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Flood Effects Analysis of Reservoir Basin through the Linkage of
HEC-HMS and HEC-RAS Models

ol 4 3"-FNF"-19 4
Lee, Weon Hee - Kim, Sun Joo - Kim, Phil Shik

Abstract

For the effective operation of irrigation reservoirs, a general and systematic policy is suggested to make
balance of the conflicting purposes between water conservation and flood control.

In this study, the flood effective analysis system was developed through the integration of long-term water
budget analysis model, GIS-based HEC-HMS model and HEC-RAS model. The system structure consists of
long-term water budget model using modified TANK theory, flood runoff and flood effects analysis model
using HEC-GeoHMS, HEC-HMS and HEC-RAS models.

The flood effects analysis system simulated the flood runoff from the upstream, downstream flood and
long-term runoff of the watershed using the observed data collected from 1998 to 2002 of Seongju dam.
The simulated results were reasonably good compared with the observed data.

The optimal management method of the reservoir during the whole season is suggested in this study, and
the flood analysis system can be a useful tool to evaluate a reservoir operation quantitatively for the
mitigation of flood damages of reservoir basin.

Keywords : Flood effects analysis, Long-term water budget, Restrict water level, Analysis of reservoir
behaviour, HEC-HMS, HEC-RAS
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Table 1 Storage state of Seongju dam

Basin Irrigation Storage Full supply area (m®) | Full supply level (EL{H)_ Dead storage level
area (m%) | area (m) (10’m") Summer l Winter Summer Winter (EL.m)
149,600 31,600 38,240 1.830 ‘ 2,050 184.7 1879 1620

A3k Muskingum®-& 443815 ch

3 HEC-RAS@Sie| o]=

N
-

HEC-RAS (River Analysis System)?: 1
A A A5 SME Y9 e 23ow
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Fig. 1 Subbasins of Seongju basin

g e @
Fig. 2 Observed station of Seongju basin down stream

Table 2 Topography analysis by subbasin in Seongju

basin

Classification | #1 | #2 | #3 | #4 | #5 | #6
Area () | 12.95] 25.15] 1967| 24,08 40.14] 3021
streatn length | 74| 1116) 079 759) 1200 9.93

 Main stream | o g N
lain SUCAI | 0] 7.32) 73| 481] 889|647
Stream bed . -
weam ol |27 137, 136 417] 5.40| 1007
17
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Table 3 Observed data for flood effects analysis

QECTIES:
AT %_JZ%EI% a§402 37| A &7 Case | Date |Réinfalll Runoff }Eﬁ rgea:;e
S| o8 B4R Ao eASFEE 1Y (mm) | (L000m) | (nr/g) | (ni/s)
sto} WEEES ARGy WEEk wWE 31F shd Case T [02/07/05 194 1999 | 620 690
o} T2 S BMslo] T57)o SA) ol Case 11 |02/07/23 103 77901 201 483
)99k 35 T4 59 Aoksiyt Case M |02/08/06 70 4199 143 380
LSRR A 7] B BAS o girnEs Case IV 102/08/30| 392 49244 | 1,360 | 1285
9l Jzd gEao oxgz ALadn &4 Case V |03/09/12 192| 18201 524 864
Table 4 Specification of observed station for flood effects analysis
Bank crest Bank crest Station T Bank crest Bank crest Station
Station | elevation(L) elevation(R) length Station | elevation(L) elevation(R) interval

(EL.m) (EL.m) (m) (EL.m) (EL.m) (m)

1 1168 1174 200 14 { 1320 1317 110

2 - 178 1182 200 1 15 1315 1325 90

3 1187 1189 200 16 1340 1341 200

4 1200 1196 200 17 1339 1350 200

5 | 1210 1205 200 18 1352 136.3 200

6 1220 121.7 200 19 136.7 136.1 200

T 143 1232 200 20 1393 1386 200

77777 1252 1245 200 21 1406 1405 200

9 126.2 i 126.0 200 22 1415 1416 200

16 1265 1269 200 23 142.3 1433 200

A,,} 1283 | 1282 200 24 1436 1453 200
R R . N 129.8 200 25 144.2 1442 115 i

13 | 1309 - 1304 200 26 | 156.7 154.7 85

18 B2 ehs) =B 2467 A25, 2004
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?47117101 449 204%E 9€ 3097HA] 431
, A5 A5 B AYd et A
q 1847 ELm7} 9% 98ds 202 Toag
th. A4 Zd Fig. 37 o] 7] ¢ AF
ZF AT vz debge, Adeatd] B4
i 2 9.3%, ARASFE BF 078 2¥ &%
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I AFHE A wrHE 1Yo R 3 233}
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Fig. 3 Comparison of simulated and observed water level of Seongju reservoir (2000, 2001)
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Table 5 Comparison of simulated and observed water level of Seongju reservoir

Year 1998 1999 - 2000 2001 2002
Period April 20 - Sept. 30
s Obs. 28612 29,609 22,670 23,909 26,465
Ave, storage (10'm’) Sim. 30933 30,063 20,865 26,465 28,767
Max. 1845 1854 1823 1813 1902
Obs. stage (EL.m) Min, 180.1 1805 1739 1745 1767
Ave, 1819 1815 1719 1789 1802
Max. 1847 1847 1822 1822 1847
Sim. stage (EL.m) Min, 1802 1792 1704 1752 1769
Ave, 181.2 1816 1768 180.1 1811
Model efficiency 069 072 075 0.80 071
R 071 078 0.84 089 072
Relative error (%) 92 91 97 94 93
Table § Error of peak flow and time by case 1,1, I 3000 0
i~ 2500 20
Ciziisctfll C(ansfe/s)I C(a:/S? C(a:fe/sl)ﬂ R E R (ME - _
Peak|Obs| 620 | 202 | 143 Eh 1T
flow {Sim.| 639 176 133 0.07 {091 090 T 1500 ¢ 60 §
Peak |Obs| 1020 0710 | 0540 | o el 00 € ol oo €
time |Sim.| 10:00 | 07:00 | 06:00
500 } 100
0 ~ 120
0 56

E]X] °}w Case V A

Fig. 4+ #F EAH H5HEe] 1,360
m/s 24 AAZTFH 1,178 ms/s 2t} 182 m¥s
A5 3A JYeht AFR fdd Frgsizt 2
sigich AFe) A Ego] 4ol o2&
G77E JsEtR g ol T AFI ol X
A7)0l ¥&5F Rog Yebgt Fig. 5v HF
el o] A¢7 g A7h] W kel gt i
At A4 AT RPo) AT 0.86% 23
$490] lF Aoty AbdTh

20

Simulation (m?3/s)

0 N .\ — " " PO

4] 200 400 600 80D 1000 1200 1400

Observation (m’/s)

Fig. 4 Comparison of observation and simulated run-
off by Case IV
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Table 7 Results of calibration by Case I, 1, M

Case Release |Relative error| R? ME
Casel | 690m’/s 007 087 | 084
Casell | 483m’/s 0.06 088 | 087
Casell | 380m’/s 007 074 | 076
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160 ————— : e
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8130
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Fig. 6 Water and bank crest elevation by stations
(Case IV, V)

3598 BN Hedse slgskdy Hay
7 Q3 245 A2 & o]4ste] u|mslgle
3 |3

Aol @zl e A3t

ot ¢

Fig. 62 H44%Z Case IV €T "FAFE %
% 392 mmel thel HFFol 1,285 m/sE 3
4 2670 AW F 870 AAdo] el 50
AL AR 50em oz AY F4



HEC-HMS$t HEC-RAS®E % o dAlo] 2% & fdo] T4 4

Table 8 Results of flood effects analysis by Case IV, Case V

Case Rainfall Initial water | Max. water Max. release Number of Number of
(mm) level (EL.m) | level (EL.m) (mi/s) overflow points | near-overflow points
Case IV 392 180.8 190.1 1,285 8 5
Case V 192 1824 1879 864 4 4

Z Uehdiddh 8iE ‘alel’e Ay e 192
mmZ Case 13 B|&EAT 27)497F 1824
ELm& Case 19 176.8 ELm¥t} ¥1 FJZ3
ol 797 ¢l3] wEgko] 864 m/sE Case 9
vlg] 2A Uehd 47 4] AZAA HE 98
F97F 2ASGITHTable 8).
ol 749 AGAI 27 AFHe et R

go| AXE Y, AFE FHFEFE 52 o
2 9L v A Azt wetA] JHE
e Rz q*W u|AF7t oS 2E g
SHAAL 271A 40 a&2Q A7 $5uEE
Hasl & 4+ iy gekdch

4. AN|AHIRl 32

O #H2A2(1931~2002) 729 ASE AM-E

o Adwsts $AT A3k 4FY A A
A7 olFo d%d 7ol 11195 mmelA
1381.6 mm& Z7}8+ Ao vehdn, A=do
w7 AR QEESFR 24 dw 20019 M
Hel 7}Bde Bt £ FEHENS YERA

oroxth whHel HE 20024 EH "ZAPY 2003
dOEE mie 9F 7 AATsHEI Ede] B4

RS 2ehs A5l o H
O:]E}_ﬁ)
Felo) 247 $43) BeAsYe MERy

A
QLM] Jstd AZE @ H%T BEE, s

ST et

AL5E R3] Y AT U 42.3%9
Fakgdo] daoshs, 109 W% 7HEe] jg "a A
2k0 17138,000 m'eZ o WS oF
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%0l 92 #ed gr},”
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galo] +E2EAE UJEP%E}

AFH] AFFE FHrEs 53 AgsE &
48 ¥ Z47e %—ri ALgE T Qi) ole] E4
yao] ZAze M4 S8 E 3 WN7TE
oz HEZe AFd 2249x] (1998 ~2002)
9] ARF A% 250,000 m/dayREl *E =
7¥ste] Aol AFE E43iTHTable 9).

109 W% 7HE FeAFFE 71502 & A%
400,000 m*/de} #E7A FFAFUE 20004
gt HeAFE oslE Ui, AEHE V1E
07 & ALeE= 400,000 m’/de WEAA AR
9 olate] 917k HAsHA okstTh 200019 A
§ 7] AFgo| vind AL AR FAFH
EE} &3]. 7:]_CT>.7]. 131-)\33}0& 01,]. 1 B}/} gﬁoﬂ
sl 400,000 m¥/dY] PFHAA &4 HFo)
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Table 9 Reservoir storage analysis by simulated release

Year 1998 1999 2000 2001 2002
Initial storage (10°m®) 31,628 29,974 21,907 27,144 29,613
- Min. 30,125 28518 12,328 18970 26,990
Ave. 31,604 31,042 19,737 27,819 30,149
- Min. 29,027 21,778 11,008 17,830 25537
Intake Ave, 31,320 30,659 18,350 27,205 29,399
water - Min. 27,107 26,098 9,028 16,120 23,298
1) A\./e. 30,735 29,485 16,238 24,910 28,235
50 Min. 23907 23,092 5,368 13,270 17.978
Ave, 28,953 26,417 12,587 21,085 26,270
100 Min, 20,707 16,992 1,118 9,852 12,628
Ave, 26,668 22,620 8,762 17,260 24,263
Dead storage 3,730
10yr frequency requirement storage 13,450

100 mm# F7HA719 Rol8sit.

AL 73 disl FRE22Y HuedE A
3t Hnrold HpFsge] Wlss Aoz
sl on) HuutEae slgatde AdgydFer
AHgET el e F4fE APE Table
103 7ol HgE £ Qe 9+ 1859 ELm~
192.0 ELm2 Yehty, Hpdiae 451 m®/
s~1,653 m*/sZ 79 400 mm OAREE 4
A5 A 800 m*/sBT} 3A Uehg,

HEFe] WE EHY F5YEs £4%
A 72 200 mm, 300 mm oA E A IS
170.4~182.40 ELm¥ 4 Welx EF (g A
o7 yehton 7% 400 mm Aol Al
A7F 170.4 ELm¥ Z-$olxt $igz} wigdo] UAy
3 okotm, A Sl s HEY HFe] 4
EIit2

7492 500 mm, 600 mmolME F 2614 &
dakyl o] Pt 61, 128 S Ao F
4 500 mm o|io] HAHE Aol stRaHHY
Hetulae A Ak 98 ¢ U A
§6}o

o2 et webd 400 mme] ZA$7kAE A

o

Table 10 Total runoff and the maximum release by
rainfall

Rainfall (mm) | 200 | 300 | 400 { 500 | 600
Total runoff 16 el 98 815 41,852] 55,345 69,119
(10°m)
Max. water level | yoc ol 1877] 1893| 1907| 1920
(EL.m)
Max. release 4510 744 1.054] 1,355 1.653
{ni/s)

Table 11 Station number danger and overflow by
rainfall-storage [danger (overflow)]

Rainfall
mm)l 00 | 300 | 400 | 500 | 600

Restrict wate)
level (EL, m)

182.40 0(0) | 0(0) | 3(4) | 9(5) | 13(6)
179.40 0(0) | 0(0) | 3(4) | 8(6) | 13(6)
)
)

176.40 0(0) | 0(0) | 2(2) | 8(6) |13(6
17340 0(0) | 0(0) | 2(2) | 7(6) | 13(6
170.40 0(0) | 0(0) | 0(0) | 7(6) |11(8)

99 2482 FFAH SAA G Ror
A3, PMPe] #133h= 617 mm7t $A4E

Hooee
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Fig. 7 Overflow station by release

18 r 73400 8500 B600

W
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No. of over fio
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Fig. 8§ Number of overflow points considering rain-
fall and restrict water level

Aol SFE7 a4 TE o7 ANEE
7 723 o] PYed Aoy wekd

A R e 4 Ade TR 1,000
m'/s~1,400 m%s ¥ AHHRE s 25
Aol WA Hgo] WD, AR R To=

vhebstcH(Table 11, Fig. 7, 8).
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okstd et 2ok
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FUZY 42.3%9 Farge] Fedtd, 10d HE
7HEol dhgh WA 17,138,000 mPoz o
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A FE PEF] Yol sy, Fa AFHY
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3 A97h dAsts, uA AL de] s
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A ol Ty H4de AT ALy o
27t 9ositty gadt

3. FTYTRA AR BA Sl FFRE
2 AR Ae AFRET FFAR O By
Adex, R, 28 &84 A+ 47 009,
0.88, 0.892 UEM}T, &FH T4 B4 9
A% 2670 A& s 0.07, 0.83, 0.828 A%

%

£ =20 Aot 0.87% e
o SREE ETFEA Ak 3 HEx Yo
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