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Application of a Hydrologic Model ANSWERS to Banweol Watersheds
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Kim, Byeong Jin - Park, Seung Woo

Summary

A physically -based, distributed hydrologic model ANSWERS is described and its test results with
two small watersheds near the Banweol reservoir are presented. The sizes of the watersheds are 270
ha and 477 ha, respectively, The smaller one has a mild topography with 40 percent forest area.
The other has a steeper slope and 87 percent forest area, The model parameters were calibrated
using observed runoff data and used for storm runoff simulation, The simulated peak discharges
were in good agreement with the data, The model underestimated the recession parts of hydrographs

as compared to the observed ones,
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Table-1. Basic input data required by ANSWERS model for hydrologic simulation.

Group Hydrologic Process | Variable name Parameter Descriptions
Soils Infiltration TP Total porosity in percent (volume)
FCAP Field capacity in percent(saturation)
FC Steady state infiltration rate
A Difference between steady state
and maximum infiltration rate
B Exponent in infiltration equation
" ASM Antecedent soil moisture content in
percent
DF Infiltration control depth
Drainage €q Drainage exponent
Interception ’ PIT Potential interception volume
Crop and RER Percentage of surface covered by
Surface specific land use
Conditions Depresstion RC Roughness Coefficient
storage HU Maximum roughness height
Overland n Marining’ s roughness coefficient
flow routing
Channel ‘ WID Channel width
flow routing
Topography Flow. routing S Slope steepness
ANG Direction of slope
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Table-2. Characteristics of tested watersheds.

Characteristics WS#1 WS #-3
. Kyeonggi-do Whaseong-gun {Banweol -myeon
Location — -
Daeyami-ri Dundae-ri
Longest channel length(km) 3.83 3.85
Shape factor 0.19 0.32
Maximum Relief (m) 81.4 435.7
Relief ratio 0.021 0.113
Mean Channel slope {m/km) 13.77 31.40
Channel frequency (No. /km?) 0.364 1.45

Fig. 2. Location of tested watersheds.

Table-3. Land use of tested watersheds.

. Padd
Watersheds Forest é y Upland | Etc |Total
field
‘| Area (ha) 108 81 59 22 270
WSt
% 40 30 22 8 | 100
S#3 Area(ha) | 415 33 24 5 | 477
WS # % 87 7 5 1 100

Bfe| Mol 87%2 WS#12 40%nch 2913
= Foke) .

o i 2 KB

AR HPED BB Fig. 3, 40 %
& EmshAh, BB MRS 4 Hikel s
2 75 FIEM MRMOD FRY £ YEE 2
A HES B, WS KA HRoZY
B ORAA oz fER #Rse, 1 AR
o ¥ Fold e Foze) EAHAOE T
o) mbef, EEMel LS4l Ue ASelE
BEOTIO] oo M. EAEE T %)
Friteh,

— 84 -



ARSER ANSWERS ) A fitisel ] #HA

m
A -
N\
\Aeltd
N % AT
b YTT[=| 4] V] dlet
A f ] S|~ -s o]
e~ o
WL 7 4
C ).}'_
‘* = ("\ bl (AP AL
HEA P A %
18] < {
LEGEND Wl e 4
N Y d]d
== WATERSHED BOUNDARYGH TR
——— CONTOUR & .
== == CHANNEL ) WA SN .
—» FLOW DIRECTION (‘ N I LEGEND
“§ LN I k:l == WATERSHED BOUNDARY|
E:— ; \" L‘? ) sor Tvee 1
0 250 500 750 s \ SOIL TYPE 2
ELEVATION IN METERS hed v& & o
7 0 [ soic Tvee 3
ekl
-' SIS SCALE
[ e—— ]
g 280 80 7%

Fig.3. Watershed segmentation of WS# 1.
Fig. 5. Soil type classification of WS# 1.
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=+ FLOW DIRECTION|

" Seil b FcAP FC A B DF
(ESO—SOESO types

ELEVATION IN METERS]

1 0.52 0,600 4540 160,0 0.65 137.0
2 0.49 0,740 5.110 179.0 0.60 110.0
3 0,45 0,750 4.470 147.0 0.60 1250

ob, AR BB

AR SBERES B, MEEEE 2ex
HPOKIE (Detention storage) 5 FHshedl, &
Fig.4. Watershed seqmentation of WS4 3. Bkl A £B Bfetel MEEM &S Park-
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Fig. 6. Soil type classification of WS# 3.
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38 %(3)¢] HU, ROUGH 2t5 = Park-Mitchell 1#/
ol E#EH e AHashel,

* MR A (FRT FEE GEL oY
Table-50f Vel e},

Tabl 5. Surface roughness and Crop data.

PARAMETERS
No.} CROP PIT |PER| RC | HU [ RN |DIR
| CORN 0,75(0,60|0,.47115,0(0,070(5, 08
2 |GRASS |1, 1 0,44 | 3,0[0.150(4,.00
3 |PASTURE|0.4 |1, 0.55] 3.5]0,040]3,55
4 |BEANS . 0,9010.47[10,0]0,060|5, 08
5 |PADDY [0.04]0,900.55(20,8]0.120(6, 00
6 IWOODS [1,7 [0,90[0.55] 8.5]0, 2003, 00
7 [HOMESITE|O, 02 |0, 5010. 40| 9,00, 090(4, 00
8 |FALLOW 0,000, 000.47 ] 7.00,100]3,00

A}, BEF O R
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[Es o) FUEBIES B A RS WHE &
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Fig. 7. Relation between optimal antecedent
moisture contents for ANSWERS model
and predicted ones from water balance
model.
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Dickey (1978)ol] k5= ANSWERS #%le| £
N 6 He BFA et HRES S &F ),
SEpebel 1 S EEl ok ek #rEEt vl gk
I 6MEY) BMABBE LA EASM), B
BBER (A), EFIRIBY BERFC), #Ht
# (DF), Manning o] HEMRE (n), 12| ik
HEHESo] HU) Folct.

4 EREGE BR

' g BEREY RnBEEE Wi BR
+ Fig.8, 9o Vebisic) Bl #EHRT BEW
o 2 o] FE HABH HeEEe Table-6.9
gl oicl, HABE BT 483 BFY K
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Table-7. ol vebd FFE @ 2, a4
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0

J U'\_I_UU
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™
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Fig. 8. July 16, 1986, rainfall hyetograph, and
observed and simulated hydrographs with
ANSWERS model at Banweol WS# 1.
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Fig. 9. July 24, 1986, rainfall hyetograph, and
observed and simulated hydrographs with
ANSWERS model at Banweol WS#1.

- 87 -



BRATEEE $30% ¥ 1% 1988 3 A

Table-6. Optimal values of parameters® used in storm simulation with ANSWERS model.

Storm Infiltration Parameters® Surface | Manning’s Coefficient
Watershed event FC A DF ASM  [roughness| Overland | Channel
mm/hr mm/hr mm HU, mm flow flow
WS# 1 7/11/86 3.04 137.7 120 .50 9.6 0,070 0. 070
7/16/86 3.08 130.0 125 .52 9.7 0. 099 0,070
7/24/86 4,38 131.7 110 .77 9.6 0. 104 0. 050
8/13/86 1,93 33.3 72 .93 9.6 0. 104 0.075
8/20/86 3,60 116,7 70 .59 2.6 0.104 0,110
MEAN 3.2t 108,7 99 .66 9.6 0. 096 0,075
a) Parameters defined in Table-1, b) Arithmetic mean value.

“Table-7. Summary of hydrologic simulation with ANSWERS model.

Storm Total Total runoff, Peak discharge, Time of peak
Watershed rainfall, millimeters millimeters/hour minutes
event millimeters | Observed | Simulated | Observed | Simulated | Observed}{ Simulated
WS# 1 7/11/86 43, 84 4,300 4,404 0.4310 | 0.4272 920 924
7/16/86 43,24 7.836 7.837 0, 7059 0,7127 413 432
7/24/86 24,13 6. 300 5,422 0.7578 | 0, 7461 319 306
8/13/86 27.90 15,865 8. 290 2.3765 2,3627 935 944
- 8/20/86 22, 48 8,079 4,656 1,3150 1.3172 120 120
MEAN - 8,476 6.122 1.1172 1.1132 - -
02 LHEMmESN I FLREREL BENEsle RE 0 w L :
BORL £% ¥150.4%, 1.97% 2 o A z Bamweol WS 1
5 BERBAEA AoV, MRHES B 27.8% 2 € 1o
A Ry S HEE 24 3 T Jnserved
5. #Ro| R £ e Coltbrotad
A HE BB HABE hEdl BATWS 3
#1 el KR BFHE FAste HiEssich 0
mE, A EES EIHEFER WS #34 #As 4
I RS BEsklch
WB-L Table-6, ol Ve T FAWE A,
EALEASES Sk A8 #Ed e
FIHSIZ 29 #EES ££9 FHEE st 025k
e FHES BAMES HEsld 78 ch. 2 £
RS (EABES B Jebde Table-s. st 2
o}, 3, o]E BALK el kst A& Fig I§
10, 119} Ve St
R BE FR AEmBEIEREE 2 — 000
Fehoieh. e, KREMES KB SRR "o 300 600 900 1200

WS #3ell A= #ZE GHEo| 4%1e 13 WS
#1 S 52.9% 2 Jebda, Mg RE
BHRE A7 72.6%, 24.5%2 A vhepylel

v, MEEHEA Bfse & HES &

Time, min

Fig. 10. July 18, 1986, rainfall hyetograph, and
observed and simulation hydrographs wit
ANSWERS model at Banweol WSit 1.
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Table-8, Summary of hydrologic simulation for verification with ANSWERS model
Storm ’rraoi:;:lall Tc?tz.'ll runoff, Peak discharge, Time.of peak,
Watershed event milli- millimeters millimeters/hour millimeters
meters Observed | Simulated | Observed | Simulated [Observed| Simulated
WS#1 |8e/7/18| 25 25 6008 | 2% 0, 4804 | 02004 468 522
5,501%* 0.4791* 468*
86/7/26 13,79 2,491 . 259 0.4716 0.2458 1,020 1,027
1, 632* 0.4699* ' 1,019%
MEAN | - 4295 | 22 04760 | %22 - -
3, 567* 0.4745*
WS#3 86/8/11 69, 52 ) 9,435 3. 630 1,9014 1,8814 845 851
86/8/28 66, 81 15, 080 3,092 1.8520 1,7210 1,110 936
MEAN - 12,258 3. 361 1.8767 1.8012 -
% : Values calibrated.
Table-9. Variations oi infitration parameters. MEEE e |As APERESS HERBS
BrEAA vle]l 2 Bk 2lg AR QA=
e | P} AT o] Fig 1lol4 B4t RaMe 2 2R
STANDARD | AT WS #3 BEHE TH & smel 22T RSl
DEV. 0.75/0, 90* U3, 64/42, 61*%[25 J26, 5* %ok-%- vlol i HIh #Fo) Q\l,u\l»é}.ﬂ] tglo—] A A5 E
Ht Aoz malgl
*Average values from Table-6, WS H1 g4 BEl A8 7/18/862)
WE, BER HHLMEE 1A FEs 2
0 T MR, L& LHEEs EEEES) #HET R
£ Banweol WS #3 %% 0.3%, 16.9%2 Holx o}F RiFstA ¥
S0 o] w3 gl&o] Fig 10914 & vebdi glet o
= ovsaves T BES & B GOEBH Bl ok 7
g fo] o] RolxA RkeE THHE HolcholT
E m BAMBRE) BLAES Table-9ol vhehhsleh. A
g 2o} B gl AR 5ES Bhmo R HE
g 3t o] e HiEEld Rd FHEE R
e, ERREESE Folw o4 BE ghol ¥
e AL 4 Ao 2d=zE, o g 8
o] RS fERSHS RSB e T,
o ¢ BEY BABEE 4% & i, =%
_ 100k F EHe] ATUHMERTE AHMSEe MU
E Aol HMETE AW mEel WEEe MR
5 gé Aoz 4zsoh
0.00) j . N p . g*"]?’:‘ ER
600 00 200 500 1800
Time. min,

Fig.11. August 11, 1986, rainfall hyetograph, and
observed and simulated hydrographs with
ANSWERS model at Banweol WS# 3.
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