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Fig. 1. Location of surveyed river basin and observatories.

Table 1. Distribution of land slope ( Unit : ha, in parenthesis %)

Slope of ground surface A River basin B River basin Total
15°> 14.7 3.5 18.2
( Flat land and (8.6) (2.9) (6.2)

gentle slope land )

15°~40° 62.3 36.3 98. 6
( Steep slope land ) (36.2) (29.8) (33.5)
40°< 95.0 82.2 177.2
( Heavy steep slope land ) (55.2) (67.3) (60.3)

Table 2. Distribution of land undulation quantity

Division Difference of elevation( m ) Number of block Percentage( % )
1 0~10 21 6.3
2 10.1~20 48 14.3
3 20.1~30 78 23.2
4 30.1~40 90 26.8
5 40 over 99 29.4
Total 336 100.0
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Distribution map of land undulation quantity.

Table 3. Topographical characteristics
River basin
Geomorphological A B
factor
River basin area( ha ) 176. 88 120. 74
River length( km ) 2.88 2. 805
Round length( km ) 7.175 5. 600
Mean width( km ) 0.614 0. 430
Shape factor 0.213 0.153
Compactness 0.329 0. 348
River density( 1 / km ) 3.697 3. 661
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Fig. 3. Longitudinal section of river.
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Table 4. Distribution of vegetation

Vegetation Area Percentage
(ha) (%)
Forest of
broad - leaved tree 149.2 50. 8
Forest of
needle - leaved tree 62.9 21.4
Wilderness 68.6 9.7
Native plant land 21.1 7.1
Meadow 28.1 9.6
Others 3.1 1.3
Total 294.0 100.0
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Fig. 4. Geological map of surveyed river basin.
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Physwﬁal properties of soils

"Three phase in soil p£of11e J Orgam(, Coefficient
Solid N Liquid L Air | cmo?lttteenrt permé)afbility
(%) | (%) | (%) | (%)  (em/sec)
32.4 55.0 12.6 16.4 3.4X1071
23.3 64.2 12.5 22.3 7.7X1071
27.2 57.1 15.7 1.4 4, 7X1071
40.5 22.0 37.5 — 2.5X107%
28.8 68.1 3.1 2.1 1.4X1071
36.2 58.7 5.1 1.6 7.0X107¢
47. 4 46.3 6.3 0.2 5.3X107!
24.9 64.3 10.8 3.5 4.0X107*
21.1 61.4 17.5 0.7 5.4X1071
36. 4 50.7 12.9 0.2 5.5X1074
29.6 47.9 22.5 0.2 4.2X1073

- - -— 2.1x107®
22.0 68.8 9.2 0.2 3.7X107°
30.2 29.1 40.7 —

B - Tal}le 5.
- M
Number Spec%flc Dry oisture L
gravity density content |
of layer , ‘
o (g/emt) (%)
A 2.509 0.812 67.8
1
B 2.336 0.541 118. 8
Coarse grain| 2.691 0.874 76.8
2
Fine grain 2. 864 1.159 19.0
3 2.575 0.742 92.0
4 2.518 0. 644 64.4
5 2. 568 1.221 38.0
6 2.503 0.623 105.3
7 2.549 0.537 114.4
8 | 2.603 0.948 107.0
9 2.525 0. 646 64.6
10 2.558 -
11 2.584 0.569 121.0
Secondary 2.688 0.813 35.8
_ sediment |
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Table 6.  Particle size composition of soils

Number of layer Gravel( % )  Coarse sand( % ) Fine sand( % ) Silt( % ) Clay( % )
A 9.9 40.6 18.1 21.4 10.0
1 B 4.6 16.1 14.5 32.6 32.2
Coarse grain 8.4 36.4 21.1 18.7 15.4
: Fine grain 30.5 51.2 7.3 1.5 9.5
3 6.3 7.7 38.0 39.0 9.0
4 1.2 6.0 42.5 41.9 8.4
5 0.2 10.2 39.4 37.4 13.0
6 0.1 8.7 31.3 50.9 9.0
7 0.0 8.6 36.3 43.1 12.0
8 0.7 21.3 43.1 27.9 7.0
9 3.6 17.6 40.6 32.2 6.0
10 17.9 64.4 15.7 2.0 0.0
11 0.0 7.5 14.9 54.6 23.0
Secondary sediment 0.0 35.2 41.9 11.0 7 11.8
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Fig. 8. Pore size distribution on soil classification.
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Table 7. Physical properties of soils at measured point of intake rate

Depth Specific Dry density Porosity Coefficient of  Organic matter
Zone of n bilit tent
Vegetati gravity ‘ permeability conten
egetation (cm) (g/cm?) (Volume %) (cm / sec) (%)
Forest of _ .
broad - leaved trees 0~30 2.479 0. 529 69. 92 5.12X107° 24.2
Forest of - -3
needle - leaved trees 0~30 2.582 0.873 66. 20 5.27X10 11.5
Wilderness 0~30 2.730 0. 986 64.15 3.60X1072 4.1
Nati lant land 0~11 2.561 0.911 65. 10 6.29%107% 11.0
ative piant fan 12~30 2.644 1.023 61.30 2.61X1073 10.4
Meadow 0~30 2.509 1. 031 59.50 5.49%X1074 22.3
Meadow 0~30 2.653 0.985 62. 90 2.06X1078 10.4
Bare ground 0~30 2.759 0.871 68.4 4.86X1073 7.9
( Test field )
Reclamation land 0~30 2.670 0.984 63.10 9.45x107°% 3.0
Table 8. Particle size composition of soils measured point of intake rate
Zone Of_ Depth Gravel Coarse sand Fine sand Silt Clay
Vegetation (em) (%) (%) (%) (%) (%)
Forest of -
broad - leaved trees 0~30 8 36 1 10 5
Forest of -
needle - leaved trees 0~30 11 46 15 18 10
Wilderness 0~30 21 44 21 7 7
. 0~11 14 36 26 16 8
Native plant land 12~30 2% I 20 7 6
Meadow 0~30 12 41 19 21 9
Meadow 0~30 19 46 22 6 7
Bare ground 0~30 19 35 21 22 3

( Test field )
Reclamation land 0~30 14 37 34 11 4
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Table 9. Intake rate by cylinder infiltrometer
Zone of Accumulation of Intake rate Basic intake rate
Vegetation intake rate D I
_____ ( mm ) (mm / hr) (mm/ hr)

Er%f;t-oliaved trees D=10.39T°™ [=461T 0% 124.1
rl:‘;erc?ls; ?fleaved trees D= 7.50T%™ [=315T 0% 66.7
Wilderness D= 2.30T0?8% I=110T 02 42. 4
Native plant land D= 4.65T%8! [=170T 0% 48.2
Meadow D= 3.50T0¢7 [=141T 03 20.3
Meadow D= 6.35T068 [=259T 032 24.6
Reclamation land D= 5.80T¢!® = 66T 08! 0.4




248 By - FURELKER - SRR - & OB - BT

500 =
A Forest of broad-leaved trees
B : Bare ground
C : Native plant land
D . Wilderness
100 = E : Forest of needle-leaved trees
300 =

200 =

Intake rate ( mm / hr )

100 =

N VA .

0 100 200

300 400 500

Rainfall intensity ( mm / hr )

Fig. 10.

5% THbH. BUTIHLYKRE LTNEREDORENRT
mOERHEESZVWEERDbDNS. L LERMTIE
BAEPBEICNX LT WVA. THIFEKLEL
BT, TTHEBICK > CHENTEE CHED 51
Hok, FOBREBLARKLCS, B - NESFOD
AEXER CHUOXRBHSPHEDOND LR ES
rrHEEZLNS.

HERMEIRICH T BEROAL

1. HBEBIURBRAZE
AFBGIHORENRIC & 5 WHEOEARN S HHE = 1818
F 51012, Fig. 12 1289 £ DI 6 m, A 15m,
iy 8°, 15°, 22°ma v 7)) — hRCH- /23
BORBREBAZ T2, SEBIIENFNOARCICT
LB L. FOMR, KBRIIANTHREEL
0, BtHEx ABS (D 8°) T13~18cm, BIEE (&)
fil15°) T15~29cm, CEE (HAC22°) 1522~33em&
Botr. 72T 3RBESTE-LE (BB

Relation of intake rate to rainfall intensity.

DE2B) LT TORBFEIEOLOMENHEZ
AL, FOR% Table 10 I2RT. HBHERZ A
% EERBIIEBESKE <, HBPOHBRES S L.
FrrEBIIH—IIEMINTNS.

FARBNIC LB 5 ORI, SEBO TR
CHEKTEE R, HICKMEIZERE L OKLOXE %
AE L. FrrgEkA~ombkiE, HHKMAICES
LW A kY THERICHIK S NS, FE IR
CETREBE ARBLCBRAIL . FEBOMBER
HE 7% 19834F LR HIRBE, 19844E I3 R HIREE CHIE L 72,

2. RBREBICH T IREE

HELDES 3 HERES TO—EBEN, 1 REHEBAN
BEBHROBRIE, BEASELERAERLIIDOT,
SEBOBRMIRETCOER % Fig. 13 1077, #ith
OEBAITIEF URERBRICH U TR L 0, Y IvH
HARBED S TR R R K E L LD, Fl—HICH
HERMIERIZ/NX T, 10% L EOTRHEEZRT DI,
DLRAEKRTH D, 20EFEAEIEITHERCRER



NN DNENNFIRIC 51 2 18 & He 249

300~
° 0 Cylinder method
® Slope infiltrometer method
250 =
o
200 =
- o]
= [} ®
<
E
&
RG] = o
@ [ ]
=
=
RS o °
[ ]
[ ]
100 =
[ J
(o]
[ ] [o] [ ]
50 pm o
(o]
[ ] e O
®
° ) )
[ ]
() ° ° °
Broad - Needle - I Wilder - I Meadow l Native | Reclama -I Bare
leaved leaved ness plant tion ground
trees trees land land
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Fig. 12.  Schematic diagram of test field ( B test field ).
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Table 10. Physical properties of soils at test fields
Coefficient of
Test field Depth Specific gravity  Dry density Porosity permeability
(em) (g/cm?) ( volume % ) (em / sec)
Number A 0~11 2.782 0. 856 69. 2 2.30Xx1073
( Slope of 8 degrees ) 18~35 2.684 0.751 70.0 1.26x107°
Number B 0~22 2.786 0.912 67.3 1.74X1073
( Slope of 15 degrees ) 23~43 2.704 0.963 64.4 5.47X107*
Number C 0~32 2.759 0.913 66.9 3.73X1073
{ Slope of 22 degrees )
161
O A test field
o}
14F ® B test field o
0 C test field
o
12F
R
10k o *
= [o]
%]
0
2 8l
k o °
S °
=1
~ 6 - [o) (¢ ] [
O¢ o [o}
° o
ooo oo ® ° © P
o
b o Ocpw % o(b ) o
& © 0o (o) 3
8 ?.080 o ) °
2 - & ° Y oo 08
° [
o Qo
[ J
hand ] ! ] ® ] J
0 10 20 30 40 50
Maximum rainfall for an hour ( mm / hr)
Fig. 13. Relation between maximum rainfall for an hour and surface runoff coefficient.
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Fig. 14. Tank model.

BB 2 BRBAESE SN, 19834 & 1984

FIZOWT, Y 7PN E>TRIELIZEF
VEHBODC, KBLUZODOfE% Table 11 12774, ¥
RINSDEERICK > TEHINZ198FEDOHHE
LBRRSE %, Fig. 150 (a) (ARB) BEL0(b)
(Biftl) 1R,

BEEEL 7 AT E BRIBLE T, 5V 7 EFLOEH
ICRFE 2D, F 1019834 L 19844E & T b HERIC K
ELBOVILND, TOZEE, S IEFLEICLS
RHREBHOZ YU ZERLTVDEENZ S,
Table 11 11&, BRSO EHZEM | D30 S0 H 1T
HERMBEHBIN 2T 2R D 5, TEFVEKOE
BezEEdb0%WL LTS, COREKEEH
BREOETVEREMNEL 2BE, HHEASEEC,
ELIKEKDOEERBICEST 5 Cl, C2, C3 D
fEA /NS <, 1/2~1/5RBEDEERLTLAS, Lzhi-
THRBREIREK 2, —RAROBEICHANT,
ODTRELMARTRT IEIIRS, CNHEFHBRBOGR
BPNSDWIEIZHERIEEINTOEDTHAS
», BAKISBNOA~ORME R & &, B
dith, T LRERHES VNS <, 2OREDHT
KBS EZ T, WHLTWBZ E2ERLTHY,
KWK R ORHBES 2B ISR LTLAE 0%
B, FrIDI L, UTORKRHBOBITICE - T,
IO s,

2. #Kkme

BKBEDNA Fu s 713, —BICEERH & R
W e 2 abe tEBERERS &, TFARHT 20
LEBERHES S SBRIN TV S, @)|ORHE
FEERHB O TARHB S BT 21018, 1<
DPDHENEBREINT NS, JZTHEOIETHE
MEHOSN TV, REOY ED & BRSO
REZERNICKEATHES 5, WDWY 3 GRATHE
& ot

—RICEREIX D & 5 ICHRBERE ARSI,
REFIRICEB L CREARICH LT, I ADEHES
BOTRELEETS20I10, KEBON, Fas
T7DEDBERIEINLEE BTSN, Lizd-
T—HRENFIIEE<OY— 7 HsE U, BER
HRS EBRBERHR S E O BNSREES r— 2An5%
ol ERTH HBAERHICEDR 2R 5 -
TJ/EITDONT, Bk OB %1F-> 2. Table 12
IIX1984EDWIHEETCEFIRL TV B,

(1) BEmER

FABMMICH Y 5 —EBNER S EERHE{ &0



252

HEUE RS - FURFALIKER - SRR - R BR - BT

Table 11.  Various coefficient values of tank model

( long - term runoff )

River basin A B .
. Usual river
Year 1983 1984 1983 1984 basin -
C1 0.07 0.05 0.06 0.06 0.2~0.5
kS c2 0.05 0. 04 0. 05 0. 04 0.1~0.2
=2
L Qe
S C3 0.03 0.025 0.03 0.03 0.05~0.15
R
o E C4 0.01 0.02 0. 009 0.009 0.02~0.05
C5 0.008 0. 006 0. 005 0. 004 0.001~0.004
® K1 0.8 0.8 0.8 0.7 0.1~0.3
5 2
s g K2 0.6 0.6 0.6 0.6 0.06~0.12
% .2
g5
% g K3 0.3 0.4 0.3 0.3 0.02~0.04
S g
O o
K4 0. 004 0.001 0.003 0.003 0 B
Z1 25 20 25 20 20~50
72 17 12 17 15 10~20
2
=
2= Z3 15 8 15 8 0~15
= =
%0 o
e
o 2 Z4 8 5 8 5 0~15
Z5 0 0 0 0 0
Table 12.  Characteristic values of food runoff
River basin A o B
Date 3.19 4.5 4.19 7.30 8.25 3.19 4.5 4.19 6.8
Total rainfall 43.5 74.5 35.0 26.5 132.5 43.5 62.0 35.0 67.5
'g One hour 19.5 33.0 14.5 23.0 29.0 19.5 33.0 14.5 48.0
E Peak rainfall (13.5) (18.0) (8.5) (18.0) (12.0) (13.5) (18.0) (8.5) (24.0)
= (Twenty min. )
.S Initial rainfall loss 12.0 29.0 6.5 2.5 18.0 12.0 8.0 9.5 15.0
.  Effective rainfall 1.0 2.4 0.3 1.7 3.1 0.8 2.7 0.6 4.0
Total rainfall loss 42.5 72.1 34.7 24.8 129.4 42.7 59.3 34.4 63.5
&3 Initial discharge 0.077 0.093 0.024 0.408 0.136 0.049 0.048 0.038 0.080
'3"6 E @ Peak discharge 0.402 0.635 0.262 1.014 0.999 0.304 0.964 0.190 0.816
= "’\E Peak discharge of
A 9~ direct runoff 0.291 0.442 0.147 0.589 0.653 0.228 0.803 0.145 0.721
Time lag of peak 40 60 40 20 40 60 20 20 20
discharge(minutes)
Discharge of direct 1695 4118 402 2839 5383 980 3319 686 4892
runoff( m®/sec)
Coefficient of direct 2.27 3.21 0. 94 6.23 2.36 1.85 4.39 1.61 5.94
runoff( %)
Recession High flow 0.178 0.089 0.183 0.231 0.129 0.244 0.245 0.146 0.189
coefficient Low flow 0.012 0.023 0.136 0.044 0.033 0.058 0.066 0.065 0.027
Droughty days before >0. 5mm 0 0 6 0 3 0 0 6 0
precipitation >5mm 0 0 6 0 3 0 0 6 0
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Fig. 15-(a). Runoff analysis of a long term by tank model method ( A river basin ).
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Fig. 15-(b). Runoff analysis of a long term by tank model method ( B river basin ).
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Fig. 24-(a). Runoff analysis of flood flow by tank model method ( A river basin ).
0.5 prrrrrrvrre— .l“,ll I' 0
I =110 &
E
0.4 &
~
g
Cl=0026 KI=07 Zl=14 oy =
C2=10.018 K2=0.6 Z2=35
- C3 = 0.003 K3=0.9 z23=9
g 03F C4 = 0.001 Z4 =0
e 30
~
o
g
o \
0.2} == Observed value
== == Calculated value
0.1
0 1 1 1 1 1 1 1 L
1984.3.19
3 5 7 9 11 13 15 17 19 21
TIME ( hr)

Fig. 24-(b).

Runoff analysis of flood flow by tank model method ( B river basin ).
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Table 13. Various coefficient values of tank model

( flood runoff )
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Summary

The assortment of soil layers basing on the physical properties and runoff analysis were car-
ried out in order to clarify some characteristics of runoff at small river basin in the south of
Kyushu. The researching area was located at KORI river basin, the south of OSUMI peninsula.
The results obtained can be summarized as follows.

1. Volcanic ash soils layered on the cracked welded tuff could be assorted into 12 sorts at
least. Almost all the soils showed low organic matter contents consisting of comparatively coarse
grains, excepting KUROBOKU soil forming the top soil.

2. The water percolating from the land surface flowed downward through sandy layers with
permeabilities of 1072 —1072 cm/sec, reaching the pumice fall deposit. The clay layer, the per-
meability of which was in the order of 10 ™% cm/sec was covered with this pumice, playing a part
of impervious bed to the percolating water, some of which was assumed to be flowing downward
through the fissures in the soil.

3. The recorded coefficient of the surface runoff was always less than 10 % for any types
rainfall noted during any of the researching periods.

4. As usually noted in SHIRASU river basin, the runoff of small river flowing through this
area is characterized by the fact that surface and subsurface runoff are fairly scarce, while ground-
water runoff from the basin is more abundant, compared with that from the ordinary river flowing
through non-SHIRASU region. Although this is common in case of the river running through vol-
canic ash soil, at a small river basin like this, it might be worthy of emphasis. Morever, at a
small river, the runoff is influenced notably by rainfall condition and moisture degree of the soil.

5. Some characteristics mentioned above were in close relations with soil and geological con-
ditions of this area, in which the greater parts of the rainfall are to be easily percolated into the
soil. Some of these seepage water flowed along the slope of pervious bed, such as pumice de-
posit. The others flowed downward through the cracked welded tuff to run into the river.

It was also suggested that a part of the groundwater might have happened to flow away into
another basin.




