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DEVELOPMENT OF PREDICTION SYSTEM OF
DOSE EQUIVALENT RATE AROUND A PACKAGE
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Hiroaki TANIUCHI, Kyosuke FUJISAWA Kobe Steel, Ltd.
Yukio MATSUKAWA, Shigemi MIMURA CRC Research Institute, Inc.

Introduction

Spent fuels have had to be transported from nuclear reactor to reprocessing factory. As it is increasingly the
high-burn-up type of spent fuel that is being transported, it becomes more and more important to learn how to
keep the radiation dose equivalent rate surrounding the fuel package as low as possible, for the purpose of
reducing the effects of exposure on the operators that work with the packages.

It is therefore necessary first to develop a new system that can evaluate the radiation strength of the source in
detail, on the basis of the irradiation history of each fuel assembly in a TN-12 or 12A package, and then to
determine the best way to organize the assemblies in the package so that the dose equivalent rate around a
package is kept to a minimum.

Constitution of the system

The constitution of the system developed by the authors is shown in the flow chart in Fig. 1. A general
description of each of the programs involved in the system is provided below.

ACDIP : This is the program for inputting the data about the fuel assemblies to be transported. This includes
data such as the number of assemblies, the uranium weight, the enrichment level, the irradiation history, the
cooling time required for each, and the manufacturer's serial number on the package for transportation. All the
input can be conducted according to the instructions on the CRT. An example of the CRT directions and a
display showing input data is given in Fig.2.

GROUP : This is the program for calculating the radiation source grouping. In this system, the longest time is
required for the calculation of the source radiation strength. To shorten the time needed, the calculation is
conducted with similar specification types grouped into one category. Radiation source grouping is based on
factors such as cycle operation pattern, enrichment and burn-up.

SOURCE : This is the program used to calculate the radiation source. The radiation source calculation is done
by the same calculation method as the ORIGEN 2 code, based on the grouped radiation source specifications of
the fuel assemblies (see next section).

ODER : This program is used to determine the order of the radiation strength levels of the assemblies, in order to
plan the arrangement of the fuel assemblies in the container, as illustrated in Fig.3. In this case the radiation
strength order has to be calculated on the basis of the reduced value, since the dose equivalent rate contributions
of neutron and gamma radiation are different at each point in the package. As described above, the arrangement
of assemblies in the package should be done in an order that assures the lowest possible dose equivalent rate
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around the package.

EDIT : This program is used to derive the dose equivalent rates of the packages. On the basis of the location the
fuel assemblies will have in the containers, the calculation uses the data base obtained from a detailed shielding
analysis to determine the dose equivalent rate surrounding the package.

PRIN : This is the printing program. The results of the above calculations should be output in report style,
The printout should include such contents as 1) a summary of the dose equivalent rate around the package; 2) a
comparison of these results with the values presented in the Safety Analysis Report; and 3) a list of the fuel
assemblies to be packaged. Examples of such reports are shown in Table 1.

Radiation source strength calculation code SOURCE

In the Safety Analysis Report, the ORIGEN 2 code is used to carry out the calculation of source radiation
strength. A new system for predicting the dose equivalent rate has been developed which takes into consideration
the memory capacity and the calculation time, using the same method as the ORIGEN 2 code for personal
computers, with only the function of the source radiation strength calculation with the minimum number of
nuclides to be treated. This allows the source strength to be calculated in only a few seconds.

Bateman's equation (shown below) is used as the basic formula for calculating the generated quantity of the
nuclides from the neutron and gamma radiation source.

NN=Cie M lCr e A2t one AM
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An= An+o ¢ (Corrected decay constant when quenching is considered)

An*=an*+s" ¢ (Decay constant when generation of next nuclide is considered)
N1° : Quantity of basic nuclide that exists at initial stage.
(Bateman's equation is usable only when N2"=N3"= ++eee Nn’=0)

The SOURCE code uses Bateman's equation, which is also used within the ORIGEN 2 code, treating 11 nuclides
of actinoid and 10 nuclides of fission products. Using this code, the source neutron and gamma radiation
strength can be calculated with quite high accuracy in a relatively short time.

As shown in Fig.4, the main neutron sources, **Cm and *Cm, are calculated through 2 routes of 11 nuclides ;
Both of these are the last daughter nuclides of * U, that is, the parent nuclide.

For a large package such as the TN, the shielding body is thick enough that the influence of the low energy
gamma ray can be ignored. Therefore only the five main fissile nuclides, "Rh, "™Ag, ™Cs, “Pr, and *Eu,
which irradiate a high energy gamma ray, are taken into account in these calculations.

In order to shorten the calculation time, it should be assumed that the pre-stage nuclide of the gamma radiation
source nuclide is generated directly from the parent nuclide. Five routes develop for the gamma radiation source
calculations :

@ (Parent nuclide) = '“Ru — "™Rh

@ (Parent nuclide) — 'Ag — "™Ag

@) (Parent nuclide) = "™Cs — ™Cs

(@) (Parent nuclide) — '“Ce — “Pr

(&) (Parent nuclide) —~ "“Eu — "Eu

As the parent nuclide, four fissile nuclides are used: * U, U, *Pu and *Pu.
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To evaluate this newly developed SOURCE code, a calculation of the burn-up was conducted (burn-up;
30GWD/T, a 3-cycle operation of 360 days). The results of the comparison of the SOURCE code with the
ORIGEN 2 code are shown in Table 2.

In this calculation of the minority nuclide, the results agree within a 1% error for all neutron generated numbers.
As for gamma radiation, in spite of the bold hypothesis, the results also agree within a 1% error range for the
high energy group spectrums which play an important role in determining the dose equivalent rate around the
package.

Compared to the ORIGEN 2 code, the SOURCE code developed for personal computer is much more accurate,
Nevertheless, when this code is used, the following two points should be taken into account ;

1) The code is intended for use in calculating the source radiation levels of a large-sized package which contains
a PWR-type fuel assembly.

2) Since the product route of a nuclide is simplified, and short-lived nuclides have been ignored, some unusually
large source strength errors might occur just after shutdown. However, the accuracy can be depended on when
the cooling time is 100 days or longer.

Preparation of the shielding calculation data

To use this new system to determine the dose equivalent rate, one basic type of data needed is the contribution
rates of the fuel assemblies to be contained. In obtaining the contributions ratios, the ANISN code and the DOT
3.5 code are used for neutrons, while the QAD code is used for gamma rays. The analysis model for a TN-12A
package is shown in Fig.5. Figure 6 presents an example of the calculated results for spatial distribution of the
neutron dose equivalent rates. Thus the contribution rate data obtained from any location in the package can be
used as the base. If in addition to this the radiation source for each assembly as calculated by the SOURCE code
is given, the external dose equivalent rate can be obtained.

Comparison of calculated values with measured values

As shown in Table 3, the data for TN-12A Type (6 bodies) packaged in 1990 were compared with the values
calculated by this system. The results show that this system offers adequate prediction accuracy for the side and
bottom areas, with somewhat less accuracy for the lid direction.

Conclusion

This system for minimizing the danger of radiation for operators involved in packaging and transporting spent
fuel was developed for personal computer use, to offer ease in handling and high adaptability. The data input is
done in dialogue style, with a variety of check functions.

In checks to verify the accuracy of the shielding calculation data in this system by comparing the calculated
values with several kinds of measured values, the reliability of this new system has been shown to be very high.
Since its high utility has been recognized, the system has already been put into use in actual transportation
situations.
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/ =— CASK DOSE EQUIVALENT RATE PREDICTIVE SYSTEM == \
Version 2.01 Release 910930 For /TN-12A Page-0
No.  First Optional Menu

1: New preparation New preparation file name = TEST

2: Correct

\ CAPS  half lener )

/ = CASK DOSE EQUIVALENT RATE PREDICTIVE SYSTEM ==
Version 2.01 Release 91/09/30 For /TN-12A Page-7
No. Assembly number Uranium weight (g) Initial enrichment (%) Cycle number
1 HH3163 456554 2.800
% Integrate Burn-up Imadiation  Cooling  Specific
Burn-up during cycle  period period power
(MWD/T) (MWDIT) (Day) (Day) (MWDIT)
08 9505 9508 385 133 247
09 20109 10604 n 135 340
10 30998 10889 3% 657 213
Command ? | =Input, N = Next bly. B = Former bly, R = 10 Page-6
K CAPS  half letier /
ig.2 ample CRT-display o ictive system of cask ivalent r.
Case of one assembly Case of more than one assembly — (Ex.) 4 assemblies
RS 33 33
g, i3 oy
sle 17 | 24 18 |23
13 -- |9 |43 w]--13 49 -- |33)16| 9 |40|-- 29 34|15 |10 |39
13 -- 12112 n}|=>-13 49 == |48] 1| 8 |41 |-~ 49 47| 2|7 |42
817 (Sum of inner plus outer) 32|25 31 |26
e -l
9 9 33 3
19|22 20 |21
35|14 11 |38 36 (13 |12 |37
463|643 45| 4|5 |4
30|27 29 |28
X rmination of st location of
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Fuel assembly arrangement plan

Table |  Summary of dose equivalent rate

Maximumdose equivalent rate: TN-12A

0" ) OSAKA4 (unit: 2 Sv/h)
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N [ Neutron 509 | 158 | 803 | 282 | 53 | 264
ase’ ) Total 1119 | 225 1310 [591 | 89 | s10
Dose equivalent rate : TN-12A (Unit:  Sv/h)
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180° 344 4.1 0.0 385 471 85.7 194 20 0.0 214 26.5 479
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43 56.4 45| 00| 608 S0 1114 287 21 00| 308 282 590
27 46.7 34 0.0 500 379 88.0 258 1.7 0.0 215 22.5 50.0
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Fig4 Generative process for ““Cm and *Cm
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Table 2  Comparison of Calcultion Results
[Neutron Radiation Source] [Gamma Ray Source)
(g-atom/MTU) (g-atom/MTU)
; |
Generative | oo 0CE (@) | ORIGEN2(b)| a/b g:::::::ve Lt b B o T ‘
Quantity 106 ) .
Ru 4.386 X 10 4.416 X 107 | 0.993
Ag | 2.186 X 10° | 2437 X 10° | 0.897
“Pu | 2399 X 10' | 2361 X 10' | 0.991 “Cs | 4391 X 10" | 4322 X 10" | 1.016
“Pu | 8.873 X 10° | 9.039 X 10" | 0.982 “Pr | 2.084 X 10° | 2.093 X 10° | 0.996
*Pu 2011 X 10° | 2.100 X 10° | 0.958 “Eu 2016 X 10" | 2.225 X 10" | 0.953
*Am | 8327 X 10" | 8.469 X 10" | 0.983
*Cm | 5.163 X 102 | 5.141 X 10*| 1.004 Gamma ray spectrum (ph/sec/MTU)
¥Cm 1.083 X 10* | 1.084 X 10" | 0.999 — ‘
SOURCE (a) |ORIGEN-2(b) | a/b |
g'e‘:r:tt::" 1 (0.375Mev) | 8.080 X 10"| 9.846 X 10" | 0.821
Nl 6.251 X 10* | 6.290 X 10* [0.994 2 (0.575Mev)| 6.110 X 10| 9.471 X 10" | 0.645
gt 3 (0.850Mev)| 2.911 X 10%| 5.728 X 10" | 0.508
4 (1.25 Meyv) | 5.685 X 10| 5.833 X 10" | 0.975
5 (1.75 Mev) | 4.754 X 10| 4.932 X 10" | 0.964
6 (2.25 Mev) | 7.284 X 10| 7.324 X 10" | 0.995
7 (2.75Mev) | 1.373 X 10| 1.383 X 10? | 0.993
8 (3.50 Mev) | 1.720 X 10"| 1.733 x10" | 0.992
Tabl Comparison of v wi isV
(TN-12A, Surface)
Gamma ray Neutron
Measured | Analysis Measured | Analysis
values valu)::s Rl values valu);s Hae
@ 45 48.3 0.93 10 17.4 0.58
@ 40 48.5 0.83 11 17.6 0.63
Side | @ 40 46.7 0.86 10 17.5 0.57
@ 40 46.5 0.86 15 19.7 0.76
® 40 45.5 0.88 20 20.7 0.96
® 40 45.9 0.87 15 20.5 0.73
® 35 49.3 0.71 15 62.5 0.24
@ 35 49.0 0.71 15 63.5 0.24
Bichik €] 28 47.9 0.59 1 63.0 0.02
@ 35 45.7 0.77 20 65.5 0.31
® 30 42.9 0.70 30 76.5 0.39
® 29 43.4 0.67 20 75.5 0.27
@ 4 15.3 0.26 1 27.0 0.04
) 5 15.3 0.33 1 28.0 0.04
Top ® 5 15.0 0.33 2 28.0 0.07
@ 4 14.7 0.27 1 29.0 0.03
® 4 14.0 0.29 1 33.0 0.03
® 4 14.0 0.29 1.3 33.0 0.04
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Actual configulation

>,

Calculation model

Radiation source region

Basket region

>
e o
"-?J :
o

P . a A

-~

e

e A

-

b

s

 —— N

T



