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Flow system of thermal water in the Hakodate Plane, Hokkaido

00000000 0DooO000oDoo00ooDoooooooooooooon
Tomo Shibata, Tetsuya Takahashi, Noritoshi Okazaki, Sunao Ohtsu, Takahiro Suzuki and Fujio Akita

Abstract

Investigation of chemical compositions and water level of thermal water, geothermal gradients and Bouguer
anomaly in Hakodate Plane, Japan, were made in order to characterize a deep groundwater system in this area. Sixty-
nine wells were drilled in the plane by the year 2008 to develop geothermal water resources. Most drilling depths
were from 800 to 1000 m and temperatures range from 27 to 76 O . Total discharge is 12,400 0 /min and its heat
energy is about 58.6x 10’cal/min. Principle component analysis, one of multivariate analysis, provides new insights
on the system of groundwater flow. The groundwaters in this study can be described by mixing with at least three
end-member components of waters, i.e., seawater, volcanic material, and dilutes shallow groundwater. Seawater
component contributed more than the other components. The geothermal gradient is 3.0-79.4 (1 /100m, and area of
high gradient is located along the northwest-southeast line in the plane. Around the extended line, the crater of

Zenikamezawa, a submarine volcano erupted, is situated and may affect the deep groundwater chemistry.
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Key words : thermal water, system of groundwater flow, geothermal resources, Hakodate Plane
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Fig. 1 Change of number of boreholes.
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Table 1  List of geothermal water well in Hakodate City and its vicinity.
g g5 TEHIRE AN -TIREE BHE BBEE RR Bk AL Bk FIARR
(m) (m) (m) (7min) (°C) (m) (m)
1-017 12 852 680 ~ 850 320 wP 51.2 0.3 -60.4 AR
1-018 12 156 84 ~156 500 F 30.9 (+) +0.6 KA
1-019 35 800 55 WP 40.0 () B
1-020 26 1361 R, 590 wp 76.0 376 172 A BE
1-024 95 1300 959 ~ 1289 204 wp 39.1 -12.0 -130.0 g
1-025 65 800 740~ 795 400 wpP 63.8 -58.0 -1280 AR BRE- BT
1-027 5 356 344 ~ 356 420 F 431 2.8 -40.9 AR BE
1-028 65 1020 900 ~ 1010 300 WP 68.5 -200.0 AA- BE- B®E
1-030 40 1200 760 ~1178 80 WP 59.5 -55.0 -371.0 KAA
1-031 7 810 738 ~ 810 610 WP 76.1 -135 -66.7 AR BE
1-032 49 878 778 ~ 878 660 wpP 70.3 -54.3 493 AR BE- BT
1-033 145 1000 637 ~ 989 250 WP 56.0 -164.0 -340.0 AR BRE- BME
1-034 10 980 900 ~ 980 285 WP 70.8 -34.0 -127.5 AR B
1-035 140 1400 B
1-037 50 850 828 ~ 850 398 WP 66.6 -61.3 -56.4 AR
2-001 630 1012 -200.0 BEH
2-002 260 750 640 ~ 750 264 AL 315 -11.2 -35.0 BES
2-016 165 600 264 F 30.1 (+) +) AR
3-001 4 400 320 ~ 375 200 wp 35.7 () AR mE
3-002 2 1002 750 ~ 1002 250 WP 40.8 (+) -144.0 A
3-003 14 400 300 ~ 400 18 WP 37.3 345 -360.0 KAA
3-004 14 1000 465 ~ 920 500 wp 65.0 145 245 Py
3-005 3 1150 897 ~ 1113 616 WP 44.2 4.7 -34.3 KFA
3-006 3 600 170 AL 26.7 () B
3-007 6 612 AL 335 ) ) KA
3-008 6 620 45.0 B
3-009 10 1000 475 ~ 1000 180 WP 422 -135 -46.5 KAIA
3-010 3 363 31.0 () ) BEH
3-011 3 170 68 WP 34.0 () B
3-012 3 300 177 WP 34.2 -4.0~-5.0 ) BH
3-013 3 1000 87 wP 35.0 () B
3-027 5 300 20 AL 245 ) B
3-028 6 1000 800 ~ 1000 500 AL 66.0 95 -30.0 AR
3-029 3 1408 1284 ~ 1408 330 WP 62.3 -19.0 -65.0 AR
3-030 3 1500 635 ~ 1500 180 wP 34.2 275 -38.5 KFA
3-031 3 1152 899 ~ 1141 616 WP 48.6 -3.0 -30.5 KFA
3-032 45 903 873 ~ 903 540 WP 68.3 -375 -41.7 KAIA
3-033 3 902 802 ~ 902 480 wp 45.7 BEH
3-035 35 861 651 ~ 861 500 WP 68.5 -39.5 -70.7 AR
3-036 5 923 807 ~ 917 339 wP 79.3 (+) -17.0 KAA
3-037 5 1200 964 ~ 1173 71 WP 59.1 -180.0 -292.0 BA
3-038 15 756 657 ~ 756 450 wpP 69.3 223 -55.4 BE
3-039 5 400 WP 19.4 AR
3-040 14 766 655 ~ 766 340 WP 69.1 245 -36.6 AR BE
3-041 9 1000 835 ~ 1000 90 WP 54.1 -30.6 -26.5 KAA
3-042 13 1500 986 ~ 1500 320 WP 44.0 2.0 -136.0 AR B
3-043 3 1200 897 ~ 1139 101 wp 52.3 -29.0 -135.2 AR
3-044 3 1000 531 ~ 989 502 wpP 44.1 0.5 7.4 P3|
3-045 3 1015 707 ~ 1015 450 WP 58.3 (+) -19.9 KAIA
4-001 40 1000 700m BURBR 230 AL 475 -38.0 () AR
4-002 24 220 193 ~ 215 120 WP 20.6 ) ) B
4-003 157 880 AL 235 ) -) AR BE
4-004 5 295 18 WP 37.0 () ) B
4-005 20 600 84 wpP 45.0 ) ) KFA
4-006 90 800 650 ~ 800 180 WP 44.3 () ) AR
4-007 88 853 743 ~ 853 71 AL 31.2 -55.0 -135.7 KA A
4-008 11 200 300 wP 28.2 () ) AR
4-052 8 1000 32.0 () ) B
4-054 90 1200 837 ~ 1189 94 wP 455 -67.0 -165.2 KAA
4-055 20 750 630 ~ 750 660 wp 53.8 -32.0 405 Py
4-056 5 287 281 ~ 287 510 WP 46.5 -17.5 555 AR BE- ®@E
4-057 110 1209 850 ~ 1209 9 wp 30.2 175 -195.0 BEH
4-058 50 1403 750 ~ 1250 20 WP 415 -70.0 -402.0 AR
4-059 24 250 162 ~239 150 wp 27.2 -12.0 -55.0 AR
4-060 135 1226 KAA
4-061 41 865 625 ~ 865 204 wP 63.9 -50.4 -281.0 AR
4-062 17 268 225 ~ 268 460 wp 65.4 -28.6 -58.0 AR
4-063 12 325 275 ~ 325 555 WP 64.2 -18.0 -19.4 AR
4-066 31 993 780 ~ 989 500 WP 47.7 0.8 -49.3 KFA

wpOODODOOOOOO, ALDODODOOODO, FOOD .00, 000000000000 2008D O OO0 .
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Table 2 Summary of stratigraphic sequence in Hakodate Plane.
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Fig. 3 Geological map
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Fig. 5  Tri-linear diagram of sample water chemistry
O modified in Shibata et al, 2008a[]
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Fig. 10  Change of water levels.
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