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Health Physics in JAERI, No. 39
(April 1, 1996 ~ March 31, 1997)

Department of Health Physics, Tokai Research Establishment
Safety Division, Naka Fusion Research Establishment
Safety Division, Takasaki Radiation Chemistry Research Establishment
Radiation Control Division, Qarai Research Establishment
Neyagawa Office, Kansai Research Establishment
Operation Safety Administration Division, Mutsu Establishment

Japan Atomic Energy Research institute

{Received October 2, 1997)

In the annual report No.39 (fiscal 1996) are described the activities of health physics in
Tokai Research Establishment, Naka Fusion Research Establishment, Takasaki Radiation Chem-
igtry Research Establishment, Oarai Research Establishment, Kansai Research Establishment
and Mutsu Establishment.

In all the establishments, radiation monitoring in nuclear facilities, individual monitor-
ing, environmental monitoring and maintenance of monitoring instruments were carried out
as in the previous years. There were no occupational exposure exceeding the effective dose
equivalent limit and no release of radioactive gaseous and liquid wastes beyoud the release
limits specified in the regulations. In the environment, no abnormal radioactivity was detected
except for a slight amount of radioactive cesium in a dust sample at Oarai Research Establish-
ment attributable to the fire and explosion (March 11, 1997) at the Asphalt Bituminization
Treatment Facility at the Tokai Works of Power Reactor & Nuclear Fuel Development Corpora-
tion.

Technology developments were made as in the previous years for improving the tech-
niques 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, envi-

ronmental monitoring, and so forch.

Keywords : Health Physics, Radiation Monitoring, Radiation Dosimetry,
External Exposure, Internal Exposure, Environmental Monitoring,
Radiation Protection, Annual Report
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Fig.2.1.4—2 Variation of Figure of Merit(FOM*) with sample load
for three scintillation cocktails.
(15mf of solution containing distilled water)

FOM*=[counting efficiency(%)]x [sample load(%)]
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Fig.2.1.4—3 Variation of tritium counting efficiency with sample load
for various liquid scintillation cocktails.
(15mf of solution containing urine)
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Fig.2.1.4—4 Variation of Figure of Merit (FOM*) with sample load
for three scintillation cocktails.
(15mf of solution containing urine)

POM*=Tcounting efficiency ()% [sample load(s)]
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Urine Sample (400ml)
«—— conc. HNOz 10ml

Heat
«—— conc. NH,OH (adjust to
Coprecipitation pH=9)
|
Centrifugation
|
[ |
sup. ppt.
‘4——— conc. HNO5 10mli
Wet ashing
|
Heat to dryness
<«—— conc. HCI 1mi
«—— water 100mi
<«—— conc. NH,OH (adjust
Coprecipitation to pH=9)
Centrifugation
r ' |
sSup. ppt.
i
ﬁ—J Heat to dryness
waste «— 1M HCI 5ml

Mixing with scintillator

Fig.2.1.5—1 Analytical procedure of gross-beta counting for urine
sample by liquid scintillation counter.
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Dose equivalent per lethargy (pSv/source n.)
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Table 2.3.3—1 Fluence and dose equivalent of thermal and intermediate + fast neutrons
caleulated in the outside-pile thermal neutron irradiation field at a
distance of 40cm from the surface of the graphite pile

Neutron fluence | Emor | H*(10)e H*10)® | Hoaw(10)”
(cm fsourcen.) | (%) | (pSv/sourcen) | (pSv/sourcen.) | (pSv/sourcen.)
Thermal neptron {T) _s —s s -3
e 54X 062 | 5.45%10 7.43X 767X
(1x10°~03ev) | O3 10 3X10 67X 10
Intermediate + fast
neutron (F) 13ax10” | 460 | 670%x107° 7.85X10°° 824%107°
 (0.3eV~18MeV)
Ratio (F/T) 0.02 0.12 0.11 0.11

*]  H*(10)ss : Ambient dose equivalent using conversion coefficients based on ICRP Publication 51
*2  H*10) : Ambient dose equivaient using conversion coefficients based on ICRP Publication 74
*3 Hogs(10): Personal dose equivalent in ICRU slab using conversion coefficients based on 1CRP

Publication 74

Table 2.3.3—2 Thermal neutron fliuences cn slab phantoms used
for calibration of personal dosemeter

Thermal neutron fluence
(x10 " cm */sourcen) ‘
Ratio
Fhantoms i Scattered from Moderated from
Total Incidence . ) . ) M/T)
@ thermal region Intermediate + fast regions
(M)
. 0.006
1 + 543+ + =+
1S 1624+ 10 634341 960.5+£10.9 9.21%0.06 (=0.91%)
. 0.006
> + 54314, 52.2+10. 10=0. :
ICRU 1616+ 10 6543141 95 10.8 9.10*0.06 (+0.91%)
. 0.006
? + 543+ 45.8+ *
ISO 1609+10 6343141 945.8+=10.8 9.00*0.06 (£091%)
*]1 JIS : 40cmX40cm X 15cm , polymethylmethacrylate (PMMA) phantom.

*2  ICRU : 30cmX30cm X 15cm , PMMA phantormn.

*3 SO : 30cm X 30cm X 15cm , water filled phantom which has a 2.5mm thick PMMA front face

)

and lcm thick PMMA walls.
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2.3.4 XBRRT MIOFEHTRILF —-FHE

RS HS AT I2OAE T 3 L — 4 (10keV 75 300keV) 11 BREER T L AL F —FefakBRiC
3 XS EEA T T 5, SERRETIBE, XBorlF-fhOERILEL LS, £C
T BTSRRI E AN TV S P AN T A XHHSHF4200R XKRFAEREICBWT, FED
M XM TNBEHCE LT, T 7 AEREy, IR ERRATR USRS SR MO Xk
220 NIVRGEOFE T L 2L F - EEH Ui

WFT L REHEL AR PLOE) 13 BHLEG e FEERHB TNEI N/ AT Py
SERNFIAINF ORI REFEELCTRICEDET LT,

OE=NcE),/ {(pc®  T*S---~-~-------- )

OE HFTLAE /e’ - sec)

Ne (B) : GREG e REUBOZ 7 LF—EkeV 1B 547~ M

7 ¢ (E) : BEEEG e B0 IR LF—EkeV (2B HHaHEE

T : JITERSR (B
S : 3y A — Wi (en® )

F7- FBHOERCRHM 227 MK E) ROBEY BREA 27 FHER, TROKDICHRE
%ﬁ%ﬁ%ié:&u&bﬁ&énéoHﬁ\&E%ﬁMJIS%Mnﬁmem%nfwé%m

2 L7,
Y H=0®. ¥® - - - - -7~ @
HE) =XE) « frem U0 01wy - - -~ "~~~ ~ @

KE) @ 70z Ah 5 REHER~ORERH (I CRP2D

from @ RUEERS SEEY R~ OBEFE @Sv/R) (I CRP5D

X5in FRIcL 0B LAREANRT MWCHLTR2TEY LR LF—Z2EH LT,

Rig 2.3 4 — 112, HEASOKVCHEEN 0. 6DB&OREHRERIEM A7 UKD Lo
R BET AR Y NLERT, BEYEEREIO AR MVERERE (i) DTRLF—
%ﬁu;bgiiwﬁ—wm%ﬁfécﬁmb#éoﬂﬁ,%ﬁgﬁﬁﬁﬁuﬁur,ﬁ%ﬁﬁ$
BRI 20 P VO R LE—IL, T4 V5 —OEMEN B LA EG T AL F - L BEFL
R AEY it

EEIT [S0kVCEEISE 0. 6DIBEDOHIY 4 LY —DERTFLF —RIFEEER L TH
H 72y FLD EEEERWTORD SE Le 7 Vny ARBHO AT PLEFRL. 2.
34— it MELOFELLZRY P, GeIBARTI V7 b ABELEE D LIS
ABELTVRNS, TR LE—IBEH L TWE I bbb, EREANY bILEHEDT:
BT, &y EIRLFE—IIHT 56 e REBOLERBIC OWTEET DL4EDND 5o

(&g i
EZ P
1) R Birch et al:Catalogue of Spectral Data for Diagnostic X-rays, Scientific Report 30,
HPA, London, (1979)
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T T T

Exposure (E=31. 7TkeV)
------- Dose Equivalent (E=33. 3keV)

(Men!qu'(/\aq ) /Asw)

Photon Energy (keV)

4—1 Spectral distrbution of X-rays in the units of exposure and

ambient dose equivalent, H *(10).

T T T T T

Measurement {E =85. OkeV)
------- Calculation (E=89. 8keV)

50 100 150 200
Photon Energy (keV)

Comparison of the measured and calculated X-ray spectral

distributions.
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Table 2.3.5—1 Specifications of portable monitors

Detector
[tems

Portable Monitoring Post

( CsI(T £ )detector )

Portable Monitoring Post
(Si semiconductor detector)

Energy Range

150 keV ~ 3 MeV (7 -ray)

80 keV ~ 3 MeV (7 -ray)

{ Contimuous
Measurement Duration

about 1 month
(use of battery)

a few hours
(use of battery)

Sensitivity 15 eps.” «# Sv/h 0.8 cps,” 12Sv/h
Range of Measurement 0.01 ~ 10 «Sv/h 0.1 ~ 400 uSv/h
Temperature Range —10 ~ +40 °C -0 ~ +38 °C

Measurement Interval

every 10 minutes

every 10 minutes

< 210mm ————>

No. NAME
Detector Tvpe; ) 200mm
' - @ | Detector
CsT(T £ )detector
L 1) E®j o5 @ | Measurement Board
or
@.| CPU Board
Si semiconductor
detector D @ | Battery
® | Indicator
@. IIIIIIIIIIIIIIIIIIIIIIIIIIIII .
® | Start Switch
@ IIIIIIIIIII AANAAEEEEEEEEEENENE 1201’“1“
(M | Test Switch
\}:/@\,\( Personal Computer
I\ ~ FAERY PR /‘ |
L] L]
Fig.2.3.5—1 Portable monitoring post
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1) JAFIE—: Japan Analyst, 23, 305-313, (1974)
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10(2), 313-336, (1992)
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Table 2.3.6—1 Removal efficiency of calcium

. %)
Removal efficiency Recovery of Sr  Ca content Error of Sr recovery

Ca weight
(mg) of Ca () (% (mg/sampie) due to Ca (¥
0.012 %.5 9. 1 6 X107 -0
237 89.76 85. 2 0.57 1.0
437 gg. 82 95.9 0.74 1.3
600 89,76 97.0 1.4 2.4
800 9. 76 100.0 1.9 3.1

¥) Ca contents were calculated by the multiplication of the vield of **Ca in the

precipitation and Ca content in the initial solutions.

160

140 }
& —+— 5
S 120 ‘.\‘ —o— (g
~ 100
[77] —_-"\
= 80 -
=60 \1 \
4]
: A\

0 \# S A

3.0 3.5 4.0 4.5 5.0 5.5 6.0_
pil

Fig.2.3.6—1 Recovery of striotium and calcium as sulphate from
disodium ethylenediaminetetraacetate(EDTA-2Na)
solutions.

At pH 3, EDTA precipitate was included in strontium
sulphate precipitate.
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Fig.2.3.6—2 Recovery of strontium from ammonium sulphate solution
in the presence of EDTA-2Na.
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s \
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Fig.2.3.06—3 Recovery of strontium as sulphate from EDTA-2Na solutions
with different concentration.
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QLT #&80
BE ik
1) ICRP: ICRP Publication 74, (1997)

25 JCRP: ICRP Publication 60, (1991)
39 Nelson, W. R, Hiravama, H. and Roger. D.W.0: The BGS4 code-system, SLAC 265, (1585)
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varicus geometries: antero-posterior{AP), postero-anterior(PA), right-
lateral (RLAT) and isotropic(ISO).
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Pig 5.1, 4 - 2105, RhofEid, BHENAZHICBY DRI IR B R | 238U
F e HEHE R B O & AR RO, @Sv/R) TH D, HORERE, EFIr
JLE—A 30keVA 5200keVOTFICHEWTE S 172, JHLUL HEOEHEFES L EFEEOHE
ASERIHEE & B L TR, SO T ALF B A LENROFFNRE (B0 TH
%o 1o, WIAHE, BAHREE LIDETLRLFE—IME DS S EOMEOENI K HREMO
MR s,

Table 3. 1. 4 — 1 B UTable 3.1. 4 — 2427 C o ¥R =M LB AoEBREBERUHERREE
g, BAREOES, AEERLTESROMICIRO - HNR N, £ BHOHEOR
B TR IRV EE S L, Fig 31 4~ 1 &UTable 3. 1. 4 — 1 £ #IMeVO 2 )L F—%
4 BN TR AARTS > AS L2 BE, BORBELT0EEFEIREMEE LTRETESL
Abing, BEBHOEAE EOSREIMERIANTREE -7, T, TR
WA AT BTN SN B D TH B, £, WOBEE LTIHES MBI, TNTERER
HIEER & ICESREREL D B L 70

AN 5 M- B DBRIED 3 L F — R, HEEEE R O ERRIE E OBRIL. E SRR
BRI & D I BBROIBOINRARTE S BBICERN T —§ 185, SRE, FTal
F T DRSNS EIAZEA AT D WTHT T I LB D b,

(& D
BE
1) Nelson, W.R., Hirayama, H. and Roger, D.W.0: The BGS4 code-system SLAC 265, (1985)
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Table 3.1.4—1 Comparison of calculated and measured doses for

antero-posterior irradiation.
y -ray source:” °Co , unit:mSv/h

Teeth Chest Effective
Front Middle Back Surface Dose
Calculated Q.44 .42 8.75 10.0 8.78
Measured 341 9. 66 G.12 8.9 | -

Table 3.1.4—2 Comparison of calculated and measured doses for

postero-anterior irradiation.
v -ray source:® °Co , unittmSv/h

Teeth Chest Effective
Front Middle Back Surface dose
Calculated 479 5.20 5.94 5.7 7.45
Measured 6.20 6.53 7.05 46 | e
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Fig.3.1.4—1 Energy depenence of doses to teeth and chest surface, and effective dose
for antero-posterior irradiation(calculated).
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Fig.3.1.4—-2 GBnergy depenence of doses to teeth and chest surface, and effective dose

for postero-anterior irradiation{calculated).
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1) Endo, A, et al.: AEAT-0058, (1996)

2) Gaspar, P.P.. et al.: Chemical effects on nuclear transformations in inorganic
systems, 75-101, (1979)

3 Endo, A, et al.: Health Phys., 68 80-88, (1995)
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Fig.3.2.2—1 Comparison between experimental and calculated air

HTO concentrations at various hights.
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Fig.3.2.3—-1 Depth profiles of heavy water cencentrations in soil water
immediatly after the heavy water exposure was [inished

Table 3.2.3—1 Comparison between the evaporation velocities, Vev (m/s) and

the reemission rates, R(%/h).

Time Run 1* : Run2™*

(h) "V (mis) | R (%N) 1 Ve(mis)  R{%h)
0-1 1.1%x107 22, 2.2x10° 13

1-8 1.3%107 75 | 1.4x10°® 33
8-24 16x10° 030 , 61x10° 22

* Reemission was started at 8:00 a.m.
**  Reemission was started at 8:00 p.m.
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