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Shinsuke Nakao, Tsuneo Kikuchi and Shiro Tamanyu (2008) Numerical simulations of regional-scale
groundwater flow considering influence of heat and hydrothermal water. Bu//. Geol. Surv. Japan, vol.
59(1/2), p.53 - 64, 11 figs, 3 tables.

Abstract: Numerical simulations of regional-scale groundwater flow and heat transport using a 2-D
model are conducted along the E-W Tohoku region which covers 120 km length and 8.7 km depth. In
the numerical simulations, geological and topographical data are incorporated to construct a precise
numerical model. A multi-component, multi-phase geothermal reservoir simulator is used for the nu-
merical simulations. As results of sensitivity analysis, it is necessary to assign inhomogeneous heat
sources (heat flows) at the bottom of the model to qualitatively reproduce high-temperature anoma-
lies right beneath the mountain areas. It is also revealed that deep-seated hot water around the tem-
perature of 50 ‘C can be found even right beneath the plains due to heat and groundwater convection
and advection driven by topographical effects, although volcanic high-temperature heat sources are
not existed under the plains.

Keywords: regional, groundwater flow, numerical simulation, hydrothermal water, heat source, permeability
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Table 1 Effective porosity and thermal conductivity of core samples obtained from survey wells

in Obanazawa-tobu area (NEDO, 1991).
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P NE] EEPR - - 17 1.24
Wa - - 4 1.31
VIVNE = - 1 1.64
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B - - 10 1.57
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il | ZEE Ok E) | 12 15.94 17 1.71
LIEES - - 1 1.22
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Table 2 Locations and temperature of hot springs near the 2-D simulation model.

i RS BRI [FE U FITTEH RREE | MEEE | RIA
AKI403 EDS) B | BRAERRAL ERT &)1 | 141.409 | 38.571 | 24
AKI405 A 5 R B IR AR B T IR 141.087 | 38.374| 24
AKI406 |35 /R ER | B | SRR SR EFE /R | 141.05 [ 38.364 | 14.5
AKI443 | =340k | BiRE | SEEB=AARRTSATEFIL | 140.91 | 38.508 | 24
AKI445 | gk | EhRIR LI iIPN TS N 140.835 | 38.466 | 18.2
AKI446 | ekt | makl | B)IER RS RSl 140.83 | 38.463 | 53
AKI47 | &7 F | B BIBRRFORT A5 75 140.817 | 38.438 | 17
AKI453 TE 7% R | iAW EER KA RECE | 140.663 | 38.375 | 38.9
AKI1457 it BRI il 5 77 52 X o 5 R 140.78 | 38.358 | 24.6
AKI540 g1l (LI AR TSR (LT 140.539 | 38.565 | 62.4
AKI541 | 8- BAE | IR AR TR 140.517 | 38.539 | 30.5
AKI544 Ay (LI U JEAE IR AT 140.466 | 38.549 [ 12.6
AKIS48 | R | R | bR LB A MBS M6 | 140.416 | 38.566 | 50.1
AKI549 [ SRR | IR Al 44 | 140.423 | 38.546 [ 19.5
AKI550 [#§A4 F 3R] L R Rl 140.325 | 38.513| 14
AKIS51 | HEFR | LR FF L B BRI D A 140.291 | 38.475| 29
AKI552 A% (L IR A 1L o S IR A 140.323 | 38.467 | 64.7
AKI553 s LR e 140.347 | 38.486 | 40
AKI554 HIR Lo B KL IR 140.406 | 38.48 | 44
AKI555 i AR B i AR 140.398 | 38.459 | 69
AKI556 5 (LI FENTT T H e 140.212 ] 38.409 | 39
AKI557 EES (LI FEP[TLTH F 548 140.229 | 38.408 | 22
AKI558 a¥F (LI I AT LT A T 140.27 | 38.39 |34.1
AKI559 | FERHT | LR FE[ VL IER T, SERT 140.275 | 38.375| 46
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AKI561 e e (LI FE] LT o e R 140.287 | 38.354 [ 17.5
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AKI564 5 (LI K EE P LR 140.403 | 38.348 | 28
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AKI645 | HREEJR (L2 UR | A ) BB SE) BT (AIR2546K8E) | 140.028 | 38.583 | 2.6
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Fig. 2

(a) Trajectory on the ground surface of the 2-D simulation model, locations of hot springs (solid circles) and

heat-flow observation wells (squares) in Obanaza-Tobu area, (b) Temperature values of hot springs and
heat flow values of observation wells in Obanazawa-tobu area (NEDO, 1991).
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Fig. 3 (a) 2-D simulation model along the line A-B with finite difference grid and distribution of layers. 0: air, 1:

lower basement rock, 2: upper basement rock, 3: permeable rock, 4: cap rock, 5:surface rock. (b)

enlarged figure of ground surface.
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Table 3 Description of rock units and their physical properties in numerical simulations.

Hi e TEAR s | B B — Uy T oyy| RE
Koy 1 2 3 4 5
BB (J/kg K) 1000 1000 1000 1000 1000
PR (W/m*K) 2.0 2.0 2.0 2.0 2.0
HE (kg/m’) 2600 2600 2600 2600 2600
ZEBE () 0.05 0.05 0.05 0.05 0.05
(R (Pa) 2x10" 2x10" 2x10" 2x10"  [2x10"
BEE xH) md)  1x10"7 1x10"7 1x10™"° 1x10"” |1x10™*
BBERYHE) (mD)]  1x10" 1x10™"7 1x10™"* 1x10"7  |1x10™"°
BEE ) (m?)]  1x10"* 1x10"* 1x107° 1x10™  |1x10™°

A HEE R RS X, 1 S

B3 BEKS -V, 4 F oy

Ty, ki, 5OMEITE

BIZZL —E55 L Tnb 72

FROTEHKEL Tk |, IS

3y Ialb—v g VEMETIR

LERE FED 2040 7248,

AKITIEIHT TERL QOB

Fig. 4 Cross-section view of the estimated

Elevation (m)

geologic structure along the line
A-B. 1:Basement rock, 3: permeable
rock, 4: cap rock. Surface rock is
omitted in this figure because the
area is very small. Upper and lower
basement rocks are displayed col-
lectively in one.
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Fig. 6 Four simulation models (Case 1-4) for various heat sources.
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Fig. 7 Distributions of calculated temperature after 1,000,000 years in simulations for Case 1-4.

V=l BB ORERDKE VT - Z3B T, < %. Hayba and Ingebritsen (1997) 2B A% D HH
BLOFHADR B L, HISHE ORISR L 2210 ICKBBAKRBEOMEEBIEY I 2 v —v 3 VITk
2 5 PR~ OGN G Mk &4, (LR O R T DR L, REZEN10m2LL FTdh 5 & B ZE D
W, EHI ORI T ER E & B IRE OWHEE R B T U, 105 m?Ll E TR RSB AT 2 Z L 2R 7



F-BOK DR B REL 7o P AKE) S 2L — 3y (hEIEA)

1500
1000

500

-1500
—2000

=2500

-3000

Permeability of upper
basement rock (m2)

Permeability of  permeable
rock (m2)

Case 3 ke:1017, kz:10718 Kx:10 15, kz:10 1€
Case 3A Ke:10 15, kz:10-16 K: 1015, kz:10-16
Case 3B kx:5x10-15, k::5x10 16 ke:10 14, kz:101°

F8R REEROBRHOBE T — .

Fig. 8 Three simulation models (Case 3, 3A, 3B) for various values of permeability.
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Fig. 9 Distributions of calculated temperature after 1,000,000 years in simulations for Case 3, 3A and 3B. Case
3B has the largest permeability values of upper basement rock and permeable rock.
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Fig. 10  (a) Trajectory on the ground surface of the 2-D simulation model, locations of hot springs (solid circles) and heat-flow observation
wells (squares), (b) Temperature values of hot springs and heat flow values of observation wells in Obanazawa-tobu area (NEDO,
1991), (c) Distributions of calculated temperature of the ground surface grids after 1,000,000 years in simulations for Case 3, 3A
and 3B.
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Fig. 11 Distributions of calculated temperature after 1,000,000 years in simulations for Case 3 and 3°. Thermal
conductivity and porosity of Case 3’ are greater than those of Case 3.
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