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Studies on the Characteristics of Ground Water in the Shirasu Region
2. A Study on the Isothermal Stratum of Underground Temperature
affecting on the Ground Water Temperature
Masao Ape, Kanctake NINOkATA and Reijird6 KAWAHARADA
(Laboratory of Agricultural Engineering)
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Table 2. Isothermal stratum and it’s concerning weather factors on various districts.
, o oy | mnmer W oL .
i oY OO &t £ 0t e B L Temperature of | i g
District Amount o_f Annual mean |Depth of isoth | isothermal i Remarks ’
!annual rainfall | temperature ermal stratum | stratum
T mm e m e i
Bl 1 Wi 800~1, 500 4~ 8 10~12 10
Hokkaidd
i i 1, 000~1, 500 8§~12 12~14 12
Tohoku | :
i -k B 1,000~3,000 1 10~14 14 14 7 (s
Chubu- Hokurlku ; | : Including Sanin
iRt - s 1, 000~3, 000 | 10~14 ‘ 12~14 ! 16
Tokaido-Sany 6 } |
g ® | 1,000~3,000 12~16 ; 14~16 | 17~18
Sikoku i \ |
JL M 1, 500~3, 000 12~18 i 9~12 : 16~18
Kyusht 1 )
o
Remarks
2T AR _— @S ks s,
Shirasu. large size (3 well. depth 5.0m
- 5 AR TTTT T T TTT @ s om0 2—————-
Shirasu, medium size 3 well. depth 10.0m
O ® JiiEs 4m T
Shirasu, small size (3 well. depth 14.0m
@ JHES 2.5m — - - — R T s 2.9m ——~—"
@ well.depth 2.5m Toshinaga well. depth 2. 9m
@ JFHRE 3.0m - —— FIAI R 2 4 4m ——-mme ——
@ well.depth 3.0m Toshinaga well. depth 4.4m
@ JEES 5.3m —————
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Fig. 1. Comparison of grain size accumulation curves of
Shirasu and the concerning soils.
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Table 3. Isothermal stratum and its concerning weather factors in Kagoshima and neibourhood

SRR & U 4 A Sk e om g | HOHP Im
il ; %, ! Amoulnt of ﬂ;iif ﬁe/fh " Ti%]?? @h(%n%u- Temp. iﬂ 1 met- i #
Name of place| annual mean o - o er depth under- Remarks
' rainfall (mm) | temp. (O Ind surface CC) | oo S65°7
oWl ‘ 2,246 | 16.8 } 18.4 | 19.1 |
Kagoshima | ﬁ ‘ i . ,
. | Hir 0.5m pjE s
iif A k/ﬁne B 2,312 ! 16.6 18.7 | 18.8 Temp. in 0.5 it
o Wy 2,451 | 17.2 19.0 18.9 depth underground
Makurazaki |
i O O J 2,674 | 19.4 — —
Tanegashima | \
. 3, 962 ; 19. 1 19.9 20.5
Yakushima | ‘
4 o 3,213 20.8 22.1 22.1
Nase | 1
% ool 3,676.5 8.6 — —
Top of Mt. [
_ Kirishima B v I ’ e - N L
TUHL ARSI KR (1964~1966)
Tadle 4. Investigation on water temperature of existing wells on
Kasanohara and neighbourhood (1964~1966)
tOF ®F = | 2 | 4 5 | 6 7 20
Number of well | i
ooy o 62.0 | 500 39.0 | 320 36.0 39.0
Mean depth (m) ‘ | |
| °© © |
1964, 7  17.0€ | 19.0€C 19.0 8.0 | 195 | _
8 — | 190 19.0 .5 190 | 19.0
9 — L 18.5 19.0 22.0 19.0 19.0
10 — 18.0 19.0 22.0 | 19.0 19.0
11 ‘ — 18.0 — — | 20.0 19.0
12 J — — 19.0 — 20.0 J 19.0
i \
65, 1 | - — 19.0 150 | 140 | 185
2 — = 19.0 150 | 19.0 18.5
3 14.0 17. 0™ 15.0 150 | 18,0 17.0
4 17.5 — 190 | 150 16.0 15.0
5 L 16.5 —_— 19.0 ] 15.0 19.0 15.0
6 ‘ 17.0 19.0 19.0 18.0 18.0 17.5
7 L1715 18.0 19.0 18. 5 19.0 18.0
8 \ — 19.0 19.0 18.0 — 18.0
9 180 19.0 19.0 19.0 — 17.5
10 18.0 19.0 19.0 | 19.5 — 17.5
11 — 19.0 19.0 18.0 18.0 18.0
12 ‘ — — 19.0 | 17.0 16.0 17.5
’66. 1 i — 18.0 19.0 | 150 18.0 17.0
2 — 18.0 19.0 17.0 14.0 | 17.0
3 — — 160 | 170
) * 18.0 19.0 19.0 22.0 20.0 19.0
Maximum
5 /N 14.0 17.0 15.0 15.0 14.0 15.0
Minimum
S ) 16.0 18.0 17.0 18.5 17.0 17.0
Average
5 P 4.0 2.0 4.0 7.0 6.0 4.0
Range

I RO ZEBIIT L 5.
Note : depending on the observation of the farmers on commission
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B L O KRR (1963~1966)
Table 5. Investigation on water temperature of wells around lake ITkeda (1963~1966)

EE X s 4 | s | 6 | 1 WX
Number of well i \ | g | ‘ ' Toshinaga
A SR 2 | 5.76 | 13.85 | 13.30 12,21 22,76 | 5.91 6.18 ' 10.95

Mean depth (m) ‘ 1 ; | i ‘
i ol Kol )C ! °C °C °C
193. 10 . 250 | 195 = 1&s5 . 185 180 22.5 —
11 240 . 185 | 9.0 | 190 | 175 223 18.5
12 230 ¢ 195 ¢ 190 1.0 175 . 205 15.0
64, 1 20 ¢ 190 . 170 | 165 ‘ 15,0 | 2L.5 15.0 .
2, 200 | o ;o195 o — [ 170 203 15.0
3 = = - = = 205 15.0
4 — | 200 | 200 , — - 21.0 18.0
s | 20 . 200 . 190 | 185 | — 1 210 19.0 |
6 215 | 200 205 | 185 | 190 220 17.5 |
7 240 | 19.0 ~7 | 180 | 200 | 220 18.0 |
8 . 255 | 19.0 9.0 | 185 | 200 o 230 | 185 | 20.5
9 | 210 . — 19.0 | 180 | 180 | 230 . 170 20.5
10 240 | 190 9.5 | 180 | 180 ~  — | 165 200
11 245 1 19.0 9.0 | 17.5 | 180 | — 18.0 20.0
12 | 220 @ 185 9o | 175 | 18O . — , — . 200
65. 1 230 1 180 8.0 175 | 160 | — o 150 19.0
2 —  19.0 8.5 | 175 | 180 | 2L0 18.0 | 20.0
3 o — 1 190 8o | 175 | — L oa2to o — 1 200
4 — 185 200 | 180 | 170 | 2.0 . — | 205
s - - 200 | 185 | 2.0 | — — 20.5
Ik % | 2.0 | 200 205 | 19.0 20.0 23.0 1.0 20.5
Maximum ‘ | : ‘ ‘ “
% g 200 0 180 . 17.0 16. 5 15.0 | 20.5 | 150 | 19.5
Minimum ‘ : ‘ ‘ ‘ |
S vy 235 1 190 9.0 . 17.8 = 1.5 | 21.8 | 17.0 | 20.0
Average | ‘ | ‘ ‘ ‘ |
b w10 | 20 | 35 25 5.0 25 | S0 . LO
Range m m m ! m m m ‘ m
ok 825 0 1782 | 17.52 1632 ] 24.20 - 853 | 820 | 14.80
VEEE | Maximum | ‘ ‘ \ 1
Depth]f: /A | 326 | 9.48 . 9.05 809 | 2135 331, 416 | 710
Mmlmum ‘ ‘ ; i
S B s76 | 13.85 1330 1220 | 2278 © 592 | 618 10.95
, Dﬂean - ,i ! i | .

g 445(5 iul LM UJ

Note dependmg on the observation of junior high school boys on commission
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Table 6. Thermal conductive characters of soil layer and others
o KR = K B 5
4 T Water content Gmfﬁﬁ‘?% | Thermal con-t C b # il 2
Quality of material ' relative to wet (k /mag) ]ductivity I Specific heat Remarks
R L weight (%) | Y (Keal/muecy T | T
i ‘ i LUF ARSI
¥OH 14 2,000 o2 0) — p. 134 !
Clayey soil 0 i 1, 340~1, 900 | 0. 45 — Under mentioned
) ‘ ‘ J 1 by Kenchiku Ke-
LR 7 1, 640 © 0.97 ) — ikaku Genron
Fine sandy soil 0 1,520 0.26~0.28 0.22 p. 134
R | | ) Higdk#ke K
i F JEi P SIS 1,850 | 0.29~0.32 — & DEBIERT.
Pebble layer Comparatively dry ‘r Marks), shows in-
o ‘ ‘ terrelation betwe-
% A i B 300 | 0.08~0.20 — en water content
Pumice Dry ! | [and K.
B R (Rgiae) WoOW W o 1,30 | 0.423 — |
Sand wall Ordinary dry ; ; |
| m g 0°C 999.9 |« 0.476 1.0075
K | Temperature | | |
Water ; ” 10°C 999.7 | 0.491 J 1.0018
” 30C | 995.7 | 0.521 0.997
|
i (lru‘L F}Q 0C | ; 0.0203 0.24
A - j‘ Temperature : “ ‘
oA A ” 20°C | 0.0216 0,241
Ir r " 40°C | 0.0228 0.241
s 100C 0.0263 0.243 _ .
. i ‘ LU e (i v
Thi b g (0. 2mm) 2 0 1,550~1, 650 | 0.24 p. 52
ayer of seaside sand Dry | {Undermentioned,
| i by Kenchikugaku
Niih g (0. 2mm) i, 0 1,520 0.28 Binran p. 52 and
Layer of riverside sand| Dry $0 on
L 0 1,270 0.19 ‘
%ot ¥ 10 1,270 0.83
J 20 ‘; 1,270 00. 95
BOE B Gk 0 | 1,650 0.23 |
Quartz sand (Medlum)J Dry J | i
0 L650~1,709 | 027, |
HH B (0. 2mm) 5 1,650~1,700 | 0l65| |
Quartz sand 10 1,650~1,700 | 0.82) |
20 1,650~1,700 | e1.05/ |
] |
W o CREE) 7.5 1,600 | 0.92 (
Sandy land | < |
(quartzferous) ; f /
B H (KR 7.0 ; 1, 450 0.67
Sandy land (forest) | l I J
T BB FVED J 10.0 , 2,050 | 0. 45 [ I
round surface | | | ; |
(large pebble) | ‘J ‘ [
Wi R | %00 | — 1 077 |
round surface | \ ! j
(wet large pebble) | | ’ ‘
W ELH - 15.0 \ 1,780 079 !
Sandy clay i ‘ ‘J
K kB 49.0 1,450 ] 0.10 | |
|
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Fig. 2.  Effect of water content on specific heat.
(from K. SHIRAIL)
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Fig. 3. Effect of water content w (volume %) on the
thermal conductivity (from K. SHIRAIL)
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C DR, BZEEEIL 0.36~2.0 kcal/mh°C DRIANEE & BI2Z(LL TV 3. KARSTEN' 8
M%%L%H%%h@ﬁﬁm%ﬁﬁ@@fhhb«f%bLL%bT%gh,ﬁ@t87h,$i
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7z Bouvoucos' Xfp-1- 0.139, #g4- 0.215, fid- 0.206 LAELTWA
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0= 00wn2n(7, - T)e )
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0: REXCTRIT2EE CO) 11 U ERE O 1/2
0o : thiE, x=0 ki BIEE (CC)
T: 3@y, ML - D4 365 H (8,760 wii)
t EE O
T G
ﬁ-mﬁ%ﬁ$< CJ
k : 2 8E8% (keal/mh°C)
C: MRto B (keal/kg.C)
o MROBTER (kg/m?)
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logﬁo =loge Vr_,, 3

_ X /T qoge=
logR,—10gR, a}/ T loge=1,

(logRy—logRYay T
e (3)
* loge
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# =, No. 5 FEF B BIREL 7o a0He D\ TR D 5% Al THE & BB IR L 2 3L
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NTNB D, SEIE—20ED  LCALY 1k 2 HEEHML, &8 36.5em, 4% 5.7cm, w
53,725 cc D ELRMEIPICIETE L 1o R A ORI A S 2 o 0°C KNI L, R AR O .t &
RO s R DT ZCA I B L TRIEHTE (3;) ARl 3.

Tisbb, FEEOREEOR

C-p 20 100 0%
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T, o, 20 om—pERIER KD X 5B,
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0.—0s 0s—05 0,—205-+0,
oM, A — dr, 2 _0:=20:+0s 4"
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.46 .. N s age K - .
01, 02 05 3 X O° Af ZHUAUX () s bR HHCR C-p DETHENR, T C r B
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L > TRDIHTR, el C=0.323, MLBEHE k=0.515(0.439~0.610) 2787, SHIES AR
LBBEP® &mz, C=0.35, k=1.0 L L, BRRBCKT3EERE 23.7°C1919(30.8—7. 10) %
FANT B f DR R 14.50m 27ch, REGEHOZR L HED L To0m FEET
b5, Itds, BFe — s —cpfiT2 40 LT b) HARRBOWED LHETIITESR 9.0
m N0,
2. & =
LFETXTHETHS L AL, 3) Rk b g T2 HIREESE R, & H- T 5ok
FROAHHTAULE T RO Th3. W ERENCEELT , R 85 Ax= (logioRy—
logioR:) %I~ TEPRTHUE, M3 Dm7eh, R=0.1C /13 L &0 ix=2.315 OEEKA T2
T
ﬁ@m%%ﬂﬁﬁ%ﬁﬁ.iti@ﬁﬁ%a=';xbywiofﬁﬁﬂﬁﬁd%ﬁﬁbt%®%
BTERKECINZ 12
FFF, ik BRI X > Th3BEEOZMILhE B e LT, H3KCHLARY, &
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15D TN S WHEETREE 200m 123~ @, No. 4, No. 5, No. 20 04 #E R 110m P40 4
D, LV No. 6, No.7 O ZDHID S D &M 575, WShbHEEER 14.5m iwit bl <
BRBROMRTEHZ. 20 7 AORRMOFRICOWCTHET B ICROELAETS & LITE 5.
D No. 5 JRFORBRINIIZA T HAOHERHLI T » 10T 15.3 % OEARITELLMA L D 3B
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Table 7. Calculating table of logarithmic decrement

|
. <®/J</ P | ‘ul fER
R R K f (ZE i:3 (; Rxlﬂl ‘ logio Ro- SOk EER 2 Calculaltmg ! loge
Number of Annual ran-| logi Rx | 810 Logarlthmlc ’ depth of | °8 '/ —
well 83’3‘1 12561‘ ge of its | log1o RX |qecrement | iso-thermal | 4 7T
‘ temperature | | | stratum ‘
_ o _ e e - : |
Al %} JT. [ | ‘ “
Kasanohara | | m 1 °C ‘ ‘ ‘ m
No. 2 ‘ 62.0 ‘ 4.0 0.602 | 0.773 ‘ 0.0125 | 190 0.65
4 50.0 ; 2.0 0. 301 ‘ 1.074 | 0.0215 ' 113 0.38
5 39.0 “ 4,0 0.602 0.773 ‘ 0.0199 | 120 0. 41
6 | 320 7.0 0.845 | 0.530 | 0.0166 | 140 0. 50
7 ‘ 36.0 | 6.0 0.778 0.597 | 0.0166 ‘ 140 0.50
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Tadle 8. Comparison of temperature
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‘ emperature | Annual mean| o e ! o
Name of place | ¢p o ground temperature | iso-thermal Remarks
surface ‘ stratum
0 P 11.0 9.1 11.4
Aomori
il jig 12.8 10.7 11.3 TR C IR 2 N fe s
Yamagata Owing to much radiant heat because of
‘ the basin between mountains ?
L i 13.3 9.5 ! 11.3 ”
Imazu ‘ ”
it} K 14. 60 13.1 19. 1o JWHOD R &5
Maebashi Influence of subterranian heat ?
S 14.3 124 | 14.9 |
Utsunomiya
e 5t 15.2 : 14.1 15.7
Tokyo
b E 13. 70 12.7 14. 60 VRIS TR 25.Tm THUEOD WIS
Niigata i Influence of subterranian heat ?
because of special depth, 25.7m
R N 14. 7o 13.2 13. 94 HEIIT S D0 F2
Kanazawa Owing to much radiant heat because of
configuration of topography ?
4’1 -[‘L]' = 17. 20 14.9 15.9a ”
Nagoya 2
it Fal 15.8 14.0 15.7
Ky6to
Pl Ti 16.9 ! 15. 1 16.3
Koébe v
X, IR 16.5 | 15.1 16.3
Osaka
F 1 16.0 14.5 16.1
Okayama |
'F B2] 16. 8 i 15.2 16.0
Shimonoseki
4 B 160 15.3 16.5
Tokushima |
A 1750 * 15.0 18. 40 TR & OB THIAD B35 &
Matsuyama | Influence of subterranian heat concerning
the hot-spring ?
& Fi 16.9 14.9 16.7
Fukuoka ‘ :
i3 A ‘ 17.0 15.5 18.0  BRKILAE O BECHI B O BIR 72
Kumamoto ‘ Influence of subterranian heat concerning
| ! the hot-spring or volcano ?
Bk 182 16. 8 18.1
Kagoshima |
% oo 21.8 20.8 P 19.5 VSRR D o DI DI ?
Nase i i | Owing to much radiant heat due to
: 1 oceanic climate?
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Résumé

Hitherto ‘10 meters’ has been generally accepted as a figure showing the average depth of
the isothermal stratum of the underground-water-temperature in Kagoshima ; but the determina-
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tion of this figure was made from the data got within the ground of the Kagoshima meteoro-
logical observatory.

Thus, it is obvious that each place has its own specific figure proper to its soil structure.

Now, for the illustration of this, under the assumption that underground-water-temperature
is equal to the ground-temperature, a logarithmic decrement was fixed from the data obtained
from the investigations of the ground-water-depth and the water-temperature of the wells on
Kasanohara plateau, and with the use of which the figure showing the average depth was
ascertained to be upwards of 100m, which is far larger than that of 14.5m which was fixed
from the actual measurements done on the specific heat, thermal conductivity and thermal
diffusivity of the soil.

Some considerations on this striking disparity have been reported in this paper.

Provided that the assumption mentioned above were sound and reasonable, it may be
assumed that the unusually high figure showing the depth of the isothermal stratum is due to
i) the increase in the thermal diffusivity, resulting from the fact that the mean value of the
natural water content in Shirasu soil is larger than the measured value; or ii) the fact that
the vertical percolation rate of water in Shirasu soil is higher than the velocity of the thermal
conductivity, so that the transported temperature turns out to be heated by the direct heat-
transportation of the rain water in addition to the so-called thermal conduction.

But if the assumption mentioned above were not right, the cause may be attributed to the
following ; namely the water temperature in the well was influenced largely i) by the convec-
tion of the air in the well, or ii) by the supply of the flowing water of the Kanoya river.




