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% 8a & YtRHITHBRICEBOLNLDIIHL, BRRESETHS Wk &t KtRITIRIZ- &) L&
HoNlr o7z,

F—7—F  FZuEk REHRN, Soo RKhH, t—-7KE

1.1 C & (<

TN O R TN ER E %> TR ERNBEIC L > TR 52 L2 EbLATH
B, & A, bHEEOTICOWTE, BARE - EAKRY LORREETRE (BH
#, 1981 ; HiBB, 1978), WEDEH (B4, 1983) 7 K DRIBRFE & g »BEfFRIC D
WCORED L ENT A2, TNLOFRIR, FEO MREAT, & —RICS b T 2 HEY
FIHOMEIT L > TRE > T BEERL T b, FOREFED L, RANIEOEEN
T2 FBIE R, WFROFFRICE T L BIEAILEWTH 5, Zhid, KIHKETA
DT (LA, 1970 % &) Z3EL TH SIS AT 3 K ILBIHSIOASCHIESE, D3
D) ERDILER 7 5 v 7IckBROKZEEL 5 2 BMEEE L, RAN OB IE TR T W
BRI, MR L TORANLE, LMANICERSND LS 1% -7,

PLEiR L2, RBREOMEREOE 2 BHLADEC TERIICIEL TW b, L
L, S8 AT LT 2 ST PR L EOWEY KSORESEN) BEER2 2T
WIRNOKOEE % IBH |, AT & 5 KIS N5 BET 5 UENH b, 20k
5%FetE L -2k E LT, FH (1966), Onda (1992), Onda (1994) % &%k 5. 4441
IOEIRTTIR—FERT B LIC LT, RBOBSEEI TS 2HBE LY
BAKMICT 5 2 EhHMEE D, 37, EMIIC OV TZ SR B OBIEIC ST
TEREHIT (Suzuki ef al., 1985 ; B, 1990 % &) b b, S bERESEB L0,
ZOBBROBRIEE 4 5 KOEE) FHELIICTILENH L, LD RIS Y
DEIZ § B HWHHEBREDE, T4 b b BRI 51 2 BIHEE 2 M+ 288 L 255,

VU ED LS hBaDr b, ERBOBEYENIRLY, 2% NS OMHBCHE LH I -
TV 3 IS B\ TREFED LB 21T\, EREEOWENHENR I ED L S o Fli
P BT 2 T 5 2 L F HBVE LT, LBERAERERO 4 >0/ 3 Tl
WEBH X 1T 72, AETE, BEE TIBLNET—F 28T, bbeT, ZOMELR
RLRA D,
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E-1 FAENSEo (a) 8L UE (b)
a 2540 L ER TEE,), "I, T&RF, TREL, TEE), TR BLUTHEERN, 2ERCS0mBERTRS
®Y 4517,
b RE (1960) BLUFE-HE (1969) 2k 5, Sa: BJE (GREEF~HNME), Yt B8 CGERSMRREL
Ut aE), Kt mRE (BE), Wk: AR (BEEE).
Se: Sa BBIFH, Yt YtBEE, Kt Kt BAKR Wk Wk RIS,

Fig.1 Zebra map (a) and geological map (b) around experimental drainage basins

a: This map was drawn by painting every alternate belts of 50 m in altitude jet-black on 1:25,000 topographic
maps: “Toyotomi”, “Horonobe”, “Yasuushi”, “Huraoi”, “Nisso”, “Honryu” and “Onoppunai” issued by Geo-
graphical Survey Institute of Japan.

b: This map was compiled from the geological maps (Nagao, 1960; Hata and Ueda, 1969).
Sa: Sarabetsu formation (Lower Pleistocene unconsolidated medium and coarse grained sandstone), Yt:
Yuchi formation (Upper Pliocene unconsolidated fine grained sandstone and siltstone), Kt: Koetoi formation
(Lower Pliocene mudstone) and Wk: Wakkanai formation (Upper Miocene hard shale). Sa, Yt, Kt and Wk
mean Sa, Yt, Kt and Wk experimental drainage basins, respectively.
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ThHHEM~EWLOEER LW LEAEOBRE» GBI ENTWb, ZNLIITA»S,

MW (R, LUT Wk & 8&%5), SRIE (b, Kt), B (B, Yt) & Lol
JE (Ft~EH, Sa) KR43n, bz, BBUhidhmaEnT10°~20 £ED
ERCRIEE R (K-1) (RE, 1960), Wk i3BFEHEES SRS I, 10cm BENHR
THESAHT 5 (EE-1D, s nEmBEy;ED L LEFE»RLN, BRECEE 056K
BT S (BEE-2), Ktiz=y o 74%¥EERE (5E-3), YtI3IREROLBEHE oM
WAL WLV EE (BE-4), 2L TSaiddBERKodRiz v UKowE (BE-5) 56,
FNEFNHERENG, b WK, Kt, Yt B LU SanFanBABEE P (kgf/cm?) OF

X-2 BRHEBOHE

frEIIR-1 3R, EREEMERRAT 2.5 590 1 0K (Se : TEE,), Yt WIE, Kt 'BE,BLU0TE
W, Wk:TBE) BIv "HIE) L7
@ | KGEHEREAE,

Fig.2 Topography of experimental drainage basins.

Locations were shown in Fig.1l. Base maps are 1:25,000 topographic maps (Sa: “Toyotomi”, Yt:
“Horonobe”, Kt: “Horonobe” and “Honryu” and Wk: “Toyotomi” and “Horonobe”).
@: Locations of observation sites.
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EIZ £ N 211,100, 300, 56 5L U331 THY, FREU FHENEKFEH K (cm/s) »
FHMEIZENZFN2X107% 1X1077, 1X10° B L F1X107° TH 5 (M-3) (Suzuki et al,
1985),

2. 2. B ORIV

FAENR IR EBE I 3B 2 25 HIEE s R S s (K-1, EE-6). ZhsnER
HiC BT 8RR, BEEL V- 2SR OEWIEBREROWE (710588 & EXK
) DBV BELNTH B (Suzuki ef al., 1985), Suzuki ef al. (1985) iz & 2 & B4k
I3 Wk o RBEIZERDMHEMNIICAE C (2RBI U3 RFEBOR ARSI ZZAEN, 100
m, 139m, LUFEE), HIEAEE (2 k8 LU 3RRBOFEERZNEN9.5km/
km?, 8.6 km/km? LITREEE) &\ Rila'd 5, Kt OB RRIHFREICHREE (71 m,
91m), AEMNHIIESEE (10 km/km?, 9.9 km/km?) Th 3, F72 Yt D EREIERIHT
Bz /& < (55m, 75m), GEEHFENICEW (15 km/km?, 15 km/km?), Sa DEE i
RAFFEYZ A E L (61m, 81m), MANKIICEAEE (14km/km? 13 km/km?) T» 5,

10000 Py T
"ziV
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£
L
—
- |
Q100 ¢
il
10 i
le-7 le-6 le-5 le4 le-3 le-2

K, cm/s

B-3 #E4OFEENYWEINE
P BABEE, K:@EKEE, P Suzuki et al. (1985) ok %,

Fig.3 Physical properties of fresh rocks of study area (after Suzuki et al., 1985).
P: Cone penetration hardness, K: Permeability.
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2. 3. BENRMHORE

BIED 4 EEOEHICOWT, FEANAP LERIN, FOMBHEEI L (BT
LRBOhr L, BHRESLIUT—IHENNENRE ¥ 2ER L T, FAENRTEEZEE
L7z (K-1-2), ZN6DOFEMNRRBOTBEEIL, Wk 2 H5ERKS 5 HE (LT Wk i
15 L WEHR, F A FER) A70.690 km?, Kt FidgA© 0.242 km?, Yt Folgd©0.167 km?, £ L T
Sa WAt 0.553 km? TH 5 (X-2), I bHDFAENRFIRIL, FHETHEKENBRSE L
THV:7z AMeDAS Bl (BE) #.ls L CREH 10 km DIRO#ERICOHE L, [BEE
HiiFizE— A2 EEICH 5 (K-1), /2, ZoMRO EBEMOMEAE T TN LR
THhEL U P2V AT TH S, 0L ) CHEHFECHETLEELLN2EHD I bE
BB L UMELUNAOHERICNT 28I, CORBTHIZIZR—TH L L RETILHTE S,

3.8 & F &
SRNEEZ, 4F TORE» SRLNLT—F DRI HLICL D, 22T, UTICR

BB LUKRLT— BB HEL RS,

3. 1, BEXE
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1M TH 5,
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“ T
[ 13 [}
o
Fow || 11 g e o
Directionl | ,, . ~
=== | EE N 1]
B-4 64>F9—2xn7 ) a—2nEEHE
&2 O BALE mm,

Fig.4 Draft for 6-inch parshall flume (unit: millimeter).



LA RFNEERTRRE $53% $2F 275

3. 2, AN

64 >FDre— )07 ) 2—4 (Parshall Flume) # Wiz, 23— » V7)) a— Al
ARV Y NRER (BAREF T oL 0T, THERN-40@BY) THb, — %
W7 a—sl2BYTE, -4 D a s BT 2K 6, EDRERT/ =L ¥ V7)) 2 —L4D
RE*BELKNOERIKDLNS, 64> F /=L 27 1) 2—sDEE, ZNHHFKIE

Q=10.264 H-*° (1)
I QIWHE (I/s), H:aBmThHOK (cm) TH3 (LAESHE, 1985 (1),

a M COKALIT M FT2RB DK 62 R BEKAIEF#HVCHRBIL 22, 22 3 A A%
EDEGMKIC 7o — FEBIL 2 KALE RV TT o ZEET 5 HEEAKMETH B, EEES
CBHREIEENM—FTH 2,

EBRFERICHE WL, BEAMFEZRE2EGBL UM (M-5icTEERT) % AKM TR
L, =2 e N7 2—2A0BICHBEL7, ZLTEBT P27 ) 2 —20EBLEE
IR E EDTANKDTRCH = e V7Y 2—LDFEBEBTEL )Lz, ZTDE W,
(1] kELHAICHL TCLIAMEHNER —L 2 N7 ) 2a— 208 v H I EE/TELIIC
BEST a2k, [2] /=2 e 7)) a—20hiils kK (ZHBFHIIENY, FRIRED
FRELB)D B2, [3] =27 ) 2a—218 L KNEFDED LR SELICKTFE

F5 %]

<« $I@E

V2" 1
EIHM

35x45

(t=r e NTU—LH)

B-5 KAEHSREES L URBEREOTE
B2 NHAIE mm,

Fig.5 Draft for water gauge stand and setting box (unit:
millimeter).
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EUBZEICBE L, 72, KA 60cm Ll Lic ERL, Kosre—L e V7Y 2 —2
LHLNILEL 70— 70— bRy 720 LRMRUHELWESIC, 70— FKy 72D
ORTLT—72HAWTEL L2, EBEORBRIE L VBABORKEL2EE-7-8ICF4NF
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T—FkESREHMTTT2ARBEICERL, T4 FEATEMELLEZ, 2D
& &, KRALIZBREEM 10 42 & (GRS E Cids B aIc 1.0 mm Hikg) D254 & -7,
ZDT=2 6 1 BHFAB L CHFHOREZ(DRE A CEHEL 72, B 72Kk 658 H
Bl % K6 12RT,

ZOFHEBETIR, XFENBRIIRETH D, T3, KBICE 204> 70HERE
WOBEAR - ENEAIC L 2 KMFHENBEEFOEEIRI) ) 225 TH5, Lizh>T
BRI ESHLL, BIEITIC1944F6 A12H~11 HIBB L 199545 H 2 H~10
R 27T BIcBE %47 - 72,

4. & R

4, 1, F—9nxRA

BHERPDONA b 77 7BLUN Fu 77 7%K-7T (BRKBTRLTH ) N-
8 (a-d) IKENFNRT, ZNLDHERT—FIZOWTE, UTOBMIc KRB H -7 !
Safiis —19944F9 A4 H22K—9 A8 H 145k (F2) HE: SENEABICEY 7o—
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no —19954F5H2H16K—6 H 23 H 118 HEiH | <> E8/EFR
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Wk #i38—1995 5 A9 H 14 Ks— 6 F§ 23 B 138 HiH : KNFHHE N »IBELI LI TNT

VA
Kt fiik —19954F 7 A 13 B 00— 7 H 27 A 23 ¢ 3 BtEMARIC L), &K%
EWY H—RERF R L 72,

Kt RN EF £ B\ T, REREERN FEOECIERL TCRVWEEDLNTH - 12,
72, LITOHRIC OV T3BtKIz & 9 KAZAFHRIBRSA (60 cm) 282 720 T, M 5tk
DIEFELBKE— 7 REHVATHTH - 7z !

Sa ik —1995 47 A 24 H 23— 7 H 25 H 00 ¢

Wk #B—1995 4 8 A 13 A 14 By —22 B

ZNLUSADFE - MBI CRIER L BbN 2 ERKMNT—2» BN, 72, BKEF—2%
KRBT e - 72,
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Fig. 6 Example of observational record (Yt experimental drainage basin).
1994 (494mm) 1995 (584mm)

Daily Precipitation, mm

06/12
06/22 {4

ge8gcggegggegegegsggsggsggsgggsgegs
SS55222828§33222=3383583858¢:55888383¢2¢2
-7 1994, 1995 FEBRUHHEE AMeDAS HMAKBIHGE ({2t 777)

Fig.7 Hyetograph during observation period of 1994 and 1995.
Data are obtained from the AMeDAS station (Toyotomi) of Japanese Meteorological Agency.
Location of this station was shown in Fig. 1.
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SHETHDEEZI LND, 0B, FE|3 F1 DUFEBRICBT2E5RBNOKLE L Ry

. FTniakE
1993 4F 8 A DK IZ L 4 RBIXFR & L 723
_ . Table 1 Height of runoff and apparent loss during
BHNOMIRE % HE L 7254, Sa gk experimental period of 1994 for each
Sa b 7% B VT OME S 5 % drainage basin
AN LD BAREGEIEREICR {, AT Watershed Height of Apparent
Geology Runoff Loss
ERCBAVECRLNIZ, L7255 T, Sa
. Wk 318.2 175.8
FeBH & Fe L 72K HEBE D Fsg @i K % Kt 304.2 189.8
. . . . Sa (63.9) (430.1)
BWEL TCWBDTIRLL, ZRon@EITI Yt 398 4 165.6
WIENLHTAD THIT, 58I > T35 .
(Unit: mm)
BBHESTE

Sa BN DFIBNIBE RIS, HHITH (1992) HEENRREE (W) BT 5R
F— bR L LERREL NS v, FRAKTEOKIEE GIRTRTTFETHD) B8
LA ELRTOT, BOKKEOBAFME (B, 1969) »REEIIEZ LNk, ZOMET
i, XEPMELHICEEINKVESHICREL, TAXRPITOERKEZD L (LTS
tEFEZ L5,

Sa iR & Wk iz, BERERZDOLOOFBKMERIZITHELY (K-3) iKbr2rbbT,
Wl MREAS ) VO BEL LIS REBBME R TW5, Ld-T, BENEKE
P EHIC TR HEAN) CBREST 5 2 MR E W L b B,

4, 3, #HKE—2

RO — 7 KEIX, RROME 2R ERTHETH 2, M-8 LLUTHL ) LkiFHeE
FAMD 2 L HTE S, Bk — 27 Dk/ANBARIE Y Ji> (Kt Jiil, Wk #i8) > Sa il &
o TWvd, Lih5>T, EREGOBKEIKAE W EHKE—7HVNE W) BasIEE
BRWEETH L YLHEE SaRBoR THECESD LG, L L, BREBESTH 5 Wkl
e Kt RBoOM T, BTLY, ZoBERFEECENL T, L2 b, WkHEE Kt i
BRI LBENKE EDOBERA N> b TCLHAKE— 7 REFKRESRL LI EVFDE, 2D
I BBORIBERE LT, Zh60HBTIREKRBMARY BERER O RBOKIER
Hic k& ERENLDTH L EHEZ LD, 72, Wk RBROWHICIE, 1RBIDOEKT 2D
NDHEBEE— 7R ENLZ EXH D LV HIMOWBE X RY - 2Rl d 5. K-9iI2£N—
Bl %R,

4, 4, HAKERELUBED
Pk — DB BOBR 7 — > b F e, EELRMEETH 5 (EEITH, 1983), X-
8ic kB &, NRFEBHEEDERIZ, HWIEIC Sa HiiR > Yt il > Kt s> Wk RIBTH 5.
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Fig.9 Example of double-peak runoff (Wk experimental drainage basin).

BIROBED WED RS, EREIT LN TEZ LN TN, BEAEBWFEITZ TR,
HRFEALEND, FOBLA, S, SHEk- 2HIB TR, THRKN P BIFZ DI Kt RSP
Wk Rl E o 2BEEL LT AMBTH L LT 5. B, MIOKRBE, K-8 5 3BHEC
FAMB Z LIZTE LD, BEEFICIZERM (RFic 10 B~ 14 B) ORERD B MoR L 1
£\, ZHUITEEBY L OEREOBE L BRbN S,

4. 5. WHMIHRE

7 47 5rHE AR B (HE - RBE8, 1985) #FBWT, & B FEKERRSI% 30
D ABEL 72, 2D 3 DDOFKAT quickflow, interflow, baseflow IcH% T3 E£2 L
5, 4WBICHT 2MEEB-10 1o Y . 2L HRERGTHED, KRR 1994 £ T —
Iz L TUT- 72,

BRBONA Fu 7771220, BiEE 3 KA OBRLERELRL 20rR-11 Th s, Zh
&0, NRFEIRI 2 DD T N—TICHBICHT 5 b, 1 2k Wk B L UKt lBEOBT %
IN—7, 15123 SaFBE LUV Yt FEBIVRBRT 570 —7Th %, liHENHHERSEHL
D FEFE LeE N T interflow GO WICBA T3, T4 bbb, Wk i & Kt Fido 71—
713 interflow 2SHXNEIIC %\,
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Fig. 10(1) Results of filter separation and AR method for data obtained from Wk-

and Kt-basins in 1994.
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Fig. 11 Difference in runoff component characteristics between 4 rock types drainage basins.
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Summary

Soya hills, located in Hokkaido, northern Japan, are underlain by Neogene or Lower
Pleistocene sedimentary rocks, which are divided into 4 rock types: 7.e., Miocene hard shale
(Wk), Miocene-Pliocene mudstone (Kt), Pliocene unconsolidated fine-grained sandstone
(Yt) and Pleistocene unconsolidated medium-grained sandstone (Sa). These rocks have
different values of cone-penetration hardness (P) and permeability (K): i.e., Wk: large P,
high K; Kt: medium P, low K; Yt: small P, low K; Sa: small P, high K. These rocks form
clear rock-controlled differential erosional topography: i.e., such as drainage relief, stream
length and drainage density. However, the cause of this relation has not been resolved
hydrogeomorphologically. Therefore, the authors made a hydrological observation in
four experimental drainage basins, which are underlain by Wk, Kt, Yt and Sa, respectively.
The results of observations are as follows; (1) Flood peak discharge of Sa-basin shows the
smallest value in four basins and total runoff is quite smaller than expected from precipita-
tion and evapotranspiration values, (2) Flood peak discharge of Yt-basin shows the most
large value in four basins, and (3) Recession rate of discharge of Wk and Kt is small, and
second peak of discharge is often recognized in Wk-basins. Filter separation and AR
method (Hino and Hasebe, 1985) indicated that Wk- and Kt-basins have interflow-
dominated characteristics, while Sa- and Yt-basins have quickflow-dominated one. There-
fore, these findings suggested that flood peak discharge values are mainly controlled by
permeability and recession rate of discharge is mainly affected by solidity of basement

rocks.
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frigixx-2 &M,

Photo 1 Typical rock facies of Wk (Wakkanai

formation).

Hard shale with joint planes about 10

centimeters apart.

Location is shown in Fig. 2.
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Hom MROHELE LD Es -~ > 7k
HTHD, MEIZE-2 28,
Photo 3 Typical rock facies of Kt (Koetoi for-
mation).
Relatively massive mudstone with joint
planes about several meters apart.
Location is shown in Fig. 2.
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AERLETHMIAZ ED 2AKDHFE
SR 5B, B A b |2 BRI
12D HAEED b, AT EdE i £
DPH R TE S, MElZH-2 28,
Photo 2 An outcrop of Wk (Wakkanai forma-
tion).
At least two fissure zones run from
upper right side to lower left side.
Groundwater flows out from fissure
zones, associating with rainfall. Flow
traces can be recognized on the talus
slope.
Location is shown in Fig. 2.

EBE-4 Yt (BaR) ofgH
E b THHE L IEEMMRN S TH 2, iIE
1ZX-1 28,
Photo 4 Typical rock facies of Yt (Yuchi forma-
tion).
Unconsolidated fine grained sandstone
with uniform rock facies.
Location is shown in Fig. 1.
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Photo 5 Typical rock facies of Sa (Sarabetsu

formation).
Unconsolidated medium and coarse
grained sandstone with interbeded clay
layer.

Location is shown in Fig. 2.
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Photo 7 Hydrological observation with “Par-

shall flume” (ordinary water level, Yt
experimental drainage basin).

View from upstream side. Putting
vinyl sheet on the river floor of up-
stream side of “Parshall flume” prevents
leakage of water. There is the water
level gauge in the box with a plastic
board roof.

Location is shown in Fig. 2.
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Photo 6 Rock controlled denudational hill mor-

phology of study area.

Behind hills composed of Wk (hard
shale) have low drainage density and
large relief. Front ones with high
drainage density and low relief are com-
posed of Sa (unconsolidated medium
and coarse grained sandstone) and Yt
(unconsolidated fine grained sandstone).
Location is shown in Fig. 1.
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Photo 8 Hydrological observation with “Par-
shall flume” (during a flood event, Wk
experimental drainage basin).

View from upstream side. Notice that
flood water flows through Parshall
flume without water leakage.

Location is shown in Fig. 2.



