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Estimation of Water Quality Variation in Sewer Network using
MOUSE TRAP Model
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Abstract

One of the major problems associated with operation of domestic sewer lines involves hydraulic problems such as insufficient
conveyance capacity, exceeding maximum velocity, and deficiency of minimum velocity. It has also been pointed out that influent
concentration lower than design concentration of pollutants, which is mainly caused by unidentified inflow and infiltration, degrades
the operational efficiency of many sewage treatment plants (STPs). A computer—added analysis method supporting a coupled
simulation of sewage quality and quantity is essentially required to evaluate the status of existing STPs and to improve their
efficiency by a proper sewer rehabilitation work.

In this study, dynamic water quality simulations were conducted using MOUSE TRAP to investigate the principal parameters that
governs the changes of BOD, NH,", and PO,>~ concentrations within the sewer networks based on data acquired through on—site
and laboratory measurements. The BOD, NH," and PO,*~ concentrations estimated by MOUSE TRAP was lower than theoretical
pollution loads because of sedimentation and decomposition in the sewer. The results revealed that sedimentation is a most
important factor than other biological reactions in decreasing pollutant load in the sewers of C—city.

The sensitivity analysis of parameters pertaining to water quality changes indicated that the effect of the BOD decay rate, the
initial DO concentration, the half—saturation coefficient of dissolved BOD, and the initial sediment depth is marginal. However,
the influence of settling rate and temperature is relatively high because sedimentation and precipitation, rather than biological

degradation, are dominant processes that affect water quality in the study sewer systems.
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Figure 1. Water Quality Variation Mechanism
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Table 1. Various Kinetic Constants in MOUSE TRAP Module
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412 AD 25 =Xz 75
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Table 3. Input Parameters of SRQ Module
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Build Up Method : Linear, Exponential Linear
. Build Up Rate (kg/ha/day) 50
Surface. Sediment Maximum Value (kg/ha) 500
Buld o 0w (days) 0

/Wash off (Global)

Fine Sediment

(mm, kg/m)

Size :

0.5, Density : 1,696

Coarse Sediment (mm, kg/m*)

Size :

0.5, Density : 1,696

Surface Sediment TP (g/¢) 0.009
and BOD Fine Sediment (%) 50 Z| X|-2(2003)
Pollutants Coarse Sediment (%) 50
Table 4. Input Parameters of AD Module
o= M5 =l Xt == ME H| 10
DO (mg/#) 19
Component Selection | Concentration in DWF Temperature 135 St A=A
BOD (mg/ ¢) 1.0
Decay Constants Decay constant BOD (hr-1) 0.0052 LH=E HIAH
Initial Concentration Concentration BOD (mg/ #¢) 1.0 St TR ZEAL
Table 5. Input Parameters of WQ Module
o= M5 el2d oIk} =52 M= H 1
BOD/COD Conversion factor 0.47 St TR ZEAL
Oxygen removal constant (g DO/m*/sec) 0.0012
Max. growth rate at 20 deg. cel. (day ) 1.25 OUR Al3l
~ Max. yield constant (g VSS/g BOD) 0.53
BO[IZ)’/rg(())e[s)sesDo Biomass (g VSS/g BOD) 0.75
Decay constant at 20 deg. cel. (day ) 0.12 =R SIA S
Eroded sediment oxygen demand (g DO/sed. ¢) 1.847 EMESEAME
DO (g/m) 0.66 o
BOD (g/m") 81.0 OUR =&
Coefficient 1 (C1) 0.96
Reaeration Coefficient 2 (C2) 0.17
Coefficient 3 (C3) 0.375
Reaeration coefficient at 20 deg 1.024
TP (g/2) 1.847
Pollutants Attached DL (%) 9.2 .
E[XE HalAE
to Sediments BOD Fine Sediment (%) 55.3 =& =
Coarse Sediment (%) 35.5
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Table 6. Input Parameters of ST Module
2= M il Xt == ME H 1
Sediment Grai Grain Diameter (mm) 05
ediment Grain -
Diameter(Giobal DWF Concentration (mg/#) 0
Formula ‘ Engelund-Hansen @) 34 M
Relative Density of the Sediment 1.696 SRS wEAIE
Porosity 0.519
Relative Density of Fine Sediment (AD) 1.696 B EHEAH
Model Parameters - -
Min. Manning No. updated from the ST 10
Max. Manning No. updated from the ST 100
Fraction Diameter (mm) 0.100
Data for Graded DWF Concentration (mg/ #) 250
Sediment Transport Erodibility Coefficient (g/m*/sec) 0.200
B , Sediment Depth (m) 0.001
Initial Sediment Depth -
Type ‘ Computed Manning O MEd
Table 7. Temperature Effects on Pollutants Loads in C-city
BOD(kg/d) NH, (kg/d) PO (kg/d)
TE i, =~ | ==z Hatg - Zdzl | BstE i, Dozl | Hats
EEAe = ) =724 2 %) =77k 2 )
YW A4a2E 3,815 3,791 0.6 1,351 1,254 72 272 269 1.1
Xz R 3,815 3,717 2.6 1,351 1,229 9.0 272 267 1.8
T Zi2% 3,815 3,563 6.6 1,351 1,173 132 272 256 59
F) 27| LPFSIHE Me|TFHe| AZEolFet W HIcteo] oz AMNE
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Table 8. Decay Constant(k) Effects on Pollutants Loads in C-city

BOD(kg/d) NH, ' (kg/d) PO, (kg/d)
T £ sojg | 22 [ HsE | o [ ede [wse [ [ 29 [ dsig
21} (%) 2zt (%) 2zt (%)
YW ESE 3,815 3,717 26 1,351 1,229 9.0 272 267 1.8
Xe| Azt 3,815 3,718 25 1,351 1,229 9.0 272 267 1.8
o
T Z|CH 3,815 3,718 25 1,351 1,229 9.0 272 267 1.8
Table 9. Half-saturation Constant(ks) Effects on Pollutants Loads in C-city
BOD(kg/d) NH, (kg/d) PO (kg/d)
T= EEERICEE ooz HslS Y B3l
= L o — = L =o — = L =o
B aw | e | R aw | e | R aw | e
YW ESEA 3,815 3,689 33 1,351 1,229 9.0 272 267 18
b S| 3,815 3,712 27 1,351 1,229 9.0 272 267 1.8
.
S At 3,815 3,717 26 1,351 1,229 9.0 272 267 18
Table 10. Initial DO Concentration Effects on Pollutants Loads in C—city
BOD(kg/d) NH;'(kg/d) PO.* (kg/d
T = _ Zoz HetE - Zoz HetE - Sz Hatg
PR | e [P awm | e [T am | @
YW s b 3,815 3,718 25 1,351 1,229 9.0 272 267 1.8
Xz =31zl 3,815 3,717 26 1,351 1,229 9.0 272 267 1.8
i A 3,815 3,718 25 1,351 1,229 9.0 272 267 1.8
(1998)e]  oate]  AXE  1.0d o],  HAS 2elE 245 %7] 99551 tiv] BODY) -, A3zt
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< 48313l

© #d 2.2 mg/L, #F24 1.8 mg/L, Ht 2.0 mg/L A4S
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Table 11. Initial Sediment Depth Effects on Pollutants Loads in C-city
BOD(kg/d) NH,'(kg/d) PO, (kg/d)
T = =] =] =] le =] B
jc—jlg)\' E?% Hnj-jl'g = Zk E;EE-O H‘j_:_l.g —7:57'3)'\' EﬂEE'o H4-:—I‘E
2zt (%) Znt (%) Znt (%)
YW ESEntAe 3,815 3,721 25 1,351 1,231 89 272 268 1.5
Xz Hitat 3,815 3,708 28 1,351 1,227 9.1 272 267 1.8
ol
TR sz | 3815 | 3717 26 1351 | 120 9.0 o72 067 18
Table 12. Sedimentation Coefficient Effects on Pollutants Loads in C—city
BOD(kg/d) NH,'(kg/d) PO, (kg/d)
T . Zozl | #HEE : k==Y Hat2 : k==Y Het=
B T | e | FE | ae | e | FTRE ] aw | @
YW ESE 3,815 3,782 0.9 1,351 1,251 74 272 269 1.1
Xe| Default 3,815 3,717 26 1,351 1,229 9.0 272 267 1.8
9 ESu | 3,815 3,628 49 1,351 1,207 10.7 272 263 33
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Table 13. Changes in Pollutants Loads below Initial and Simulated Loads at Each District

BOD(kg/d) Ha'(kg/d) PO;* (kg/d)
T2 | 2 sle | 2 sle S| 2 sl
=72} EEE_% st =72} EEE_% st 7|7} EEE% st
23t (%) 23t (%) 23t (%)
1.BS 554 545 16 196 182 71 39 40 26
2.YL 5,634 5,002 112 1,995 1,683 15.6 401 366 87
3MS 2,898 2477 145 1,026 710 30.8 206 201 24
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Figure 3. Estimation of Water Quality Variation in Sewer
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