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Simulation of Nonpoint Source Pollution in the Fei-Tsui Reservoir
Watershed for Evaluation of Remedy Sequence of Pollution Area
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ABSTRACT

The purpose of this research is to understand the nonpoint source pollutant loads caused
by rain storm in the Feitsui Reservoir watershed. We establish the Feitsui Reservoir
watershed databases by BASINS. First, we proceed hydrology and water quality

simulations by the HSPF which can be simulated continuously. Second, we calibrate and



verify the hydrology and water quality parameters in reservoir watershed, then we simulate
the non-point source pollutant loads caused in each sub-watershed to be the data source for
water quality management. At least, we evaluate the sequence which should be remedied
with the linear programming of optimization model. To advance the benefits in the Feitsui
Reservoir watershed remedied area. According to second step, the results simulating the
data of the Feitsui Reservoir watershed in 2001 are the Suspended Solids (SS) of the total
pollutant loads is 353,506 kg/yr, the Total Phosphorous ( TP) of the total pollutant loads is
18,935 kg/yr, and the Ammonia Nitrogen ( NH3-N ) of the total pollutant loads is 25,535 kg/yr.
The results in 2002 are the Suspended Solids( SS)of the total pollutant loads is 132,644kg/yr,
the Total Phosphorous ( TP ) of the total pollutant loads is 15,705 kg/yr, and the Ammonia
Nitrogen (NHs-N) of the total pollutant loads is 5,312 kg/yr. The linear programming
model is used to obtain the optimal solution under the condition of the least remedied cost.
Consequently, when the water quality maintains in the first water-body, the first sequence in
non-point source pollution remedied area of the Feitsui Reservoir watershed is the
water-body sub-watershed, the second sequence is the Pei-Shih creek sub-watershed. The
Dai-Yu creek sub-watershed and the Chin-Kua-Lau creek sub-watershed do not need to be

remedied.
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MARREME > ST KR FERRY) - Gk KR HRE - Baae 2 SR (E B M (EAH R (4
BOEEHANER 5 A BUNESBRE IR BUIE KRB & - QIE 0T B RS 2 54 - ik
HEEERZRNEUNEIE 2 A e > SALUESEME @I E R TR E - IRERE R Z 1R
B AT R /KSR . B ©

FRIZZR T RaG (R /KL ~ /KR - 545k 2001 £ 2 2002 25152 /Kl 2 J80F (]
ARV 4B B S WU SAE  BEEANER 6 (2001 4F) ~ R 7 (2002 ££) For > 2001 £Ef
TR BB EIRSY) ~ dll R E E 2 SUTAE B 2002 TR ISR - Hl
F5ERUK B SR IR P R B EDRHSA > 2001 4F Jz 2002 47 SRl & 53 1] £y 5134.3 mm
k¢ 2512.0 mm > (R - AHFFEATIR fE 2 it B R FE AR Y) « $Ebk R E B LR T AR E Ry
B ZGER -

FESER P FE B I ] BASINS/HSPF $13§5532 KB SR /K16 J ERLR 5 A4 Wit & 2 HE
fi > BN 8 AR > 2001 B ERETREEND - AW AT RIS KEE K& = E
{Ey-5e/Ki 2 $eh s Ry 18,935 kglyr » (FR$HFSF » 2001-2003) fEAEILENZR ~ INEE
et 0% = (8 1 HoKlE 2 gk 8 Ry 10,450 kglyr - I EAHTFEATIR fE 2001 H2/KI5k 187K
6 7 Wb Ry 15,741 kalyr ACHIEr - “hm E REBHEFAHZ A FOK -

VAR Z A S IR B2 R /K~ SRS ~ A ATIR 2 2408 R e 7 =
AEMARAE - AT TR EIERRR E K SaRati =R 1551 2001 F5532KEHE
KRS FRG R -t Sk Ry 18,935 kalyr » ZE Sy 25,535 kalyr » & 9 Ry LI [ETAHAERS
1992 42 2001 = Z 353K I ERIF AP A 2 S & - oK {H Ry 1995 F2.2 35,671
kalyr - i/ IMELRy 1993 5.2 9,677kglyr » [NIL » AWTFEZ HEMGE /TR S KB/ MEZ
[ e G EEE R -

\\m:
=

}

Mﬂ

i~ eHMESEKEREEIRRE
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KHHFELL 24818 (System Optimization) Z SpMAREIHERHAAREFE S K& fioa
BIENEFE I3k » AOFERTEIL 2 SRR B U I fEHE% (Simplex Method ) R
K > FooKee AV R AARMEGE TR - DORISBLE -

SRR EEEAE > Bl E B AR # (Objective Function) B[R] (Constraint)
WAy o PERIZERDE S AT IT0E » DURCEA a0 R Ay — S5 38 - HATE DL T s
HE¥E, (BMP) B - e, —5Efs T&UBMAN, 28 CRIEES » 1993) - A
DIAHTE /2 Ll B BRI E SR M E Ry F R ERE TR 5 5 2 J7 2 Wi E i/ NV B RS Ry RSk H
R NN D% S W S G e

MR IR K E AR R =05 F il > 070 Ry SS ~ TP K NHa-N =IF/KE R
RERAIZ - RIS KERE NS (TTEbe A2 1986 F 2 HiEEET S 582284
e e ) RN ISERKEE /K& Rt i FHAH KRG » P DAKE AR R =02 DA
TH] 7K B /K B AR Bz

AT 2 SRR SR = DL F5 KB A2 /K& 2001~2002 A Fyasea T B - IRIZAE
Flggtg Z HSPF /KL ~ /KEHS > 7Tt 2001~2002 F3532/KE /K 2 25T 5K
& Zfit & ~ SS ~ TP K NHs-N R - i fEH 2001 H2~2002 55 18Kl Z 4554 R -

AEFFEaR AR SRR H AR B [RA =R T
1. HiEmEg

Pl N A By H AR L

Min C = 24: icij (3

== 5)

AT S H I E T E AU - SR E AN ETPE (BIZEHE) B2

T T ZE Ry B SRS BMP 2 020t (infiltration Basins ) R[5 a+5 i 5 55 =18 772 FebR

FH&EREM: BMP 2 #)98i ( Retention Basins ) Syl 68 it » 55 VUTE J7 2 RybR 454 M BMP

Z NT#MHE (Constructed Wetlands ) Fy[7 G55 i » i DAPRES L4 2 BOAS By 2 A

& bt =fE&EREME BMP #f SS ~ TP & NHs-N J5 4 AFRReRMFER 10 For > Hgtis
AR S5 EEIIR IR 2 AHRAHES (USEPA » 1999) « Hrr Hrp A2t 7 G ple A Ky

C, =13.2(35.29x X, x DT **° 3

6)
TR A RIS RS By
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C,=7.75(35.20 % X, x DT ™ 7) y
NI 2 s A R By
C, =13.2(35.29x X, x DT P 8) ’

B C Blyafii 2 pids (£5T) 5 Cij Redmst | B/KE BTN ] Z A (34
TC) 5 Xij Redmat | K@ ETIEE | LB E 1 HEKERSE (1 R7KisEEKIE
2 RtBVREEKIE 5 3 B /NsREKIE © 4 B R SoK&E) 5 j KR (1 R
AETHE-E T 2 ReéhifElE BMP- A0S 3 Ryl BMP-H 800 5 4 K4St BMP-
AT - DT - {25 (Detention Time) -

2. PR
(1) JKEFRAERH

A PR K Z KB RS ERAE /KA TR - (NI > VRN B/ KERERE IR I - €62
Vi afEltra B & i HSPF G IS5 2 R W/ INIR TS5 A 2 Bt T FRSK
A/ KERRRE - W5 AIEOE SS ~ TP B NHs-N /KB FEAER = -

Z‘,HSF’FK(L-)SQUALk vk=1~3 @3

9)
o HSPR(Li) R lait it Btk 1 HSPF fEx(GHEHI5AY) k ZRIE L
(mg/l) : QUALk )54 K - [eigsth TE FRSUKBG /K E A (mg/l)  k RisieEE (1
5SS ;2 K TP 3 B NHz-N) -
(2) KERH
BRKEETHE M E AN ZEKERITE

XijSQi Vk=1~3 Vi=1l~4 0) “
A Qi Fedmak | SE/KIE 2 SR & -
(3) JFEEPRHI=
FI A R RN B
4

X, >0
1)
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Grey Bt B ARk SR X > RTINS SRR S - KoK fRTR > B
BRIE—ME AN TG (BHE)  FReREETE 2 KEEERAI= - Mk
SRISELRR - 1T D (&5 BMP— AUgih) ~ E=fhatiit (sSfEk
BMP — %4t ) skEsVURERG GHEiE (45161 BMP— A T8+ ) » K& 2 455 » FoREE
FFEETE 2 /KB T RISVU(E FE/K BT AR7K &% 11~2 13 R -

FH H PRk B 8 fE (Objective Coefficient Ranges ) » BJ I/ faf <& 5 H 85 B2 2K
TRz o FTLAT] DU MR E F 8Kl 2 A SEIE » JEZ{E(E (Dual Price) 2[R
b E— PR ER =X o FTLAE LINDO Firsy it 2 &5 SR BRI o347 - BUR R 2 i
NSt ~ $a R s N\ s R [ a T - B T8 K& Z BB B s - KI5
KW Fy B — IR ~ IR 8 /K& B 5 —NRAL » 1 NFR 8 KE Bl fO% 8K
TEFRHETTIIE 5 SS » TP B NHa-N =({E/KE RERRAI= > TP /KB R RR = fy 2
U R s BRAI=C - AR RI A T TP A EBRECRARE (£ 9) > FTLligRk
HF KB FEKEREFIHE 2455 (£ 11 % 12) -

BMPs 35 it 2 i FE R I HA I (First Flush) > SEPRET » Fyff BMPs &85 A %K
PERIIERDE 52 - i BMPs g5 fUE iR 3 T /KB #EFE | (Water Quality Volume ) £y 13 mm

(0.5inch) Z#FEN  ILHE 2 PIEIRER B A > RS R S  (EILEGETSHT
AT 10 2 REROR o AR & 0T E AR 1T 2 BB T2 » BRI
HEBCIF4EREM: BMPs A ge i B ERE 5 4 Em H AT -

N~ SEmITER
6.1 &5

(1) 5 KEESEKE 2K ~ JEENR ~ & \FE R VR TH0KE - fER ERE T
RS R AU BUIN(E SR AR R E 2 MR M B - A/ KBRS T > KEHEEEH
SS~ TP K NHa-N - [RPVBUIEORIA 2 - SR T 2 KE 2 8eR e Bilgsg
BRI RAFHIKCORBELRE - 1552 KB SR BB EREW) & -

(2) HSPF A 1E/KE BT - B REEDEHFOR R AR BT R E S5 KSR &
[ER/K SRR HE E S iAWV R BAFIV KOS RIS R - T RERE &
HE A S /KEBBE R -
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(3) 2001 % 2002 4 SS ~ TP Jz NHa-N fR#ER - BURFRMIIRKERER S SR iE K
KEREES > T R IR SIS R -

(4) 2001 FFrfEfE 2 St B HL SS ~ TP k& NHa-N 554 Rt 2002 i HEHI&R -
IS 2001 4 K2 2002 47 SEHE R & 57 751 By 5134.3 mm fz 2512.0 mm AHZEE A -
I - AW ZEATEE L i BRI ERGY) © G R B R RTREE G ISR -

(5) s IRELIR SHP T G Z (B EHFE J7 A - H HSPF FH(f55¢ 2001 2= 2002 £V {fH
TH/KEEZ SS ~ TP K NHa-N J52EACHET TR AL - 52T e et i FH /KA K E
TAE > DU/ N BRI Rl iR B RERT AL SR M AR ENRE SN - &8 LINDO Firogiir
SR BBV AT - BRI E R S ~ SR N T BT E G - SR
T EK& Z I EEIEIAR R ¢ /KIS SKE R sh— IR ~ JE3NR T K& RS
NEfir > TR TS KE B R T B K SEFR 1 T506 + SS ~ TP » NHa-N = {#
KEREAERFI T - TP /KEREREIRHA R B Bl 2 2 PRI

6.2 %

(1) HSPF A B @ EEE 2 (B2 - (H R I5KESKE 2 B M/ KE B &R
A8 > M EAKE AR R 2 FoliE R - (R KSR 7KI& 7 J B 5 4V (A 2 1 5
PRI > AT DS IS e 2 PRI Rt T B TR PR A 50 | SN /KE BRI
AE R AR E > BN B RS BRI - DAEH ~ i8Rk
& IR K E 28 -

(2) HSPF R Z /KL BUKE S8R - iSKEE IR 2 /K B AR E R AR
EREMETTHRI BRI E > SIS BEIEEN: - Al RE I REGT SR AR R R R 28

Ve

() AT 52 KBS K 7 Ry VU {E 585Kl - BT EREIR S AT e s B S
ZaFili - BAUKIET-SKE IS E TS K@ T ETE » ralEsEEE A o 2
st TR a2 T K E /N 2 UIE] - S TR 5 2 15 > FHIOETT
FERE S AL A IR B S E 2 A -

(4) FHEIRRLIR S AP G I Z (B H e TR AR AT 2 SR PR B SR AR DA 48
BT — e RN ) RAREEE > DUZESESREME BMP Z A2 ~ A
LM R IR - AR AT e R BUKE KB B TS 8 - EREMA

jmm
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R EIER T (PSSR BMP BELEGEREME BMP) - I HEFLHE
FR ST HKE BT ETRRIIRA] - SREBRTT S B AT AAGE TR -

SEUR

FEAES ~ BiRZE - BHA A 0 1987 > T IRREE 2 # T R R R SR S A A
Wt7E s - G RIRILATHHZ S5 145 5% -

BRI A A HFT 0 - 2000 0 T &6 B TK B K@ /K& R &R
KirEatE ) o &EEKER -

PR - B BRI - FORER ~ FFERER - AERdl 0 1991 0 T KB fReE4 ST — FRREI T
PigatsEbtse (=) 4 > TTEERRE -

PREESE ~ s N0 ~ 55 IEFS  FREE1T > 2001~2003 » T /KBRS 72 O i S 7o 15 (2/5~4/5)
—Part 2 FATRIIEMEKEKEEH | - &OBEVKAE -

RUEE ~ SR ~ PR 0 1993 0 T Sl K AR /KIS RIS ZL PR fIH il S RIS 2
W7E . - G RIBLATHZE S S5 354 55 -

Brun et al., 2000, “Simulating runoff behavior in an urbanizing watershed,” Computers,
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Bosch et al., 2003, “Hydrological and Fiscal Impacts of Residential Development: Virginia
Case Study,” Water Resources Planning and Management, Vol. 129, No. 2, pp.
107-114.

Duda, A.M., 1993, “Addressing Nonpoint sources of water pollution must Became An
Interational Priority”, Water Science and Technology, vol.28, No.3~5.

Pionke, H. B., Gburek, W. J., Sharpley, A. N. and Schabel, R. R., 1996, “Flow and Nutrient
Export Patterns for an Agricultural Hill-Land Watershed,” Water Resources Research.

Stein, S. M., N. Goulet, T. Kammer, D. Waye and K. Saffarinia, 1998, “Occoquan Water
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%1 PERLND £ RCHRES fH2HEIF2(ThRE

1540 RIFE ThAEEREH
ATEMP A F S22 RS
SNOW LK EHERERAL
PWATER B K KBRS L
SEDMNT TEEEEND 2 A Al R 8RS
PSTEMP R T HORE
PERLND PWTGAS i R R AR AR RS
WITEKE L Z5TH PQUAL  JEFH/KRIRRD > R4S KBSy
MSTLAY E BN &/KE R #(b
PEST Tt S AR T S
NITR T A S e
PHOS TEEIEE S S Ak S T
TRACER BB HERIAIRS Bl
HYDR B 48 /K SR
ADCALC T TR K T 2 IERE
CONS IR ST MR R 544 4H AR
HTRCH e B 2 KR
RCHRES SEDTRN IEEHRAERD 2 1T
TR E B K E 2 5T GQUAL K ETT B
OXRX T 25 DO /{1 BOD 7 3y
NUTRX T R R 2 S
PLANK e T A YRR LRI AE B S e
PHCARB TEifiE pH ~ CO, ~ 4B FINRIE




2 F5RUKE /K - HF 5

T 7KK &INE % % b3z e
FHEKE FHEKE FTHEKE FTHEKE /K&

e e LS = L N1 QR = {1 B 10 G i 11 S 1 1 Qoo
Tokm) (%) km) (k) (km) () (km) (%) (km) (%)

/K§& 8645 1030  0.106 0.44  0.658 0.84  1.423 1.25 10.832 3.61
Fhi  68.614  81.74 22.059 91.39 74710 9512 100.164  88.13 265547  88.43
ZKE 2659 317  1.380 572 1590 202 50914 520 11.543 3.84
RE 0675 0.80  0.059 0.24  0.275 0.35 0.352 031  1.361 0.45
#, 0.043 0.05  0.003 0.01  0.044 0.05  1.243 1.09  1.333 0.44
7, 1.656 1.97  0.238 0.99  0.426 054  1.259 111 3.579 1.19
Wit 0.860 1.02  0.130 0.54  0.367 047  1.857 1.63  3.241 1.08
HEH 0.015 0.02  0.011 0.05  0.006 0.01  0.093 0.08 0.125 0.04
#E 0770 092 0.151 0.62  0.464 0.60 1.345 1.2 2729 0.91
HEt 83.937 100 24.137 100  78.54 100 113.65 100  300.29 100

w3 THIKIE 2 PERIPR S LI R I
BKE KR THEKE IEBNETHRKE  SIEETHEKE BRETEKE

= B X 4 9w = % L v o=

MRS m oo 2 M w ¥ 2 W
- [ Ui ’

e 043 035 022 036 011 053 1.00 0.14 0.86
# 4 JRTEKERBEEERE s 2 REHRIGE

FHEKE 7KI5% db&8% &INE% HAZ
RE 0.90 0.99 0.90 0.99
Bzt 0.68 0.93 0.98 0.89

2001~2004 0.70 0.84 0.86 0.68




% 5 KEBERERE 5 SRag Z B (R E

IEBETHEKE SNFETFEKE BRZRTEKE FEKEEKE

HIE 0.72 0.80 0.95 0.71

> Epie 0.74 0.78 0.76 0.76

HIE 0.66 0.71 0.67 0.67

™ Gt 0.69 0.65 0.67 0.64

HIE 0.75 0.76 0.77 0.72

NH3-N
Epie 0.74 0.71 0.76 0.75
6 HTHEoKIE 2001 FRETEEIRGY) - 4 R AR THE
K& it & (cms) SS(kglyr) TP(kglyr) NH3-N(kg/yr)
KR+ EEK& 2,086 95,800 4,942 6,573
b8 E K& 3,550 165,000 8,140 10,977
EINEETFHEKE 597 16,914 1,292 1,819
BEETEKE 2,232 75,792 4,561 6,166
HaE 8,465 353,506 18,935 25,535
F 7 HTHKE 2002 FRGTEEIRGY) - S R AR THE
FEKE i (cms) SS(kglyr) TP(kglyr) NH3-N(kg/yr)

7KIg K& 542 42,600 4,122 1,460
1E8E K& 935 60,000 5,126 2,165
iﬂﬁ@¥*ﬂ<@ 163 2,964 1,849 348
R TEKE 511 27,080 4,563 1,339

[

it 2,151 132,644 15,705 5,312




%8  FERUKEEE/KEREFIRREE T A B HEAS

24

s - o ETE ERERE 4EER
EEITA K1 i G R==KiA - Com) (kg
BASINS fEix it f 27K HIRER A% 1998 5736.6 3,883
BASINS i it f 27K HIRER T ARZ 1999 2887.5 1,882
BASINS f&izt i @%MKE HIRER A% 2000 5199.7 3,578
BASINS = #f0% ~ E2VE - M THEKE GIREKEAR% 2001 5134.3 10,450
BASINS 55 3532 KF K& EINTIES 2001 51343 18,935
BASINS 55 F53KEEKIE NI 2002 25120 15,705
< 9 RIS /K I ERE R E M (E
(G i E AL Hagk  (kalyr)

JnEHEE BlLEAKEER (1992 5F) 12,017

==K ATEI =i ERETEBRMEAE (1993 5) 9,677

VAST &= SRETRT (1995 ) 35,671

A &L BRETHT (1995 4) 10,645

VANTU = R+ AREZ (1995 ) 18,659

=TS Vs BRiRE (1999 ) 16,136

==K ATEI =i SRR T & (1999 ) 16,636

HAIERA FErGEEEHAE] (2000 4) 21,618

HAIERA adRPR TR Z (2000 4) 9,892

BASINS &= BB R TR Z (2001 4) 18,935

72 10 &5fEME BMP $1#f SS ~ TP ~ NHs-N EERRCH

e SZEEIE! SRR (%)
BMP i SS  ESEH TP EHIEE  NHeN  ESHiEH
A2 (Infiltration Practices ) 89 2 65 5 83 3
4 ( Retention Basins) 70 43 46 44 23 14
AT J%H (Constructed Wetlands ) 76 26 46 37 33 15

BRIRR © EREEREE (USEPA - 1999)
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® 11 ETHKEEVEKEREER (J5% 2« &t BMP— At Bliia it )

HE/KE EEEKE K& Wapisi il
_'_. s
. K& AT X 5
4R (mlyr) (m3/yr) (%)
1 7Kg EE /K& 226,998,720 226,998,720 100
2 1EEE T HEKE 41,374,352 387,495,360 10.7
3 if\%éﬁ%m7ﬁ@ 0 65,664,000 0
4 IR THEKE 0 236,977,920 0

% 12 JFTHKEREVE/KE RS (72 3« &gt BMP— {8t Ry iGH it )

HEKIE KT TR EKE HOKE B EEL
4 (mdlyr) (mdlyr) (%)
1 KISk FEEKE 226,998,720 226,998,720 100
2 bR FEKE 157,338,752 387,495,360 40.6
3 BINFETHEKE 0 65,664,000 0
4 FECZTEKE 0 236,977,920 0

% 13 JBTHKEEVIE/KE KR (72 4 © &M BMP— A Kl 8 )

FKE ——— TR EKE HKE FraLLpBl
T (mPlyr) (myr) (%)
1 KISk K& 226,998,720 226,998,720 100
2 L8R FHEKE 157,338,752 387,495,360 40.6
3 j:f\ﬁw;é%*ﬁ@ 0 65,664,000 0
4 FUETHKE 0 236,977,920 0




BASINSE k% 3 =

v

CHFERRKEE LR
kI ERE | AFIESF BKE

EAFEFE AT

FAEF ELTE

y

HSPF 58 2 =

ELRS LE

LINDO
R

RPRL FEG
Bk E BN AR

v

BBk AN B )

~ T

1 Wi AR

ArcView i m

BASINS 3.0
[ T | [ 1
Fkw TR o .
T Ly LN e s
T FR ASSESS HSPF GenScn
SWAT
LR T TARGET WDMULil
PLOAD
AARF A Data Mining QUAL2E ok /
2 BASINS 3.0 2452558
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FHKE ; @QAEREER (R°=090) ; (b)REHHELER (RP=0.98)
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