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FAIT-NEUTRON AND GAMMA SPECTRUM
AND DOSE IN BERYLLIUM OXIDE

Raymond W KiIitigeknmiUh, Richard G. Jung, William A. Limlgrtn,
Harold M. Epsleln, and Jo«l W. Chastain, Jr.
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INTRODUCTION

At part oi the GE-ANPD shielding program being conducted at Battalia a aerie*
of teata waa run to determine the ahialding propertiea of BeO. The material wai in
the form of alaba 3% in. square and either 4 or 9 in. thick. To prevent ahort circuit-
ing of radiation around the alaba they were mounted in 48-in.-square steel frames. The
alaba could be combined to give configurations which were 4, 8, 9, 12, 13, 17, or
21 in. thick, Measurements were made behind these various configurations. One of
the 4-in.-thick alaba contained a 7/8-in.-diameter by 27-in.-long vertical instrument
hole. This instrumented slab was placed at desired locations within the 21-in. con-
figuration to permit measurements through an effectively solid medium.

The tests were conducted at the Battalia Lid-Tank Shielding Facility which con-
sists of a 28-in.-diameter highly enriched uranium plats 0.020 in. thick placed in one
wall of a water pool IS by 15 by 12 ft deep. The pool and fission plate are located at
the end of the thermal column of the Battslle Research Reactor.U»2) About 30 wia
generated in the fission plate at steady-state 2-megawatt reactor operation. The
fission-plat* power can be reduced by a factor of 8. 3 without reduction of reactor power
by means of a borated polyethylene curtain positioned between the plate and the thermal

column. This curtain replaces the previous lithium-magnesium curtain which reduced
the plate power by a factor of 2. 3.(1)

INSTRUMENTATION

The Facility is equipped to measure fast-neutron doss rats, gamma doss rats,

thermal-neutron flux, gamme energy spectra, and integrated fast-neutron spectre. A
detailed description of the instrumentation la reported elsewhere”™ »*), and only a brief
summary will be given here.

For msasursments of fast-neutron dose rate Hurst-type fast-neutron dosimeter*
are used. One 2-In.-diameter Reuter-Stokes, Inc., RSN-2 dosimeter, two 3/4-in.-
diameter Reuter-Stokes, Inc., modified RSN-3 dosimeters, two 3/4-in.-diameter
ORNL Q-1329 D dosimeters, and one 1-in.-diameter GE-ANPD dosimeter were used in
the BeO teats. Due to thermal-neutron sensitivity it was necesiary to place a
0.020-in.-thick cadmium sheath around each dosimeter.

Carbon-wall lonlaetlon chambers filled with CO” to 10 psig are used to measure
gamme dose rate. Measurements over an extended range of dose rste ere accom-
plished by using thrse chambers of different ssneitivity. Dose rates in the range of
0.5to 30 rad per hr are measured with a 300-cm™* chamber; dose rates in the range oi
25 to 1000 rad per hr are measured with a 10-ctn* chamber; dose rates in the range oi
100 to 2000 rad per hr art measured with a 9-cm* chamber. The 9-cm* chamber is
3/4 In. in diameter and was used for measurements within the instrumented slab.

(t) totosses* Mtad.
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Thermal-neutron-flux distribution* art measured with gold foils and (Union
chamber*. The chambers, mad* by GE-ANPD, are 5/4 in. in diameter by 7- 5/4 in.
long and havo aa active length of 5in. For absolute flux determinations, the output oC
the (lesion chamber i* normalised to flux a* determined by gold-foil activation. A
Maxwellian-averaged gold crose section ie ueed in the flux determination.

Measurement* o( gamma-ray energy spectra (rom 0.2 to 10 Mev ere made with
an ft by ft-l«. Nal cryetal.

Threshold foil techniquee patterned alter the techniques of TrieeW™* are ueed to
meaeure integrated fast-neutron fluxes.

DESCRIPTION Of EXPERIMENT

Meaeurementa of fait-neutron dose rate, gemma doe* rate, and thermal-neutron
flux were made along the water center line behind 4-, 9-, 13-, 17-, and 21-in.-thick
configurations ol BoO. The reeulta are shown in Figures 1, 2, end 5. Experimental
data points ere given in the Appendix. From the feet-neutron does ratal measured in

the water behind these configurations, the removal croee section for BeO was deter-
mined to be 2. 02 barns.

Meaeurementa of fast-neutron dose rate, gamma dose rate, and thermal-neutron
flux were made along the center line through the 21-in. configuration. The reauita are
shown in Figures 4, 5, and 6. The laet-neutron dose rate through the 21-In. configura-
tion was compared with the NDA momenta method calculation”). The experimental
results are within 50 per cent of those calculated by GE-ANPD based on the moments
calculations. A relaxation length of about S.5cm for the faet-neutron dose rate through
DeO was calculated from the elope ol the curve in Figure 4. The relaxation length of
the gamma dose rate was calculated from Figure 5to be about 11 cm near the fission
plate. As shown by the change in shape, the relaxation length increases with penetra-
tion into the BeO indicating a hardening of the spectrum. This ie verified by gamma -
energy-spectrum measuremente. Thermal-flux distributions lor these tests were
calculated by GE-ANPD with the G-2 multilevel diffusion code. The calculations agree

well near the source but differ by about a factor of 2 from the experimental data at
large penetration distances through BeO.

Measurements of faet-neutron dose rate, gamma dote rate, end thermal-neutron

flux were made in a vertical plane et various positions within the 21-in. configuration.
These result# are shown In Figures 7,8, and 9.

Integral fast-neutron spectre were measured through the 21-in. configuration by
means of threshold foils. Data points obtained are shown in Figures 10 and 11. There
is very little change in the shape of the speettum with penetration through BeO for neu-
trons above 2.4 Mev. This fact le emphasised by the Watt*i spectrum drawn through
the data points and normalised to the 8. 1-Mev point. To measure the integral faet-

neutron spectrum above 1.4 Mev, depleted uranium-258 foils were ueed. The reeuiit
are compared with the corresponding phosphorus (2. 4-Mrv threshold) data in Figure 12.
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FIGURE 1. FAST-NEUTRON DOSE RATE MEASURED ALONG THE CENTER LINE BEHIND THE BeO SLABS
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FIGURE 2. GAMMA DOSE RATE MEASURED ALONG THE CENTER LINE BEHIND THE BeO SLABS
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FIGURE 3. THERMAL-NEUTRON FLUX MEASURED ALONG THE CENTER LINE BEHIND THE BeO SLABS
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NGURE 4. FAST-NEUTRON DOSE RATE MEASURED ALONG FIGURE 5. GAMMA DOSE RATE MEASURED ALONG THE
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FIGURE 6. THERMAL-NEUTRON FLUX PERWATT MEASURED ALONG THE CENTER LINE THROUGH THE
21-IN. THICK BeO SLAB
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Fast-Neutron Dose Rate, rad/(hr)(w)

FIGURE 7. FAST-NEUTRON DOSE RATE MEASURED IN A VERTICAL. PLANE
WITHIN THE 21-IN.-THICK BeO SLAB

CONFIDENTIAL



Gamma Dose Rate, rad/(hr)(w)

CONFIDENTIAL

16

Edge of
fission plate

Water-

0 19.8 cm from fission plate
0O 39 cm from fission plate

Distance Above Horizontal Center line, cm

FIGURE 8. GAMMA DOSfc RATE MEASURED IN A VERTICAL PLANE
WITHIN THE 114N. -THICK BeO SLAB
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Gamma Energy Spectrum,cpm per channel

Energy, Mev

FIGURE 13. LOW-ENERGY GAMMA SPECTRA MEASURED BEHIND THE BeO SLABS
USING AN BBY 8-IN. Nal CRYSTAL AT 0 DEG WITH THE
HORIZONTAL CENTER LINE
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FIGURE 14. HIGH-ENERGY GAMMA SPECTRA MEASURED BEHIND THE BeO SLABS USING AN 8 BY 8-IN.
Nal CRYSTAL AT 0 DEG WITH THE HORIZONTAL CENTER LINE
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FIGURE 16. EXPERIMENTAL PHOTOPEAK EFFICIENCY FOR 8 BY 8-1N.
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The curve indie*t«s that the neutrons above |. 4 Mev ate atUnuat<*d with a relaxation
length of 5.1 cm. A relaxation length of S. 1 cm for fast-neutron done rate due to neu-
trons above 0.3 Mev has been determined. It it thus concluded that there it a build-up

of neutrons in the 1.0 to 2.0-Mev range and is attributed to the minimum in the beryl-
lium croes section in this energy range.

Gamma energy apectra behind 4, 9, 13, 17, and 21 in. of BeO were measured
using an 9 by 8-in. Nal crystal. The beam was collimated by a S/8-in.-diamete*
by 5-ft-long watertight collimator which could be positioned at angles of 0, 30, and
44 deg with the horisontal center line. The crystal was placed In a watertight lead caah
with 10-in.-thick walls. Figures IS, 14, and IS show the results of the spectra meas-
urements. The 4.4 and the 3.41-Mev beryllium capture gamiuae became prominent aa
the thickness of BeO increased. The 2.2-Mev hydrogen capture gamma from the water
could alto be seen. Hardening of the spectrum with penetration into the BeO is evident.
The angular dependence of the spectrum shape it only slight. No unscrambling or effi-

ciency correction has been done on these apectra. The change of efficiency with inci-
dent gamma energy H shown in Figure 14.
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44.22  1.341 Iff*
69.23  0.011 iff4
61.22  4.04 1 Iff4
4114 1W i Iff4
eLift 4.131 iff*
4421 L 14i Iff
4321 1.711 Iff*
73.21  Liffiftff*
71.20  ft34a 1®1
4431 4.431 14*
43.34  J.» 1 If*

CONFIDENTIAL

u-u

Duuacc

46.44
43.24
47.24
ILK
6,21
+3.24
13.22
n.a»
11.30
44.31

. 4<Q

nm

I.MIIff*
1.21 110*
1.34 HO04
2.11i fiot
1l Iff*
2.00110*
4.44 i IfS
1.44 1 iff*
l.«d 1 1t*
4.001 ftOl

ti«tl. frr0

Dutiocc ru
60.34  3.44 i 10*
41.21  4.01 » Iffl
4330 L « | 10*
44.04  Alti s
124 491 1 o4
43.24  1.1# 1 Iff4
73.23  f.6* 110*
77.32  1.13* 10*
31.33  4.41 i Iff*
AM 1.21\ Iff*
#333 430*K1
03.32  1.44* Iffl



AVILN3IAIINOD

TABU A-4. PAST NCUTVIN DOil RATE, GAMMA OOM RAT! AND THERMAI -NEUTRON PIUX
MEASURED AUNG THE CENTER LINE TtftOUGtl THE *HN. *THICK B«0 SLAB

TtWWf1ScuUun
I*n Nciukmi___ fiaawm v.fl »iMwCh*mbc« Mum—m«*m
luattcc Prom Dom RMc Dttuinc* 1m n Daterite. Dmumec rwii Plw. 0»utu PfORI Pitt*.
Piimou Puur on lermtH M I'losw Pidtr riu t¥4 (hr)<"> ftMioti Pla»c cm #,(cn3)(m)(w). ftstoR P'»tc tin R (cn*'8)(»»r)(w)

R 4 18.4 at » * 1.Ti «10» O 48 8.07 » 10*
«*» | 23.0 3.4 30. * IS. to 4.31 R 10* 1.1 3.74 * 10
M .1 10.4 14,3 17.1 » .4 3.31x 10" 14 .« 3,04 « 10*
* 38.3 AMR 1**1 SM IS, 4 IS.SB 7.0B* 10* i x 3.3%t 10%
*7.4 3.30% 10*1 e.s = AW AM * 10% 3.t 8.04 * 10%
41.* e.8» * »e* 37.3 3.1 37.B 1.88* 10*
43.1 2.40 k t0*3 U 3.07 * »0*
8.5 47,0 B.04k 10*
14 M. 3.30 » 10%

AVILN3AIANOD
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TABU A-L

Vertical IMiU ihx

from Horiaonul

OtBM Um.

0.0C
io.u
EI. IS
S1.<9

42.25
SLID

CLSB
1S.18

on

HBMpM

rABT-WIUTHOW tt*C RATI. GAMMA DOW BATt, AND THERMAL»M*UTAON FLUX IN A VBTOCAL ARLAVE WITHIN THI 31-1K.-THICK M ) SLAB

U»l L

Jdu

Dots Mm M liKltcAictl Dimaikc From
Fiutoo Fl*te. fftd/lteXw)

KB Cm
M I

5.94

3.44

144

[ 1

4.43 ft 10"1
1.23 ft 10%*
1.07 ft 104

It.1 Cm

3,31ft 10*I
3.00 ft 10**
Us ftio*i
123 ft 10**

1.11ft 1C*1

1. IB » 10**

M i ft W#t

4t.1 Cm

4.44 ft W=
ITS* 10*2
B.00» 10-*
3.17i W=

UfBft 10**

131 ft 10*8

9.40 » 10*3
4.36 ft 10-3

Vertical Duukm*

From llon»M UI

Outer Um .

0.00

144

LSI
10.66
11B4
21.13
96.41
31.80
36.97
4126
47.BS
Bill
3109
63.37

cm

Uiuuui

UOK uk ftl UMIULl.a -

3,9Cm

60,0
60.0
BO,4
49.4
415
44.1
34.0
26.4
IB.4
120
M I

161
1.79

1.33

111w

118
11
11B
114
11.4
10.3
1.6
6.4
5.43
116

OIftUNCV t * OiftFUftvv /i t1e™] DURIOOC
fU ft. rad/ftirMfcl

 tool HotiKMIMI
<ilter Um , cm

15.14
36.41
36.97
4128
44.19
47.33
30.17
618)

58.09
40.73
43.37

66.01

68.6B
71.30
73.93

Thermal Neutron
Mu* «t Indicated Diiuacc From
Fteteai FImb. o/fcmIK»-< Mw)
31.73Cm

19.73 Cm

3.30 fticr
3.23 ft 107
175 ft 10t
1.49 X 10t
9.74 ft 10C
5.98 ft 10®
127 * 10*
B.05 ft 10*
191 ft 10*
I.M * 10*
1.30 ft 10~
1.86 ft 106
171 ft 10s
3.19 ft 10i
2.69 ft 105
1.7* ft 10*
9.73 ft 104

1.98
1.18
1.01
5.94
3.27
1.93
8.41
163
7.50
3.46
3.69
4.44
6.64
7.57
6.3C
3.94
109

x 107
ft lot
ftlot
ft 10®
ft 10®
ft 10*
ft 10*
x 10*
ft 10*
x 10*
ft 10*
ft 10s
ft 10*
* |\/DB
x 10*
x 10*
ft 10*

33.10 Cat

3.36 * 10®
3.21 ft 10®
2.63 ft 10®
1.54 ft 10®
8.66 ft to®
4.86 » 10*
118 ft 10®
u.u »104
1.61 » 104
6.99 » 103
6.59 ft 103
7.62 ft 103
1.07 x 104
1.22 » 104
9.62 ft 103
B.94 x 103
3.36 ft 103

AVILN3IAIINOD



Reactton
P(n.p)
S(n.P)
NI(n.p)
N<»,P>
SK'..p)
Mgn. p)

NG

CONFIDENTIAL

A-6

TABLE A-1. MfASWUKIENTS OP PAST-NEUTRON INTEGRAL FLUX THROUGH THE 31 IN.-THICK NO SLAB

TtfmlmM Enctgy*

Me*

2.4

2.9

8.0

5.6

ft.5

Integral Flux. aAcm”yuvXw). at Indicated Dlwxoce from Ftnlon Plat*

1,66 Cm

(4.17 i 0,07) x 1Q6

(S.16 ft 0, 1S) x 40®

(4.17 2 0,07) k 10®

(7.26 A0.07) x IO*

(6.16 i 0,20) * 105

(2.46 * 0.06) x 10s

(7.06 f£0.13) x 104

11.96 Cm

07 a0.20) x |«*

.97 ft 0.10) * 10s

,13 ft 0.07) x 105

.97 * 0.13) x 104

37 « 0.27) x 104

.17 *0.70) x 104

.87 ft0.40) x 10s

CONFIDENTIAL

21.96 Cm

.00 ft 0.60) « 104

.50 ft 0.13)ft 104

.90 ft 0.10) x 104

.20 £ 0,02) x 104

.20 ft O.TT)« 103

.19 ft 0.01) x 104

.29 ft 0.07) x 10s

M

(1.15 0.

(1.90 ft 0.

(1.15 ft 0.

(2.00 ft 0.

(1.83 ft 0.

(1.97 ft 0.

(1.98 % 0.

C a

12) x 104

20) x 103

01) xIT-

02) x 'O3

26) x 103

17) <101

16»x lo'™~



