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AN EXPERIMENTAL STUDY ON THE RUNOFF PROCESS OF RAINFALL
by Takuma TAKASAO and Sadao KISHIMOTO
Synopsis

It is very important to disclose the rainfall runoff process in head water area
concerned mainly with the flood protection project. However, for the complexity of
that phenomena, the runoff process has not been recognized so clearly though many
various methods of runoff analysis have been presented.

We efforted to establish the clear formulation of the rainfall runoff process, espec-
ially of the process by heavy rainfall, in the light of hydraulics. As a result of such
an approach, it was made clear that the existence of high porous layer (surface layer)
covering basin surface is the most reason of the occurrence of subsurface flow. More-
over, we pointed out that the significance of the hydraulic mechanism of the water
flow near the surface layer should be considered since the occurrence area of surface
flow changes due to subsurface flow phenomena.

Under these considerations, in this paper, the mechanism of water flow near the
surface layer is disclosed experimentally using the apparatus with the artificial rainfall

equipment.
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Fig. 2 Schematic diagram of lateral flow
in surface layer in the case which
surface flow occures
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Table 1 Experimental apparatus

Run Length of slope L Material of ge%trh l())f surface 'Void ratio] Rainfall
(m) surface layer ¥y Cem) (%) equipment
A 7.50 glass wool 1.0 sprinkler
BfB—a 6.00 sand (Kizu) 12.0 48.2 | pipe
|B-b 6.00 sand (Amino) 12.0 47.8 | pipe
4,19 sand (Kizu) 5.0 48.2 | pipe
!
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Whd
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2.(1) T~ 7-k 5, REAMTTR *\
niS, RS DU bo ¥ TRE 0 T
Ulsveo Lapio™C, BIFbh36: b 8 —
DORETRMOB Y ERIEE TR L 6
T DX e, BRI T 5 7 Z E 7 5 s
SHEYEROBREIL 12 (1) RTHFX L-X (m)
bits, 1 OEIFENBEUREDR Fig. 5 Distribution of initial water content in
HBRICKRESHEETENLD, I THE surface of surface layer along slope, in
BRF — 2 — i bRH LTS 5 the case of Run B-a

EEBR A, B 8LV C DThos "
A, MHEBRORRIREIRIL 24 B
BETH D00, ERIENORBLY 8 ©
HaKE W, doT 5%, KB Ba Wil 9/,//
IO C TR LhOBFKONT, & /
HERG A>T W, OREZRO—B5 / Run C—-/ ]
el Fig. 5 X Fig. 6 DX 5 .
THbo 53, EBR B-a O W; OH % 4 | l |
BRBREL THELLLOTHD, X o s v
KRB CO W, D%#ﬁb%ﬁ%ﬁ@ 172 % Fig. 6 Distribution of initial water content at
THELISDTH D0, LOHILE half depth of surface layer along stope,
FEMRNEELTIVe ¥ Fig. 712 in the case of Run C
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$EB B-a OHESED W, DHHO—

PaT LI bDTHOT, ChbimsH N s
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SRR T OR, £ LTE 8 © Jown streom endi]
TR WHBEDEEBENC L 5 DTH s \ @ Up stream end
55 o \ \

o ‘ AN

Mnbbhd ks, W, OETTFR \ N\

WEEREVHED, BROMFHRILE 2 N
E RS DI E B EEL bR Bo L LA L /M\nm 4
2T, 1 ORHERIZITHREOESKE ' o 'fo '
Wia 2V 5_ETH %o Table 2 i Fig. 7 Vertical distribution of initial water con-

118 B-a 83X B-b D7 DfE% (1)
R XL OERMP TR ERKE Wie %
AWTHBELEERZ R L TH %o

tent at down and up-stream ends, in the
case of Run B-a

Table 2 Experimental data

Maximum Occurrence
Rainfall discharge of Maximum (time of Occurrence [Initial mean
Run intensit lateral flow |discharge of/lateral flow ‘time of water con-
(mm /th) in surface |surface flow{from sur- surface flow[tent r *
4 layer qsm lcm?2/sec)face layer tsa (sec) Wi (%)
_ _l_ lamlcmi/sed) (tia (sec) |
B-a-1 157 0.83 1.80 120 390 7.6 0.266
B B-a-2 112 0.77 1.12 180 520 8.6 0.249
B-b-1 163 0.47 2.24 | 95 257 14.7 0.178
B-b-2 122 0.44 1.63 ’ 134 410 13.8 0.187
C-1 182 156 8.6 0.210 0.179
C-2 136 0.39 1.20 224 235 14.9 0.198
c C-3 175 0.31 1.80 156 102 10.3 0.197
C-4 310 0.31 3.36 90 115 5.9 0.194
C-5 185 0.36 1.79 116 200 7.3 0.187
C-6 178 0.33 1.75 164 220 7.3 0.197

Chnbbnb k5, £ B-a, B-b Tii&r —AD v DENMREEL V. ZhiL, 2.(1) wibxick
51z, El—® porous medium Kis\ Tk, FEFKNLENKABDEOEKLED B\ X BFIEIFERIS
HEIPHOLT—ETHD I EEERL T 5, ¥, i B-b O vy OEAEER B-a DXhic LT
RPIVDIR, WBOLKFEIVIIWIGEETIRRE VDI, REAMBOMMEAKEL LB L
BHYMREZ Do

EE C OBSTIT, W ORER—ELG LafTibleholc, FOREBENLSGD v OB Ml %
Table 2, C-1 TRLTCH DA & OEITER B-a DFNICIZEAESE LV, EB B-a LER C 0%
Bk RA—TH Bz ExELE, Thdiido r LRBBEUAORTFLOEEMLHEBL VB
LICitBo Table 2 ik C-1 1 7 OfEHAGTERML Cigy C-2 LITD Wia #HELICERELRL
THoHH BER—DOEERL T b, VD7 Y I IERHROERCIBHLDTHA 5,

EE A OBAT, KEBMHEE LTEWES 52T —AMNFEEI porous T, LidERBED lom £
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L8R T B, 2o, A=(Wia—Ww)/L, B=Wu TH>T, Wia, Wiu ZFRZhBEO TH
s XU LIRS O A KL TS B EMEEN S A OfHIL, ER B-a ; A=105%107%(%/mm), B -
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o AfEEND W OEXZEMTBHENTE S,

25 LT — g~ AT, UFHHEENL (THRBTCOMHRERBERZLD 4 B IORERLCE
G AR FRERA e COWTERELTHRL S,
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2T, I I
Run C
—fm (1 Sy D, 5 : O Experiments!  |—
t”_{ﬁ (1 100 ) T} 7 (18 (fg) —— Theoretical
Q
THEbIN, S X THBWHBIE CH A
%o Fig. 8 CER C D t1a & r L DBEF \6’\\
oW, ERELHEELYSRRLTHS o0 o
»n, TO—BEIXRIFTHB, ZOZ &L,
HIEC A BT 28 ARG % % TOBLGIC R
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Fig. 8 Relation between occurrence time #;q

HIRERE S S OMERGEEE & WHEeBAtRE b and rainfall intensity 7, in the case
DTNBEEDBLIBEHN, & HERHE L of Run C
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Z OB, KB RCKT HUHRNBERLZNT, TRBCKT DRERL s LTI NDZ L
BRLTV2, 2032k bRELERIIWPEKEDOSHIRBTH DT, LOHMNERNTD 5HE
Wi, f XTU D OEBRC G LCHNT 2 2 L7 %, Fig. 9 1%, £B C OFAFR-OWT (19)
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Fig. 9 Change of occurrence time #;z of lateral flow in surface layer at
%, in the case of Run C
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FOREEBCKEN b Y & 2T 5, ERENDCOTHRELZ Lidbh b, Fig. 9
#ZhE, 3iE (19) ROBENIELWVWEELTIWTHA I,

(3) RBRAFAHEZOKRELR

7, RKBANFEROMECSWTRFALI 5, £ A, B kXU C oFB4%ELT, WHik
Darcy Hlo#EREARKCHI LD EFE L bh b,

ER A OBETIL, KBEN lecm BECTH V1 0EAOMMAKE W, EEMSLOMARHEE
W & FDREL CTHIE TS & EATERNDI. £ T, KEBHLOMFRE L REHEY SLERNTES
B, (7)) ROBEREACTEKRERE £ OEEZYEL, & OENIZF—EMEI AW THEEZDOERDHE
BrEE L TEBNMAATN . RERAL ST 5 2 L8 Lo FOERIL k=2cm/sec BELLY, F0
L XDRBADTAMTHE qm 1T 0.3 cms/sec BEETH D = & hibdrotz,

EE B BIUV C DF/IIL, KENOMFTEI EREREZHHL THEL TV 525, Table 2 &
RLT qom OEXFCTREHE v, BREK R B X OEENE s OEABRCEH TS ERTE S,
FOFR% Table 3 IR L7 EB B-a L ER C D k AL TWEDIL, EERMELRF—TH
B EMBYUARTH B, - Table 3 OfEIX, WL S>TH B LR TRHRE 4 & b LOBR

d=0.5~1.0mm ; £=0.35 cm/sec
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Table 3 Velocity of water flow in surface layer

Mean velocity Permeability coefficient Seepage velocity
Run v (cm/sec) k (cm/sec) vs (cm/sec)
A 0.055 2.00
/’B—a 0.068 0.25 1.38
B
|B-b 0.038 0.14 0.80
C 0.068 0.35 1.42

EHELT, E% B-a $X0 C OREREMN d=0.62mm, EHH B-a Tk =036 mm THh 5% Z &
wELE, RYEE V2L 5,

SER, AHFEADKEEFZOVTRIL L 50 4.(1) TN X e, RBATEMBOAHHERER
7 IBEREREE D B\ IR B L £ 2 TRV D, MR OKEIC R S h B RIKO BRI SIS ERE
HHE r L LTIV Lo T, KEROD L 5 KEFREN—ET, D oflHRAORERDEMAIE
LK THEMIND EEL BRI, UARKOKETEHLLRBE»SMARNOKEE COEI H
(7)) Anb,

BiLmcit, H=7x/B8in  «creveeeerieimiiniiiiii e (20)

JERELWTIT, 7 H= ,;‘, (B—fgg) worereeererermemmrer it (21

THEbIh b, BAHLIFBEAROERAIL, (6) And

X =R SINO(F —fgu) roerereerrsrrrerets e (22)

TERbINBH, FEROBEWTII, & -sind VX, BRLBEEI VNIV Hie, BERLBOKEFOE
{EBRYERMCRHITBZENTE A DR, £2C, I 2 TRIEFLBOKE LABES>TERTSH
Lt 5,

EBALMOMA W OKE H 12 (21) RTELIWB2, FR C OB/ OWT, IFRDI 7 K
IO e DEXANTHELLERD

—Bl% Fig. 10 CHEBTRLTH 5o 5 |

Lo BARA BB k5 ICHEAET Sé o Pla®|” Run C-3
HUTERED H 3D TERHT 4 P F: 175 " hr
B Do FERIBERLIDHIE~20 (o Q:x=37"
BDEETEILALKREEL FTEAT 3 O:x=246"
B0, ZO AR FHAES 5 , _oo| T Theoretica
DM EILDTHEED L ED L 4 _ |-~ Theoretica
AEECHERTHEESL LR, Lk / l Pl S a=90
2T, FEEL ERED T3, T T

Mhogro b0 X b K HEhD %0 T30 747 S0
REBOWECIZDEE X b £ (sec)

Bo XD 5HTHOL BRELERAT Fig. 10 Change of water profile in the case of
TEEHNOEIBHOZEETHOT, & Run C
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Fig. 11 Change of water profile along slope in the case o'f Run C
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BIRBRBEKEINIEFCKREL DD EEL DN D, LI T, UARKAREL TEOKENKEE
HICEETS E CORBIANTIRALEIBOFHN ALY « LB L, AIFRAOKE H i1,

) R A G B e O (23)
Ta

THEHLINDER D EREEREEND o ZEBL-#EREY Table 2 KRLTHBH, FHEEIL
0.195 & e > THRIEBWIHIC I W TIIRBZERD HD 5 ERESHBDTRKE L Ea%bh b, i Fig. 10
DERL «=0.195 DfEZR V- (23) XOBKRTH 52, Kb b L 3 CKEN LA TIE 50T a
OEINE LT Y, H OEBREOFHNEILOEIGH 21 RrbEH LA H 0FcE Lo T %
ZEHbiBo Fig 11 1IKE EADBFINELEROERBEL R LI-DDTHBA, 25 LEEr XL
HHL T Bbo ZOFBUL, ARLIcE ZHNLEHTHRTE D L 51, BENR TORFEIH 2K
CEBRIRTHHME DB LT Ly, AHRAKEMNEINIZE A EBANIR TV B2 TH A
5o Fig. 12 i% a ORHEILEMXEHL b0 THOT, HBDFEHE IS EBEL T 5, ok, BiF
BEDOREVHEOHTH a DN ER

MTHHH, OBRIE a OHABEN 021 Q—
EREHEZTOMORTI X > CHEMECE L 020
THENL—RI TN L ICER T2 o) 8:23)(1) Run C
EaD b, BLAKERICET 5 X 5k & O 7v:/75™
TEE DT TIX, Table 2 © o {EN1D o) © r:/3% ™k
b B X HIERRES o IXWH 7 K 0./ '
BEAIsLE Lic sk Fig. 13 1%, /K

B & ERIEREE & OB AR LIcb DT o]
HOT, ERUT «=0.195 OfEx FH % 006
(23) ROBMERTH Do Zhd D, B o] @
BEGH S HHEOKE LA ORRREA a5 20 %
b, iAo B, ERIIK TSR t =sec.
TOAEE L FCERNRECRRAT5 2 Fig. 12 Change of « with time, in the case
Lavbinh, BEZELKEHOEBND T of Run C

r=021
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X, SHRIDCHFMARFSHEEL D,

FUMOERBIBBOBAICH L T b T
porous TH Y, *fEFAMBEITAERD s o
BARLVIFHCPE THREKE OB j! o ©
PERADI D EELT L VWi b, 4 5 vy
a=0 & Liz 1) ROB®RMI+5R b i & o
DTHAH Y. DT Lk, REHRED 3 °
T porous KB A OB AT (21) K & 7/ q/ 7/
DB 1 RS AR O B IR 2 i S otens H
2% r=370mm/hr D& & 60 % &l T /‘ /{ ©  ressmg
EAEEREE—HTHZ LN LHET , // 6 r-13sm
&2, , —  Theorefical

(4) EmAOREM/HOEAR ¢ o(td) 5 l{o( 5 é‘ld zls Jo

sec)

*2'(3) »G’ZE/\#\TCI 51, S5 OKE Fig. 13 Relation between clange of water profile
PREREVCIET S L £ TRNIRE H and rainfall, in the case of Run C

Lig ix o CREEI RET S, ZOBE
MAEKENTHRABAZ VL W 5 S5k L INEO BRI X > TRBX Tl bam S h, BRI H
I EERREER A THRSEL S ERBR AN > THER T3 b, 2D &I, FBR A, BB X
O C DEERTEL CHBCHEEI R

Z2C, ¥FT TR 5 RERBEREL fe & BEEEE ORI OVTRIFL X 5o ta 11 (23D K
b

TELBRb, Shnb, fg THHEKE Wi LERBESBOBE o OFBE I ITHZ L5 E,
KEBREHICEVTL, Wi BBEROZr —A2BEU THE VAREREEINL, FLWETANL
51 o BETBECEERTH DD, Wi IO o & LULESMELHLTELE LV,

5 LTEM LA BRAER C OERMEE LB L bON Fig. U THoT, HEMHIL—HBLTEHD

SR 58 AR R L TR B 5 & & w | I
iy %o R C

EEW BRI LR Er > THEF W 0 Experimental

L, BERTREE 2 —E Tk T 5Bt & é‘:c) \ —Tﬁeércﬁca/

B ARG L T WA DT OB, w o,

Ef@ HOTEH S BTGB B L 57k : T~

ERBERRCORE, CEERE~DRE o B Lo

L DEGAIC LS THE S R BHATHLE

TB, LOREMABLREMBERRTRY ]
PO BDLE LTHERELTHE 5o —HITIR “ 0 7

t3 LT\:W‘?&L\#:‘IELFéhTfL‘#, AEHO Fig. 14 Relation between occurence time #4 of
X 5 TeBETiL, MERIED BT surface flow at down stream end and
%X O HERARE T L TEHEEAVNE rainfall intensity 7, in the case of Run C
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HHOBRHBASLYERATE 5,

RIHFROKE H 12 (23) RO L 5FHIR 52, (19) Rrbbhb X 5 te & x Hi—KEBERK
BBH LD, FEEHICRT S H OB AR GEECERRTH S, ¥, RBREMITIRE
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BCm80) o T e e eens
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ERAD G, REWREMLDOEL T BIEL £ 1%
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O
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i su 1 i rea of surface

Do FTie, RBCRRBODME E;Zlve ;ec;;ethlgt}:sa?;u::tc; ai: athe case of

KL W D5 b~z 2 BRI Run C -
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DNTH VIR THZ LN TE I, ZOBEREND, EERBTOKESEZIPDE TOKEREORT
Pha BEIY Wie YEATHILRIDTERRATESLLELDN D, TOBHES 2.(8) WRLAERER
REFROBPILEEYFDLTIHE & Thd, L, ZOBHIL 2.(8) THRX L 5 EBRAIFKI
OKER TR TEDFE S 0 &\ 3 RKFHIK Ao TNT, ORI RROEREHER(E)
THBEYERL, We=0 L LIcE ERIIRI LAV EZHEELTE <,

X, BRBE—EOBSIE, (8) R& (9) RO EALM L FRAROKEBOHELEE L
KBRE D, £ 1T

to=Lbi+c1{l/a—(t—tsa)} +arct expl—a(t—tsa)}) a% e 27

TEbLIND, 22 a=(r+ r)/1D, by=(raL+qm)/rD, c1=(1%/tan —kr-sind)/D Th >,
REFT A3 ThU S, BRI X0 THR ¥ 5P ERRAE,

Ea=Ls=(rnL - qum)/(x+7n) eeereeseeeerereroericominniiinin., (28)

Lt ho (27) T, & NEERIBIC I D & & DORHA tow & REWR D THIRERMZL tsa DZE (Fsu— L)l
HBEEIGE FTII NIV S, expl—a($—tsa)} =1 ORELPNTE 5, ZDOFBHITIL,
50_—,L_f;1 (F—1g) +oevreerereresermmmemeiii (29)
a
CEBIRBC LI D, RERI ARSI A LTINS & & 2t o
Fio, BERARTEL ta BBO & 12 (10) X b

$0=L3’+(L—Ls')eXp{—az(t"tg)} .......................................... (30)

TEHIN, 2, Li=0al+gm)/rn, @=2ra/tD THDT, t, (ITREHIEERBEH TR T
FTHHATH D, LIicAoT, EEAEREERY, REMBEFRCRHAKIELTCNSEE b
>0 &y, EEEEOCEL T L s, DROBACIL, REBELESEIHHEE L LEBRPT
B1-BIC, BHRETHEEDREER AZBRICEEL THERL, (300 ROBIRITIL LV,
a=0, Wie=0 ¢ Z%2bh5E®R A OB, (29) FIUV (30) ROBFRLEAL THEMBYEELL
EEPRIECHR<DM, HEMEERELNZEALBL T D, 2O &, (10) ROBMILHGE
LB sicihhde ¥lo, We=0LrELbhAER A OB IWTh, REWFREERIR BRI
HH LR o TETT2 2 EARARCEEI s LD, (10) ROERL A O>THBESIOE
LID—KEEEVZ I Do

B, BEEREFERCIT HBHIARICOVLT—S LT MHHIRDOKEITWH A>T
FoARY b%, ¥ L-RERRERRTORBIAMINTH2B81I%, RBRECH\ - TRTHOES
RANEL B0 D, REHLEBEANOBRBAKEBE DT THD. LT, ZORHBE 7 210D
BEN YD LD, REREMECET 5 FETED KESEI TN EETRICE LW EEL D L,

rn==Fk-sin 0-tan 0'
Licho COBBRITEECIIIELL e\ ad, ER C OB/ EMTSE 7, 12 100mm/hr FEOMEE 7o
b EBR A O X3 EREMBEBRIKTORBIAMIN TOEEIE, (29) BV (30) b,

(ral+qu)r/(r+714) qrm= exp{v?’—g— (~ ta)}

DREERMBALT B0 D, EREERMEND v #HEHMTD L 30~50mm/hr BEDHEEL LD, REMFE
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FRIC KT ABES 5V EBERKE, HERNEEE TLALMhOHOMENEHTH 21D, LOH
WrPRICIBBETA Z BB CESETH ST, Lok 5B/ ERB T TMHE TH 52, ERLk:
7n DIEIX—ICOEEMEE L UIFEMTHA 5,

(5) ZEADEHRMICDOWT

RBEAMAR CIIRAEIRET Do BKD X 5B UVWREBR TR REREFENZ ERERETH 5o
£ T I TREIEHOEBANCOWTHREI L X 50
KEROEENT (15) B LV (16) RE ISOTRINEH, KERCKT L5, BRABEL—E, &
B b T RBADOESELE =0 OBG I, Kk
1/9-1

2—E&o= pLKj‘i[{ (7‘+1’n}){(3_—2’) }4‘4(50,?)”] s +eeereeeeesneeeiieesiirenens (31)

D LT, REROWE gs H

Yp-1 -~
qSZ{(f‘}'.f)%(l_Z') +q(50:7>m} l
gs=(r+ra)(x—&q) +q(Eo,7) %
THEZBRD. & 1%, B THNAX HSCREROBEFRK LR TIRETHOC, REWMITHH» LR
£L, BEESETHETH AR

F ik

fa:{L—%Cf_txd)} ...................................................................... (33)
THEbIh, FCBEREETHERIL,
fQILg’+(L—Ls')exp{—aq(7:—tg)} ...................................................... (34)

THbI¥h b,
LoD, FERKOBELSFURTHB LIcbos Fig. 16 ¥ L1 Fig. 17 TH 5,

t ¢
W
b

o Tl

X
Fig. 16 Schematic diagram illustrating the pra- Fig. 17 Schematic diagram illustrating the
pagation of surface flow in steady state propagation of surface flow in un-

steady state
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Fig. 16 X, BEMRkGERRIAC, REHHRE R LI S OBE A TIHRCHZETIHBEO LD THD
T, ThEEHRBE A ST 5, Fig. 1713, ERKGERECR LR S OB E A TR EE Licy
HERBOBELRLIADT, OB/, EFEREBEBIOTE — 27138 Licy

(31), (32), (33) FIV (34) ARFWT, K HUNADKRMEIIIERD D\ IO E ¢(&o, ) TH
Bo t:s<t=ta DRXEITIX, ¢(o, 1)=0 THBZLRXBHT DG, ta<t<t, DR OWTOARE L
T Lo ZORXMTIE, REMBEFAKIT 84) K- THEREBBEMNCED T5, Tichbb, REFIE
AL L SR TRICEL O TBEI L T, L oT, 1<tz Db HEIC, RERBLERDLD
3 L7 RE R OB A REWRAE A D FHAUNDOBENE 0N IcB AT L DS DREHIIREN
ERELTLE S ThEBUELZACTHAIILL Y. B Arbikbiibhd X ik, HEREND
WAKOBH LD BHAIL, REFOFHEMM » BT L TMTHBORRK LT, REHRBERROB
BhFbT S~ BRI x MR LT TH Bo LI T, KEROD X 5 KEREEN—ETHLHE
AL, Go~t BIRREFET D c<ta DOHRBLABUHBRIZICIE—2 LT e Thi o~ fiffE T50
*<r<ta 2 bR UM, Eo~t CEIRE LI L EOHE da/dt XIRERBESOBERE déo/dt
IR und, ZORKEALHBLA-RERIIEBACEE TS L), ITRAY 5> 0TH HHK
OREWNTD HEELILBICIIEE T 5 2 LI Do or~t* B E Go~t BIRE DFET B ** L T5
L, <, HOIMRBT BRI, fo~t MBEA—DARE IO L RFTEHTHZ LN TE,

(dx/dt)t-r=(dfo/dt)t-r ..................................................................... (35)

DORERARIL TS, ZOBRE Bl IV B4) Rdb, *=i<t. KD & 2 bEFEIBHE THER
24

¢(Co,r)={pKa(Ls' — L)} m_pexp{—lif; (T—tg)} .............................. (36)
ORI ER b2 2 &2 B,

B ECEFUADE TR IS TURARE T EMNTEL2D, Fig. 16 X Fig. 17 OKHEXE
Cx3s K HOHBEREUTOLOCEL DI ENTE D,

) te<t<t, (BH) ts<i=ta CGEEH)

K=(r+rn){(l'—tsd)_ 2 (L—Eo)}/Qs” ............................................. 37N
(@) ta<t=t, GFEEH)

E=((rmd{(ta—ti) = S5 (L= LOJ ral(t=1a)}] /g7 wovsvvssessnr (38)

(8) ta<t#F* (BH), tp<t=t* FEEF)

K= rn(t—ta)

~ - B (r+rh) P CtTttterreresseesiciiicisiiiiieeiiinaie, (39)

q:? [{qs ra (L—L¢)} —rJ

W) r<i=t, (BH), t*<i<t. GFEH)
K= 1= rn(L=5}1""explap(r =1} ..o (40)

Par(Ls'— L)
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_ _ —1/a,
toE, r=te+loge{1 +%¥£<_L14f§0}

go= [q.-; {r,,v as"—(t T)}]I/p
0= T
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B EDHEREZERT — 2 —n b, E A OBSICOWTHNA Manning OEFANICH 5 & LIBE
D K{HE g6 EOBEAYEHLAc—Bl%, Fig. 18 iR L, ME/AITET, £ B-a XU B-b O
BEOWTD K L g ODBFEEBEHLb D2, Fig. 19 XU Fig. 20 TH 52, ZOBHIIEEE
SIBOE a DRENADTL B1edI, & & LTE (25) X Ao, FRBERHKTHED K HI, o
DR L D CRERK T B BICKER2AER TH0HLHEHTE iy,

M2 H K i ¢ T XTI, JF—EEELTI W Ebh b, ik, REWHI LIS
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PHHERE » OEXEH T L, 20
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Fig. 18 Relation of K value to discharge of surface flow
¢s, in the case of Run A
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Fig. 19 Relation of K value to discharge of surface flow gs,
in the case of Run B-a
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Fig. 20 Relation of K value to discharge of surface flow g¢s,
in the case of Run B-b

Fig. 21 3 X' Fig. 22 13ER A OTF, EEHRBOREBOHEME L, AMORERORAEFIK
BT 5%, kI OERERCHETABRYAVCVCAEBL, ERELERLCIOTH 1AM EIBEDTX
{—EL T3, %7 Fig. 23 1ZFW B-b OEHRBOB AR OV TRRBARTFZ LD THSH, =
NLEEEE ERET L S —K LT 5%,

KB A DEBHBILIN 7 AT~ THOT, FOREZMMAHL < ILEAEORBRE L OREO R
BRIl Twba, ZO0BEDn HIRKCET 3RO n{EL b —HAREWLLD, BB IoTHEX
REUEREOENAEBICARE VW L b, i, FEB B-a, B-b oRBEMEIIDTHOT, REH

: ==
A Run A |
& roo—O1T—0—¢ he) r: 962 "%
‘) H: 30 ™G [T
. tg ®n I
? % n: 033 misec
300] O Experimental [
Fs g — Theoretical
(%)
100 ——
J— N—
&0 e N
30
O
o
o .
’04 Z 3 4 T 72 3 4S5 o /7 /8

7
t min)

Fig. 21 Comparison of theoretical and experimental discharge
curve of Run A in steady state
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Fig. 22 Comparison of theoretical and experimental discharge
curve of Run A in unsteady state
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Fig. 23 Comparison of theoretical and experimental discharge
curve of Run B-b in steady state
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Fig. 24 Recession curve of discharge from sarface layer in the
case of Run B-b
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