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An FRG-Pr‘oposa!-fo'r an International intercomparison of Codes
for Radiation Protection Assessment of

Transportation Packages

Introduction

In June 1978 CSNI convened a meeting to investigate the possibility of
setting up international projects on fuel cycle safety. There most NEA
members expressed their interest in exchanging information and
-experience on various éspects of spent reactor fuel transportation. Special
points of interest were criticality, bheat t'ransfer“ and shielding -code

intercomparison.

Up to now the first pér‘t of the work, the criticality code intercomparison,
has been conducted by a CSN!{ working group. A report containing
problem description and a '_s;ummary of results obtained by the
participants, together with the conclusions reached was published in May
1982.

For the next topic, heat transfer asSessment, the United States propoSed

a first set of model problems to be benchmarked.

The following proposal suggests a procedure for shielding -codeicbmparison
and verification and includes a COuple of example problems. It takes into

account the comments on the first proposal made by the participants.
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Shielding analysis for radioactive material shipping casks requires the
solution of some problems by more or less specialized calculational
technigues developed for this pu'r'pose. The compﬁ‘tation of the neutron
and gamma ray source term (absolute wvalue and local distribution,
respectively), the complex geometry e.g. of a fuel assembly consisting of
a bundle of distinct rods which allow for streaming effects, presence of
neutron absorbing materials in the cask wall and different types of
cooling fins at the cask surface are some examples for the problems
mentioned above. -

As outlined in previous papers, "packages approved by ‘national authori-
ties for transport of fissile materials, including spent fuel, may not be
accepted for international shipment unless' the certification process in the
originating country is examined and approved by the other countries in

-which the transport will occur". So it wouid be desirable to include the

shielding calculational techniques for the approvement of spent fuel

shipping casks into the international intercomparison. Special care should
be taken to the point that for the intercomparison such methods should be

used preferably which -are -standard practice in the participating
countries, ‘

This proposal suggests the procedure for -accompl?shing such an inter-

comparison -exercise under the aegis of the NEA-CRP.

The concept on whiéh the proposal is based is that it _..is necessary 1o
validate calculational technigues against .actual -experimental data as well
as comparing results among several codes applied to the same basic
problem. For that purpose it would be very useful if the participants
would contribute experimentai data with respect to their‘ special
knowiedge. In -this manner, measures of both consistency and accuracy

should be obtained when the assessment procedures are completed.

This comparison and verification would be accomplishad by the calculation
by each participating country of a series of problems important to
-package certification procédure. Code results would be made availabie to

all the participants and report all the resuits issued.



Procedure

To carry out this exercise it is proposed that a working group be

established, comprised of specialists from the interested participating

countries. This group would be concerned with:

(1) Selection of standard probiems, including:

')

Use category (spent fuel storage, spent fuel transport, fresh
fuel, plutonium, high active waste) '

Parameters of transport package to be benchmérked (general
contructional design, cask inventory, materials, construction
details)

‘Basic quantities (fission spectrum, flux-to-dose-conversion-

factors to be used)

(2) Compilation of .available experimental data for related configu-

rations due to special national contacts of the participants.

(3) Analysis of calculations and preparation of .a report on ‘the

intercompearison results.
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Specific Proposal for an International Standard Probiem Exercise in

Shielding Code Benchmarking

The most stringent regulatory requirement governing the shield design of
a shipping cask are the dose rate limits for normal operation conditions of
the IAEA transport regulations. In the case of & spent fuel storage
facility an additional restriction can arise when the nationa! authorities set
a limit for the ‘environmental radiation exposure. So the most important
quantities to be checked for are the mean value of the dose rate at the
cask body surface and in some given distances. A point of some additional
interest, especially for cask handiing and maintaining-, is the dose rate
profile along the cask body. For a given transportation package to be
licensed some points have to be considered which can affect considerably

the calculational result:

- Arrangement of radiation sources in the basket (e.g. streaming effects

in rod bundles, inhomogenities in source densit}i)

- Basic paré}neters of the radioactive material (e.g. for"spent fuel:

compasition of fresh fuel, irradiation history, reaclor type)

~ Constructional details (wet or dry cask, material composition, basket
and cask body construction, focation of neutron absorbing materials,
cooling fins, instrumentation holes) o

in principal most of these effects can be treated by exactly three
dimensional modelling of the cask as a whole. Since this is a very time
and money consuming way often the problem is simplified so that it Is
treatable by less sophisticated methods. But these simplifications have to
be performed very carefully in order to avoid misleading results.

Having these margins in mind we suggest to divide the standard problem
exercise into two main parts: '

- A first one dealing with the influence of different geometrical models
on the calculated dose rate
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- A second one in order to check the different methods for determining
the neutron and gamma source strength as an essential input data
‘quantity for the following shielding calculation. This part s
understood to be only a starting point which can be fbllowed by some
other problems of interest.

The main ideas in setting up the proposal were

- to start with' a set of three rather simple problems in order to get a
basis of consensus due to different calcutlational models.

- to add just one compiexity in a subseguent problem. So we leave

dimensions and materials unchanged in all mode! problems.

~ to choose pactkage conditions which require at least a minimum of
neutron shielding. So we preferably choose a dry cask containihg
spent LWR-fuel. |

~ ‘to use input data which are as realistic as possible. S¢ we do not give
a detailed description of the fuel assembly top and bottom fittings

because these data are usually unknown to the shield designer.

On the next page a general view is given showing the main features of
the different model problems. Each of them is discussed in detail in the
following sections.

The nomenclature an.d basic quantities to be wused can be found in
table A1 and A2, respectively.
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General view of ‘Model Problems

PART 1: Geometric Modelling

Attr'ibute‘ Model Probiem

| I L v V-
predefined source yes yes yes  yes ‘ne
neutr‘"on shieid no/yes yes yves yes ves
cooling fins no no yes yes :no
detailed basket no no no .yés' © yes
wet/dry cask ' dry/wet

dry dry dry/wet dry

PART Il: Source Term

Attribute Model Probiem
Y Vi
type of reactor PWR PWR
type of fuel U02 MOX
axially varying source yes yes
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General Remarks on Output Needs

In general we would suggest to reduce the results to be reported by the
participants to a minimum, that is

- dose rate at the lateral cask surface and in a distance of 1, 2 and
10 m, measured from the surface and fin-tips, respectively
- dose rate at the lid surface and in a distance of 1, 2 and 10 m

- dose rate at the bottom surface and in a distance of 1, 2 and 10 m.

The dose rates should be reported as surface averaged values as well as
a function of position if these data are available from the calculation.

Furthermore the dose rate contributions of

- source neutrons,
- source gammas,

~ capture gammas.

should be reported separateiy. All values should be given in Si-units,
preferably pSv/h. '

-

In addition to this surface averaged scalar fluxes as -a function of energy
should be reported for the surface of the side wall.

‘On an additional sheet of paper a short .buf-complete description ‘should
be given in order tc make the computational method used understandable.
It should show

a short overall description of the method

~ codes

-~ cross section libraries

~ energy, angular and spatial mesh if appropriate
= any additional assumptions made by 'the user.

During the comparison of results it may be necessary the participants
provide additional informations in order to allow detecting the causes of
possible discrepancies.
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Model Problem 1:

Cylindrical tron Cask_with Homogeneous Source

Model problem 1 is a set of three simple .basic problems which is in-
tended to ensure a basis of consensus is obtained. Essentially it
consists of a cylindrical cask with a homogenecus source of given
strength. It is splitted in the following three subcases in order to

get a basis check for a range of applications as wide as possible:

- case a: pure cast iron shield,
no neutron absorbing or moderating materials

source region dry

- case b: double layer shield containing 6 cm of polyethylene on
the outer surface

source region dry

- case c: pure cast iron shield like case a,

source region containing 30 wt % of ‘water

A full description of the model characteristics is provided on the foliowing
‘page in tables 1/1 to 1/3. '

Table 1/4 should be used as a form for presenting the summary results
for the subcases a, b, and c together. FPlots of the ‘do'se_ rates at the
surface of lid and side wall vs. position should be given in fig. 1/1 if
these data are available (z = 0 refers to the cask cavity midplane).
Fiuxes should be reported graphically using the prespecified plot scale
provided in fig. /2 to 1/4 for ease of comparison. If the graph exceeds
the plot frame please multiply by a proper power of 10. The description

of the computational methods as specified in page 7 should be provided on
an additional sheet of paper. '
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Table 1/1:

Characteristics of Mode! Problem |, case a

Dimensions: See table A3

Material Assignment:

region

material

(for explanation see table A7)

source region

homogeneous source (dry)

side wall cast iron
cask bottom cast iron
cask fid 1.4313
cooling Tins none
neutron shield none
Source Description:
neutrons gammas

source region

total source strength

energy distribution

spatial distribution

identical with cask cavity
1.0 E9 s~ 5.0 E16 s~

(subcritical neutron multiplication

not to be taken into account)
see table A8

constant in the whole source region

zero otherwise

*)} read as 5.0 - 'IO‘I
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~ Table 1/2:

- 10 -

Characteristics of Model Problem !, case b

Dimensions: See table A3

Material Assignment':

region

material

(for explanation see table A7)

source region
side wall

cask bottom
cask lid
cooling fins
nedtron shieid

homogeneous source (dry)

cast iron + 6 cm of polyethylene
cast jron

1.4313

none o
polyethylene, set  within the -outer

diameter of 156 ¢m

Scurce Description:

neutrons gammas

source region

total source strength

energy distribution

spatial distribution

identical with cask cavity
1.0 E9 s~ 5.0 E16 s~1 %)
(subcritical neutron muitiplication
not to be taken into accourit)

see table A8
constant in the whole source. region

zero otherwise

*Y read as 5.0 - 1018
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Table 1/3:
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Characteristics of Model Problem |, case ¢

Dimensions: See table A3

Material Assignment:

region

material

(for explanation see table A7)

source region

homogeneous source (wet)

side wall cast iron
cask bottom cast iron
cask lid 1.4313
cooling fins none
neutron shield none
Source Description:
‘neutrons - - .gammas

source region

total source strength

energy distribution

spatial distribution

identical with cask cavity
1.0 E9 s 5.0 E16 s~ %)
{subcritical neutron multiplication
not to be taken into acéount)

see table A8
constant in the whole source region

"zero otherwise

*) read as 5.0 - 1018
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Table 1/4:

Summary Results of Model Problem 1

surface averaged! dose rates (uSv/h)
y (FP) y (capt.)

n

a b c -

a b C o a

b

surface

side wall

lid

bottom

1 m distance

side wali

lid

bottom

2 m distance

side wall .

lid

bottom

10

m distance

side wall

lid

bottom

1 averaging extends over

-

the cavity height for the side wall

the cavity cross sectional atrea for

dose rate

the top and bottom dose rate
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Fig. 1/1:

Model Problem 1: Plot of Dose Rate vs. Position

Full line: case a dashed line: case b dotted line: case ¢
a) Side Wall
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} Surface vs. Energy
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