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Abstract

The probable maximum precipitation(PMP) at Biryong reservoir and Wonnam reservoir, both selected as
the target reservoirs, was recalculated using the flood control system for the reservoir. The hydrological
stability of the reservoirs was investigated by tracking the flood water level of the target reservoirs using
the spillway discharge based on water level changed by the calculated PMP. Results of the investigation
on the hydrological stability of the Biryong reservoir and Wonnam reservoir showed that the maximum
water level did not overflow the full reservoir level in both reservoirs. However, hydrological stability could
not be secured because the allowable height fell short by 1.2m and 1.5m, respectively. The analysis also
found that structural measures such as spillway expansion or non-structural measures, like reservoir
operating rules for the flood season, are needed to ensure the hydrological stability of the two reservoirs.
The probable maximum flood(PMF) at the Biryong reservoir and Wonnam reservoir calculated by applying
the change in reservoir design criteria exhibited a higher peak flood of about 150-285%, compared to the
200—year frequency probability flood calculated using the reservoir design standards of the past.
Key words: flood control system for reservoir, probable maximum precipitation, hydrologic stability,
probable maximum flood
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B AP E AEe HAH] ¢ Fol Y ALAE AR F ALY FYE AFA
HANE A AN ERFE A gl N1E $YE ARAY FRGHH AP AR
FF 5AE AFA A 2 AE AFA wGAel N2ARE AgFnd @t

I CHafRA] & 2ol My

1. CHaR=X|

AR felel FRYE G UAL 85, FEAFL T6mE
27} 02 30dimolth, WASFAE FHHE QAT 24W AEL ol A5, 5 A1
Fol 2% o FEAFE A% £ 50me Teie]

=
FA9 71249 AYe <Table 1> 2t}

<Table 1> Specification of Reservoir

Item Biryong Reservoir Wonnam Reservoir
Catchment area(104m) 3,852 7,560
Gross reservoir capacity(104m) 548.1 980.3
F.W.L1)(EL.m) 257.6 117.4
H.W.L2)(EL.m) 255.4 115.7
D.W.L3)(EL.m) 237.7 97.0

3 1) FW.L: Flood Water Level, 2) HW.L: High Water Level, 3) D.W.L: Depth Water Level.
2. Bgo| MH

2 ATE 7S d8 AHEE BES gy rolE At A AR RIETE Tan el uhe) Ao
=g A5A XA 2 (Flood Control System for Reservoir,

S AH&SFATHOI0]. FCSRE 7-9] A& 7|3tel whel B2 AFo] & YElUA ==

Y] JFgrdd TR Fde %S AA He AFAY HFFS 2oy fl8ke]
! 3 g NS =Yt on, AFAFAS A%

AREFS NEN FHUY 7120 DAAEA

o Ad, FEEAANE AFeHs FEEH Zr gt

FCSRE A AFA4u #elud, 14ed, 959, 454 4759, 3750 §59
J o AFARE BYREE A5A od, A5H P4, 45
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BHEe 542 45 9
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28§ 71 A BAd REs ATgets waed AALSY, AsAULS
FASREE) HAE Botel AASFFAES A4t AL AR AE Bl 7
$o) AR E PY o2 HuffE¥9 Yen & Chow & 483 & ok fodmde 4o
W F5HESe Age7] 98 Bau ) gRdel s 448 4ng o n 454 F90
N AFAZY F5HQEE A BTh A% F2 AE5E Clark #9544, SCS TAAD
9%, Nakayasu EEH9IEE o §3to] §999) 2SS 44T 5 dvh ARRLL Fn
3 AAEe] AT FFFE A5 FUFOR H gl 484 9 Ael oo v A%
2t

Probability rainfall
(Gumbel distribution)

Time distribution of rainfall
(Huff, Yen & Chow)

- 8C5
- Nakayasu

iy
Estimation of Floods Basin model
- Clark
o

St del Operation rule
orage moce (AROM, FROM, TROM)

4

Reouting of
re Servoir

g

Analysis of floods

&

m

<Fig 1> Program Flowchart
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FARD2006% AH&3te] WERAs 4G 440 o8] AALLFe Agsteirh. 493a8
o (HF FEFTIE AYAPWER, 2000, N AFHOE MY AR LEY
A

o - =]
2 427 Gumbel BEEXFES A=sisich A4 d A7 FGEF¢F2 <Table 2> 2
[12].

Lofo tH

<Table 2> One-day Frequency-based Precipitation in Return Period

. Precipitation in return period(mm)
Observatory Duration S0y1 80y 100yT 2001
Cheongju 1 day 261.2 281.7 291.4 321.5
Boeun 1 day 348.3 379.0 393.5 438.5

2. 7rsEtid=~2HPMP) &Fd

<Table 3> PMP by Duration of Precipitation

Reservoir Duration(hrs)
1 2 3 4 6 9 12 15 18 24
Biryong 118 209 285 340 418 505 562 612 652 712
Wonnam 145 223 270 327 434 565 659 748 806 892
3. & AIZE 2= MF

BATAA F5F AAS AT 2o A REE A539FS B2 Huff 42982
483 ATHIT). 7 2 e B3] SEA) U@ FSASAE L FES Gl FAL >
HEd oz o A % #

3
w8 FAYEARA

o <Table 4>%F 2t}

Y=az®+b2’+ cae' +da® +ex? + fr+g 1)
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<Table 4> Regression Coefficient of Dimensionless Cumulative Curve

Item Cheongju Boeun

a -3.50571895043833x 10" -3.26960783955234 %10
b 1.10892722354907x 107 1.03152337747672x10°°
c -1.27657773866465x10°7* -1.18471342250459x10™*
d 6.15595390304863% 10°° 5.71374090815548x10°°
e -0.71216868047042x 107 -0.15563274554030 %102
f 0.974825210589497 1.03206880041985
g -0.021740146219674 3.21060085540790% 10°°

7)o A-Agol dgk FAMAE Sl 471 HFAX N whep 9o AJgHA Rl g

, SCS FA9 a9 = 2 Nakayasu T HHEE 9]
A

e 2 #
FHEFES WAL ASAE 2GS Aol 1 F AR FFS] A 2
- ) J

4 heh
ASALE g D AEASAFA AANEARL R delso] AATFFOE AR
Sttt <Table 5> T3 A4 Wo nE dAFAY S5% G Aot
<Table 5> Comparison of Flood Results
(Unit: m'/s)
. Lo PMF by duration
Reservolr | Method | Distroulion ™=, 150 T30 T 4 | et | on | o | 15t | de | o4
s F27 | 577 | 1.05 | 1.266 | 1,3107 | 1.2035 | 1088 | 943 | 838 | 752 | 604
Y 575 | 1,021 | 1,199 | 1,218 | 1,138 | 1,002 | 874 | 782 | 706 | 5%
dvono | H-2" | 3% | 760 | 981 | 1,054 | 1,086 | 982 | 880 | 797 | 725 | 609
ong Y& 307 | 755 | 946 | 1,000 | 984 | 904 | 88 | 735 | 671 | 568
Naka- | H-2" | 314 | 575 | 725 | 786 | 804 | 778 | 721 | 673 | 628 | 547
yasu Yo 311 | 564 | 700 | 749 | 753 | 718 | 662 | 616 | 574 | 501
s F27 | 677 | 1,159 | 1,398 | 1,638 | 1,933 | 2,060 | 1998 | 1926 | 1.797 | 1,553
Y& 678 | 1,167 | 1,889 | 1.616 | 1,857 | 1,989 | 1,849 | 1,763 | 1635 | 1407
Worram | Gane F2" | 412 | 714 | 882 | 1.065 | 1,839 | 1,538 | 1576 | 1,885 | 1.527 | 1,383
Y& 412 | 713 | 877 | 1,056 | 1,822 | 1,500 | 1,512 | 1,500 | 1,430 | 1276
Naka- | H-2" | 579 | 920 | 1,062 | 1,216 | 1.425 | 1,553 | 1,552 | 1,541 | 1,476 | 1,331
yasu Y 580 | 926 | 1,064 | 1.211 | 1,400 | 1,501 | 1482 | 1,458 | 1.386 | 1.239

3 1) H-2: Huff distribution(2st Quartile), 2) YC: Yen & Chow, 3) Bold character: Design floods
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AR o] AeeeEe dAe FeolA i AdrE S5 teHANEFES O
How HEIFAL AFEAE Z7¢HE WY E 3 Auto ROM(Automatic Reservoir
Operation Method)S #-83lo] #=i-8% A S HESSAH

o

QA A e FEete g BAS A AAdEolA RS Fredse AR A3 e
4 AEESIE o nuadn s AN Es D @ A AAE AFAA &
FRE G fnE AR A 58 g

1) HIBXTX|
HEAFA 2 HEADE AAFFAG AAnE 7h7 EL.257.6m, EL.259.7Tm= Fi1 275
A= 9 EL2554mE A &3tk Ao FEARE A&l AgIAe 2 Hye
2 ZAE wAT 49 2009 W% SR 94 Haleels EL2583 2 & WERY F Ao A E
T E 2t AR veuth Zhs AU SaE FaAedE Haae 97 EL259.32 2 A
AE dFsA e AW AATTAE 1.69m 278t Ao 2 FAHSLH vF A 5H 9 offF
44 A= <Table 6>3 2L, #E3H4 b HE A= <Table 7>3% Zth
<Table 6> Calculation of Freeboard Using PMF at Biryong Reservoir
O+HRHDH®
ltem Stage ® @ &2 ® ® Fresboard Review crest
(em | R R? | /2 | B® | B® (El.m)
(m)
Design flood level 257.6 0.56 0.42 0.21 - 1.0 1.77 i529551
260.86
Peak level 259.3 0.56 - 1.0 1.56 —260.9

3 1) R Wave height from reservoir surface by wind
2) h,: Wave height from reservoir surface by earthquake
3) h,: Freeboard of in case of have keeping a gate

4) h;: Freeboard that consider dam type and importance

<Table 7> Result of Analysis on Hydrologic Stability at Biryong Reservoir

Peak-stage Freeboard | (1) Current crest | (2) Review crest _ »
lem (ELm) (m) (ELm) (ELm) (0-@ | Staviity test
PMF 259.29 1.56 259.7 260.9 -1.2m Insufficiency

2) AEHX|
AFAEA = 2008 NE TFUA H549E ELI 17%7 A AA AdAFA
=N Q4

ary
A% F5 910 008m FOEE A5A o] Fiots
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th 2y b AU T FE A e AARAAY o favt oF 0.dmel B3 o R #AH
Ak =g ARE AAAVIE3]el et & AFAY o faEs ARG AI <Table 8>l 4
Vb kel o] JbeH Ul o HuFeE EL11I8ImE
EL1205m& vept @ Al Aefell A of frart 75
2 oA AE A <Table 9>9 2t} M H
o frazh F59 Aow FA4HAT

A

g A
HE&ErE FAA AR dFaA Fovt

<Table 8> Calculation of Freeboard using PMF at Wonnam Reservoir

O+HRHDH®
ltem Stage ® @ &@2 ® ® Fresboard Review crest
(Elm) | R" n? | /2 | B2 | B? (ELm)
(m)
. 119.18
Design flood level 117.4 0.56 0.43 0.22 - 1.0 1.78 —119.0
120.46
Peak level 118.9 0.56 - - 1.0 1.56 1205

% 1) R Wave height from reservoir surface by wind
2) h,: Wave height from reservoir surface by earthquake
3) h,: Freeboard of in case of have keeping a gate
4) h;: Freeboard that consider dam type and importance

<Table 9> Result of Analysis on Hydrologic Stability at Wonnam Reservoir

Peak-stage Freeboard | (1) Current crest | (2) Review crest _ »
ltem (ELm) (m) (ELm) (ELm) -@ | Stabiity test
PMF 118.9 1.56 119.0 120.5 -1.5m Insufficiency

3) M=xlE 24 ot

WEAFAR AHE BATAG AGARAE 247 AR A5 AN FRFE 48
ALGA ASAE DRSA B0 SR o f 18 M S FEHHOR ol Qi
o #us A% AR, Bt Hn5el7t A5AE 4

FEEA YA Ao A AT BE SRS AR B
WEA Foh Ao BAHe] g HNE ate] o5 HY 5 FEA o} mTx
4 Aol Baw Aow BAH,

v. g 2
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HE AR QFAFA FEH AL ARG A3 wHR A5A Y AN FS A
galo] BAR A ASAS FeANESEL 1,3098m/s 2L 2060m/s2 e A4A A7)
4 o

53 830m'/s B 726.6m'/sol M8l °F 150~285% 4 =9

32:
#2009 WE FEES

[
y
2
N
2
B
B

References

[1] Ministry of Agriculture and Forestry. 2003. Revision of Design Criteria for Irrigation
Fucilities against Disasters. Ministry of Agriculture and Forestry.

[2] Ko, Seok Ku and Yong Lo Shin. 199%. Hydrological Stahility Analysis og the Existing
Soyanggang. Maguzine of Korea Water Resources Association. 28(3): 187-19%.

[3] Lee, Sang Jin, Hyun Choi, Hee beom Shin, and Sang Kil Park. 2004. An Analysis of PMF and
Critical Duration for Design of Hydraulic Structure. Journal of Korea Water Resources
Association. 37(9): 707-718.

[4] Park, Se Hoon, Kyung Duk Kim, Fun Woo Shin, and Young II Moon. 2003. A Study on the
Development of Discharge Capacities of the Existing Dam. Journal of the Korean Society
o Civil Engineers. 23(3): 157-164.

[5] Kwon, Ji Hye, Nam Won Kim, Jun Haeng Heo, and Eun Woo Shin. 2004. Comparative Study
on PMF Estimation Process. Proceedings o Korea Water Resources Association.
599-603.

[6] Kim, Nam Won, Jeong Eun Lee, and Hong Sup Shin. 2005. Comparison of the Estimation
Methods for PMF. Proceedings of Korea Water Resources Association. 710-714

[7] Eo, Dae Su, Kwang Ya Lee, and Hae Do Kim. 2006. A Practical Input for Hydraulic Design
for Agricultural Dam Spillway Providing the Function of Flood Control. Korea Rural
Community Corporation.

[8] Shin, Cheol Shik, Keun Jun Ryu, Kyung Seok Cho, and Bong Wean Bae. 2007. Improvement
of Hydrological Safety Evaluation Guideline for Existing Dams. Magazine o Korea
Water Resources Association. 40(10): 44-52.

[9] Kim, Sang Woo. 2010. Analysis on Hydrologic Stability of Agricultural Reservoir Using

114 Korean Review of Crisis & Emergency Management 10(2) Feb 2014

Probable Maximum Flood. Master Degree Thesis. Chungbuk National University.

[10] Kim, Sang Woo, Seung Jin Maeng. 2010. Analysis on Hydrologic Stability of Agricultural
Reservoir Using Probable Maximum Flood. KCID Journal. 17(2): 28-34.

[11] Natural Environment Research Center. 197%. Flood Studied Report, VolIl, Meteorological
Studies, London: 38-41.

[12] Ministry of Construction & Transportation. 2000. Distribution on Time Scale of the Local
Design Storms. Ministry of Construction & Transportation.

[13] Ministry of Construction & Transportation. 2005. Design Criteria of Dam Ministry of
Construction & Transportation.

[14] Hershfield, D. M. 1961. Estimating the Probable Maximum Precipitation. Journal of Hydraulics
Division, American Society of Civil Engineers. 87: 99-106.

[15] Institute of Hydrology. 199. Flood Estimation Handbook. Institute of Hydrology.

[16] Ministry of Construction & Transportation. 2004. Renewable Report of PMP Map in Korea
Ministry of Construction & Transportation.

[17] Ministry of Construction & Transportation. 199. Estimation of Probable Madmum
Precipitation in Korea Ministry of Construction & Transportation.

E 28 (References in Non—roman Script)

(1] =+ 2008. Asdie] =e)A1d AAZE A

(2] A, A8 19%. 297 ARl sty gAY HE daeAdsEA. 2803):
187-1%.

(3] o14x], H&, A3, v, 2004 FFTEE AAE T PMF 2 AAE AR 4. =

W
AR =E A, 37(9): T07-718.

(6] A9, o2, AEAL 2006, PMF APgol mhe Hla, d=ar21dsts] skl s)=iy.

[7] oldi<r, ol3gel, Aelx. 2006 T+2E7sS 7 $Q8ATA AFERTRE FeldA WUt




Analysis on Hydrologic Stability of Agricultural Reservoir According to Estimation and Application of Probable Maximum

Food 115
[0 3%, 2010 FsANETS A8ol M wAGATAL] Fwokd g B, FH ot
HAFSS =
[0] 74, W53, 2010, A FsE5a A80] 12 5A§A5Ae] SRGH g 24, @
=7 H—’F%—E—’S. 17(2): 28-34.

[12] AHREH 2000 A|42 DA A4 B3

[13] HEuFH 2006, HAEA7]E

[17) DVEIER. 2000 B3 PsAULFY S,

W3 FHoshelA] LH-RRES] 44 ol oS A5
ar2 9, A B AR Ve A4 ol T8 AT Lobe FEBA, 2T AE

B N, FEAR 24 Foklv, @A dEeEtE ol duAddts] Ao Som #F ol

3
[in)
ox
=2
1o,
=)
il
o)
°Pi
0&
&
o
o
1]
i
94

T ode

(maeng@cbnu.ac.kr).
AP FRUE A9 SIE E98ta, & uishlelA] AL shelE FA5SIGTHR01L 2). EA F&
st Az skatelA] Bialaby Folthkimhs@chnu.ackr).

%h

4 = 915 RS FASENoH(012 2), FAE FEUEA Y
A gskatol A AAbA So) (]'eong]'lhye@cbnu ackr).

4 E45ta, & tigdolA FEAAL E9E HSEITH2010. 8). dA =t
E}(mrknng?@ekr or.kr).

N

e

ol

Ol

<

2 -.—



