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ON THE SUBSOIL AND THE GROUND-WATER INVESTIGATIONS
SURROUNDING THE LAKE BIWA

By Koichi AKAI and Takao UNO

Synopsis

In this paper, a series of geological and hydraulic investigations on the ground-water
problems in the inland region around the Lake Biwa derived from the new developing
planning for utilizing the water résources of the lake are described. The water-table
depression in the inland accompanied with the variation in the water level of the lake
which may be expected as low as 3m varies somewhat widely due to the characters of
the ground-water flow and the sedimentation condition of soil strata in each directions.
The results of investigation can be estimated as 3~5km from the shore in the eastern

side of the lake, while it is as far as about 2km in the western side.
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Fig. 1 Soils around the Lake Biwa.
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Fig. 2 A simplified profile of the ground around the Lake Biwa.
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Fig.- 3 Behaviors of the groundwater in the basin of the River Ado.

DED LRI EL o T B, ZOZAMNC BT AWEBILER B Y S UPEIZENTH D, HED
BEREOEMALATH S,

DX SR & BT TIRHE OEREMA RO RL > T B 108), WTAKOHREIC S THWHUS
LUWHELSD B, b b PRI OHE AR O ML T1/750, F51/5000:8 ¥ i Ot LT,
WP ORENFR TR EC1/150TH - C, T KEOBINIIEFTAE , FloZ OMR DL, Bk
HEL THEMTAABBCHEORE L ThHbH, Fig. 3ICRR)SAMMHIC KT 5 1RIB & BROB T
DEAIRFTH, THBIIHH B X O T KEOEM ST 2 BRIOECHY 5, Tibb
Fig. 3 i XJIBRIOKNG Toin h OMTRKEROD 5 = LA ERH, ZHIIHE - EAHLTH
TADOAEHEOFE L —HLTWB, Liciio TREN - RHJI - REND X 5 12%d & { Fkthd
FLCHE T, BROMTAEHECKWTZOMESY LHERE LTEKBEE RS IENTELLDE
Exbhb, SHRL T - Z5I - BE - BRIIFR T, DX 5 iakBERYEX 250,
T LAFFNINIC L B 0E» B O IE L AN EEGTV B AR S,

_5_



KB KB FTERIS108B (6. 42. 3)

BAKEEBORE
WTKOH B ZHES 2 b DIIHMBOMRTH 5% £ ORBMRBIBIKEEL Y L - Tiitcbh b,

HABER L MEBRBT LRSS D 2 0%\ 5 4% BEMTKCS » TRATEIH KB OFEKRE £

3.

kD) ThHb, BEIHWKEBOEHE LDLDF (S=0D) TH5H, —HTERE

LBEDLOR (T

AuH, WABORYHETERL B

=

DT RO, WABOEEL M TAD HbKEE TOPH

DWTULFEETESE TREZ VN, B

RIBER T K TIBAR L £ & D KEEGREHHAFO

FH 3 X0 S=8 Lish, TichbEERRTIC

HEH S XEEOHICAZ WEROMHENDH D,

EFhE T

-
[

— | 977 0,791 — 0T <€V °F -0 < 876 0Ix07°S (N) emedmsex
— 19°¢ 029 S 1-0Tx09°¢ 1-0T % 8€°T 0TxG¥ "¢ (N) ouozerep
0T *x€3°C| L6°C 00°L =0T x0T "€ z-01 %069 -0 x2€°2 0Ex2T°S (€e)) oilng
OPV 94L
-_— ELT 08°6 i 2-0T > 00"y 201 x2€°¢ 0T x08°¢ (1) emesnny
0T X LE"Cl G9°C 06°TT s-0T>00°T 0T < LE°¢ -0Tx 13T 0T =88y €o)) nzewy
BPIYST 4L
— | ST 0€°L — =0T xPL°T =0T % 08T 988 () euweyidex
— | ¢9%°0 0€°2T _— e-0T % €9°L s-0TxG8°T 0T x€0°T () mwprwemeyy
Uy YL
0T =057 299 08°9 s-0Tx<€5°¢ z-0Tx6S°T :-0I %07 "¢ 0Tx20°T (€e)) nqesQ
— | 95¢°0 111 — z-01%36°¢ -0 X V17T 0T x8E°¢ () eyessey
fuIeynuy ay |,
— | 91€°0 06°6 — z-01%¢9°¢ -0Tx9T°L 0TxT0"9 €9)) EpeION
OTx L1 81°L 02°9 50T X €0°F 01X 28°T s-0Tx 22T 19 (mysromyg
— | 998°0 06°¢1 — -0 x€5°S -0 %< 8E"9 0Tx¥L°L () emedeueg
Yod syL
— | S¥L°0 0s°2 —_— -0Ix67°T z-01xG0°¢ 0Txel°T nd swedy
0T x8%°¢ ELV 09°9 90T xG9°G =0T 071 s-01x96°¢ ae’L (€e)) BN
nsex ayJ
pue OUIH 9y

(o9s \«Eou_?ow /WI0) () (4-umd) (o9s/wd) S (99s/;md)

0 0 NA
& S 19 msu% sy} jo Horsvﬂ Yy} jo ﬁ:_.nmwﬁuom jo Eo%&wg JUDIYY200
soney ssauUYOIY T | A1jiqissarduion JUBIOLY6) STRINS | fynqussrwsuey

*SyuRISUOD 19jInby T S[qel,



AFF - FE BEHRAOME - MiITKRECOVLT 397

M ZR I 0L, REMTAKTIRFAREIHRC L > THKBOREAEF» LSS
KEERL, Sy EHETEERBCELL LD,

R L £ AEMK SRSV THEARBRYERL, BABERYEHRLUCHEEY Table 1 LI,
KREBEBROMITIL, Theis DIFEHM & L1 Thiem DEHEMD WEZ X VT bDTHbH, =D
EnbH L WELEY REELT, WO L2/HE (&b TREVHKBERY RTI AL,
Table 1 T{85h 5 ERIEKE OKEHE OftEE FbTLOTH B, FIEREHLILA-Y v 7/ il%
FIAT 5 KERROFSREC L, HEFAOBKERIATEHAOLOL D BT TL A4 — & —RENHS
WZ EAIH L,

LEOBARBIE L CHEEBAERM & L COMKBOEE LT 5 ledizfiisbhich D TH B4
WATOLENC X 5 HBYEETT 2 RBHTRKOEBHZRANE 2 L4 ELLERNRTHS &\ biutle
Bicwy, oI TIREEFRBE FREHK) & /AEBE CRENE) TOFRECSVLTHRNL S,

(1) FAFARATORBERORE

LAFRBRATERES LB AEEO—M L LTHE LR T, 18 63.5m, & 97.6m ORH
ABEOFECE 1m, EX 1.5m OXBEMIHILLT, ZOKKBKEOREIZ ABBREL, ELLT
HEANOHTRKEOE X EBMKEOBEFRELFARLS5 L LICLDTH S,

SBIOEHTIE, KBEAMOEC X BKE L b AMIOMAFORBH T AREETICOVTR~S, M
HEHHH Im FTHr —LBHOELTHY, £OTICH 1.5m EXOM+EBEHEL, £OTHIRE—
BAWBLI-> T3, BIETKKCEAREEET, KEHrBERER 3m, 5m X0 10m DL
BB A ED T, COMETORTAL, KEBELREL L CRERICE,S 5 —KRITRE LTHENTS 2
EMTEB, Tishb Darcy OER & ESGEA R T 5 KELCET 28O TEA

oh kh  o%h o%h
= A e B (1)
CEWT, BUOEK K=kh/B RERE LI L, HEREMH
(0, 8) = Rg+ ASIN@E-++++wwreereerermreresssesaasasntstaststessteteas s ebasseeir s enen e (2)

IR kot WIIKAL, A EEARIE, o fRE
iR TR (1) Off,

h(x,t)=ho+ Aexp(—-x‘/ 2"’ )Sin(mt—x\/%) e ettt et ree e e avraraiaes (3)
ThEx bR, 2EDL ) EEEEFL TV 5,

) VB Aexp( —xy/ o )i o CHE X & & LISHET B,

i) WA TOEREOMHICER 2/ 2 VLB, hamicite =/l cns,
ili) WHDOEHEEEIXY 2Ke THEX LR,

L OEEEAFIAL TR EAT T 2 e TE 5, RERHAKICIRIE 4A=18cm, 3 E:RY
(0=27+(3x60x60)sec™) DPE % & 2 - EBERS Figd 2R, Fig. 4 (a) KM ES L 1R
BTHb, Fig. 4 (b) (3KK»HOEMC X BIRIBHEEOBT, Fig. 4 (¢) XIHOEhXELL T
%, Fig. 4 (b) X bh K=51.7cm?/sec, ¥7: Fig. 4 (¢) X b K=54.8cm?/sec Hikdpbh, =DOWE
Enle b XW—F &R, h=T5cm L LT k/B % Kb 5L k/B=0.65~0.68cm/sec %12, k & BiL
SEETCERCTHE L TRTIREDLOT, HerOfIRCThnd R FTuEebiow, o2 TilpE
ROBRBRED D B=10"2~10"" LEETH L, KEHAEKERE kr 12 10-3~10-*cm/sec DKL %
xbihs,

(2) \IFHETORBEMORE
AEINERO R THKRBR 2 R T WBERCBRIC IR RS, - 2B SEREL ¢



398 HUKEH RFTEFTEHE105B (.42, 3

TIm_e in Aour

& 9 /
. A S "
®
Q
3
kS
< 501
5 (cm)
(a)
L0 (m)

§as 10—
E abj—

S

; o4l )
T o y

3} S

gaz~ 2

S Q

% = oo

20/ —

Y —

g

S r 3+

o

Q -

(b) €>)
0 5 Q ] 610
(my © 30 ;
Distance x ' Time lag (min)

Fig. 4 Decrement of the amplitude and the time lag in the groundwater variation.
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Fig. 5 The rise of groundwater level caused by the wivd wave
in the Lake Biwa.
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Fig. 6 Variation in the observed groundwater surface with the descend of the
water level in the Lake.
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Table 2 Conditions at the upstream boundary.

Site Case Cond:tloqbsm:i:l 3lau$yupstream 4x(m) 4t(day)
Moriyama 1 Constant water level 200 1.0
Chuzu 2 . Zero rate of discharge 200 2.5
Omihachiman 3 Zero rate of discharge 200 1.0
Inae 4 Constant water level 200 0.5
The Inukami 5-1 Constant water level 400 0.5

” 5-2 Constant rate of discharge 400 0.5
The Ane 6 Zero rate of discharge 200 5.0
The Ishida 7 Constant water level 200 1.5
The Ado 8-1 Constant water level 200 1.5

v 8-2 Constant rate of discharge 200 1.5
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Fig. 7 Variations in the water level of the Lake Biwa.
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EDCTREL . 525X E WK EBPATCED b OBED KA EFH SHH Uik LI iHE AL AE)
THoT, FABERBCIDRT O TRIEKAL Z/73TFEFI4E 6 Aiaod s LIEFLTES AKX ETO 3 4
ficiotc» T35 (Fig. 7).

STHEL LS L THHKBRTRERT K CH D0 FEEMT AR TH L1 L D HRERNEEL L utied
Ve DECERFENOETHEL RS,

i) FEMTKROES

HHKEOESY h(x, 1), NEKEEOERY g(x), OB KEEY b AHHTEELL, k&
BITEEMOEIRE LT, Darcy ORHIE HHEORNHOX¥ORAHERYES (Fig. 8(a)),

777
j(z)

(@) Unconfined a%uifer

Fig. 8 Representation of the

aquifer conditions.

() Confined qzuifer

o h(x, t)

OED) _ gy fhCr, ) — —g(0}—

ot

oh(x, 1) | [ oh(x,8) _ ag(x)]

R ox Y 0%

+ E.KO‘) Sh(x, ) — g(x)}.ih_C_xz_Q ............................................. (8)
o K(x)=Fk/B
X (8) ZO¥WRTRELTAGCTHERZ TS LR (9) 282,
S hiI=h(x,t=h((4x) xi, (4E) x §)
1=K (x1)=K((4x) x1)
fi=fQd=f((4x) =)
gi=g(x)=g((4x) x 1)
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Fig. 9 A computed result of the decline of groundwater level at the basin of
the River Inukami.
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Fig. 10 Decline of the groundwater level
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