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Effect of Groundwater Movement on Temperature Distribution

By Koichi UrRAKAMI
Faculty of Engineering, Hokkaido Uuiverstiy
(Received December 20, 1975)

Effect of groundwater movement on temperature distribution in geothermal area is ex-
amined by numerical simulation using simple hypothetical models. These models consider
uniform flow through confined aquifer and recharge-discharge flow system in permeable
layer overlaying impermeable bedrock. The simulation shows that the effect of ground-
water movement depends on magnitude and pattern of groundwater flow. Horizontal
flow carrys away conductive heat flow from heat source, so that temperature distribution
in the shallow is displaced and its anomaly is reduced. In recharge area cold water re-
charge has cooling effect and it makes temperature-depth curve change into concave shape,
in discharge area upward flow fom the deep produces surface temperature rise.
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Table 1. Cooling constant, obtained from relation between
underground temperature at Im depth and corre-
sponding temperature gradient.

Region | Akankohan | Sounkyo | Jozankei | Toyako | Karurusu | Nigorikawa rr{eén

cooling
constant 3.4 19 4.5 24 3.8 33 14.6
(m™)

(Cooling constant is difined by eq. (3).) (after Fukutomi, T., 1962 )
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Table 2. Cooling constant at Higashine hot springs,
obtained from vertical temperature distri
butions (shown in Fig. 1)

No. 21 24 42 47 mean

Cooling
constant 0.12 0.03 0.08 - 0.10 0.08
(m™)

AR S, hi=14.6m™' (BEFELEOFEHE), H=1~3m, F7 LR0EBRER»D
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Table 3. Thermal conductivity in water-saturated
state of the core samples studied.

Water- Thermal Tempera-
Apparent tent conduc- ture

Locality D(eyggh Material d(eélrs;;y Corlli_)y tivity mdel;glunrge_
(g7/co) weight (102 cal/ ment

(%) cm sec deg) (deg* C)
Innai 449 sandy silt 1.72 15.5 3.18 36.1
635 sandy silt 1.67 15.2 2.87 22.2
827 silty sand 1.48 14.3 3.14 315
1019 silt 1.53 15.3 3.13 34.8
Tokyo 64-68 sandy clay 1.73 14.2 3.49 33.1
U1 183102 | sandy clay 1.68 15.3 2.95 32.4
251-261 | clay 1.75 12.6 3.65 30.1
Kashima 203-205 | sandy silt 1.56 14.1 2.90 32.5
322-324 | sandy silt 1.61 15.7 3.65 32.2
555-558 | sand 1.71 12.4 4.49 32.5
655-658 | silt 1.61 19.8 3.22 32.9
Katsuta 345 silt 1.58 19.7 2.75 34.8
503 silt 1.65 17.2 2.67 33.1
755 sandy silt 1.90 12.4 3.29 33.9
905 sandy silt 1.97 12.2 3.38 34.5

WiEEHOMMEEEN T2 2BEE FHEIND,

(after UYEDA and HORALI, 1960)
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~T72.0LIFFICREL L H>T 3,

Table 4. Temperature gradients and ratio of thermal condu-

INHLDH

ctivities.

No. 21 24 42 47

Layer G({%dient Ratio Ggadient Ratio | Gradient | Ratio Ggadient Ratio
/m) (°C/m) ("C/m) ("C/m)

B 0.82 1.0 0.48 1.3 0.67 1.3 0.58 3.1
C 0.55 1.5 0.68 2.1
D 0.07 11.7 0.17 3.8 0.84 1.0 1.80 1.0
E 0.22 3.7 0.64 1.0 0. 64 2.8
F 0.015 54.7 0.025 72.0
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#wRE (1) (O) (I0) n/EE % £ FN50m, 50m, 300m, F72#{EEELZNF13.0X1073,
3.5X107%, 4.5X10%cal/cm.sec.’C & L7z, HMT/KOFEFES EZEHES N 2HIIFHTH 3
B, EKBOEBAGEIIER - BT 107 cm/sec, BB TIE 107 em/sec 47 & # 2
LNTEN GEAEER - KZILBUE, 1953), KEHRIZ 10 EELEZLN2DT, W& 13
107°~10"*cm/sec FEE L FMENE, 22 TlEv=1.0X10"*cm/sec DHFELE L THELTH
5,

Fig. 6 [3ii#E» L L 72 & EDBESHOEIERLIZLNTH Y, /2 Fig. Ticix(A) %
KIE b (z=50m) BL(B): #AKRE T (z=100m) 12 5l 2 REFHOEIRENT
ho, Mrihsdr, REFHEMTIICONTEBORERIL2Z2VICTRAMIZTN, L2rbZ
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LHBHIREL, RBOBEREVZDLN L G>Tn5,

Fig. 8 (32 LW KBRNICHBREN TV R RBOGH 2 RL L DTH L, PLICBITS
BIGBIIMENBEIMC L D> ThTHLITHEML TWE5, BESFALNDS L) LREBD
THAFEAEL L, ZOFAHITETRFEOREICERING L EZZ N5, v=5.0X10"°
cm/sec BLUFv=1.0X10"%cm/sec DA, THHICHWT, FKBROEBEN LET 572
DICBKEF DT LI L T3,

2. LRE - TERCLZRE

HTFKOFAZHE - MEEGICTEINBHLCRHELET 205, — WL EEE LT, KA
B B W TTRIBICIED » TR 5 £ ) i, LR TIIBERICH? > THHET S L5
TWRNDET B, DEIZ, ZoL) i B LRNL L, EIRWRTELEINS
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50 m (top of the aquifer) ifer.

and (B): Z=100 m (bot-
tom of the aquifer).

L), KEEIL
x=ix
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. ) e Fig. 9. A hypothetical model for esti-
EWRT S, FLHEORRERLK mating the effects of vertical
T 5k, BEENHFERI groundwater flow.
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Fig. 1031 FRD RENRIRERL 72 3 «8 tA)
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%, (B) 123 KESA (BAdm) B Lo
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KPFEEO~1.0xX 107 em/sec & L Tia Fig.10. Vertical gradient of water head th the
Eatitit&L, #0097 = Fig. 1112 7R ground surface : (A) and distribution of
Lz, BAREOMM, L 7his Tk water head (imm): (B).
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Fig. 11. Patterns of temperature distribution when hydraulic
conductivity of the layer is changed.
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FLSERBSHICE, (Ax=0TENWEOsH, Ox=IXx TEMEOSHLEHICLIE
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Fig.12. Vertical profiles of underground temperature at
x=0:(A),x=1x/2: (B)and x=1x: (C).
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