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Radionuclides in surface atmosphere on the earth are **Rn, ®Rn and their
short lived progeny, Be, ®Kr, °H, “C, "Cs, *Sr and so on. In this paper, among
them, Rn, their short lived progeny (**Po, ™Pb, ™Bi, ™Po) , "Be, 'H, and ®Sr
are focused on as follows based on the experimental and observed results,

1. Development of their measurement techniques,

2. Analysis of their variation of atmospheric
concentration with time and places,

3. Analysis of their interaction characteristics with
surface environment including plants,

4, Estimation of internal radiation doses by

inhalation of them.

Keywords: Radionuclides, Atmosphere, ®Rn, “*Po, *Pb, *Bi, ™Po, "Be, *H, "Sr,
Measurement Techniques, Liquid Secintillation Counting, Concentration,

Seasonal variation, Deposition, Internal Radiation Dose
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WeETIR, FRICLIINBEBEREOI LHETV, AHEELIET 5, % 7o Appendix
wBWT. REERBEQTEE, MR L ANHEFERENBEERIC Wtk 5,

Table 1-1 Half-lives and decay characteristics of atmospheric
cosmic-ray produced radionuclides.

NCBT}

Main
Radionuclide Half-life Main radiation target
. elements

'Be 16x 105y B555keV N, O
AL 72x10°y B*117MeV;71.81MeV,511keV Ar
%CL  3.00x10°y BT14keV Ar
Bikr  2.13x10%y K-x-ray Kr

e 5730y pB156keV N,O
32g ~650y B210keV Ar
3Ar 269y pB565keV Ar

*H 12.33y B1B.6keV N,O
22Ng 260y B10545,1.82MeV; ¥ 1.275MeV,511keV  Ar
3 B7.4d B167keV Ar

"Be 53.3d E.C.,Y477keV N,O
AT 35.0d K-x-ray,Bremsstrahlung to 0.81MeV Ar
®p 25.3d PB248keV Ar
2p 14.28d B1.7T10MeVv Ar
Z8Mg 21.0h B0.459,71.35,0.31,0.95,0.40 MeV Ar
2%Na 15.02h B 1.389MeV; ¥ 1.369,2.754 MeV Ar
383 2.83h B3.0,7188MeV;r®i.6,2.17MeV Ar
315 262h B1.4BMeV: 7 1.26MeV AT
1Bp 109.8min B+0.635MeV, 511 keV Ar
*Cl 56.2min B 1.91 f03.45MeV; 70.246,1.27,1.52MeV  Ar
! 37.29min B4.91MeV ;7 1.6,2.17MeV Ar
uect 31.99min B 2.48MeV; e~ 0.142MeV ;Y 1.17,2.12, Ar

3.30MeV; 0.511 keV

YRadiation caused by the *°Cl daughter.
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Tabie 1-3 Half-lives and characteristics of typical non-series
primordial radionuclides.**”

_ Isotoni Elementoi_ ]
Radionuclide I-(lu!f-llfe chjgdzafe cbundonce in _I%ogrc:sr;;:urfolgg
¥) o crustal rock
{%) (ppm) {Bg/kg}
Potassium-— 40 1.26 ¢ 10° 0.0118 2.09 x 10° 630
vanadium- 50 6 x 10" 0.25 135 : 2% 107"
Rubidium- 87 48 x 10° 27.85 90 70
Codmium- 113 >1.3 x {0 12.26 0.2 <2 x107®
Indium-115 5 x 10" 9577 0.4 2 110"
Telluriem-123 12 x 10° 0.87 0.002 2 x107
Lanthanum- {38 12 x 10" 0.089 30 2 x107°
Cerium=-142 >5 x 10'° 11.07 60 <{x 107
Neodymium - 2.4 x 10" 2387 28 2 510"
144

Somarium—147 105 x 10" 15.07 6.0 0.7
Gadolinium-152 L1ox 10 0.20 5.4 7 x10°
Hofnium- 174 20 x 10" 0.163 3 2 x 107
Lutecium-176 22 ¢ 10° 2.60 0.50 0.04
Rhenium- 187 4.3 x 10" 62.93 0.00! { x 107
Piatinum=-190 6.9 x 10" 0.0127 0.005 7 x10°
Platinum =192 i x 10" 0.78 0.005 3¢ 10"
Bismuth - 208 >2 x 10 100 0.17 <4 x 107"

Table 1-4 Some main radionuclides in the lower atmosphere and
their concentration levels NV Xe8t &adbetab (B /yf)

Cosmogenic radionuclides

Be-7 pP-32 H-3 C-14

~0.01 ~0.001 ~(.001 ~Q.02
Primordial radionuclides

Rn-222 Po-218 Ph-214 Bi-214({Po-214)
~5 ~3 ~3 ~3

Fallout radionuclides

Cs-137 © 5r1-80 Pu-239,240

~2x%10* ~3x10° ~8x10Q7 (1975y)
~5x%10°% ~5x107 ~2x%107 (1980y)

~2x102 (1988y, After the Chernobyl accident)
Man made radionuclides

H-3 Kr-85

~0.1 ~0.8 (1983y)

{Local) {Global)
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Fig. 1-1 Uranium-238 decay series.
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Fig.1-2 Thorium-232 decay series.
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Table 2-1 Experimentally determined correction factors.

Measuring vials

Total correction factors

Material Volume {ml) Individual (%) Mean value {%)
Teflon ' 100 80. 1

Teflon 100 79.4

Teflon 100 78.4 79
Teflon 160 80.5

Teflon 100 77.4

Teflon 100 76.3

Polyethylene 100 B1.3 81
Polyethylene 100 80.7

Polyethylene 20 76.2 75
Polyethylene 20 74.0

Low K glass 20 77.2 76
Low K glass 20 74.0

Table 2-2 Comparison of solubility of radon in

{a)

toluene and scintillator based on toluene.

Bubbler

Activity of 222Rn dissolved in total volume
of bubbler (dpm}

(a)
(B)

1103,
1149,

1085
1094

(b)

Bubbler

Activity of 2%2Rn dissolved in total volume
of bubbler {dpm)

(a)
(r)

1170,
1193,

1165
1178

22—
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Table 2-3 LSC values of Pacific Region Intercomparison.

Radon concentration (kBq/m>-air) LSC
e (kS )
LSC values Reference Reference
| 15.4
2 15.7
Round | 3 15.3
4 15.8
Mean 15.4x0.3 15.9%0.4 0.97£0.03
{ - 5.88
2 5.85
Round 2 3 5.95
4 5,99
Mean 5921004 544007 1.09+0.02
1 1.84
_ 2z 1.94
Round 3 3 1.84
4 1.82
Meon 1.8610.04 187004 1.00 £0.03

Table 2-4 Counting efficiency and background counting
rate by a delayed coincidence method.

(1) Input channel: H (1.0,100-<) (2) Input channel: H(1.0,100~<}
Gate channel : H (1.0,100-<=) Gate channe! - H {1.0,100-==]}

Delay of gate : D=2.0 psec D=10usec
Width of gate : W psec
domw | 245 | 400 | 545 [ 655 domV| 400

19.3| 46| 65| 174 76 19.3| 62

29.2| 50| 65| 741 B3 29.2| 64

140| 49| 62| 71} 74 140 | 64

685| 57| 75| 86| 92 BG 003

(cpm}y ™

5005| 103 142 [ 172 ] 188

BG [0.06002-04 0.04|014

ight 50-1 . Right 50-1000
(3} Input chaanel : P(Lo,E‘e%,*gg_ES") (4) Tnput channel : P (1.0, eft 20-e0 )
Gate channel : H{1.0, 100~ ==} Gate channe! @ H(1.0,100- =)
D = 2.0 psec D =10 psec

dpr—~¥ 400 dpm w 400

19.3 57 19.3 61 56

29.2 61 55 29.2 60 56

140 60 56 140 59 55

BG 685 68 70

0. 0.0
{cpm) o3 ¢ 5005 | 126 | 24
) BG 0,006-0.01/0.008-0.006
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Table 2-5 Comparscn of detection limit of *Rn in water and
air between integral counting method and delayed
coincidence method.

Detection . Concentration in water Concentration in air
Limit [ Counting rate {cpm) (Bq/m®) (Bq/m®)
Method 100 min. 1500 min. 100min, 1500 min, 100 min, 1500 min,
counting counting counting counting counting counling
Integral counting | 2.2 0.56 8.9 2.2 3.0 0.7
H-H coincidence 0.13 0.02 4.1 0.7 1.4 0.3
H-P coincidence 0.10 0.01 3.7 0.4 1.2 0.2
Scintillator 100 mi
Volume of water : 1300 ml
Water temperature : 10 °C
Air temperature 20°C

Table 2-6 Concentration of ®Ra and #Rn in river water and
drinking water.

2220 (Bq/m®) 22534 (Bq/m*)

Sample - Sampling date T (%)

Integral counting  Integral counting Deloyed coincidence

Hontani river

Upper stream 1981.06.13 1.5 48 <D.L.(8.9) 7
Hontani river

Down stream 1981.06.13 3.0 148 300 322
Orinking water

gt Masutomi 1981 06.14 155 759 1 15
inn- A

Kuji river-A 1984.03.15 14 i6
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Table 2-7 Characteristics of each method for 2Rn

Method Detection Limit Remarks
in Air(Bq/m3)
L5C Method 3.0 ( 100min.)?® Suitable for the field work, high counting
(Gross Counting) 0.7 (1500min.)? afficiency, very cheep method, need LSC
L3C Method (Delayed 1.2 ( 100min.)* Extra low background counting rate, suitable
Coincidence, H-P) 0.2 (1500min.)* for low concentration, need LSC, linear gate

Electrostatic Method

Scintitlation Cell

and scaler

0.2 Suitable for continuous measurement at low
congentration, need dehumidification ef air,

instrumentation is rather expensive

20 Suitable for continuous measurement at high
concentration, instrumentaticn is expensive

$+These data are obtained

using a2 low background !iquid scintillation counter Aloka LSC-LBI.
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Fig. 2-1 Raden sampling. A:Filter, B:Scrubbing bottle filled with
scintillator based on toluene, C:Flow meter, D:Pump.
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1 bottle v Lo
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| 226Rg solution - | based on toluene
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Fig. 2-2 Calibration system for raden in air.
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Fig.2-3 Integral counting curves of ™Rn and its daughters.
H channel (@), C channel () and P channel (x};
Sample: 1511 of IM HCI of ®Ra solution was
dissolved in toluene.
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Fig.2-4 Relation between bubbling time and ™Rn absorbed
by toluene based scintillator from ™Rn in air.
Flow rate: 0.7L/min.
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Fig. 2-5 Integral counting curves of ®Rn and its daughters.
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Fig. 2-6 Sclubility of Rn 1n toluene.
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Fig. 2-7 Pulse height spectra for *Rn and its daughters
in toluene based liquid scintillator.
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Fig. 2-8 Decay of activity absorbed by toluene based liquid
scintillator.
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Fig.2-9 Signal from LSC and block diagram for delayed
coincidence technique
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Integral counting method
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Delayed coincidence method
H-H(1.0,100~c0): D= 2 usec. ,W=400usec.
500 min. counting

Fig. 2-10 Background counting rate vs. volume of a liguid
scintillator without water (@) and with saturated

water (&),
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Rn-222 (and Rn-220)
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Determination of
Ra-226 (and Th-228)

Fig.2-11a Analytical procedure of Rn-222 and Ra-226 in

Environmental Water.
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Fig.2-11b Absorbed Rn on scintillator based on toluene
with different extraction time
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rs-i;ncl Computer
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N 4
- High volt
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Fig. 2-12a  An Electrostatic Rn Monitoring System for the

Filter

Continuous Measurements of Environmental Rn.
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Pressure etc.

.,/

air
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PMT
Data
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Amplifier and

Processor
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RS232¢C
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Personal
computer

Fig. 2-12b Block Dzagram for Continuous Monitoring System
of Rn in Cave Air.
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Table 2-8 Chemical cocmposition and radioactive nuclides
in the feed solutions.

Radiooctive
Solution  Metal fon nuclides Content, mg
Sr2+ BSSr 20
I Cs’ 2:Cs 20
Ba2* Ba 20
Ca®t — 5C0-2400
grét 85y 20
Cst BiCs 20
I Co2* o, ®Co 20
y3* ady 20
Mn2+ 54Mn 20
Cet- 3%Ce 20

Table 2-9 Determination of ¥S8r and *Sr by LSC.

Measured
Sample 0 Added activity, activity, Yield,
solution 895r/*Sr dpm dpm Yo
, 03 8% 95 10.6 112
: 05y 42 4.2 100
8%y 95 06 101
2 045  90g, 217 19.0 90
835y () DL*
3 0 %05 12 21.0 99
4 83gr 189 19.6 104
oo 0gr 0 DL —

* DL = Detection Limit

Table 2-10 Analysis of NBS 4353 Recky Flats Soil.

Certified activity of *°Sr, Bq/g 0.00763
Total uncertainty, % 10.2

Activity found, Bq/g A 0.00734
B 0.0083;
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Table 2-11 Measured tritium concentration using various
counting vials and caps.

Externat Standord |°H Counting s
Channels Ralio{ESCR)  Rate Hoy Volume Ratio
Gain _|x10, 0.6 0.4 Counting Mode Concentrmiozn Counting Vial}Sample : Vial Cap Remarks
Discriminater| 600-1000 60-500 KIOQ(PCV” Aquuzo[-?
R AR cpm _ Acpm

o| 692 002 |7426,108 0", X5 442 0.28|Palyethylens| 1 1 white ]
b{ 7.70  0.02 |783.0,126 ; 5324 028 . “ .
¢c| 6.98 002 |749.2,130 . 5.44+ 0.29 ” Y . Backgmn:jacpm |
d{ 7.19  0.03 [755.2,12.9 . 5.36+ 0.28 . p . 314 £0.62
t| 5,42  0.03 [697.9,106 . 5.69%0.30| Teflon " White (Tefion]
2| 583  0.02 [6847, 9.3 . 5.65%0.29 . ” Green
3| 627 002 |7713,157 . 562+ 0,29 . . Green
40 7.4 002 [6319,102 TOFE}’"C-yif,?:m‘ 552:030] - . White(Teflon)
a| 1682 004 (1634 49|00 PS5 734 0,33 Polyernyiene | 1119 | white
bl 16.97 004 [166.0 5.8 ’ 5.79£0.35 ' # | White
1] 14,87 0.04 [1423 30 + 544030 Teflon " White(Teflon) { Background cpm :
2| 1525 004 |147.8 2.6 . 5.50% 0.29 ’ . Green 3.19 £ 0.45
3| 15.62 0.04 [150.0 5.9 . 5504+ 0.35 ’ . Green
4 1825 0.04 {1578 7.0 4 5.65+ 0,38 ’ . White( Tefion

%} Counting efficiency contains 5% error.

*2 1pCi =

'0.0378q

* 3 Bockground sample is 100ml of Aquosol-2 in o Teflon vlal.

Table 2-12 Relationship between the external standard channels
ratio (ESCR) and the counting rates and the counting
efficiencies in different counting vial caps.

_ ESCR *H_counting (%1} (%2)
&;ﬂlrﬁ:ﬂlps : Gain |x10, 0.6 0.4 Counting | Counting Remor ks
Color Discri. |600-1000] 60-500 | efficiency | efficiency

R AR cpm | acpm | Ey E,
A No cap 3.59 0.0V |186437| 108 |0.1 11£0.008|0.1024£0.005 | Counting viai:
.. e i00ml Teflon
B fv“hkﬂf'“””' 5.57 0.02 |16126] 165 [0.1094+0.005(0.101 £0.005 | vio!
Teflon *y getivity :
C [ geriom 547 | 0.02 /15596 85 |0.105£0005/0.1000.005| | 4g. 165 dom
p | Enka- biniru 528 | 0.02 |14620| 100 10.099+ 0.005!0.09840.005
E Egzﬂ‘b‘“”” 526 | 0.02 |14428[ 97 [0.097%0.005/0.09740.005

(# 1) Counting efficiency contains 5% error.
(% 2) The counting efficiency is gained from the *H quenching standards

in 10Cml vials with green cops.

It contains 5 % error.
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Fig 2-13 Analytical procedures for ¥8r and “Sr in a dust sample.
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(a) Elution curves of Ca, Sr, Cs and Ba from a 17XZ2cm.
Amberlite CG-120 column ; the sample cantained 0.5 or
1.0g of Ca, 20mg of Sr, 20mg of Cs and carrier-free *Ba;
elution at 2.0 ml-min with 600 m! of each eluent.

(b) Elution curves of Ca, Sr, Cs and Ba from a 25 XZcn.
Amberlite CG-120 column ; the sample contained 24 g of
Ca, 20mg of Sr, 20 mg of Cs and carrier-free *Ba ;

glution at 2.0 ml”"min with 600 ml of eluent I and 1000 m!
of II.
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Fig. 2-15 Elution curves of simulated fall-out solution (20 mg each
of Cs*, Sr¥*, Y¥, Mn?, Ce*, Co®). Amberlite CG
190 column 25 X 2em, eluted with 600 ml of eluate I and
800 ml of eluate I at 3.0 ml/min.
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Fig.2-16 Abstracts of beta-ray spectrum of *H, ®¥Sr, *Sr and Y
in each channel of the LSC.
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Fig. 2-17 Relationship between guenching and efficiency in each
channel of the LSC. (Left) C channel: gain 1.0,
digcriminator 350-1000. (Right) P channel : gain 1.0,
discriminater 150-1000. ESCR means external standard
channels ratic which is a indicator for quenching.
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Fig. 2-18 Relationship between quenching and background counts

in each channel of the LSC. C channel: gain 1.0,
discriminator 350-1000. P channe!: gain 1.0, discriminator

150-1000.
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Fig.2-19 Comparison of *Sr activities measured by the ordinary

milking method and the liquid scintillation method : D. L.
== detection limit (3 ¢). The straight line corresponds
to 1:1 activity. 1pCi = 0.037 Bg
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Fig. 2-21 Relation between vial weight and external standard

channels ratio. Liquid scintillator ; Aquasol-2,

® Pclyethylene vials, X Teflon vials.
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Fig.2-24 The effect of the cap in counting vial
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Fig. 2-25 Background counting rates of H channel as a function of external standard
channels ratio (ESCR) in different quenching level samples.
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Fig.2-26 Constitution and size distribution of the Andersen
air sampler.

Table 2-13 Characteristics of each method for ®Rn, *Sr and *H

Method Target Detection Limit Remarks
Nuclide in Air(Ba/md)
LSC Method Rn-222 3.0 ( 100min.)* Suitable for the field work, high counting
(6ross Counting) 0.7 (1500min.)}* efficiency, very cheep methed, need L3C
LSC Method (Detayed  Rn-222 1.2 ( 100min.)* Extra low background counting rate, suitable
Coincidence, H-P) D.2 (1500min. )" for low concentration, need LSC, linear gate
and scaler
Cation Exchange Sr-90 i.4x1ﬂ'5 No need to use fuming nitric acid
and LSC Counting { 100min.)? simple and suitable for routine analysis
Water Condensation H-3 5.9x10'4 Need for water condensation apparatus,
and LSC Counting ( 100mia. )’ simple

tThese data are obtained using a fow background ligquid scintillation counter Aloka LSC-LB1.
Figure in parenthesis is counting time.
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Table 4-1 Observation periods and observed major parameters
at point B in the tunnel at Matsushiro, Nagano, Japan.

T8/ 8/ 80/ Bl/ 8t/ 82/ 83/ 84/ B 86/ BY

Obserbed parameter 10/25 G4/24 11/18 06/11 10/28 11708 09/08 11/09 11/26 12/0 12/13

222 Rn * S * L ¥ % % E S * sk >
{LSC method)
22?Rn progeny ¥ * x * * *x k3 * X

{7-ray spectrometry)

Particle size * * ¥
{7-ray spectrometry)

222 Rn progeny * * E 3 k3 LS K *
{a~roy spectrometry)

Particle size . O *
{a-ray spectrometry)

Unattached ' *

220n progeny
{ a~ray spectrometry)

Temperature * S S L . * ok
Relative humidity * %k ¥ * % % * ® %
& Barometric pressure

Aerosol concentretion *
¢Ro ¥*™*Ro in rocks * xRk ok kX

{ #-roy specirometry)

Table 4-2 Radicactivities in rocks in the tunnel at
Matsushirc, Naganc Japan.

Radioactivity in rock (Bq/kg)

Sampling date

ZZGRG ZZBRO

1879.10.26 16.7(3.31°  10.7(7.7)
1980. 4.25 14.1(2.1) 19.2 {2.8)
1980 .11.20 10.7(7.1) 12.2 (10 )
1981 . 6.11 13.015.5)" 13.7 (8.5}
1981.10.28 12.21(3.9) 7.4 (7.1}
1982 .11. 9 20.4(2.0) 16.313.9)
Mean 14.5 14.9
Stendard  deviation (%) 24 22

# Values in parenthesis means counting error (%)
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Table 4-3 Exhalation rate of ®Rn from a variety of
materials {UNSCEAR 1977, 1982)

Radon emanation rates of various materials {UNSCEAR 1977)

Emanation rate of 22Rn

aterirg per unit activity Comments
Materiral concentration of **°Ra - °

(pCi mi%s per pCi g')

Internal walls

By - product gypsum 0.01 Z6mm. thick '
By-product sum 0. 001 Ceilings

F &P , 13mm thick
Concrete - 0.005 10 mm thick
Uranium mill tailings 0.2 10 mm thick
Uranium mill tailings t.e “Infinite” thickness
Soil 0.5 *Infinite” thickness
Light concerete | 0.02 20cm thick
Heavy concrete 0.01 ' 8cm thick

Radon exhalation from rock and uranium minerals (UNSCEAR 1982)

Gﬂgﬁ%lT Rodon exhalation rate for cores
| 2 -
Type of fock concen1¥roﬁon (mBq m?s™) (uBq s’/
{Bq kg™") {Bq k"))
Leptite ¥ 79 0.4 5.
Aptite {1} 460 1.2 2.6
Aptite (2) 280 0.88 3.1
Pegmatite (1) - 340 5.3 15.6
Pegmatite (2) 330 8. 25.2
Uranium minerals '
Sample 1 110000 260 2.4
Sample 2 310000 780 2.5
Sample 3 81000 170 2.1
Sample 4 72000 63 0.9
Sample 5 4500000 180 0.04
Sample 6 240000 7.8 0.03
Somple 7 28000 10 0.36

a/ The radon exhalation rate froma gallery surface was 7.4 mBq miZ s -
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Table 4-5 Concentration of ®Rn and Rn progeny at
point B in the tunnel at Matsushiro, Nagano.

Sompling Dote | Sompling Time | 222Rn(Bq/m?) | °Po{Ba/m?) | #'*Po (Ba/m?) {*"Bi (Bq/m®) | *"*Po/**Rn | *“PW/**Rn | **Bi/*Rn
B1.10. 28 11:45-11:55 460 430 350 400 0.93 0.76 0.87
81.10.28 15:10-15: 10 4490 340 210 350 ° 0.77 0.70 0.80
81.10. 26 17:15-17: 25 260 170 200 150 0.65 C.77 0.58
g2.41.09 16:30-16:35 460 330 170 130 0.72 0.37 0.28
83.09.09 t11:26-11:56 1195 481 327 "~ 238 0.40 0.27 0.20
§3.69.09 14:14-14: 44 1328 870 636 525 0.65 0.48 .40
83.09.09 {5:44-16:14 1230 500 518 - 407 0.41 0.42 0.33
84.11.10 5:40~ 9:45 324 250 240 220 0.77 0.74 0.68
84.11 .10 10:40-10:50 320 300 220 210 0.94 0.639 ¢.66
85,1127 {5:10-15:20 680 367 370 339 0.54 0.54 0.50
85.11 .27 17:50-18:10 280 143 139 124 0.51 0.50 0. 44
85.11.28 $1:40-12:10 1010 581 522 444 0.58 0.52 0.44
85.11. 28 14:25-14:30 1080 722 581 581 0.67 063 0. 54
85.11.28 15:20-15:30 1110 729 636 559 0.66 0.57 0.50
88.12. 13 11:10-11:20 1154 821 614 533 0.71 0.53 0.46
Meap Vclue 755 469 396 347 0.65 0.57 0. 8§

Table 4-6 Activity median aerodynamic diameter (AMAD)
of ™Rn progeny in tunnel air at Matsushiro,

Nagano.
AMAD (gm])
Date Time  Method  ¥'®Po  *Pb 2B, *po
(Re-A)} [Ra-B)  (Rae-C, Ra-C)
1983/09/08 10:54-11:14 7 - 0.45 0.42
{983/09/08 14:14-14:44 7 - 0.43 0.35
1963/09/08 16:04-16:34  F - 0.39 0.38
1983/09/05 09:38-10:08  a 0.41 0.43 0.44
1984/41/09 11:00-11:10 @ €0.43 0.53 0.52
1984/11/09 (4:30-14:35 @ (043 0.53 0.45

Table 4-7 Unattached and attached concentration of *Rn
progeny at peint B in the tunnel at Matsushiro,

Nagano,
. Concentration {Bq/m’) Aerosol
Date Time  Fraction concentration
¥8po(Re-A)  F'PblRe-B) 2'BilRa-C) {n/cc)
1983.12.43 11:15  Tota! B21 614 533 8000

{1:35 Unattached  55.1(8.7% 11.0(1.8% 3.32(0.62

14:20  Affoched 695 770 772 3500

14:20 Unatoched 148 [1BY  16.2(2.4% 6.95(0.969

1988.12.14 10:10  Aftached 648 766 673 3000

10:10  Ungtteched 191 (23"  22.5(29%) 3.04(0.45%

( Unattached

)X 100 %, Tota! = Unattached + Attached.
Total
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Table 4-8 An estimation of effective dose equivalent by
inhalation of ®Rn and its progeny

Radicactivity Effective dose equivalent (mSv/y)
Minimum (Mean) Maximum
111y 7.0x107¢ 1.1
218p 7.3x107! 12
2idpp 3.5 55
114g; 2.8 44
2H4py 3.9x10°7 6.2x310°°F
Sum 7.1 (60) 112
REMARKS :
Corresponding ?*2Rn concentration 0.11-1.7 Bg/m®
Condition for dose calculation Class W or D
AMAD 0. 5pum
128p, concentration in rock 15 Bg/kg

(Diorite porphyrite)
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Fig.4-4 The observation points of Raden concentration
at the Matsushiro Seismological Observatory.
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Table 4-9 Concentration of *Ra and “Rn in spa water
at Masutomi-spa, Yamanashi, Japan,

Sampiing Date Place Temp. (°C) 226Ra (Bq/1) 222Rn (Bg/1)
1981.06.13 Spa—-A 21 0.06 80
1981 .10.30 Spa- A 20 0.28 .73
{981 .10.30 Spo- B 19 : 0.04 3000
{981.06. 14 Spa-C- 40 0.02 0.1
1981.10.30 Spa-D 26 0.30 5.3
- 1981.10.30 Spo-E 29 ) 0.43 8.9
?

1981.10.30 Spa-F 25 0.88 2

Table 4-10 Concentration of *Rn in spa-B water, and *Rn
and its progeny in air In the room at spa-B.

222pn, Spa #Rn, Air  ?'®Po, Air  #'“Pb, Air  #“Bi, Air

Date Time (Bg/1-H O0)  {(Bg/f1-gir) {(Bg/t-air)  (Bg/f1-air) (Bg/l-air)
81.11.11 14:50 1563 {.89 1.34 0.03 0.01
83.09.12 12:45 422 1.30 0.17 0.03 0.01
83.09.12 15:00 587 2.04 0.28 0.03 0.02

183.0%.12 16:0Q0 0.74 0.52 0.07 0.03
83.09.13 10:40 {.67 1.10 0.12 0.04

Table 4-11 Activity ratic between ®Rn in air in the rcom at
spa-B and ®Rn in spa-B water, and between ®Rn
and **Po, and between ™Po and *'Ph, ™Bi in the
room at spa-B.

Date Time  2Rn(Air/Spa) 2'°Po/%#Rn  *“Po/¥%o  **Bis*°Po
82.11.11  14:50 0.001 0.18 0.10 0.02
83.09.12 12:45 0.003 0.13 0.20 0.07
83.09.12  15:00 0.004 0.14 0.09 0.07
83.09.12 16:10 0.70 0.13 0.05

0.11 0.03

83.09.13  10:40 0.66
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Table 4-12 Observation periods and observed major
environmental parameters at the test house

85/12/16-20  87/03/09-13

87/06/01-05

222Rn
222pn progeny
Unattached #2%Rn progeny

arometric. pressur
Wind speed, wind direction
Ventillation rate
Aerosol concenfration

12%%R0 & *Rq in bunldmg
materials .and soil ..

“[Temperature Y
Relative hurmidity
e

"

*
*

*

*
*

*
*
*

Table 4-13 Radioactivities in the building materials of
the test house and soil nearby.

Material Radioactivity {Bg/Kg)
226R0 228R0 40}( 13?CS
Concrete 23 31 634
Gypsum 4 2 11
Seit {(00-05cm) 21 30 293 1.4
{05-10cm} 23 3 396 0.6
(10— 15cm) 23 34 349 0.6
(15-20em} 24 35 374 N.D.
(20-25c¢m) 20 33 267 N.D.
{25-30¢cm) 1s 28 195 N. D.
(30—-35c¢m) 20 27 239 N.D.
Mean valug of soil 21 31 302

N.D,: Not detected
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Table 4-14 Parameters for the estimation of exhalation
rate from concrete wall in the basement at
the test house.

ke  : Effective diffusion coefficient 3.6 x 10" emi/sec  Stranden 1980
A : Decay constont of 2%Rn 2.1 x 10° /sec
C : ®Ra concentration in concrefe ¢ 2.3 x i0° Bg/q Measured
p  : Density of concrete 2.3 g/em? Measured
n @ exhalation factor : 0,05-025 Stranden 18789
d ¢ Thickness of concrete 0.15m Measured
R : Relaxation lengh 0.13m Strander 1979
Table 4-15 Range of the seasonal variation for ®Rn
and some environmental parameters in the
basement at the test house.
Relative Room Barometric
Vear. Month - Rn, Basement  *Rn, 1st Floor Rumidity temperature  pressure
(Bg/m*} {Bq/m?) (%) (°c) {mb)
85.12 75-178  10-73  78-85 6-10  1005-1023
87.03 178-292 14 -37 75-80 55-75 1010-1026
87.06 322-596 14 =55 B84-85 17-18.5 1010-1020
Table 4-16 Ventilation rate, temperature differences
indoor and outdoor and mean wind speed
(Period : 1985, 12, 13 — 1985, 12. 18)
Ventillstion  Room Temp, Qutside Ventillotion Room Temp. Meon wind Temp. differency
Date Time rate,Base-  Basemen!  Temp. vote b-st |st Floor  wvelocity  between inside
ment Floor and oufside
{(1/hr} (°¢c) {(°¢r {1/he)  (°C) {mfs} ()
1985.12.13 18:05-06:40 0.087 9 4.6 . - 4.4
1985.12.13 17:37-03:37 0.076 g -0.8 - 9.8
1985.12.13 19:15-21:50 -0.8 0.622 6.8 0 7.6
- 1985.12.17 18:23-20:11 2.0 0.667 8.1 2.1 6.1
©1985,12.18 14:11~15:40 8.2 0.7{7T 7.1 2.9 8.9
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Table 4-17 Correlation coefficient between Rn and *Pb

some environmental parameters.

Basement
1885 .12 (N=15) 1987.03 (N=16) {98T7.06{N=15]}
222 Rn 214 Pb 222Rn 214 Pb ZZZRn 214Pb

Room Temperature
Relative humidity
Barometric. pressure
Wind velocity

0.67 0.63 0.02 0.09 -0.64 -0.91
0.25 0.53 0.25 0.28 0.58 0.20
-0.85 -0.77 0.50 0.48 0.82 0.66
0.17 0.04 -0.41 -0.28 -0.28 -0.20

fst Floor

[987.03 (N=16)  1987.06 (N=15)}

ZZERn 2I4Pb ZZZRn 2!4Pb

Rooen Temperature
Relative humidity
Barometric pressure
Wind velocity

-0.04 0.06 -0.79 -0.68
0.04 -0.08 0.76 0.59
0.55 0.70 0.05 0.17

~-0.53 -0.57 -0.63 -0.57

Table 4-18 Ratio of unattached fraction to whole component

and aerosol concentration and ventilation rate.

Basement -st Floor
Ra-A  ("Po) (%) 35-60 16-47
RaeB  (*“Pb) (%) 5-16 0.5- 7.8
Ro-C  ('Bi) (o 0.1-3.6 N.D-3.0

Re-C' (™*Po)
Aerosol concentration {0/cc) 400-5300 TT00-16000
Ventiliation rate (1/hr) 0.08 0.7

N.D. : Not detected.
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Fig.4-15 A sketch of the test house.
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Fig.4-16 An example of the variation of ®Rn concentration
at the test house, Arrow in this figure shows the
opening time of all rubber stopper which prohibit
entry of soil gas.
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Fig.4-17a Correlation between **Rn concentration and

barometric pressure in the basement
(Period : 1985. 12. 17 — .18).
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Fig.4-17b  Correlation between Rn concentration and

barometric pressure in the basement
(Period : 1987. 3. 9 — .13).
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Fig.4-17c Correlation between *Rn concentration and barometric
pressure in the basement (Pericd : 1987. 6. 1 — .5, Vertical
arrow in the figure shows the opening time of all rubber
stopper which prehibit entry of soil gas).
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Fig.4-18a Correlation between “Bi and room temperature
or relative humidity in the basement
(Pericd : 1985. 12. 17 — .18).

—113—

R.H.at Basement (%)

Temperature at Basement (°C)



218 in Basement (Bg/m?)

¢'%Bi in Basement {Bq/m?)

100

JAERI—Research 96—029

200
180-
160}
140
120_

80

174

72

60

12 13

10 11
Date and Time in March, 1987

14

200
180
160
140
120
100

80

17T T T T 1

] ] ! 1 | . 1

60

Fig.4-18b Correlation between ™Bi and room temperature

10 11 12 13
Date and Time in March, 1987

or relative humidity in the basement
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Fig.4-19a Concentration of *Bi in the I-st floor and
wind speed with time (Period ; 1987. 3. 9 — .13).
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Fig.4-19b Concentration of *Bi in the 1-st floor and
wind speed with time (Period : 1987. 6. 1 — .5).
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Fig.4-20a Comparison between measured and predicted
values of ®Rn concentration in the lst floor
at the test house (Period : 1987. 3. 9. 13D
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F1g 4-20b Comparison between measured and predicted
values of ™Pb concentration in the lst floor
at the test house (Pericd : 1987. 3. 9. 13)
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and its progeny at cave, concrete building, the
test house and spa air under low ventilation rate.
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Fig. 4-22 Distrivution of indoor Rn concentration in Ibaraki,
Japan (Period : Dec. 1988—May 1989).

—122—-



JAERI—Research 96—029

80
¥ =23+0.16x R=0.04

- #}

&

#%Ra (%0} In sot (Bq/kg) -
8

. o
0" o og ©
- R £
20 cqg oo © .
L uaﬂau
0 i 1 L 1 n I L
0 20 40 &80 a0

222pn concentration (Bg/m?)

Fig.4-23a Correlation between indoor Rn and *Ra (*'U)
in soil (Ibaraki, 1988. 12 — 1989. 5)

00 :
L " y=30+014x R= 0.02
80 a
80+
o a

287 (BT fn soll {Bq/kq)

-

O I ) i 71
0 ‘ 50 100

222

Rn concentration (Bg/m’]
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Fig.4-24 Indoor ™Rn concentration by housing type.
(Tbaraki, Dec. 1988 — May 1989).
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Fig.4-27 Distribution of indoor ®Rn concentration in Ibaraki, Japan.
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Table 5-1 The effective committed dose equivalents arising
from one year inhalation of radionuclides in the

atmosphere at Tokai-mura, Japan

Activity | AMAD®| Effective committed®"®
Nuclide |nﬁ;§d dose qu:aknr
(Bq) ath (x10%)
7Be B0O2 O-!?T 3F0
(297) | 043 3.8
137 2.0 31 i.2
Cs | 0074) | 1)o o'se
, 14 44 77
st | (0051) | 12 's
0.021 1.7 53
239, ]
"Pu | (78x10% | glos 4

a) The two vaolues in the same column denotes the maximem
{minimum) ond the minimum (moximum). respectively.

b} For the reference male odult defined in the .[CRP publicotion 23.

Concentration of Ngy in air (Bg/m3)
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10° | |
': Chinese 261h
Nuclear Explosion
- 1980.10
] H ] I
1978 1979 1980 1981
YEAR

Fig. 5-1 Concentration of Sr-90 in air at Tokai-mura,
Japan, over a 3-year period.
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Fig. 5-2 Particle size distribution of atmospheric *Sr
activities by Andersen cascade impacter.
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Fig.5-4 Menthly variation of AMAD of radionuclides
in the atmosphere at Tokail-mura, Japan
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rs: AT (s cm)

p {dCc/dt) = (1,/r) {X—- ($/a) C} (3)
p o BOoBUmMESVOKOR (g, cm?)
C:HOMBKE LY F o AME (Ba,/g)

t cBBEE (sec)
¢ : MFKEKREE (g cm?)
a :EHmTIBTAHHLEEIHOBENEE (T/H=1.1)
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(1) REWHEME t=0 0&E =0 ELTHERDEIRMS,

C/X=(a/¢) (1—e"¥) (4)
ZIT

k=¢, (aur) (5)
b5

C - Cs=akBk (1—e *Y tE=H:,/¢, X=HaCs (6

C:HYBEMHBAKD Y+ L@8E (Bg. g)

Co: RAKEAP FVFv ARE (Ba, 1)

E : AN EE

Ho : #5808 E (g cm’-EX)
SO, tETRAKEVWESE, C/CallaERFELLAY., HABELHETSES
EERLTWVWE,

(ii) EBRA®

KEh L Fy ABEOSVWERRE CREA—7 Y v YEIFEH - BEEBRESR
LA EENO. SEEH A N HMA OB, B, REHLAS. ~ERFBLRET 727
SERICEN. BH L, BOBE. Lk, ARESOBEMOLEE <7 / —F — i,
KEEECHYEES IR A — 5 CRELI-COREE., LI1-1600) LD RIEL. MV
Fo At WRLAETESAEERCEERENA . BB L. MHKEZ@EES YT L —
vavho vy TRIELR,

(iii) EBR&R A

Fig.5-38 CEBRBEO—PlERT . HEBRESKELIT MY F v 2 BRECHT IHOE
*¢PU%¢A%E®&T£60@$KH%HM@EﬁﬁKEdUk¥Mﬁ%@%Kﬁb
Foo RMRAEILASD P Y F O AFRINL, CORRBRKI[APKER LEMBERKREHE
DR S kA BRIETH B ELTEsNABellotDEARNEMR—F LTV I HD
Pph, LB LFRAMEDFRSFLTED., ChiIEGIES » TAEKEKRZRERILE
THRLEVCEEINWAKOEAEERBETLZ6D0TH 2.

5-3-4 KEAF YV Fv o0 LH~DUFE

KEH P Y F O AOTE~OKEBE ML TREENECTHARSN TV S (Ind2) o
HTODAESEFD U5 o0k BEHR., KELOXEFH LEANCIEL TS S8,
Y Fe AORHEORVLEABTOREVY, HNENRICLBIHE L DEVFE
FZo HTODLEFO r U F o o0k HEER 102 0l 1077 n/sec ERESNTOD
(WH)oiﬁﬁ%%?%HTO@#%MﬁUﬁ%?%C&m%\th@AK%LT@
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REAALVOLIHTVIXBFRFLLVSBESEAVTR. FRAFLVWOBMEELZHVWLIEES
H 5 {Gadd) o

AKEFHTRITELEWHT L&, 20—HREFEF 757 7OEEICIDHTOSAL
FRCEE - ILE TS (Sn52, McT8, 1c88) o COZH - LFEERHT # 2 0BT,
+EOESKE, THEPA2FUTOBEAPEE VS LBE/ S A - S RIKFET S LN
SHTWVWD, CHETCRBESINTVAHIA RO T E~DEEEFR. F = v Y—HBI
v 2~3x10"% m/sec (Sw81) . HAEBc LD 1~8x10"" mn/sec (GaB0,Fo86, Mu78,
Ra63, Hab4) EHWEIATED,. HTODOEZ N L —FL ENE W,

EEBECBTLIHT 2O - KE&2HobiLT ddic, 1BIFETEIFFDF 5 —
7 U N—BFEF (CRNL) A THTFHLRAHT HF 2 OB HILEFEE (Spss, Muss) KH
L. HT A 2o+ Hick 2EH - TFEZF/ 1o

FRIBOFHEERBRR. REA> S 10mETREREL. 0nE TRPELTH > HT
HARME1Imd S IZIFICOMKE R, BEI295.7C1 (3.5TBg) Th » 7o WMHADS
BLFS50(A)Y. 100(B)y 200{(C). 400(D)mDiHifiic BT, BMHEEEZNZT s, 48, 1168
BT EETEEenBIZEEL 2,

ZrEREcR, PV FOLESEIRVHITAKOEHEKEZNA PV F v a2RBL., &
DB L7m TOLEBABER21L.0pm0 A 757405y —TEBLTRNELAL, TOQ
Do BNl EER LAy vy Fr—9 - 72 7/ NMIO0NLERE, BNy 2 S50 0K
kv Fr—va VEIHEBT7ToOALBITH ) F o A0 BRHEEZHEL o

BoNfHERO —#MEFig5-9 K/RTo Fig. 5-8 BHT A A RHEHEBEROETARUC
EEs WTHEORRREVWEERAL P F o A HTO2SEEE0BNEREYDO MY F Y
AEBRELTRLTH 2. BIBRLAED ASKEE L (Fig 5-%9a). CRARBEL(Fi
5-90)TH B, PY FYLOFTE~CHUEEFRIAMATIL 1x10 *n/sec. CHIST
1.1x107°n/secTh bH. FHIAAZHEILHEICI-TKE»SLTE~DOHLEOR & IcHER
Buwwahtc, KGTHTHFZAOHTO~NOEBRIFCHED N2 F U TiRLDITHH (
1c80) « COhd BN N7F I 7TEBFEVEHMLtOEN 7 7 ) TEE DLV
B+ KZPHTHZ2OHTO~NOEEBTESE VWb EEA NS, £/, Fig
-9 KWRONZEY . HEBOEESHAO 9 — B HTH R EHEHE TR, AR
Fig. 5-9a) RU CHIA (Fig. 5-90) THF VBV E T WA, HT ¥ X HEB®& OBk (&2
dBr-35Hr. 2 7KB1im) BTk, BESHKRKELEVWHEESNE, CRHELHICELD
ER~OBTRECVERBIEEBVSE S ELERLTWS, &3 LAEEZIERCTH
TE5CEB. THEBAAQRIE S A - HPBHIRIVERIALHHRALEERIELL
ERbLh LN FROBEBTHA I,
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5-3-5 A —2 Yy SENHEHAREEEEMLASBAEORIP LY F Y4
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(ii) FEF&E
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(iii) FAHEER

Fig. §5-12 KLt EB P35+ ) F o L REOERKE S Z. Fig. 5-13 KM Fkfiov
SRNVOEEEFOTOEFOTEE, Fig 5-14 KWK F ) F o o BFOSHLHLT
Fo KRB BHE Y FoARER TR HRT L D 80enBl EEVEHTAIIIE,
Wenk DERVAITHESILLSTRIE-FETH2M, Wenk VEVWHITREERZDL/1TH
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B HEOBMENRAI s W (Fig 5-13, 5-14), COBRIERI., BT icH LKy s
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[ErFDFo aBELIEF NI Fy L BELOMIc., MWIE OHMEEESEFEE LI, &
NOoDHE»S., FLHLHTRkEFLESEATVRA NI FoalR, RELETBBITL, =
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BRI EABHD SO L Y F o 4 OEE (Throughtall)ic & BEIZ T 0 HE L . BUCHEH
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RRBICHT 2R HBOHSREN., EFics TR MY Fy AKOFBBEEDOKRLIY b
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MW k3 by Fo A0 AARBELT, FUF I AREPLHEARRKCHHBEED
WT. HERHEDOBREU Ay FoicoWT, £ KEA — 7 U » VEILGRARH
WHEEMLSSEALTROBRUORIC OV T ENE & TREE QI EIT > 7o ERWRE
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Fubb, BEoBMEES LD OKEROKBRY I v 7R (F) &, T HRK~ DI
(dovt) &. KEDPSEA~DIE (din) OEILFL (. ALEEFELBOBENE-TH
niF. CHURENAESE (p1) EAGPKESE (p2) OB RLAT S (Rabd) o

FTRHbBE .
F=dout— din (7)
F=(pi—pz) /R (8)
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Tabb.
{(dout—din) Cs= (dovt A) Cit—dinCa {(9)

crT. ARKDPTOM/ HEERETH L IZRKER T O/ OB DL (1.1) T K
OEFILEBULTOMEIEDEVIT L S,

dovtd dindegn Fhp Epichfle 20T, BEP Y F o 2BER>EORXTREA
5o THbB.

Ci=AECa+ (1 —E) C:=sA (1 0)
CCTHWEBIEER E=ps/pl TH b

(10) RBESVAERNEE. R&P UV FU L2 BERCIER MY F v LB OEH]
ErooEYER Yy Fy s BEOTAMMEE., EAE LR T 7 7 4 — LR THENRL—
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Inlet of oir ' (T:fclg —r’:rg;— Pump|-—= Outlet of air

Filter

Fig.5-5 Atmospheric HTO sampler

Table 5-2 Annual discharges of atmospheric tritium from the
main nuclear facilities arcund Tokai, Ibaraki, Japan

Nuclear focility 1982 1983 1984
(i {ci) (¢i)
JRR-2 Heayy -water reactor 12 22 20
JRR-3 Heavy-wafer reactor - 70 20 6.0
WTP Waste treatment plant 13 23 55
FRP Fuel reprocessing plant 110 41 19
JAPCO Power plant - i8 16 22

% ci=37x10"Bg.

Shinkawa river

The Pacific Ocean

500m 0 500m
S W

Fig.5-6 Locations of nuclear facilities around Tokai-mura. Japan.
JAPCO : Japan Atomic Power Cooperation
JAERI : Japan Atomic Energy Research Institute
WTP : Waste Treatment Plant
JRR : Japan Research Reactor
PNC : Power Reactor and Nuclear Fuel Development
Corporation
FRP : Fuel Reprocessing Plant
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Table. 5-3a Comparison of measured leaf HTO and predicted values

Measured

Date Time Predicted

L. maritimus Pine needles RH Air Soil leaf HTO

(Bg/L-H,0) {Bq/L-H0) (%) (Bq/L-H0) (Bg/L-H.0) (Ba/L-H;0)
i1 Jan. 1985 1600 - 26.8 51 37.0 19.8 315
16 Jan. 1985 1730 - 365 51 78.1 _ 24.6 57.6
25Jon. 1985 1715 - 36.2 28 888 29.8 50.9
22 Apr. 1985 1600 Tl | 993 79 104 13.7 939
25 Apr. 1985 1700 7.0 8.0 46 14.6 9.1 12.8
26 Apr. 1985 1600 7.4 57 69 4.7 8.9 6.6
| May 1985 1610 8.1 78 60 13.2 12.2 146
13May 1985 (715 407 46.7 79 43.3 16.7 41.4.
11 June 1985 1615 300 404 75 33.C {9.5 326

Table. 5-3b Comparison between measured and predicted leaf
tritium concentrations (N=10, R* =0.70)

Date & Time Tree Megsured RH Air Stem Predicted
' {kBg/L-H0) (%) {kBq/L=H,0) (kBg/L-BL0) (kBg/L-H,0)
17 Sep 1986 1030 Maple-A 188 71 6.2 371 143
17 Sep 1986 1130 Maple-B 398 70 27.8 1740 613
17 Sep 1986 1130 Mgple-B 345 70 37.0 1740 620
17 Sep 1986 1420 Maple-B 527 513] 114 740 751
17 Sep 1986 1420 Maple-B 466 66 148 1740 7T
17. Sep 1986 1430 Maple-C 728 66 109 720 418
17 Sep 1986 1450 Maple-4A 319 66 837 371 223
17 Sep 1986 {030 Eim-A 816 71 16.2 2708 915
17 Sep 1986 1300 Elm-A 1ie6 66 457 2708 1128
17 Sep 1986 1420 Elm-4A {406 66 09 2708 1174

Table. 5-4  Activity ratios for some environmental materials
exposed to atmospheric HTO in the vicinity of the
nuclear facilities under normal cperation

" Rainy period
a
Pine needles Oﬁ?f 2}26
Air, 6h
Lathyrus maritimus O'(BnT;Lg'?G
Air, Bh .
. 0.76+0.15°
Seoil
7 fn=7)
Air, { week

Errors signify ‘one standard deviation.
YSoii /air ratic is the mean value for the whole of 1984.
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Sampling period (1983)
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Specific sctivity of tritium in oir moisture (Bg/L water)

Fig.5-7a Variations of the specific activity of tritium in air
moisture inside JAERI, Tokai-mura, Japan.
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Fig.5-7b Variations of the concentrations of tritium in air
inside JAERI, Tokai-mura, Japan.
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Fig. 5-8 Measured and predicted values of the leaf HTO/air '
HTO ratio in a maple tree with the elapsed time from
atmospheric exposure of HTO.

— 145 —



JAERI—Research 96—029

0-5cm {Bq/m?)
5-10cm {Bg/m?)
10-15¢m (Bg/m?)
Total {Bg/m?2)

NADN

HTO deposit x1058q/m2)
d
Precipitation

Elapsed “time (Hour)

Fig.5-9a HTO scil profiles at downwind 50m {(Point A)
for humus soil after HT release
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Fig. 5-9b HTO soil profiles at downwind 200 m (Point C)
for sandy soil after HT release
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Fig.5-10 ORNL Waste Disposal Areas.
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Fig.5-11 Conceptual diagram of HTO pathways in a forest.
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Fig.5-12 Depth profile for tritium in soil water
at the study area below SWSA-5 (Scuth).
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Fig. 5-13 Monthly changes in groundwater level and W GROUNDWATER
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Fig.5-14 Monthly changes in HTO in scil water from
surface soi (0-10 em) and subsurface
soil Il (10-20 cm).
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Fig.5-15 Vertical profile of atmospheric HTO in a forest.
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Fig.5-17 Tritium in throughfall per unit precipitation normalized
by soil water tritium. All dates are in 1986.
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Fig. 5-18 Evaporation and transpiration of tritium (HTO) per
unit area of soil normalized with surface scil tritum
at an Oak Ridge deciduous forest.
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HTO and water in a deciducus forest.
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Fig.6-1 Atmospheric Concentrations of Radionuclides at
Tckai-mura, Japan.
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Fig.6-2 Effective Dose Equivalent from Inhalation of Outside
Air at Tokal-mura, Japan.
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