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Modeling for Pollutants Variation
in Sanitary Sewer

Kwang—-Jae Kim

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

Contaminats move to the wastewater treatment plant through the
sewer systems. Simultaneously, while floowing, contaminants are
disminished in sewer systems. This is due to the physical, chemical, and
biological reactions while wastewater is flowing: the sedimentation of
solid particles and the decomposition of contaminats caused by microbes
living in wastewater or the pipe wall. This reactions makes the
composition of raw water be changed before wastewater reaches the
wastewater treatment ‘plant, thus it influences the efficiency of
wastewater treatment directly or indirectly.

In this study focused on organic matters, nutrients, and sulfides in
order to predict the change of contaminants which is occurred while
sewage flows in sanitary sewer. Also we simulated modeling applied to
ASM1(Activated Sludge Models No. 1). When the velocity is constant at
1m/s and sewage flows for 24 hours, in the organic matter's concern,
TCOD is 37bmg/L. at upstream and 330mg/L. at downstream, showing
12% decrease. Also, SCOD is 170mg/L at upstream and 122mg/L. at
downstream, showing 28% decrease. To represent nutrients, TKN

records 39mg/L at upstream and reduces 4mg/L, 35mg/L at downstream.

_|v_



In terms of sulfides, sulfer ions decrease by 60%, 12mg/L. downstream
from 30mg/L upstream. Consequently, hydrogen sulfide increases to

4mg/L and 2mg/L is emitted.
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Table 2.1 Classification of microorganisms by doner,

electon

acceptor, source of cell carbon, and end product in sewer

Common
Type of . Carbon Electron | Electron
. reaction Products
bacteria source donor acceptor
name
Aerobic Aerobic Organic Organic
N ° ® 0, | CO,H,0
heterotrophic| oxidation |compounds |compounds
Aerobic
) Nitrification Co, NH,, NO, 0O, NOy, NO;
autotrophic
Acid Organic Organic Organic
. , - ] ¢ / & | VFAs
Anaerobic ermentation | compounds |compounds|compounds
heterotrophic Sulfate Organic Organic S0 H,S, CO,,
reduction |compounds |compounds i H,0
231 7718 € J49 ®is
BZANAE gE B O FomE, f7Re] AR
(Hydrolysis)® & wAdEo] Hol&A Av|stuz ¢ 44 wgrt dof
vm mAES A "o = g4A AAEE ="l A7EHAAL HA A
AR A e Bdol AAMHEY. Tz = R AUAdA NO, 9 T
= o Jjegivh wmebd wds ge wge A9 EAEA @E
Bentzen (1995) 2 st5@Adle]l NO,S THste] @71x20& Aojsh= &4
2 2SS Ak @1EANAE AR kel f718 AgRals ol
ez ded & davkss do] AR Ze fJA AEs et
71552 Ak, ek g 74k veks FASHA |k
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1) Endogenous respiration model

2) Death regeneration model
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3) Two step growth model

Fig. 2.6 Modelling approach about activated sludge process.
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Fig. 2.7 Classification of carbon compound in ASMI.
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Fig. 2.8 Classification of nitrogen compound in ASM1.
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=]
= [¢]
(autotrophs)®] A3 Abd Bl Zkeie] 5 8719 A 4T T
1
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Table 2.2 ASM1 Matrix

Component 1 2 3 4 5 6 7 8 9 10 11 12 13
i Process Rate, pj
process j S| Ss X | Xs | Xen | Xea | X So Svo | Swi | Swo | Xwo SALK
1 Aerobic growth of “1, 1 =(1=Yn) = /14 Hi* (Ss/ (Ks+Ss)) * (So/ (KortSo)) *Xan
heterotrophs . N @ @ *(Snra/ (0.01+8xa)) *(Sawx/ (0.01+Sak))
5 Anoxic growth of 1y, , “(=Ya) (1=Y)/(14%2.86Yn) |+ (Ss/(Ks+Ss)) * (Kor/ (Kor+So)) * (Sno/ (Kor+Sno))
heterotrophs . [2.86Yy| ® —ixe/14 *ng*Xar*(Snra/ (0.01+Sra)
3 Aerobic growth of 4 —(4.57- 1Y —ixs —ixa/14 a* (Snn/ (Knh+8nn)) * (So/ (Koa+So0)) *Xaa
autotrophs Ya)/Ya S VAN —1/(7*Ya) *(Sak/(0.01+Sax))
Decay of I . e .
4 heterotrophs ey 7 fo ixe—fp*ixp b+ Xan
5 Ejfo?/og;s =t ~ fo ixg—fo*ixp ba*Xga
Ammonification of
6 [soluble organic 1 =il 1/14 ka*Snp*Xsn
nitrogen
7 :%/tc:;olyzg of ’ i Kn* (Xs/ (Kx*Xart+Xs)) * [ ((So/ (KortSo))+nn
Pe *(Ko/ (Koh+80)) *(Sno/ (Kno+Sno)) 1 *Xas
organics
8 :%/tc:;olyzg 2: anic , 1 Kn* (Xno/ (Kx*XertXnp)) * [ ((So/ (Kor+So))+nn
. PP g *(Kon/ (KontSo)) * (Sno/ (KnotSno) ) 1 # X
nitrogen
gCOD|gCOD/|{gCOD [gCOD|gCOD|gCOD|gCOD § X X § § mole/L=
/m* m' [ /o /m* [ /m gCOD/m | gN/m | oN/m | N/ | oN/m kmole/m'=M
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AgRaleta s d7e) e 2ol
DEVESEERERS

F40] o8] Sy7h Al =] XBH7} AR E A3 A6, S avlE,
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4) Xy zo AHd(Decay)

Dold et al (1980)e] &l Aotels 9= Ald-AAle] Ade w93
A Xp ol gk Ak wbgolARt o] puo el 1 ghe] A7V,

el A7 EaY e dEd X e Xpu XgE WS ARE o

HAo A CODE= #HAashA il A F8A = o] &5 A &=t

_

)
e &

J»

bHXB‘H

5 Xgo 7Fridl(Hydrolysis)
Xy © ZFrislol os) dad v Sy 7F "o o] o, T7] 250 A
S, ol A¥E Fotol agla, FAkA R2EA = Sy AHlE E5hY

Aol AREE] o1tk Xew whgx Wl F4H0], 37 21 F2

H
ke 220 Hl S wjol W Se® Wsksl o] 8-
bAXB,A

6) Xp 4AtE(Decay)

B
w2 AspaFel ARe, Aol gitol el Hu gxw, 1 F,
F5HAY Bl o] ST o §o) HAG sHsAol 9] WFoltt

kaSNDXB,H

A EYolsH(Ammonification)
q e A wheAe AgHom AlgEol & AolAw, X,
Zhrite o] &S grEolx ol gugleu WstE AgsiA mdyg o F

A (Dold and Marais, 1986).

XS/XBH [( S() ) K()H ( SN() ) X
B,H

k +m, (
hKX XS/XBH) Koyt 8o I KogtS80" Kyo+ Syo
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8) Xg ¢ Xyp o 7Frisl(Hydrolysis)

5“4%31%] Al Aol SizeiA RdaE sk, Xso Esivh vl
of Aol EAsHAl #ASH] wiEolt.
XND% Xﬁoﬂ Ega}% Aow wa, =AW X,,0 HrRe EEE X0

olv
2
g
r
;
)
)
gi
-
oo
__&‘
Lo
e
ot

XS/XB,H
"Ky+ (Xg/Xp u)

o K S X
( 0 oH ) NO ) (222 X1

+m, (
K()H+S()) ! K()H+S() KN()+SN() XS

2.4.3 ASM2, 2d

ASM2+¥ ASM1E 2HAA 71 Aotk 21 A3 ASM1KE B35tg 2do] 5
i Qo] HE Fdo &Y SEAY SAS A AT AR AR &
P dvk T, AR B ZEAERE EQQEEd 132 FE QAETA
AAAZZA 20t} ASM1# ASM29ke| 7h & Aol Az U Fx
g uze golth wehx], ASM29] WABES ASM19 X, 2 vdo] A
wog mds F A Hol At oA, BETARJIAAL TRAAE WY

AalA ol
ASM2ol A=, A= ek

ZA~S massly] oA,

ASMIoIA =, B4 &%

o
= ar ASMZOJW% 2 EuAe dRE AAT= Ao &
]

4

e x 2dY s Aol oste]  AlgkdE, ASM2RG ket
7

dAE, AR gdd AA Adel Be AS dZFHE 2
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7Fedlth ASM2el diaiA =, whg&Hiur Aol Aol digk 7]ojrh A2
s A 8, tagsts Aol Jhsstth

ASM2oI A=, Ji0e] e AE7E 7HA = Wi 739 Aol o] ¥al
A= AL okyal, 549 AEwe HaAdd AEs vlasta de Al
AA e dddlE, 7 AxEs 424 gE ol"s 7Y Hal, A
Ao P Fxe gl BddE vE Aotk o He Fasha,
ASM2¢} 22 njddge RoAE, WEA A EAdozRE HitHQl
Aes d5T F dvkaes @ F Qv "Haa aFe, olde BEAAS
AT o, A8 dAAERE, ddHd 54 sk REe
Alkstal .

ASM2d%, ASM2oAL QIS4 PR XpaoZb 7] Z27sAIRE SA gt
M 8E, Xpyo oV EAETEHE dolal Aok F, ASM2de] PAO= A E W A%
F7lEs ol&s Bds AT ¢ Jdornwg FAA st = S gt o

ol A E - 1

olo
[
by
I
p
4
)
i
=
.
fir.

2.4.4 ASM3

ASM1¢] Fiol BE <lAuofel AFaso] Aol gov
ASM19] Algtx &, AxohdzelUEo oe 47 aAlske] glves A, &4,
UAF F71da7E 23S 9he] S99 od ol dryots wkgof A
Fohrh ook A, BEY dA 1R AS 719l wet iEgto]l Brbs st
= A, TRl s Aol ok kol wig- el wbe shEiel] el ol
olfga s A4 Ade A,
Glycogen A 7ol ¢4

o}

A g A, 37

RHoRE f7lwd AAE AV s A4S ALY ¢ doy, e

AAE nEHo] JA &b 28} ASM3+E Core model® Z Q3 ¥4

N
o



o dH® 7z Wsk glo] A ¢ RS Hol

Swisse] EAWAGo] 93] 7R¢E Bio-P Module ASMS3ol|A] A}&7}5 3k

add-on module®|t}. ASM3°] Bio-P modules ZAgtsh= Aoz {7|&3 &
A BB QA AA FAA gk 2dge] sbsslzlth. Bio-P Module 7t
process®} kinetice thA|& ASM2del| <7gkt}h F718 02 dPAQO] 2%k <9l
AA ek ZAE 7hs ki, AT el e S7]/F A RS ¢
A3 Rt Zlo] ASM2detel SRRk Apolebal & 4 o

1) 7FeE38](Hydrolysis)

4 Yol gasoleds BE Xs(Slowly biodegradable substrate)E 2
A A A zgolA AbRE s gy dAp FoAlo A A os 2]
S A= RAoE JHA gL o] FAL ASMIoA L] VteRslode FRE o

3
et %, A ailg g 980 o) v @ Fasi,
2) Ss(Readily biodegradable substrate)®] 7] #7%
57144 AN SsE XeroBEHIE AFst= sAHolth BE 7[ES 4 A

45 A FHArL u A g F3dAnt, AAE2 Xerorx= PHAs, Glycogen

i

&

5% Xt o] 342 Xuy(Heterotrophs)oll a4 vt A=W, Xyo A
v XHA gerh o] g2 v EEES 9k 75 ditow g5hy
o2 A3 fHHA ¢EH. COD RES w5l st=2 COD w4 & Sl
AE = odu, FEAHQ adoA Xsto= PHB(poly hydroxy butyrate,

(C4HeO2) ) 0.5 71 El e,
3) Ss(Readily biodegradable substrate)®] F4k2 A%
o] AL VA A Ty, 74 o5 U4l

Ag AB@ Xy Aol BAL F & 9
%

ig‘iq = = = =2 T fu
¥ 1w o® FHE7]E U= anoxic heterotrophic storage rate’} #HAdH=
Ao & FHFgitt

4) Xpol 3714 A%

Xpo] S At 7122 dHoR Xerodl Ao TP o] TpgoR

5) Xuel ¥ 4%

o714 A AR e gd ) dETh
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o] FAL zI|AH ZAFtA BAHEH T &(decay, WAES, lysis, X4, &
A, F9)% ndgoEZN AX AHEA g ZE JH vAE &4

=) =2
QE 7|&oit. o] FAL ASM1o] E=99% decayd A 3+= IA o

oy A 4 =X
et

7) ks A B

714 WA

Wy =5 Ak, ol A A A EXsro)ol Biomasset @A
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A3F As R DY

P1
Q= 6912m%/d

C1
L=14400m
P2
Q = 6048m°/d
Cc2
L=28600m
P3
Q = 6912m3/d
C5
L=7000m
C3
L=43000m

Fig. 3.1 Diagram of sewer in this study.
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BT AHE 0FBAR FANE FUF FEE Table 3.1 2ok

pu.

AT A2 Henze er al(1992) ¢ofste] Aad AT #ddF 525
AR&3FGLaL, ASM1o| A-&317] fleh AAdwF - Henze et al(1992)0] A|Agh
AAEFE W

Table 3.1 Concentration of inflow in this study (unit:mg/L)

TCOD TN NH4 S04

Inflow
375 48 17 30

concentration

Henze et al(1992)°] A|Alg F7]59 ANEFE= ¢S Fig3.29 Za

oo Fo BRE Fig. 3.8 2t}

Total influent COD
St (200) I
Nonbiodegradable

* Biodegradable COD *I + COD I*

Readily Slowly Sloluble Particulate
Bicdegradable Biodegradable nonbiodegradable nonbicdegradable
S(40) Xs(110) Si(25) X(25)

Fig. 3.2 Characteristic of carbon compounds in inflow water.

_29_



Total influent TKN

Y == Y

Free and saline ammoania , )
SNH(17) I Organically bound nitrogen (8.0) I

Biodegradable I Unbiodegradable
Soluble Particulate Soluble Particulate
SND(2.1) l XND(3.5) I (0.9) I (1.5) I

Fig. 3.3 Characteristic of nitrogen compounds in inflow water.

ASM1ol Eold 49 4 AEE (BHES)E Fig.3.29F 3.39)
F5to] YE W o3 Table 3.29F 7t

Table 3.2 Concentration of state variable in inflow water

(unit:mg/L)

AR = AE =
Siras 30 Xy 0.1
St 25 Xy 1
Svp 12 X, 25
Snu 15 Xnp 12
Svo 0.5 X 179
So2 1 Xsr 10
S 145
Ssou 30

_30_



3.2 389 WEY=

il

EAFoAM = 257 HolAe mAE S o eHE Ao Wst
Zolslr] 918t ASM1< nlE o & Diederik Rousseau et al(2005)¢] A|A] gt
gl wrglgolel  oigh process & FUFelow, AREH  wizfwWse
defaultagte t Table 3.3°1 WERNSI AL Matrix®} T 2A| 25 Table 3.49}

Table 3.5 #|A5FA T
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Table 3.3 Description of parameter

(at 20C)

ubstrate
—

Symbol Description Unit Default value Reference
b_A Decay coefficient for autotrophic biomass day ! 0.15 Henze et al(2000)
b_H Decay coefficient for heterotrophic biomass day ! 0.62 Henze et al.(2000)
b_SR Decay coefficient for - day ! 0.012 K&F(1998)

acetotrophic sulphate reducing biomass

eta_g Correction factor for anoxiic growth of heterotrophs dimensionless 0.8 Henze et al(2000)
eta_h Correction factor for hydrolysis under anoxic condition dimensionless 0.4 Henze et al(2000)
f_SI Fraction of X_H converted to S_I during decomposition dimensionless 0.1 Batston et al(2002)
f_XI Fraction of X_H converted to X_I during decomposition dimensionless 0.25 Batston et al.(2002)
iiXB Mass of nitrogen per mass of COD in biomass gN/gCOD,...opim 0.086 Henze et al(2000)
iXI Mass of nitrogen per mass of COD in inert from biomass 9N/gCODy, o1 0.06 Henze et al(2000)
k_a Ammonification rate m*/gCOD, .....iuday 0.06 Henze et al(2000)
k_h Maximum specific hydrolysis rate day ! 2 Henze et al(2000)
k_La Oxygen reaerarion coefficient day ! 20

K_NH Ammonia half-saturation coefficient for autotrophs biomass gNH, — Nm~ 3 1 Henze et al(2000)
K_NO Nitrate half-saturation coefficient for denitrifying heterotrophs biomass gAV()‘;fA\'nfs 0.5 Henze et al(2000)
K_O2A Oxygen half-saturation coefficient for autotrophs 1,/0,2m’3‘ 0.4 Henze et al(2000)

K_O2H Oxygen half-saturation coefficient for heterotrophs g()_,m"‘ 0.2 Henze et al(2000)
K_S Half_saturation coefficient for hydrolysis of slowly biodegradable substrate by heterotrophs 9COD, .05t/ 9COD, iy 11 ate 1 Henze et al(2000)
K_SH Half-saturation coefficient for growth of heterotrophs 9COD, e ® 4 Henze et al(2000)

K_SO4SR Sulphate half-saturation coefficient for acetotrophic sulphate reducing bacteria gSm~ 3 19 K&F(1998)
K_SSR Half-saturation coefficient for growth of SR on acetate 9COD, s ® 24 K&F(1998)
mue_A Maximum specific growth rate for autotrophic biomass day ! 0.8 Henze et al(2000)
mue_H Maximum specific growth rate for heterotrophic biomass day ! 6 Henze et al(2000)

mue_SR Maximum specific growth rate for acetotrophic sulphate reducing biomass day ! 0.18 K&F(1998)
Y_A Yield for autotrophic biomass 9COD,i.oviat! 9COD, 1y 11 ate 0.24 Henze et al(2000)
Y_H Yield for heterotrophic biomass 9COD, 1050t/ 9COD, iy 11 ate 0.67 Henze et al(2000)
Y_SR Yield for acetotrophic sulphate reducing bacteria gC'ODm/gCODS 0.05 K&F(1998)

*
K&F(1998)=Kalyuzhnyi and Fedorovich(1998)
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Table 3.4 Matrix of this study.

SO S] S& SA\'U SA\H SA\'D SSO«] SHZS Xs X] XA\'D XH XA X,S'H XH/ XAf
1-Y, —1
1| Aerobic growth of X 4 — —iy 1
H Y, Yy XB
. -1 1-Y,
2| Anoxic growth of X v, YT ;/IH —ixp 1
. _ ] 157 Y, 1 1
3| Aerobic growth of X, |— v, Y, x5 1
Aerobic growth of X 1-Y, -1
4 - 2 v ixp 1 1
in biofilm Yy Hf
_| Aerobic growth of XA# 1— YA/ -1 .
0 o Ty % “lxp 1 1
in biofilm Af Af
6 Decay of Xy 1-fy, fx, ixp— ffiz -1
7 Decay of X, 1=fy, Ix, ixp—fiz -1
8 Decay of Xy 1-fy, Ix, iyp—friz -1
9 Decay of X ¢ 1=fx, Ix; iyp—fiz -1
10| Ammonification 1 1l 1‘fX, fX, iyp—ffiz
11 Hydrolysis of X for 1-fo
12| Hydrolysis of Xy, 1 -1
13| Reaeration 1
-1 1= Yo 1= Yo
Growth of o - —_—
14 rowth of X Yo 0.55% Y, 1.65*% Yp '
15 Decay of Xg 1=fy, fx, -1
16|  H,S Volatilization 3l




Table 3.5 Process of this study.

Process rate

Ss Yo
L sl Ko+ 8s" Koyt 50>X”
Ss’ KOZII SV()
2 1 > ~ ; )
1 Kt S\ Konn+ 5] Bgt Syg "
Sy So
3 14 ( - ~ )X
fia Kypt Syu” Koat So 4
S So
¢ s Kgr Ss)( Ko+ 50>X”/
Sy S,
5 () ()X
Has Kgit Ss" Ko+ 80"~
S,
6 ™A 0. T
T Kot S0 7"
So
7 by (—————F)X
A Koyt So' A
So
8 L
So
9 by(——a)X,
A5 K e
10 k. * Syt
B X S K, S
11 . s/ Xu 0 o, o _ono )} X,
Ko+ (Xg/ Xp) |\ Koprrt S0 Kot 80" Knot Syo
Xo/ Xy So K oot Syo X
12 k= + (= )Xy
Ko+ (Xo/ Xp) [\ Kot So Kot 90" Kyot Svo X
13 kla*(s()ﬁaL7 S())
Sy Sso1
14 wl Kot Ss)( KorsrtSson ) X
15 bsnX s
16 ki Sms
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3.3 AEdIHY A9

AF8-® Simulatori= Swiss Federal Institute for Environmental Science
and Technology (EAWAG)ol A 71 AQUASIM 2.1(Computer Program for
the Identication and Simulation of Aquatic Systems)S AF&39t}).
Aquasim®| -t ZEIAPG Wt gEAol o] eFdr] WY nAEd
o e ¥= 4 HskE ASM1 293} 9 AlE ol doe] 74s sttt Table 3.6+
ojg] A& eolEl o] 579 @ ofoth

Table 3.6 Simulator types

5 Program Advantage Disadvantage
e
Tad 2
Text base K ) Q]‘xﬂio Xi;} ZH 27}
goE " . ALg ] ol el 6
ASIM Compile 14 €42
7] qk
S7e=s

e A

L STOAT ZHAZE AR | (Fo1R B
7]\t Simba A3 AHE 7S
WA= ¥ 714
AT ANA A
MATLAB oA s a0 T2
ACSL
e e AR7HH 573G 7ol A
A& AFIAlE s | sl o+
Fortran

3 o 2~ [e]
A = Ug
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180
160 -+

Sgi Xg (Mmg/L)
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0 10 20 30 40 50 60 70 80 90 100
Distance (km)
Fig. 4.1 Variation of X, S .

LTFHA U 298 T fF71E9 Aol wE WeE Fig 4.1 Fig 4.2
of ettt @47t #AE fretshs e wEA EdEE 24 59 =4
A Fedlds =48 Xg7F 25 dasdles & 5 A0 Cl7zt A= we
A welEHE = AR7F =2 el =28 X9 AHET u o
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X, X Xu S, (Mg/L)

0 10 20 30 40 50 60 70 80 90 100

Distance (km)

Fig. 4.2 Variation of X, X, X, S,.

Fig. 4.200A ®RE Bt} o] fr]Eo] Ahgtol wel F
ok AuE o s 27 el oA

]
REoR sl WAEHEGO)

m

il
1o
ox
o

E] 14400m<} 43000m7F "ol A Ho|A Fiol Wzl Mgt d4ds ddd

2=~ 0]

T U o] A= C49F C5Y A A o]t
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4.2 COD &2

—@—— This study
360 _" o amm o amm o Henze (1992)
\
330 A \
J \
£ 3004 '\
= .
8 270 \
O \
\.
\.
240 ~.
N,
\.‘.-
210 C O, e o amm e amm o -—e amn o amm o
T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Distance (km)

Fig. 4.3 Variation of TCOD.

Fig. 4.3 TCOD<| W3z Yepfit. TCODS #A%H2 44.45mg/LA
3, AAES 1292 Yt dde gHAez YeEld Henzed A" A+
o} zho]lE YeRll=d ol B AFoAE 57 L4HS folste s W

Wk AEALl ol J19le oqmel Wl FHE T 2YHel W
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——@—— This study
om0 e o Henze (1992)
160 s
T 140 A
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£
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g 120
8]
wn
100
80
0 10 20 30 40 50 60 70 80 90 100
Distance (km)
Fig. 4.4 Variation of SCOD.
Fig. 4.4 SCOD9). ®wisl&s YeEhgleh. SCODY| a2 48.43 mg/L
olal, °F 30%7} AAZAG. TCOD2] AAEL SCODY A|A Lo Hste] A

gjd o= v Yelsth o= SCODe
v A& 247} CODE f&slo] TCOD#kol X3t
] AAEo] steko gl AR HT)
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Removal COD
44,35

1 .
1.0 .
s
0.11
/ / Inflow Qutflow
!y ‘\
\‘ Fig. 4.5 Mass balanc nic compoundJ’.
//
Fig. 45L r |&Eo] #AE HF3tsto EH/O/MH% dodel W
35 TCODZA ioqf% ) 79‘ TSee 324mg/LolA o

245mg/LL.E °F 249%7} 7“0}@2 a-AFE o’“OﬂOUEEL 1mg/Lol A
32mg/L= 300%7t% S7tet Aoz yelstth olw A|A¥E TCOD2 ¢
44.35mg/LYth 1 919 RS A W) gle Aow e

fo 12

O
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4.3 FrdH 7= /718 B

o
0.267%

Outflow

|
/

inflow and the/a'ﬁtﬂow.

Fig. 4.6 &7 Wl °°‘HL*7<I Wﬂxﬁ TCOD% ZF f7lE A 2 E

I fFEEE AFAA Y TCOD 9 7= A2 S&< Y. TCODE
o 718 Xg& °F 3%7bE asholod 2 wakes /e
oAl AA B HE Buh fFEA N ] H&o] oF 9%
o XoF S frstebs E b 2 WEl fle Aom yuut 718 X9 S
of Aujet fEol FEHAY MAEA XyE oF 0.3%14 °F 10%= F718H9l
ct.
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4.4 A239E9 ¥
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20 & SNH
) —_—Ll—
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E
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X 5 1
0
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Fig. 4.7 Variation of nitrogen compounds.

Atz o] Wsks Figo 4.59F 2ol vEEt. oA 2nEes {7144

o] Wk 9F 20000m o] A 7R = T/\]% AL ot 20000mE A UHA =
A W stRE ol WS &S 714t WgEe Aol g ol
&S AR e BaHE f71A20F mEA ReASE FU1AAR AR
sigel slaskele bz olul gwuolt o 3mg/Lrt AYHUG B
W §Eabhe] pH0R cstel ATNEE A9 AoluhA Wekn FUH
He ope] AW Aae el 2ste] Aulsol 0o ke goz e
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4.5 F3FE9 ¥y

35

—@— SO,
—@— H2S with volatalization

30 —A— H2S without volatalization

-
(@]
E
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Q.
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Fig. 4.10 Variation of surfer compounds.

FoheiE o) Wshs Fig 4103 ) Febtet. 7o) webd] gael
gobe] AAppelAR 2ot 50,9 Rl FaFUA Fahrast PHHE
Ao Uewth #8452 98 welshd 2% we nelfsn §24
Fea0l Aol7t 2mg/l WAL o 50,9 FaE WAT BAFLT

2mg/L o] ¥ o] ti7|= 27507 ol ALs T
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(e}
2] 7 F40] 1m/s B GASIL 24A7F 434 TCOD9 7HA
S 44 5mg/LE 9il 12%7F A7 =tk wg SCODe #Aaw

’

48.43mg/L. & °F 30%7F AA =3

Cr7lEstE e AdWsks FaAAAA Xg7F 179me/L Slod wEAA
ol = 148.3mg/L=, S¢7F 145mg/LollA  96.94mg/L=  #HAsol o
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AT 7=

F=1. AQUASIM Input Data
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AQUASIM Version 2.1 (win/mfc) - Listing of System Definition
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Date and time of listing: 11/28/2006 13:55:32
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Variables

st st s sk sk sfesioske sk sk st sieoske sk sieosiesi sk sk sk sieske sk skosieosieosiosk sk stk sk sk skosiosk sk skoiotosk sk sk stk sk skoioiokosk sk skoioiokoskoskoiolokoskokoiokoskokoiorskok

A: Description:
Type:
Unit:

Reference to:

A_R1: Description:
Type:
Unit:
Expression:

A_R2: Description:
Type:
Unit:
Expression:

A_R3: Description:
Type:
Unit:
Argument:

Program Variable
m~2
Cross Sectional Area

Real List Variable

X
Real Data Pairs (1 pairs):

43000

b_A: Description:

Type:
Unit:
Expression:

b_A20: Description:

Type:
Unit:
Value:

b_Af: Description:

Type:
Unit:
Expression:

b_Af20: Description:

Unit:
Value:

0.23

Decay coefficient for autotrophic b
lomass
Formula Variable

Decay coefficient for autotrophic b
lomass at 20 deg
Constant Variable

Decay coefficient for autotrophic b
lomass

Formula Variable

1/d

b_Af20

Decay coefficient for autotrophic b
iomass at 20 deg

1/d

0.25
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Description:

Type:
Unit:
Expression:

Description:

Type:
Unit:
Value:

Description:

Type:
Unit:
Expression:

Description:

Type:
Unit:
Value:

Description:

Type:
Unit:
Expression:

Description:

Type:
Unit:
Value:

Description:

Type:

Unit:

Relative. Accuracy-

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Decay coefficient for heterotrophic
biomass
Formula Variable

Decay coefficient for hererotrophic
biomass at 20 deg

Constant Variable

1/d

Decay coefficient for heterotrophic
biomass
Formula Variable
1/d
b_H20*exp(the_bH=*(T-20))

Decay coefficient for hererotrophic
biomass at 20 deg

Constant Variable

1/d

0.4

Decay coefficient for autotrophic b
ljomass

Formula Variable

1/d

b_SR20x*exp(the_SR=*(T-20))

Decay coefficient for autotrophic b
iomass at 20 deg

Constant Variable

1/d

Dyn. Volume State Var.

1e-005
1e-005

Soluble inert organic matter
Dyn. Volume State Var.
gCOD/m"3

0.0001

1e-006
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C06_S_02:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:
Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Desecription:
Type:
Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:
Relative Accuracy:

Absolute Accuracy:

Inflow concentration of S_NO3

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:

Inflow concentration of S_I
Formula Variable
gCOD/m"3

25

initial concentration of S_I

Formula Variable
¢COD/m"3
10

Dyn. Volume State Var.

1e-005
1e-005

Dyn. Volume State Var.

1e-005
1e=005

Nitrate and nitrite nitrogen
Dyn. Volume State Var.
g/m~3 N

0.0001

0.0001

Formula Variable
g/m~3 N
0.5

initial concentration of S_NO3

Formula Variable
g/m~3 N
0.5

Dyn. Volume State Var.
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Saturation concentration of oxygen

CO9_X_Afin:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:
Unit:
Expression:

Inflow concentration of S_0O2
Formula Variable

g/m™3

1

initial concentration of S_0O2
Formula Variable

Formula Variable
g/m™3
1

Readily biodegradable substrate
Dyn. Volume State Var.
¢COD/m"3

0.0001

1e-006

Inflow concentration of S_S
Formula Variable

g/m”~3 COD

145

initial concentration of S_S
Formula Variable

g/m”~3 COD

30

Inflow concentration of S_SO4
Formula Variable

g/m~3 COD

30

nitial coneentration of S_SO4
Formula Variable

g/m”~3 COD

5

Active autotrophic biomass
Dyn. Volume State Var.
g/m”~3 COD

0.0001

0.0001

Active autotrophic biomass
Dyn. Volume State Var.
g/m”~3 COD

0.0001

0.0001

Inflow concentration of X_A
Formula Variable

g/m"~3 COD

0.1

_53_



C11_X_lini:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Unit:
Expression:

Initial concentration of X_A
Formula Variable

g/m”~3 COD

0.5

Inflow concentration of X_A
Formula Variable

g/m”~3 COD

0.1

Initial concentration of X_A
Formula Variable

g/m”~3 COD

0.3

Active heterotrophic biomass
Dyn. Volume State Var.
g/m”~3 COD

0.0001

1e-006

Active heterotrophic biomass
Dyn. Volume State Var.
g/m”~3 COD

0.0001

1e-006

Inflow concentration of X_H
Formula Variable

g/m”~3 COD

1

Initial concentration of X_H
Formula Variable

g/m~3 COD

i

Inflow concentration of X H
Formula Variable

g/m”~3 COD

1

Initial concentration of X_H
Formula Variable

g/m~3 COD

10

Particulate inert organic matter
Dyn. Volume State Var.
g/m”~3 COD
0.0001
0.0001

Inflow concentration of X_I
Formula Variable

g/m”~3 COD

25

Initial concentration of X_I

g/m"~3 COD
100
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Correction factor for mueH under an

Correction factor for hydrolysis un

Description:
Type:
Unit:

Description:
Type:
Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:

Unit:
Expression:

Description:

Type:

Unit:

Relative Accuracy:

Absolute Accuracy:

Description:
Type:

Unit:
Expression:

Description:
Type:
Unit:
Expression:

Description:

Type:
Unit:
Value:

Description:

Type:
Unit:
Value:

Description:
Type:
Value:

Slowly biodegradable substrate
Dyn. Volume State Var.
g/m”~3 COD

0.0001

le=006

Inflow concentration of X_S
Formula Variable

g/m”~3 COD

179

Initial concentration of X_S
Formula Variable

g/m”~3 COD

100

Dyn. Volume State Var.

1e-005
1e-005

Inflow concentration of X_SR
Formula Variable

g/m”~3 COD

10

mitial concentration of X_SR
Formula Variable

g/m”~3 COD

30

oxic conditions
Constant Variable

der anoxic conditions
Constant Variable

Constant Variable
0.1
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f XI: Description:

Type: Constant Variable
Unit:
Value: 0.25
1_XB: Description: Mass of nitrogen per mass of COD in
biomass
Type: Constant Variable
Unit:
Value: 0.086
1_XI: Description: Mass of nitrogen per mass of inert
particulate COD
Type: Constant Variable
Unit:
Value: 0.06
k_a: Description: Ammonification rate
Type: Formula Variable
Unit: 1/d
Expression: k_a20*exp(the_ka*(T-20))
k_aZ20: Description: Ammonification rate at 20 deg
Type: Constant Variable
Unit: m”3/(gCODA)
Value: 0.06
k_h: Description: Maximum specific hydrolysis rate
Type: Formula Variable
Unit: 1/d
Expression: k_h20*exp(the_kh*(T-20))
k_h20: Description: Maximum specific hydrolysis rate at
20 deg
Type: Constant Variable
Unit: 1/d
Value: 2
k_La: Desecription:
Type: Constant Variable
Unit:
Value: 20
k_Lv: Description:
Type: Constant Variable
Unit:
Value: 0.9
K_NH: Description: Ammonia half-saturation coefficient
for autotrophic biomass
Type: Constant Variable
Unit: gN/m”"3
Value: 1

Standard Deviation: 0.5

K_NO: Description: Nitrate half-saturation coefficient
for denitrifying heterotrophic bio
mass
Unit: gN/m”3
Value: 0.5
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Description:

Type:
Unit:
Value:

Oxygen half-saturation coefficient
for autotrophic biomass

Constant Variable

¢0/m”"3

0.4

Description:

Type:
Unit:
Value:

Oxygen half-saturation coefficient
for heterotrophs

Constant Variable

g0/m”"3

0.2

Description:

Type:
Unit:
Expression:

Half-saturation coefficient for hyd
rolysis of slowly biodegradable sub
strate

Formula Variable

K_S20*exp(the_KS*(T-20))

Description:

Type:
Unit:
Value:

Half-saturation coefficient for hyd
rolysis of slowly biedegradable sub
strate by heterotrophs

Constant Variable

Description:

Type:
Unit:
Value:

Half-saturation coefficient for gro
wth of heterotrophs

Constant Variable

¢COD/m”3

K_SO4SR:

Description:

Type:
Unit:
Value:

Sulphate half-saturation coefficien
t for acetrotrophic sulphate reduci
ng bacteria

Constant Variable

g%OD/mAS

1

Description:

Type:
Unit:
Value:

Half-saturation coefficient for gro
wth of SR on acetate

Constant Variable

gCOD/m"3

24

Description:

Type:
Unit:
Expression:

Maximum specific growth rate for he
terotrophic biomass

Formula Variable

1/d

mue_Af20

Description:

Type:
Unit:
Value:

Maximum specific growth rate for au
totrophic biomass at 20 deg
Constant Variable
1/d
0.8

Description:

Unit:
Expression:

Maximum specific growth rate for he
terotrophic biomass

1/d

mue_AZ20
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Description:

Type:
Unit:
Value:

Maximum specific growth rate for au
totrophic biomass at 20 deg
Constant Variable

1/d

0.1

Description:

Type:
Unit:
Expression:

Maximum specific growth rate for he
terotrophic biomass

Formula Variable

1/d

mue_H20*exp(the_mueH*(T-20))

Description:

Type:
Unit:
Value:

Maximum specific growth rate for he
terotrophic biomass at 20 deg
Constant Variable
1/d

Description:

Type:
Unit:
Expression:

Maximum specific growth rate for he
terotrophic biomass

Formula Variable

1/d

mue_Hf20

Description:

Type:
Unit:
Value:

Maximum specific growth rate for he
terotrophic biomass at 20 deg
Constant Variable
1/d
0.5

Description:

Type:
Unit:
Expression:

Maximum specific growth rate for au
totrophic biomass

Formula Variable

1/d

mue_SR20*exp(the_mueSR#(T-20))

Description:

Type:
Unit:
Value:

Maximum specific_growth rate for au
totrophic biomass at 20 deg

Constant Variable
1/d

Description:
Type:
Unit:

Reference to:

Program Variable
m”~3/d
Discharge

Description:
Type:

Unit:
Expression:

Formula Variable
m”3/d
6912

Description:
Type:

Unit:
Expression:

Description:
Unit:
Expression:
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Description:
Type:

Unit:
Expression:

Temperature
Formula Variable
degC

20

Description:
Type:
Unit:

Reference to:

Time
Program Variable

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of bH

Constant Variable

1/degC

0.1132

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of ka

Constant Variable

1/degC

0.0693

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of kh

Constant Variable

1/degC

0.1098

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of KS

Constant Variable

1/degC

0.1098

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of MueH

Constant Variable

1/degC

0.0981

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of MueSR

Constant Variable
1/degC

0.0981

Description:

Type:
Unit:
Value:

Coefficient for temperature depende
nce of bA

Constant Variable

1/degC

0.0981

Description:
Type:
Unit:

Reference to:

Program Variable

m
Space Coordinate X

Description:
Type:

Unit:

Value:

Yield for autotrophic biomass
Constant Variable

0.24
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Y_H: Description: Yield for heterotrophic biomass

Type: Constant Variable

Unit:

Value: 0.67

Y_SR: Description: Yield for heterotrophic biomass

Type: Constant Variable

Unit:

Value: 0.05

Standard Deviation: 0.01

Minimum: 0.01

Maximum: 0.5

Sensitivity Analysis: inactive
Parameter Estimation: inactive
sk sk sk sk skosk sk sk skeosk sk sk sk skoskosk sk skosk sk sk sk skosk sk sk sk sk sk skosk skosk sk sk sk sk sk sk sk sk skoskosk skoskosk skoskosk sk skoskosk skokoskoskokosk skokoskoskoskoskoskoskokosk

st sk s sk sk sfesioske sk sk st sieoske sk skt sk sk sk sieske sk sk sieosieosiosk sk stk sk sk skosiosk sk skoiotosk sk siosiokoskoskoioiokosk sk skoiolokoskoskoiolokoskokoiokoskokoiorskok

Processes
sk sk sk sk skosk sk skskeosk sk sk sk sk skosk sk skosk skoskosk sk skosk sk skosk sk sk skosk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk ks skoskosk sk sk sk skokoskoskokosk skokoskoskoskoskoskoskokosk

rho_OlaerobicgrowthX_H:

Description: growth of X_H
Type: Dynamic Process
Rate: mue_H*(C07_S_S/(K_SH+C07_S_S))*(C06
_S_02/(K_O2H+ C06_S_02))*C10_X_H
Stoichiometry:
Variable : Steichiometric Coefficient
C10_X_H 1

CO4_S_NH : -i_XB
C06_S_02 : -(1-Y_H)/Y_H
CO07_S_S : -1/Y_H

rho_0O2anoxicgrowthX_H:

Description: growth of X_H
Type: Dynamic Process
Rate: mue_H#*(C07_S_S/(K_SH+ C07_S_S))*(K_O

2H/(K_O2H+ C06_S_02))*(C05_S_NO/(K_N
0+ C05_S_NO))=eta_g+C10_X_H

Stoichiometry:
Variable : Stoeichiometric Coefficient
CIOX_H : 1

C07_S_S+ -1/Y_H
CO5_S_NO : =(1=Y_H)/(2.86xY-H)
CO4_S_NH : -i_XB
rho_O3aerobicgrowthX_A:
Description: aerobicgrowthX_A
Type: Dynamic Process
Rate: mue_A#(C04_S_NH/(K_NH+ C04_S_NH))*(C
06_S_02/(K_02A+ C06_S_02))*C09_X_A

Stoichiometry:
Variable : Stoichiometric Coefficient
CO09. X A 1

CO4_S_NH : -i_XB-(1/Y_A)
C06_S_02 : -(4.57-Y_A)/Y_A
CO5_S_NO : 1/Y_A

___________________________________________________________ r
ho_05decayX_A:Description: decay of X_A
Type: Dynamic Process
Rate: b_A#(C06_S_02/(K_02A+ C06_S_02))*C09
X A
Stoichiometry:
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Variable : Stoichiometric Coefficient
CO9_X_A : -1

C13_X_S : 1-fXI

C12_X_ND : i_XB-f XI*i_XI

C11_X_I : fXI
rho_O6ammonification:
Description: ammonification
Type: Dynamic Process
Rate: k_a*CO3_S_ND=*C10_X_H

Stoichiometry:
Variable : Stoichiometric Coefficient

CO3_S_ND : -1
CO4_S_NH : 1
rho_07hydrolysisX_S:
Description: hydrolysis of X_S
Type: Dynamic Process
Rate: k_h*((C13_X_S/C10_X_H)/(K_S+(C13_X_
S/C10_X_H))*((CO6_S_02/(K_02H+ C06_
S_02))+ (eta_h*(K_O2H/(K_O2H+ C06_S_O
2))*(CO5_S_NO/(K_NO+ C05_S_NO))))*C1
0-X_H
Stoichiometry:
Variable : Stoichiometric Coefficient
Cl13:X:S : -1
CO07_S_S : 1-fSI
C02_S_1 : £SI
rho_0O8hydrolysisX_ND:
Description: hydrolysis of X_ND
Type: Dynamic Process
Rate: k_h*((C13_X_S/C10_X_H)/(K_S+(C13_X_
S/C10_X_H)))*((CO6_S_02/(K_02H+ C06_
S_02))+ (eta_h*(K_O2H/(K_O2H+ C06_S_O
2))*¥*(CO5_S_NO/(K_NO+ C05_S_NO))))*(C
12_X_ND/C13_X_S)*C10_X_H
Stoichiometry:

Variable : Stoichiometric Coefficient
Ch2_XNW : ~=]

CO3_S_ND 1
rho_10reaeration:
Description: reaeration
Type: Dynamic Process
Rate: k_La*(C06_S_02sat-C06_S_02)

Stoichiometry:
Variable : Stoichiometric Coefficient

C06_S_02 : 1
rho_11growthSR:Description: growth of SR
Type: Dynamic Process
Rate: mue_SR*(CO7_S_S/(K_SSR+ C07_S_S))*(C
08_S_S04/(K_SO4SR+ C08_S_S04))xC14_X
_SR
Stoichiometry:

Variable : Stoichiometric Coefficient
CO07_S_S : -1/Y_SR

CO1_S_H2S : (1-Y_SR)/(1.65%Y_SR)
C08_S_S04 : -(1-Y_SR)/(0.55%*Y_SR)
Cl14. X SR :1
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rho_12decaySR: Description: decay of SR

Type: Dynamic Process
Rate: b_SR*C14_X_SR
Stoichiometry:

Variable : Stoichiometric Coefficient

Cl4_X_SR : -1

Cl13_X_S : 1-f XI

Cl1_X1I : fXI

rho_13H2SVolatilization:

Description: H2S Volatilization
Type: Dynamic Process
Rate: k_Lv+xCO1_S_H2S
Stoichiometry:

Variable : Stoichiometric Coefficient
CO1_S_H2S : -1

rho_1l4aerobicgrowthX_Hf:

Description: growth of X_Hf
Type: Dynamic Process
Rate: mue_Hf*(CO7-S_S/(K_SH+ C07_S_S))*(CO
6_S_02/(K_02H+ C06_S_02))*C10_X_Hf
Stoichiometry:
Variable : Stoichiometric Coefficient
CIO.X_Hf : 1

CO4_S_NH : -i_XB
C06_S_02 : =(1-Y_H)/Y_H
CO07_S_S 1 =1/Y_H

rho_15decayX_Af:

Description: decay of X_Af
Type: Dynamic Process
Rate: b_Af*(C06_S_02/(K_02H+ C06_S_02))*CO
9_X_Af
Stoichiometry:
Variable : Stoichiometric Coefficient
CO9_X_Af : -1
Cl1_X.I: £XI

C13.X.S : 1-f XI
C12_X_ND :1.XB-f XI*i_XI

rho_15decayX_Hf:

Description: decay of X_Hf
Type: Dynamic Process
Rate: b_Hf*(C06_S_02/(K_O2H+ C06_S_02))*C1
0_X_Hf
Stoichiometry:
Variable : Stoichiometric Coefficient
C10_X_Hf : -1
Cl1_X_I : fXI

C13_X_S : 1-f.XI
C12_X_ND : i_XB-f XI*i_XI

rho_1l6aerobicgrowthX_Af:

Description: growth of X_Af
Type: Dynamic Process
Rate: mue_Af*(CO7_S_S/(K_SH+ C07_S_S))*(CO
6_S_02/(K_O2H+ C06_S_02))*C09_X_Af
Stoichiometry:
Variable : Stoichiometric Coefficient
CO9_X_Af : 1

CO4_S_NH : -i_.XB

_62_



C06_S_02 : -(1-Y_H)/Y_H
CO07_S_S : -1/Y_H
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Compartments
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mix1: Description:

Type: Mixed Reactor Compartment

Active Processes:
Initial Conditions:

Inflow: 0
Loadings:
Volume: 0.1
mix2: Description:
Type: Mixed Reactor Compartment

Active Processes:
Initial Conditions:

Inflow: 0
Loadings:
Volume: 0.1
R1: Description:
Type: Advective—-Diffusive Comp.

Compartment Index: 101

Initial Conditions:
Variable(Zone) : Initial Condition
C09_X_A(Water Body) : C09_X_Aini
C10_X_H(Water Body) : C10_X_Hini
Cl1_X_I(Water Body) : C11_X_Iini
C13_X_S(Water Body) : €C13_X_Sini
C12_X_ND(Water Body) : C12_X_NDini
C14_X_SR(Water Body) : C14_X_SRini

Inflow: Qin_R1

Loadings:
Variable : Loading
C02_S.I : Qin_R1*C02_S_Iin
CO07-S.S . Qin_R1*C07_S_Sin
C10_X_H : Qin_R1+*C10_X_Hin
Cl11_X_I : Qin_R1+*C11_X _lIin
C13_X_S: Qin_.R1*#C13_X_Sin
CO1_S_H2S : Qin_R1+*C01_S_H2Sin
C03_S_ND : Qin_R1*C03_S_NDin
C04_S_NH : Qin_R1+*C04_S_NHin
C06_S_02 : Qin_R1*C06_S_02in
C08_S_S04 : Qin_R1*C08_S_SO4in
C12_X_ND : Qin_R1*C12_X_NDin
C14_X_SR : Qin_R1%#C14_X_SRin
C05_S_NO : Qin_R1*C05_S_NOin
C09_X_A : Qin_R1*C09_X_Ain

Lateral Inflow: 0
Start Coordinate: 0
End Coordinate: 14400
Cross Section: A_R1
Num. of Grid Pts: 22 (low resolution)
R2: Description:
Type: Advective—Diffusive Comp.

Compartment Index: 102
Initial Conditions:
Variable(Zone) : Initial Condition
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C10_X_H(Water Body) : C10_X_Hini
Cl1_X_I(Water Body) : C11_X_Iini
C13_X_S(Water Body) : C13_X_Sini
C12_X_ND(Water Body) : C12_X_NDini
C14_X_SR(Water Body) : C14_X_SRini
C09_X_A(Water Body) : C09_X_Aini

Inflow: 0
Loadings:
Lateral Inflow: 0
Start Coordinate: 14400
End Coordinate: 43000
Cross Section: A_R2
Num. of Grid Pts: 22 (low resolution)
R3: Description:
Type: Advective—Diffusive Comp.
Compartment Index: 103

Initial Conditions:
Variable(Zone) : Initial Condition
C10_X_H(Water Body) : C10_X_Hini
Cl1_X_I(Water Body) : C11_X_Tini
C13_X_S(Water Body) : C13_X_Sini
C12-X_ND(Water Body) : C12_X_NDini
C14_X_SR(Water Body) : C14_X_SRini
C09_X_A(Water Body) : C09_X_Aini

Inflow: 0
Loadings:
Lateral Inflow: 0
Start Coordinate: 43000
End Coordinate: 86000
Cross Section: A_R3
Num. of Grid Pts: 22 (low resolution)
R4: Description:
Type: Advective—Diffusive Comp.

Compartment Index: 201

Initial Conditions:
Variable(Zone) : Initial Condition
C10_X_H(Water Body) : C10_X_Hini
Cl1_X_I(Water Body) : C11_X_Tini
C13_X_S(Water Body) :+C13_X_Sini
C12_X_ND(Water Body) : C12_X_NDini
C14_X_SR(Water Body) : C14-X_SRini
C09_X_A(Water Body) : C09_X_Aini

Inflow: Qin_R4

Loadings:
Variable : Loading
C02_S_I : Qin_R4*C02_S_Iin
CO7_S_S : Qin_R4*C07_S_Sin
C10_X_H : Qin_R4*C10_X_Hin
C11_X_I : Qin_R4*C11_X_Iin
C13_X_S : Qin_R4*C13_X_Sin
CO1_S_H2S : Qin_R4*C01_S_H2Sin
C03_S_ND : Qin_R4*C03_S_NDin
C04_S_NH : Qin_R4*C04_S_NHin
C06_S_02 : Qin_R4*C06_S_02in
C08_S_S04 : Qin_R4*C08_S_SO4in
C12_X_ND : Qin_R4*C12_X_NDin
C14_X_SR : Qin_R4%C14_X_SRin
C05_S_NO : Qin_R1*C05_S_NOin
C09_X_A : Qin_R1*C09_X_Ain

Lateral Inflow: 0
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Start Coordinate: 0

End Coordinate: 2000
Cross Section: 0.07
Num. of Grid Pts: 22 (low resolution)
R5: Description:
Type: Advective—-Diffusive Comp.

Compartment Index: 301

Initial Conditions:
Variable(Zone) : Initial Condition
C10_X_H(Water Body) : C10_X_Hini
Cl1_X_I(Water Body) : C11_X_Iini
C13_X_S(Water Body) : C13_X_Sini
C12_X_ND(Water Body) : C12_X_NDini
C14_X_SR(Water Body) : C14_X_SRini
C09_X_A(Water Body) : C09_X_Aini

Inflow: Qin_R5

Loadings:
Variable : Loading
C02_S_I : Qin_R5*C02_S_Iin
CO7_S_S : Qin_R5*C07_S_Sin
C10_X.H : Qin_R5*C10_X_Hin
C1l1-X_I : Qin_R5xC11_X_Iin
C13_X_S : Qin_R5*C13_X_Sin
CO1_S_H2S : Qin_R5*C01_S_H2Sin
CO3_S_ND : Qin_R5*C03_S_NDin
C04_S_NH : Qin_R5*C04_S_NHin
C06_S_02 .+ Qin_R5*C06_S_02in
C08_S_S04 : Qin_R5*C08_S_SO4in
C12_X_ND : Qin_R5*C12_X_NDin
C14_X_SR : Qin_R5%C14_X_SRin
CO5_S_NO : Qin_R1*C05_.S_NOin
C09_X_A : Qin_R1*C09_X_Ain

Lateral Inflow: 0

Start Coordinate: 0

End Coordinate: 7000

Cross Section: 0.08

Num. of Grid Pts: 22 (low resolution)
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Links
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LO1_R1m1l: Type: Advective Link
Link Index: 0
Compartment In: R1
Connection In: Outlet
Compartment Out: mix1
Connection Out: Inflow
Bifurcations:

LO2_m1R2: Type: Advective Link
Link Index: 0
Compartment In: mix1
Connection In: Outflow
Compartment Out: R2
Connection Out: Inlet
Bifurcations:

LO3_R2m?2: Type: Advective Link
Link Index: 0
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Compartment In:
Connection In:

Compartment Out:

Connection Out:
Bifurcations:

L04_m2R3: Type:
Link Index:
Compartment In:

Connection In:

Compartment Out:

Connection Out:
Bifurcations:

LO5_R4m1: Type:
Link Index:
Compartment In:

Connection In:

Compartment Out:

Connection Out:
Bifurcations:

LO6_R5m2: Type:
Link Index:
Compartment In:

Connection In:

Compartment Out:

Connection Out:
Bifurcations:

R2
Outlet

mix2
Inflow

Advective Link
0
mix2
Outflow
R3
Inlet

Advective Link
0
R4
Outlet
mix1
Inflow

Advective Link
0
R5
Outlet
mix2
Inflow
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Definitions of Calculations
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calcl: Description:

Calculation Number:

Initial Time:
Initial State:
Step Size:
Num. Steps:
Status:

0
0

given, made consistent
0.1

100

active for simulation
active for sensitivity analysis
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