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YASUHARA, M., MaRUI, A., TaNAKA, T. and IsHn, T. (1990) Physical properties of soils
and vertical groundwater movement in upper parts of the Tsukuba Upland —A case
study at Higashi, Tsukuba City—. Bull. Geol. Surv. Japan, vol. 41(9), p. 507-516.

Abstract : Upper parts of the Tsukuba Upland was investigated at Higashi, Tsukuba City
(Ibaraki Prefecture, Japan) for classification of both soil physical properties and vertical
groundwater movement in it. Geology in the surveyed point consists of the Kanto Loam,
the Joso Formation and the Kioroshi Formation in a descending order. Water table is
observed in the 2.8-m thick Kanto Loam. The Joso Formation, about 5m in thickness,
is composed of the Joso Clay (1.7 m thick) and underlying sands.

Soil samples from various depths in the Kanto Loam and the Joso Formation were
analyzed for saturated hydraulic conductivity, porosity and pore-size distribution. Four
piezometers with different depths were installed and changes in the hydraulic head in
response to a 69.5-mm rainfall were measured in 1988.

The results of the study are as follows:

(1) The Joso Clay shows a marked difference in soil physical properties to the overlying
Kanto Loam and the underlying sands. An extremely low hydraulic conductivity of the
Joso Clay, in an order of 10~7cm/sec, should be noticed.

(2) On the basis of the Darcy’s law, downward groundwater flux through the Joso Clay
is estimated to be 27 mm a year, indicating that only 2% of an annual precipitation can
penetrate the Joso Clay.

(3) Regarding the downward flux through the Joso Clay as an only source for recharge,
groundwater in the 3-m thick sands under the Joso Clay is assumed to have a mean
residence time of 30-50 years.

It was made clear that groundwater behavior in the upper parts of the Tsukuba
Upland is controlled exclusively by physical properties of the Joso Clay.
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Fig. 1 Outline of the Tsukuba Upland and locations of the study points.
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Fig. 2 Schematic east-west cross section of the watershed in middle reach of the River Hanamuro

(based on KANNO et al., 1976).
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Fig. 3 Columnar section and outline of field instrumentation at Higashi.
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INSGDELY A DKERRLIVEERLDET
B, AR TIHBEE DSy 77 4 VOEPITHHA
F—-TloNCRERER L (B 3MERM). PVC/ 3
DAY —>DLEFEES 20cm kKbl D EiEE kD
fik7—7 (VY=—KK.&) 2E{%%, BilEfch
CiAATE, BT, MROAEEZAKTE 234 7 LiRH
AEOMIEHRLAA2ERE ¢ (B350 m). &%
2, ML ERROTREEDZTVRNSEERIZ Ny 7
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ARBYEDBEI R E - 1218, 1987 & o BHIEFIR L7,
R Es 1EMKET o, FELYV X —FHOEK
BEI 1B & OKfzEH & Y HEEESRE .

PIVA—FOBICEI Sm D7 VI = A7 7%
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Fig. 4 Measurements of physical properties of soils and hydraulic head at Higashi.

Saturated hydraulic conductivities are at water temperature of 15°C. For hydraulic head,

datum was chosen at ground surface. Refer to Fig. 3 for legends for columnar section.

h=0.12/7 (1)
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(XBARODET 2 A0F—) OHHELT 2 &, pF#l
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Hiana, KHEKE, FEEHRICEINIKEENK
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KXERCIEFECEETH S, &5, 4.8X10°mm=
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TV (FE, 1966). L72asoT, AKEER»S ZOM
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L, HEYEEE4.8X10*mm U EOMEE T&D
2k, RO —LBTHZHTMEBLOT WHIT KRS
FIBEH 0% BEEET 5 Ltbh s,

—F, BB aERYEEE3.8X107?
mm M EOKREES U BEBEMES2EELE L
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Fig. 5 Distribution of soil pore at Higashi. Refer to Fig. 3 for legends for columnar section.
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DREVLAEFEET 2EBEICEY) 3, MEEe—28:
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A 25 H (FCH) &, ZhZNHBEAKE 69.5 mm DR
MOt BOHEETH 2, 5B, BAET—5 L,
FEREDTE K 1km 2 h 2 EHEREBIEE L o7,

BROREE b, MEET Sm I THEEL L DI
ARERBEENEA LT3, iz, dEAK Lkm KBS
ZHERABOBEH GEEEE 62m, A ML—F—§
B 45.1-56.5m) DFEKMEME (FERRIZ S, 1988,
EH) »oFHEARS E, AFICBIT 2 1980 E0 5
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DEHEAE TR, P72 L bHRE T 55 m HEET
BTREOHTARRBBNELEL THEIERXED, 0
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T, 1988E3H16H FE4RCOBH) BT,
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B CH AR LB R EE T 2 T kI 0.21 DB AR E
BEsZedbyd, ¥/, 38258 (HOH) Dk
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3, ZO3IABBEBYBEKGEDE0.231%, 69.5
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L7 BIKAEEDORAMETH 29, 3H16H»5 38 25 H
EHh T T OEKAROENZ, BRI > THET A
FEIT 2 T AKORENEHIZERTHAL L 2R
HLTWwW5,

5.2 BEHTEAEBRTIMTKITIVvIX
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¥7-, BIFLEAREH K L LTR, HRSEEhROFEE
375 cm CHIE SN 72{E 3.76 X10 "cm/sec W 5,
HMEoficEs< e, 2) A»skEMET BF 16 H)
OHTART S v 27 A qld 2.8X10*mm/hour £3RKD S
3. FLT, KA 0.23 NG L TR THRD 3B
25 Bz 79 v 2 A 3.1X 103 mm/hour DY — 27 1ZE T
%, ZOEBEMNERES D 27mm/year DFEBNDH
TABEERECHYT 2., HEESHICE T 3 ETHRKE
%1250 mm BE (EREAEBRKRETOT—I»oEH
EH (1986) HH) T 2&, ERAKEODTH 2%EE
LB 2 BB TERW I LBbR s,
HREEEERRAT 2T kO FIEREE (Efi
) vi3A L RDSND,

Ug= t]/ne (3)

ZZTqREEDI VY —FHE, n3ZEXEBEETHS.
HRAELOBERMEE, TobbRENCESL T2
Tk Lo sHEBOE G, RICHBYEEREI 4.8X
103 mm B EDORIBEN G D 3 3% (pF 2.7 LT Dk 24%
BT 2MBEOEE Y B4.38) L LB, ©—
JEEDOERE vk (3) &K £ D 0.01 cm/hour (91 cm/
year) LEH &3, T4abb, WHEHMADES 170 cm
DERKELBEH T ANBERT 2T 2EE2ET 2
borEzoh3,

5.3 BB - THOWEDOH T KRDFZRRE

HiRED s THROWEOEI R EZ Y A— W3k
W4OHOK3ImTHS (B3N, MEEL 4H%LAH
zFE (BAK), TOWBEESBEAEmEY7 D 1350
mm OHTFKREEATWEREHBEE RS, £/, HRYE
EED 4.8X10*mm A EOEBEOEE 2EBE5ET
0% ETHE (BB4.3%F), HRET - THOWEHIZE
MENWCHESELESLEZ 515 pF 2.7 AT O T A
WOMmEENTWVWE I LIRS,

82 BTRNIRER, FEEHIIZE WL TRAKE X
ZHITADEEIZ R, X, FHEGHISEEE 10-40
mBEOMY LIEMTHS Z & 2ERT UL, D
EHEHERETOM T KIIERONAPS b5 32 H
TAREZE>TEEENTHLR EREZIL W, 851,
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FA MBI O LBy RN L SR KSAERE (RIR E5)

HHED [E O FEFNI A FE A & AR B iRk LB E <
HREL Tw5 (EREAMHFE RSN BERAL,
1981), L7z28-> T, SUEAHEB»CE, BT EE
BB L 7-ERRE AU I ERETR - THOWEFOD
HTFANDEERIZVH DL LTINS,

AT B LT, BERBELELERL CEREY -
THOWMEBICbT26 3N TAEERR, A HD
v — 7 BOMEICET L L 27 mm/year Thb., HiBES -
TEOMBhOM T ARRENERRECHE T2 L,
WEGOM T ARDOEIHERRIEZ oo T RRES
PEEERETRTAZLCE>TKDONBD., Thbb,
EENLIHTROEEERNRE LIBEWCIZS0E, 7
RIPR L BEES 4.8X10° mm Ll L OB R
2 pF 2.7 LIT DM T AD S 23R & IS THI¥E Z iR
W 3BELHEEHENS,

U Eokgic, Fvy —RED L AHEAEERL S,
HRESE « TEHOWE T O T AKIIHE LR IS ERE,
SOEZMEPRVEVEREEL TR D EHES
n5,

6. ¥ & ®

FEEHEREIT B 5 ZEYEEL & CWHREMT
AKEEMSEEOMIEL2EN L LT, D2 XHREBWTE
NFERIT o/, TORR, UTOEESHESr LR
7z,

(1) BERMLIEER, EoBEEo—ABETROER
B - THOWE & 1@y GEREARE, MK
¥, MBS CHERLEVWEET S, BICERMLE
DFEKRMED 10-7cm/sec EBHTHE W L &, pF2.7H
TORBLRTOH T ARERFET 2HBRLEER4.8X
10°mm U EOMBMEEE SR Th T 3% LHFIEL
BOZERRENTH 5,

(2) Fry—RiEIL e, BB ERLTT
PIOWEAS 72 & S NBH TKBERIZEM 27 mm BE
TH3, TOMEIEFYEAED 2% 1EE 20,

(3) HHRMLER2EAT 2HREM T ARRE EHE—D
WEFRET 2L, HRET - THOWEBHOH T ARDF
YRR 30-50 ERE LHES NS,

Pl Eokkiz, REEHIREIIC ST 5 TKROZEI,
R LBOFAECLIVZELVHIEZ I Twa 2 e
ool %13, ERELERERL TERBAN
bz SNHMTAKEEEDHEMOZ LS, WD

7 2T, AEEHEBIC B THERES t A UBOM T AiEE
(27 mm/year) HBEUTH Y, FREHOKEMBERE LB
FHAEAERAUTHS ERET 5.

MEEHZE U CEMOKNEOES» SMEF L2, —
7, WA HIC BT B T KRE O FFFE I IR EALE b
VY —THB NV FULBEMTHS ZEEREN
T3 (ER - 25, 1983 ; 4R «13E, 1985). AWfET
b, HRBROMTADO N F 7 LBERAIET S &
ZED, Iy —RuESTHTEs M EOKESE
BROZLUUERZFTMMETZ2FETH S, Indbdi,
BHO SR TERME LB O & iz # D+
OREREML, FEEHREITICB T 21T AROHE
MBS & DML TR &0,

B AWEREDZICHLD, HWERERRENE
EASCHERE ERMBELICIKREBEEE2E N7,
P RFZHIREIER SHARE—FMC 3 EREHBE R
Bl g7, ERFRESFR A EAELRZSY
R RERER ZHERK (R BRI «©
IR A B CEW., EREEEIRE FHE
ARCRBAET -y OMBCEE 2> CH»Z, B
LOARCELBE AL ET,
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