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Abstract

This study analyzes the effect of alternatives and estimates alternatives evaluation index (AEI) using PCSWMM and weighted
summation method. PCSWMM considering combined sewer overflows (CSOs) in the Mokgamcheon watershed was used and
effectiveness analysis of alternative was conducted to develop not only flowrate but also the pollutant of BOD and SS.
Indicators of AEl are selected using sustainability evaluation concept, driver-pressure-state-impact-response (DPSIR)
framework and calculated by weighted summation method. After estimating AEI, alternatives was classified into three groups
G (Good), A (Acceptable) and P (Poor) grade. As aresults, it is analyzed that alternatives applied to Oryucheon were G grade
and those of Y eokgokcheon were P grade and the remainings were ‘A’ grade. This result will be effective to the integrated

watershed management for sustainablility.

keywords : Alternatives evaluation index (AEI), Driver-Pressure-State-lmpact-Response (DPSIR), Effectiveness analysis,
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2 ZgA #0]3 & Storm Water Management Model
(SWMM; Huber and Dickinson, 1988), Hydrological Simu-
lation Program-Fortran (HSPF; Bicknell et al., 2001), Soil
and Water Assessment Tool (SWAT; Arnold et a., 2002)

57 2L A%4E RoRgel v,

HZ dik aFHEH 9 $AEH ANE A BED
AEHE Y BF & o885ty HEd d7e AT, =
Al tis A 4R (combined sewer overflows,
CSO9)E wtgste] 23 o dis] BF ARG AT

] 7}
A itk A £ dAFdME E3A 90 CSOs
st} 7] +H(EFLYE &, 2008)2 PCSWMM(James
and Huber, 2003) E¥& o] &3t Uity EFENS A
Aletgeh TS o] AR/E o] &5t P24 5(2008b)o] A
ot A &7MHs4d H7EEEQ Driver-Pressure-State-| mpact-
Response(DPSIR)E  ©] &3 theHE 7tA] s (aternative eva
luation index, AENE AHFs & dicte] &4 ¢ AA|
sttt 59 71& ATF(el24d S, 2005, 2007; ©ld5%}
o] Hl, 2006)= T=AIFY ETTAA F83T CSOsE A<
BOD% EFAIAA T & AFE= CSOs
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2.2. A|=7tsd EItX|=: DPSIR
DPSIR 232 EEA(European Environment Agency, 1999)
7} 71&9 OECD(1993)¢] Pressure-State-Response(PSR) =
P& MAstd A&7Hs/d(suttainability) S A E35H7] 9
sl MRStk 71€9 PSR E¥2 EX AHSH #3
7 AzF #F Y JAAF/AE APIA Xk 535 HH
HEl2RE A7 FFH(impac)S A dPsiA] Hsie
SRS JHAR & By ol whEo] AlxHlY FTFE
A g wgdatA Zeth & PSR P2 A3
S(pressure)o] FHF(state)oll FEFS PR FF 2 THA|
oz stogm gEg Fol7] A% EE(response) S F
A @tk 28y DPSIR Ed2 7)o F 74X 7idel
F7FE AT A7 FEE FF ] A} FAVE Jxn
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o 2FF FAA ¢S FET AR PR FES 7
Atkes Aotk olEd M2 FXE(driving force or dri-
ver)dt F(impact)oll THFHo] PSR 2ol F7tH AT
T2 DPSIR 232 ARSS F130] QI ARl ¢
S WAL o] el FFS vl wet ZEt
HES oMlshe S et oAl w2 o9 Ul

21. Hdrd A 2EAS 714 4882 FEdd TS HA= AHE-FAH 84
ZFAMO)S I FUHE AW2F hdoer & 2 duHow AT, A4 AL, AGTE, AFASR,
qwH 5569 kn’, 2A% 165 km, FABEE 341 km,  o|UA zHF Fo| itk G BAY gl FPHo
YAF 0229 U #AILL WL Yok BF A 2 JFL WAE A4FA 222 9¥HY, CO, ME
A FET AFJEH F7E ASA B 2hE, 39 F 5ol Arh FHEe #E9 FFH AARAY Fe B
A AAEY T, FAN GT AAFY V)5 oW, Hoz ZFsh: AoE HW4A BE, 0FY BE 5ol
Table 1. Characterigtics of the Anyangcheon subwatersheds
Category | o . | Water- Landuse” _
Stream | Name length shed Tota{ Urban Forest Rice paddy Dry field Others
orders | of sub- (km)’ areazl p0pulallgg Area | Ratio | Area | Ratio | Area | Ratio | Area | Ratio | Area | Ratio
watershed (km) | (person) " | (km?) | (%) | (km®) | (%) | (km) | (%) | (km®) | (%) | (km) | (%)
1-2-3 Main AY 32.38| 286.55 3,876,278 | 123.31| 43.03| 114.03| 39.79| 24.85| 8.67|12.265| 4.28| 12.10| 4.22
1-2 Mokgam | MK 13.52 56.07 473,077| 17.82| 31.71| 19.92| 35.44| 10.37| 18.44|45604| 8.11| 354 6.30
1 Gahak GH 3.00 2.71 1,113] 0.10| 346| 1.76| 58.13| 0.69| 22.77|0.2277| 7.52| 0.25| 811
1 Geasu GS 4.28 3.65 10,118 0.73| 14.81| 1.64| 33.02| 158 31.94|0.5597| 11.28| 0.44| 894
1 Oryu OR 3.93 6.58 187,066| 3.49| 52.83| 211| 31.95| 0.19| 294|0.2607| 3.95| 055| 834
1 Yeokgok | YG 3.46 13.09 135,071| 5.59| 4275| 3.90| 29.81| 1.77| 1354|1.2587| 9.63| 056| 4.26

" From 1:25,000 DEM of the National Geographic Information Institute (NGII) in the year of 2000
™ From the NGII in the year of 2000
™ From the site of Korea national statistical office (www.nso.go.kr)

™ Including water, idle land, and wetland.
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2 @g7/Mde A agd 25 S0l ol AFEHI=

4 5, 2008b).

DPSIR BE¥2 HAZ FHE SAHLE b¥stA +99
AZ#E s FHE&Ix Jom(Borja et a., 2006;
Elliott, 2002; Fess et a., 2004), MULINO(MULti-sectoral,
INtegral and Operational decision support system for the
sustainable use of water resources at the catchment scale)
Z2AE DSSet 2ol FHY F7RE f9#E Ags
T8y % gAEE A YAl=H(decision support sys-
tem, DSS) .2 FEHHo] &usA &AL ATt

2.3. CHot BILX[~(AEI) APY dhH

AEIE g3t A2 E gAEAVIEY ERd o
g g2 2 dPFoAE F24 S(20080)¢] AAIG o
W = 753 M (weighted summation method) S AH&-8F
How FH $22 o Zrh

f(ai):pf1+Qf2 @)
A71A g i dietel™, n2 ti¢t ik HE&E FHYelH f;
& o% 2RY BAAFO-), b FABY S w3
A 0-1)F Yebli= #ol™, p, ¢& olF, 2 o

gt 7FEA o]t

olF, FAHY FSHAA Uit aFX < f; & ALt
54 R¥Y  aaQl FXFH(driver)-¢E (pressure)-43El
(state)- 9 FH(impact)-¥H-S(response) S I#ste] thE3}k 2o
Al 2tk ot

fi (q;) = w; DR +w, PR, +w,; 38T, +w; JIM +w, - RE

Wt A, ST & el W@ A, M= 9%
et A, RE £ Wl dd AFE rdn
779 QA AHEsh] fAshA F24d S(2008b)°] AlAl
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O]—Q(PRl,n)! }E}EH(STIJL)’ %g:([jl/[l,n)’ E]—]-%(RELH)OH tHiDj-
Al
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223 5489 SWANNY FA(DR,,), LA(PR,,),
AN(ST,,), BR(IG,), W(RE, ) B +4& Jg
o

DR, ;= B118ppy T 8128, €)

PRy ;= 8135550t BraSora™t BisSawn ™ BrsSswn o)
tflou' (ai)

ST, =1 dla,) 5

b 1o (:) ©

max 7{1(%)
i

_ nflow(ai)
M= 1- (6)
’ max nﬂow(ai)
i
Ad(a,) Al (aj)
trow (@) trow (@)
flow \ i flow \ i
RE, =1/3 % ~d(a) +1/3x7N(ai) @)
max max——
tﬂow (az’ ) tﬂow (a,l' )
7 7
nflou'(az)
X
+1/3 max Anﬂow(al)
i
DR, ;= 52,15130," +52,2 Spn (8)
PRy ;= By38 150t BoaSrcn™ BosSrsn™ BaeSionn )
+ BozSwint BasSpont BagScsnn
qCBOD(ai ) ‘JCSS( a; )
STy, =1— (ax tonla) +3% feslay) )
i m QCBOD(G,;) max qcsg(a,;)
tpon(a;) tesla;)
i i
(10)
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ncBOD(ai) +ﬁ’>< ncsg(ai)

max ncpopla;)

My, =1—(ax

i i
(11)
AqCBOD(ai ) AqlBOD(ai )
REM: % < ( tZ?OD(ai) tlBOD(ai)
' max acpop(a;) max Adlpopla;)
tepopla;) tl pop(a;)
i i
AncBOD(ai) AnlBOD(aj)
max Ancpopla;)  max Anlgyp(a;) )+
i i
ch‘qq( a; ) Aql SS( a; )
B < tCSS(a,;) tlSS(a,;) (12)
4 . chss(ai) i AqlSS(ai)
tegs(a;) tlssla;)
i i
Anch(ai) Anl&g(a,;)

max Ancgla;) max Anlgla;) )
i i

A7IM, dla;), Ua), gqepopla;), dpopla;), qcgla;),
dola) e WL o 7 AEHE G99 253t A5,
B BOD &%, & BOD 453, B+ SS 5%, F SS
QRaFES  guatd, ty,(a), tegopla), tpopla;),

2

teg(a,), tgla) s A a7F AEEE §o9 FEoz
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BEAARY, ¥ BOD %, %X BOD ¥ ¥¥aE,
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Table 2. Specific description of feasble aternatives

&g,
DPSR 589 A47k54 FH8Ld 54w,
94' /81>1~ Blﬁ’ /8171“’ 179"5 %%a'\% ?_%]:%_94 21%01-‘1;

24 S(2008b)o] <AL A&} FAE o] &
ol FE/FAY T ARV 2 #H
o] AEANE AHPE oz 2HY
BOD¢} SSoll ti& 7532

(05)% H&sHch TS oty FFHEA 9 A 9 4
& ol&3te] AEIE AT ¥ 06014E “Good” G
0.3-0.6S “Acceptable” A 53, O. P
(Hartmann et al., 1987) 2.2 ro] ZF ¢t 53 A3
skt

3.1. tHete| 71y
4 79 W Bc@ ARSE A% daE s
flste] o1 (2007)0] AlAl 1€ 7t
“J(technical feasibility), 2% &-&-3(economic feasibility),
37474 A4 (environmenta feasibility) ZHoA FAHH O
2 AR AE Jhedt tieke sty Teble 29 2L
°[& A o= A Fig. 1% 2t
SR F92 strh skl EEolst S
7] Aol AF AR Ho AdstrAddon ofFHh
FA eFAE w AAHAAS AA(DI strE
Ao, G738 AFAS AMNLOst E5
7IEes A4gE shRARF 010 CMS(e]d7d, 200
50%%1 0.05 CMSE A4 ¢xo2 5 Fistids
£ WAoE AASAT. A71M A7 sHdlE
2 glon BERAeR FRH7 A olF AF Aot
I 9l7] W A S 002 JHgste] EAEAT.
3 < AdAYgez FRo LR AFAEC]
¥ shRdle A AeA7E Qe Ao
AE WEsta AelA AA9

=
e J1FoR AT FAA

Nl
N
N
ofr
£
(T
ofx

d

ey

R T ST

o

oo N o

_O|L
“

Alternatives Sub-watershed Description Name
OR . ) 11
I nterceptor - Installation of interceptor
YG 12
MG - Construction of small WWTP in upstream regions L1
Local WWTP - BOD: 1.8 mg/L™ - TN: 8.275 mg/L L2
GS - TP: 0.762 mg/L" - SS: 1.5 mglL’ L3
MG ) . ) S1
Separated sewer VG - Replacing combined sewer with separated sewer 2
- Extension of reservoir
OR - Proper operation (release 0.05 CMYS) 01
. . - Construction of sluice gate
Reservoir: operating GS - Proper operation (release 0.05 CMS) 02
GH - Extension of reservoir 03
- Proper operation (release 0.055 CMS)
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PCSWMM Z&o| =2t gl =& XHo| 1A HDE 0|8t Ojjote] M= A 4]
" 4 se AsAz WAOYse] 1 aRE 2ASd.
wg*gs T3 @A AR 99 o] AEA e R
s &% 2200 mYY) AAo] AFHo 7] WE] AFE
FeAFe AALIYe] 42 AT T PRI 2
o goroz AAsac
92 K9 el AZsrA Pl A £
I 93 gong FARART BEd F7 14 F 16420
subbasin o2t mep] FAAMS A% YIS Agsgch o
23 999 47 ¥R HFrBAS 2RYoz @A
(S, % - 379 nHE 57t SYHE AGe 243
BAS HA()se] 52 ATAEAY FA A st
BRIEE sk
273 e goras 248 0ed T Az U
of APSATh A WAZ B TR 2 5ol
) Agd el B ZHE BHtGHCas 1). T W
o 3 Az FAGART 05D 5 2742 A8 FPAFANA
A\ Reservor redevelopment Gahakcheon 0.05 CMSE WHdths te02)e WA #H&stal, 53
© sepanted sover subbasin A A9 SeANg DALY, S AN g AL
O e e L2, 37 24499 B4 F4BAZ 2402 0
/\/ Steam. (SHY wits AEZ HE}AHCase 2). ol A H37+
/\ Feservoir A o) Agse] 9t HorEe oz wgt|
(kilometer) Fgere.
0 3 [
Fig. 1. Feasble aternatives. 32 tierel sat =4
7 B3 9 AE(EYE 5, 2009)F PCSWMM EF S
% 0062 CMSY 85% 7}l 0.055 CMSE WR3le o] g3ta] A& 7leet gkl s SRS AAFAT
Aoz SHYTHO3). Wagee B& ARE AF $49 oo 2 AL
A5A §9e ARl AT ASES 367000 MY F A TAR BEES A5 Fug £ABE P49
YASAE Boote FARTL Fug & Aok A4 F ok Z 1 FAH goz 7 A9 SARAHYT BOD
Y AFAE Z9A A DRHY uZeAdE $R BE $3(EE 8 mgl oldh 4 57), SS BEFA(SS B

AFoAA kot AFAY HAGH Fue) Ego] HA

£ 25 mglL °l3}, 1~-357)2 FIFAThelZd4d, 2007).

Zoke AAolth w2 dFlAE A AFAE = Z- )¢kl B ZAE Taole 3, 491 AAHO] A3 ok
Table 3. The number of days satisfying instream flow requirement
Name Category Jan. | Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Sum
OR Without alternatives 0 0 0 0 0 0 0 0 0 0 0 0 0
11+01 2 0 0 1 3 4 8 0 0 16 2 2 38
GH Without alternatives 1 0 0 0 2 2 6 0 0 0 0 12
03 31 28 31 0 2 4 7 0 0 0 30 il 164
s Without aternatives 1 0 0 0 2 4 8 0 0 1 0 2 18
L3+02 1 0 0 30 31 4 10 0 0 1 1 2 80
VG Without alternatives 31 28 31 0 2 3 7 0 0 1 30 31 164
12+S2 31 28 31 0 2 3 7 0 0 1 30 31 164
Without alternatives 0 0 0 0 0 0 0 5 0 0 30 31 66
[1+01 1 0 0 0 21 30 31 31 0 9 30 31 184
CaMsS 1 03 1 25 31 0 31 30 31 30 4 31 30 31 275
L3+02 1 26 31 0 31 30 31 31 0 12 30 31 254
12+S2 1 0 0 0 0 0 0 4 0 0 30 31 66
02+L1 0 27 31 0 31 30 31 31 0 16 30 Kl 258
CQASS ) 02+L1+L2 0 27 il 0 Kl 30 Kl 30 0 17 30 31 258
02+L1+L2+S1 0 9 31 0 31 30 31 31 0 6 30 31 230
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Table 4. Comparisons between with and without aternatives

Water quantity Water quality
Name of (C™mY) BOD SS
sub-water- Alternatives Low Drought | .. | Concen- | Total daily | .. | Concen- | Totd daily | .
shed flow flow dency tration load diency ntration load diency
(Qar5) (Qss5) (mg/L) (kg/day) (mg/L) (kg/day)
OR Without alternatives 0.001 0.001 - 90.380 2386.7 65.98 2,124.8 -
[1+01 0.051 0.020 69.00 5.520 1136 1.89 47.94 1,270.4 0.676
GH Without alternatives 0.002 0.001 - 22.930 28.6 73.64 346.1 -
03 0.006 0.063 64.08 4.260 36.1 0.55 36.94 353.1 0.478
s Without alternatives 0.010 0.001 - 13.200 315 60.39 374.4 -
L3+02 0.051 0.051 75.69 3.100 38.1 0.56 27.88 379.4 0.525
VG Without alternatives 0.314 0.280 - 9.390 278.5 37.40 603.8 -
|2+S2 0.314 0.280 0.00 1.670 60.0 161 31.90 506.1 0.308
Without alternatives 0.239 0.166 - 23.552 12721 - 80.95 5,302.4 -
11+01 0.273 0.213 0.43 20.333 1186.0 0.20 75.55 5,853.9 -0.037
03 0.369 0.275 1.20 17.539 1265.2 0.26 67.13 5,134.9 0.202
MG L3+02 0.424 0.296 1.56 15.732 1275.5 0.33 62.70 5174.4 0.250
12+S2 0.239 0.166 0.00 10.034 1006.9 0.78 68.61 5,194.7 0.173
02+L1 0.424 0.296 1.56 12.469 1082.3 0.62 62.97 5,205.3 0.240
02+L1+L2 0.424 0.296 1.56 10.298 950.0 0.82 63.46 5,227.7 0.230
02+L1+L2+S1 0.442 0.199 1.05 9.826 794.8 0.96 66.27 5,179.7 0.204
Flowrate BOD Ss
100 1000 10000
T e e e n+o1 | —| 6 1000 fis Without altematives
"g Q \\ 2 \\ 11+01
x 1 H o g 100 X — — — — — — — — — — — — — — — —
i 0.1 g % 10 T
8 o001 é ‘ é 1
g S - mgo‘m a\levnalxvesi 8 ‘
0.001 0.1
0.0001 0.01 - 0.01 J
0 20 40 60 80 100 o 20 40 60 80 100 0 20 40 60 80 100
Percent of time flow value equaled or exceeded (% Percent of time concentration value equaled or exceeded (%) Percent of time concentration value or equaled or exceeded (%
Flow-duration curve BOD concentration-duration curve SS concentration-duration curve
(@ OR
10 1000 10000
'g 1 ithout alternatives " \x 1?2:
% 0.01 % \ é 1 \\\
% 0.001 1_ E \ § 0.1 \
= 0.0001 - \ o
0 20 40 60 80 100 o0 0.001 .
Percent of time flow value equaled or exceeded (%) O contuiims oncostnilnvaliv oo xcosdod 3. Fowent chinmmenasnionushis oadeld oy exceoled 8
Fow-duration curve BOD concentration-duration curve SS concentration-duration curve
(b) GH
Flowrate BOD ss
10 1000 10000 ‘
’2 1 \ —rg:hg;t altematives - 100 [ rg::»;;« SIS ~ 1000 1y Tg’g&;ﬂswe ‘
S \ > 3 100
% 0.01 g ' i . - i % 1 !
§ E = § 0.1 |
X 0.001 0.01 oo \
0.0001 0.001 0.001 "
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Percent of time flow value equaled or exceeded (%

Fow-duration curve

Fig. 2. Flow and pollutant duration curves.
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Flowrate BOD ss
10 100 10000
[ Withen it altamatoee | Without alternatives
I Without altematives Al 12+82
_ 12452 \¥ 1000 ff — — — — — — — — — — —— Without altematives
E 5 10 F 2 12452
§ S 5
= £ E 100 o s s e e
g 5 5
z " g g
3 £ g
8 g 8 T
4 S 5
3 O 0.4 38
Ml f———— ——— —— —— - — - — - — =
0.1 0.01 0.01
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Percent of time flow value equaled or exceeded (%) Percent of time concentration value equaled or exceeded (%) Percent of time concentration value equaled or exceeded (%)
Flow-duration curve BOD concentration-duration curve SS concentration-duration curve
Flowrate BOD ss
100 1000 10000
———=Without alternatives —===Without alternatives ————Without altematives
n+01 n+01
@ 10 = 03 1500 [ = == == =i e ra
g = ys2 3 : tes0e
= E , S L0 L3+02 E R 0 s 12482
H g § 00 bo— s i i ot i i — it = —
s f s 2 Y
z H H R
g’ g 1o g \—H‘
g 04 38 8 1o g —
g ftin 2,
z N s \
0.01 1 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Percent of time flow value equaled or exceeded (%) Percent of time concentration value equaled or exceeded (% Percent of time concentration value equaled or exceeded (%)
Flow-duration curve of Case 1 BOD concentration-duration curve of Case 1 SS concentration-duration curve of Case 1
Flowrate BOD ss
100 1000 10000
— ———=Without altermatives | (===
- ===Without alternatives OIZ,L:‘ et g‘z‘:“i:" sllomativey
o ——02+L1 02+L1+L2 {
g 10 02+4L14+L2 _ 100 - 0241412481 | 1900 g [ ggtt::t;sw
2 T O2+L1+L2481 2 g
£ B
= Vg £ 10 s 1 s
3 ] £
g H
8 § g
o e 3 10
g 041 S
z g : : .
20 40 60 80 190
0.01 1
0 20 100 0.1

40 60 80

Percent of time flow value equaled or exceeded (%)

Fow-duration curve of Case 2

Percent of time concentration value equaled or exceeded (%

BOD concentration-duration curve of Case 2

0 20 40 60
Percent of time concentration value equaled or exceeded (%)

100

SS concentration-duration curve of Case 2

(e MG

Fig. 2. Flow and pollutant duration curves (continued).

¥ {-&=X4(flow duration curve) ¥ BOD, SS &=l
3k A &3 (duration curve)S Fig. 29 A&k th
LRAY ¥ AFA FE& 53l FY 005 CMSE
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Table 5. Target instream flow and TMDL (BOD, SS) of the Mokgamcheon
Name of stream Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Flow (CMYS) 0.326 | 0.326 | 0.326 0.65 0326 | 0326 | 0.326 | 0.326 0.65 0.65 0326 | 0.326
MG BOD (kg/day) 169.0 | 169.0 | 169.0 | 337.0 | 1690 | 169.0 | 1690 | 169.0 | 3370 | 337.0 | 169.0 | 169.0
SS (kg/day) 7042 | 7042 | 704.2 | 14040 | 7042 | 7042 | 7042 | 704.2 | 1404.0 | 1404.0 | 7042 | 704.2
Flow (CMYS) 0.100 | 0.100 | 0.100 0.20 0.20 0.56 0.56 0.56 0.70 0.70 0.100 | 0.100
OR BOD (kg/day) 51.8 51.8 51.8 103.7 | 1037 | 290.3 | 290.3 | 290.3 | 3629 | 362.9 51.8 51.8
SS (kg/day) 2160 | 2160 | 216.0 | 4320 | 4320 | 1209.6 | 1209.6 | 1209.6 | 1512.0 | 1512.0 | 216.0 | 216.0
Flow (CMS) 0.147 | 0.147 | 0.147 0.33 0.33 0.76 0.76 0.76 0.93 0.93 0.147 | 0.147
YG BOD (kg/day) 76.2 76.2 76.2 1711 | 1711 | 3940 | 3940 | 3940 | 4821 | 4821 76.2 76.2
SS (kg/day) 3175 3175 3175 712.8 7128 | 1641.6 | 1641.6 | 1641.6 | 2008.8 | 2008.8 | 317.5 3175
Flow (CMYS) 0.073 | 0.073 | 0.073 0.04 0.04 0.15 0.15 0.15 0.15 0.15 0.073 | 0.073
GS BOD (kg/day) 37.8 37.8 37.8 20.7 20.7 718 718 718 77.8 77.8 37.8 37.8
SS (kg/day) 157.7 | 157.7 | 157.7 86.4 86.4 3240 | 3240 | 3240 | 3240 | 3240 | 157.7 | 157.7
Flow (CMYS) 0.062 | 0.062 | 0.062 0.10 0.10 0.26 0.26 0.26 0.60 0.60 0.062 | 0.062
GH BOD (kg/day) 20.2 20.2 20.2 25.9 25.9 67.4 67.4 67.4 129.6 129.6 20.2 20.2
SS (kg/day) 1339 | 1339 | 1339 | 2160 | 2160 | 5616 | 561.6 | 561.6 | 1296.0 | 1296.0 | 1339 | 1339
Table 6. Vdues of drivers, pressures, state, impact and responses for water quantity
Name Drivers Pressures State Impact Responses
Popu- Stream- | Urban | Ground- Number Number
of Popu- . Slope of Drought Drought | Low
altenative | lation Ianqn Index | flow arga .water watershed Index flow Index of ) Index Of,, fow | flow Index
density seepage | ratio | withdrawal days days
Weights | 0.200 | 0.800 [0.185| 0.219 | 0.373 | 0.274 0.134 |0.185| 1.000 |0.187| 1.000 |0.187| 0.333 | 0.333 |0.333| 0.254
I1+O1(OR) | 0.394 | 1.000 |0.879| O 1.000 | 0.377 0 0476 0 |1.000 0 1.000( 0.182 | 0.191 [0.505| 0.293
03(GH) 0 0 0 1 0 0 0682 0310/ 0 [1000f 12 |0.927| 0.727 | 0.972 |0.999| 0.899
L3+02(GS) | 0.019 | 0.084 [0.071| 1 0230 | 0615 0.068 |0482| 0.010 [0.999| 18 |0.890| 0.297 | 0.655 |0.561| 0.504
12+S2(YG) | 0.284 | 0.354 (0.340| O 0.796 | 0.036 1000 |0.441| 6803 | 0 164 0 0 0 0 0
[1+01(MG) | 1 0286 |0429| 1 0.572 1.000 0227 |0.737| 1819 [0.733| 66 |0.598| 0565 | 0.138 |0.103| 0.268
03(MG) 1 0286 (0429 1 0.572 1.000 0227 |0.737| 1819 |0.733| 66 |0.598 1 0.320 |0.395| 0571
L3+02(MG)| 1 0286 |0429| 1 0572 1.000 0.227 |0.737| 1.819 |0.733| 66 |0.598| 0.899 | 0.382 |0.562| 0.614
12+S2(MG) | 1 0286 |0429| 1 0572 1.000 0.227 |0.737| 1.819 [0.733| 66 |0.598 0 0 0 0
02+L1 1 0286 |0429| 1 0572 1.000 0.227 |0.737| 1.819 |0.733| 66 |0.598| 0917 | 0.382 |0.562| 0.620
02+L1+L2 | 1 0286 |0429| 1 0572 1.000 0.227 |0.737| 1.819 |0.733| 66 |0.598| 0917 | 0.382 |0.562| 0.620
02+L1+L2+S
1 1 0286 (0429 1 0.572 1.000 0.227 |0.737| 1.819 |0.733| 66 |0.598| 0.785 | 0.097 |0.617| 0.499
Number of days satisfying target quantity
Number of increased days satisfying target quantity
Table 7. Vdues of drivers, pressures, state, impact and responses for water quality
Name Drivers Pressures . . State
of Popu- Pqpu- BoD | cop ss TN & |Intrusion Popu- Ratio of Average| Average
alternative lation Iat|qn Index Loads | Loads | Loads TP |of waste- Iathn covered | Index | BOD SS Index
density Loads | water | density | length conc. | conc.
Weights 0.200 | 0.800 | 0.151 | 0.093 | 0.093 | 0.093 | 0.093 | 0.134 | 0.219 | 0.274 | 0.151 | 0500 | 0.500 | 0.194
[1+O1(OR) | 0.394 | 1.000 | 0.879 1 1 1 1 1 1 1 1 0.125 | 0.033 | 0.079
O3(GH) 0 0 0 0 0 0 0 0 0 0 0 0.032 | 0.036 | 0.034
L3+02(GS) | 0.019 | 0.084 | 0.071 | 0201 | 0.229 | 0.227 | 0.342 1 0.084 0 0.246 | 0.018 | 0.018 | 0.018
12+S2(YG) | 0.284 | 0.354 | 0.340 | 0.752 | 0.781 | 0.779 | 0.854 1 0.354 0 0.507 | 0.013 | 0.030 | 0.021
11+01(MG) 1 0.286 | 0.429 | 0.546 | 0.563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.018 | 0.026
0O3(MG) 1 0.286 | 0429 | 0.546 | 0563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.040 | 0.036
L3+02(MG) 1 0.286 | 0.429 | 0.546 | 0.563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.040 | 0.036
12+S2(MG) 1 0.286 | 0.429 | 0.546 | 0.563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.040 | 0.036
02+L1 1 0.286 | 0429 | 0.546 | 0563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.040 | 0.036
02+L1+L2 1 0.286 | 0.429 | 0.546 | 0563 | 0.562 | 0.626 1 0.286 0 0411 | 0.033 | 0.040 | 0.036
02+L1+L2+S1 1 0.286 | 0429 | 0.546 | 0563 | 0.562 | 0.626 1 0.286 0 0.411 | 0.033 | 0.040 | 0.036
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Table 7. Vdues of drivers, pressures, state, impact and responses for water quality (continued)

Name Impact
of - Number of days satisfying|Number of days satisfying|Number of days satisfying|Number of days satisfying Index
Alternative target BOD conc. BOD TMDL target SS conc. SS TMDL
Weights 0.250 0.250 0.250 0.250 0.194
11+01(OR) 0.941 0 0.964 0 0.476
03(GH) 0.817 0.932 0 0.948 0.674
L3+02(GS) 0 0.942 0.560 0.959 0.615
12+S2(Y G) 0.830 0.038 0.003 0.940 0.453
11+01(MG) 0.837 0.156 0.214 0.718 0.481
0O3(MG) 0.837 0.156 0.214 0.718 0.481
L3+02(MG) 0.837 0.156 0.214 0.718 0.481
[2+S2(MG) 0.837 0.156 0.214 0.718 0.481
02+L1 0.837 0.156 0.214 0.718 0.481
O2+L1+L2 0.837 0.156 0.214 0.718 0.481
O2+L1+L2+S1 0.837 0.156 0.214 0.718 0.481
Response
Name BOD SS
of Number of | Number of Ratio of Ratio of Number of | Number of Ratio of Ratio of
Alternative ‘.’ay? Fiay; decreased | decreased Qayg ‘.’ay? deceased SS|decreased SS Index
slisfying | saistying | gy 0o | gop Tpu | SN | saistying | TDL
target conc. TMDL target conc. TMDL
Weights 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.310
11+01(OR) 0 0.098 1 1 0 1 0.404 1 0.563
03(GH) 0.018 0.006 0.189 0 0.970 -0.006 1 0.374 0.319
L3+02(GS) 0.379 0.019 0.084 0.001 0.348 -0.019 0.866 0.377 0.257
12+S2(Y G) 0.015 1 0.055 0.070 1 -0.041 0.003 0.430 0.317
11+01(MG) 0.985 -0.022 0 0.017 1 -0.107 0 0 0.234
O3(MG) 0.917 -0.035 0.034 0.006 0.957 -0.025 0.269 0.498 0.328
L3+02(MG) 0.939 -0.041 0.056 0.005 0.947 -0.038 0.411 0471 0.344
12+S2(MG) 0.297 0.579 0.126 0.041 0.973 0.013 0.222 0.457 0.338
02+L1 0.856 0.035 0.096 0.031 0.911 0.016 0.402 0.450 0.349
02+L1+L2 0.352 0.136 0.123 0.049 0.911 0.013 0.386 0434 0.300
O2+L1+L2+S1 0.242 0.127 0.129 0.069 0.937 0.019 0.296 0.467 0.286
Table 8. AEls, ranks, and grade using Composite Programming 4. &84 =2
Name of alternative AE Rank Grade
11+01(OR) 0632 1 G 2 dFE EZF #9494 CSOsE: 1EIY FE5H
03(GH) 0441 7 A PCSWMM E@& o] &dte] tohe] HdEM S AAs
L3+02(GS) 0417 8 A o] ATg ol&3t Tt $HEAE ABHOZ AN
12+S2(YG) 0.231 1 P 71 8l A%7bs4 B7RE< DPSRE 8@ diehErt
[1+01(MG) 0415 2 A A%E WS oW ey sy, BAY 58X,
BT o : A 847 994 FWIN FHH0z AEdG AA7hs
e 1 AUE HARRTL, FAEE AAEE ZTA w7 A
ortL1 0479 A o ANSAT. B oFAS ny APBAS X
02+L1+L2 0471 A o & AF Qs AR FEATAE AN Lste
02+ 1+L.2+S1 0.454 A 0.05 CMSE ¥Hstde 2% AEIE 06 °|422 G 57
" Poor: 0~0.3, Acceptable: 0.3~0.6, Good: 0.6~ oo, AxA F9o E74 rEA 2 AHEA 4
Aste A% P E5F, 2 99 fAe A 5FoE 2AEY
4 (3)~(12)% Table 3, 4, 52 o] &3te] 2 gjoby gz th 53 @A AN AY FA FPseANF AN
A2 AFe7] 95 2 AAE 4F B9} ARE SF < FAA WA L digte] E Aoz EAHAG
4 $£ZEF JelWE Table 6, 7% Zth 24 (1), Q% 2 d7e =AY ddads EASA AEIE °l&
Table 6, 7& ©]&3td Z+ dHE AEISH 5, 8% Y st SFES AXTE ALR =AY & &8 A8 7]
BRI Table 83 2t} <& Fgaed VxAZEAN 82 5 A F A2

TAEN shaEEsts|x| M5 F1s, 2009
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