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Effects of Hot Water Flow upon Temperature
Distribution in Confined Aquifer

Koichi URAKAMI
Department of Geophysics, Faculty of Science, Hokkaide University

ABSTRACT

Results of investigation on several hot spring localities of confined aquifer type indicate
the existence of a fracture through which hot water is supplied from the deep to the aquifer.
In this paper, the numerical technique was used to solve the heat transfer equation for a
homogeneous aquifer with uniform thickness. It is shown that the hot water flow has a
direct effect upon temperature distribution in the aquifer.
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Fig. 1. Schematic representation of a hot springs of
confined aquifer type.
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Fig. 2. Vertical temperature distributions at Tendo Hot Springs in Yamagata
Prefecture.



4 e Tt

THBHH, EBROLSCHEALINEEAELCERTIE 0x, y)=0(x,9,2) EELTI,
Q BHMNEBH IV BEHETH S, b B FIEKHE

_ 1 d+m
pz‘-—g pdz (7)‘
m Ja
ETAuE,
MU, =, = Ta‘ﬁ
ox
3 (8)
MU, =U,= _6_1_7_
oy
L3, EBIC P IT
FP L 0P o |
e o ayz} Q=0 (9)

iET S, HL T 3HKBOBKERETH 5.
HEMEIZ 5\ T Newton OEHIANS Lz » THIF OB RGH B I Th5 & X,
HAKE B DERHEh58E & BWHEY X - T

g=K'al
} (10)

oo hdt1
i

L5 bR Tws, K X ERAREKBOBRER, k IXMETC KT 2BEGRETH B, Tk
T GER IR TV BEE G IR BE I BT Lichd o T HEBERRI T 5 X
512, X LIHKBROREL M TEEA D X h T SERKOBRE 6, I hEREek?
X5 e NG AT DI

G=K"h""-(0,—0) exp {—(x—axo )2_ (J’—bY >2}

ronen (2]

IRBBRERE LIz, 2T K 3EBOREESE, 2 ZHAER THERmC BT 5 KAk
BBl C3, a b, c ZEHK. FIKD LI v=x, 2L ETHHHRIREE 2
Tcb&, TOREN ¥ THS,

y=0Blc LTl e 51 eEz, BRE&EGE LTE1EO&HE2EL - (EIRER). B
RKE IO TRO TR H 28R x=1, y=1, CTEREN &M% 5% 7 free bound-
ary & L7, CHIIFEFELERT S ETHHY, FTHEESECEY S, ki
NODOEREZBRAIFHBEAOERTHOMELXEL, SOEEIRCRIRD LI, HRE
B0 3 HOfEE 2RATEDLL, TOREIMETHZ LT L > TROERMEE KD step D
MBI DS, SR TR—EKEE 52 52 LSV, & 2 TIRESH BEAKC X -
THIE SN 2 BB Y — T DR E—E DO &Er 52 /o,

(11)



TR KB OB S5 5

BIR IR & H

B S O BoOE 5 .F.
L x=0 o Zzépozconst. , E;Oic’c L
ey S - free boundary ¢+« free boundary - -
=0 ~ 0ploy=0 : adfoy=0_
Cy=l, . free boundary . free boundary. - -
g o N g N .
. O=ax’+bxsc

0 e ;.

-y ,

X boundary

Fig. 3. Free boundary.

BESMCRLFEYRITT L2 bR A EKERBULEHOUIERLR (55 2 &) O-FERI7L
fii 10 cm?/sec & L, HE(5E1L 600 //min., o ERIHKEOE S % 100 m, HKJE LinDOE
X% 100m L HEL, 0,=50°C, K’'=3.0x107%cal/cm-sec-°C, K=3.5x10"%cal/cm-sec-°C,
K'"=4.5%10"%cal/cm-sec-°C, a=1.0x10"*cm™, %/=1.0x10"*cm™, x,=1.16X10°cm,
$,=1.0x10*cm, a=2.4X10%cm, b=3.6X10*cm, c=4.8x10*cm Z 5% 7=, DATHCHib b
BeHnED ZhLOREZAGCTGEIELTH 2. TLZNTNOFFICENT, BEEd7
DDA R, BEENSZINENE LKA IS Uz, BREKT X - THEE,» bEF S 28,
B3 50°C %600 //min. x2=6.0x10" cal/min. TH - T, D& F/TEREEL M IHYT 5.

%2 #£ WEHKEOE KRR

[ <N S E oK B OB O
+ BN R R (ki) 10.1

noE moR (o) 47.7 —49.6 (48.7)
B FEE R (Jhmy) 15.8 —40.9 (23.1)
OB E R R (JtiE) 1—11

x o®E & R (WBR) 9.0 —55.4 (34.2)
HOE R R (BE 21.7 —60.0 (35.8)
e oF R 2w 0.47— 2.14( 1.36)

() WIFFEHE Bfnd cm?sec

2420T SOR BIZ X » 7223, BEOHERNED CREETH B2, HEROITETIIEK
BGHONI WBEIC LBIE LS » e DT, —BINABELETEL LI 2, 3 HR
Lic. FHE4AIR 2600 mx 1400 m, #&FRHIER 40 m, T 66X36 TH 5.

4. SHEHFRELIUER
5 4 FUITELDs B O LS B 600 //min., #¥%E 0.0 //min., FHKERE 10.0cm?/sec & LT



O
§.
g
o

3

Fig. 4. Horizontal distribution of water head.
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Fig. 11. Relation between heat energy discharged as hot
water and discharge ratio.
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Fig. 12. Relation between heat energy discharged as hot
water and total volume output at Tendo Hot Springs,
Yamagata Prefecture.
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