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ITERATIVE COMPUTATION AMONG ELEMENTS IN
THE OBJECT-ORIENTED HYDROLOGICAL MODELING SYSTEM AND
CHANNEL NETWORK FLOW ROUTING

By Michihary SHUBA, Yutaka ICHIKAWA, Gen SHIBATA, Tetuyosi SAKAKIBARA,
Masamichi MURAKAMI, and Takuma TAKASAO

Synopsis

The present Object-oriented Hydrological Modeling System (OHyMoS) does not
have the function to iterate computation while exchanging information among element
models. So if one tries to compute, for example, channel network flow using the present
OHyMosS, the related variables must be treated in one element.

We thought the function for iterative computation very useful for us to make a riv-
er basin runoff model and added the function to OHyMoS. This paper explains how we
realized this new function and how we apply it to channel network flow routing.

1. F

1.1 WENTTFILE - BENETYV IV AT L

B HTIBOKIET N HAER T HEE, ZOWIRTHIE - Bk - /Nl - F3EH - BT A - - Lok
NEFRIZDEL, FNOICHIETAEREFVE FOMEERIZE U CHEER TS, LV HESEION
Bo ZDEIT, KICRPHBD KL s % KL S TACETF N 2 VBT 5 ik %, #EnEriit
EEIERY BT T LEICIERD X S 2 FEh S b,

E—, KXFETIREDEZEF VIR SN TOW D TLAREFVOMRIEER, LELEE
ETFNEBATTAY - MHEEREL, Fho2KICROBEIE U CHET AV IEEL 25
(Fig. 1), ®12, THFIFOLEEIZL o THBO—RO KB L 720, 55 ViE—EOAE
FIHET2H LVEZRETAHIREIN, SEREFVEBILET HLEIE LEETY, SRREFIV
OBIEIBHET AEROAEEETH3ME¥EL %5 (Fig. 1)

BIfE, KXV Ialb—va v CEEMEBIC I 25ERIT 2 ZH L T 5D T, EEMNET L% etk
TIalb—T g VIZERTISGTER ETKCET VR - BIET AEEDOE T ETE L, ZDLD
LT, KLEF VSN E T IVLEZ BRAT 50 AR I N OIREEHET) Y YV AT LTH
b

g&

1.2 BREOKOBENETU I AT LNORMER
BAIEOHOBIENE T ¥ 7Y A7 AT, BROBEREFVECERE TR LAV R LEEERET
DRI STV, 2079, #121E, Fread DFHEFKIEHEF N FLDWAVZ O X 512, &l
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incorporating exchange of

HH :H
-

of elements

selection and compositionl

|/

a group of elements making a total system rearranging a total system

Fig. 1 Composition work and exchange work

XS0HnFBERERAOESHRAEM 2 LICL, MERORNE FHE T 572912 Relaxation % HV: 5
HEERBEOEENTT) Y VYV AT MMAL ) L35 L, BRL TV A EERORERE: —DNEE
EFAORTEYFbE B EBLV, TENZL, B4 OMERS 2 —2OBEEETNE LT AY, 2F
DEER S 302D 470,

ZD71=0I2, FFE CIIEROERT T VECIHRL R LAV HEHE L JIEY A REE25T) 1580
EFNEFEETLH ETCRRWIIEE CTHHEE R, REOHENTET) V7Y AT AIGEMTHIEICL
72

2. EFMREIHOXR

2.1 HWENETFTV I AT LOBE
(a) YATFLOEFRDRERCBESE

SHERE B THENETIVEE R ERT 572010300 b, BROBERMCOARDRER, ARTEE
A ERLTHEEEYERL, BREN-2ER2MBIGERTE L L) ICT 08NS S, BIZE2ERO—
HOBERISHREN), —BOBRMOBEFEIHIEREINTY, £EROMEZERZMREL 21T
b\,

FO-DIHENET) ¥ ¥V AT ATIE, DTOREMNFHENR TS,

1) EBEREFNVOH—HERTEARREE T TV Element & LTEHET 5.

@) fE4DEEXEFIMIG, RAREREFVICEEREFLOMEBRE LML CHERT %,

3) ETHEFZFEFNI, BARBEEETFVOESIZLET S,

1) LY EFUEREF N EEERETNEORAT, FERETNVCER I H—REEATE S,
$72 2 ILE Y BEREEFNVTEEOBEELMINTE 5, BiZ @) ICL N BOWRIIEFRIERT
FUNOLE - SHCHIETE D, (- T, H—HEPEEINTY, HLOBRRETNEBLET HLELR
2

PR ERT A28, BENEFY Y FV AT AT Ea—-dERELLTH7Y s MR
MSEAFIH I TV 5,

(b) ¥ AFLOEHA

BB TET) ¥ VY AT AT, FEKCERIFEL, ENLIOHLT AERETFVRZRERET
TR L TR ET VRN T 5, EROBHEEHEZT)OREREFNTH Y, 2FRETNIITHIO
X, (1) 2—¥—LOWEHEE, Q) 7rANEDTF—FDOFER, 3) BSOBBERIINT H518ET
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e 3VEECER & L OB OBHEE R IMTh LV,

I/, HEMETY VAT AR ET N E VIS FEET S, BARETNVIIEHRFO—
ARG TAETILVT, BEEHETAERRD L VEIHTAB L 20EREER L TRASNS,

HARETN L ERREINERE, FHE L OREOREEEIITHLT, BREE - H0Riod LG
BETMFEEDIZTTH L,

HIEHET) Y ATF A TR, H9RETN - 2ERREFNVSERTTNVER, e ofnh, 2%
e CCHAAVERIMERTE, »ho—hTid, FEE - AT SO57:0—E0FHhE TERATE S
£ 91z, HABESGRET IV Sub_system + FARSHERETIL Total_system AHER ST 5,

T/, BE 5% - &RRETNOT—5 AR EER—L, FSETFVOANIEROBHEZED
L7002, FALEN T — S HEZERTAF— I N9 VB=FNE, F— ¥ 2182+ HIRTFEF VSR
bib, Bz, BEREFVOATNIZERTEHWAT—5/% 2O%EI28 ), HRERT EHY
7o =873y 7 ORBIZE WERENS, FRRIZ, HSREFNVOARNIH T, 2FRETLO
AN AT T - BT AR5,

REERETY ¥ 7Y AT AMIBWTIRF— Y OFZRERIE LTRTICE 2EETiibh b, L LEE
BOFEICBWCEERD L DT~ F W EL DY, FOFEEIT) TTHANLE, LIRS, Hio%
BENTELF— 7 2ZETHMTICL DBETIIAFUTE RV, Z 2T 2@E ke LT, 2E0
FEEHETH L THE-THH ) T 2 BETAEEBEILL D7 OBRZIIOHIETEL L HIcsdh
7%

2.2 EXMEEEER

BB Cak7-BRAEDOREENET ) » TV AT AT, BEETAVFEWVIZEE L - CEHEL2EDT
WS HEEIE S B A, BHEE IR B & v Bk R - Ty, RAERHE R L2, BHEICEERT 5
REREETR—OERTFMIETA TR IR S, L L, ZhTidimmE@ing L3 etEy
LR, A DIERSGEF—20FERE LUE) 2 EMWTET, 2ROBER LTI k5,

D702, FUIFRTIRRBOBEROM TIER LM L 20 05 HE % U T A 8E82%, MIIGEOET NV
YR A ETEARMICERLBIECTHH L ER, ERDV AT LITGENT 52 EIZL7, BTFICEDHNE
AT B,

(a) fixed_time RUtarget_time (22T
EHBRERROERO-0Z, 48, BEEF VI fixed_time, target_time &) A %EA L7,
fixed_time &1, EEOWREIHEE LTV AHRIOZ LT, ZOBE X )RIDRERIIEE S E W,
target_time & &, REFEBEBERLAOZ L THY, KEFET HEE €T WV id fixed_time 9 6

target_time £ TOMOKEESL, PR T A TRVELEET 5, ZOIGRSEHIE, SERET NV CEH

WD D I EWTE S,
fixed_time A5 target _time £ CO/ME1 A7 » T CTHEUGLEITE {, time_step T @I85k L THl

ML L BUEETH B, BIZIL, fixed_time 205 target_time £ TOM% 1 BE & LT, 2OM% 15

FEEATEHETAILDTESL, ZDHAiITtime_step 60 X 15=900 (sec) &F 5, 7L,

current_time (BREETNVOHEOBAERH]) + time_step {3 target_time ZBZ Tk % b %w,

(b) EEETHOEDTH
Fig. 2 *AVWTHET 5,

(a) DUEETE HEERIOH L CILBOIEE H BERA target_time 2RE SN TWAH ET S,

(b) KAEEMET AEHRMIL target_time IZMIT CEHE % ED 5,

(¢) RIERIETHAEZNE Ttarget_time ICEEL/-E 2A T, ZNEH 5T AR/ 2R IUL

WrFzv235,
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terminal terminal T —terminal
i
i
= N
— —_—— —_—
target target - charget ———
current T§ i —
current .1 ____ . — ] . —
. £ _—
fixed (a) Eixed ) Fixed o (@
converge?
YES
terminal 7/ terminal —
target target —
current e
. current |
fixed 7”0 fixed —
(e) (d)

Fig. 2 The way of iterative computation

@ BORLTWz6, BRIZES7 -5 2HIIL, target_time, fixed_time #HH LT, (¢) K
DAT v FIAH ) b LPCEL T 2IThE, (@) BED current_time 2 b LIZE L, BURE
EHEEE 5,

(c) Element (SEMENAF—HA 8 A28

HEAREHEET I Element ISBMENTT— 5 2V NRU A 2 SEBELTTO®Y) CTh b,

time_t fixed_time : RIEEHEIZB W THREEDHERE LTV B84 (sec)o

time_t target_time : FUREHE B (sec)o

time_t Fixed_time (void) : fixed_time %327,

time_t Target_time (void) : target_time %1%

void Cur2fix2tar (void) : fixed_time, target_time % current_time {o—B &€ %, ERMTIEE 21T
HEE T, void Set_initial_state (FILE*) T current_time 2SIHIERE E N2 B I OB T I
SUEDVH 5B,

virtual Boolean Renew_current_time (void) © current_time 2 E#¥ 5,

virtual void Rewind_current_time (void) : current_time % fixed_time IZRE 3

virtual void Renew_fixed_time (void) : fixed_time 2 H#¥ %,

virtual void Initialize_target_time (void) : target_time % #EHLT 5,

virtual void Renew_target_time (time_t) : target_time % EH T %,

virtual time_t Calculate_iteration_step (void) : REEME BRI %383,

Boolean Work2 (void) : BAEETHEZEFH Work Dfi,

virtual Boolean Do_you_reach_target_time (time_t1) : RiEaIE A target_time IZELEL /2 &9 &
2B %,

vitual Do_you_converge (void) : IRRERDEIEDIIREHIET 5,

virtual void Flush_data (void) : REEFEBERNAH T COF— 7 OHHE, REII LT =570
WNBET D,

virtual void Send stocked_data (void) : RASEIE BRI CiZzE 5 77— ¥ 2 1T 5,

_4_



BT S ML R BERIE T Y 7 YR T A B ABREER O R L MERR OB E~OEA 387

(d) Sub_system (JEMEhAT—2X /%« X BB
EARIESTFRE TV Sub_system IGBIIE NI T = F X W NRUA U A EEIZLTOE Y Th 4,

void***iterator_array : RAEFHE T 2HRER 2 RES 2EFI~NDORA » 7,

int number_of _iterator_sets | BUERHE+ 5 BEHOM,

int* number_of_iterators : R LR T HERDH,

void Initialize _iterator_array (void) : iterator_array % #1EHL3 5,

virtual void Register_iterators (void) : KIEEHHR T ABRERDBHE I V¥ 7214 A,

Boolean Register (int, ...) : KAFRIE T 2HBHEE % iterator _array IZ&8T 5,

Boolean Do_you_reach_target_time (int) | RAEFHE T 2 EHBEA R E BAERAICERE L720 &9)
»Fre T h,

Boolean Do_you_converge (int) : JIEEHE T2 ERBEOIGE: F = v 7§ 5,

void Rewind_current_time (int) @ RAEETE AR L 42 2 o 72 BEFEBEITH L < Rewind_current_time %
ETTHLHImET 5,

void Flush_data (int) | RIEEHE § 2 BHEBIC fixed _time 25 target_time DEDF— % % W X¢ 5,

void Renew_fixed_time (int) ! FUSEETH 3 A BEFREIC fixed_time 2 EH SH 5,

void Renew_target_time (int, time_t) : RIEEHET 5 ERBI target_time ZEH X5,

void Initialize_target_time (void) : RAZRHE 5 BREI target_time % WIHIRLE S 5,

time_t Calculate_iteration_step (inf) @ K5t H § % & F B I time_t Element: : Calculate_
iteration_step (void) %FEAT84, ENLORNEOW, BADLDOFIET,

Boolean Init (char*, int, int, int, char®) | F— % * ¥ OFELE 4TS o number_of_iterator_sets A58
mahzz Lldn L Twib,

Sub_system (char*, int, int, int, char®) : I~ 2+ 52 ¥, number_of_iterator_sets 258MSh7-2 &
W LT %,

3. EFTFI)L FLDWAV Digse

3.1 FIJUZXL
BRI OBHFEE1T ) BERET IV FLDWAV OEER 2 7T X82SR, 28, B
EHEEIILI,
2 DOWRAERD 57 5 Saint-Venant &
HEREA
% + Mg_;A_O) —g= () sererreeiiiiiii i e i e e e e e ss s rnaere (1)
HEEhE R

0Q | 0Q%A) oh S () eeerreeee e e e e eerer e e e ————————— s
9, 0@/ +gA(ax+If>—0 @)

ZIMERRN DI L L TRAT %,

T =n?| Q| Q/(ARY?) IR E KT,

E7o, x 3KBEOMEERONERE R, ¢ I3EERE, Q BB E, A, AliZFNFN active, inactive 72 B
E, hiKER, RIEEYERLTWS,

D (1), @ KOWGRIZ Ax; #H), 4 SEAMPBRZSMEPEZAVS XD 3), @) 5B,

G@Q — Q" — ¢ Ax) + (1 — 0) Q1 — @ — ¢f Az)
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+2EL(A + A+ U+ AP

_ {(A +Ao)§:+1 + (A +A0){}]= L T T LT T R e P P PP PP PP RT PYPT T PIPE PP (3)

?j R+ i) — @+ e

+ol(5), - ()7 + a-ol(F), - ()
+g/2{0i + A + 01— 6) Al + 4D}

(6wl — ni™) + A — 6) (e — K}
+ A‘r‘/z{a([ﬂ + 4 1; +1) + (1 —_ 0) (Iff“ + I/{)} — iOA.Z‘,-] = () rreeerererereacniiieiisieennn (4)

I 2T, Axg ETEWTEREIRE, A7 BRI, 0 ZSEBoEAFIMRE 0.5<60<1.0), 6 LK
Ol wFi=1,2,N—1 (V. HEOK EENEONEZRT

(3), @ RiTL-T20N— 1) HORUHASBLN, NS ETHRBCOEREEZOEMALZE
Ik oToNEOFEE W, Qi=1,2,N) 2RDHIEHTES,

L L, TRODRIIIERETHY), EEEL RO LOIIREETH S, % T Newton-Raphson &% H
Vi,

3.2 Newton-Raphson &

Newton-Raphson {ESFERILOE FRERICH LT, #EE X)) OETr 4 7-REAL, TOHE
D5 DE (AX) IZOWTOREORT FEREMEY, ThERLILIZE - THIREEE (0 =
X+ AX) 2185, IREPWET LI THRYET I LIL > THEZRODHETH 5,

]’(Xk)AXz __f(Xk) ................................................................................ .(5)
(AX _—_Xk+l _Xk)

ZIC, JIRT 2T E, Xt IRMBOMEEEE, AX IEOMIERE, XUIRROHEERE (=X +
AX) BEFNFNREL TV 5,

FZC, (3), (4) RiZ Newton-Raphson IEEHWTEET L L, UTDLH k5,

9, (3), @ ROEATFNEFNF, G &T5HE,

Fi( {i}’ ’l }1 Q{+ly h’J+l) —Fl (Q;IL !+1; Qj+l h’:lﬁ.l)

+ AQi+1(a(§)i+1 + Ah”‘(-%%;;)ﬁl

+AQ<62>.- ¥ An (5F )’“ S () eeeeeeeeeeeeeet ettt r e e e ©)

on
Gl (Q{+1’ h‘{i%’ h’;+1) = Gi(Q;I%) +1; i 9 W+1)

+A@m<ag>, o)

+ AQ;(%)J‘ + Ah;(%%)iﬂ LT L T TP %)

(=1,2,N—1
L b, (hat T WXEEEEET, BF/0R)E X oF/onit 2B VT hitt = pift # A L7 oF./onitl
| h= FVC%ZJO)
T 7=, RS TOBREGILRAOBEWEL TS A bN 5720
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»y=0,12jj+ 1 FBE
- (IJAt) I T T (8)
T/, TR COBEREIFRETRDBEETRL Y, FROFEIFHREMEEREGL L, Tk
B KRR EIE L 2 R R & T 5,
KRDYFE

ot — % VA (RSB (0 e e e e e e ee s ©)
== 7 OMERE, R=h)
HROWBA
Ky — hN(IJAt) TE () e eeetntresteieetiiitnrnentieettetetetetaruterattene e otbtet e eraranaenas (10)
WwziZ, 8), 9), (10) KOEBEEFNFNF, GF, GY &THE,
Fo( ’i“) = Fo{Ql((i + 1)At)} + AQl(aa_g)';H = () eeesereecacretiiienteitiiiteeeianerneiennn (11)
GRUEY, QY =crE#, O#Y
1 OGR Y+ DG Nt L (e et e,
+A%%55XV+A“(%)N_O 1)
by j
GLiY) = Ghlan (G + 1DAD} + AhN(%);l S0 ceeeeerrerernree e s (13)

% b,
LoTC, YIEFHI ) X*) ROEI D, 2L, THOROEEETFIETO TH b,

B )
-
oF

(G G G G
).

Ga) (G

(o) o) (o (5
(o) (052 (P (%))
- A B -
ZZC, 2NITED (4, B) ETHmCOEREMLLEL,
ARG
U, B) = ((aa%fr VI (BEEY™) o 14)
FTHROBE ©
(A, B) — <0’<£%(;fi):l) ............................................................................. (15)

EEIND, HIZAX I,
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AX = [AQ:4nAQ:Ah; ++ AQiARAQ 18R n
o AQn-14h N1 4QnANN] T
Eih, fX* 13,
K Fol@ (G +1)48) ]
Fl (@ Il+1) h‘\{"'ly é\é-'-l, ﬁ‘é‘l’l)
Gl (6 {+1’ E{+1’ 5{!-'—1; h\£+l)
F: O g A i miH
£t = 1(91 1 9 f+1 i
Gi (Q ¥+ls h\é*—lv Q {1{9 E{I{)
Fya @44, F&Y, @, BFY
Guo1 @ ¥th, KL, Q#L FFY
5 Gu i
LB, ) (a) computation of main channel
72121, NTTHO Gy i main channel . ch _
s KEOHE
_mfmitl it
Gv=GR@Qv", hv ) {64 (otmatod v
........................ (16)
 LHDEHE
Gy = Gh(ry (G + 1) Ar))
........................ (17)

PR XY, (1), (12)or (13),
®), 0, XE 6 RDLIIE
aha,

BT Hy AHEEE REERV
TAX % K &, X=X+ AX
ELT, ThelET53THY
WL TREER kD 5,

3.3 Relaxation 3%

S0 OE 7N TIIETHRETOF
B Z Relaxation % VB, Re-
laxation £ & 1%, FRHEZBLED
bDOTHAHEELTERIEE2ITR
Wy, fFHN7HER L IGD DHEEMRE
ICEA T CH LW EEfE IR

give a water level
at confulence
to branch

back to (a)
(b)computaion of branch

(a*=aq + (1-a)q**)

17 / q (computaion result)

NO (@)

b T

YES
©

Fig. 3 The algorithm of Relaxation method

EL, BURIHZITE ). ThEHEBMHEFERR L DOEINE (DT TRY)EL TRAZ R RO 5 HE

Thb, UFICTVITY Z8%5T, (Fig. 3 B8)

*BIAIE, THEEEAEEN Y KTy oY) Rk
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(@) AREIIBILIHREPODHARL ¢** EIEL, 0 FHOTRROGELITI .

b) (@) OHEREILEOLNLAREOKELAWCRROEIZEEL, FHEIZL - THELNATH,
SDFAR g ¥ RKDD,

&) |qg—q*| <eq & IUIKT o (eq @ WEEHIEE)

@ PEELZGIE, F-eBRAROEEMR %, ¢* =ag+ 1 — )™ & LT, BUARKOFE
Mo ET, (o) BHMEH|0.6 < a <0.8BENRVEERTVAS,)

3.4 EFETI FLDWAV Oit#

BEFEF I FLDWAV OB TD LI 2% 5T, (Fig. 4 BiR)
HHERF SERFOERIZHETHE, ZEWT A
LRSS OEY, ZERT B IFHEAD S DFE
pApLI T
RERF 2EHRTFOBRBIIBETH S, 415D 3
BORERTFIZNEFNEEE, SHAOKE, K
H 7NV— FEEEETLARTTHY, AEWT B
BTHBOWEERETAHTTHS, TP . port for receiving data B
EiEEE EEEETAHEFORL, FROBE,
FCHAT BFEOBIZT N, LHROBEE, BS
AHRATHHECTHEERELITRH)NT, (BFK
MATAZFHOE + DIk b,

NS AR 37 2 71, KEEm), KERGER, <
Z v S OMERE, SRR (sec), FARETERE Fig. 4 The specification of element model
FARNE (sec), ZESMEBOEATHRLL, FHENTEL, FLDWAV

RAEStEOE B (Relaxation &), ZHOEDNI

Dk, EEMEONE (n @ Eis 5 OREE & EEROMATHME (m @ Litwd 5 OEEE, KB
08 (active) (m), KPEIE (inactive) (m) Tdh b, T/, ANEIN/3F 2 7 ¥ ELLVER, FHEITH
ONBEOBHETERESE —B L 2VIEBSIZIRL T — X v 2=V B LI TR -Th,

PHARER  URREERY, EHERILAREE (sec), FMEA D OBFHAR (m¥/sec), FHWE TOFE (m*/sec),

BOKE (m), ZiEho0HAR (m%/sec) THA,

LR EiROBREMHIRANA FO 77 Th b,

Fig. 5 |2, TFVOBEBIZRT,

BERA BERER 20K E, BRB XN —2oFOKRY, BECITRERTET N TH S,
72721, BT TORER#ET AWM TFLUNDOEEIRT (Fig. 4 [IBIFDEEWT Ar-s) FHAW ST
Bo AN 15513, FRIZBIT L ERILOMEORBNELE, AJ2,3,4 2513, FHEH»oDEHEAE
2, ANS6IE, HHiCHT A LERD S ORAORERELEAIL, 171 26K Tiin TOREDR
ML % ¥ %,

¥/, FRENOEEIIB T ALIE, FEONE, KE 7V— FEOT— %4 Fig. 4 IIB1F53%
BT A 2D 77 ANICERTAZEIZL - TRAZ EATTE B,

" port for receiving data A

«nwport for sending data A, ,

port for sending data B
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4. REStE#EEOBRIL (upstream)
RUETRHAOER
- B element

RETIIREREERE TS 572 model ...
Bz, RO L CGRIEHE \ "~ port for inputting data
79 2312, EBEOMINCSBA LT e S
EEEIT), e total system model

T i
113 BRI (slope)

o direct
communication

HWH L7-EORKE Fig. 6 1R
o 7271, 2RKDEFRIZEL S B
CIIRT, SEsroomAdinio
ETh, 372, o INDBIEIZETE
BLARFII DR E % £ 9 (m®/sec) o

RFDFERMIIAD L ) Th A,
T R4 10000 m, FAIBRAIAZI 0.0005, (slope)
<= 7$130.03, FHEEERRMMEE
60 (sec), IC1HEF & B 1 F B 13 60
(sec), ZFEBMDERMIITT 7 27
¥ —130.6, HEWEIIL 23, RAEE
BOEIMBHIZ0.7, XHOKIL2, (downstream)
2 DW AN E 1 4000 m, 8000 m,
KEBIEIE 200 m & L7,

THDEESMIRD L D Th B,
E R 5000 m, HRAAEDE 0.0005,
7=V 7EU30.03, BHERERIMIRE L 60 (sec), RAERTHEBERIMIRG I 60 (sec), ETEUDEAMIF7 7 7
¥ —i30.6, BHEMTEEIL 12, TROKT 0, KEEIEIL150m & L7z,

LERROWANA FO7 T TIZROEY) THb, B, THEFNVORAN FOFI713ELL6FT
LDERWTWA,

ERETIV FHEEE 1150 (m¥/sec), ¥— 28 1 300(m®/sec)
FTRETIV FEEE 100 (m®/sec), ¥— 7B 1 200 (m®/sec)

T/, U= 2BERIEAD LS IZ LT,

FAMA EFETIN 21600 (sec), STHETIV (LMD © 14400 (sec), FHEF IV (T © 7200 (see)
FAMB FFRETIN 7200(sec), ST TN (L) 14400 (sec), THEF N (FHRM) © 21600 (sec)

TFAMADFEANA PO 7 RUE TR TOHES Fig. 712, TAMB QAN FurZs 7k
U THmCTORE Fig. 8 ITURT,

Fig. 7 & Fig. 8 B35 L, AN FOFS7OREZRELL LD, E—2 %02 AEHE
W2 X 5 THRBEDHR TR TIIE— 7 HEORE SIEVWIHE Z L% b, $72, Ll T4
T2OIRDEI BT AN T o720 TAMA L, TFAPAIZBWT, RKFEOFEAZ0E LT, TR
FB I, FARBIZBWT, MADEHEPSDHAZO L LD THA, TAMA DR THIETOR
BERUTAMA ORTRGECOHEL Fig. 9 1J, FAFB OKETHBCOHRERVTAMB DK it
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