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Study on Surface Runoff (Part 2)

— Surface Runoff from a small flat basin —
By
Kazuro Nakane and Sinobu Yazaki

National Research Center for Disaster Prevention, Japan

Abstract

In the previous report (Kinosita and Nakane, 1977), from the runoff experiments
out at man-made experimental plot in the rainfall simulator the effect of rainfall
inlensity to the surface runoff was evaluated,

Surface runoff was examined by applying several kinds of constant rainfall
intensitics on the cxperimental plot. For the relation between the surface runoff and
the rainfall intensity and for the changes of the rainfall loss with increasing interval
of continual rainfall and increasing the intensity of constant rainfall some sufficient
results were obtained.

In this report the relation between the surface runoff and the rainfall in a small
basin is explaincd from the observation result. The experimental plot is a small flat
basin in the yard of the National Research Center for Disaster Prevention, and is of
area 8.75x 10* m?%, and consists of a road, reclamed land prepared for a building and
a forest of assorted threes.

In this obscrvation, the [ollowing results were obtained.

(1) Surface runoff depends on the surface conditions, such as water permea-
bility of surface layers and the coverings on the ground.

(2) The area of effective surface runoff increases with increase ol cumulative
rainfall.

(3) Surface runoff increases sharply at some stages of cumulative rainfall, for
instance, at about 40 mm, 170 mm, and 300 mm in this basin.

Finally, the simulation of the short range discharge and long range discharge is
explained. The authors tried to reproduce the short range discharge by using the
primary combination of somc linear differential equations, and the long range dis-
charge by using Darcy’s law and the equation of continunity.

An coffective method for reproduction was obtained through the approach.
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Table 1 Soil constants measured in laboratory.
m’, Wt 2 o sER 2.4 %100

o, EE LEX100mE kg, Tl LIORH RIRME SREAHERE AREH

i i g S _ : 84% 52 % 0.28 cm{min
. B OFE+ BT 5oecm = g ‘ o
5. BRORLEIZEET 50 om O KT Hem 81 31 |0.25

THBHEOCRG LR TE D, — % % m | 7z [0 —
DnTte — AR, fiEHe -l AR HZETF 30cm 68 | 5.4
5 L5ERRLTWE, Comk
DT AR <, SRR, FieHET
2m XD EWEILH . EBELHEFEScm,
HR100 em® DL METRR L, HERAREE
EEEEIE L, 1wt 5 A T80 %
WMET0em OFf T8l % L3 X5 s Es
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FE BN TREKERR LR, MFETHRRL
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120.285cm/min X7 T3, B0 EL B
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CTT2%, #ET0cm ¢68% Liz-TlaH. HEK
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Photo 2 Pond water at the reclaimed land.

5P LIBGIITRI - Tna T
L, BIO, KizZ hiioH
FT6em oFTcdEIAMU
ABHbBRTWAZ TR LT
5.

k& (&2) oYk
76, TRATERD L 3T,
BR300 mm % THT 5

e ETEL, WEO Photo 3 Air ascending [rom the bottom of pond water.

i

P bERRMHEARETS, &
O X5 IR e s ElHER
X2 wad X5 i ET
5. BEE 4z No.7 ko v
— 7 Bri st % P B A )
ok s b, BLbi
HEOR ST siT BRR T
HE. PO E— i
Wk, IR KD

piie

A D EEBEIAREE L fo o Foto D, (T 2HE 4 1977. 8 13 —18 DR p = — 7 EFO

B AT DRICRIL
S>ED LEBERXRHE TH S Photo 4 Standing water around the gauging station
2%, MK Y — 2R s B Ak after big flood 13-18th August, 1977.

EOLE L DHEETR L, 1,110mésec iwin . MilEERY 2.85x100m* & KE LA,
EThH I OMEROZNLOHEKEIZEL LR LMETS D, BHECZ, WS OTAD

— 140 —



HIEAFIL T BT 5 B (2o 2)—hi - Kl

2 AR %
Table 2 Observation table.

T o AN R R A T T Re T LR X B
R . BEbg gfgfﬁ(%m)m gﬁﬁ$ﬁtﬁ&m$ A
' Pmax ™ §f Gmax | - EERgfe A=0.1| 2=0.09
. ] mm  mm, [hour| hour 10m? I/sec | mm| H mm mm
1 7AUA 180 45 84 g0 2.5 0.02‘ e « ] -
|
2| 7p16R | 38.0 7.0 18 (41% 13.7 0.08] — — —‘ —
1 | &
3| 7R28H @ 110 0.0 3 25’ 2.5 0.02 55 11 5.5 8.1
\ .
4] 8860 6.0 4.5 2 " 2.0 0.03 0 8 6.0 6.0
| | (O'Z)I | |
5| 8A8q 7.5 B0 4 1'5"| L4 0.0l 10 1 6.5 6.6
6 |8 H13—140 101.0 16.0 37 (1352‘? 10.9 0.13 935 4 7.5 16.9
7 ¥ | < ol om1] | 2 @2 W2
7 87116 18R 198.5 2o B B T iE 1 - 2
| ar |
8 9A4H 170 TW 3 (0% 7.4 0.04 36 17 13.4 13.8
| gl o 176.8 : . . .
9 9RA8—10F 42.0 5.0 42 (0 7.4 011 38 2 2.2 6.2
| | |
10 |9 519—201| 810 14.5i 23 (]()"ggj 16.6 0.13 80 9 1.0 9

V1 MEENEREE el 2 LB

EHE 5 1977.8.13— 18 DY ﬂ&@%ﬂmﬂ*ﬁﬁﬂbﬁ&ﬁ
Photo 3 The view of the same place as in Photo.
4 on the next day.
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Photo 6 Natural drinage hole discharging groundwater.
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REUL B A REWBAMG S HEERIA T H 4 Bl Cro it Lo EE X v ISHE Bukito
WE) MAEELTIWIEE L, BRELOBRER®ALH20L 5 ks, chicts
&, BHELDLRWEE, BEHELIFECS <, HHR 22 L 0.01~0.04 k7o
Twa. BRBIELIZ2E, CoOREOWTE, MINEARRASCEST 3 TARH - E
BE»bOEHEMHL Dis o Thd. BRERS{ Omm §i) 705 L BRHEET 2uc
WNT 5. WIHETLD &, 0.08~0.1317e %, ABBHEL LOBRTOBA, BiH
ST 2 A 2R3 &5 5 B R (RAHE, 1974) 23550, 4MoHA<cEHE2
CAT LS ETRMOlMRARLRATWE., 20T, Bl A B HioBHE»S
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(Vlimid 376 km?, JiiERAE [ 67.9 km) €1k 41.3~201. 3mm, FH{EL L 87.0mm »
ToThd (RANER, 1962). ERIEb22 0352 ot Noer 20k 4 A
bh B -2 D LRI o Thvlnl, NS ST H B b 3 M A TR A P 2R &
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LB AR DA oA (REEE 48 kmY) o fETE, FeFRE by
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Fig. 2 Relation betwecn total rainfall and total runoff.

fFili3 2 =74 (FRE - RAJIE, 1977) 2AVTwa2, Fohe, THEIISEMNEY
AH 50 mm, f#b 300 mm, (Ui 150 mm, FEFHESEmMmM L LT\ 5. 353 E i gkT
ChHDfEixAas &, RGNS FAMHTEEOME30~50mm i3, HEOHEI DL
ST A ORARRECHN T30 0L Bbhs. ARBELLISL, 2hEHLOB
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migE (M2) ERRAMTWE,. R4 s e, B 0mm JEc 35 & Rin
HEolmy 2k aFAdyRT. co40mm FEOMRES, ZORKOE 1 ofIFIR S
EEzbhL. COREOWEI S &, BRIBOEO WAL ATICEAIRAREET S 2 &
D H#F 2 C, 0mm itk OWEILER LA EMIC 3T 3 HRRE - B,
P, FAED 300 mm yivERkf s 6 & 7 oG oo nwTh B &, R
BN HE - oBRIIR 4 o X e s, Do, BINTE ORI D B H g
OMENE BE 5w, BMWE =208 5cagld, fifiko BN b & o8 i %
RERO T 2E2whs, Hdiwin s, BIWES 50mm §i#, 100mm §igE, 290
mm {i#icis s &, ThERORLT, RIHEOWMIARCKsTws, ZOZ s XD
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Fig. 3 The past record of relation between cumulative precipitation and cumulative
discharge. (Flood No. 10)
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Fig. 4 Same as Fig. 3. (Flood No. 6,7)
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Fig. 5 Relation between total rainfall and total discharge ratio.
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L L TR S R oM e G L, FRCER oS b O A KT Ok
W TR AR B L DA, FIT, C o CIRMER R E, AR, IR, Bl
FLA LA gEIL, RMEKTORNEEAEERE ORRIIETNE S RERATEDLS

ZhOETE, 7, -OWEOKEL, 200m BEDL 0THEND, KB kT BN

— 145 —



FE T SR e v 2 — TG #2085 19784E11H

= 3 MHEITL v s EE

Table 3 Constants estimated by runoff analysis,

B % #OR B | MR
i B (m2) 1,500 f 24, 000 13, 000
FHPEHTEE (m?) 1,100 | 3,300 3,000 320, 000
ool = (%) 73 [ 14 23
A B (mm) 8 30 2901 |- 60

WpERL (1/10 min) 6.0x 101 5.45x 1072 6.0x 107 5,3x10°?

NOMRIFRTEL L 0L LT, MEBRMA QW R 1RO ALK D 5 0o — ks
BELTELINBL DL LT
Tisbb, MikE Q ik

Q=30
Qi:(fi'Ai)"zi'Si
—%=R—2¢'Si

R=0 (E:Rdtgfeﬂ)

R=R (j:Rdf>RH)

L, i=1, 2, 3, 4Th 5.
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Ryt FHuX 0 ST &
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(3) ZiniyE e RS OHBMEL D, MRS R Ra Ru % RCEDS.

(4) BEWOHOE -7 HRTEROZNLOMMEAL LT (AXA) #H D IZEDS.

(5) MEWEA Re DLE, Ry DT 0BK (BkHS2) 28R, (fixA), (fixA)
YIS 2 CHOKMBLOGFREHEE EREE 255 X 5 (oxd), (ixd) 2%E

da
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Fig. 6 Simulation model of runoff at a small flat basin.
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Fig. 7 Observed and reproduced runoff. (Flood No. 2)
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Fig. 8 Same as Fig. 7. (Flood No. 10)
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Mz o riclE ik EE X e O, R AL 8 f 16~18 H oo
TTH AT, ZOL ST LT, —BZEANL KR DA e B U O AT L,
AT RS o CRBCREINT2 &G HlEEL 200 L LR S,
L7chint, 20X kiiffibofid i, MTRMVOED S BHOMAHRY, +Ho
FFN & A EE o 2k 7e R, BRI s~ DA s SO A Il 5 5 A THEERWEC
HBHEEL LR, FCTIRAE, M ok i 3 i Sk 3 R0 i
9, M PR A L 7.

6.2 HTFAREDOLR

TR OEIERK 4 iCRT. COBMCIRMTRAMIMETIm Lok 2 A5 TEE
LTWd, TR S E 2 SO NUSR - TRE—ED AR R - Tk D, TR
DRFEEOTFAT TR LT D

Wi O JEH A K 130, F oK — 2 & o f s L PR 8w 78 2T,
Eeiliefe Xy, oM T gLl ERRGTRERBITEEA SRELT
BLHT, L THRKET<CRELTCWEEELZLNE. LTI TR WM L OB
AU IR S TR ALD B s LRI O R EEE A W s 5. 40mm [
LoRE S, LabBMCELRd o iikFES 6, 9, W0o=20tKic2 T R%
L, BWE Zp FHTTFALO L dh iizF RO LT h, chnb il Lapmase
IoFiE—c, i=018005. 2K LBREN 40 mm wiliz-fch » otk &
B3, 04,5 80k k/hEhIlKCo v T, RHEAGEOMIMCHE ST RO S
Ele bt WIBRE I AEETET, Zo%E T RN FHx

i
o

Iy

Ah:%(zp—n

TH2HhE. LTI ORLLIARENEMOI S, 212 2=0.1, % LU% 4=0.09
LR icflidmd. CoBRITCHELLORGFOREIC L - THFEEL DT
BHink, T OREEFEIICETT B MR O ke L2 S MR - OIR i
BEricHiEohs, £2ickane, BAERHHE~10 HEROBNIZY LT 6~10 mm,
Yok 8 OREFO L 5 I P AREOMEHETHE MM &t TH D, ThaoHE
ELTHEEE I mm/ AR S,
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6.3 HWTFK{EOHE
MR CH b, FHTCHEHAKBE X DELE 2537, Lovdh - okik:
BRI h—EE B (22) T de e b, Mo KR OBERe I MIEE T~ 5 KT E e
LIB3L0E:EFE: LS.
TIZTHTROBARG TR CHECENT 2L 0L LTEEEYRD TS, 7ok a2
MM4T9RA L HIZ20 TR S LM FRMOBFERIZH 0.03m/HCH 5. KR 17, 000
m®, HRZEREE 0.1 2 A5 BT
17,000 m* x 0.1 0. 03 m/H =50 m®/ H =0. 6 //sec
Elad. TREK LCileksSofites, 1555951 HT® 2l /sec T % hs
L, ZFEOHN 1B B b0BHEEL bR B,
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