE = effluent suspended solXd8 concentration, UI~ 1. 

CO - influent suspended sollds concentration, mg/ 1. 

SSR - suspended solids renwal rate, %. 

3.9.7.3.10.2 BOD5. 

BODE - BOD (1 - q) 

If BODE < BODSE set BODE - BODSE 

. 
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where 

BODE - effluent BOD5 co~ncentration, mg/l. 

BODSE - effluent soluble BOD5 concentration, mg/l. 

BODR - BOD 5 removal rate, mg/l. 

BOD = influent BOD5 concentration, ma/l. 

3.9.7.3.10.3 COD. 

CODE = COD (1 - CODR 
TV) 

If CODE < CODSE set CODE = CODSE , 

CODE = effluent COD concentration, rndl. 

GID = influent COD concentration, mdl. 

. 

CODR = COD removal rate, %. 

CODSE - effluent soluble COD concentration, mdl. 

3.9.7.3.10.4 Nitrogen. 

TKNE=TKN(l- 

NH3E -NH3 
NO3E - NO3 
NO2E - NO2 

where 

TKIIE - effluent Kjedahl nitrogen concentration, mdl. 

TKN - influent Kjedahl nitrogen concentration, ma/l. 

TKNR - Kjedahl nitrogen removal rate, %. 

NH3E = effluent anmonia concentration, mdl. 

NH3- influent anmonia concentration, mg/l. 

1?03E = effluent NO3 concentration, mg/ 1. 

NO3 = influent NO3 concentration, mg/l. 

NO2E = effluent ,N02 concentration, mdl. 

NO2 - influent NO2 concentration, mg/l. 
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3.9.7.3.10.5 Phosphom. 

PO4E = PO4 (1 - PO4R 
im) 

where 

PO4E - effluent phosphorus concentration, q/l. 

PO4 - influent phosphorus concentration, mg/l. 

PO4R = phosphorus renoval rate, mg/l. 

3.9.7.3.10.6 Settleable Solids. 

SETS0 - OeO 

where 

SETS0 = effluent settleable soltds concentration, mg/l. 

3.9.7.3.10.7 Oil and Greasee 

OAtZ - (OeO5) (OAG) 

where 

OAGF - effluent oil and grease concentration, mg/l. 

OAG = influent oil and grease concentration, mg/l. 

3.9.7.4 

3.9.7.4.1 

3.9.7.4.2 

3.9.7.4.3 

3.9.7.4.4 

3e9.7.4.5 

3.9.7.4.6 

3.9.7.4.7 

3.9.7.4.0 

3.9.7.4.9 

3.9.7.4.10 

3.9i4.11 

Process Design Output Data. 

Suspended solids concentration, Co, mg/l. 

Air-to-solid ratio9 A/Se 

Air pressurep P, peigO 

Eydraulic loading, HL, gm/ft20 

Recycle flow, R, mgd. 

Surface area, SA, ft2,, 

Volune of pressure tank, VOLPT, ft3. 

Volune of flotation tank, VOLFT, ft3. 

Pressure tank detention the, DTPT, min. 

Flotation tank detention time, UTFT, hr. 

Ch-ical usage, CU. lb/day. 
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3.9.7.5 Quantities Calculations. 

3.9.7.5.1 Flotation units are usually sized based on surface 
area. The smaller units fran 40 sq ft to 100 sq ft are usually 
supplied in one piece already assenbled. Large units up to 1250 sq 
ft are supplied with all canponents to be installed in a concrete 
tank supplied by the contractor. This equipment includes the basic 
mechanism, air saturation tank, pressurization punp, air cmpres- 
sor, pressure release valve, rotmeter, air regulator, and throt- 
tling valve. Both circular and rectangular flotati.on units are 
avatiable. For purposes of simplification we h-e chosen to use 
the circular units. However, it should be noted that circular and 
rectangular units of the sane surface area are canparable in cost. 

. 

3.9.7.5.2 Select nunber and size of flotation units. The 
standard size units available canmercially are 40, 50, 70, 100, 
140, 200, 280, 350, 450, 570, 750, 960, and 1250 sq ft. 

. ' 
3.9.7.5.2.1 If SA is less than 1250 sq ft. then NU is one. 
Canpare SA to the canmercially available units and select the 
tallest unit that is larger than SA. 

3.9.7.5.2.2 If SA is greater than 1250 sq ft, then NU must be 
two or greater. Try NU - 2 first, if SA/NU is greater than 1250, 
thenNIl =NU+ 1. Repeat the procedure until SA/NU is less than 
1250, then canpare SA/NU to the canmercially available units and 
select the smallest unit that is larger than SA/NU. 

where 

SA - calculate surface area, sq ft. 

NU - mmber of units. 

SAS - surface area of unit selected. 

3.9.7.5.3 Calculate building area. In area where freezing 
weather may be expected, flotation units would nomally be enclosed 
in buildlngs. 

3.9.7.5.3.1 Calculate dianeter of unit. 

DIA - (1.13) (sAS)"*5 

where 

DIA = diameter of unit selected, ft. 

3.9.7.5.3.2 Calculate building area. 

5 = (DIA+ 2) (DLA+ 5) (NU) 

where 
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AR = area of building, sq ft. 

3.9.7.s.4 Earthwork required for construction. The procedure 
to estimate the earthwork requirenent is the sane as that for 
circular clarifier. 

V ew - (1.15) ND[O.O35 (DU)3 + 4.88 (DIA)2 + 77 (DU) + 3501 

where 

V ew = earthwork required for construction, cu ft. 

1.15 - 15 percent excess volme as safety factor. 

NO =rmber of units. 

3.9.7.5.5 Reinforced concrete quantities. 

3.9.7.5.5.1 Calculate side water depth. The side water depth 
can be related to the dimeter by the following equation: 

SUD - 6.72 + 0.0476 (DIA) 

where 

SWD - side water depth, ft. 

3.9.7.5.5.2 Calculate the thickness of the slab. The thickness 
of the slab can be related to the side water depth by the folloving 
equation: 

ts - 7.9 + O.Z§ SWD 

where 

L 
= thickness of the slabP inches. 

3.9.7.5.5.3 Calculate the wali thickness. The wall thickness 
can be related to the side water depth by the following: 

tw * 7 + (Oi5) SWD- 

where 

tW 
- wall thickness, inches. 

3.9.7.5.5.4 * Calculate reinforced concrete slab quantity. 
t 

V =s - 0.825 (DIA + 4)2 (+) (ND) 
where 
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v cs = quantity of R.C. slab in-place, cu ft. 

3.9.7.5.5.5 Calculate reinforced concrete wall quantity. 

v - cw (3.14) (SWD + 1.0) (DIA) (2) (NU) 

where 

v cw - quantity of R.C. wall in-place, cu ft. 

3.9.7.5.5.6 Quantity of concrete for splitter box. 

v 
1.13 

cb = 100 (NU) 

where . . 
v cb - quantity of R-C.-for splitter boxW cu ft. 

NU - nunber of units. 

3.9.7.5.5.7 Total quantity of R.C. 

where 

V 
CWt 

= total quantity of R.C. wall in-place, cu ft. 

V cst - total quantity of R.C* slab in-place, cu ft. 

3.9.7.5.6 Calculate dry solids produced. 

DSTPD - dry solids produced, tpd. 

Q - feed flow, mgd. 

Co - suspended solids concentration in the feed, mg/l. 

3.9.7.5.7 Calculate operational labor. 

3.9.7.5.7.1 If DSTPD is between 0 and 0.1 tpd, the operational 
labor is calculated by: 

om - 240 
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3.9.7.5.7.2 If DSTPD is greater than 0.1 tpd, the operational 
labor is calculated by: 

, 
OMH - 558.4 (DSTPD)"'3667 

where 

OMH - operation labor, man-hour/yr. 

3.9.7.5.8 Calculate maintenance labor. 

3.9.7.5.8.1 If DSTPD is between 0 and 0.1 tpd, the maintenance 
labor is calculated by: 

Ift4H - 64.0 

3.9.7.5.8.2 If DSTPD is greater than 0.1 tpd, the maintenance 
labor is calculated by: 

MMH = 160.0 (DSTPD)"*3g7g 

where 

MMH - maintenance labor, man-hour/yr. 

3.9.7.5.9 
ration. 

Calculate electrical energy requirenents for ope- 

3.9.7.5.9.1 If DSTPD is between 0 and 0.35 tpd, the energy 
requirenent is: 

KWEI = 23~500 

3.9.7.5.9.2 If DSTPD is greater than 0.35 tpd, the energy Is 
calculated by: 

KWH - 63,000 (DSTPD)oeg42* 
, 

KWE - electrical energy requirment for operation, 
kwhr/yr* 

3.9.7.5.10 Operation and maintenancematerial costs. This item 
includes repair and replacenent material costs and other minor 
costs. It is expressed as a percent of total bare construction 
cost. 

OMMP- 1% 

where 

OMMP - percent of air flotation total bare construction cost 
as operation and maintenance materials cost,.percent. 

- 
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3.9.7.5.11 Other construction cost items. 

3.9.7.5.11.1 Fran the above esttiation, approximately 85 percent 
of the construction costs have been accounted for. 

3.9.7.5.11.2 Other minor cost itens such as piping* electrical 
wiring and conduit, coacrete slab for pmps and pressure tan& 
etc., would be 15 percent. 

3.9.7.s.11.3 The correction factor would be: 

where 
CF = correction factor for construction costs. 

3.9.7.6 

3.9.7.6.1 

3.9.7.6.2 

Quantities Calculati&s Output Dat&. 
. . 

Surface area of unit selected, SAS;. sq ft. 

Nmber of units, NU. 

3.9.7.6.3 Area of building, AR, sq ft. 

3.9.7.6.4 Earthwork required, Vew, cu ft. 

3.9.7.6.5 Total quantity of R.C. wa3.1 in-place* Vcti, cu ft. 

3.9.7.6.6 Total quantity of R.C. slab in-place, Vest, cu ft. 

3.9.7.6.7 Operational labor, OMH, mawhour/yr. 

3.9.7.6.8 Maintenance labor, MMH, man-hourlyr. 

3.9.7.6.9 Electrical energy requirment for operation, KWEf, 
k&r/yr. 

3.9.7.6.10 Operation and maintenance material costs as percent 
of air flotation total bare construction cost, percent. 

3.9.7.6.11 Correction factor for constructiou costs, CF. 

3.9.7.7 Unit Price Input Required. 

3.9.7.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.9.7.7.2 
$/cu* 

Unit price input for R.C. wall iwplace, UPICW, 

3.9.7.7.3 Unit price input for R.C. slab in-place, UPICS, $/cu 
N . 

3.9.7.7.4 Cost of standard size flotation equipment, COSTFS, 
$, (optional). 
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3.9.7.7.5 Marshall and Swift Equipment Cost Index, MSECI. 

3.9.7.8 Cost Calculations. 

3.9.7.8.1 Cost of buildlug. 

COSTB - % x UPIBC (.75) 

where 

COSD - c-t of building, $. 

AB - building area, sq ft. 

UPIBC - unit price input for building cost, $/sq ft. 

.75 - correction factor since slab Is already accounted 
for in concrete costs. 

3.9.7.8.2 Cost of earthwork. 

V 
COSTE - 4g UPIEX 

where 

COSTE - c-t of earthwork, $. 

V ew = quantity of earthwork, cu ft* 

UPIEX - unit price input for earthwork, $/cu yd. 

3.9.7.8.3 Cost of R.Ce wall in-place. 
V 

COSEW am + UPICW 

where 

COSTCW = cost of ROCe wall in-ilace, $. 

V =~ = total quantity of LC. wall in-place, cu ft. 

UPICW - unit prLce input fok ROC. wall iwplace, $/cu yd. 

3.9.7.8.4 Cost of R.C. slab In-place. 

V 
cosTcs = 2% UPICS 

27 

where 

COSTCS = cost of R.C. slab In-place, $. 
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v cst = total quantity of R.C. slab in-place, cu ft. 

UPICS - unit price input .for R.C. slab in-place, $/cu yd. 

3.9.7.8.S Purchase cost of flotation equipment. The costs 
given include the basic mechanic to be mounted in the concrete 
tank, air pressurization tank, pressurization pmp, pressure release 
V&E, air injection systen, and electrical panel. 

where 

COSTF - 

COSTFS - 

COSTRO = 

3.9.7.8.6 

3.9.7.8.6.1 
by: 

. COSTRO COSTF = cosTF+s x 100 

purchase cost of flotation equipment of SAS 
surface area, $. , 
cast of standard size air flotation unit of 350 
sq ft. 

c-t of unit of SAS sq ft expressed as percent of 
cost of standard size unit. 

3.9.7.8.6.2 
calculated by: 

Calculate COSTRO. 

If SAS is less than 240 sq ft, COSTRO is calculated 

COSTRO = 0.3 (SAS) + 25 

If SAS is between 240 sq ft and 480 sq ft, COS'IRO is 

COSTRO = 0.092 (SAS) + 75 

3.9.7.8.6.3 If SAS is greater than 480 sq ft, COSTRO is cal- 
cuLat& by: 

COSTRO - 0.161 (SAS) + 43 

3.9.7.8.7 Cost of standard size unit. The cost of a dissolved 
air flotation unit with 350 sq ft of surface area for the first 
quarter of 1977 is: 

cosms - $44,200 

For better cost estimation, COSTPS should be obtained fra equip- 
ment vendor and treated as a unit price input. Otherwise, for 
future escalation the equipment cost should be adjusted by using 
the Marshall and Swift Equipment Cost Index. 

COSTFS = $44,200 E . 

-- -- 
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MSECI = current Marshall and Swift Cost Index fran input. 

491.6 = Marshall and Swift Cost Index first quarter 1977. 

3.9.7.8.8 Equipment installation costs. These costs would 
include mounting of flotation mechanim in the flotation tank, 
settlbg pmps, and tanks, interconnecting piping, electrical 
istallation, etc. These costs are estimated as 75 percent of the 
purchase cost of equipskent. 

EIC = .75 COSTF 

where 

EXC - equipent installation costs, $. 

3.9.7.8.9 Installed equipment cost. 

IEC - (COSTF + EIC) NU 

IEC - installed equipment cost, $. 

NU - nunber of units of area SAS sq ft. 

3.9.7.8.10 Total bare construction costs. 

~ TBCC = (COST6 + COSTE+ COSTCW+ COSTCS + IX) CB 

TBCC - tot& bare comtruction costs7 $m 

CF - construction cost correcztioa factor. 

3.9.7.8.11 Operation and maintenance material costs. 

OMMC - TBCC x qg 

'where 

OMMC * operation and maintenance material costs, dollars. 

3.9.7.9 Cost Calculations Output Data. 

3.9.7.9.1 Total bare coustruction cost for dissolved air 
flotation unit, TBCC, $. 

3.9.7.9.2 
$/y-L 

Operation and maintenance material costs, OMMC, 
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3.9.8 

3.9.8.1 

3.9.8.1.1 

3.9.8.1.1.1 

3.9.8.1.1.2 

3.9.8.1.2 

3.9.8.1.3 

3.9.8.2 

3.9.8.2.1 

3.9.8.2.2 

3.9.8.3 

3.9.8.3.1 

3.9.8.3.1.1 
l3dft l 

Gravity Filter. 

Input Data. 

Wastewater characteristics. 

Average daily flow, Qa,,g, mgd. 

Peak flow, , mgd. % 
Influent suspended solids concentration SS, mg/l. 

Hydraulic loading rate, L&, gpm/ft2. 

Design Paraneters. 
, 

Hydraulic loading rate, g&ft2. 

Backwash rate, gpan/ft2- 

Process Design Calculations.' 

Calculate requirml filter surface area. 

If no hydraulic loading rate is specified use 3.5 

where 

SA - filter surface area required, ft2. 

LR - hydraulic loading rate, gF/ft2. 

3.9.8.3.1.2 Package filter units usually have four (4) filter 
c6iLls for operational reasons. The Ten State Stand2rds specify 
that the filtration rate should not exceed 5 gdft during maxtim 
flow with one fflter cell out of semice. Therefore, the filter 
surface area should be calculated based on this requirenent and 
checbd against the area calculated based on avertie flow. 

where 

SAP * 
C\) (lo61 (NC) 
(5) (1440) (NGl) 

SAP - filter surface area based on peak flow, ft2. 

% 
- Peak flow, mgd. 

NC - number of filter cells (use 4 if not specified). 

- - -- 
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3.9.8.3.1.3 Canpare SA and SAP and use the larger of the values 
as the design fLlter surface area, SAD. 

3.9.8.3.2 Backwash Requirenents. 

3.9.8.3.2.1 Ten State Standards requize that provision be made 
for a minisnun backwash rate of 20 gp/ft and a minti= backwash 
period of 10 minutes. Usually, filtered water is used for backwash 
purposes. It is assumed in this model that the filter unit will be 
followed by chlorine contact tanks which would supply mple filtered 
water for backwash purposes, 
be provided. 

therefore no additional storage will 

3.9.8.3.2.2 Ten State Standards also state that the rate of 
retirn of waste filter backwash water to treatment units should not 
exceed 15 percent of the design flow rate. Surge tanks should be 
provided with a minimum capacity of twice the bacbsh water volune 
required. 

3.9.8.3.2.3 Calculate volme of backwash surge tank. 

'bws = 
(SAD) (20) (10) (2) 

OK) (7.48) 
where 

vbws - volume of backwash surge tank, ft3. 

SAD = design filter surface area, ft 2 . 

NC = nunber of cells 

20 - backwash flow rateP g&ft2. 

10 = backwash period9 min. 

2 - nmber of backwash volumes. 

7.48 = conversion factor, galfft3. 

3.9.8.3.3 Rffluent Characteristics. 

3.9.8.3.3.1 Suspended Solids- 

SSE - (6.4) (SS) 

where 

SSE - effluent suspended solids concentration, mg/l. 

ss = influent suspended solids concentration, mg/l. 
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3.9.8.3.3.2 BOD5. 

where 

BODE - effluent 

BODS - influent 

3.9.8.3.3.3 COD. 

where 

CODE = effluent 

CODS - influent 

BODE = BODS 

BOD5 concentration, mg/l. 

soluble BOD5 concentration, mg/l. 

CODE = CODS 

COD concentrati& n&l0 " 

soluble COD concentration, q/l. 

3.9.8.3.3.4 Nitrogen. 

TKNE = NH3 - NH3E 

where 

TKNE - effluent Kjedahl nitrogen concentration, rndl. 

NH3 * influent anmonia concentration, mg/l. 

NH3E - effluent anmonia concentration, mg/l. 

3.9.8.3.3.5 Oil and Grease. 

OAGE = OeO 

where 

OAGE - effluent OIL and grease concentration, mg/l. 

3.9.8.3.3.6 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 = effluent settleable sollds concentration, mg/l. 

3.9.8.4 Process Design Output Data. 

3.9.8.4.1 Design filter surface area, SAD, ft2. 

3.9.8.4.2 Nunber of fflter cells, NC. 

3.9.8.4.3 Volune of backwash surge tank, ft3. 
--- --- 

3.9- 33 
, 

--.- ,-..- - - . -. . ., -.- . . - -. - --- - .-- - pa-- ------. . .- .-., ---.-.------.-A.-v- - myw----. -.-- - 



3.9.8.5 Quantities Calculations. 

3.9.8.5.1 
fflter. 

Calculate reinforced concrete slab for package 
The concrete slab is assumed to be 1 ft thick. 

v cs - la434 (SAD) + 32.8 

where 

v =s = volune of R.C. slab for filter unit, ft3. 

SAD - design filter surface area. 

3.9.8.5.2 Backwash surge tank design. The backwash water 
would be drained frun the bottan of the filter unit into the surge 
tank. It is assumed that the surge tank would be a concrete 
structure built below grade. 

Assunlptions : 

Water depth in surge tank Is 7 ftO 
Freeboard of 2 ft. 
Length to width ratio of 2. 
Concrete is 1 ft thick. 
Excavation side slope Is 1 to 1. 
Slab extends l-l/2 ft past wall of tank. 

3.9.8.5.2.1 Calculate dlmenslons of surge tank. 

W 

L - 2w 

where 

Vbws - Volume of backwash surge tank, ft3. 

W - width of badwash su’rge tank, ft. 

L = length of backwash surge tank, ft. 

3.9.8.5.2a2 Calculate earthwork required0 

Al Rx (Id + 5) (W+ 5) 

A2 - (L + 2s) (W+ 25) 

where 

V ew * volume of earthwork required, ft3. 
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Al = area at bottan of excavation. 

A2 - area of ground level. 

3.9.8.5.2.3 Volune of concrete required. Consider all concrete 
as wall concrete because of forming required. 

V w 2u2+ 75w+ 25 
cw 

where 

V cw - volume of R.C. wall required, ft3. 

W - width of backwash surge tank, ft. 

3.9 .a.5.3 Electric energy required for operation. The major 
energy user in filtration is pmpiug of the main strean of wastewater. 
Other energy requirenents are power for backwashing, surface sprays, 
and air blowers. The energy for punping of the main wastewater 
street is included in the section entitled "Intermediate Punping". 
The following equations gives energy requlrenents for filter 
backwash, surface spray and,air blowers. 

KWH - (8213) (Qavg)o*g72 

where 

KWR - electrical energy required, kw hr/yr. 

Q avg = average daily flow, mgd. 

3.9.8.5.4 Operation and ma,intenance manpower requirment. 

3.9.8.5.4.1 Maintenance manpower required, 

If Qavg S .l mgd 

MMH - 112 

If Qavg > .l mgd 

MMH - 432 (Q ) 
0.585 

-g 

where 

MMEI -maintenance manpower required, ME/yr. 
l 

Q =a 
= average daily flow, mgd. 

3.9 .a.5.4.2 Operation manpower required. 

. If 'avg S .lmgd 

oxff -,176 
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If Qavg > .l mgd 

OMH - 643.2 (Qavg)o*s72 

where 

OMH = operation manpover required, MEI/yr. 

Q avg = average daily flov,mgd. 

3.9.a.5.5 Operation and maintenance material and supply costs. 

OMKP - 5% 

vhere 

OMMP - O&M material and supply costs as percent of installed 
package filtration equipment. 

3.9.8.5.6 Replacement Schedule. 

3.9.8.5.6.1 Equipente The semice life of the equipment is 
approximately 20 yrs. 

RSE - 20 

where 

RSE - replacenent schedule for equipment, yrs. 

3.9.8.5.7 Other construction cost items. The preceding 
calculations account for approximately 80 percent of the constructlon 
c-t. The remaining 20 percent vould include costs for itens such 
as backwash auxiliary supply pumps* piping, housing, etc. 

1 CF =J==Jf - 1.25 

where 

CI? - correcti.on factor for other constructlon costs. 

3.9.8.6 

3.9.8.6.1 

3.9.8.6.2 

3.9.8.6.3 

3.9.8.6.4 

3.9.8.6.5 

3.9.8.6.6 

Quantities Calculations Output Data. 

Design filter surface area, SAD, ft2. 

Volune of R.C. slab for filter unit, Vcs, ft3. 

Volune of earthvork required, Vev, ft3. 

Volune of R.C. vail required, Vcv, ft3. 

Electrical energy requirement, KWH, kw hr/yr. 

Maintenance manpover requlrti, MMH, MH/yr. .- 



3.9.8.6.7 Operationmanpower required, OMH, MPYyr. 

3.9.8.6.8 O&M material, and supply costs as percent of in- 
stalled package filtration equipment, OMMP, %. 

3.9.8.6.9 Correction factor for other construction costs, CP. 

3.9.8.7 Unit Price Input Required. 

3.9.8.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.9.8.7.2 
Yd l 

3.9.8.7.3 

Yd* 

3.9.8.7.4 

3.9.8.7.S 

Unit price input for R.C. wall in-place, UPICW, $/cu 

Unit price input for R.C* slab i&place, UPICS, $/cu \ 

Cost of standard size filter, COST%, $ (optional). 

Harshall and Swift Equipment Cost Index, MSECI. ~ 

3.9.8.8 Cost Calculations. 

3.9.8.8.1 Calculate cost for earthwork. 
@ed COSTE - r (UPIEX) 

where 

COSTE - cost of earthwork, $. 

v ew - voluue of earthwork required, ft3. 

UPXEX = unit price input for earthwork, $/a Pd. 

3.9.8.8.2 Calculate coet of reinforced concrete. 

3.9.8.8.2.1 Cost of R.C. slab in-place. 
V 

cosTcs - + (UPICS) 

where 

COSTCS - cost of R.C. slab in-place, $. 

V =s - voluue of R.C. slab required for filter unit, ft3. 

UEWS - unit price input for R.C. slab in-place, $/CU yd. 
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3.9.8.8.2.2 Cost of R.C. wall in-place. 
V 

cosm - #f UPICW / 

where 

COSTCW = cost of R.C. wall In-place; $. 

V =w - voluae of R.C. wall requirad, ft3. 

TJPICW - utit price input for RX. wall in-place, $/CU yd. 

3.9.8.8.2.3 Total cost of reinforced concrete. 

cos@xc - cosTcw + COSTCS 

where 

COSTC - total cost of reinforced concrete, $. 

COSTW - cost of R.C. wall In-place, $. 

COSTCS - cost of R.C. slab in-place, $. 

3.9.8.8.3 
unit. 

Calculate installed cost package multimedia filter 

3.9.8.8.3.1 CalculateCOSTF~ 

COSTRO COSTF - - 100 (CUSTSF) b 

where 

COSG‘J- 'c&i+ok' pa&age filter of size SAD, $. 

COSTRO - - cost of-package.filter of size SAD as percent of 
cost of standard size filter (120 sq ft), %. 

COSTSF - cost of standard size filter (120 sq ft), $. 
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3.9.8.8.3.2 Calculate COSTRO. 

If sADg175 ft2 

COSTRO - 65 (sAD)omo898 

If SAD > 175 ft2 

COSTRO = 14.5 (sAD)o*381 

where 
, 

COSTRO - cost of package filter of size SAD as percent of 
cost of standard size filter (120 sq ft), %. 

.’ 

SAD - design filter surface ,area, ft2. . 

3.9.8.8.3.3 Determine COSTSF. COSTSF is the c&t of a 120 s’q f’t 
package multimedia filter unit. These units uorzazilly are canplete 
including blowers for air wash, backwash plops, underdrain system, 
backwash troughs, filter media, control panel, valving and piping 
connecting cells, and steel tanks. The general contractor is 
usually required to furnish the concrete slab, backwash surge tank, 
and pumping of main waste strean. The cost of this unit for the 
first quarter of 1977 is: 

COSTSF = $73,760 

For better cost esttiation COSTSF should be obtained fran a vendor 
and treated as a unit price input. If this is not done the equip- 
ment cost should be adjusted by using the Marshall and Swift 
Equipment Cost Index. 

COSTSF - $73,760 B 
. 

where 

MSECI - the current Marshall and Swift Equipment Cost Index. 

49 1.6 - Marshall and Swift Equipment Cost Index for 1s t 
quarter of 1977. 

3.9.8.8.3.4 Calculate install.ed filter cost. 

IFC - (1.5) GOSTF) 

where 

IFC - installed filter cost, $. 

COSTF - cost of package filter of size SAD, $. 
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3.9.8.8.4 

where 

TBCC = 

COSTE - 

COSTC - 

IFC - 

CF = 

3.9.a.fI.5 

where 

OMMC - 

OKMP - 

IFC = 

3.9.8.9 

3.9.8.9.1 

3.9.8.9.2 

Calculate total bare construction cost. 

TBCC - (COSTE+ COSTC + IFC) CF 

total bare construction cost, $. 

cost of earthwork, $. 

total cost of reinforced concrete, $. 

installed filter cost, $. 

correctlon factor for other construction cost 
items. 

Calculate O&Mmaterial and supply costs. 

OMMC - (IFC) s 

O&M material and supply costs, $/yr. 

O&Mmaterlal and supply costs as percent of 
installed filter cost, %. 

install filter cost, $. 

Cost Calculations Output Datae 

Total bare construction cost, TBCC, $. 

O&Mmaterial and supply costs, WC, $. 

. I 



Intexmittant Sand Filtration. 

3.9.9.1 Input Data. 

3.9.9.1.1 Average daily flow. 

Wastewater characteristics. 

3.9.9.1.2.1 BOD5 (total and soluble). 

3.9.9.1.2.2 Suspended solids. 

3.9.9.1.3 Hydraulic loading rate. (200,00&800,000 gpad) 
default 400,000. 

3.9.9.1.4 
inches. 

3.9.9.2 

3.9.9.2.1 

3.9.9.2.2 

3.9.9.3 

3.9.9.3.1 

3.9.9.3.1.1 
used. 

3.9.9.3.1.2 The filter bed levees will be earthen. 

3.9.9.3.1.3 

3.9.9.3.2 

Filter bed depthe (24 to 36 inches) Default 30 

Design Paraneters. 

Hydraulic loading rate, gpad. 

Filter bed depth, inches. 

Process Design Calculation. 

The following assumptions are made. 

In this flow range three filter beds will always be 

The underdrain systa will be perforated PVC pipe. 

Calculate fflter area required. 

Qav FA= & 
(lo61 

where 

FA - filter area, acres. 

Q a-v3 
- average daily flow, mgd. 

HLR = hydraulic loading rate, gpad. 
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3.9.9.3.3 Calculate area per filter bed. 

where 

AFB - area per filter bed, ft2. 

FA - filter area, acres. 

43560 = converslon acres to ft2. 

3 = number of filter beds. 

3.9.9.3.4 Estimate effluent quality. 

3.9.9.3.4.1 BOD5 concentration. 
does vary slightly with hydraulic 

The effluent BOD3 concentration 
loadtng 

depth of sand. 
rate, size of sand, and 

However, the effluent can be esttiated by the 
folloting average removal efficiency. 

BODE - (1.0-0.7) (BOD) 

If BODE < BODS, set BODE - BODS 

where 

BODE - effluent BOD5 concentration, mg/l. 

0.7 - average removal. 

BOD - influent BOD5 concentration, nq/l. 

'BODS = influent soluble BOD5 concentration, mg/le 

3.9.9.3.4.2 Suspended sol Ids concentration. The effluent suspended 
solids concentration fran a well designed and operated filter will 
be approximately 40% of the lnfluat suspended solids concentration. 

where 

SSE = effluent suspended sollds concentration, mg/l. 

SS - influent suspended solids concentration, mg/l. 

3.9.9.3.4.3 COD. 

CODE - (0.3) (COD) 

If CODE < CODS, set CODE - CODS 
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where 

GODE = effluent COD concentration, mdl. 

GOD - influent GOD concentration, n&l. 

GODS - influent soluble COD concentration, mg/l. 

3.9.9.3.4.4 Nitrogen. 

TKNE-NE3 -NH3E 

where 

TKNE = effluent Kjedahl nitrogen concentration, mg/l. , 

NH3- influent ammonia concentration, mdl. 

NH3E = effluent ammonia concentration, mdl. 

3.9.9.3.4.5 Oil and Grease. 

OAGE = 0.0 . 

where 

OAGE = effluent oil and grease concentration, mg/l. 

3.9.9.3.4.6 Settleable Solids. 

SETS0 - OaO 

where 

SETS0 = effluent settleable solids concentration, mg/l. 

3.9.9.4 Process Design Output Data. 

3.9.9.4.1 Average dally flow, Q avg' mgd. 

3.9.9.4.2 Hydraulic loading rate, HLR, gpad. 

3.9.9.4.3 Filter bed depth, FBD, inches. 

3.9.9.4.4 Area per filter bed, AFB, ft2. 

3.9- 43 

---~ - - - .  -  -  -  -  - -  -  - - - . -  ~” - - - . - - - - - - - -v---  -  w-v-------  . - - - - - - -  - . -  -  -  - - -  -  -  



3.9.9.4.5 Effluent BOB5 concentration, BODe, mg/l. 

3.9.9.4.6 Effluent suspended sol ids concentration, SSe, mg/ 1. 

3.9.9.5 Quantities Calculations. 

3.9.9.5.1 The following as-ptions are made concerning the 
construction of the filter beds. 

3.9.9.5.1.1 The beds will be square. 

3.*9.9.X1.2 The lwees will have 3 to 1 side slopes. 

3.9.9.5.1.3 The top of the levees will be 10 ft wide for mai* 
tenance and access. 

3.9.9.5.1.4 The levees will extend 2 ft above the top of the 
sand media. 

3.9.9.5.1.5 The filter beds will be constructed using equal cut 
and fill. 

3.9.9.5.1.6 The .underdrain pipes will be 4” b perforated PVC 
Pipe* 

3.9.9.5.1.7 Underdrains will be spaced 10 ft apart. 

3.9.9.5.1.8 Gravel bedding 1 ft deep will be placed around and 
over the underdrain pipes to prevent sand fran entering the under- 
drain sys ten, 

3.9.9.5.2 Calculate filter bed dimensions. 

3.9.9.5.2.1 Calculate the length of filter bed at the top of 
sand. 

where 

Ls - length of filter bed at the top of sand, ft. 

AFB .- area per filter bed, ft2. 

3.9.9.502.2 Calculate lewth at top of levee. 

3 -Ls+ 12 

where 

LT - length of filter bed at the top of levee, ft. 
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Ls = length of filter bed at the top of Saud, ft. 

12 - additional length due to 3 to 1 side slope. 

3.9.9.5.3 Calculate volme of earthwork required. The volume 
of earthwork required must be calculated by trial and error. 
Assume a depth of cut (DC) of 1 ft. 

3.9.9.5.3.1 Calculate the length of filter bed at original 
ground level e 

Lc - Ls - 6 (12 
=+ 1 = DC) 

Lc - length of filter bed a% original ground level, ft. 

Ls - length of filter bed at top of sand, ft. 

FBD - filter bed depth, inches. 

1 - one foot depth for underdrain systen. 

DC - depth of cut, ft. 

3.9.9.5.3.2 Calculate the volume of cut. 

vc = (1.3) (3) (DC) [(Lc)2 - 6(DC) (Lc) + 12(DC)2] 

where 

vc - volune of cut, cu ft. 

3 - nunber of fU ter beds. 

DC - depth of cut, ft. 

Lc - length of filter bed at original ground level, ft. 

3.9.9.5.3.3 Calculate the depth of fill. 

DF = FBD + 3 - DC 
iT 

where 

DF - depth of fill, ft. 

FBD - filter bed depth, inches. 

DC = depth of cut, ft. 

3 - additional depth for -underdrain and freeboard, ft. 
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3.9.9.5.3.4 Calculate volume of fill. 

vF = [lODF + 3(DFj2] (5) (10) 

where 

VF - volwne of fill, cu ft. 

DF - depth of fill, ft. 

5 - length of filter bed at the top of levee, ft. 

10 = nunber of levees of length, $. 

3.9.9.5.3.5 Canpare Vc and VF. 

If Vc C VF then assume DC > 1 ft and recalculate Vc and VF. 

If Vc > VF then assume DC < 1 ft and recalculate Vc and VF. 

Repeat this procedure until Vc - VF. 
work required. 

This Is the volume of earth- 

where 

Vc - volume of cut, cu ft. 

VF - volume of fill, cu ft- 

VEM - volume of earthwork required, cu ft. 

3.9.9.5.4 Calculate volume of filter sand requirad. 

where . 

VS = volme of sand required, cu ft. 

3 - number of filter beds. 

FBD = filter bed depth, inches. 

Ls - length of filter bed at top of sand, ft. 

3.9.9.5.5 Calculate volume of gravel media required. 

3.9.9.5.5.1 
media. 

Calculate the length of filter bed at top of gravel 
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where 

‘G - ‘s - 6(F) 

LG - length of bed at the top of gravel media, ft. 

Ls = length of bed at.the top of sand, ft. 

FBD = filter bed depth, inches. 

3.9.9.5.5.2 Calculate the volume of gravel media required. 

va - [(L~)~ - 6 LG + 121 3 

where . 

. 

VCL = volme of gravel media required, cu ft. 

LG = length of bed at the top of gravel media, ft. 

3 - naber of filter beds0 . 

3.9.9.5.6 Calculate quantity of drain pipe required. It is 
assumed that 4 inch diameter perforated PVC pipe will be used. 

Lc - 6(Dc+l) 
LDP = 10 + 1 ($1 (31 

where 

LDP - length of drain pipes ft. 

Lc = length of filter bed at the original ground level, 
ft. 

DC = depth of cut, ft. 

LT - length of filter bed at the top of the levee, ft. 

3 = number of beds. 

10 - spacing of drain pipe, ft. 

3.9.9.5.7 Calculate size and quantity of influent pipe. The 
flow for dosing the sand fflters should not exceed 1 cubic foot per 
second for every 5000 square feet of bed area. 

3.9.9.5.7.1 Calculate flowrate. 

'd - 
(AFB) (7.48) (60) 

5000 
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where 

Qd - flourate to beds, gpn. 

m - area per filter bed, sq ft. 

3.9.9.5.7.2 Calculate pipe size. Assume a 5 ft/sec velocity. 

D = 0.286 (Qd)Oo5 

D must be one of the following 2, 3, 20, 24, 4, 6, 8, 10, 30, 36, 12, 42, 48. 14, 16, 18, 

where 

D = influent pipe size, inches. 

'd - flow rate to beds9 gpn. 

3.9.9.5.7.3 Calculate length of pipe required. 

LP - 34 + 10 + (3) (DF)] 

where 

LP = length of influent pipe required, ft. 

3 - nunber of filter beds. 

5 - length of filter bed 

DF = depth of fillv ft. 

3.9.9.5.8 Calculate operation 

at the top of levee, ft. 

and maintenance manpower. 

3.9.9.5.8.1 Operation manpower, 

where 
CME - 1128:7 (Qavg)l"16 

OME = operation manpower required, BSET/yr. 

Q w3 
- average daily flow, mgd. 

3.9.5.8.2 Maintenance manpower. 

kfm - 1128,,7 (QWg)1*016 

where 
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MMH = maintenance manpower required, MH/yr. 

Q avg - average daUy flow, mgd. 

3.9.9.5.9 Operation and maintenance material and supply cost. The O&M 
material and supply required for the intezmittant sand filter is loss of 
sand filter media fraa cleaning. 

OMMP = 15% 

where 

OMMP - O&M material and supply costs ai percent of sand 
media cost. . 

3.9.9.5.10 Other construction cost items. The preceding calculations 
account for approximately 90% of the construction cost. The remaining 
10% would include itens such as miscellaneous concrete structures, 
drain collection pipe, valves, etc* 

1 CF * m - 1.11 

where 

CF - correction factor for other construction cost. 

3.9.9.6 

3.9.9.6.1 Length of filter bed at the top of levee, $, ft. 

3.9.9.6.2 

3.9.9.6.3 

3.9.9.6.4 

3.9.9.6.5 

3.9.9.6.6 

3.9.9.6.7 

3.9.9.6.8 

3.9.9.6.9 

- ---- ~-. -.- 

Quantities Calculation Output Data. 

Volune of earthwork required, VEW, cu ft. 

Volune of sand media required, VS, cu ft. 

Volune of gravel media required, VCL, cu ft. 

Length of drain pipe required, LDP, ft. 

Influent pipe size, D, inches. 

Length of influent pipe required, LP, ft. 

Operationmanpower required, OMH, kfEI/yr. 

Maintenance manpower required, MHH, MWyr. 

3.9-49 

---- -.----- ---- ---- --.-. .--- --. --~--. - -. -- -- .-- - -..------- F.-e - -- ------ 



3.9.9.6.10 O&M materlal and supply costs as percent of sand 
media cost, OMMP, %. 

3.9.9.6.11 
CF. 

Correction factor for other construction cost it-s, 

3.9.9.7 Ublt Price Xnput Requlred. 

3.9.9.7.1 

3.9.9.7.2 
$/cu yd. 

Unit price 

Unit price 

3.9.9.7.3 
$/cu yd. 

Unit price 

3.9.9.7.4 Cost of 6" 
Wft. 

Input for earthwork, UPIEX, $/cu yd. 

Input for sand media installed COSAND, 

input for gravel media installed, COGRVL, 

P perforated clay pipe installed, COSTCP, 

3.9.9.7.5 Cost of standard size pipe (12" dimeter), $/ft. 

3.9.9.8 Cost Calculatiow3. 

3.9.9.8.1 Calculate cost of earthwork. 

COSTE - + UPIEX 

where 
, 

COSTE = cost of earthwork9 $e 

VEW - volune of earthwork, $/cu yd* 

UPIEX = unit price input for earthwork,, 

3.9.9.8.2 Calculate cost of sand media0 

COSM -j=+ (COSAND) 

where 

COSM'= cost of sand media installed, $. 

VS - vulune of sand required, cu ft. 

COSAND = unit price for sand media installed, $/cu yd. 

3.9.9.8.3 Calculate cost of gravel media. 
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where 

COGM - coet of gravel media installed, $. 

v GL - volme of gravel media required, cu ft. 

COGRVL = unit price for gravel media installed, $/cu yd. 

3.9.9.8.4 Calculate c-t of underdrab pipe. 

COS'KJ - (LDE') (0.8) (COSTCP) 

where 

COSTU - cc8t of underdraw system, $. . 
LDP - length of drain pipe9 f.t* .' 

COSTCP - ccmt of 6" b perforated clay pipe lnktalled, $/ft. 

0.8 - correction factor for 4" b pipe. 

3.9.9 AS Calculate cost of influeut pipe. 

3.9.9.8.5.1 Calculate installed cost of influent pipe. 

IPC - (LP) yfi$= (COSP) 

where 

IPC - installed pipe cost, $. 

LP - length of influent pipe required, ft. 

COSTRP - c-t of influent pipe of &meter D as percent of 
cost of standard size pipe, %. 

COSP * coat of standard size pipe (12" ciianeter), $/ft. 

3.9.9.8.5.2 Calculate COSTRP. 

CosTRP - 60842 (D) 
I.2255 

where 

COSTRP 9 c-t of influent pipe of dimeter II as percent of 
cost of standard size pipe* Z. 

D - influent pipe size, inches. 
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3.9.9.8.5.3 Calculate COSP. 
12" diaeter welded steel pipe. 

COSP Is the cost per foot of 
This cost is $13.50 per foot in 

first quarter 197?. 

3.9.9.8.6 Calculate O&kImaterial and supply c-t. 

OMMC = B COSM 

where 

OMMC - O&M material and supply cost, $/yr. 

OMMP - O&M material and supply costs as percent of sand 
media c-t, Z. 

WSM - cost of sand media installed* $. 

3.9.8.7 Calculate total bare construction cost. 

where 

TBCC - [COSTE + COSM + coGM+ COSTU + IPC] CF 

TBCC - total bare construction cost, $. 

COSTE * cost of earthwork, $. 

CEZM - cost of sandmediainsmlled, $. 

COGM - cost of gravel media Installed, $. 

COSTS - cost of underdrain system, $. 

IPC - imt&lled pipe costs $. 

CF - correctlon factor for other construction cost. 

3.9.9.9 Cost Calculations Output Data. 
b 

3.9.9.9.1 Total bare co=truction cos,q, TBCC, $. 

3.9.9.9.2 O&M~~aterial. and supply cost, OMMC, $. 
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3.11 LAND TREIATMENT 

3.11.1 Background. 

3.11.1.1 Land treatment of wastewater involves the use of 
plants, the soil surface and the soil matrix for wastewater 
treannent. Al though there are saue differences in the use and 
definition of terns, there are three principal processes of land 
t rea&uent . The “slow rate process” (also called crop irri- 
gation) couples wastewater management with recycling of nu- 
trients in crop production. “Rapid infiltration’* (also known as 
infiltration/ percolation) emphasizes water reclamation rather 
than direct nutrient recycling. The product water fran rapid 
infiltration may be reused for crop production, returned to 
surface waters, or allowed to recharge groundwaters. “Over1 and 
flow” also emphasizes water reclanation. Unlike rapid infil- 
tration, however, the product water fran overland flow is almost 
always discharged directly to surface waters. 

3.11.1.2 Selectiou of the appropriate land application 
method requires matching the managment objectives and waste- 
water characteristics to the characteristics of potential sites, 
expected treatment efficiencies, and land requirements. Factors 
such as wastewater quality, climate, soil geology, topography, 
land availability and effluent quality requirements will deter- 
mine which process is most suitable for a particular applica- 
tion. 

3.11.1.3 Typical design features for the various land 
treatment processes are presented in Table 3.11-1. Site charac- 
teristics are conpared in Table 3.11-20 Expected quality of 
treated water and removal efficiencies for the three principal 
land processes are summarized in Table 3.11-3 and 3.11-4, 
respect lvel y. 
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TABLE 3.1 l-l 

COMPARISON OF DESIGN FEATURES FOR LAND TREATMENT PROCESSES 

Feature 
Slow 
Rate 

Principal Processes 
Rapid Ove rl and 

Infiltration Flow 

Other Processes 

Wetlands Subsurface 

Application techniques ’ Sprinkler or Usually surface Sprinkler or Sprinkler or Subsurf ace 

surf acea 

2 to 20 20 to 560 

surface Surface pWw3 

Annual appl ica t 1on 
rate, ft 

10 to 70 4 to 100 a t0 a7 

Field area required, 
b acres 

Typical week1 y appl i- 
cation rate,ln. 

cd . 
L 

Mininntin preapplication 
I treatment provided 
w in Unlted States 

56 to 560 2 to 56 

0.5 to 4 4 to 120 

Pr&niary Primary 
Sedimentatlone Sedimentation 

Disposition of Evapotranspiratlon Mainly 
Applied wastewater and percolation percolation 

Need for vegetation Required Opt lonal 

16 to 110 11 to 280 13 to 140 

2.5 to 6’ 1 to 25 2 to 20 

6 to 16d 

Screening and Primary Primary 
Grit removal Sedtientation Sedhentation 

Surface runoff Evapotranspiration, Percolation 
and evapo- percolation, with some 
ration with and runoff evapotranspiration 
sane percolation 

Required Required Op t ional 

a. Includes ridge-and-furrow and border strip. 
b. Field area in acres not including buffer area, roads, or ditches for 1 Mgal/d (43.8 L/S) flow. 
C. Range for application of screened wastewater. 
d. Range for applicatton of lagoon and secondary effluent. 
e. Depends on the use of the effluent and the type oE crop. 

I in. - 2.54 un 
1 ft - 0.30s m 
1 8cre - 0.405 ha 



TARLE 3.11-2 

COMPARISON OF SITE CWUACTERISTICS FOR LAND TREATME& PROCESS% 

Characteristics Slow rate 
Principal processes Other processes 
Rapid infiltration Overland flow Wetlands 

Slope Less than 20% on cul- 
tlvated land, less 
than 40% on nonculti- 
vated land 

So.il permeability Moderately slow to 
moderately rapid 

ba 
L 
T Depth to 2 to 3 ft (minImm) 
u groundwater 

Climatic 
restrictions 

Storage often needed 
for cold weather and 
precipitation 

Not critical; exces- 
sive slopes re- 
quire much 
earthwork 

Rapid (sands, loany 
sands) 

10 ft (less depths 
are acceptable where 
underdrainage is 
provided) 

None (possibly modify 
operation in cold 
weather) 

finish slopes 
2 to 0% 

Slow (clays 
silts9 and 
soils with 
Impermeable 
barriers) 

. 

Slow to 
moderate 

Not critical Not critical 

Storage often 
needed for 
cold weather 

Usually less 
than 5% 

Storage may 
be needed 
for cold 
weather 

1 ft - 0.305 m 



TABLE 3.11-3 

EXPECTED QUALITY OF TREATED WATER FROM LAND TREATMENT PROCESSES 
K/L 

Constituent 

BOD 

Slow ratea 
Rapid 

Inf iltrationb Over1 and f 1 owe 
Average Matium Average MaxImum Average xaxkflun 

2 5 2 5 10 15 

Suspended solids 1 5 2 ' 5 10 20 

Ammonia nitrogen as N 0.5 2 0.5 2 0.8 2 

Total nitrogen as N 3 8 10 20 3 5 

Total phosphors as P 0.1 0.3 1 5 4 6 

a. Percolation of primary or secondary effluent through 5 ft (1.5 m) of soil. 

b. Percolation of primary or secoudary effluent through 15 ft (4.5 m). 

c. Runoff of carminuted municipal wastewater over about 150 ft (45 m) of slope. 

3.11-4 

- -- .-...-- -.- . . . . . . ~-.~.-.----~- .-~-- - , ..- - . . . 



TABLE 3.11-4 

PERFORMANCE OF THE THREE PRINCIPAL LAND TREATPIENT METHODS 

Raovals (%) 
Paraneter slow Rate High Rate Overland Flow 

BOD5 go-9!3+ 95-99 80-95 

TSS 9%99+ 95-99 80-95 

Total-N , 

Total-P 

50-95a ’ 

8Cb9gb 

25-75 

o-god 30-60 

Fecal Colifom 99.99= 99.9.99.99 90-99.9 

a. Depending on nitrogen uptake of vegetation. 

b. Djminishes when P uptake exhausted. 

CO When applied counts are more thaa 104 MPN/lOO ml. 

d. Until flooding exceeds adsorptive capacity. 
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3.11.2 General Desc.riptlon Overland plow. 

3.11.2.1 - In overland flow land treatment, wastewater is 
applied over the upper reaches of sloped terraces and is treated 
as it flows across the vegetated surface to runoff collection 
ditches. The wastewater is renovated by physlcal, chemical and 
biological means as it flows in a thin film down the relatively 
impermeable slope. Typical hydraulic pathway is presented in 
Figure 3.11-1. As shown, there Is relatively little percolation 
involved either because of an impermeable soil or a subsurface 
barrier to percolation. 

3.11.2.2 The primary objective of overland flow is waste 
water treatment. A secondary objective of the systm Is for 
crop production. Perennial grasses (Reed, Canary, Bermuda, Red 
Top, Tall Fescue and Italian Rye) with long growing seasons, 
high moisture tolerance and extensive root fomatlon are best 
suited to overland flow. Hamested grass Is suitable for cattle 
feed. 

3.11.2.3 Biologlcal ozddatlonV sedimentation and grass 
filtration are the primary renoval mechanisms for organics. and 
suspended solids. Nitrogen removal Is attributed mainly to 
nitrification/denitrification and plant uptake. Pemanent 
nitrogen removal by plant uptake is only possible if the crop is 
hamested and removed frm the field. Ammonia volatilization 
can be significant ff the pil of the wastewater is above 7. 
Nitrogen removals nonaally range frau 75-90% with runoff ni- 
trogen being mostly in the nitrate form. Phosphor is removed 
by adsorption, plant uptake and precipitation. Treannent effi- 
ciencies are somewhat llmited because of the lncanplete contact 
between the wastewater and the adsorption sites wlthin the soil. 
Phosphorus renovals usually range frun 30-60%. Increased 
removals may be accanplished through preapplication treament 
with aluminum or iron salts. Trace elements removal is re 
latively good with removal effisiensies ranging fran 9&98X. 

3.11.2.4 Loading rates and cycles are destined tomaintain 
active microorganism grwth on the soil surface. The operating 
principles are s&nilar to a conventional trickling filter with 
intermittent dosing. The rate and length of application is 
controlled to minfxnize severe anaerobic conditions that result 
frau overstressing the systme The resting period should be 
long enough to prevent surface pondlng yet short enough to keep 
themicroorganisms in an active state. Surface methods of 
distribution include the use of gated pipe or bubbling orifice. 
Slopes must be steep enough to prevent pending of the runoff yet 
mild enough to prevent erosion and provide sufficient detention 
the for the wastewater on the slopes. Slopes must also have a 
uniform cross slope and be free fran gullies to prevent thaw 
neling and allow distribution over the surfaces. Storage must 
be provided for nonoperating periods when air teuperatures fall 
below freezing. Runoff is normally collected in open ditches. 
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FIGURE 3.11-l 

OVERLAN0 FLOW. , 

APPLIED 
WASTEWATER 

VEHTATIVE LITTER 

PERCOLATIOH 

(a)'HYDRMJLlC PATHWAY 

(b) PICTORIAL, VIEW OF SPRl?iKLER APPLICATIOH 
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3.11.2.5 Typical design criteria include field area 
requirenents of 3S-100 acres/m& terraced slopes of 2 to 8%; 
terrace lengths of 120 to 140 ft; application rate of 11 to 32 
ft/yr (2.S to 16 in/wk); BOD loading rate of S to SO lb/acre& 
soil depth must be sufficien 2 to form slopes that are uniform 
and to maintain a vegetative cover, soil permeability of. 0.2 
in/hr or less; hydraulic loading cycle of 6 to 8 hours appll- 
cation period followed by 16 to 18 hours resting period; op* 
rating period of S to 6 days/w& soil texture of clay or clay 
loans. 

3.11.2.6 Canmon preapplication treatment include screening 
or conminution for isolated sites with no public access, screening 
or ccmminution plus aeration to control odors dur%ng storage or 
application for urban locations with no public access. Waste 
water high in metal content should be pretreated to avoid soil 
and plant contmination. 
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3.11.3 General Description Rapid InfIltration. 

3.11.3.1 Rapld infiltration treats the wastewater with a 
minknum of land area. Wastewater is applied to deep and per- 
meable deposits such as sand or sandy lo- usually by distri- 
buting in basins or infrequently by sprinkling, and 1s treated 
as it travels through the soil matrix by filtration, adsorption, 
ion exchange precipitation and microbial action. Vegetation is 
not usually used, but crops may be grown to help maintain 
infiltration rates, however, hamest nomally would not be an 
objective. Typical hydraulic pathway for rapid infiltration is 
shown in Figure 3.11-2. Amuch greater portion of the applied 
wastewater percolates to the groundwater than with slow rate 
land treatment. An underdrain systm may be incorporated into 
the system to recover the renovated water for reuse, to control 
groundwater mounding, or to min$mlze trespass of wastewater onto 
adjoining property by horizontal subsurface flow. There is 
little or no consmptive use by plants and less evaporation in 
proportlon to a reduced surface area. A cycle of flooding and 
drying maintains the Infiltration and treannent capacity of the 
soil material. 

3.11.3.2 Rmoval of wastewater constituents by filtering 
and straining action of the soil are excellent. Suspended 
solids, BOD, and fecal coliforms are almost caapletely removed 
inmost cases. Renoval of BOD is primarily accanplished by 
aerobic bacteria that depend on the resting period to reaerate 
the soil. BOD loading rates have some effect on rmovals but 
too many other variables such as temperature, resting period, 
and soil type are involved to allow estimation of raovals frm 
loading rates alone. 

3.11.3.3 Nitrogen removals are generally poor. The basic 
mechanisms for nitrogen renoval include nitrification-deni- 
trification and monium sorption@ Denitrificatlon may be 
enhanced through adjusting application cycles, supplying an 
additional carbon source, using vegetatd basins, recycling of 
renovatd water and reducing appl$catlon rates. Rapid lnfil- 
tration systems will produce a nitrified effluent at nitrogen 
loadings up to 60 lbs/acreday. Nitrlfication below a tm- 
perature of 36'F and below a pH of 5 is mInimal. 

3.11.3.4 - ~ Phosphorus reaovals.can range fran 70-99% de- 
pending on the physical and chemical characteristics of the 
soil. The primary renoval mechanism Is adsorptlon with sme 
chemical precipitation. Consequently, long-term capacity is 
limited by the mass of the so&l in contact with the wastewater. 
Removals are also related to the residence time of the waste 
water in the soil and travel distance. 
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RAPID INFILTRATION 

(a) HYDRAULIC PATHWAY 

FLOODlff6 USINS . . 

(b) RECOVERY OF RENOVATE0 WATER 6Y UNIIERURAINS 

(c) RECOVERY OF RENOVATED WATER BY WELLS 



3.11.3.5 Beavymetals are rmoved fran solution by adsorp- 
tive process and by precipitation and ion exchange in the soil. 
The concern about heavy metals in rapid infiltration systms are 
related to the high rate of applicatLon and low adsorptive 
potential of the coarse soils. Microorganism renoval is accan- 
pl ished through sedtiezitation, predation and desiccation during 
preapplication treatment, desiccation and radiation during 
applicatioq and straining, desiccatl.on, radiation, predation 
and hostile environnental factors upon application to the land. 

3mll.3.6 Typical design criteria include field areas of 3 
to 56 acre/mg@ application rate of 20-400 ft/yr (4-92 in/wk); 
BOD5 loading rate of 20 to 100 lb/acre& SOLL depth of 10 to 15 
ft or more; soil penneabil.ity of 0.6 in/hr or morq hydraulic 
loading cycle of 9 hours to 2 weeks application period followed 
by 15 hours to 2 weeks resting period; soil texture - sand, 
sandy lozms; basin size of 1 to 10 acres with a minimm of 2 
basins/site; height of dikes of 4 ft; underdrains of 6.or more 
ft deep, application techniques -flooding or sprinkling. 

3.11.3.7 Canmon preapplication treatment practices in- 
clude: primary treatment for isolated locations with restricted 
public access; biological treatment for urban locations with 
controlled public access. Storage is sometimes provided for 
flow equalization and for non-operating periods. Enviromental 
impacts include potential for contmination of groundwater by 
nitrites and nitrates. Heavy metals may be eltiinated by 
pretreament techniques as necessary=. 
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3.11.4 General Description Slow Infiltration. 

3.11.4.1 Slow rate infiltration is the most canmon method 
of treatment by land application. Wastewater is applied to 
vegetated soils that are slow to moderate in permeability (clay 
loans to sand lams) and is treated as it travels through the 
soU matrix by filtration, adsorption, ion exchange, preci- 
pitation, microbial action and by plant uptake. Part of the 
water is lost through evaporation and plant transpiration, part 
is stored In plant tissue, and the remainder either percolates 
to groundwater or is collected in an underdrainage syst- and 
reused (Figure 3.11-3a). Surface runoff is generally negll- 
gible. 

3.11.4.2 Wastewater application techniques Include spri+ 
kling or surface distribution (Figure 3.11.3b and 3.11-3~). 
Sprinklers can be categorized as hand moved, mechanlcally moved 
and permanent set, the selection of which includes the following 
considerations : field conditions (shape, slope, vegetation and 
soil qvl, climate, operating conditions, and econanics. 
Surface distribution enploys gravity flow fran piplng systems or 
open ditches to flood the application area with several inches 
of water. Application technLques include ridge and furrow and 
surface flooding (border strip flooding). Ridge and furrow 
irrigation consists of running irrigation strems along small 
channels (furrows) bordered by raised beds (ridges) upon which 
crops are grown. Surface flooding irrigation consists of 
directing a sheet flow of water along border strips or cul- 
tivated strips of land bordered by small levees. The latter 
method is suited to close-growing crops such as grasses that can 
tolerate periodic inundation at the ground surface. A tail 
water return system for wastewater runoff fran excess surface 
application is usually -ployed. Advantages of sprinkler 
application over surface distribution methods include: more 
uniform distribution of water and greater flefibility in range 
of application rates, applicability to most crops, less sus- 
ceptibility to topographic constraints9 and reduced operator 
skill and experience requlraentsO Limitat5ons to sprinkling 
include adverse wind conditions add clogging of nozzles. 

3.11.4.3 Slow rate treament systens produce the best 
results of land treatment systens. Organics are reuoved sub- 
stantially by biological otidation within the top few inches- of 
soil. Filtration and adsorption are the initial mechanisms In 
BOD removal but blologlcal otidation is the ultimate treatment 
mechanism. Suspended solids rmovals are not .as well docunented 
as BOD removals, but concentrations of 1 mg/l or less can 
generally be expected in the renovated water. Filtration is the 
major removal mechanism for suspended solids while volatile 
solids are biologlcally oxidized and fixed or mineral solids 
becane part of the soil matrix. 
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SLOW RATE LAND TREATMENT 

EVAPOTRANSPlRATiON 

WASTERATER 

PERCOiAllON 

(R) HYDRAULIC PATHWAY 

(b) SURFACE DlSlRlBUllON 

(c) SPRINKLER DIS~RIDUTION 
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3.11.4.4 Nitrogen is removed primarily by crop uptake, 
which varies with the type of crop grown and the crop yield. 
Crop nitrogen uptake values, based on typical yields under 
canmercial fertilization, is presented in Table 2.16-l. Ni- 
trogen removal can also be partially accanplished through 
biological denitrification and volatilization. Losses due to 
denitrification has been reported to range fran 15% to 25X of 
the applied nitrogen. To protect groundwaters, the percolate 
nitrogen should be limited to 10 q/l for design purposes. 

3.11.4.5 Phosphorus removal is extreuely effective as a 
result of soil adsoprtion, precipitation and crop uptake. Trace 
metals are ronoved fran solution by adsorptive process and by 
precipitation and ion exchange in the soil. 

3.11.4.6 Vegetation is a vital part of a slow rate system 
and semes to extract nutrients, reduce erosion and maintain 
soil permeability. Considerations for crop selection include: 
(1) Suitability to local cltiate and soil conditions, (2) 
consumptive water use and water tolerance, (3) nutrient uptake 
and sensitivity to wastewater constituents, (4) econanic value 
and marketability, (5) length of growing season, (6) ease of 
management, and (7) public health regulations. 

3.11.4.7 Typical design criteria include: field area 56 
to 560 acres/mgd; application rate 2-20 ft/yr (0.5-4 in/wk); 
BOD5 loading rate 0.2 to 5 lb/acr*e soil depths 2-3 ft or 
at0 re; soil permeability O.OG2.0 in/hr; minimm preapplication 
treatment equivalent to prjmarx lower taperature l&nit 25’F. 

; . 

3. I.1.4.a Preapplication treatment include the following: 
prtiary treaaent for isolated locations with restricted public 
access and when ltiited to crops not for direct human consump- 

~ tioq biological treatment plus control of coliform to 1000 
MFN/ 100 ml for agricultural irrigation except for food crops to 
be eaten ray secondary treament plus disinfection for public 
access areas (parks). Wastewater high in metal content must 
also be pretreated to avoid soil and plant contamination. 
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3.11.5 

3.11.5.1 

3.11.5.1.1 

3.11.5.1.1.1 

3.11.5.1.1.2 

3.11.5.1.1.3 

. 3.11.5.1.2 

3.11.5.1.2.1 

3.11.5.1.2.2 

3.11.5.1.2.3 

3.11.5.1.2.4 

3.11.5.1.2.5 

3.11.5.1.2.6 

3.11.5.1.2.7 

3.11.5.1.2.8 

3.11.5.1.2.9 

3.11.5.1.2.10 

3.11.5.1.2.11 

3.11.5.1.2.12 

3.11.5.1.2.13 

3.11.5.1.2.14 

3.11.5.1.2.15 

3.11.5.2 

3.11.5.2.1 

3.11.5.2.1.1 

3.11.5.2.1.2 

Overland Plow. 

Input Data. 

Wastewater flow, Q, mgd. 

Mininun flow, mgd. 

Average flow, mgd. 

Maxinun flow, mgd. 

wastewater characteristics. 

Suspended sollds, mg/l. 

Volatile suspended solids, % of suspended solids. 

Settleable solids, q/l. 

BOD5 (soluble and total), q/l. 

COD (soluble and tbtal), mg/l. 

Phosphorus (as P04), mg/l. 

Total kjeldahl nitrogen (TKN), mg/L 

Ammonia-nitrogen, NH3, mg/l. 

Nitritenitrogen, N02, q/l. 

Nitratenitrogen, N03, mg/l. 

Temperature9 OCe 

pH, units0 

Oil and grease, rnd.1. 

Cations, mg/l. 

AnionSv mg/l@ 

Design Parmeters. 

Application rate. 

Screened wastewater - 2.5 - 6 ln/dc. 

Lagoon or secondary effluent - 6 - 16 in/wk. 
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3.11.5.2.2 

3.11.5.2.3 

3.11.5.2.4 

3.11.5.2.5 

3.11.5.2.6 

3.11.5.2.7 
2-a%. 

3.11.5.2.a 

3.11.5.2.a.l 

3.11.5.2.a.2 

3.11.5.2.9 

3.11.5.2.10 

3.11.5.2.11 

3.11.5.2.11.1 

3.11.5.2.11.2 

3.11.5.2.12 
500 ft. 

3.11.5.2.13 

3.11.5.2.13.1 

3.11.5.2.13.2 

3.11.5.2.13.3 

3.11.5.2.14 

3.11.5.2.15 

3.11.5.2.15.1 

3.11.5.2.15.2 

3.11.5.2.16 

Precipitation rate, Pr, in/wk. 

Evapotranspiration rate, ET, in/wk. 

RunoffV R, in/wk (site dependent). 

Wastewater generation period, WWGP, days/yr. 

Field application period,,FAP, wks/yr. 

Spray evaporation (percent of application rate) = 

Storage requirements (specify one). 
. 

No storage0 

Minimm storage, days/yr. 

L,iner required (only used with storage). 

Bbanlanent protection (only used with storage). 

Recovery system (specify one). 

Gravity pipe. 

Open channel recovery system. 

Buffer zone width, ft (site dependent) = 0.0 - 

Current ground cover. 

Forest, %. 

Brush, %. 

Pasture, %. 

Slope of land, % = 2.0 - 8.0%. 

Mouitoring wells. . 

Nunber. 

Depth per well, ft. 

Fraction denitrified, D, % - 75 - 90%. 
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3.11.5.2.17 

3.11.5.2.18 

3.11.5.2.19 

3.11.5.2.20 

3.11.5.3 

3.11.5.3.1 
idwk. 

E- 

E- 

Ef - 

Ammonia volatilization, AV, % - 0.0%. 

Removal of phosphorus, % - 80%. 

Hours per day operation, hrs/day. 

Days per week operation, days/wk. 

Process Design Calculations. 

Calculate water loss due to evaporation, E, 

water loss due to evaporation, ln/wk. 

percent of total appl$ed wastewater lost through 
evaporation, %. 

=w - 

3.11.5.3.2 

w = 
P 

w - 
P 

WPlf - 

hydraulic application rate, in/wk. 

Calculate percolation rate. 

percolating water rate, in/wk. 

percent of applied wastewater lost to 
percolation, %. 

3.11.5.3.3 

R- 

R= 

pr * 
ET = 

Calculate runoff, R,. in/wk, fran water balance. 

Lw + Pr - ET - W - E 
P / 

runoff, in/wk. 

design precipitatiou,,ln/wke 

evapotranspirationS iu/wk (crops consunpthe 
use of water). 

3.11.5.3.4 Calc&te BOD5'loading, (L)mD, lbs/acre-yr. 

(L)B0D - (TBOD)i u&l (Lw) in/wk (&#&) (3.785 &) 

c-&&g cl+*) (52 %)(7.48 q) (43,560 ft2/acre) 
ft 
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= (11.77) (TBODI&) 

(L)BoD - totd BOD5 loading, lbs/acreF. 

tmO@ i - total BOD 5 in applied wastewater, mg/l. 

3.11.5.3.4 Calculate total BOD5 in runoff, mg/l. , 

(TBOD5)R - BOD5 ioncentration in runoff,.mg/l. 

3.llA3e5 hlculate sduble MD5 loading, (L)SBoD , lb/ 
acrev. 5 

'L'SBOD5 = (11.77? (SBOD& (Lw) 

UJ SBoD c = soluble BOD5 10diw, lbs/acreyr@ 
J 

(SBOD5)i = soluble BOD 5 in applied wastewater, mg/l. 

3.11.5.3.6 Calculate soluble BOD5 concentration in runoff, 
(SBOD5)R, mg/l. 

(SBoD51~ m GIsBoD5 /@)(11.77) 

(SBOD5)R - soluble BOD5 concentration in runoff, mg/l. 

3.11.5.3.7 Calculate totd nitrogen concentration, Cn, in 
applied wastewater. 

'n = (TKN)i + (NO$i + (N"3)i 

Cn = totA nitrogen concentration in applied 
wastewater, mg/l. 

WW i - total kjeldahl nitrogen concentration in applied 
wastenater, mg/l. 

@02)i = nitriteN concentration in applied wastewater, 
mgfl. 

(NO31 i = nitrate-N concentration in applied wastewater, 
mg/l. 

3.11.5.3.8 Calculate wastewater nitrogen loading, lbs/acre 
v. 

'n = ~CnHLwHll*77~ * 

Ln = wastewater nitrogen loading, lbdacre-yr. 

3.11915 
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3.ll.S.3.9 
acr*yr. 

Calculate total nitrogen loading, (Lt)N, lbs/ 

at+q - L* + (11.77) (Pr) (0.5) 
. 

(Lt)N = total nitrogen loading rate, lbs/acrt+v. 

0.5 = assumed total nitrogen concentration In 
precipitation, q/l. 

3.11.5.3.10 
lbs/acr+yr; 

Calculate crop nitrogen uptake rate, (U)N, 
use f.orage grass for ground cover. 

(‘)N - 0.891 [(118.73) + (0.36) (Lt)N] lbs/acr-v 

3.11.5.3.11 
D, lbs/acr*yr. 

Calculate nitrogen loss through denitriflcatlon, 

D - nitrogen loss through denitrlfication, lbs/ 
acres/w. 

Df = percent of total applied nitrogen lost through 
. denitrification, %. 

3.11.5.3.12 Calculate nltrogen loss due to volatilization, 
AV, lbs/acr+v. 

AV - nitrogen loss due to volatilization, lbs/acreyr. 

WI f = fraction of total nitrogen lost through 
volatilization, ?k 

3.11.5.3.13 
lbs/acr*yr. 

Calculate sum of nitrogenlossesS (x N)L, 
. 

CxML - sum of nitrogen lostv lbs/acr*r. 

3.11.5.3.14 Fran nitrogenmass balance calculate nitrogen 
concentration in runoff, (s)N, md1. 
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3.11.5.3.15 Calculate required field area, TA, acre. 

TA = (36. W (Q& @WGP)/ CLwl @ApI 

TA = required field area, acres. 

Q - average wastewater flow, mgd. 

WWGP - wastewater generation periods days/p. 

FAP - field applicatioti period, wks/yr. 

3.11.5.3.16 Calculate phosphorus loading, Lp, lb/acreyr. 

LP - (11.77)(TP); (Lw), '. ~. 

Lp - total phosphorus loading, lbs/acr@+-fl; 

(TP)i = total phosphor concentration in applied 
wastewater, mg/l. 

3.11.5.3.17 Calculate soil removal of phosphorus, lbs/acre 
J-e 

~=u - 6RHf (Lp)/ (100) 

SRP - soil renoval of phosphorus, lbs/acreyr. 

tSRP)f - percent of total phosphorus raoved by the 
soil, %. 

3.11.5.3.18 Calculate ramoval of phosphorus, Up, lbs/acre-v. 

Up - 0.891 ((83.386) . (O.O373)(LP)] lbs/acre-F. 

UP - renoval of phosphorus, lbs/acreF. 

3.11.5.3.19 Fran phosphorus mass balance, calculate phos- 
phorus concentration in runoff. 

LP - (up) + ($)R (RI (11.77) 

('P)R - lap) - OJpll/ WJ7) 00 . 

('p)R - phosphorus content in runoff, n&l. 

(0.W CW i 

3.11017 
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3.11.5.3.20 Calculate volme of runoff, R, in mgd. 

Nmgd) = i(R) Wwk C$$ I+ wk '=)I (TA) acre (43,560 & 
acre 

(7.48 &)(l/lO$ 
ft3 

3.11.5.3.21 Cdculate suspended solids concentration in 
runoff, mg/l, assume 93% SS removal. 

6’)R - (SS)i(O.O7) 

(S.S)R and (SS)i - suspended solids concentration in runoff 
and applied wastewater, respectively, r&l. 

3.11.5.3.22 Calculate total and soluble COD in runoff. 

(TCJOD)R and (SCOD)R - total and soluble COD in runoff, 
respectively, mg/l. 

(TCOD)i and (SCOD)i - total and soluble COD in applied 
wastewater, respectively, mg/l. 

3.11.5.3.23 Nitrite-N concentration in runoff - 0. 

3.11.5.3.24 NitrateN concentration in runoff = (0.75)(C ) R N' 
3.11.5.3.25 Ammonia-N concentratiou in runoff - coe25) qNa 

3.11.5.3.26 Oil and Grease in runoff - 0.0. 
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3.11.5.4 

3.11.5.4.1 

3.11.5.4.2 

3.11.5.4.3 

3.11.5.4.4 

3.11.5.4.5 

3.11.5.4.6 

3.11.5.4.7 

3.11.5.4.8 

3.11.5.4.9 

3.11.5.4.10 

3.11.5.4.11 

3.11.5.4.12 

3.11.5.4.12.1 

3.11.5.4.12.2 

3.11.5.4.12.3 

3.11.5.4.13 

3.11.5.4.14 

3.11.5.4.1s 

3.11.5.4.16 

3.11.5.4.17 

3.11.5.4.18 

3.11.5.4.18.1 

3.11.5.4.18.2 

3.11.5.4.18.3 

3.11.5.4.18.4 

Process Design Output Data. 

Hours per day operation, hours. 

Days per week operation, days. 

Applicatiou rate, in/week. 

Ruuoff, in/week. 

Percent denitrified, percent. 

Percent mania volatilization, percent. 

Removal of phosphorus9 percent. 

Spray evaporation, peLe*L . 

Wastewater generation period, days/yr. 

Field application period, weeks/yr. 

Buffer zone width, feet. 

Current ground cover. 

Forest, perceut. 

Brush, percent. 

Pasture, percent. 

Slope of site, percent. 

Naber of monitoring wells, wdls, 

Depth of Monitoring wells, feet. 
\ 

Treatment area required, acres. 

Volune of runoff, mgd. 

Quality of runoff, mgd. ' 

Suspended solids, mg/l. 

Volatile solids, percent. 

BOD5, mg/l. 

BOD5 soluble, mg/l. 
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3.11.5.4.18.5 COD, mg/l. 

3.11.5.4.18.6 COD soluble, mg/l. 

3.11.5.4.18.7 P04, mg/l. 

3.11.5.4.18.8 TKN, mg/l. 

3.11.5.4.18.9 NO2, mg/l. 

3.11.5.4.18.10 N03, mg/l. 

3.11.5.4.18.11 Oil and grease, mg/l. 
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3.11.5.5 Quahtities Calculations. 

3.11.5.5.1 Distribution Pumping. 

3.11.5.5.1.1 Calculate the design flow. 

FLOW = ( 
Q gj (WWGP) (24) 

(FE) (DPW) (HPD) 

where 

FLOW - actual daily flow to spray field, mgds 

Q ~g - average daily wastewater flow, mgdO 

WWGP - wastewater generation piriod, days/yr. 

FAP - field application period, wks/yr. 

DPW - days per week treatment systm is operated, da$s/wk. 

HPD - hours per day treatment system is operated, hrs/day. . 

Using the flow calculated (FLOW), the distribution pmping will 
be sized and the cost estimated fran the existing chapter 
entitled, "Intenuediate Pumping". 

3.11.5.5.2 Storage Requirements. Overland flow unlike rapid 
infiltration is dependent upon weather. Storage is required to 
hold the wastewater generated when application is not possible 
due to cold weather or heavy rains. This, of course, varies 
greatly for different parts of the country with different 
cljmates. 

For purposes of this progran the nunber of days 
of storage required will be assmed to be 50% of the nunber of 
days which wastewater cannot be applied to the field. 

3.11.5.5.2.1 Calculate storage volme, 

sv - (3) [365-(FAP)(7)] (GFx106) 

2here 

SV - storage volme, gale 

FAP - field application period, wlcs/yr. 

GF - generated flow, mgd. 

3.11.5.5.2.2 Calculate size and nunber of storage lagoons. 

3.11.5.5.2.2.1 The following assumptions are made in determining 
size and nunber of lagoons: 
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Aminimum of 2 lagoon cells will always be used. 
An even number of lagoon cells will be used, such 
as 2, 4, 6, 8, etc. 
The largest single lagoon cell will be 40 acres 
which represents approtiately 85 million gallons 
storage volume. 

3.11.5.5.2.2.2 If SV s 170,000,000 gal. 

NLC-2 

3.11.5.5.2.2.3 If SV B 170,000,000 gal. a trial and error 
solution for NLC will be used. 

where 

sv - 

NL& = 

AssumeNI&-4;If& B 85,000,OOO gal. 

Redesignate NLC - NL,C+2 and repeat calculation 
until SV~85,000,000 gal. 

storage volume, gal. 

number of lagoon cells. 

3.11.5.5.2.3 Calculate storage volume per cell. 

svc = 
WLC~:~.48) 

where 

SVC = storage volume per cell, ft3. 

SV = storage volume, gal. 

NiC - nunber of lagoon cellsa 

7.48 = conversion frcm gal to ft3. 

3.11.5.5.2.4 Calculate lagoon cell dknensions. 

The following assmptious aremade concerning 
lagoon construction: 

The lagoon cells w-ill be square. 
Canmou levee coustruction will be used where 
possible. 
Lagoons will be constructed using equal cut and 
fill. 
Lagoou depth will be 10 ft. with 8 ft. water depth 
and 2 ft. freeboard. 
Minimum water depth will be 1.5 ft. 
Side slopes will be 3 to 1. 
A 30% shrinkage factor is used for fill. 
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L * (0.615 SVC-1521)oo5 + 60 
2 

where 

I, - length of one side of lagoon cell, ft. 

SVC - storage volume per cell, ft3. 

3.11.5.5.2.5 Calculate volume of earthwork required for 
lagoons. 

3.11.5.5.2.5.1 The volune of earthworkmust be determined by 
trial and error using the following equations: 

DC + DF = 10 

vc - (1.3)(RLC)(DC) [ L2-(6)(DF)(L)+l2 DF2 + 120 DF - 60L + 12001 

3.11.5.5.2.5.2 Assume that the depth of cut (DC) is equal to 1 
ft. Fran the equations calculate the volae of fill (VF) 
required and the volune of cut (VC) required. Ccmpare VC and 
VF. 

If VC < VF then assume DC > 1 ftO and recalculate VC and VF. 

If VC > VF then assume DC C 1 ft. and recalculate VC and VF. 

Repeat this procedure until VC = VF. This is the 
volune of eartbork required for the storage lagoon. 

VC - VF - VLZW 

where 

DC - depth of cut, ft. 

DF = depth of fill, ft. 

VF - volume of fill, ft3. 

VC - volme of cut, ft3. 

NIX - nunber of lagoon calls. 

L - length of one side of lagoon cell, ft. 

VLEW = volune of eart 3 ork required for lagoon 
construction,ft . . ‘ 
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3.11*5.,5.3 Overland Plow Distribution Systm. 

3.11.5.5.3.1 1st an overland flow treaunent system the waste- 
water is usually applied to the field with fixed sprinklers. 
The pipes are normally buried and impact type irrigation sprin- 
klern with flow fran 6 to 15 gm per sprinkler are used. There 
aremany ways to layout a sprinkler field and where there are 
slopes of greater than 2% available, the natural topography of 
the site dictates the layout. Though every layout is different 
the mount and size of pipe and sprinklers used will not vary 
greatly. 

3.11.5.5.3.2 Assume: 

Field will be square. 
Arrangement of headers and laterals will be as shown 
in Figure 2.3>4e 
The treatment area will be increased by 15% to account 
for additional area for drainage ditches and semice 
roads. 

3.11.5.5.3.3 Calculate nunber of headers. The nunber of 
headers will be selected based on the following: 

Flows 1 ulg& NEl- 1 
lmgd C Plow s 2 rnge NE - 2 
2 mgd C Flow s 4 mg& NH = 3 
Flow >4 mg& NE - 4 

where 

FLOW = actual daily flow to spray field. 

NH - number of headers. 

3.11.5.5.3.4 Calculate flow per headere 

where 

FPEI - 

FLOW - 

NH- 

HPD = 

60 - 

flow per headerV gmO 

actual daily flow to spray field, mgd. 

number of headers. 

hours per day of operation, hrsjday. 

nunber of munit- per hour, min/hr. 
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3.11.5.5.3.5 Calculate flow per sprinkler (FPN). 

where 

FPN - flow per sprinkler, gpm. 

M - application rate, in/wke 

DPV - days per week tieafment system is operated, 
days/wk. 

HPD - hours per day treatment Fysten is operated, 
hrs/day. 

FAP = field application period, wks/~. 

4051.7 - canbined conversion factors. 

3.11.5.5.3.6 Cslculate nunber of sprinklers per header. 

If SPH < 1 set SPH - 1. Note: Flow is not sufficient, 
reduce operating period specification. 

where 

FPH - flow per header, gpo 

FPN = flow per sprinkler, gpm. 

SPH = sprinklers per header. 

3.11.5.5.3.7 Calculate nunber of laterals per header. 

LPH-SPHIq 

LPEI must be an integer. 

If LPH C 1 set LPH = 1 and recalculate the number of required sprinklers. 

NSL -z 

LP5 = laterals per header. 

SPH = sprinklers per header. 
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NSL - nunber of sprinklers per lateral. 

FPH = flow per header, gm. 

FPN = flow per sprinkler, gm. 

3.11.5.5.3.8 Calculate flow per lateral. 

FPL - z LPH 
where 

FPL - flow per lateral, gpm. 

FPH - flow per header, gpm. 

LPH - laterals per header. 

3.11.5.5.3.9 Calculate lateral dimater (DIAL). 

DIAL - 0.286 (FE’L)“‘s 

DIAL must be one of the following: 2. 3. 4. 6, 
8, 10, 12, 14, 16, 18, 20, 24, 30, 36, 42, 48. Always use the 
next larger dianeter above the calculated dianeter. 

where 

DIAL - dianeter of lateral pipeW inches. 

FPL - flow per lateral, gm. 

3.11.5.5.3.10 Calculate header pipe sizes. 

The header pipe nomally decreases in size due to 
decreasing volume of flow as each set of lateral pipes removes 
part.of the flow fran the header pipe. There will normally be 
four laterals taken off frun approximately the sme location. 
The header size will be calculated after each group of laterals. 

DUHN - 0.286 [ FP3 - (H)(4)(FPL) loo5 

where 

DIAHN - dimeter of header pipe, inches. 

FPH - flow per header, gp* 

FPL - flow per lateral, gm. 

N - number of points at which flow is removed 
. fran header. 
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DIAHNmust be one of the following: 2, 3, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 24, 30, 36, 42, 48. 

Begin calculation with N - 0. This will give the dianeter 
(DIAHO) of the header before the first group of laterals remove 
any flow. Then set N - N + 1 and repeat the calculation. This 
will give the dianeter (DIAH 1) of the header after flow has 
been removed by the first group of laterals. Repeat the Cal- 
culation each time redesignating N until the expression Fm 
(N)C4)CFRL) 1 s equal to zero or yields a negative nunber. The 
??' used in this last calculation will be the number of slopes 
which must be constructed. 

3.11.5.5.3.11 Determine length of lateral pipe. 

LDxAL= (Srn) (50) ow 
where 

LDUL - length of lateral pipe required, ft. 

SPH = sprinklers per header. 

SO = distance between sprinklers, ft. 

3.11.5.5.3.12 Determine length of header pipes. As can be 
seen fran Figure 3.11-4 the spray field is laid out such that 
the distance between lateral take-off points is 400 ft. There- 
fore, to determine the length of each size pipe required for a 
single header, sum the number of points at which the dianeter is 
the szxne and multiply by 400 ft* To determine the amount of 
each size header pipe for the entire field, multiply by the 
number of hesden'since they are identical. 

NH = number of headers. 

LDUHN - length of header pipe of dianeter DIAHN, ft. 

m - nunber of points where sac di&neter pipe was 
chosen. 

For the length of pipe fran p~~p station to the spray field use 
the nunber of headers t&nes the width of the spray field. The 
dianeter will be the dianeter calculated before any flow is 
rnuoved fran the hesder. 
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3.11.5.5.3.13 Calculate nunber of valves for distribution 
systcim. 

3.11.5.5.3.13.1 There will be a butterfly valve in each 
header for flow control. These valves will be in the header 
upstream fran the spray field and will be the sane size as the 
initial size calculated for the header. 

NBV * NH 
DBV = DIAHN 

where 

. NBV = nunber of butterfly valves. 

DBV - dianeter of butterfly valves, inches. 

NE-nunber of headers. 

3.11.5.5.3.13.2 There will be a plug valve in each lateral 
pipe which will be automatic but will be either fully open or 
fully closed. They will be the s=e size as the size calculated 
for the lateral pipes* 

. 

where 

X?LV - nunber of lateral valves. 

LPH - laterals per header. 

DLV = dimeter of lateral valve, inches. 

DIAL - dianeter of lateral pipe9 inchese 

NH = nunber of headersa , 

3.11.5.5.4 Construction of Overland Flow §lopes. Overland 
flow systems must have slopes fran 2% to 8%, must be clear of 
trees and brush, and must be leveled to a constant slope. Not 
many land areas meet this criteria, therefore, in many cases the 
area must be cleared, slopes formed* and leveled. 

3.11.5.5.4.1 Clearing and Grubbinge The areas will be classi- 
fied in three categories; heavy,meadi=, and light. Heavy 
refers to wooded areas withmature trees. Medim refers to 
spotted mature trees with nunerous small trees and bushes. 
Light refers to only small trees and bushes. The user must 
specify the type of clearing and grubbing required as well as 
the percent of the treatment area requiring clearing and grub- 
bing. 
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CAGH = w (TA) 

- c~@f - J* (TA) 

CAGL *** (TA) 

where 

CAGEl - area which requires heavy clearings acres* 

RCAGEI = percentage of treatment area requiring heavy 
clearing, %. 

CAGM = area which requires meditxn clearingP acres. . 

PCAGM = percentage of treatment area requiring medium 
clearing, %. 

CAGL - area which requires light clearing, acres. 

PCAGL = percentage of treaQnent area requiring light 
clearing, %. 

TA - treatment area, acres. 

3.11.5.5.4.2 Determine Earthwork Required. 

3.ll.S.S.4.2.1 For areae which are flat (&2% slope) the over- 
land flow slopes must be formed by moving earth. For areas 
where slopes of fran 2% to 8% exist, very little earth moving is 
required. The folloting assumptions aremade to esttiate the 
quantities of earthwork required for slopes fraa O-2%. 

3.11.5.5.4.2.1.1 The slopes shall be as indicated in Figure 
3.11-4. 

3.11.5.5.4.2.1.2 Equal cut and fill will be used. 

3.11.5.5.4.2.2 Calculate volune of earthwork. 

vsm = (55,lOO)(TA) 

where 

VSEW = volune of earthw 9 rk required for slope 
construction, ft e 

TA - treatment area, acres. 

55,100 - volme of earthwork required per acre, ft 3 . 
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3.11.5.5.5 Runoff collection. The overland flov systen does 
not depend on infiltration for treabnent and much of the vater 
rum off. This water must be coll.ected and monitored. There 
are basically two types of collection systems: open ditch and 
buried drain pipe. With both systms, the runoff fran each 
individual slope is carried to the main collection systen by 
small ditches or terraces. 

3.11.5.5.5.1 Determine earthwork required for terraces. 

VET - (N+2)0UMlOOO)(5) 

where 

QZT - volume of earthwork for terraces, ft 3 . 

N - number of points Gulch flow is removed fran 
header. 

NH - number of headers. 

1000 - length of lndivldual slope. 

5 - volune of earthwork required per foot of 
terrace length* 

3.11.5.5a5.2 Main Runoff Collection System. As stated before 
there are two systems which may be used, open ditches or burled 
drain pipe. One or the other vould be used but never both. 

3.11.5.5.5.2.1 Buried drain pipe. 

3.ll.5.5.5.2.1.1 Since an overland flov facility vould not 
normally be operated when the site received a ralnfall In excess 
of 0.5 inches in 24 hours, this criteria will be used to size 
the drainage systema The assumption of 100% mnoff will be made 
for design purposes. , 

3.11.5.5.5.2.1.2 The pipe size will vary as runoff fran each 
slope is added. Using the layout shown in Figure 3.11-4 ancJ the - 
assumed rainfall, the flov fraa one slope vould be 0.149 ft /sec. 
The following assumptions are made: 

Pipe will be concrete drain pipe. 
E?Lpe will be flowing half full. 
Pipe will be laid on a e2% slope. 
Frgction factor is 0.013. 

3.11.5.5.5.2.1.3 Calculate pipe size. 

CDIAN - 6.38(N)Oo3" 
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where 

CDTAN - diaeter of concrete drain pipe, inches. 

N = number of points at which flow is rmoved fran 
header. 

CDIAN must be one of the following 12, 15, 18, 21, 24, 27, 30, 
33, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90, or 96 inches. 

3.11.5.5.5.2.1.4 As in sizing the header pipe, the collection 
pipe will vary in size. Start with N-1 and calculate pipe size. 
Then set N-Ntl and repeat the calculation. Redesignate N in 
this manner until N is equal to total nunber of take off points 
in header pipe calculation* 

3.11.5.5.5.2.1.5 Again, the lengih of each size pipe required 
will be determined by summing the ntmtber of points at which the . 
szxae dianeter is calculated and multiply by 400 ft. To de- 
termine the anount of pipe for the entire field multiply by NW1 
since there will be NHtl identical collection lines. 

LCDIAN = (4OO)(NH+ 1) 2 NCDIAII 

where 

LCDIAN - length of drain pipe of given dianeter, ft. 

NCDUN - nun,ber of points where same disneter pipe was 
chosen. 

NH - nunber of headers. 

3.11.5.5.5.2 Open ditches. 

3.11.5.5.5.2.1 Assume that the ditches will be all cut and 
erosion control will be required in construction. 

LDIT = (N)(4OO)(ml) 

where 

LDIT = total length of ditches for system, ft. 

N - nunber of points at which flow is removed fran 
header. 

400 - length of ditch between slopes, ft. 

NH -nunber of headers. 

3.11.5.5.6 Calculate total land area required. 
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3.11.5.5.6.1 
15%. 

Ditches and semtce roads increase the area by 

ADR -' (*15)(TA) 

where 

ADR - area for ditches and roads, acres. 

3.11.5.5.6.2 Area for storage lagoons. 

ASL- l.Z(NLC) CL)' 
43,560 

where 

ASL = area for storage lagoons7 acres. 

NLC - nuuber of lagoon cells. 

L = length of one side of lagoon cell, ft. 

1.2 = additional area required for cross levee. 

3.11.5.5.6.3 Area for buffer zone* 

Assume: 

Buffer zone will be around entire treatment area. 
Assume facility will be essentially square. 

3.11.5.5.6.3.1 Calculate dtiensions of treatment area. 

LTA = (Tk4E6y) 
0.5 

* 

where 

LTA - length of one side of'treatment area, ftO 

TA - treatment area, acrese 

ADR - area for ditches and semice roads, acres. 

ASL = area for storage lagoons, acres. 

3.11.5.5.6.3.2 Calculate area for buffer zone* 

AR2 = 4WBZ (LTA+ WBZ) 
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where 

ABZ * 

LTA * 

WBZ * 

area required for buffer zone; acres. 

length of one side of treabnent area, ft. 

width of buffer zone (input by user), ft. 

3.11.5.5.6.4 Total land area. 

TLA-TA+ ADR4 ASL4 A.BZ 

where 

TLA = 

TA - 

ADR = 

ASL- 

ABZ * 

3.11.5.5.7 

total land area required, acres. 

treatment area, acres. 

area required for ditches and semice roads, 
acres. 

area required for storage lagoonsv acres. 

area required for buffer zones, acres. 

Calculate fencing required 

Assume 

Entire facility is to be fenced. 
Facility is square. 

LF = 834.8 (TLA)‘05 

where 

LF - length of fence required, ft. 

TLA - total land area required, acres. 

834.8 - caabined constants. 

3.11.5.5.8 Calculate operation and maintenance manpower. 

3.11.5.5.8.1 Distribution System. 

3.11.5.5.8.1.1 If TA s 7Q 

OMMHD = 77.91 (TA)"*5373 
\ 
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3.11.5.5.8.1.2 If TA > 7& 

OMMHD - 18.12 (TA)"-8814 

where 

OMMHD = operation and maintenance manpower for 
distribution, M?/yr. 

TA - treatment area, acres. 

3.11.5.5.8.2 Runoff collection by gravity pipe. 

3.11.5.5.8.2.1 If TA s 1OQ 

OIQlHP - 6.65 (TA)"'4224 

3.11.5.5.8.2.2 If TA > 1OQ 

OMMEiP = 2.41 (TA)"'6434 

where 

OMMEIP - operation and maintenance manpower for 
runoff collection by gravity pipe, MB/hr. 

TA = treatient area, acres. 

3.11.5.5.8.3 Runoff collection by open ditche 

3.11.5.5.8.3.1 If TA < 15Q 

OMMEIO - 3639 (TA)"*3578 

3.11.5.5.8.3.2 If TA > 15Q 

OMMHO - 8.,34 (TA)oe6538 

where 

OMMHO - operation and maintenanc? manpower for runoff 
collection by open ditch> 14EI/yr0 

TA = treatient area, acres. 

3.11.5.5.9 Calculate operation and maintenance material 
ccsts. 

3.11.5.5.9.1 Distribution System. 

3.11.5.5.9.1.1 If TA s 50% 

. 
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OMMPD - 0.783(TA) 
-0.0673 

3.11.5.5.9.1.2 If TA > 50% 

OKMPD - 9.46 (TA)-"*47 

where 

OMMPD = 

TA - 

O&Mmaterial costs for distribution system as 
percent construction cost of distribution 
systems %. 

treatment area, acres. 

3.11.5.5.9.2 Runoff collection by gravity pipe. 

3.11.5.5.9.2.1 If TA S 22% 

OMMPP - 009566 (TA)-"*253g 

3.11.5.5.9.2.2 If TA > 225; 

OMMPP = .242% 

where 

.OMMPP - O&Mmaterial costs for runoff collection 
by gravity pipe as percent construction cost 
for gravity pipe systenW %. 

TA - trkatment area, acres. 

3.11.5.5.9.3 Runoff collection by open ditch. 

3.11.5.5.9.3.1 If TA S 6% 1 

OMMPO = 25-4 (TA)-"*1383 

3.11.5.5.9.3.2 If TA > 6Q 

OMMPO - 14.42 

where 

OMMPO - O&Mmaterial costs for runoff collection 
by open ditch as percent construction cost 
for open ditch systen, %. 
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3.11.5.5.10 Other construction cost item. The quantities 
canputed account for approtiately 90% of the constnxtlon cost 
of the systms. Other miscellaneous costs such as flnal land 
leveling, connecting plping for lagoons, miscellaneous concrete 
structures, etc., make up the additional 10%. 

where 

CF = correction factor for other construction cost. 

3.11.5.6 Quantities Calculation Output Data. 

3.11.5.6.1 
struction, 

Volye of earthwork requlred for lagoon con- 
VLEW ft . 

3.11.5.6.2 

3.11.5.6.3 

3.11.5.6.4 

3.11.5.6.5 

3.11.5.6.6 

3.11.5.6.7 

3.11.5.6.8 

3.11.5.6.9 

3.11.5.6.10 

3.11.5.6.11 

3.ll.Se6.12 

3.11.5.6.13 

3.11.5.6.14 

Dimeter of lateral pipes, DIAL, Inches. 

Dianeters of header pipes, DUHN, Inches. 

Length of lateral pipes, LDIAL, ft. 

Length of he&er pipes, LDIAHN, ft. 

Nmtber of nozzles, NONo 

Dlaneter of butterfly valves, DBV, inches. 

Nunber of butterfly valves, NBV. 

Dimeter of lateral valves, DLV, inches. 

Nmber of lateral valves, NLV. 

Area which requires heavy clearing, CACTI, acres. 

Area which requires'medim clearing, CAGM, acres. 

Area which requires light clearing, CAGL, acres. 

qVolme of earthwork required for.slope construc- 
tion- VSl%, fte. 

3.11.5.6.15 Volme of earthwork for terraces, VET, ft3. 

3.11.5.6.16 Dimeter of concrete drain pipe, CDIAN, inches. 

3.11.5.6.17 Length of drain pipe of size CDIAN, LCDIAN, ft. 

3.11.5.6.18 Total length of ditches for systen, LDIT, ft. 

3.11.5.6.19 Total land area required, TLA, acres. 
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3.11.5.6.20 Length of fence required, LF, ft. 

3.11.5.6.21 Operation and maintenance manpower for distri- 
bution system, OMMHD, HEI/yr. 

3.11.5.6.22 Operation and maintenance manpower for runoff 
collection by gravity pipe, OMMHP,, ME/v. 

3.11.5.6.23 Operation and maintenance manpower for runoff 
collecti.on by open ditch, CMMHO, MH/yr. 

3.11.5.6.24 Operation and maintenance material costs for 
distribution system as percent construction cost of distribution 
systen, OMMPD, %. 

3.11.5.6.25 Operation and maintenance material costs for 
runoff collection by gravity pipe as percent construction cost 
of gravity pipe system* OKMPP, %e 

. 
3.11.5.6.26 Operation and maintenance cost for runoff col- 
lectionby open ditch as percent construction cost for open 
ditch systen, OMMPO, %e 

3.11.5.6.27 Correction factor for other construction cost, 
CF. 

3.11.5.6.28 Nunber of headers, NH. 

3.11.5.7 Unit Price Input Requird. 

3.11.5.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.11.5.7.2 Cost of standard size pipe (12"fl), COSP, $/ft. 

3.11.5.7.3 Cost of standard size valve (12"p butterfly), 
COSTSV, $. 

3.11.5.7.4 Cost per sprinkler, COSTEN, $. 

3.11.5.7.5 Cost of standard size drain pipe (24"P R.C. 
pipe), COSTCP, $/ft. 

3.11.5.7.6 Unit price input for heavy clearing and grubbing, 
UPTCG, $/acre. 

3.11.5.7.7 Unit price input for fencing, IJPlF, $/ft. 

3.11.5.8 Cost Calculation. 

3.11.5.8.1 Cost of eartbork. 
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where 

COSTE - 

COSTE - cost of earthwork, $. 

VLEW -volme 0 5 earthwork required for lagoon construc- 
tion, ft . 

VSEN = vo une 3 of earthwork required for slope construction, 
ft . 

VET - volme of earthwork for terraces, ft 3 . 

UPIEX - unit price input for earthwork, $/cu yd. 

3.11.5.8.2 Cost of Header pipes* 

3.11.5.8.2.1 Calculate totA installed cost of header pipes. 

TICHP - ICHPN 

where 

TICHP = total installed cust of header pipes, $. 

ICHPN = installed cost of various size header pipes, $. 

3.11.5.8.2.2 Calculate installed cust of each size header 
pipes. 

ICHPN - (LDIAHN>w (COSTSP) 

where 

ICHPN - installed cost of various size header pipes, $. 

LDUHN - length of header pipes of size DIAHN, ft. . 
COSTPN = cost of pipe of dianeter DIAHN as percent of 

sost of standard size pipep L 

COSP - ccst of standard size pipe (12m diameter), $/ft. 

3.11.5.8.2.3 Calculate COSTPN 

COSTPN - 6.842 (DIAHN) l*2255 

where 

COSTPN - cost of pipe of dianeter DIAHN as,percent of 
cost of standard size pipe, %. 
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DIAHN - diameters of hetier pipes, inches. 

3.m5.a.2.4 Determine COSP. COSP is the cost'per foot of 12" 
dianeter welded steel pipe. This cost is $13.50 per foot in 4th 
quarter of 1977. 

3.ii.5.a.3 Cost of lateral 

3.ii.5.a.3.i Calculate tot+ 

pipes. 

installed cost of lateral pipes. 

where 
TICLP - (LDIAL) qp (COW) 

TICLP = total instaLled cost of lateral pipes, $. 

LDIAL = length of lateral. pipes; fte 

COSTP - cost of pipe of diameter DIAL as percent of 
cost of standard size pipe, Z. 

COSP = cost of standard size pipe (L2" dimeter), 
wt. 

3.ii.5.a.3.2 Calculate COSTP. 

COSTP = 6e842 (DIAL)1*2255 

where 

COSTP - cost of pipe of dimeter DIAL as percent of 
cost of standard size pipe9 %. 

DIAL = diaueter of lateral pipes, inches. 

3.ii.5.a.3.3 Determine COSP. COSP is the cost per foot of 12" 
diaeter welded steel pipe. This cost is $13.50 per foot in 4th 
quarter of 1977. 

3.ii.5.a.4 Calculate cost of butterfly valves. 

3.ii.5.a.4.i Calculate installed cost of butterfly valves. 

asmv - (COSTRV) (COSTSV) (NBV) 
100 

where 

COSTBV - installed cost of butterfly valves, $. 

COSTRV = cost of butterfly valve of size DBV as 
percent of standard size valve, %. 

--- 
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COSTSV - cost of standard size valve (12"0), $. 

NBV = nunber of butterfly valves. 

3.11.5.8.4.2 Calculate COSTRV. 

(XSTRV - 3.99 (DBV)1*3g5 

where 

COSTRV = cost of butterfly valve of size DBV as percent 
of standard size valve, %. 

DBV - dimeter of butterfly valves, inches. 

3.1~.5.~4.3 Deternine COSTSV. COSTSV is the cost of a 12" 
0 butterfly valve suitable for water service. This cost is 
$1004 for the 4th quarter of 1977. 

3.11.5.8.5 Calculate cost of lateral valves. 

3.11.5.8.5.1 Calculate installed cost of lateral valves. 
msnv - (COSTRL)(COSTSV)(NLV) 

100 

where 

COSTLV - installed cost of lateral valves, $. 

COSTRL - cost of lateral valve of size DLV as percent of 
cost of standard valve, %. 

COSTSV - cost of standard size valve (l2"D butterfly), $. 

NLV - nunber of lateral valves-, 

3.11.5.8.5.2 Calculate COSIXLe , 

COSTRL * 15.33 (DLV)1*053 

where s 
. 

- . . . 

COSTRL = cost of lateral valve of size DLV as percent 
of cost of standard valve, %. 

DLV - diameter of laterAl valve, inches. 

3.11.5.8.5.3 Determine COSTSV. COSTSV is the cost of a 12" 
fi butterfly valve suitable for water semice. This cost is 
$1004 for the 4th quarter of 1977. 
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3.11.5.8.6 Calculate cost of sprinklers. 

3.11.5.8.6.1 Calculate inhtalled cost of sprinklers. 

COSTN - (1.2)(NON) (COSTEN) 

where 

COSTN = installed cost of nozzles, $., 

NON = nunber of nozzles. 

COSTEN - c-t per nozzle, $@ 

1.2 - 20% cost of installaticy 

3.11.5.8.6.2 Detexnine COSTEN. The cost of an impact type 
rotor pop-up full circle sprinkler with a flow fran 6 to 15 gp, 
for the 4th quarter of 1977 is $65.00. 

COSTEX = $65.00. 

For better cost estimation, COSTPN should be obtained fran an 
equipment vendor and treated as a unit price input. Otherwise, 
for future escalation, the equipatent cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 

COSTEN - $65.00 3 . 

where 

MSECI - current Marshall and Swift Equipment Cost 
Index. 

518.4 = Marshall and Swift Cost Index 4th quarter 1977. 

3.11.5.8.7 Calculate total cost of distribution system. 

TCDS - TICXP + TICLP + COSTBV + COSTLV + COSTN 

where 

TCDS - total cost'of distribution systm, $. 

TICHP - total installed cost of heder pipe, $. ~~ 

TICLP - total installed cost of lateral pipe, $. 

COSTBV - installed cost of butterfly valves, $. 

COSTLV - instaled cost of lateral valves, $. 
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COSTN - instAlled cost of nozzles, $. 

3.11.5.8.8 Determine cost of runoff collection by open 
ditch. 

COSTOD - (.57)(LDIT)UPIEX 

where 

COSTOD = cost of runoff collectlon by open ditch, $. 

LDIT - total leugth of ditches for system, ft. 

UPIEX = unit price input for earthwork, $/cu yd. 

3.11.5.8.9 Detexmlne cost of runoff collectlon by gravity 
Pipe* 

3.11.5.8.9.1 Calculate total instAlled cost of collection 
systall. 

TICRC = 2 ICRCN 

where 

TICRC - total instaled cost of runoff collection by 
gravity pipe, Se 

ICRCN - inst&lled cost of each size drain pipe, $. 

3.11.5.8.9.2 Calculate installed cost of each size drain pipe. 

IcRm - (LCDIAN)(COSTRN)(COSTSC) 
100 

where 

ICRCN - installed cost of each she drain pipe, $. 

LCDIAN - length of drain pipe'of size CDUN, ft. 

COSTRN - cc~t of drain pipe of size CDIAH as percent of 
cost of standard size (24V) drainage pipe, %. 

COSTCP - cost of standard size (24@'0 RmC:pipe), $/ft. 

3.11.5.8e9.3 Calculate COSTRN. 

COSTRN * 0.7044 (cDuN)1*6587 

where 

COSTRN = cost of gravity pipe of size CDIAN as percent 
of cost of standard size (24"P) gravity pipe, %. 
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CDIAN = dimeter of coucrete +ain p%pe, inches. 

3.11.5.8.9.4 Detexmine COSTCP. COSTCP is the cost per foot of 
Z4wiI reinforced concrete drain pipe with gasket joints. This 
cost for the 4th quarter of 1977 is $10.76/ft. 

COSTSC - $10.76/ft. 

3.11.5.8.10 Calculate.cost for clearing and grubbing. 

COSTCG - (CAGB + 00306 CAGM+ 0.092 CAGL) UPICG 

where 

COSTCG - cost for clearing and grubbing site, $. 

CAGEi = area which requires heavy clearing, acres* 

CAGM = area which requires medim clearing, acres. 

CAGL - area which requireslight clearing, acres. 

UPICG - unit price input for heavy clearing and 
grubbing, $/acre. 

3.11.5.8.11 Calculate cost of fencing. 

COSTF - (LF)(UPIF) 

where 

COSTF - installed cost of fencing, $. 

LF - length of fencing required, ft. 

UPIF = unit price input for fencing, $/ft. 

3.11.5.8.12 Calculate 0 & Mmaterial costs. 

mc * (OMMPD)(TCDS)+(OMMPP)(TICRC)+(OIWO)(COSTOD) 
100 

where 

OMMC - total O&Mmaterial cost, $. 

CMMPD - O&Mmaterial costs for distribution systen as 
percent comtruction cost for distributiou 
systell, %. 

TCDS - total cost of distribution syaten* $. . 

-. --. 

3.11-43 



WMPP = O&M material costs for runoff collection by 
gravity pipe as percent of construction cost 
of gravity pipe system, %. 

TICRC = total installed cost of runoff collection by 
g-vity pipe, $. 

OMMFO - O&M material cost for runoff collection by open 
ditch as percent construction cost for open 
ditch systea, %. 

COSTOD - cost of runoff collection by open ditch, $. 

3.11.5.8.13 Total bare construction cost. 

TBCCOF = (l.ll)(TCDStTICR~COSTC~COSTR+COSTCC+COS~ 

+ COSTL) 

where 

TBCUJF = total bare construction cost for overland 
flow, $a 

TCDS - total cost of distribution systen, $. 

TICRC - total installed cost of runoff collection by 
gr=ity pipe, h 

COSTOD - cost of runoff collection by open ditch, $. 

COSTE - cost of earthwor&. $a 

COSTCG = cost of clearing and grubbing site, $. 

COSTF - installed cost of fencing9 $0 

COSTL - cost of land for facility9 $a 

3.11.5.9 Cost Calculations Output Data. 

3.11.5.9.1 
TBCqF, $. 

Total, bare construction cost for overland flow, . ' 

3.11.5.9.2 O&M material cost9 OHMC, $/yr. 
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3.11.6 Rapid Infiltration. 

3.11.6.1 Input Data. 

3.11.6.1.1 Wastewater flow, Q, mgd. 

3.11.6.1.1.1 Mitium ,flow, mgd. 

3.11.6el.la2 Average flow, mgd. 

3.11.6.lel.3 tfaximtxu flow9 mgde 

3.11.6*102 Was tewater characteristics. 

3.11.6.1.2.1 Suspended solids, rndl* 

3.11.6.1.2.2 Volatile suspended solids, % of suspended solids. 

3.11.6.1.2.3 Settleable solids, mg/le 

3.11.6.1.2.4 BOD5 (soluble and total), mgfl. 

3.11.6.1.2.5 COD (soluble and total), mg/l. 

3.11.6.1.2.6 Phosphorus (as PQ4), mg/l. 

3.11.6.1.2.7 Tot&l kjeldahl nitrogen (TKN), mg& 

3.11.6.1.2.8 &mnoni*nitrogen, NH3, mgfl. 

3.11.6.1.2.9 Nitritenitrogen, N02, mg/l. 

3.11.6.1.2.10 Nitratenitrogen N03, mg/l. 

3.11.6.1.2.11 Temperature, OCO 

3.11.6.1.2.12 pH, units. 

3.11.6.1.2.13 Oil and grease, mg/l. 

3.11*6.1.2:14 Cations, mg/l. 

3.11.6.1.2.15 Anions, mg/l. 

3.11.6.2 Design Paraneters. 

3.11.6.2.1 s Application rate, Lw, in/wk = 4.0 - 150 in/wk 

3.11.6.2.2 Precipitation rate, Pr, in/wk. 
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3.11.6.2.3 

3.11.6.2.4 

3.11.6.2.5 

3.11.6.2.6 

3.11.6.2.7 

3.11.6.2.7.1 
ft). 

3.11.6.2.7.2 

3.11.6.2i7.3 

3.11.6.2.8 

3.11.6.2.9 

3.11.6.2.9.1 

3.11.6.2.9.2 

3.11.6.2.10 

3.11.6.2.11 

3.11.6.2.12 

3.11.6.3 

3.11.6.3.1 

Evapotranspiration, ET, in/wk. 

Runoff, R, in/wk - 0.0. 

Wastewater generation period, WWGP, days/yr. 

Field application period, FAP, wks/yr. 

Recovery systems (specify one). 

Recovery wells (nunbeq diameter, in., and depth, 

Underdrains. 

No recovery. 

Buffer width, ft (site dependent) - 0.0 - 500 ft. 

Monitoring wells. 

tiber. 
, 

Depth per well? ft. 

Fraction denitrified, D, % - 30-60%. 

Ammonia volatilization, AV, % - 0.0%. 

Renoval of phosphorus, % - 90%. 

Process Design Calculations. 

Calculate total nitrogen concentration, Cm, in 
the applied wastewatere u 

‘n = total nitrogen concentration in applied wastewater, 
lUg/l. 

WW i = total Kjeldahl nitrogen concentration in applied 
wastewater, n&l. 

(NO21 i - nitrite-N concentration in applied wastewater, 
mdl. 

(N03)i - nitrate-N concentration in applied wastewater, 
I&l. 
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3.11.6.3.2 Calculate wastewater nitrogen loading, Ln, 
lbs/acre-d. 

Ln - 11.77 CnLw 

where 

Lh - wastewater nitrogen loading, lbs/acre-yr. 

LW 
* wastewater hydraulic ?.oading rate, infwk. 

3.11.6.3.3 Frcm water balance, calculate percolating water 
rate, W 

P' 
iniwk. 

W 
P 

- Lo+ (Pi - ET) - R 

where 

W 
P 

- percolating water rate, in/wk. 

'r = design precipitation9 in/wk. 

ET - evapotranspiration (or crops cousmptive use 
of water), in/wk. 

R - net runoff, in/wk. 

3.11.6.3.4 Calculate total nitrogen loading, (Lt)N, lb/acre 
v* 

(Lt)N = Ln + 11.77 (Pr)(0.5) 

where 

(Lt)N = total nitrogen loading rate, lb/acre-y*. 

0.5 = assumed nitrogen concentration in precipitation 
water, mdl. 

3.11.6.3.5 Assume crop nitrogen uptake, (U)N, lb/acrev. 

3.11.6.3.6 Calculate nitrogen loss through denitrification, 
D, lb/acreyr. 

where 
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D - nitrogen loss through denltrification, 
lbfacreyr. 

Df - nitrogen loss as a percent of total applied 
nitrogen, Z. 

3.11.6.3.7 Calculate nitrogen loss due to volatilization, 
AV, lb/acreyr. 

where 

AV - nitrogen loss due to volatilization, lb/acreyr. 

(AV) f - percent of total uitrogen applied lost to 
volatilization, %. 

3.11.6.3.8 
acreyr. 

Calculate sum of nitrogen losses, (zN)L, lb/ 

(2 NIL - sum of total nitrogen lost, lb/acr*yr. 

3.11.6.3.9 Check total nitrogen against 0.8 (Lt)N.. 

set (~Nl L - 0.8 cLt)N 

3.11.6.3,10 Frcm nitrogen balance- calculate nitrogen COW 
centration in percolate, (C+JN, u&l. 

(Lt)N - ~11.77)(5$)(cp4q + t z NIL 

where 
('p)N - t $+,J - ~~~)Ll/~~~.77~~~p) 

. - 

WN - nitrogen concentration in percolate, mg/l. 

3.11.6.3.11 - Calculate required treatment acre, TA, acres. 
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where 

TA - required field area, acres. 

Q - average wastewater flow,mgd* 

3.11.6e3.12 Calculate phosphorus loading, Lp, lb/acre-yr. 

LP - 11077 (TP)i(Lw) 

where 

LP - total phosphor loadLngP lbdacre-F. . 

(TP)i - total phosphorus conseutration in applied 
wastewaterS f&l. 

3.11.6.3.13 Calculate soil renoval of phosphorus, Up, lb/ 
acre-F. 

(UpI = 0.891 [(94.544 - 0.0041)(~~)] 

where 

Up = soil renoval of phosphorus, lbs/acre-yr. 

3.11.6.3.14 Fra phosphorus mass balance, calculate phos- 
phorus concentration of percolate water. 

(cP)P - mpl - (SRP) - oJp~l/ w*m Wp) 

where 

(Cplp - phosphorus content of percolate water, n&l. 
U).W UPI i 

3.lla6.3.15 Calculate percolate rate, WP, mgd. 

(7.48 3 (1110% 

3.11.6.3.16 . Calculate suspended solids concentration in 
percolate- mg/l, assume 99% rmoval. 

(SSp - (0.01) (SS)i 
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where 

wp = suspended solids concentration in percolate, 
Ukgll. 

wi - suspended solids concentration in applied 
wastewater, mg/l. 

3.11.6.3.17 Calculate total and soluble BOD concentration in 
percolate, mg/l, assume 99% renoval of total B DC. a 

where 

~~~~~~ p - total BOD 5 concentration 

W30D51 i - total BOD5 concentration 
I&l. 

2 

(0.01) 

(0.01) 

in percolate, mg/l. 

in applied wastevater, 

t=OD51p - soluble BOD5 in percolate, x&l. 

(SBOD5)i = soluble BOD5 in applied wastewater, mg/l. 

3.11.6.3.18 Calculate total and soluble COD concentration in 
percolate, mg/l. 

WNp - [(TCOD)i - (TBOD5)i] (0.5) + 0.01 (TBOD5)i 

WNp - 1 @~~~i - (SBOD5)i) (0.5) + 0.01 (SBOD5)i 

where 

(TCOD)P and (TCOD)i - total COD concentration in percolate 
and applied wastewater, respectively, 
mdle , 

(SCOD)P and (SCOD)i - soluble COD concentration in percolate 
and applied wastewater, respectively, 
llLg/l. 

3.11.6.3.19 NitriteN concentration in percolate - 0.0. 

3.11.6.'3.20 NitrateN concentration in percolate - (C&N. , 

3.11.6.3.21 knmoniz+N concentration in percolate - 0.0. Total 
Kjeldahl-nitrogen concentration in percolate - 0.0. 

3.11.6.3.22 Oil and grease concentration tn percolate = 0.0. 
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3.11.6.4 

3.11.6.4.1 

3.11.6.4.2 

3.11.6.4.3 

3.11.6.4.4 

3.11.6.4.5 

3.11.6.4.6 

3.11.6.4.7 

3.11.6.4.8 

3.11.6.4.9 

3.11.6.4.10 

3.11.6.4.11 

3.11.6.4.12 

3.11.6.4.13 

3.11.6.4.14 

3.11.6.4.15 

3.11.6.4.16 

3.11.6.4.16.1 

3.11.6.4.16.2 

3.11.6.4.16.3 

3.11.6.4.16.4 

3.11.6.4.16.5 

3.11.6.4.16.6 

3.11.6.4.16.7 

3.11.6.4.16.8 

3.11.6.4.16.9 

Process Design Output Data. 

Application rate, in/week. 

Rvapotranspiration rate, in/week. 

Precipitation rate, in/week. 

Runoff, in/week. 

Percent denitrified, percent. 

Percent mania volatilization, percent. 

Removal of phosphorus, perhenL 
. 

Wastewatei generation period, days/yr. 

Field application period, weeks/j% 

Surface flooding. 

Buffer zone width, feet. 

Number of monitoring wells, wells, 

Depth of monitoring wells, feet. 

Treatment area required, acres. 

Volume of percolate, mgd. 

Quality of percolate. 

Suspended solids, mg/l. 

Volatile solids, percent. 

BOD5, mg/l. 

BOD5 soluble, mg/l. 

COD, mg/l. 

COD soluble, mg/l. 

m4, w3L 

TRN,mg/l. 

9, mdl. 

3.11.6.4.16.10 N03, mg/l. 

3.11.6.4.16.11 Oil and grease, mg/l. . . - -- 
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3.11.6.5 Quantities Calculations. 

3.11.6.5.1 Distribution -ping. Distribution punping will 
be taken fran the section entitled "Xntennediate Punping". 

3.11.6.5.2 Determine nunber and size of basins required. 

3.11.6.5.2.1 Asstme: 

Use minimum depth of 4 feet. 
Use a minimu of 4 infiltration basins. 
Infiltration basins will be amaximun of 10 acres 
in area and will be square. 

3.11.6.5.2.2 If TA S 4 acres 

NIB - 2 

If IBA l I set IBA = .l 

where 

TA - treannent area, acres* 

NIB - nunber of infiltration basins. 

IBA - area of individual infiltration basins, acres. 

3.11.6.5.2.3 If TA is less than or equal to 40 acres use 4 
equal sized basins. 

If 4 C TAS4Q NIB -4 

IBA = TA 
T 

where . 

TA - treament area 

NIB - nunber of infiltration basins 

IBA = area of individual Infiltration basins 

3.11.6.5.2.4 If TA is greater than 40 acres. 

TA > 4@, NIB * TA 
m 

NIB must be an integer. 
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. 

IBA * TA 
iiE3 

3.11.6.5.3 Calculate volume of earthwork for basins. 

3.11.6.5.3.1 Assume: 

Levees will be built on top of natural ground with 
fill hauled in fran off the site. 
Levee side slopes will be 3 to 1. 
Top of the levee will be 10 feet wide. 
Basins will be 4 feet deep. 
Basins will be squaree 

3.11.6.5.3.2 Calculate dimensions of basins* 

L - 208.7'(IBA)-"'s 

where 

L - Length of one side of the basin. 

3.11.6.5.303 Volune of earthwork. 

v ew - NIB (352L + 11,968) 

where 

V ew = volume of fIl1 required to construct levees. 

L - length of one side of the basin. 

NXB - nuuber of infiltration basins. 

3.11.6.5.4 Calculate header size to feed infiltration 
basins. 

If GF < 40 mgd calculate PIPE using GF if GF > 40 
mgd calculate PIPE using GF/2. 
Assume velocity (V) - 4 fps. 

PIPE - 8.42 (GF)'*' 

Pipe must be one of the following: 2.3, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 24, 30, 36, 42, 48. 

Check velocity (V) using selected pipe size. 

v - (283.6) (GF) or (283.6) (GFl2) 
(PIPE)2 (PIPE)2 

-. -- 
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If V S 1 fps use next smallest dimeter. 

If V > 5 fps use next largest dizmneter. 

where 

PIPE - dimeter of pipe (inches). 

GF - generated flow (mgd). 

V = velocity of water in pipe (fps). 

3.11.6.5.5 Calculate quantity of header pipe required. 

If GF S 40 mgd LPIPE = (NIB)(L) 

If GF > 40 mgd LPIPE - 2(NIB)(L) 

where 

LPXPE - length of header pipe required, ft. 

3.11.6.5.6 Calculate pipe size for lateral to each infil- 
tration basin. 

3.11.6.5.6.1 Calculate flowe 

FLOW - (.012)(m) (IBA) 

If FLOW S 62 ft3/seo calculate DIA using FLOW. 

If FLOW > 62 ft3/sec calculate DU using FLOW/2. 

3.11..6.5.6.2 Calculate diameter. 

Assume velocity (V) - 4 fps. 

DXA = 6.77 (aOW)o05 N 

DIA must be one of the following 2, 3S 4, 6, 8, 10, 12, 
14, 16, 18, 20% 30v 36p 42, 48a 

3.11.6.5.6.3 Select diameter closest to'the calculated dia- 
meter. 

3.11.6.5.6.4 Chdc the velocity (V) using the selected die 
meter. 

V = (183.3) FLOW 

@W2 
- - 
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If V S 1 fps use next smallest diameter. 

If V > 5 fps use next largest dimeter. 

where 

FLOW = the wastewater flow to each basin (ft3/sec)* 

DIA - diameter of lateral pipe (inches). 

V - velocity of water in pipe (ft/sec). 

Alk = application rate? (io./wk)e 

3.11.6.5.7 Deternine size and nunber of valves for distri- 
bution system. 3 

3.11.6.5s7J Assume: 

Each lateral will have a valve to cut off flow to 
that infiltration basin. 
Valves will be butterfly valves suitable for use in 
water semicea 

Valves will be the sme size as lateral pipe (DIA), 

3.11.6.5.7.2 Xf E’LOW S 62 ft3/sec. 

NBV-NIB 

3.11.6.5.7.3 If FLOW > 62 ft3/ set 

NBV- 2NIB 

where 

NBV - Nmber of butterfly valves. 

NIB - Number of infiltration basins. 

FLOW - the wastewater flow to each basin, ft3/sec 

DIA - diameter of lateral pipe, inches. 

3.11.6.5.8 Calculate quantity of lateral pipe required. 

If FLOW S 62 ft3/sec; LLAT - (100) (NIB) 

If FLOW > 62 ft3/sec; LLAT - (2) (100) (NIB) 

where 
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FLOW - the wastewater flow to each basin (ft3/sec). 

LLAT - length of lateral pipe of dianeter DIA. (ft). 

NIB - nunber of infiltration basins. 

3.11.6.5.9 Recovery of renovated water. 

7ko recovery systems are camonly used, underdrains 
and recovery wells. The user must designate which system is to 
be used if the water is to be recovered. 

3.11.6.5.9.1 Underdrain system. 

3.11.6.5.9.1.1 The following assumptions are made: 

Perforated PVC pipe 6 inches in dimeter will be used 
for underdrain laterals in basins. 
100% of the applied wastewater will be recovered. 
The 6 inch pipe will be laid on 1% slope and assumed 
to flow l/2 full. 
Concrete sewer pipe will be used as collection 
headers. 

3.11.6.5.9.1.2 Calculate quantity of underdrain pipe required. 

DPIPE - (mOlO5)(L)(IBA)(~)~~) 

where 

DPIPE - length of 6" drain pipe required (ft). 

L = length of one side of infiltration basin, (ft). 

I3A - area of individual infiltration basins, (acres). 

AR - application rates (inches/wk). 

NIB - nunber of MiltratIon basins. 

0.0105 - accunulated constants. 

3.11.6.5.9.1-3 Calculate she and quantity of collection hesder 
piwe 

Class III concrete sewer pipe will be used. 
Pipe will be laid on 1% slope. 
Pipe will be sized by Manning formula assumed flowing 
half full with "NH factor 0.013. 

- 
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CDIA - 9.56 (FLOW) Q.375 

where 

' CDLA - diaeter of collection header pipe, inches. 

FLOW - the wastewater flow to each basin, ft3/seco 

9.56 = accunulated constants* 

where 

LDCH = length of drain collectlou header pipe of 
diaeter CDIAs ftO t 

L - length of one side of infiltration.basins, ft. l 

NIB - nunber of infiltration basins. 

3.llm6.5.9.2 Recwery wells. 

User must specify nunber of wells (NW), size of wells 
(WDLA), and depth of wells (DW). 

where 

NW - number of recwery wells required. 

WDIA - diameter of recwery wells, inches. 

DW - depth of recwery wells, ft. - 

3.11.6.5.10 Monitoring Systema 

Monitoring wells shall be 4" in diameter. User must 
specify the number of monitoring wellsv (NNW) and depth of 
monitoring wells (DMW). 

where 

NMW - nunber of monitoring wells.- 

DMW - depth of monitoring wells, (ft). 

3.11.6.5.11 Operation and maintenance manpower requirements. 

3.11.6.S.ll.l Distrfiution System. 

--. - -- 
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3.11.6.5.11.1.1 If TA S 15 

OMMHO - 128.5 (TA)"'6285 

3.11.6.5.11.1.2 If TA > 15 

tJMMHD = 78.8 (TA)ow8~2 

where 

TA - treaunent area, acres. 

@fMHD - operation and maintenance manpower for 
distribution, MH/yr. 

3.11.6.5.11.2 Water recwery by wells. 

OMMHW = 384.64 (GF)"'5g81 

where 

OMHHW - operation and maintenance manpower for water 
recwery by wells, MH/yr. 

a?= generated flow, mgd. 

3.11.6.5.11.3 Water recwery by underdrains. 

3.11.6.5.11.3.1 If TA S 80 

OMMHU = 54.71 (TA)-"-2414 

3.11.6.5.11.3.2 If TA > 80 

where 

oMMHu= operation and maintenance manpower for water 
recwery by underdrains MII/yr* 

TA - treatment area9 acres, g2- ' < wa - 
3~ll~6.S011~4 Monitoring weLls~ . 

OMMHM s, 6.39(NMW) (DMW)"-2760 

where 
, 

OMMEM - operation and maintenance manpower for monitoring 
wells, MEvyr. 
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HMW - nunber of monitoring wells.- 

DMW = depth of monitoring wells, ft. 

3.11.6.5.12 Operatiou and Maintenance Materials Cost. This 
item includes repair and replacement material costs. It is 
expressed as a percentage of the capital costs for the various 
areas of construction of the rapid infiltration systen. 

3.11.6.5.12.1 Distribution Systen. 

3.11.6e5.12.1.1 If TA < 19 

OMMPD - 2e64 (TA)moe2101 

3.11.6.5.12.1.2 IF TA 3 19 , 

OMMPD - 1059 (TA)=-"~03gg 

where 

NMPD - O&Mmaterid cost for distribution system 
as percentage of construction cost of 
distribution systenO 

TA - trealment area, acres. 

3.11.6.5.12.2 Water recovery by wells. 

3.11.6.5.12.2.1 IfGFS5 

OMMPW - la53 (GF)"*6s70 

3.11.6.5.12.2.2 -If S C GF < 16 

OMMPW - 2.76 (GF)"'28g4 

3.11.6.5.12.2.3 If GF>lO 

OMKPW - 4.55 (GF)"*071s 

where 

OMMPW = O&Mmaterial cost for water recovery wells 
as percentage of construction cost of recovery 
wells. 

GF- generated flow, mgd. 

3.11.6.5.12.3 Water recovery by underdrains. 
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3.11.6.5.12.3.1 If T S 200 

OMKPU = 14.13 (TA)oo'13g2 

3.11.6.5.12.3.2 If TA>200 

OMMPU = 30.95 (TA)-"*2860 

where 

OMMPU - O&Mmaterial costs for water recovery by underdralns 
as percentage of coustruction cost of underdrains. 

. 
TA = Treatment area, acres. 

3.11.6.5.12.4 Monitoring wells. 

OMMPM - 2.28 (DMW)"*04g7 

where 

OMMPM = O&M material cost for mouitorLng wells as percentage 
of construction cost of monitoring wells. 

DMW - depth of monitoring wells. 

3.11.6.5.13 Electrical energy requirments* 

3.11.6.5.13.1 Recovery wells. 

Assume: 

Pump efficiency of 60%. 
Motor efficiency of 90%. 
Total head is equal to the well depth plus 40 ft. 

KWH = (12e6) (GF) (DWt40) (DPW) (HPD) 

where 

KWH - energy required9 kwhr/yrO 

GF - generated flow, mgd* 

DW - depth of well, fte 

DPW - days per week of operations, day/wk. 

HPD - hours per day of operation, hr/day.. 
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3.11.6.5.14 Other construction cost item. 

The quantities and items canputed account for appro- 
ximately 85% of the cost of the systems. Other miscellaneous 
itms such as concrete,hea walls, pneumatic piping, etc., sake 
up the other 15%. 

CX -& = 1.18 . 
where 

CF - correction factor for other construction costs. 

3.11.6.6 

3.11.6.601 
acres. 

3.11.6.6.2 

3.11.6.6.3 

3.11.6.6.4 
cu.ft. 

3.11.6i6.5 

3.11.6.6.6 
,LPIPE, ft. 

3.11.6.6.7 

3.11.6.6.8 

3.11.6.6.9 
DPXPE, ft. 

3.11.6.6.10 

3.11.6.6.11 

3.11.6.6.12 

3.11.6.6.13 

3.11.6.6.14 

. 3.11.6.6.15 

@antities Calculations Output Data0 

Area of individual infiltration basins, I.BA% 

Nmber of infiltration basinsv NIB= 

Length of side of basin, L, ft. 

Volune of earthwork for infiltration basins, Vew, 

Dianeter of distribution header, PIPE, inches. 

Length of distribution header pipe required, 

Dianeter of lateral pipe, DLA, inches. 

Length of lateral pipe of diameter DIAv LLAT, ft. 

Leugth of 6 inch dimeter drain pipe required, 

Nunber of recovery wells, NW. 

Dimeter of recovery wells, WDIA, inches. 

Depth of recovery wellsr DW, ft. 

Nmber of monitoring wells, NMW. 

Depth of monitoring wells, DMW, ft. 

Operation and Maintenance manpower for distri- 
bution, OMMHD, MH/yr. 

3.11.6.6.16 Operation and maintenancemanpower for recovery 
wells, OMMHIJ, MH/yr. 

3.11.6.6.17 Operation and maintenance manpower for underdrain 
spt=, -, WV. 
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3.11.6.6.18 Operation and maintenance manpower for monitoring 
wells, OMMBM, MH/yr. 

3.11.6.6.19 
OMMPD, %. 

3.11.6.6.20 

3.11.6.6.21 
%. 

3.11.6.6.22 
%. 

3.11.6.6.23 
inches. 

3.11.6.6.24 

3.11.6.6.25 

3.11.6.6.26 
WF. 

3.11.6.6.27 
CF. 

3.11.6.7 

3.11.6.7.1 

O&Mmaterial costs for distribution system, 

O&Mmaterial costs for recovery wells, OMMPW, %. 

O&M material cost for underdrain system, OMMPU, 

O&Xmaterial costs for monitoring wells, OMMPM, 

Dianeter of drain collection header pipe, CDIA, 

Length of drain collection header pipe, LDCH, ft. 

Nunber of butterfly vlaves, NRV. 

Energy required for recovery wells, KWR, Kw 

Correction factor for other construction costs, 

Unit Price Input Required. 

Unit price input for earthwork assuning hauled . - fron offsite and canpacted, UPIRW, $/cu yd. 

3.11.6.7.2 Cost of standard size steel pipe (12"0), COSP, 
wt. 

3.11.6.7.3 Cost of standard size butterfly valve (12"p) 
COSTSV, $. 

3.11.6.7.4 Unit price input for 6" PVC perforated drain 
pipe, UPIPP, $Jft. 

3.11.6.7.5 Cost of standard size (24"D) reinforced concrete 
drain pipe (Class III) COSTCP, $/ft. . 

3.11.6.8 Cost Calculations. 

3.11.6.8.1 Cost of earthwork. 

where 
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C0Yr.E - Cost of earthwork for levees, $. . - 

v ~w - Volume of earthwork for infiltration basins, cu ft 

WIEW - unit price input for earthwork assuming hauled fran 
offsite and canpacted, $/cu.yd. 

33 ~.1<~6.~8.2 Cost of heder pipe. 

3% ~L~~6‘a8*2.l Calculate instAlled cost header pipe (excluding 
tremhing aud backfilling). 

COSTP - (COSI?) (COSTRP) 
100 

?!&&iz re 

COSTP - cost of 

COSP -cost of 

COSTRP - cost of 

pipe of dianeter PIPE, $/ft. 

standard size pipe (12" diaeter), $/ft. 

pipe of diameter PIPE as percent of cost of 
standard sixe pipe, percent. 

3mI.l.eh.8.2.2 Calculate COSTKP. 

COSTRP - 5.48 (PIPE)l-jss 

where 

PIPE = dianeter of header pipe, inches. 

COSTRP = cost of pipe of diaaeter PIPE as percent of cost of 
standard sixe pipe, percent. 

3-11.6.8.2.3 Deternine COSP. 

COSP is the cost per foot of 12" diameter welded 
sted pipe in place (excluding cost for trenching and back- 

3sIia6.8.2.4 Calculate 
This cost is cmputed as 

If PIPE 12" 
If PXPE 12" 

&xi re 
EBF- fraction of 

PIPE = dianeter of 

cost for trenching and backfilling. 
a fraction of the cost of the pipe. 
EBF - 0.334 (PIPE)-o*684o 
EBF - 0.061 

pipe cost for trenching and backfilling. 
header pipe, inches. 

3sll.6.8.2.5 Total installed cost of header pipe. 

TICHP - (1 + EBF') (COSTP) (LPIPE) 
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where 

TICHP - total installed cost of header pipe, $. 
EBF - fraction of pipe cost for trenching and backfilling. 

COSTP - cost of pipe of dianeter PIPE, $/ft. 
LPIPE - length of header pipe required, ft. 

3.11.6.8.3 Cost of lateral piping to infiltration basins. 
3.11.6.8.3.1 Calculate installed cost of lateral piping 
(excluding trenching and backfllllng). 

where 

ccW.rLP - (COSP) (COSTRL) 
100 

COSTLP = cost of lateral pipe of dianeter DIA, $/ft. 

COSP - cmt of standard size pipe (12" dimeter), $/ft. 

COSTRL - cost of lateral pipe of d&meter DIA as percent of 
cost of standard size pipe, percent. 

3.11.6.8.3.2 Calculate COSTRL 
COSTRL - 5.48 (DIA)1*1655 

where 
DIA - dianeter of lateral pipe, inches. 

COSTRL - cost of lateral pipe of dianeter DIA as percent 
of cost of standard size pipe, percent. 

3.11.6.8.3.3 Calculate cost of trenchkng and backfilllng. 
This cost is canputed as a fraction of the cost of the pipe. 

If DIAKJ2" EBFL - O-334 (DIA)-"*6840 
If DIA>l2= EBFL - 00061 

where , 

EBFL = fraction of pipe cost for trenching and backfillIng 
DIA - dimeter of lateral pipe, inches. 

3.115.6.8.3.4 Total installed cost of lateral pipe. , 
TICLP - (l+ EBFL) (COSTLP) (LLAT) 

where 

TICLP - total installed cost of lateral pipe, $. 
EBFL = fraction of pipe cost for trenching and backfllling. 

COSTLP - cost of lateral pipe of diaueter DIA. $/ft. 

LLAT - length of lateral pipe required, ft. 
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3.m6.a.4 Cost of butterfly valves. 

3.11.6.a.4.1 Calculate instAled cost of butterfly valves. 

COS'IBV - (COSTSV) (COSTRV) (NBV) 
100 

COSTBV - installed cost of buttefily valves, $. 

COSTSV - cost of standard size valve (12" D), $. 

COSTRV - cost of valve of size DIA as a percent of the cost 
of the standard size valve, %. 

NBV - nuuber of butterfly val'ves. 

3.11.6.8.4.2 Calculate COSTRV 

~OSTRV - 3.99 (Du)1e3gs 

3.nA.a.4.3 Deternine COSTSV 

COSTSV is the installed cost of a 12'9 butterfly 
valve suitable for water semice. 

3.11.6.a.5 Total cost of distribution system. 

TCDS - COSTE + TICHP + TICLP + COSTBV 

where 

TCDS - total cost of distribution system, $. 

3.11.6.8.6 Cost of underdrain system. 

3.11.6.8.6.1 Cost of underdraln laterals. 

COSTUL = (DPIPE) (UPIPP) (1.1) 

COSTUL - installed cost of underdrain laterals, $. 

DPIPE = length of 6" drain pipe required, ft. 

UPIPP - unit price input for 6" PVC perforated drain pipe, 
$/ft* 

1.1 - 10% adjusment for trenching and backfilling. 
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3.11.4.8.6.2 Cost of underdrain collection header pipe. 

ICUCH = (COSTRC) (COSTSC) (LDCH) (1 + mm)) 
100 

where 

INCH = installed cost of underdrain collection header. 

COSTRC - cost of underdrain collection header pipe of 
dimeter CDIA as percent of standard size pipe, Z. 

COSTCP - cost of standard size pipe (24"P reinforced concrete 
pipe Class III), $/ft. 

LDCH - length of underdrain collectlon header required, 
ft. 

EBFD - cost for trenching and backfllling as fraction of 
pipe cost. 

3.11.6.8.6.2.1 Calculate COSTRC. 

COSTRC - 0.489 (CDIA)lo686 

where 

CDIA = dianeter of underdrain collection header pipe, 
inches. 

3.11.6.8.6.2.2 Detennlne COSTCP. 

COSTCP Is the cost per foot of 24"p Class III reinforced 
concrete sewer pipe tith gasket joints. 

3.11.6.8.6.2.3 Calculate EBFD 

EBFD - Oe392 (CDIA)-of12871 

where 

BFD = cost for trenching and backfilling as a fraction of 
pipe wet. 

3.11.6.8.6.3 Calculate total cost of underdrain system. 

TCUS - COSTUL + ICUCE 

where 

TCUS - total cost of underdrain system, $. 
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3.11.6.8.7 Calculate cost of recovery wells and pump. 

3.11.6.8.7.1 Calculate cost of well. 

3.11.6.8.7.1.1 Calculate COSTW. 

COSTW - RWC (DW) (NW) (COSP) 

wh&re 

COSTW - 

Rwc * 

COSP * 

cost of recovery wells, $e 

recovery well cost as fraction of cost of 
standard pipe. 

cost of standard size pipe (12"o welded steel), 
$/ft* 

3.11.6.8.7.102 Calculate RWCe 

3.11.6.8.7.1.2.1 If 4'e g WDU ,5 10" 

RWC - 160.4 (DW) -0.7033 

3.11.6.8.7J.2.2 If 12" S WDIA s 20" 
RWC - 159.8 (DW) -0e6209 

3.11.6.8.7.1.2.3 If 24" S WDIA S 34" 

RWC = 142.7 (DW)-oo5286 

3.11.6.8.7.1.2.4 If 36" s WDIA S 42" 

RWC = 206.5 (DW)-"*445 

where- 

WDJA = diaeter of the well' inches. 

RWC - recovery well cost as fraction of cost of 
standard size pipe. 

DW = depth of recovery wells, ft. 

3.11.6.8.7.1.3 Determine COSP. 

COSP is the cost per foot of 12"o welded steel 
Pipe. This cost in the 1st quarter of 1977 is $13.5O/ft. For 
the best cost esttiation COSP should be a current price input 
fran a vendor, however, if this is not done the cost will be 
updated. using the Marshall and Swift Equipment Cost Index. 
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COSP - $13.50 E . 
where 

COSP = cost of standard size pipe (12"fl welded steel), 
$lft. 

MSECI = current value for Marshall and Swift Equiment 
Cost Index. 

3.11.6.8.7.2 Calculate cost of punp for recovery wells. 

3.11.6.8.7.2.1 Calculate COSTWP= 

where 

COSIWP - cost of pmps for recovery wells, $. 

COSTPS - cost of standard size mp (3000 gm), $. 

WPR = cost of well pmp as fraction of cost of 
standard p-p- 

NW - nunber of recovery wells. 

3.11.6.8.7.2.2 Calculate WPR. 

WPR = 0.00048 (WDU)1*7g1 (DW)"*658 

where , 

WPR = cost of well pmp u fraction of cost of standard 
Pump. 

WDIA - diameter of resovery wells, inches. 

DW - depth of recovery wells, ft. 

3.11.6.8.7.2.3 Detennlne COSTPS. 

COSTPS is the cost of a 3000 gpn pump. This cost 
is $17,250 for the first quarter of 1977. For the best cost 
estimate the user should input a current value for COSTPS, 
however, if this is not done the cost will be updated using the 
Marshall and Swift Equipment Cost Index. 

cosn's - $17,250 E 
. 
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where 

COSTPS - cost of standard-size plop (3000 gpm), $. 

MSECI - current Marshall and Swift Equipment Cost Index. 

3.11.6.8.7.3 Calculate total cost of recovery wells. 

coshlw = COSTW + COSTWP 

where . 

cosTRw - total cost of recovery wells, $0 

COSTW - cost of recovery well- $e 

COSTWP = cost of pumps for recoveiy wellsp $. 

3.11.6.8.8 Cost of monitoring wells and pumps. 

3.11.6.8.8.1 Calculate cost of wells* 

where 

COSTM - cost of monitoring wells9 $. 

RMWC = cost of well ag fraction of cost of standard 
ph. 

DMW = depth of monitoring wells, ft. 

NMW = number of monitoring wells. 

COSP - cost of standard size pipe (12" welded steel), $/ft. 

3.11.6.8*8.1.2 Calculate RMWCO 

RMWC- 160.4 (DMW)-047033 . . 

where 

EMWC - cost of well as fractl.on of cost of standard pipe. 

DMW -,depth of monitoring wells, ft. 

3.11.6.8.8.1.3 Determine COSP. 
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COSP is the cost per foot of 12"p welded steel 
pipe. This cost in first quarter of 1977 is $13.5O/ft. For the 
best cost estimate COSP should be a current price input frcm a 
vendor, however, if this is not done the cost will be updated 
using the Marshall and Swift Equipment Cost Index. 

COSF - $13.50 m . 
where 

CCSP = cost of standard size pipe (12"D welded steel), 
wt. 

MSECI - current Marshall and Swift Equipment Cost Index. 

3.11.6.8.8.2 Calculate cost of punps for monitoring wells. 

3.11.6.8.8.2.1 Calculate COSTS. 

COSTtJiP * &OS-S) WW @fW 

where 

COSTMP - cost of pmps for monitoring wells, $. 

COSTPS - cost of standard size punp (3000 gpn), $, 

MWPR - cost of well pmp as fractioa of cost of 
standard punp. 

NKW = number of monitoring wells. 

3.11.6.8.8.2.2 Calculate MWPRm 

MWPR - OaO551 (DKW)"'658 

where 
. 

MWPR - cost of well p-p as fraction of cost of 
.,standard size pump* 

DMW - depth of monitoring wells, ft. 

3.11.6.8.8.2.3 Detenniae CCSTPS. 

COSTPS is the cost of a 3000 gpn pump. The cost 
is $17,250 for the first quarter of 1977. For the best cost 
estimate the user should input a current value of CCSTPS, 
however, if this is not doae the cost will be updated using the 
Marshall and Swift Equipment Cost Index. 
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COSTPS 
MSECT 

- WJSO m 

where 

COSTPS - cost of standard size p-p (3000 gm), $. 

MSECI - current Marshall and Swift Equiment Cost 
Index. 

3.11.6.8e8.3 Calculate total cost of monitoring wells. 

cosmw - cosTM+ COSTXP 

where 

cosD4w = total cost of monitoring'wellss $- h % 

COST?4 - cost of monitoring wells, $e 

. ' COSTXP - coet of pumps for monitoring wellsv $. 

3.115.6.8.9 Operation and maintenance material cost. 

oMJ!4c = (TCDS)(O~PD~(TCUS)(O~PW)~(COS~W)(O~PW)+(CoS~w)(o~~) 
100 

OMMC - O&Mmaterial costs, $/yr. 

3.115.6.8.10 Total. bare construction cost. 

TBCCRI - (TCDS~TC~S+CO~TRW+~O~~)(~.~~) 

where 

TBCCBI - total bare construction cost for rapid infiltration, 
$0 

TCDS - total cost of distribution system, $. 

TCUS - total cost of underdrain system, $. 

COSTRW - installed cost of recovery wells, $. 

COS'lMW - installed cost of monitoring wells, $. 

3.11.6.9 Cost Calculations Output Data. 

3.11.6.9.1 Total bare construction cost for rapid infil- 
tration, TBCCRI, $. 

3.11.6.9.2 Operation and maintenance material cost, OMMC, 
$/P 
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3.11.7 Slow Infiltration. 

3.11.7.1 Input Data. 

3.11.7.1.1 Wastewater flow, Q, mgd. 

3.11.7.1.1.1 Minimun flow, mgd. 

3.11.7.1.1.2 Average flow, mgd. 

3.11.7.1.1.3 Maxinun flow, mgd. 

3.11.7.1.2 Wastewater characteristics. 

3.11.7.1.2.1 Suspended solids, rag/l. 

3.11.7.1.2.2 Volatile suspended solids, % of suspended solids. 

3.11.7.1.2.3 Settleable solids, mg/l* 

3.11.7.1.2.4 BOD5 (soluble and total)v mg/l. 

3.11.7.1.2.5 COD (soluble and total), mg/l. 

3.11.7.1.2.6 Phospho- (as P04)* mg/ 1. 

3.11.7.1.2.7 Total Kjeldahl Nitrogen (TKN), mg/l. 

3.11.7.1.2.8 Ammonia-Nitrqen, NH3, mg/l. 

3.11.7.1.2.9 Nitrite-Nitrogen, N02, mg/l* 

3.11.7.1.2.10 Nitrate-Nitrogen, N203* mg/l,. 

3.11.7.1.2.11 Tenperature, 'C. 

3.11.7.1.2.12 pH, units. 

3.11.7.1.2.13 Oil and Grease, mg/i. 

3.11*7.1.2.14 Cationsv mg/l. 

3,11.7.1.2.15 Anions, mdl. 

3.11.7.2 Design Parmeters. 

3.11.7.2.1 Crops classification (specify). 

3.,11.7.2.1.1 Forage grass. 
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3.11.7.2.1.2 corn. 

3.11.7.2.2 

3.11.7.2i2.1 
in/ wk) l 

3.11.7.2.2.2 
inihr). 

3.11.7.2.3 

3.11.7.2.4 

3.11.7.2.5 

3.11.7.2.6 

3.11.7.2.7 

Application rate, Lw. 

Average application rate, in/wk - (0.5 - 4 

Max&mm application rate, iu/hr = (0.1-0.5 

Precipitation rate, Pr, in/wk. 

Evapotranspiration rate, ET, in/wke 

Runoff, R, in/wk. 

Wastewater generation period, WWGP, days/yr. 

Field application period, FAP, wks/v* 

3.11.7.2.8 Piping classffication (specify one). 

3.11.7.2.8.1 Solid set piping. 

3.11.7.2.8.2 Center pivot piping. 

3.11.7.2.9 Storage requirements, days/yr (specify one). 

3.11.7.2.9.1 Minimum storage, days/v* 

3.11.7.2.9.2 No storage. 

3.11.7.2.10 Liner required (liner should only be used with 
storage). 

3.11.7.2.11 tibankment protection (should only be used with 
storage). 

3.11.7.2.12 Recovery systen (specify one). 

3.11.7.2.12.1 Underdrains recovery system. 

3.11.7.2.12.2 No recovery system. 

3.11.7.2.13 Buffer zone width, ft (site dependent) - 0.0-500 
ft. 

3.11.7.2.14 Current ground cover, %. 
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3.11.7.2.14.1 Forest, % (require heavy clearing). 

3.11.7.2.14.2 Brush, % (require medIm clearing). 

3.11.7.2.14.3 Pasture, % (require light clearing). 

3.11.7.2.15 

3.11.7.2.15.1 

3.11.7.2.15.2 

3.11.7.2.16 

3.11.7.2.16.1 

3.11.7.2.16.2 

3.11.7m2.17 

3.11.7.2.18 

3.11.7.2.19 

3.11.7.2.20 

3.11.7.2.21 

Slope, %. 

Cultivated land 20%. 

None cultivated land 40%. 

Monitoring wells. 

Number. 

Depth per well, ft. 

Fraction detitrified, D, % - 15 - 25%. 

Ammonia volatilizatlou, AV, % = 0.0%. 

Soil removal of phosphorus, % - 80%. 

Hours per day operatiouv HPD, hrs. 

Days per week operation, DPW, days. 
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3.11.7.3 Process Design Calculations. 

3.11.7.3.1 Calculate total nitrogen concentration, Cn, in 
the applied wastewater. 

where 

'n = total nitrogen concentratidn in applied wastewater, 
Ulgfl. 

WOi * total Kjeldahl nitrogen concentration in applied 
wastewater, mg/le 

(N02)i - nitrite-N coucentration in applied wastewater, 
r&l. , 

- 
04031 1 = nitrat*N concentration in applied $stewater, 

mgil. 

3.11.7.3.2 Calculate wastewater nitrogen loading, Ln, 
lbs/acred. 

= 11.77 CnLw 

where 

Ln - wastewater nitrogen loading, lbs/acr*yr. 

Lw - wastewater,hydraulic loading rate, in/wk. 

3.11.7.3.3 Fran water balance, calculate percolating water 
rate, W 

P' 
in/wk. 

W 
P 

- ~~ + (Pr - ET) - R 

where 

W 
P 

- percolating water rate, in/wk. 

'r - design precipitation, in/wk. 

ET - evapotranspiration (or crops cormmptive use . 
of water), in/wk. 

R - net runoff, in/wk. 

-.-. 
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3.11.7.3.4 
J-e 

Calculate total nitrogen loading, (Lt)N, lb/acre 

atIN - Ln + 11.77 (Pr)(0.5) 

where 

'Lt)N - total nitrogen loading rate, lb/acre=yr. 
water, rnd 1. 

3.11.6.3.5 
0.9. 

Assume crop nitrogen uptake, (U)N, lb/acrev = 

3.11.7.3.5.1 For forage grass. 

c”)N * CI*Bl I(ll8.73) +0.36 (Lt)NJ lb/acreyr 

3.11.7.3.5.2 For corn. 

t”)N = 0.891[(176.53)-0.0476(Lt)N] lb/acre-yr 

where 

c”)N - crop nitrogen uptake, lb/acre-yr. 

3.11.7.3.6 
D, lb/acr*yr. 

Calculate nitrogen loss through denitrification, 

where 

D - nitrogen loss through denitrfflcation, 
lb/acre-yr. 

Df = nitrogen loss as a percent of total applied 
nitrogen, %. . 

3.11.i.3.7 
AV, lb/acr*yr. 

Calculate nitrogen loss due to volatilization, 

where 

AV - nitrogen loss due to volatilization, lb/acreyr. 
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@Vlf - percent of total nitrogen applied lost to 
volatilization, %. 

3.11.7.3.8 Calculate sum of nitrogen losses, ( N)L, lb/ 
acreyr. 

C NjL - (lJ)N + D + AV 

where 

( NjL - sum of total titrogen lost, lb/acre-yr. 

3.11.7.3.9 Gheck total nitrogen against (0.8 (Lt)N. 

C NIL crG8 &IN 

if C NIL 0.8 ($)N 

set ( N) L = 0.8 (Lt)N 

3.11.7.3.10 Fran nitrogen balance, calculate nitrogen con- 
centration in percolate, (CP)N, mdl. 

where 

WN - nitrogen concentration in percolate, mg/l. 

3.11.7.3.11 Calculate required treatment acre, TA, acres. 

TA - W8.5) @I/ Gw) 

where 

TA - required field area, acres. 

Q * merage wastewater flow, mgd. 

3.11.7.3.12 Calculate volume of required storage, acreft. 

(SV) - (SR) (Qwe )(10%(7.48) (43,560) 

where 

SV - volme of required storage, acreft. 

3.11.7.3.13 Calculate phosphorus loading, Lp, lb/acreyr. 

LP - 11.77 (TP)i(Lw) 
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where 

LP = total phosphorus loading, lbs/acr*yr. 

(TPji = total phosphorus concentration in applied 
wastewaer, mdl. 

3.11.7.3.14 Calculate soil r-oval of phosphorus, lb/acrev. 

mw = wwf (Lp)/ 000) 

where 

SRP - soil removal of phosphorus, lb/ acreyr. 

tWf = percent of total applied phosphorus removed by 
the soil, %. 

3.11.7.3.15 
acreyr. 

Calculate plant uptake of phosphorus, Up, lb/ 

where 

up = 0.891 r215.54 - 37.11 loge (Lp)] 

uP = plant uptake of phosphorus, lbs/acr*yr. 

3.11.6.3.16 Fran phosphorus mass balance, calculate phos- 
phorus concentration of percolate water. 

(cP)P = HLpl - (SRP) - oJpN/ w.771 Wp) 
where 

Nplp = 

3.11.7.3.17 

phosphorus content of percolate water, mg/l. 
WAU W’li 

Calculate percolate rate, Wp, mgd. 
, 

3.11.7.3.18 ,- Calculate suspended sol Ids concentration -in 
percolate, mg/ 1, assume 97% removal. 

L WpJ h/W & (e) ] (TA) acre (43,560 

(7.4g q (l/ 106) 
ft3 

where 
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W)p * suspended solids concentration in percolate, 
IIldl. 

(SSli = suspended solid? concentration in applied 
was tewater, ITI~ 1. 

3.11.7.3.19 Calculate total and soluble BOD concentration in 
percolate, mg/l, assume 95% renoval of total B D5. 3 

0J30D51p = (TBOD5)i (Oe05) 

W30D51 p = (SBOD5)i (0.05) 

where 

(TBOD5)P - total BOD5 concentration'in percolate, q/l. 

(TBOD5)i - total BOD5 consentrati.on in applied wastewater, 
mgfl. 

. 
SWD5 - soluble BOD5, q/l. 

3.11.7.3.20 Calculate total and soluble COD concentratiou in 
percolate, mg/l, assume COD rmmval of 95%. 

(SCOW p - (SCOD)i (0*05) 

where 

(TCOD)P and (TCOD)i - total COD concentration in percolate 
and applied wastewater, respectively, 
u&l. 

(SCOD)p and (SCOD)i - soluble COD concentration in percolate 
and applied wastewater, respectively, 
Ill&. 

3.11.7.39A NitriteN concentration in percolate - 0.0. ' . 

3.11.7.3.22 NitrateN concentration in percolate - (Cp)N. 

3.11.7.3.23 4nmonia-N concentration in percolate - 0.0. Total 
Kjeldahl-nitrogen concentration in percolate - 0.0. 

3.11.7.3.24 Oil and grease concentration in percolate - 0.0. 
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3.11.7.4 

3.11.7.4.1 

3.11.7.4.2 

3.11.7.4.3 

3.11.7.4.4 

3.11.7.4.5 

3.11.7.4.6 

3.11.7.4.7 

3.11.7.4.a 

3.11.7.4.9 

3.11.7.4.10 

3.11.7.4.11 

3.11.7.4.12 

3.11.7.4.13 

3.11.7.4.14 

3.11.7.4.15 

3.11.7.4.16 

3.11.7.4.17 

3.11.7.4.1701 

3.11.7.4sl7.2 

3.11.7.4017.3 

3.11.7.4.la 

3.11.7.4.19 

3.11.7.4.20 

3.11.7.4.21 

3.11.7.4.22 

3.11.7.4.23 

Process Design Output Data. 

Hours per day operation, hours. 

Days per week operation, days. 

Forage grasses. 

Application rate, idweek. 

Max&nun application rate, In/hour. 

Evapotransportation rate, in/week. 

Precipitation rate, iu/week. 

Runoff, in/week. 

Percent denitrified, percent. 

Percent munonia volatilization, percent. 

R-oval of phosphorus, percnet. 

Wastewater generation period, days/n. 

Field application period, weeks/yr. 

Solid set piping and pumping. 

Calculated storage required, acreft. 

Buffer zone width, feete 

Current ground cover, 

Forest9 percentm 
. 

Brush, percent= 

Pasture9 percent, 

Slope of site, percent. 

Nmber of monitoring wells, wells. 

Depth of mouitoring wells, feet. 

Treament area required, acres. 

Volme of percolate, mgd. 

Quality of percolate. 
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3.11.7.4.23.1 Suspended solids, mg/l. 

3.11.7.4.23.2 Volatile solids, percent. 

3.11.7.4.23.3 

3.11.7.4.23.4 

3.11.7.4.23.5 

3.11.7.4.23.6 

3.11.7.4.23.7 

3.11.7.4.23.0 

3.11.7.4.23.9 

3.11.7.4.23.10 

. 3.11.7.4.23.11 

3.11.7.5 

3.11.7.5.1 
schedule, days 

3.11.7.5.1.1 

BOD5, q/l. 

BOD5 soluble, mg/l. 

COD, m&. 

COD soluble, mg/l. 

, 
N02, mg/l. 

NO39 mg/l. 

Oil and grease, mg/le 

Quantities Calculations. 

Distribution punping. User must input the operating 
per week (DPW) and hours per day (HPD) of operation. 

Calculate the.design flow. 

FLOW = (Qavg) (WWGP) (24) 
(FAP) DPW) (HPD) 

where 

FLOW = actual daily flow to spray field, mgd. 

Q - average daily flow,mgd. 

WWGP - wastewater generation period, days/yr. 

FAP - field appiication period, wks/yr. 

DPW - days per week treament system is operated, 
days/wk. 

HPD - hours per day treament system is operated, 
hrs/day. 

24 - conversion fran days to hours, hrs/day. 
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Using the flow calculated (FLOW), the distribution pmping till 
be sized and the cost estimated fran the efistiug section en- 
titled "Intezmediate Punping". 

3.11.7.5.2 Storage requirements. The slow rate system, like 
overland flow, is dependent upon weather. Also if crops are 
grown it is dependent upon growing seasons. The user must input 
the nunber of days of storage required based on anticipated 
=rcw, and climatic data for the particular area. 

3.11.7.5.2.1 Calculate storage volume. 

where 

SV = storage volume, gal. 

SR * storage required, daya/yr. 

Q - average daily flow, mgd. 

3.11.7.5.2.2 Calculate size and nunber of storage lagoons. 

3.11.7.5.2.2.1 The following assumptions are made in determining 
size and nunber of lagoons: 

Aminimxn of 2 lagoon cells will always be used. 
An even nunber of lagoon cells will be used, such as 
2, 4, 6, 8, etc. 
The largest single lagoon cell will be 40 acres 
which represents approximately 85 million gallons 
storage volume. 

3.11.7.5e2.2.2 If SV ~170,000,000 gal. 

NLC-2 

3.11.7.5.2.2.3 If SV>170,000,000tgal. a trial and error so- 
lution for NLC will be used* 

Assume NL& -4; if &> 85,000,OOO gal. 

Redesignate NLC - NLC + 2 and repeat calculation until SV 
85,000,OOO gal. IiFs 

where 

SV - storage voltme, gal. 
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NLC - nunber of lagoon cells. 

3.11.7.5.2.3 Calculate storage volume per cell. 

NC - (I?$7 48) . 
where 

SVC - storage volume per cell, ft3= 

SV = storage volme, gal. 

NLC - nunber of lagoon cells. 

7.48 - converslon fran gal. to ft3, gal/ft3. 

3.11.7.5.2.4 Calculate lagoon cell dtiensious* The following 
assumptions are made concerning lagoon construction: 

The lagoon cells will be square. 
Camnon levee construction will be used where possible. 
Lagoons will be constructed using equal cut and fill. 
Lagoon depth will be 10 ft with 8 ft water depth and 2 ft freeboard. 
Minimum water depth will be 1.5 ft. 
Side slopes will be 3 to 1. 
A 30% shrinkage factor will be used for fill. 

L - (0.615 svc - 1521)om5 + 60 
2 

where 

L - length of one side of lagoon cell, ft. 

SVC - storage volume per cell, ft3. 

3.11.7.5.2.5 Calculate volme of earthwork requlred for la- 
goon!3 . The volune of earthworkmust be determined by trial and 
error using the following equations: 

DC + DF' = 10 

VF- [ 3 (DF)2 + 1ODF ] [ 59 + '1 (L) 

vc * (1.3)(mC) (DC) [ L2 - (6)(DF)(L) + 12 (DFj2 + 120 DF - 60L + 12001 

- ---- 
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Assume that the depth of cut (DC) is equal to 1 ft. Fran the 
equations calculate the volme of fill (VF) required and the 
volme of cut (VC) requirad. Canpare VC and VF. 

If VCCVF then assume DC >l ft and recalculate VC and VF. 

If VC>VF then assume DC< 1 ft and recalculate VC and VF. 

Repeat this procedure until VC - VF. This is the volune of 
earthwork required for the storage lagoon. 

VC - VF - VLEW 

where 

DC = depth of cut, ft. 

DF = depth of fill, ft. 

VF - voltme of fill, ft3. 

VC - volume of cut, ft3. 

NLC = nunber of lagoon cell.s. 

L - length of one side of lagoon call, ft. 

VLEW - vo 3 me of earthwork required for lagoon construction, 
ft . 

3.11.7.5.3 Slow rate distribution systm. In a slow rate 
land treament system the wastewater is usually applied to the 
field in one of two ways, buriedsolid set sprinklers or center 
pivot sprinkler systems. Both of these distribution methods 
will be addressed* 

3.11.7.5.3.1 Buried solid set sprinklers. The selection of 
the optimum sprinkler type, size ,tspacing is very dependent on 
the site conditions. Certain assumptious will be made on these 
paraneters to stiplify the calculationse While these assump- 
tions, if used to design some systems, would drastically affect 
perfozmanceP they will have little affect on the overall costs. 

Assume: 

The treatment area will be square. 
The spacing between laterals will be 50 ft. 
The spacing between sprinklers will be 50 ftm 
Sprinklers will be arranged in square patterus. 
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3.11.7.5.3.1.2 Calculate dimensions of treament area. 

LTA = [(TA) (43,560)] '*' 

where 

LTA - length of one side of treatment area, ft. 

TA - treatment area, acres* 

43,560 - conversion fran acres to ft2, ft2/acre. 

3.11.7*5.3.1.3 Calculate flow per sprinkler. 

where 

FPS - 2,500 (MAR) 
36.3 

FPS - flow per sprinkler9 gpm* 

MAR - &mimum application rate- inches/hr. (Must be 
input by user based on crop and infiltration rate) 

2500 - application area for each sprinkler, ft2. 

96.3 - canbined conversion factors. 

3.11.7.5.3.1.4 Calculate nunber of headers. This will be a 
trial and error process. The governing assumption will be that 
the header pipes will be less than 48"p. Assume NU = 1. 

3.11.7.5.3.1.4.1 Calculate the length of laterals. 

LL m GA 
2NH 

LL - length of laterals, ft. 

LTA = length of one side of treament area, ft. 

NH = nunber of headers. 

3.11.7.5.3.1.4.2 Calculate nunber of sprinklers per lateral. 

NSL -3 

where 

N'L - nunber of laterals per header. 

LTA - length of one side of treatment area. 
---- 
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3.11.7.5.3.1.4.3 Calculate nunber of laterals per header. 

where 

NL - nunber of laterals per header. 

LTA = length of one side of treabnent area, ft. 

SO - spacing of laterals on header, ft. 

3.11.7.5.3.1‘4.4 Calculate number of sprinklers per header. 

NSH - OW NW 

where 

NSH - nurtber of sprinklers per header. 

NL - nunber of laterals per header. 

NSL - nunber of sprinklers per lateral. 

3.11.7.5.3.1.4.5 Calculate flow per header. 

Xf FP0 16,000 gm; assume NH = NH + 1 and recalculate FP'H 
until FPH 16,000 gm. 

where 

FPH - flow per hesder, gpm. 

FPS - flow per sprinkler, gpm* 

NSH = number of sprinkler per header* 
. 

3.11.3.1.5 Calculate pipe size for laterals. 

DIAL - 0.286 [(NSL) (FPS)] Oo5 

DIAL must be one of the following: 2, 3, 4, 16, 6, 18, 20, 24, 30, 8, 10, 12, 36, 42, 48* 14, 
Always 

use the next 

dianeter above the calculated dlaeter. 
larger 

where 

DIAL = diameter of lateral, inches. 

NSL - nunber of sprinklers per lateral. 

FPS - flow per sprinkler, gp. 

0.286 = canbined converslon factors. 
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3.11.7.5.3.1.6 Calculate quantity of lateral pipe required. 

'I'LL - (LL) WH) WH) 

where 

TLL - total length of lateral pipe, ft. 

LL - length of laterals9 ft. 

NLH - nunber of laterals per header. 

NH = nunber of headers- 

3.11.7.5.3.1.7 Calculate pipe sizes for headers. The header 
pipe nomally decreases in size due $0 decreasing volume of flow 
as each lateral pipe removes part of the flow fran the header 
pipe- The header size will be calculated after each lateral on 
the header. 

DIAHN - 0.286 [FPIi - (N) (FPL)] 
0.5 

Begin calculation with N = 0. This will give the diameter of 
the header (DIAHO) before any flow is removed. Then set N - N + 
1 and repeat the calculation. This will give the diameter (DLAH 
1) of the header after the first lateral has renoved a part of 
the flow. Repeat the calculation each the redesignating N 
until N - NLH. 

DUHNmst be one of the following: 2, 3, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 24, 30, 36, 42, 48. 

where 

DIAHN - diaeter of header pipe, inches. 

FPH - flow per header, gp. 

N - nunber of laterals. 

-. FPL - flow per lateral, gp. 

0.286 - canbined couversion factors. 

3.11.7.5.3.1.8 Calculate length of header pipe. 

where 
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LDIAHN - length of header pipe of diameter DIAHN, ft. 

SUM - the ruxnber of points with the sme dlaneter. 

50 = spacing between laterals, ft. 

3.11.7.5.3.1.9 Calculate nmber of butterfly valves for diz+ 
tribution system. There will be a butterfly valve In each 
header for flow control. These valves will be In the header 
upstream fran the spray field and will be the sme as the 
initial size calculated for the header. 

NBV = NH 

DBV = DIAHN 

where 

NBV - nunber of butterfly valves. 

NH=nunber of headers. 

DBV = dianeter of butterfly valves, inches. 

DUHN = dianeter of header calculated when N - 0, inches. 

3.11.7.5.3.1.10 Calculate nunber of valves for lateral 
lines. There will be a plug valve in each lateral line which 
will be autanatic but will be either fully open or fully closed. 
They will be the sme size as the size calculated for the 
laterel pipes. 

DLV - DIAL 

where 

NLV - nunber of lateral valves. 

NLH - number of laterals per header0 

NH=nunber of headers* 

DLV = dianeter of l.ateral valves, inches. 

DIAL - diaeter of lateral pipes, Inches. 

3.1~.7.5.3.1.11 Calculate nunber of sprinklers. 

NS - O=U MJO OW 
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where 

NS = nunber of sprinfiers 

NSL - number of sprinklers per lateral. 

NLH - number of laterals per header. 

NH - nunber of headers. 

3.11.7.5.3.2 Center pivot system. 

3.11.7.5.3.2.1 Determine size and nunber of center pivot sys- 
tens. Center pivot systems are available in sizes which cover 
fran 2 to 450 acres. Because of weight and structural COW 

.sideration, the largest pipe availa!le in the system is 8 
inches. For this reason, hydraulics sanetines control the 
sizing rather than area of coverage- 

3.11.7.5.3.2.1.1 The following ass-ptions will be made: .- 
. 

The systems will operate 24 hours per day, 7 days per week. 
A minimum of 2 units will be used. 
Ten percent of the treatment area will not be irrigated because 
of the circular coufiguration. 

SCP - (TA) (1.1) 
N 

Begin with N - 2 and if SCP > 450 redesignate N = N + 1 and 
recalculate. 

3.11.7.5.3.2.1.2 Because of hydraulic considerations check 
system velocity. 

v- C.017) (AR) (SCP) 

Xf V >lO fps redesignate N - N + 1 and recalculate SCP and V. 
When V s 10 fps use the calculated SCP aud II. 

where 

SCP = size of center pivot system, acres. 

TA = treabnent area, acres. 

N - nunber of center pivot systmm. 

V - velocity in system, ftfsec. 

AR - application rate, in/hr. 
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2.89 = canbined constants and conversion factors. 

3.11.7.5.3.2.2 Deternine size of header pipe. Assume each 
center pivot systm takes flow fran header consecutively. 

CDIAEIN = 0.832 [(N) (AR) (SCP)] '05 

This gives the header she to the first unit. DIAEN must be one 
of the following: 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24, 
30, 36, 42, 48 inches. Always use next higher pipe size. 

Set N = N - 1 and repeat the calculation. This gives the 
dianeter of the header pipe between the first and second unit. 

Redesignate N 

where 

CDIAHN - 

N= 

AR- 

SCP * 

after each calculation until N - 0. 

diaeter of segments of header, inches. 

nunber of center pivot systms. 

application rate, in/hr. 

size of center pivot system, acres. 

3.11.7.5.3.2.3 Deternine length of segments of header pipe. 

LCDIAN - 235.5 (SCP) '05 

Each segment of header pipe is approximately the s-e length and 
is essentially equal to the dimeter of the center pivot system. 

where 

LCDIAN = length of segment of header pipe of dimeter 
CDUHNV fte 

SCP - size of center pivoi systenV acres. 

235.5 - caabined coostants and couversion factors. 

3.11.?.5.4 Underdrain systen for groundwater control. 
Practical drainage systems for wastewater applications will be 
at depths of 4 to 8 ft and spaced 200 ft apart. The following 
assumptions will be made concerning the drainage system. 

--- . -- - - -. --- --.----- --.. ..-- -- -----.- -. - ------------ --. - ---- - -- - - ---- - 



6" dianeter perforated PVC pipe will be used. 
Spacing will be ZOO ft. 
Depth of burial will be 4 to 8 ft. 

LDP - [E+ 2J LTA 

where 

LDP - length of drain pipe, ft. 

LTA = length of one side of treatment area, ft. 

3.11.7.5.5 Land preparation. Unlike overland flow there is 
very little land forming required for slow rate. The land will, 
however, require clearing and grubbing. 

For clearing and grubbing the areas will be classified in three 
categories: heavy, medium and lighte Heavy refers to wooded 
areas withmature trees. Xedium refers to spotted mature trees 
with nunerous small trees and bushese Light refers ,to only 
mall trees and bushes. The user must specify the type of 
clearing and grubbing required as well as the percent of the 
treatment area requiring clearing and grubbing. 

CAGH = PCAGEI (TA) 
100 

CAGM - PCAGM (TA) 
-ET 

where 

CAGL = PCAGL (TA) 
-ir 

CAGH - area which requires heavy clearing, acres. 

PCAG0 - percentage of treatment area requiring heavy 
clearing, %. 

CAGZ4 - area which requires medium clearing, acres. 

PCAGM- percentage of treatment area requiring medium 
clearing, %. 

CAGL - area which requires light clearing, acres. , 

PCAGL- percentage of treament area requiring light 
clearing, %. 

TA - treatment area, acres. 
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3.11.7.5.6 Determine total land requirement. The land 
requlrenent will be different depending on which application 
method is used center pivot, or flxed sprinklers. 

3.11.7.5.6.1 Total treatment area. 

3.11.7.S.6.1.1 Center pivot. The actual treatment area for the 
center pivot system will be increased by 10% because there will 
be unwetted areas due to the circular configuration. 

wheqe 

TTA - total. treatment area, acres. 

TA - treatment area, acres. 

1.1 - factor for unwetted area. 

3.11.7.S.6.1.2 Buried solid set sprinklers. The treatment area 
til be increased by approzdmately S% for service roads. 

TTA - (10 OS) (TA) 

where 

TTA = total treatment area, acres. 

TA = treatment area, acres* 

1.0s - factor for sewice roads. 

3.11.7.S.6.2 Area for storage lagoons. 

Aa - (1.2)$;;; tLj2 
9 

where . 

ASL = area for storage lagoonsV acres. 

NLC - nunber of lagoon cells. 

L - length of one side of lagoon cell, ft. 

1.2 = additional area required for cross levee. 

3.11.7.S.6.3 Area for buffer zone. 

Assume: 

Buffer zone till be around entIre treatment area. 
Facility will be square. 

~ -. 
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ABZ - 4 WBZ [ ( 43.560 TTA) 
0.5 + WBZ } 

43,560 

where 

ABZ - area required for buffer zone, acres. 

W32 - width of buffer zone (must be input by user), ft. 

TTA - total treatment area, acres; 

3.lle7.5.6.4 Total land area 

TLA=TTA+ ASL+ ABZ 
* 

where 

TLA - total land area required, acres* 

TTA - totd treatment area, acres. 

ASL - area requirad for storage lagoons, acres. 

ABZ - area required for buffer zone, acres. 

3.11.7.5.7 Calculate fencing required. 

LF - 834.8 (TLA)Oo5 

where 

LF - length of fence required, ft. 

TLA = total land area required, acres. 

834.8 - canbined conversion factors and constants. 

3.11.7.5.8 Calculate operation and maintenance manpower. 

3.11.7.5.8.1 Dis tribut iou sys ten. 

3.11.7.5.8.1.1 Solid set sprinklers. 

3.11.7.5.8.1.1.1 If TAs6R 

OMMHD - l-58.32 (TA) 
0.4217 

3.11.7.5.8.1.1.2 If TA>6Q 

OMMHD = 26.73 (TA) 0.8561 



3.11.7.5.8.1.2 Center pivot. 

3.11.7.5.8.1.2.1 If TA<lOR 

OMMHD = 209.86 (TA)oo4467 

3.11.7.5.8.1.2.2 If TA X0& 

OMMHD - 32.77 (TA)"*8481 

TA = treament area, acres- 

OMMED = O&Mmanpower for distribution system, MH/yr. 

3.11.7.5.8.2 Underdrain systen~ 

3.11.7.5.8.2.1 If TAs80; 

OMMHU - 54.71 (TA)"'2414 

3.11.7.5.8.2.2 If TA>80; 

OlMHU * 10.12 (TA)"*6255 

where 

TA - trealment area, acres. 

OMMHU - O&Mmanpower for underdrain system, MET/v. 

3.11.7.5.8.3 Monitoring wells. 

oIfM@f - 6J9(xW)(DMw)"*2760 

where 

OMMH?i- operation and maintenkce manpower for monitorlng 
wells, MH/fl* 

NMW - nmber of monitoring wellse 

DMW - depth of monitoring wells, ft. 

3.11.7.5.9 Calculate O&Mmaterlal costs. 

3.11.7.5.9.1 Distribution systen. 

3.11.7.5.9.1.1 Solid set sprinklers. 

OMMPD - 0.906 (TA)mo*0860 
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3.11.7.5.9.1.2 Center pivot. 

3.11.7.5.9.1.2.1 If TA 175; # 

OMIMPD - 1.06 (TA) 0.0696 

3.11.7.5.9.1.2.2 If TA 175; 

OMMPD - 2.92 (TA) -0.1261 

TA = treatment area, qxes. 

(HMPD - O&M material cost as percent of construction 
ccst of distribution system, %. 

3.11.7.5.9.2 Monitoring wells. 

OMMPM - 2028 (DMW)"'04g7 

where 

OMMPM - O&Mmaterial cost as percent of construction 
ccst of monitoring wells. 

DMW - depth of monitoring wells, ft. 

3.11.7.5.9.3 Underdrain system0 

3.11.7.5.9.3.1 If TA 20% 
\ 

OMMPU = 14.13 (TA) -0.1392 

3.11.,7.5.9.3.2 If TA 2OQ 

OMMPU - 30.95 (TA)-og2860 

where 

OMXPU- 

TA = treannent area, acres. 

3.11.7.5.10 Other construction cost itens. The quautities 
canputed account for approtiately 85% of the construction cost 
of the systems. Other miscellaneous costs such as connecting 
piping for lagoous, lagoon influent and effluent structures, 
miscellaneous concrete structures, etc., make up the additional 
15%. 

O&M material cost as percent of construction cost 
of underdrain system, %. 
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CF 1 - - - 1.18 0.85 
where 

CF - correction factor for other constnxtion costs. 

. , 

3.lb96 



3.11.7.6 Quantities Calculations Cutput Data. 

3.11.7.6.1 Volye of earthwork required for lagoon con- 
struction, VLKW, ft . - 

3.11.7.6.2 

3ell.7.6.3 

3.11.7.6.4 

3.11.7.6.5 
LDIAHN, ft. 

3ell.7.6.6 

3.11.7.6.7 

3.11.7.6.8 

3.11.7.6.9 

3.11.7.6.16 

3.11.7.6.11 

3.11.7.6.12 

3.11.7.6.13 

Dianeter of Lateral pipes, DIAL* inches. 

Total length of lateral pipe, TLL, ft. 

Dianeters of header pipes, DIAHN, inches* 

Length of header pipes of diameters DIAHN, 

Ranber of butterfly valves, IIBV. 

Diaeter of butterfly'valves, DBV, inches. 

Number of 3.atera.l valves, NLVe 

Diameter of lateral valves, DLV, inches. 

Naber of sprinklers, NS. 

Number of center pivot systems, N. 

Size of center pivot system, SCP, acres. 

Dianeter of segments of header pipe for center 
pivot, CDIAHN, inches. 

3.11.7.6.14 Length of segment of header pipe of dimeter 
CDIAHN for center pivot, LCD&U?, ft. 

3.11.7.6.15 

3.11.7.6.16 

3.11.7.6.17 

3.11.7.6.18 

3.11.7.6.19 

3.11.7.6.20 

3.11.7.6.21 
WY= 

3.11.7.6.22 

Length of drain pipe, LDP, ft. 

Area which requires heavy clearing, CAGEI, acres. 

Area which requires medim clearing, CAGM, acres. 

Area which requires light clearing, CAGL, acres. 

Total land area required, TLA, acres. 

Length of fencing required, LF, ft. 

O&Mmanpower for distribution system, OMKHD, 

OWmanpower for underdrain system, OMMHU, MX/yr. 

- -.- - 
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3.11.7.6.23 O&M material costs as percent of construction 
cost of distribution systen, OMMPD, %. 

3.11.7.6.24 O&Mmaterial costs as percent of construction 
cost of underdrain systen, OMKPU, %. 

3.11.7.6.25 
CF. 

CorrectIon factor for other construction costs, 

3.11.7.7 Unit Price Input Required. 

3.11.7.7.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.11.7.7.2 Cost of standard size pipe (12"D), COSP, $/ft. 

3.11.7.7.3 
COSTSV, $. 

Cost of standard size valve (12"D butterfly), 

3.11.7.7.4 Cost per sprinkler, COSTRN, $. 

3.11.7.7.5 Unit price input for 6" PVC perforated drain 
pipe, UPIPP, $/fte 

3.11.7.7.6 
UPICG, $/acre. 

3.11.7.7.7 

3.11.7.8 

3.11.7.8.1 

where 

Unit price Input for-heavy clearing and grubbing, 

Unit price input for fence, UPIF, $/ft. 

Cost Calculations. 

Cost of earthwork. 

COSTE -w UPIRX 
. 

COSTX - cost of earthwork, $e 

VLEW - vosune of earthwork required for lagoon construction, 
ft 0 

UPIEX - unit price Input for earthwork, $/cu yd. 

3.11.7.8.2 Cost of distribution system for solid set sprinklers. 
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3.11.7.8.2.1 Cost of header pipes. 

3.11.7.8.2.1.1 Calculate total installed cost of header pipe. 

TICHP = ICEPN 

where 

TICHP = total installed cost of header pipes, $* 

ICHPN = installed c-t of various size header pipes, $. 

3.11.7.8.2#1.2 Calculate installed cost of each size header 
~~~~o 

where 

ICHPN = installed cost of various size header pipes, $. 

LDIAHN = length of header pipes of size DIAHN, ft. 

COSTPN = cost of pipe of dianeter DIAHN as percent of cost 
of standard size pipe, %* 

COSP = cost of standard size pipe (12” diameter), $/ft. 

3.11.7.8.2.1.3 Calculate COSTPN. 

COSTPN = 6.842 (Dm) 
1.2255 

where 

COSTPN - cost of pipe of dianeter DIAHN as percent of cost 
of standard size pipe, Z. 

DIAHN - diaueters of header pipes, inches. 

3.11.7.8.2.1.4 Determine COSPO COSP is the cost per foot of 12” 
dianeter welded steel pipe. This cost is $13.SO per foot 4th 
quarter, 1977. 

3.11.7.8.2.2 Cost of lateral pipes. 

3.11.7.8.2.2.1 CXlculate total i&talled cost of lateral pipe. 

TICLP = (TLL) ~w (COSP) 

where 
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3.11.7.8.2.2.1 Calculate total installed cost of lateral pipe. 

TICLP = 

where 

TICLP - total installed cost of lateral pipe, $. 

TLL - total length of'lateral pipe. 

OSTP - cost of pipe of dimeter DIAL as percent of cost 
of standard size pipe, %. 

COSP - cost of standard size pipe (12" dimeter), $/ft. ' 

3.11.7.8.2.2.2 Calculate COSTF+. 

COS'n - 6.842 (DUL)l'22s5 

where 

COSTP * cost of pipe of dianeter DIAL as percent of cost 
-. of standard size pipe, %@ 

DIAL - diameter of lateral pipes, inches. 

3.11.7.8.2.2.3 Detexmine COSPO 
diameter welded steel pipe. 

COSP is the cost per foot of 12" 

quarter, 1977. 
This cost is $13.50 per foot in 4th 

3.11.7.8.2.3 Calculate cost of butterfly valves. 

3.11.7.8.2.3.1 Calculate installed cost of butterfly valves. 

cosmv - (COSTRV) (CCSTSV) (NBV) 
100 

COSTBV - installed cost of bitterfly valves, $. 

COSTPV - cost of butterfly valve of size DBV as percent of 
standard size'valve, %0 , 

WSTSV - cost of standard size valve, $. 

NBV - nmber of butterfly valves.. 

3.11.7.8.2.3.2 Calculate COSTRV. 

COSTRV - 3.99(DBV)lo3" 

- - 
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where 

COSTRV - 

DBV - dimeter of butterfly valves, inches. 

cost of butterfly valve of s$ze DBV as percent of 
standard size valve, %. 

3.11.7.8.2.3.3 Determine COSTSV. COSTSV is the cost of a 12" ,k~ 
butterfly valve suitable for water se-ice. This cost is $1,004 
for 4th quarter, 1977. 

3.lle7.8.2.4 Calculate cost of lateral valves. 

3.11.7.8*2.4.1 Calculate installed cost of lateral valves. 
cosnv = (COSTRLj.(COSTSV) @LV) 

100 
where 

COSTLV - installed cost of lateral valves, $. 

COSTRL = cost of lateral valve of siie DLV as percent of 
cost of standard size valve, %. 

COSTSV = cost of standard size valve (12" b butterfly), $. 

NLV - nuuber of lateral valves* 

3.11.7.8.2.4.2 Calculate COSTRL. 

COSTRL - 15.33 (DLV)1*os3 

where 

COSTRL - cost of lateral valve of size DLV as percent of 
cost of standard size valve, %. 

DLV - diaeter of lateral valves, inches. 

3.11.7.8.2.4.3 Determine COSTSV* COSTSV is the cost of a 12" b 
butterfly valve suitable for water semice. This cost is $1004 
for the 4th quarter of 1977. 

3.11.7.8.2.5 Calculate cost of sprinklers. 

3.11.7.8.2.5.1 Calculate installed cost of sprinklers. 

COSTS = 1.2 (NS) COSTEN 

COSTS - installed cost of sprinklers, $. 

NS - nunber of sprinuers. 
-. --~ 
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COSTEN - cost per sprinkler, $. 

1.2 - 20% for cost of lastallatioa. 

3.11.7.8.2.5.2 Deteaniae COSTEN. COSTEN Is the cost of an ' 
impact type rotary popup, full circle sprlakler with a flow 
fran 6 to 15 gptn. This c&t is $65.00 for the 4th quarter of 
1977. 

cos'rm - $65.00 

For better cost estimatloa, COSTEN should be obtaiaed fran an 
equipment vendor *and treated as a ualt price Input. Othexwise, 
for future escalation, the equipment cost should be adjusted by 
usiag the Marshall and Stift Equipment Cost Index. 

COSTEN - $65.00 s . 
where 

MSECI - current Marshall and Swift Equipment Cost Index. 

518.4 - Marshall and Swift Equipment Cost Iadex 4th 
quarter of 1977. 

3.11.7.8.2.6 Calculate total cost of distribution systen for 
solid set spriaklers. 

TCDSS = TICHP + TICLP + COSTBV + COSTLV + COSTS 

where 

TCDSS = total cost of distribution systm, $. 

TICHP - total iastalled cost of header pipes, $. 

TICLP - total iast&lled cost of laterd pipes*, $. 

COSTBV - iastalled coet of butterfly valves, $. 

COSTLV - iastalled cost of lateral valves, $. 

COSTS = installed cost of sprlaklers, $.- 

3.11.7.8.3 Cost of distribution systen for ceater pivot 
syst%u. 

3.11.7.8.3.1 Cost of center pivot systenm. 

3.11.7.8.3.1.1 Calculate cost of center pivot systems. 
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cos~p * (N) (COSTRC) (cocp) 
100 

where 

COSTCP - total cost of center pivot system, $. 

N = nunber of center pivot system required. 

COSTRC = cost of center pivot system of size SCP as percent 
of standard size system,*%. 

aXP = cost of standard size systen (200 acres), $. 

3.11.7m8e3.1.2 Calculate COSTRC. 

COSTRC * 12.23 (scP)oo45sg 

where 

COSTRC - cost of center pivot system .of size SCP as percent 
of standard size system, %.' 

SCP - size of center pivot system, acres. 

3.11.7.8.3.1.3 Determine COCP. COCP is the cost of a center 
pivot sprinkler systm capable of irrigating 200 acres. The 
cost is $29,200 for the 4th quarter of 1977. 

coCP - $29,200 

For better cost estimation, COCP should be obtained fran an 
equipment vendor and treated as a unit price input. Othemise, 
for future escalation, the equimeut cost should be adjusted by 
using the Marshall and Swift Equipment Cost Index. 

COCP = $29,200 ,m 

where 

MSECI - current Marshall and Swift Equipent Cost Index. 

518.4 - Marshall and Swift Cost Index 4th quarter of 1977. 

3.11.7.8.3.2 Cost of header pipe for center pivot. 

3.11.7.8.3.2.1 Total cost header pipe. 

TCHPC - XCDPCN 

where 

TCEiPC = total cost header pipe for center pivot, $. 
-- .--- 
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CHPCN = cost of various size header pipe for center pivot, 
$. 

3.11.?.8.3.2.2 Calculate cost of each size header pipe. 

cmm * (LCDIAN) (COSTPN) (COSQ 
100 

where 

CHPCN = installed cost of various size header pipe, $. 

LCD&IN - length of header pipes of dlmeter CDIAHN, ft. 

COSTPN = cost of pipe of dimeter CDIAHN as percent of cost 
of standard size pipe, %. 

COSP - cost of standard size pipe (12" diaeter), $/ft. 

3.11.7.8.3.2.3 Calculate COSTPN. 

COSTPN = 6e842 (CDIAHN)1e22ss 

where 

COSTPN - cost of pipe of dimeter CDIAEiN as percent of cost 
of standard size pipe, %. 

CDIAHN - dianeter of segments of header pipe, inches. 

3.11.7.8.3.2.4 Deternine COSP. COSP is the cost per foot of 12" 
dianeter welded steel pipe. This cost is $13.50 per foot in 4th 
quarter of 1977. 

3.11.7.8.3.3 Calculate total cost of distribution systen for 
center system. 

TCDCP-COSTCP+ TCHPC 

where , 

TCDCP - total cost of distribution system for center pivot 
syst8n~ $. 

COSTCP = cost of center pivot systems, $* 

TCHPC - total cost of header pipe for center pivot, $. 

3.11.7.8.4 

where 

Cost of underdrain systema 

cosTu - (LDP)(UPIPP)(l.l) 
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COSTU - cost of underdrain system, $. 

LDP = length of drain pipe, ft. 

UPIPP = unit price input for 6" PVC perforated drain pipe, 
$1 ft* 

1.1 - 10% adjusment for trenching and backfilling. 

3.11.7.8.5 Calculate cost of clearing and grubbing. 

COSTCG - (CAGEi + Oa306 CAGM+ 00092 CAGL) UPICG 

where 

COSTCG - cost for clearing and grubbing site, $. 

CAGH - area which requi,res heavy clearing, acres. 

CAGM - area which requires medium clearing, acres. 

CAGFl - area which requires light clearing, acres. 

UPICG = unit price input for heavy clearing and grubbing 
$/acres. 

3.115.7.8.6 Calculate cost of fencing. 

, COSTF * (LF) (UPIF) 

where 

COSTF - installed cost of fencing, $. 

LF - length of fencing required,ft. 

UPIF - unit price input for fencing, $/ft. 

3.11.7.8.7 Cost of monitoring wells and pumps. 

3.11.7.8.7.1 Calculate cost of wells. 

3.11.7.8.7.1.1 Calculate COSTM. 

cosm - (m)(DW)(W)(COSP) 

where 

COSTM - cost of monitoring wells, $. 

KM% - cost of well as fraction of cost of standard 
ph=. 



DMW - depth of monitoring wells, ft. 

NMW - number of monitoring wells. 

COSP = cost of standard size pipe (12" welded steel), $/ft. 

3.11.7.8.7.1.2 Calculate RMWC. 

RMWC - 160.4 (DMW)-"'7033 

where 

RHWC - cost of well as fraction of cost of standard pipe. 

DMW - depth of monitoring wells, ft. 

3.11.7.8.7.1.3 Detexnine COSP. 

COSP is the cost per foot of 12"p welded steel 
Mm This cost in first quarter of 1977 is $13.SO/ft. For the 
best cost esttiate COSTSP should be a current price input fran a 
vendor, however, if this is not done the cost will be updated 
using the Marshall and Swift Equipent Cost Index. 

where 

COSP - $13.SO SF6 . 

COSP = cost of standard size pipe (12"o welded steel), 
VfL 

mxc1 - current Marshall and Swift Equipment Cost Index. 

3.11.7.8.7.2 Calculate cost of pumps for monitoring wells. 

3.11.7.8.7*2.1 Calculate COSTIMP* 

where 

COSTMP = cost of pumps for monitoring wells, $. 

COSTPS - cost of standard size punp (WOO gm), $. 

MWR = cost of well pump as fraction of cost of 
standard pump. 

NMM - nunber of monitoring wells. 
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3.11.7.8.7.2.2 Calculate MWPR. 

MWPR - 0.0551 (DMW)"*658 

where 

MWR - cost of well pump as fraction of cost of 
standard size pump. 

DIN - depth of monitoring wells, fte. 

3.11.7.8.7.2.3 Determine COSTPS. , 

COSTPS is the cost of a 3000 gp p-p. The cost 
is $17,250 for the first quarter of.1977. Par the best cost 
estimate the user should input a current value of COSTPS, 
however, if this is not done the cost til be updated using the 
Marshall and Swift Equipment Cost Indexe 

COSTPS MSECI - W,=O gq-~ 

where 

COSTPS = cost of standard size pump (3000 g&, $. 

.MSECI - current Marshall and Swift Equipment Cost 
Index. 

3.11.7.8.7.3 Calculate total cost of monitoring wells. 

cosmw - cosm + COsmp 

where 

COSTMW = total cost of monitoring wells, $. 

COST!4 - cost of monitoring wells, $. 

COS-IMP - ca3t of pumps for monitoring wells, $. 

3.11.7.8.a Calculate O&Mmaterial costs. 
o~c - (OMWD) (TCDSS)+(OMMHD) (TCDCP)+OMMPU(COS~)+O~PM(COS~) 

100 

where 

OMMC - total O&Mmaterial cost, $. 

OMMPD - O&Mmaterial cost for distribution systen as 
percent of construction cost for distribution 
sl-t-, $0 
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TCDS S - total cost of distribution system for solld set 
sprinklers, $. 

OMMPM = O&Mmaterial cost for monitoring well as percent 
of construction cost of monitoring well, %. 

cosmw = total cost of monitoring wells, $. 

TCDCP = total cost of distribution systen for center 
pivot, $. 

OMMPU - O&Mmaterial cost for underdrain system as percent 
of constructlon cost of underdraln systm, $. 

COSTU - cost of underdrain system, $. 

3.11.7.8.9 Total bare construction cost. 

TBCCSR - (~.~~)(TCDSS+TCDCPGOSTU+COSTE~COSTCG~~OSTIWOST.I~~) 

where 

TBCCSR - total bare construction cost for slow rate land 
treatment, $. 

TCDSS = total cost of distribution system for solid set 
sprinklers, $. 

TCDCP - total cost of distribution system for center pivot, 
$. 

COSTU - cost of underdraln system, $. 

COSTE - cost of earthwork, $e 

coslcG - cost of clearing and grubblngv $* 

3.11.7.9 Cost Calculations &put Data* 

3.11.7.9.1 Total bare construction cost for slow rate land 
treatment, TBCCSR, $. B 

3.11.7.9.2 O&Mmaterial cost, OMMC, $. 
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3.13 OXIDATION,DITCH 

3.13.1 Background. The ofidation ditch, developed in the 
Netherlands, is a variation of the extended aeration process that 
has been used in small towns, IsoLated caumunities, and institutions 
in Europe and the United States. The typical oxidation ditch is 
equipped with aeration rotors or brushes that provide aeration and 
circulation. The sewage moves through the ditch at L to 2 fps. The 
ditch may be designed for coutinuous or intermittent operation. 
Because of this feature, this process may be adaptable to the fluc- 
tuations in flows and loadings associated with recreation area ' 
wastewater production. 

3.13.2 

3.L3.2.L 

3.13.2.1.1 

3.13.2.1.2 

3.13.2.2 

3.13.2.2.1 

3.13.2.2.2 

3.13.2.2.3 

3.L3.2.2.4 

3.L3.2.2.5 

3.13.3 

3.13.3.1 

3.13.3.2 
(0.067). 

3.13.3.3 

3.13.3.4 

3.13.3.5 

3.13.3.6 

3.13.3.7 

Input Data= . 

Wastewater flow. 

Average- mgd. 

Peak hourly, mgd* 

Wastewater characteristics. 

BOD5 (average and peak). 

COD (average and peak). 

SS (merage and peak). 

VSS (average and peak)* - 

Nondegradable VSS (average and peak). 

Design Paraneters. 

MISS, mg/l, (Range 4OOC-800% mean 5000). 

Organic loading (F/M ratio), lb BQD5/lb MLVSS/day, 

Volunetric loading, lb BOD5/LOOO ft3/day, (12.5). 

Recycle ratio, (50-100 percent). 

Oxygen requirement, lb O2 rmoved, (2.35). 

Wasted sludge, lb/lb BOD5 renoved, (0.6S). 

Effluent quality, excellent, approximateLy 9@95% Boll 
and S.S. reduction. 
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3.13.4 Process Design Calculations, 

3.13.4.1 Calculate Ditch Volune. The design of oxidation 
ditch activated sludge system is based on the volmetric BOD5 
loading. 

V = Qavg x so x a.34 x 1000 
12.5 

where 

V 

Q am 

sO 

12.5 

3.13.4.2 

- volme of ditch, cu ft. 

- average daily fIow,mgd. 

- BODS in Lnfluent, mg/L 

- loading .rate, lb BOD5/1000 cu ft/day. 

Calculate Oxygen Requirements. 

O2 - 2.35 x Qavg x So x 8.34 

where 

O2 

2.35 

3.13.4.3 

3.13.4.3.1 

where 

SSE = 

ss - 

SSR = 

3.13.4.3.2 

- oxygen required, lb/day0 

= oxygen utilization, lb 02/lb BOD5 applied. 

Effluent Characteristics. 

Suspended Solids. 

SSE - ss (1 - g#) 

effluent suspended sol,ids concentration, mg/l. 

influent suspended solids $oncentration, mdl. 

suspended solids rmoval rate, %. 

BOJ+. 

BODE = BOD (l- %) 

If BODE < Se, set BODE - Se 

where 

BODE = effluent BOD5 concentration, mg/l. 

3.13-2 



BOD - influent BOD5 concentration, mg/l. 

BODR - BOD 5 renoval rate, %. 

'e - effluent soluble BOD5 concentration, rndl. 

3.13.4.3.3 COD. 

CODE - 1.5 BODE 

CODSE - 1.5 S e 

If CODE < CODSEW set CODE - CODSE 

where 

C0DE - effluent COD concentration, rng/l@ 

CODSE = effluent soluble COD fzoncentration- mg/l* 

BODE * effluent BOD5 concentration, mg/l. 

'e - effluent soluble BOD5 concentration, rndl. 

3.13.4.3.4 Nitrogen. 

TKNE-TKI-I(l- 

NH3E - TKNE 

where 

TKNE - effluent Kjedahl nitrogen concentration, mg/l. 

TKN - influent Kjedahl nitrogen concentration, mg/l. 

TKNR - Kjedahl titrogen rmoval rate, mdl. 

NH3E = effluent ammonia concentration, mdl. 

3.13.4.3.5 Phosphorus. 

PO4E * PO4 (1 - PO4R 
Tn) 

where 

P04E - effluent phosphorus concentration, mg/l. 

PO4 - influent phosphorus concentration, rndl. 

PO4R - phosphorus removal rate, %. 
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3.13.4.3.6 Oil and Grease. 

OAGE - 0.0 

where 

OACX - effluent ofl and grease concentration, u&l. . 
3.13.4.3.7 Settleable Solids. 

SETS0 - 0.0 

where 

SETS0 - effluent settleable sollds concentration, mg/l. 

3.13.4.4 Sludge ProductLone For municipal wastewater only. 

bicmass: 0.18 lb per lb of BOD5 removed 

Xv - 0.18 x (So-Se) x Q 
aw x 8.34 

Inert Mass: 0.50 lb per lb of BOD5 removed 

X0 - 0.50 x (So-Se) x Qavg x 8.34 

Total sludge produced 

xa - xv -+ x0 - 0.68 x (So-Se) x Qavg x 8.34 

where 

'a N 

xv - 

xo = 

so = 

se = 

Q =a - 
3.13.5 

total sludge production* lb/days 

bianass wasted per dayv lb/day. 

inert mass wasted per day, lb/day. 

influent BOD5* rag/l 

effluent BOD5, mg/.l 

averaged daily flow, mgd. 

Process Design Output Data. 

3.13.5.1 Volme of aeration basin required, V, cu ft. . 

3.13.5.2 Oxygen requirement,' 02, lb/day. 

3.13.5.3 Effluent BOD5, Se, mg/l. 

- 
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3.13.6 Quantities Calculations. 

3.13.6.1 Assunptions. 

3.13.6.1.1 In this flow range only one oxidation ditch will 
ever be required. 

3.13.6.1.2 
bm 

Two size rotoF will be used; 42" b and 27%" 

3.13.6.1.3 The following paraneters will be used for the 
42" b and 2%" b rotors. 

42” b b 27%" 

Water Depth 
Oxygen Transfer 
lb/hr ft 
Rotor Speed 
Rotor Tamersion 
Mixing Requirenent 
Motor Requirement 

. 12 ft 5 ft 
3.74 lb/hr ft 2.a5 

72 RPM 91 RPM 
g inches 6 inches 

21,000 gal/ft 16,000 gd/ft 
1.126 BEP/ft o.a3a BEP/~~ 

3.13.6.1.4 The ditch will be constructed as shown in Figure 
3.151. 

3.13.6.1.5 ‘ho rotors till always be used. 

3.13.6.2 Rotor selectione Rotor length will be calculated 
based on oxygen requirements and mixing requirements and the rotor 
of the greatest length will be used. .The length of 42” b rotor 

1 required will be calculated fixst* 

3.13.6.2.1 
42" b rotor. 

Length required based on oxygen requirement for 

LRTO = O2 
(3.74j (24) 

where 

LRTO = length of rotor required for oxygeuation, ft. 

O2 - oxygen required, lb/ day. 

3.74 - oxygen trausfer of 42 inch dianeter rotor with g inch 
suhergence, 02 lb/hr ft. 

24 - couversion, hrs/day. 

3.13.6.2.2 Length required based on canplete mix criteria 
for 42" b rotor. 
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LRm - - 

where 21,000 

LRTM - length of rotor required for mixing, ft. 

V = volme of basin, cu ft. 

7.48 - conversion factor, gal/cu ft. 

21,000 = mixing capacity of 42n b rotor, gallft. 

3.13.6.2.3 Design length of rotor. If either LRTO or LRTM 
is greater than or equal to 12 then select the larger of the two 
values for the design length of rotor, LRT and select the rotor 
dianeter, DRT, to be 42". The nuaber of rotors will be 2 and the 
length per rotor will be: 

LRTK must be an integer. 

Eowever, if LRT is less than 12 the 42" b rotor is too large. 
Select the rotor d&meter, DRT, of 2&" and recalculate LRTK. 
3.13.6.2.4 
2%" b rotor. 

Length required based on oxygen requirement for 

LRTO - O2 
(2.85) (24) 

where 

LRTO - length of rotor required for oxygenation, ft. 

O2 = 
2.85 - 

24 = conversion, hrs/dayO 

3.13.6.2.5 
2%" b rotor 

Length required based OR caaplete mix criteria for 

where 

LRlI4 = 

IT- 

7.48 = 

16,000 - 
3.13.6.2.6 

oxygen required, lb/day. 

oxygen transfer of 2%" rotor with 6" submergence, 
O2 lb/hr ft. 

length of rotor required for mlxlng, ft. 

volune of basin, cu ft. 

conversion, gal/ cu ft. 

mixing capacity of 2%" b rotor, gal/ ft. 
Design length of rotor. Select the larger of the tvo 

values for the design length of rotor, =T. If LRT is less than 6 
ft, then set LRT = 6 ft. The nunber of rotors will always be 2 and 
the length per rotor, LRTK, will be: 
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LRTK must be an integer. 

where 
LRTK - length of each rotor, ft. 

LRT - design length of rotor, ft. 

3.13.6.3 Deternine basin design and dimensions. 

3.13.6.3.1 

where 

Calculations when 42" b rotor Is selected. 
If LRTK s i5.5 ft; then Wb - LRTK + 1 

If LRTK > 15.5 ft; then Wb - LRTK + 4 

Wb - ditch bottan width, ft,e 

LRTK - length of each rotor9 ftO 
- ,-. 

3.13.6.3.1.1 Basin configuration 

Basin water depth - 12 ft. 
Side walls are 45 degrees. 
Basin water surface width, Ws * Wb + 12 
Freeboard - 1.0 ft 
Median str%p width - 1.0 fte 

3.13.6.3.1.2 Calculate volme of circular ends. 

ve - 37.71 wb 2 + 490.2 wb + 2045.a 

where 

'e * 

‘b * 

volune of circular ends, cu ft. 

ditch bottan width, ft. 

Calculate volune of straight section. 3.13.6.3.1.3 

where 

, vs - 

Ls * 
‘b * 

3.13.6.3.1.4 

where 

Ls - 
V- 

vs - (24 Mb + 144) Ls 

volume of straight section, cu ft. 

length of straight section, ft. 

ditch bottan width, ft. 
Calculate length of straight section. 

Ls * 
V-Ve 

24 % + 144 

length of straight section, ft. 

volune required, cu ft. 
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ve = volume of circular ends 

3.13.6.3.1.5 
freeboard. 

Calculate total length, Lt, and width, Wt. Including 

Lt - Ls + 2Wb + 26 

where 

W t -2W,,+27 . 

Lt - total length of ditch, ft. 

Wt = total width of ditch, ft. 

Ls = length of straight sectlon, ft. 

'b - ditch bottan width, ft. 

3.13.6.3.1.6 Calculate volune for excavation* 

Vex = 42.4 W b2 +-636.3 w,, + 27 t$Ls + 209.2Ls + 883.5 

where 

V e= = volume of excavation required for ditch, cu ft. 

'b - ditch bottan width, ft. 

Ls = length of straight section, ft. 

3.13.6i3.2 Calculations when 2%" 6'rotor is selected. 

If LRTK S 15.5 ft; then Wb - LRTK + 1 

where 

If LRTK > lS05 ft; then Wb - LRTK + 4 . 

Wb - ditch bottan width;ftm 

LRTK - length of each rotor, fta 

3.13.6.3.2.1 Basin Configuratiox~ 

Basin water depth - 5 ft , 
Side walls are 45 degrees 
Basin water surface width9 Ws - Wb +5 
Freeboard - 1.0 ft 
Median strip width - 1.0 ft 
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3.13.6.3.2.2 Calculate volume of circular ends. 

Ve - 15.72 Wb ' + 94.3 Wb + 174.2 

where 
. 

Ve = volune of circular ends, cu ft. 

Wb - ditch bottm width, ft. 

3.13.6.3.2.3 Calculate volume of straight section. 

where \ 

vs - volume of straight section, m f tO 

LS 
- length of straight sectlon, ft. 

Wb - ditch bottan widthp ft. 

3.~3.6.3.2.4 Calculate length of straight sectiou. 
V-Ve 

Ls * 10 wb + 25 

where 

V - volme required, cu ft* 

Ls - length of straight section, ft. 

Wb = ditch bottm width, ft. 

Ve - volume of circular ends, cu ft. 

3.13.6.3.2.5 Calmilate total length, Lt, and width, Wt, including 
freeboard. 

w;*2w b + 13 

where 

Lt - total length of ditch, ft. 

Wt = total width of ditch, ft. 

LS 
= length of straight section, ft. 

-/- 
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Wb - ditch bottan width, ft. 

3.13.6.3.2.6 Calculate volume for excavation. 

V Ed - 20.43 Wb ' + 163.44 Wb + 13 WbLs + 55.25 Ls + 388.17 

where 

V e= = volume of excavation required for ditch, cu ft. 

Wb - ditch bottan width9 fta 

Ls = length of straight section, ft. 

3.13.6.4 Determine quantity of concrete required. 

3.13.6.4.1 Volune of concrete wall required. 

V 
CW 

- (Dw + 1) (Ls) 

where 

V =w - voltme of concrete wall, cu ft. 

Dw - depth of water in ditc'hP ft. 

Ls - length of straight section, ft. 

3.13.6.4.2 Volune of concrete slab required. . 

V cs - 4.4 Dwwb + 4.4 wb + 2.2 Dw ' + 4.4 Dw+ LsWb + 1.4 Ls Dw+ 1.4 Ls 

where 

V ca - volune concrete slab9 cu ft* 

Dw - depth of water Sn ditch9 fte 

Wb - d2tc.h bottun tidth, fto 

14S 
- length of straight section, ft* 

3.13.6.5 Determine quantity of handrail required. 

LHR - 2 Ls + 6.28 w,, + 6.28 Dw + 6.28 

where 
---- .- 
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LFfR - length of handrail, ft. 

Ls - length of straight section, ft. 
s- 

Wb - ditch bottau width, ft. 

Dw - depth of water in ditch, ft. 

3.13.6.6 Operatlou and maintenance manpower requirement. 

omm * 2386.3 CQavg) 
0.4693 

where 
. 

OMMH - operation and maintenance manpowerv ME/yr. 

Q avg 
- average daily flow, mid. 

3.13.6.7 Energy Requirment for Qpezation*" The energy requirement 
depends on the rotor chosen. The 42" b rotor at 72 RPM and 8" 
submergence requires 1.126 BHP/ft,, The Z&"-b rotor at 91 RPM and - 
6" suhnergence requires 0.838 BHP/ft* 

3.13.6.7.1 Calculate BHP. 

3.13.6.7.1.1 For 42“ 0 rotor. 

BHP = (1.126) (LRTK) 

3.13.6.7.1.2 Par 27J5" 0 rotor. 

BHP - (0.838) (LRTK) 

where 

BHP - brake horsepower required per rotor. 

LRTK - length of each rotor, ft. 

1.126 - horsepower required per foot of 42" b rotor, BHP/ft. 

0.838 - horsepower requirenent per foot of 27%- b rotor, 
BHP/ft. 

3.13.6.7.2 Calculate NH. 

KWE - BHP x 2 x 0.85 x 24 x 365 

where 

WH - energy requlreaent for operation, Kwhr/yr. 

-- -- -- -- 
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2 - nunber of rotors. 

BHP - brake horsepower required per rotor. 

0.85 * converslon factor and efficiencies. 

24 - hours per day. 

365 = days per year. 

3.13.6.8 Determine total installed horsepower. The total 
imtalled horsepower (THP) will be greater than the brake horsepower 
since motors normally available cane in only certain sizes. Using 
BHP just calculated the motor size will be one of the following: 2, 
3, 5, &, 10, 15, 20, 25, 30, 40, so. Select the motor size which 
is nearest the calculated BHP but larger. This will be the motor 
homepower, MEIP. 

where 

THP - total installed horsepower. 

MHP -motor horsepower0 

2 - n-ber of rotors. 

3.13.6.9 Operation and maintenance material and supply costs. 
O&M material and supply costs include such itens as lubrication oil, 
paint, and repair materials. These costs are estimated as a per- 
centage of installed costs for the aeration equipment. 

OMMP * 4ct225 L Oe975 log (THP) 

where 
. 

OMMP - O&M material supply cost as percent of installed cost 
of aeration equipment, %* 

THP - total installed horsepower. 

3.13.6.10 Other construction cost it-s* Pran the calculations 
approximately 95% of the construction cost has been accounted for. 
Other minor costs such as effluent weir, influent and effluent pipe, 
etc., would be about 5%. 
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where 

CF - & * 1.052 . 

CF - correction factor for construction cost. 

3.13.7 Quantities Calculations Output Data. 

3.13*7.1 Leugth of each rotorP LR'l'Ky ft. 

3.13.7.2 Dianeter of mtor9 DRT, inches* 

3.13.7.3 Ditch bottan tidth- Wb, fte 

3.13.7.4 Depth of water in ditch, Dwv ft. 

3.13.7.5 Total ditch length9 Lt, ft* 

3.13.7.6 TotsI. ditch tidth, Wt, ft. 

3.13.7.7 Voluue of excavation required for ditch, Vex, cu ft. 

3.13.7.8 Volune of concrete wall, Vcw, cu ft. 

3.13.7.9 Volune of concrete slab, Vcs, cu ft. 

3.13.7.10 Length of handrail, LER, ft. 

3.13.7.11 Operation and maintenance manpower, OMMH, ME/yr. 

3.13.7.12 Energy requirement for operation, KWH, Kwhr/yr. 

3.13.7.13 O&MmateriAL and supply cost as percent installed 
cost aeration equipment , OMMP, L 
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3.13.7.14 Correction factor for con6truction co6t, CF. 

3.13.8 Unit Price Input Required. 

3.13.8.1 Unit price input for earthwork, UPIEX, $/cu yd. 

3.13.8.2 

3.13.8.3 

Unit price input for concrete wall, UPICW, $/cu yd. 

Unit price input for concrete slab, UPICS, $/CU yd. 

3.13.8.4 Unit price input for handrail, UPIHR, $/ft. 

3.13.8.5 Standard size rotor co6t, COSTDS, $ (Optional). 

3.13.8.6 Imtallation labor rate, LABRI, $/hr. 

3.13.8.7 
MSECI. 

Current Marshall and Swift Equipment Cost Index, 

3.13.9 . Co6t Calculation6* 

3.13.9.1 Co6t of earthwork. 

COSTE - (Vex! (UPIEX) 
27 

where 

COSTE - cost of eatihworkv $. 

V ex - volume of excavation required for ditch, cu ft. 

UPIEX = unit price input for earthwork, $/CU yd. 

3.13.9.2 Co6t of concrete walls* 

COS%CW - co6t of concrete ~&,16~ $* 

V cw = volume of concrete walls9 cu ft. 

UPICW - unit price input for concrete walls, $/cu yd. 
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3.13.9.3 cost of concrete slab. 

cosTcs - 
~VcJ WOW 

27 

where 

COSTCS - cost of coucrete slab, $ 

V us - volme of concrete slab, cu ft. 

UPICS - unit price input for concrete slab, $/cu yd* 

3.13.9.4 Cost of ins tall ed equipment. 

3.1309.4.1 Purchase cost of rotors. 

c()gyRK * P=y*ps*o) 

where 4 

COSTRK * purchase cost of rotor of LRTK feet, $. 

COSTDS = purchase cost of standard size rotor, 42" b and 
20 ft long, $. 

COSTRO - cost of rotor of length 
of standard size rotor, 

3.13.9.4.2 Calculate COSTRO. 

3.13.9.4.2.1 For rotor diameter of 42 inches* 

3.13.9.4.2.2 

LRTK as percent of cost 
%. 

If LRTK < 18 ft 

COSTRO - 39 .Sl (LRTK)Orn2790 

xf LRTK > 18 ft 

COSTRO - 16.59 

For rotor diaeter of 

If LRTK < 

COSTRO - 44.23 

If LRTK > 

COSTRO - 27.63 

(LRTK)O*5792 

2%” inches. 

9.0 ft 

(LRTK)og1781 

9.0 ft 

cmmj0.3932 

3.139 15 

--.- ---.-. - ----- --.-~ ---,-- ------.-- --.-- ~ -.--- - --- -.-~~ 



3.13.9.4.3 Cost of Standard Size Kotor, COSTDS. The cost 
of a 42" diameter rotor 20 feet in length for the first quarter of 
1977 is $15,340. For better cost estimation, COSTDS, should be 
obtained frau an equipment vendor and treated as a uuit cost input. 
Eowever, if this is not done the Marshall and Swift Equipment Cost 
Index will be used to update the cost. 

COSTDS - $15,340 x ,g$ 

where 

COSTDS - purchase cost of standard size rotor, $. 

MSECI = current Xarshall and Swift Equipment Cost Index. 

491.6 - MSECI for 1st quarter 1977. 

3.13.9.4.4 Equipment Installation Cost. 

3.13.9.4.4.1 Calculate installation labor required. 

IKEi = 10 + 2.667 (LKTK) 

where 

IMH - installation labor required, MEL 

LRTK - length of each rotor, ft. 

3.13.9.4.4.2 Calculate installation gost. 

where 

ICOST = installation cost, $. 

IMH - installation labor,,M& 

LABlU - installation labor rate, $/ML 

3.13.9.4.5 Other mUor costs associated with Installation of 
equipment. These costs Include electrical work, foundatious, 
bridge, painting, etc. It is expressed as percentage of the equip- 
ment purchase cost. 

PKINC - 52.04 - 0.34 (LRTK) 

E%INC is always greater than 40. 

3.13.9.4.6 Installed aeration equipment cost. 

IEC = [(COSTRK) (1 + w) + ICOST](2) 
-- ---- - 
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where 

TEC - installed equipment cost, $. 

COSTRK = purchase cost of rotor of length LRTK, $. 

PMINC - minor costs as percent of purchase cost of 
equipment, %. 

ICOST - installation cost, $. 

3.13.9.5 Cost of handrafis* 

where 
. 

COSTUE - installed handrail costv $= 

LEE - length of handrail required, ft. 

UPXHR - unit price input for handrails, $/ft. 

3.13.9.6 Total bare construction cost. 

TBCC - (COSTE + COSTCW + COSTCS + IEC + COSTHR) (CF) 

where 

TBCC - total bare construction cost, $. 

COSTE - cost of earthwork, $. 

COSTCW - cost of concrete wall, $a 

COSTCS - cost of concrete slab, $. 

IEC - installed equipent cost, $. 

COSTEfR = installed handrail cost, $. 

CF = correction factor for other cost itens. 

3.13.9.7 Operation and maintenance material and supply costs. . 

OMMC - (IEC) (s) 

where 
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OMMC = O&Mmaterial and supply cost, $/v. 

OMMP - O&MmateriaI, and supply costs as percent of 
iust&led equipment costs, %. 

IEC - inst&lled equipment cost, $. 

3.13.10 Cost Calculations Output Data. 

3.13.10.1 Total bare construction cost, TBCC, $. 

3.13.10.2 OWmaterlal and supply cost, OMMC $1~. 
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3.15 PUMPING 

3.15.1 Backgrouud. There are several situations throughout 
a sewage treatment facility which require.pmping. Typically at the 
head of the treatment facility pmping.of the raw waste is required. 
Other points in the treatment facility whichmight require pumping 
are prior to trickling filters, tertiary filters, carbon adsorptiou 
units, or any treabnent process which creates relatively high head 
losses. Generally speaking two different type pmps are used for 
raw waste pmping and punping for other processes in the treatment 
facility. For this reason the punping has been divided into raw 
waste pmping and intemediate pumpinge 

3.15.2 Intenuediate Pumping. 

3.15.2.1 In intenuediate p-ping the wastewater is relatively 
clean and free fran large solids so that more efficient pmps can be 
used for these processes than f0r raw waste pumping* 

3.15.3 

3.15.3:1 

Raw Waste Pmpi~g. 

Pumping of raw sewage at the head of a treatment - - 
facility is often required to produce the head required for sewage 
to flow through the plant. This p-ping is accanplished with 
relatively inefficient low-head punps which are capable of passing 
large solids without damage to the pumps. 

3.15.4 

3.15.4.1 

3.15.4.1.1 

3.15.4.1.2 

3.15.4.2 

3.15.4.2.1 

3.15.4.2.2 

3.15.4.2.3 

3.15.4.3 

3.15.4.3.1 

Intermediate Pumping.. 

Input Data0 

Average daily wastewater flow, Q avgv mgd. 

Peak wastewater flow, Q Pk' mgd. 

Design Parmeters. 

Wastewater flow, mgd. 

Nmber of pumpse 

Total head on pmps, ft. . 

Process Design Calculations. 

Calculate design capacity of pmps. 

3.15-l 
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3.15.4.3.1.1 Intemediate p-ping. 

GPM - 
fQavgl (2) W+) 

1440 
where 

GPM = design capacity of puaps, gm. 

2 - excess capacity factor to handle peak flows. 

3.15.4.3.1.2 Return sludge pmplng. 

GPM - 1440 
where 

GPM - design capac%ty of ptmpsV gm. 

RSR - return sludge ratio to merage wastewater 
flow, fraa Table 3.15-l. 

Table 3*&l 

Activated Sludge Processes RSR 

Conventlonal 
CaupleteMix 
Step-Aeration 
Modif ied-Aeration 
Contact~Stabilizatlon 
Kxtended-Aeration 
Krause Process 
RigbRate Aeration 
Pure=Oxygen Systen 

1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.0 ' 
5.0 - . 
1.0 

3.15.4.3.2 Detennine the type, nunber and size of pumps re- 
quAred. For the purposes of this progran it has been assmed the 
pumps will be horizontal single-stage, singl*suction, split casing 
centrifugal pmps deslgned for sewage applications. Also the head 
required is assumed. to be 40 ft for all appllcatious. All pmps 
will be assumed to be the sme size with variable speed drives and 
the convention of sparing the largest punp till be adhered to. 

3.15.4.3.2.1 Nunber of batteries. The nunber of batteries will be 
calculated by trial and erroq begin with NR - 1. If GPM/NB > 
80,000, then go the NB - NB + 1 and repeat until GPWNB s 80,000. 
Then: 
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where 

GPXB - design flow per battery,gpn. 

NB - nunber of batteries. 

3.15.4.3.2.2 Nmber of pumps per battery. The number of punps per 
battery will be calculated by 
If GPMB/N > 20,000 gpm, go to 
20,000 gpll. 

trial and error. Start with N = 2. 
N - N+l and repeat until GPMB/N s 

where 

GPMP - design capacity of the individual puntis,' gpa. 

N - nunber of pmps required to handle design 
flow. 

NP = total nunber of pumps per battery, including 
spare. 

3.15.4.4 

3.15.4.4.1 

3.15.4.4.2 

3.15.4.4.3 

3.15.4.4.4 

3.15.4.4.5 
NP. 

3.15.4.4.6 

3.15.4.5 

3.15.4.5.1 

where 

Process Design Output Data. 

Design capacity of pumps, GPM, gpm. 

Nmber of batteries, NB. 

Design flow per battery, GPMB, gm. 

Nunber of pmps required to handle design flow, N. 

Total nunber of pmps per battery, including spare, 

Design capacity of the individual pmps, GPMP, gpW 

Quantities Calculations. 

Determine area of punp building. 

PBA - to.0284 (GPMB) + 1001 NB 

PBA - pump building area, sq ft. 

3.15.4.5.2 Calculate volume of earthwork required. The p-ping 
building is usually a bilevel building with the punps below ground 
and all electrical and control facilities above ground. It is 
assumed that the average depth of excavation would be 8 ft. The 
volme of earthwork will be esthated by: 
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where 

V ew - volme of earthwork required, cu ft. 

3.15.4.5.3 Calculate operation manpowex required. The operation 
manpower can be related to the flzm punping capacity. 

3.15.4.5.3.1 Calculate firm punping capacity. 

Fpc - (GPMj(l440) 
lo6 

where 

FPC - firm pmping capacity, mgd. 

3.15.4.5.3.2 

3.15.4.5.3.3 

3.15.4.5.3.4 

3.15.4.5.3.5 

where 

If 0 C FPC S 7 mgd: 

OMH - 440 (FPC)o*1*85 

If 7 < FPC S 30 mgd: 

OMH - 294.4 (FPC)oo3350 

If 30 C FPC S 80 mgd: 

OMEl - 40.5 (FPC)“‘g661 

If FPC > 80 mgd: 

OMH = 21.3 (FPC)1*Q12 

OMH - operatbg manpomr required, man-hours/yr. 

3.15.4.5.4 

3.15.4.5.4.1 

3.15.4.5.4.2 If 7 C FPC S 30 mgd: 

3.15.4.5.4.3 If 30 C FPC S 80 mgd: 

If 0 C FPC S 7 mgd: 

MME - 360 (FPC)“*1478 

MMH = 255.2 (FPC)"*3247 

HMH - 85.7 (FPC)"*6456 
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3.15.4.5.4.4 If FPC > 80 mgd: 

MMB - 30.6 (FPC)"*8806 

where 

MME *maintenance manpower requirenent, man-hours/ 
F* 

3al5.4.5.5 Calculate electrical energy required. 

KWH = 67sOOO tQavgl 
009976 

where 

KWEl - electric energy requirdW kwhr/yr. 

3.15.4.5.6 Calculate operation and maintenance material and 
supply costs. This iten covers the cost of lubrication oils, 
paint, repair and replacenent parts, etc. It is expressed as a 
percent of the total bare construction costs. 

. OMMP-0.7% . . 

where 

OMMP = operation and maintenance material and supply 
costs, as percent of the total bare construction 
cost, percent. 

3.15.4.5.7 Other minor construction cost itens. Fran the 
calculations approxknately 85 percent of the construation costs have 
been accounted for. Other minor itens such as piping, overhead 
crane, site cleaning, seeding, etc., would be 15 percent. 

CF l = - = 1.18 0.85 

where 

CF = correction factor for other minor construction 
ccets. 

3.15.4.6 Quantities Calculations Output Data. 

3.15.4.6.1 Punp building area, PBA, sq ft. 

3.15.4.6.2 Volune of earthwork required, Vew, cu ft. 

3.15.4.6.3 Firm punping capacity, FPC, mgd. 
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3.15.4.6.4 Operating manpower required, MI,'man-hours/yr. 

3.15.4.6.5 Mainteuance manpower required, MMEI, ma-hours/ yx. 

3.15.4.6.6 Electrical energy required, KWB/kwhr/yr. 

3.15.4.6.7 Operation and maintenance material and supply costs, 
OKMP, percent. 

3.15.4.6.8 

costs, CF. 

3.15.4.6.9 

3.15.4.7 

3.15.4.7.1 

3.15.4.7.2 

3.15.4.7.3 

(optional). 

3.15.4.7.4 

3.15.4.8 

3.15.4.8.1 

Correction factor for other minor construction 

Design capacity of the individual pmps, GPMP, gpn. 

Unit Price Input Required. 

Unit price input for building cost, UPIBC, $/sq ft. 

Unit price input for earthwork, UPIKX, $/cu ft. 

Cost of staudard sixe pump equipment, COSTPS, $ 

Hamhall aud Swift Equipment Cost Index* MSECI. 

. 
Cost Calculations. 

Cost of earthworke 

COSTEi - ye+ UPIEX 
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where 

COSTE - cost of earthwork, $. 

V ew = volmue of earthwork, cu ft. 

UPIEX = uuit price input for earthwork, $/cu yd. 

3.15.4.8.2 Cost of punp building. 

COSTPB - (PBA) (um3c) 

where 

COSTPB - cost of pmp building, $a 

PBA = pump building area9 sq ft.. 

UPIBC = unit price input for building costF 
$/w ft. 

3.15.4.8.3 Purchase cost of pumps and drivers. 

3.15.4.8.3.1 Calculate COSTP. 

COSTP COSTRO - -' (COSTPS)(NP)(NB) 100 

where 

COSTP - cost of punps and drivers, $. 

COSTELO = cost of pumps and drivers of capacity GPMP, 
as percent of cost of standard size punp, 
percent. 

COSTPS - cost of standard size pmp (3000 gpm), $. 

NP - total nunber of pmps per battery. 

NB = number of batteries0 

3.15.8.3.2 Calculate COSTRO. 

If 0 < GPMPS 5000 gp, COSTRO is calculated by: 

COSTRO = 2.93 (GPMP) 0.4404 

If GPMP > SO00 gp, COSTRO is calculated by: 

cosTRo = .0064 (GPMP)'- 
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3.15.4.8.3.3 Purchase cost of standard size punp and driver. A 
3000 gp’pump was selected as a standard. The cost of a 3000 gm 
pump and driver for the first quarter of 1977 is: 

COSTFS - $17,250 

For better estimation, COSTPS should be obtained fran the vendor and 
treated as a unit price input. If this is not done, the cost will 
be adjusted using the Marshall and Swift Equipment Cost Index. 

COSTPS MSECI 
- w.=o 491.6 

where 

MSECI - current Marshall and Swift Equipment Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index. 

3.15.4.8.4 Installed equipment costs. Typically, the installa- 
tion cost of wps is approximately 100 percent of the equipment 
cost. This includes cost of plplng, concrete, steel, electrlcal, 
paint, and Installation labor. 

IPC * (COSTP) (2.0) 

where 

IPC = %nstalled pumping equipment cost, $. 

3.15.4.8.5 

where 

Total bare construction cost. 

TBCC = [COSTFd + COSTPB + IPC] CF 

TBCC - total bare constructlon cost, $. 

CF = correction factor min?r construction costs 

3.15.4.8.6 @erat$on and maintenance material and supply costs. 

UMMC = (TBCQ (s) 

where 

OMMC = operation and maintenance material and supply 
cost, $. 

CJMMP - operation and maintenance material and supply 
costs, as a percent of total bare construction 
cost, percent. 
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3.15.4.9 Cost Calculations Output Data. 

3.15.4.9.1 Total bare construction cost, TBCC, $. 

3.15.4L9.2 Operation and ntaintenanie material and supply costs, 
c@QfG $/m 

3.15-g. 
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3.15.5 

3.15.5.1 

3.15.5.1.1 

3.15.5.1.1.1 

3.15.5.1.1.2 

3.15.5.1.2 

3.15.5.2 

3.15.5.2.1 

Raw Waste Pumping. 

Input Data. 

Wastewater flow. 

Average wastewater flow, Q avg’ mgd. 

Peak wastewater flow, 
% 

, mgd. 

Pump head, ES, ft. 

Process Design Calculations. 

Detenaine the nuuber of punps. In this flow range a 
midmum of two pwnps will always be used. One punp must be capable 
of handling the average wastewater flow, the other punp will be used 
as a spare and also to handle the additional flow when the peak 
wastewater flow occurs. 

N= 2P- 
Q =g 

L 
Q =g must be an integer. 

where 

N = nunber of pumps. 

3.15.5.2.2 Determine size of pmps. 

tQavgl Cdl 
1440 

where 

GPM = size of each punp, gm. 

% 
- peak wastewater flow9 mgd. 

3.15.5.2.3 Determine wetwell dimensions. 

3.15.5.23.1 Assumptions for wetwell. 

Wetwell will be circular. 
Three (3) minutes pmping time will be provided 
between low water and high water control levels. 
Low water cut-off will be amInim= of 2 ft above 
bottan of wetwell. 
A minimum of 3 ft will be provided between high 
water and low water levels. 

3.15 10 
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A 2 ft freeboard will be required above the high 
water levele 
Minimum dimeter for access purposes will be 4 ft. 

3.15.5.2.3.2 Calculate dianeter. 

D= e4125 (GPM)Oo5 

D must be an integer. 
If D < 4 ft set D - 4 ft 

where 

D = di,aeter of wet well9 ft. 

GPM- size of each pump, gpm.' 

3.15m5.2.3.3 Depth of wetwelle Fran the assmptions the total 
depth of the wetwell is fixed* 

. DW - 7 ft 

where 

l.XJ - depth of wetwell* ft. 

3.15.5.3 Process Design Output Data* 

3.15.5.3.1 Wastewater flow. 

3.15.5.3.1.1 Average wastewater flow, Q avg' mgd. 

3.15.5.3.1.2 Peak wastewater flow, % , mgd. 

3.15.5.3.2 Pump hea, PH, fte 

3.15.5.3.3 Nunber of pmnpsV N. 

3.15.5.3.4 Size of each punp, GPM, gpm. 

3.15.5.3.5 Dimeter of wetwell, D, ft. 

3.15.5.3.6 Depth of wetwell, Dw, ft. 

3.15.5.4 Quantities Calculations. 

3.15.5.4.1 Deternine size of pip building. For flows in this 
range we will assume that a building with 100 sq ft is sufficient 
for the entire flow range. 

PBA - 100 ft2 

3.1511 
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where 

PBA - area of the punp building, ft2. 

3.15.5.4.2 Calculate volune of earthwork. 

V ew - LSD2 + 98.96D + 535 

where 

V ew - volume of earthwork required, cu ft. 

D = dianeter of vetwell, ft. 

3.15.5.4.3 Calculate volune of concrete required. 

Assume wall thickness of 9 inches. 

where 

V cw - .59D2 + 20.7D + 7.2 

V cw = voltmc of R.C. wall required, cu ft. 

D - dimteter of wetwell, ft. 

3.15.5.4.4 Calculate flnn punping capacity. 

FPC - (GPM) (1440) (10e6) (N - 1) 

where 

FPC - firm puap%ng capacity, mgd. 

GPM - size of each punpv gganO 

3.15.5.4.5 Calculate operation manpower required. 

OMH - 519:2 (FPC)oe1133 

OMEI - operation manpower required, MEJ/ yr . 

FPC - firm pumping capacity, mgd. 

3.15.5k4.6 Calculate maintenance manpower required. 

MMI - 440.3 (FPC)oo1386 
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where 

MM-I - maintenance manpower required, MWyr. 

FPC - firm p-ping capacity, mgd. 

3.15.5.4.7 Calculate operation andmaintenance material and 
supply costs. 

where . 

OMMP - O&Mmaterial and supply costs as percent of total 
bare construction cost,'%. 

3.15.5.4.0 Calculate operation energy costs. 

Kl?H - 2l2le4 (Qavg) (PH) 

where 

mH= operation energy costs, kw hr/yr. 

Q =Jg 
= average wastewater flow, rngd* 

Pn - pump head, ft. 

3.15.5.4.9 Other construction cost it-s. The above calculations 
would account for appromately 80% of the total cost of the pumping 
station. The other 20% would be for such itens as piping, valves, 
painting, etc. 

CF *- 2 = 1.25 .t3 

where 

CF = correction factor for other construction cost item. 

3.15.5.5 Quantities Calculations. 

3.15.5.5.1 Area of pump building, PBA, ft2. 

3.15.5.5.2 Volune of earthwork required, Vew, cu ft. 

3.15.5.5.3 Volune of R.C. wall required, Vcw, cu ft. 

3.15.5.5.4 Operationmanpower required, OMR, MWyr. 
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3.15.5.5.5 Maintenance manpower required, MKEl, MR/yr. 

3.15.5.5.6 O&M material and supply costs as perceut of total 
bare construction cmts, OMMP, %. 

3.15.5.5.7 
CF. 

3.15.5.6 

3.15.5.6.1 

3.15.5.6.2 

3.15.5.6.3 
H- 

3.15.5.6.4 
(optional). 

3.15.5.6.5 

3.15.5.7 

3.15.5.7.1 

Correction factor for other coustmction cost it-s, 

Unit Price Input Required. 

Unit price input for building cost, UPIBC, $/ft2. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price Input for R.C. wall i-place, UPICW, $/cu 

Cost of standard size pmp and drive, COSTPS, $. 

Marshall and Swift Equilnnent Cost Index, MSECI. 

Cost Calculations. 

Calculatecostof pmp buildlug. 

PBC - (PBA) (UPIBC) 

where 

PBC-cost of puu~pbuilding~ $. 

'2 PM - area of pmp bud.ldingv ft c 

UPIBC - uuit price input for building cost, $/ft2. 

3.15.5.7.2 Calculate cost of iarthwork. 

COSTE = 'ew (UPIEX) 
TT 

where 

COSTE = cost of earthwork, $. 

V ew - volune of earthwork required, ft3. 
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UPIEX = unit price input for excavation, $/cu yd. 

3.15.5.7.3 Calculate cost of concrete. 

COSTt - vcw (UPIW) 
77 

where 

COSTC = ccst of concrete bplaceF $. 

V cw - volune of RmC. wall rewired, ft3. 

UPICW = unit price input for ROC. w?ll in-place, 
$/cu yd. 

3J5.5.7.4 

cosm - w (COSTPS) (N) 

where 

COSTP - purchase coet of pumps and drivers, $. 

COSTRO - 

cosTF3 - 

N- 

Calculate purchase cost of pumps and drivers. 

cost of pump and driver of capacity GPH, as 
percent of cost of standard size pump, %. 

cost of standard size pump and driver (100 
md, $0 

amber of pumps. 

3.15.5.7.4.1 Calculate COSTRO. 

COSTRO = 13.44 (GPM) 
0.4466 
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where 

COSTRO = cost of pump and driver of capacity GPM, as 
percent of cost of standard size pmp, %. 

GPM * size of each punp, gFan. 

3.15.5.7.4.2 DeternIne COSTPS. COSTPS Is the cost of a standard 
size pump and driver. A punp and driver capable of punping 100 gm 
at 40 ft of head. The cost for the first quarter of 1977 is: 

COSTPS - $2,800 

For better cost esttiatlon, COSTPS should be obtained fraa the 
vendor and treated as a unit price input. If this is not done, the 
cmtwillbe adjusted using theMarshalland Swfft Equiment Cost 
Index. 

COSTPS - $2,800 m . 
where 

COSTPS = c=t of standard sixe pump and driver (100 gm), 
$0 

MSECI - current Marshall and Swift Equipent Cost Index. 

491.6 - Marshall and Swift Equipment Cost Index first 
quarter of 1977. 

3.15.5.7.5 Calculate installed equlment cost. T&ally, the 
iustallation cost of pmps Is approtiately 100 percent of the 
equipment cost. 

IEC - (COSTP) (200) 

where 

SEC - installed equipment ckst, $. 

COSTP - purchase cost of ptnnps and drivers,. $. 

3.15.5e7.6 Calculate total bare constmctlon cost. 

TBCC - (IEc + PBC + COSTE + COSTC) CF 

where 

TBCC - total bare constructLon cost* $. 

IEC - installed equipment cost, $. 
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PBC = cost of pmtp building, $. 

COSTE - cost of earthwork, $. 

COSTC - cost of coucrete in-place, $. 

3.15.5.7.7 Calculate O&Mmaterial and supply costs. 

OMMC - OMKP (TBCC) 
m 

where 

OMJ4C = OMmaterial and supply costs, $. 

@QfP,- O&M material and supply,costs as percent of total 
bare construction cost, %. 

TBCC - total bare constructiou costs $* 

3.15.5.8 Coet Calculations Output Data. 

3.15.5.8.1 Total bare construction costs, TBCC, $. 

3.15.5.8.2 O&Msnaterial and supply costs, OMMC, $. 

3.15.6 Bibliography. 
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3.17 SEPTIC TANKS AND TILE FXKLDS 

3.17.1 Background. Septic tanks and soil absorption 
systems have been used extensively for treating sewage in QOW 
sewered areas frm single and multiple residences, businesses, 
recreational areas, and small c-unities. The concept of the 
septic tank systen appears simple but it is actually a canplex 
physical, chemical and biological system. The systan is popular 
because once it is constructed, assuming adequate design, it 
functions without controls with almost no maintenance0 

3.17.2 

3.17.2.1 

3.17.2.2 

3.17.3 

3.17.3.1 

3.17.3.2 

3.17.4 

3.17.4.1 

3.17.4.1.1 
by: 

3.17.4.1.2 
by: 

where 

Input Data. 

Average daily flow, mgd. \ 

S&l percolation rate, min/in. 

Design Paranetersa 

Flow, mgd. 

Soil percolation rate, m&/in. # * 

Process Design Calculations. 

Calculate septic tank volune. 

vN - (l*S) Qvg) (lo61 

If 'avg > 0.001s the septic tank VO~IXI& is given 

vN - 112s + 0.7s (Qavg) (106) 

VN - net volune of septic tank, gal. 

Q w3 
- average daily flow,mgd. 

3.17.4.2 Calculate the length of tile for absorption field. 
Assume a 2 ft wide trench will be used with 4 inch perforated 
pipe l 

~ g Qavg '106~o't 
j0.s 
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where 

L - length of tile, ft. 

Q avg - average daily flow,mgd. 

t - percolation rate, ~&~/inch. 

3.17.4.3 Determine doslng tank requirment. 

3.17.4.3.1 If L s 500 no dosing tank is required. 

3.17.4.3.2 If L B500 the recanmended volme of the dosing 
tauk is 75 percent of the capacity of the tile. 

VD- (0.751 (0651 04 

where 

VD - voltme of dosing tank, gale 

L - length of tile required. 

0.65 - interior capacity of 1 ft of 4" pipe in gal. 

3.17.5 

3.17.5.1 

3.17.5.2 

Process Design Output Data. 

Average daily flow, Q 
aw mgd. 

Soil percolation rate, t, min/inch. 

Net volune of septic tank, VN, gal. 

Length of tile, L, ft. 

Volume of dosing tank, VDv gal. 

Quantities Calculat&ons. 

3.17.5.3 

3.17.5.4 

3.17.5.5 

3.17.6 

3.17.6.1 

3.17.6.1.1 

Calculate dimensions of septic tank. 

The followiug assumptious 
septic tank dimensions. 

The depth of liquid will be 5 ft. 
The distance fran the top of the tank to 
of the liquid depth. 

the liquid will be 20% 

The baffles at the ixilet and outlet wIl1 extend frm the top of 

aremade coucemlng 

the tank to a depth equal to 40% of the liquid depth. 
The outside walls and top of the septic tank will be 6" reinforced 
coucrete. 
The leugth of the septic tank is twice the width. 
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3.17.6.1.2 Calculate septic tank length and width. 

LS - (0.231) (V$'*' 

ws = L/Z 

where 

LS - length of septic tank, ft. 

.WS - width of septic tank, ft. 

VN - net volme of septic tank, gal0 , 

3.17.6.2 Calculate d&ensions ,of dosing tank. Assume 
dosing tank is sac depth as septic tank and is square. 

LD = (00163) (VD)oos 

where 

LD - 

VD- 

3.17.6.3 

length of dosing tank, ft. 

volune of dosing tank, gal. 

Calculate volme of earthwork required. Assume 
ft over-excavation on all sides of structure. Also assume the 
top of the septic tank will be 2 ft below uatural ground. 

3.17.6.3.1 Calculate volune of earthwork for septic tank. 

, VES - (LS+3) (WS+3)(9.0) 

where 

VES - volune of earthwork for septic tank, cu ft. 

LS - length of septic tank, ft. 

WS - width of septic tank, ft. 

3.17.6.3.2 Calculate volme of earthwork for dosing tank. 

VED - (9.0)(Lm3)2 

where 

VED - volune of earthwork for dosing tank, cu ft. 

LD - length of dosing tank, ft. 
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3.17.6.3.3 Calculate total volune of earthwork required, 

VEW-vEs+ VED 

where 

VEW = total volune of earthwork required, cu ft. 

VgS - volme of earthwork for septic tank, cu ft. 

VED - volme of earthwork for dosing tank, cu ft. 

3.17.6.4 Calculate volune of relnforced concrete required 
for septic tank. 

3.17.6.4.1 Calculate quantity of R.C. wall required for 
septic tank. 

vsCW 
- (6.5)(LS) 4 (8.O)(WS) + (O.S(LS)(wS) + 0.5 

vsCW = volume of R.C. wall requlrad for septic tank, cu 
ft. 

LS - length of septic tank9 ft. 

US - width of sept&c tank, ft. 

3.17.6.4.2 Calculate quantity of R.C. slab required for 
septic tank. 

where 
vsUl 

- (0.5)(LS)(WS) 

vsa!3 - volme of R.C. slab required for septic tank, cu 
fte % 

LS = length of septic tank, fta 

US - width of septic tank, ft. 

3.17.6.5 Calculate quantity of reistforced concrete required 
for dosing tank. 

3.17.6.5.1 Calculate R.C. wall required for dosing tank. 
Assume dosing tank has one camon wall with septic tank. 

VD cw - (0.5)(LD)2 + (lO)(LD) + 0.5 

3.17-4 

--- ----- ..-.- - ..-- .--.-..--. ..---- .- - - ---- - 



. .-... - 

where 

VD =w - volme of R.C. wall required for dosing tank, cu 
ft. 

LD = length of dosing tank, ft. 

3.17.6.5.2 Calculate R.C. slab required for dosing tank. 

Ts = (0.5) (LD) 2 + LD + 0.5 

where 

X3 
- volune of R.C. slab required foti &sing tank, cu 

ft. . 

LD - length of doscng tank, ft. . 

3.17.6.6 Calculate total volume R.C. concrete required. 

v - vs cw cw + vDcw 

where 

V = vs cs CS 
+ WCS 

V =w = total volume of R.C* concrete wall required, cu ft. 

V =s - total volune of R.C. concrete slab required, cu ft. 

vsCW 
- volume of R.C. wall required for septic tank, cu 

ft. 

59 
- volune of R.C* slab required for septic tank, cu 

ft. 

VD =w - volume of R.C. wall required for dosing tank, cu 
ft. 

VD =s = volme of R.C. slab required for dosing tank, cu 
ft. 

3.17.6.7 Calculate volune of gravel for absorption field. 
Assume the tile will have 9" of gravel below it and.3" above it. 

where 

VG - volume of gravel required, cu ft. 

L - length of tile, ft. 
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3.17.6.8 Operation and matitenance manpower. Septic tanks 
require virtually no operation or maintenance. The only require 
merit is that the sludge accumulation in the tank should be 
checked once a year. If the accunulation is excessive the tank 
should be pumped out. This probably would not be required on a 
yearly basis. 

MME-8 

where 

MMEI - maLntenance manpower required, MB/n. 

3.17.6.9 Other comtruction cost ltens. The preceding 
calculations accost for approximately 90% of the construction 
cost. The renaining 10% would include costs for itens such as 
miscellaneous piping, dosing siphons, etc. 

CF - & - 1.11 
where 

CF - correction factor for other constructlon costs. 

3.17.7 

3.17.7.1 

3.17.7.2 

3.17.7.3 

3.17.7,4 

3.17.7.5 

3.17.7.6 

3.17.7.7 

3.17.7.8 

3.17.7.9 
CF. 

3.17.8 

3.17.8.1 

3.17.8.2 
$/a~ yd. 

---.- - -- 

Quantities Calculations Output Data. 

Length of septic tank, LS, ft. 

Width .of septic tank, WS, ft. 

Length of dosing tank, LD, ft. 

Total volune of earthwork required, VRW, cu ft. 

Total volune of R.C. wall required, Vcw, cu ft. 

Total volune of R.Ci slab required, Vcsw cu ft. 

Vol-e of gravel required9 VG, cu ft. 

Maintenance manpower required, MME, KH/yr. 

Correction factor for other construction.costs, 

Unit Price Input Required. 

Unit price input for earthwork, UPIEX, $/cu yd. 

Unit price Input for R.C. wall in-place, UPICW, 
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3.17.8.3 
$/cu yd. 

Unit price input for R.C. slab i-place, UPICS, 

3.17.8.4 Cost of 6" 0 perforated clay pipe installed, 
COSTCP, $/ft. 

3.17.8.5 
$ku yd. 

Unit price for gravel media installed, COCRVL, 

3.17.9 

3.17.9.1 

where 

Cost Calculations. 

Calculate cost of earthwork* 

COSTE -F UPIEX 
\ 

COSTE - cost for earthwork- $0 

VEW - total volme of earthwork required, cu ft. 

UPIEX - unit price input for earthwork, $/cu yd. . 

3.17.9.2 Calculate cost of R.C* wall in-place. 

Q 
COSTCW - +JPICW 

where 

COS'XCW = cost of R.C. wall. in-place, $. 

Q - total volune of R.C. wall required, cu ft. cw 

UPICW - unit price input for R.C. wall in-place, $/cu yd. 

3.17.9.3 Calculate cost of R.C. slab in-place. 

Q 
cosTcs = + UPICS 

where 

cosTcs - cost of R.C. slab in-place, $. 

Q cs = total volune of R.C. slab required. 

UPICS - unit price 

3.17.9.4 Calculate 

input for R.C. slab in-place, $/cu yd. 

cost of pipe for absorption field. 
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. 
COSTDP = (L) (0.8) (COSTCP) 

where 

COSTDP = c-t of drain pipe for absorption field, $. 

L = length of tile, ft. 

COSTCP = cost of 6" b perforated pipe Installed, $/ft. 

0.8 = correction factor for 4" b pipe. 

3.17.9.5 Cost of gravel bedding. 

cosnx = xc COGRVL 27 
where 

COSTGV = cost of gravel bedding, $. 

VG = volume of gravel required, cu ft. 

COGRVL = unit price for gravel media Installed, $/cu yd. 

3.17.9.6 Calculate total bare construction cost. 

TBCC = (msm + COsTCW+ cOSl?cS + COSTDP + COSTCV) CF 

where 

TBCC = total bare constructlon cost, $. 

COSTE = cost of 

COSTCW = cost of 

COSTCS = ca3tof 

aMDP =cmtof 

COSTGV -co&of 

earhtworlc, $. 

R.C* wall in-place9 $* 

R.C. slab in-place, $e , 
drain pipe for absorption fkld, $. 

gravel bedding, $. 

3.17.10 Cost Calculations Output Data. 

3.17.10.1 Total bare construction cost, TBCC, $. 

3.17.11 Bibliography. 
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1945. 
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3.19 SLUDGE DRYING BEDS 

3.19.11 Background. 

3.19.1.1 Sludge drflng beds are a common method for 
dewatering digested sludge, especially in small plants. Drfing 
beds are usually constructed using 4-9 inches of sand over S-18 
inches of graded gravel. The beds are usually divided into at 
least three sections for operational purposes. An underdrain 
system usually of vetrified clay pipe, spaced 9-20 ft apart, is 
used to rouove water. 

3.19.1.2 The design of sludge beds is influenced by maiy 
factors, such as weather conditions- sludge characteristics, 
land value, proximity of residences and use of sludge condi- 
tioning aids. 

3.19.2 Xnput Dataa 

3.19.2.1 Sludge flow, gpd. 

3.19.2.2 Solids in thickened sludge, %. 

3.19.2.3 Solids desired, %* 

3.19.3 Design Paraeters. 

3.19.3.1 Depth of sludge applied (g-12 in). 

3.19.3.2 Days (T) in which drainage is the primary drying 
mechanism (l-8 days). 

3.19.3.3 Solids after T days (1525%). 

3.19.3.4 Clearwater evaporation rate (available fran the 
U. S. Weather Bureau). 

3.19.3.5 
0.75). 

Correction of evaporation rate for sludge (a 

3.19.3.6 Average rainfall in wet mouth (available fran the 
U. S. Weather Bureau). 

3.19.3.7 
0.57). 

Fraction of rainfall absorbed by the sludge (@ 

3.19.3.8 Nunber of sections desired. 
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3.19.4 Process Design Calculations. 

3.19.4.1 Pill several colunns with thickened/digested 
sludge to desired application depth. The bottun of the colmm 
should contain sand and gravel in similar depths to that ex- 
pected in the bed. Check the bed daily until drainage fran the 
bottan has essentially ceased. Record the nunber of days of 
drainage (td) and the percent solids in the sludge. 

3.19.4.2 

where 

T= 

H= 

so = 
a- 

E- 

b- 

R- 

sl - 

s2 = 

'd - 

3.19.4.3 

where 

SA - 

Qs - 

Calculate the required dr@ng time. 

3OxHxS 
T- 

aE - bR 
o L Lt 

% s2 d 

total dry$.ng time, days. 

depth to which sludge Is applied, in. 

initial sollds, percent. 

correction of evaporation rate for sludge, 
s 0.75. 

clearwater evaporaatlon rate sludge, 
idmonth. 

fraction of water absorbed by sludge, 
- 0.57. 

rainfall during wet month, in/month. 

solids content after td days, percent. 

final sol Ids content, percent e 
, 

time during which dralnage Is signlflcantz 
days. 

Calculate the surface area. 

SA - 
Qs x W3 
H(7.48) 

surface area required, ft’. 

volmetric sludge flow, gpd. 
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The drying bed is divided into several sections which are filled 
in turn so that one is always available to accept additional 
sludge. 

SA = SA 
N 

N-l 

where 

N = nunber of sections. 

The area of each section can be given by: 

AS = p 

where \ 

AS - the area of each section, ft2. 

3.19.4.4 Calculate the solids produced. 

DTPY - Qsso ( aw ) (365 days/ yrj ( “II 2000 lb 1 

where 

DTPY - toes of dry solids per yeara 

3.19.4.5 Calculate weight of solids removed. 
(DTpY)(lOO) 

TPY - s2 

where 

TPY - total tons per year removed. 

S2 = final solids content, %. 

3.19.5 Process Design Output Data. 

3.19.5.1 Area required, ft2. 

3.19.5.2 Depth of sludge application, in. 

3.19.5.3 Nunber of sections. 

3.19.5.4 Area of each section, ft2. 

3.19.5.5 Drying time iibed, days. 

3.19-3 

-~- - -  - - -  .  -  -  -  -  - . -  . - - -  - -  -  . -  - -e - -  
-  - - . - ~ - .  -  ~ - - -  

- . -  . -  - - - -  . - -  - - -  
- - - . - - - - -  



3.19.6 Quantltb?!s calculations. 

3.19.6.1 Uncovered dmng beds with truck track for ease 
of sludge pickup (See Figure 2.53-l) will be utilized in this 
manual. A mintium of three beds will be provided for alternate 
sludge application, dmng and cleanup. A typical width of 20 
feet is utilized. This llmltation is imposed by the constraint 
of manual sludge pickup and transfer to truck. The length of 
bed is limited to less than 300 feet. This is due to the 
hydraulic constraint of the drainage pipes. 

3.19.6.2 Selection of the nmber of beds. The selection 
of the nmber of drflng beds is dependent on the total surface 
area required. The following rule will be followed in this 
selection. 

N must be an integer and should always be larger than 3. 

where 

N - nunber of beds. 

SA - total drfing bed surface area required, sq ft. 

3.19.6.3 Dimensions of drying beds. 

3.19.6.3.1 Surface area of each individual bed, SAN, sq ft. 

3.19.6.3.2 Length of each bed, LN, ft. 

LN -5 

where . 

20 - width of bed, ft. 

3.19*6m4 Earthwork required for drying bed construction. 
It is assumed that the depth of cut would be 4 feet and the 
slope of cut would be 1:l. Thus the total volune of cut can be 
expressed by: 

Q ew - [48 N (LN) + 224 N +/ 560 N2 (LN)2 + 4480 N2 (LN)] $ 
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where 

V ew - volume of earthwork in cu ft. 

3.19.6.5 Quantity of reinforced concrete required. 

3.19.651 This iten includes the concrete dividing walls 
and the truck tracks. 

3.19.6.5.2 The typical cross section, of the dividing wall is 
shown in Figure 3.19-l. The quantity of wall would be: 

v ~w - volune of reinforced concrete in-place, 
cu ft. 

3.19.6.5.3 Volme of concrete required for the coustruction 
of truck tracks: 

where 

V =s - volume of R.C. in-place, cu ft. 

3.19.6.6 Quantity of sand and gravel. 

3.19.6.6.1 It is assumed that a l&inch depth 
a g-inch depth of sand will be util iced in drying 

3.19.6.6.2 Volxxne of sand. 

‘ds - 20 (N) (LN) h = 15 (N) (LN) 

where 

Vds - voltxne of sand required, cu ft. 

3.19.6.6.3 Volune of gravel. 

‘dtx - 20 (N) (LN) 

where 

'dg 
- volme of gravel, cu ft. 

3.1995 
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3.19.6.7 Perforated drain pipe required. 

3.19.6.7.1 It is assumed that only the vitrified clay pipe 
will be used for this purpose. 

3.19.6.7.2 Size of pipe to be used. Only k inch, 6-inch, 
and 8-inch dianeter will be utilized. Selectiou of pipe size 
depends on length of bed. The following mle will be used: 

Length of Bed, LN 

<loo' 

Clay Pipe D&meter 
(DICLP) In 

4" 

100 - 200 6n 

3.19.6.7.3 Total length of pipe, CPL* 

CPL - 2 (N) (LN) 

3.l9.6.a Operation and maintenance manpower requirement. 

3.19.6.a.l Operation man-hours required, OMH. 

When TPD C 0.09 (tous/day) 

OMH - 360 

When 0.09 s TPD s 0.g (tous/day) 

OMH - 964 (TPD)Oo409 

Mhen TPD > 0.8 (tous/day) 

OMH - 1066.4 (TPD) 

where 

TPD - sludge solids applied per day, tons/day. 

OME - operation man-hour requirement, ma+hours/yr. 

3.19.6.a.2 Maintenance m-hour requirement. 

When TPD < 0.09 (toua/day) 

Mm - 160 

When 0.09 s TPD s 0.8 (tous/day) 

MHH - 432.g (TPD)Oa409 

- 
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When TPD 0.8 (tons/day) 

MMH - 532.8 (TPD) 

where 

MMEi - maintenance man-hour requirement, ma*hour/yr. 

3.19.6.9 Operation and material costs. This item is 
principally related to replacement of sand removal in the bed 
cleaning*process. It is expressed as a percent of total bare 
construction costs of the drying bed. 

where 

OMMP - 0.9% 
, 

OMMP = percent of the installed equipment costs for the 
operation and maintenance material costs, percent. 

3.19.6.10 Other construction cost itens. Fran the above 
calculations it can be seen that approtiately 90 percent of the 
cou3truction costs have been accounted for. Other itens such as 
inlet piping, filtrate collection system, etc., would be 10 
percent. Thus, the correction factor would be: 

CF -B&j - 1.11 

where 

CF - correciton factor for minor construction costs. 

3.19.7 

3.19.7.1 

3.19.7.2 

3.19.7.3 

3.19.7.4 

3.19.7.5 

3.19.7.6 

3.19.7.7 

3.19.7.8 

Quantities Calculations Output Data. 

Nunber of beds, N* 

Surface area of each bed, SAN, sq ft. 

Length of each bed, LN, ft. 

Quantity of earthwork required, Vew, cu ft. 

Quantity of concrete wall, V cw, cu ft. 

Quantity of concrete slab, Vcs, cu ft. 

Quantity of sand, V ds' cu ft. 

Quantity of gravel, V w 
cu ft. 

3.1907 
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3.19.7.9 Perforated pipe size, DICLP, In. 

3.19.7.10 

3.19.7.11 

3.19.7.12 
hou=/yr. 

3.19.7.13 
capital costs, 

3.19.7.14 

3.19.8 

3.19.8.1 . Unit price input for earthwork, UPIEX, $/cu yd. 

3.19.8.2 
$/= Yd. 

3.19.8.3 
$h yd. 

3.19.8.4 
Index, ENRCCI. 

3.19.9 

3.19.9.1 

wh&re 

Length of pipe, CPL, ft. 

Operation manpower requirement, OHE, ma*hours/yr* 

Maintenance manpower requirement, MM& ma* 

Operation and maintenance costs as a percent 
CMMP, percent. * 

Other-construction cost items, CF. 

Unit price Input Required. 

of 

Unit price input for R.C. wall b-place, UPICU, 

Unit price Input for R.C. slab in-place, UPICS, 

Current Engineering News Record Constructloo Cost 

Cost Calculations. 

Cost of earthwork, COSTE. 

V 

. 

COSTE - 9 x UPIRX 

COSTE . - cost of earthwork, $. 
b 

v Ed - volme of earthwork, cu ft6 

UPIEX ='unit price Input for earthwork* $/CU yd. 

3.19.9.2 
COSTCW. 

Cost of reinforced concrete wall i*place, 

V 
coslcw = + x UPICW x 0.7 

3.19-8 
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where 

COSTCW = cost of R.C. wall in-place, $. 

v =w - total quautiq of R*C. wall, cu ft. 

UPICW - unit price input of R.C. wall In-place, $/cu yd. 

0.7 - due to the s&nple construction, the unit price is 
lowered to 70 percent. 

3.19e9.3 Cost of R.C. slab in-place, COSTCS. 

where 

COSTCS - cost of R.C. slab in-place, dollars. 

v = cs 
UPICS - 

0.6 = 

3.19.9.4 
system. 

3.19.9.4.1 
piping cost 
table: 

volume of R.C. slabs cu ft* 

unit price input for R.C. slab in-place, 
$ku yd. 

due to the stiple construction, the unit price 
Is lowered to 60 percent0 

Costs of Saud and gravel media and drain pipe 

Cost of perforated clay piping system. The installed 
for 1st quarter l.97? is summarized i,n the following 

Pipe Size 
DLCLP 

4m 
6" 
8 II 

Unit Cost of Installed Pipe 
COSTCP, $/LA 

$2.lS/L.F. 
$2.75/L.F. 
$4.25/L& 

Cost of drain pipe systan, CDPS, dollars. 

CDPS - COSTCP l CPL 

3.19-g 
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where 

CDPS - cost of drain pipe system, $. 

COSTCP = unit cost of installed piping system, $/L.F. 

CPL = length of pipe, ft. 

3.19.9.4.2 Cost of sand and gravel. The 1st quarter 1977 
costs of in-place sand and gravel are: 

COSAND - $5.90/ cu yd 

COCRVL - $4.301~~ yd 

where 

COSAND - unit cost of sand in-place, $/cu yd. 

COGRVL - unit wet of gravel *place, $/cu yd. 

Thus cost of drfing bed media, CODBM. 

CODBM - 

where 

vds = volume of sand, cu ft. 

vdi * voltme of gravel, cu ft. 

3.19.9.4.3 For better estimates, the unit prices, COSAND, 
COCRVL, and COSTCP, should be obtasned fram local vendors and be 
treated as unit price input. OtherwiseV the Engineering News 
Record (EXR) Construction Cost Index should be used to update 
these costs* 

Thus, if unit prices are given fran the input: 

CODBMU - (CCDBM+ CDPS) 

If no unit prices are given frau the input: 

CODBMU = (CODBM+ CDPS) .w 

where 

CODBMU - updatezI costs of dmng bed media and drainage 
system, $. 

ENRCCI - Engineering News Record Construction Cost Xndex. 

3.19e 10 
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2470 = ENRCCI of 1st quarter, 1977. 

Total bare construction costs of drfing bed, 

TBCC - cl' (COSTE + COSTCW 4 COSTCS 4 CODBMU) 

TBCC = totd bare construction costs of sludge drying 
bed, $. 

CF - correction factors for mtior construction itams. 

3J9e9.6 Operation and maintenance material costs, OMMC. 
O&Mmaterial costs are estkaated &s a percent of the total, bare 
~c%st~~ct~ou costse Thus : 

where 

OMMC - operation and maintenance material costs, $/yr. 

OMMP = O&Hmateri&l costs as percent of total 
construction cost9 percent. 

3*l.9alO Cost Calculations Output Data. 

3*19*10.1 Total bare construction cost for sludge drying 
bd, $a 

3*19*102 Operation and maintenance material costs, $/yr. 
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