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Analysis of Water Cycle at Main Streams in Ulsan Using CAT Model
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Abstract

This study aimed to analyze water cycle at Taehwa river, Dongcheon, Hoiya river and Cheongryang
cheon in Ulsan city using CAT model developed by Korea Institute of construction technology. To apply CAT
model, we separated Teahwa river into 25, Dongcheon into 11, Hoiya river into 17 and Cheongryangcheon
into 5 subbasins and discriminated between contribution runoff basins and source basins. The results of
water cycle analysis performed using rainfall datas measured from 1975 and 2008 and hydrologic datas of
change of land use etc. were that surface runoff increase and interflow decrease, caused by the increase
of impervious area. The increases of surface runoff at the basin of Taehwa river and Dongcheon which
is a tributary of Taehwa river were small and similar to each other respectively as 1.7% and 2.4%, and
increased high rate of 3.2% and 7.7% in Hoiya river and Cheongryangcheon including subbasins which
are having high rate of urbanization.

Keywords : CAT model, water cycle analysis, runoff, urbanization, dividing subbasin
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@ GIS Analysis datas

1.1 Land cover characteristics analysis

e Ratio of Impervious area
e Sloped topography
e Storage

® Observed and Documemts datas

1.2 Surface soil analysis

¢ Depth of rainfall storage in the
sub-surface

1.3 Topographical

e Average slope
e Basin and Sub-basin

2.1 Weather 2.3 Underground Aquifer
¢ Rainfall ¢ Early groundwater level

* Temperature ¢ Aquifer upper altitude

e Wind speed e Aquifer lower altitude

¢ Humidity ¢ Aquifer storage coefficient
* Duration of sunshine | e Groundwater pumping

2.2 River * leakage

« Bed height ¢ Groundwater hydraulic

grade
¢ Aquifer hydraulic

Bed material
thickness L
Bed hydraulic conductivity
conductivig
Bed area

® CAT Model |

| @ Output data GIS Analysis |

Fig. 1. Calculation Procedure of CAT Model

Table 1. Counterpart Module in CAT Model by the Interflow Classification

Land surf: .
an .s.u gce Outline Counterpart module
classification
Impervious area Roof and road Impervious module
Pervious area Forest, glassland, green areas of urban, etc
— - Pervious module
Paddy Paddy. Paddy is divided according to speciality of soil

H,
Kinematic wave *'H 18|31 'EPE—'TJ—*.% *}%’SW e

28 7)Ao slo] 7hek FRlEfA o R SRS
FA8 = Q) BRESGe Skt AlLkA] AL
Helo wpg} A5 4= e Ftelyt Penman-Monteith
HE A F EE 3?919}‘1, %%7&94 St A W
o i

5ol AL AR BAYE 4T 5 JES Hof 9

. CAT 289 543 /3L Fig. 29 2ok

Efi'{f?:oﬂ ]}\13_‘- 21%30];5 -6—\:40] Xi_rrx] Eo]: m X]
S5 So) Al FRE LPro] A7 o Bas. (la)~

BATE HE19% 2014 1H

(1a)

ds,
o P BR-UAR, (1b)

s,

= B D, Py (1c)

714, S &@ol AFAY] AFHmm), S EFTEY
el A mm), S,: AWl AFEHmm), D F9
FrEH(mmr), £ g9l AFAZFE SEHmm/
hr), E: BZE °hHi FH o Fdte(mm/hr), P AE
B HA&F ) (mmhn), R A8 A
s AT )(mm/hr) I T2 EE A5 (mmvhr),
U AxHEele] EFAFEmmr), D AsE
(mm/hr), P,: EEEG] AYsh= <1F
(mmvhr) (I7NFEH(=0] A9, 5% 7
A, Py HFSo2HE HolA= I3 &5
(mm/hr) (-8 S5, shr® BAM Y AYr=F
A



}. o o
. X 7
gl H%ﬂﬂwm&m% = O
) B = < 7
) ‘m_ﬂi RO 0 XOZ Xt o 2&4 #o ,C
£ W% Rl om WL E,M Jy B Togr v <
WWA HJ.U . N 198» ﬂﬂ EHL
2 B X ol oW My T o K oo <0
o e ! = vein mﬁzm %WO%WUH T+ o =
5 LG = X ok NN F S W5 X
mW qm T < ,XL%\mu .E.odﬂo H o
82 I o o o T o oo MH IH
23 .~ W 5 K do o_u oo o)) oE o o} A hd ol ~
&3 Vo] &2 e &l dm @ e Lo R X
e X - @ | 33 oy 0 oo 9 - LA
i o Lm ln.v.—o — o N &O_IA ﬁ OW
%m A o _d N o o = IV
2 . 3= YR oo o) F X
“E o T K- I Wﬁ(a - R _ath% e
2% £ do . o TR eg Ko o . =
N : A ARE iy T owm ¥ ioamm;inqw_mﬁw
] = &= T 23 £ £2 o =T B K 20 X ,,m_;M _ oy £
£l |E s T 2 |5 o O g & e WoE L FET W g R H = -
I 5 8 S 5+ g 25 = o o < ) N %o oF oo e
$ 5 £ E 2 & £ 3 ° B o O _ ?anmﬂotmﬂﬁidﬁﬂ o
B (2 3 73 2 @rr% .&ﬁﬂﬂoﬁw@%%ags N
= - S had o =y 7 B! o — X
wwm EMMOM %WWQ%&%XF
= O AR
2 £ES® 7 .
Y| 2% gz = S kg MTTTME
L — mm ks B oo HW < T oF ,Me op oﬁ %Aﬂ M_ m,mﬁ ™
g EZ g o T - Bl o g
3 # 3 mmm m_wwnwﬂ% o Mg ﬂ&wm;ﬂﬂf%
. L > = u 7 8357 e gie = b T zﬁ@vﬂww
el e I Ll Tl E= .L.Imm o,|,> ! r oT. 1 =
A= THLE] 1= : FEEE Eae t3d zTEEel
.0 {1 T A % il i ) —
3 = Exmil PERY - S S % Towmuboe
3 w | o £ 25 T T A N S SRy < AL = o o
S Ogs | I3 S “5% Zoafis
= ¥ il %%‘moﬁm T ok %Hom;ﬂoolﬁ
~ .2 3 .. r N N 0
: bl 5 5 o w oo [F g L og s T X
<} o [TH v \ﬂ HP = B Il D‘A + To .
— | 8 1__ | & wﬁii}iﬂ. - aoaﬂe%mﬂr
= — i ] g T X o Bl = o o A 0 T g
2 O Za & & o H * 58| i B oo o W T
M.”— SP [Arce) ‘mﬂ_m 1_ Ry = W AC.._‘/UH] ﬂwwﬂ
58 m “___*_ﬂ % H o#e & o N avo ol w% % 5 i B
gl 7 ogr NoE - & IR
g 2%%%%? = T wuﬂﬂ%wﬂiﬂ
.. m T f o
£ MATMOMAT% ) T W R A %
— 17r00 0 dlﬂ((
Mo o

ERES

.
o)
=

197513} 20081°]
BEKE RS

=

.

W A3}

3|

gl

3

=

fol o]

S

=



o R WA WEhE Table 2 % Fig. 4o WEIQL  ASBAEES /1EoR AXW £710] tiF AAFE
o A feE BESEAel 247 UlEe 2% B wEekTh $9o] ARwel A9t AUHOR ool
2 56%, 3o 63% 18l FFHe 11.5%= g 0mm, 55599 tif&o] 2mm ALEolH, F5492
A o vepit 3~5mme] W9l% Agatelrh HFEF o] 2 )

7 a0l ek Amwe) BAlolg FRE 4% BA W] o Ant wENERS 115000 ALEYE
S EE(/B00E o §349 0, CAT BY9] T2 B4 &4 7|1F02 4 B9 TS 915 v)F USDAIA
(Urban), 4(Forest), +=(Paddy) 2.2 AA Y &= £4 BR3a 9= 127)9) EAo R FEFl] Afddz
F HAUNR FERAG AR 20 0 AEAR Tje] g EFED] S AER2A A}
v ARHAAL EFFHEAE 2§ o] AR Depres- WHake] F7HEo] AA EY T S5 Al AR/t
sion Storage) 57 o] UlF-E EXFEE A & ¥ S Axe] FFo] EAleE HYE Yu|st) CAT &
FolH, & AFqAE AAGFNA AFHE FEF E PoA e EGoAe] 35 2 S 55 EY 584

Sl Azt sjAetA HH, ol & M= ETEY
, o T vAse] A el Wasteh 1ea A3
S AN s «/\f} 4 2 eblfE 2ol Aag9leh shagele) As el
g olgagon], A5 Frus nelsc FEge
Fooe] BRG] FU5H, deEe] Ak 75
. = aalglt). S AN 7t apafolel shagu R
AP HIA & o] 831 Th CAT EFollA = A 314
| st aueae) wAE aasow T A TR f
=719 9] S stk 5 BA Y Alsk A=vt
vk A o= frESHel o As AdE Stk
1% 913 279 R A P 1R PO
ks RS 7o o, &7 T
9 Nde AgaAh 7 A af B AFe
Table 37} 21, &/ FEEE Fig 59 2t}
4. & Azt
P R i CAT g0 229 47) 8 ol sl +
Fig. 3. Map of Selected Rivers in Ulsan At S8 23 1975359 20081 d 0] & A
Table 2. Change of Impervious Area
1975 year 2008 year ]
River Surface condition 5 - 5 - Changoe ratio
Area (km”) | Area ratio (%)| Area (km”) | Area ratio (%) (%6)
Impervious 21.2 44 35.2 7.3
Teahwa river A 29
Pervious 460.6 95.6 446.5 92.7
Impervious 3.9 24 13.1 8.0
Dongcheon A 56
Pervious 160.3 97.6 151.0 92.0
Impervious 0.3 0.1 14.1 6.4
Hoiya river A 6.3
Pervious 218.4 99.9 204.4 93.6
Impervious 0.3 04 7.3 11.9
Cheongryangcheon A 115
Pervious 60.9 99.6 53.8 88.1
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River 1975 year 2008 year

Taehwa river of Impervious area(1975) Taehwa river of Impervious area(2008)

Impervious(%) Impervious(%)

0-20

£J21-40 []21-40

-2: gg -:; gg

Teahwa river . o100 . o100

Dongcheon

Hoiya river of Impervious area(2008)

Impervious(%)
[]0-20

Hoiya river

Impervious(%)

[J0-20
C21-40
I 41-60
I 61-80

Cheongryangcheon 51 100

Fig. 4. Change of Impervious Area

Table 3. Dividing Subbasin

River No. of subbasin No. Runoff basin No. Source basin

Taehwa river 25 (Including Dongcheon 11) 12 (Dongcheon 4) 13 (Dongcheon 7)
Dongcheon 11 4 7
Hoiya river 7 11 6
Cheongryangcheon 5 3 2
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(c) Hoiya river (d) Cheongryangcheon

Fig. 5. Subbasins Maps of Study Rivers

Table 4. Runoff Rate in 1975

Runoff state
River ’II;?:ll Evapo(translation Infiltration| §yrface N Ground Total RF;ZH
() mm) (mm) flow (mm) water flow| runoff (%)
(mm) (mm) (mm)

Taechwa river 1,138 520 321 297 257 64 618 54.3
Dongcheon 1,044 526 259 259 234 26 519 49.7
Hoiya river 1,183 535 407 241 315 93 649 54.7

Cheongryangcheon | 1,170 534 340 296 232 108 636 54.4
HATE H19E 20144F 1A 7
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Table 5. Runoff Rate in 2008

Runoff state
River ’1;;?1 Evapotranslation |Infiltration| grface Intert] Crromingl Tzl R;l;c(e):ff
() (mm) (mm) flow n(Ie;mc;w water flow| runoff | (o4
(mm) (mm) (mm)

Taehwa river 1,137 506 317 314 254 63 631 55.5
Dongcheon 1,044 504 256 284 231 25 540 51.7
Hoiya river 1,180 510 400 270 309 91 670 56.8

Cheongryangcheon | 1,166 488 310 368 214 96 678 58.2

Table 6. Runoff Rate and State in 1975

Runoff rate (%)

River
Surface flow Interflow Groundwater flow
Taehwa river 48.1 41.6 10.4
Dongcheon 499 45.1 5.0
Hoiya river 37.1 48.5 14.3
Cheongryang cheon 46.5 36.5 17.0

Table 7. Runoff Rate and State in 2008

Runoff rate (%)

River
Surface flow Interflow Groundwater flow
Taehwa river 49.8 40.3 10.0
Dongcheon 52.2 42.8 4.6
Hoiya river 40.3 46.1 13.6
Cheongryangcheon 54.3 31.6 14.2

BEKERBEMNE



Table 8. Change of Runoff Rate and State

Change of runoff rate (%)

River

&

Surface flow I Interflow

g

L.&D. Ground water flow I

Taehwa river

1.7 1.2

v 0.4

Dong cheon

24 2.3

0.4

Hoiya river

3.2 2.4

Cheongryangcheon

D > >

T 49

4| Q| <] <

v
v 0.8
\v/

2.8

1L.&D.: Increase and Decrease.

Item

Surface flow

Interflow

1975 year

Surface flow
(Depth of ninoff, mm)

1975.8
0.1-3.0
3.1-13.0
13.1-111.5

1.6 -122.8
I 122.9-471.2

6 9

Interflow
(Depth of runoff, mm)
19751
127 - 246
1247 -367
[ 368 - 470
. AT - 522
N 523 - 540

Kilometers
012525 5 75 10

2008 year

- Surface flow
(Depth of runoff, mm) Interflow
2008_S (Depth of ninoff, mm)
3-22 20081
23- 66 147
67— 218 T 148-357
o 219- 279 W 358 - 440
[ 280 - 675 . 441 -539
W 540-612
Kilometers: Kilometers:
01.2525 5 75 10 012525 5 75 10
N
The rate of :
mcrease
N The rate of increase
The rate of increase Interflow
Interflow INTER_RATE
SURF_RATE 84-93
37- 607 [ 94 - 101
608 - 4767 . 102- 113
(] 4768 - 8200 . a4z
[ 8201 - 22200 . 143267
pometers I 22201 - 65700 L1 Ikiometers
012825 § 75 10 @3 234
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Fig. 6. Analysis Result of Taehwa River Basin
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