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RUNOFF PHENOMENA AND SUBSURFACE WATER BEHAVIOR
DURING A STORM EVENT IN THE HEADWATERS
OF THE TAMA HILLS

By Zadashi TANAKA, Masaya YASUHARA and Hitoshi SAKAL

Synopsis

The study describes overland flow phenomena in relation to dynamic responses of subsurface
water in a small forested watershed located in the western suburbs of Tokyo (Fig. 1). The field
evidence showed that the major portion of overland flow was produced by outflowing water from the
soil surface through decayed stumps and soil piping outlets. Outflowing points were found in small
restricted areas on the valley floor where hydraulic gradients of subsurface water showed upward
flow toward the ground surface. These phenomena were largely controlled by dynamic conditions
of the flow system within the subsurface zone.
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Fig. 7. Occurrence, expansion and contraction of overland flow area and depression
storage area during the storm event, 14-15 Oct. 1980.
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Fig. 8. Areas contributing stormflow and the distribution of outflow points
at 0200 h, 12 Sept. 1980.
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Table 1. Measured values of major and minor

axes of decayed stumps.

Decayed stump Major axis Minor axis
o. (cm) (cm)
1 30 15
2 18 12
3 25 18
4 25 19
5 50 30
6 25 18
7 30 15
8 9 9
9 45 22

10 42 22
11 22 22

3.3 JKIBKERDKHAIZE(L
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Fig. 9. Time variations of the hydraulic head
profile at TA-2 site during the storm

event, 9-12 Sept. 1980.
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Fig. 10. Time variations of the hydraulic
head profile at TB-1 site during
the storm event, 9-12 Sept. 1980.
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Fig. 11. Time variations of the hydraulic Fig. 12. Time variations of the hydraulic
head profile at TC-1 site during head profile at TD-1 site during
the storm event, 9-12 Sept. 1980. the storm event, 9-12 Sept. 1980.
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M E RS &, BROFEICHD ST ERE 80 cm indicates pipe flow occurred and other
S KB OHEIC D » THEIC LS DADFEIM symbols indicate no pipe flow occurred.
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HELTWS, Fig. 12 KR ONZKEKFEF 0 7 7 4 VOB, ORESICE L TRREI®RICE D
BENKFADEMSAENC ETHB, COHEICE TS R-1, R-3, R-4 Ol £~ 7 KOKEKES 0
7 74 T, Fig 12 iS50 3 k5 BRI EAUKEOSBS#HmEED o hidv, £, R-2 K
AOBEF T, COMSADICENTHEREREIRE LA PRV LRERBRIBERIN TV
AN

Fig. 13 Rz OMAICET 3 8EMEOHRE L~ 7 BHCET 5 EHKED 07 s 4 vE R LIZEDT
b5, Kho @FliZ R-2 B/ <4 FhtitkeE L T OFEHKED w7 r 1 Vv TH %S, Fig. 13
10, COMmEATCENT 4 PHoEE LT O EAKTED, MOBROHE e~ 7 BHc ki LT
COEBCENTSREICHML TN OB S A THS, R-2 BEOAKNKICHVLT, COREET
DOEHKELSEBICHENT 3ERICOVTRES M TRV, ZOMEKRICE SN2 RFRE DR
FBICHE L TWAC EPEEZT, HfKBEFLEVEFRTH S Z LBEORRO—2ILELS5NS,
Table 2 {3 R-2 QEEMBIRLIEIE MM E— 7 BROKE LY A — 5 MEMEICS T 5 1 TFKE T L
mwﬁﬁf@mﬂmﬁﬁé,anidwfﬁﬁéht%ﬁﬁﬁ®ﬁmﬁm®ﬁ%ﬁLk%@fééoEﬁ
KERE TV A — 2 DKM ERKICE > TRIE L, EAKRAIFEEKEEZEERE LTEIHLOES
TibbTﬁéoﬁm@ﬁme#bBT,%mﬁﬁ@®AN&I¥3ﬂﬁH¢U@%iUH1ﬁﬁ® C-2
WEOBANERNTHOEHEELRL, ChoOHARBNTREICGh TRKOBHESERINTHE L
EBSDBB o

D-1 RS ERREAIC ITHBR E S > T35, R-2 HEOH KBTI HHIBICET 5, oM
BROFERC»PDOOTVTNOES S T/KOMBIICHAE LTS,

Table 2. Hydraulic head measurements and vertical hydraulic gradient calculations.

Piczometer| ¢ | Depth 1000 h, 6 Sept. 1980 0130 h, 12 Sept. 1980
nest ymbol ' (m, b.g.s.) | Hydraulic head [Vertical hydraulic’ Hydraulic head [Vertical hydraulic
(m, a.m.s.l.) gradient (m/m) (m, a.m.s.l.) ‘ gradient (m/m)
PA-1 a 0.9 146. 37 0.100 146, 88 0.082
b 2.0 146. 26 146. 79
P A-2 b 1.5 143. 10 —0.,021 144, 07 » 0,029
c 2.9 143.13 144.11
PA-3 b 1.8 142,72 —0,143 142. 74 —0,229
c 2.5 142. 82 142.90
PA-4 b 1.9 142,99 0.075 144. 24 0.175
c 2.3 142,96 144. 17
PB-1 a 0.6 144.56 0. 000 145,16 0. 067
b 1.2 144,56 145,12
PB- R X . ‘
B-2 a 0.6 145. 48 0. 050 145, 64 0.017
. b 1.2 145, 45 145. 63
PC-1 a 0.8 146. 77 0.110 146. 85 0.130
b 1.8 146. 66 146. 72
PC-2 a 0.8 146. 33 —0.100 146.47 —0.100
b 1.4 146. 39 146.53 .
PD-1 . . .
a 0.8 148.95 0.017 149. 29 —0.033
b 1.4 148. 94 149, 31
PD- . . R
2 a 0.8 149,01 0.017 149. 49 0. 000
b 1.4 149, 00 149, 49
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Fig. 14. Pressure head distribution and flow pattern of subsurface water determined
by field evidence at 1000 h, 6 Sept. 1980.



EEMNE LTOMTARUBOFEEETELTN S, EEF UTm MR SHRUBMEREIATNSE, Ch
BRSO TRERRICOEETZ 4 72 B LTOMTKKHOGEEZ BT TVS, 7, Eh
150m FAICENTERHBOERINTEYD, TOMEKBENTIE BEREOFETH T RS FEbH
TWBLOLERING, AT REEREL >THD, COBATOEF VY v VATHIZE
BIHEHTH 5,

Fig. 15 3ffith =7 HRICB I 2 ENKFR LS RT ¥ ¥ » MROERSHEZR LTS, Fig. 14
EHBLT, CORATORT ¥ ¥ v VATIRDIS D EHICEL LTO B T Edsbh b, BT, BED T
KBOTZOERREETH 5, LBAFCBOVTRERNOBREOLELZT, LOWARKBOTOHET
FORBBRABZENTH Y, TORDSRHEAECE T ZERNERORFRBROGTES S LM E
B ERATERN, &Em 150.5m HOTFHANCEWTIE, 1IZEE L5m fEEET 2HLE (Fig. 3)
THIGET KRR EMECHENE FTHXORNIC - HINTOEDIEMINTH 5, AFHKBICIZIZED
RBKZHHT 700, HLE EmICHE > el TROBENDEBML, & OBAEDOR HEHIC LSOk
NELSTHKES LB TID, TOEILET vy » VELERINI D EEDNB Y, COHIEON
TRERISIRAEET S, VT LA, 25 LzEF v ¥+ VEDHRICIIEBHERY O FIRIc R
ENBIMLBOEAEBKEEERERE -TVELS5TH B,

155
= Pressure head (cm) distribution -
— at 0130nh, sept.12, 1980
E B —1155
P . Piezometer nest
— 150} 14
"§ T . Yensiometer nest J | *
E o \ | = . —
o R “f l| [ £
~ 1 N
| /4/154 i ;
c )
o L &
-z {150 P
© ] L
5 145 i -
w - LY ' '®' Hydraulic head (m) - 5
L Y. 0 distribution at 0130h, | =
sept. 12, 1980 ©
. >
B o
Wwater table -
- 145 w
Equipotential line and
value of hydraulic head
(m)
Direction of subsurtace
water flow T
( vertical exaggeration 5:1) .
L 1 ] 1 1 1 1 1 1 ] ]
0 50 100

Horizontal distance (m)

Fig. 15. Pressure head distribution and flow pattern of subsruface water determined
by filed evidence at 0130 h, 12 Sept. 1980.
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Table 1
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Amounts of discharge for the storm
event on October 22, 1981

Total amount of discharge
from 0900h, October 22 to
1200h, October 24, 1981

Percentage of
discharge to XQn

2 1,555 m®
Qs 852 m® 54.8%
20, 392 m?® 25.2%
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Table 2 Comparisons of observed groundwater discharge around the
main weir with calculated one by flow net analysis
Date Time | Svmbol in Tioobmres | Galgataced discharse
. ({/sec) (I/sec)

Oct, 22 1055 h A " 1.0x1072 4.4x107%
1620 h B 3.9%x10° 5.2x107
2110 h C 1.3x10* 5.9%x107%
Oct. 23 0530 h, D 6.3x10° 5.2x1072
1605 h E 1.3x10° 4,8%X10°2
Oct. 24 1000 h F 5.0X107 4,8x107
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Table 3 Comparison of observed groundwater discharge around
the main weir with calculated pipe flow discharge at the
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RUNOFF MECHANISM DURING A STORM EVENT
IN THE HEADWATERS OF THE TAMA HILLS

Tadashi TANAKA*, Masaya YASUHARA** and Atsunao MARUI**

One of main research subjects in hydrology is to make clear runoff mechanism or mecha-
nism of streamflow generation. A knowledge of this interest is significantly important for
better elucidation of the mechanism of the hydrological cycle and of the material cycle in
a basin. Because of complexity of basin response to rainfall events, previous studies have
tended to analyze the basin response as a black box unit.

In recent years, however, there has been a burst of research activities aiming at obtain-
ing better insight into the mechanism of streamflow generation. Three types of flow have
been recognized as main sources of storm runoff, that is saturated overland flow, subsurface
stormflow and groundwater flow. It is now commonly accepted that in many drainage ba-
sins in humid areas streamflow is controlled dominantly by subsurface flow. However, there
remain some major questions concerning causal mechanism of fesding water into stream
channels by subsurface flow.

The purpose of this study is to elucidate the main source of storm runoff during a typical
storm event and to clarify the runoff mechanism of the specified main component.

The study was conducted in a small forested drainage basin with an area of approxi-
mately 2.2ka in the headwaters of the Tama River system located in the western suburbs
of Tokyo (Fig. 1). The basin is located in the Tama Hills which are underlain by the

Pliocene Miura group and Pleistocene Narita group. The former is composed of sand, mud

* Tnstitute of Geoscience, the University of
Tsukuba.

** Graduate Student, Institute of Geoscience,
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and gravel and the latter of gravel and volcanic ash soil, the so-called Kanto Loam. The
topography is typical of a dissected diluvial hill having a valley floor slope of about 12%
and steep hillside slopes of about 50%. The upper 2m of the soil are broadly classified as
clay loam and silty clay (Fig. 2). The vegetation consists of dense deciduous trees approxi-
mately 15m in height and sparse bamboos 1~2m high with a dense ground cover of ferns
and small shrubs.

Within the drainage basin, the valley floor was instrumented for the intensive study (Fig.
3). Precipitation was measured by a tipping bucket recording raingage located in the mid-
dle part of the valley floor. Discharge from the basin was continuously recorded at three
sites as shown in Fig. 3 using a 90° V-notch weir and Parshall flumes. To analyze the dy-
namic response of the basin during a storm event, tensiometer and piezometer nests were
utilized. Contributing areas of overland flow to the storm hydrograph were ascertained by
field observations during storm events.

Intensive field observations were carried out from July to October 1981. During this peri-
od, one of the major storm events occurred on October 22, caused by the Typhoon No. 8124, ,
which provided a total rainfall of 172. 5 mm. Discharge began within a few minutes of the
onset of rainfall and the peak discharge occurred within 10 minutes of the rainfall peak
(Fig. 4). '

In the drainage basin, overland flow occurred from restricted areas on the valley floor
and no significant overland flow was produced on the steep hillside slopes during storm
events. Discharge due to overland flow generating on these restricted areas was too small to
account for the total discharge from the basin. This means that the saturated overland flow
which has been suggested as a main source of streamflow generation in humid drainage ba-
sins on the basis of the variable source area concept does not explain the runoff mechanism
of the basin.

On the basis of observations of groundwater discharge around the main weir (Fig. 7)
and of the hydrograph separation using specific conductance (Fig. 9), we clarified discharge
ratios and flow components between the gaging stations (Fig. 10). As the results of the study,
it was confirmed that the main component of the hydrograph was attributed to ground-
water flow (Fig. 11) and characteristics of groundwater flow during the storm event were
an extreme rapidity of response to the rainfall event and a very large amount of discharge.

To consider the rapid and large discharge of groundwater flow mentioned above, flow
net analyses (Fig. 13) and tracer experiments (Fig. 15) were conducted. As the results of
flow net analyses, it became clear that actual groundwater discharge was much larger by
2 or 3 orders in magnitude comparing with calculated ones by flow net analyses (Table 2).
This means that the groundwater response to rainfall events could not be explained solely
by the traditional concept of Darcian flow. On the other hand, tracer experiments, which
‘were conducted to make sure actual velocities of groundwater flow during the storm event,
proved that there existed fast flow through natural pipes formed in the soil having a flow
velocity like as surface flow.

The results of the study are summarized as follows:



1. The main source of storm runoff in the basin is groundwater flow. About 90% of
the total discharge are due to groundwater flow and surface runoff component contributes
only 10% of the total discharge.

2. The characteristics of the groundwater response to the rainfall event are an extreme
rapidity of response and a very large amount of discharge. These phenomena of ground-
water response during the storm event can not be explained by the traditional concept of
Darcian flow quantitatively.

3. Large amount of discharge and fast flow of groundwater during the storm event
are attributed to pipe flow which flows through natural pipes formed in the soil and flows
down over considerable distances at high velocities like as surface flow. It may be recog-
nized that pipe flow as a good drainage system in the soil will play an important role for
the runoff mechanism in the headwaters of the hills.

4, Pulsating flow phenomena are observed as a characteristic of pipe flow.

It seems that the results of the study will not only provide additional informations on the
runoff mechanism in a basin but will also improve our insight into the role of hydrological
system in a basin for considering soil erosion processes and the delivery of pollutants into

stream channels.
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Abstract

An elaborate automatization system for the particle size analysis was developed using a
micro-computer and an clectronic balance. The system is based on the settling tube method
and can automatically analyze silt- to clay-size materials with a good accuracy.

Technical and practical problems on operating the system arc discussed and an example
ol the results of the analysis is presented. Reproducibility of the system was found to be
extremely good. This system will be a great help in research projects requiring particle size

analyses for fine materials.

1. Introduction

In a drainage basin, materials on soil
surface are transported mainly by waters
during a storm event as bed loads and/or
suspended loads. The particle size of such
materials is a characteristic measure related
to various processes by which each material
has been transported (for example, satura-
tion overland flow, Hortonian overland flow
and streamflow), Therefore, the determina-
tion of the particle size will be of much help
in identifying the hydrological processes
occurring in a drainage basin,

Although numerous methods for ana-
lyzing the particle size have been proposed
over the years, these methods are either
time-consumptive or complicated in opera-
tion. In order to improve the efficiency of
the analysis, a more elabolate system was
developed based on the settling tube meth-
od, This system, which is controlled by a
micro-computer, can analyze silt- to clay-size
materials automatically with a smal} quahti-
ty of samples, regarding water temperature
as constant during an experiment and parti-
cles as spheres with the same density. A
minimum weight of the sample necessary for

the analysis is only about 0.5 g. The particle
size of almost all materials obtained from
natural basins will be able to be determined
easily and accurately in a conjunctive use of
this system and the traditional sieving tech-
nique,

II. Outline of the System

This system, which is based on the set-
tling tube method developed by Gibbs
(1974) for the sand-size material, is able to
analyze even more fine-size materials such as
silt and clay, . As shown in Fig. 1, the system
is composed of a settling tube, an electronic
balance, a micro-computer and a dot printer.

The transparent settling tube, which is
made of acrylic resin and is filled with dis-
tilled water, ‘has a 120-cm length and an in-
side diameter of 6 cm with a water outlet at
the lower end of the tube. The resulting
design is based on the desirable length and
diameter as determined in an earlier evalua-
tion study by Gibbs (1972). The sample
material, which is introduced into water at
the top of the tube, settles through water in
the tube and accumulates upon the alumi-
num pan (Photo 1) suspended by a nylon
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thread attached to the electronic balance
(METTLER; Model PC-440). The set-
tling distance from the top of the tube to
the pan is changeable up to the utmost
limit of 115 cm. The pan has a diameter of
5.5 cm and must be hung exactly in the
center of the tube. The balance has an
electronic output and is able to weigh the
sample material accurately to a minimum
order of 107 g. Weights of the accumulated
material on the pan are printed out at given
times by the dot printer (SHARP; Model
MZ-80P6) after electronic outputs from the
balance being processed in the micro-com-
puter (SHARP; Model MZ-2000).

The costs necessary to construct this
system summed up to ¥ 1,136,000. The

Electronic balance

Aluminum
v =
Printer Micro-computer
M2-g0P8 M2-2000 "'
120 em

Settling tube

Nylon thread t_

Aluminum pan

Water outlet

Fig. 1 Outline of the system components.

>- Aluminum pan

Ballast weight

Photo. 1 Photograph showing the details of the
pan suspended in the settling tube.

details are as follows:
Settling tube (Special order) Y 30,000
Electronic balance (METTLER; Model

PC-440) ¥ 550,000
Micro-computer (SHARP; Model MZ-
2000) _ Y 218,000
Dot Printer (SHARP; Model MZ-80P6)
¥ 155,000

Attachments (Interface board etc.)
Y 183,000

There are available other cheaper balances
and micro-computers which also fulfill the
above mentioned needs.

II1. Results and Discussion

1. Theoretical background

The computer program is illustrated in
Fig. 2. The settling velocity equation for the
settling of spheres of any sizes in water,
which was derived empi.n'call}i by Gibbs et
al. (1971), was incorporated into the pro-
gram from lines 250 to 280. This equation
is given as follows:

=344/ +2r¥py(pg — p1y) (0.015476 + 0.19841 - 1)
yom ()

Py (0.011607 + 0,14881 * r)

V; Settling velocity in cm/sec
v; Dynamic viscosity of water in poises
g Acceleration of gravity in cm/sec?
r; Sphere radius in cm
Py Density of water in g/cm3
Pg; Density of sphere in g/cm3

According to Gibbs et al. (1971), the
applicability of the equation (1) to the pre-
diction of the settling velocities of particles
in water is wider than those of the equations
presented by Rubey.(1933) and Janke
(1965). Limitations for the use of the equa-
tion (1) are discussed in detail by Gibbs
(1974). As far as based on his discussions,
there exist no serious problems for the adop-
tion of this equation in our present study.

The theoretical settling times required
for particles of any sizes (-1¢ to 109 in this
study) to settle on the pan can be calculated
from the equation (1) under the conditions
of given settling distance and water tempera-



10 DIMB(E9) . T{100), D100}

20 DEF FNA(X)=10"X

30 FORI=0OTOI9:READER(I) sNEXT

40 DATHAL17.94:17.32,16.74,16.19

SO DATAL1S5.68,15.19+14.73,14.29

&0 -DATA13.687,13.48,13. 1. 12.74

70 DATALZ2,.39,12.06,11.75,11.45

80 DATA11.16,10.88,10.60,10.34

50 DATALI0,.09,9.84,9.61.9.38

100 DATA 9.16,8.95.8.75,8.53

110 DATAB.36.8.18,B.00,7.83

120 DATA7.47,7.52,7.3647.21

130 DATA7.06:6.92:6.79:6.66

130 FORI=OTOZ1:READT(I)SNEXT

150 DATAL: 3, 5:7:93 11,135,153, 18, 21, 24,27
160 DATAZO, 35, 40, 45, 50, 55, 604 65,7075
170 DATABO, BS, P0, 100,110,120, 130, 140
180 DATA1S0,. 180

200 PRINTCHR$(&) i "FARTICLE SIZE ANALYSIS *

210 FRINT/F: INFUT"SAMPLE NO " j]SN$
INFUT"WATER TEMF. 3%

INFUT"SETTLING LENGTH (CM) "jL
IT=INT(T):SB=T-1T: IFSE>=. STHENIT=IT+1
FRINT/F"SAMFLE NO "} SN$
FRINT/F"WOATER TEMF. "3IT:" N="3B(IT)
FRINT/F"SETTLING LENGTH (CHM) "3

245 FRINT/F:PRINT/F"FHI","TIME (B)"

250 N=45:T1==3%kB(IT)%. 001

58 TL2=9k(B(IT)%.001) 2tP=~1

260 SF=(.5"F)¥.05

265 TI=(.011607+.148B1A5F) XL

270 TA=1617%(SF-2) % (. 015476+, 17841 k5F)
2O TT=TI/{TLI+SOR(T2+T4) ) sPRINT/FF.TT
290 IFTT<=180THEN31Q

N=N+1 .
1F=INT(F¥100) 1 IF=100%F~IF
OTHENF=(IF+1) %. Q1

1O0THENZ60

INFUT"SURE "tI1$: IFI$="N"THEN21Q
FRINI"START"IFRINT /P

FRINT/F"TIME (§)"."WEIGHT (6"

40 TI$="000000" tREMODERR7,T7,M71.RX1
350 FORI=0TON-1 :

355 RSIEDM%:REIBD$:T#=T1%$

260 H=Q:M=0t S=0: FORJ=0TO1

270 H=H+(ASC(MID$(TH,2-J, 1)) —48) ¥kFNA(J)
IBO M=M+ (ASC(MIDE(THE.4-J, 1)) —48) kFNA(J)
370 S=S+(ASC(MID$(T$.6-J, 1)) -48) kFNA(J)
400 NEXT: TI=HAILOO+MELO+S

410 1F T(I)>T1 THEN3SS

420 T(D)=T1l:D1=02D2=03 FORJ=0T0Z

430 DX=ASC(MID$(D$,14-3,1))

440 DN=ASC(MID$(D%,18-3,1))

450 IFDX<A4BTHEN47O

440 IFDX<SHETHEND1=D1+(DX—-48) kFNA(J)

470 IFDN<ABTHEN4SO

480 IFDN<S8THENDZ=D2+ (DN-48) kFNA(J)

490 NEXT:D(1)=D1+R2/1000

S00 PRINTI (D) sD(D sFPRINT/FTLL) DD

S10 NEXT:FRINT END":FRINT/F ’

S20 STOFIEND

Fig. 2 Computer program for the particle size
analysis.

ture. -‘Weights of the accumulated material
on the pan are printed out at these theoreti-
cal settling times. Printed-out values are used
for the determination of the cumulative-
frequency curve for the sample material,

2. Technical and practical problems on
operating the system

Following two critical problems must be
solved in the particle size analysis using a
settling tube, That is,

1) Particles have large initial rates of
the downward direction due to the
introduction of the material into
water.

2) Particles settle massively through
water due to the insufficiency of
the separation of individual parti-
cles. :

In order to solve these problems which
cause settling velocities of particles to be
apparently fast, we adopted the following
methods. At first, a small quantity of the
sample material is dispersed into individual
particles on a spoon as carefully as possible
either by a dispersant such as sodium pyro-
phosphate or by hot water. Thereafter, suf-
ficiently dispersed particles are released from
the spoon instantaneously as gently as possi-
ble by hot water ejected from a washing
bottle and introduced into water from the
top of the settling tube. In this time, the
distance between the spoon and the water
surface in the tube must be minimized
(Photo 2). ;

A technical .problem arises when elec-
tronic outputs sent continuously from the
balance are processed in the micro-com-
puter. Outputs from the balance were ob-
served to oscillate with time in an early stage
of the analysis affected by the undesirable
water movement, which is caused by the in-
troduction of the material into water and
detected by the water surface fluctuation at
the top of the tube.y These oscillated out-
puts from the balance, however, are pro-
cessed not continuously but intermittently
in the micro-computer. Some of the values
sent to the printer in an early stage of the
analysis, therefore, have a possibility that
they are strange ones affected by the un-
desirable water movement in the tube.

On the other hand, it was observed that
the water surface fluctuation induced by the
introduction of the material into water con-
tinued about 3 minutes after the introduc-
tion. Taking this result of the observation
into consideration, the program was made so



Photo. 2 Photograph showing the method how to introduce the sample material

into water at the top of the settling tube.

that weights of the accumulated material on
the pan were printed out at given times
during the first 3 minutes after the introduc-
tion and thereafter at Il-second intervals
during 13 seconds continuously (this dura-
tion is able to be set arbitrarily; Fig. 2). If
printed-out values did not oscillate during
these 13 seconds, weights of the accumulated
material on the pan were printed out in suc-
cession at theoretical settling times for an
interval of the 0.25-¢ particle sizes, regard-
ing no undesirable water movement occurred
on operating the system at least after 3
minutes of the introduction.

If the lakgest particle in the material
reaches the pan before 3 minutes after the
introduction, we must measure its settling
time with a stopwatch. This time is used for
the direct determination of the maximum
particle size from the equation (1).

Printed-out weights sometimes showed a
slight decrease in a course of the analysis
which continued over half a day. This is
considered to attribute to a loss of water in
the settling tube by evaporation. In a case
of the 1-meter long settling distance, this
fact means that printed-out weights are not
reliable in a clay-size range. Therefore, it is
desirable that the duration of the analysis
for the fine material is planned to be as short

as possible by shortening the settling dis-
tance.

3. Accuraéy of the system

The results of many analyses for silt- to
clay-size materials under various conditions
indicated that printed-out weights never
oscillated at least after 3 minutes of the
introduction.  Therefore, in this system
printed-out weights after 3 minutes (corre-
spond approximately to the particle size of
more than 3.75 ¢, that is, less than the silt-
size particle in a case of the 1-meter long set-
tling distance) are considered to be reliable
with no serious problems due to the unde-
sirable water movement.

An example of the results of the particle
size analysis is shown in Fig. 3. Silt-size glass
beads with a diameter of less than 44 u
(Toshiba Glass beads; NO.GB731) was used
as a sample material, Printed-out data are
consist of the initial conditions such as water
temperature and settling distance, theoreti-
cal settling times for particles of -1¢ to 109
at an interval of the 0.25-¢ particle sizes
(column (a) in" Fig, 3), and weights of the
accumulated material at those times (column
(b) in Fig. 3). In this analysis, we used a
value of 2.65 g/cm® for the mean density of
spheres (pg). A cumulative-frequency curve



SAMFLE NO TEST-1
WATER TEMF. 19 N= 10.34
SETTLING LENGTH (CM) 100

PHI TIME (B) TIME (8) WEIBHT (B)
-1 3, 6519455 1 0,021
=-0.75 4, 186331 3 . SE-02
~0.5 4,8277156 5 . 3E~02
-0.25 5,6031822 7 . 3E-02
o 6.5479539 L L IE-02
0.25 7.70B3151 12 . 3E-02
.5 ?.1457758 14 L 3E-02
0.75 10. 943068 15 . JE-02
1 13,212058 18 . 3E-02
1.25 16.110479 22 . 3E-02
1.5 19.8%2614 25 +3E-02
1.75 24.7446B86 29 .3E-02
2 31.220859 31 . 3E-02
2.25 39.901937 36 L3E-02
2.5 51.678207 a1 .3E-02
2.75 67.82649 a6 .4E-02
3 90, 173868 51 . 4E-02
3.25 121.32577 Sé L 4E-02
3.5 164.98438 &0 L 4E-02
3.75 226, 3957 6% . 3E-02
4 312.98093 70 . 3E-02
4.25 435, 23057 75 . 3E-02
4.5 507.97152 Cld] L 4E-02
4,75 BS2. 16163 B85 . SE-02
B 1197.42%96 90 , SE=-02
5.25 1685. 6678 100 . 4E-02
5.5 2376.114 110 L 4E-0Z
5.75 3352.5375 120 .3E-02
& 4733.4018 130 L3E-02
6.25 6686, 2372 140 «3E~02
6.5 9447, 9653 150 3IE-02
6.75 13353, 642 180 . 3E-02
7 18877.11 1681 . 3E-02
7.25 26688.475 182 . 3E-02
7.5 37735.425 183 . 3E-02
7.75 53358. 102 184 . 3E-02
8 75452.124 18% . 3E-02
B.25 106697, 68 186 L IE-02
8.5 150885, 54 187 . 3E-02
8.75 213376.83 188 L3E-02
% 301753.03 189 .3E-02
%.25 426736.53 190 . 3E-02
9.5 603490, 25 191 .3E-02
.75 853456.47 192 . 3E-02
10 1206958, 9 193 .3E-02
227 . 3E-02
313 0.012
{a) 436 0.031
608 0.061
853 0.116
1198 ©.158
1686 0.18%
2377 0.207
3353 ©.218
4734 0.223
6687 0.226
9448 0.228
13354 0.23
18878 0.231
26689 0.231
FIN
80150 ©0.231

(b}

Fig. 3 An example of the printed-out results.
The analysis was ceased after 80,150
seconds because printed-out weights of
the accumulated material on the pan
became constant with time after 18,878
seconds.

compiled from the output data (b) in Fig. 3
is presented in Fig. 4, The curve in Fig. 4
shows a typical feature of a normal distribu-
tion,

100
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Fig. 4 A cumulative-frequency curve compiled
from the results in Fig. 3.

In order to check the reproducibility of
the results, additional four-time runs of the
analysis were carried out using the same
samples. As the results, the difference in the
obtained five median diameters (dsq) is re-
vealed only to be 2.3 %. This value verifies
excellent reproducibility of the present sys-
tem,

Although slightly expensive, the present
system is capable of analyzing particle sizes
of silt- to clay-size materials easily and accu-
rately with a small quantity of samples, This
system will be a great help in research pro-
jects requiring particle size analyses for fine
materials,
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Introduction

The understanding of mechanism of suspended
sediment discharge from the forested drainage basins
represents an important issue within the fields of
hydrology, hydraulics and geomorphology. From
earlier times numerous studies have been made on
suspended load and most of them mainly laid an
emphasis on the prediction of suspended sediment
discharge during storm events. The relationships
between suspended sediment discharge and water
discharge are of vital concern to many groups and thus
the graphs of suspended sediment concentration
versus water discharge generally plot as a straight
line on logarithmic coordinates (Walling and Webb,
1982). However, the relationship between suspended
sediment concentration and discharge is complex and
multivariate in nature and thus has remained subject
to eémpirical treatments.

On the other hand, our increasing knowledge of
the mechanism of hydrologic cycle in the drainage
basin, particularly that of runoff during storm events,
has introduced new perspectives and requirements
into the study of suspended sediment discharge
during a sequence of storm events.

The present authors have attempted to provide
empirical evidence of the hydrologic control of
suspended load in a small forested drainage basin.

Study area
Preliminary study was carried out in the Hachioji

)

M f 15
- ‘ L2 50

0 3
g KT

Fig. 1. Location of the study area.

. approximately 2.2 ha.

experimental basin which is located in the western
suburbs of Tokyo (Fig. 1). The experimental basin
is a small forested drainage basin with an area of
The basin lies within the
Tama Hills which are underlain by the Pliocene
Miura Group and Pleistocene Narita Group. The
former is composed of sand, mud and gravel, and the
latter of gravel and volcanic ash soil. The topography
of the basin is marked with a typical dissected diluvial
hill baving a wide and gently sloping valley floor
with steeper hill-side slopes. The surface soil is
composed of clayey loam and silty clay. The vegeta-
tion consists of dense deciduous trees approximately
15 m in height and sparse bamboos 1-2 m high with
a dense ground cover of ferns and small shrubs
(Tanaka et al., 1981).

Instrumentation and method

Within the drainage basin, the valley floor was
instrumented for intensive study. Figure 2 shows
the sites of instrumentation in the basin. Precipita-
tion. was measured by a tipping bucket recording
gage and water discharge from the basin was auto-
matically recorded at three sites using a 90° V-notch
weir and two Parshall flumes of 8 inches and 5 inches,
respectively. Other instrumentations shown in Fig. 2
have been described in detail by Tanaka ef al. (1981).

Suspended sediment measurements were carried
out during the storm rainfall caused by the Typhoon
8124 which occurred on 22nd of October, 1981. This
Typhoon provided the-total rainfall of 172.5 mm

Tensiometer wmite

tein gauge

—t

3

. Siream snd tiume
d werr

Fig. 2.

Map of the instrumented valley floor.



and the resulting total discharge from the basin was
1,666 m?® (Tanaka et al., 1983). Suspended sediment
samples were collected manually at the down-stream
end of the 5-inch Parshall flume. Twenty samples
were taken at an interval of 1 or 2 hours and less
interval before and after peak runoff. These samples
were processed in the laboratory by the customary
procedure of decantation, sedimentation and evapora-
tion. Specific conductance of sampled water was
also measured. :

Results and discussions

Values of suspended sediment concentration, specific
conductance of stormflow and water discharge thus
obtained for the storm event caused by the Typhoon
8124 were plotted against time and continuous curves
were drawn as shown in Fig. 3. In the figure amounts
of precipitation are expressed as the rainfall intensity
per 20 minutes.

As can be seen in Fig. 3, suspended sediment concen-
trations suddenly increase with the onset of rainfall
and show some fluctuations reflecting related changes
of the rainfall intensity. It is noteworthy that the
peak of the concentrations occurs before the peak
runoff. This situation is ascribed to land surface
conditions in which the maximum sediment entrain-
ment possibility or availability occurs in the earlier
stage of a storm event. Values of specific conductance
of stormflow decline with the increase of discharge
and exhibit an inverse relationship of suspended
sediment concentration to discharge. The lowest
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Fig. 8. Time variations of discharge, suspended
sediment concentration and specific conductance
at the down-stream end of the 5-inch Parshall fiume
during the storm event, 22 October 1981 (Typhoon
8124).

Suspended sediment discharge

value of specific conductance was also recorded
before the peak runoff. The relationship between
suspended sediment concentration and total discharge
is shown in Fig. 4. It is clear from the figure that
there are hysteresis effects in the form of the relation-
ship. This hysteresis loop is considered to be different
during individual storm events and seasons of the
year (Gregory and Walling, 1973). The hysteresis
loop in suspended sediment concentration and
discharge relationship is explained to be phenomena
due to exhaustion effects of sediments (Walling,
1974; Wood, 1977). Whatever the cause of the
hysteresis, the result is a limited amount of material
of a size suitable for transport by suspension being
available.

Traditionally, the value of suspended sediment
concentration (C) versus discharge (Q) is plottedas a
straight line on a logarithmic paper conforming to
the equation;

C=aQ®

where a and b are constants proper to the basin and
exponent b usually lies between 1.0 and 2.0 (Walling
and Webb, 1982). As would be expected from examin-
ing Fig. 4, three different rising limbs, each of which
has a different slope of the trend line, are discernible,
namely A~B, C~D and E~F. Using a least square
method the associated regression lines are expressed
as follows;

for A~B C=569.71Q%®
for C~D C= 19.630>%
for E~F C= 21.98Q"*
e
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Fig. 4. Relationship between total discharge and

suspended sediment concentration.
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Values of exponent b in each above equation range
widely from 0.63 to 2.05 and these results suggest
that the rating relationships rarely provide the
means of obtaining precise estimates of storm-period
sediment concentrations.  There is a negligible
difference between suspended sediment concentrations
during the first peak of rainfall, that is the period
from A to B in Fig. 4, and those during the period
from E to F. This can be interpreted as a great amount
of sediment particles which are detached by raindrop
and entrained by surface flow generated at the begin-
ning of rainfall, were transported away. During the
recession flow suspended sediment concentrations
remarkably decrease and become as low as that of
pre-storm level due to the dilution effect. These
interpretations lead the requirement of considering
exact mechanisms of storm runoff generation for
studying suspended sediment concentrations during
a storm event.

Recent studies on flood hydrograph components
have cast doubt on the traditional concept of hydro-
graph separation. Some hydrologists such as Fritz
et al. (1976) and Sklash and Farvolden (1979) have
postulated the importance of groundwater flow as
the main contributor of storm runoff. The problem
is discussed by many hydrologists and among them
Sklash and Farvolden (1979) claimed that most of
the recent literatures on storm runoff generation
have overlooked true groundwater flow as a significant
and an active factor in the storm runoff processes.
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Fig. 5. Separated hydrograph using specific conduc-
tance (Tanaka ef al., 1983).

In the past decade, basin-wide tracer experiments
using environmental isotope techniques have demon-
strated that groundwater flow often dominates storm
runoff in humid to subhumid regions.

In the previous paper one of the present authors
separated the hydrograph components into surface
flow and groundwater flow using a simple mixing
model (Tanaka ¢t al., 1983) and the result of separation
for the hydrograph represented in Fig. 8 is shown in
Fig. 5. Itisapparent from the figure that groundwater
flow dominates the total discharge from the basin
and the surface runoff component constitutes a minor
part of the hydrograph. ‘

Figure 6 depicts the relationship between suspended
sediment concentration and surface flow discharge
after separation of the hydrograph. There is no
definite relationship between suspended sediment
concentration and surface flow discharge as expressed
by the equation (1). Figure 6 shows an evidence of
considerably lower concentrations on the falling limb
of the storm hydrograph and exhibits a constant peak
sediment concentration, irrespective of the magnitude
of the peak flow discharge. With the decrease of
surface flow, suspended sediment concentrations
decreased remarkably evidencing the result of dilution
effect by the increase of groundwater flow component.
Thus the suspended sediment generationis essentially
limited to storm events and sediments will be trans-
ported to the stream by surface runoff.

It is more realistic to view suspended sediment
transport in terms of simple mixing model.
Assuming that total discharge (Q,) is the sum of
surface flow (Q,} and groundwater flow (Q,), a two-
component mixing model is formed as follows;

Cng = C-Q- + C:Qs

where @ denotes discharge and C is the suspended

v

<
= sa
= s “a
F s
3 . »

] Ve ms

3= ° T s
P F e e

r e .

3 - rd

—— - -,

L .-
H .
P - 4
- P
L ] P4

//

§ oot L * Ay

r ”
2 e n fatviay

[ -

gy & Cym Gy, - Calg) /8y
= Comomat o 13007 )
o ™ iy i e
an [ 1) ) w o

Switsce  ftow  discharge {4 7u0c)

Fig. 6. Relationship between surface flow discharge
and suspended sediment concentration. Open
triangular marks indicate the calculated values
of C; based on the two-components mixing model.



sediment concentration, subscripts t, s and g refer
to the total discharge, surface flow component and
groundwater flow component, respectively. Rearrang-
ing the above equation to isolate the surface flow
sediment concentration (C,), we get;

Ce=(C0.—C,0,) /0.

Each term of the right hand side of the above equation
is known for the experimental basin and C, can be
computed. The value of C, is given as 13.0 mg/! from
the result of measurements during the base fiow
period.

The computed values of C, are plotted against Q.
as shown in Fig. 6. From this figure it should be
noted that the tendency of variation of computed
values of C, (a) during rising stage corresponds well
to that of the measured values of C, (). Differences
between measured and computed values are inter-
preted as the result of deposition of materials on
stream bed and land surface on their way to the
stream course.

The tendency that sediment concentrations do not
increase with discharge at a uniform rate but may
even remain constant might be explained by the
decrease of availability of materials. A different
form of plot was used, i.¢. the rainfall intensity during
20 minutes versus suspended sediment concentration
(Fig. 7). The arrows in Fig. 7 denote the directions
of time sequence. From the figure three cycles of
rainfall intensities can be recognized in a single storm
event. The rainfall intensities of each cycle gradually
increase with time, however, the rate of increment of
concentrations tends to decrease. This tendency of
decreasing concentrations with time may reflect the
exhaustion of availability of materials mentioned
above. This conclusion is not a new one bat at present
there are not so many works that would support and
prove exhaustion effects.
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Introduction
" Recent progresses in drainage basin hydrology have
stressed the importance of groundwater flow in the
hydrological cycle of a basin. Some hydrologists such
as Fritz er al. (1976) and Sklash and Farvolden (1979)
have postulated the importance of groundwater flow as
the main contributor of storm runoff. The problem is
discussed by many hydrologists and among them Sklash
and Farvolden (1979) claimed that most of the recent
literatures on storm runoff generation have overlooked
true groundwater flow as a significant and an active
" factor in the storm runoff processes. In the past decade,
basin-wide tracer experiments using environmenal
isotope techniques have demonstrated that groundwater
flow often dominates storm runoff in humid to sub-
humid regions.

In spite of the hydrological significance of ground-
water flow, the groundwater chemistry in the field
situation has not been made so clear as to take account
of the phenomena in elucidating the stream water
chemistry of a basin.

The purpose of the paper is to describe the character-
istics of the groundwater chemistry observed in our
Hachioji experimental basin over a half-year period from
May to October in 1983.

Study area

Preliminary study was carried out in the Hachioji
experimental basin which is located in the western
suburbs of Tokyo (Fig. 1). The experimental basin is
a small forested drainage basin with an area of approx-
imately 2.2 ha. The basin lies within the Tama hills
which are underlain by the Pliocene Miura Group and
the Pleistocene Narita Group. The former is composed
of sand, mud and gravel, and the latter of gravel and
volcanic ash soil. The topography of the basin is marked
with a typical dissected diluvial hill having a wide and
gently sloping valley floor with steeper hill-side slopes.
The surface soil is composed of clayey loam and silty
clay. The vegetation consists of dense deciduous trees
approximately 15 m in height and sparse bamboos
1—-2 m high with a dense ground cover of ferns and small
shrubs (Tanaka, et al., 1981).

* Mitsui Consultants Company Ltd., Tokyo.
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Fig. 2 Map of the instrumented valley floor and water sampling
sites.

Instrumentation and method

Within the drainage basin, the valley floor was instru-
mented for the intensive study. Figure 2 shows the sites
of instrumentations in the basin. Precipitation was
measured by a tipping bucket recording gauge and water
discharge from the basin was automatically recorded at
three sites using a 90° V-notch weir and two Parshall



flumes of 3- and 5-inch, respectively. Groundwater
levels in the well network were also automatically
recorded by water level recorders of a float type. Figure
2 also shows water sampling sites for chemical analyses
of various components of the hydrological cycle such as
throughfall, stemflow, stream water, soil water and
groundwater. Rainwater was sampled at the site located
at about 100 m apart from the basin. '

Water samples were taken usually at weekly or at an
interval of 10 days at 19 sites along various parts of the
drainage system. Samples were brought back to the
laboratory and processed by the customary procedure
of a filtration. Then water samples were analyzed by
using a plasma quantometer of Model 975 type manu-
factured by Jarrell-Ash Ltd. for Ca%*, Mg?*, Na*, K*
and Si in the Chemical Analysis Center, University of
Tsukuba. In total, 186 shallow groundwater samples
were collected during a half-year period from May to
October in 1983. These samples make it possible to
characterize the groundwater chemistry of the basin.

Results and discussion

Mean concentrations of major-cation and silicon in
rainwater, throughfall, stemflow, stream water, soil
water and groundwater are presented in Table 1. Con-
centrations of five solutes in rainwater are generally low.
In contrast to rainwater, other different waters of
various components of the hydrological cycle gradually
increase their solute concentrations as water moving
through the ecosystem of the basin. Groundwater has
the highest mean concentrations of nearly all solutes
with the exception of K*. Stream water has relatively
high concentrations of all solutes except K* comparing
with the data of rainwater. This fact indicates that
solutes dissolved in stream water are concentrated
through the processes of the hydrological cycle within
the basin. An interesting aspect of the data represented
in Table 1 is that the chemistry of stream water is
almost identical to that of groundwater.

The statistical data for the chemistry of groundwater
sampled at nine wells are listed in Table 2. Calcium and
silicon are the dominant solutes in groundwater with

Tablel Mean concentrations of major-cation and silicon
in'waters of various components of the hydrological
cycle (May ~ October, 1983).

N CaZ* | Mg2* | Na* | K* | &

Component san?ples e ‘ a N 1
(n) |(mg/l)| (mg/l) {(mg/)| (mg/l) | (mg/D)
Rainwater 14 0.88 1 0.13 {0.98 | 0.20 0.17
Throughfall 19 1.27 | 048 |0.99 | 061 0.22
Stemflow 21 3.14 | 1.16 |1.32] 1.77 0.57
Stream water 21 6.39 | 2.99 (459 0.18 {1046
Soil water 46 586 | 3.66 |447 ( 0.24 9.61
Groundwater 186 9.79 | 3.28 |4.99( 0.20 | 10.85

Groundwater chemistry

mean concentrations of 9.79 and 10.85 mg/l, respec-
tively. Groundwater contains only minor concentrations
of K* of which concentrations are usually less than
0.7 mg/l. Statistical values calculated for each well
show that as far as concerning the individual wells
groundwater- of the basin has a chemistry that lies within
a relatively narrow range of concentrations with ex-
ceptions of Ca?* and K*. On the other hand, the
statistical data of Ca?* concentrations indicate the
existing possibility of the spatial variability in solute
concentrations of groundwater. In order to interpret
possible spatial patterns in the chemical data of ground-
water, some mapping techniques have been used.
However, we could find out no well-defined pattern of
the spatia]'variability. It seems that this absence of the
spatial variability in the chemical data of groundwater
would be attributed to the irregularity of mineralogical
conditions of soils and geological units within the basin.

The time variability of concentrations of major-cation
and silicon at sites W-4, W.5, W-7 and W-8 in the basin is
shown in Fig. 3. For all solutes, these four sites repre-
sent any one of concentration ranges among the sampling
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'.I.I'[ : l}”ll],

—_ W
o o e
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o oo o ;e o oo
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Fig. 3 Time variations of concentrations of major-cation and
silicon in groundwatcr.
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Table 2 Statistical summary of the groundwater chemistry (May ~ October, 1983).

" Site number ) Statistics Ca2+ Mg2+ Nat X+ Si
w-1 Mean (mg/l) 10.70 394 5.14 0.22 9.57
Well depth (m) 1.7 Median (mg/l) 9.71 3.92 5.04 0.17 9.15
Screen depth (m) 1.3~ 1.7 Max. (mg/l) 26.37 4.57 . 748 0.45 13.74
Number of samples (n) 22 Min. (mg/D) 6.89 3.22 3.18 0.0 7.94

SD* (mg/l) 3.83 0.35 0.83 0.15 1.29

CV** (%) 35.8 8.9 16.2 68.2 13.5
w-2 Mean (mg/l) 7.01 247 4.81 0.15 12.33
Well depth (m) 2.0 Median (mg/D) 5.03 2.35 4.70 0.08 12.31
Screen depth (m) 1.0~1.8 Max. (mg/l) 23.25 3.59 6.24 042 13.72
Number of samples (n) 19 Min. (mg/l) 3.98 1.93 3.07 0.0 10.60
SD* (mg/l) 5.27 048 0.65 0.14 0.81

CVa* (%) 75.2 194 135 93.3 6.6
w-3 Mean (mg/l) 5.91 2.79 4.72 0.12 9.80
Well depth (m) 2.9 Median (mg/l) 5.04 2.73 465 0.10 9.82
Screen depth (m) 19~29 Max. (mg/l) 23.70 3.24 5.66 041 11.28
Number of samples (n) 19 Min. (mg/) 4.32 2.52 4.11 0.0 8.70
SD* (mg/l) 440 0.19 0.38 0.11 0.54

) CVa* (%) 74.5 6.8 8.1 91.7 i 5.5
W4 ’ Mean (mg/l) 10.80 3.18 444 0.26 8.44
Well depth (m) 2.0 Median (mg/l) 9.52 3.20 445 0.27 8.33
Screen depth (m) 1.5~1.8 Max. (mg/l) 24 44 3.67 595 0.48 10.26
Number of samples (n) 19 Min. (mg/h) 7.65 2.77 3.19 0.0 7.74
SD* (mg/l) - 396 0.26 0.53 0.13 0.54

CV** (%) 36.7 8.2 ‘119 50.0 6.4
w-§ Mean (mg/l) 10.99 2.21 6.14 0.28 - 16.42
Well depth (m) - 2.6 Median  (mg/l) 10.05 222 © 595 0.26 16.29
Screen depth (m) 1.8~26 Max. (mg/D 23.61 2.50 747 0.65 17.85
Number of sampies (n) 24 Min. (mg/D) 8.77 . 1.82 . 4.76 0.02 13.91
SD* (mg/l) 345 0.16 0.70 0.17 0.98

CV** (%) 314 7.2 114 60.7 . 6.0
w-6 Mean  (mg/) 9.16 342 4.66 0.17 9.60
Well depth (m) 2.1 Median (mg/l) 7.93 3.36 4.65 0.12 9.64
Screen depth (m) 1.7~21 Max. (mg/l) 28.57 4.11 6.05 0.68 11.22
Number of sampies (n) 24 Min. (mg/l) 5.88 291 3.85 0.0 7.38
SD* (mg/I) 5.64 0.36 049 0.16 091

CV** (%) 61.6 10.5 10.5 94.1 9.5
w-7 Mean (mg/D) 5.17 294 5.03 0.15 10.86
Well depth (m) 2.3 Median (mg/) 4,28 . 2.87 493 0.10 10.81
Screen depth (m) 2.0~2.3 Max. (mg/l) 20.03 3.60 7.01 048 11.95
* Number of samples (n) 21 Min. (mg/l) 344 2.70 4.01 0.0 9.80
SD* (mg/l) 341 0.21 0.63 0.15 0.60

CV** (%) 66.0 7.1 12.5 100.0 55
w-8 Mean (mg/D 22.33 5.71 5.28 0.25 10.40
Well depth (m) 2.0 Median (mg/l) 2149 5.64 5.17 022 10.78
Screen depth (m) 15~1.8 Max. (mg/l) 38.96 7.24 7.14 0.51 12.31
Number of samples (n) 19 Min. (mg/l) 13.27 3.66 3.93 0.04 7.15
SD* (mg/l) 5.67 0.98 0.70 0.15 1.39

) CV** (%) 254 17.2 133 60.0 134
w-9 Mean (mg/D) 6.04 2.88 4.71 0.19 10.27
Well depth (m) 2.1 Median (mg/l) 4.52 2.87 4.56 0.12 10.26
Screen depth (m) 1.6~20 Max. (mg/l) 24.03 - 316 5.82 0.55 11.24
Number of samples (n) 19 Min. (mg/l) 3.90 2.50 - 3.82 0.0 9.03
SD* (mg/l) 4.94 0.20 0.55 0.17 0.57

CV** (%) 81.8 6.9 11.7 89.5 5.6

*. Standard deviation
**: Coefficient of variation
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wells: highest, lowest and intermediate ones.

Seasonal variations of solute concentrations in
groundwater are not observed markedly throughout a
half-year period with the exception of Ca?*. The highest
Ca?* concentrations in all sites are observed during the
period of a Bai-u rainy season. This is presumably a
leaching effect. Calcium and magnesium ions at the site
W-8 show the cyclical variation to wetness conditions of
the basin. During the periods of dry conditions these
cations gradually increase their concentrations and rapid-
ly decrease its concentrations just after the heavy rainfall.
These phenomena indicate that within the aquifer the
accumulation and the dissolution of these cations would
be attained relatively in a short time period. This
response is particularly evident for the storm event.
Figure 4 shows time variations of water level fluctua-
tions and Ca®* concentrations observed at sites W-2
and W-6 during the storm event caused by the Typhoon
8310. Calcium ion of the wells has a tendency to
increase their concentrations just after the water level
rise. This figure represents an example of the variation
of solute concentrations in groundwater to be affected
quite sensitively according to water level fluctuations.
In general speaking, the most commonly quoted order of
solubility is Ca > Na > Mg > K > Si> Al > Fe (Selby,
1982). Therefore, it can be considered that calcium is
the most rapid release of ions into solution. Conse-
quently, quick responses of Ca2* concentrations to
water level fluctuations would appear during the storm
event as can be seen in Fig. 4.
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Fig.4 Time variations of water level fluctuations and Ca2+
concentrations at sites W-2 and W-6 during the storm event
caused by the Typhoon 8310.

Groundwater chemistry

Concentrations of K* in groundwater change in a
different way compared to the other ions. Potassium
ion concentrations are relatively high just after the rain-
fall and show a decrease afterwards. A similar feature
of time variations of K* observed in groundwater of the
basin has also been reported as the characteristics of
the stream water chemistry by many authors such as
Edwards, 1973; Schwartz and Milne-Home, 1982 and
Duysings et al, 1983. It has been suggested that the
fluctuations of K* in stream water would be affected
by .the biological activity (Edwards, 1973) or by the
preferential fixation of K* in the soil (Duysings er
al, 1983). However, the mechanism of the complex
behavior of K* in both chemistries of stream water
and groundwater is not well understood at the present
time. Time variations of Na* and Si concentrations in
groundwater are rather constant over a half-year period,

The characteristics of the groundwater chemistry
mentioned above will give an important clue to interpret
the stream water chemistry of the basin. Interpretations
of the relationships between the chemistry of stream
water and that of groundwater of the basin will be
discussed elsewhere.
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Vo
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3. ¥FMICKITIARERSOREEL

RIBA~D AN E 5 BB, AN, BBRROBA £+ v & Si k20T, FHEHMdcERRLIy v 7
NOPHBEER L OBE1ETH S, WTFNOBA 4 v b, EENBER-HAR-HBRD
CJEcEEEE LTV A, B1RIORLABE, MW, #REzaeho Cal, Mg, K oFEE
B, AT (1982)h=8ROEHRM BRI FLe / £) B0 TI9814F 4 A~11HICAIE
L ZnZEnDEOFEEIIZIFHE L. T/, 5« £F (1983) 28, BERARLEEKR (W&
2R FE e/ +) TIIT84E9 A~ 19804F 8 A THITE L 7/, MAM, #RKEzhzw Ca?”,
Mg?*, K* DEHBEIGENMEEZR LTS, ThoD Ehs, AEPMdIcARE~ NS
B4 v BER, BARBRCBOTEERESNSAELRL T DLEEL LN S,

B1& ER, HAE, BRROBAFVOFHRE (198345 5~108)

# T Ca?* Mg+ Na* K* Si

(n) (mg/¢) | (mg/e)| (mg/e)| (mg/¢)| (mg/4)
3 5] 14 0.88 0.13 0.98 0.20 0.17
AW 19 1.27 0.48 0.99 0.61 0.22
B ®m | 21 3.14 1.16 1.32 1.77 0.57

KRiT, KFEB LA THOBA A~ & SiOFHBE AR LI-OME 2R TH 5, Kiis LU ¥4
THOBA A Y RER, K ZBROTEHRE, KRR, BBREOZILKRLTOIFNG SVEERLT
W3, K" BERHAR, MEBERTEHL, KEBLG A 7HO FEHBEIR NS HE L TPRED
BERLTOS, KFDOEMHEA 4 Y BER TRICH TS 2iIc o TREEHT BRI H 5,

B2R KRBLURMTROBA + > OEYRE (1983F 6 A~108)

) w7 2+ 2+ + + ;
B E #?Z} ﬁ! (ri:/l) <§f§/¢> (ml\;a/w (ng/e) (msgl/e)
S -1 24 4.15% 2.63 4.32 0.15 8.96
S - 2 24 4.24% 2.61 4.18 0.16 9.53
s - 3 21 4.88* 2.99 4.59 0.18 10.46
P - 1 23 4.87%* 3.07 4.77 0.12 10.18

* 6/22& T/5DRIEEERS

FIXIZ, S — 3R (HEE THE TOREMICHKROEBEA 4 DBEEEZRLE
bDTHb, Mg Na' BLUSIDBERRBAZHREHIR SNV, Ca® 36 AnsTHiTH
TORBICEBEA~ENSY 50, TAFEGUBICETREEFE-EL-EERL TW5E, K'iE4a
A YDOHTEROGEHPAEL . BEDOHK, BLEROIELTH S,

cm&w,z<@%4ﬁym5mfﬁiOﬁéUﬁﬁ@ﬂﬁﬁénmwﬁ$@igg§m®ﬁ%ﬁ
RICHZbDEBb 5, THOLE, KRB TRRBESEBEMNSVCE b H-T, —MIKE B FHEHA
BAMICh > THET 5 C EBRNTH S, T, T~10HK 1 BEORKRERT EARR TR
ETE5THAIEHREBRMA N N—FELEMTE UM LbDEEbND, T4, 1983 F B H4E

—101—
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ICHE L TRRBDIN-7: 2L bbb D, BKBOKRKERIZZOOTNEM1 4, Sec LT TH -
2o TNHDT EDS, EIRNGRLIZBA A Y OBELZL, ARGBRTORERIIRETOBREL
{LEZRLTVWB D EEZONS, BRGHEICET 3BELELICO VLTIRRIGR<EZ LT 5,

BRICRESN S Ca?r BEOEAIZ, WhWw 3 iR (leaching effect) KR L #-HETH
B3HDEEZLND, THbL, KL LBRCOITCOEKAICENT, TEBLTEKEDL T
Ca’* DEEMITR OO, COPERICERaN Calr Brhicki R OBRROBESBEK itk -T
BROHMSN/IHEBEMRT A EM8TES, BRlICET 3REBEERE Mgt toWTHR3C
MTE B, BB ROSBOBRICES BBsRICE ~ T, FENKPDA + v BESEL
CHWARTHHRIE Edwards (1973) K& - THES R TV, Lavl, BIKRESH S Cat Dig
RiC B 2B EOEADY, RRSRICE SRR THEhELRESBRISICHAETHREL TELD
BHENS D, '

K*BEOHMBIIHRICRT X SICKROBRDOERE A5 L ELOMEERILD, BIMKK
Rohs K oREE(LE, BRNORBBEETEESETT 3ERICHS, ChERIBLRARR
Duysings et al. (1983) ik » THESNTHY, SR ZOERAE K* © L HN F~OBREE
HICHRKT B LD THBE LTS,

FTAXKIE, S -3HAICBIAKRORBAI A VEBELHEEEOHFEER LD TH S, Kb
OB 2 BE 8310 SIS HMLBDO T -y TH 5, F/, Ca DICR 505 AHNS MR
DF -9 THbD, BARGSHO ML KDL, KFBICET ZKKEOEE1 4 v BER, K 2B0
THEBOMBIC B IFF—EET#BF L TO 3@EMICHS, Nat & Si iKBWT HEBDOMAIC
FE-THOTFOLREBSMI 4 VBEBEOETHED SN, —BITEHISKLTWEEIC/I 4+ YBEOET
HERETIRI L,

FTEABLUMTKICEFNAIEBAA Y ESIOREBELEIXBLOE 4 RITRT, TIEK,
HITKICEZTNARBA A VBER, K2RV TEBEROFNIER L TENEERL TS, 7,
HMTKOBA & v RER, Nat 2RO TERICLABEEZSRE VT ENBENTH S, COBERIE
Ca?* iKAFICHRETH D, SEAE L9 #FFOHAICE N TE L BN L 5 BEE ITiZN 5 ZD
Bi& b 5,

BIR LTWKORAFOFHRE (198356 A~10A)

B M A EE |vv7as| Catt Mg?* Na* K* Si
B (cm) (n) (mg/¢) | (mg/¢) | (mg/¢)| (mg/é)| (mg/¢)
40 6 4.48 3.29 3.30 0.247 ] .7.42
SW-1 80 6 6.57 4.48 4.45 0.17 7.73
120 6 4.40 3.10 5.40 0.25 9.74
40 7 6.71 3.79 4.45 0.11. 10.54
SW-2
80 7 5.35 3.37 4.39 0.18 9.32
40 4 5.15 2.99 4,22 0.35 10.42
S SWwW-3 80 5 7.23 4.02 4:94 0.29 11.15
120 5 6.98 4.21 4.61 0.35 10.53
E ) o 5.86 3.66 4.47 0.24 9.61

—103—



30 2+
Ca s o
10 -
5_ .'. .:c.:.., . ° ° °° °°
I ! 1 1
10 2+
Mg
5—
'.. :‘.: o+ .. o o Ooo ] °
-]
1 1 ] I‘
=10
S N
g a
5F . T PR S °
c e BT 08T e e
e
S 1 1 | '
L0 S
K
(-]
L . o
. (-]
’ * e o ¢ ° °
L ] ¢ -]
0.1 e o°
. -]
*
* o
0.01 1 1 L
20
Si
1 "ttt tw oL 0 0p o
5 1 1 i
0.05 0.1 1.0 10.0
Discharge {I/sec)

B4 KEOHAF VREL FROBFE

—104—



AR WMTKOBAFOFEERE (198345 A~108)

MEwm s | ®OE RN—soEE|yrTAs] Calt Mg?* Na* K* Si
(m ) (m) (n) (mg/¢) | (mg/e) | (mg/¢)| (mg/¢)| (mg/2)
| 1.7 1.3~1.7 22 9.82% 3.94 514 0.22 9,57
w - 2 2.0 1.0~1.8 19 5.27% 2.47 4.81 0.15 12.33
W - 3 2.9 1.9~2.9 19 4.97% 2.79 4.72 0.12 9.80
W - 4 2.0 1.5~1.8 19 9.52% 3.18 4.44 0.26 8.44
W - 5 2.6 1.8~2.6 24 9.55* 2.21 6.14 0.28 16.42
W - 6 2.1 L7~2.1 24 7.49%* 3.42 4.66 0.16 9.60
w -7 2.3 2.0~2.3 21 4.29%* 2.94 5.03 0.16 10.86
W - 8 2.0 1.5~1.8 19 21.01% 5.71 5.28 0.25 10.40
W - 9 2.1 1.6~2.0 19 4.41% 2.88 4.71 0.19 10.27
£y 8.48 3.28 4.99 0.20 10.85

* 6/22& 7/5 DAEMEERS .

ORI, FEMICBT ZMTKROBA 4 Y OBEENETRLI-bDTH S, HTFKDDEA 4 ~
BHUBH SREZ R E Wi, SEMELZ I AFOHFEDS> 5, KBA 4+ ViC DV TRELSES
BVMEERT 6D, HOENEERYT D, TOPHEOEATT &DELNTHBR LT 5HICR
L7,

H5RUCIR LT KD A 4~ DBEZALIE, $3BICR LAKKO Zhic X SEBIL 28 %
RLTO B, KD Ca®* IL RSN BRMIOBE DK, K* iKRoh/-BEDMALBLEEDE
TERERF, WTARPDOCa?* EL UK LDV THRI L EMNTES, £/, W—8D Cal* & Mg?*
OBEZAITIE, DRMIcE T 5144+ VBEDOHAL ZORITHES BROKDA £ v BEDIET 15
DELITROH TV 3HFHSBRFICENTV 3, +5bb, 12 ORBEERIROEL ITHRDO
TED, HITFKEICBOTIE Ca2r Mg?* @ B 12 0 IR D 5 I ITL TV B T4 S5
BB EMTE S,

O, E1R~BARITR LN, WA, BEEK K, LK BFKOZBA4+ 0
FERIC S 1 2 FHBE L RBEOBRRICT L1 bDTH 5, AROBEI FRE TR (S — 3
R) TOPHETEHY, LBKEHTRD ZNRENZALERMICENTRRL 24 ¥ 7 DTl
HThH 3,

Ca™ 2BV KMOBIA A ¥ BE I RO L EBA 4 v BEICZFECEET L T8
v, BRRHRETORIKOB A & ¥ BE I3 FENICR T ROBRA 4 Y BEISE LW L45L
TW5, /e, THRBIUCHMTARBICBI 28814 YORBESRBLT, K2R KED B
14V REIBROZAREKEL THEL» SHINSICEBRBIA T 3T EBHips,

(h“woMTu,mﬁmﬁﬁﬁﬁﬁmem%n@%Lmtuarwéocwﬁﬂm%é#?
BRNE, FAROW -8 KROLNZRFCEBED S HEDEESTEDBELEEASL LTS
boEBbLNS,
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Rainfall (mm/day)
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BOE KEMBERICKIZMA A OFHLME (198345 A~10A)
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Unit :

: Precipitation
: Throughfatl

: Stemflow

: Stream water
: Soil water

: Groundwater

mg/1




4 BEMHRLBHICEITIBERSORERL

LR8I0 RHBORB A A v BEOEHE(ERLI-OLE TR THS, Kt D14~
Ei3S — 3HSATOREMTH D, HTFKOEFNRBREL /I AFOHFEOEERETH 5, T/,
P— 1 HiSicEid 354 THOBEZ(LOEOH TRLTH S, ho 4 Fas/771}S -3l
TOLDTH b, ZRDOLEICR U I BE L~md, ki, 18K, HTFKkDZhEhEFRICED
ZUHBEATRLEGDTH S, BIBTRNL I, TOZTNTNDORE LV NVEEREICE D
BEERHEOBEL SVERLTHWAbDEEXTELIPLL,

K*& Si 2B\ 3 DDA & i3, Kif, /54 7, #TKE bBEE(LD/ ¥y — 3B
LT3, Si 20T, K, /4 7HRHSEETBEE{ <y — Y E2RT OO TKEIINSD
BEZ(LE QRS >89 — VERLTOVS, K3k, 751 7%, #TFKE S 3SHROBERILE
LTV 5,

Ca? & Mg?* O BEZLICBREOE — 7iIcHiE L BED ERSRD 5 b, HRiHOHMBRREIC
BOTETED4 4 vBEOEKE, 75 v vV IR EMIN (Walling and Foster, 1975),
FhE TR HEEFICERSATORA A VKo s hTEIICBE SN o ERIASNTHS,
2T, KEDHE ST, MTFRRL A THICBOWTOEAKOBERHBEL TV B LBERS LS,

FHERL, W—2¢W-6DHFickd 3 F/AKRMDES S Ca’ DBEELERLISDTHS,
KALD FRE®RIC Ca® BEOE— 7 BERENTV S L Pbh b, TOZ &L HKERIEBL
THAMD LRICHE-> TCa* Ml ShTH 3 BFibhd, FTRICHWT, KL HTKICE
B3 Ca* BLUMg O BEZHSMGELTLEIED S, KRICRONE 75 v v v FBHRE,
BICHIEE LICERL A4 Y OBOR LIERZ GIREDL b0 TR, FRERIE T 5 5L
BALOHMBIC ML I-ERTHHLERBEIENTE S,

—fic, BEREEICE VTR, BEERHKOBRAC L >THENIIKD S 4+ v BEIFRINS LS
hT\3, BE 8310 ST HBI 2 KKDRBA A VOFRUERLIOHBBEIRTHS, T TOD
TR &, REMICBE 3 KEOEB A 4 YO LHBELEERLOMBEE LT, COBETER
8310 ST fk > FHE O Kl EHLICB I 214 4 VBEXR L. bDTHDS, Ca®” L Mg’ OFR
HOZE#IFEULTED, REOVMEETI UTOMERT 0D, RHBSREHALEDS
0 A28H SESLIBRIC BV TRARKOMBRIZIZTLICELY, $HhbL, MEDA 4 VBERFHH -
JRIZB VT OHHBMELIEIO Z N EEDL LKW EEZRL TS, N1 Fo 75 7ORKEICED
T, fi44 Vv ELFERLB 1282, bFHLTRHBHMCa’ & Mgt BBRSh B ERICH S,

BRAEECELTRNC RO 3RREEERT bOM Na* & Si THhB, WIFhbiHy —
JRICERLEREINLY, ZRRELOBNMIZNZ00.82, 0.78 THH, REVUFBPBIRIZI T
W, 44 VEBESEETE ZEERIKICK > THMSFREASITEOOATVS L35 L, Hil
-2 fitkick g 5 DEEREADHARBRILHERO DT, 2EE EHTWRIKFTELN LI
(ARSI
FREOEHHELRZVOMS K ThHb, K EBEIHRHIBcBTZEFLIBMBIO, Ril
E— BBV TRAICERIWAERID D, OB+ Y LRBE L EFHER ZR LT
%, BRGHEOTEEREIC BT K BSBRS N5 L3S OMRBICE > TRESOATVS (B
%1%, Edwards, 1973 ; Walling and Foster, 1975 ; Schwartz and Milne —Home, 1982 ;
Duysings et al., 1983), MEMFKHEFIKRSN S K OBRALEHIOVTE, TORRELE
YIRS FERC kYD 3 @ (Edwards, 1973) 2 K* O{L#EH SR IC ke 5 D ( Duysings et
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Discharge (I/sec)

Discharge {I/sec)
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R W-2&W-6ICikI13B3HTKEE ca?* REDOBHE(L

al., 1983) 15 &3d% 5743, BAREZSIRERIGHA S TIRAT L,
DERTE &I, ARRICH D 2MAMEBOKKOBA A ~ B, K 28R\ T ASHA
FHRERI TRV LEDBASHTH S, COTEE, BRHEHBCBVTOLRROBZEBA 4 v
B RRHBESLAIOZNE ST DAXEDLLEVCLEZERLTE D, BREOSVEERHESH
HELTHWBEZLERLTVS, KfiHiIcE VT, BREKHEICE D225 HBOM0% HHITF K
RHEESC L > TEDHONTN B CEBRAShITINTV S (HhiZh, 1983), SEEHIL &
MRHEICBI 3B 1 4 v OBEEE, ChE TRESHCSNERFRTORBBES B < b
LIBRERLTHWBENZ B,

5. AERSOANR

BERSE L TOAMESLANE (REDAMNE +AERSAHR K50 285 HLhicd
579, BE8310 ST HIIC DWW TARNBOEELRA T, KFEICL > TEIN IR B BE
HEZ2RDOS —2HIATAEIN TV, BERSOEHERS - 2HATOF— 7 icESNT
HEATIE -1,
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BOE BREKHBCHEDZHFREOBHEL

10813, BE 8310 SicfE> S — 2 IS TORME, FEDEFGRE, B4V ANE, B4V
HR, 24 4 VAGBROREE(LERLIL ODOTH S, BEDOAMRMEEL 2414 ¥ DRAFHR
WL ELWERDH5 L & HBMNTH 5, BRI, AEOHRICEHRHICAFNEREZEML,
HHBIE— 7T ALEIIANBOE — 7 2EBRL TV, £LT, 20— ERERIEIRBIC
BEBARBDT ERICH B, C O LEBEDANROKMEELRET 2R 6RXEERT R avail-
ability DEBTEDIC L BEDEEL SN S (Tanaka et al., 1983), CHICK LT, BFERS
DEWEE, %mﬁmﬁmﬁwéﬁﬁﬁﬁﬁﬁmt%<£ﬁtumtb,%@ﬁm%§MA4Fn7
5 7 DEBICIITEUL 2D LI > T 5,

LA 8310 8IS S — 2HATOEEDORAMRIIN 122kg TH -1z, FLRBEHFRIDORA
BRI kg TH »720 LIH»T, S— 2HIATOBERSL LTOANRIILAFRONIZ
2 EBHTOBT LD, RRSHL SORMKILEZEL S BAIKE, S - 3HATHET ZLESD
%, S - 3HATOKKREIRS — 2 HAOW2ETH B, £ LT, TOBMBDOHLIEDOHANH
TABHESICE > TEDON TN B EHTNETORBICL > THSLIRENTY S (HHI3 D,
1983), %7, B1EhD, S—3MAICETZ A4 VBER, S -2HROTRICHK LT ¥
L12{EDBEAE LTS, CHODT EMD, S— 3HUE TOBRERAAMRIIMN108kg & BH
bNnb, ChiCHLT, S-3HSATORBEMICEST 5HEHBRAEEETHL, S— IHMNATD
ﬁﬁ@ﬁﬁ%us—2ﬂﬁw%nt%nﬁk%ﬂ%ﬁmam%m&%&%n%och%@ﬁ%%ﬁ?
2L, BBAED oD BRERASBHBHSEAMBIC LD 2EARM0LICET 56D LEESND,
%7, BR8310 BiTESBRDOAIC & » THREANE N BESRSAHREF10kg TH - 12,
CnBDC&bB,ﬁﬁwzw%%ﬁ%%%iégé,ﬁﬁwxéﬁﬁﬁéﬁﬁbﬁﬁhémfﬁé
EEA 5B,

—111—



wm
S o 0. ~ J15
<
- S
o ‘ - ~
3 ®
— 10 o :
= total rainfall h —
s 125.5 mm 15 o -
e} |5 ]
3 -~ E
— 1] =]
o} -4 —
1) i
10~ 1.0 q910 o
«
=
/]
=
o
o
—_ =
[3]
&) e
~ L had
o 1
— w
Le] -« -~
3 [
- 0.5 ] >
o 5[ 9 5 g
Q (]
Lo E=
s 0
Qv )]
=% b=
o o
5
7]
oL 0t 0

h
12 0 1 12 0 12 0 12
Sept.26,1983 2 28 29 30 Oct.1

~NN
o
~
o

0—o0 ; Solution load ( cation )
e&—e ; Solution load ( anion )
&—a ; Solution load ( total )
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BIR S-2#ACKTIFRBDARRL BERIAHROENBE(L

6. £&8
FRARTHOMCE /L EBOEEEDBELUTOL OIS,
® ¥EMOEETRIKKRDOBA+ Y BER, Ca® 2RO THTADZNiciZiFEVEERL
Td, %7z, KZFIALLT, BROBM A Y BEICHE L THE» SIS ICEBEIh T3,
® REBMKEHEFICBD 3KROBA 4 v BEIASSHFREINT, BHC -/ B0 3ERL
R/NIO0.T8TH 7o THbL, BRKHEHFCEVTHLEBEDOSOEERMESH S LTkt L
TWABZEEBRLTED, INE TIKHESHIINAL KRB TOFRLEELE BOIIEETR LT3,
72720, K3 PA THRGLESH E2RT,
® MTKOBA A VBEIGAICLIERPKE D, HIKCa®™ iKBWTZOBEMAIREETH 5,
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® CatieB\Tid, BRBIcED 3 ERMBELBEZFCEDONS, T, BEKHBCBOT
i3, Ca®* & Mg’ ik75 v v/ BEFBECHENT VS, COHERIT, HicHBER LIcERLE-
A4 Y DOHEVEUERIZFICESL bOTREL, #KBhicsd 314 v ORBHBEEE KB L
TW3,

® BWNFHEHFICEY 3EERSAFMEILANRODI0~50%% LD TH D, Biick 38880
BT D EMTER,

KFETIE, BHBOTELABRVWTERA A VIZHOWTOEERIITHRONE L -T2, BXN-BI1 4
YORRERER - CTREZERT L TFETH S, T, BEHDBEICOV TOERNLBITITH
bhTHRL, THIFSEROMERBE L TERI N,

AR EEMET HiCH20, L HERERM4L TTFS - - HEBLAREFHRA THER IO,
SEALEL ErEd. £, KEMTICHD, FREEERVRBEAFRENZHARASE
BHXZHICRBHEL 9. RFRICIPRIS8EE BEN N A EMYS AR K ESNFEL (HF
FRKE (FEHA, FEES  58020010) 72 5 UICHEGT « 58EE & 5 & » 5 BIERLHFRFE
Bike MREREE  BE F, BEEFS 5737 0—MAFEAL:, TLTERBHK LTS,

X [

1) SATE - RESFE (1961)  HEMRRMOM T /RES . FRETASEEYRE LTSRS, %3"::"', 50
~56.

2) HEFHE - EREALE (1983) MO HOREL LUREMEBRICKIIIERBEORE. [Hio
WIS OV ICRBERBICRIT TEREEOEBNME), BESTEECRENTE AHRA) FASRRE
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4) FIT B (1982) [/NREBMAICBY KB LIUKRBEROBE(D. [HAOREBER], HHH6E
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