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Sustainable Water Resources Planning to Prevent Streamflow Depletion
in an Urban Watershed: 2. Application
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Abstract

This study shows the application of sustainable water resource planning procedure developed in the
previous paper. Its goal is to prevent the streamflow depletion in upstream watershed of the
Anyangcheon which is a typical urban stream. The pressure-state-response model which is the
framework to reflect the sustainability was applied. The composite programming which is the
multilevel multicriteria decision making technique is also used in the calculation of state and
evaluation index. The feasible alternatives were proposed and hydrologically analyzed by SWAT(Soil
and Water Assessment Tool) and the priority ranking of alternatives were proposed based on the
results of SWAT,

keywords '@ Anyangcheon watershed, Composite programming, Integrated watershed management,
Sustainable water resources planning
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Fig. 1. Description of the Study Watershed
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Table 1. Characteristics of the Anvangcheon Subwatersheds (2000)

Category Population Landusex*
Steam V . Urban Forest |Rice paddy | Groundwater
length Wa:;fahed Total P‘c’lp“fttm withdrawal
. ensi '
Name (km) (km?) population ( persog/ Area |Ratio| Area |Ratio| Area |Ratio (2000)
of * (persom)sex| | (e | (96) {(Gam2)| (96) | Gam) | (%6) (romy/year)
subwatershed
Study
AY | 1791 127.13 3,876,278 13,527 685 13825 9.25 |51.65] 1.55 {12.95 314
watershed
Wanggok | WG| 3.82 3.78 7,484 1,980 026 | 696 | 3.08 |81.51] 0.35 | 943 84.5
Ojeon oG | 285 4.26 26,370 6,190 0.33 | 7.65 | 3.30 |77.48| 0.48 11.38 70.1
Dangjeong| DJ | 4.02 5.33 84930 15,934 304 {57.09] 1.48 127.73] 0.60 {11.21 16.2
Sanbon | SB| 4.32 10.30 132,390 12,853 415 140.34| 4.99 |48.49| 0.95 9.15 2.8
Hakwui |HU| 9.26 4455 311,709 6,997 10.16 |22.82| 25.60 |57.47| 7.00 14.70 448
Suam SA | 550 8.07 49,960 6,191 152 [18.90| 5.86 72.61| 0.49 6.29 19
Samseong | SS | 5.30 13.18 45476 3,450 1.04 | 7.88 | 10.97 |83.21( 0.68 5.12 44
Sambong |SB1| 2.76 459 23,695 5,162 053 |11.52] 3.16 |68.91| 0.53 11.48 18

*

##% From the site of Korea National Statistical Office (www.nso.go.kr)

Table 2. Information of Reservoirs

From 1:25,000 DEM of the National Geographic Information Institute (NWII) in the year of 2000
%% TFrom the NWII in the year of 2000

Name of Reservoir Subwatershed Location Capacity (m®)
Ojeon Ojeon iiih 1?; (2)2 i(:; 57,000
Backun Hakui Eiih ! g gg 112 1,628,000

Samseong Samseong Ii?)ih 1?22 ig,,izl,/ 30,000

{a) 1975

- Utrban area

[ Agricaltural area

- ‘Water area

(b) 2000

Fig. 2. Landuse Changes of the Study Watershed
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Fig. 3. Soil Map of the Study Watershed
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Table 3. Used Parameter Values of SWAT

Name of Subwatershed GV\(/(;;?:—:;lay S(r?]i;;/?nvjl(): CN2
WG, O], DJ, SB 18 0.025 0
HU 16 -0.05 3

SS 18 -0.025 -4

SA, SB1 18 -0.025 4

Study Watershed 19 0.025 4
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A2 AZA 5 (Potential Water Quality Deterioration, C o g
PWQD)E tHgstaltt. - %1% DJ, SB, SA, SBI

718 AFeAE= PFDA disiARt A&7Fss g
A #21 PSR(Pressure-State-Response) 2#-& o] &5 Lo g8
Fo} B dApdAi= PSDe PWQDO = 22 42 &

838ttt PSR 2y #7434 U3 (pressure), ¥4 - ‘7‘“3:7}%% el
o] AE) (state), 737 ¥HL(response) Aol Az # - X% Qe
AES N7 AT BHo AU Ao 3 - ©1%% 0}, DJ, SB, SS, SBI
ARE skl dojd PSR 2¥e] de] AHEEa - 494 WG, DJ, SA, SB1
o}t BIAGHNL AlLsr] 98 AL spEAE _ AR A
Table 4% 23 4% A3 Table 59 2orl o)g - A% WG, 0], HU, SS
FHH o2 JeERlE Fig. 63 2l 94 JHE ‘A . o)% HU
ZgH(sound) FEN”, “4=87Fs THacceptable) &, “F .29 WG, O], HU, SA, SBI

2 S&(poor) FE)" 2 FEIH a3 2

Table 4. Weighting Values (8;,) of PFD, PSD, and PWQD Indices for the AY Watershed

. o 2 3 4 5 6 7 8 9 10 11
1 0.4 0.3 02 0.1 0.1 0.4 01 0.4 06 02 0.2
2 1.0 0.1 0.4 03 02 02 04 0.2 0.2 - -
3 1.0 015 | 015 0.1 006 | 005 0.2 0.1 02 0.8 0.2

* =1 for PFD, ¢ =2 for PSD, and ¢ =3 for PWQD

Table 5. Comparative Results of PFD, PSD, PWQD, and WEI for the Study and the AY Watershed

Subject PFD ' PSD PWQD WEI
Index Grade Index Grade Index Grade Index Grade

WG 0.25 Sx* 0.71 P 0.03 S 0.33 A

oJ 0.07 S 0.60 P 0.05 S 0.24 S

DJ 0.66 P 0.57 A 0.58 A 0.60 P

SB 0.64 P 0.55 A 0.45 A 0.55 A

HU 0.34 A 0.25 S 0.19 S 0.26 S

SA 1 061 P 0.73 P 0.13 S 0.49 A

SS 0.30 S 0.56 A 0.05 S 0.30 S

SB1 0.61 P 0.58 A 0.08 S 0.42 A
Study watershed 0.44 A 0.58 A 0.19 S 0.40 A
AY watershed 0.49 A 0.53 A 0.36 A 0.46 A

* S: sound state, A acceptable state, P poor state

Sound
Hl Acceptable
B roor

Sound
Bl Acceptable
N roor

. Sound

S Poor

(@) PFD (b) PSD (c) PWQD
Fig. 6. Spatial Distribution of the AY Indices in the Year of 2000
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o $4%FS A, 071NN EALE Esh
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sehv, WG, OJ, SAE MEA7} S 8% teht gl
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FARBAGE)Y AFE199)7F ANT vlEAF
o) ANA FeZAL Table 63 2.

(2) =9

FERE %S FAHoE S/MEA a4 o
& TS 752 Boske Aotk FHRY FHE
A8l g FESHAFAY (A Eng, 2006)914
T%3% HEC-RAS 239 IdH 259 2EASFE
ARESIRTE TR 7] 58 HEC-RASE o4&
sto] 3t on FE 2= Manning 345 ©]-83}
+ PHABSIM(Physical HABitat SIMulation system;
USGS, 2001) 239 VELSIME o] &3t} 3435

(3) AAA =

M Zele ] 2o MYA AR F4

Agste 7H83 MAME FHoE FdIe FH*
E} ATAME 7P gitR o2 AMgshe A

S AHgsEle] B3 A% (composite suitability)E AHA
sta 7t do] FAA F3 F, ol& FYs H1F7}
4943 3 AAE «13}951‘4 7V 7R A o]
7V g Ve A5 73S o F7E Askel
7HE g BHfAGEeR AR

(CYRE: Figd s N

BHdrs A48y A3 2937 7] (regional
regression method)& A& TE AF5-ol AAH
Fxdo] gle 671 HFF(AadAd, i, A H,

Table 6. Habitat Suitability Criteria

Name of Water depth {em) Velocity {(cm/s)
Fish Spawning Fry Adult Spawning Fry Adult
. 20 ~ 30 30 ~ 50
Rgg“g:"ﬁ;izs ( Alor 1\/?;) ) | (summer ~ | (spring ~ | 10 ~30 | 20 ~40 | 30 ~120
yeep L, y autumn) autumn)
10 ~ 30 10 ~ 40 10 ~ 70
Zacco platypus (summer ~ (spring ~ 10 ~ 30 10 ~ 40 20 ~ 60
(Apr., May)
autumn) autumn)
20 ~ 50 10 ~ 40 30 ~ 200
Carassius auratus (summer ~ (spring ~ 5~10 10 ~ 20 20 ~ 30
(May, Jun.)
autumn) autumn)
F39% F119% 20064 114 955



Table 7. Instreamflow Requirements {unit: CMS)
This Study
Suva?zr;:ee;s)fle d Drought flow , Environmental flow

(Sep. ~ Mar.) Apr. May Jun. Jul. Aug. Sep. Oct.

WG 0.074 0.6 0.6 0.9 09 0.9 0.9 0.9

0]} 0.079 05 0.5 09 09 09 1.2 1.2

D] 0.090 0.5 0.5 0.9 0.9 0.9 1.2 12

SB 0.128 1.6 1.6 2.2 2.2 2.2 2.2 2.2

HU 0.288 112 12 1.8 1.8 1.8 1.8 18

5SS 0.147 1.6 16 2.2 2.2 2.2 2.2 22

SA 0.112 16 16 2.2 2.2 2.2 2.2 2.2

SB1 0.082 0.6 0.6 0.9 09 0.9 09 0.9
Study watershed 0511 3.0 - - 1.0 1.0 3.0 3.0
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Table 8. Specific Description of Feasible Alternatives

Sub-

of covered stream

Alternatives watershed Description Name
’ - Construction of sluice gate
O] - Proper operation R1
Reservoir (release: 0.01 CMS from Oct. to May)
redevelop- HU — Proper operation R2
ment (release: 0.1 CMS from Oct. to May)
s - Proper operation R3
(release: 0.01 CMS from Oct. to May)
D] N1
SB ' 5 N2
New WG - 1C)Japamtyi 60,200 m N3
. - Proper operation
retention pond SS (release: 0.0l CMS from Oct. to May) N4
SA N5
SB1 N6
- To remove roads and restore the stream
DJ - Covered length: 1.59 km S1
- Construction of sewers
. - To remove roads and restore the stream
Restoration

SB - Covered length: 2.74 km S2
- Construction of sewers

- To remove roads and restore the stream
SA - Covered length: 0.645 km S3
- Construction of sewers

collected by
subway stations

WG 11
6]] 12
D]’ I3
Iné:f;—:faeim SB - To transfer highly—treated wastewater of WWTP 14
(reuse OI; WWTP HU - Maximum quantity is 21,000 m*/day but used quantity is 15
effluent) SS(1) dependent upon the actual operation result of WWTP 16
SS(2) 17
SA I8
SB1 19
Use of ..

roundwater - To transfer groundwater collected by subway station into

& HU the stream Ul

- Average quantity: 3,720 m’/day
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Table 9. Screening Results According to Three Criteria

Name Qf T ecl_ln.ical Ecor}og}ic Enviroprpgntal Selec ﬁon
Alternative Feasibility Feasibility Feasibility
R1 Yes Yes Yes Yes
R2 Yes Yes Yes Yes
R3 Yes Yes Yes Yes
Ni No Yes Yes No
N2 No Yes Yes No
N3 Yes Yes Yes Yes
N4 No Yes Yes No
N5 Yes Yes Yes Yes
N6 No Yes Yes No
S1 Yes Yes Yes Yes
52 Yes Yes Yes Yes
S3 Yes Yes Yes Yes
Il Yes No Yes No
I2 Yes No Yes No
13 Yes No Yes No
14 Yes No Yes No
15 Yes Yes Yes Yes
16 Yes Yes Yes - Yes
17 Yes Yes Yes Yes
18 Yes Yes Yes Yes
19 Yes Yes Yes Yes
Ul Yes Yes Yes Yes

958

Retention pond

Reservoir redevelopment

Restoration
of covered stream

interbasin transfer

NN

Use of groundwater collected
by subway station

8.0 km

Fig. 7. A Master Plan from the Pre—feasibility Analysis for the 8 AY Sub—watersheds
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Table 10. Procedure of Priority Ranking Selection

Pressure| State Response
Target Drought Flow Low Flow Evalu-
Hame POI-)UI_ PSD Instream Before | After Before| After A\Te.l*age 12:1%21 Hank
ation | ) |cus)| EiCieney | oys) | (s [Efficiency | Eficiency

R1 0.179 {060} 0009 | 0.010 { 0.011 1.3% 0.004 | 0015 | 13.9% 7.6% 0614 | 12

R2 0203 |025| 0196 | 0.060 | 0.157 | 33.7% | 0.105 | 0.205 | 34.7% 34.2% | 0582 | 5

R3 0.096 |056 0.090 | 0.000 | 0.007 4.8% 0.003 | 0.012 6.1% 5.4% 0675 | 14

N3 | 0052 |071| 0009 | 0001 | 0011 | 135% | 0.004 | 0.014 | 13.5% 135% | 0565 | 8

N5 0.179 | 073 | 0.090 | 0.000 | 0.006 5.4%

0.002 | 0.012 8.9% 7.1% 058 | 11

Sl 0471 | 057 | 0013 | 0.000 | 0.000 0.0%

0.000 | 0.002 2.2% 1.19% 0575 | 6

52 0379 | 055, 0.026 | 0.000 | 0.001 0.8%

0.000 | 0.008 6.3% 3.5% 0.598 | 10

S3 | 0179 073 | 0.018 | 0000 | 0.002 | 1.8% | 0.000 | 0.014 | 12.5% 71% | 0558 | 7
B | 0203 [025| 0196 | 0060 | 0139 | 27.4% | 0.105 | 0.184 | 27.4% | 274% | 0629 | 9
I6 | 009 |056| 0090 | 0000 | 0.040 | 27.2% | 0002 | 0.068 | 44.9% | 36.1% | 0463 | 3
I7 | 0096 |056| 0090 | 0.000 | 0.029 | 19.7% | 0002 | 0.063 | 415% | 30.6% | 0501 | 4
I8 | 0179 (073 | 0018 | 0.002 | 0.046 | 39.3% | 0014 | 0078 | 57.1% | 482% | 0274 | 1
I9 | 0148 | 058 | 0010 | 0.009 | 0.026 | 20.7% | 0.017 | 0.068 | 622% | 415% | 0399 | 2
Ul | 0203 |025( 0196 | 0060 | 0123 | 21.9% | 0.105| 0168 | 21.9% | 21.9% | 0667 | 13
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