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A Study on Various Neutron Standard Fields for Workplace

Yoshihiro ASANO
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Mikatuki—cho, Sayou—gun, Hyogo—ken

(Received July 1, 1999)

Various neutron standard fields with weak intensity were discussed to investigate the behavior of
neutron transportation in the workplace such as the outside of the shield wall at accelerator facilities
and nuclear power plants, and to keep the traceability of the detectors for radiation dosimetry.

Three neutron fields, (1) thermal neutron fields for fundamentals of neutron measurement with weak
intensity, (2) moderated neutron fields which constructed with several MeV neutrons and three kinds of shield
material (iron, paraffin and ordinary concrete), and (3) environmental neutron fields around an accelerator
facility, were investigated by using 4mB-y coincidence counter, BF; counters, and *He high sensitivity
counters. In the moderated fields, neutron spectra were measured with unfolding method and compared with
Error Evaluation on 2 Detector Methods (ED2M) in three dosimetric quantities(effective dose equivalent,
ambient dose equivalent, and effective dose). The differences between the doses have been clarified to be
quite small in this study and results of the unfolding methods are in good agreement with ED2M method.

Based on the present methods, the neutron spectrum within the extremely low intensity field due to
cosmic-ray were successfully measured at environment of the SPring-8 site and compared with the fields within

the building of JAERI as the function of the number of the concrete floor.

Keywords: Neutron Field, Unfolding, Error Evaluation Method, Cosmic Ray, Dose
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Fig. 2—-1 Photograph of the graphite pile for neutron calibration.
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Fig. 2-2 Cross sectional view of graphite pile for thermal
neutron irradiation fields. (A) Isotropic neutron
irradiation field. 1-4, positions where a pair of neutron
sources are set up. (B) Collimated neutron irradiation
field.
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Fig. 2-4 Photograph of 47 B—v coincidence counter.
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Fig. 2-10 Result of neutron energy spectrum calculation in the
88cm radius spherical graphite pile at 24cm distance
from the center of the pile.
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Table 2-1 Thermal neutron fluence rate at the center of the

isotropic neutron irradiation fields ( neutron emittion
rates, 2*Am-Be 2.26x10° n/s, **Pu-Be 2.7x10° n/s)

Source Fluence rate Cd ratio Dose equivalent

position (n/cm?-s) (mrem/hr)
1 3.33%x103 3.8 12.8
2 2.80%103 4.7 10.8
3 2.09%x10° 5.8 8.02
4 1.35%x10° 8.1 5.19

Table 2-2 Results of ETL and JAERI absolute measurements of

induced Au activities inter—comparison.

Sample measurer Saturation Specific activity

i €

No.  (Laboratory) (Ba/g) Ratio (9"
ETL 3.35, x 10° Lootg 20

JAERI 3.3u, x 10° ' £0.5

ETL 3.38, x 10° | oous 05

JAERI 3,36, x 10° T 0.5

ETL 1.02, x 10° ooy 1075

JAERI 1.01, x 10° ' £1.3

ETL 2,05, x 10° Loy P05

JAERI 2.01, x 10° I B
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Table 2-3 Results of ETL and JAERI measurements of thermal

neutron fluence rate inter—comparison.

Measurer Fluence rate
(Laboratory) (n/cm?-s)

ETL 2.80%10°

JAERI 2.79 % 10°

Table 2-4 Estimated errors for the absolute measurements of

thermal neutron fluence rate.

Weighting Standard Systematic

Parameter actor W de‘z’\;'i(a\;;m a(:r(r%r)
Aal 1.2 0.30 0.2
Acd 0.2 0.56 0.2
Fca 0.2 1.0
00, 1.0 0.2
F 1.0 0.4

vV ¥ (Wa)t =0.38, LWos,=1.08.
Total error 1.46%.
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Table 2-5 Estimated values for epi—thermal neutron fluence rates

and exposure rates of isotropic and collimated neutron
irradiation fields.

Neutron Thermal neutron Epi-thermal neutron Exposure
irradiation field fluence rate fluence rate rate
(n/cm?. s) E>Ecd(n/cm?. s) (mR/h)
Isotropic
(source position 2) 2, 800 1, 800 3
Collimated 850 800 10
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5.2MeV  (BUE T (d, n) 4HeRKK) 8 ATHB, ZD5b,
PHEFTRIVXE D5 1 k e VOBZEIIMERTFE— LI LT 6 0BEHR,
HDOTENE—DBRBIITRTIEL —AZH L TOESFRTRAEZITo7,
H—hy h—RHRMEKII130—-150 cmiZBRELE, PHFILT
VARIIBFRINR AR - Eo L JHV ¥ —kEET=F—L LTK
BTz, BEPHFHIIEES50cm (20cmFe+30cm! OBAY LS
T4Y) OVx Fya— ERAWT—KRPEFREEN T LICIVEMAL
oo ZOBE. BREREBEMMN FHFRHEBICERE GV Y Rya—r
PRABTAZLREETHY, T, Uy Fua—UBEELRWEEO#EL
FHFORIHTIREZRET D LIEETCHD, T TYyY Rya—»
DEFEELBRWEE CHREPHEF ORI T 2 RIBBORBERELIT O 72DIZ,
BELPHFRICHTHBENRKEWVE FHRINIBHM OE S 1 c mORRH
8B (WY ¥Nol) L2cmOBEHE (V¥ No 2) IR LTIYEEAD
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R 2By Rya—rEAV, BEFEFOTRLX—5.0Me V
DL EDOBEATUFICHTIBRERNELETol, TOREFLNIME (%) ITX
D, ¥ RYa—r BEWESOBEPHTROBIIKT D FERFEBEM TR
HBOBERE TV, EBRC VY Fya—UEAVWTHIE LILRE L DXEE
BEL P TR D ERTEROEM P TR DR ERRE L LTS,

(%) L&DV Rya—UREELRWGEEBELTHMELL
HHBOLDOWERBEL VY FUa—U2AVWELEORERIIENEN I D
VHNo 1IZHLT1.01, IV ¥No 2iZ®LT1.04Tholz,

BURCIIERNEEE2 5 0 k e VEAT OB P M HIR OB KRZBOEM 1
HFRHEBORBREFERYB/I-DIC. 1 RBEEHEEZTTo . ERALEHEA
a— KA1 KX IESNa—FCHBANISN—]JRE71D (Ajoint
type EE) Thd, WEHET—FI74 77V - EEET—FEND
F/B-IVEWHERENFEMGCL— 13 7THLAFEEEZAVWTMAILIL
g R BT - F Y ERMRERMKERE Y FEERTHZLIZI-TH
Jo. BBPHT1 3 7THON, BPHETFHEE (0.5e VELT) II35HTH
%, MPx» FABRBRICIP 5ifftllZ AV, £ SUBCBIT D PHETT
NI ZOWFRHESREE 1 0T AUTLRB L ICHARTo T, FRBR
B PRI R OBER BT, BEH OFE LRVWERED 1 OBF g

IR 3O OB TRE O RRUEC £ Y b EiT o7,

3.3 ERBIUCHERLR

ek 7B LT85 0 k e VELEDREEPHTHE AW TR K RFEBEH
fHeh TR MR OBRER X U2 % Table3- 10 ERITRY, ZIZTHITV Y
¥ N o. 0 DRHBIIRENOEE SN TWAVWEOKRK 1 OBF 3 etk
ETHD,

K IRIREM A P iR NS o BB T I3 2 RERECRIRFEF TV
TV AROBABE AL DEE, BPHTFRAFORY MR SERER
YUREHBENRS TR TWDS, 209 LEGHTF T XRBOENREIZ6F
DhAHBEET+2. 0% THD, RO FRAHOH —HITAEDDIREICR
Fig. 3-210R STV B BAHF 7 /Vn o R B4 AF ORRFGREM A PHETF R
BohE XICHYT AREOLEHES AV, o T, BRI FHETR
HEOATNRKE L RBIZY., BORH—HIFDIBEDCEFENRELZ-
TW3, 50k e VI EDHARMTFICHT 5 ERBAICIRAFHET VT
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CRABOENEICRD HIRE, BELPHTRICKS 5 RBP4 T
HERDOBBFEMHRAZER L UHAHREEZ L. ZOBE. BREPHTORAKESA
WEADDBERS I TWRY, 22T, BERPHTF IV X BOMSTHIE
WD ABERIRAPIMFIINT—FIZ2 — T %OHBENTH MBI TS
(8-9) g BRELPMTFRIE T B B ERIBEM fF d % 27 o0 5= BE R
BEFVY Ry a— 0BV EOBETHEFROADHERE L VY KU
a—VERANWLLEOREDEL L LEZEIZEIY., 2EORBREMST DRIT
AT ARIBKREL 20T,

1 RTHEHEDOER., BoNEEREBEMTPHETFRHSFOREL
Table3-1D FEIZT T, BEMOE XN 1 cmOBHIEE (WU FNo. 1)
CHHEFOTRXNE— 2. 5Me VELEDHZEZBRE, ERELHEH IV —
BERLE,

BRI RO A P FRR H 23 0 RERE & HRE D £ Fig. 3-31TR Y, ZZ
THEBTRENT-HERIIEZRE L HEEOLOFMEEZ T, BEMEN1 c
mOBHE (WU #No. 1) OREOCERRE L HEMEOLIIMMORHLEED
EERME L HEMOHICHB LU TRERELR L, £, BEMOES 28T
Tl oTERBELHEBEOLOFHMEN 1. 0TESTNTNDHEIIZ, R
BAME L BB BT 2 EmICH D, FRIC, ERELHEEOLOEENIEIL
INEL BRBEBBRDLND, T, PHEFIRAF ) 144ke V—5.
OM e V O CREBEM P HETRIBBOEENKEWVWES (WYY FN
o. 6LE) . EREOBRENFEMILE L THEFTRAX BN S
L EBITNEL BB A LD LN,

3.4 FEBBIUVHEKGEORT
Table3-LHZTRENTWB L H1Z, BAPHFIC L 2BERROGE T LB
BENKEWV, ZOREOKEIBRGOBRPHETFINLT Y ARGHORE —
WWEBRLOTHY, RHBOESHDLOEXFZEATHITREIINEBICHRE
EhabolBbhd, $io. BEM OEEBEVGE IS FARICLERNRE
BAEV, ZORREIK., PHEFT IRV LTEEM OE S B3Nz
CRHBRRSRRBERZEET., o THHRBEREM LD THD, L,
HEBIT ST DRBENEL R B, HXACBEL P TRICK D RREE T
MERBEL RBEDTHH D, Fig 3-3MCRENTVWS LI, BEMOES
N . FEPHFIRIAX-REVEE. ERELHFESIKECRRDLHE
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BT OEY E BHTRICHER L TREM 2 COEEFRENDTHELE
b, HECHERLZEEM OB CERMESE2EARMNTILERDHD LR
bihd, ¥, REBREM M PHEFREBOEERIREVEES, PHEFO X
MR =BT DIV ERBEORBRESHEMIILE L T/NE 25 HEMIFE
ETAREIE. 75y b bRHENWAREPHFORESMOEERL B
ha, Bib, FHF 7T 2O RIETIEE— 2% LT 0EH TR
OWENTEY ., AEREMET TIIPHEFIRAX -5, OMe VD L & TR
BHEMN1 4 cmDBE (WYL ¥ No. 8) . BRHBOERI MO KEKIHE

(3-12)

FIToEFMICHBLTRLE6%EADT S o

3.5 BRHBRBREOFMEZLOIC292C f PEFITHTHEAKE
#3. 3BLV3. 4EOKERLY. BEMEN1 c mOBRHIEE (Wv ¥
Nol) ORELXRE. thoBRHBOBEIEREL ., HRECERMELHE
BEOHDOEHEEZ T CIENPBTEINE—NDL 1 5Me VETDIEVWIT RNV
X —EFIRT L —BLTWA Z EWRENZ, LEN-T, ERHIFOREIC
T DEREONIFE L LTHEMEIERE LHBEOLOVHEEZFE LE
FHEALTOIVLOLUETES, Tz, BEMEN 1 cmORHE (X
my#No 1) ORERUTOLS I LTRDE, EEE L FHEMEN BN —
BLTWAIIXAX—2356 5k e VELFOPHTITHT HREEL, foRH
BOREY RO FELREOFECLVEE, £/, 565ke VLD
FNXE—FIR CII BN ZRECENZNVI LI LY. ZOTRNF—FIRO
B FIC T AREIIERELNFT B Z L ICL VRO, BONIEKFR
B AP HETRINEORE#Fig.3-4 A) , (B), (C) &w{, RUED
SbH¥T Fig 3-4lm Lz, I THOREL OBF gLl EE ORBE
WOV T HEEMEN O c mOBRHE (WU FNo. 0) & LTRELI

Fig. 3-4l0 R SN RERIEM N P TFRUBORBREOEREZHERT D
HEITC. BHPHEF A7 FABEBHELMIENTWS252C { PHFIZ
W B EHREBEM A PHETREBORELHETRD, ZHELOLEE
FFol, HETH2S2C { OB ENEIPHFTRIAF—XT PVELT
Ty IR AN G REA L, ERBIUHEBEIEALEL22C !
it FIR OB HBIIEFESRE O 10 LEBRAEERTI &LV E2. 5%
DREETROLNTVD,

FELFE LY 5mOBEOMEBIZS L—F» FTHEEOKRBBEER ST
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512m (@) x12m (BfT¥) x11. 2m (HX) OHBEOF.LERIZ 2
52CfRAZENTIToM, ¥z, RHBLBRR L ORBELZELERTER
HEBOHEBAEZ TV, FHERISEMOY 2 FITHAIT2Z L E2FALTHK
HPHFRIZEIBEBOFMEITo/. GO R %2 Table3- 21279, HE
EEEZRENBRN—BERL TS Z & ATable3-LIZRENTWVWD, ZOREE.
ZERIE BB A P FREBZORBRERIBWVERE CHMEN TV Z L 23R
T&I

3.6 MRHIFEEOFHMIZHT Db

FERFERD R, PHFY— A A—FHLRABEOREEZFA L. &BE
ThHOEABFEORV, B 1 OBF g FidHE % AV - 8 EXE ORI MEH
M P FRHBE2EEL,. TOREZBPHETB LUOHEAT XN X —fHF
EZRAVWTHE LKL, dbET 1 RTaEHELZITV., LBBENETok, 20
WER., e ORENSERENTVWE D O BF g HAIFHE R O BRIEREH
e FRHBOREL HOBVEECIHMET s - el C&k, ZLTZHD
ORHBRE BEBRP#EE, FICSLELBbh 38815 1 5Me VETOH
HF L RN E—REOREERAY — A A - EORERERER L LTHA
TP EBERENT, BEEhE 2BEU LOXRHBEAVWI Z LIz X
v, %% 1 0 BF 3 HIEHEENBEORIHBORKEE &) LIEEOR VR
BYBAE%ZBH LN TE, ARHBIIPEFROMELERT D O X TH
BThdrLEXD, Fir. 1RTSNa—FANISN—]JRTMGCL—
137HZAV. AdjointdASTHEZITAE, BHEENL 1 5Me
VORHFT XN —FEHT, BWEETRENGOND T LPERTE

3.7 BEIM

(3-1) M. Awschalom and R.S.Sanna; Applications of bonner sphere
detectors In neutron field dosimetry, Radiat. Prot. Dosimet., 10, 89(1985)
(3-2) D.Nachtigall and G.Burger; Dose equivalent determinations In
neutron fields by means of moderator techniques, In “Topics In
Radiation Dosimetry, suppl.l to Radiation Dosimetry” (ed.by Attix and
Roesch), p. 385 (1972), Academic Press Inc., New York

(3-3) A.Sekiguchi et.al., ;Fundamental study of standardization for low
level neutron dose measurement, Tokyo Univ.Facalty of Eng. P. 3 3



JAERI—Research 99—045

(1981) (in Japanese)

(3-4) Y.Uwamino and T.Nakamura; Two types of multi-moderator neutron
spectrometers: Gamma-ray Insensitive type and high efficiency type,
Nucl. Inst. & Meth. Phys. Res. A239, 299(1985)

(3-5) M.P.Dhairyaman, P.S. Nagarajan and G.Venkataraman; Response
functions of spherically moderated neutron detectors. Nucl. Instrum.&
Methods. 169, 115(1980)

(3-6) C.E.Burgart and M.B.Emmet; Monte Carlo calculations of the
response functions of Bonner Ball Neutron Detectors, ORNL-TM-3739
(1972)

(3-7) Y.Asano & M.Yoshida ; Development of thermal neutron field for
routine calibration of radiation protection instrument, Journal of J.
Sociat. of Health Physics, 19 p341(1984) (in Japanese)

(3-8) Y. Asano ; Calibration of neutron monitor by using some standard
thermal neutron iradiation fields, JAERI-M 85-134, pl81 (1985) (in
Japanese)

(3-9) T.Michikawa;International intercomparison of recent neutron
standard, Journal of J. Sociat.of Health Physics, 19 p188(1984) (in
Japanese)

(3-10) Ward V. Engle Jr.; A users manual for ANISN, K-1693 (1963)
(3-11) Y.Naito, S.Tsuruta, T.Matsumura and T.Ohuchi;MGCL-PROCESSOR; A
computer code system for processing multigroup library MGCL, JAERI-N
9396 (1981)

(3-12) H.Liskien; Neutron production cross sections and energies,
Atomic Data & Nuclear Data Tables 15 p5T7 (1975); Nuclear Data Tables
11, p569 (1973)

(3-13) David G. Madland, Raphael J. Labauve and J.Raytord Nix;
Differential and Integral comparisons of three representations of the
prompt neutron spectrum for the spontaneous fission of 252Cf, LA-UR-84
3557 (1984)

(3-14) K.Kudo; International intercomparison of C f — 2 5 2 neutron
emittion rate, Journal of J.Atomic Energy Society 27 p829 (1985) (in
Japanese)



JAERI—Research 99—045

"Jo3unod fJg peletopow aIoydsI}[nll JO SUOTSUSUWIP PUEB MOTA JBUOTID9S-SSOI)

1S lg¢ ovl 8
1S .62 001 .
1S L2 08 9
06 012 09 S auajhyak|od -
06 0Ll ov b
06 061 0¢ ¢
06 oe! 02 2
@06 @011 0l !
— — (e} O 0
(ww) (ww) [(ww) 2/(PD-99) N

PO 0P SSAUNOIY} JOJDJSPON  J3IUNOD Jajunod €4g




JAERI—Research 99—045

—
w

1 ] 1 I T T T

b——0 X axis
O----A Y axis N

O—-—0 Z axis o

e
%)
T

—
—
T
|

O

_.Oh

N _ /
- D - -A- _ —_
_a-—--8 3 T T e
O\\ ‘A\
/o

relative to the center of the irradiation field
P
|

Thermal neutron flucnce rate intensity

~
09 - o\, - -
- O\
o)
0.8 i / =
[
7~
0.7 1 | » | l 1 1 |
-200 -150 -100 -50 0 50 100 150 200

Position (mm)

Fig.3-2 Ratio of thermal neutron fluence rate on each axis
to the fluence rate at the center of the irradiation
field for Rem—Counter calibration. X axis interset
at right angles to the graphite pile. Y axis is the
horizontal one and Z axis is the vertical one.
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Fig. 3-4(a) Energy response of multisphere moderated BF,
counter. Counters No.0, No.1, and No. 2.
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Fig. 3-4(b) Energy response of multisphere moderated BF,
counter. Counters No.3, No.4, and No.5.
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Fig. 3-4(c) Energy response of multisphere moderated BF,
counter. Counters No.6, No.7, and No. 8.
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Table 3-1(a) Neutron sensitivities (cps/cm®. s™) of

mul tisphere moderated BF3 counter. Counters No.O0,No.1, No.2,

and No. 3.

(Experimental and calculated results are shown in the upper

and lower columns, respectively. Calculated results are

normalized with experimental one at thermal neutron energy of

counter No.O0.)

Neutron Counter
energy 0 1 2 3
Thermal 1-42:2-0% 1. 17:7.5% 8.47X 10'1:9.5% 6-51)(10—1:12_5%
(0.025 V) 1.42 9.44x% 101 7.06x10"! 5.35%10!
51 keV 3.14 X1073:67.9% 2.12X107! 4{:3% 9.22X107115:3% 1.58:21%
2.16x1073 1.56x 1071 7.51x107} 1.26
144 keV 1.32x1071249% 7.21%x1071*34% 1.28*31%
1.10X107! 6.45% 107" 1.19
350 keV 1.18X1071,5:9% 6.99%1071 54 % 1.4843:1%
6.88X1072 5.14x 107! 1.09
565 keV 6.67X107243:4% 4.79%1071+33% 1 114%1%
4.95%x1072 4.28x107! 9.81x 101
1. 20 MeV 3.58X107223}:8% 3.18x10-15:3% 8.70X10711:%
2.62x102 2.80x10°1 7.45X 1071
2.50 MeV 2.74%1072431'3% 2.40%1071%3:3% 6.75%x1071%3:9%
1.24%x1072 1.68%x 107! 4.80%10"!
5.0 MeV 1.06X1072%,5:3% 9.47x107213:5% 2.98X 1071 253%
5.52x 1078 8.02x1072 2.71x1071
15.2 MeV 2.35X 107250 % 1.32X 1071 %,5:3%

2.38x%1072

8.92% 1072
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Table 3-1(b) Neutron sensitivities (cps/cm?® s™) of

multisphere moderated BF3 counter. Counters No. 4, No.5, No.6,

No. 7 and No. 8.

(Experimental and calculated results are shown in the upper

and lower columns, respectively. Calculated results are

normalized with experimental one at thermal neutron energy of

counter No.O0.)

No.

4

4.54% 107 215.5%

3.95x10™!

1.80:5:3%

1.45

1.53%1%

1.49

5.6¢0
1.963.s%

1.48

1.53*%:4%

1.42

1.3634%

1.20

1.13*38%

8.61x10"!

5.54% 1071 +3:39

5.33x 107!
2.76x1071*,31%

1.91x 107!

5 6 7 8
2.30%X1071.17.5% 1.10X 1071 .17.5% 5.39%1072.22.5% 1.10%X 1072 .97.5%
2.06X101 110X 107" 5.41x 1072 1.24x10°2
1.45°33% 9.47x1071*12%  4.90x101*72%  1.08x1071*12%
1.21 7.89X 1071 1.21x10 1.0IX 101
1.37°35% 9.67x1071533%  5.15X1071%%%  1.19x1071:3:3%
1.37 9.70x 10! 5.49x 107! 1.39X 101
1.93:5:6% 1.5145:3% 8.64X107117:3%  2.64X107151%
1.58 1.2 7.93x1071 2.32x 107!
1.7251% 1.49*5:5% 1.0315:3% 3.38x107143:4%
1.68 1.43 9.98X 10! 3.42x10°!
1.79%51% 1.64130% 1.3340:5% 6.13% 1071 23:3%
1.69 1.66 137 6.60x 101
1.59%79% 1.58*31% 1.42:3%% 9.09x10-1*3:3%
1.43 1.57 152 1.03
9.48x 10714349 1.0853% 1.17:3:3% 1.01:38%

1.03 1.24 1.39 - 1.26
4.92x1071 ¥4 6.23X1071*27%  7.42x101*28%  8.43x107'*33i%
4.34x 1071 5. 65X 10" 7.19% 101 854% 107!
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4 BWHEPETHOWE L L OFERR

4.1 ¥s

BEFAHRCMERMER. ERLEDIMARKERRE, PHTFEERTS
g% CiX. WE. ABRLHBABZERTOREFHIT, v s U — R T
B ENTETRIAX AT PAEFEORENIZIEALTHD, £, Zox
IR —EER (BOMEED b EMe VEEIK) IZBWTIE, AKICHT 2REEE T
THREBIGEMGE D WD BRRELSEMTHIERTH D, #-T. =
DIRXNE—FROPEFHOFRERET 2 Z LIIBDTEERI L TH D,

B3 EORWBM A RBHAFEEERRET 2 & IRk, G2 AW
THAIL SN T FREEETIET TR, EBRIBH I PHEFR N
7 MVBEBEET B Z Lk, BEEROPEF AT FNVEIFRET D DILE
RIET TR, WERLHECRET 2R EOERATNOOEATH S,

BOLEIRD> DB MeV SR E TOPHTFIX, 24 Am—BeR2°2C 2L D
P FENORE L FE2REM 2 CRHEES D Z LI L > TRELH
B LNTED, ZORHFIREEBEMEMAEGDE T, PHFRERERE
L. EHEPHTFERE LTHEETL LT, MEBORERY, ZEAOEMNL Y
BETHD, ZOBAH D, Nakamura (473 R IS0 44 E13282C f SO
FHRMEB L EAR. T T 1, §i2 LORERERBEM 2 A DET
HFRERFERLTWD, ZOREREM & PHEFREEEZESGDRT
W T, RRECRE T R Y. SEOMARDSE, LAl
RHEFR N —I T EEXRBE. DI —EOEIOREMZ LT ER LI
BDORRY MEFEORY, BEORBEFHTHEERE LTV LIZEWEL,
20, EBEOTHTIRESZEERLBRTEI LK, ¥ 7 MoReEFOFHE
FRGEM & PR EE VT, PHETREREEE L, A LR
iz, & XVzFLy, BX®arsIV—rTHo,

—F. ZOPFEPHEFREEN L RDBHEFERTIL, FHEFAT brve
EEMNETZZLIEECHY, WEFESRON TS, £I T, MELL
i PRI, F3ETRRONTWS ., ZEEDKREBEM B F 5 LLbiE
R RAWTREL, TUoR—ATFA v IT5 L VRO, £, R
DIERFE LT, BbnhHF A7 MMLBREYREZHALLER. B
FUEEORHEZAVTHEYEZIET S HE 79 U9 hofiRE
YBPHAELEER LB L,
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4.2 BEPHETFE
BOF B OWMKE % Fig. 4-11RT, F4BEME LT, (1) & (2)
R574yv, (3) arysy—hr ZRHVWE, Zhbid F4RFHBEKTH
HFREM . HDVILERM & LT, —RIZASFERASTWS, RIRESh
TWB LS, BElEEIIY 7 P +HRBEEEZR LTV, RIEILOEER
BEHAEZELRWVWE S IC, BPICR UHAEM OMERREEZ B & | KERHEE L
Lo BB AIEERER ORI X USMIICRE Uiz, A LIRIRIZ252C f
HREEHEPHTL24'Am—Be (a. n) FHFTHSB, BREIT Fig. 4-1
IR L, BEEBNOBTEDIEBIZBHNICREIND,
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LC10553A475)—U-8 2H\WTITolk, HE&REZ) (1) & (2)
R574v, (3) arys U—brOBFEITONT, &4 Fig. 4-2, Fig.4-3, B
XU Fig. 4-4 7Y, @bV THBERZFEMALZ, **'Am—Be (a. n) H
PFRARY fL (479 L2520 f ARESEPHT LS bV 4710 % Fig,
4-1 28R TR LT
 ERALE252C f BREHSETHET L2 Am—Be (o, n) PHFOHKH
BILEEE TERNREF R EMARTEEBIET D EICLY bL—¥
EYTFA—ERER L 4D BT HRRESHRRT TP F I H R OEAEN
BEREARXC VNV AZE (4—12) KEVIT2TWS, 70, BRIEZ BN
PRANBRDERICHEA LT & & OBABIHRH Y OBHHETF 711 0 AR THR
BOBBEOIEKET D2 L 2FA LT FRHEOMEEZIToTWVD 71
3)
AME T ETEFR SR & BRRFAMAEFTOBBR NI NVERNTHE
FIHHBOLBREEITol, LBHUERIBRREORMESZOMELHY . L
TFTOHETHEE LR,
(1) 2520f BT ETHENBAHEF DR /A M T 7uCi OBRIEDHI
KOERHT BTV, RICBEXRFHHEFTOREA /A M T 7uli &
5 3mCi DBIE L #18 2 B TR EHEHRALEIC X 0 BHIE L,
(2) 24'An-Be MBUIEE, EFHEWNRATEFTORM A NMITHEEZE
L7,
% 4 OYEM% Table 4 — 1IZRT,
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TFig. 46 (1) . (2) BXU=ar7Y— MEEHICR LTFig.4-7 (1) ,
(2) TRt BRICIBODER LM X~ PV b8 L, Fig. 4-5
IZOWTHL, IR M OB FMET D, (1) S&KEEM OARTH
bRstBEZRZ v, (2) 1231 2mOEFEDar 7Y —MZEER
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rELTT 72— NTA T LIER, BohichEF IS bVERD
BTRLTH D, . PHETFREZEENE LER. BONLTA~<7 by
FENENOBEIZN LT Fig.4-8 (1) . (2) IZTFRT, ZOROHH XS
FVIZHE Fig 44 IZRENRTWB AR MM I mOLBOT T v 7 RITHE
{LLTRWE, BONERRY MVOEHT IV — Ty T 3—NTA 2T
L oEEREB LU 1 B8 3E TR/, ICRP2 1 4~15) | ICRP51 4
—16)  JCRP74 4717 CEX LR TWABETNThOPHETRELESREE AW
THEEINFHEYEMES Table 4-2 [ZRY, T, ICRP2 1 TIdm KEEER
BEWMESL, ICRP5S1 TIHREYERESE. ICRPT4 IZBWTIX AP £HFITBIT D
KEBREZE Vi,

Fig. 45 IR ENTWA L HIZ, 24 An-Be B L U285 2Cf BRIF & bBHPHEF
ZRY MNAIBE LIRS MR EVEFLRWEREG LN,
TOZLIINENRNWI L, BRMEETEDZEERLTVWDHEEZIDND,
e ORI E— Y THD 4 0KeV (FiLIZARY MO LRAHZBRLNDH
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WE LD LTV, Fig. 4-6 BLUFig 47T bRFRIZ, 4774 BLY=
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Fig. 48 I/ RENTWVWA L ST, 24 1Am-Be BL U2 5 2Cf BRI & & FRREEAS
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VIR R v Bn—BBI R bhi,

Table 4-2 [T RENTWVWS, FEHECET PHEFREMITX 1 3% ORBEAN
C—H L, “OZ LIS 1 BE 3HETRZ, REYEOHEZOE N, BX
UHERLE., BEBFEAROEVIZEDL LT, BELLBEPETFHOPHET
AT CVOBELOGBENTIE, PHETFRECKEREZERFFELRVWILE
ALTWS,

4. 4 BERNFMBECEL>PETREORE

BECRENEFEIENETCHIREFMEELBIETORT vy FHBEL,
ERDOENEET S, e, TV I72—NATFA 7T 5ABIZBWORIREN
FEOHIRRY MCRERENKRELERERD ZENBV, —F. EREMICE
WTHREDORE S 2o0BRHBLZAVWTHERDOL LY PHETHEZRD S
Fik 418 pfEEREL . B<AVWLRTWS, LA L, fThoFEIZEW
THRBLERDPHFEDRRT FUVBRE—TRVF—ZRT bD L2
BYIBAREEREO—RESTELTE 5 EBHFHTHY . ZOMHRE
Bx 5 AKCEERKRELIRBIENXMbATNS W-19) W-20 Zr¢
Dk 5 REIREEL LEEs/ B Ryufuku (478 - (478 1z 1 5 THY
XN TWS, ZOFEIR, GEYELOBNEIRHBERMEL RET X
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B No.d WD H— No.T Thbb&hd, %4 ICRP2 1, ICRP51 B LW
ICRP74 TRENTWAIREBYEZ HHEL L@ MNESEZF 4 Fig 4-11,
Fig. 4-12 33 LU Fig. 4-13 TR ¢, ZOREEN LB b iER/MEL IR
ENBREYEAS Table 4-3 1T,

Table 4-2 & Table 4-3 DfE% Ll 5 & 2T REER/NHEE CHREME
VWMEL 2o TWB, FREOERXIS2C 2AVWEaY 2 V— FEERBTO
ICRP74 BEBENREKRTHY , 4 9%, FOMIT3I 0%LATHY, KR¥EH1
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4. 5 5w

g, N5 T74rBLUaY S Y — F3IBEOREN2PHFREM L 241
An-Be B L2 5 2Cf PHEFRHBREL A\WT, BIMEED LE MeV L TOIE
RWARY MR EOPHTFREBEL, PHETFIX7 PV ORER LU
FREOCRE®IT-oT,

R R2Y M ERDBICHL ST T 74— NTA Y TR A
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Fig. 4-1 Cross sectional view of the moderated neutron field by using
iron, paraffin and ordinary concrete. A indicates the source position and

B,C,D,E are evaluated points. D1-D6, W1-W4, and H1-H3 indicate the size in

cm.,
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Fig. 4-2(1) Calculational results of the moderated spectrum with iron by

using emitted neutron from 241Am-Be isotopes. A is the source spectrum and

each B,C,D,E are the spectra at the positions in the moderator fields as
illustrated in Fig. 4-1.
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F1g 4-2(2) Calculational results of the moderated spectrum with iron by
using emitted neutron from 262Cf isotopes. A is the source spectrum and each

B,C,D,E are the spectra at the positions in the moderator fields as illustrated
in Fig. 4-1.
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Fig. 4-3(1) Calculational results of the moderated spectrum with paraffin by
using emitted neutron from 241Am-Be isotopes. Each B,C,D,E are the spectra
at the positions in the moderator fields as illustrated in Fig. 4-1.
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Fig. 4-3(2) Calculational results of the moderated spectrum with paraffin by
using emitted neutron from 252Cf isotopes. Each B,C,D,E are the spectra at
the positions in the moderator fields as illustrated in Fig. 4-1.
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Fig. 4-4(1) Calculational results of the moderated spectrum with ord.
concrete by using emitted neutron from 241Am-Be isotopes. Each B,C,D,E are
the spectra at the positions in the moderator fields as illustrated in Fig. 4-1.
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Fig. 4-4(2) Calculational results of the moderated spectrum with ord.
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Fig. 4-5(1) Measurement result of neutron spectrum for iron moderator field
with 241Am-Be isotope by using unfolding method. Solid line is measured
spectrum with dot line which is initial guess spectrum considering with no
scattering from the room wall. Dashed line is measured spectrum with dot-
dashed line which is initial guess spectrum with scattering component from

the room wall.
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Fig. 4-5(2) Measurement result of neutron spectrum for iron moderator field
with 262Cf isotope by using unfolding method. Solid line is measured
spectrum with dot line which is initial guess spectrum considering with no
scattering from the room wall. Dashed line is measured spectrum with dot-
dashed line which is initial guess spectrum with scattering component from

the room wall.
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Fig. 4-6(1) Measurement result of neutron spectrum for paraffin moderator
field with 241Am-Be isotope by using unfolding method. Solid line is

measured spectrum and dot line is initial guess spectrum.
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Fig. 4-6(2) Measurement result of neutron spectrum for paraffin moderator
field with 262Cf isotope by using unfolding method. Solid line is measured

spectrum and dot line is initial guess spectrum.
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Fig. 4-7(1) Measurement result of neutron spectrum for ord. concrete
moderator field with 2¢:Am-Be isotope by using unfolding method. Solid line

is measured spectrum and dot line is initial guess spectrum.
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Fig. 4-8(1) Measured spectra of neutron emitted from 2¢1Am-Be in free air.
Solid line is at the position 1m distance from the source. Dashed line is at 2m
and dot-dashed line initial guess spectrum.
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Fig. 4-9 Relationship between each counting ratio of detector and inverse
square distance, 1/L2. The constant values of each line are indicated the

counting due to scattered neutron.



JAERI—Research 99—045

q-
Z 0.6
()
I ,
Q. L
8d
£ 04
-
[ = ,"
£
Z -
0-2— ” 4"'
l,,’ Vé’"
— I’, ”1;
/,’, ’_',""/
, L4
| . .

0 5.0
R=N10/N4

Fig. 4-10 Projection of the fundamental characteristic functional for two
detector method on R-K plane. R is the sensitive ratio between counter No.10
and No.4. K is the conversion factor from counting rate of counter No.4 to
neutron dose based on ICRP21. The error is given by the vertical distance
from the intermediate point to the curve of the boundary that indicate the

dot line.



JAERI—Research 99—045

Fig. of Merit=96
09— 19. N Vert=J0

’
[ Vasx4

K(mrem/h/cps)=D/N4

R=N10/N4

Fig. 4-11 Projection of the simple convex set for two detector method on R-K
plane based on the ICRP21 dose equivalent.
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Fig. 4-12 Projection of the simple convex set for two dete‘ctor method on R-K
plane based on the ICRP51 ambient dose equivalent.
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plane based on the ICRP74 equivalent dose.
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Table 4-1 Measured results of neutron emission rate from 2¢1Am-Be

and 252Cf isotopes
Isotope Date Emission rate(s!)
241Am-Be(1Ci) Aug.15 1985 2.44x106+2%
262Cf (63mCi) Aug.29 1985 8.39x107+3.5%
262Cf (97uCi) Aug.15 1985 4.09x105+£3.5%

Table 4-2 Neutron dose rate per emission rate (s!) based on ICRP21,
ICRP51, and ICRP74 recommendations at the various moderated neutron
fields by using unfolding method. (imrem/h~10pSv/h)

Source Field Av.Egy o ICRP21 ICRP51 ICRP74
MeV) (%) (mrem/h) (uSv/h) (uSv/h)
241Am-Be Free Air at 1 meD
4.3 49 1.17x106 1.17x105 1.32x10°5
Mod1 *2 0.70 49 2.16x107 2.33x106 2.22x10-6
Mod2 *3 2.2 5.9 6.57x108 6.56x10-7 7.40x107
Mod3 ¢4 8.561x108 8.39x10-7 9.33x10-7
262Cf Free Air at 1 m®*D
2.2 5.0 1.04x10€ 1.06x105 1.07x10-5
Mod1¢2 0.56 4.9 2.09x107 2.28x10¢ 2.07x106
Mod2 *3 1.1 40 3.04x108 3.01x107 3.256x10-7
Mod3 *9 6.30x10-8 6.24x10-7 6.65x107

(*1) The distance from the source is 1m (*2) Iron moderator field (E)
(*3) Paraffin moderator field (E) (*4) Ordinary concrete field (E)
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Table 4-3 Neutron dose rate estimation based on ICRP21, ICRP51 and
ICRP74 recommendations at the various moderated neutron fields by using
Error Evaluation on 2 Detector Methods. (1mrem/h~10uSv/h)

Source Field ICRP21 ICRP51 ICRP74

(mrem/h) (uSv/h) (uSv/h)
241Am-Be Free Air at 1 m®D  9.43x10-7 9.37x10€6 1.05x10-5

Free Air at 2 m*D) 2.756x10-7 2.74x10-6¢ 3.03x10-6

Mod1 ¢*2 1.94x10-7 2.01x10%6 1.89x10-6
Mod2 ¢3) 5.28x108 5.31x107 5.64x10-7
Mod3 9 7.38x108  7.63x10-7 7.12x10-7

252Cf Free Air at 0.7 m®™*d 1.91x106 1.91x10-5 2.09x10-5
Free Air at 1 m®™D  9.47x10-7 9.48x10%6 1.03x10-6
Free Air at 2 m*d 2.60x10-7 2.61x10€ 2.80x10-6

Mod1¢2 1.98x10-7 2.06x10€ 1.91x10-+6
Mod2 *3) 2.68x108 2.72x10-7 2.76x10-7
Mod3 ¢4 5.256x108 5.69x107 4.46x10-7

(*1) The distances from the source is 0.7m ,1m and 2m ,

(*2) Iron moderator field (E), (*3) Paraffin moderator field (E)
(*4) Ordinary concrete field (E)
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Fig. 5-1 Experimental procedure for mesurement of
environmental neutron spectrum due to cosmic ray.
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Fig.5-2 Cross sectional view of Cylindrical He-3 detectors
with several Polyethylene Moderators
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Fig. 5-3 Calibrated results of High Efficiency Neutron
Detectors with Various Polyethylene Moderators
by Using #2Cf. (D indicates the thickness

of moderators )
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Fig. 5-4 Energy Response Functions of High efficiency
Cylindrical Neutron Detectors with
Polyethylene Moderators.
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Fig.5-5 Location of the SPring-8 Site and Tokai Establishment
of Japan Atomic Energy Research Institute (JAERI).
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Fig. 56 Cross sectional view of the first laboratory
building of JAERI and measured points B,C,D and E.
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Fig.5-7 Cross sectional of the forth laboratory building of
JAERI and measured points F,G.
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5-8 Measurement results of Environmental Neutron
Spectra at the Spring-8 site and inside the lst
Laboratory Building. (Vertical axis is indicated by

using unit lethargy. A:Spring-8 site, B: the basement

of the 1lst Lab., C: lst floor, D: 2nd floor, E:3rd floor)
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Fig. 59 Measurement results of Environmental Neutron
Spectra at the Spring-8 site and inside the 4th
Laboratory Building. (Vertical axis is indicated by

using unit lethargy. A:Spring-8 site, F: the first
floor of the 4th Lab., G:inside the iron box of
which thickness is 20cm at the lst floor of 4th Lab.)
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Fig.5-10 Estimated dose equivalents due to environmental
neutron generated by cosmic ray at the SPring-8 site
and inside the lab. buliding of JAERI.
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Table 5-2 Environmental neutron dose due to cosmic ray at
the SPring-8 site (altitude 280-290m)

Neutron Dose

E<20MeV E<400MeV
Present work 3.7 nSv/h 6.9 nSv/h
(dose equivalent) (ICRPS1) (ICRP51+MRI data)
(7.4 nSv/h)* (13.8 nSv/h)*
Present work 4.0 nSv/h 6.7 nSv/h i
(effective dose) (ICRPG60, Yamaguchi data) (Yamaguchi data+MRI data)
(AP geometry)
Nakamura et.al 2.7 nSv/h 3.26 nSv/h
( Sea level, 1987) (ICRP21)

* - ICRP51 conversion factor x 2.0
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Table 5-1 Calculational results and measurements of the

sensitivities of the neutron detector with various

thickness of polethylene moderators(D indicate the
thickness).

Response Cal. by MCNP4a  Measurement” Ratio

Detector cps/cm2.s cps/cm2.s (MsC)
D=2.6 37.2 43.2 1.16
D=4.6 73.9 80.2 1.09
D=8.6 72.2 : 73.1 1.01
D=20.0 12.3 11.3 921

“source 1.82n/s.cm?2 at 1m
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Table A-1 Correction factors of self-shielding, edge effect and
flux depression for thermal neutron absolute measurement by using
gold foil.

Gold foll thickness Foil radius Neutron temp. Self shielding Edge effect Flux depression

(um) (cm) (°K)
25 1.47 293.6 0.9601 1.0006 1.0047
95 1.13 293.6 0.9600 1.0007 1.0036
25 1.47 343.6 0.9625 1.0006 1.0043
25 1.13 343.6 0.9625 1.0007 1.0033
20 1.0 293.6 0.9667 1.0007 1.0026
20 1.0 343.6 0.9687 1.0007 1.0024
15 1.0 293.6 09737 1.0005 1.0020
15 1.0 343.6 0.9753 1.0005 1.0018
10 1.0 293.6 0.9812 1.0003 1.0013
10 1.0 313.6 0.9817 1.0003 1.0013
10 1.0 333.6 0.9821 1.0003 1.0013
10 1.0 353.6 0.9826 1.0003 1.0012
10 1.0 373.6 0.9830 1.0003 1.0012
10 1.0 393.6 0.9833 1.0003 1.0012
10 1.0 §13.6 0.9838 1.0003 - 1.0011
10 1.0 433.6 0.9840 1.0003 1.0011
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