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ON THE HYDRAULIC SIMULATION OF FLOOD RUNOFF

By Yasuo IsHiHARA and Eiichi SHIMOZIMA

Synopsis

This paper describes the simulation technique of the runoff process by a hydraulic model,
especially, in the viewpoint of the fact that the dominant runoff components during floods are
supplied by the flows on and/or through the porous surface stratum of a river basin. The simili-
tude is derived by the use of the dynamic equations in which both the gravity and the friction terms
are dominant in comparison with other terms. After considering the practical problems in making
a hydraulic model by the similitude, the possibility of the simulation is found out. The evaluation
of the inevitable error resulted from such an approximate simulation is given comparing with the
result which will be obtained by an assumed model satisfying the theoretical similitude.
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Fig. 3 Physical restrictive conditions of the Fig. 4 Physical restrictive conditions of the
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Fig. 5 Physical restrictive conditions of the
similitude at x=1/1000.
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KIND OF | THICKNESS | POROSITY |MANNING ROUGHNESS
MATERIALS | (mm) | () COEFF. (m-sec.)
SF-10 10 \ 92 0.025
SF-20 20 96 0.021
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Fig. 9 Relation between the discharge per unit width q
and the flow depth h based on the position of

mean surface of the porous material.

nug® . e
(a-sec) ¢ nxig?
{m-sec) o _ e
o .0.0' . o o %“.;ii"i"'i .;”w :N °®
. 0. o . ° e
b ’og”-‘e c‘ﬁ‘: © “o 0 ¢
2| ., ° e ° b 0® ¢ ©
.
* oi~0082
. o) 0180 © 10442
S0 ©lw0308 {1 © («0ai0
T o 1o0307 ! 40 o ivosas
o 10488 ® | <0508
¢ ei.0487 o ©® |splos
B e 7555 oo 55 J‘m*-aw_ﬁm—f—
Re Re
Fig. 10 Relation between Reynolds No. and Fig. 11 Relation between Reynolds No. and

Manning roughess coeff. based on Manning roughess coeff. based on

the position of mean surface of the
porous material.

the position of mean surface of the
porous material.
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Fig. 12 Relation between Reynolds No. and Fig. 13 Relation between Reynolds No. and
Manning roughness coeff. based on Manning roughness coeff. based on
the position of mean surface of the the position of mean surface of the
porous material. porous material.
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Fig. 14 Topographical outline of the Ara river basin.
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P : prototype c: scale factor
M : actuai model ¢: apparert scale
M. : ideal model factor

Fig. 15 Schematic figure for illustrating relation between
the prototype and the model.

ROMEE LT, MEERILCEBREOERBTROINTH S, L ofFEE LTR, MkHHH,
FETEET 2 RET2HE (U)W LRV LINVESI THD. AREOHBELEL > T B/NE
BTr, #E LoREERO SN EROZERMLIPEVRENELAZINLOT, FETOMRIE
BHEZ I TH Do BUMLE L TRDLI b0 eBELTHL ). Rl Lol TRE, BEENTSL
{, TERERITE L CREBECRAMEETHS 2\», BANICHIENEURBIZAZAGAIKONT,
T, HELOOBAFHRTEHER L IR ETH 2400, FAESTOKERLREAKL, FELBETHESH,
BRERIGRTE “0, 200, fi/KMEE, HRIZOWTRDOTALZW &,

1)y WERs O oMERHTIR,

ax _(ma N[ e To) e
xg "( ”:o) [ Tem(Fos Ty) ©h
Q — Tem(E T (32)

—00 rem(to: T )

> > )
LV,

rem(tja ')_—_S tj-r .rcm(e)dei

I;=t—0,(t—1)), 1>6,>0
T, q(t): Bt T BHIE D L OWARE, T BHHIEERER, j=%0, or non “0,, %ik+o
) REHIC L 2FERTH,
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a_*=( Ny )h[@_}pc

™ s LTI (33)
Qu _ Tem@ Te) e, (34)

Qxo Tom(Fes Tog)

T i
rem(tj, T:/ )=%/Sfj—ij' rm(E)dE

{{ jrm(e)de}'g'z Vi

S
£s-T n’ {ij,rsm(fj: T:j,))s

Vi

n’

@ t—,/)=q'(¢)=
Ij=t—0,/(t—1,), 1>6,>0
T, ¢ T 1k i) @ q(0), T, ITHIET %0 %&d, pe=38/22)+3, re=Kyay*0, Ky=2x1"%%0 L4 3,

BT, [ na/nao—11 3 |Tem/Temo—1] &3 L, HAMERIT D W TR, 64x/ax= (na/ns)? &%
DAY REZBEFTRINDY, FAERRIROWTE, RBHLIGEWELEDZ5TH bo

UED L) ZBZ0OME, 27, KT LIBETI8BOBRPBFORELVICHEIZE IR IBED
FE™ 2, —~BRUEBRAOBHBLETHSS .

(3) HHOHER
(i) BRFH

FHREOHNBZOHHRRHNE A OEHRTH 20, BROERITEL, MEHIEI, MEARHEBEICL
TehHBL nhERDLIE, $i, TRICTHET Y, ERRICECTEOYHENIEETE,ZMB I L
X, BERAMETH %,

AT, HEBEBLHRTZICEL, SHEMEOBEKGY, ZERBERBEHNICENRIRSZ L0H
BEEE22E, LA, HETES rm ke THIERELTEX, TRIVEE k2T BELE L,
INEREEMSEE L ToHULEERD T FEEBHTHH 5. —F, ZBBOEHBEEII>VWTREED
MEEEMRITILNMETHI0T, dIREVELFELINTLL, BBERELTELLFEL W,

X, Table3 i, EHKIZ L THLE VO BETRE CE2 LB IV BBIZLWCEHEILIRLY

. Table 3 Properties of the physical values in the
prototype and the model, and of scale

factors.
Prototype Model Scale Factor
Xp Xn x
e tm t
Lep Tem e
k, kn k
Tp Im r
npl xi,,, n/
Dup Dym N«
= estimable = fixed value = fixed value
value — variable — variable
value value
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EBLERLTwS, Ihdb, BEORELHRIZTLLE, » FEEEINDOT, &, 1 ny O3 DOMH
AT EE %D, FE2EID nyn 2 TEBRFNILLT ny OEENILSBET LI EBERHTD
5, UEOZ L EZEEBLCUTOFREIHELET L o
1) ERTE&ELL) A EFLHUITEBT 5.
i) ny ABEHIETH D0, Te &t T ny=gr . xt)?x7"t ORFBRICH > TEMRTE, FHEHKEHO LM
FHEL T3 EBbh 3 & &0 hyetograph ro,~¢, i %\ TEERMIT hydrograph @~ i, 3R
»,
Q=v404=r,x2
THROLNZEUKL Q & ¢t FHNT Qn/Q~tp/t TEHLT, ERELI- LIBEETIMEELE
LCret 2RET 50
iil) t=yx/k QBRI Y r/k Wtk DBo —F, Tmlkn BEEHITH 200 rolky, B32KE 50
v) i) THhotcr,t 2AVT BHEKHOAE LTS XY KE %MK L TER %17 % \» hydrograph
Qu~tn 2RO, INEREHRD Qp~t, LML, W hydrograph TERLHTLLED Qp~t,
ORALHEL, TNITHIET M TOERBES 2 ERIHITKRD T,
V) BEOMKOY -7 HEOTEEMEZOBOENBHBRE L OBBLY n,” ZITITHEL,
N =1, or,2/345/3 571
DEXBRICLT, iv) TRE-LEBEMTELEATHE 2D, KHAKICH L TEREITE WV,
FHE & EREEBRIET 2 &) TRITEEMIT n.” TRET 50
vi) nn' HBEREZE, n, BUFOLSIRLTKRE 2,
np'=nm're_2’32_5/3x
vil) ne=g¥3(roxt)t/x XD ny THET L, check DB T num LD nyp 2RO D,
vill) FCRRZ o7 Dpy 7o, £ TH, i) 28FITL T,

— Dm 1 _ T» t
I»=17p D, 7.0 ky=ky o =

XY 75k, BRE B,
%3, Fig. 16 3 LROFHEL 70 —F +— FCL7230TH 5%, ZhR1200BTH20080FTLE
HNoFERENDT TR %\,

ULDESRTBZERI->T, EHRICHF T I2HEEHFRE LA BOBREBBRINZZELERY, 4
HNOHWTH 2. HBOWBTHIE > T o9, BHERTERTI2BBITEIWTEHRLILETES
boLBY.

(i) HRERICETIMES

BAGHICEHEERT BN TEYBREESRE, ThREBORBRELL, ENE, XENYE, B85
B ELjVWEIOIIHEYET %,

INLDHDL, EMERE BT LEIZSMERLIZ LRI - THEBT LI ENTE LY, TERROER
2, MHEE, BEXOWTREALEDOL IABBRTI2HEtRAH LT N,

LicdioT, wED LI AR, by sHEAELBERLE, BBIKRELRITL T, BUBRFEH,D
apriori ZZLFI{ ZLENTEBIDE ZELTWDE, Lo T, LBROERITENTY, ZOBFYHBFIZHT
5 ¥tk @ hydrograph 3 ##iliT & % hydrograph »H AHEZI N TwE3IDE LTS,

(i) # R #©

WRRBIC 265 mm/hr O—EHMEO Bl 5L, EHFRBIZE> ThH, TR 265mm/hr LR 93.5
mm/hr, B 5 4 OEFEMMNE B S5 LT ZORHRE, -7 KHEE Omm/hr, BREFER LD
=7 OBNEB 0B TH -7 kb, ZHKRE{RELTVWEV,

—F, ERBRoF/NEkDOEE, ©—7 0BNEMIZI0SBETS S,
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START set Up I'm estimate %, Tisp
— Kme Kms Tkm 2

give the rainfall 7., ¢ in the model
and obtain Q./r.x%~t,/t through =

the hydrograph (interflow)

determine r,, ¢ from
ne=g¥rxt)t/x

Qr=0n/rex? no
hydrograph Q,~t¢, att,=t,/t
in the prototype
(interflow)
yes determine
l kol re(=tha/x7m)
give the ramf?ll re t in the st up D,
model and obtain Qn/r.x%~t,/t |
through the hydrograph
(surface flow)
the critical hydrograph
values of Q,, ¢, Qy~t, in the
no making a difference between prototype
both hydrographs and check’ (surface flow)
whether or no to be
set up D to
yes determine

[Teet wp ' | 1=r=Da/Dyrd
kp=knyol/ra%

give the rainfall r,, ¢ in the model
and obtain Q./r.a*~ta/t through
the hydrograph (surface flow)

Qs=Qn/rex?

at 1,=t./t

hydrograph Q,~¢, in
the prototype
(surface flow)

determine estimate 74, and obtain 74, through
0 (=1l 23-50y) nx=g¥¥r. xt)t/x

Fig. 16 Process of making a hydraulié model.

T, W, MERKOSENRET D ENTE D HBH/MKOBE, FEBRIZINT, x=1/100,
t=1/60 BRI T b0 EHRICE VT, HAKE 2mm/br YT TREBBEL, BREO 5% BEBKOWM
HIZBET 5 LS BHIBRELY, n4ep=003~008 (m-sec), ny,=002 (m-sec) L¥ 3 &, WHTH 100
mm/hr QBEFIRE DT 82~440 mm/hr OREMICHLT L L) HREBD. 7, 1n=09, kn=
3cm/sec, t=1/60, x=1/100 L3S T &L Y, ky/r,=56cm/sec 21205, ThoDHMORIER, 4
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HOBR, BHCLSBINEESEL,

5. ¢ 9 U

PUE, BokiEHTR, BEK, BBk, mEKE o T BEENEAERTSY, i, ThH
LOEHTR TEE, BHEEANFORTFTHSS LI IBIRII-> T, kBEEHETLIIFAEREOY I
V—vavor TR L TE .

EFROMNB E %o iR 1/100 O Fk B T, KRSk blhoHUoRFRERIELVWIOL
%Y, ZIRWEEEZRAHSICH, "N, omTIXEME BER MG L CRERG RN - B OM
HrEbhidabrnl tdbholc. ZOB, HEEARICELTEXBIIACIZIEHEE, ERB0
D L same order OEKGH, HBMELEETIHIDOLRENETHD, TORBREMERITE H7EHHL,
WEROMEETCELETRODPITTEHLEND D,

BT, BEZHPERREEEREIZLONIERBLUNEZADELDL, bhbhid, AL
Pab—varhb PRHIKELZBED FHEOBEH Y BERTRETHSH)e 0L EMBITIT
iX, scaleeffect DREIZAMIET A LT E I MNEWL, 2/, ZORET, REHEHEEIINVIN
EREHNOBBROFERIRAHINI D BN E N,

5%, TOXS BB > THRLED TP 2LV TH Do BB, HEERAWIE AR
BERRITHE RECEHRICERHL I,
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