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The effect of the storage on the runoff coefficient
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Kazurou Nakane and Takeo Kinosita

National Research Center for Disaster Prevention, Japan
Abstract

The Rational Formula is commonly used for determination of the designs for
improvement works of small rivers and urban drainage systems Lo prevent disasters
due to the heavy rainfall. The runoff coefficients used in the formula in Japan at
present were proposed about 50 years ago. The coefficients would be revised by
using flood data recently acquired. It is moreover necessary for the designs of the
river improvement works to ecstimate the trend of the runoft coefficient for
anormalous heavy rainfall such as the rainfall of the 200 year return period or 500
year return period. It is found that the accuracy of the runoff coefficient seriously
affects to the cost of the drainage works of urbanized areas.

In this paper, the relations between the runoff coefficient and the rain water
storage on the basin are analyzed by the data obtained at the five basins during severe
storms. The analysis leads to useful results. The five basins have the drainage areas
from 33.8 to 311.1 km®. The river densities, which are defined as the river length per

unit area, are from 0.57 to 0.74 km ™',

These basins are located in the mountainous
regions, where there are small flood control works upstream of the gauging stations.
The shapes of the basins are shown in Fig. | and the topographical parameters are
summarized in Table 1. The data of nine big floods for the analysis are listed in
Table 2. The total rainfalls are from 200 to 400 mm. The ratios of the total flood
runoffs to the total rainfalls are from 0.67 to 0.87.

The useful relations between runoff coefficients and storages of rain water are
concluded as follows.

1. The runoff ratio f; within the time of concentration T, which is an extending
of a runoff coefficient, is linearly dependent upon the effective storage S. on the basin
as shown in Fig. 7. The relation brings forth the expression
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Ba=Kofla—0.1]) ovnsieiisntisiiinm oo i35 poi e semsnmens (5)

where K is a constant with a dimension of length. fr is expressed by Eq. (2). S.is
defined as S-S, where S is expressed by Eq. (4), 8’ is § at fr=0.1.

2. The storage S, on the small basins shown in Fig. § is smaller than that on the
large basins shown in Fig, 6.

3. An ideal slope is proposed as the division of the basin area by the twice of the
length of the whole river channels. A flood runoff area will be detected on the ideal
slope based on the following discussion. The total storage Sq on the ideal slope is
expressed by

Combining Eq. (5) with Eq. (7), Eq. (8) is obtained.
ST IO T enmsiermmama s s A T (8)

A flood runoff area, A, is defined as (fr—0.1)-£-1, then,

As is assumed the flood runoff area which appears on (fr—0.1) X 100% of the ideal
slope. Eg. (10) means that the equivalent water depth of the storage is K, if Sq is
stored on the flood runoff area A..

K is derived as 240 and 180 mm from the gradients of the Sq- A, relation in Figs.
9 and 10 respectively. When fr= 1, the storage on the whole basin is K, namely 240
and 180mm.
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FEHEDO—A CKT, 1982) BHEARESEROMEICL > TELT 3 ERLRES T TR
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FHOBOHAHRLRE EFEROBRICS A 2BE2HAR-0OTI ZeHET 5.,

2. BT iREOME

REFRROEEERRH S PIcT 3 IR 20X ESHERCHEbNS L O 2 AR S L T
LLBMRHY, i, WL LTI ERIZAANZEAERESRED RIS 2 2R L
DERINE, £ITC, RBLERTH 30~300 km® O ILHFE 5 E L, AFIC X 25K
ZHRPEERL 2, SEMOBRBR 1 ERT LI CEnsnR% 5, LIFICHROBE %R
3,

1 A # =
ORI REN DL =) OFSIcH 2, FEERK311.1km?, HEKKE 45
km, {JI|OFMELERF] 192km TH Y, H{IEEZ 0.62km™ L >TWw3, HEOEHN

F1 FFLREOET
Table 1 Topographic parameters of the basins

@ L@ [ ® @ | ® - ® @

i I U M| RRERE | REABRO  WIIRER W% E | GREAEE

L (km?) (km) | &2 (m) (km) (1/km) (m)
A =N 311.1 45 2,200 192 0.62 810
B /]I 288 25 2,500 174 0.60 828
C R 254 26 1,740 146 0.57 870
D : Al 88.5 23 810 63 0.71 702
E @ EHI 33.8 12 340 25 0.74 676

. Name of the basin

. Drainage area

. The length of the main river channel.

. The difference of the elevation.

. The length of the whole river channels within the basin.
. The river density of the basin, which is 5/@.

: The length of the ideal slope, which is @)/ (2 « &).
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A Basin

O ! Rain gauge, #iF 3 i EL £,
G ! Discharge gauge

1 B s oRk
Fig. 1 Shapes of the basins with the gauging stations
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fil, TOEMILWEORN 1/3 b7z, FEOEANCIE 3,000 m OEERE | L5
HY, BREFBRCE>HESEAEIZN2.50m itz ->Tw3, CofiicizhERs LUy
EROHERENTIRIZDHBL, FOEBILSED 1/31ck->Tw3,

3 C # =

C OB TR O ERE/ O LR 5, HESEmHE 254 km?, REHREER 26
km, FJIFRER 146 km TH O, WIFEEZ 0.57km™ & AFiE L DSR2 E{E>Tw
3, BREFBIE->-EEZII1,740m THH, Z0mEiE A, BHRECE~~TOLER
DEFBER->T W3, REMEIRSB L FHREROKEE, EEE, #HEsThTH
LD 1/4 # 5, fEFENEAEE, FEBERENHDTHWS,
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EEEE80m L% - Twd, FMOIIEIAES 500~700 m OEFE 2R T /AR I
Wi o TED, EERFES 800~1,000m OFREAKILHE &> TWa, REME IIFTKO KX
o rhERoKLESE EREESLD, SHCHRIEOHERBIEHIMICEEL Ty
5.

(50 E @ =

ZOFEEIERIO BRI H S, WEEK 33.8 km®, RREHEE 12km, #AIKER
2kmTHYD, MIFEEZ0MMkm ' EDIMEID EHICAELS A>TV D, RERKC
BoERERMIm LR > T3, OO LIEER 300~500m OF L WiESHE
R, B2 ohRfEBE 2o TWwa, REMHERIREON 1/2 2FERDEBEE
M, KilEgsED, REROSEODER, S=0ERA - BRKARSS TN/
PHBTWE,

MEFTL 72 8KIZFE 2 IR T L DI 1979 FH» o 1983 EDMO A S REKRIDTH S, 2
Mo OEAKDBERAEII SRR T 200~400mm OAR E 2o T3, MERFHRE
BIIH 1 CRTHARBCEAZMIT TEILTRO TS,
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R2 AT L fE RO EERE
Table 2 Flood data

D @ B) @ ® ® |
TS Bk E 5|4 E E B | HEIOETE (ke R R
8207 A 1982 &7 H 390 mm 0.71 7 hour
Y 19824698 | 300 » 0.72 7
8208 B 1982487 | 304 » 0.87 7 0
B 8209 B 19824E9 H | 209 # 0.76 7
7910 C 1979 F 10 B 253 ¥ 0.68 70
€ 8108 C 198148 5 | 392 0.67 7 0
8208 C 1982488 | 349 » 0.83 7
D 8307 D 19834 7H | 364 0.73 230 min.
Jl 8307 E 19834 7H | 393 » 0.74 | 140

Note @: Name of the basin.
@ : Flood number.
3@: Date of occurrence.
@: Total average rainfall in the basin.
®: Total runoff ratio.
@ : The time of concentration.
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Fig. 2 Explanatory figure of Q(t), Qg, r(t) and T..
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Fig.3 Rainfall intensity, storage S of the rain water and runoff coefficient fr in the
C basin during the storm of August 23, 1981 are plotted on the same time
axis for mutual comparison.
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Fig. 4 Rainfall intensity, storage S of the rain water and runoff coefficient i in the
E basin during the storm of July 23, 1983 are plotted on the same time axis

for the mutual comparisom.
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Runoff coefficient f
S

30 100 150 200 T
T -
Storage 5

5 D, Efiliics 2 ZRE02EMaENEE i =g S ORME,
R EFRREOEEE R T .

Fig.5 The relation between runolf coefficient fr and storage S observed in the
D basin and the E basin during the storm of July 23, 1983.
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30 The storm of 8108C
20 F

Rainfall intensity
S

0 T T T T T T T
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il Aug. 22 Aug. 23, 1981

The storm of 7910C

Rainfall intensity
e e s

6 12 18
Oct. 18 Oct. 19, 1979 s THOE

Runoff coefficient f+

50 100 150 200 250 mm
fBF® & S
Storage S

6 [BF/$Y—rORL L AMIEOBEFEHLF G S S O/f (CH
), FER RO AR T,
Fig. 6 The relation between Runoff Coefficient I, and Storage S observed in the
C basin during the two storms, October 19, 1979 and August 23, 1981
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b DTHB, 2L, 4D THBRIZEICHERP T T50:0, MONKRZH %
RS ERVWTEERLE, CoMick2 2 A, B, CHilflics 2 fr £ Se BRIz 220
ER2BRLELINEHRMICRS L, GIRD LI ITEIER— fr LS. DMFHEED 5 =
ENTES,

1.0 aaa 8207TA, 8209A
2 ee e 3208B, 8209B
?lj B ©oo 7910C, 8108C, 8207C

Runoff coefficient fy

0 X 1 1 1
50 100 150 200 mm
HEETHE Se

Effective storage S.

7 A, B, CHiics T f2=0.1 25810 L - BIZERmEE - tB53EY
T Se CREMR, FREM L R D {0-Se BFE 2R TR EOESH.

Fig. 7 Superposition of all relations between runoff cofficient f; and effective storage
Se in the A, B and C basins during the seven storms.
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Se= K (fr—0.1)  srrreeremerretreiie et (5)
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.................................... (8) = It /] :>!
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'
.................................... (9) P g
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channels
Sq=K-Ag rreeee (10) £ : The lenath of the ideal slope, ¢f Table 1.
As 3{ERmO S B (fr—0.1)-¢-1 ®8 {RAREE o 3B
DEE S EERD EF b 0T, 2 Fig. 8 Schematic figuer of an ideal slope.
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a0 820TA, 8209A
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=
=

ERBET S BIREE OFE
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1 | 1 1 1 1
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Flood runoff area A, on the ideal slope

9 A, B, Clitiz 517 2 AR O (RBME COWML E 58, A, & {RER
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Fig.9 The relation between flood runoff area A, and storage S, on the ideal
slope in the A, B and C basins.
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10 D, E il 81 2 B8 ORERE L CORMB TS A S RERAIORT
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Fig. 10 The relation between flood runoff area A, and storage Sq4 on the ideal slope
in the D and E basins.
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