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Assessment of unsaturated zones with ground penetrating radar with
modulating frequency in Tono mine;
A Technical Review

Masaru Toida* , Yasuhiro Suyama * , Kaoru Nagoya * , Hiroyuki Atsumi *

Abstract

The TDR ( Time Domain Reflectmetry) wave analysis method has been developed for
measuring unsaturated zones by TGC in Tono mine. The new packer type probe of the TDR wave
analysis method has already been made by TGC. But it is impossible for the TDR wave analysis
method to estimate distribution of unsaturated zones between boreholes. In the meantime, to
overcome the reached penetration depth of the sedimentary rock, the ground penetrating radar with
modulating frequency was developed and could have the ability of interpretation of water content
distribution from electromagnetic velocity.

This report summarizes as follows:

1) An electromagnetic wave tomography with modulating frequency could measure the dielectric
constant distribution with a good correlation between the tomography and the TDR wave method
at the second measurement gallery. Therefore it recognized that the tomography has a high
possibility to interpolate the TDR wave method’s results between boreholes.

2) The ground penetrating radar with modulating frequency could measure the dielectric constant,
which has a good relationship with water content distribution, at the NATM gallery. Therefore it
recognized that the radar has a high possibility to get information concerning water content
distribution.

This work was performed by Kajima Corporation under contract with Japan Nuclear Cycle
Development Institute.

JINC Liaison : Geoscience Research Group, Tono Geoscience Center

* : Kajima Technical Research Institute, Kajima Corporation
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ho—zES B(EKERERE(m) | BEKEEREm M HiHR Y B ¥ (WHz)
0181—11 (3L) 01S1—10 (FL) {nsec) Fth 27T

1 3.50 7.00 | 93.922 15 55
2 3.00 7.00| 99.187 15 55
3 2.50 7.00 | 100.153 20 40
4 2,00 7.00 | 120. 454 15 25
5 1.50 7.00 | 121.893 15 25
6 3.50 6.50 | 114.178 15 30
7 3,00 6.50 | 95.875 15 55
8 2.50 6.50 | 95.635 15 55
9 2.00 6.50 | 105. 546 15 20
10 1.50 6.50 | 126,149 15 40
1 3.50 6.00 | 90.981 15 45
12 3.00 6.00 | 112.226 15 55
13 2.50 6.00 | 89.903 15 20
14 2.00 6.00 | 116.688 15 20
15 1.50 6.00 | 116. 196 15 20
16 3.50 5.50 | 87.549 15 55
17 3.00 5.50 | 92.005 15 55
18 2.50 5.50 | 103. 558 30 | 55
19 2.00 5.50 | 120. 892 15 55
20 1.50 5.50 | 123.677 15 20
21 3.50 5.00 | 83.926 15 55
22 3.00 5.00 | 87.907 15 55
23 2.50 5.00| 92,105 15 55
24 2.00 5.00 | 104.798 25 55
25 1.50 5.00| 96.077 10 25
26 3.50 4.50 | T74.982 15 40
27 3.00 4.50 | 83.692 15 55
28 2.50 4.50 | 87.149 15 55
29 2.00 4.50 | 94.376 15 55
30 1.50 4.50 | 104, 417 15 55
31 3.50 4.00 | 77.876 15 55
32 3,00 4.00 | 80.969 15 55
33 2.50 4.00 | 83.524 15 55
34 2.00 4.00 | 89.207 15 55
35 1.50 4.00 | 103.504 15 55
36 3.50 3.50 | 75.027 15 55
37 3,25 3.50 | 76.757 15 55
38 3,00 3.50 | 78.489 15 55
39 2.75 3.50 | 79.752 15 55
40 2.50 3.50 | 81.235 15 55

3-10




& -3 EHEIDMUER (£02)

-2 EE R KT EERE (m) R{E/KEIERE (m) EH piorER Y iR (MHz)
01S1—11 (3L) 01S1—10 (F.) (nsec) Bith ®T
41 2.25 3.50 | 83.218 15 55
42 2.00 3.50 | 83.840 i5 55
43 1,75 3.50 | 84.575 15 55
A4 3.50 3,25 | 73.772 15 55
45 3.25 3.25 | 75.673 15 55
46 3.00 3.25 | 76.421 15 55
a7 2.75 3,25 | 77.669 15 55
43 2,50 3,25 | 79.726 15 55
49 2.25 3.25 | 81.644 15 55
50 2.00 3.25 | 82,894 15 55
51 1.75 3.25| 82.758 15 55
52 1. 50 3.25 | 82.505 15 55
53 3.50 3.00 | 71.641 15 55
54 3.25 3.00 | 74.545 15 55
55 3.00 3.00 | 76,201 15 55
56 2.75 3.00 | 76.754 15 55
57 2.50 3.00 | 78.145 15 55
58 2.25 3,00 | 79. 824 15 55
59 2.00 3.00 | 81.175 15 55
50 1.75 3.00 | 81.688 15 55
61 1.50 3.00 | 81.351 15 55
62 3.50 2.75| 64.115 15 30
63 3.25 2.75| 73.172 15 b5
64 3.00 2.75| 75.538 15 55
85 2.75 2.75 | 76.419 15 55
66 2.50 2.75 | 77. 400 15 55
67 2,25 2.75 | 78.620 15 55
68 2. 00 2.75 | 79.604 15 55
69 1.75 2.75| 80.118 15 55
70 1,50 2.75| 79.718 15 55
71 3.50 2.50 | 73.028 65 75
72 3.25 2.50 | 70.283 15 55
73 3.00 2.50 | 73.725 15 55
74 2.75 2.50 | 74.994 15 55
75 2.50 2.50 | 75.682 15 55
76 2,25 2,50 | 76.332 15 55
7 2.00 2.50 | 76.648 15 55
78 1.75 2.50 | 76.935 15 55
79 1.50 2.50 | 77.532 15 55
80 3.50 2.25 | 80.789 15 55
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= -4 ERNRSIDMYER (E03)

M—2ES BISKTIERE (m) | BEKFEREM | E65 BeEX Y R EL (MHz)
0181—11 (FL) 0181 —10 (FL) (nsec) (k=) ®T
81 3.25 2.25| 73.760 15 20
82 3.00 2.25| 76.167 15 20
83 2.75 2.25 | 76.082 15 30
84 2.50 2.25| 75.714 15 30
85 2,25 2.251 78.372 15 55
86 2.00 2.25| 78.412 15 55
87 1.75 2.25 | 78.332 15 55
88 1.50 2.251{ 67.560 25 55
89 3.50 2.00 | 84.860|. 25 55
90 3.25 2.00 | 79.682 25 55
91 3.00 2.00 | 77.692 25 55
92 2.75 2.00 ] 76.409 25 55
93 2,50 2.00] 75.121 15 55
94 2,25 2,00 | 76.445 15 50
95 2.00 2.00 | 79.201 15 55
96 1.75 2,00 | 80.030 15 55
97 1.50 2.00 | 75,089 15 40
98 3.50 1.75| 95.696 15 45
99 3.25 1.75 | 108. 425 15 40
100 3.00 1.75 | 79.352 25 75
101 2,75 1.75 | 74.987 25 75
102 2.50 1.75 | 73.420 15 55
103 2.25 1.75] 76.773 15 50
104 2,00 1.75 | 80.967 15 &5
105. 1.75 1.75{ 74.661 15 40
106 1.50 1.751 90.727 25 55
107 3.50 1.50 | 112,137 15 30
108 '3.25 1.50 | 115.150 15 30
109 3.00 1.50 | 106. 484 20 40
110 2.75 1.50} 77.919 65 75
111 2. 50 1.50 | 76.187 65 75
112 2.25 1.50 | 77.490 15 55
113 2.00 1.50 | 58.639 15 20
114 1.75 1.50 | 52.596 15 20
115 1.50 1.50 | 51.368 15 20
116 1.25 1.25 | 51.417 15 55
117 1.00 1.00 | 45,485 20 40
118 2,00 2.00| 76.328 15 20
119 1.75 1.75 | 91.127 10 25
120 1.50 1.50 | 87.600 10 25

3-12




EHEEH T A EESHEE T2y FLABOER 3-8 KinT, HMAERERE ST
RS LTS, L L, EREHEOL & 25 IERERFREICENT - ¥
PH5H (8 3-8 FAEME) . Thoid, MRy -V 7OBBICL S (BRIES, RET ¥
TP - Y Y S S Y Y Y SRR T VTR RRL LA bR
5) bOTHRBD 3.4(4) KRTLIKARF—FELTHIRL TS FES S 7 4 BT
EERL 7,

R EERE — (m R

140
120
100
80
60
40
20

(=B (nsec)

{B 1 EERE(m)

3-8 {m#IERE—{RIREERE Oy b

3.4 VETST (BIRAE

He) Y PR e A A ML AHT 5 E X, CORELINT Ty 7 %L LT
KV EBRPOSBE SN EEIZERAICEET 2882 IR, ZOMEEL RRE LS,
FNEZ ST 4L BAFIE, B P T (Back Projection Technique) $2Wid7 1 v ¥
VU 7FIZE o TRNVOPEEIIH T 50HEZ KD, BEETVOREBEIZL - TH
BEFNVPOREINIERELBHEDORERTHNEL hot b ZATREZRT L,
BAH 2 EVADOYWHEERRET 5, M 39X MES T 7 4 BTOWRERT,

RO FECIEL DHENH AR TEROERED Y, THHPPEIGRLE
W S I R T#(Simultaneous Iterative Reconstruction Technique) & Vv 72, LU T i #FIHA{E
FETHWABP TELSIRTEIEDWTHRRS,
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3.4.2 ARRIEE (S I RTHE) _

S I RTETRETENVESERICHT 2HAMROEREICHTIREE EIVAOHE
BEIZBUTROST. BIRZED ST ENEREEMEL TOL, EFLINEFERIC
TN EETSEREDMEL TY<. TRTOEVEDODNWTHERDORE & ZILRNOER
EOMBERZRT LEERE TSEREIVEBCYERORREE LIV NOBERETED
PEBOLHEERD S, |
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Lo Tn+ 1HEORBREICB T2 j BROENRNOYWER ™ E nEE OHHE
Bg  2ANTS [ RTHTRADE 3 ICRD 3,

(3.6)

: £

£, SIRTEOBGHEEEVZIVOYEBSZ2EER2 1 Y1V IVORERE

PTRTTBETEFATHE, MEEER TRICEZIAC BT 29EEBEOEHEZ kR
KATHPGEELTRD S, L >T 1 HORBEETEINOEEHIIDLL., Be
PITPORG B,

3.4.3 BPTi.&S | RTEOEES

BPT#&S I RTHOMHRIE. BP TETHHREIELEREN SEHE, YEHEOFY
eI ERkDD LML T, SIRTETE,. BB ERENS EIAOYEER
DEGRZRDDEIZHS, BP TETIRAHAEF N 2EETLH0A TRERERTD
A4

3.4.4 TS DRHEER

MEZS T4 ORE (1 N-Ya ) & BRNICHEINA28RENRECBNE
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DOHFEE, HERRUVBHELZEINEN s cBV pt L. BRSEREOAREREE o
(=2z f, FIFEREORERE 95L&, GHREE VAR TEASNS.

y= B 1 (3.7)
2 o2
\N(H_WZEZ)H

ERNEHSAREBD, EREEREBROFER, BHEE, EBRROAWCBRHIK
OABBROERERD, Lich> TR-EEFICEWTHERFEOFEENRRNE, &
WEEDEMEL . HERITR L2 &8 0 AR OEMICHNRERIENERISE< 25,
Fiz, BERPKEL2S LEMEEIZE< 2D, BRBREZTLEABTRREREN
RO TEROFRRPLAVCEREOFFEIIHN L TEERNBHTEZ I I TN

GERBHHE) He, GREEIARNTEMTS 2 &N TES,

(3.8)

[
V=—
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TZT R e i3t (=2.998%108m/sec) RIVEBOLFEE (EEOFE=ITH
THHEEBOFBROL) THS, BROBE. HBEERRIEFFE 1 EBIHENTES:

. ZRH OBREEEREOREICIZEE L,
E7-BOMDEEMIEEOEASEEN S RIEAHKIC BT 3 REEILR AR EEBR

THRBEEORBLICHE L TEETEZEBMENTWS,
SRR TERBNEEL TN TEERNE L, hDOEEIc#d kN ENES, A8 T8
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EREEE ., EHES L EREFEE TR L ORD, EFERECIXTHAVWTIHE L
BRI EEOTFREIR. 0.040(m/nsec), HHEROFHEL 591 TH5, L —AFH
110 DRy -2 7 0RBIc L), RELE (EREEET 22 HFESR) H Rl
EHTWE,

EBHREE D

0.07
S 0.06
£ 0.05 A
T LR A I
:&% 0.04 T T A Vo s g~ g~ \_’“A\\JAW\)\‘IV
9 0.03
% 0.02
@ 0.01

0 1 L 1 L]
0 20 40 60 80 100 120
FL—RES

B 3-11 bL—XBRIEOEHERESH

3-19



120
100
80
50
40
20

HBEE

HHEBES %

Y e N e Y ot WP . Y

Ve

L 1 1

20

40 60 80

F—RES

100

120

M 3-12 bPr—XBEILOHBEEERLG

* 3-5 1TSS OEHOR UREOEHRIGE., RBEE. LHFEXRE2RT, HENS
O T AEEEELSEREZ2 70y P L0 EE 3-13 LE 314 ICFRF

HRT .
# 3-5 RIUHEED 5> OEBMOERESE. =REE. LESE
FEEIMBENLDEHmM) | TREIMBEHNSOERM | EHESHE | EREE
F—RES HAEH
01SI-11(FL) 01SI-10(FL) (nsec) | (m/nsec)
36 3.50 3.50 75.027 | 0.038120 61.854
45 3.25 3.25 75.672 | 0.037794 62.923
55 3.00 3.00 76.201 | 0.037532 63.805
65 2.75 275 76419 | 0.037425 64.170
75 2.50 2.50 75.681 | 0.037720 62.938
85 2.25 2.25 78.372 | 0.036493 67.492
95 2.00 2.00 79.201 | 0.038111 68.928
105 1.75 1.75 74.661 | 0.038307 61.251
115 1.50 1.50 51.368 | 0.0565676 28.995
116 1.25 1.25 51417 | 0.055624 29.050
117 1.00 1.00 45485 | 0.0628738 22.734
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