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Observation of Partial Shiinkage of Strata at Niigata City
by
Shun-ichi Sano & Hiroshi Kanaya
Abstract

In erder to investigate the ground sinking caused by shrinkage of strata due to discharge of
the ground water, a method for measuring partial shrinkages was developed.  The method is ap-
plied to the thick alluvial formation at Niigata city, which contains several aquifers producing
water-soluble natural gas.

" Radioactive source sealing metallic 0o is shot into stratum by gun-perforator and used as
the depth mark of the stratum. The vertical displacement of the source is obtained by repeating
the measurements of the depth by a special radioactivity well logging systen. The observation
well and the instrurnents are designed so as to reduce the error of measurement to several millimeters.

In order to locate precisely the vertical position of the source, a horizontally directional
scintillation detector was constructed by attaching a slit made of walfram alloy and the optimum
conditions were discussed for measuring sharp variation of counting rates. A winch designed specially
is free from slips of cable, which is a cause of error, and keeps cable speed invariably regardless of the
loading weight, however cable speed is continuously changeable.

Since the precise measurement of depth is difficult by conventional well logging systen, the
depth of the source held in stratum is obtained by the combination of measurements of the two
types. The one is the measurement of vertical interval between the source held in stratum and the
reference source fixed to casing pipe. The other is the measurement of vertical interval of the refer-
ence source distributed by the equal interval, which is made by comparison with the interval of the
two detectors connected vertically. Since the detector system scans by only a few meters in a measure-
ment, the elongation of cable due to loading weight and self-weight 15 negligible.

The two actual observation wells of which the depths are respectively 650 and 950 meters were
constructed and the observation is now in progress by the measurement at time intervals of more
than a half year. The partial shrinkage was remarkable at the lower part of the alluvial formation
“from the summer of 1961 to the spring of 1962, while the upper part shrank considerably in the latter
half of 962
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Fig. 1 Principle of observation
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Fig. ?  Location of the observation wells
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Integrated displacement of reference source

R

(casing pipe) from 600 meters deep

De pth May, 1962~ | July,1961- | July, 1961-
o ﬁg”“?‘ibnc 1962 | May, 1962 | Dec., 1962
R ((m) wm) Z (un)

0 Bt +5.242.2 1 +8. SiQ 3 +14.0£2. 1
20 Bt» +4.642.2 0 +8.2+2.2 0 +12.94+2.0
40 | Bty +3.8+2.1 +8.8+2.2 | +12.54+2.0
60 B, 434421 493421 412.74£2.0
80 8& +8.1£2.0 +9.1£2.1 +12.241.9
100 B, 42441081 +9.841.8 1 +12.2+1.8
190 | Bty 4154106 +9.8+1.6 +11.34+1.6
140 B, +0.941.6 +95+1.61 +10.4+1.5
160 | Bty +0.941.5 1 +9.6£1L.5 0 +10.441.5

L1800 Bty | 074104 49 1ELS 4 9.841.4
200 | Bt | -H0.9%1.3 ] +8.9:41.4 + 9.8+1.3
9220 | Bty +0.84+1.8 | +8.3+£1.3 + 9.14+1.2
240 B, +0.6:4108 1 +8.24+1.3 ) + 8.84+1.2
260 Bty +0.841.2 +8.0+1.3 4+ 8.44+1.2
280 | Bty | +0.3%+1.2 ) +8.0+£1L2 + 83411
300 | Bty | +0.840.9 -+6.94£0.9 4 7.7:4£0.9
820 | Bty | =1.1:40.7 0 4+5.440.7 | 4 4.3:40.7
340 | Bty | —1.14£0.6 | +50+0.6 -+ 4.04+0.6
360 Big C—1.834+0.6 ) 4+5.240.5 0 4+ 3.940.6
380 | Bty | —1.4+0.5 | +4.740.5 + 3.3:40.5
400 Bty | —1.240.5 ] +4.440.5 | 4+ 3.2:4+0.5
420+ Bty | ~1.14£0.5 441404 4+ 3.0+0.5
440 Bty =0.940.4  +3.840.4 + 8.040.5
460 | Bty | —0.8+0.4 ) +3.64+0.4 4+ 2.740.4
480 ! B, —0.8:40.4 | +3.240.3 o 2.5:40.4
500., Bty | —0:64£0.83 ] +2.8:£0.5 | + 2.240.4
520 Bty | ~0.84+0.2  +1.440.83 + 1.140.3
540 | Bty —0.240.2 | +1.44£0.2 ] + 1.240.2
560 | Bty | —0.2:40.2 1 +1.0£0.2 | 4+ 0.940:2
580 Bty —=0.04+0.1  +0.640.1 -+ 0.640.1
600 Bty 0.0 * 0.0 % | 0.0 *

*assumed
Average 1685 308 6 477. 1
Time interval days days days

SRR
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Integrated displacement of source held in

23 A I S ML kg

stratum from 600 meters deep

Depth | e | May, 1962- | July, 1961- July, 1961~
R ST S0 Dec., 1962 May,1962 Dec.,1962
(m) R ‘( m, (Cm) ()
90 | Bl | 4401424 | 480424 |+12.9492.2
Bl, | +4.942.8 |[+11.2::2.3 [+16.242.1
60 | Bl | 3.5:£2.2 | +8.7:42.2 412,242, 1
100 | Bl | 4245211 +8.9:£2.2 [4+11.642.0
140 | Bl | F1.4+1.9 | 49,0421 +10.5+1.9
Bl, | +0.941.7 | 49.81.7 +10.7%1.7
180 | Bl | 4+0.741.8 | +9.5+1.7 +10.241.7
220 | Bl | 4154108 476419 +9.2+1.9
Bl, | +0.7:£1.8 | +7.0£1.7 | +7.8::1.6
260 Bl | +1.0EL.3 | +6.74£1.3| +7.741.3
340 | Bl, | —0.440.7 | +6.840.8 | +5.940.8
Bl, | ~0.340.8 | +5.9:40.8 | +5.640.8
380 Bl | —1.040.6 | +5.2:£0.5 | +4.2+0.6
Bl, | —1.1%0.7 | +52:£0.7 | +4.0:0.6
Bl, | —1.3£0.7 | 4+5.3+0.6 | +4.040.7
420 | Bl | —0.940.5 | +4.340.5 | +3.4:+0.5
Bl, | —1.1:40.5 | +4.7:40.5 | +3.640.5
520 | Bl, | +0.4:£0.4 | +1.840.5 | +2.2:20.5
560 Bl | +1.1:40.3 ] +1.00.3 | +2.140.3
Bly' | +1.140.3 | +1.040.3 | +2.140.3
Bl, | +2.440.8 | +0.3:£0.4 | +2.6:0.4
600 Bl | +0.240.3 | 4+0.5+0.4 | +0.740.3
Average 168.5 08,5 4771
Time interval days days days
[ Hia

Positive sign: shrinkage

FHRE Mt B 58
R%te of strain

W34 by

Depth interval i\»{ay )

o v v y, 1962— | July, qul-u jul% 1961
HIED [Dec. 1962 | May, 1962 | Dec., 1962
Sy (x10°/day) | (x10°9/day) | (10%/day)
20— 60 | +1.54+1.8| +0.740.7 | +1.0+0.4
60100 | 4+1.6:2.4 | —0.2::1.3 | --0.8+0.8
100140 | 4+1.841.7 | —0.441.0 | +0.540.6
140180 | 4+0.741.4 | —0.140.8 | --0.240.5
180920 | —0.6+1.8 | +1.8+1.0 | +0.940.6
200260 | 40.241.5 | +0.5:20.8 | +0.4£0.5
260340 | 4+1.0:£0.7 | +0.340.4 | +0.540.2
340380 | +1.24:0.4 | +0.740.2 | +0.940.1
380—420 | —~0.240.8 | +0.6::0.2 | +0.840.1
420520 - | ~0.8:£0.2 | +0.9:0.1 | +0.3+0.1
520--560 = 1.740.4 +0.94+0.2  —0.0+0.2
560600 | +1.9%0.4  +0.2:0.2 | +0.80. 1

Paositive sign: shrinkage

S MR A B o g

Tef o R o B

i o fE (R R SA5L)

B4 b TR O 7 — w77 L o
Rt oA
Relative height of upper end of casing

pipt imm bcn@h mmk

Hught e DisplacementZE {7

Date 5 0 |

} (cm) i (cm)
18th Feb., 1961 | +69. 4
25th July, 1962 +70.3 i + 0.9
16th Dec., 1962 +70. 3 0.0

53 TR s 0 B TP TR
Temperature (7th Dec., 1962)
Depth  # m Depth % &

(m) ("¢ (1) ()
20 [5.0 314 23.7
39 15. 4 323 24.0
59 16.1 . 353 24. 5
78 17.1 372 25.2
98 18.0 392 26.0

118 18.6 412 26. 3
137 19.5 432 26.6
157 20.5 451 27.0
176 20.6 470 28.9
196 21.0 490 28.7

216 21.1 510 29.7

235 21.5 529 30.0

255 22.0 549 30.0

274 22.5 568 30.0

294 22.8 588 30.0

6 NEFHEE

7Y 0

WFRI 317 2 2 AR (7 — v
Integrated displacement ol reference source
{casing pipe) from 840 meters deep

Qct,, 1961-July, 1962

fof}‘}‘ B, B, Mean 4
(m) (em)  lem) ; (em})

0 | 4150411 +13.1£1.0 +14.040.7
20 | 415011 +13.01.0 | +14.040.7
40 | +14.9F1 1| +18.1:40.9 | +14.040.7
60 | +14.541.0  +13.340.9 | +13.940.7
80 | +14.71.0 | +13.440.9 | 4141407
100 | 41444510 +18.240.9 | +18.8+0.7
120 | +14.641.0 | -F13.140.9 | -+13.840.7
140 | +14.7£1.0 | +13.1-£0.9 | -+13.940.7
160 | F14.441.0 | +12.940.9 | +18.740.6
180 | +14.14£0.9  +12.7-40.8 | -13.440.6
9200 | +14.040.9  +12.6:0.8  +13.340.6
920 F13.740.9  +12.440.8  +13.140.6
240 | +13.640.9 | +12.440.8 | -13.040.6

9—(213)




HOOW R oA T OB W (15 & W o409
}iﬁpﬁli Bt Bt, Mean 3 ¥ Depth 75 Source
Mr\{mﬂ; - (cm) ! (cm) x {cm) (m) # i
260 +18.740.8 | +12.440.8 | +13.140.6 240 Bl,
280 +13.640.8 | +12.14£0.8 | +12.940.6 280 Bl
300 +18.540.8  +12.0+0.8 +12.840.6 Bl,
320 +18.240.8 | 4+11.540.7 | +12.4+0.5 320 B,
340 | +12.840.7 | +11.3%0.7  +12.040.5 Bl,
360 +12.440.7  +10.9+£0.7  +11.6+0.5 340 Bl,
380 +192.240.7 . +10.7:£0.7 | +11.540.5 Bl,
400 +12.040.7 | +10.6:£0.7  -11.840.5 360 Bl
420 +11.940.7  +10.5+0.7 +11.240.5 400 Bl
440 +11.640.6  +10.834£0.6 | +11.04+0.5 B,
460 11,840,610, 140.6  +10.7+0.4 440 Bl
480 +10.94+0.6  + 9.840.6  +10.340.4 480 Bl
500 +10.7:£0.5  + 9.7+40.6  +10.240.4 540 Bl
520 +10.620.5 4 9.540.5 | +10.140.4 580 Bl
540 +10.340.5 |+ 8.9:+0.5 -+ 9.640.4 Bl,
560 | 4+ 9.640.5 4+ 8.440.5 -+ 9.040.4 620 Bl,
580 4+ 8.7:4£0.5 | -+ 7.6:+£0.5  + 8.140.3 Bl,
600 + 7.940.5 -+ 6.840.4 + 7.4+0.3 640 Bl
620 + 7.240.5 ] 4 6.040.4 ] + 6.64+0.3 Bl,
640 + 6.340.5 -+ 5.440.4 + 5.840.3 700 B,
660 4+ 5.840.4 | + 4.940.4  + 5.340.3 740 BY
680 + 51404 4 4.340.4 -+ 4.740.3 780 Bl,
700 4+ 4.83+£0.4 - 3.640.4 -+ 4.0£0.3 820 BL
790 + 8.6+0.4 + 2.8+£0.3 + 3.2+0.3 ¥ Omitted in caleulating strain
740 + 2.940.4 4+ 2.440.3 8 + 2.640.2
760 4+ 2.2:4£0.8 4+ 1L.9£0.3 -+ 2.0:0.2
780 | + 1.6£0.3 | + L4+0.2 + 1.5+0.2
800 4+ 1.240.3  + 0.940.2 4+ 1.140.2 Depth interval
820 |+ 0.74£0.1 | + 0.540.1  + 0.60.1 'i"f%éi‘:L%‘.is‘(»‘\x‘J“\(i-mJéﬁ)
840 0.0 | 0.0" 0.0 i
— 20— 60
AN Lok A dave 60— 80
W 80120
7% PSR BINRIC 515 B R 0 B 120200
1) i 200-—280
Integrated displacement of source held in 280320
stratum from 840 meters deep Oct., 1961 320340
~July, 1962 340400
th e | Source 400440
B (e 440480
20 Bl +14.040. 8 480—540
40 Bl +18. 842, 8% 540-—580
60 Bl +14.040. 8 580620
80 B, +14.8--1. 3 620640
100 Bl +18. 5-40. 8* 640--740
120 Bl, 1444101 740780
160 Bl, +14.442.8* 780820
Bl, +15.6:E2.1% Positive sign: shrinkage
200 Bl, +14.941.6

10—(214)

B8 LR BT B S B B LR

Rate of strain

Average time interval: 282.5 days
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Hod by FHIEKC
_Comparison of partial shrinkage at Yamanoshita

July, 1961-May, 1962

B A A

Lift up type RI type
Acuifer SEERBAE T4 Y - SRR
u}q?ﬁt, Depth Shrinkage | Depth | Shrinkage
WO e MR | B SR T
{m) (mm) (%) {m) (mm) (%
. L i ,
Gs-Gy' 161049016, 21 { 24.4)/600—470 27( 32.5)
G,'~Gy 1490-38013. 91 ( 21.0)470—340, 29( 35.0)
GGy 1380—260] 6.30( 9.6)340--220, 12( 14.4)
Gy-Surface 260— 030.04( 45.0)220— 0 15( 18. 1)
Total Mmd%%mMMW*O%MM)

May, 1962-Dec., 1962

E it up type RI ryp(,

Acuifer A UL Yok = R
,}q;;:k}i! Depth | Shrinkage

v ol o el
- b i (mm) (%) ’ (m) (mm) (©
GGy’ 610—~490§6.37( 24.5)600~«47q‘12<~24.0>
Gy'~G, 490380, 4.87( 18.8)470—340, 6( 12.0)
G,G,  1380—260 2.10( 7.8)[340—220, 15( 30.0)
Gy—Surface 260~ d12.70< 48.9)1220— 0 41( 82.0)
Total |10~ q26,04<100.o>6oow~ 0 50(100.0)
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