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Establishment and Application of Water Quality
Model of Hypoxic Stream
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ABSTRACT

The WASP/EUTOR model was used to model alow dissolved oxygen (DO) stream
in Taiwan as part of the water quality management effort to restore the stream. The low
dissolved oxygen is the result of industrial wastewater discharges causing significant
oxygen consumption due to carbonaceous and nitrogenous biochemical oxygen demand in
the receiving water. The modeling effort was supported by a field monitoring program
including two water quality surveys of the stream. The model, calibrated with these two
data sets, were used to evaluate a number of wastewater management alternatives to
restore the stream.
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A:{b 7 % & (BOD) ¢ 1% % (DO) £ FF 13w ) 1]
K B B A FERR 2 8L - Streeter F1 Phelps
(1925) 5 e A B AR 2 SR Tl - R T
1 &)1 BOD/DO /] Streeter-Phelps /52X » iifi
15 EHE R R 2580, Ohio River » B 7] /KE
1 #2 R B - O’ Connor (1960)FI|F'E &7
il g A Streeter-Phelps J7R2E(H - [FIRF
FEYCATER ~ REPINEIR R F B JEEVE 7 S B 55 2
FRA 1RSSR - S RERE B S ]
JKE R o Lung (1998, 1999, 2001)#$3% | 5H 43t
TREEET ) 1[5 F B3 7 /K A PR AT © TEBIRR | »
A R S | Z g 7e i A% 7 > Kuo et al.
(1991) ~ Park et al. (1996) ~ Radwan et al. (2003) ~
Evenetal. (2004) ~ Liu et al. (2005) ~ Jhaet al. (2007)
FIF SR EHRA S 21117 BOD/DO (1Y
165t - B4 > ])1] BOD/IDO [ HEHy fitr % Feefife
C AR B (B BHEE Fim ) K EE M2
SR —E PR AR -

AR B H IR R BRI B T R
WASP (Water Quality Analysis Simulation Program)
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2 WASP/EUTRO {RIH/8 8 22 LIFAB=EHE(Ambrose et al., 1993)
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x1 MARKEBRAEERRHEZRGEEER

. s ik WERE o ok &
b RO Bl T 3, % IR . .
AR ko FEEER | aamm | (B0 | BB | AmRES
Kis B Rk NIEA W217.51A — <3% — —
pH & A NIEA W424.51A — +0.2 — —
) Tk APHA 4500-0G — <10% — —
2EE EEEIE NIEA W203.51B — <3% — —
0,
BFERY 103~105°C 248 % NIEA W210.57A 2.5mg/L <10% - -
<20%
BODs K AL F A EARA T & | NIEA W510.54B 2.0 mg/L <5% 187~218 -
Yk 2 RBE A FRE | NIEAW427.52B | 0.0039 mg/L <10% 90~110% | 80~115%
FH BB R R Rk NIEA W452.50C | 0.0036 mg/L <10% 80~110% | 85~115%
I8 7K BB R R Rk NIEA W452.50C | 0.00038 mg/L <5% 90~110% | 85~110%
Kb RBZ AT IEA
A% NIEA W437.51 .02 mg/L <15% 120% 120%
AR PSR 437.51C 0.02 mg/ <15% 80~120% | 80~120%
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Legend: —— Observed Data

4 TBESEREMIBR(RE %4 F 10 B 27-28
BR94FE1183-48)

VRIEIHE  F R BRI RV SR s 8
HAE8 G ~ KIS E MR R 2 KEA K
B2 IflE - {LBFREE - RREE BT
R ~ 2R HIRE AR 6 KR A /KRR
ZAGHUE » AHFTEKE 7 55T B IER R E
B T EET - R LEBAMSOKE
falE B habe ik R E B

32 HFEEER

TR IR 8 767 B i TR A SR 7K B
TRk - SURERRG ARG - R 2 RRI/R
944£ 10 H 27-28 H ¢ 944 11  3~4 {1
WFELAZ BRI BT - ELFR ARG ~ RRVR Il HE
FALTRER - ERSLIEE » B EHE RIS
EUTRO {8 UBE R S @ S ek 2 g A& -

U E g e AV

TR IR INAG 2 IR B Rk b
RIFTAT 2 RAY 3.3 AL » A FEHy & T S8 H

—31—



Nitrite/Nitrate (mg/L) Ammonia (mg/L) CBOD:s (mg/L)

Dissolved Oxygen (mg/L)
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Flow at upstream = 0.03 m?/s
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BEERNRETER(RE 94 F 108 27-28 B)

Point Sources Flows Conductivity SS BODs Ammonia DO
No. (ms) (umho/cm) (mg/L) (mg/L) (mg/L) (mg/L)
1 0.02579 1135 81 152.0 3.4 -
2 1.38683 726 57 48.3 23.8 -
3 - - - - - -
4 - - - - - -
5 0.01297 784 58 41.3 16.4 -
6 0.00179 688 61 65.3 28.6 -
7 0.01036 1015 41 47.8 23.6 -
8 0.02671 783 35 38.9 13.8 -
9 0.00033 618 32 59.1 275 -
10 0.00844 353 25 12.1 9.7 -
11 0.00204 592 50 68.1 28.1 -
12 0.00385 1553 731 1920.0 335 -
13 0.01032 455 60 86.3 12.9 -
14 0.00213 641 48 57.7 21.7 -
15 0.00003 2710 135 1470.0 16.6 -
16 0.00221 519 32 485 23.7 -
17 - - - - - -
18 0.44117 521 44 41.2 19.4 -
19 0.05207 701 77 62.7 24.8 -
20 0.00018 584 35 28.9 22.6 -
21 0.00246 466 50 40.6 22.6 -
22 0.04827 602 90 68.3 24.6 -
23 0.00687 718 152 106.0 313 -
24 0.00679 763 61 37 5.1 -
- : No field measured data
*3 ASERNRETENEREMF 115 3-48)
Point Sources Flows Conductivity SS BODs Ammonia DO
No. (ms) (umho/cm) (mg/L) (mg/L) (mg/L) (mg/L)
1 0.00738 980 67 62.7 12.2 -
2 1.44467 602 46 43.2 46.3 -
3 - - - - - -
4 0.00013 581 94 55.0 25.6 -
5 0.02267 623 36 18.6 8.7 -
6 0.00632 699 81 63.6 28.8 -
7 0.01335 739 52 38.6 16.9 -
8 0.02937 730 39 35.3 8.9 -
9 0.00037 621 28 38.4 274 -
10 0.00581 376 51 11.9 11.9 -
11 0.00096 617 59 66.0 28.4 -
12 0.00628 1457 713 1990.0 315 -
13 0.01942 420 55 57.6 10.6 -
14 0.00179 534 30 215 20.5 -
15 0.00196 993 74 252.0 14.8 -
16 0.00346 603 525 21.7 224 -
17 - - - - - -
18 0.43783 514 52 44.2 19.5 -
19 0.02213 667 56 37.2 19.8 -
20 0.00013 586 63 26.4 12.3 -
21 0.00203 464 33 35.6 18.3 -
22 0.03135 622 60 77.8 28.4 -
23 0.01026 707 75 58.6 26.6 -
24 0.00660 710 44 2.3 4.7 -

- : No field measured data
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11 H 3~4 HZEHIER > 2hge Bibgas e
2 EENE > BUEE B B E S R o
RATHE 2 b~ TSR R R E W R A
Z I K B B A o R B e AR o

FH > B8 38 1 R — R <F 14 % (conservation
substance) » .7 JE{ 38 1 - ZE (%2 (dispersion
coefficient) = F 5 £ W EH R 1B T - &
T8 R - B E R g2
B o AW FE 2 IEHURBORS i e e HAEA
0~3 km/day » H /N _FiffEE TS - EUTRO
R PR 2 I FE (time step)f 172 F) - [8] 6
BT steady-state 38 [ RE M EEREH# L2
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—— Mass Transport Model Results

S EESERBIERERRESAITREI U FI0F27-288R U F 118 3-40)

ENEE LRI BRI - RN _EIRmR A
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RELE M -

FEIE 6 - [RGB (11 steady-state R&i%
5 3 P A o R B S SR (R 94
510 H 27-28 H )k 944 11 H 34 [) » HURiE
B A IR S S5 - TR T8 T -
o2 R B s B BRI RS T BRI
T S RE AT R - DI A R 1 T - i 23
e RETR T o TERBRERRIR IR - VEhehdi e
(settling velocity) £ % B 2 8 AHFE T
[ Z Ve £ 0.35 miday - AHFSEE & &
TELERE T 13 2 2 W8 F B K E (R B — e PR B B
VR - s R /K E R U K B R EBOETT
KBRS -

5.2 BOD/DO 1&g 58
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R EHEAZ &5 K E CBODs ~ @A BIB R
BRI A IR E I AR - KBRS E
f1$5 CBODs ~ ZA MR ©

#E1T CBODy/DO /K E 5ifiE - % - ERRBETI/K
H % H CBOD Z % 1% i (deoxygenation
rate) ~ fi§ {b 1% 8 (nitrification rate) ~ B3 5@ 1% B
(reaeration coefficient) iz ECYE 72 & & (SOD) » 358k
KERBUAR IR A E 2 E - REEEE - D
K15 HE{E(Bowie et al., 1985; Lung, 2001) -

TEARTSEr » CBODs 1L REHR 0.25 day™
R E i ¢+ PR KE & RHE R (AL
5) > EREMNEAR A D EESH LR TR p
MR > BRI K RS L R AR - K
— (AR LR 8L 0.02 day™ fifi IR
T ER% -Bowie et al. (1985)F Lung (2001) %]
JI k7Y FHE HI[ R T 2 CBODs 14 1 B i
7% 0.02~34day™ > FE{LIREUIAS 0.1~15day™

DRI R 3R 5 & 2 i i B B B /N
& 53915 2.05 m¥s (= 72.365 cfs) i 2.06 m*/s
(= 72.718 cfs) » [F]IRFHRESE (RO B ) 1|2 i e
WG R o BN SR Tsivoglou equation
(Tsivoglou and Neal, 1976) » Z 5 {1 RHE B g
ZER RS B EUTROS 85K > % 4 FF
FEMRXREIEM 2B RRBE AR -
Tsivoglou equation #1=L(2)ff 15 ¢

K4(20°C) = CVS

Hrp o>
V = ] 1] 3# (stream vel ocity) (ft/s) »
S = JifJ[[ 4% & (stream slope) (ft/mile) >
C= HflHH
1.8 =7A])I|f 7 & (stream flow rate) /12 1 cfs
81 10 cfs 2 [ »
1.3 =JIH > 10 cfs Bl 25 cfs i »
0.88 = 3] [[ (it & 71> 25 cfs Bl 300 cfs 2 [l
DRI T R A RS 0.7 ms Bil 8.5 m¥/s Z [ (H[I
7% 25 cfs B 300 cfs 2 ) » () zUrT &1 By C =
0.88 -
HEEEFERRAEIMETZSS -
Thomann and Mueller (1987)& A E KA

*4 BISEBRRAERER 94 F 107 27-28H
R9UFE1H3-48)

Segment Reaeration coefficients (day™)
October 27-28, 2005 | November 3-4, 2005
1 0.64 0.64
2 1.24 1.24
3 1.37 1.19
4 1.65 1.19
5 1.68 1.05
6 1.92 0.97
7 2.21 0.99
8 1.64 0.94
9 0.93 0.85
10 0.81 0.75
11 0.80 0.74
12 0.68 0.65
13 0.72 0.72
14 0.87 0.76
15 0.74 0.69
16 0.56 0.59
17 0.54 0.58

REHRO T2 EREABHES 12
gmO/mday - AR 2 ERELAEHRA 1
gmO,/m/day R EHAELT » 15 FRBERF 1.065 o

M 7 BT CBODs « &% KA EFEE
SE B2 R B B A SRR 94 4 10 H
27~28 H % 94 F 11 [ 3~4 H)» fE @ R g
VBRI R BT S - B
EAS SRBR W E V)&

7\ KEWREF AL REMEINTRA

IRIBERIRE T U KR 3 S SO E R |
T 2 KB FETE RS T XEREYE o (H A SE RN
REHE R - R A SR REGIR A
PRHEGE - YRR 2mglL) o DRk G IR
VERSER I /K F g > AR BRI delo Mt T K A SRR E
PHRLLERIR] PR R BRI IR & » SR ZE0R~F
(6 K R E S AR H AR A B3 A2
KE - I Z BIFRES] - 1E & PRS2
TBUUT » B _ iR R Bk £ D aeE £l
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Ammonia (mg/L) CBOD; (mg/L) Flow (m¥/s)

DO (mg/L)
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——  Water Quality Model Results

578 CBODs » 8RR RRREAIER(EE U F 108 2/-8H0R U F 11 B 3-4H)
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