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A study on i1n-s1itu method for measuring unsaturated zone

Tsuneyuki Maemura* and Takayasu Hosono*
Abstract

It 1s generally considered an unsaturated zone can be generated in the vicinity of a
drift after excavation. In such a zone, invasion of oxygen-contained air possibly changes
the geochemical environments {e.g. redox condition) and the mass transfer characteristics
of the rock mass. Thus, methods for measuring the extent of such unsaturated zone are
quite important. However, such methods have not been fully developed at this moment.

This study aims to develop the quantitative methods for measuring unsaturated zone,

and to bring those methods into practical level. In this year, studies were conducted
focusing on following points: 1) Application of the packer-type probe to in-situ
measurements of rock, 2) Improvement on the structure of the packer-type probe, 3)
Calibration tests of dielectric constants of rock to its water contents, 4) Evaluations of the
automatic TDR wave analysis methods. Conclusions were obtained as below:

1) TDR waveforms measured with the packer-type probe had very unclear reflection
parts, and calculated dielectric constants were not reliable.

2) The new design of the packer-type probe solved some structural problems in the
old one. Unclearness in the reflective TDR waveforms was improved by surface
coating of TDR waveguides.

3) The calibration data of muddy tuff was not reliable, possibly due to the air gap
between TDR waveguides and hole surfaces, inhomogeneous distribution of water
within the specimens, and inappropriate lengthed coaxial cables.

4) The TDR waveform analysis program was applicable to most of laboratory test
data, but not so applicable to in-situ test data. For bringing the program into
practical use, some features should be added such as improved user interfaces,
noise cancelation and data interpolation.

This study work was performed by DIA CONSULTANTS CO., LTD. under contract with

Japan Nuclear Cycle Development Institute (JNC).

JNC Liaison: Hiroya Matsui

Neotectonics Research Group, TONO Geoscience Center
*  DIA CONSULTANTS CO., LTD
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ERHBETIHE T, EBMAI VI I—FT 27 L7007 oBEMETRWESE
ABN5.

3270 — b, ENERBRTHMENRE L ZREEKEIDOHETE, EEF
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LED-T, 870703270 OBEAENFOEFREERFIIDONTD
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1) WEOEBEEHFT—TIIRAT, LVUAEOS WERREZFRH L. /2, B2
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RERKE -
MI003 5P oo $BXHI3 171 117 552 475
01SI-117L
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a9 —h

c1202 - ¢ 6.5xH13 2.19 1.95 259 13.4
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#5.6-1

EFERMNERR-BEX (EHERKE M1001)

Bk M1001 +iRkxE RS BEEKE To—J7i%K
EEE I E R 68253 (g 7o0-7 EE: 6856 ()
AKRERY: 275.92 (g R 1. 68 {g/cm’)
PRl E R . 444.54 (g BRI .09 (g/cm’)
AR 0. 585 K E 0. 535
= | BEEx | KHEFK TDR- L srmar | e
[ 682 53 0. 585 100. 0 55, 1 3020 |H13. 12. 24
71 672, 51 0. 561 95. 8 52. 9 35. 38 |Ala. 12. 16
3 671 08 0. 558 95. 4 53. 0 35. 45 |H13. 12. 26
3 GBI 74 0. 534 91. 3 52. 0 32 11 |H13. 12. 28
51 654. 98 0. 518 88. 4 51. 9 33. 06 |H13. 12. 30
6] 646. 43 0. 497 841, 8 51. 6 33. 64 | Hi4 1 3
71 634. 24 0. 467 79.7 R 33.86 { HI4 15
8 624 97 0. 444 75. 8 5. 5 33.48 | Hid. 1.7
9] 616. 11 0. 427 79. 1 5L 0 33.52 | HI4 L8
0] 605. 91 0, 307 67. 8 51. 5 39.50 | HI4. 1.9
T1[ 597. 24 0. 376 b4 2 51, 3 33. 26 | 014, 1, 10
12[ 587, 56 0, 352 60. | 51, 2 33. 08 | H14 L 11
3] 5178, 26 0. 329 56 2 1.5 91, 72 | H14. 1. 14
14 568 17 0. 306 59. 2 0. 71 11 | H14. 1. 15
15| 559. 19 0. 287 48 7 39,7 19.91 | HI4. 1. 16
16/ 559. 19 0. 287 18. 2 39, 1 19. 33 | HI4. 1. 17
17| 558 61 0. 281 47,9 33. 2 18. 43 | A14. L. 13
18] 557 13 0. 278 47, 6 37. 0 17.31 | HI4. 2.4
19 516. 99 0. 178 30. 4 34 9 14.87 | Hi4. 2.6
701 493, 64 0. 121 2. 6 75, 1 7.9% | H14. 2. 11
71 469. 59 0. 062 10. 5 21 4 5. 77 | Hi4. 2. 14
72 444, 54 0. 000 0.0 16. 0 3. 24 | Hi4. 2. 20

) ERIZTO—TERLEKBOERTH S,

7O0-7OEELZImMTH L.

SOo—Fil o EEEEEERAL. EEH ) I ETO-TEBOERICAEL .

EiEEKE v= (BER-BHEHRER) / (BHEHEE-KTER)

ffmE=100x (EE-#HHERER) / (BHEHER - AHZERER) %
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#£56-2 [FEXEHTHR-BXR (BEEIKE M1002)

alkl M1002 TikxE R E BEERSE TOo—71&
sl E R . 652.02 (g 7' 0-7 EE 12.28 (g
AKEEREs . 264.46 (9 I R 1. 68 (g/cm)
TSR ER . 426.63 () B 1 0 .10 (g/cm’)
RN 0.582 K 2 0. 528
T 652 02 0. 587 100. 0 55. 6 31. 53 |Hi9. 12. 24
71 643, 73 0. 560 96. 3 53 1 2%. 73 1013, 12. 16
3| 642. 71 0. 558 95, g 53. 3 98. 94 [H13. 12. 26
4] 635. 53 0. 530 9.7 57 1 7770 |H13. 12, 8
51 629. 09 0.527 89,8 57 1 27 72 |013. 12. 30
6l 620 31 0. 500 85. 9 FAL 27.59 | Hid L3
71 6IL 14 0. 476 819 52 1 77.71 | BI4. 1.5
8 60226 0. 453 77,4 52,0 77.56 | Hi4. 1.7
0 593. 8K 0. 437 74,7 51, 8 9743 | H14. L. 8
100 582. 97 0. 403 69, 4 51,7 77.95 | HI4. 1.9
11 574. 76 0. 382 65. 7 51,7 76. 77 | 014 L 10
12 565. 50 0. 328 61 6 50. 8 76. 29 | H14 1. 11
13| 556. 49 0. 5335 7. 6 19, 7 74 70 | 014 1. 14
T4 543, 24 0. 314 54. 6. 6 92,19 | HI4 I 15
15 539. 41 0. 291 50. 0 13. 5 19.34 | H14. L 16
16 539 26 0. 201 50, 0 17, 3 18. 27 | Hid. 1. 17
17| 533, 64 0. 289 497 42, 1 18. 12 | Hi4 1. 18
13 537 57 0. 286 497 10, 5 16. 74 | HRI4 2.4
19 494 01 0. 174 70,9 35. 6 12.96 | Bid 2.6
700 472, 15 0. 117 0. 7 77 1 7.49 | M4, 2. 11
21 450, 71 0. 062 10. 7 73,0 5. 41 | 014, 2. 14
720 426. 63 0. 000 0.0 7.9 3. 28 | Hid 2. 20

¥) HERTO-TERBVWERHBOERTH S,

TO-T7OEEEZImMTSH B,

FO-TVH2EEMERRAL, BEME ) I 0 -THEOERIZKEAL,

FESKEOv= (ER-BHERER) / (ERSMEE-K+TER)

BREE=100<x (RE—%MLBEER) / (RAENEE-RSERED %
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#56-3 UBEFHEER-EXR (EHEEKE M1003)

ALt M1003 TR E L ERE BEEKE Tu—T0F
sREfHE S . 681 07 (g) yo-7#EeE: 7208 (g
KPEEr . 28377 (g 1P 7 LT (g/cn’)
i E ey . 461.85 (g) PR L16 (g/cm’)
20 e] BA 0. 592 e 7K 55 0. 475
1] 681 07 0. o2 100. 0 09. 9 sl 57 [HI3. 12. 24
df  679. 30 0. b37 97. 4 22. 9 28. 28 |H13. 12. 16
3| 67428 0. 535 96. 9 hd. 0 28. 41 [H13. 12. 26
4] 667. 06 0. 517 93. 6 ol T 27. 01 [HI3. 12. 28
o[ 699. 76 0. 497 90. 1 nl. B 26. 94 [HI3. 12. 30
6] 651 11 0. 476 86. 3 nl. 7 27.02 1 Hi14. 1.3
642 13 0. 454 82. 2 52. 5 27. 80 | HI4 1.H
8| 633.11 0.431 8. 1 5l. 4 26. 68 [ HI4 1.7
9] 625. 33 0. 411 74. 6 al. 4 26.66 | HI4 1.8
10 616. 17 0. 388 0. 4 al. 2 26.45 | Hi4. 1.9
11| 608. 23 (. 368 66. 8 20. 7 25. 97 | H14. 1. 10
12] 999 17 (. 346 62. 6 al. b 20.79 { HI4. [ 11
13l 590. 78 0. 325 8. 8 20. 1 25.35 | Hid ] 14
14]  582. 05 0. 303 54. 8 49. 24. 76 | H14. 1. 15
la] 573. 4% 0. 281 90. 9 4. 3 20. 68 | H14. 1. 17
16] 573 07 0. 280 2. 7 43. 3 18. 96 | H14. 1. 18
17] 57205 0. 277 af). 3 41. 7 17.54 | HI4.2.4
18] 539. 18 0. 195 3h. 3 40. 0 16. 19 | HI14. 2.6
191 517.06 0. 139 29. 2 32. 2 10.45 | Hl4. 2. 11
20 49733 0. 089 16. 2 28. 1 7.96 | Hi4. 2. 14
21] 487 26 0. 064 1. 6 20. 6 .63 | HI4. 2. 17
22) 461 85 0. 000 0.0 18. 2 3. 34 | H14. 2. 20

*) BEBET7O-TEBRVWABOERTHS.

TO—7OEEIMmTH 5.

To—7iR 2 EESEEEHEL, ®SEEH ) I ET 0T EBOERICHKIELZ.

KRS KE y= (BERE-®HHEEER / GARRHAEE-KPER)

ffE=10X (ER

B

WEEGRER) / (EHEBNEE-EHVIRER) %




*56-4 HFIBFEITHRE—BXR (RHEXE M1101)

seh MI101 TiRiRE ERRAE BEEKE TO-—TiF
BECNFIE S 63677 (3 yo-7 BE: 7013 (g)
AhEEr: 26815 (g 165 2 L72 (g/cm’)
MEnIE R E Ry : 420,33 () RLiR T E 1. 15 (g/cm’)
BB EE :  0.574 BKE 0. 497
= | EE* |#EEK TDR- L x| e -
BS (o) e oy |PUREE ) em) HAER | HEl | WL
[ 636.77 ] 05704 100.0 56.7 | 2. 11 [HI3. 12. 24
2] 63008 | 0.955 96. 8 52.9 | 28. 01 [HI3 12.16
3] 626.98 | 0.502 96. 3 53. 1 28. 16 [H13. 12. 26
4 621.29 | 0.532 02. 7 52.0 | 2701 [HI3. 1228
561401 | 0.512 89. 2 23.4 | 28 54 |HI3. 1230
6] 60466 | 0480 84. 8 5L.7 | 26.73 | HI4 13
T 595.88 | 0.463 80. 7 52.6 | 2164 | HIA .5
8] 58654 | 0.437 76. 2 b2, 1 27 13 | Hid L7
9 578.36 | 0.415 72. 4 5LO | 26.94 | HI4 1.8
[0]_568.67 | 0.380 67. 8 52.0 |  27.00 | HI4 L9
1] 560.60 | 0.367 6L 0 51.5 | 26.50 { HI4 L. 10
2 5oL 01 | 0.341 59.4 50.8 | 25.85 | HI4 L 11
B[ 54250 [ 0.318 h5. 4 50.5 | 20.34 [ M4 114
[4] 533.96 [ 10.2095 5114 500 2498 M4 T 16
[ 524 44| 0. 269 46.9 1.0 [6.70 | HI4 [ 17
[6] 62412 | 0. 268 46. 17 2.7 8. 24 | HI4 118
[7] 523. 14| 0.265 46. 3 4l 7 [7.00 | Hi4.2.4
I8 493.43 | 0185 32. 2 371 1421 | HI4 2.6
9] 476.50 [ 0.139 24. 2 32. | 10.31 | HI4. 2. [1
20| 456.77 | 0.08% 14. 9 27.9 T 71 | HI4-2.14
20 43897 | 0.037 6. 5 20.8 434 | HI4.2.17
22| 425.33 [ 0.000 0.0 8.2 3.33 | HI4 2. 20

*) (BREAVO-TVEROWEEAROEETHS.

TOo—JOEEZMmMTH S,

To—7d2EEHEEEAL. HEEU I 20 -TRBEOERIZEEL Y,

KiEakE v= (BER-ENEBRER) / GRFENEE—KPER

fafE=100x (EB-RHERER) / CEFEMES-SHERER) %
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#£5.6-5 HFEXFIEBE—BEX (2 2U—F C1201)

AE Cl1200 a2 2U—k (KA RE 0.60) JO—72XK

A Eer . 107147 (g 7O0-7 EE: 7188 (g
ke g . 582.30 () 152 ) e 2. 187 (g/cm)

REIERE R ;. 943.36 (g B R 1 1. 926 (g/cm’)
AHENERR & . 0. 261 EES 0. 135
o | BEr | AHEK TDR- L ez | g

éﬁ (g) $ 6 v ﬁ@ﬁlﬁ% (%) (cm) J:tulb%—r— ?ﬁ'Jﬁf Ei ﬁ%
[ 1071, 47 0. 261 100. 0 5.1 20. 56 [H13. 12. 24
7] 1070, 19 0. 258 99, 0 44, 3 19. 91 |H13. 12. 26
3] 1062. 63 0. 249 45, 4 147 19, 63 |H13. 12, 28
4] 1061, 33 0. 240 97 1 i1 7 17. 66 |HI3. 12. 30
51 1057, 79 0. 233 89, 3 1.7 17.63 | HI4. 1. 3
5] 1053, 65 0. 224 86. 0 0. 8 16. 88 | HI4. L. 5
7] 1049, 71 0. 216 829 1, 0 17.08 | HI4 L7
81 1046. 10 0. 209 80. 1 30. 9 16.16 | Hid. 1.9
9] 1042, 11 0. 201 70 38, 1 1522 | Hid 1. 11
0] 1036. 67 0. 190 727 378 14.50 | 014 1. 15
1] 1034, 21 0. 185 70, 8 37. 4 14, 20 | Hi4. L. 18
2] 1033. 32 0. 183 70. 1 36. 3 13.39 | HI4. 2.4
3] 1026. 34 0. 169 64 6 36 4 13. 44 | HI4. 2.6
4] 1020. 18 0. 156 598 35. 0 12.57 | HI4 2.8
15[ 1012 86 0. 141 54 31 7 11. 88 | HI4. 2. 12
16| 1012. 60 0. 141 53, 0 39, 0 11. 64 | Hi4. 2. 13
170 990. 91 0. 096 36. 0 31, 1 .83 | HI4. 2. 17
18] 943. 86 0. 000 0.0 73 3 553 | Al4. 2. 20

*) (BRRTO-T7EROEAHBOLERTH 5.,

JO—-T7OHEFImMTH L.

TO-7iE 2 BEEEAEHEL, EEE ) I 270 - T REOERIZTEHELZ,

FEEKkEov= (HR-BHEEER) / GRHEMER-—KTER)

BME=100x (EE-AHEGER) / (REENEE-AFERER) %
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x£56-6 IFBENTHRE-ER (32— F C1202)

e C1202 2>7Y—b OkEAZ MK 0.60) TO—T%

ieHEMHEE . 1075.69 (g 7o-7E&E:  71.94 (@
KPFEEY: 585.82 (g) i 1 7 2.192 (g/cm)

e E Ry . 048 96 () R Yol 1.934 (¢/cn)
HERIEA . 0. 259 K= 0. 134

go | TR ORES K mgm | TORL | wamms | wis |
[ 1075.69 | 0.259 | 100.0 5.2 | 20.47 [H13. 12 24
2] 107448 | 0. 256 99. 0 4.4 | 20.62 |HI13. 12,26
3| 1070.00 [ 0. 247 G5, 5 5.0 1 20. 72 [HI3. 1228
4] 1065.60 | 0. 238 92. 0 43.6 | 10.00 [HI3. 1230
5| 1062.08 | 0. 231 89.3 A8 [ 7. 44| Hid. L3
6] 1057.94 | 0.222 86. 0 0.3 | 16.26 | HI4. Lo
7] 1053.92 | 0.214 32. 8 a0.8 | 16.60 | W4 LT
8] 1020.22 | 0.207 79. 709 ] 16.25 | M4 1.9
9] 1046.24 [ 0. 199 T6. 8 39.5 | 15,58 | M4 L1
T0] 1040.84 [ 0. [88 T2.5 38.1 | 14.50 | HI4. L5
[1] 1038.36 | 0. 182 0.5 3.3 | 13.91 | HI4. L 18
[2] 1037.58 | 0. 81 69. 9 36. 6 541 | Mi4.2.4
[3] 1030.44 | 0. 166 64. 3 36. 7 344 | NI4.2.6
4] 1024.30 | 0. 154 59. 4 3.4 12.03 | HI4.28
5[ 1017.09 | 0.139 [ - 538 345 | 1192 | M4.2.12
[6] 1016.85 | 0. 139 53. 6 4.1 1163 | M4 2. 13
1799575 [ 0.096 36. 9 310 062 | HI4. 2. 17
18] 94896 [ 0.000 0.0 23.6 b b5 | HI4. 2. 20

) (ERETVO-T7ERWERBOEETH D,

-7 OERIMmMTH S,

To—J2EESERFEAL, EEH ) a0 -THEOCERIIFEL .

RS KR Ov= (EE-BHEKRER) / GRRENER - KTEE)
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