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Abstract

Due to unusual precipitation or flood, the rivers located at the downstream of reservoir may influence the
safety of the people living near the river. This study provides a guideline for the local government officials,
managers and residents to prepare against disasters by analyzing the change in water level (rise) especially
when PMF occurs. The study discovers the relationship between the overflowing water level from the reservoir
and change in downstream water level and use it as an indicator for responding to disasters. The attention
level("Blue”), the early emergency management stage, is determined as from the issuance of a special weather
alert to the water level that comes at 10% of the planned overflowing water level due to flood in the reservoir
spillway. This study also suggests that the caution level(*Yellow”) should be set as a water level that comes
at 10 to 100% of the planned level in the reservoir spillway due to a massive flood. The results of this
study are expected to contribute to implementing an effective disaster response system in Korea.
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. M2

o

Ut AA Y gRES Y8 THe 7
mHog o] gati glon 1945 o|d 9,00572,
19460 A 1963712 3,0897]4, 19641d0 4 1983
G717 4,4827) 4, 1984 0]|A] 2013474 851704 5
20134 7% % 17,4277049] H42E Axsto] B

$55 33313 QITHMAFRA, 2014), ASA] AA%
Y 71BN E TAAA A, B, ol

EAuY; 5 TN Tt F 4483 3008nt o)

1 1,2247) & ApA|of] tsto] AAT 23h % A4
5 50l E7kstt de® Qs A = A= v
& Aue| L2 2Aste] It AeA] A

2
Z 2l (Emergency Action Plan, EAP)% Es
Folth, HdAAE +HUWEE AeA 5
° H]@P/B}%Lo] I kel [q] EI 0} ]“%ﬁ]%
A|(Blue), oA (Yellow), 73 ASA|(Orange),
| (Red) & 4THA| 2 UHeo] 7 Al e 52 3

) =
ot Fi
oo

oo

oMy

i

o> o>

e

* The 1st author: Hyun Soo Choi, Tel, +82-61-338-5631, Fax, +82-61-338-5589, e—mail, hskrc@ekr, or kr
* Corresponding author: Seung Jin Maeng, Tel, +82-43-261-2572, e—mail, maeng@cbnu,ac kr



58 Crisisonomy Vol.14 No.10

BE %o B
—_ = ._|H—T_Ll’
o m N s B T o T
mugoo_e_@mummoﬁwmﬁwﬂﬁo#ewnmape%
pesrie ,%Axlra_euumopro mn_zqu_oui
e._mﬂﬁbxlom_x_%wo;oeﬂuo_eo"_mﬂnﬁurm‘aaoqwﬂ,mlﬂ
ol Tlo T o [l = T me B mo N = =5 < = B T g ©° o = o ®
UNJ]7 =K HOR T % ) o w3 F 2 g = I B < %o o
G quu B wr TR 5 = o o B g P OW o of B B & Mo - I ST ﬂm
ol oy T < i 6 (IS oo X o mW == o @ =T ] = Wm W U { ol B R m T
ot R/ ,_mo a, <k B o =) _nmo 5} R % wo ol T oy _%c N Wa Lm iz w X m_om w.m
ATEﬁlLAlu%ﬂVo}omom%%u Eel__/ldeu_ﬂmlgeﬁ o ﬁlLu.rmOt To
EHoEﬂmﬂHA]AOMUrﬂﬂH ﬁo__o..ron_rm.A__oTﬂA_IYﬂl }Ao%lw_ﬂ[ﬂaa
wﬁ:#wl%%@ﬂmQ%W%@L@MW%NNOQmw_ux e = R
Qmﬂedrﬁiinw%mhmwm%%n@xﬁu@%%mowumm N .
A VR HO X = X N XX To o U =y B NOB g8 % - T o4 H ob ®I
momW@Mﬂ%%w_ﬂt%?k@@?&&%%%m%,@mamoﬁ%wﬂﬂ
> o w 3N B CRO = 1_x,A1_1r b T
%o ol MoK W I R ot © 2 oz x X T . = > & xR
%@%wWﬁ%szATMmﬂumo%%emavaWw@nmmomM%FImn
4mm,m1%ﬂ __44__0Ml§ﬂ%§a:ﬂm}o%A,w}u'y@
_QMmo@aﬁaus.wﬁo quEaazf@l,u.JJ(@LLqu_Lﬁ1,%
oS o B Mz o e T~ N < R oo o % i o B oRw ok % )
AHHI%J@%&ZW,_@&.) .%anul_mﬂmﬁa%womyyzﬂ,%
%OOMW%HMMMQ%%LRM4ﬁ#‘,mﬂ%mﬂmﬂu%%%w&%1
oo 2 B %o S = T I NSy R R S = o X do AN
Aﬂ%%ﬂ%ﬁ%déﬁ@ﬂ&m%ﬁﬁ%%ﬂﬂﬂ%w%d%
<_o__om0ﬂ$%ﬁwwAQ‘,ﬁﬂmmﬂWmo__xbxhu,m.ﬂuurm
- )Aﬂ)MOﬂy‘mﬂlLtv _lrlnnu.m‘IXﬂ.AT;OaﬂA_l]
5 oo T W M Aréﬂmoym_&»ﬂﬂmﬂauﬂmﬂ_]
=< X ! = ! e
- WAH X ﬂH T ‘_ﬂ_Ol WIH L._x_ lmL O_E %o . __01_ .A_I BF ~o
8 %ﬂlno%@mw_&xmﬁggﬂﬂ "
g %oa.mueleiunﬂim}_o_avrajﬂyo,
o Ny ‘DI ‘_,|AO z .A_l J— o = ~ B D—ﬂ_ < o T X B ¢ —_— o o B %
JH_ —_ wr X T__ o~ X‘mo
M g% <V T X o B < 2 do 1 O o = o o
= oMo oz o~ Y o 2y ap oy o F a2 = {F & T o o) T Kb X o
Mw ol) A} olg ﬁL = e 2o Gh Mwm T oo @ " m ﬂw o oo o O ooy T S B/
° = N 7o o = = o _ = o 5
5 %mmﬂg.c_ourmﬂumo%ﬁ.ofxmwﬁmﬂﬂﬂxea%%oeﬁmemﬁM
s 1IEsEiigl FERE TN HEEST DY =
e} I= OE X o oy o mr R < I T 2 =
£ ﬂ%ﬂuﬂuwaﬂzomnwﬁmvﬁaxzymag_omxmmﬂ7mﬂﬂx_.M
+ 5 7Tz_oﬁxxﬂ%§aﬁ%xﬁr@£A mﬂAO_EMw
m 1x1@ﬂ%ﬂmﬂmw%lﬂo_ex%o_aﬂ%%ie_eA#Hmﬁx%
of B B Np WY Lo Mg gk o ° i ~ w {F
dlo do T o ~ B T oz wo o me [l Mu ol ,AaT HM o) N mﬁ_u o o X do ™ X HM_
= ~ - K 7\)0A = o
= *ET T LZIrL N ST SO I B
o _ ﬂx?1§p%.¢( e D = o BT
a3 iwi%ﬂg_/mui%mq urémﬂﬂvma%ﬂaﬁwﬂoﬁe@
e mﬂﬂﬂeﬁl%x} = E_aﬁl%ﬁﬁ.% Ao MR R
5 T B _L‘ﬂlxwﬁﬂaﬂmﬂ_}7 Lo@__m N 4 Lmoj_7
olo H_ﬂﬂatﬂﬂ_o]TJL 2w Aam_mﬂ_mﬂAT _@ orﬂﬁl_lﬂ t.‘zu___mut auﬂo]ﬁﬂﬂ o) B
u%)ﬂﬁwﬁﬂ7ﬂwnmo_e7@%@@ﬂw#emo@?%y,mﬁdrf@
Lﬂ.m%prﬂﬂﬂﬂ%maﬂoﬂ%A =2 w ™ x g %Ee)anlﬂrw%mﬂdl.
TS - AT___E#}}%;&ATPO_E@%% mﬂoiwﬁﬁtﬂ]%
oK oo Ml X W o TR o < T ~ o 5 - Ko S F = - o ~ &
xur«ﬂﬁlﬁ#@a?#@rdr@wmﬂ@ﬂro_ﬂmhs_b
o‘_oxﬁﬂa.l_zo]ﬂﬁmﬂ_b = & X °F X
ﬂ%éﬁ@%mﬂ ﬂﬁo_elo@aﬂﬁu
= o s ~ B
GQMoﬂWFMmM_m

ozl Aol & AFfA= ol
7)o A o]

o

[}

He A

o

e

1

. (;)j./_\_ « AN =
2~ - JPAIEH] juIgRo. @M TS Wk A] AJAL
=2 0 hul

H:\__E [:] 3 ?‘ n 2 (e} 6}—7[—0(:]
1 e =

H]



Determining Emergency Levels According to Spillway Overflow Depth for Agricultural Reservoirs

59

[1, SipdbH al fARK|Y MA 83 ek nhdof glow, £ A4S HeiA tha
w2 20& 1ste] tdAd B A9 A sk

1. A

2 A7 B2 2 S 192 wol= He O HgAFA = olFTret e AT wAL
F EE AR AAE AR ol dRT 7145l SRS w stRAH -
£ ol8sto] At dibdoR FotesEol ¥ Aol qlo] Haftirh 2A A=, o=
Al AgE shrshdo] dig Addls ARz &8 4 gk 290l A -21A] ghot 7FLP<4 fEAS 714
AEAE Felstar, Z4ete ZAsk=t Qi ol& 3 Q= Aol N AAsH= A0 1t E
fstel A=A S QAR E AAskL, A+ g, Ao 542 ZA5 %"WWE AeAl =
dy AeAz A" AeAlY sRAY Seide gol o F2EE A HRE & A9
9Pl AR E ol gt} A AR Ths A7 o) Tl 9 ko AAURA B0z HAH
% (Probable Maximum Precipitation, PMP)2] 24§ 42 & AAsI}
° 2 93l 7152 )84 (Probable Maximum Flood, @ A4=A9] st Y3t A0 x| kS
PMF) 9l s}7ohdof g3 nAle seidde +3T st7] fleliA e didskdol shdAul7|EA 12
t}. 0|29 2HE ARl AeAl =0l ROl ot o] grHof sk l et JRE A Aoz
Fordell nAle d@e A8 Hsto AA| sk 233 30 d o ARARE A5 o A
A99 T4, T 9 =2AT 59 A # 5kR 9 o] A3t E o A= shdol sl
sHHof mlAl= G BAStL A-Ae] Eget 2 w7} 2k AskAT} Frrt 2 274e AT At
Asle A2 A5 YA ((Figure D). A2 A Qfstar, Askd 5 80104 1009 Hlk=

= A%E SHHE oM TRt

2. tiedwd MY A EY @ drAnz A QAo a9 SHgtst

1) hefxi==X] 48 7] fleide A=Al shRAI gl & - HAA &

& A9 542 A 2ol dRede o8 1R A o] 923t 2| de T3t
SIRAGY HARE dSeta A ¢ e AR
£ W51, ol Bkl Al sHRAlY At 2 (Table )& el A4A] Fd ooy F

| Selection | [ - Research target reservoir selection |

|

Data collection and
Analysis

Weather data, Reservoir facilities data, Society of humanity data, etc

l

Hydrologic analysis

— Analysis of extraordinary flood discharge
— downstream flood discharge

|

l Stability review ‘

l — Reservoir safety analysis by extraordinary flood

|

l Analysis of influence ‘

l — Review the effect of reservoir overflow depth on downstream ‘

|

Emergency level
setting

— Setting scheme research of emergency level according to downstream river

|

Conclusion ‘

l — Close, Application direction

Figure 1. Flow chart for research
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Table 1. Total storage condition by size

(Unit : Number)

Total 300,000m’ 300,000m’~ 1,000,000m’~ 10,000,000m’
{ 1,000,000m* 10,000,000m’ <
17,427 16,203 721 469 34
Table 2. Result of target reservoir selection
Reservoir River
Name Location Basin area (k) | Total storage (10°m’) Name Design frequency | Basin area (ki)
Jangchan Okcheon Iwon 5.13 5,389 Gunjincheon 80 15,43
Bocheong Boeun Suhan 8.29 5,562 Hanggeoncheon 80~100 17,21
Sosu Goesan Sosu 2.68 1,954 Dongjincheon 100 123,84
17,42770 4 & iAo #AS 7HA= 1,000%n’ lem, 8.2%re| F4 Ao &4Fae flsto] 19814
o4} 10,0008 m’* H|TE A4A]= 4697]420|CHMAFRA, o 28 Y& ATAR F 5,562Hm’e] F4E A
2014) Fotol SUGSBY ohfet 2470l BHARA &
9 AFE 71202 SR AT, A8l 45 FHI YTHKRC, 2011a). A% A5 W
Hlal#] 7 gaff Aol 23 o] de A= A2 22, Thro|H, E'd o] A% 130moln| 7 (A

o3EHe T4 1,0008m o]l A 10,0008 m'm|

o A7) 46974 F Bdo] B

B4 93, SHRAHL A

| RIE=R A" A<eA] 37149k 11 3rshdE (Table 2)
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194 4
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, BA, 2R
T (Figure 2)%}F 2,

s

B
171.5
183.3
198.1
2117
218.1
238.0
264.3
12
537
542
641

Duration (hrs)
Duration (hrs)

140.5
150.1
162.0
173.0
178.2
194.2
215.4

492

497

o717

410
414
468

121.9
130.7
141.6
151.5
156.3
170.9
190.2

321
326
365

115.4
1241
134.9
1448
149.5
164.0
183.2

272
276
306

97.5
104.7
113.6
121.8
125.6
137.6
153.4
222
226
247

66.0
70.6
76.3
81.6
84.0
91.7
101.8
132
132
146

Return
period
(year)
20
30
50
80
100
200
500
PMP
Sosu

Table 3. Rainfall frequency of Sosu reservoir (Dongjincheon) in Chungju weather station

Table 4. PMP according to duration of watershed

Jangchan
Bocheong

Aokalch AR, BA, aaAaa] 9
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(a) Jangchan

(b) Bocheong

Figure 2. Reservoir and downstream watershed
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B4 AHE tAS ool A§ET Y 508
(Soil Conservation Service) AT =M1} Clark &
Aol qlom & Ao A= SCS TR =
= o]t T4Ee AMYstaL, Huff £is A-g5}o]
259 ATHEEE St SCS X2 = w4
g BEEETA Afsto] 4 3

AFEETL Q)= SCS A EZAIH(SCS Synthetic
Unit Hydrograph Method, SCS SUH)2. & Hj43+4

o HEESY Bl Fo0E

O =]
SETHS A4
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Table 5. Geometrical characteristics and concentration time according to sub-basins

Geometrical characteristics Concentration
Reservoir Subbasin Area Length ) ) Slope time
(i) (km) Height difference (m) (m/km) (hrs)
JC-U 5.13 1.69 308.92 182.79 0.19
JC-1 3.26 1.32 117.35 88.90 0.21
Jangchan
JC-2 5.42 4.73 211,71 44,176 0.73
JC-3 2.23 1.52 124,43 81.86 0.24
BC-U 22.1 9.03 138.1 15.3 1.80
BC-1 5.03 2.80 110.9 39.6 0.51
Bocheong
BC-2 18.51 9.60 86.8 9.0 2.32
BC-3 17.27 7.57 83.7 1.1 1,78
SS-U 6.52 3.20 97.4 30.4 0.62
Sosu SS-1 8.72 4.89 71.0 15.8 1.1
S5-2 7.47 5.19 94.8 18.3 1.10
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Table 6. Estimation of PMF (Unit : mYs)
Duration (hrs)
Reservoir
1 2 3 4 6 9 12 15 18 24
Jangchan 234 275% 241 219 193 156 129 119 107 92
Bocheong 348 617 669 693 694* 617 528 499 453 394
Sosu 204 289% 277 270 247 211 179 165 149 128
* . PMF
A&zAA 2T5mfs, BAAS ST 29lo] e AN PRI 4% Helo

ZANA 694mi/s, 2TAHFA =

Z 704 289m’/s 2 UrEFETH

Agpe 4579 W

o, #E

o A H PMF:E_— A8-5to] A, Eié, DA A
o

Al

VSEa

AAEHGoE A E AT

sty YEE WED 27

TS od

(Figure )3} o] AR = Z9A\% A7 4417

o] PMF 219nt/s f-ATel U 177m/s, HFE
+97F EL167.2m 2 A Bl AFF E1169.0mE 23}
317 QFe Ao HAE HAASAE A4

ZF 6A17FS] PMF 694m*/s &A1= A H5H2F 685m'/s

ALT207} Bl 212, ImZ AF] v Y2 Bl 214 Im

23] G A

Table 7. Design floods for sub-basins at downstream of reservoir (Unit : m?s)
Reservoir , Return period (yrs)
Sub—basin
(Downstream) 80 100
JC-1 74 -
Jangchan
(Gunjincheon) Je-2 94
JC-3 53 -
BC-1 - 109
Bocheong
(Hanggeoncheon) BC—2 233
BC-3 242 -
Sosu $s-1 - 82
(Dongjincheon) SS8-2 - 72

Table 8. Hydrologic stability review result of Jangchan reservoir

Sort Duration Initial water level Peak flooQ discharge Max di‘scharge Max water level
(hr) (El,m) (m/s) (m*/s) (El.m)
Jangchan 4 166.0 219.0%* 177,0% 167,2%
Bocheong 6 210.3 694,0% 685.0%* 212, 1%
Sosu 4 191.0 2170,0%* 249,0% 192 5%

*

. Flood water level during PMF inflow and max discharge
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Table 9. Relation between spillway overflow depth of each reservoir and water level change of downstream river

Sort Reservoir Mean
Jangchan Bocheong Sosu
Spillway initial overflow level (El,m) 166.0 210.3 191.0
Design Overflow depth (m) 1.0 1.3 1.2 1.17
! ﬂziﬁlftfge Flo(oEi,zfge 167.0 210.6 192.2
Spillway PMF overflow level (El.m) 167,21 212.1 192,53
Reservoir dam altitude (El,m) 169.0 2141 194.7
Subject of study river extension (km) 3.68 5.35 5.60
Total cross—section input point number 46 115 63
Point number 46 115 63
Ratio (%) - 19.2 15.8 12,0
Point number 37 115 63
) Roi00 oxcass | Overflow depth (n) (g 057 (g 0,50 (avg 6,85
Ratio (%) 57.0 66,2 458 56.0
Point number 33 115 62
P e | Oventlow depth )| (U | g 1ay | ave 109
Ratio (%) 95.0 945 87.5 92.0
Point number 5 49 21
P vention || Overtlow depth (m) (;'v;l,i?é) (i&iﬁé@) (;§1g~11,467>
Ratio (%) 116.0 130 122.5 122.8

1. Reservoir, 2. Downstream river
Ratio (%): Between spillway average overflow water level (m) and spillway design flood stage
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Table 10. Decision condition of emergency level (sign) change (idea)
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Emergency Study result decision condition (idea)
level Jangchan (El,m) ‘ Bocheong (El,m) ‘ Sosu (El.m)
Attention From appointment of weather special report to 10% of reservoir spillway design flood overflow water level
(Blue)
~ 166.1 \ ~ 2104 \ ~ 1911
Caution From 10% to 100% of reservoir spillway design flood overflow water level
(Yellow)
166.1 ~ 167.0 \ 910.4 ~ 211.6 \ 19,1 ~ 192.2
Excess of 100% reservoir spillway design flood overflow water level or overflow of dam expectation by
Alert
PMF
(Orange)
167.0 ~ \ 2116 ~ \ 192.2 ~
D
(;I;i‘;r Overflow of dam occurrence or approaching of overflow by PMF
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Table 11. Imaginary scenario of emergency situation

= e &
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Disaster countermeasures agency corrective measure

(0.0)

reduction sustainedly

monitoring

T Disastrous —
me situation Existing Research result
(Emphasis on reservoir) (Connection with downstream river)
* Appointment of heavy rain
am advisory because of typoon
05:60 + Concern about large—scale
! damage because of
abnormal heavy rain
08:30 * Beginning of spillway
(0.0m) overflow
08:40 +10% of flood water level - Rainfall condition, observation and gaze of
(0.2m) overflow (Overflow depth reservoir
: 0.13m) - Observation of river situation and provision
08:50 of situation information to related
) ization
(0.4m) organiza ;
+ Expand human and material resources for
correspondence(restoration)
* Concentrate upon observation of
09:00 downstream's danger area
(0.6m) * Resident evacuation and warning in
expectation area of river bank's overflow
collapse(preparation of evacuation)
. +50% of flood water level
((())9;[(1)) overflow
. (Overflow depth 0,65m) * Resident evacuation order in expected
: overflow collapse of river bank (When
09:20 . . , overflow depth is 0,65m)
(1,0m) Part of river bank's - Additional . der followi
overflow begin (When Additional evacuation order following
09:30 overflow depth is 0. 8m) increase of overflow water level
(1.1m) : #% All of downstream river is dangerous when
: overflow depth reach 1 ,5m
09:40 « Spillway flood stage excess
(1,3m) (Overflow depth 1,3m)
+ 110% of flood stage excess | *09: 50 Early warning to downstream
09:50 (Overflow depth 1,43m) area with EAP applied
(1,5m) + Provision of flood and discharge
flow data to related organization
10:00
(1,6m)
10:15
(1,7m)
~ .| *Occurrence of max flood
10:30 stage because of inflow of
10:45 * Reservoir institution is all
(1.8m) r%ght }Jut .dangerf)us
———~— 1 situation is predicted,
11:00
(1.7m)
12:00
(1,6m)
13:00 * Decrease of reservoir * Continuous disaster response . . . s
(1,2m) overflow water level activities Cont}npous disaster response activities
— 1 ¢ initati - Provisi £ flood and disch * Provision of flood and discharge flow data
14:00 ecause of precipitation rovision of flood and discharge to related organization
0.7 reduction flow data to related organization
15100 * Decrease of reservoir * Continuous disaster response
©0.2) overflow water level activities + Continuous disaster response activities
16:00 because of precipitation * Surveillance activity of sign and * Surveillance activity of sign and monitoring
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