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A STUDY FOR INTRODUCTING THE SUBSYSTEMS AND
THE NON-LINEAR FLOOD ROUTING MECHANISM INTO
THE FLOOD CONTROL SYSTEM BY MULTI-RESERVOIRS

By Takuma Taxasao, Shuichi Ixeucml and Toshiharu Koiri

Synopsis

The aim of this study is to establish an optimal procedure for the operation of the
flood control system by a combination of the application of optimization techniques and
the use of rainfall simulation. That is to say, the entire flood control system is consid-
ered to be composed of several subsystems. The operation of each subsystem may be
optimized by the application of Dynamic Programming, while the whole complex
system will be controled through the direct connection among the optimal solution of
each subsystem.

Under those circumstances, we propose a procedure for dividing the entire flood con-
trol system into several subsystems and moreover introduce the flood routing mechanism
into the recursive equation of Dynamic Programming for the subsystems. Those appro-
aches are applied to the flood control system in Yodo River.
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by run-off analysis
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Flood control by Optimal flood control by
subsystem based on total system based on D.P.
D.P.algorithm and the Decomposition
algorithm

JJ . Safty ratio on the river system

NMAX after controled by total system
I1  Safty ratio on the river system
NMAX ’ after controled by subsystems
Il Estimating factor for dividing
JJ the total system to several

subsystems

Fig.1. The flow chart for dividing the total flood control system to several
subsystems
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Single Type Series Type Parellel type

Fig.2. The basic patterns among the dam reservoirs
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% I1ii) OBRECHERL AL -2BHE JJ ¢T3, ROIEEOHESELNE, ThA DL, (1)
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0(t+7) Smax e (9)
Q{t+r)Q DEFENCE POINT Su(@+1) =K, {0, (F1,)} e eveerenseene (10
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B v ARDO¥DE S5k B,
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Trichd, HIRE 0.2 KL T, FAREE S() B—BHCREELBH, KIS, (2+r,)
YRABEH I VREEND, TOKE, (=2 CETERERE (S.(2), S.241.) T O BEESFET
BT 2iChRB, DB HRBE (SO, So(t+w,)) KHLT, BRBEHEIBRICTIXSCHKREYLE
RKLTwiDTh3,
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7.) ®5%H, BHBIROBME
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CA3DT, HRECITERHEEZR Kk,

B, EHEE L LEBECET2 DP OESEY 5t L CERLET» 4285, LP(Linear Programm-
ing) IKXBEAMLICEEL TR, BHEENIIC X5 TRRORARHRHTHS 57,
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HENEDLND &, FENEE L FERLE: ORlic R (9), (10 FRIET, FAEADOKRZHSRE
CEELAD, i) FHHELL AOHMCONTATESHML, HEHCET 3 ERAR - FHHERRSHE
Lhb, CO2ORENKHRTAIUERL > THY, BECOBMEMAL T, i) OKRZR»EZ
DHE XD, i) ORESRENICHERT S, 2L TEELREBHAMREL LT, 1) OMEKS-
T, MEGERYREEDOEECABEL CHELZED DI LKLV RNZ Y BRI S L ko ¥k,
i) OMBECHLCE, KTREZOEECRED, REEKOTHLHBEL CREBELRL T AR, Mk
WRYREBRLELT, FARKBLT2RERL T ELMERERE L. UTTR, LED3IDDHHE
¥EhEh (1) HEBRK 31 3 KE0RE, (2) DDDP o#FfH, (3) FMEORBREEHEIHLL i
L, LELCBROBHEE»S,

(1) HEERCEHT B KRNZORE

—#0 DP 3 EHD L5, REBE L RER L DBFRAILROYHMOREREL KD, ThiERIEL TR
BEOBTACEE N2 DHE (g BRE LR CHEETS &, R 9, (10) XVBLIZEE
MR L FEBTFEADOELOBEENKEL, HAKTHRCIMEDKNIZSABCEST RS, 2T
AT, MERTEOELFRELLHREFEZREL, HEBEORLTX» 2,

Thbb, Fig. 4 X h¥ioskk e, HEETR Si(+e,) & 2 OEHORER (SL(t+7.)20.5)
DRFMEE L, JIKEOFERER S,(t+,) 2 B FHAOBELLTLRIT20THS (UK, KHEBL
72, ARcALNS X5, AURFAORECRBEOMENGRESHEFET S LT 1k, TOHHRLIC
BT, EOEHFCEETZREERTIOS L HYEEERICT 0%, RELMERBL LTRET
nEXwv, Tk 5K, £EATR (9, (10) 2HRET S LS CHEASEDLRD &, HAKTRCEA
TREAZ NS ETH AL, FAHECEATYKNEFEH I W2 RTCeichd, Table 11¢
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Fig.4. Schematic representation of DP algolithm where the continuity in channel

flow is held

Table 1. An example of the computed solutions in the case that the concept of the

Iattice point in DP algorithm is changed
V=19 §(0)=0 S(10)=14
Smax=29 5(0)=10 Q,=20 K=5.0 P=0.5 v=0

t 1 2 3 4 5 6 7 8 9 10
I 3 6 9 12 15 10 7 5 3 2
q @ 1 3 3 6 8 15 10 6 3 1

Integer Type
S ® 1 4 0 2 9 18 9. 19 12 14
0 () 2 3 13 10 8 1 6 5 10 0
S® 9 11 13 11 1 1 1 8 9 1
Q® 4 4 5 5 5 5 5 3 4 0

max Q () /Q4=0.25

Real Type
S (® 0 0 0 0 7 17 19 19 13 14
o® 3 6 9 12 8 0 5 9 5 1
S® 0.0 126 153 189 19.6 19.5 194 19.4 165 12.4
Q® 4.0 6.4 9.3 143 153 151 151 150 10.9 6.1

max Q(#)/Q;=0. 765
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Fig. 3 R T84 A « B - B Ac s 0 5 B5E L REAC L2 ERROLRTH S, AXE
B Q@) REXFCkIRHEERY, MEFERFIZbLL, R 9 k HHIBAREERELADD
T, BEECBLIIRERTILBEAERE-THY, FRELOBESBERTES, —F, HELERKCE
Wb BHA G ABEREAEE L b FEBEI NS C ik Y, HEO LD bEREOFLELRD
b, 72l EERCATERFACENTEORFORBEOERELTSHEHED D, Kk B HEKE
LD ETAREL R AREMSES,

(2) DDDP ®#EH

DDDP D FHEAKBICLE, REOHREITI bOTRAL, KERALDOEEICLTREREBL L
B EET B L DTH S, COHER, bW “Invertible System” D ¥ b, REEK L REBELK
OEBEL WY AT ACHLTEDE TR TREY, KFED X 5 ICRBER : REEROBHERAZHA
CiE, 2ORBE~OIEEZELH TRV, £ A0REELAEOREESRERTH b HITECHE
nTWwBrecEBL, UTFOXSAFIRTEAR XD >,

i, EFTEARKERYEL, LORRERIICHIET 3 FAlARTE S - THRF (Trial
Trajectory) :E#T 3, OFIC, TDOEDDICHYAREHE LY, FARKEOTEFUK (Corridor) &
T3, ¥, FARKECHET > MEOKGREOHEA S,(+r.)min & 5, (¢+r,)max ¥k, W
$kfgo Corridor &45, THbb, Mo Corridor %4 ARkyKkED Corridor KRBT B0 TH 5,

T 5 LCREX ncHBERICEC DP 3EE T, RENARERERDS, 2 JnT, Bbhk
X ABrKERFIRE LY Trial Trajectory & LC&IRKABRED Corridor %fEY, ZD#T DP FHEET
»C, BURPLZBRERY RO, D EOBREE ARBEREERI LA A5 ¥ CRYEL, 246HiE
HEEBL5 T30 TH3, Fig. 5 BHIHOREF aHH> A7 2 CD DDDP ik 3 RH@EERD
LiabDTHD, HEWERDHERKCNELTwST L, bk, DP OER(EZDE EEfEc

Conditions: Results:

V=19 S(0)=0 $(10)=14 max Q(t)/Qd

Smax=10 S(0)=10 Qd=20 1st. 0.883
2nd. 0.828

K=5.0 P=0.5 =0.0
3rd. 0.787

4th. 0.767 Optimal

Trial trajectory
—— Optimal trajectory

15 | Q(t) Vo os(t)

10
10r

5 10 ¢ 5 0 *
Fig.5. The variation of trial trajectory and pass flow at the defence point by DDDP
method
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—HKLTwB L eELD L, RETELBREERORTHEEL 3 TR ARECH L Ty DDDP #45%
K CEL T L BNEBTELS,

(c) MHEDREER % MR R LR

R (13), (14), (15 OFER(CE LD LI FALECHER LTI LLL L 5, BKEROEREKR
WNT5e, FAEOHNBREIEBHELELLERZL->TEY, BRCELL TRV LHEDbMD, TOFE
BREEERD K B$KEne: s c—@E{Bbhd, $%, DDDP ki) 32{HEE® Corridor %
3L, TOFERBIEDTREINTEY, F2OMKRBLECEREHOCLBBDOLLE, £ T,
ERAROKEA BRI L SHERHOERDOLD, D¥D X 5 AFERARERMBNICER L LIRS
BEZbND,

Vi, TEOHERBEL AFKBLCL > T—RBHCHREI N LRELL S, T A DB, MEkEE
So(t+ry) ZREEREELT, H24ERLAOTBERERZOBHD & AFKBOMEE L TD0TH S,
L7cdia T, BErnBEEeR

F4Si®,, Su@)=min[max{&EE=. 15,040, L,
0<S, @) <V, 0<5,(t+7,) <S,max (n=1,++, N; w=1, o, W ; m=1, -, M)
ss@+on-Le@)] e an

Fu(Si(1), o, SN(l))=max{%'-’:1;i—1-)—} (M=0,2,00, M) eeeeeeesesssnnsnnnen a8)

Table 2. Comparison between the computed solutions by the exact method and the
approximative method

V=19 §(0)=0 $(10) =10 5oy =29 Spex=29
5(0)=10 Q=20 K=5.0 P=0.5 =0.0

t 1 2 3 4 5 6 7 8 9 10
I 2 1 2 3 3 4 5 4 3 2
g @ 1 0 0 1 2 3 3 2 1 1

Exact Method
S @ 2 2 0 1 4 8 13 15 17 10
o ® 0 1 4 2 0 0 0 2 1 9
S® 8.3 7.2 8.4 8.5 8.0 8.2 8.4 9.1 8.3 123
Q® 2.7 2.1 2.8 2.9 2.5 2.7 2.8 3.3 2.8 6.0

maxQ (2)/Q.=0.30
Approximative Method

S (1) 2 3 5 8 11 15 19 19 19 10
o0 ® 0 0 0 0 0 0 1 4 3 11
S® 8.3 6.6 5.4 5.3 5.9 7.0 82 101 10.1 141
Q® 2.7 1.7 1.7 1.1 1.4 1.9 2.7 4.1 4.1 8.0

max Q(¢)/Q4+=0.40
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thY, Thichbe CaBEEREREZD TR

S+t =g, (Si(®), =, S, ®)) e 19)
BEVLRID, LT, g,(S1@),~, S ¢) FAE w X ) ERCHEEBETS o @05 A0RKREIC X
> TELDONLTAEFHEETDH 5,

Table 2 i3 LEROFELMBE L BERC L3 ERAFADHETH 52, FUBERETHNBERENEL A
S TRVBEIDD, C—27DTnRER»-THY, HEEPZTFELTRE LT L L5, k7, TLHE
ECREREROREDY, BHECRETHEIMLERINT TR Y, HETHCK A TlhET
BEABEDY, ZORKELLTOEY— 7 BOMANEL LIS,

7%, AL VBELrRXSK, FHEHE, NFMERE s bRHECHnOBERICSHSH, Thik
HEPRERGE S, MERELBRCR - TnARnT &, HHKTROMEREES T3 X005k
AT EDOBRIINRY, C—20ChRETLEC BELbND, Lizd-T, HHBERERRINC
TARERNCHEK THROFEFZERKE 23T T, C—s&OHMIMER &5 L, FETER,
i SHEORDEEDNEDEHLHLTH S,

4. BMFEHA~OBER
HEECRBHELA L AROKAEETEFROERG L LT, RIKRCBT 3HBAHES AT 22HRIC
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SYORENJI

DAM
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Fig.6. Typical representation of the flood control system in Yodo River
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Table 3. Information data on the dam reservoirs and the defence points in Yodo River

The capacity for the flood control on the The allowable flow at the defence
dam reservoirs points
AMAGASE DAM 20.0Xx10°m? UJI 900. 0 m3/sec
TAKAYAMA DAM 35.4 NABARI 3300.0
SYOREN]JI DAM 8.4 KAMO 4650, 0
MURO DAM 7.75 HIRAKATA 12000.0

Table 4. Information data on the channels in Yodo River

Smex K P T
CHANNEL 1 5060.0 mS<hr/sec ~ 74.2 0.5 0.15
CHANNEL I 5592.0 82.0 0.5 0.18
CHANNEL @I 15548.0 228.0 0.5 0.49
CHANNEL IV 26094. 0 313.0 0.5 0.47
CHANNEL V 31429.0 377.0 0.5 0.47

L5, BIREEE AR T2EBI (F@EI) AR ICBNOIZIALRD, REAICKER
HINEHE, R8s HEFF L, BELL, BULARELDHELT, SROFANTRERSFEDD
VEEEEh T3, FTRICRREMHROEE, BLEEHTYHEL, Thd OBHEH CHRNAREERE
2T, REOKFEOEBSBHEL ENTVwE, AETRIEIKRE Fig. 6 ORRRCRTLS55> R
FTATHEEL, WBD4FA2FTIHES AT AOEESEHE RO »ICT B,

4.1 HkHEed

AT ADTEETS R, 3 WTERILERI 2 & AREEOFHEHECOWTRERZINZ X 5, Sl
FrExGe L, MEZNMBE L TIEL A 1 S - 2FERTH D, ¥ %, BHEZT-HKEZ
19534213858, (% T. 5313) 19724220848, (Al T.7220) TH b, Fr0ETBIUVHEIEEOE

T.5313 - .-~ natural flow
pass flow by i)

-~~~ pass flow by ii}
————— pass flow by ffi)

25/1216 20 0 4 8 12 day/time

Fig.7. Comparison between the com-
puted solutions by the exact
method and the approximative
method

Rz = hth Table 3, Table 4 IKRT LBV THB,
2 0ff, ¥ AOHETHRMER0, BREHEZFERE Lo
Fig. 7, Fig. 8 @ UEOKHEDD & TCOHEBERETHS
2 1) R (13) CRINEEREEARERLEEDEE
B TeBE, i) FEORBREL IR L EUBELHw
By, i) HREPEDEEONRY o — A TFHiLE &
BF 284, O3EEOHEEELETRLT D 3, & /&
L, DP {HCB~CEEL2 LT 2 &», +~T DDDP
R L7, HE WLk X S, i) OFETHELT
5, HHTHCHRYKEAC—IEREL TS, KR
LT, FFHERCHHORAGREER LAV L HD
Foh, ¢ T.7220 ¢ R ERMR LA L CE—270D
TREEDEL, ATEKEFEL A NERCE- Ty
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3, %7, TOiil) O FELVBLNIBERTEZD &
CEAGE 2 T FHER SR BEEL T, -7 HED
KEACABEPFT I LA TEAD ke THLEHE 400 T.7220
Bt b, BKHEICET UK TEEESALER LD 300 0
BHEIEMTELS, 200

—7, ELEELR (13) AW REROBRELET
B&, T. 5313 Clie— 7 {EC# 20m¥/sec BEDHEIC .
FTEF, ~AFr 770K BEUS L - BDOTREF 6 16 20 0 4 8 12 day/time
ERRBBORTND, LT, T. 7220 CRE—Z{ET .
#9 S0m®/sec DHBBY, A K757 pn 0 Ra 168 Comparise between the comp
5Tnd, JEDEEZELD L, AURECX 2 HEHRE hod and the approximative me-
BRI BDRRHTHBE L L DP, E—7DOTWROH thod
KDDL EL, HEROUENEBECIENEFELAES S,

4.2 BNABOKESERFR

TNFROBA BB > A7 2%, Fig. 6 KR T X S F a8 4, FEESEE S OSRTMETH 5,
L7z#»>7TC, Fig.1 ©7 v —F 45— FCBF 5 b — ALY AT ACORHLTR, FHEBOTEARCH
BRI Ed b, DP KX AEREA ZDEEMLC LR TE RV, ELTCERE TR, EELbKI-TH
AEEAzZETbo e, THEEBZEALCEHCFEEEAT L 20FMAR 1) 22RE vy,

T, $TVATAELTHE, HEFL L, BHLAOYTI2 £ 4 1 FHIHERE, Ky BF A, BIL
FADLTN2 X b o 3T ARPEETE, V7TV ATAOFHBEROBMERE, +—ZAVATA
DEEFCOHMEBYEA L REHEBR OB L - T, HEOEEERRDIDYTHS, LTI
B LADRRE L AE B HMETCORBR 2 2AMECBTIRBC AL X SCHEEGTIRELET
B, TOTALITYVAXAIKIELP ZAnTnd, 20%®H, F—ELYATACETIRULLL TR
OFEHRERBUICEERCRATICLcR Y, ZMEOH THIE Table 5 K 7T LEHITH5, B
bLBAh, 4TV ATFACHE L BER, HEEHEZAAR DP k- TRELETbNS, A, & &
ADHETHSME 0, BRABREDEREREDOB0% & L o ¥k, ¥BETIRMEMEERTEXR
300mm, 400mm ® 2 T, FhF 1 1/200, 1/250 O EBBHERCHIE LY, BHioHHETAFZOER

Table 5. Distribution rate and lag time by the linear responce function on channels
in Yodo River

¢ CHANNEL I | CHANNEL II | CHANNEL IIf | CHANNEL IV | CHANNEL V
1 0.225 0.229 0.245 0.287 0.247
2 0. 166 0.165 0.173 0.183 0.174
3 0. 122 0. 122 0.123 0.117 0.123
4 0.090 0.090 0.087 0.074 0. 086
5 0. 066 0. 067 0. 061 0.047 0. 061
6 0.049 0.049 0.043 0. 030 0.043
7 0.036 0.037 0.031 0.019 0.030
8 0.027 0.027 0.022 0.012 0.021
9 0.019 0.020 0.015 0. 007 0.015
10 0.014 0.015 0.011 0.005 0.011
T 0.05 0.30 0.40 0.16 0.26
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Table 6. Dividing factor for the flood control system  HA%dLWCBEELLTr— A% A w
in Yodo River Fro

Case 1 Case 2 PED&HEOD & TRL AT EED
- 51 1x Table 6 wid, BREDR 300
Return period 200 (year) 250 (year) mm, 400mm OWFhicEwTS I/
II/NMAX 1 0.71 JI=1t» Y, @WIKROZLEHR1/
77/ NMAX 1 0.71 250 FAEBHRIC K> L LTS, B
OFNEERZR L BEENDOT T, ¥

Ir/J3J 1 1 fo o = "
TYATF ANDGFHEBAFETH L LWL

3o %27, 1/250CRBIIRCH T 2 RERY, AT ADHEHCHhbLFT0.71 LIETTEC L, BH-S
HA—VEBPRWC L LY, §%, SEORFTCHALLORELZBET I LEBETHS S5, &b,
5 LBRPTROBRWECREL TS ALY, HEMNIIEECOX 435 ik, FREAOF]
BEBEREIE S5, b, AHECHALAY VAT ADMIC, £FXAREL A | FlHAR LA
FTHAEVELOND N, BELRHOEEMAD, TRENEEFLAALEELLBIVUR BFLLE
WEADHKBDOERBICHEL, LrdbEBEHKMATHELLEELT, WHADPL S CUFIOF 2R L
BB LTHEET 5 %o

R, BRZ—v¥, BRFHOEECHLBNOBEYEA S 2, BIKRTRERBRER 1/200 c
BNTEY 7Y AT A~DOHEIBTETDH 528, FHEHEH 1/250 c% 5 L HEbckEBROKMHED 3
tni ks,

5. & =B

ARRR & 2AROHATEHAROBNED ETYE, FARORBIRFCEERN 25250 LEST,
HANLEEMELBIILLAbDTHS, Thbbd, A0 O>XLR (FEEBHEER) Ob L TOHM
SAT A%, FADHEEEL VBEOACLADDTH S, tk, £5LBEERERCHLHEHEE
HECHMF TR AThEAL T, FEERTEEE L CRRBEE ALK TE AREDERLETT - 0

h¥, FRECREFES AT 20V 7> AL BLACERZED Y, HEBHONREELICLICK
> TCHUTFTDX 5 2B KHE~OEHA AR THS, ThabH, Fig. 1 OFHLHVBLoh3 JI/NMAX %
FADHKEED D WEFHERADOLERE L, HEEBBURCENT, Hid TREXWAREXLH
ktTkosn, FAOBRKBEEDD nEMNKBLRRETE2DTH S,

Xbic, AMECOREE, BELIRRLIIVRELCELAIART Ay 7 « 2V be— A" PBHEO
BARFEIC X 5 ERFUMRIFEY 2 COoBILHE T ERTE 2, AN, RFOBRMERY D L ICTFHIE
NBBRSMICH L CRBIFERTIZ RS, RRFOBXRELXTIHDUTHS, 20K, R (13) AV
ZEEHERTSCLICk»C, ERAHADRICE 2 BYAEKRDN G CE S, DLEDL S, &)
BRETEE 2O Ch  RRFE~DEBAER b DELbN, 8, HELEDTVELN,

BHiC, FUREEDZCHI» TREABHERBL Chie X BRY  ARTERE - B X &
HEEEEEH, SHERLUR, ROERTHI L T E ik AEBHRFIOFIURAK, FHRELE
BRAEDBILFRRCHBERER L\,
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