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In the annual report No.36(fiscal 1993) are described the activities of
health physics in Tokai Research Establishment, Naka Fusion Regsearch
Establishment, Takasaki Radiation Chemistry Research Establishment, Oarai
Research Establishment, Mutsu Establishment and Nuclear Ship Mutsu.

In all the establishments, radiation monitoring in nuclear facilities,
individual monitoring, environmental monitoring and maintenance of
menitering instruments were carried out as in the previcus years. There
were no occupaticnal exposure exceeding the effective dose eguivalent limit
and no release of radioactive gaseous and liquid wastes beyond the release
limits specified in the regulations. In the environment, no abnormal
radicactivity was detected attributable to the facilities.

Technology developments were made as in the previocus years for
improving the technigues and methods of monitoring of individuals,
facilities and environment, and also radiation measurement instrumentation.

The research works were carried out in various fields such as radiation

dosimetry, environmental monitoring, and so forth.

Keywords: Health Physics, Radiation Monitoring, Radiation Dosimetry,
External Exposure, Internal Exposure, Envirconmental Monitoring,

Radiation Protection, Annual Report
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10] 323 | 832 | 323 | 15T 2.86 | 6.82 | 2.99 |16.90
11| 3.20 | 7.46 | 3.16 |14.8 2.82 | 6.92 | 2.90 |11.1
12| 3.24 | 7.78 | 3.26 | 6.74 | 2.8 | 7.08 | 3.03 | 6.60
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SEILERS L, MBSOk kA FR S HALETRAE 7 5 v JHh oA L TRER
S, B BEYEURBICEE L TRE LS
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F.1.4 HERsHRIZOEE
(1) H—=xA A —-5EDOEHE
1993 E - B A S, REAHRUEEEEBENICTable F. 14— 1ITRTS
HF—~f A= S EOKRIEIZOWTI]E, APDIGEEHERKIEL, ToMic>\WTiE, TEFIES
2L A EE 1S A THESHCH L TF OB EIRE L THERTREHIC AR - BIEEEL T
WFNHE | EORKEEEREL
7, 1906FE S EREICBAERY —NA A - ENFIREF = v 72 FRBL, BEVOHIRY
BIEERD b L—HEY 74 OBRICE DT,
FEOKESHIIOETHY, FOERHEABRY VFL—7OFRE, BTFEBARICESHDT
#H-71 '
(A )
(2) FREHRESEFTRISRZOEH
F SRR T R USRI ERRIC >V T, 1992EE L ARCE | MORBRKIEEER L.,
7o, EHETRE (1E78) 2EkEL, MHEOHRICEDIS,
(B BHR)

Table F.1.4—1 # —~<4 x—# DEEEH, RKEGHKUKREEE
(BFHks T3>y, 19934

=~ A —7 DR WEEH RIEGE sES
BEREAY — R A—F 30 12 0
Nal vofb-vsssp-~41-4 6 6 2
NERY—_A A =% 18 2 0
B mS ket 11 6 0
a SREmEE A 2 1 0
BE -y 3 -~ 1-5 1 1 0
HEFH— XA A =4 4 2 0
VLHT Y 3 3 0
FUFYY 1 1 0
APD 117 ' 106 4
& #t 193 140 6
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D, SEHY Ly OMBNERT 42 ESIEE & U CHERDHA TV 5, SF0R /6
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77ybA@§E,w§,ﬁ%&ﬁ%%ﬁﬁ%bt’”Cs%&%Me2L2—1nﬁﬁo

S5 A FERT = BN TEROENETREORTE CERICER L TWABEEG 7 &
TN TOREEROFEEATable 2.1, 2 — 217 T. 77 54 FTidd #ErOREROEH 71
L TRIEERRATD, XTIl T3 "FOREED g 717 v 7 TRIEERZET» 1o &&LO
G AFORE Y LI ONTE, BB RIER L2 T vy D 3 RISHT SR
A —35% & A X 1A L ERIEDMEED VRS NPT, @IEEYIEHE A VRS 47se —
%, N5 L— L TORFEBROERTE, 3 FRERCLIFBOAFTATR 7 7 »  AOWIZD
W, SRR DR 7 v 7T bR T T A &80 £ TRAGHEOR RS/, F
WHRI0Y%EHEA 2 L A0 OFEZE LS, BEEOBRENNETS S LR E N,

BN CIER, RENROEE - REIasRSER @ PNC) OFEREaN 778
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SR AR ED MO — IR TRE L 284, HETL 1 kgioxdd 2 ROEHIZRADGLkE
T 0.3% TH A LT 3 HRDI6kgTIEFI 3 % & 100, NS IARKITE W TRICERER)
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A OEERFECH T 2B B LT, [ROoNAREID7 7 P AL 2R OIIEET
W AU EOMENSRNEE 3N5, T, £E7 7 L OREDEE kD5 LT,
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KT #—)
EEIHR |
1Y K Feh— @ e - EBEME-No.34, JAER T M 92-144, 282, (1992)

Table.2. 1.2-1 Size of anthropometric phantoms and activity of '*7Cs filled in
experiment in Ukraine and Japan 1993 experimental study

Anthropometric Height  Weight  Volume Activity of '*"Cs filled

phantom in Ukraine [in Japan]
(cm) kg) (X 10%cm®) (kBy)

3 vears old 96 16 12.4 20 [ 9.67 ]

11 years old 143 37 26.2 20 [3.23]

Adult 173 64. 3 48. 3 * [ 5.96 ]

% The adult size phantom was not used in Ukraine and Belarus in 1993 calib-
ration study.
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Table. 2.1.2-2  Results of intercalibration study of whole-body counter using
anthropometric phantoms, llyears old and 3 years old size
prepared by Japan side, carried out in Ukraine and Beralus, where
their estimations of the activities in the phantoms are expressed
by the percentage error from the exaci filled activities of 20 kBq

Whole-body counters | Anthropometric phantom
‘3 years old 11 years old

(UKRAINE)

Positronika in RCRM *! -1 % 113 ¥
Super gemini in RCRM 12 % -9 %
WBC in mother & 116 ¥ t1 %

child polyclinic

WBC in bus ** -35 ¥ -4 %
Portable detector in Bus 14 % t1 %

belongs to RCRM

(BERALUS?

WBC in SRIRM *° 17 % 123 %

WBC in Gomel District +29 % 11 %
Polyclinic

WBC in Railway Workers +5 % +34 %
Polyclinic

WBC in Vetka District +44 % +39 %
Polyelinic

¥1 Ukranian Research Center for Radiation Medicine

%2 This counter is applied for adult only and then calibrated for
adult size

x3 Scientific Research Institute of Radiation Medicine in Gomel

Belarus
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Table. 2. 1.2-3  Results of whole-body counting of three anthropomeiric phantoms
(adult, 11 years old and 3 vears old size), which contained '*"Cs
solution homogeneously, carried out in three institutes in Japan

Institute Detecting Detection Detection Detection

system*! efficiency*? efficiency** efficiency**
for for for

anthropometric anthropometric anthropometric

adult phantom 11 years old 3 vears old
phantom phantom
JAERI fixed 1.09 cpm/Bq 1. 20 cpm/Bg 1.48 cpm/Bq
H detectors
NIRS scanning 0.35 cpm/Bq 0.46 cpn/Bq 0.67 cpm/Bq
2 detectors
PNC fixed 0.49 cpm/Bg 0.70 cpm/Bg 0.96 cpm/Bq

2 detectors

%] Detectors used in each institute are all Nal(TD) detectors of 20 cm diam-
eter and 10 cm thickness
%9 Detection efficiencies are for photo peak of 662keV 7 -ray of "*7Cs
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DAL @B R O RS ORI OV THRAE LS,

BRI, EERENTER X TV AEIRMOGHN S 5 EEOHEAZEE L, 10enx10endD 2
Hize A 7Ry hTLHRA L Mg £ %144 A 2 8, RITGH AT T S B TIER L7z, B
w1 BR, 1ERT 1 ARHCWTR, B RS ERRIBROMFEE, KEtEOREFL LT
WCoC s PTCsC I, KICEEMHDREE LT Co (OH) . @32V THRd, &
to. BEOWESE LT, FEICALAEIETOEVRE BAMESSRERYH (%2 D)
AP SRR O 3FEEIC oW TRkdI, i, EEERCEEEE ROBRIIDVTE, K
o X BEROBITEARET A0, RITH A A -y TRETEEUNDETSEEDET-
t-Ob, HHREICKER TS SRk HESELDET T

FEEGCIRD L D 1SEEEAE S, HEBHIRIC L 3352 & DERB L URFRBISNT 5455 L
WiEE (DIg, 23X EDEERETZ) O& bE Table 22.2— 112, *"CoCl; OEHELD
MEOEALIZ VT A X & 0 EER OB = &1 Table 2.2.2— 210Rd, JORR KOL
5130 EHBESIETL - T, DIERLTHSORELWICHT 2, SFLDFRITOVTE,
COEEHE - WKELRIbER, 50%E AR LUARESEMRR M7 UL, 28688
DHRITETMEIC L 0E-TEY, KEEOCERTEHERL L LD 18, 1 Ho7imHia
B o toht, AICHIEEO L TR A S N LRE SRS - Fo. @REMNDHRE KMo
T L DRI X & DHENEL L - T QIREHOIUFEEOR D HNEEEOFR LD b25E
& DRSS, LD BAEETBICKRSE KET 5.

F o, EEMED ORI ORITEER L EATFi 2.2 2 — LImd, JOE RS
KEPEOLET T, BB & HIWT L bodvkio L b BEEHEE G L HITd 6 Z EATHL A
1ot EREOBBOREICE Ny 7777 0 FRGWERCREREVRRAEREV. JO
A RN RO RIS HR T EE~FET T BRI L CHIET RV, S & E DRIEROHE
R E 0 AR & WD B FIT TR, EERS R SEEEEE RO T B L7250
F, bbb, EEr s EEEEE O SHITERICH T 2258 L D MEOBEI S ERMT S L
LA EBOREEERERICBWTE, J0ELHETHEEELLNS, AERDL2LELDI)
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DHEICE D I0%%HBA L I AR SN, EROBEHXBAORRMICIE ARRTEAIE
Fetes X O D EICE C OBREDSMIE LTV A I ENHBDOBEERERO A I ¥ AHROBNOKE
RS SHETTE 50T, BE EHCRALTOAI0%E W) A& E05EE, EEMGI s #E
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Table. 2.2.2-1  EBxperimental Remova! Factor (RF) and Gross Removal Factor (GRF)
VS. Elapsed Time after Contamination(ET)
WUnit %)
S CoC i, B C o (QH) - BTCsC
ET
Materials RF GRF RF [GRF RF !GRF
Vinyl Flooring 1 day 75.3 h.68 54, 2 3.23 52.1 9.30
Sheet
RONSEAL Co. 1 week 68.8 13.6 §2.1 1.93 20.9 2.1
I[TYPE:UNIVER* ‘L ;
“SAL USE : 1 month | 85.0 1 34.1 51.9 2.04 £1.3 ‘[ 12.4
1 day 70.5 28. 4 75.3 68. 6 5.2 17.1
Stainless Steel
Plate 1 week 83.5 £6.5 3.3 | 56.6 B2.2 62.9
{8US 304)
1 month | 73.7 57.8 70.3 56T 86.7 57.8
1 day 81.1 64.5 - 4 T £8.0 50.1
Vinylacetic Acid T week 8.7 89.7 - e £5.2 551
1 month | 78.2 69. 3 — — £8. 4 55.2
| day | 757 | 80.5 — 0 — | &0 50.5
Epoxy Resin T week 82.0 66.2 — — 65. T 47.1
1 month | 86.4 68. 0 — - 73.5 47.3
1 day 76.1 69. 8 — — 541 18. 4
Acrylic Acid 1 week .4 67.2 — — 45,1 1.6
Resin 1
i month | T4.0 T2.7 — — 50. 1 25.9
1 day A 11.2 52.7 15.4 54.9 13.2
Vinyl Flooring :
Sheat 1 week 73.3 | BT — — 7.0 36.8
{ machine of :
coating 1 month | B2.4 41,0 — — 0.7 15. 2
Stainless Steel 1 day 73.8 B6. 6 £9, 4 61.1 66. T : 38.9
Plate | R
{ machine oil 1 week 11.6 68. 3 - — 81.0 T
coating ) :
T month | 79.6 £3.9 — — 3z.2 67.2
i day 74.3 38.7 73.6 29.3 T5. 4 36.1
Vinyl Flooring i
Sheet i week £5.9 1 32.2 - I 68. 9 32.8
(dust coating)
1 month | 78.0 311 — — 80. 6 28.8
1 day 80.0 70. 4 78.4 78.9 3.7 T4.2
Stainless Steel
Plate 1 week 80. 4 73.4 — — 86.2 81.8
(dust coating) ; .
iomenth | 86.7 84.7 — ‘ — 31.3 4.8

RF :Removal Factor, GRF = 1st Loose Contamination Activity ~Contaminated Gross Activity
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Table. 2.2.2-2  Gross Removal Factor by repeated Smear Tests VS.Elapsed Time
after Contamination(ET)

{Chemical Formula : *°CoC 1) ( Unit: %)
‘ [

Materials ET st 2 nd 3rd 44h 1 Bith Total
Viny! Flooring 1 day 5. 68 0.9T | 0.47 0.26 0.17 7.55
Sheet : -
(RONSEAL Co. - 1 week 13.6 | 3.65 1.32 0. 81 0.33 19.8
; TYPE:UNIVER- .
“SAL USE ! 1 month 34.1 2.85 1. 38 0.85 + 0.84 401
1 day 78. 4 521 3.34 2.04 1.28 40,2
Stainless Steel
Plate 1 week 6.5 | 9.08 2.03 .54 1.52 79.7
(8US 304) | -
1 month 51.0 ; 16.0 1 2.33 ¢« 1.64 0.43 7.4
| day | 645 107 | 25 | 113 | 0.6 79.5
Vinylacetic Acid 1 week 89.7 E 491 1.33 ; 0. 57 0. 21 6.8
I month | 6.3 | 1.6 | B2 | 173 | 0.6 8.5
I day | 605 102 . 428 | 284 | 2.3 80.0
Epoxy Resin 1 week 66. 2 8.79 2.49 1.50 .7 80.8
1 month £8.0 4.80 2.53 ! 2. 20 1.07 8.7
| day | 69.8 | 11.6 75 1.8 | 0.9 8.7
Acrylic Acid 1 week 67.2 C20.2 3.9 2.18 0.7 94,2
Resin
1 month T2.7 18.1 [ 1.34 0.59 98. 2
1oday | 1.2 233 | 0.3 ; 028 | 0.24 14.4
Vinyl Flooring 3
Sheet T week 5.7 1 14.8 2. 61 1.25 0.56 7.9
( machine oil  |—
coating ) 1 month | 41.0 6.97 1.08 0.42 0. 27 49.7
Stainiess Steel 1 day 56.6 13,4 3.50 1.95 1.21 76.7
Plate I
{ machine oil 1 week BE. 3 13.6 3.85 1.3% ¢+ 087 8.1
coating )
1 month 63.9 16.2 3.05 1.87 17 80.2
] day 387 6.95 ° 270 2.39 7.38 521
Vinvl Flooring g
Sheet 1 week 32.2 810 . 479 2.18 .56 43.8
(dust coating) : r
1 menth 311 4,15 1.97 | 1.48 1.18 39.9
1 day T0.4 12.0 3.78 .23 1 1D 88.0
Stainless Steel i
Plate 1 wesk 73.4 14,8 1,33 .14 ¢ 0.65 1.4
(dust coating)
1 month 84.7 3.69 .84 0.92 0.47 - 91.7
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EREOHHERAGHR Y A7 Lt 0 7y —ORBEEEE A LT, 8RRIREIN
TWATS SHAETRENUETNETE L7077 LOERETT 72,

SRR LRSI T O 75 Ld, HERAE B ERETRIONES R FFETEE
AEDSF s LT W ofEEE, TS SIRBSEEL TERETHOT7 -5 7 7 1
oA A, REDOHIRAZTOE S LDTH 5,

INETHTS SERBERAWTHHLBRATETEGOETME 27> Thb, Z0M
BliEhiaF— 7 2 —BIRBo, a7 » A Uik L, a0 TS Lk
FEH LT BEAIRRWEE T > TV ADII L, A7 75 L TRETREGIEEA
THEAEIT > TWAAT, ROLHIEHEND S,

OABGFEENO T 7S LRUYF—5 7 7 AN THET 570, TS Strkks LTH

WA/ S T OBERER ) 7 b T I L AHEEIE D,

OMBLEEEARRH TR, HRbG V=¥ 7 > 7 THIRICH SN S,
ALBOEE T + —< v FCTHRITE, REKIDBEHHNS.

IOEOINBENE LY, TS SEAEIEMIN, ERHHOAET -5 ZRWT
WBKER (") THAUL, JFHHE LR 7077 A0RMTE %, TR0 7 LOEE
BOEELSE L0/ A — & AAlE. Fig. 2.2. 3 — LioR$ & 312 C R THHE & DR
Tavy FXREESERTE I ECRDEBRICANTE 5,

AFOYS LORNKERE 2.2. 3 — 2142, HIREEEF ATable 2.2. 3 — 117,

(fgm AHB)

BEH
1 (RETES - (R EYE- ST LTI -No30 (19874EH) , JAERI-M 88-226, (1988)
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READY
DUST HLROOM - e (BE)TAT Y K)
1 ZABBAERSR FRTO0SSL BH ||

© BMEBZESEANLTTFSLY
3426
3426 ===> 1EM

© HFHNSEEEAN. BRKIERMITHEETEET,
(B8 :799" =T :7007)
¥x 1| EFR #
30
30 ==> K&t -EX 1
HE-40T : 200 L/MIN : 1

Fig.2.2.3-1 Exmple of input data
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(Manual input)

i Enter command i Program stert

(Data file)

- ;*Instrument
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%*Facility
(Manual input) ‘

E ¥Operator D
E*Sampling point Enter control data File of measurment data
- %Date etc

)

Data retrieval & select SR

"3
y

Data check

Ill No
Yes
Prini_iii”//J

v

l END ’

Fig.2.2.3-2 Flow-process diagram
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Expert System
r~ W Cases , Rules
Trouble data
) Experts's knowledge
Reasoning = Radiation
Engine - Knowledge Base Monitors
L ) Plant data
- Radiation Control . .
Man Machine _ Stan?iard? o Radiation Monitor
Interface [Radiation data ' Centralize
] Surveillance System
Basic Database
/ Example Input Information of the radiation work
Output Evaluated radiation condition
{ User l Evaluated dose, Monitoring pian

Previous troubles

Fig.2.2.4-1 Out!ine of advanced radiation control support system.

Facility ID

Facitities database

Nuclear reactor Baseous gffluent
facilities nuclides
database Nuclear fuel datahase

handling facilities
Radioisotope database Liquid effluent
handiing facilities nue! | des
database atabase

Nuclide ID

Nuclides database

Fig.2.2.4-2 Example of database structures.
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*H counts rate in '*C-window (cpm)
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Count rate of °H window (cpm)

Fig.2.2.5-1 Relation between °H counts rate and ratio in M C-window.
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Concentration of radicactivities in soil
estimated by In-situ measurement using

Fig.2.3.2-

Concentration of radicactivities in scil
estimated by In-situ measurement using

Fig.2.3.2-2
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Concentration of radicactivities estimated by soil sampling (Bq/g)

1  Relation between concentration of radioactivies measured by the soil
sampling and measured by the in-situ method using the Ge detector.
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Concentration of radicactivities estimated by soil sampling (Ba/g)

Result of the recalculation changed the avalue of K-40 and energy
peak(2615keV) of Ti-208 on the soil concentration by the Ge detector.
. a:The reciprocal of the relaxation length of the assumed )

“ exponentially distributed source activity with depth(cm ")
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Fig.2.9.2-3  The nuclide contributions of air absorbed dose rate from each geology.
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Fig.2.3.3-1 Seasonal variation of airbone Be-7, Cs-137, Pb-210 concentration.
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Fig.2.3.3-2 Seasonal variation of Be-7, Cs-137, Pb-210 concentration in basin.
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Fig.2.3.3-3 Relation between deposition in basin and concentration in air dust.

Table.2.3.3-1 Deposition velocity(Vg) of Be-7, Cs-137, Pb-210.

(em/s)

H=0m H=4m H=27m
Be -7 15 + 0.64 1.8 + 0.89 1.5 + G.40
Cs-137 95 + 0.0 25 + 0.0 685 + 0.0
Pb-210 0.53 & 0.12 0.80 &+ 0.19 0.44 + 0,14
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Table. 2.4.3-1 Specification of X-rav quality (Quality Index : 0.6,0.7)

; Half-value layer Dose
Tube Added filter (mm) E. rate Conversion
9 1| voltage | thickness HC {mR/min | factor
| (kVy - {mm) First Second {keV) 0%/ mA) (mSv/R)
30 AL : 0.30 Al:0.583 | A1:0.754 | 0.77| 18.4 193 4. 40
40 A - 2.00 Al:1.33 | Al:1.78 | 0.75| 24.5 106 7. 36
50 Al : 3.50 A1:2.28 | A1:2.99 | 0.76| 29.9 102 9.49
60 Cu : 0.20 Cu:0.131 | Cu:0.163 | 0.80| 37.1 88 11.75
70 Cu - 0.29 Cu:0.186 | Cu:0.248 | 0.75| 42.1 36 12.95
75 Cu : 0.29 Cu:0.212 | Cu:0.278 | 0.76 | 44.1 109 13.35
80 Cu : 0.38 Cu:0.272 | Cu:0.371:0.73| 48.3 161 14. 05
0. 60 Log Cu : 0,39 Cu:0.485 | Cu:0.653 1 0.74| 59.7 149 15. 18
120 Cu : 1.00 Cu:0.795 | Cu:1.013 | 0.78 ] T2.1 162 15. 38
150 Cu : 1.49 Cu:1.31 | Cu:l.72 | 0.76: 88.6 258 14.82
200 Cu : 2.51 Cu:2.39 {Cu:3.01 |[0.79 119 476 13.70
250 Sn : 1.52 Sn:1.69 | Sn:2.29 | 0.74 | 154 702 12.82
300 Sp : 2.28 Sn:2.42 | Sn:3.01 | 0.80| 180 1049 12.39
350 S : 1.0l S$n:3.28 | Sn:4.14 | 0.79| 2089 1362 12.04
Pb : 0,52 i

20 No filter A1:0.277 | A1:0.32510.85| 14.2 88 1. 87
30 Al @ 1.60 A1:0.895 | 41:1.01 ;0.89 | 21.3 50 5. 30
40 Al @ 4.01 Al:1.85 | A1:2.19 {0.84 | 27.7 41 8. 66
50 Cu : 0.38 Cu:0.116 | Cu:0.130; 0.897 35.6 23 11.34
60 Ce : 0.39 Cu:0.175 | Cu:0.21510.81 | 41.2 34 12.76
70 Cu : 0.59 Cu:0.273 | Cu:0.332:0.821. 48.4 31 14. 06
30 Cu : 0.78 Cu:0.403 1 Cu:0.472 | 0.85} 55.8 39 14. 90
0.70 160 Cu : 1.49 Cu:0.725 | Cu:0.8535| 0.85} 69.5 46 15. 39
120 Cuv : 2.30 Cu:1.120 | Cu:1.335|0.84 82. 8 56 15. 04
150 Cu : 3.30 Cu:1.86 jCu:2.14 | 0.87; 104 104 14.22
200 Cu - 6.07 Cu:3.08 ! Cu:3.40 | 0.91 138 181 13.17
230 Sn : 3.81 Sn:2.34 Sn:2.57 0.91 177 288 12. 43
300 Sn - 1.0 Sn:3.20 | 8Sn:3.77 | 0.85| 206 410 12,07

Py . 1.00
350 Sn : 3.03 Sn:4.28 | Sn:4.80 | 0.89 | 242 577 11.75

Py 2 1.00

Gl : Quality Index BC : Homogenity coefficient E.iy : Effective energy
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Table. 2. 4.3-2 Specification of X-ray quality (Quality Index : 0.8,0.9)
Half-value layer Dose
Tube Added filter {mm) Eore rate Conversion
B 1| voltage thickness HC {mR/h factor
(kV) {mm) First Second (keV) s mt/mA) (mSv/R)
15 No filter A1:0.169 | A1:0.194 | 0.87| 12.0 1020 0. 66
29 Al : 0.80 AL1:0.400 | A1:0.435 | 0.92 | 16.1 780 3. 05
30 Al @ 4.01 A1:1.27 | Al1:1.38 |0.92] 24.1 278 7.18
49 Cu : .30 Cu:0.087 | Cu:0.0083 | 0.94 | 32.1 462 10. 25
50 Cu : 0.59 Cu:0.155 | Cu:0.167 | 0.93 | 39.4 288 12. 34
60 Cu : 1.00 Cu:0.273 | Cu:0.290 | 0.94 | 48.4 276 14.06
70 Cu : 1.59 Cu:0.413 | Cu:0.450 | 0.82 | 56.3 228 14. 95
80 Cu : 2.21 Cu:0.573 | Cu:0.617 | 0.93| 63.6 288 15. 38
100 Cu : 3.51 Cu:1.00 | Cu:l.08 | 0.93| 79.0 516 15.17
0. 80 120 Cu : 5.88 Cu:1.54 | Cu:1.65 | 0.93| 95.2 468 14. 56
150 Cu : 8.08 Cu:2.3% | Cu:2.54 | 0.94| 119 1260 13.70
200 Sn : 3.03 Sn:1.87 | Sn:1.97 | 0,95 | 160 2280 12.71
Pb - ¢.52
250 Sn : 1.01 Sk:2.97 | Sn:3.36 | 0.88 | 199 2760 12.15
Pb : .89
300 Smo: 1.O1 Sn:4.20 | Sn:4.48 | 0.54 | 239 4380 11.77
Pb : 2.989
350 Sn @ 2,02 §n:5.23 | Sn:5.57 | 0.94 | 275 7860 11.53
Pb ¢ 350
10 No filter AL:0.072 | AE:0.075 1 0.96 9.0 0.54 $.015
15 Al ¢ 1.00 Al:0.232 | Ai:0.2360.98: 13.4 30 1.39
20 Al - 2.70 AL:0.512 | A1:0.53310.96 17.6 42 3.95
30 Cu : 0.38 Al:1.65 | Al:1.66 10.99 26.5 11 5.19
40 Cu : 0.90 Cu:0.118 i Cu:0.120 1 0.98 ] 35.8 6.0 11. 39
50 Cv : 2.01 Cu:0.221 | Cu:0.234 | 0.94 ¢ 44.8 1.8 13. 48
50 Cu : 3.91 Cu:0.370 ¢ Cu:0.373|0.99} 54.0 0.45 14. 74
70 Cv : 5.87 Cu:0.540 { Cu:0.560 | 0.96] 62.2 0.42 15. 34
30 Cu : 9.056 Cu:0.760 ! Cu:0.764 | 0.95] 70.8 0.19 15. 38
140 Sn @ 3.32 Cu:l.34 {Cu:1.3% |0.95] 89.4 5.3 14. 79
0.90 120 Sn : 5.11 Cu:1.99 | Cu:2.02 | 0.99] 108 11 14. 08
150 S : 3.03 Cu:2.98 | Cu:3.12 |0.96 ] 135 32 13.25
Pb : 1.00
200 Sn : 2.53 Sn:2.38 | Sn:3.43 0.98 | 179 48 12.40
Pb : 2.99
250 Sn - 4.31 Sn:3.82 | Sn:3.92 | 0.97 227 50 11. 87
Ph : 5.49
300 Sn : 3.30 S$a:5.08 | Sn:5.47 | 0.93| 270 214 11.56
Pb : 7.08
350 Sn : 5.6l Sn:6.40 | Sn:6.60 | 0.97 | 318 162 11.30
Pb :11.06
Q1 : Quality Index ., HC : Homogenity coefficient E.i¢ : Effective energy
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Table.2.4.3-3 Approximate equation to obtain X-ray' s effective energy from
half-value layer.

Filter Approximate Equation Estimation Applicable
materiai Error Energy range
(%) (keV)
Aluminum E = 22.03 t° %' + 0.1469 t* ! * 0.4 6 ~ 60
Cepper E = 76.48 t" 3%% 4+ 2, 543 t% °0° + 0.6 15 ~ 200
Tin E = 122.5 t° 3%% { 1,660 t® 05 + 0.5 40 ~ 400
Lead E = 240.7 t°% *°° 4 5,150 ¢! ®° + 0.6 100 ~1000

E : Effective energy (keV), t : Half-value layer {(mm)
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Table.2.4.4-1 Exposure rate constant of the various irradiation apparatus.

{1} Irradiation apparatus of irradiation room No.l.

Source intensity 1370y 740 GBg | '*7Cs 37 GBq 18705 1.85 GBg | ®°Co 7.4 GBq
Date of measurement 19983, 1. 12 19683.1.12 1993.7.20 1993.7. 20
Exposure rate 5039 286.5 15.55 52. 186
constant
¢ Ko(mR/h-m™?%)
Primary dose rate 4983 293.8 15.41 51.79
at Im (mR/h)
(2) Irradiation apparatus of irradiation room No. 3.
Source intensity 8000 7.4 TBy €9Co 3.7 TBg 8°Co 185 GBq 50Co 7.4 GBqg
Date of measurement 1992.12. 4 1992.12. 4 1992.12. 4 1953. 7. 21
Exposure rate 101.7 27.34 3. 067 105. 8
censtant
: Ko (R/h-m™?)
Primary dose rafe 101. 0 27. 15 3. 046 105. 1
at 1m (R/h)
_
Table. 2.4.4-2 The calculating expression of reference dose rate for the
various irradiation conditions.
Name of calculating expression
irradiation | Name of source
apparatus Exposure tate :{D+) Primary dose rate :(D.) Scattering dose rate :(D.)
HITCs 740 GBg
D.(1+0.045 exp(-4. 00x 10°*d ] D,.(0.045 exp[-4.00x107'd]
Irradiation | **'Cs 37 GBq K.d"*-exp(- 9.3x107%d>
apparatus +8.45%1077d ' %) +8.45x 1074 d - *)
of No. 1 137Cs 1. 85 GBg )
irradiation
roon DL(1+0.100 exp[-2.80x 10774 ] D.(0.100 exp(-2.80x10°°d ]
*“Co T.4 GBg Kod % -exp(- 6.9x1077d)
+3.87Tx10°*d - *%) +3.87X]ﬂ"d"”)
*°Co 7.4 TBg
Irradiation
apparatus *°Co 8.7 TBq| D.C1+0.114 exp[-2.80x 167" d] D.(0. 114 exp(-2.80x10°*d ]
of No.3 Ko.d™*-exp(- 6.9x107"d)
irradiation *°Co 185 GBg +2.85x167%d ) +2,.95%10°"d - *°)
roog
*"Co 7.4 GBg

d : Irradiation distance

K. : Exposure rate constant
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Table. 2.4.5-1 Estimation of measurement accuracy cof glass dosemeter.

Measurement gccuracy (%)
Classification Jtea
Peculiar use | General use
Stability of + 0.1 + 0.5
Dosemeter fluorescent center
Sensitivity error + 0.2 + 2.0
Systematic Sensitivity error + 0.2 + 0.5
error Reader )
Indication error + 0.3 + 0.3
Irradiation Time error + 0.1 + 0.1
apparatus Distance error + 0.2 *+ 0.2
Reappearance of irradiation + 0.2 * 0.2
Statistical apparatus
error
Fluctuation of reading dose + 0.3 + 0.8
Total error + 1.5 + 4.2

Table.2.4.5-2  Accuracy of dose estimation by glass dosemeter measurement for
reference irradiation field.

Specification of irradiation field Dose estimation by glass desemeter
Standard | Measturement dose Measurement
Nuclide Intensity Distance | exposure value value accuracy
(m) (mR) (uGy) {mR) (%)
1.0 861.1 7602 = 19 870.8 1.1
3.7 Thyq
2.0 536. 3 4727 = B 541.5 1.0
GDC 0
1.0 386. 4 3388 + 4 388.1 0.4
185 GBgq
2.0 180.5 1560 = 2 178.7 -1.0
7.4 GBg 1.0 90. 83 802.6x 1 91.94 1.2
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Distribution of calibration factor by '*'Cs source.
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Fig.3.1.2-1  AB-ray energy spectrum measured for three types of tritium plane
sources. Symbols of O, < and @ correspond to mono-molecular
layer (MML), polymer and anodized aluminum sources, respectively.
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Fig.3.1.2-2  B-ray absorption curves for three types of tritium plane sources.

Symbols of O, <> and @ correspond to mono-molecular layer (MML),
polymer and anodized aluminum sources, respectively.
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2 ICRP: 1CRP Publication 56 (198%)

3) ICRP: ICRP Publication 60 (1591)
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Effective dose per fluence { Sv cm® )

Effective dose per fluence (Sv cm? )
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Fig.3.1.3-1 EBffective doses for 0- -, 5~ 10- and 15-year-old children and adult
as a function of neutron energy for (A) anterior-posterior(AP) and
(B) isotropic(IS0) geometries.
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1) Beach, J.L. and Harris, MR ; Microdosimetric studies of *°*Cf, Nue. Sci. Appl. 2,
283-290(1986)

9 Bewley, D.K. ; Fast neutrons - LET distributions and the response of mammalian cells,
65-86 in Biophysical aspects of radiation quality, TABAC1967)

3) Sabau, M.N. et al.; Californium-252 dosimetry in phantoms of various dimensions,
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Radiology, 137, 789-793(1980)

1) PRAGED S D EEHEHEIC T AB5E D7D —4 . 1CRP Publication 15 D&, [CRP
Publication 21(1971)

53 Lloyd, D.C. et al; Chromosome aberrations induced in human lymphocytes by radiation
from 2°2Cf, Int. J. Radiat. Biol., 34, 177-186(1978)

6) HE i 8 Lo IROREBEAOBERESE V-F8R7—%, JAERRI-M 89212,
306(1990)

7) EREREEIEERA N LN ERREHERA S L OMERASICNT 2R BEEMZRERO
W, 32, HAKGHERA TR (1964)

8) The relative biological effectivenéss of radiations of different quality, NCRP
REPORT No. 104 (1990)
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Table. 3.2.2-1  Dicentric vields from the neutron dose to blood samples at 10cm
from the californium source. The dose rates were approximately
0. 145nGy min~'-0. 31mGy min !,

Neutron dose No. of cells No. of dicentrics No. of dicentrics
(mGy) observed per cell 5D

0 16000 10 C.0006+0.0002

T 2 10000 35 | 0.0035+0.0006
Eij 5 9300 70 0.0075+0.0009
' 7.5 4660 47 0.0701£0.0015
10 2477 39 0.0158+0.0025

20 | 708 | 24 | 0.0339+0.0069

Table.3.2.2-2  The RBE for 2°%Cf neutrons with respect to 150kV, X-ray for the
dicentric vield.

Neutreon

dose 2 5 10 13 15 20
{mGy)

RBE [ 26.7 35 37.8 39.9 36.3 30.5

—224—



JAERI-Review 94-007

0.03r

0.02r

0.01r

Dicentrics per cell
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Dose (mQGy)
Fig.3.2.2-1 Dose-response lines for dicentrics after “%20f neutron irradiation
of rabbit lvmphocytes. The lines represent linear regression
equations fitted to data of the experiment with spontaneous dicentric

vield, Y=0.001672D-0. 0005(2-20mGy) where Y is the dicentrics per
cell and D is the dose level in mGy.
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Fig.3.2.2-2 The variation of RBE for *°%Cf neutrons with respect to 150kVp
X-rays for the dicentric yield.
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Fig.3.3.2-1 Comparison of leaf HTO concentrations between measured and predicted
Ones.

[T=4lder leaves at 150 cm height (CRL field): The soil water HTO concentraticns are
assumed to be the same as those of ithe swamp water. O=Alder leaves at 150 cm height:
The soil water HTO concentrations are assumed to be 0.7 times those of the swamp water.

/ =Hawthorn leaves at 60 cm height (Pickering field).
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Fig.3.3.3-1 Thermal desorption spectrum of HTO desorbing from quartz glass.
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Fig.3.3.4-1 First-order rate constant as a function of initial tritium
concentration. Solid curve represents the calculated result.
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Table.3.3.5-1 Conversion of tritum gas to tritiated water im desiccating agents.

Day | HTO/HT ratio (%)
Molecular Sieves CaS0.4 CaS0, (5wt¥ CaCl.)
0 2.0x1073 1.4x107° 7.3X10°°
1 8.1x107? 5.7X10°° 8.8%x10°®
8 8.3x107% . — —_—
30 7.3%X10°° — 2,0x1073
31 — 3.2x107° —
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Fig.3.3.5-1 Adsorption of water vapor in CaSO,.
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Adsorption rate of water vapor (wt%)

Fig. 3.3.5-2

50 100
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Adsorption of water vapor in bwt%CaCl.+95wt%CaS0s.
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GEE 7 BT HERIFEHA C SMDBE L DHB0W/NS K I a2 2 Edn s, IR DR E WA/
IVEORICHEAL T I 2 — MEOERFH L, MIOEOFEBFRRL D ETNECHE I &0
EXND, CORMEAS—HBEER - TOENEIMHLNIT H720I0E, SRS oI o440
ENRbbHEELLNS,

F7o, FEHEIRESC, BET0%, FiREANEE23~24C, EET~TI%DEHEFTTCR, CSM
[ 1 RIEOEBGHEARNTE LicERA Table 3.3 6.— 21TRd . ZHHODfHEIIE, Table 3.3. 6 —
ISE L, FHRAIOBENS %OEA& &S BERCMEE S -7, JOIEMS, INETIT-7CE
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1) e FEER . (R - S H 65T —No. 30, JAERI-M §8-226, 253
2) A IEAH: {RfEtniE —ETE ST No. 32, JAERI-M 50-224, 246
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Permeability to tritiated water vapor of laminate films and single

films.
Thickness Permeability Diffusion Solubility
Coefficient Constant
(cm) (cm®/s/Pa) (cm®/s) (Pa 1)
CR 0. 02 B.4x107!! 6.7x107° 6.6x10°3
CSM 0.02 5. 1x10°1! 6. 9x10°° T.1x1073
1IR . 02 4,3x10°1¢ 2.0x10°° 1.5%1073
CRECSM 0.04 5. 4X%10°11 8. 7Tx107? 5.0x107®
CR+IIR 0.04 1.1x10°!! 7.7X107° 1.4x1073
CR+TIR+CR 0.05 1.3x10°t! B.3x10°¢ 1.1X107°8
PE 0. 009 3.6x10°1¢E 6. 7x107° 4,5%x10°*
PVCd 0. 001 1.5X107 12 1.2x10°1° [.2x10°?
PE+PVCA4+PE 0. 007 1.2x1071¢ 1.1x10°°% 8 1x10°¢

Upstream side

Downstirean side :

humidity of downstream side.

. Temperature 25 °C, Relative Humidity 90%
Temperature 25 °C, Relative Humidity 5%

Permeability coefficient to tritiated water vapor at high relative

Temperature(°C)  Humidity (%) Permeability
Up  Down Up Down Coefficient
(cm*/s/Pa)
CR 95 24 Tl 6.0X 107"
CSM 25 23 70 70 4.3x107"
IIR 25 23 70 71 6.5x107'2
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1) (A ZERE : {LE4PF — T8 S P2 —Ne35, JAERT-M 93-172, 276 (1993)

2Y #2& Z41E, Commission of the Buropean Communities: Radiation Protection No. 43,
"Radiological protection criteria for the recycling of materials from the

dismantling of nuclear installations”, (1988).

— 242 —



JAERI-Review- 94-007

3.3.8 EABEEMEHNSOWMIE T AT — FOEE
B0, AR ROEIRESSOF 2 TE T 25T, A
B X NI R P ERS SOEEED LU BAROWT CRELTMT 5 UEND 5, EEUW
¢RI FERX N ENER, BRET ¢ Ly RO OMOBEE, OO RS,
SN A EHEME B £ PSR REEE U TEAD SIHRA LI ERE DA £ 5P
W BB TH D, CNODWIEBBETET At o — FEREE LTS
A < BEROFEICOVWT, BFOSABE~R 2~ F (QAD-CGGP2Y) ZRHLT
B0, o ITE, NEEE SR T A0 RE LB e 7 )W 20w Tl 5,
PEREEIE ¢ BB OBMIIC S 7o - Tid, ERICH AUt EOESTRE CIT, EREES
W3, ) T A IEEAEL LA, COEENL, ZEIERTC L AMEAIOREMEE
ADHEHEEORER, MM EOREEC L - TEASNS, TIT, ENEEZTHITS
P, ENTORGHEEOBEEEIGIE S CHETFLEEEL, N CERZFHET
BRI — R L1, — 2 DOENEM TR | 2HRHAT 2ZEROMNIEL Fig.3.3. 8
— 1oL AicEXN, KEHEOIED. wRTRINEY
ZEGENST 0t Qe =0 T s
HREFEEIE ¢ VA, /dt = kQ:Co 5 (1-F)4 kQuCo. + + kQsCy (1—Fo)- k(RstQatQs) Ci% G- R
ST, 0, ENEEGYE) . G o AASEE G/, t KM, QD ANIRE
@ /1), Q: BAERM/N), 0 BEEEESEO/D, Qo FBHEG/D, ¢ JREE®/h),
P B ARZESH 7 4 b 7 ORFESHEG) |, Fy: BERESH 7 Vs OWERYECG) | VER
Bo®), G:ERFRERGYL, RENEABRBYL, LHRESHREEC) THS,
iz, ATO— FIcEB L NS035 A — ¥ DANFHOMELE TR~ S,
%%%%m,Miﬁ,%ﬁ%ﬁ%ﬁﬁ%i%ﬁﬁ%ﬁtﬁﬁﬁ%ﬂﬁﬁé:&ﬁﬂ%ﬁ%éoﬂ
SRR, BE EEEAEANTEAEE, HERZSORDOLERENEERLTVEES, TOT
BB L GRS B L & T, NGBS EINATI SN S HED EENERT
X 2. EHRASIL BN OREREFEBANT AHEE, BEMGTEN oKD LS
B TR A AE L, BEAE S 3, OEREMISHRY S b8, HREORK. HREE
%%@%‘ﬁﬁﬁ%%kﬁ?%l&f%&%&ﬁﬁ,@ﬁAﬁ&@®%%ﬁ%6gﬁ,@&@®%
B, BHEORGHEREN S ORI ET 2 HETH 5. ENHARD, R, BARE
S ) OISR BOBEBANT B HEE, BN KRS 0OLE, RatnsE NIoZEKSES
B £ AAHEAEE Lo BEABRE LTV A, ROENE. ENTTEARAT HRAZEIED
%é?.—%mmm,&3#61&&?®@ﬁﬁ%énéoit,%74»§u0m1,ﬁ%®m
EHA R O ENRAA S SHUBE, 7 4 Ly IR SN E D o OAEIIE CRE
ST B2, T4 L IHE SN A REHERCEBIICETE SN S,
X5, Coo— KTWE, @FBIX 57— ADkEE EREEOH IR RO
T A, 2% B ¢ FHEORRT D 15h O ML F OB ED TW TETH 5o
(R f#5E)

— 243 —



B AT TR B

JAERI-Review 94-007.

I ::.._ R G

BEHE DB e
1) Sakamoto, Y. and Tanaka, S." QAD -CGGR2 AND G33 GP2 REVISED VERSIUNS OF: QAD -CGGP AND

(33-GP, JABRT-M 90-110(1990)"
9 Wadden, R A ‘and Scheff, P.A -ZEAZERBE (aﬁ%ﬁ%ﬁ) '(1990)--, S EERE HEH

)

OUTDOOR . . .Co, § : Concentration:of radionuclide. j in.outdoor air
OUTDOOR - i OUTDOOR S '
\b o L Co ! ." - ¢ . 4.: . ) . ,W
Yolume rate of .. -} » | Yolume rate of- | -Yolume rate of -
1ntake of outdoor air infiltration.air reC1rculated alr
Q ‘ ) Q. G : ’ Qs i
/ o
Removal efficiency Removal efficiency
of air filter of air filter
FL : ‘ . : L ‘Fa

INDOOR : . ‘ o
;-C}EL;Concentratlon of rad1anuc11de j in the TO0H,. at any time

k : Nixing factor

. Room volume -0l ¢ - s :

: Generation.rate of TdleHUClldE ] ulthln petelii
: Reductlon rate of radlonucllde j yithin room

ooy =

" Yolume rate of Volume rate of
exfiltration air 1. exhaust room air
. Q*‘. I . . Qs
OUTDOOR - i‘
: - i Removal efficiency
of air filter
ST,
* *QUTDOUR

- Fig.3.3.8-1 Véﬁtilation system;

— 244 —




JAERI-Review 94-007

3.3.9 MEIR{R RISEITFEORE S H LRARE DM

SHEXHPAEED S b, ERERRBEOTRMEYDS ZEEIC>WTE, FTEIEBETFEIN
LIVAHE R (DT, ERhEES VD), REEESICESWTEEENEH T ¥
IRt LRy (R BRI EA SN L T\ B, OERILE L U THWAREEDMERES 50 13
BTGB, ChETIE BEDEBRSICESE, HAMELARLMOMEERWTSE
t2o LL, NEHHE C BHEOBSN O, BRPEELLED BICECGHEL, MEEREOSVEF
AR B AN 2 2 &3, BUAPEED L 9 ICHEROEVIBSITE. AR CEEDEME
1B S VD, Y RRBE LT - 1 EOEIINLETH b JOF®, FHEIRERIC
i 2R EEEDEINOESEN S, WFREEEOHEFH RV ZESHREEIC > LWTEORWHESE
BT, (EEENERICRATAEE (UUT, WABESVS) 25k, HEOBEFEEICOWT
ZE U fr, BEGHROEAREEOAHIIOWTE, JPDREKIEERZRTHoN T -5 %
JERVRY Sl

Fig.3.3. 9 — 141990, 19914k J PDREERBAMO - HOEEIIRO—BRE LTERL
o, 7 AU EEIYGREOMEEE A0 BOXRIY A7 RUAHE A 7 O BREOMEFRSREK
FHEREA~TT Y b Lz b0t BEENobREE, ¥R X 74146, 2E~< A 72663
TH Y, EEHEDBRITOWTHIFETE APEERE R A7 IC20WTEIZ, 2EVAZICD
WTIRTTh »7ce i, FIRFHEEOEARMEDEG S 71 -~ T HERE, Fm<A” 110,
LAY 50, AR TEREES0HESR, FhEN, 96% 9% Th-1, EXTFREOS
e LT3, EERRENEREEUIOBAITE R E ORSPAOBTERICHST 5 &
LTSHECE B EMD, JITiR, COBTEONHREHWL, BiITRD7—5&LTHE JP
D RIFEEMEEETO/ N R — RN BRSO 7 — 1 P W AR 2
WRESEAMEIES LTHD, il e =13%, #EEEEC.=1.8TH 7

25 DEFERE T N2 S B DA SRR A BE O 2Tl 5 Z LIZTEEV
tedi, PITFI R bR s R BEOIEERWTE Y T DRI LD, WAREOS
AEHE L f BT — 5 OSTRICES CEAERET 2BGT. aHoRrr0k MHET ARG
Sid MO ST A—4 2 LT, REERICEY 35 A8 (FAE hRED £5AT, AW
BET BUNEND B, D0, ELPEEORRII>VLTR, FENEEEECARELT &
HDRT A — T, hh{Es T A7 CEREREOIME, iR s Licsdh, Lafl
OREATV AL LT, 95%REIHA LT~ 27 TEEREDE £Ev2 s Thfs Ly
T BE L EEOESAERE Ui, 1o, BEREOEEII>VLWTIE 2hEnow 27 Ok
O ES R RE L, WIRFEEBOBHEME, EJPEEII->VWTE, HERICE
HHERIRE Y ET BT L, ESIED SN EEREOSHICE S EED LN TN S, JD7
s, WAL, EEEEA | & LoREEETHEm L, ERhEEOS TS WAL e
(FEOCES W B TE S 2 SIC & O ki, COHRERIERT -7

HEEFATable 3.3 0— 18, FAVAZICOWTORRE 7Dy FL2bD&EFig 3.8 9 -
9 (TR, WAVERE AR IC L D W AEERE S LT A L EM S, BMABREN 1 TTEN

— 245 —



JAERI-Review 94-007

FEDSHENTHN TS EHETTE S, WiEe R 7 RORHET A7 & bi, RABEDHD
it | LI & »tee LinL, ZDSABRENRD/ T A —5 & LTHREAER 27 RUE
Hiw 27 TEFNFNIORUG0& LB, BURHETIRAREN | 28X, T0HIGHE,

E~11%EBE 1ot CHUCHLT, ZESHBEATRD 35 A —5 & LTHGREEEFE 7 A
5 R UAT R 7 TERZAIRUS0E LIBEIc}, IRABE DG REER PIFEND, B
AEFEM 1 AHE fo i — AN, 2~ A R E I, E1, MABEN 2L EEE -T2~ AR
JULIT, 108l EE 72—, LBUTTHD Ha =i, Iodl o, BRI R
BRSPS EEONTRE LT J P D RBAEMESTHONIT -5 2L VB GIT
1 RO MED ST A — & & LTH%ERIEEH 0D I EIC kD, (FHEE TR

AT AHEEEEITAL L b 5T,

G\ s

BENH
1) H#0EE % (REmE-FEIPE - No.29, JARRI-M 86-132 48-49
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Table.3.3.9-1 Calculated relative inhalation concentration.

F—)

Distribution of radicactive | Calculated relative | Calculated cumulative probability
concentration in air concentration [%]
Mask distributional cumulative relative concentration
parameter median 95% 1 2 10

Half median 10 0.066 1.12 943 972 99.6

mask | cumulative 95% 10 0.024 0.44 97.8 68.9 99.9
Full face median 50 0.085 2.15 893 94.6 98.2

mask | cumulative 93% 50 0.030 0.79 95.9 97.2 852
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