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Fig. 1. Geographical distribution of hot springs
at Tendo in Yamagata prefecture.
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Fig. 2. Geologic structure, temperature and water head observed
in well No. 20 at the time of the excavation.
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Fig. 3. Vertical distribution of underground
temperature at bore-hole No. 16,
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Fig. 4. Vertical distribution of underground
temperature at bore-hole No. 17.
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Fig. 8. Laminar structure and underground temperature
distribution at a vertical plane passing through
bore-holes No. 20, No. 16 and No. 17.
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Fig. 10. Horizontal distribution of ground temperature
at a depth of 1 m in Tendo hot spring locality.
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Vli]ecz)ll Well depth %aﬁr %vﬁ Water temp. Ccl” i %
) {m) (m) C) (mg/L)
1 44 125.43 11.7 20
2 40 127.78 11.2 19
3 7.3 10 REEEARL
4 1.2 126.03 11.2 51
5 2.9 122.62 11.3 18
6 40 12293 12.3 55
7 11.9 91
8 29 122.14 11.6 51
9 3.1 121.88 11.9 23
10 2.5 121.19 11.8 17
11 34 120.47 12.9 73
12 40 119.69 12.3 22 TRKRF
13 8.1 9 £ 'l
14 200 26.7 HH3 =
15 31 110.16 121 46
16 142 16 g 3.8
17 75 11 & E B
18 11 1438 12
19 15 119.12 89 13
20 15.3 11
21 (7.6) 116.75 10.7 9 Bow, HARFEHE27C
22 47 14.0 69
23 0 118.75 14.0 10 B K
24 118.01 6.8 9 BI0mEROB
25 3 13.0 30
26 55 121.55 14.2 14
27 130 19
28 0.9 119.73 10.0 20
29 125 15
30 3.8 117.00 125 33
31 A7 112.76 120 17
32 40 113.00 7.6 11
33 5.3 110.41 15.4 12
34 0.5 114.07 13.1 12
35 15 116.03 129 11
36 0.5 116.03 13.1 31
37 9.2 10 &gl
38 13.6 15
39 0.5 111.84 13.6 20
40 5.5 112.60 12.9 39
41 4 112.49 14.1 30
42 3 11213 139 33
43 55 114.17 118 11
44 2 112.84 121 11
45 2 112.21 133 21
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Fig. 11. Horizontal distribution of height
of water head of shallow ground water
above mean sea-level. Numerals attached
to points are number of wells in Table 1.
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Fig. 12. Temperature distribution of Fig. 13. Horizontal distribution of CI™
shallow ground water. content of shallow ground water.
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REBRAGAES 1% | 18 | 138 65.0 6.62 105.88 121
" 28 15 115 62.8 5.74 104.26 135
" 3% | 13 105 60.2 7.29 98.86 137
" 5% 5 83 56.2 6.74 101.42 136
" 6% | 20 353 65.0 17.70 94.12 151
BEamEacum | 2 | — — 142+ 10447
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Fig. 14. Horizontal distribution of height of water head at hot
spring wells above mean sea-level in the time of constant
pumping of wells No. 5, No. 13, No. 15, No. 18 and No 20.
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Fig. 15. Horizontal distribution of height of water head at
hot spring wells above mean sea-level in the time
of self-discharging condition.
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Fig. 16. Relation between SO and CI™ in Tendo hot springs.
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Fig. 17. Relation between temperature and Cl~
in Tendo hot springs.
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Fig. 18. Horizontal distribution of temperature of Tendo hot
springs, Cl™ of which are more than 140 mg/L, and
the location of fracture through which hot water is
ascending from the deep.
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Fig. 19. Vertical temperature distribution in a well
located at hill-side of Seki spring.
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RBECELT 5,
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HEOWKBFTRE A LBRAD L2 RAGLTRECHAETURLLELDILRTRER TS
A5,

4. BRMEHLLHIBRTIRILF—

REBROSBHHLLERAB T A TV 2 BRRAOH=FAF—2 2R AV TEFT
PO

Q; = 4.1 X 107 cal/min

Licsn, BL, ZOMERMAOEMTARR 115°C 2XEEIC UTRD-, BREMIKEEOHMT
Kix, MR LoE, ZOREIDILPEVLOLHZOT, Qi EEoOER P E
¥bhatBbhbd,
FIVECR</2 L5k, BREMBOMELD BRPAKE IR THWE BE=FLx— Q,

DIRMEE

Q, = 3.1 X 107 cal/min
THole, -T, ZOMBEXRIT L TREB=ZLF - Q H¥RDD L

Q = 7.2 x 107 cal/min

Ly, BROBERY tRbTE I &725,

4) T. FURUTOMI; Rates of Discharge of Heat Energy from The Principal Hot Spring Localities
in Hokkaido, Journ. Fac. Sci., Hokkaido Univ. (Geophysics), 1 (1961}, 315.
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VII. #TRIDHDBRKEH(ENBOLE

L BBO—HELCL3NERFROKRELRONE
BEEWARBIC X 5SS OB IERL 5 b Ticbh b BARB TR, FHn0—

BoHKE S L CHEOBRIF P OKEETORMME(LLREL, HTKBOEKERE,
BRI RD D Z & B~ RIZfTiebh T b, KERBICRE TR 6 DOEHN D EHEEE

PNfTlehbh T 38, ChbaEREEMEE > UEIET A2 L RFIREP > DT, #HIT
HRSE R 0% No. 5, No.20, No.18, No.15, No.13 o1 #H54 1 BREBEEL 2T

RO BHHE LTRAL, o8RO/ % E WEER OREOBCBEMHE L

cm x10°cmysec.
o
y 1-5) dy
31 di
o
5] .
, B
@) 10 20 30 401 50 min.

B20E) (1) BF No.5 oEHE L X 283 No. 11
fOKEER v ORHOEL
Fig. 20 (1). Change of rise of water-head observed at well No. 11
due to sudden stop of discharge of well No. 5.

x 10° cmy/sec.
4(_:m (7‘5) )
y .
3 dy
1 dt
2 0 i

10 20 30 ‘401 50 min.
#2029 B No. 5 0EBE L X 3EH No. 7
FOKEER v ORERENL

Fig. 20 (2), Change of rise of water-head observed at well No. 7
due to sudden stop of discharge of well No. 5.
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% 10° cm/sec.

0 10 20 30 40 50 60 70 min.
20K (3) &% No. 13 gl X 5 BEH No. 11
FOKEER v ORBNEL

Fig. 20 (3). Change of rise of water-head observed at well No. 11
due to sudden stop of discharge of well No. 13.

-3
X 10” cmysec.

etm . (712 -3
dy

51 ar

4 -2

3- F

2 | -

|‘ e}

0 10 20 30 40 50 60170 min.
#2080 (4) BE No. 13 0BBEEE k5 EH No. 7
FOKELS v OREHEL

Fig. 20 (4). Change of rise of water-head observed at well No. 7
due to sudden stop of discharge of well No. 13.
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BIHITEL 226 Z ORI B BKREE
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EOAMTH D,

2. BERHER

KT TREROIRA D % b DR ERKE
O—EAREE % 7% T Eih B TR S hTu
TIDERBERH - TH TR LLREKD
WAaHsTHBIn, WhEETHRSK O 10 20 30 40 50, 60min.
WEC—EL KE HRichTWwWa 55 % %2050 (5)7 B4 No. 15 0B Ebic X 25
BB GREI—RCH D LT 5, observed at well No. 11 due to sudden

521 1 (PES) 68 L X 51, &0 stop of discharge of well No. 15.
HABEBEWTLIO0%H AnSD, EHRBCKS ETHFRVER—ERE Q Kk bHEN
fTichbh Tk, Bl =0 TRABENMELIhic L T2, Z0BEH A »D r OE
CHHBMH P R WT, TOKIELOBHEMWELELIE L ThiE, BBELEEREAL
HOKBEEABLR L PBERHCEELTHL S,

KT OMBE L DO TFHPMIEE LT, ShBIREELRVCHAREOREKEE £
FHEOUBETHHHAKBIEREL, ThAKFCEBROKEL L OBAYE L, BORMERE
GELEORBCD -EH AT THEL =020 Q k5 —FE¥HEBE LD EL,
A 2D r OREBEOCBII P Tk A OBBEBBLIANIKEN H Th-10ie, A OBEHA

r28

24
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" 0-0-0
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3 15
dy
2 - -1.0°
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© P
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1020 30 40 50 60 O, 80 min.
20 (6) HEH No. 15 DFEEILI X 25 No. 7
HoKE LA y OBBIEIEL

Fig. 20 {6). Change of rise of water-head observed at well No. 7
due to sudden stop of discharge of well No. 15.

gSm X 103cmssec.

—

O 10 20 30 40, 50 min.

B2 () #A No.20 0iggEb e X 5 g No. 11
hOREERA v ORMENELR
Fig. 20 (7). Change of rise of water-head observed at well No. 11
due to sudden stop of discharge of well No. 20.

3
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3
X 10" cmssec.

4q™ r2
y (7 -20) .
dy
31 dt
/ 0
21 oo o © of o Ol
o dy
| o dt
o)

O 10 20 30 4Ot 50 min.
#2000 (8) M No. 20 O##FILIC X 55 No. 7

O KE A y DR EIRIEL

Fig. 20 (8). Change of rise of water-head observed at well No. 7
due to sudden stop of discharge of well No. 20.
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(pumping well}
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Fig. 21.
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ML THBE LR EThE  (8) X Wi (V)
DFEFITILFTHEE D 1T T80, 'dJ,A'
3. RMEOREAK o
FFEHRBE WERHRET zTbb, Q

e DEMELTHRASA TS, 04110 >
ZZTRBEEE
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EanT Wa W) TEbT S LE 0.2 ¢
+5, #2 T v elEcty, Th 0.4 1
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s\ T Fig. 22 Relation between Wi(v) or b and v.
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B4R WnEOMELREL TR R 2 Off

No. oW w % I r r2 rofr1
No. No. (m) (m)

(11- 5) 11 5 177 700 395
(7- 5) 7 5 96 690 7.20
(11-13) 11 13 114 612 5.37
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( 7-15) 7 15 204 657 322
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TUE (1) R IO (16) KA DORFHTH D,
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g5 %
dy )
No. | T Q wo| w | (F), | T s 6l fw
(m) (ce/sec) (sec) {cm) {cm/sec) |(lcm?/sec) o
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Fig. 23. Relation between v{ or {W1 (v))— W1< 72—)} and (LjA)
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Fig. 24, Change of water-head at wells No. 11 and No. 7 due
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1. A Geophysical Investigation on Tendo Hot
Springs, Yamagata Prefecture

By Takaharu FurkuTOMI, Kinshiro NAKAO, Kdéichi URAKAMI,
Sakae OTsuki, Téru WAKE, Hideo MIYOSHI,
Ryuichi TANOUE, Masahiro KOJIMA,

Shigeyoshi KODOMARI and Naoki NISHIDA

(Department of Geophysics, Faculty of Science, Hokkaido University)

A geophysical investigation on Tendo Hot Springs, Yamagata Prefecture was carried
out by the writers during the period from November 26 to December 1, 1966. From
the investigation with those carried out by the Sanitary Office of Yamagata Prefecture
and by the Tendo Hot Springs Association, the following results were obtained.

1) Thickness of Quaternary stratum in Tendo hot spring locality is estimated as
70~97 m which is divided into four layers of a, b, ¢ and d as shown in Figs. 2-9.
Tertiary stratum, which is composed of two layers of e and f in the extent of boring
depth, lies directly below the Quaternary stratum. Hot water is chiefly restored in the
f-layer.

2) Underground temperature at a depth of 1 m in the hot springs locality shows,
as illustrated in Fig. 10, relatively higher value of more than 12°C in a broad area of
north-western side of a line, which runs from ENE to WSW passing through the median
point between Sakaeya Hotel and Tsuyama Primary School. This line corresponds to a
fracture through which hot water is ascending from the deep to the f-aquifer.

3) Shallow unconfined ground water flows, as shown in Fig. 11, along Kuratsu
river in the neighborhood of Shimo-nukizu, and turns to north-western direction in the
vicinity of Tendo hot springs locality due to mixing of a compratively dominant ground
water flow from the north-eastern valley.

4) Tendo hot springs discharge from a Tertiary confined aquifer f. It is estimated,
as shown in Fig. 15, from the distribution of height of water-head that hot water was
flowing from south or south-eastern side of the hot spring locality to north or north-
western direction through f-aquifer in 1961, but its flow pattern at the present is moder-
ately changed by the steady pumping from five wells indicated in Fig. 14. The principal
original hot water of Tendo hot springs is A (Temp.=73°C, CI" =156 mg/L) which exists
in the underground of the south-eastern end of Tendo hot springs locality, as shown in
Fig. 17, and its temperature decreases gradually with the increases of length of path
from the initial location due to heat dissipation to the upper layer in the course of flow
through f-aquifer without accompanying any change in Cl -content. Another original hot
water is C which exists, perhaps, in the vicinity of the boundary layer between Quater-
nary and Tertiary strata, and happens to intrude, in some cases, into the conduit pipe
and mixes with A on the way of discharge to the ground surface.

5) One of five pumping-up wells, from which steady discharge of hot water had
been carrying out, was stopped during one hour and the change of increase of water-head
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7 in two observation wells with time ¢ are precisely measured. From these measure-
ments, transmissibility 7 and storage constant S of the hotwater-bearing stratum are
calculated as shown in Table 5, using equations (22) and (23). And also, the approximate
position of the fracture through which the original hot water is ascending from the
deep to the f-stratum was estimated as shown in Table 6 and in Fig. 18.



