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BIOLOGICAL NITROGEN REMOVAL

Discharge of ammonia nitrogen to a receiving stream causes depletion of the stream's dissolved oxygen content as the
ammonia nitrogen is oxidized to nitrate. In addition, ammonia nitrogen can adversely affect fish life under certain
environmental conditions. As a result, many wastewater treatment plants employ nitrification to convert ammonia
nitrogen to nitrate nitrogen prior to discharge. 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 effects such as
algal blooms and eutrophication. As a result, denitrification must be used at certain treatment plants. The biological
process of denitrification involves the conversion of nitrate nitrogen to gaseous nitrogen. The gaseous product,
primarily nitrogen gas, is not available for biological growth.

Denitrification is a two-step biological process. Nitrate is converted to nitrite, which in turn is reduced to nitrogen gas.
This two-step process is termed "dissimilation”. A broad range of bacteria, including Pseudomonas, Micrococcus,
Achromobacter and Bacillus, can accomplish denitrification. These bacteria can use either nitrate or oxygen to oxidize
organic material. As the use of oxygen is more energetically favorable than nitrate, denitrification must be conducted
in the absence of oxygen (anoxic condition) to ensure that nitrate, rather than oxygen, is used in the oxidation of the
organic material. For denitrification to occur, a carbon source must be available for oxidation. If the carbonaceous
material in the raw wastewater has been removed, an external carbon source may have to be added to the denitrification
system.The theoretical methanol requirement for nitrate reduction and cell synthesis is 2.86 mg methanol-COD per
mg nitrate-nitrogen. However, additional methanol is needed to ensure the complete reduction of any nitrite present
and the elimination of any remaining oxygen.

Step 1: Determine the minimum aerobic SRT for nitrification based on the winter temperature.

Nitrifier Growth Rate

= (Twinter —20°C)
:umaXA,Twmter = HmaxA, 20 X@/JA,arrhenius winter (1)

where: Twinter = winter temperature (°C)
T maximum specific growth rate at temperature, Twinter (1/d)

HUmaxa20 = maximum specific growth rate at 20°C (1/d)

O parrhenius = arrhenius temperature coefficient that has a value of 1.123 in version 1.0

Nitrifier Decay Rate

= (Tuiner —20°C)
Ba T, e =P2,20 X Ghaarrhenius " "

where: Tuwinter = Winter temperature (°C)

N decay rate at temperature, Twinter (1/d)

b, = decay rate at 20°C (1/d)

Opaarrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 1.0
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Minimum Aerobic SRT

1
SRTaerobic = b (3)
’umaXAvainter - avainter
where: SRTaerobic = minimum aerobic SRT for nitrification at temperature, Twinter
Allowing for an SRT safety factor:
SRTaerobic,safe = SRTaerobic * SRTsf (4)
where:  SRTaerobicsate = calculated minimum aerobic SRT after safety factor correction (d)
SRTs« = safety factor for SRT
Step 2: Calculate the Aerobic Basin Volume
Endogenous Respiration Rate
Tointer —20°C
kd,Twintelr :kd,ZOX@kd,arrhenius( e ) ®)
where: Tuwinter = Winter temperature (°C)
kdvainter = oxygen decay coefficient at temperature, Twinter (1/d)
kg0 = o0xygen decay coefficient at 20°C (1/d)
O arrhenivs = arrhenius temperature coefficient that has a value of 1.040 in version 1.0
BOD Removal
BODremoved = BODr,in - BODs eff (6)
where: BODremoved = BOD removed in the unit process (g BOD/m®)
BODr,n = total BOD entering the unit process (g BOD/m?)
BODserr = effluent soluble BOD (g BOD/m3)
Aerobic Volume
V o SRTaerobic,safeXQin XYh X BODremoved XOS (7)
aerobic VSSx(1+ I(d,Twimer % SRTaerobic,safe )
where: Vaerobic = aerobic volume (m?3)
SRTaerobicsate = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (m®/d)
Yh = biomass yield (gVSS/gBOD)
BODremoved = BOD removed in the unit process (g BOD/md)
0.8 =assumed removal factor which is used to calculate the aerobically removed BOD from the
total BOD removed (80% assumed)
VSS =volatile suspended solids concentration

[= Suspended solids * ‘VSS/SS ratio’] (g/m®)
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kd’Twmler = oxygen decay coefficient at temperature, Twinter (1/d)

Step 3: Check on Aerobic HRT

Aerobic Hydraulic Retention Time

Voo
HR Taerobic = ag_oblc x24 8
in

where: HRTaerovic = aerobic hydraulic retention time (hr) - minimum allowable HRTaerobic = 3 hours

Resizing Aerobic Tank (if necessary)

If the calculated HRTaerovic iS less than 3 hours, then the aerobic tank must be resized and the VSS and SS
concentrations are recalculated.

HRTaerobic = 3 hOLII’S (9)
Vaerobic :W%Ziqun (10)

If the aerobic tank needs to be resized to satisfy an HRT limitation then the user-defined VSS concentration needs to
be overridden and new VSS & SS concentrations need to be calculated.

SRTaerobic,safe XQin % Yh X BODyemoved 0.8

VSS= (11)
Vaerobic X(1+ I(d,Twimer * SRTaerobic,safe )
A (12)
ivt
where: ivt =VSS/SS ratio
Step 4: Determine the Volume of the Anoxic Basins
Influent BOD to TKN ratio
BODy;
inf _3Prn (13)
TKNrtjp,
where: BNint = influent BOD to TKN ratio

Using a ladder logic type approach, the volume of the anoxic basins and the total SRT can be calculated.

BNins Sizes

BNint > 6.5 0.8

6.5 > BNijnr < 5.0 0.7

5.0 > BNinr < 4.0 0.6
BNint <4.0 0.6 - warning printed

- | Hydromantis Environmental Software Solutions, Inc.
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where: Sizer = sizing factor
System Sizing
\V} .

V. .. ——aerobic 14

total Siz e ( )

Vanoxic =(1- Sizes )xViota (15)

SRT, i
SRTtotaI _ aerobic,safe (16)

Sizes

Step 5: Determine the Number of Batteries, Process Trains & Number of Tanks-In-Series

Influent Flow in U.S. Units

G
Qin,us :37|g5
where: Qinus = unit process influent flow rate in U.S. units (MGD)
3785 = volume conversion (m%/Mgal)
Batteries
NBinf 2nss 41 g
100
where: NB = number of batteries
Qin,us
Qpg = NB
where: Qes = flow per battery (MGD)

Number of Process Trains

Using a ladder logic-type approach, the number of process trains can be calculated.

Qes (MGD) NT
Qps > 70 16
70 > Qps< 50 14
50>Qprs <40 12
40>Qpe <30 10
30>Qrs <20 8
20>Qrs <10 6
10>Qrs <4 4
4>Qpe<2 3
Qrs <2.0 2
where: NT = number of process trains

(17

(18)

(19)
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Number of Aerobic Tanks-in-Series

Given the number of process trains to be designed, the number of aerobic tanks in series per process train must be
calculated.

V )
Vaerobic, nt= #();)\IICB (2 0)

where: Vaerobicnt = aerobic volume per process stream (m?3)
Vaerobic,nt (m3) Taerobic,nt
Vaerobic,nt < 300 1
300 < Vaerobic,nt < 600 2
Vaerobicnt > 600 3
where: Taerobicnt = number of aerobic tanks per process train
Vaerobic nt
Vaerobic,i :T—Y (21)
aerobic,nt
where: Veerobici = volume of individual aerobic tanks (m?3)

Number of Anoxic Tanks-in-Series

Given the number of process trains to be designed, the number of anoxic tanks in series per process train must be
calculated.

AV
Vanoxic, nt :ﬁ (22)

where: Vanoxicnt = anoxic volume per process stream (m?)
Vanoxic,nt (m3) Tanoxic.nt
Vanoxic,nt < Vaerobic,i 1
Vaerobic,i < Vanoxic,nt < Z*Vaerobic,i 2
Vanoxic,nt > 2*Vaerobic,i 3
where: Tanoxicnt = number of anoxic tanks per process train

0N | Hydromantis Environmental Software Solutions, Inc.
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Volume of Each Anoxic Tank
V N
V R anoxic 23
anoed (Tanoxic,nt X NT < NB) @)
where: Vanoxici = volume of each anoxic tank (m?)
Step 6: Calculate Air Requirements
Nitrogen Requirement for Growth
FNR = Min(TKNr.in, 0.05 X BODremoved) (24)
where: FNR = nitrogen requirement for growth (gN/m?3)
TPR = Mln(TPm, 001 X BODremoved) (25)
where: TPR = phosphorus requirement for growth (gP/m3)
Nitrifiable Nitrogen
Nn = TKNr,in - FNR (26)
where: Nn = nitrifiable nitrogen (gN/m?®)
Effluent Nitrogen
It is assumed that all influent TKN is available and that the effluent soluble TKN is ammonia.
NHs et = TKNTinf - FNR - Ny X 0.8 (27)
NOsef = Ny X 0.8 -(0.8-0.8%x0.7) X Ny (28)
TKNett = NHzest (29)
Required Oxygen for Average Influent Load (assuming 80% nitrification)
Oreq = Qin X (0.75 X BODremoved + 4.3 X 0.8 X Ny - 2.83 x (0.8 -0.8 x 0.7) x Nn) x 1000 (30)
where: Oreq = 0xygen required (kgO2/d)
Required Air Flow for Average Influent Load
Oreq 1
Qair =501 “2x021) (31)
o X ———
100
where: Qair = required air flow (m3/d)

SOTE = standard oxygen transfer efficiency (%)
a = alpha factor for oxygen transfer into wastewater
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1.2 = unit conversion (kgO2/m?)
0.21 = partial pressure of oxygen in air

Step 7: Calculate Number of Baffles Required

Total Number of Baffles

Baffr = (1+(Tanoxic,nt '1) + (Taerobic,nt '1)) xNT x NB (32)

where: Baffr = total number of baffles
Tanoxicnt = NUMber of anoxic tanks in series per process train
Taerovicnt = NUMber of aerobic tanks in series per process train

Step 8: Calculate Mixing Requirements

Anoxic Tank Mixing Power

V. . :x30.0
Power, . . =int| ——=l" =" 410 33
anoxic, mix ( 1000 ( )
where:  Poweranoxicmix = required mixing power (KW)
Number of Mixers
MixerSanoxic = Tanoxic,nt X NT x NB (34)

where: Mixersanoxic = number of required anoxic mixers

Step 9: Size pumps

Internal recycling pumps and return sludge pumps are sized according to the general pumping algorithm that can be
found in the CapdetWorks Technical Reference. The recycle pumps are sized to have a maximum pumped flow of 2
X Qinnt, and minimum pumped flow of Qinne. The return sludge pumps are sized to have a maximum pumped flow of
Qinnt and a minimum pumped flow of 0.35 X Qinnt.

Step 10: Determine Sludge Production

Sludge Production

(Vtotal X SS)

Sludge,, = 35
9total = SRt x1000 (39)
SS e xQ
Sludge, ¢, = —2&—=In 36
g weir 1000 ( )
Sludgewasted = Sludgerotal - Sludgeeir (37)
where: SSeut = concentration of suspended solids in the effluent (g/m?)

SS = concentration of suspended solids in the reactor (g/m?3)
Sludgewasteda = mass of sludge to be disposed of (kg/d)
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Sludgeweir = mass of sludge going over the weir (kg/d)
Sludgetwtar = sludge produced (kg/d)

Step 11: Determine Sludge Recycle Ratio

Clarifier Mass Balance

If SSout is assumed to be negligible in comparison to the solids loading to the clarifier, then a mass balance around the
clarifier can be established and solved for Qras.

(Qin + Qras) X SS = Qras X UC X 10000 (38)
!
Qin X SS
- 39
Qras =0 % 10000 55 (39)
where: UC = underflow concentration (%)

Qras = recycle activated sludge flow rate (m3/d)

Sludge Recycle Ratio

sRR=Jres (40)
in
where: SRR = sludge recycle ratio
Step 12: Determine Effluent Oxygen Demand
Effluent BOD
BODr et = BODs et + 0.84 X fyss pio X SSout X iVt (41)
where: BODrerr = effluent BOD (g/m®)
fusspio = degradable fraction of MLVSS
0.84 =degradable VSS to BOD conversion factor
Effluent COD
CODr et = BODreff X1.5 (42)
where: CODrerr = effluent COD (g/m?)

| Hydromantis Environmental Software Solutions, Inc.
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BIOLOGICAL NUTRIENT REMOVAL

Biological nutrient removal encompasses both denitrification (described previously) and excess biological phosphorus
removal (EBPR) separately, or in combination. EBPR is a biologically mediated process used within activated sludge
systems to achieve phosphorus removal from wastewater. The process involves cultivating within the mixed
community, microorganisms (termed polyphosphate accumulating organisms or PAOs) which have the ability to take
up more phosphorus than they require for growth. The net effect of this uptake is a reduced wastewater concentration
to a level of residual phosphorus which can be less than 1mg/L.

Experience has shown that significant biological nutrient removal (BNR) activity does not occur in strictly aerobic
systems. Rather, BNR behavior is achieved by incorporating an unaerated zone into the process design. For
denitrification, an anoxic stage (nitrate present, no oxygen) is included and for EBPR, an anaerobic stage (neither
nitrate nor oxygen present) must be included in the reactor configuration.

BIOLOGICAL NUTRIENT REMOVAL - 2-STAGE

T} Anaerobrc | | Aerobic ‘ |

This reactor configuration includes an anaerobic/unaerated stage ahead of an aerobic reactor. These reactors are
followed by a secondary clarifier that is used to concentrate the sludge and return it to the unaerated stage.

Step 1: Determine the aerobic SRT based on temperature.

System SRT
If the winter temperature is above 10°C and the summer temperature is above 20°C then:
SRT = 3 days (8]
Otherwise:
SRT =5 days 2
where: SRT =design SRT (d)

Step 2: Calculation of the Aerobic Basin Volume

Endogenous Respiration Rate

_ (Tointer —20°C)
kdvainter =Kg,20XGd arrhenius ™ 3)

where: Twinter = winter temperature (°C)
kdvaimer = oxygen decay coefficient at temperature, Twinter (1/d)

Kg20 = o0xygen decay coefficient at 20°C (1/d)

Od arrhenius = arrhenius temperature coefficient that has a value of 1.040 in version 1.0
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BOD Removal
BODremoved = BODT,in - BODS,eff (4)
where: BODremoved = BOD removed in the unit process (g BOD/md)
BODr,n = total BOD entering the unit process (g BOD/m?)
BODserr = effluent soluble BOD (g BOD/md)
Aerobic Volume
SRT xQjp xYp x BODyemoved
Vaerobic = VSS (5)
x(1+kgr,, xSRT)
where: Vaerobic = aerobic volume (m?3)
SRT =design SRT (d)
Qin = the unit process influent flow rate (m®/d)
Yn = hiomass yield (gVSS/gBOD)
BODremoves = BOD removed in the unit process (g BOD/m®)
VSS =volatile suspended solids concentration
[= Suspended solids * ‘VSS/SS ratio’] (g/m3)
kdvamter = oxygen decay coefficient at temperature, Twinter (1/d)
Aerobic Hydraulic Retention Time
Vaerobic
HRTaerobic =5 = 24 )
in
where: HRTaerobic = aerobic hydraulic retention time (hr) - minimum allowable HRTaerobic = 3 hours
Resizing Aerobic Tank (if necessary)
If the calculated HRTaeronic is less than 3 hours, then the aerobic tank must be.
HRTaerobic = 3 hOUI’S (7)
HRT, i X
V - aerobic in 8
aerobic 24 ( )
Step 3: Check on Loading
F/M Ratio
Qin x BODT,in
F/M calc = Voo v, (9)
VSS %V aeropic
where: F/Mcaic = calculated F/M ratio (g BOD g VSS1 d?)

*F/Mcaic is bounded by between F/Musermin [F/Musermin 1S the user-specified ‘F/M Ratio - Minimum’] and

F/Muser,max [F/Muser,max |S the USEI‘-SpeCiﬁed ‘F/M Ratio - Maximum’].
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If the calculated F/Mcqc falls outside these boundaries, then the user-defined VVSS concentration needs to be overridden
and new VSS & SS concentrations need to be calculated. Based on these calculations, the SRT also must be
recalculated.

B Qin x BODemoved

VSS (10)
Vaerobic X F /M yser
55 YSS (11)
ivt
where: ivt = VSS/SS ratio
F/Muser = either F/Muser.min Or F/Muser,max, i.€. whichever boundary has been violated
SRT= Vaerobic XVSS (12)
Qin xYh X BODyemoved —Vaeroic XVSSx kd,TWinter
Step 4: Determine the Anaerobic Basin VVolume
Influent BOD to TP ratio
BODx;
BRy =T (13)

Tpl',in

where: BPint = influent BOD to TP ratio

Using a ladder logic type approach, the anaerobic retention time can be calculated subject to minimum boundaries.

BPin HRTanaerobic (hr) Minimum Boundaries (all apply)
(Tpi —TPout )_ 2
BPint > 35 f HRTanaerobic > 1.0 HRTanaerobic > 0.15 x HRTaerobic
BPinf < 35 0.88 X (TPin - TPout) - 2.5 HRTanaerobic > 1.5 HRTanaerobic > 0.25 x HRTaerobic
Vanaerobic = HRTanaezro4bic XQn (14)

where: HRTanaerobic = anaerobic hydraulic retention time (hr)
Vanaerobic = anaerobic volume (m?)

Total Volume
Viotal = Vanaerobic + Vaerobic (15)
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Step 5: Determine the Number of Batteries, Process Trains & Number of Tanks-In-Series

Influent Flow in U.S. Units

 _Qin
Qinus 3785 (16)

where: Qinus = unit process influent flow rate in U.S. units (MGD)
3785 =volume conversion (m%/Mgal)

Batteries
NB =ing 2 41 g 17)
100
where: NB = number of batteries
Qin us
= 18
Qps NB (18)
where: Qes = flow per battery (MGD)

Number of Process Trains

Using a ladder logic-type approach, the number of process trains can be calculated.

Qrs (MGD) NT
Qps > 70 16
70 > Qre< 50 14
50 > Qrs <40 12
40>Qps <30 10
30>Qrs <20 8
20>Qprs <10 6
10>Qps <4 4
4>Qpr<2 3
Qre<2.0 2
where: NT = number of process trains

Number of Aerobic Tanks-in-Series

Given the number of process trains to be designed, the number of aerobic tanks in series per process train must be
calculated.

V .
V . _ _Vaerobic 19
aerobic, nt NT x NB ( )
where: Vaerobicnt = aerobic volume per process stream (m*)
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Vaerobic,nt (m3) Taerobic,nt
Vaerobic,nt < 300 1
300 < Vaerobic,nt < 600 2

Vaerobic,nt > 600 3

where: Taerovicnt = number of aerobic tanks per process train
V. .
Vaerobic,i :TaLblc,nt (20)
aerobic,nt

where: Vaerobici = volume of individual aerobic tanks (m?3)

Number of Anaerobic Tanks-in-Series

Given the number of process trains to be designed, the number of anoxic tanks in series per process train must be
calculated.

Vanaerobic (21)
NT xNB

Vanaerobic, nt=

where: Vanaerobicnt = anaerobic volume per process stream (m?)

Vanaerobic,nt (m3) Tanaerobic,nt

Vanaerobic,m < Vaerobic,i 1
Vaerobic,i < Vanaerobic,nt < Z*Vaerobic,i 2
Vanaerobic,nt > 2*Vaerobic,i 3

where: Tanaerobicnt = NUMber of anaerobic tanks per process train

Volume of Each Anaerobic Tank

Vanaerobic (22)
(ranaerobic,nt xNTxNB)

Vanaerobic,i =

where: Vanaerobici = vVolume of each anaerobic tank (m?)

Step 6: Calculate Number of Baffles Required

Total Number of Baffles

Baffr = (l+ (Tanaerobic,nt '1) + (Taerobic,nt '1)) XNT x NB (23)

where: Baffr = total number of baffles
Tanaerobicnt = Number of anaerobic tanks in series per process train
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Taerobicnt = number of aerobic tanks in series per process train

Step 7: Calculate Mixing Requirements

Anaerobic Mixing Power

V, ici X30.0
l:)Owerf;\naerobic,mix = im(% +1-Oj (24)

where:Poweranaerobicmix = required anaerobic mixing power (kW)

Number of Mixers

MiXerSanaerobic = Tanaerobic,t X NT X NB (25)

where:  Mixersanaerobic = number of required anoxic mixers

Step 8: Calculate Air Requirements

Nitrogen Requirement for Growth

FNR = Min(TKNr,in, 0.05 X BODremoved) (26)

where: FNR = nitrogen requirement for growth (gN/m?3)

Degree of Nitrification

The assumed degree of nitrification is assessed based on the summer temperature according to the following criteria.

Summer Temperature N
Constraint SRT < 3 days 3<SRT<5 SRT > 5 days
Tsummer > 20°C 04 0.8 1.0
Tsummer < 20°C 0.4 0.6 0.6
where: N = degree of nitrification

Effluent Nitrogen
It is assumed that all influent TKN is available and that the effluent soluble TKN is ammonia.

NHaeft = TKNTinf - FNR - (TKNTin - FNR) X N 27)
NOs et = (TKNrin - FNR) X N - (N - N x 0.7) X (TKNr,n - FNR) (28)
TKNetr = NH eft (29)

Required Oxygen for Average Influent Load (with complete nitrification)
Oreg = Qin X (0.75 X BODremoved + 4.3 X (TKNr,in - FNR) - 2.83 x (1.0 - 0.7) X (TKNr,in - FNR)) x 1000 (30)
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where: Oreqg = 0Oxygen required (kgO2/d)

Required Air Flow for Average Influent Load

Oreq 1
Qair =—go7E * (1.2x0.21) 1)
O X———
100
where: Qair = required air flow (m%/d)

SOTE = standard oxygen transfer efficiency (%)
a = alpha factor for oxygen transfer into wastewater
1.2 =unit conversion (kgO2/m?3)
0.21 = partial pressure of oxygen in air

Step 9: Size pumps

Internal recycling pumps and return sludge pumps are sized according to the general pumping algorithm that can be
found in the CapdetWorks Technical Reference. The return sludge pumps are sized to have a maximum pumped flow
of Qin,nt and a minimum pumped flow of 0.35 X Qinnt.

Step 10: Determine Sludge Production

Sludge Production

(Viotal X SS)
Slud — Ttotal 799/ 32
G&otal SRT x1000 (32)
SSout X

Slud . —Svout 7 Xin 33
9ueir =1 000 (33)
Sludgewasted = Sludgerotar - Sludgeeir (34)

where: SSout = concentration of suspended solids in the effluent (g/m?3)

SS = concentration of suspended solids in the reactor (g/m?3)
Sludgewased = mass of sludge to be disposed of (kg/d)
Sludgeweir = mass of sludge going over the weir (kg/d)
Sludgewtar = sludge produced (kg/d)

Step 11: Determine Sludge Recycle Ratio

Clarifier Mass Balance

If SSout is assumed to be negligible in comparison to the solids loading to the clarifier, then a mass balance around the
clarifier can be established and solved for Qyas.

(Qin + Qras) X SS = Qras X UC X 10000 (35)
I
Qin X SS
S —— 36
Qres UC x10000 — SS (36)
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where: UC = underflow concentration (%)
Qras = recycle activated sludge flow rate (m®/d)

Sludge Recycle Ratio

SRR=ras 37)
in
where: SRR = sludge recycle ratio
Step 12: Determine Effluent Oxygen Demand
Effluent BOD
BODT'eﬂ = BODs,eﬁ +0.84 x fVSS,bio X SSout X iVt (38)
where: BODrert = effluent BOD (g/m®)
fusspio = degradable fraction of MLVSS
0.84 =degradable VSS to BOD conversion factor
Effluent COD
CODTYeff = BODT,eff x 1.5 (39)
where: CODrert = effluent COD (g/m?)
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BIOLOGICAL NUTRIENT REMOVAL - 3/5 STAGE

Tﬁ/&naembac’i‘ Anoxic H Aerobic }i )

e

The 3-stage biological nutrient removal configuration includes an anaerobic stage, followed by an anoxic stage
followed by an aerobic stage. One internal recycle is used to recycle nitrate from the aerobic stage to the anoxic stage
and a return activated sludge (RAS) recycle is used to recycle thickened sludge from the clarifier to the anaerobic

stage.
T Anaerobic }—{AnoxeﬂL Aerobic J—{A noxiH Aerob;c}{
9 T

The 5-stage configuration (also termed a ‘modified Bardenpho”) is similar to the 3-stage configuration in that the first
three reactors are similar and one internal recycle recycles nitrate to the anoxic stage. However, to increase the nutrient
removal capacity, two additional stages are placed after the aerobic stage and before the clarifier. The first of these
stages is anoxic for more denitrification, and the second is aerobic for effluent polishing.

Step 1: Determine the minimum aerobic SRT for nitrification based on the winter temperature.

Nitrifier Growth Rate

= (Tinter —20°C)
'umaXA'Twinter _ﬂmaXA'ZOX@;AarrheniUS winter (1)

where: Tuwinter = Winter temperature (°C)
JZr T maximum specific growth rate at temperature, Twinter (1/d)

Umaxa20 = Maximum specific growth rate at 20°C (1/d)

O parrhenivs = arrhenius temperature coefficient that has a value of 1.123 in version 1.0

Nitrifier Decay Rate

‘ = (Tuinter —20°C)
ba,TwinIer _ba,ZO X @Da,arrhenius winter (2)

where: Twinter = Winter temperature (°C)
bar,.. = decay rate attemperature, Tuinter (1/d)

bao = decay rate at 20°C (1/d)

Ghaarrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 1.0
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Minimum Aerobic SRT

1
SRTaerobic = b (3)
’umaXAvainter - avainter
where: SRTaerobic = minimum aerobic SRT for nitrification at temperature, Twinter
Allowing for an SRT safety factor:
SRTaerobic,safe = SRTaerobic * SRTsf (4)
where:  SRTaerobicsate = calculated minimum aerobic SRT after safety factor correction (d)
SRTs« = safety factor for SRT
Step 2: Calculation of the Aerobic Basin Volume
Endogenous Respiration Rate
Tyiner —20°C
I(d,Twimer :kd,ZOX@kd,arrhenius( wner ) )
where: Tuwinter = Winter temperature (°C)
Ky Tuner = OXYGEN decay coefficient at temperature, Twinter (1/d)
Kgo0 = o0xygen decay coefficient at 20°C (1/d)
Od arrhenius = arrhenius temperature coefficient that has a value of 1.040 in version 1.0
BOD Removal
BODremoved = BODr,in - BODs eff (6)
where: BODremoved = BOD removed in the unit process (g BOD/mq)
BODr,n = total BOD entering the unit process (g BOD/m?)
BODserr = effluent soluble BOD (g BOD/m3)
Aerobic Volume
o SRTaerobic,safe % Qjn xYp x BODyemoyeq x0.8 (7)
aerobic VSSx(1+ I(d,Twimer * SRTaerobic,safe )
where: Vaerobic = aerobic volume (m?3)
SRTaerobicsate = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (m®/d)
Yh = biomass yield (gVSS/gBOD)
BODremoved = BOD removed in the unit process (g BOD/md)
0.8 =assumed removal factor which is used to calculate the aerobically removed BOD from the
total BOD removed (80% assumed)
VSS =volatile suspended solids concentration

[= Suspended solids * “VSS/SS ratio’] (g/m3)
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kd’Twmler = oxygen decay coefficient at temperature, Twinter (1/d)

Step 3: Check on Aerobic HRT

Aerobic Hydraulic Retention Time

V .
HRTaerobic = —2erobic 24 (8)
Qin
where: HRTaerovic = aerobic hydraulic retention time (hr) - minimum allowable HRTaerobic = 3 hours

Sizing Aerobic Tank (if necessary)

If the calculated HRTaeronic IS less than 3 hours, then the aerobic tank must be resized and the VSS and SS
concentrations are recalculated.

HRTaerobic = 3 hOLII’S (9)
Vaerobic = % (10)

If the aerobic tank needs to be resized to satisfy an HRT limitation then the user-defined VSS concentration needs to
be overridden and new VSS & SS concentrations need to be calculated.

SR-l—aterobic,safe % Qjn xYp x BODygmoyeq %0.8

VSS = (11)
Vaerobic *(1+ I(d,'l'\,vimer * SRTaerobic safe )
A (12)
vt
where: ivt =VSS/SS ratio
Step 4: Determine the Anoxic Basin Volume
Influent BOD to TKN ratio
BOD-;
inf == (13)
TKN iy
where: BNint = influent BOD to TKN ratio

Using a ladder logic type approach, the anoxic volume can be calculated.

BNins Sizes

BNint > 6.5 0.7

6.5>BNinr<5.0 0.6

5.0 > BNinr < 4.0 0.35
BNint <4.0 0.35 - warning printed
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Vanoxic =(1-Size¢ )XV aerobic (14)

where: Sizer = sizing factor

Step 5: Determine the Anaerobic Basin Volume

Influent BOD to TP ratio

BPiy =—— " (15)

where: BPint = influent BOD to TP ratio

Using a ladder logic type approach, the anaerobic retention time can be calculated subject to minimum boundaries.

BPint HRTanaerobic (hr) Minimum Boundaries (all apply)
TRy, — TPy )-2
BPint > 35 % HRTanaerobic > 1.0 HRTanaerobic > 0.15 X HRTaerobic
BPint <35 0.88 x (TPin - TPout) -25 HRTanaerobic > 1.5 HRTanaerobic > 0.25 x HRTaerobic
Vanaerobic = HRTanae;oAlbic altlh (16)

where: HRTanaerobic = anaerobic hydraulic retention time (hr)
Vanaerobic = anaerobic volume (md)

**NOte Vanaerobic |S Subject tO a mln'mum boundary SUCh that Vanaerobic S Vanoxic.

Step 6: Determine the Total Solids Retention Time

Total Volume
Vtotal = Vanaerobic + Vanoxic + Vaerobic (17)
Aerobic Fraction
faerobic :Vaerﬂ (18)
Vtotal
where: facrobic = aerobic fraction of the total volume
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System Solids Retention Time

SR-I—aerobic,safe
S RTsystem ==

(19)
faerobic
where: SRTsystem = System solids retention time (d)
Step 7: Determine the Number of Batteries, Process Trains & Number of Tanks-In-Series
Influent Flow in U.S. Units
Q.
Qin,us :?gs (20)
where: Qinus = unit process influent flow rate in U.S. units (MGD)
3785 = volume conversion (m3/Mgal)
Batteries
NB =ing 2 L1 g (21)
100
where: NB = number of batteries
Qin us
_xin, 22
Qps NB (22)
where: Qes = flow per battery (MGD)

Number of Process Trains

Using a ladder logic-type approach, the number of process trains can be calculated.

Qrs (MGD) NT
Qps > 70 16
70> Q<50 14
50> Qpa < 40 12
40 > Qrs <30 10
30>Qrs <20 8
20>Qprs <10 6
10>Qrs <4 4
4>Qr<2 3
Qre<2.0 2
where: NT = number of process trains

Il | Hydromantis Environmental Software Solutions, Inc.



CapdetWorks V4.0 | 2018

Number of Aerobic Tanks-in-Series

Given the number of process trains to be designed, the number of aerobic tanks in series per process train must be
calculated.

V aerobi
Vaerobic, nt zﬁ (23)

where: Vaerobicnt = aerobic volume per process stream (m?3)

Vaerobic,nt (m3) Taerobic,nt (3 stage) Taerobic,nt (5 St&g@)

Vaerobic,nt < 300 1 2

300 < Vaerobic,nt < 600 2 2

Vaerobic,nt > 600 3 3

where: Taerobicnt = number of aerobic tanks per process train
V .
Vaerobic,i :TaLblc,nt (24)
aerobic,nt

where: Veerobici = volume of individual aerobic tanks (m?3)

Number of Anoxic Tank- in-Series

Given the number of process trains to be designed, the number of anoxic tanks in series per process train must be
calculated.

V .
V . _ _Yanoxic 25
anoxic, nt NT x NB ( )
where: Vanoxicnt = anoxic volume per process stream (mq)
Vanoxic,nt (m3) Tanoxic,nt (3 stage) Tanoxic,nt (5 Stage)
Vanoxic,nt < Vaerobic,i 1 2
Vaerobic,i < Vanoxic,m < Z*Vaerobic,i 2 2
Vanoxic,nt > 2*Vaerobic,i 3 3
where: Tanoxicnt = number of anoxic tanks per process train
Volume of Each Anoxic Tank
Vanoxic (26)

Vo=
anoxed (Tanoxic,nt X NT x NB)
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where: Vanoxici = volume of each anoxic tank (m3)

Number of Anaerobic Tanks-in-Series

Given the number of process trains to be designed, the number of anoxic tanks in series per process train must be
calculated.

Vanaerobic (27)
NT xNB

Vanaerobic, nt=

where: Vanaerobicnt = anaerobic volume per process stream (m?3)

Vanaerobic,nt (m3) Tanaerobic,nt

Vanaerobic.nt < Vaerobic.i 1
Vaerobic.i < Vanaerobic,nt < Z*Vaerobic,i 2
Vanaerobic,nt > 2*Vaerobic,i 3

where: Tanaerobicnt = Number of anaerobic tanks per process train

Volume of Each Anaerobic Tank

Vanaerobic (28)
(Tanaerobic,nt x NT x NB)

Vanaerobic,i =

where: Vanaerobici, = volume of each anaerobic tank (m?)

Step 8: Calculate Air Requirements

Nitrogen Requirement for Growth

FNR = Min(TKNrin, 0.05 X BODremoved) (29)
where: FNR = nitrogen requirement for growth (gN/m?3)
Nitrifiable Nitrogen
Nn = TKNr,in - FNR (30)
where: Nn = nitrifiable nitrogen (gN/m?®)

Effluent Nitrogen

It is assumed that all influent TKN is available and that the 3/5 stage BNR process achieves 90% nitrification and
partial denitrification.
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NHs et = TKN7,inf - FNR - 0.9 X Ny (31)
NOserf = 0.9 X Ny - 0.9 X (1.0 - 0.7) X Nn (32)
TKNef = NH3,eff (33)
Required Oxygen for Average Influent Load (with complete nitrification)
Oreq = Qin X (0.75 X BODremoved + 4.3 X Nn - 2.83 x (1.0 - 1.0 x 0.7) x Nn) x 1000 (34)
where: Oreqg = 0Oxygen required (kgO2/d)
Required Air Flow for Average Influent Load
Oreq 1
Qair =501 “ 1 2x021) (35)
oA X—
100
where: Qair = required air flow (m%d)
SOTE = standard oxygen transfer efficiency (%)
a = alpha factor for oxygen transfer into wastewater
1.2 =unit conversion (kgO2/m?3)
0.21 = partial pressure of oxygen in air
Step 9: Calculate Number of Baffles Required
Total Number of Baffles
BaffT = (2+ (Tanaerobic,nt ‘l) + (Tanoxic,nt '1) + (Taerobic,nt '1)) X NT x NB (36)
where: Baffr = total number of baffles
Tanaerobicnt = number of anaerobic tanks in series per process train
Tanoxicnt = NUMber of anoxic tanks in series per process train
Taerobicnt = number of aerobic tanks in series per process train
Step 10: Calculate Mixing Requirements
Anoxic Mixing Power
-~ (Vanosic.i x30.0
poweranoxic,mix_.m(% +1.0J 37)
where:  Poweranoxicmix = required anoxic mixing power (kW)
Anaerobic Mixing Power
V, ici x30.0
Powel‘:anaerobic,mix—im(M +1.0] (38)

1000
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where:Poweranaerobicmix = required anaerobic mixing power (KW)

Number of Mixers

MiXerSanoxic = Tanoxic,nt X NT x NB (39)
Mixersanaerobic = Tanaerobic,nt X NT x NB (40)
Mixerstotal = Mixersanoxic + Mixersanaerobic (41)

where:  MixerSanaerobic = number of required anoxic mixers
Mixersanoxic = number of required anoxic mixers
Mixerswotar = number of required anoxic mixers

Step 11: Size pumps

Internal recycling pumps and return sludge pumps are sized according to the general pumping algorithm that can be
found in the CapdetWorks Technical Reference. The recycle pumps are sized to have a maximum pumped flow of 2
X Qinnt, and minimum pumped flow of Qinn. The return sludge pumps are sized to have a maximum pumped flow of
Qinnt and @ minimum pumped flow of 0.35 X Qinnt.

Step 12: Determine Sludge Production

Sludge Production

(Vtotal X SS)

Slud = 42
90tal = SRT, e 1000 (“42)
SSyut XGQi
Sludggyejy =—2u——<In. 43
9ueir =1 000 (43)
Sludgewasted = Sludgerotal - Sludgeueir (44)
where: SSout = concentration of suspended solids in the effluent (g/m?3)

SS = concentration of suspended solids in the reactor (g/m?3)
Sludgewasted = mass of sludge to be disposed of (kg/d)
Sludgeweir = mass of sludge going over the weir (kg/d)
Sludgetwtar = sludge produced (kg/d)

Step 13: Determine Sludge Recycle Ratio

Clarifier Mass Balance

If SSout is assumed to be negligible in comparison to the solids loading to the clarifier, then a mass balance around the
clarifier can be established and solved for Qyas.

(Qin + Qras) X SS = Qras X UC X 10000 (45)
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!
Qin X SS
= 46
Qres =5 %10000 55 (46)
where: UC = underflow concentration (%)
Qras = recycle activated sludge flow rate (m?/d)
Sludge Recycle Ratio
sRR=Jrs (47)
in
where: SRR = sludge recycle ratio
Step 14: Determine Effluent Oxygen Demand
Effluent BOD
BODr et = BODs et + 0.84 X fyss pio X SSout X ivt (48)
where: BODrert = effluent BOD (g/m®)
fusspio = degradable fraction of MLVSS
0.84 =degradable VSS to BOD conversion factor
Effluent COD
CODr et = BODrerf X1.5 (49)
where: CODreir = effluent COD (g/m3)
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SEQUENCING BATCH REACTOR

This object is similar to the SRT-based plug flow activated sludge process in that it is based on a University of Cape
Town plug flow tank algorithm and is consistent with the idea of influent fractionation to more accurately predict
the mass of solids that will be present in the tank. The algorithm for the Sequencing Batch Reactor (SBR) has been
developed based on the premise that where plug flow tanks are designed in space (i.e. reactors of a certain volume
with a certain hydraulic retention time), SBRs are designed in time (i.e. aerobic cycle time). Nevertheless, the
biology of the two approaches is assumed to be the same and hence the mass of solids generated is expected to be
similar. This approach is also consistent with the dynamic wastewater treatment model known as ASM1 (Henze et
al. 1986) published as an International Water Association Scientific and Technical Report. This object is
recommended for those who hope to export the final design to GPS-X, Hydromantis dynamic process simulator, and
perform further dynamic analysis of the design.

Step 1: Determine the Minimum Aerobic SRT (based on the winter temperature)

Nitrifier Growth Rate

(Twimer -20° C)

Hinax ATyinter = Hmax A,20®/,1A,arrhenius (1)
where: Twinter = winter temperature (°C)
maxaA, Twinter = maximum specific growth rate at temperature, Tuwinter (1/d)
Mmaxa,20 = maximum specific growth rate at 20°C (1/d)
Ooaarrenivs = arrhenius temperature coefficient that has a value of 1.096 in version 2.1
Nitrifier Decay Rate
_ (Twinter —20°C)
a, Tyinter ba,ZO(’-DI;)a,arrhenius e (2)
where: Da, Twinter = decay rate at temperature, Twinter (1/d)
Da,20 = decay rate at 20°C (1/d)
Oba,arrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 2.1
Heterotrophic Growth Rate
_ (Twinter —20°C)
HmaxH Twinter HimaxH ,20®,uH ,arrhenius " (3)
where: MmaxH, Twiner = maximum heterotrophic specific growth rate at temperature, Twinter (1/d)
HmaxH,20 = maximum heterotrophic specific growth rate at 20°C (1/d)
@0 0,arrhenius - = arrhenius heterotrophic temperature coefficient that has a value of 1.072
in version 2.1
Endogenous Respiration Rate
_ (Twinter —20°C)
kd Twinter kd ,20®kd ,arrhenius e (4)
where: Kd, Twinter = endogenous respiration rate coefficient at temperature, Twinter (1/d)
kd,20 = endogenous respiration rate coefficient at 20°C (1/d)

Okd ,arrhenius = arrhenius temperature coefficient that has a value of 1.04 in version 2.1

Minimum Aerobic SRT
If Carbon Removal Only:
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1
SI:\)Taerobic = (Sa)
maXH'Twmter - dvainter
where: SRTaerobic = minimum aerobic SRT for carbon removal at temperature, Twinter (d)
Otherwise for all other designs:
1
SRTaerobic = b (Sb)
max Avainter - avaimer
Allowing for an SRT safety factor:
SRTaerobic,safe = SRTaerobicSRTsf (6)
where: SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)
SRTst = safety factor for SRT
Step 2: Calculate the Influent and Effluent Concentrations, Removals and Solids Masses
Influent Speciation
VSSin = SSin * ivt ()
ISSin = SSin — VSSin 8)
where: SSin = influent total suspended solids (mg/L)
VSSin = influent volatile suspended solids (mg/L)
1SSin = influent inert inorganic solids (mg/L)
ivt = influent V'SS to SS ratio (-)
uVSSin = F * VSSin 9)
uCODin = 1.5 * uVSSin (10)
uSSin = ISSin + UVSSin (11)
bCODin = CODin - uCODin (12)
where: F = fraction of influent VVSS that is unbiodegradable
uVsSSin = influent unbiodegradable VVSS (mg/L)
uCODip = influent unbiodegradable COD (mg COD/L)
uSSin = influent unbiodegradable suspended solids (mg/L)
bCODin = influent biodegradable COD (mg CODI/L)
CODin = total influent COD (mg COD/L)
Reactor Solids Masses
M (x ) _ SR-I-aerobic,safe(ginYh BODremoved
al — 13
(1+ kd Twinter SR-I-aerobic,safe) ( )
M (Xe) = O'2kd,Twime, SRTaerobic,safeM (Xa) (14)
M (XI) = uVSSinQinSR-I—aerobic,safe (15)
M(VSS)=M(X,)+M(X,)+M(X;) (16)
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M (ISS) = ISSin(\?inSRTaerobic,safe (17)
M (SS) = M (VSS) + M (ISS) (18)
where: M(Xa) = total mass of active biomass in the reactor (g)
M(Xe) = total mass of inert endogenous biomass products in the reactor (g)
M(Xi) = total mass of inert volatile solids in the reactor (g)
M(VSS) = total mass of volatile solids in the reactor (g)
M(ISS) = total mass of inert inorganic solids in the reactor (g)
M(SS) = total mass of solids in the reactor (g)
SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (ms/d)
Yh = biomass yield (gVSS/gBOD)
BODremoves = BOD removed in the unit process (g BOD/m®)
K, Twinter = oxygen decay coefficient at temperature, Tuwinter (1/d)
BOD Removal
BODremoved = BODin - BODS,eff (19)
where: BODin = the greater of bCODin or (BODin *1.5)
BODS, eff = effluent soluble BOD (mg/L)
F:M ratio
F . M — QinBODremoved (20)
M (VSS)
where: F:M = food-to-micro-organism ratio (g BOD/(g VSSed))
Aeration Hydraulic Retention Time
V .24
HRT = —oie=— (21)
avg
where: HRT = hydraulic retention time (d)
Sludge Volume per Day
Vsludge = QinSRTaerobic,safe (22)
where: Vsludge = daily sludge volume (m3)
Step 3 : Determine the SBR Volume
Cycle Time
Tcycle = Taerobic + Tanaerobic + Tsettle,decant (23)
where: T aerobic = aerobic cycle time (hr)
Tanaerobic = anaerobic cycle time (hr)
Tsettledecant = Settle & decant time (hr)
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Tcycle

Volume per Cycle

where: Cycles
SBRs

VCycIe

Decant Pump Size

where: Pumpgisize
SBR Volume
where: Viotal
Vexchange
Vsgr

Reactor Solids

= cycle time (hr)

Cycles = 24 SBRs

cycle
Qin
Cycles

Cycle —

= number of cycles per day
= number of SBRs to be designed
= volume per cycle

V
T

settle,decant

3

24

_ Cycle
Pumpd size

= decant pump capacity (m%/d)

V... SBRS
Vtotal = (\:/yde

exchange

100
V

total

V. — _total
8% SBRs

= total SBR volume (mq)
= exchange volume (%)
= volume per SBR (m?)

_ M(SS)

reactor
Vv

SS

total

_M(X)) +M(X,)

VSS, =

total

total

=V5SS, +VSS,

, VSS
IVtreactor =
SS

VSS

reactor

(24)

(25)

(26)

@7)

(28)

(29)

(30)

1)

(32)

(33)
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where: SSreactor = reactor total suspended solids (g/m?)
VSSy = unbiodegradable volatile suspended solids (g/m?)
VSSp = biodegradable volatile suspended solids (g/m?)
VSSreactor = reactor volatile suspended solids (g/m?)
iVtreactor = reactor volatile to total suspended solids ratio (-)

Step 4: Determine the Unaerated Cycle Time (only used if C, N & P removal required)

Influent BOD to TP ratio

BOD
_ removed
BP, = ? (34)
T,in
where: BPint = influent BOD to TP ratio

Using a ladder logic type approach, the anaerobic cycle time (Tana) can be calculated subject to minimum
boundaries.

BPint HR Tanaerobic (hr) Minimum Boundaries (all apply)
BPint> 35 ((Tpin - TPOUt) — 2)/5 Tana> 0.15 * Taerobic
BPint < 35 0.88 * (TPin- TPout) - 2.5 Tana> 1.5 * (Vexchange)/100

Influent BOD to TKN ratio

BODT,in
BN, =— " (35)
TKN . ;,
where: BNins = influent BOD to TKN ratio

Using a ladder logic type approach, the anoxic cycle time (Tanoxic) can be calculated subject to minimum boundaries.

BNin Minimum Boundaries (all apply)
BNinf > 6.5 0.3 X Taerobic
6.5 > BNini> 5.0 0.4 X Taerobic
5.0 > BNint > 4.0 0.65 X Taerobic
BNinf< 4.0 0.65 X Taerobic (Warning printed)
Tinaerated = Vanoxic T Vana (36)
where: Tunaerated = calculated unaerated cycle time (hr)

Note: warning printed if Tunaerated IS greater than Tana (anaerobic) specified by the user

| Hydromantis Environmental Software Solutions, Inc.



CapdetWorks V4.0 | 2018

Step 5: Calculate Air Requirements

Phosphorus Requirement for Growth

TPR = min((TP, —TP,,),0.01BOD,..,..., )
where: TPR = phosphorus requirement for growth (g P/mq)
TPin = influent total phosphorus (g P/m%)
TPout = effluent total phosphorus (g P/m?®)

Nitrogen Requirement for Growth

FNR,,,, = min(TKN in’O.O5BODrem,ed )
where:  FNRotal = nitrogen requirement for growth
TKNin = influent total Kjeldahl nitrogen (g N/mq)

Nitrifiable Nitrogen (not performed if Carbon Only Design)

b,y + 1
T T SRT

aerobic,safe

(37)

(38)

NH3,, = Min| 0,TKN, — FNR,0.5%
1

NO3,, =TKN;, —FNR —NH3,

where:  NH3es = effluent ammonia (g N/m?3)
NO3est = effluent nitrate nitrogen (g N/m®)

Required Oxygen for Average Influent Load

Carbon Removal only:
M(X,)
SRT

aerobic,safe ~<in

O2 = Qin ( B()Dremoved -1.42

where 0, = Oxygen requirement, kg O»/d

j*0.00l

For nitrification:

M(X,)

0, = Qi{BODremoved +4.57NO3-1.42 j* 0.001

aerobic,safe ~<in
If Carbon, Nitrogen and Phosphorus Removal:

’leax Avainter - Lba'Twinter + SRTi

aerobic,safe

J (39a)

(39b)

(40)

(41)
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\Y 1.42M (X
0,=Q,| BOD,, ., +4.57NO3-2.86(1— — %" )NO3 - Xa) |x0.001 (42)
100 SRTaerobic,safeQin
where Vexchange = Qin (%)
2.86 = oxygen credit in denitrification (g O2/g NO3-N)
Required Air Flow for Average Influent:
If aerated whole period
O 1
Qair = 2 (43)
o SOTE \1.2%0.21
100
where Qair = required air flow (m%/d)
SOTE = standard oxygen transfer efficiency (%)
a = alpha-factor for oxygen transfer into wastewater (-)
1.2 = conversion factor (kg O,/m?®)
0.21 = partial pressure of oxygen in air
Otherwise, at average influent load
0] 1 24
Qur = SOZTE ( }( JSBRS (44)
o 1.2%0.21 \ T, Cycles
100
Step 6: Calculate Mixing Requirements
Mixing Power Required
V. . *13
Power_ . =int| —22__—= (45)
[ 1000
Where: Powermix = required mixing power (kW)
13 = power requirement factor (13 kW/1000 m®)
Number of mixers
MixerSunaerated = SBRS (46)
Where: MixerSynaerated = number of required mixers (kW)
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Step 7: Determine Sludge Production

Sludge Production

W AS — Vtotal SSreactor ( 47)
SRTaerobic,safelooo
Where: WAS = waste biomass production rate (kg/d)
Qin SSdecant
1000
=WAS — 48
Qwaste SSwasteloooo _ SSdeoant 4
1000 1000
where: WAS = waste sludge produced (kg/d)
Qwaste = flow of waste sludge (m®/d)
SSdecant = suspended solids in decanted effluent
SSwaste = biomass concentration after decant (%)
Step 8: Determine Effluent Oxygen Demand
Effluent BOD
0.25VSS, *ivt* decantSS
BOD; o = BODg o, : VSS (49)
where: BODT eff = effluent total BOD (g/m?3)
VSSy = biodegradable VSS = M(Xa) / Vtotal (Mg/L)
decantSS = total suspended solids in reactor decant (mg/L)
ivt = M(VSS) / M(SS) (-)
= effluent BOD to bCOD ratio (-) (Copp et al. 2002)
Effluent COD
COD; o =1.5BODy (50)
COD; 4 =CODy y +1.5(iVt)(SS, 4 )10000 (51)
where: CODr et = effluent COD (g/md)

1.5 = effluent ratio (Copp et al. 2001)
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SRT-BASED PLUG FLOW TANK

The SRT-based plug flow activated sludge process uses an aeration tank, a settling tank, and a sludge return line to
treat wastewater. Wastewater and returned sludge from the secondary clarifier enter the head of the aeration tank to
undergo a specified period of aeration. Diffused aeration is used to provide the necessary oxygen and adequate mixing
of the influent waste and recycled sludge. Absorption, flocculation, and synthesis of the organic matter take place
during aeration. The mixed liquor (sludge floc plus liquid in the aeration tank) is settled in the secondary clarifier, and
sludge is returned at a sufficient rate.

This object is similar to the plug flow activated sludge process, but this SRT-based algorithm is simply another
approach. This algorithm is based on a University of Cape Town algorithm and is consistent with the idea of influent
fractionation to more accurately predict the mass of solids that will be present in the tank. This approach is also
consistent with the dynamic wastewater treatment model known as ASM1 (Henze et al. 1986) published as an
International Water Association Scientific and Technical Report. This object is recommended for those who hope to
export the final design to GPS-X, Hydromantis’ dynamic process simulator, and perform further dynamic analysis of
the design.

Step 1: Determine the Minimum Aerobic SRT (based on the winter temperature).

Nitrifier Growth Rate

= (Twinter —20°C)
HmaxA Tyiner — HmaxA, 20 X O arrhenivs "™ W

where: Tuwinter = Winter temperature (°C)
JZT T maximum specific growth rate at temperature, Twinter (1/d)

Umaxa20 = Maximum specific growth rate at 20°C (1/d)

O, parrhenius = arrhenius temperature coefficient that has a value of 1.123 in version 1.0

Nitrifier Decay Rate

= (Tuinter —20°C)
ba,TwinIer _ba,20 X @Da,arrhenius winter (2)

where: Twinter = winter temperature (°C)

N P decay rate at temperature, Twinter (1/d)

b, = decay rate at 20°C (1/d)

Ghaarrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 1.0
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Heterotrophic Growth Rate

(Twimer -20° C)

Hmax T iner — #max,20 %0, arrhenius

where: Tuwinter = Winter temperature (°C)
HrmaxToe = maximum specific growth rate at temperature, Twinter (1/d)

Umax20 = Maximum specific growth rate at 20°C (1/d)

O arrhenius = arrhenius temperature coefficient that has a value of 1.072 in version 1.0

Endogenous Respiration Rate

= (Tuinter —20°C)
K, .. =Kd.20XOd arrhenius. "™

where: Tuwinter = Winter temperature (°C)
kdvaimer = oxygen decay coefficient at temperature, Twinter (1/d)

kg0 = o0xygen decay coefficient at 20°C (1/d)

Od arrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 1.0

Minimum Aerobic SRT

If ‘Carbon Removal Only’:

1
SRTaerobic = K
maXvainter - dvainter
where: SRTaerobic = Minimum aerobic SRT for nitrification at temperature, Twinter
Otherwise for all other designs:
1
SRTaerobic = b
maXA’Twimer - a!Twmter
where: SRTaerobic = Minimum aerobic SRT for nitrification at temperature, Twinter

)

®)

(42)

(4b)
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Allowing for an SRT safety factor:
SRTaerobic,safe = SRTaerobic * SRTsf (5)

where:  SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)
SRTs« = safety factor for SRT

Step 2: Calculate the Influent Loads

Influent Speciation

VSSin = SSin * ivt (6)
1SSin = SSin - VSSin ()
where: SSin = influent total suspended solids (mg/L)

VSSin = influent volatile suspended solids (mg/L)
ISSin = influent inert inorganic solids (mg/L)
ivt = influent VSS to SS ratio (-)

uVSSin = F * VSSiy ®)
uCODin = 1.5 * uVSSin )
uSSin = ISSin + UVSSin (10)
bCODi, = CODj, - uCODij, (11)
where: F = fraction of influent VSS that is unbiodegradable

uVSSin = influent unbiodegradable VSS (mg/L)
uCODin = influent unbiodegradable COD (mg COD/L)
uSSin = influent unbiodegradable suspended solids (mg/L)
bCODin = influent biodegradable COD (mg COD/L)

BOD Removal
BODyemoved = BODip, - BODS,eﬁ (12)

where: BODin = the greater of bCODin or (BODin *1.5)
BODsert = effluent soluble BOD (mg/L)

Solids Calculations (in VSS units)
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M(X,) = SRTaerobicsafe X Qin % Yh X BODyemoved (13)
(1+ I(d,TW,mer % SRTgeropic,safe )
M(Xe) = 0.2 X Kg.twinter X SRTaerobic,sate X M(Xa) (14)
M(Xi) = uVSSin X Qin X SRT aerobic,safe (15)
M(VSS) = M(Xa) + M(Xe) + M(X;) (16)
M('SS) = ISSin X Qin X SRT aerobic,safe (17)
M(SS) = M(VSS) + M(ISS) (18)
where: M(Xa) = total mass of active biomass in the reactor (g)
M(Xe) = total mass of inert endogenous biomass products in the reactor (g)
M(Xi) = total mass of inert volatile solids in the reactor (g)
M(VSS) = total mass of volatile solids in the reactor (g)
M(ISS) = total mass of inert inorganic solids in the reactor (g)
M(SS) = total mass of solids in the reactor (g)
SRTaerovicsafe = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (m®/d)
Yn = hiomass yield (gVSS/gBOD)
BODremoves = BOD removed in the unit process (g BOD/m®)
Kar, = OXygen decay coefficient at temperature, Tuinter (1/d)
Step 3: Determine the Basin Volume
Basin Volume
M (SS)
Vi =29 19
basin Ssreactor ( )
where: Viotal = basin volume (m?)
SSreactor = User-specified reactor suspended solids (g/m3)
Reactor Solids
M (VSS
VSSreactor = VSS) (20)
total
. M (VSS
Wireactor = M(E/SS)) (21)
where: VSSreactor = reactor volatile suspended solids (g/m3)
ivtreactor = reactor volatile to total suspended solids ratio (-)
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Step 4: Determine the Number of Batteries, Process Trains & Number of Tanks-In-Series

Influent Flow in U.S. Units

Qin

Qin,us = 3785

where: Qinus = unit process influent flow rate in U.S. units (MGD)
3785 =volume conversion (m%/Mgal)

Batteries
NB=ing 20 L1 g
100
where: NB = number of batteries
Qin,us
Qpg = NB
where: Qe = flow per battery (MGD)

Number of Process Trains

Using a ladder logic-type approach, the number of process trains can be calculated.

Qes (MGD) NT
Qps > 70 16
70> Qprs< 50 14
50> Qps <40 12
40>Qps <30 10
30>Qrs <20 8
20>Qr <10 6
10>Qps <4 4
4>Qpr<2 3
Qre<2.0 2
where: NT = number of process trains

(22)

(23)

(24)
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Number of Aerobic Tanks-in-Series

Given the number of process trains to be designed, the number of aerobic tanks in series per process train must be
calculated.

V,
V.. = total 25
"™ NTxNB (25)
where: Vit = volume per process stream (m?3)
Vnt (m3) Tht
Vit < 300 1
300 < Vnt< 600 2
Vit > 600 3
where: Tnt = number of aerobic tanks per process train
v, = o (26)
Tnt
where: Vaerobici = volume of individual aerobic tanks (m?)
Step 5: Calculate Air Requirements
Nitrogen Requirement for Growth
FNR = Min(TKNr,in, 0.05 X BODremoved) (27)
where: FNR = nitrogen requirement for growth (gN/m?3)
TPR = Mln(TPm, 001 X BODremoved) (28)
where: TPR = phosphorus requirement for growth (gP/m3)

Nitrifiable Nitrogen (not performed if Carbon Only Design)

1
ba,Twlnter +SRTi-
NH3y =Min 0, TKNin—FNR, 0.5x S )
1
_lb o
HmaxA T yinger { & Twinter SI'-\rraerobic,safe ]
NO3et = TKNT,in — FNR — NH3est 0

where: NO3er = effluent nitrate nitrogen (gN/m?)
NH3er = effluent ammonia (gN/m?3)
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Required Oxygen for Average Influent Load — Carbon Design

BOD
0. =0 removed 31
req Qin x 1000 (31)
Required Oxygen for Average Influent Load — Nitrification Design
BOD +4.57xN
O... =0 removed N 32
req Qin % 1000 (32)
where: Oreq = oxygen required (kgO2/d)
Required Air Flow for Average Influent Load
-2.
OTE =sTEx 2 X820 1 0124 (aer=20) (33)
9.17
oreq 1
ir = X———— 34
Qair 5T * 12x0.21) (34)
100
where: Qair = required air flow (m®/d)
STE =standard oxygen transfer efficiency (%)
Osat = OXygen saturation (mg/L)
a = alpha factor for oxygen transfer into wastewater
[1 = beta factor for oxygen saturation in wastewater
1.2 = unit conversion (kgO2/mq)
0.21 = partial pressure of oxygen in air
Step 6: Determine Sludge Production
Sludge Production
V x SS
SIUdeotal — ( total reactor) (35)
SRTauerobic,safe %1000

where: Sludgetwtar = sludge produced (kg/d)
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Step 7: Determine Effluent Oxygen Demand

Effluent BOD
BODT‘eﬁ =BODS’eff +0.25><M (36)

Vtotal

where: BODrerr = effluent BOD (g/m®)
0.25 =effluent BOD to hCOD ratio (Copp et al. 2001)

Copp J.B. editor (2001) The COST Simulation Benchmark: Description and Simulator Manual, Office for Official
Publications of the European Communities, Luxembourg.

Effluent COD
CODT,eﬁ =15x (BODS,eff + VSSreactor) (37)

where: CODreir = effluent COD (g/m3)
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Step 1: Determine the Minimum Aerobic SRT (based on the winter temperature)
Nitrifier Growth Rate
— (Twin er _200 C)
Hinax ATyinter Hinax A,20®/,1A,arrhenius I (1)
where: Twinter = winter temperature (°C)
MmaxaTwinter = maximum specific growth rate at temperature, Twinter (1/d)
Mmaxa,20 = maximum specific growth rate at 20°C (1/d)
Ooaarrhenivs = arrhenius temperature coefficient that has a value of 1.096 in version 2.1
Nitrifier Decay Rate
— (Twinter 7200 C)
a, Twinter ba,20®ba,arrhenius @)
where: Da, Twinter = decay rate at temperature, Twinter (1/d)
Da,20 = decay rate at 20°C (1/d)
Oba,arrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 2.1
Heterotrophic Growth Rate
— (Twinter _200 C)
HinaxH Twinter HimaxH ,20®,uH ,arrhenius @)
where: HimaxH, Tuinter = maximum specific growth rate at temperature, Twinter (1/d)
MmaxH,20 = maximum specific growth rate at 20°C (1/d)
Oharrenivs = arrhenius temperature coefficient that has a value of 1.072 in version 2.1
Endogenous Respiration Rate
_ (Twinter _200 C)
kd Twinter |(d ,20®kd ,arrhenius 4)
where: Kd, Tuinter = endogenous respiration rate coefficient at temperature, Twinter (1/d)
Kd,20 = endogenous respiration rate coefficient at 20°C (1/d)
Okd ,arrhenius = arrhenius temperature coefficient that has a value of 1.04 in version 2.1
Minimum Aerobic SRT
If Carbon Removal Only:
1
SRTaerobic = (Sa)
max H !Twimer o dvainler
where: SRTaerobic = minimum aerobic SRT for carbon removal at temperature, Twinter

Otherwise for all other designs:
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S RTaerobic = 1 (Sb)

max A’TWimEI' a’TWimEI'

where: SRTaerobic = minimum aerobic SRT for nitrification at temperature, Twinter

Allowing for an SRT safety factor:

SRTaerobic,safe = SRTaerobicSRTsf (6)
where: SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)

SRTst = safety factor for SRT

Step 2: Calculate the Influent Loads, BOD Removed and Reactor Masses

Influent Speciation

VSSin = SSin * ivt (7)
ISSin = SSin — VSSin €))
where: SSin = influent total suspended solids (mg/L)
VSSin = influent volatile suspended solids (mg/L)
1SSin = influent inert inorganic solids (mg/L)
ivt = influent V'SS to SS ratio (-)
uVSSin = F * VSSin 9)
uCODin = 1.5 * uVSSin (10)
uSSin = ISSin + UVSSin (11)
bCODin = CODin - uCODipn (12)
where: F = fraction of influent VVSS that is unbiodegradable
uVsSSin = influent unbiodegradable VSS (mg/L)
uCODin = influent unbiodegradable COD (mg COD/L)
uSSin = influent unbiodegradable suspended solids (mg/L)
bCODin = influent biodegradable COD (mg COD/L)
CODin = total influent COD (mg COD/L)
BOD Removal
BOD ynoeq = BOD;, — BOD; (13)
where: BODin = the greater of bCODin or (BODin *1.5)
BODs eft = effluent soluble BOD (mg/L)
Reactor Solids Masses
M (X ) _ SRTaerobic,safeQinYh BODremoved (1)
a) =

(1 + kd !Twimer SRT

aerobic,safe )

M(X,)=0.2k,, SRT M(X,) (15)

winter aerobic, safe
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M (XI) = uVSSin(ginSR-I—aerobic,safe (16)
M(VSS) =M (X,)+M(X,)+M(X;) 17
M (ISS) = ISSinQinSRTaerobic,safe (18)
M (SS) = M (VSS) + M (ISS) (19)
where: M(Xa) = total mass of active biomass in the reactor (g)
M(Xe) = total mass of inert endogenous biomass products in the reactor (g)
M(Xi) = total mass of inert volatile solids in the reactor (g)
M(VSS) = total mass of volatile solids in the reactor (g)
M(ISS) = total mass of inert inorganic solids in the reactor (g)
M(SS) = total mass of solids in the reactor (g)
SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (m3/d)
Yh = biomass yield (gVSS/gBOD)
BODremoved = BOD removed in the unit process (g BOD/md)
Kd, Tuinter = oxygen decay coefficient at temperature, Tuwinter (1/d)
Step 3: Calculate Nutrient and Air Requirements
Phosphorus Requirement for Growth
. 0.02M (VSS
TPR = min| TP, _202M{VSS) (20)
QinSRTaerobic,safe
where:  TPR = phosphorus requirement for growth (g P/md)
TPin = influent total phosphorus (g P/m3)
Nitrogen Requirement for Growth
. 0.1IM (VSS
FNR = min TKNW¢ (21)
QinSRTaerobic,safe
where:  FNR = nitrogen requirement for growth (g N/m?3)
TKNin = influent total Kjeldahl nitrogen (g N/m3)
Effluent Nitrogen (Carbon Removal only)
NH3,, =min(0, NH3, — FNR) 2)

where:  NH3est = effluent ammonia (g N/md)
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Nitrifiable Nitrogen (not performed if Carbon Only Design)

1

b,y +——
- # D SI:z-l-alerobic safe
NH 3, = Min| 0,NH3,_ —FNR,0.5* : (23)

Honax AT bavaimer + SRT

1

aerobic, safe

NO3,, =TKN;,, — FNR —NH3,, (24)
where: NO3est = effluent nitrate nitrogen (g N/md)
Required Oxygen for Average Influent Load
_ M(X,) (25)
0, =Q,| BOD,, . +4.57NO3-1.42 #0.001
aerobic,safe <in
where: 02 = Oxygen requirement, kg O2/d
Step 4: Determine the Ditch (Basin) Volume and Equipment Selection
Volume of oxidation ditch
M (SS)
Voxic D (26)
SS
where: Voxic = aeration volume (m%)
M(SS) = total mass of solids (@)
SS = suspended solids (g/m°)
Number of Batteries per Total Plant Volume
Q
N, . =2 .1 (27a)
batteries 100
or
Nyareries = INteger.roundup(V,,;. +17000) (27b)
where: Nbatteries = the number of batteries rounded up to the nearest integer

The maximum volume per battery in a plant is 17,000 m2. The value used for Npateries is the larger of the two values

from equations 27a and 27b.
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Number of Tanks per Battery
The software is programmed so that there are no more than two (2) tanks per battery. The number of tanks and/or
the number of batteries may need to be adjusted to meet this criterion.

Volume per Tank

V..
Vtan k= e (28)
N batteries N tan ks
where: Viank = volume of individual tanks (m?)
Ntanks = the number of tanks per battery (either 1 or 2)
Rotor Selection
RLFA =02/STE/24.0 (29)
where: RLFA = length of rotor required for oxygenation (ft)
STE = 3.74 =oxygen transfer of 42 inch diameter rotor with 8 inch
submergence ((Ib Oz /hr)/ft)
02 = Oxygen requirement, b O2/d
RLFM = Voxicus / mixing requirement (30)
where: Voxic,us = volume of ditch converted to US gallons
RLFM = length of rotor required for mixing (ft)
mixing requirement = 21,000 gal/ft of rotor length

The design length of rotor (RLF) is the larger of RLFA and RLFM values.

Number of Rotors per Tank
Using a ladder-logic-type approach, the number of rotors is determined by the total volume of each tank.

Total Volume of Each Tank (m®) Number of Rotors per Tank, K
0-9,400 2
9,400 — 14,100 3
> 14,100 4

Selection of length of individual rotor

LRTK = RLF (31)
*N *N

tan ks batteries rotors

where: LRTK  =individual rotor length (m)

If LRTK > 15.25 m use one more rotor

Motor Horsepower Required for Rotor

Using a ladder-logic-type approach, the motor horsepower required for each rotor can be calculated.
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LRTK (m) HPK (HP)
LRTK< 3.05 15
3.05<LRTK<4.0 20
40<LRTK <49 30
49<LRTK<6.7 40
6.7 <LRTK <8.2 50
8.2<LRTK<9.1 60
LRTK >9.1 75
where: HPK = individual motor horsepower (HP)

Step 5: Basin Design and Calculations (programmed in U.S. units)

Width of ditch bottom

The rotor length is first converted from metric units (m) to U.S. units (ft).
LRTK s =3.2808* LRTK

The width if the ditch bottom is determined by length of rotor.

LRTKus (ft) Wh (ft)
LRTKus >15.5 LRTK + 4
LRTKys <=15.5 LRTK + 1
where: Wh = ditch bottom width (ft)

Single Basin Design

Assumed basin depth is 6 ft.

Volume of circular ends

V, =18.85W,% +150.8W, + 282.7

where: Ve = volume of circular ends (ft)

Length of straight sections

= Mk =Ve
*36+12W,
where: Ls = length of straight sections (ft)

Viank = tank volume (ft%)

Volume of straight sections
V, =36L, +12LW,

where: Vs = volume of straight sections (ft®)

(32)

(33)

(34)

(35)
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Two Basin Design

Assumed basin depth is 12 ft.

Volume of circular ends

2
V, =37.7W,"” +18.9W, (36)
Volume of straight sections
V=V, — V. 37
Length of straight sections
Vv
L= (38)
2%12%W,
Length of Effluent Weir
3%Q, *10°
FLW = 2 (39)
Ntan ks * Nbatteries * 661*1440
where: FLW = length of adjustable floating weir
66.1 = flow that can be handled by one foot of weir (gpm)
Qavg = average daily flow of wastewater (MGD)
Ntanks = number of tanks

Nbatteries = number of batteries

Aeration Hydraulic Retention Time

V .24
HRT = —2¢— (40)
avg
where: HRT = hydraulic retention time (h)
F:M ratio
. BOD.
M — an n (41)
M (VSS)
where: F:M = food-to-micro-organism ratio (g BOD/(g VSS ed))
Volumetric BOD loading
. BOD.,
BoDload = Qm = (42)
oxic
where: BODioad = BOD loading to aeration (g BOD/(m? ed))
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Aerobic Biomass Solids Yield

M (SS)1.5
TSS g = (55) (43)
S R-l-«:-lerobic,safeQin BODrem
Yh = TSSyieId * inreactor (44)
where: TSSyield = solids yield coefficient, (g TSS/g BOD)
15 = assumed bCOD/BOD ratio
Yh = aerobic biomass yield (g VSS/g BOD)
Step 6: Determine Sludge Production
Reactor Solids
M (SS)
ssreactor = V— (45)
oxic
M (VSS)
VSSreactor =7, (46)
Voxic
. M (VSS)
IVtrea\ctor Il (47
M (SS)
where: SSreactor = reactor total suspended solids (g/m?3)
VSSreactor = reactor volatile suspended solids (g/m3)
iVtreactor = reactor volatile to total suspended solids ratio (-)
Sludge Production
S — SSreactorVoxic ( 48)
10008 RTaerobic,safe
where: WAS = waste activated sludge produced (kg/d)
Step 7: Determine Effluent Oxygen Demand
Effluent BOD
BOD _ ks (1+ dewinter * SR-I-aerobic,safe) (49)
s,eff —
SR-I-aerobic,safe * (:umax H Tuinter dewinter) -1
where: BODseft = effluent BOD (mg/L)
ks = Monod half velocity constant (mg/L)
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Step 1: Determine the Minimum Aerobic SRT (based on the winter temperature)
Nitrifier Growth Rate
— (Twin er _200 C)
Hinax ATyinter Hinax A,20®/,1A,arrhenius I (1)
where: Twinter = winter temperature (°C)
MmaxaTwinter = maximum specific growth rate at temperature, Twinter (1/d)
Mmaxa,20 = maximum specific growth rate at 20°C (1/d)
Ounarmeniis = arrhenius temperature coefficient that has a value of 1.096 in version 2.1
Nitrifier Decay Rate
— (Twinter _200 C)
a, Tyinter a,20®ba,arrhenius @
where: Da, Twinter = decay rate at temperature, Twinter (1/d)
Da,20 = decay rate at 20°C (1/d)
Oba,arrhenius = arrhenius temperature coefficient that has a value of 1.029 in version 2.1
Heterotrophic Growth Rate
— (Twinter ’200 C)
HimaxH Twinter HmaxH ,20®;1H ,arrhenius ®)
where: maxH, Tuinter = maximum specific growth rate at temperature, Tuwinter (1/d)
MimaxH,20 = maximum specific growth rate at 20°C (1/d)
Ounarreniuis = arrhenius temperature coefficient that has a value of 1.072 in version 2.1
Endogenous Respiration Rate
— (Twinter _200 C)
kd Twinter 0d ,20®kd ,arrhenius 4)
where: Kd, Tuinter = endogenous respiration rate coefficient at temperature, Twinter (1/d)
Kd,20 = endogenous respiration rate coefficient at 20°C (1/d)
Okd ,arrhenius = arrhenius temperature coefficient that has a value of 1.04 in version 2.1
Minimum Aerobic SRT
If Carbon Removal Only:
1
SR-I-aerobic = K (59)
max H 1Twinter N d vainter
where: SRTaerobic = minimum aerobic SRT for carbon removal at temperature, Twinter

Otherwise for all other designs:
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S RTaerobic = 1 (Sb)

max A’TWimEI' a’TWimEI'

where: SRTaerobic = minimum aerobic SRT for nitrification at temperature, Twinter

Allowing for an SRT safety factor:

SRTaerobic,safe = SRTaerobicSRTsf (6)
where: SRTaerobicsafe = calculated minimum aerobic SRT after safety factor correction (d)

SRTst = safety factor for SRT

Step 2: Calculate the Influent Loads, BOD Removed and Reactor Solids Masses

Influent Speciation

VSSin = SSin * ivt (7)
ISSin = SSin — VSSin €))
where: SSin = influent total suspended solids (mg/L)
VSSin = influent volatile suspended solids (mg/L)
1SSin = influent inert inorganic solids (mg/L)
ivt = influent V'SS to SS ratio (-)
uVSSin = F * VSSin 9)
uCODin = 1.5 * uVSSin (10)
uSSin = ISSin + UVSSin (11)
bCODin = CODin - uCODin (12)
where: F = fraction of influent VVSS that is unbiodegradable
uVsSSin = influent unbiodegradable VSS (mg/L)
uCODin = influent unbiodegradable COD (mg COD/L)
uSSin = influent unbiodegradable suspended solids (mg/L)
bCODin = influent biodegradable COD (mg COD/L)
CODin = total influent COD (mg COD/L)
Effluent BOD
ks (1+ dewinter * SRTaerobic,safe)
BOD, ,; = (13)
SRTaerobic,safe * (/umax H Tyiner dewinter) -1
where: BODs et = effluent BOD (mg/L)
ks = Monod half velocity constant (mg/L)
BOD Removal
BOD noes = BOD;, — BODg (14)
where: BODin = the greater of bCODin or (BODin *1.5)
BODseft = effluent soluble BOD (mg/L)
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Reactor Solids Mass Calculations

M (x ) _ SR-I-aerobic,safeQinYh BODremoved (15)
2=
(1+ kd Twinter SRTaerobic,safe)
M (Xe) = 02kd ,Twinter SRTaerobic,safeM (xa) (16)
M (Xl) = uVSSin(?inSRTaerobic,safe (17)
M (VSS) = M(X,) +M(X,)+M(X,) (18)
M (ISS) = ISSincginSRTaerobic,safe (19)
M (SS) = M (VSS) + M (ISS) (20)
where: M(Xa) = total mass of active biomass in the reactor (g)
M(Xe) = total mass of inert endogenous biomass products in the reactor (g)
M(Xi) = total mass of inert volatile solids in the reactor (g)
M(VSS) = total mass of volatile solids in the reactor (g)
M(ISS) = total mass of inert inorganic solids in the reactor (g)
M(SS) = total mass of solids in the reactor (g)
SRTaerovicsafe = calculated minimum aerobic SRT after safety factor correction (d)
Qin = the unit process influent flow rate (m3/d)
Yh = biomass yield (gVSS/gBOD)
BODremoves = BOD removed in the unit process (g BOD/m®)
Kd, Tuinter = oxygen decay coefficient at temperature, Tuwinter (1/d)
Reactor Solids Concentrations
M (SS)
Ssreactor = V— (21)
oxic
M (VSS)
Vssreactor = V— (22)
oxic
. M (VSS
IVtreactor = L (23)
M (SS)
where: SSreactor = reactor total suspended solids (g/mq)
VSSreactor = reactor volatile suspended solids (g/m?)
iVtreactor = reactor volatile to total suspended solids ratio (-)
Step 3: Calculate Nutrient and Air Requirements
Phosphorus Requirement for Growth
. 0.02M (VSS
TPR = min| TP, - 20ZMVSS). (24)
S RTaerobic s safeQi n
where: TPR = phosphorus requirement for growth (g P/md)
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Nitrogen Requirement for Growth

. 0.1IM (VSS
FNR = min| TKN m,¢ (25)
SRTaerobic,safeQin
where: FNR = nitrogen requirement for growth (g N/mq)
Nitrifiable Nitrogen (not performed if Carbon Only Design)
1
bavainter +
- S RTaerobic ,safe
NH3,, = Min| 0,TKN, —FNR,0.5% (26)
1
’leax Avainter - bavainter + SRT
aerobic,safe
NO3,, =TKN,;, — FNR —NH3,, 27)
where: NH3est = effluent ammonia (g N/m?)
NO 3.t = effluent nitrate nitrogen (g N/m®)
Required Oxygen for Average Influent Load
Carbon Removal only:
M (X
O, =Q,,| BOD,yroeq —1.42 SRT (X,) *0.001 (28)
aerobic,safe ~<in
where O, = Oxygen requirement, kg O/d
For nitrification:
M (X
0,=Q,| BOD,, . +4.57NO3-1.42 Xa) 10,001 (29)
SRTaerobic,safe in
Step 4: Calculate Basin VVolumes and Equipment Requirements (coded in U.S. units)
Number of Batteries
Q
Nbatteries = % + 1 (30)
where: Nbatteries = number of batteries
Qavg = average daily wastewater flow (MGD)
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Flow per Battery

__Qug
Qbattery - N (32)
batteries
where: Qbattery = average flow per battery(MGD(US))
Number of Parallel Trains per Battery
Using a ladder logic type approach, number of parallel trains per battery (Ntrains) can be calculated subject to
minimum boundaries.
Quattery MGD(US) Ntrains
2 < Qbattery < 4 3
4 < Qbattery < 10 4
10 < Qbattery < 20 6
20 < Qvattery < 30 8
30 < Qvattery < 40 10
40 < Qbattery < 50 12
50 < Qvattery < 70 14
Qbattery > 70 16
where: Nitrains = number of parallel trains per battery
Number of Aerators per Train (Mechanical Aeration)
Qbattery MGD(US) Naerators
10 < Qvattery < 30 2
30< Qbattery <70 3
Qbattery > 70 4
where: Naerators = number of aerators per train
Mechanical Aerator Power Requirements
HP,..
HPaerator = dGSIgn (32)
N, i N N
batteries trains aerators
where: HPaerator = horse power per aerator (HP)
HPdesign = total design horse power (HP)

If HPaerator >150 and Nrains = < 4, then repeat above with Nirains = Nirains + 1
If HPaerator >150 and Nrains > 4, then repeat above with Nirains = Nirains + 2
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Total Number of Parallel Trains

NTtrains = Nbatteries NtrainsNaerators
where: Nirains = number of parallel trains
Tank Sidewater Depth
If HP < 100,
0.2467
Dt = 4'816HPaerator
If HP > 100,
Di=15
where: Dt = tank sidewater depth (ft)
Aeration volume
M (SS)
Voxic =
SS
where: Voxic = aeration volume (m°)
M(SS) = total mass of solids (g)
SS = suspended solids (g/m)
Volume of Each Aeration Tank
V — Voxic
n
N batteries Ntrains
where: Vn = volume of each aeration tank (m%)
and
V, s =V, *35.314
where: Vnus = volume of each aeration tank (ft3)
Width of Each Tank
05
W _ ( Vn,US J
= ————
Dt N aerators
where: W = width of tank (ft)

Length of Each Tank, Lt

L[ — Vn,US
Wt Dt
where: Lt = length of tank rounded to the nearest ft (ft)

If Lt>133 and NT < 3, then repeat above two equations with NT =NT + 1

(33)

(34a)

(34b)

(35)

(36)

@37

(38)

(39)
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If Lt>133 and NT > 3, then repeat above two equations with NT = NT + 2

Diffused Aeration:

Air Flow Rate

A = Ltan k\Nt Nbatteries Ntrains (40)
where:  As = tank surface area (m?)

For fine bubble pore size:
AFR. A 60
AFR = AR S0 (41a)
oxic
where: AFR = air flow required (L air/m?® basin volume/min)
AFRfine = fine air bubble diffuser rate, either user-defined or default value of

0.61 L/s/m? basin surface area

For coarse bubble pore size:

AFR = AFRcoarse (41b)
where: AFRcoarse = coarse air bubble diffuser rate, either user-defined or default value of
0.33 L/s/m? basin volume * 60 s/min

Number of Cells per Aeration Train

Diffused Aeration

Using a ladder logic type approach, number of aeration cells within one train (Coxic) can be calculated subject to
minimum boundaries.

Voxic / (NT * NB) Coxic
Voxic / (NT * NB) < 1000 1
1000 < Voxic | (NT * NB) < 2000 2
Voxic / (NT * NB) > 2000 3
where: Coxic = number of cells within one train

Mechanical Aeration

Coxic is the minimum of Coxic and Naerators
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Step 5: Determine Aerobic HRT, Organic Loadings and Biomass Yields

Aeration Hydraulic Retention Time

\V
HRT = —2< 42)
avg
where: HRT = hydraulic retention time (d)
F:M ratio
. BOD,
M — an n (43)
M (VSS)
where: F:M = food-to-micro-organism ratio (g BOD/(g VSS «d))
Volumetric BOD loading
Q. BOD,
BOD, ,, = —n———in (44)
oxic
where: BODioad = BOD loading to aeration (g BOD/(m?3ed))
Aerobic Biomass Solids Yield
M (SS)1.5
TSS i = (55) (45)
S RTaerobic,safeQin BODrem
Yh = TSSyieId * inreactor (46)
where: TSSyield = solids yield coefficient, (g TSS/g BOD)
1.5 = assumed bCOD/BOD ratio
Yh = aerobic biomass yield (gVSS/gBOD)
Step 6: Determine Sludge Production
Sludge Production
S — SSreactorVoxic ( 47)
1000SRT

aerobic, safe

where: WAS = waste activated sludge produced (kg/d)
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