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Abstract

Heathcote (1998) identified a systematic, seven-step approach to general watershed planning and
management. It consists of 1) understanding watershed components and processes, 2) identifying and
ranking problems to be solved, 3) setting clear and specific goals, 4) developing a list of management
options, 5) eliminating infeasible options 6) testing the effectiveness of remaining feasible options, and
7) developing the final options. In this study the first five steps of that process were applied to the
Anyangcheon watershed in Korea, which experiences streamflow depletion, frequent flood damages,
and poor water quality typical of highly urbanized watersheds. This study employed four indices:
Potential Flood Damage(PFD), Potential Streamflow Depletion(PSD), Potential Water Quality
Deterioration(PWQD) and Watershed Evaluation Index(WEI) to identify and quantify problems within
the watershed. WEI is the integration index of the others. Composite programming which is a method
of multi-criteria decision making is applied for the calculation of PSD, PWQD and WEI (Step 2). The
primary goal of the study is to secure instreamflow in the Anyangcheon during dry seasons. The
second management goals of flood damage mitigation and water quality enhancement are also set
(Step 3). Management options include not only structural measures that can alter the existing
conditions, but also nonstructural measures that rely on changes in human behavior or management
practices (Step 4). Certain management options which are not technically, economically, and
environmentally feasible, are eliminated (Step 5). Therefore, this study addresses a pre-feasibility
study, which established a master plan using Steps 1 through 5.

keywords : Anyangcheon watershed, integrated watershed management, watershed evaluation index,
pre-feasibility study
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Table 1. Characteristics of the Anyangcheon Subwatersheds (2000)

Category Population: Landuse®
Steam | Vol Population Urban Forest Rice paddy Dry field Others”
s Name length | Shed Total 17 jensity
orders of G | 248 DODUIatIOg)l (person/ Area | Ratio | Area | Ratio | Area | Ratio | Area | Ratio | Area | Ratio
subwatershed Gy | (person)™ | FEER L md) | @0 | kmd | 09 | Gd | 9 | Gad) | 20 | G | 00

2-3 Main AY | 32.38] 286.55| 3,876,278 13,627) 12331 43.03| 114.03| 39.79| 24.85| 867 12265 4.28| 1210 422
1 Wanggok | WG| 382 3.78 7,484 1980 026] 696 308 8151 0.14] 379 02127 564 008 211
1 Ojeon 0G| 28 4.26 26,370 6190 033 765 330] 7748 032 756[ 01630 382 015 349
1
1

Dangjeong | DJ | 4.02 5.33 84,930 15934| 304] 5709 148| 27.73| 037] 687 02316 434 021 397
Sanbon {SB1| 4.32 10.30] 132,390 12,853] 4.15| 40.34| 499 4849 059 569 0.3568) 346] 021] 202
1-2 Hakwui [HW | 926 4455 311,709 6,997] 10.16| 22.82| 2560 5747 433| 971| 26699 599 179 401

1 |Cheonggyesa |CGS| 4.80 6.87 1672 243| 024] 345] 562| 8173} 034) 494] 04072 592] 027 3%
1 Galhyun | GH | 250 4.11 17,270 4202)  045[ 1095| 222| 5399 0.88] 2131 03243] 788 024} 587
1 Suam SA | 550 8.07 49,960 6,191 152 1890| 586| 7261} 029] 355] 02211 274 018] 220

1-2 | Samseong | SS | 530 13.18 45,476 3450 104 7.88] 1097 8321 042] 318 02560 1.94] 050 379
1 Sammak | SM | 350 5.39 9,801 1,818] 069 1276 383} 71.17] 030 560| 01379] 256 043 791
1 Sambong |SB2| 2.76 4.59 23,695 5162) 053] 1152| 3.16| 6891 029 6.30] 02374 518 037 8.09

Siheung | SH | 268 3.26] 109,364 33547 148 4531 1.50| 46.15f 015 4.73) 00668 205 006] 1.77

1-2 Mokgam | MK | 1352 56.07| 473077 8437\ 1782 31.71] 1992| 3544| 1037{ 1844| 45604 811 354 630
Gahiak GH| 3.00 2.71 1,113 411] 010] 346 1.76) 5813] 069 2277] 02277 752 025 811
Geasu GS | 428 3.65 10,118 2,772  0.73] 1481 1.64| 33.02 1.58| 31.94f 05597| 11.28] 044 894

Oryu OR| 393 6.58| 187,066 28429 349 5283| 211] 3195 019 294} 02607 395 055 834

Yeokgok | YG | 346 13.09] 135071 10319| 559 4275 3.90| 2981 1.77| 1354} 1.2587] 9.63] 056/ 426

1-2 Dorim DR | 1433 4164| 982,804 23602| 2591 6227| 1284| 30.87] 098] 235| 06977] 1.68) 118 283
1 Bongcheon | BC | 574 9.33| 258,913 27751  547) 5867| 288| 3090 034] 367 02378] 255 039] 421
1 Daebang | DB | 596 8.90| 286,860 32231 787 8846| 039 438 018 1.98] 01913] 215/ 0.27] 3.03

1) From 1:25,000 DEM of the National Geographic Information Institute (NWII) in the year of 2000
2) From the NWII in the year of 2000
3) From the site of korea national statistical office (www.nso.go.kr)

[EUY Y U

4) Including water, idle land, and wetland.

PFD = Ffy X Ffpgs X Frpp
= (B1Fpp + BoFor + BsFsoc + BuFwe) & X (BsFrr + BsFrus+ BiFep~+ BsFip)®

@
X (BeFor + BroFpam + BuFrump)®

AAET2004)2 AT AP sl 471¢] &,
IAFOR FEF 7IES PFDE FAsA AWy g
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o) 53 (defense vulnerability) & 2#ste] 3144
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Table 2. Potential Flood Damage (2000)
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Fig. 4. Spatial Distribution of PFD (2000)
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Table 3. Potential Streaflow Depletion (2000)

Name Natural component Artifici component
of Water- , | Needle Bed Urban | Ground- | W or W/O | W or Grade
sub- Slhed A/L leaf matgrial area water reuseTcI;f R Ww/0 PSD &
slope tree ratio umping WW eservoir
watershed (%) (%) B (mm/y) effluent® 3
Weight 0.15 0.10 0.05 0.10 0.10 0.15 0.30 0.05 1.00
WG 0.167 | 0.259 15 0 6.96 845 1 1 0.71 4
oG 0.157 | 0.524 14.63 0 7.65 70.1 1 0 0.60 3
DI 0.071 | 0.330 18.3 0 57.09 16.2 05 1 0.42 2
SB1 0.127 | 0552 18.3 0 40.34 2.8 1 1 0.55 3
HW 0.127 | 0.520 14.57 0 22.82 448 0 0 0.25 1
CGS 0.193 | 0.298 11.93 0 3.45 39 1 1 0.58 3
GH 0.097 | 0.658 11.93 0 10.95 69.6 0 1 0.27 1
SA 0.23 0.267 11.93 1 189 1.9 1 1 0.73 4
SS 0.237 | 0.469 11.93 0 7.88 44 1 0 0.56 3
SM 0194 | 0.440 11.93 1 12.76 1 1 1 0.67 3
SB2 0.169 | 0.603 20 0 11.52 18 1 1 0.58 3
SH 0141 | 0.454 9.6 0 45.31 32 05 1 0.46 2
MK 0.097 | 0.307 11.15 0 31.71 54.2 05 0 041 2
GH 0.117 | 0.301 6.4 0 3.46 29 1 1 0.54 3
GS 0.09 0.199 15.69 0 14.81 445 1 0 0.54 3
OR 0.087 | 0.426 115 0 52.83 38.5 0.5 0 0.39 2
YG 0131 | 1.093 115 0 42.75 89.9 0.5 1 0.48 2
DR 0.108 | 0.203 3.7 1 62.27 53.2 1 1 0.74 4
BC 0.127 | 0.283 3.8 0 58.67 59 0.5 1 051 3
DB 0.069 | 0.251 11 0 88.46 73.7 0.5 1 0.54 3
1) If the streamflow loss to the ground happen, the value is 1. Otherwise, 0.
2) From the Korea Water Resources Cooperation (2000)
3) With reuse: 0. Without reuse: 1. If the wastewater get into the stream, 0.5.
4) With reservoir: 1. Without reservoir: 0.
5) Standard: 1st (~0.3), 2nd (~0.5), 3rd (~0.7), 4th (0.71~)
2Eube 28354 Schuler(1994)= SASHAS 2
S5 WA gel W sl 24 Bedz 54 o
#Zepgobs AABIAY. W (sensitive) M EF4
Aol Eoute Ao digk dAg 7AE slokst
W A FAFEE AAG F YEF oA A 4
e Wt 52 A8sok gk & (impacted) 3L
olv] AT BFS Aoz A% AHE /5 H
agsjor st AR ppHE] Wk AaFew
ALsfor gk Ay AW FAES(non-
supporting) H2 ofF] AASHAl 2=l EaA
9 S5pEucle] HgHuE A Ao FHz &
] -03 =9 AT AELY S BYE 4 g7 o
C3 -05 9% =8 WRoINE Atk wehd By %
= o A BAAGAA DAY 2GBTS At shire
o v ctrens sAtEE WAsa RS Hlgo| AgHow we
LI A4 g gtol $uH 0T nIHorte BetEo] 114

Fig. 5. Spatial Distribution of PSD (2000)

223 4

FAZRNA 7t S

18
o
el
ok
rlo
Jim
ol
r
i}
odk
o
2

2 Hdshd AA) b 2

o] A 7] wlite] E AF-olAE Table 49420]
Schuler(1994)7} A~ & A]-&-(impervious
area ratio)s ©]-§% EAIFHHY AA ol sk

B394 HB29% 20064 2A

Z A0

d = 92, BOD(Biochemical
Oxygen Demand), COD(Chemical Oxygen Demand),
SS(Suspended Solids), TN(Total Nitrogen), TP(Total
Phosphorus)¢ EFwHate] AAE AHugten o
% 4=, BOD, COD, TNell 9&& u|x& & uial
vt 9l

o
o
ot
-
4
ol
-
2o
Lo

5,

167




Table 4. A Possible Scheme for Classifying and Managing for Headwater Urban Streams Based on

Ultimate Imperviousness (Schuler, 1994)

PP Sensitive Impa Non-supportin
Urban Stream Classification (0~10% Imperv.) (11 ~25‘% Clgif)erv.) (262?00‘%? plmpergV.)
Channel stability Stable Unstable Highly Unstable
Water quality Good Fair Fair-Poor
Stream biodiversity Good-Excellent Fair-Good Poor

Protect biodiversity and

Resource objective channel stability

Minimize downstream
pollutant loads

Maintain critical elements
of stream quality

Water quality objectives Sediment and temperature

Nutrient and metal loads Control bacteria

Secondary environmental
impacts

Stormwater practice
selection factors

Removal efficiency Removal efficiency

Watershed-wide imp.
cover limits (ICLs), site
ICLs

Land use controls

Additional infill and
redevelopment encouraged

Site imp. cover
limits(ICLs)

GIS monitoring of imp.

Monitoring and enforcement s s Y
cover, biomonitoring

Same as "Stressed” Pollutant load modeling

Development rights Transferred out

None Transferred in

Riparian buffers Widest buffer network

Average bufferwidth Greenways
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Table 5. Potential Water Quality Deterioration (2000)

Namg of BO oD ss N - W or w/o Pc()iptﬂation
sub~ D waste~ ensity )
watershed water intrusion”| (person/km®) PWQD Grade®
Weight 0.2 0.2 0.1 0.05 0.05 0.3 0.1
WG 0.641 1.076 2,909 0.027 0.324 0 1,980 0.03 1
oG 0.698 1.102 2.982 0.030 0.334 0 6,190 0.05 1
DJ 4534 5.807 14.021 0.118 0.854 0.5 15,934 0.58 3
SB1 3.269 4.234| 10.332 0.089 0.673 0.5 12,853 0.45 3
HW 2.194 2.998 7.420 0.066 0.561 0 6,997 0.19 1
CGS 0.469 0.877 2.442 0.024 0.307 0 243 0.01 1
GH 1.057 1.680 4,325 0.044 0.460 0 4,202 0.09 1
SA 1.574 2.136 5413 0.049 0.431 0 6,191 0.13 1
SS 0.901 1.290 3.431 0.033 0.333 0 3,450 0.05 1
SM 1578 2.140 5.423 0.050 0.438 0 1,818 0.11 1
SB2 1.030 1.544 4.012 0.037 0.383 0 5,162 0.08 1
SH 4.106 5.293 12.812 0.108 0.797 0.5 33,547 0.59 3
MK 2.708 3.699 9.061 0.081 0.674 1 8,437 0.55 3
GH 0.534 1.033 2.810 0.033 0.393 0 411 0.03 1
GS 1.330 2.118 5.334 0.054 0.551 0 2,172 0.12 1
OR 4520 5,772 13.938 0.116 0.835 0.5 28,429 0.61 4
YG 3.526 4736 11.483 0.098 0.776 1 10,319 0.63 4
DR 4,990 6.281 15.144 0.127 0.881 0 23,602 0.49 2
BC 4,854 6.142 14.813 0.124 0.873 05 27,751 0.64 4
DB 6.981 8729 20.885 0.173 1.152 0.5 32,231 0.85 4
1) With wastewater intrusion: 1. Without wastewater intrusion: 0 If it is covered stream, 0.5.
2) Standard: 1st (~0.2), 2nd (~0.4), 3rd (~0.6), 4th (0.61~)
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Basic indicators
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.
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Loading of COD

Loading of TSS

Loading of TP

Loading of TN

e
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=
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Water Quality

Deterioration | |
(WQDP)

Fig. 8. The structure of Indicators Indices Applied for the Anyangcheon Watershed

Table 6. Watershed Evaluation Index (2000)

Category PFD PSD PWQD WEI
Name
of sub- Grade Value Grade Value Grade Value Grade Value”
watershed
WG 1 0.26 4 0.71 1 0.03 1 0.33
oG 1 0.32 3 0.60 1 0.05 1 0.24
D]J 2 0.49 2 0.42 3 0.58 3 0.55
SB1 2 0.48 3 0.55 3 0.45 3 0.55
HW 2 0.48 1 0.25 1 0.19 1 0.26
CGS 1 0.24 3 0.58 1 0.01 1 0.20
GH 1 0.36 1 0.27 1 0.09 1 0.28
SA 4 0.61 4 0.73 1 0.13 2 0.38
SS 2 0.46 3 0.56 1 0.05 1 0.30
SM 3 0.52 3 0.67 1 0.11 2 0.40
| SB2 4 0.61 3 0.58 1 0.08 2 0.42
SH 3 0.57 2 0.46 3 0.59 3 0.54
MK 3 0.51 2 0.41 3 0.55 3 0.49
GH 3 0.55 3 0.54 1 0.03 2 0.37
GS 1 0.24 3 0.54 1 0.12 1 0.30
OR 3 052 2 0.39 4 0.61 3 0.51
YG 3 0.58 2 0.48 4 0.63 4 0.56
DR 4 0.68 4 0.74 2 0.49 4 0.64
BC 4 0.63 3 0.51 4 0.64 4 0.59
DB 3 0.60 3 0.54 4 0.85 4 0.66

1) Standard: 1st (~0.35), 2nd (~0.45), 3rd (~0.55), 4th (0.56~)
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Table 7. Developing a List of Management Options and Eliminating Infeasible Options

Cate— : A Technical Economic Environmental )]
gory Altemative Description feasibility feasibility feasibility | Selection
. Separating the natural runoff from Y Y Y
Separating walls wastewater Not difficult Not expensive Positive Yes
. . X . Y
Restoration of covered | Removing the impervious area over Y : Y
stream streams Not difficult Very expensive but Positive Yes
effective
; : Y or N
: Construction of small retentign pond : Y Y
Retention pond (about 30,000-50,000 m%) Depenglrrégan(l)n the Not expensive Positive Yes
s Y or N Y or N
. Sustaining the water depth at the . ; Y
Channel improvement < Depending on the | Depending on the o) Yes
channel of large width stream Stream Positive
Sur-
face Prevention of A 0.5 m layer of silty clay or clayey Y or N { v
streamflow loss gravel for the streambed or a cutoff] Depending on the Expensive but Not negative Yes
through ground seepage wall stream effective g
Regulation of Regulation of streamflow pumping at Y . Y. Yes
streamflow pumping the upstream Not difficult Not expensive Positive
Reservoir To expand the capacity and make Y Y. Yes
redevelopment operation rules Not difficult Not expensive Positive
. Y
. Transferring water from another : N
Interbasin transfer stream to the dry stream Depensdtlrré%rr(l)n the Expensive Negative No
. .. Y N
Weir Sustaining water depth Not difficult Not expensive Negative No
g)?ic(%fedgrg)uns%vga}:r Transferring groundwater collected by Y Y Y Yes
Statigns y subway stations to the stream Not difficult Not expensive Positive
. Artificial water injection to the . Y or N
Artificial recharge ground Depensc‘it;régj;l)n the Not expensive Not negative Yes
roegggég?g entingfin Development of new groundwater Depending on the N No
g statior? ping pumping stations D stre%tm Not expensive Negative
: Making laws regulating the
Ground Regulation of b Y or N Y
-water | groundwater pumping grounggrig?ésﬁ)%mgg;%tﬁ;er the Not easy Not expensive Positive Yes
. . Y ] Y
Infiltration trench Depending on the Expensive but Positive Yes
stream effective
Y
Infiltration facility Pervious pavement Depending on the Expensive but Posﬁi{tive Yes
stream effective
o Y Y v
Infiltration basin Depending on the Effective but Positive Yes
stream effective
Reuse of Wastewater Treatment Plant Y ) Y. Y Yes
(WWTP) effluent Many application Effective Positive
Wastewater reuse
Reuse of industrial effluent Y Y. ¥ Yes
Many application Effective Posttive
. Y Y Y
Separated sewers New city development Many application Effective Positive Yes
Alter-
native WW Construction of small WWTP in Y Y Y
Local P upstream regions Many application Effective Positive Yes
Emergency water Use of water supply system for dry Y Y N No
supply streams Not difficult Good effect Negative
. Expansion of combined sewer
CS0s pollution load g ; ; Y Y Y
reduction capacity, Swﬁ)ggglé!;;mr' retention Not difficult Good effect Positive Yes
1) It should be "No” if any criteria among three are rejected (No).
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Table 8. Planning and Management from the Prefeasiblity Study

Name of . *
Sub-watershed Alternative Effect
AY Effluent quality enhancement of Wastewater Treatment Plant (WWTP) w
WG Regulation of streamflow pumping S
Restoration of covered stream (0.817 km) S, W
Regulation of streamflow pumping S
Restoration of covered stream (0.745 km) S, W
oG .
Reservoir redevelopment S, F
Reuse of industrial effluent S, W
DJ Separating walls (1.59 km) S, W
CSOs pollution load reduction W
Separating walls (2.74 km) S, W
SB1 Retention pond S, F
CSOs pollution load reduction W
HW Reservoir redevelopment S, F
CGS
GH Restoration of covered stream (0.6 km) S, W
Prevention of streamflow loss through ground seepage S
SA Restoration of covered stream (0.645 km) S, W
Retention pond S, F
Reuse of WWTP effluent S, W
ss Reservoir redevelopment S, F
Reuse of WWTP effluent S, W
Prevention of streamflow loss through ground seepage S
SM Reuse of WWTP effluent S, W
Local and small WWTP (about 8,000 m®/day) S, W
Retention pond S, F
SB2 Reuse of WWTP effluent S, W
SH Separating walls (2.05 km) S, W
Retention pond S, F
Channel improvement S
Reuse of industrial effluent S, W
MK Retention pond S, F
Use of groundwater collected by subway stations S
Reservoir redevelopment S, F
GH
GS Reservoir redevelopment S, F
Retention pond S, F
OR Use of groundwater collected by subway stations S
Restoration of covered stream (3.624 km) S, W
YG Local WWTP S, W
Channel improvement S
Local and small WWTP (about 15,000 m*/day) S, W
DR Use of groundwater collected by subway stations S
Retention pond S, F
Restoration of covered stream (0.593 km) S, W
BC Restoration of covered stream (4.493 km) S, W
Use of groundwater collected by subway stations S
DB Separating walls (4901 km) S, W

* S! security of instreamflow requirement
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W: water quality enhancement
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Photo 1. Separating Wall
(Galhyuncheon, 2003)

Photo 2. Reuse of Treated Waste Water for the

Instreamflow
Stream, 2003)

Requirement (Main

Photo 3. Streamflow Depletion Due to the
Intake (Wanggokcheon, 2003)
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