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Abstract

leaky confined aquifer due to regional withdrawal. The characteristic features of the
hydraulic state can be described with a parameter y=ay/b/T , where a is length of
withdrawal area, b coefficient of leakage and T transmissivity of the aquifer. Analytical
results are followings; when the value of y is large, (1) the steady state is attained in short
time, (2) the drawdown is small, (3) the area of influence due to withdrawal is narrowed, and
(4) the ratio of compensation by leakage becomes large in the withdrawal area.

The model is applied to the thermal groundwater system in the southern part of the Beppu
hydrothermal field in order to analyze the influence due to withdrawal of hot water in the
upper area. Even if the value of y is provided to be rather small, the influence due to the
withdrawal reaches almost steady state within only several days, and the drawdown is
estimated to be 1.7~6.5m in the withdrawal area and 2~80cm in the coastal area.

1 A simple hydraulic model is treated to analyze the drawdown of piezometric level in a
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Fig. 2 Schematic hydrothermal system in the
southern part of the Beppu hydrothermal

field.
:ﬁ Table 1 Change in withdrawal from boil-
ing springs in the southern part
¢ of the Beppu hydrothermal field.
c== ' _____ Data in 1961 and 1973 were ar-
Ve e€b - ;
( '°(/Sr | ranged from observations con-
. ) Yy ducted by Yuhara (1964) and
/I 0 1km Kikkawa et al. (1976) respec-
/ -hBN tively.
BEPPU BAY numbir amount of withdrawal
(m*/day)
Fig. 1 Topography and locations of 1961 1 786
fumaroles ( © ) and boiling 1973 19 3056
springs ( @ ) in the southern increment 15 2970

part of the Beppu hydrother-
mal field.

REBOWEMIC & 5> C, WERRKMEZE» LNEERE WER) X0k IcBibT sh %,
L KEET LV EHWTHENL .

3. KEEFI L BRITIR

Fig.2 % 2 LICHim b L T, Fig.3 DX ) A KBEETN2WE S . Thbb, FEENKE LM
FEHTKEDH Y, 20 ERICBBEKEDBECE 24 L TREMT A RE L T3 235, #
JEAKRDTEENE—KIGE L, ZOEE (x=0) TRRBKOBED H ), NER E#HEFOBICIZE
LETCHIEDKEZEICIHH L 2/ D 5 L E 2 b, WERLEEICH 5T, BFRIEHK(S), BK
BRE(T) B L CRNORE(0) e EOXKBEERIZ—FE L L, BWEKLY H, FEKEZ P, #
FEBHAIEAEL ) 2 5 ORME2Z W L BFIE, Sy —BlEEEnR L ) kR EHr NS,

oH _ . 3*H Iy 1)
Sesr = eh (P )~ (
Z 20T, ISR, x ZACEEETH Y, 72, RERE» SHEER~DRNEZIEEX LT3,



48 22 R S IR

B R,
oH _ _
T —ﬁ - Ql" xX= O 9 (2)
H:Hw, x —>00,

2T, Qi x= 0BT aaKkOEER, HIEHTHS.

B LS F T, IE Won b & CEFREBICH-72ELT, FN RSN & L, BUEKAL
# 1 TELT. KT, BAIEEL ) ORBEL AW Z0HL, 2L b 70 5 WEKALNZEAL
2% hr LT, BEKMERREEZ, XNDLH IZEE S & EEESICT B.

H=I+h,
} (3)
W=W,+AW.

X O 728, FEAGIE—EICR 4, =0 TOBOKEHEE L AL L, (12)R3
EEES & BT N5,

— % H 5 o
921
ox?

L. -
Tax _Ql‘v x_O, (4)

0=T

+bo(P—1)—Wo,

I:Hm, x —>0,

— LB —

h=0, t=0,
L, =0 I ERIES 2 2BATH DL, I I TRRREMMOZEL AL T, BRI
WX TH 5.
REEL 0 Sx<q OFPEZTTRMLE & LT, ZORMOKNENE b, x>a THELE
h BT, FREFNOR EEREMHB L UHIEFRRD L ) IC% 2.

on, ., o

FTRRE Ah,—w, 0=x=aq,

oh, _  3*h,

B TR Ah,, x>a,

om/3x=10, x=0, (6)
h="h,, Oh/ox=0dh/0x, x=a,

]/b: 0’ x —>0,

h=tE0s =0x
zzic, x=T/S, A=b/s, w=AW/S. HOFEDEMNDID, AW (L7zd>Tw) H°0 =
x<a ORET—RE7e—5Efl & v 5 BN B A EE L T, OROZHE KD & ) iR
3.
x=&a, t=1a*/x, h=G&dw/x, hh==5dw/x. (7)

O\ amtm—



#5344 (1984) IBRAKIREUC & b 7 ) TR RAKROZEQ) 49

WATER TABLE (P)

—

—= PIEZOMETRIC
W = <—LEVEL(H)
~
A
]

¥
r— : ~ i
QTé 9 : _>
1
0 a
> X

Fig. 3 Model of groundwater system for analysis.
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Fig. 4 Nondimensional drawdown at the steady
state, when y=0.01 and 0.1.
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Fig. 5 Nondimensional drawdown at the Fig. 6 Nondimensional drawdown at the
steady state, when y=1.0 and steady state, when y=5.0 and
2.0. 10.0.
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4 5 Table 2 Ratio of compensation due
I to leakage for various valu-
= es of y, calculated by Equa-
— tion (13).
— inside of outside of
0% withdrawal area  withdrawal area
] (0<&<1) (&>1)
- 0.01 0.010 0.990
s 0.1 0.094 0.906
1.0 0.568 0.432
| 2.0 0.755 0.245
5.0 0.900 0.100
Fig. 7 Nondimensional drawdown at 10.0 0.950 0.050
various times z, when y=1.6. 25.0 0.980 0.020

0
0.001 0.01 r 0.1 1 10

Fig. 8 Development of drawdown at the margin of the withdrawal area
(&= 1) for various values of y, normalized by the steady state.
&, and &, are drawdowns at time 7 and at the steady state respecti-

vely.

r=0.01

0 | | | L L | 1

10 10? r 10 10% 108

Fig. 9 Development of drawdown at the margin of the withdrawal area
(&= 1) for various values of y, normalized by the steady state.
¢&.and &, are drawdowns at time 7 and at the steady state respecti-

vely.
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FAKIFFERE N, 72& 213, BIKGRBENERA AV EEIMETT 5. ZOGFRIIKZEDL DD
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BRELNIZZPICEVWETHS, Lh-> T, FIFFRRBEIREBIC B 21EF A+ BENKT %
BT L L9 &35 & E, RO MEIC L 2 KMET & EEEEMOREMZ{LIZER I N T
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Table 3 Calculated drawdown in the steady state for various
values of y, caused by withdrawal from boiling springs in
the southern part of the Beppu hydrothermal field.

YN\ & 0 0.5 1.0 2.5(coast)
0.01 1174 m 1174 m 1168 m 1151 m
0.1 112 111 107 92
1.0 746 cm 690 cm 510 cm 114 cm
2.0 255 234 145 7.2
5.0 46.8 45.2 23.6 0.01

20.0 11.8 11.8 5.9 0

25.0 1.9 1.9 0.94 0

%, Table 3 i3, FINHERESIHZMEEL, 2 L% y DEICOWTEE S N2 EH T KAHAET
ThHD, 12720, BAIEE L ) ORBUEMEL, HERIBOmEEZ10°m?2 & LT, AW =2.63%107°
aw/emes & L7, a BLU T ICIRBIHAEZ AU, BFREFEBEOKE S, 1.18X10%mT
»H5b.

y=0.01 & NERT K & DRZFTAFTI WAL, 1,000m Z#iz 2KGHET &4 Y, HENTL
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KD b/ T DFETIE, BERBNTL B & Z25emfEED/NE LT Lo 7% <, F72, HEIE <
DIRBLIT B A Z T e\,
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