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Abstract

Numerical computations of radioactivities and decay energies in a spent
fuel have been carried out for designing of a hot cell. Optimum wall
and window thicknesses that can preserve spent fuel rods for experimental
purposes are estimated with burnup rate of 33,000 MWD/T(U) which is
nearly maximum from a pressurized water reactor such as the Go-Ri Unit 1.
Before putting the spent fuels into a hot cell, it is assumed for thickness
estimates of shield materials that they are cooled in a storage bay for several
time intervals. Considered are various types of shield materials through
which changing the distances from a source to an observation point is also

made.
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1. Introduction

Numerical calculations for determining
hot cell wall thicknesses have been per-
formed to guide the engineering design in
the design of the facilities for storage of
radioactive materials, with special empha-
sis on the shielding aspects. For hot cell
construction, many materials of relatively

high density are generally available for
shielding against radiations. Various types
of materials, such as concrete, lead, water
and/or glass, are some of the more readily
available ones. Before making selection of
shield materials, thorough examinations of
radiations from spent fuel and the associa-
ted material thicknesses must be carried
out since the selected material should be
reasonalble in cost and have sufficient den-
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sity so that the wall will not be undesira-
bly thick. The primary concern in deter-
mining slab thickness of a hot cell is to
estimate the radioactivities and decay en-
ergies from hot materials (usually spent
fuels) with respect to radiations which are
approximately in proportion to the relative
density of the material of construction.
The spent fuels considered are assumed to
be cooled for 3,6,9 and 12 months in a spent
fuel storage bay. The physical configura-
tions and specifications of the spent fuel
are depicted in Fig. 1 and Table 1, respec-
tively. CINDERY computer code is used for
obtaining radioactivities and decay energies
in terms of irradiation time, and the input
data for the program running of CINDER
code are obtained from LEOPARD? In com-
puting optimum shield thicknesses, CASOS
computer code has been independentlv pro-
grammed for interesting shield materials
which are classified into two categories:
Wall materials for a hot cell wall and
window materials for viewing. Presented

Table 1. Fuel Specifications

Fuel
Pellet

1. Material UO; Sintered

2. Density (% of Theoretical) 95
3. Diameter, in. 0. 3659
4. Length, in. 0.600
5. U-235 Enrichment (%) 3.2
Fue
Rod
1. Outside Diameter, in. 0.422
2. Diametral Gap, in., Regions 0.0075
1,2 and 3
3. Clad Thickness, in. 0.0243
4. Clad Material Zircaloy—4
5. Fuel Rod Length, in. 151.83
6. Fuel Column Length, in. 144.0
7. Spring Length, in. 6.45
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Fig. 1. Schematic Fuel Rod.

in Table 2 are the density and mass atten—
nuation coefficients of selected shield ma-
terials, and gamma rays are only conside-
red throughout this study because gamma
radiation is a major contributor to shiel-
ding calcuations.

In carrying out computations of buildup-
there
are a number of formulae to analytically

factors in various shield materials,
estimate buildup factors. However, except
single elements such as aluminum, iron,
and lead, they cannot be easily evaluated
for composite meterials of heavy concrete

and lead glasses. Buildup factors are, the-
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Table 2. Shield Materials
Den- Mass Attenuation
Materials ( jity Coefficient(cm?/g)
%:m“) 0.5 Mev 1.0 Mev
Aluminum 2.69918. 40600X107%6. 1400X 10~2
Iron 7.87 |8.2800X107%5. 95001072
Concrete-04 2.35 [8.6809X107%6.3362X1072
(ordinary)
Concrete-BAa 3.50 [9.0514%10°%6.0120X10"?
(heavy)
Lead 11.34 |1.4500<10716.8400x1072
‘Glass-8365 2.67 |8.6517X107%6.0674 X107
(Crown Glass)
‘Glass-8352 3.27 |1.0489X107Y6.3609x 1072
(Lead Glass)
Glass-8363 6.22 |1.3360X107% 6. 6667 X 1072
(Lead Glass)
RS-360(Lead Glass)| 3.60 [1.1111X107!6.7742X107%
RS-620(Lead Glass)| 6.20 |1.3065X1071|6.7742X1072

tefore, computed from Taylor, Capo, and
a linear form by using the appropriate
coefficients of the functions. Since any
published data of buildup factors are not
available for the calculated values, compa-
rison among the numerical quantities from
the functions is made for the buildup factor
of the shield materials as a function of
gamma energy and a proper form is selected

for the respective material.

II. Governing Equations

A. Activity and Decay Energy

The radioactive decay of one species in
a sample is described by a well-known ex-

pression:
dN _
dN . .
where 5 18 the decay rate of the nuclei

and 1 the characteristic decay constant of
the nuclei. Sometimes the quantity 2N is
‘also known to be “activity” of the sample.
‘Thus the decay energy can be defined by
E=fiN, )

in which fis the .energy per decay.

‘When a ru:leus undergoes fission process,
a number of fission products are formed. In
addition to the fission fragment, 7 and g
rays are appeared along with neutrons either
instant of the fission or sometime
later as the fission fragments undergo ra-
dioactive decay.

A nuclide can be transformed by several
modes of radioactive decay or by neutron
absorption. A complete schematic of all
coupling mechanisms between the fed pre-~
cursors ‘and each transformed nuclide usua-
lly appears to be very complicated. If a
nuclide concentration is independent of the
concentration of its progeny, it is always
possible to resolve the coupling so as to obt-
ain nuclei fed by a single parent. Such chains
will be referred to line chains, implying
only that the coupling nuclides can be sche-
matically represented in a straight line
with no branch point.

In terms of a few energy group structure,
the concentration of the i~th nuclide in a
chain is determined by the following sequ-
ence of coupled equations:

%}’ngms,—<z.-+A,->N,-+r.--1M_1,(3)
where Y, =vield fraction from fissile nuclide
k,
S,=fission rate of the £2-th fissile
nuclide,
A, =radioactive decay constant.
The absorption term in the 7-th nuclide is
given as

Ai:z’;g"ia-‘i¢j’ @

in which ¢;; is the total (n, 7) absorption
cross section of the 7/-th nuclide in the j-th
energy group, g; a non-1/v or shielding
factor, and ¢, the neutron flux. The nota-
tion 7,-; is either 2,_, or A;,; depending on
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coupling from precursor 7-1; here A, is
not necessarily the total absorption rate,
but it is only the protion of the (n, 7) reac-
tion rate leading to N, This set of equa-
tions can equally well describe the nuclide
transmutations in fission process. For ins-
tance, the representative of the depletion
chains is the case of Y;=0 for all i and of
no contribution from the fission product
chains.

Assuming a constant flux and an average
fission rate during a time interval 4¢, the
general solution of Eq. (3) for the n-th
nuclide is obtained®:

N,@t+4ty=L—=—107, {W

m-1 ™ EZm

1 -5 exp[—4-+A)4t]
n j-m n (L“I‘A.‘—'
Ta+a) T aAA) T a—4)

exp( — (4,+A4,) 4]
('zi+Ai_'2j _Aj)
# (5)

iTmFj

+N.0 (£

”

where V,5=2.7..9, is the time averaged
k

direct yield rate to nuclide m during a time
interval 4t summed over all fissile nuclides.
“This solution is valid provided that i,+A4;>
A;-+A; for ixj and that 2,4+A,=0 in which ¢
and j denote members of the chain and A,
involves the pure absorptions.

B. Slab Thickness for Gamma Ray
Shielding

1. Gamma Ray Intensity and Dose Rate

Gamma ray intensity denoted by I can be
obtained from the following equation®:

X
I= (0.0659) E (p./p) air’ ()

where £ is the gamma ray energy in MeV,

X the exposure rate in mR/hr and (g./p) ="
the mass absorption coefficient of air in
units of cm?/g.

Incident p - Transmitted
Gamma Ray Flux, - /7 7 Gamma Ray Fi
e
/

X
our e 2. (X)

Fig. 2. Geometry For Gamma Ray Transmission.

The absorbed dose rate in a tissue which
is subject to the exposure rate X is given
by

N (eal P) tie
D=0.874 X
0.874-02 0 (7)

The dose rate D is gamma radiation absor-
ption rate in units of mrad/hr and (g,/p)"
mass absorption coefficient of concerning
tissue.

2. Buildup Factor

When a monoenergetic and monodirectio-
nal gamma ray transmits through a slab
as shown in Fig. 2, the uncollided flux at
point x, ¢y, «ir(x), is expressed in terms of
the incident flux ¢,r by

b1, e (%) =gureH, (8)
where ¢ is the linear gamma ray attenua-
tion coefficient of shield material.

The total flux at point x is the sum of
the direct and scattered fluxes:

b7y 10t (X) =¢r, a1 (X) +r, scare (%), (9)
where the subscripts have the meanings of
total, direct and scattering.

A buildup factor, which is the flux in-
cremental factor due to gamma ray scatte-
ring with nucleus of shield material, should
be taken account of gamma ray shielding
as well. Thus the buildup factor B(ux) is
defined as the ratio of the total flux to the
direct flux:

— ¢7" tot (x) _ iS_T, scatt (;x)‘
B (#x) B ¢7') dir (x) - 1+ ¢7’, dir (x)
(10)
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The buildup factors can be computed with
a certain accuracy by dividing g7, w(x)
obtained from solution of Boltzmann trans-
port equation by ¢, a:(x) calculated from
Eq. (8).

The results for a given energy are then
plotted and fitted to a simple- exponential
or a polyromial expression in order for B
(ux) to be described in a useful mathema-
tical form for numerical calculations.

The buildup flux ¢, now can be written
together with Eq. (8) as

¢s (%) = or B (px) €Xp (— ) (11)
For calcuational purposes the value of B (ux)
must either be read from a tabulation of
buildup factors or be used with one of the
following analytic fits®,

a) Linear formula:

B (px) =1+kpx, (12)
in which the value of % is readily derived
from the original data by means of the
formula

k=B(1)—1 (13)
b) Taylor’'s formula:
B (px) = A, exp(—a;px)
(1—A) exp(—axx), (14)

where A;, a; and a, are the functions of
energy and the numerical values for the
parameters can be found elsewhere®.
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¢) Capo’s formula:

B =3 5C,(/E) ()t (19)

in which E is gamma ray energy and C,,

parameters depending on the gamma ray
energy.

3. Buildup Fluxes

In calculating thebuildup flux at a certain
point on the surface of shield material, the
treatment of radioactive sources should be:
properly made for predicting a reasonable
thickness of shielding. Since the prime ob-
jective of this study is to guide the adequ—
ate wall thickness of a hot cell for exami-
ning spent fuels as well as the selections.
of shield materials the radioactive source:
distribution can be assumed to be from a.
line source without loss of generality.

As shown in Fig. 3~(a), the gamma rays.
emitted from the element dz appear at the
point P; as if they were emitted from a
point source. If =6, in which the Maxi-
mum Dose Equivalent could-be detected,
the buildup factor is considered and the
buildup flux at the point P, is obtained by*®

$=B(u)55F 0, pa), (16)

where S; is the source intensity of gamma
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Fig. 3. Geometry For Line Source ‘With Slab Shield In Various Arrangement..
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ray in gammas/cm-sec and F (0, pe) Sievert
Function®.

When the line source is in a vertical
position to shielding wall shown in Fig. 3-
(b), the buildup flux is given by

Sl

b= AR B(IMZ) [F(6., #a) —F(8,, .Ua) 1,
and approaching P, to P, yields
Sile#e
B oyt an)

As indicatsd in Eq. (17), the buildup flux
at P, can be described by assuming that
there is a point source, and hence the buil-
dup flux clearly depends on the distance
between the point source and the observation
point.

III. Numerical Computations

In computing shielding thickness of slab
materials, radioactivities and decay ener-
gies from a spent fuel should be evaluated
after a certain time of irradiation in a
power reictor, Used for numerical compu-
tations is CINDER computer code which
calculates the tims-dependent concentra-
tions of nuclides coupled in an arbitrary
sequence of radioactive decays and neurton
absorptions in a specified neutron flux spe-
ctrum. The radioactivities and decay ene-
rgies are determined during a sequence of
time steps.

In order ts prepare the input data for the
computer code CINDER, the LEOPARD code
has been used to obtain the reasonable tims
interval in hours for indicated fuel burnup
and decay. The thermal flux or power den-
sity in a fuel rod is computed by uss of the
code LEOPARD along with the thermal
spectrum factor which multiplies thermal
group cross sections. The input data are

also prepared by the code WAPD-TM-333®

which yields fission chains, total micros-
copic absorption cross sections of fission
products, and decay constants of fission
products accordingly. Decay energies of 7
and g for fission products are fed by ENDF/
B-IV?., The total elapsed time for the
burnup rats of 33,000 MWD/T (U)
valent to 22,143 hour irradation with the

thermal neutron flux level of 4.2x10' neut-

is equi-

rons/cm*-sec and is divided by two large
time intervals, i.e. burnup and decay time.
Burnup time interval consists of 13 time
steps, and decay time is separated by 5 steps
for numerical analysis. Also used are two
depletion chains of 8 nuclides and 19 fission
chairs of 98 nuclides. The flux groups are
divided int> four energy ranges which are
presented in Table 3.

The fission chains are only selected when
the yield fraction of fission fragment is
more than 1%.

A computer program CASOS has been
made for slab thickness calculations along
with taking source being treated as linz
source. The program is composed of one
main program and four subroutines.

In the calculations the average gammasa
decay energy from source is taken to be
0.5 MeV and the calculations are also car—
ried out in the case of 1 MeV to compare
with the preceding results. Following con-
ditions are considered to obtain the optimum
and safe thickness:

The maximum permissible dose equivalent

Table 3. Energy Groups

Energy Range, eV

Group
1 8. 21 X105~107
2 5.53X10°~8. 21 X10°
3 0.625 ~5.53X10°
4 0 ~(.625
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Table 4. Cell Specifications from LEOPARD

Table 5. Activity and Gamma Decay Energy

Pitch, ¢m 1.4193
Pellet Out Radious, cm 0. 4691
Clad Out Radious, cm 0.5370
Moderator Out Radius, c¢m 0. 8008
Volume Fraction:
Pellet 0. 34315
Clad 0.10653
Moderator 0. 55032

is taken to be 0.3 mrem/hr which is one-
eighth of 2.5 mrem/hr that is required for
a radiation worker with regard to the re-
commandations of the NCRP. This is due
to assumption that a radiation worker will
work with radioactive materials, mainly
segments of irradiated fuel rod, for eight
hours a day.

The observation point is located in the
maximum dose equivalent point on the
outside of the slab. As the wall material,
aluminum, iron, ordinary concrete (concrete-
04), heavy concrete (concrete-BAa), and
lead are taken, while glass (8365), (8362),
(8363), RS(360), (620) are selected to be
window material.

The output of CINDER is the decay en-
ergy per unit volume and unit time, which
will be converted into per unit length and
time by using cell conditions from output
of LEOPARD. The cell specifications are
presented in Table 4.

IV. Results and Discussion

In computing shield wall thickness of a
hot cell and window thickness for viewing,
radioactivities and gamma decay energies
from the spert fuel of the Go-Ri Unit 1
are evaluated with respect to various decay
times in month and presented in Table 5.

Decay Time [Gamma Decay Energy

(Month) Activity (Ci) | (1 Mev/cm-sec)
3 10165.9 3.23x101
6 5631. 4 1.35X10"
9 3802.0 6. 06X 10
12 2921.1 3.12X10*

It should be pointed out from the table
that the activity with one year cooling of
the spent fuel is reduced by one-third of
the activity with three month cooling.
Also considered are the buildup factors
in terms of shield materials such as alu-
minum and ordinary concrete (concrete-04)
in the thickness range of 100cm. The an-
alytical fits of the buildup facters are
carried out by the Taylor, linear, and Capo
formula in order to find the proper equation
for the respective shield material. Fig. 4
illustrates the numerical results of the
buildup factors from the three formulae
for various materials. In the case of alu-
minum, the deviations of the formulae are
appeared in the thicker range and the error
is estimated to be-+0.4 from the results of
the Capo form with the aluminum thic-
kness of 100 cm. The very similar behavior
can be found for the buildup factors of iron
but the descrepancies are rather small in
the thicker range. The case of ordinary
concrete is, however, very different from
each formula so that use of any particular
form is not able to make a proper estimate
of buildup factors. It seems to be due to
the different densities and chemical compo-
sitions of the material defined as ordinary
concrete. In spite of large deviations among
the analytical formulae for ordinary con-
crete, it is suggested® the Capo form for
the buildup factors of heavy concrete. It
should thus be noted that although some



Slab Thickness Calculations on Hot Cell—— Yung Joon Ha 33

(o) ALUMINUM

‘:], (b) CONCRETE=04
o

i
l - g
H .
x
o 1 e 2 .
D odel S o g
i o
* a
R
g ¢ g
g - 3 7 :
z ————— ,
z L Togler Form ol Taylor  Form
/ — A o
Capo FOT e Copo  Farm
i y)4/ —_——— o
—_— Linear Form - Linear  form
,,‘é'/f .
s
LR 3l
2= 2
3
§
Vo
b
| .
. . N Il I 1 s L L L
o :l Lt L L L L Lt 10 L b = I}
ALUMITUM THICKNESS iCm} LCONCRETE~Q4 THICKNESS (Cm)
@ 0|
s
SF te) 1RON T
e av31 (p}
el 3=
. sk
—— Tey'er  Form
L . A
N ——— e Tayler Ferm . Ceno Farm
o a—a—— (20 Form ——e—e—— Linewr Form
3 " o Limeor Form 3 b
s L
®
s 2
= >
e S5k
g id el g0 e
oL ol
a 8- L3 5
E E /qm N -4"‘*‘-\
ST 8 . s
3 ER
a e 3
1 T F
il = :
i // T
v
b T W’MM
. L e ; P N S S =
o P = 0 ¥ A - = Y
IRCN  THITKNESS 1 Cm) LEAD THICKNESS (Im)

Fig. 4. Buildup Factors With Changes of Slab Shield Thickness In .5 MeV.

deviations of the buildup factors are dete-
cted in the formulae, the Capo form is
found to be adequate because the results

from the form seem to yield the average

values among them. As shown in Fig. 4,
the buildup factors of lead can be well
predicted by the Taylor and linear form.
Therefore, the Capo formula has been used
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Table §. Slab Thickness

\ GAMMA KAY ENER(:Y(MeV)
- ___ Fuel Rod ™ 0.5 1.0
THICKNESS(cm)
| \\ _ 1 2 1 2
T . SHIELD T~ ‘
% (RIME - MATERIAL ™\ IS 1pE[END (S1ED| END (SIDE| END |S IDE| END
E |(MONTH) (R) | (D) (R) | (D) | (R) | (D) | (R) | (D)
ALUMINUM 82.7 84.3 85.8 87.5| 105.7| 107.3 109.9] 111.5
IRON 29.0 29.8 30.1 30.9 39.0 39.9 40.5 41.5
3 CONCRETE(04) 94.7| 96.5 98.3] 100.1} 118.0 119.5 122.7, 124.3
CONCRETE (BAa) 57.2 58.4 59. 4 60.7 83.1 84.5 86. 3 87.8.
LEAD 10. 4 10.7 10. 8 1.1 21.8 22.4 22.7 23. 3
ALUMINUM 78.7 80.2 81.9 83.4 100.5 101.9 104.6] 106.2
IRON 27.7 28.4 28.8 29. 5] 37.2 38.0 38.6 39.5
6 CONCRETE(04) 90.2 91.9 93.8 95.5 112.0; 113.f| 116.7; 118.3
CONCRETE(BAa) 54.5 55. 6 56.7 57.9 78.9 80. ¢ 82.2 83.6
: LEAD 9.9 10.2 10.3 10.6 20.8 21! 21.6 22.1
= . ALUMINTM 751 766 782 79.8 957 91l 996l 1003
2 IRON ] 26.5 27.1 27.5 28.2 35.5 36.3 36.9, 37.8
9 CONCRETE(04) 86.1 87.7 89.7 91.3] 106.6; 108.0; 111.3 112.8
CONCRETE(BAa) 52.0 83.1 54.2 55.3 75.2 76.5 78. 5 79.8
LEAD 9.5 9.7 9.9 10.1 19.8 20.3 20.6 21.1
ALUMINUN 72.1 73.5 75.3 76.7 91.7| 93.0 95.8 97.2
IRON 25. 4 26.1 26. 5 27.2 34.0 34.9 35. 5 36-4
12 CONCRETE(04) 8.7/ 84.20 8.3  87.9 102.2| 103.5 106.3 108.2
CONCRETE(BAa) 49.9  50.9 52.1| 53.2] 72.1 73.3l 753  76.6
| LEAD { 9.1r 9.3 9.5 9.7 19.0 19. 4 19.8 20.3
GLASS(8365) ! 82.1 83.7 85.1 86.7| 107.9 109.4 112.1} 113.7
GLASS(8362) | 55.8 57.0 57.8 59.0 83.9 85.4 87.2 88.7
3 GLASS (8353) 23.3 23.9 24.1 24.7 41.6 42.5 43.2 44.2
RS (360) 47.9 49.0 49.7| £0.8 72.8 74.2 75.6 77.1
RS (620) 23.7  24.3) 24.5 252 4l.5 424 431 4.1
i GLASS (8355) 78.4  79.8  81.4) 82 gi 102.6 104.0] 105.8 108.3
1 GLASS (8362) 53.2 54.4 55.2  56.5 79.7] 8l.1 830  84.5
i 6 G1.ASS (8363) 22.2 22.8 23.0 23.7 39.5 40.4 41.1| 42.1
2 RS (3€0) 45.7|  46.8  47.5  48.6] 69.2  70.5  72.0, 73.4
) RS (620) 22.6) 23.2 235 24.1) 39.4  40.3 410, 420
a J j
z | GLASS(8365) 74.9 76.3 77.9 79.4‘ 97.7 99.1 101.9, 103.4
= GLASS(8362) 50.9 52.0 52.9 54. 1| 76.0 77.3 79.3 80.6
B 9 GLASS(8363) 21.2 21.8 22.1 2.7 3.7 38.5 39.3 40.2
RS(360) | 43.8 4.8 45.5 465 659 67.1 688 70.1
RS(620) | 2.6 222 225 231 37.6 8.4 39.2] 401
GLASS(8365) 72.00 734 750 764 936 949 979 99.2
GLASS(8362) 49.0 50. 0 51.0 52.1 72.8 74.0 76-1 77.4.
12 GLASS(8363) 20. 4 21.0 21.3 21.8 36.1 36-9 37.7 38.6
RS(360) 42.1 43.1 43.8 44.8 63.2 64.4 66.0 67.3
RS(620) 20. 8 21.3 21.7 22.2 36. 0 36. 8 37.6 38.5
throughout the numerical computations of number of spent fuel rods stored. Indica-

the buildup factors except for the case of
lead.

Table 6 presents the results of wall and
window thicknesses for two different gamma
energies with respect to decay time and

tion of the table is that change of number
of spent fuel rods do not make much diff—
erence in shielding thickness but the gamma
That is, addition of spent
of thickness change

ray energy does.
fuels requires only 4%
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Fig. 5. Wall Side Thickness VS Decay Time.

in aluminum, and the case of 1 MeV gam-
ma energy however needs about 30% of
additional aluminum shielding.

Also calculated are the thicknesses of the
slab sides which do not differ from those
of the end shields. Thus the table can
provide the design parameters of a casket
for transportation of spent fuels. In order
to see the effect of cooling time on shiel-
ding, plotted in Fig. 5is the wall side
thickness of a hot cell versus decay time
in month.

One can easily see from the figure that
the shield thickness vary slowly with res-
pect to decay time and the thickness reduce
about 15% for one year cooling. This figure
also shows the comparative thicknesses
among the shield materials, and as would
be expected, lead is found to be the prac-
tical material to reduce the dose rate from
gamma rays. It is worth to note that the

,’ B
8l-
7]-
6l-
sl —_—
i | MsV. GAMMA RAY ENERGY
ol \» ————————— 0.5 Mav.
3
2
- .
- ~
§
S
o 1o |: - s
» - GLASS {83
H B o~ — B — -(/
3 ¥ T
g 7
g el
L
£
—
= 4
H ~
3
/»RS(SZO)'
___________ *—— . _ d
. ——e—mm L

45
DISTANCE FROM BOURCE TO OBSERVATION POINT-R {em) 133
R: SLAB THICKNESS

Fig. 6. Wall Side Thickness VS Distance
From Source Te Observation Point-
R At 3 Months Decay Time.

difference between two gamma ray ener-
gies, 0.5 MeV and 1 MeV,
timated for the case of lead. It is ascribed

is largely es-

to the photo-effects which is more predo-
in lead than in other materials
for high gamma energies (=1MeV). The

window thicknesses

minant

for viewing are esti-
mated for Crown Glass and Lead Glass
(RS-620). As indicated, the
physical densities of materials are the

previously

major factor in order to select the shielding
material. While spent fuel rods are exa-
mined in hot cell, one would expect to be
exposed by hot parts of the rods through
the effect of
changing the distance from a source to an
and the

results are shown in Fig. 6 as a function

the window. In this case,

observation point is investigated,
of varying distances.

For the numerical calculations, the plain
window thickness remains to be constant,
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and the change of observation point has
almost no effect once a proper shield has
been made.

Although the computed results are not
able to be compared with other numerical
values from experiments or analytical me-
thods, the estimates would provide the
order of magnitude in shielding thicknesses
of some interesting materials and selections
of shield materials in order to design a hot
cell.
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