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Background Level of Natural Radioactivities in a Giant Water Cherenkov
Detector and Its Surrounding Environment——KAMIOKANDE-II —
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and Kaoru UENO*!

The KAMIOKANDE-II water Cherenkov detector for the measurements of nucleon decay and/or solar
neutrino has been operating in the underground laboratory at a depth of 2,700 m.w.e. (meter water
equivalent) in Kamioka mine of Gifu Prefecture. Concentrations of 238U, 232Th, 226Ra and 222Rn as the
major background sources have been measured for various kinds of rocks, mine water, mine air and
high purity water used as a detector during the period from August 1986 to December 1987. The
concentration levels of these radionuclides and their seasonal variration have become clear. Some of
these results have provided useful informations for decreasing the background level of water Cherenkov

detector.
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figure of Lab. dome. (The symbols in
the figure show the sampling points of
airborne 222Rn.)
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Fig. 2 Flowsheet for the measurements of U and Th isotopes, and 226Ra in rock
and water samples by alpha-ray spectrometry.
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Table1 Concentrations of uranium, thorium and potassium in rock samples near KAMIOKANDE.

U Th K Th (ppm)

Sample (ppm) (ppm) (%) U (ppm)
No. 1 : Chloritized Gneiss 1.89+0.09 4.18+0.10 0.09+0. 02 2.21
No. 2 : Felsic Gneiss 0.13+0.01 0.80+0.08 3.40+0.05 6.15
No. 3 : Inishi Rock 0.95+0.07 4.41+0.18 2.52+0.03 4.64
No. 4 : Skarn 0.68=+0.05 0.42+0.04 0.04+0.01 0. 62
No. 5 : Inishi Rock 2.23+0.09 7.73+0.22 2.21+0.06 3.47
No. 6 : Inishi Rock 0.32+0.02 1.31+0.05 1.15+0.03 4.09
No. 7 : Inishi Rock 0.63+0.04 3.24+0.15 1.63+0.08 5.14
Average 0.98 3.16 1.56 3.22

(0.13-2.23) (0. 42-7.73) (0. 04-3. 40) (0. 62-6. 15)
Table 2 Activity ratios of 23¢U/238U, 230Th/238U, 226Ra/238U, 228Th/232Th and 230Th/2%2Th
in rock samples near KAMIOKANDE.

Sample 23417 /238U 230Th /238U  226Ra* /288U 228Th/22Th  230Th/282Th
No. 1: Chloritized Gneiss 0.92+0.04 0.94+0.05 0.99+0.07 1.00+0.03 1.29+0.06
No. 2 : Felsic Gneiss 1.01+0.06 1.15+0.05 1.13+0.23 1.20+0.07 0.58+0.07
No. 3 : Inishi Rock 0.97+0.05 1.11+0.12 1.45+0.13 0.94+0.05 0.74+0.06
No. 4 : Skarn 0.98+0.05 0.97+0.04 1.00+0. 14 1.46+0.06 4.85+0.52
No. 5 : Inishi Rock 0.98+0.04 0.98+0.04 1.26+0. 10 1.02+0.04 0.85+0.05
No. 6 : Inishi Rock 1.00£0.05 0.95+0.08 0.96+0.07 0.94+0.05 0.75+0.08
No. 7 : Inishi Rock 0.97+0.05 0.99+0.04 0.97+0.26 1.05+0.06 0.59+0.06
* :226Ra (y-ray spectrometry)
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Appendix I Concentrations of 222Rn in air samples near KAMIOKANDE (Bq/m3).
Sampling date
Location
9/24-25/86 1/21-22/87 2/25-26/87 4/21-22/87 5/12/87 5/28/87
A 1. 69 X 10%* 1.9X102 3.7x102 1.96 X103 1.68 <103
1.86x10% (1.8=0.2) X 10%**
B 1.38 X103 2.1x%10° 4.2X%10? 2.06 X103 1.60 %103
1. 34 X103 2.1x102 4.2x10? (1.25+0.04) X10® (9.26+0.46) X102
(2.040.2) x102
C 1.67 X108
1.67 %103
D 1.44 X103 2.1x102 1.36 X108
1.64 X103
E 2.46x% 103 4.7 %102 2.72%103 2.28 %103
2.31 X103 4.9%102 (1. 16 +0. 03) x 103 (1.07+0.05) x 103
F 2.16%x103
G 1.04 X 10!
H; (3.27+0.10) x10% (4.88+0.02) x 10!
Hq (2.75+0.08) x10% (1.99=+0. 10) X102
T: (1.30+0.03) x10'# (1.07£0.05) x 10!
Te
Sampling date
Location
6/5/87 7/13/87 10/27/87 12/25/87
A
B (1.42+0.03) X10? (1. 36+0.02) x 103 (5.25+0. 26) X102 (2.06+0. 11) X102
C
D
E (1.84£0.04) x 103 (2.29+0.05) X108 (9. 26 +0. 28) x 102 (5.79+0. 26) X 10*
F
G
Hi (7.52+0.53) x 10! (1.26+0. 13) x 10! (0.51+0.08) x 10! (0.86+0.07) x 10!
H (6.00=+0. 38) x 10! (1.274+0.12) x 10! (0.76£0. 10) x 10!
T: (1.03+0. 04) x 10! (0.75+0.06) x10!
T2 (1.52+0.05) x 10! (1.32+0. 13) x 10!

222Rn was measured within one day after sampling, and all data were decay-corrected to the sampling

date.

* : Passive method, ** : Grab sampling method, #:4/16/87.
A~E : Mine air of the sampling points shown in Fig. 1.

F : Mine air of the gallery of about 20 m short of water purifier.
G : Outside air.
Hi, H:: Top surface air in the detector tank shown in Fig. 1.

Ti, Tq: Purified air (222Rn-free air) by flowing mine air through charcoal bed.
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