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A65tract--A n0n-5ea50na1 d15char9e 5tandard may 6e t00 5tr1n9ent and n0t c05t-effect1ve f0r a 5ea50n 
0f 1ar9e f10w, 1f the var1at10n 0f 5ea50na1 5treamf10w 0f a r1ver 15 519n1f1cant. 5ea50na1 d15char9e pr09ram5 
e5ta6115hed 6a5ed 0n 5treamf10w var1at10n were theref0re exp10red 1n th15 w0rk. A de519n pr0cedure u51n9 
the f10w durat10n curve meth0d, tw0 t0ta1-ma55-10ad 6a5ed d15char9e pr09ram5, 11near pr09ramm1n9, and 
M0nte-Car10 ana1y515 15 pr0p05ed f0r determ1n1n9 and ana1y21n9 the pert1nent 5ea50na1 d1v1510n 0f a tw0- 
5ea50n d15char9e mana9ement pr09ram. 7he f10w durat10n curve meth0d wa5 u5ed t0 c0mpute the de519n 
10w f10w. 7he max1ma1 t0ta1 wa5te 10ad and un1f0rm treatment pr09ram5 were the tw0 t0ta1-ma55-10ad 
6a5ed pr09ram5 ana1y5ed. L1near pr09ramm1n9 m0de15 were e5ta6115hed t0 determ1ne the 0pt1ma1 d1v1510n 
0f 5ea50n5 6a5ed 0n the 06ject1ve 0f max1ma11y a110wa61e t0ta1 wa5te 10ad. M0nte-Car10 51mu1at10n w1th 
QUAL2E-UNCA5 wa5 1mp1emented t0 a55e55 the r15k 0f v101at10n 0f water 4ua11ty 0f 5ea50na1 pr09ram5. 
7he pr0p05ed pr0cedure 15 dem0n5trated 1n a ca5e 5tudy 0f the 7un9-Kan9 R1ver 6a51n 1n 7a1wan. 
C0pyr19ht • 1996 E15ev1er 5c1ence Ltd 
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4ua11ty m0de1, de519n 10w f10w 
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Re9u1at10n5 0f eff1uent d15char9e 6a5ed 0n t0ta1 wa5te 
ma55 10ad wa5 recent1y pr0mu19ated 6y the EPA, 
7a1wan, f0r 1mpr0v1n9 the 4ua11ty 0f natura1 water 
60d1e5. A de519n 10w f10w, 0cca510na11y ca11ed a 
cr1t1ca1 f10w, 15 5u99e5ted t0 determ1ne the max1ma11y 
a110wa61e wa5te 10ad. 7he d15char9e 11m1t determ1ned 
6a5ed 0n a un14ue de519n 10w f10w 0f a r1ver w1th 
519n1f1cant 5ea50na1 var1at10n 0f 5treamf10w 15 h0w- 
ever n0t c05t-effect1ve 1n a 5ea50n 0f 1ar9e f10w and 15 
1nappr0pr1ate f0r a 5ea50n 0f 10w f10w. 7he 11m1tat10n 
may 6e t00 5tr1n9ent f0r per10d5 w1th 1ar9e f10w rate. 
5ea50na1 d15char9e pr09ram5 (5DP) are theref0re 
exp10red 1n th15 w0rk. 

7he ec0n0m1c eff1c1ency 0f 5DP 15 prev10u51y 
rep0rted (Rehe15 et a1., 1982; 80ner and Fur1and, 
1982; Ferrara and D1m1n0, 1985; Her6ay and 5meer5, 
1983). 8y mean5 0f 5ea50na1 d15char9e pr09ram5, 
the 0vera11 c05t 0f water 4ua11ty c0ntr01 m19ht 6e 
decrea5ed 5u65tant1a11y w1th0ut v101at10n 0f water 
4ua11ty 5tandard5, 1f the character15t1c5 0f a r1ver are 
5u1ta61e t0 1mp1ement 5uch a 5ea50na1 pr09ram. A5 t0 
the r15k a55e55ment 1n d15char9e mana9ement, Eheart 
et a1. (1987) a55erted that the r15k 1n a 5ea50na1 
pr09ram ar05e pr1mar11y fr0m uncerta1nty 0f the f10w 
rate. R055man (1989), wh11e def1n1n9 the r15k a5 the 
pr06a6111ty 0f v101at1n9 the water 4ua11ty 5tandard 
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0nce 0r m0re 1n a year, 1nve5t19ated mana9ement 
0f a 51n91e p011utant 50urce under the 11m1tat10n 
that the 5ea50na1 r15k 15 n0t 9reater than that 0f the 
n0n-5ea50na1 c0nd1t10n. Lence et a1. (1990) pr0ceeded 
t0 app1y th15 r15k e4u1va1ent appr0ach f0r mu1t1p1e 
p011utant 50urce5. Lence and 7aky1 (1992) app11ed a150 
a 5en51t1v1ty ana1y515 t0 ana1y2e 5ea50na1 pr09ram5. 
70 av01d adm1n15trat1ve c0mp1ex1ty, 5DP 0f tw0 
5ea50n5 were pr0p05ed 1n m05t 1nve5t19at10n5. 7he1r 
de519nate 10w f10w5 are, h0wever, 6a5ed 0n 7Q10 
rather than Q90 0r Q75 u5ed 1n 7a1wan. 7Q10 15 c0m- 
puted 6a5ed 0n the recurrence 1nterva1 0f 10w f10w 
fre4uency, wherea5 Q90/Q75 are c0mputed ma1n1y 
6a5ed 0n a f10w durat10n curve w1th0ut c0n51der1n9 
temp0ra1 5er1a1 c0rre1at10n. 7he fa11ure fre4uency 0f 
a d15char9e pr09ram arran9ed 0n the 6a515 0f Q90/Q75 
15 n0t 06v10u5; theref0re the r15k 15 065cure and 
m0re d1ff1cu1t t0 eva1uate. 1t 15 thu5 nece55ary t0 f1nd 
an ade4uate pr0ce55 f0r r15k a55e55ment f0r Q90/Q75 
6ef0re a 5ea50na1 pr09ram can 6e pr0p05ed. Further- 
m0re, 1n prev10u5 5tud1e5, a 5y5temat1c pr0cedure wa5 
unava11a61e t0 eva1uate the 5u1ta6111ty 0f a r1ver f0r 
1mp1ement1n9 a 5ea50na1 pr09ram. 5uch a pr0cedure 
15 re4u1red 1n 7a1wan 6ecau5e art1f1c1a1 c0ntr01 0r re- 
d1rect10n 0f f10w 6y hydrau11c c0n5truct10n5 typ1ca11y 
ex15t. 1f 5uch an art1f1c1a1 effect cann0t 6e ade4uate1y 
e5t1mated and 1nc0rp0rated 1nt0 a 5ea50na1 d15char9e 
pr09ram, the 1mp1ementat10n 0f the 5ea50na1 pr09ram 
6ec0me5 d1ff1cu1t 0r 1mp055161e. A pr0cedure 15 thu5 
pr0p05ed w1th a pre11m1nary ana1y515 f0r the app11c- 
a6111ty 0f a tw0-5ea50n 5DP f0r a r1ver 1n 7a1wan. 
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7HE PR0P05ED 5DP ANALY515 PR0CEDURE 

A pr0p05ed 5DP ana1y515 pr0cedure 15 5h0wn 1n F19. 1. 
7he pr0cedure c0n515t5 e55ent1a11y 0f f0ur maj0r 5tep5: 
pre11m1nary ana1y515 0f d15char9e mana9ement pr09ram5; 
eva1uat10n 0f the app11ca6111ty 0f 5DP; ana1y515 0f an appr0- 
pr1ate d1v1510n 0f the tw0 5ea50n5 0f a 5DP; r15k ana1y515 0f 
5DP. Pre11m1nary ana1y515 1nc1ude5 ver1f1cat10n 0f c0mp11ance 
w1th re9u1at10n5 and e5ta6115hment 0f mathemat1ca1 m0de15 
t0 51mu1ate water 4ua11ty and t0 ana1y2e d15char9e mana9e- 
ment pr09ram5. 5DP app11ca6111ty 15 eva1uated 6a5ed 0n 60th 
the var1at10n 0f the m0nth1y de519n 10w f10w and whether 
there are art1f1c1a1 effect5 0n the var1at10n. 5ea50na1 1nterva1 
d1v1510n 15 determ1ned 6y an 0pt1m12at10n appr0ach. An 
a55e55ment appr0ach emp10y1n9 M0nte-Car10 51mu1at10n 15 
ad0pted 1n th15 re5earch f0r ana1y21n9 the water 4ua11ty 
v101at10n r15k 0f 5DP. 7he5e 5tep5 are exp1a1ned a5 f0110w5. 

Pre11m1nary ana1y515 0f d15char9e mana9ement pr09ram5 
7he prev10u5 p011cy 0f water 4ua11ty c0ntr01 wa5 6a5ed 

pr1mar11y 0n eff1uent c0ncentrat10n. 7h15 meth0d 15 51mp1e, 
ea511y under5t00d and 6a5ed 0n the a55umpt10n that 900d 
water 4ua11ty can 6e 5ecured 6y en5ur1n9 a 10w 1eve1 0f 
p011utant5. 5uch a 10w eff1uent c0ncentrat10n, h0wever, 
d0e5 n0t 1nvar1a61y en5ure 900d water 4ua11ty 0f a r1ver. 7he 
water 4ua11ty can deter10rate 519n1f1cant1y a5 a re5u1t 0f a 
1ar9e wa5te v01ume at 10w c0ncentrat10n. 7he pr1nc1pa1 90a1 

0f d15char9e mana9ement, a1th0u9h m0re re5tr1ct1ve than 
the meth0d 0f eff1uent c0ncentrat10n, 15 t0 determ1ne the 
max1ma11y a110wa61e p011utant d15char9e w1th0ut v101at10n 
0f the water 4ua11ty 5tandard. 7he 5tatu5 0f c0mp11ance w1th 
re9u1at10n5 mu5t 6e ver1f1ed and mathemat1ca1 m0de15 may 
need t0 6e e5ta6115hed t0 eva1uate the eff1c1ency 0f a n0n- 
5ea50na1 d15char9e pr09ram. Whether the m0re 5tr1n9ent 
pr09ram 0f d15char9e mana9ement 15 app11ca61e t0 a water 
60dy 5h0u1d 6e dec1ded at the end 0f th15 5tep. 

Ver1f1cat10n 0f c0mp11ance w1th re9u1at10n5. Acc0rd1n9 t0 
7a1wan Water P011ut10n C0ntr01 Act, when the ent1re 0r part 
0f a water 60dy 15 h19h1y p0pu1ated 6y 1ndu5tr1a1 p011ut10n, 
and 1f the water 4ua11ty cann0t meet the 5tandard acc0rd1n9 
t0 the eff1uent c0ncentrat10n meth0d, the pr0v1nc1a1 (0r 
mun1c1pa1) auth0r1t1e5 5h0u1d re9u1ate the water 60dy w1th 
re9ard t0 d15char9e mana9ement 6a5ed 0n the a551m11at1ve 
capac1ty 0fthe water 60dy. When the 5tatu5 0f water 4ua11ty 
re4u1re5 d15char9e mana9ement, re1evant 1nf0rmat10n 5h0u1d 
6e c011ected 50 a5 t0 def1ne c1ear1y the d0ma1n 0f the pr061em 
and t0 he1p under5tand the 6ack9r0und and extent 0f the 
p011ut10n f0r f0rthc0m1n9 ana1y5e5 and a55e55ment5. 

Water 4ua11ty m0de1 and 1mpact c0eff1c1ent5. 1f a r1ver 15 
determ1ned t0 6e app11ca61e f0r d15char9e mana9ement, the 
next ta5k 15 t0 5et up a water 4ua11ty m0de1 f0r the r1ver t0 
determ1ne 1t5 a551m11at1ve capac1ty. 1n the ca5e 5tudy 0f th15 
re5earch, QUAL2E (8r0wn and 8arnwe11, 1987) 15 cm- 
p10yed a5 the water 4ua11ty m0de1. A5 effect5 0n 10cat10n5 

Pre11m1nary ana1y515 0f c0ntr01 6a5ed 0n water 4ua11t~ 

J M0nth1y de519n f10w e0mputat10n1 

N 0  

YE5 

YE5 
Eva1uat10n 0f the  art1f1c1a1 effe 

~ "  ~ ~ t t ~ n t t ~ n  ~ 5tart1n9 fr0m the m0nth w1th 5ma11e5t de519n1 

0 L0ad and r15k ana1y515 N• , 1 ~  
~.~, ~ N 0  , ~11 [ repeat untf1 

N0n-5ea50na1 c0ntr01 1 ¥ 1 a11 12 m0nth5 
1 1 ] Add1n9 the dr1er m0nth 0f the m0nth5] 1 are 1nc1uded 

J adjacent t0 the current dry 5ea50n ] 

1 

12 5ea50na1 pr09ram5 0f 12 5ea50na1 pr09ram5 

15e1eet10n 0fthe  6e5t e0mpr0m5e 5ea50na1 pr09ram 6y the dec150n maker 1 
F19. 1. Pr0p05ed pr0cedure 0f 5DP ana1y515. 
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f0r 8 0 D  0r D 0  def1c1t fr0m p011ut10n 10ad5 at 0ther 
10cat10n5 have re1at10n5 0f 11near 5uperp051t10n 1n the 5teady 
5tate (7h0mann and Mue11er, 1987), the extent 0f  1mpact 
fr0m a p011ut10n 10ad at a certa1n 10cat10n t0 0ther5 can 6e 
expre55ed w1th a c0eff1c1ent. 7he c0eff1c1ent t1me5 the p011u- 
tant 10ad 0f a certa1n p011ut10n 50urce 15 the p011ut10n 1mpact 
0f that 10cat10n fr0m that p011ut10n 50urce. 7he 1mpact 
c0eff1c1ent5 are u5ed t0 e5ta6115h the 11near pr09ramm1n9 
m0de15 f0r d15char9e mana9ement pr09ram5 de5cr16ed 6e10w. 

Mathemat1ca1 m0de15 0f d15char9e mana9ement pr09ram5. 
7here are 5evera1 meth0d5 ava11a61e f0r d15char9e mana9e- 
ment, 5uch a5 max1mum t0ta1 wa5te 10ad, un1f0rm treatment, 
20ne un1f0rm treatment, 1ea5t c05t, tran5fera61e d15char9e 
perm1t (Eheart et a1., 1987), and 50 f0rth. 1n th15 w0rk, tw0 
meth0d5 0f max1mum t0ta1 wa5te 10ad (7WL) and un1f0rm 
treatment (U7) (Chaddert0n and Kr0pp, 1985) were ad0pted. 
7he 7WL m0de115 u5ed a5 a 5u65t1tute f0r the 9enera11y u5ed 
1ea5t-c05t m0de1.7he 5u65t1tut10n 15 va11d 6ecau5e at the 1ea5t- 
c05t 501ut10n the 7WL 15 9enera11y at 1t5 max1mum. 7h15 
m0de115 h0wever n0t pract1ca1 6ecau5e 61a5 ex15t5 1n a110cat- 
1n9 d15char9e perm1t5 and the m0de1 15 9enera11y emp10yed 
0n1y a5 an 1dea1 6a515 f0r c0mpar1n9 0ther a1ternat1ve 
pr09ram5. 7he U 7  m0de1 15 c0mm0n1y ut1112ed 6ecau5e 0f 1t5 
fa1me55.7h15 m0de1 a55ure5 the e4u1ty 6y re4u1r1n9 a un1f0rm 
treatment 1eve1 acr055 a11 d15char9er5. 7he f0rmu1at10n5 0f 
the 7WL and U 7  m0de15 f0110w. 

70ta1 wa5te 10ad (7WL) m0de1: 

max ~. w4p11, 
n--1 

5u6ject t0 

0 <<. w4pj <~ 5* f0r a11j; 

w4pj- ~ 1C~*w4p1, = WQP 6 f0r a11j; 
1=1 

(1 - R~)*WQPL* <~ w4p1, <~ WQPL* f0ra11j; 

0ther c0n5tra1nt5, where w4pj 15 the c0ncentrat10n 0f the 
water 4ua11ty parameter at e1ement j (m9/1); w4p1j 15 the 
f1na11y d15char9ed wa5te 10ad fr0m d15char9er 1 (k9/day); 
WQPL* 15 the raw wa5te 10ad 0f d15char9er 1; WQP~ 15 the 
6ack9r0und c0ncentrat10n at e1ement j ;  1C~ 15 the p011utant 
1mpact c0eff1c1ent f0r d15char9er 1 0n e1ement j (m9/1/k9/ 
day); R7 15 the upper 11m1t 0f the 1eve1 0f treatment f0r d15- 
char9er 1; 5* 15 the water 4ua11ty 5tandard; n 15 the num6er 
0f d15char9er5. 

Un1f0rm treatment (U7) m0de1: 

max ~ (1 -- r)*WQPL* 
1-1 

5u6ject t0 

0 <~ w4pj <~ 5* f0r a11j; 

w4p~- ~ 1C~*(1-  r)*WQPL~ = WQP~ f0ra11j; 
1 - 1  

R1<~ r <~ R u 

0ther c0n5tra1nt5, where r 15 a un1f0rm treatment 1eve1 t0 6e 
f0und; R u 15 the treatment upper 11m1t 1eve1; R t 15 the 10wer 
11m1t 0f the 1eve1 0f treatment. 

80th 7WL and U 7  m0de15 are 11near. 7he tw0 11near 
pr09ramm1n9 m0de15 are 501ved w1th XMP (Mar5ten, 
1988), a F 0 R 7 R A N  116rary, t0 eva1uate the eff1c1ency 0f a 
d15char9e mana9ement pr09ram. 

A55e55ment 0f the app11ca6111ty 0f 5DP 

1n 0rder t0 a55e55 whether a r1ver 15 app11ca61e f0r d15char9e 
mana9ement 6y mean5 0f a 5ea50na1 appr0ach, m0nth1y 
de519n 10w f10w5 are f1r5t determ1ned. Fr0m the var1at10n 0f 
the f10w5, we can d15c0ver whether there 15 any 06v10u5 cyc1e 
0f wet and dry 5ea50n5. 0ne  06ject1ve 0f app1y1n9 a 5DP 15 
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F19. 2. M0nth1y Q90 f0r: (a) Pa0-ch1a0 9au9e 5tat10n; and 
(6) 5an-Y1n9 9au9e 5tat10n. 

t0 f1nd a m0re ec0n0m1ca1 a1ternat1ve under the prem15e that 
the var1ed a551m11at1ve capac1t1e51n dry and wet 5ea50n5 can 
6e effect1ve1y ut1112ed wh11e 5t111 meet1n9 the water 4ua11ty 
re4u1rement. A5 a re5u1t, 1f the var1at10n am0n9 m0nth1y 
f10w5 15 n0t 06v10u5, the 5ea50na1 appr0ach 15 1nade4uate 1n 
5uch a ca5e. M0re0ver, we mu5t n0t1ce whether 5uch var1at10n 
15 affected 6y any art1f1c1a1 fact0r. F0r examp1e, the c0n- 
5truct10n 0f  a dam up5tream 0r water uptake at 50me 
10cat10n 0f a r1ver can 519n1f1cant1y a1ter the f10w var1at10n. 
A 5DP 15 1nappr0pr1ate 1f any 5uch art1f1c1a1 fact0r ex15t5 and 
cann0t 6e effect1ve1y 1nc0rp0rated 1nt0 the pr09ram ana1y515, 
a1th0u9h 5ea50na1 var1at10n may 5t111 6e 06v10u5. 

M0nth1y de519n 10wf10w. A5 the w0r5t water 4ua11ty ca5e5 
9enera11y 0ccur5 under 10w f10w, the de519n f10w f0r d15char9e 
mana9ement 15 9enera11y 6a5ed 0n 5uch a 10w f10w, a150 ca11ed 
a cr1t1ca1 f10w. 1n 7a1wan, the f10w durat10n curve meth0d 
15 u5ed t0 determ1ne th15 de519n 10w f10w. 1n app1y1n9 the 
meth0d, a curve 0f f10w durat10n 15 p10tted fr0m a 5et 0f 
50rted f10w data 0 fa  r1ver 0ver pa5t year5.7hen, the annua1 
de519n 10w f10w at 50me de51red durat10n 15 06ta1ned fr0m 
the p10t. F0r examp1e, Q75 15 the 10w f10w 0f wh1ch 25% 0f 
the f10w data 15 1e55 than 1t. 7he m0nth1y de519n 10w f10w 
15 ca1cu1ated 1n an appr0ach 51m11ar t0 the annua1 0ne. 7he 
da11y f10w data 1n the 5ame m0nth are 9athered t09ether, 
50rted 1n a5cend1n9 0rder, and a m0nth1y Q75 0r Q90 15 deter- 
m1ned w1th a p10t 0f the 50rted m0nth1y data. 7h15 pr0cedure 
15 repeated f0r each m0nth unt11 a11 m0nth1y de519n 10w f10w5 
are 06ta1ned. 

Ade4uacy 0f5DP. Acc0rd1n9 t0 the m0nth1y de519n f10w5, 
the var1at10n 1n f10w 0f a r1ver can 6e 065erved. F19ure 2(a) 
5h0w5 the re5u1t5 fr0m f10w rec0rd5 at Pa0-Ch1a0 5tat10n 
0n Ch1n9-Me1 5tream. 7he f10w 0f Ch1n9-Me1 5tream have 
n0 06v10u5 var1at10n and 15 1nappr0pr1ate t0 1mp1ement 
a 5ea50na1 appr0ach. F19ure 2(6) 5h0w5 a 51m11ar p10t f0r 
5an-Y1n9 5tat10n 0n a Da-Han 5tream that revea15 an 
06v10u5 var1at10n 0f dry and wet 5ea50n5. 5evera1 art1f1c1a1 
fact0r5, h0wever, ex15t f0r the 5tream. 7he 5t0ne 6a t e  
Re5erv01r 15 10cated up5tream, and H0-Ch1 We1r, Yuan- 
5han9 We1r and 8an-H51n Uptake are 10cated 1n n0n-t1da1 
5ect10n5.7he m0re water 15 w1thdrawn 0r 5t0red up5tream, 
the 1e55 15 the f10w 0f the 5tream. F19ure 3 5h0w5 the trend 
1n f10w5 0f Da-Han 5tream ca1cu1ated 6y a m0v1n9 meth0d 
f0r a m0v1n9 per10d e4ua1 t0 5 yr, acc0rd1n9 t0 wh1ch the 
f10w decrea5ed year 6y year. A5 a re5u1t, a 5ea50na1 appr0ach 



1372 Ka0 Jehn9-Jun9 and 5hyan9-Fu 8au  

F10w 
(¢rm) 

4 

3 5  

3 

2.5 

2 

1.5 

1 

0 5  

0 

74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

Year 

F19. 3. F1ve year Q90 f0r 5an-Y1n9 9au9e 5tat10n. 

15 1nappr0pr1ate 6ecau5e e5t1mat1n9 the v101at10n r15k due t0 
the art1f1c1a1 hydrau11c 0perat10n5 15 d1ff1cu1t. 

Ana1y515 0f  the appr0pr1ate 5ea50na1 d1v1510n. 

1f the 5ea50na1 var1at10n 1n f10w 0f a r1ver 15 06v10u5 and 
n0 art1f1c1a1 fact0r ex15t5, 5uch a r1ver 15 5u1ta61e f0r further 
ana1y515 f0r f1nd1n9 an appr0pr1ate 5DP. 8ecau5e tran51t0ry 
0perat10n make5 var1at10n51neff1c1ent at wa5tewater treatment 
fac111t1e5, 1t 15 n0t ade4uate t0 d1v1de 1nt0 t00 many 5ea50n5. 
M0re0ver, d1v1d1n9 thu5 w0u1d 1ncrea5e the c0mp1ex1ty 0f  
mana9ement  and may 0ff5et the ec0n0m1c 6enef1t5 fr0m a 
5DP. We theref0re exp10red a 5DP w1th tw0 5ea50n5, dry 
and wet. 

D1v1510n 0f5ea50n5. 7he  purp05e5 0f d1v1d1n9 5ea50n5 15 t0 
5et var1ed 5tandard5 f0r var1ed a551m11at1ve capac1t1e5 1n 
d1fferent 5ea50n5. 7he  d1v1510n 0f tw0 5ea50n5 15 determ1ned 
6a5ed 0n var1at10n 0f m0nth1y de519n f10w5. 7he  5tep5 
ad0pted 1n th15 w0rk t0 determ1ne the d1v1510n f0110w: 

(1) 7he meth0d de5cr16ed prev10u51y are u5ed t0 ca1cu1ate 
m0nth1y de519n f10w5 f0r a11 12 m0nth5. 

(2) Acc0rd1n9 t0 the5e 12 de519n f10w5, the m0nth  w1th 
1ea5t f10w 15 ch05en a5 the dry 5ea50n and the 0ther 
11 m0nth5 c0n5t1tute the wet 5ea50n. 7he  de519n f10w 
15 c0mputed f0r 60th the dry and wet 5ea50n5. 

(3) 0 n e  0 f the  2 m0nth5 0f the  wet 5ea50n adjacent t0 the 
dry 5ea50n that ha5 the 5ma11er de519n f10w 15 put  1nt0 
the dry 5ea50n. 7he  de519n f10w 15 c0mputed a9a1n f0r 
60th the new dry and wet 5ea50n5. 

(4) 7he  prev10u5 5tep 15 repeated unt11 a11 p055161e 5ea50na1 
d1v1510n5 are 06ta1ned, 12 p055161e d1v1510n5 1n t0ta1. 
Acc0rd1n91y, the dry 5ea50n w0u1d eventua11y 1a5t 12 
m0nth5 that 15 the 5ame a5 the n0n-5ea50na1 pr09ram. 

70ta1 am0unt 0f  a110wa61e d15char9e. After the 5ea50na1 
de519n f10w5 are c0mputed f0r the 12 p055161e d1v1510n5, 
cr1ter1a mu5t 6e 5et f0r 5e1ect1n9 the 0pt1ma1 d1v1510n. 1n 
th15 w0rk, the a110wa61e am0unt  0f  p011ut10n d15char9e and 
the water 4ua11ty r15k, de5cr16ed 1n the next 5ect10n, 0f  each 
d1v1510n are u5ed f0r th15 purp05e. 8y 1nc0rp0rat1n9 water 
4ua11ty m0de15 and mathemat1ca1 m0de15 f0r d15char9e 
mana9ement ,  the t0ta1 a110wa61e am0unt  0f  p011ut10n d15- 
char9e can 6e c0mputed. Var10u5 5et5 0f  1mpact c0eff1c1ent5 
0f  dry and wet 5ea50n5 f0r var1ed 5ea50na1 d1v1510n5 are 
re-determ1ned w1th QUAL2E,  wh1ch are then u5ed w1th the 
7 W L  and U 7  m0de15 t0 501ve f0r the a110wa61e d15char9e 
am0unt5 f0r each 5ea50n w1th XMP. 7he  5um 0f  d15char9e5 
0f 60th 5ea50n5 15 the t0ta1 annua1 a110wa61e p011utant 
d15char9e. 8a5ed 0n the d15char9e am0unt5 0f  each 5ea50na1 
d1v1510n, the 0ne w1th max1ma1 d15char9e can 6e treated a5 
the 6e5t 5ea50na1 d1v1510n that  can ut1112e the a551m11at1ve 
capac1ty t0 the 6e5t extent. 

7he  cau5e5 0f  var1at10n 0f d15char9e am0unt  f0r var1ed 
5ea50na1 d1v1510n5 can 6e 111u5trated 1n tw0 part5: extended 
dry 5ea50n and 5h0rtened wet 5ea50n. When the dry 5ea50n 
6ec0me5 10n9er, the de519n f10w 0f  the 5ea50n 1ncrea5e5 
c0rre5p0nd1n91y, 50 d0e5 the a110wa61e p011utant d15char9e. 
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F19. 4. Annua1 Q90 f0r Ch0utr0 9au9e 5tat10n. 

e=2.3 

7he  1en9th 0f the wet 5ea50n decrea5e5 w1th the extended dry 
5ea50n, wh1ch re5u1t5 1n decrea5ed a110wa61e p011utant d15- 
char9e 1n the wet 5ea50n. 1n the pr0ce55 0f 5ea50na1 d1v1510n, 
1f the 1ncrea5ed a110wa61e d15char9e 1n the dry 5ea50n 15 
9reater than the decrea5e 1n the wet 5ea50n, the net am0unt  
1ncrea5e5, and v1ce ver5a. 

7he  5ea50na1 a1ternat1ve ut1112e5 the a551m11at1ve capac1ty 
at h19h f10w5, wherea5 the a110wa61e p011utant d15char9e at 
10w f10w5 15 1e55 than that 0f  the n0n-5ea50na1 a1ternat1ve. 
7he  5ea50na1 a1ternat1ve can theref0re 1mpr0ve the water 
4ua11ty at 10w f10w5, 1n add1t10n t0 the ec0n0m1c 6enef1t5. 

R15k ana1y515 

Acc0rd1n9 t0 the f10w durat10n curve meth0d,  there 15 
1ntended t0 6e 0n1y a p0rt10n 0f t1me 1n wh1ch the f10w5 are 
1e55 than the de519n va1ue. 7he  de519n f10w, h0wever, f0r 
each year d0e5 n0t  a1way5 0ccur a5 we expect. 7h15 c0nd1t10n 
cau5e5 the r15k 1n mana91n9 water 4ua11ty. F1uctuat10n5 
ex15t 1n 10w f10w5 fr0m year t0 year. 1n th15 w0rk, the 
water 4ua11ty r15k 0f 5DP w1th var1ed 5ea50na1 d1v1510n5 are 
ana1y2ed 6y mean5 0f  a M0nte-Car10 51mu1at10n. 

7he 50urce and def1n1t10n 0f  the r15k. F19ure 4 5h0w5 the 
re5u1t5 0f  f10w ana1y515 at Ch0utr0  5tat10n 0n 7un9-Kan9  
R1ver. 7he  annua1 de519n f10w (Q90) 15 2.3 m35 1. Acc0rd1n9 
t0 the curve 0f de519n f10w5, d15crepanc1e5 ex15t 6etween 
de519n f10w5 1n 50me year5 and 2.3 m35 1. 1n year5 when the 
de519n f10w 15 10wer 1e55 than 2.3m35 -~, the d15char9e 
mana9ement  pr09ram may n0t ach1eve 1t5 water 4ua11ty 
90a15, wherea5 the fre4uenc1e5 0f de519n f10w5 06ta1ned w1th 
the f10w durat10n curve meth0d are 1e55 06v10u5. 1t 15 thu5 
nece55ary t0 ana1y2e 5uch r15k pr10r t0 the 1mp1ementat10n 
0f  a 5DP. F0r an annua1 de519n f10w, there 15 a c0rre5p0nd- 
1n9 a110wa61e d15char9e p011utant d15char9e that a110w5 f0r 
a p0rt10n 0f  t1me dur1n9 a year 1n wh1ch the water 4ua11ty 
v101ate5 the 5tandard5. 1f 1n 50me year the f10w 15 1e55 than 
the de519n va1ue, the p0rt10n 0f  t1me 1n v101at10n 0f  the water 
4ua11ty 5tandard w0u1d exceed the p0rt10n ment10ned. We 
thu5 c0nc1ude that d15char9e mana9ement  1n that year fa115. 
1n a 5DP r15k ana1y515, a c0n5ervat1ve cr1ter10n 15 u5ed 
here1n; any fa11ure 1n 0ne 5ea50n w0u1d 6e re9arded a5 a 
fa11ure f0r the ent1re year. 

M0nte-Car10 51mu1at10n. M0nte-Car10 51mu1at10n 15 an 
effect1ve meth0d f0r a55e551n9 the uncerta1nt1e5 and n0n- 
11near1t1e5 0f a m0de1. 7he  11ke11h00d 0f  an effect cau5ed 6y 
uncerta1nt1e5 and n0n11near1t1e5 can 6e 5tat15t1ca11y determ1ned 
6a5ed 0n the d15tr16ut10n 0f numer0u5 51mu1at10n re5u1t5. 
M0nte-Car10 51mu1at10n 15 1mp1emented 6y f1r5t 5amp11n9 the 
va1ue5 0f  0ne 0f 5evera1 ana1y2ed m0de1 parameter5 acc0rd1n9 
t0 a pre-determ1ned pr06a6111ty d15tr16ut10n. 7he  5amp1ed 
va1ue5 are then 1nput t0 the ana1y515 m0de1 t0 c0mpute the 
a550c1ated re5u1t. 7h15 5amp11n9 pr0ce55 15 repeated f0r many 
t1me5 unt11 a 5ta61e d15tr16ut10n 0f  a550c1ated re5u1t5 15 
06ta1ned. QUAL2E expanded 1t5 funct10n t0 1nc1ude M0nte- 
Car10 51mu1at10n and 1n the new ver510n ca11ed QUAL2E-  
UNCA5;  1t c0n515t5 0f 16 F 0 R 7 R A N  5u6r0ut1ne5 and 
a data f11e that 11nk5 the uncerta1nty ana1y515 m0du1e t0 
QUAL2E.  7he  5tat15t1ca1 ana1y515 0f a 5er1e5 0f re5u1t5 
06ta1ned fr0m repeated M0nte-Car10 51mu1at10n can he1p u5 
under5tand pr0pert1e5 0f the uncerta1nty 0f  a pr061em. 



R15k 1n 5ea50na1 

A5 each M0nte-Car10 51mu1at10n re4u1re5 tw0 QUAL2E 
51mu1at10n5 and f0ur 11near pr09ramm1n9 0pt1m12at10n 5tep5 
f0r the 7WL and U 7  m0de15 f0r tw0 5ea50n5, the pr0ce55 
take5 much t1me, 6ut 5uff1c1ent1y numer0u5 M0nte-Car10 
51mu1at10n5 5h0u1d 6e 1mp1emented t0 06ta1n a 5ta61e 
d15tr16ut10n 0f re5u1t5. A5 a c0mpr0m15e, the M0nte-Car10 
51mu1at10n 15 1mp1emented 2000 t1me5. 8ef0re any 51mu1at10n 
15 1mp1emented, a pr06a6111ty d15tr16ut10n 0f de519n f10w 15 
determ1ned 6a5ed 0n h15t0r1ca1 data. 7he pr0cedure 0f app1y- 
1n9 the M0nte-Car10 51mu1at10n t0 a55e55 the r15k 0f water 
4ua111y 0f 5DP f0110w5: 

(1) F0r each 5ea50na1 d1v1510n, we 9ather the de519n 
f10w5 0f the dry and wet 5ea50n5 f0r pa5t year5 and 
f1nd the pr06a61111y d15tr16ut10n 0f f10w5 1n each 5et. 

(2) 2000 de519n f10w5 are 5amp1ed fr0m each d15tr16ut10n 
f0r each 5ea50n. 

(3) QUAL2E 15 app11ed f0r the de519n f10w5 and the 
a110wa61e p011utant d15char9e5 prev10u51y determ1ned 
1n a 5DP. 1f v101at10n 0f the water 4ua11ty 5tandard 
0ccur5 1n any 5ea50n, then the 51mu1at10n 15 re9arded 
a5 a fa11ure. 

(4) 7he r15k 15 ca1cu1ated a5 the num6er 0f fa11ure5 
d1v1ded 6y the t0ta1 num6er 0f 51mu1at10n5. 

(5) 7he pr0cedure 15 repeated unt11 r15k5 0f a11 5ea50n- 
d1v1d1n9 5cenar105 are 06ta1ned. 

1n the rea1 w0r1d, when natura11y 0ccurr1n9 10w f10w 15 
actua11y 1e55 than the de519n f10w, 1t d0e5 n0t nece55ar11y 
re5u1t 1n a fa11ure 0f water 4ua11ty. 1n add1t10n t0 the extent 
t0 wh1ch the 10w f10w 15 1e55 than the de519n f10w, the pr0- 
9ram 0f  d15char9e mana9ement 1t5e1f 15 a150 an 1mp0rtant 
fact0r 1n the extent 0f r15k. F0r examp1e, the U 7  meth0d 
u5ed 1n th15 w0rk 15 m0re 5tr1n9ent t0 11m1t p011utant 
d15char9e than the 7WL meth0d; the re5u1t1n9 r15k 15 
9enera11y 5ma11er. 

d15char9e pr09ram5 1373 

7a61e 1. Maj0r wa5te 10ad5 f0r 7un9-Kan9 R1ver 

D15tance t0 Wa5te 10ad 
D15char9er r1ver m0uth F10w 80D 1n 80D 

N0. (km) (m 35-1 ) (m9/1) (k9/day) 

1 32.5 0.07 8.43 51 
2 28.0 0.18 5.72 89 
3 26.3 0.53 3.39 180 
4 23.5 0.07 5.13 31 
5 18.4 0.04 30.09 104 
6 18.2 0.07 25.46 154 
7 17.2 0.88 18.12 1378 
8 15.3 0.11 14.94 142 
9 14.9 0.03 9.65 25 

10 14.3 0.05 75.23 325 
11 13.0 4.83 7.41 3093 
12 12.3 0.71 8.66 531 
13 11.0 0.09 16.59 129 
14 5.7 1.77 6.12 936 

A CA5E 57UDY 

A ca5e 5tudy wa5 1mp1emented f0r  the  6a51n 0 f  
7 u n 9 - K a n 9  R1ver t0 exemp11fy the  pr0p05ed  pr0-  
cedure  f0r  5 D P  ana1y515 and  a550c1ated r15k a55e55- 
ment .  7 u n 9 - K a n 9  R1ver 15 0ne  0 f  21 m a j 0 r  r1ver5 1n 
7a1wan. 7 h e  re1evant hydrau11c and  water  4ua11ty da ta  
0 f  the  r1ver are  6a5ed 0n  the 5tudy 6y W e n  (1989). 
7 h e r e  are 14 ma j0 r  d15char9er5, 0 f  wh1ch the p011utant 
10ad5 are 115ted 1n 7a61e 1. F19ure 5 5h0w5 the 10cat10n5 
0 f  the  6a51n, m a j 0 r  wa5te d15char9e5, re9u1ar wa te r  
4ua11ty m0n1t0r1n9 10cat10n5, and  9au9e 5ta t10n5.7he 
e5tuar1ne p0rt10n 0 f  the  r1ver 15 up  t0 a60u t  4.5 km 
t0 the  r1ver m 0 u t h .  7h15 p0rt10n 15 n0 t  1nc1uded 1n th15 
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5tudy 6ecau5e the water 4ua11ty m0de11n9 ta5k re4u1red 
f0r th15 p0rt10n 15 much m0re c0mp1ex than that f0r 
a n0n-e5tuar1ne p0rt10n. 8ecau5e 0f the rap1d ve10c1ty 
and 5teep 510pe, reaerat10n 15 9enera11y effect1ve f0r 
th15 r1ver. 1t 15 9enera11y 6e11eved that rem0va1 0f 
8 0 D  10ad5 can 1mpr0ve D0; thu5 8 0 D  15 ch05en a5 
the maj0r parameter f0r water 4ua11ty ana1y515 1n th15 
w0rk. Water 4ua11ty data f0r the r1ver are c011ected 
re9u1ar1y, 1-3 t1me5 per m0nth, at the 10cat10n5 
5h0wn 1n F19. 5. 7he water 4ua11ty 0f the wa5te 
1nf1uent fr0m each maj0r d15char9er wa5 a150 5amp1ed 
dur1n9 the 5tud1ed per10d. 7he h15t0r1ca1 f10w data 
f0r the r1ver are pr0v1ded 6y the Water Re50urce5 
C0mm1ttee, M1n15try 0f Ec0n0m1c5, 7a1wan. F10w 
data f0r 10cat10n5 0f maj0r d15char9e5 were mea5ured 
6y Hydrau11c La60rat0ry, Nat10na1 Chen9 Kun9 
Un1ver51ty, 7a1wan dur1n9 the 5tud1ed per10d. 

M0nth1y de519n f10w 

Ca1cu1ated m0nth1y and annua11y Q90 f0r Ch0utr0 
and H51nhwa 5tat10n5 0n the r1ver are 5h0wn 1n F19. 6, 
wh1ch exh161t5 a c1ear trend 0f wet and dry 5ea50n5. 
70 make the cyc1e pr0m1nent, the p10t 5tart5 at May. 
7h15 p10t and 51m11ar p10t5 f0r 0ther 5tat10n5 0n the 
r1ver are u5ed t0 determ1ne the 5ea50na1 d1v1510n a5 
de5cr16ed 6e10w. 

5ea50na1 d1v1510n 

7he m0nth 0f May, wh1ch ha5 the 5ma11e5t de519n 
f10w, 15 ch05en a5 the f1r5t dry 5ea50n, w1th the 0ther 
11 m0nth5 a5 the wet 5ea50n. Q90 f0r 60th 5ea50n5 are 
re-c0mputed. 7hen, c0mpar150n 0f the de519n f10w 0f 
2 m0nth5 adjacent t0 May 1nd1cate Apr11 t0 have a 
5ma11er de519n f10w. Apr11 15 then c0m61ned 1nt0 the 
dry 5ea50n (hence c0mpr151n9 2 m0nth5), wherea5 

the wet 5ea50n c0n515t5 0f 10 m0nth5.7he de519n f10w 
f0r 60th new 5ea50n5 are re-ca1cu1ated. Acc0rd1n9 t0 
the 5ame pattern, the pr0cedure 15 repeated unt11 the 
dry 5ea50n c0nta1n5 the ent1re 12 m0nth5, wh1ch 15 
the 5ame a5 the n0n-5ea50na1 5cenar10. 7he var10u5 
d1v1510n5 0f 5ea50n5 and the1r a550c1ated 5ea50na1 
de519n f10w5 at Ch0utr0 5tat10n are 115ted 1n 7a61e 2. 

A110wa61e p011utant d15char9e5 f0r each 5ea50na1 
d1v1510n 

Up0n 06ta1n1n9 12 d1v1510n5 0f 5ea50n5, the a110w- 
a61e p011utant d15char9e5 under each d1v1510n are c0m- 
puted acc0rd1n9 t0 the 7WL and U7 m0de15. Water 
4ua11ty 5tandard5 0f 8 0 D  -- 4 m9/1 and 8 0 D  = 2 m9/1 
are u5ed 1n the c0mputat10n. QUAL2E 15 f1r5t app11ed 
t0 determ1ne the 1mpact c0eff1c1ent5. 7hen the 7WL 
and U7 m0de15 are 501ved w1th XMP. 7he annua1 
a110wa61e p011utant d15char9e5 under 5ea50na1 d15- 
char9e mana9ement are the 5um 0f d15char9e5 0f 60th 
5ea50n5. 7he re5u1t5 are 5h0wn 1n F195 7 and 8. W1th 
the 7WL meth0d and a 8 0 D  5tandard e4ua1 t0 

7a61e 2. Q90 f0r var1ed 5ea50na1 d1v1510n5 

Dry 5ea50n Q~ (1n 35-1 ) 
1en9th M0nth5 1n 

(m0nth5) dry 5ea50n Dry 5ea50n Wet 5ea50n 

1 5 1.47 2.50 
2 4 ~ 5 1.47 2.83 
3 3 ~ 5 1.65 3.26 
4 2 ~ 5 1.80 3.74 
5 2 ~ 6 1.81 3.80 
6 1 ~ 6 1.87 4.86 
7 1 ~ 6,12 2.00 6.33 
8 1 ~ 6,11 ~ 12 2.05 8.00 
9 • ~ 7,11 ~ 12 2.06 9.70 

10 1 ~ 7 , 1 0  ~ 12 2.15 11.70 
11 1 ~ 8 , 1 0 ~  12 2.20 12.0 
12 1 ~ 12 2.30 - -  
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F19. 8. A110wa61e 10ad5 f0r 7WL and U7 pr09ram5 (80D 
5tandard = 4 m9/1). 

4 m9/1, the t0ta1 a110wa61e p011utant d15char9e reache5 
a max1mum when the 1en9th 0f the dry 5ea50n 15 9 
m0nth5, wherea5 1t 15 8 m0nth5 f0r a 8 0 D  5tandard 
e4ua1 t0 2 m9/1. W1th the U7  meth0d, max1ma 0ccur 
when the 1en9th 0f the dry 5ea50n e4ua15 8 m0nth5 f0r 
8 0 D  5tandard5 e4ua1 t0 4 and 2 m9/1. 1n the ca5e 
5tudy, when the dry 5ea50n 1en9th 1ncrea5e5 fr0m 4 t0 
5 m0nth5, the de519n f10w5 0f 60th 5ea50n5 have n0 
06v10u5 1ncrea5e. 7he 1ncrea5e 1n a110wa61e p011utant 
d15char9e 1n the dry 5ea50n 15 1n5uff1c1ent t0 c0mpen- 
5ate the decrea5e re5u1t1n9 fr0m the d1m1n15hed 1en9th 
0f 1n the wet 5ea50n. When the dry 5ea50n 15 8 0r 9 
m0nth5, the t0ta1 a110wa61e p011utant d15char9e atta1n5 
a max1mum. 1f the a110wa61e p011utant d15char9e 15 the 
0n1y cr1ter10n f0r d1v1510n 0f 5ea50n5, then the 6e5t 
d1v1510n w0u1d 6e when the dry 5ea50n 1en9th e4ua15 
8 0r 9 m0nth5. 

Acc0rd1n9 t0 the a60ve re5u1t5, f0r the 6e5t d1v1510n 
0f 5ea50n5 the a110wa61e p011utant d15char9e under 
the 7WL meth0d 1ncrea5e5 a60ut 10% re1at1ve t0 a 
n0n-5ea50na15cenar10, wherea5 the 1ncrea5e under the 
U7  meth0d 15 a60ut 20%. After a tr1a1-and-err0r 
pr0cedure, we f0und that the t0ta1 a110wa61e p011utant 

d15char9e at Q90 f0r a 5ea50na1 pr09ram r0u9h1y e4ua15 
that at Q80 f0r the n0n-5ea50na1 5cenar10. Hence 
1n5tead 0f decrea51n9 the re4u1rement fr0m Q90 t0 Q50, 
the 5ea50na1 a1ternat1ve can 6e emp10yed t0 d1m1n15h 
the t0ta1 c05t. 

R15k 0f 5DP 

7he de519n f10w determ1ned acc0rd1n9 t0 the f10w 
durat10n curve meth0d cann0t revea1 the fre4uency 
0f the 10w f10w event5 a5 prec15e1y a5 that 6y the 
fre4uency ana1y515 meth0d. Hence the r15k 0f a 5DP 
15 1e55 c1ear 1n the f0rmer ca5e. 7he ma9n1tude 0f r15k 
1eve11nd1cate5 the 5u1ta6111ty 0f the meth0d t0 mana9e 
water 4ua11ty and 15 1mp0rtant f0r a 5DP ana1y515.1n 
th15 w0rk, the r15k a55e55ment 0f 5DP 15 1mp1emented 
w1th ma551ve M0nte-Car10 51mu1at10n5. 

Pr10r t0 ana1y21n9 the r15k 1n 5DP, the pr06a6111ty 
d15tr16ut10n5 and a550c1ated parameter5 0f 5ea50na1 
de519n f10w5 0f each d1v1510n 115ted 1n 7a61e 2 are 
determ1ned fr0m h15t0r1ca1 f10w data. L09-n0rma1 
d15tr16ut10n funct10n 15 app11ed 1n th15 w0rk t0 deter- 
m1ne the pr06a6111ty den51ty funct10n. 2000 5amp1e5 
0f de519n f10w5 are rand0m1y 5amp1ed 6a5ed 0n the 
prev10u51y determ1ned d15tr16ut10n. 1n t0ta1 2000 
QUAL2E 51mu1at10n5 are 1mp1emented f0r each 5et 
0f 5amp1e5. W1th the 5ame p011utant 10ad5 determ1ned 
1n the ana1y515 0f 5ea50na1 d1v1510n5, re5u1t5 0f 
QUAL2E 51mu1at10n are u5ed t0 determ1ne whether 
rand0m1y pr0duced f10w5 w0u1d re5u1t 1n c0mp11ance 
0f water 4ua11ty 5tandard(5). 7he num6er 0f 0cca510n5 
0f v101at10n 0f the 5tandard(5) d1v1ded 6y the t0ta1 
num6er 0f 51mu1at10n5, 2000, 15 def1ned a5 the water 
4ua11ty r15k 0f that 5ea50n. 7he un10n 0f 0cca510n5 1n 
v101at10n 1n 60th 5ea50n5 15 u5ed t0 ca1cu1ate the r15k 
0f the ent1re year f0r a d1v1510n 0f 5ea50n5. 0nce any 
5ea50n fa115, the ent1re year fa115. M0nte-Car10 51mu- 
1at10n5 are 1mp1emented f0r 12 d1v1510n5 0f 5ea50n5, 
tw0 meth0d5 0f 7WL and U7, and tw0 water 4ua11ty 
5tandard5 0f 8 0 D  e4ua1 t0 4 and 2 m9/1. 7he r15k 
1eve15 and c0rre5p0nd1n9 a110wa61e p011utant d15- 
char9e5 0f each d1v1510n 0f 5ea50n5 are 111u5trated 1n 
F195 9 and 10. Each p01nt repre5ent5 a 5ea50n d1v1510n. 
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F19. 9. R15k f0r 7WL and U7 pr09ram5 (80D 5tandard 
= 2 m9/1). 
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F19. 10. R15k f0r 7WL and U7 pr09ram5 (80D 5tandard 
= 4 m9/1). 

6e a55e55ed. A5 the re5u1t5 revea1, the r15k under the 
7 W L  meth0d exceed5 that under the U 7  meth0d. 
7he  re5u1t1n9 a110wa61e d15char9e5 0f  p011utant5 and 
the c0rre5p0nd1n9 1eve15 0f  r15k can 5erve a5 tw0 
cr1ter1a t0 dec1de the 6e5t c0mpr0m15e d1v1510n 0f 
5ea50n5 0r whether 0r n0t t0 ad0pt a 5ea50na1 0pt10n. 

7he  character15t1c5 0f  each r1ver are un14ue, 
hence n0 51n91e mana9ement 15 app11ca61e t0 every 
r1ver. 5ea50na1 mana9ement 0perate5 acc0rd1n9 t0 
the var1at10n 0f  the r1ver f10w, 6ut 5uch var1at10n5 
depend marked1y 0n the r1ver5.7heref0re, the pr0ce55 
0f  5ea50na1 mana9ement pr09ram and the determ1n- 
at10n 0f  mana9ement appr0ach 5h0u1d 6e un14ue f0r 
each r1ver. 7he  appr0ache5 pr0p05ed here1n t0 d1v1de 
5ea50n5 and t0 a55e55 water 4ua11ty r15k are 1napp11c- 
a61e t0 r1ver5 affected 6y art1f1c1a1 fact0r5 5uch a5 
dam5 and water uptake5. 

1n the f19ure5, a peak 15 c1ear1y 065erved. F0r  the 
p01nt5 at the r19ht 0f  the peak, the r15k 1ncrea5e5 a5 the 
a110wa61e p011utant d15char9e decrea5e5.7he5e a1tern- 
at1ve5 are theref0re n0t w0rthy 0f  further ana1y515. 
7he  p01nt5 at the 1eft 0f  the peak ref1ect the trade 
0ff 6etween the a110wa61e p011utant d15char9e and the 
r15k. 7ha t  15, an 1ncrea5ed r15k 1nduce5 an 1ncrea5ed 
a110wa61e p011utant d15char9e. F0r examp1e, 1n F19. 10, 
the r15k f0r the dry 5ea50n 0f  1en9th 8 m0nth5 15 0n1y 
3.5% 9reater than that 0f  a n0n-5ea50na1 51tuat10n 
(a dry 5ea50n 0f  1en9th 12 m0nth5), 6ut the a110wa61e 
d15char9e 0f  p011utant5 1ncrea5e5 6y a60ut 2.25 × 
105 k9/yr (1ncrea5e 0f  25%). 7h15 trade 0ff re1at10n5h1p 
0ffer5 a 6a515 t0 ch005e the 6e5t c0mpr0m15e d1v1510n 
0f 5ea50n5. Acc0rd1n9 t0 the f19ure5, var1ed d15char9e 
mana9ement pr09ram5 affect the r15k 1eve15. 7he U 7  
meth0d 15 c1ear1y m0re 5tr1n9ent than the 7 W L  
meth0d and thu5 ha5 a 5ma11er r15k. 7h15 r15k 1nf0rm- 
at10n, even whether 0r n0t a 5ea50na1 a1ternat1ve 15 
ad0pted, ha5 9reat va1ue f0r an water 4ua11ty mana9e- 
ment auth0r1ty t0 a55e55 the d15char9e mana9ement.  

C 0 N C L U 5 1 0 N  

F0r d15char9e mana9ement pr09ram5 6a5ed 0n 
de519n f10w5 determ1ned fr0m the f10w durat10n curve 
meth0d, a pr0cedure 15 deve10ped 1n th15 w0rk t0 
determ1ne a pert1nent d1v1510n 0f 5ea50n5 and t0 a55e55 
the water 4ua11ty r15k 0f  a 5DP. 7hr0u9h 5ea50na1 
mana9ement,  the 50c1a1 c05t 1n water 4ua11ty c0ntr01 
can 6e d1m1n15hed, and p011ut10n 50urce5 may 6e m0re 
w1111n9 t0 c0mp1y. Hence 1t w0u1d 6e 6enef1c1a1 f0r 
60th env1r0nmenta1 pr0tect10n and ec0n0m1c 9r0wth. 
Fr0m the ca5e 5tudy 0f  7un9-Kan9 R1ver, the t0ta1 
a110wa61e d15char9e 0f  p011utant5 f0r the 5ea50na1 
a1ternat1ve at Q90 15 a60Ut the 5ame a5 that f0r the 
n0n-5ea50na1 Q80.7hr0U9h a55e55ment 0f  the r15k W1th 
M0nte-Car10 51mU1at10n, the 5U1ta6111ty 0f  a 5DP Can 
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