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DATA COMPILATION OF GEOSCIENTIFIC STUDIES OF
TONO URANIUM DEPOSIT, CENTRAL JAPAN

1. INTRODUCT ION

Results to data of the geological, geochemical and hydrogeological studies
in the Tono site has been prepared as an aid to discussion of the joint
PNC/Nagra Tono Analogue Project (TAP). |t forms a outline of a geological,
geochemical and hydrogeological studies which have been conducted in the Tono
site and includes an data which could be assessed by participants of the TAP.

This catalogue has been compiled as a rather overall information which will

act as a basis to evaluate the feasibility of the TAP.



2. GENERAL DESCRIPTION OF THE ACTIVITY IN THE TONO AREA

Tono is the site of Japan's most extensive uranium deposit. The Tono
deposits are hosted by Neogene sedimentary rocks. A gallery has been
constructed at a depth of 130 meters beiow ground surface in the Tsukiyoshi ore
body, which is the largest one in the Tono area. The ore body has not been
exploited, hence, the gallery enables the participants to observe an showing of
uranium in a relatively undisturbed state.

The main objectives of the investigations in the Tono area are to provide
data for performance assessment modelling and to develop methods for site
characterization. The information from Tono will be used as a case study to
illustrate how a simplified geological model can be developed from site-
specific data. The main field studies have been performed in gallery, several
boreholes. Also, hydrological and geochemical instruments have been developed
for the hydraulic and geochemical assessments and for underground surveys. The
studies include the following components:

- Geology

.~ Mineralogy and petrology

- HydreroIogy

- Hydrogeochemistry

~ Development of instruments



3. LIST OF INFCRMATION
Index map of information

(1)Regional scale
Regional scale index
R-1: Location map of the Tono uranium deposits
R-2: Geological map of the Tono area
R-3: Geologic cross section of the Tono area
R-4: Schematic geologic column of the Tono area
R-5: Basement contour map of the Tono area
R-6: Schematic structural map of the Tono area

(2)Site scale
Site scale index
S-1: Map of summit levels of the Tono site
S-2: Uranium distribution map of the Tsukiyoshi ore body
S-3: Chemical and mineral compositions of the each formation
S-4: Results of hydraulic testing in the basement granite
S-5: Distribution of activity ratio (23*U/%3fU, 23°Th/?3®U) for the four
points (A,B C,D) in the Tsukiyoshi ore body

(3)Block scale
Block scale index
B-1: Location map of the boreholes for hydrogeochemical and hydrological
investigations-
B-2: Sampling points of the groundwater
B-3: Chemistry of the groundwater
B-4: Chemical properties of the groundwater
B-b: &8D-8'%0 diagram of the groundwater
B-6: Tritium concentration and '“C ages of the groundwater
B-7: Uranium, radium and radon concentration of the groundwater
B-8: Measurement points of hydraulic conductivities
B-9: Hydraulic conductivities of the basement granite and the sedimentary
rocls
B-10: Groundwater pressure (piezo head) contours
B-11: Instruments for the hydrogeochemical and hydrological investigations
B-11-1: PNC groundwater sampler |
B-11-2: Multiple piezometer system (MP system)
B-11~3: PNC aquifer testing equipment



B-12: Location map of the facilities in the Tono mine

(4)Detailed scale
Detailed scale index 1
D-1: Information from uranium-series disequilibrium studies carried out on a
1-meter rock cube in the ore zone.
D-1-1: Location map of the sampling area

D-1-2: Results of uranium-series disequilibrium analyses (25cm)®, subcube
blocks (64 data)

Detailed scale index 2
D-2: Monitoring data of physico—chemical properties of the groundwater in the
ore body zone (KNA-2 borehole)
D-2-1: Schematic view of the monitoring system of the groundwater in the ore
body zone
D-2-2: Chemical properties of the groundwater in the ore body zone

Detailed scale index 3
D-3: Information from uranium-series disequilibrium studies carried out on a
boring core in the ore body zone (KNA-3 borehole)
D-3-1: Uranium contents and uranium-series disequilibrium of the ore body
zone
D-3-2: Uranium contents and. radioactivity ratios of rock specimens

(B)Micro scale
Micro scale index
M-1: SEM observation
M-2: Result of impregnation test
M-3: Cathodoluminescence '
M-4: Qualitative chemical analyses
M-4-1: e«-autoradiograph
M-4-2: Characteristic X~ray photograph
M-4-3: Line profile
M-5: Quantitative chemical analyses (EPNA)



Index Map of Information

_ Block Scale ~300 m

Detailed Scale ~1~100m

- Micro Scale az1um~1icm




Utozaka Ore Body

R-1 : Location map of the Tono uranium deposits
R-2: Geolo.gical map of the Tono area

R-3 : Geologic cross section of the Tono area

R-4 . S.chematic geo[o'g.ié c'olu.r.n.n of thé '.'I'd.nc.:u afea .'
R-5 : Basement contourﬁd;'a;alof the Tono: area

R-6 : Schematic structural map of the Tono area
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S-1 : Map of summit ievels of the Tono site

S-2 : Uranium distribution map of the Tsukiyoshi ore body

S-3 : Chemical and mineral cornpositions of the each
formation

S-4 : Results of hydraulic testing in the basement granite

S-5 : Distribution of ativity ratio (2U/®8U, 2Th/**U ) for
the four points (A, B, C, D) in the Tsukiyoshi ore body
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Chemical and Mineral Compositions of the Each Formation

Formation Oidawara  Akeyo  Toki (upper) Toki (lower) Toki (lower) Toki {lower) Toki {fower)
Rock Type TliEon®  Modum Sandviona  Wutsions Mokl Sandetore Sit-Fing Sandstons TR Madetong e Sanatons
Borehole No. SN-5 SN-5 TH-3 No.2 Shaft No.2 Shaft ~ AN-4 KNA-3
Elevation {m) 247.5 218.5 211.0 1486.0 139.0 134.3 123.0
Si02 (wt. %) 68.40 59.39 53.26 61.54 45.28 43.94 54.40
TiOp 0.49 0.82 0.90 0.63 1.09 1.16 0.96
Al2O3z 12.47 17.64 16.39 15.62 17.46 16.82 16.46
FegzOg3 3.26 3.52 5.60 3.02 - - 3.46
FeQ 0.90 1.26 0.39 0.25 -- --- 3.19
tot. FesOg 3.75 3.76
MnO 0.03 0.09 0.03 0.04 0.05 0.05 0.09
MgO 1.17 1.68 0.98 0.57 1.05 2.26 2.63
CaO 1.67 5.22 3.31 411 7.33 4.00 4.61
Na-0 1.76 3.51 1.36 2.91 2.08 1.80 2.38
K20 2.30 1.44 0.31 2.63 1.06 i.12 1.59
P20g 0.12 0.1 0.05 0.79 2.19° 0.16 0.07
H20 + 4.91 4.66 5.18 3.23 6.64 8.81 4.44
H-0 - 1.10 0.78 11.04 2.45 3.70 1.65 3.82
S04 0.88 0.33
S wum - --- 0.46 1.05 - -
tot. S 0.67 0.31 0.05 - - 0.64 --
CO» <0.40 <0.40 --- }0.22 0.33 - 2.23
tot. C -— 0.78 .- 1.37 12.82 —
TOTAL 99.25 100.41 99.64 99.35 94.74 99.09 100.33
F {ppm) - -- 1000 - - ---
Ci 48 330 -—- <100 --- 38 526
Rb 80 -
Cs 10 28 1. 4.6 0.7
Sr == -- -- 940 === == ---
Ba 360
Co 60
Ni 16 14 69 - 61 28
Cu - - -- 32 - ---
Zn - -- --- 71 -
Pd - - - <10 --
Sn 10
Pb - - - 48 --- - -
Cr 119 —
La - - -- - --
Ce - -- - -- - -
Nd 18 25 -- -- 21 14
Sm -— - e - ---
Eu - --- --- - -
Tb - - -- - --
Dy -— --- - s -- -
Tm — - - - - ---
Yb -— - - - --- ---
Lu - -- -- -- - -
Th -- -- 13 - - -
U 6.66 1.76 1.12 8500 45000 820 50
Zr --- - 106 - -—-
Mo -- --- <10 -
Se -- - 30 --
CEC (meqg/100g) 36.93 25.28 55.7 - 65.70 B0.44




Chemical and Mineral Compositions
of the Each Formation (continued)

Formation Granite Granite Granite
Rock Type e G ot Gree. i e,
Borehole No. AN-1 AN-1 AN-1
Elevation {(m) 30.2 -114.1 -647.7
SiOo (wt. %) 76.00 76.98 53.26
TiOy 0.05 0.05 0.90
AloOg 12.40 12.44 16,39
Fez04 0.58 0.57 5.60
FeO 0.39 0.35 0.39
tot. Fes03 - -
MnO 0.05 0.06 0.03
MgO 0.05 0.05 0.99
Cal 0.68 0.87 3.3
Na-0 3.51 3.93 1.36
Ko0 4.52 4.57 0.31
Po0g <0.01 0.01 0.05
Ho0 + 0.44 0.28 5.18
Ho0 - 0.15 0.02 11.04
S04 - - -
S - — -
tot. S - 0.05
CO» 0.15 ---
tot. C -- - 0.78
TOTAL 98.97 95,98 99.64
F (ppm)
Ct 22 - -—
Rb --- 290 -
Cs 8.5 7.7 -
Sr 20
Ba <30 ---
Co 0.40 ---
Ni 5.6 <4
Cu - <80 -
Zn --- 16.0 ---
Pd -- - -
Sn -- 57 -
Pb - - -
Cr naa 10.3 -
La - 6.1
Ce - 27
Nd 11 17
Sm - 37
Eu - 0.13
To 1.45
Dy 6.9
Tm 26
Yb 10.4
Lu -- 2.0 —
Th 54
u --- 7.5 -
Zr . -- -
Mo - 5.3 ---
Se - 12.6 -

CEC (meq/100g) 108.53




Chemical and Mineral Compositions of the Each Formation (continued)

Formation
Rock Type
Borehole No.
Elevation {m}

Oidawara

Tt
Siltatons
SN-5
2475

Akeyo TOkI (upper)

Meafisrm Sand

SN-5
218.5

TH-S
211.0

Toki (lower) Toki (lower) Toki (fower) Toki (lower)

Atkosic Fine-

Tuffacecus Ligrita-bearing Tuifeceous

Medium Sandstane Sit - Fine Sandstens  Tuff, Mudstone Fine Sandstons

No.2 Shaft No.2 Shaft AN-4 KNA-3

146.0

139.0 134.3 123.0
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K-feldspar
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Sericite
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Formation
Rock Type
Borehole No.
Elevation (m)

Granite
Medium grained
Biotita Granite
AN-1
30.2

Granite

Medium grained
Bioita Granite

AN-1
-114.1

Granite

Madium greined
Bictita Granite

AN-1
-647.7

Quartz
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limenite -
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X000
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XX

*: © (dominant) > O > A > X (minor)
** . Montmorillonite-Chlorite Regular
** { Clinoptiloiite-Heulandite



S-4

1.Section 947~951m

Transmissivity 4.29X10° mP/s
Average Hydraulic Conductivity 1.07X10°° m/s
Skin Factor 0.69
Effective Bolehole Diameter 0.025m

2.Section 277.5~281.5m

Transmissivity 7.22X10° m?/s
Average Hydraulic Conductivity | 1.81X10®°m/s
Skin Factor -3.70
Effective Bolehole Diameter 2.0m

The testing was performed with the Umbilical Hose System .

Results of Hydraulic Testing in the Basement Granite
(Borehole Data: AN-1) (after Anderson et al.,1991)
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B-1 : Location map of the boreholes for hydrogeochemicai and

Shaft No.2 hydrological investigations

B-2 : Sampling points of the groundwater

Gallery B-3 : Chemistry of the groundwater

Shaft No. B-4 : Chemical properties of the groundwater
B-5: 3 D- 380 diagram of the groundwater

B-6 : Tritium concentration and'4C ages of the groundwater

B-7 : Uranium, Radium and Radon concentration of the
groundwater

B-8 : Measurement points of hydraulic conductivities

B-9 : Hydraulic conductivities of the basement granite and
the sedimentary rocks

B-10 : Groundwater pressure (piezo head ) contours

B-11 : Instruments for the hydrogeochemical and hydrological
investigations
B-11-1 : PNC groundwater sampier
B-11-2 : Multiple piezometer system (MP system)
B-11-3 : PNC aquifer testing equipment

B-12 : Location map of the facilities in the Tono mine
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L ocation Map of the Boreholes for Hydrogeochemical and Hydrological Investigations
| (modified from Sugihara et al.,1991)
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Altitude (m)
300 -

Oidawara F,+-

¢-d

O Groundwater Sampling Point

Sampling Points of the Groundwater (modified from Yusa et al., 1993)



Chemistry of the Groundwater

Sampling Depth  Aluthtude] pH condudlivity | Si T Al Fe++ Fewr+ XIFe Mn Mg++ Ca++ Sr++ Na+ K F- Cl- NO2- PO4— Br- NO3 SO4- CO3- HCO34y U 5D &018 Tiitum 5C-13 C-14
point (GL-m} (St -m) (#S/cm) | {pom) (ppm) (ppm) (ppm) (ppm) {ppm) {ppm) (ppm) {ppm) {ppm) (ppm} (ppm) (ppm) (ppm) (pem) (ppm) (ppm) (ppm) (ppm}  {pem) (ppmyl (ppb) |({permi) (permil] (TU} (permil) (% MC)
Surface
0 5.8 246 9.60 <0.01 <0.02 <0.02 <0.02 <0.02 <0.01 0.80 240 <0.01 2.0 080 0.00 140 <002 <002 <002 <002 12.0 - 11 -42.8 7.3 8.2 n.m, n.m.
Oidawara F.
TH-6 68.0 244.8 7.8 17 28.8 <0.01 <0.02 <0.02 <002 0.08 <007 041 750 004 278 220 0.73 283 O.M1 0.11 <0.02 023 122 - 85 <005 -53.7 8.4 a -18.5 354
TH-8 28.5 248.2 7.7 165 31.3 <0.01 <002 <0.02 <0.02 <0.02 <00t 046 740 005 305 198 1.04 100 <002 0.12 <0.02 <0.02 0.29 - 108 <0.05| -57.2 -8.6 3] -15.9 35.2
Akeyo F, :
TH-1 338 252.6 7.6 147 36.0 <0.01 <0.02 <0.02 <0.02 0.07 0.17 1.07 {121 008 180 161 018 1.04 <002 051 <0.02 <0.02 4.23 - 84 040 -526 8.4 a r.m. n.m.
TH-2 328 256.5 7.2 130 36.3 <0.01 <0.02 <0.02 <0.02 058 025 128 121 <001 137 152 0.16 086 «0.02 025 <0.02 <0.02 4.93 - 70 082t -53.7 -84 c B, n.m.
TH-3 48,5 251.1 7.5 143 36.3 <0.01 <0.02 <0.02 <0.02 004 049 1.17 125 0.06 163 1.07 019 193 <002 053 <0.02 <0.02 580 - 88 0.21 -53.5 -84 a -20.1 31.0
TH-4 61.0 2485 7.8 180 32.3 <0.01 <0.02 <0.02 <0.02 <0.02 0.03 0.48 660 002 323 128 034 276 <002 0.18 <0.02 <0.02 543 - 105 0.15] -53.8 -83 2} -17.4 28.8
TH-8 104.0 2088 | a8 223 17.4 0.02 <0.02 0.03 0.04 006 <001 008 473 0.03 427 1,10 2.53 373 <0.02 0.04 <0.02 <0.02 35.0 B 73 0.2g] -58.3 8.7 ] -12.3 30,5
TH-B - 64.0 212.1 8.1 232 284 <0.01 <D.02 «0.02 «0.02 <0.02 0.01 0.14 497 0.02 447 161 1.86 1.27 <0.02 <0.02 <0.02 <002 1.18 - 143 0,33 -58.5 85 3 -14.3 40.7
AN-6 14.0 240.1 7.7 218 19.2 «0.01 <002 <0.02 <0.02 <0.02 <0.01 0.23 457 000 287 082 022 0B85 010 040 <002 0.09 1.62 - 94 0.20] -53.5 3.4 a -20.7 66.4
Toki lignite-bearing F. (upper)
TH-1 708 215.6 8.0 257 26.7 <0.01 <0.02 <002 <0.02 0.09 <0.01 021 430 0.02 505 181 2.85 334 <0.02 045 <0.02 <002 10.7 - 134 1.30f -55.7 -8.5 a n.mL n.m.
TH-2 74.8 2145 82 311 24.6 <0.01 <0.02 <0.02 <0.02 <0.02 <0.01 023 523 0.02 650 136 276 1.11 <0.02 0.78 <0.02 <0.02 1.14 - 181 480 -559 88 a fn.m. n.m.
TH-3 855 2121 8.4 2N 29.7 <001 <0.02 <0.02 <0.02 <002 <001 0.17 4.13 001 620 133 4.77 149 <0.02 <0.02 <0.02 <0.02 1.32 - 159 008 -59.2 -8.8 0 52 328
TH-4 83.0 22741 7.6 230 26,3 <0.01 «0.02 <0.02 <0.02 <0.02 <0.01 0.19 3,57 0.01 467 1.38 146 373 <0.02 <002 <0.02 0.08 4.69 - 130 011 -58.2 -84 o -10.9 27.2
TH-& 132.0 180.8 8.7 370 15.0 <0.01 <0.02 <0.02 <002 0.04 <001 0.10 620 003 73.0 160 2.83 B840 <002 <«0.02 <«0.02 <0.02 51.0 127 0.37 -58.8 9.3 ) -13.4 27.0
TH-8 91.0 185.1 7.6 213 487 <0.01 <0.02 <0.02 <0.02 <0.02 <001 010 1.83 003 133 087 0.79 180 <002 <0.02 <0.02 <0.02 4.80 - M _<0.05 -56.2 -83 2 -11.7 24.0
Told lignite-bearing F. (lower) ' ‘ |
TH-1 138.3 148.1 9.5 181 129 <0.01 «0.02 <002 <D.02 <0.02 <0.01 0.03 145 <0.01 387 028 3.01 184 <0.02 004 <«0.02 <0.02 122 - 51 28.0 -55.6 -8.6 a n.am, n.m,
TH-2 109.8 179.5 8.6 210 §.57 <0.01 <002 <0.02 <0.02 <0.02 <0.01 0.04 1.87 <0.01 450 054 266 2.02 <002 014 <0.02 <0.02 9.73 - 106 8.40f -57.3 -8.8 a R.m. n.m.
TH-3 124.0 1736 | 88 200 14.1 <0.01 «0.02 <0.02 <0.02 <0.02 <0.01 0.03 1.54 <0.01 40.7 043 3.08 380 <0.02 QG111 <0.02 <0.02 171 - 79 .35 -58.7 -85 g -12.6 26.5
TH-4 152.5 157.6 9.0 272 10.6 <001 <0.02 <0.02 <0.02 <0.02 <0.01 0.03 2.83 <0.01 553 035 3.50 4.23 <0.02 <0.02 <0.02 <0.02 29.8 - 67 1.80y -57.5 -8.6 o -10.3 18.1
TH-6 153.0 158.8 9.0 237 6.40 <0.01 <002 <0.02 <0.02 <0.02 <0.01 0.02 208 0.04 450 040 420 430 <0.02 <002 <0.02 <0.02 41.0 10 50 1.02] -58.1 8.4 g -15.1 12.0
T k'I'H-B 121.0 155.1 7.9 145 6.70 <0.01 <0.02 <0.02 <0.02 <0.02 «<0.01 0.04 107 <0.01 213 030 085 093 <0.02 129 <0.02 <0.02 3.680 - 53 0.16} -57.1 -8.4 2 -15.8 5.6
oki granite
TH-1 166.3 120.1 7.9 145 9.63 <0.01 <002 <0.02 <0.02 <0.02 <0.01 031 7.00 002 363 090 155 250 <0.02 016 <0.02 <0.02 14.7 - 118 21.0] -520 8.2 1 n.m, n.m.
TH-8 177.5 135.3 7.8 319 560 <0.01 <0.02 <002 <Q.02 <0.02 0.10 041 151 0.05 460 1.25 1.40 121 0.04 <0.02 <0.02 <0.02 82.0 - .75 -58.7 -85 2 -14.4 9.6
TH-2 160.0 116.1 7.7 202 B.13 «0.0M <0.02 <0.02 <0.02 0.02 <001 026 107 0.i0 157 0.79 213 0.895 <0.02 <0.02 <0.02 <0.02 2.49 - FA| 0.98f -55.1 -8.7 1 -17.8 17.9
n.rm. : not measured
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Chemical Properties of the Groundwater
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@ Toki Lignite-Bearing Formation (lower)

(modified from Yusa et al.,1993)
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3D (%)

Seto Group Toki Lignite-Bearing Formation (upper)
© Oidawara Formation @ Toki Lignite-Bearing Formation (lower)
Akeyo Formation Toki Granite -

3D—3'%0 Diagram of the Groundwater
(modified from Yusa et al.,1993)
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Tritium Concentration (TU)

O Seto Group ® Toki Lignite-Bearing Formation (upper)
© QOidawara Formation @ Toki Lignite-Bearing Formation (lower)
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Tritium Concentrationand '*C Ages of the Groundwater
(modified from Yusa et al.,1993)



Uranium,Radium and Radon Contcentration of the Groundwater
(modified from Kanai et al.,1990)

/-9

Formation U Ra’ An’*
) (Bg/= o) (Bg/+ o)
Surface Water 0.02~0.39 (0.02~0.06)%0.01 1571
Toki Lignite-Bearing F. 0.06~0.19 0.03%0.01 46+0.1
Toki Lignite-Bearing F. 0.01~0.06 (0.02~0.07)+0.01] (94~193)%1
Toki Granite 0.84 0.08+0.01 37.2+0.1

¥ All guoted errors are 1 ¢ uncertainiies due to nuclear counting statics only.
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Hydraulic Conductivities of the Basement Granite and the Sedimentary Rocks
(after Sugihara et al.,1991)

{(Unit of Hydraulic Conductivity: cm/sec)

6-9

- - . . Geometric
TH1 TH2 TH3 TH4. TH3 TH6 TH7 THS ANG SN4 Average
=
[
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T LNE-T SF + 868E8 SF 1 e 938E-6 Co | .l TO6E-T Co | e ABERT
[2 9.71E-7 CO 3.35E-5 S 1.50E-5 CO 1.35E-7 Co
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{Specification}

Sampling method : Batch style
Volume of sampling bottle : 500mi
Maximum sampling depth : G.L.-500m
Borehole diameter : ¢ 70~130mm

PNC Groundwater Sampler

(after Yanagizawa et al.,1991)
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Borehole
Drilling

, Removal of
Installation of MP System  Drilling Water

Multiple Piezometer System
(after Black et al.,1986)

Sampling

L‘ Samplirnug%
Port 4

c-t1-d




PNC Aquifer Testing Equipment has been developed
by Power Reacter and Nuclear Fuel Development
Corporation and TAISEI Foundation Design and
Resarch Co.,Ltd.

The equipment can measure hydraulic conductivity
and pore pressure of low permeable rock mass in a
borehole.

{ Specification )

Hydraulic test method : Recovery method, Injection
method and Pulse method

I
= Measurement depth : Maximam G.L.-500m
Borehole diameter : 66mm ~ 100mm

Measurement range 10 cm/sec ~ 10'_.90m/sec
of hydraulic conductivity

United States patent obtained, and European patent,
Canadian patent and Japanese patent pending.

Valve Control Tube
Packer Expansion Tube

T

HE

Packer Expansion

Eff I'\Ileasurment—,;-:;g

e-11-g

-Ifja

I— Inner Packer

Pi %
% Pe //4 Inner Prove < Solenoid Vaive

> Piezometer | 4 L Puressure Transducer
. ‘ﬂg S ?
S

; &
P E % S Packer Expansion
AU Trip vaive | &is— Remote Control Vaive
5 Valve Water Injection

NE A \ Valve

N Packer § N _

' 11
1ol i
| =f Stainer L | Measurment Section
1o § r I

N Packer — R

Conventional Equipment  pPNC Aquifer Testing Equipment
(Johnston Formation tester ) 1

-improvements-

1. Inner prove .
(composed of solenoid valve, pressure transducer and inner packer)
2. Remote control valves for packer expansion and water injection

PNC Aquifer Testing Equipment (aiter Yanagizawa et al., 1986)
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D-1

D2 Gallery

Rock Cube

D1 N\

D-1 : Information from uranium-series disequilibrium studies

carried out on a 1-meter rock cube in the ore zone

D-1-1 : Location map of the sampling area
D-1-2 : Resuits of uranium-series disequilibrium

analyses (25cm)?, subcube blocks (64 data)
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Results of Uranium-series Disequilibrium Analyses (25cm)®, Subcube blocks {64 data)

(after Ochiai et. al. , 1989)
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D-2 : Monitoring data of physico-chemical properties of the
groundwatier in the ore body zone { KNA-2 borehole )

D-2-1 : Schematic view of the monitoring system of
the graundwater in the ore body zone

D-2-2 : Chemical properties of the groundwater in the ore
body zone
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Monitoring Equipment

Gallery

<

\
Water Sampling Tube

. Toki Lignite-Bearing F.
Uranium Ore Body

Granite
Packers

Schematic View of the Monitoring System of the Groundwater
inthe Ore Body Zone (modified from Yusa et al.,1993)
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Chemical Properties of the Groundwater in the Ore Body Zone
(modified from Seo and Yoshida,1992)

Sampling Point -153~-155m (G.L.)
Temperature 18.5C
Eh -300mV
pH 9.1~9.2
Dissolved Oxygen 0.0 ppb
Electric Conductivity 168 S/ cm
lon Conc. (ppm) lon.  Conc. (ppm)
> Si 8.7 F- 3.7
Al <0.02 Cl- 1.01
Fe?t <0.02 SO4" 0.71
Fel* <0.02 HCO3 95
Mn2*  <0.01 COL2- 7
Mg 2 0.05 U 0.10 (ppb)
Ca®* 3.3 Ra 0.02 (Bg/l)

~Na* 39 Rn 193 (Bq/l)

K* 0.24 .

- Isotope

8D -54.8 (%)

8% -8.5 (%)

% <0.25 (TU)

5130 -17.6 (%)

- C 10.8 (% Modern Carbon)

c age 12840 (year)

- 41—
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D-3

D-1

D-2 Gaillery

D-3 : Information from uranium-series disequilibrium studies
carried out on a boring core in the ore body zone
(KNA-3 borehole)

D-3-1 : Uranium contents and uranium-series
disequilibrium of the ore body zone

D-3-2 : Uranium contents and radicactivity ratios
of rock specimens |
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Uranium Contents and Uranium-series Disequilibrium of the Ore Body Zone
(after Nohara et. al. 1992)
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Uranium contents and radioactivitity ratios of rock specimens

atiwdem) | U (%) | 234y/28y AR* | Borp4y AR’ | BT U AR.
101.61 | 0.21 1.00 + 0.02 0.93 £ 0.10 0.93 £ 0.12
101.50 0.12 0.97 + 0.02 1.04 £ 0.10 1.01 = 0.12
101.41 | 0.11 1.08 * 0.02 1.06 = 0.10 114 £ 0.12
101.27 | 0.21 1.03 + 0.02 1.02 % 0.10 1.05 + 0.12
101.25 | 0.71 1.02 £ 0.02 0.98  0.10 1.00 + 0.12
101.23 | 1.45 1.00 + 0.02 1.00 & 0.10 1.00 + 0.12
101.21 | 1.46 1.00 + 0.02 0.95 + 0.10 0.95 + 0.12
100.851 | 1.45 1.00 + 0.02 0.87 + 0.10 0.87 % 0.12
100.94 | 1.81 1.01 + 0.02 0.96 = 0.10 0.97 £ 0.12
100.87 | 0.041 1.00 = 0.02 0.98 % 0.10 0.98 & 0.12
100.71 | 0.005 1.01 + 0.02 0.99 & 0.10 1.00 = 0.12
100.27 | 0.018 0.99 £ 0.02 1.00 % 0.10 0.99 = 0.12
100.09 | 0.083 1.00  0.02 0.96 + 0.10 0.96 + 0.12
100.02 | 0.055 1.00 + 0.02 1.06 + 0.10 1.06 + 0.12
100.00 | 5.74 1.00  0.02 0.89 £ 0.10 0.89 % 0.12
99.97 | 0.049 1.00 + 0.02 0.97 £ 0.10 0.97 % 0.12

¥ All quoted errors are 16 uncertainties due fo nuclear counting statistics only.




SEM observation

M-2: Result of impregnation test -

M-4: Qualtative chemical analyses

: a-autoradiograph
+ Characteristic Xay photograph

M-5; Quantitative chemical analyses -




- SEM Observation ( Pore Structure, Matrix

-




SEM Observation ( Pore Structure,
Grain : a.Biotite b.Quartz c.Feldspar)



M-2-1

 Result of Impregnation Test (Matrix)

—A8—



0.1MM s

M-2-2

Re's_mt'éfi_f!mpréghajt_idh_ Test (Grain : _’af.;-Biotité,; b. Quartz)
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Cathodoluminescence (Quartz)
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Photomicrograph

« -autoradiograph

« - autoradiograph (Matrix)

M-4-1
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[0-Ma characteristic
i A

Characteristic X-ray photograph (Biotite)
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Characteristic X-ray photograph (Quartz)

M-4-2




M-4-2

Characteristic X-ray photograph (Pyrite)
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M-4-2

Characteristic X-ray photograph (Lignite)



Characteristic X-ray photograph (limenite)

U-Ma characteristic X-ray photograph
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Microprobe Analysis of Biotite

G-

Wi. (%)

SiO2 31.5
TiO2 0.7
Al203 8.3
FeO 5.0
MnQO 0.4
MgO 2.1

Ca0 5.8
Na20 0.2
K20 0.9
P20s 1.0
SO3 -

UO2 40.5
Total 96.4

U-Ma characteristic X-ray image

Quantitative Chemical Analysis (Biotite)



Microprobe Analysis of Quartz

Wt. (%)
SiO2 55.4
TiO2 0.1
Al203 4.1
FeO 0.8
MnO 0.1
SEM photomicrograph MgO 0.3
CaO 26
Na20 0.2
K20 0.3
P20s 0.1
803 0.1
UO:2 20.5
Total 84.6

A B KA x28 18
U-Mea characteristic X-ray image

Quantitative Chemical Analysis (Quartz)

S-N




Microprobe Analysis of Pyrite

S-N

Wt. (%)
SiOz2 18.6
TiO2 0.1
Al203 2.4
FeO 4.9
MnO 0.1
MgO -
Ca0 2.8
Naz20 -
K20 0.2
P20s 0.8
SO3 3.3
UO2 57.7
Total 90.9

U-M a characteristic X-ray image

Quantitative Chemical Analysis (Pyrite)
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