241

ALY —= FEREITEBIT ARKY 2R F LD
REICET 058

NEOFIR R R R E—

A STUDY OF OPTIMAL FLOOD CONTROL SYSTEM
ON SCREENING MODEL

By Zoshiharu Kojiri, Tomoharu Hort and Shuichi IKEBUCHI

Synopsis

The aim of this study is to establish the optimal flood control system on screening model
introducing the multi-dimensional probability density function of rainfall.

We have defined the planning objective of flood control projects as minimization problem of
construction cost among all alternarives satisfying the safty ratio for the flood inundation. Firstly,
the conditional probability density functions of rainfall are calculated between the neighbouring
sub-basins in space and the continuous two control periods in time assuming the first-order non-
homogeneous Markov chain. The conditional probabilities of flow discharge are calculated through
the simulation method based on the above probability density function of rainfall.

Second, the probability of flood inundation in the whole river basin is estimated by applica-
tion of Shift Operation Method.

Lastly, the superior alternatives of flood control projects are gained by Design of Experiment
Method.

Those approaches are applied to the real flood control system for verification of the theory.
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Fig. 2 The channel model
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Fig. 3 The dam reservoir model
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Fig. 4 The dike model
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TR T 5 L4107, MARBOEREP, WREHER
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13, BMTESNEL, D, FRYIav—vay
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A
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Table 1 Information data on sub-basin area

Sub-basin Dam 1 Area (km?)
1 1 | 85.7
2 2 } 264.3
3 I 77.5
4 3 142.5
5 4 41.6
6 5 : 130.7
7 ] 67.7
8 170.0
9 6 45.0

10 \ 325.0

estimate
point

A

s ——‘ i—dam

Fig. 7 Typical representation of the flood control system
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TS € — 7 DRIHRAI0E3 D2 RIC LIz, Table 2 (35 2854 (/1=26) 0T, KEHEFEZEEM
B TH 5, Table 3 j2 3 2L —v g VAL 000EHE LIBAOLEABEOFATH S, 0LUSAD
1BA7E 2mm/h OBBNTHRE L, K1 TREGHRSRET L L, HE2 TOPHELREL
b, EHRICKERBEENS, Chid, F—2HBPUELHHBREVIDT, LDEIOF—2 &R
SNEOHREEEBMHOMIKIL S EREINELTHA D,

WEERICE LTI, Table 4 OTHWREEHSBUEBEMRAZANT, YIab—Ya vEEEBELTH
Fllo BRO Y 2 b—v 3 VICRINBIEEREAS Y, BYUSHEM THEEIMMERDIDETH S,
Wil 1 TSR - ERE S OMASDEEA Y Yt L, MORETIE, FEELIOBD A S FIREIOMS
BOEEAYT Y P LT CER K » THREMARERERD I, Table 5 i, ¥ 312l —¥ 3 vEHEL 000,
1 BA7% 30 m¥/sec, MEEREIOICERE L& 2DOHTMRDO 1HITH B, PIID, HLFROKEMSKSE

Table 2 Statistical data at 26-th control period

Sub-basin
12 3, 4 5 6 7, 8 9, 10
Average (mm/h) 11.0 12.0 12.1 9.2 6.8
Standard deviation e e . »
i 65 73 6.8 62 48
.5 L 2| 10000 0.6831 0. 6834 0. 3601 0. 0939
Sug |23 4 1. 0000 0.6925 0. 6702 0. 4144
T | g
8. £15 6 1. 0000 0.3738 0. 5706
EEE
33g | |78 1. 0000 0. 4850
g, 10 1. 0000
cul 1L 2| 04505 0.2485 0.3409  —0.1107  —0.2410
£2% 5|3 4] 0562 04048 04423 01302 —0.0607
<
€85 |2 |56 o567 0.2749 0. 4863 0.0151  —0.1620
SE5 13|78 o025 0.6618 0.3178 0. 4067 0. 3055
S g 9, 10| 0.4703 0. 4084 0.5296 0. 3566 0.2729
Table 3 Conditional probability of rainfall at 20-th control period
Sub-basin 2
. .
12 3 | 4 | s 6 7 8 9 | 10
1 | 0296 0.312] 0.164 0.09 | 0.045| 0.026| 0.026| 0.006| o 003‘ 0.032
2 | 0.304] 0.201| 0.173| 0.093 | 0.046| 0.046 | 0.017 | 0.013| 0 ' 0.017
3 | 0303} 0.262 | 0.213| 0.098 | 0.074 | 0.016 | 0.008 | 0.008| 0 0.016
- 4 | 0205 0.301| 0.181| 0.048 0.072| 0.048 | 0.024 | 0.036 | 0 0.048
7 5 | 0136 0.295| 0.159 | 0.114 0.091 | 0 0.114 | 0.045 | 0.023 0.023
2 6 | 0.156| 0.375| 0.188 | 0.094 0.094| 0 0 0.031 | 0 0.063
a 7 | 0.118] 0.235| 0.353| 0.176 | 0.118| 0 0 0 0 0
8 | 0.048| 0.381| 0.143| 0.048 0.143| 0.095 | 0.048 | 0 0 0. 095
9 | 0125 0.438| 0 0.125| 0.125] 0 0 0.125 | 0.063| 0
| 10 ' 0.051| 0.077 0.034| 0.034 0.043| 0.009| 0.009 | 0 0 0. 744

Total number of simulations =1000
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Table 4 The depletion rate of Instantaneous Unit Hydrograph

Sub-basin
’ .
L 2 3 4 1 5 6 7, 8 9, 10
1 0.0 0.0 l 0.0 0.0 0.0
2 0. 0065 0. 0594 0. 0082 0. 0510 0. 0080
3 0. 0159 0.0719 i 0.0179 0. 0607 0. 0183
4 0. 0252 0.0758 i 0. 0268 0. 0642 0.281
5 0. 0337 0.0755 ° 0.0345 0. 0649 0. 0255
6 0. 0408 0. 0730 0. 0400 0. 0639 3. 0435
7 0. 0465 0. 0691 0. 0458 0. 0619 0. 0488
8 0. 0500 0. 0646 0. 0495 0. 0593 0. 0526
9 0. 0538 0. 0598 0. 0521 0. 0563 0.551
10 0. 0556 0. 0549 0. 0537 0. 0531 0. 0564
11 0. 0565 0- 0501 0. 0545 0. 0499 0. 0568
12 0. 0565 0. 0455 | 0. 0545 0. 0467 0. 0563
13 0. 0558 0.0412 0. 0540 ; 0. 0435 0. 0552
14 0. 0545 0.0371 0. 0530 0. 0405 0. 0537
15 0. 0528 0. 0334 0. 0516 0. 0375 0.0517
16 0. 0507 0. 0300 0. 0499 0. 0347 0. 0494
17 0. 0484 0. 0268 0. 0489 0. 0321 0. 0470
18 0. 0460 0. 0240 0. 0459 0. 0296 0. 0444
19 0. 0434 0. 0214 0.0438 0. 0273 0. 0417
20 0. 0408 0. 0190 0. 0415 0. 0251 0. 0391
21 0. 0382 0. 0169 0. 0392 0. 0231 0. 0365
22 0. 0356 0. 0150 ' 0. 0370 0.0212 0. 0339
23 0.0331 - 0. 0134 0. 0347 0.0194 0. 0314
24 0. 0307 0. 0118 0. 0325 0.0178 0. 0290
25 0. 0283 0. 0105 | 0. 0304 0.0163 0. 0267
Table 5 Conditional probability of flow discharge between sub-basin
10 and 11 at 20-th control period
Sub-basin 11
1 2 3 5 6 7 8 9 | 10
1 oo |oo Joo loo oo oo 0.0 |0.0 0.0 “o.o
2 0.1270 | 0.8254 | 0.0476 . 0.0 0.0 0.0 0.0 {00 0.0 |00
3 0.2650 | 0.6752 | 0.0598 | 0.0 0.0 0.0 0.0 |00 0.0 ? 0.0
=2 4 0.1560 ! 0.7156 0.1009 | 0.0092 ' 0.0092 | 0. 0092 0.0 0.0 0.0 ‘ 0.0
"% 5 0.1176 | 0.7255 | 0.0980 | 0.0 0.0 0. 0196 0.0 |00 | 0.0 | 0.0392
:2 6 0.0690 | 0.7241 | 0.1724 | 0.0345 | 0.0 0.0 0.0 00 0.0 {00
a 7 0.1111 | 0.5926 | 0.1852 | 0.0741 | 0.0370 | 0.0 0.0 |00 ' 0.0 |00
8 0.0 0.8462 | 0.1538 | 0.0 0.0 0.0 0.0 00 0.0 {00
9 0.0833 | 0.5000 | 0-2500 | 0.0833 | 0.0833 | 0.0 0.0 loo 0.0 0.0
10 0.0086 | 0-1347 | 0.0587 | 0.0225 | 0. 0104 | 0. 0017 . 0.0 | 0.0017 0.0 |0.7617

Total number of simulations =1000
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KIEICIE 2 SOFKBRORR bR XSHEE VDT VVERICH B, i, RRIEOBICHIBERDOMEAK
&R E, BUEEERICH LTORMERED D, BRILT2 EHF- RRTHED 5, DRER
D oTRLNLEDIT 2 HUEORMESERINIOT, PROFKRETHOHERELED S ERFEL
WEER TR, REBABRRERMOIRD FEALETAROBRETHS Yo

6.3 BREFIRICKD LAROHE

SHOKBERRICE LT, BEUSVESE 2 BRECREHBOH 3 BRTHELT -1t WAL, £
mwﬁmmﬁﬁ$mﬁﬁ%%i5w%&br.3K$%ﬁ?ém@®ﬂ¥(fA&ﬁ%%)ﬁﬁﬁ?éoﬁ
m@tu%Géfmm&ﬁbﬁTVZiA®ﬂm%ﬁ5&?nﬁ,W=QLM1ED®ﬁﬁﬁ%¥&H&
BEMH TR, 20T, EREBAHRECHEL S 3 dic, BEREE Hus KX 3EREDFTE
o, 3680 OFET HROBERER S C 0T bo EREEKICOVTE, BT, HSHHKEEO
TEY KEALTOAH, TR, BREEOTFRERAUST, R0 Y —=Y 7 BETO LUBREIT
FOFEBOMMERET 5, ¥ LB LURFOKEE Table 6 (TR EEbiC, BEBRMICBALTE, ¥
LOBBEKRE N/ 2,0000E L, HEHRENEPLES ZRET S BRBAF TELIL-120T, A
0M0E LTaEAEED T, BUKMiME B E Lc/BERERII0.01FTH %, Table 7 3 I[FTOL
BRARE LT RBTH B, 37 —REB VAT LORE (OB BRI 0 EME->TE, TD1D20ER
L LTHRBROSBAHRTFIICE T, BEDT v 4 VEXALTO.001 ATEGHBTLI LD, KT
BORBRBROMAM 1 EESHOT EMBFENL S, BELD, FL1ETNTOYr —ATRRINTS

Table 6 Information data on the planning levels of dams and dikes

b Flood control capacity (m?) Estimate Allowable discharge (m?/sec)
o 1 Level 0 Level 1 Level 2 point Level 0 Level 1 Level 2
1| o 201600 680400 1 480 210 420
2 \ 0 874800 1458000 2 750 450 900
3 [ 0 291600 680400 3 1050 600 1200
4 1 0 2818800 3790800 4 1350 750 1350
5 0 291600 680400 5 1500 900 1650
6 i 0 291600 680400 6 1800 1050 1950

| 7 | 1920 (fixed)

Table 7 The superior alternatives gained by Design of Experiment Method

— Factor ) e | Con | Order
Dam Dike inundation (X10% Yen) |
11122 1]12 1001 0 |13
1111010101 1 2 0.0277
2 2 2 2 1 2 |1 2 12 20 0 1515
£011 21 10 20 11 21 007 ‘
E 220221 012202 ‘ 0 137.9
Ele 21120220022 0 ‘ 118.5 3
dl2 011220001211 0.0106
12 2 020 011010/ 0 621 2
2 102 2 0,1 00 1 1 0 0005
2 11 0 1 1 ’o 02 0 2 0| 0 185 1

i
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RERA LR, BEREROREDESAHIULS bOTH 500, BRBEMBERT S LIk~
TESAIC L B BRI E LB, ALPOR W) OBHCEN B A HREEERIS, 2KT 3K
Ji ARZEDSDERETN D, ZNEROREMEBICON TR LE S,

EHER 7 O 7 T 2046 2 RTEREEEHRIKR TRDOEINE,

1 1
/r(’2171)=\7277 - «/T—T:Ze)‘p[_ zczz(l_pﬁ{ﬁ - (mg +p%(n—m1))}1 ..................... @26)
FetEUs miy me (XTI, o or (FEMERE, 0 RMBRMTH D, REO LD, r REHERE o1—p
TRl ot po (ri—mi) B BERICH S T ERDD B
—%, ERER 7 O r, 72 (T RN 3 RTHREE BRI,

Sfr(rs| 7y, 72)=-~ 241?123' exp [— %\7112{{’3 - ( (ra= ma)ds + (11— m1)d '3)}2J.

T 2 |7 12]

1 1 ( ((re—mddas+(n—m)di\? (71— m) i+ 2r—m) (2= m)diz
e"P[‘ 2 _Wm\,{“( 7l ) +
IV 12|

— m)dns?
Mﬁ «Jﬁ’l!_?:ll ((r1— mi)?Ay +2(r1— my)(r2— ma)ds’ +(r2— mz)zdzz')}]

E15De T, Pl Wil BENEN 70,72 BXD 7,72 73 DOIIEFTHN, A, i X Fios, Prz O
G REFTH Do REDRMY Vil IPrel, TEIHE ms—{(r2— ma)dos +(ri— m) A/l 185 EARSMBICTE
YARUIHELS,

FRIC LT, EHRER n O ry 7o rs (O 25006 4 RUERHEREIE, ROXS1E 5,

1 11 (r1— m)Au +(ra— mo)da + (73— ms)ds)®
Frlralre, vy n)—‘/;—\——y!@‘exp[— 3 _WEﬂ{rl - — |F 123] } ].
TV 123 7123
. 1 (ri— m) i+ (72— m)da+ (rs— m3)dsa\? | (1= mi)2Au+(r2— m2)* Az
”P[‘ 1VL34|{‘( iz ) +
17 123]
+ (3 — ma)2daz + 24(r1 — mu)(r2— ma)d 12+ (i — m)(7s — ms)dia + (72— ma) (73— ms)dzs
17 123

—“{g‘i‘:%;‘l” {(r1— m1)2A 11+ (r2— ma)2d o+ (rs— ms) A5

+2{(r1= mi)rz— md 12+ (11— mi)7s— ms)d 15+ (ra— ma)(rs— ma)A'za}}}:l crsenennn (28)

R, EHEER 73, 28 Wi/ P, ma— (71— mi)Ara+ (r2— mo)dpa+ (rs— m3) s /W 1) ZET 5
EHRATEOERE 185,
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