ARMOUR RESEARCH FOUNDATION OF ILLINOI




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



———————— —— - . |

LEGAL NOTICE

This report was prepared as an account of Government sponsored work, Neither the United 1
States, nor the Commission, nor any person acting on behalf of the Commission:
A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefuiness of the information contained tn this raport, ar that the uso
of any information, apparatus, method, or process disclosed in this report may not infringe '
privately owned rights; or .
B. Assumes any Habilitles with respect (o whie use of, or for damages resulting from the |
use‘of any information, npvnrnlus method, or process disclosed In thia report.
As used in the sbove, ‘‘person acting on behull of the Commisaion” includes any em-
ployee or of the Ci or of such . to the extent that [
such v or conts of the ¢ or of such prepares, *
disseminates, or provides access to, any information pursuant to his employmenl or contract I
with the Commisaton, or his employment with such contractor,
\
J

ARMOUR R.ESEARCH FOUNDATION
1111n01s Instxtute of Technology
" "Technology. Center
. Chicago 16, Illinois.

" ARF 1150-6

, (Q_x.i,a.r'terl_yr‘Progr'ess Repbrt‘ No. 2)

on

,DESIGN STUDIES ON CESIUM-137 AS A SOURCE
" FOR HIGH EVEL GAMMA" IRRAD A TO:.

(Contract No,. AT(11 1) 779)

.to .

U.. S. Atomic Energy Commission
Chicago Operations. Office
‘P. O. Box.59.
Lemont, . Illinois

Attn ‘Steven V. White, D1rector
Research Contracts Division

(Covering the Period from.September 1,. 1959 to December 1, 1959)

- February 29, 1960




DESIGN’STUDIES. ON.CESIUM-137 AS A.SOURCE

- FOR HIGH LEVEL GAMMA IRRADIATORS'

I.. I'N‘TRODU,C;I‘IQN

l : InAstudies..On.i,;the design. of high.level C's]‘37 gamma irradiators, the
-work during this second quarter-has continued. t‘o‘b,e mainly concerned. with
analytical studies of the.influence of sourfe-parameters on irradiator per-
: fo.rmanc‘e,. and with preparations for radiafioh,-iield.mapping w_ifh low level
ex’perimenil:alA séuréeé of.fvaxjying dimensions° o

A more s&stema_tic- analysis has been made of the expected behavior

of infinite plane sl'ourc'e_s for irracliiatirigiwate: equii(a_lent slab absorbers; and
__:t.h'qli.rnita_t‘ions Airr’x'po_s.e‘d on. irra.dia_.tor' .efﬁgiency, ‘dose rate and dose uniformi-
ty due' to,finite"plaqué_ sour_ée dimensions.

. The main, exp_e,r.imepté.l. sources designed to test the validity of,thié
‘analysis consist Qf:fa set of thin brass trays filled. with C.'sl37. in aqueous solu-
.tion. FurthevrA'work,has also been done on tests and.calibrations of the small’
scintillator probes for radiat'ion,.,field.,i'napping, in water absorbers.

II. ANALY TICAL STUDIES

Since the economic attractiveness of ,981»27 for -high level gamma ir-
radiators dépends prima,tiiy <A)n‘,_:theA soﬁrc‘e costs aﬂd.irradiator efficiency,
. the design studi_gs wei -ha.v_e,b_een concerned with are o;iented;towards‘those
s'ou'rce?par_amete‘xrs which favor high eﬁicieﬁcy-together with low fabrication
and operating costs.for the ,ipradiator. Plaque sources for the irradiation of
rectangular slab absorbers are-being c'ons‘idered.n_.in detail, with some con-
sideration. also;.bc;jng given to simpler irradiator geometries, such as those

encountered with point and line sources. for the irradiation.of fluid materials.

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY

e /-7~



As indicated in our previous report, ARF 11_50-3, the method. of de-

sign analysis used here for plaque sources makes use of theoretical relations

_governing the.uncollided-and_ scattered radiation.flux due to infinite plane

isotropic. sources. The;e,ffects'of _s'qurce..thickness and cladding are included

by a transformation from slab.to equivalent plane source. Reductions in
dose rate and efficiency due to finite dimensions of source and absorber are

then treated in.terms of correction factors which are applied to.the infinite

geometry results.

- For the infinite plaque sources, a consistent set of new computations

A ;has been made, covering the photon energy range from 0.4 to.3 Mev. This

192 60

.includes Ir , Co 7, Na;4, as well as the CS'137 source maitér_ial of pri-

mary inf,c' rest in this study. A ,simplifyi'ng;fe,aturé which emerges is.that

one inch of water equivalent absorber is indicated as the required source as-

" sembly thickness for removing the steep field gradient near the source at

all of the photon eriergies considered. Fur,thex",,, by,‘sele.cti'ngk. the source

cladding-to be 1/16 inch of stainless steel, this condition.leads to. recommended

. source thicknesses up.to ~v3 gmA/cmZ for all the gamma sources considered.

In the case of CS‘137, this suggests. the use of up.to-1 cm thickness of com-

pressed cesium chloride source. material, in agreement with our previous

estimate.
‘Table I lists the values expected on this basis for the geometry factor

G' at half depth in 6 inch water absorber, the depth dose uniformity U and

fractional irradiator efficiency F for infinite plaque sources and several

- absorber configurations. It may be seen that.in these results the geometry

. factor G' and U are nearly independent of photon energy,. and that irradiator
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. TABLE I

APPROXIMATE BEHAVIOR OF INFINITE PLAQUE GAMMA IRRADIATORS

FOR 6 INCH THICK WATER SLAB ABSORBERS

(Source aséembly,‘thickness (b's) chosen equal to.1l inch

water equivalent for uncollided source photo_ns)

Gamma, Energy  "E_ - Mev 0.40 0. 66
Gr 1.19 - 1.03.
One pass.on '
. either side. u 1.16 1.25
of source F 0. 60 0.52
G' 1.42 1.34
Two passes on : e
either side .U 1,‘20 . 1.23
of source F 0.71 0.67

Based on:

G'b")
= E?:'_(o,) ~+.-G'(;]/z, G'(t/2)

/A«at-,_GT

.
§

hy
"
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.02
.24
.46
.41
.20

.64

: Eil(bl) [1 + .2 ( .(s./ /‘(,.al)b::l G

TEC

1.22

0.37

1,76

= G'(t/2)
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efficiencies F in the region of 60 per cent are to be expected before correc-
tions. are applied for finite irradiator dimensions..

T.a,bl_eAII, shows derived values for two of the principal correction

factors,, corresponding to the case of Iong plaque sources, small air gaps and
~ variable source heights H_. The factor K denotes the fractional reduction.in

_dose. rate at half depth, and the factor Ht/Hs is the reduction in efficiency
} g :

when using. source overlap for dose'uniformity in the vertical direction.

III. EXPERIMENTAL PROGRAM

“A. Low Level Sburces

The desig‘nvof low level sources settled on for initial experiments
consists of the use of thin (1/16 inch wall thiékness) brass trays, with di-

mensions 20 _inches.,x. 20 inches x 1_./2 inch thick, each-filled with approximately

.1 millicurie of Cs’137. in aqueous solution.. The following source parameters .

then pertain:

a) Source. thickness h~ 1. 25 gfn/cn‘izf; o h~ 0.10;

b ~.0.10; and b'_~ 0.15.
c s -

b) H_ and Ls values for the source height and length
can be varied over the region of 20 inches to 80 inches
cl.e, p -HSN. 4 3 to/_17.
c) Dose rates:: D.in the region.20 to 1 mr/hr, going from

. the surface of the source to 12 inches depth in water.
A trial source. of this type has been assembled and initial field
measurements in air indicate that the method will be satiéfactory. A set of

four ‘ide,nt;i“éa.,‘l trays is now under construction, with additional spaces inside
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APPROXIMATE DEPTH DOSE AND EDGE EFFECT CORREG TION

TABLE II

FAC.TORS.:FOR‘.LON_GAVPLAQ_UE SOURCES OF HEIGHT Hs

= . 72.inches

= 48 inches

=.24. inches
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E - Mev 0.
.o

1/,: - inches HZO, 3.

K. 0
HI/H 0
K 0
Ht'[H 0
K 0
H./H 0

Based on:

40

.95
. 90
.92
.85
.85

.70

K~1l - g Hy

HsN Ht +"2//"

-5 -

0.66 | 1.
4.6 6
0.93 0
0.87 0
0.90 0
0.81 0
0.81 0
0. 62 0
when FLS>>

25 2.76
.25 9.6
.91 0.87
.83 0.73
.8? 0_.80
.74 0.60
.74 0.60
.48 0.20
1; Fg <<l
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.the trays to keep their surfaces closely parallel.

. For the preparation of high level C‘sl37 sources with suitably small
thickness (up.to one with water equivalent for source plus cladding, or

source thickness h'up to 2 1 cm of compressed cesium.chloride source

‘material), our preliminary tests show promising results for the rolling

,of preformed simple so_urceAcont‘ainel.-s into flat sections. An.independent

program is also under development at ORNL for the direct pressing of
CsCl powder.into thin rectangular wafers.

B.. Rad_i_atio,n_: Field Mappigg__

.The objective here is to obtain measurements pf_:the a_.bsorb_ed dose
rate distr‘ib_ut'ion.D. in water absorbers by means of the phototube currents
produced.in an ant_hracené scintillator probe. From the observed current
readings, which fe,spondAfo the absorbed dose rate in anthracene, we want
to deduce the abs_orbed,doée rate D'in water.. For comparison with the
theoretical values shbwn in Tables I and II, | experimental dist;ibutions
will be made for G',. &' from the asymptotic behavior with varying source
dimensions, and correction factors, K, K for specific.irradiator configura-
tions. |

Initial calibration tests have.been made in air, using a very thin

.crystal (5 mm), 4 inch lucite light pipe and 3/4 inch diameter 10 stage

Dumont phototube. Before starting dose measurements in water, further

studies will be made for.improved sensitivity and reduction of noticeable

time variations in the.background current.

It has been assumed in the analytical studies that the buildup factor

for scattered radiation is a function.only of absorber.depth. To tést this,

and.o,the;- .fea,tqre_s, .the photon spectra will also be examinedvin_ water by
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.means of a sodium scintillator probe and pulse héight analyzer. Initial tests

137 photo -

. o : \ _
with a small probe have shown satisfactory resolution of the Cs
peak for a point source in air. However, further work.is required.in order
to. remove instrumental fluctuations which masked the lower energy end of

the spectrum.

Iv. CO.NCLUSIONS

Further studies have been.made on the analytical behavior and ex-

pelrimen‘tal testing of 05137 plaque irradiator désigns. The conditions

se‘lectedAfQ.r study show promise for application to high-level CS‘137 gamma

.irradiators possessing high utilization efficiency and good dose uniformity.
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