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Abstract

An integration study of time-variable small watershed and stream models (USEPA’s SWMM
and WASP5) was performed for impact assessment of urbanization on water environment. The
study area, the Kyoungan Stream, the tributary of Paldang Lake, was divided into 111 sub-
basins, based on the topographic condition, land use, and drainage system. RUNOFF block of
SWMM was applied to estimate runoff flow and quality. EXTRAN block computed daily and
hourly flow according to simulated runoff flow, water supply, and drainage data. SWMM was
connected to WASP5 by transforming output file of SWMM into input file of WASP5. The non-
point source loads and flow data of SWMM were imported to WASP5. The stream was divided
into 45 segments based on the watershed delineation. The study included three water quality
parameters, BOD, TN, and TP. The validate models were used to examine the impact of

urbanization on stream flow and water quality.
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Fig. 1. The study area and watershed delineation



oY - HNE / TAPHRO| [ME S3E HO oE2 YOt A Y- Ol TR 22 ¢ 1585

o w9 Fo% JFE PAL AUk A st uf FEF A fF FAe] 7t
TRANSPORTS$} H| 2 3te] i AA-E 244 38t
2. 2d 74 A ARS 5 AL, fFFistel met sholA g
WP RS BEE 5 vk o] AUtk
2 AFAeE g fFds Ags w2 WASP R4 uj= EPACA 1981 7t
T A3, AES AT ZHH o E AlEEelAde] Tt at7] AlZrate] Ag7kA] JRAds) 240 Qleh 1991
ot AR AAZE &old FHE Holdle Joll | E WASPSE S4, 8, ot 5 ¥
SWMM (Storm Water Management Model) 3} Slel A9 o]F W 13F9 FQ FATE =
WASP5(Water Quality Analysis Simulation DO, BOD & F9%3t #d £43 5429
Program, Version 5)& 243}t SWMM 7| ol 2 Auukgel tigh Bejvt rhgeith B
= EPACIA 99 &3t #4& AEd oA 2 7} 7%l wet DYNHYD, TOXI, EUTRO 3
at7] flake] 19710l JHstr] Azt 2|57t el F ZRIOYCE FAE glow, z}7to]
2 A 231 Qith(Huber, 1991). # 49 HAS SHHog AHEE 4 vk DYNHYDE 59
2 HaA ZEgd FERFS Y F Ja o &4 52 RdF EUTROY TOXI 4|83
St 2d=d B HHES A8 F o Al AHABE A F3th TOXIE =4 3SR}
Aoz de AHLEHI e §9 Edo|th(& 2d HAS Agsi=d ol&Hth AEA F
%7 - 3} 2000). SWMM 4719 23 &= 2 Zd¢l EUTROE DO, BOD & 871¢] 42 3
I e BxE BEES /AL A9 AMFeE 29 7og 4= lth(Ambrose, 1993). WASP &
3 YAt FrET dg A8 9 As 55, 9.2 Akl wWE P WsE yHE A
Hage el FE2F 34, AFE A, 24 o], AT HsE =& &2 A7 744 Aol 4
49 Ao vlg A & Aol & & AR WEE BAsks vt mfj$ f238i, o)
Atk A E5 F+53 #H S RUNOFF, &% Aol Wl 33 BA % sl w3, bzt
W Fd& AlEdelds= TRANSPORT, 3% T4 gEo] MEHe H 2207 AL
o] gl - 7 71AE g 28 F e £ sto] AREARY] Qo] mE £ 3 Heho
EXTENDED TRANSPORT (EXTRAN), 123 ol ol UTHAIFA - A=, 1997).

AYAA 73S vk e 4= 9+ STORAGE,
TREATMENTZE F#Al5o] 9tk A - & A5 A 3 99 ool M
28 BEFoZ 3= BE BEL STATISTICS,

GRAPH, COMBINE, RAIN, TEMP &Zo] glt} Ag Bd7ke] 7ke] AAE golatA 7] 9
2 AFdAME A7 F3Hd wE RAIN, ato], APH 54, 712 A8 7HEA S VYo R
RUNOFF, EXTRAN £%% o]&3l9lth RAIN W} Fos BRE THOE 209 FRACE
2207 7] 7% ARE HYsty, IAS o TR THG WFolAM A -Ee A"
YARR 3t FEFYH FEL A58k NZEo R sto] AA 111718 AFPOoRE AES
RUNOFF £%% #&3t3lth. EXTRAN £52 stal ARE FAS 9 ZdS A&t
RUNOFF E£5oIA A4S fFEs3dd A (Fig. 2). &2 9% #4245 d3F3cu
w el 2Ask ti F99 FE MEE SWMM RUNOFF £&% o]&3tsiom, % §
d 2390 EXTRAN 222 SWMM 22 = 5}5 Ro3l=t RUNOFF 859 % 3 2



156 HBFEEIL M13H M 42

3
dool¥ AEE 34 A% 2 59 W9
A

o
=
il
ol
1o,
>
Bl
rr
o
12
M
1%
b
-
=
<
0]

(Watershed Modeling System)& ©]-8-3}
A DEM (Digital Elevation Model)& 413}
=319t (Brigham Young University, 1997). EA|

~

Table 1. Minimum flow and water balance (1996)

(unit: CMS)
AFA | TR i
94 o o ;,g 5 | 09
AafaF |(5d £ A 57 A4

& 8 00524 00332 00224 00015
79k 01 | 03091 00073 00033 00258
749k 02 | 04335 00810 00103 03109
79k 03 | 00316 00858 00015 0.0069
7%k 04 | 02298 - 00010 -
2 3 00192 - 00224 00006
& A 01038 00697 00024 00001
w2 00126 - - -

o o 01136 00346 0.0009 00005
T B 00107 00141 00002 00012
= 9 00412 00199 00012 00001
& 00044 - 00006 -
B! 00024 - 00001 -
A 00242 00167 00007 -
il 0.0000 - - -

o At 00011 - - -
| 00185 - 00008 0.0006
2 Ak 00213 00233 00017 00012
Ak 0.0008 - 00003 00001
=N 00063 00029 00053 00011
ol 00667 00456 00035 0.0007

ol FHH = Arcview AZESOE o] &35}

1:25000 EXTELE AA|, = wF F7%]
[e]
|

23 71eF A SRR EFEl] &

o X rx e mu
o
oo mlo

M Bt orlo o ox i




157
atof

Q.

ENER
)%

=

=

AellA]
ARE ol&
s

3
]

] 71 E2A

}

9
pal

3l

%3
Ll

]_

EEvY 7

[¢)

kgl

1rL ~o

Fig. 3. Schematics for water quality model in the Kyoungan

T T T T °g 03 s oy %5 =
N2 U OT_ a o " :.L o ps Sy Gy Sy Sy Sy g o
J)A o [ o ) 5 ob
O S %W%Qrwﬁ iy CISHE S L TS = mﬁoﬁm
e o S S O R 1 > | BT
Tk o 5 ok RO B o | o %z 5
mmzﬁ,mu%muﬂ%]?ﬁoﬁ%).
T oF K iy 9 }7%
B S Lo SR N R
PIEEer T i
=~y . ,_JXIdI‘Ml ZE
ooy Mo By B
iaoaoﬁwmraﬁou;oiuﬂuﬂw]ﬁo
Pl o = B R R R S SIS RIS 2 2 ool il —
P T T T e e w
¢ BT sl Pl
o B H O o WO BR ok oop m
N s -
PR B e T ET o L U el i
o} ﬂA,I o T o ﬂ.‘% M ‘WE CI ME H;l MrL ralnal ﬂ_ﬂ‘.&@rh ral &
" do o o) R T o A ME i TR g o B
5 M X OB OMe %R RN WG E T Ko ™ of =do of i
PEEETIN T AT R TR 2 =
i~ ; _ "o a2 ;
st MY IA s IR T L Tn?
wom A = Koo o T SRR e W OO
of of — 8 8 P A F W W 4 gz A ok %o X w M ool . xam
B L S Ewdaram AL E R Sy 7z - 2
T A - IR A N - i A S SR R o X

e N A 2T xR RN Dw > o
g R LT olg X e eg iR LR e DA
%uﬁawoﬁmmaﬂomo_mOmﬂm%wﬂwrjﬁﬂﬁﬁum@N@ Zo XV B
X oW s = H _
%NM%@M?W@.REWQ ﬂw,oTiﬂ W oy
K =3 X o o R o ooy ™M g 0 or s T ofF
S T = e = e R e e XE AR o
_%og&oﬂwﬂ%w%ﬂ%@imﬂ%ﬂmm%Mﬁmﬁ_uo*.Lnum o
plo o T TS o ™ o= X — N 0

"R Mo ; o 3 = ok W o of 9 5 <

= R — -~ T < A o o __ - Gl

ko) ™~ 7o) 1_I.1_|ﬁo T ~ N = — ‘ILDJ_/I
o%ﬂﬂ/ﬂ%:uﬁg_l_]iEAXﬂLoﬁEEVMH;o 1@107Aatm = ,.m.e M.
MTO me_moE.A‘Ulblﬂﬂmu_ﬂﬂﬂozn_quio&oam_m‘mﬂLt]N H m;@l]
PRl Ry ekl S Baed D @ g
E,ﬂ%.nx.vuoo Po&oﬂ%ﬂqn.‘_ﬂ(m_ OB o © 7 oo o K ﬂ%dldl
F2 o g Ko S wmEESTHE " my kR
WH T SEFTENPd T STR PO RPNN dWoO S o o

Stream

st

S

[ai3
=

(segment) 0.2 3

3]
gl

ZAo0Z 457 F

=
=



A

=

=

Fae

0

Q.

(<)

WASHP
WA= A 0)sh AR

X

m 23 9 2%

¥} 740;
UBFTY

oW N BE o
@é%w T ok
_émaﬂuﬁ} Mo
IEFIH 7U_|XLLE1_.0
.Alﬁlﬂ@ﬂuﬂo‘l HE%AIHAH%‘W
10%“ oo#ello,_ﬂﬁlp_\_ﬂ
5 METHT%@W ﬂ,whﬂlriwoud
G | o Ny N — ™ o &obw e =
ua%_, N Evm_ﬂﬂqﬂ% <
© 0 = = el
%%%%E»Toﬂ.quuﬁWWMga _ﬁvw Wiain.u@._
S N N erao o ™ = N :_oA]L mel]_. & @ W do T m < | o
11%7st0_le0@ ﬁﬂlda 7 Wy S B R
_ T N o X ~ = " — & S & Wo = T HE bjo
X o~ T < K M- B8R = o ol &om G et Sl ‘NL_ = m._rc ol o L
w7@mao»EuT&rSW@ﬂovo£§rW T ﬂ(%oV7ooogﬂmﬂ HOB%
.walioﬁg_o TR .m%aﬁ& ﬂaﬁﬁﬁ_u@n@w%ﬂ it W
R o o ﬂ..ﬂ - 1DI S AR — o — _— on ~ ,M — BR o R B
F]KdanﬂWIZxﬁ._@ﬁATn_Euﬁwklux 2 o,.L.Lﬂﬂ_,__lﬁowonﬂo]ATl EV
,m_ﬂ\qulﬁﬂ_‘.*oﬂh_.c._?ﬁo_HET]t\wﬂoE.oo o#a;o‘%o‘_._.iszT.7‘m‘m_.ﬂ T X
400q‘,_ﬂa1r Emmﬂﬂriﬁglﬂl)igﬁ/ﬁo i_ﬁ&m\md OL OE_,O amu EIO E..* ‘ﬂo.L\w
.gvﬂﬁoéoi]é V,XOnlvﬁT Ko ﬂ7uTat:P1zAT,1ﬁroiodvn_rm8
e JU o | OE ‘_._mo T B E._ WI r _ﬁ w o) o ) _ Qmo .Ul Io0) % B S A et B ;
o ._,_moﬁoguoﬁ o_aeﬂr ,or_e._o_uﬂ oo éth mW@rDﬁi%dﬂ%
_udrﬁoLl‘_o_}ﬁﬂAEATmﬂnﬁ? P RT A+ mOE moD,éo__zﬁﬂn#N
sgwﬂéﬁmmg%wfm e QMM%mqamw@qm%G
ol of ram_,_%o] = < J)) ) o._n_Ale_eﬁa.@
T B o ﬂwmw ,ﬂm& m._ Aﬂu:,_?ovwd.qotﬂﬁﬂﬁ?hr
2 F o > WO = il %0 o E .. iy yl.ell
o o A - NE 2o B L7._,07EE_EaOtzPM
A Lo g mlm%_owiif}ﬁ
_ = 0 jad) ~ N o =" Lﬂﬂ _— .
= e o = g 5 . B o .X N
Mc@mau _n,_ouun. ﬁoﬁﬂmﬂov xﬂ.ﬂwdu.;_.ioﬂb@im._NaTu
® e X % e SEELZ o fzﬂmﬁmﬁm_ﬂﬁnﬂ
Z_.niﬁo ]ﬂﬁl o]ﬂu_ooﬂudll.wLo_hlmrT,wr TﬂLHM‘MﬂOﬂm
¢TI o g a%a@m%@@ﬁ@m = S
uﬁWEﬂ ME@ %l?%7ﬁ.%o#ﬂ_:lm’_m1 - <
_I‘m:l %o = o .A‘.# ﬁnq\ﬂﬂﬂ‘l&dlx_f ..LL ‘W;o‘_m_.o 7o) WO/
Laﬁooﬂ g of & ™ z}}fc B ooy L =2
ﬂmo@_nla mao% Eﬂo_/ﬂa@_s%@ﬂMﬂ@ e w 55|z
N mo o ﬂl. &S B X oz % =
o Py w%g.agx%@wzﬂALeﬂa% m%om%@
R u_v;m NIW.Ulm_% n, N MEHEO_H”MT_LI M%ﬁﬁOOQZN%m%D
= ﬂ%:wﬂr.Sﬂa%ﬁmfTATOEWEEl@#J&w7 2= LLEIL)]
r_ o —!L Lﬂ_mo‘ur JlOJr y]_l]./v " - = .-.l.EA_I o _r o q VI w.ds ODO
o gléyjé?oz%Ngat@&}55@ Y- SIS
iy o T %i%%%% To_nATmLHlvw b 8w 25
- el W Y o T 0 r W g RS = ™ W =y o R %H
oF o my X ° o 2 éowu.??uﬁgya;zo% 85| |
- = & Wm#wgﬁ@f;%gﬁ% a%qﬂﬁfga} 52 <%z
S ey e M " ~ ]T < s o of = Ty V " Ny Ho X £ ET i m)
< Ak oE T o W oo =y X i oy S .g - gl ==
B2 xLATA%xW@ofﬁé]u..lo_o_u@? mm?%?%@hm
ﬂe_.ho_uﬂao @11@% _Emmmnmoauﬁ 5G| B Evuommﬁl
SIS TReRt EX A0 = FE i
L:ﬂ?m Wﬂkmogo 5 E |7 Qx%%%ﬂ1
| ﬂv% ) G S + ﬂ@%ﬂ@%mﬁw
B ‘7|L R o1 o T G| N = ! ET W=
~ ok g N P 1 o A [/ | | <
S oF 8 N | M )




917 159

100
Estimated
80 2 ~--e-- Observed
2 60 ) |
(3] - .
e 3 .
_% 40 iy R
i = :
20 A * e e ks '. .
Jan Feb  Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
Month
Fig. 4. Model Results and Measurements - Daily Flow
250
—— Estimated
200 Observed
2 150 | ':;?
e
£ 100 - .
w
50
P ). . e e
1234567891011 71819202 1234567891011
June Day July
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Fig. 6. Model Results and Measurements - BOD
Table 3. Calibrated value of main reaction coefficients for WASP5
Coefficient Code Definition Manual | This study
K12C(11) Nitrification rate at 20°C 0.09-0.13 0.09
K20C(21) Denitrification rate at 20°C 0.09 0.15
KDC(71) CBOD deoxygenation rate at 20°C 0.16-0.21 0.025
KDT(72) Temperature coefficient for carbonaceous deoxygenation in water column 1.050 1.04
K71C(91) Mineralization rate of dissolved organic nitrogen 0075 0.075
K83C(100) Mineralization rate of dissolved organic phosphorus 022 022
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Fig. 7. Model Results and Measurements - TN
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Fig. 8. Model Results and Measurements - TP
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Table 4. Impact Assessment of Urban Planning
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= 8t 251 591 1271 5143 5121 8441
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o] 2k 175 395 0656 6.442 6.394 10400
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2 g 179 245 0302 1957 1954 3520
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Fig. 9. Impact Assessment of Urban Planning on Water Flow
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