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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.
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SHIELDING OF-IRRApIATY.D APPR-1 EUEL EJEMENTS

The purpose of this analysis is to determine the shielding require-

ments for irradiated APPR-1 fuel elements both in the fuel element storage

pit and in transit to the reprocessing plant.  The general method of cal-

culation and the results, for each case, are presented be. lowe

K. Shielding for Storage Pit

Upon   leaving  th,   reactor   core,   used   fuel   elements   are   transferred

dirr,ctly to the storage pit, which is filled with watero The shielding

variable in this case is the distance below the water surface at which

the element is located.  Calculations were made for water depths of 6,

9, 12, 15, and 18 fee.to
.

Calculations were for one element of twice the average activity,

thus allowing for variations from the average.  Source strengths were cal-

culated with the aid of charts in Reference lo Reactor operation time was

taken as infinite; time after shutdawn was taken as one dayo The numerous

gamma groups emitted by fission products were combined into two groupso

Group B contained gammas with energies from 1.10 Mevo to 1.65 Mev; the average

energy for group B was taken as 1.5 Mev. Group C contained gammas from 1.80

Mev.   to   2090  Mevo in energy; the averagg   energy for Group   C   was   2.5   Mevo

Gammas below 1*10 Mevo in energy contribute a negjigable dose, as shown in

reference 20

Gamma fluxes were calculated by using the graphs and formulas pre-

snnted by Foderaro and Obenshain in Referonce 3.  The element was assumed

to be a line source.  Results were checked, and good agreement obtained,

with a point source ap troximation, Build-up tiffects wern included by use

of the method presented in Reference 4. The following results were obtained:
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a                   OB                111.

6                4.35 x 10 3052 x 10
5                       5

9                   1.68 x 103 3.87 x 103
12 7.58 6o12 x 10

15                3.,71 x 10-2 9,20 x 10-1

18                  2.00 x 10-4 1«42 x 10-2

wheres

a 8 height of water above element (feet)

$8 = gamma flux for group B (Mev/cm2-sec)
0(  p  gamma  flux for group C (Mev/982-sec)

Reference 5 gives the following formulas for conversion from flux to
.

dose rates

%=      <48               DC=       45.76 x 104
6036 x 102

where8 , CO /73 C- .
4 a'L·' / 3-71

DB m dose rate for group B (mr/hour)

Dc g dose rate for group C (mr/hour)

 B  and  0(  as  defined  above.
These formulas yielded the following results:

a                %                DC               DTIzto=,e*= . , ' .-' .............1

0                                                          26                                             7055       x 10- 5.54 x 10 1310.

9 2.92 6.09 9ool.

12              1031  x  10-2    9064 x 152 0109

15            6.44 x 10-5    1.45 x 10-3 o00151

18           3o47 x 10-7 2.24 x 10-5 o0000227
..

wheres    Dr   =   DB   4   Dc B total   dose rate (mr/hour)
Other symbols as defined aboveo
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These rt,sults are plotted on the graph included belowo  Note that the results,

as presented in both chart and graphs are for a single fuel element of twice

the average activityo The distance indicated is from the surface of the

water to the nearest point of the active core section.

tt
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II# Shielding in Transit

The calculations presented here are simply a check upon the. existing

design  for  the fuel element shipping container (layout noo R=9-48=1001) o

Thl maximum dose rate was calculat,id at the surface of the container and
.

at a point one meter from the surfAce, for both the radial and axial

directionso Calculations were for six fuel elements (the capacity of

           the containg.1)2 each havir.g lo5 times the averag·, activity, to allr,w for

variations in activity.

The m:thod of calculati n was similar to that employed in the fuel

pit calculations above o  Source strengths were obtained from Reference 1,

using various lengths of oneration time and time after shutdowno  The

ganimas were again divided into two energy groups.

Gamma fluxes were determined by use of References 3 and 4. A cylinder

approximation was used for thg radial direction, and a line source approx=
.

imation for the axial direction.  The formulas for conversion fram flux to

dose rate were the same as those presented in the previous section.

Dose rates for 1000 hours operation and for infinite operation, both

at 100 days after shutdown, were desired. Unfortunately, however,  Ref,:rence

1 does not give data on infinite operati n at 100 days after shutdown o Since

data was given for both 1000 hour and infinite operation at 10 days after

shutdownv dose rate for the infinite operation at 100 days after shutdown

case was calculated by assuming the ratio of dose rate at 10 days after

shutdown to that at 100 days aftar shutdown is a constant, rogardless of

operation timeo

Th: calculated,dose rates are prvsented in thi chart belowo  They lie

within the established ICC limits of 200 mr/hour at the surface and 10

mr/hour one mr,ter   from the surface o
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Time after shutdown  6   100'  days

Dose late in Fr/hour
.-

Operation Time Direction A&=Surface 1 mo from surface

1000 hours radial 10o2 2,83 ,2774

-  axial              9,9 4,07 ,
qi

5.77 , 7 -77infi/tite radlial 20.8

axial 19,9 8.27 ·HL

2 il

--                                                          A
/42

100  4- X,
L    1 3,5                      -,

'14, 2.7 = '69* 9
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