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ANALITICAL PREDICTION OF GROUNDWATER FLOW IN THE
: SHAFT EXCAVATION EFFECT EXPERIMENT

K.YANAGIZAWA,H.IMAI,A,SAITO,H,.0HSAWA and M.NAKAJIMA
ABSTRACT

A hydrogeological measurement system was set up in order to
understand the shaft excavation effect on groundwater flow
guantitatively in the area of 300 meters sguare at the center
of which the shaft is to be located. The meteoroclogical and
hydrological investigations have been performed, based on the
data obtained by the measurement of river discharge rate,
permeability tests and periedical monitoring of distribution
of pore pressure.

The present paper, first of all, describes the data and
informations obtained from the measurement system before the
excavation, secondly the handling of the data and the process
for modelling of the hydrogeological structure and setting of
some conditions for numerical simulation of the groundwater
flow, and thirdly the examination of the model and the condition
for calculation. Finally it referrs to the predictive simulation
of the excavation effect on the groundwater flow for the period
of the following three years. As the results of the simulated
calculation based on the above model and conditions, estimations
on the groundwater flow are summarized as follows:

a)Degree - of decredse of ©pore pressure is smaller in
accordance with distance from the shaft. The remarkably
ceffected area  1is restricted within 100 meters during

the next three years after the excavation.

b)When the excavated shaft passes through the Tsukiyoshi fault
and reaches a highly permeable zone, the outflow into the
shaft increases rapidly. The maximum outflow becomes
up to about 30 L/min at the final stage of the excavation.

¢)Decrease of the outflow into the existing shaft and drift
is not distinct. However, the outflow decreases =le)
gradually, when the excavation dets near to the final
stage. Decrease of the outflow is about 2L/min.

Method for the predictive analysis of groundwater flow developed
in this study is reguired to be examined through a compariscn
between the results of prediction and the measurements during
and after the excavation. It is essential to improve the
evaluation method with more accuracy on system by the. further
examination.
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_ M ES S e B3 =1 miyd
=4.3 e, AFE=THREE
SFD EER: Penman Thornthwaite | Brutsaert
BEKE | HiHE A IEE FTERAR R | ATEBRREE | -Stricker
AREE (&L (IR EHRREHE
£ 1AL (mm) {mm) (mm) (mm) (mm) (mm)
1989 1 § 171 117.8 66. 2 77,7 57
4] 241 150, 7 71 103.7 66.5
7 191 139 70.9 132 76.6
8 100.5 40.3 86,4 134.5 78.5
] 656 343.5 52.1 103.2 54.6
4 2.5 45,1 9.1 54,7 44,9
11 65.5 38,2 27.8 28.5 9,4
12 40,5 31.8 21. 8 5.3 1.3
1990 3 1 70.5 45.1 - 20 0 2
2 140 121.5 . 30,3 12. 7 13.8
3 118.5 92,3 . b3 19 20,3
4 136.5 129. 6 . 72.2 44 32 41.9
& 2003, 5 1284 9 439, 4 630, 8 7155 466, 6




F-4.4 HESKSBREE—BE
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(a) HIFE 1
Z# E| DF-1 DU-1 DM-—1
20cm | 1.52x10°° 2.69x1072 3.52% 1074
d0cm| 1.42x10°° 3.86%10°¢ 4.99%107¢
60cu | 2.99x10°° 3.23x107¢ 1.57%107¢
100co | 1.81x10°° 5.04X10°" 6. 75X 107¢
150cm | 8.95% 10 ° 2.89% 10" ¢ 2. 69% 10"
200cu | 3.13%10° 1.13% 107" 3.28%10°°
300cm | 1.87%107 1.32x107¢ 2. 54% 1071
500ca | 4. 40% 10" 4,21%10°° 1.32%10°1
{cm/sec)
(b) AHlfF 2
% BE| DD-1 DU-2 DM— 2
20ca | 2.69%107* 1. 86104 5.63%10"°
40cm | 1.32%107° 6.65%x107¢ 3.38%10°¢
60ca | 2.11x10"* 4.60x107¢ 1.37x107¢
100ca | 5.73x107° 3.13x10°¢ 7.19% 1071
150cm | 6.31x 10" 2:59% 10" 4.11x 1074
200cm | 2.06%107¢ 5.51x10°¢ 4.26% 1074
300cm | 7.73%107° 4.89% 1077 4, 451077
500cm | 1.06X107° 9.90% 10°¢ 3.62% 10
(cm/sec)
(c) HlfE 3
# | DU-3 DM-—3 DD-3
20cn | 2.15%107° 3. 77x 107 117%10°®
d0co | 6.79%10°° 8. 99%10-¢ 1.13x 107
60cm | 2.25%X10°° 8. 56%107¢ 8.31%107¢
100cm | 1.18%10°¢ 2.59X 107 2. 40%107°
150co | 3.96% 107 1.22% 1074 5. 63% 107
200cu { 9.26% 107" 4.55%107° 7.73%10°°
300ca | 2.40%1073 3. 77%x10°¢ 1.32% 104
500cm | 1.38%1071 2. 69X 1071 2. 30107
(cm/sec)




x4 5 HIREBITH T 5 ZEFER—ER

2 S DF-1 DU-1 DM-1 | DO-1 pUu-2 | DM~3 | DU-3 DM-3 DD-3
(cm) % % % % % % % % %
20 53 6 0 42 49 56 12 53 46 517
40 47 47 43 39 50 4.0 41 41 47
60 45 4 4 43 37 43 38 47 40 42
1090 48 45 43| 40 44 48 47 43 438
150 44 39 44 39 45 45 50 50 49
200 45 46 49 40 53 49 53 45 590
300 43 45 47 38 57 57 48 42 46
500 48 49 42 51 45 50 44 44 47

48




'Table-4.6. 1 Measured Piezohead

300 in TH! (Jan.,8,"90)

—&— Measurad EL Measured

(m) | (m)
P 557.70]  270.90
250 25320 268.90
232.00] 266.00
— 557700  265.70
£ 200.70]  257.70
I 216.20]  254.60
200 503.20| 254.10
Y 198.70] 231.90
Sa 189.70] 238.40
/a/“/ 185.20] 247.70
_ - 177.20] 222.20
150 A — , 172.70| 199.90
a 161.70] 186.60
— 157.20] 173.90
E 150.20]  246.10
) | 14870 250.30
o0 137.70] 238.10
133.20 212.40
125200 216.10
120.70] 216.90
114.70] 220.60

50

0

160 180 200 220 240 260 280 300
Piezo-Head(m)

Fig-4.5.1 Measured Piezohead in TH1
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EL(m)

300

—a— Measured

250 TF

,a/

150

71

100

50

O T L3 T L] L] L) T
160 180 200 220 240 280 280 300

Piezo-Head(m)

Fig-4.5.2 Measured Piezohead in TH2
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Table-4. 6. 2 Measured Piezohead
in TH2 (Jan., 25, 90)

EL Measured
(m) {(m)
259.70 272.60
257.20 269.60
232.20 267.00
227.70 266.70
219.70 263.60
215.20 259.50
206.20 247.40
201.70 247.00
184.70 224 .90
180.20 230.00
170.20 195.60
165.70 189.40
156.70 188.40
155.20 169.80
144.20 171.30
139.70 232.30
130.70 196.60
129.20 203.70
123.20 214.50
117.20 219.50




EL (m)

Table-4. B. 3 Measured Fiezohead
in THT {Jan,, 10,°90)

Jon

EL Measured
(m) (m)

Tt heemawd 270.00] 270.20
268.50] 270.50

2o 262.50] 268.20
? 256.50 267.30
250.50| 266.90|

244,50 266.70|

238.50] 265.10
234.00 265.00
231.50 265.30

T 23550 265.10|
S—

200

219,50, 262.20

216.00] 257.90

j 211.50 25?:@'

150 207.50 246.50
203.000 239.90|

- 196.00] 238.30|

‘k 192.00 215.20|

186.00] 219.90|

100 180.00] 224.30

177.50]  230.10
173.00]  226.00)
169.000  193.90
163.00] 193.70
157.00 191.60
151.00] 174.30
145.00] 169.40|
139.00] 169.40|
133.000 174.70|
127.000  174.60
124,50 214.60
118.50] 217.60|
112,50, 228.90

a0

Q T T v = T T
16C 18D 200 220 240 260 280 300

Piezo-Head(m)
Fig-4.5.3 Measured Piezohead in TH3
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300
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Fig-4.5.4 Measured Piezohead in TH4

52

Table-4. 6. 4 Measured Piezohead
in TH4 (Jan., 11&12,790)

EL Measured
(m) (m) |
242.50 266.30
238.00 265.40
232.00 252.30
227.00 251.60
221.00 247.10
217.00 247 .10
211.00 246.90
205.00 241.70
199.00 240.90
193.00 223.40
188.50 224.40
185.50 219.00
182.50 220.40
178.50 216.10
174.00 202.50
169.50 200.40
163.50 183.20
157.50 193.50
151.50 171.20
147.00 170.60
141.50 170.50
135.50 170.50
129.50 170.80
125.50 170.80
119.50 170.80
115.00 170.80




300 Table-4.6.5 Measured Piezohead
in TH5 (Jan., 17,7 90)

—O—— Measured

EL Measured
{m) {m)
197.00 271.70
191.00 243.90
186.50 243.50
176.00 245.60
171.50 239.20
165.50 239.60
162.50 236.70
156.50 243.00

250

200

- ' 149.000 237.80
s% 143.00] 237.70
150 1 137.000" 237.70

EL(m)

i 131.00] 231.60
: 125.00] 231.00
118.00]  231.00
112.00] 232.20
10750 236.60
100.00] _ 238.40
9550 23850
89.50] 239.00
560.50]  273.10
256.00] 270.30
50 - 548.50] 270.10
242 50| 269.60
238.00]  268.90
528.50]  267.90
224.00] 267.40
518.00]  255.00

100

0

160 180 200 220 240 260 280 300
Piezo-Head(m)

Fig-4.5.5 Measured Piezohead in TH5
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EL(m)

300

—a—  Measured Table-4.6.6 Measured Piezohead
in TH6 (Jan., 18,'90)

250

EL Measured
(m) | (m)
264.50 279.50{ .
258.50 267.20
254.00 254.20
247.00 248.70
244 .00 246.20
236.50 244,10
230.50 242.60
226.00 238.30
218.50 238.40
212.50 238.80
208.00 238.70
200.50 238.70
186.00 238.90
100 184.50 238.60
180.00 238.60
169.50 224.30
165.00 235.20
159.00 237.30
151.00 237.20
146.50 237.80
142.00 237.90
134.50 237.90
130.00 238.00
122.50 238.10
118.00 238.10

200

150

50

0 T T T T T T v
160 180 200 220 240 260 280 300
Piezo_head(m)

Fig-4.5.6 Measured Piezohead in TH6
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EL(m)

300

—i+—— Measured

250

200

150

100

50

0 T T T T T T T
160 180 200 220 240 2860 280 300

Piezo-Head(m)

Fig-4.5.7 Measured Piezohead in TH7
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Table-4.6. 7 Measured Piezohead
in THT (Jan., 23824, 90)

EL Measured
(m) (m)
235.50 263.30
229.50 252.70
225.00 240.30
217.50 237.90
210.50 218.80
206.00 210.00
196.50 212.20
192.00 204.80
186.00 197.30
180.00 166.00
174.00 184.10
167.00 191.80
162.50 188.30
152.50 189.10
148.00 180.40
138.50 192.70
134.00 192.70
127.00 192 .80
122.50 183.60
116.50 193.60
267.50 272.10
263.00 27210
254.50 271.90
250.00 254.10
242.50 258.40
238.00 254.30
232.00 254.00




EL(m)

300

250

200

150

100

50

0

Fig-4.5.8 Measured Piezohead in TH8

Piezo-Head{m)

160 180 200 220 240 260 280 300
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Table-4. 6. 8 Measured Piezohead
in TH8 (Jan., 22823, 90)

EL Measured
(m) (m)

225.20 260.30
224.00 239.50
218.00 239.70
212.00 239.80
204.50 240.10
200.00 241.40
191.00 244.80
185.00 246.60
180.50 245.90
174.50 241.40
165.50 240.80
- 159.50 243.80
155.00 238.80
147.50 238.80
143.00 238.90
137.00 239.00
129.50 239.00
120.50 239.00
116.00 239.00
108.50 239.00
101.00 238.90
96.50 238.90
90.80 241.20
84.50 238.90
258.00 264.50
253.50 261.00
247.50 257.90
239.50 245.20
233.50 244 90
229.00 241.00
223.00 241.10




EL(m)

300

—— Measured

Table—4, 6.9 Measured Piezohead
250 : in SN4 (Jan., 19, 90)

EL |Measured
(m) | (m)
223.30 246.90
218.80 243.40
212.80 241.10
208.90 223.10
193.40 223.60
188.90 223.60
185.40 232.40
171.40 232.50
167.00 232.60
156.70| - 232.90
152.20 232.80
141.00 233.70
135.70 232.90
129.70 232.90

200

150

100

50

0 Y T T T Y y T
160 180 200 220 240 260 280 300

Piezo-Head(m)

Fig-4.5.9 Measured Piezohead in SN4
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ST (r4o B

..1.. E=s
=4, ? | RAE 75@':‘\?%%%4%-—%5%
RELE |[FOBR |[H=r&E # %= K& ] EREE
(m) GL- (m) [GL- (m) SL- (m) SL- (m) {m) GL- (m) SL- (m) cm/fsec
TT-3 286.411EENT F ¥ 33.0 38.0 253.41 248.41 5.0 20.95 265.46 2.6E-6 Bt ZFs bbb s
(TH-1) EENTF 58.3 63.3 228.11 223.11 5.0 23.25 263.16 3.1E-6| R ik B Mk i e
BELTL 80.0 85.0 206.41 201.41 5.0 1.95 284.46 4.5E-8| k3 B R B IRES
BENMI T ¥ 83.0 95.0[c 198.41 191.41 7.0 16.95 269.46 6.9E-8| T IFRIRZE S
BIELF 111.0 1160 17541 170.41 5.0 31.95 254,46 2SE-7I LR EREMNR S, BE
BENLD 3 126.0 133.5s  160.41 152.91 7.5 99.95 186.46 13E-7| ik RER SR
BEELTF v 154.5 159.50o  131.91 126.91 5.0 30.45 255.06| 9.7E-7 imﬁzmﬁ%a
BELNIAY 162.0 181.0| 124.41 105.41 194 72.95 213.46 1.2E-7I
TH-2 280.321EEN P 32.0, 37.1 257.32] 252.22 22.15 267.17 2.18E-6| BT 2 E ﬁﬁc%ﬁ
EENIF 62.0 67.1 227.32 222.22 5.1 3,95 285.37 1.52E-7 At S /E /L I
BENIF Y 74.0 79.1 215.32 210.22, 5.1 25.95 263.37 1.84E-8|FRtt BB/ T R R BB SR
EEN v 88.0 93.1 201.32 196.22] 5.1 12.95 276.37 LI3E-7| iR A E R TR RS
EELI 110.0 1151«  179.32 174.22 5.1 21.95 267.37 Le3E7| LI R EE THENERE
BEMD AV 124.0 126.1} = 165.32 160.22 5.1 76.95 212.37 LOOE-7| L i B2 T ER B RS
BEALD+ 134.0 1391«  155.32 150.22 5.1 100.45 188.87  8.68E-B{ETE 2
EENLT 149.5 1546l ¢ 139.87] 134.72 5.1 20.55 268.77 3.35E-5| L ERIRRE THEDERE
EELIF 160.8 1659/« 128.52 123.42] 5.1 18.85 27047 4.30E-5|-LiERRERE TIEBES
BEMI T 166.5 177.3 122.82| 112.02| 10,8 22.50 266.82] _ 4.76E-6|{eiEE A LR
TH-3 - 29755 BNV A 51.0 56.1 246.55 241.45 5.1 34.15 263.40 2.20E-6lEH RS, dlribie
EEN I F 57.0 62.1 240.55 235.45 5.1 38.15 259.40 LME-6i Bt RE. s
BNV T 62.0 67.1 235.55 230.45 5.1 36.15 261.40 8.23E-6| 52, S
EBENLD F ~ 69.0 74.1 228.55 223.45 5.1 33.15 264.40 430E-7|HHiEEE. TR RESR
EENTF 85.0 90.1 212.55 207.45 5.1 41.15 256.40 3.69E-8| Tz kB, FHE, e
EENVF 97.0 102.1] ¢ 200.55 195.45 5.1 34.15 263.40 3.87E-8| Ll BIE FEl/ T E5ER
EEN 3 119.0 124.1] ¢ 178.55 173.45 5.1 40.15 257.40 8.21E-8{ LIk R B T IR, W8
BENDF 162.0 167.1f ¢ 135.55 130.45 5.1 88.15 209.40] 2. 73E-7{7ERE AL
EENDF 168.0 173.1} ¢ 129.55 124.45 5.1 70.15 227.40 3.76E-6|#7/E
EENT 43 178.0 183.1] ¢ 119,55 114.45 3.1 50.15 247.40)  6.54E-6| LR ERE TEAS | BES
TH-4(2) 30948 BENV 4 66.5 71.6 242.98 237.88 5.1 49.65 259.83 5.26E-8|HHIE SRS, EEIKE
BELT T ¥ 74.0 79.1 235.48 230.38 5.1 7.15 302.33 5.15E-8|BItRE /T kiR REN S, BkE
TH-4 3007EBELT F &~ 80.0) 85.1 230.07 224.97 5.1 55.95 25412  21EB|AHREE/THREEBHAE, HEERS
BEL+ 91.0 96.1 219.07 213.97 5.1 58.95 251.12]  7.41E-6l Lk RRrE, BE
EELT T Y 105.0 110.1 205.07 199.97 5.1 44.95 265.12 3.24E-8} LS s iR BB L EERE
BENZ T 116.0 121.1 s 194,07 188.97 5.1 53.95 256.12] 2.40B-8| TR RE LI, e
EEN A~ 122.0 127.1{ o 188.07 182.97 5.1 45.95 264.12|  4.96B-8{ -k EE LI/ TERBR
BENIF ¥ 140.0 145.1] » 170.07 164.97 5.1 95.95 214.12|  3.60E-8( Tk ERE TEHE, 5
EEAD T ¥ 162.0 167.1] « 148.07 142.97 5.1 122.95 187.12 1L.17E-5| i mR AR T HE
EENF v 176.0 181.1 134.07 128.97 5.1 123.95 186.12 1.77E-5|iEBI BT ESET
EELIF 189.0 194,1 121.07 115.97 5.1 121.95 188.12 1.77E-5|7E S A B LS
EFENT A 197.0 2011 11307 1089 4.1 127,081 182,12 _ 2.07E-SlIERE
TH-5(2) 28844 BNV F > 34.0 39.1 254.44 249.34 5.1 28.15 260.29]  6.28E-7{HAftEE. BB




x-4.1.2 RUBSKHABRER—EE
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BELT 4 63.0 70.1 223.44 218.34 5.1 6.15 282.29 4.18E-8| i 2iE /IR BE R
BRELT 77.0 83.6 211.44 204.84 6.6 75.15 213,29 LI9E-7| LR R EE LHE., BIKE

TH-5 28742EENL D A v 96.0) 101.1 191.42 186.32 5.1 2115 266.27 344E-8|HIERERE PR, BEHESE
BEN T & v 119.0 124.1 168.42 163.32 5.1 50,15 237.27 1.28E-7| LRk BB LA/ THEER
EBELTF ¥ 144.0 149.1 143.42 138.32 5.1 56.15 231.27 9.38E-6) Ll RRBIE TG, BE
BENT T 151.0 156.1 136.42 131.32 5.1 38.15 249.27 1.74E-5| I RRABE TEE ., BE
EFELIF 160.0) 165.1 127.42 122.32] 5.1 69.15 218.27 5.64E-7| LBERKERPESE
EENT F 170.0 175.1 117.42 112.32 5.1 73.15 214.27 2.52E-7| ks
BENI LY 182.0 187.1 105.42| 100.32 5.1 SLISL 23627 S44E7|fERE. B

TH-6 31278 EER V F 55.0) 60.1 257.78 252.68 5.1 * 52,15 260.63 3.20E-8| &R, YN+ E
EELV & v 66.0 71.1 246.78 241.68 5.1 59.15 253.63 3.16E-6lE R 5 R, MBHprE
BELIF 79.0 84.1 233.78 228.68 5.1 74.15 238.63 2BIE- | REERERE
EFELT T ¥ 85.0 90.1 22778 222.68 5.1 79.15 233.63 6BIE-6| A RE HEFEB, LERE
EBENIF v 110.0 115.1 202.78 197.68 5.1 89,15 223.63 4.60E-B| it Bk S+ R REIER, BRIKEEE
RN A 127.0 132.1 185.78 180.68 5.1 86.15 226.63 2.08E-8| LiFsERE, BNEF
EBENSF 133.0 138.1 179.78 174.68 5.1 90.15 222.63 23E-7| LERIKERE, BIAEHF
BENTF > 157.0 162.1 155.78 150.68 5.1 97.15 215.63 LYOE- N L BRREBAESET
{BENLSF 175.0 180.1 137.78 132.68 5.1 87.15 225.63 2.24E-66imE
BEML T~ 187.0, 192.1 125.78 120.68 5.1 85.15 227.63|  161E-6l{EMY, HnEE

TH-7(2) 306.THEEA V& ¥ 65.0 70.1 241.70 236.60] 5.1 56.15 250.55 4.24E-8| BR i- B M- kT RD S
BELTF 74.5 79.6 232.20 227.10 5.1 64.65 242.05 2E7|H L BR YRS BE

TH-7 306 83MEFEN T F 86.0 91.1 220.83 215.73 5.1 70.15 236.681  4.17E-6|FHEE /T HRKEBER
BENT A 104.0 109.1 202.83 197.73 5.1 97.15 209.68]  131E-7|LERERELRE, B
BELIF Y 115.0 120.1 191.83 186.73 5.1 90.15 216.63 4.78E-7| LR IR B LIRS S THEER
BEL 126.0 131.1 180.83 175.73 5.1 112.15 194.68 S5.78E- LM AETEHES, B
EELI L v 131.0 136.1 175.83 170.73 5.1 104.15) 202.68 L.7BE5| TRREBAESHE L, HhEHH
EEN T 140.0 145.1 166.83 161.73 5.1 97.15 209.68) LYE-6| BT ELSET, BILEESE
{EFEA T+ 162.0 167.1 144.83 139.73 5.1 107.15 199.68 5.69E-8| Ttk &
EEADV+ 175.0 180.1 131.83 126.73 5.1 108.15 198.68 8.79E-7|fe S
BENLTF L ¥ 175.0 187.0 131.83 119.83 12.0 116.10 196.731 _6.11E-7|7EE &

TH-3(2) 214TEELT & ¥ 32.0 37.1 252.70 237.60 5.1 10.15 264.55 LO2E-8|4: e RS, B E
EELT A 46.0 51.1 228.70 223.60 5.1 41.15 233.55 3.6TE-6 SRR R

TH-8 276 12BENL TV F 60.0 65.1 216,12 211.02 5.1 19.75 256.37 L59E-7(BH- 5., B
EENLTF 74.0 79.1 202.12 197.02 3.1 6.75 269.37 B.18E-8|HRit RE /L s iR
EELT T ¥ 104.00 109.10 172.12 167.02 5.1 27.75 248.37 5.28E-7| LRIk EB FHB/ THERR
BENT v 119.75 124.85 156.37 151.27 5.1 30.50 24562 7.06E-7| LIERRBB TIHE., RIS
BELTF 128,75 133.85 147.37 142.27 5.1 16.50 259.62 1.50E-5| LSRR BEBAESEL
EEANTF 134.75 139.85) 141.37 136.27 5.1 32.50 243.62| 330BE-5[IERMESAERET. BIbiEtkE
EBENSF > 158.75 163.85 11737 112.27 5.1 32.50 243.62 3.01E-5{16EE, M
BENIA Y 170.75 175.85 105.37 100,27 5.1 31,50 24462| 3 63E-S|IERE

SN-4 BAINEEN T T 5.1 10.1 249,07 244.07 5.0 0.20 253.97 1.56E-7| B fit RIS s i ibis
EEL I3 15.0 20.0 239.17 234.17 5.0 5.20 248.97 1.18E-7|SH it RE - s
EEL DT 31.0 36.0 223.17 218.17 5.0 9.75 244.42]  8.39E-8|HA - BB MRS
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#=-4.8.1 ANTICE I BTEHEDEYERE—ER
Depth _|Depth _|EffectivelDepth  |Depth __ |EffectiveiDepth [Depth _ |Effective
Upper(m; Lower{m| Porocity |Upper(m|Lower(mPorocity |Upper(m|I ower(m Poroci
% % %
17.15] 17.40 9.38] 54.15 54.00 1.69| 116.40| 116.55 1.60
17.30] _17.45 55.10] 55.30 1.35|  120.30] 120.40 2.27
17,80 18.85 9.26! 55.70| . _55.85 1.67| 121.90| 122.10 2.80
17.85! 18.85 8.971 55.85| 56.05 1.66] 124.25! 124.40 1L.77
18.25] 18.35 8.90| 56.95; 57.10 1.88] 126.50| 126.60 2.79
19.10| 19.30 491| 57.25| 57.40 1.85| 128.75| 128.85 1.47
20.10]  20.30 4.58| 58.30| 58.50 1.72] 130.75| 130.90 2,11
20.65|  20.85 8.04! 5945| 59.60 1.41 132.30| 132.40 1.60
21.25| 21.65 5.47{ 59.60| 59.70 1.52| 134.05| 134.15 2.42
21.25|] 21.65 5.52] 60.00] 60.20 3.79| 136.85| 137.00 2.13
21.65] 2195 4.57| _ 60.55] _60.70 2.05! 138.45! 138.60 2.09
22.45] 22.55 5.81| 64.30f 64.45 2.71| 142.55| 142.65 4.21
22.65] 23.00] 16.16: 64.85| 65.00 1.85| 144.35| 144.45 2.43
23.50]. .23.60 3.81. 65.00] 65.15 1.93| 145.90| 146.00 2.25
23.62| 23.75 4.19] 66.25| 66.15 2.08] 149.85| 150.00 2,25
23.90| 24.05 4.27| 67.05| 67.20 2.05| 150.15! 150.25 6.11
24.35] 24.55 4.13| 68.10| 68.00 1.20| 150.40{ 150.50 6.18
24.701  24.85 5.69] 68.701 68.85] 18.34| 150.65| 150.80 1.68
25.401  25.60 331] 69.651 69.80 1.59| 153.25| 153.40 2.51
26.00! _.26.30 3.27] _70.35; _70.55 1.71| 154.95{ 155.10 2.51
27.30] 27.50 2.64| 71.30i 7145 2.36| 157.90{ 158.00 2.51
27.85] 28.00 3.53| 71.45; 71.60 221) 162.00 162.50 6.06
28.30] 28.50 3.39(_72.30|  72.40 1.75| 165.00] 165.15 1.66
20.00] 29.20 2.06; 73.20] 73.40 1.53] 166.55| 166.65 2.05
29.65|  29.80 4.75| 74.15| 74.30 1.44] 174.25| 174.40 1.81
30.45| _ 30.60 2.88| _75.35] 7545 1.44| 177.70| 177.85 1.70
31.00] 31.10 1.14] 76.10] 76.30 1.50{ 187.85| 188.00 1.54
31.10| 31.25| ___1.48| 77.50| _77.60 1.78: 188.00| 188.15 1.58
33.15] 33.35 2.74| 78.20| 78.35 2.28| 195.05; 200.20 1.61
34.20| 34.35 1.70| 80.60{ 80.75 1.39| 200.20| 201.30 1.65
35.15] 3545 1.53| 8245 8265 2,511 202.00| 202.20 1.58
35.15] 35.45 1.43| 83.20] 83.35 2.58] 206.90] 207.05 1.76
36.45] 36.80f 38.337 84.90| 85.05 1.64| 208.70| 208.95 1.77
36.45| 36.80 1.05{ 85.90| 86.10 1.48| 210.70, 210.80 1.66
37.05| 37.70 244| 8730 87.45 0.90! 212.40| 212.55 1.55
39.25| 39.50 1.98| 88.20] 88.30 2411 214.20| 214.40 1.19
39.25] 39.50 2.07| 88.80: _88.95 1.98; 215.85| 216.00 1.16
40.85| 41.10 1.53| 89.60] 89.75 1.77| 216.70| 216.85 2.81
41.55| 41.80 1.81] 90.80| 90.95 1.03| 215.85] 216.70 3.09(
42.40| 42.70 1.90| 91.40] 91.60 1.06| 219.60| 219.70 2.67
42.40| 42.70 2.03] 9240 92.50 1.01; 22395| 22405 2.40
43.20| 43.35 2.58{ 93.30{ 93.50 1.32| 224.05| 224.20 2.70
43.95| 44.15 1.25) 94.80; 94.90 1.35| 225.85| 226.00 1.21
44.65| 44.80 1.92] 95.60] 95.80 1.24| 227.40; 227.50|__16.36
44.80| 44.90 1.73] 96.55| 96.65 0.93} 229.50;  229.60 1.43
45.05| 4520 1.27)  97.25| 97.40 02| 232.30] 232.50 45
45.40] _ 45.60 1.37] 98.05] 98.15 5] 235.40] 235.40 51
45.80] 45.95 1.71) _99.15| 99.35 0.87| 237.70| 237.90 1.67
46.60| 46.80 1.57| 101.20] 101.45 3.68| 240.45! 240.55 1.61
47.55| 47.80 2.12| 104.70| 104.90 2,18| 243.10; 243.30 1.70
47.90| _48.05 1.42| 106.40| 106.55 2.47| 245.25| 245.40 1.91
48.05| 48.20| 36.97| 107.65| 107.75 2.53] 247.55| 247.65 1.58
49.65| 49.85 1.83] 109.70 109.90 2.09| 250.20{ 250.30 1.48
51.45] 51.65 2.66| 112.60] 112.70 2.09] 25220 252.30 2.19
53.000 53.15 1.82 114,45 2.09] 25285 25295 27.56

114.30
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Depth |Depth _ |EffectiveiDepth  [Depth _|EffectiveDepth |Depth |Effective]
Upper(m|Lower(m Porocity | Upper(m|Lower(m Porocity |Upper(m|Lower(m Poqrocitv
% % o

254,251 254.45 1.64| 375.35] 375.45 1.30] 582,70| 582,90 1.12
255.30{ 255.40 1.41| 378.40| 378.50 1.11} 586.10| 586.29 1.36
257.65 257.80 1.26| 381.20| 381.30 1.06] 587.82| 588.00 1.34
259.10] 259.20 1.01{ 384.30| 384.40 1.17] 590.20) 590.38 1.30
262.60| 262.75 1.617 388.35: 383.45 1.18] 595.63| 595.80 1.39
263.80) 263.90 1.72| 391.45] 391.55 1.661 596.75| 596.95 1.43
265.55| _265.65 2.58] 394.15| 394.25 1.51] 600.52| 600.70 1.38
266.60| 266.70 2.150 396.60|_ 396,70 1.28| 600.701 600.90i- 1,41
267.90| 268.05 1.321 399.10{ 399.25 1.28| 605,451 605.65 1.22
268.051 268.15 1.30| 401.00| 401.20 1.00| 605.55] 605.75 1.28
269.151 269.25 1,75| 405.00| 405.201 44.08] 608.00| 608.05
270.20] 270.30 1.55| 410.00| 410.20 0.98] 608.07| 608.20
272.40| 272.55] 20.63%1 415.15! 415.35 1.03| 610.65{ 610.85
274.35| 275.35 1.10{ 420.001 420.20 1.15] 612.50| 612.70
275.90] 276.05 1.48| 425.00] 425.20 1.03| 616.10| 616.30
283.00] 283.15 1.10{ 429.00| _429.20 0.98] 617.25| 617.45
284.05] 284.20 1.26! 435.20| 435.40 0.84| 617.75| 617.95
286.00| 286.85 1.10] 439.00] 439.20 0.89] 618.80} 618.98
288.851 289.00 1.06] 445.85| 446.05 1.41] 621.55] 621.74
291.00] 291.15 1.27| 453.80| 454.00 1.60f 623.90 624.08
293.25| 293.35 1,18 459.80| 460.00 1.16] 658.90| 659.10
295.10| 295.25 2.01} 464.80] 465.00 1,521 660.80| 660.95
295.25) 295.40 2.041 469.80! 470.00 1.69] 662.95! 663.20
298.001 298.15 6.93| 470.20{ 470.40 1.57 665.50| 556.69
299.05] 299.15 6.95] 481.10| 481.30 1.24! 667.42| 667.50
299.45| 299.60 1.69] 484.40| 484.60 1.62] 671.65| 671.80
301.70] 301.90 1.87] 489.40| 489.60 1.34] 672.85| 683.05
301.70|_..301.90 1.75] 492.60| 492.70 1.26| 675.30; 675.43
305.20{ 305.20 2.07] 498.00| 498,20 1.32| 676.55! 676.65
307.151 307.60 1.36| 501.65] 501.80 1.79| 680.35| 680.50
311.15] 311.30 1.25| 506.80] 507.00 1.16] 680.85| 680.95
315.15] 315.30 2.30[ 510.23| 510.43 1.45] 683.45| 683.60
316.60| 316.75 1.321 515.50| 515.65 1.28! 683.90| 684.10
318.40| 318.55 1.28! 518.70| 518.85 1.32{ 685.85| 686.00
320.501 320.70 1.211 521.30| 521.50 1.53] _688.00[ 688.15
321.10[ 321.95 1.83| 524.20! 524.40 1.46] 690.50[ 690.70
324.55| 324.65 1.41| 528.31| 528.50 1.59| 693.00] 693.20
327.50] 327.60 1.18] 530.55| _530.75 1.39] 694.85| 695.00
331.40| 331.50 1.22( 537.95| 538.10 1.26{ 697.70| 697.85
334.05] 334.15 1.41] 541.20| 541.30 1.46] 698.90| 699.10
337.10( 337.25 1.51] 544.36| 544.50 1.80| 702.30| 702.45
340.050 340.20 1.14] 549.10| 549.30 1.55| 703.60 703.80
341,60] 341.70 1.33| 552.40| 552.50 1.98| 707.02% 707.17
343.60| 343.70 1.26| 556.10 556.20 1.80] 708.75! 708.95
345.70] 345.80 1.41] 559.05| 559.15 1.57, 711.60[ 711.75
348.30| 348.40 1.321 563.85| 564.00 1,721 713.80| 714.00
351.30] 351.40 1.331 567.70! 567.88 1.41) 716.50| 716,70
354.05| 354.85 1.28: 569.35{ 569.55 1.17]_719.00| 719.20
354.05| 354.85 1.24| 57092 571.10 1.49| 720.50 720.70
356.60| 356.70 1.17| 573.47) 573.65 1.41 723.00{ 723.20
359.90| 360.00 1.37| 573.72| 573.88 1.41] 72490 725.10
361.80| 361.90 1.39( 576.92| 577.08 1.21] 726.20| 726.40
364.80! 364,80 1.15| _579.10] 579.22 1.42{ 729.00| 729.20
369.00] _369.10 1.15] 579.24| 579.30 1.44] 730.90| 731.10
370.80] 370.90 1.14] 581.70| 581.80 1.251 733.40| 733.60
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%=-4.8.3 WNICKITHitEEDENERE—Fx

Depth |Depth |EffectiveDepth |Depth _|EffectiveDepth [Depth {Effective
Upper(m|Lower(m/Porocity | Upper{m|Lower(mPorocity | Upper(miLower(m Porocity
% % %

735.90{ 736.10 1.18| 818.20| B818.40 1.12] 913.45| 913.60 0.99
737.10] 737.30 1.24| 821.80] 822.00 3.64| 913.55| 913.75 1.09
739.00] _739.20 1.20{ 823.60| 823.78 1.31] 917.05| 917.30 1.91
741.70] 741.90 1.30| 825.57| 825.77 1.43| 919.25| 919.45 1.17
744.20] 744.40 1.13| 827.25| 827.41 3.42| 920.75| 921.00 1.15
746.60|.746.85 1.20] 829.15: 829.35 0.92| 922.80| 923.05 1.27
747.90| 748.10 1.34! 832.00] 832,20 1371 924.45| 924.60 1.02
750.90] 751.10 0.97] 834.25| 834.45 2.161 934.00] 934.30 1.05
752.20i 752.40 0.98{ 837.40| 837.60 0.781 937.20{ 937.50 1.02
755.00] 755.20 1.031 840.70| 840.90 1.09| 940.80; 940.90 1.15
758.00| 758.20 1.17| 842.80] 843.00 0.96| 943.80| 944.00 1.27
760.80] 761.00 1.16| 844.46| 844.65 1.49| 946.60| 946.80 0.98
763.80] 764.00 1.16| 846.80| 847.00 1.47| 954.55| 954.70 1.09
765.10] 765.30 1.11| 848.80| 849.00 1.09| 958.05| 958.15 1.19
767.90| 768.10 1.10{ 852.80| 853.00 1.13] 960.50| 960.65 2.07
770.00] 770.25 1.30{ 853.95| 854.15 1.27] 962.90| 962.95 1.44
772.00] 772.30 1.23| 855.70| 855.90 1.13| 964.15| 964.35 1.03
774.20| 774.40 1.18{ 858.95| 859.15 3.28| 966.30| 966.35 1.20
776.90| 777.10 1.61] 859.90| 860.10 1.05] 972.75| 972.95 1.35
781.65| 781.90 0.96| 863.60| 863.80 1.27| 975.55| 975.75 1.27
782.90| 783.10 0.92| 864.25| 864.45 1.30] 976.20 976.45 1.20
785.00| 785.20 1.13| 866.01i 866.20 1.21! 978.40| 978.70 1.12
787.20| 787.40 1.06| 868.25; 868.45 1.21] 982.95| 983.05 1.17
789.50| 789.70 1.12| 871.25! 871.40 1.24| 986.30] 986.50 1.29
792.50| 792.70 2.34| 873.05) 873.25 1.14| 992.00| 992.25 0.97
795.75| 795.90 2.70| 877.75| 871.95 1.00| 994.80| 994.95 1.23
796.30|__796.50 2.04; 881.00| 881.20 1.39| 995.35{ 995.50 1.16
799.75| 799.90 1.60! 884.001 884.20 1.15] 999.35] 1000.10 0.96
800.60] 800.80 1.211 902.95] 903.15 1.19] 1000.35| 1000.60 0.96
802.60| 802.80 1.69| _904.00; 904.15 1.24| 1002.15| 1002.50 1.15
807.00| 807.20 1.21] 905.05] 905.20 1.16] 1005.40] 1005.55 1.38
807.90| 808.10 1.14| 907.35] 907.55 1.28} 1007.90| 1008.10 1.35
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Table-6.1 Material Properties in each Hydrogeological division

Part | Permeability |Porosity| S.Storage Geo-formation
(cm/sec) % (1/m)

mat] 1.00E-07 2 1.00E-04 granite
mat2 5.00E-06 10 1.00E-04 weathered-granite
mat3 1.00E-05 30 1.00E-04 |weathered-gr./mizunami
mat4 1.00E-06 30 1.00E-04 mizunami
mat5 5.00E-06 30 1.00E-04 mizunami
mat6 1.00E-06 30 1.00E-04 mizunami

- mat7 1.00E-06 40 1.00E-04 mizunami
(mat7) 1.00E-07 40 1.00E-04 (Step1,2,3-1)
mat8 5.00E-06 40 1.00E-04 mizunami
mat9 1.00E-07 40 1.00E-04 mizunami
mat10 1.00E-05 40 1.00E-04 Seto
matl1 1.00E-04 50 | 1.00E-03 Seto/surface
mat]2 1.00E-08 30 1.00E-04 ~ fault
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EL(m)

300 1 Table-”f. 1.1 Boundary Piezohead

—— Measured / ’ n T
T CalBounday EL Cal.Boundary
(m) (m)
250 ﬁ 0.00 171.00
80.00 171.00
e 115.00 171.00
135.00 171.00
150.00 171.00
200 160.00 193.00
163.00 193.00
180.00 218.00
210.00 247.00
255.00 266.00
265.00 266.00
275.00 285.00
285.00 300.00
295.00 300.00
305.00 300.00
100 315.00 300.00
&
50
~_
¢]

160 180 200 220 240 260 280 300
Piezo-Head(m)

Fig-7.3.1 Boundary Piezohead in TH4
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Cal.Boundary /
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Piezo-Head(m)

- Table-7.1. 2 Boundary Piezohead

in THE

EL  |Cal.Boundary

(m) (m)
0.00 238.00
80.00 238.00
115.00 238.00
135.00 238.00
150.00 238.00
160.00 238.00
163.00 224.00
180.00 239.00
210.00 239.00
255.00 248.00
265.00 280.00
275.00 300.00
285.00 300.00
295.00 300.00
305.00 300.00
315.00 300.00

Fig-7.3.2 Boundary Piezohead in THB
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Table-7.1. 3

Boundary_PEezohead
in THY

EL ¢ |Cal.Boundary
(m) (m)

0.00 193.00
80.00 193.00
115.00 193.00
135.00 193.00
150.00 190.00
160.00 189.00
163.00 190.00
180.00 196.00
210.00 219.00
255.00 272.00
265.00 272.00
275.00 290.00
285.00 290.00
295.00 290.00
305.00 290.00

Fig-T7. 3.3 Boundary Piezohead in TH7
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Table-7. 1. 4 Boundary Piezohead

160 180 200 220 240 260

LB

Piezo-Head(m)

280 300

in TH8

EL Cal.Boundary

(m) (m)
0.00 238.50
80.00 238.50
115.00 238.50
135.00 238.50
150.00 242.00
160.00 244,00
163.00 241.00
180.00 247.00
210.00 240.00
255.00 265.00
265.00 265.00
275.00 265.00

Fig-7. 3. 4 Boundary Piezohead in TH8
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Table-7.1.5 Boundary Piezohead

in SN4
EL Cal.Boundary

(m) (m)
0.00 233.00
80.00 233.00
115.00 233.00
135.00 233.00
150.00 233.00
160.00 233.00
163.00 233.00
180.00 233.00
210.00 223.00
255.00 255.00

Fig-7.3.5 Boundary Piezohead in SN4
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