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Summary

The results of an international code comparison on decay heat are presented and dis-
cussed. Participants from more than ten laboratories calculated, using the same input
data, decay heal for thirteen cooling times between 1 and 10'® sec. Two irradiation cases
were proposed: fission pulse and 3x107 seconds of irradiation of 235U fuel. The results
are analysed and compared. This inter-comparison shows that, if the same input data are
given, most of the codes give very similar results for the decay heat and consequently also
for the fission product contribution,
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‘This report contains the preliminary results of an international effort to compare the results

obtained by codes which calculate decay heat either for pulse fission or after irradiation.
These decay heat calculations are very important for reactor studies. The comparison was
initiated during the specialist meeting on data for decay heat predictions held at Studsvik
(Sweden) in September 1987. The objective is to verify that the discrepancies appearing
between different calculations are due to the data used (yields, capture cross-sections,
nuclide mean energies, ...) and not to the method used to solve the generalised Bateman
equations which describe the nuclide evolution during irradiation and cooling. -

The specification of the exercise is given in the annex 1. The participants were asked
to calculate the decay heat, with uncertainties if possible, for:two cases, each for several
cooling times, using a given set of input data. The results should contain, for each cooling
time, information on the total decay heat, the 3 and v parts separately and, a list of the
nuclides which contribute more than 1 % to the total decay heat. The two cases agreed
upon were: - o

1. a 33577 fission pulse,
2. a 3% 107 seconds irradiation of 235U with no burn-up. _

The cooling times chosen ranged from 1 second to 103 seconds. The input data contained
information on: yields, spectroscopic data, and capture cross-sections. Only the decay
heat due to fission products should be calculated. The decay heat due to actinide forma-
tion was omitted from this comparison.

This report is organised in the following way. Section 2 gives a survey of the contributions
received and are grouped in two classes: class A for analytical solution of the Bateman
equations, the class B for numerical solution of these same equations. Section 3 gives some
general comments and sections 4 and 5 contains comments on the results from benchmark
no. 1 and benchmark no. 2 respectively. Section 6 contains a brief conclusion.

94180004



2 CONTRIBUTIONS RECEIVED

The contributions received can be divided intc two classes: one for analytical solutions of
the equations and one for numerical solutions.

Class A: Analytical solutions

Code name:

Participants:

Address:

Code name:

Participants:

Address:

Code name:
Participant:
Address:

Code name:

Participants:

Address:

Code name:
Participant:
Address:

AFPA
RUZHANSKY P.A., RUBTSOV P.M. -

Moscow Engineering Physics Institute,
Kashirskoe Shosse 31,
115409 MOSCOW M-409, USSR

CINDER-10
BEARD C.A., ENGLAND T.

Los Alamos National Laboratory,
Group T-2, Mail Stop B243,
LOS ALAMOS, NM 87545, USA

CINDER
WANG DAO

Chinese Nuclear Data Center,
Institute of Atomic Energy,
P.0O. Box 275(41),

Beijing, P.R. China

DCHAIN
TASAKA K., IHARA H.

Japan Atomic Energy Research Institute,
Tokai-Mura, Naka-gun,
Ibaraki-ken 319-11, Japan

FISP6
TOBIAS A.

National Power Nuclear,
Berkeley Nuclear Laboratories,

Berkeley, Gloucestershire GL13 9PB, U.K.
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Clode name:
Participant:

Address:

Code name:
Participants:

Address:

Code name:
Participants:
Address:

Code name:
Participant:

Address:

Code name:
Participant:

Address:

INVENT
RUDSTAM G.

University of Uppsala, _
The Studsvik Neutron Research Lahoratory,
S-611 82 Nyképing, Sweden

PEPIN
NIMAL B., DIOP C.

C.E.N. Saclay,
DEMT/SERMA/LEPP
F-91191 Gif-sur-Yvette CEDEX, France

Class B: Numerical solutions

FISPIN
JAMES M.F.

AEE Winfrith,
Nuclear Data Group, Reactor Physics Division,
Dorchester, GB-Dorset DT2 8DH, U.K.

KORIGEN
WIESE H.W.

Kernforschungszentrum Karlsruhe,
Institut fiir Neutronenphysik,
Postlach 3640,

75 Karlsruhe, Rep. Fed. of Germany

MECCYCO
GILLET, G.

CEA/CEN Cadarache,
DRP/SPRC,
F-13108 Saint Paul lez Durance Cedex, France
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Code name: ORIGEN-S
Participants: BRADY M.C., BOENHOFF W.I., HERMANN O.W.

Address: Qak Ridge National Laboratory,

P.0. Box 2008,
Oak Ridge, TN 37831-6238 USA
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3 GENERAL COMMENTS

‘Some of the comments helow concerning the input data were given by the participants:

A. Trconsistericy’ between independent and cumulative yields.

1.

C.

D.

This inconsistency arose for some nuclides but its influence on the results is'less than
2 per-mil at 1 sec. cooling time and 1 per-mil after.

Decay cllaiﬁ.

" The fact that branching ratlo may not sum to 100 is only due to round up differ-

en(e«; It ha.s no real nuporta.nce on the resuIts

Capture branching ratio.

The capture cross-section branching ratio when the daughter has ground and iso-
meric state was not given. This has however no influence on the results (< 1 per-mil)
as shown by the PEPIN contribution, where results had been obtained for the two
hypothesis: 100 percent on ground-state, and 50 percent on ground state and 50
percent on isomeric state.

Uncertainties.

Only the INVENT and KORIGEN results were given with uncertainties. In the case

‘of KORIGEN it was stated-that the uncertainties resulted from energy release only.

The INVENT code used all uncertainties in the input data in the calculations. This
code gives for example uncertainties for the total decay heat for benchmark no 1
that varies from about 5 percent at very short and very long cooling times down
to about 1.3 percent at medium cooling times. The corresponding values glven for
benchmark no 2 by INVENT are: about 1 percent at short coohng tnnes up to'about
10 percent at very long cooling times:

1t should be noted that these guoted uncertainties are relevant to this exercise only
and not to a real case of decay heat calculation, as the input data did not correspond
to a realistic case and did not included a complete set of uncertainties.

Computing times.

The objective of this exercise was not to compare computing times on different com-
puters. Nevertheless, for- mformatlon Table 1 surmmarises the values given by each
contributor. : '

Following the NEANDC/NEACRP Task Force meeting on Decay Heat Predictions held
al the NEA Data Bank on 21st and 22nd September 1989, when preliminary results were
presented, some contributions were revised with subsequent corrections to the codes:
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a. Double precision.

In the case of INVENT and KORIGEN some calculational parameters were modi-
fied to double precision in order to better reproduce the results at long cooling times.

b. Wrongly labeled data.

Two set of results, one with the benchmark data and one with the local data library,
were given for the AFPA code. The benchmark data results did not agree very
well with the results of other contributions, but it was noted that the results were
wrongly labeled, and it was really the results for the local data library that were
deviant. This deviation was explained by different treatment of conversion electrons
and X-ray data in the two set of results and a re-calculation showed much hetter
agreement between the results.

¢. Capture effects in benchmark no. 2.

The first CINDER results did not take into account the capture effects, but this was
corrected in a second set of results.

d. Wrong input data.

The first results from benchmark no 2 from the code KORIGEN were discrepaut
and the reasons were two: misunderstanding of the interpretation of the one group
capture cross section and a typing error resulting in an irradiation of 1x107 instead
of 3x107 seconds.

e. Burn-up effect.

In the specification of benchmark no. 2 it was stated that no burn-up should take

_ place, which is unrealistic, but avoids further complications in a inter-comparison
benchmark like this. One code, INVENT, which had a built-in burn-up calculation
routine had to be modified to keep the amount of Uranium constant during the fong
irradiation.

f. Delayed neutron effects.

Following the discussions of the first benchmark results, the FISP8 code was revised
to avoid any manual manipulation of the fission yields (to account for delayed neu-
tron effects). This involved extension of the linearised decay chains to account for
the delayed neutron effects as well as some minor data manipulation amendments
to the FISP6 code itself.



g. Subdivision of the itradiation time.’

In benchmark no 2 a subdivision of the irradiation time was not prescribed in the
specifications. Theoretically in case of constant coefficients the solution does not de-
pend on this subdivision. Numerically, however, a certain dependence is introduced
by treating the chain equations with respect to the half-lives of the nuclides in the
chains, as in the code KORIGEN. High total decay heat values were noted before
for KORIGEN at 107 and 10® seconds cooling time but this dependence was since
strongly reduced. The values are still slightly higher that the average but well within
the quoted uncertainties. The same tendency was also found in the results of the
ORIGEN-S code. ' ' ‘

Following these iterations, the results from the different codes agree very well and only
minor differences are found. No systematic differences between the results of the Analytlcal
and Nwnerical codes could be found. '
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4 COMMENTS ON BENCHMARK NO. 1

The objective of the pulse fission calculation was to test the ability of the codes to use the
fission yields and to treat correctly the mass decay-chain calculation.

As shown in Figures 1 and 2, all codes give results for the total decay heat which agree,
on the average, to better than 1/2 percent. This is well within the uncertainties given by
the INVENT and KORIGEN result. A few points can be noted when studying figure 2:

CINDER-10

Relatively high values were reported for cooling times 10° and 10° seconds.

INVENT

The results are about 0.2 percent above the average. This is most probably due to the
fact that the amount of Uranjum was fitted to give 1.25 * 10'® fissions and the program
only outputs the number of fissions with 4 significant digits, which means an uncertainty
of 5 * 10! fissions or -+ 0.04 %.

KORIGEN

The results between 10% and 10!° seconds cooling time are all above the average, but
within 0.5 % of the average.

ORIGEN-S

The somewhat scattered results for this code is due to the fact that the results were given
with only two significant decimals. This effect could for example be seen in Table 7 where
the fission product contribution after 10% seconds cooling time add up to over 100 percent.
Relatively low values were reported for cooling times 10% and ahove 101 seconds.
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5 COMMENTS ON BENCHMARK NO. 2

The ohjective of long irradiation (3 ><‘107‘se'conc-1§.) calculation was to test the ability of the
codes to treat the capture (or absorption) problem.

As shown in Figures 5 and 6, all codes give results for the total decay heat which agree,
on the average, to better than 1/2 percent, except maybe for the CINDER contribution
hy Wang Dao. A few points can be noted when studying figure 6:

CINDER-10

Relatively high values were reported for cooling times 10* and 10° seconds.

CINDER

The results are on the average about 1 to 3 percent lower than other results.

INVENT

The results are about 0.2 percent .ab_ove the average, except for cooling times ahove 101°
seconds. This is most probably due to the fact that the amount of Uranjum was fitted
to give 1.25 * 10'® fissions and the program only outputs the number of fissions with 4
significant digits, which means an uncertainty of 5 * 10*? fissions or + 0.04 %.

KORIGEN

Two relatively high values are noted for 107 and 108 seconds cooling time (see item g.
ahave). At cooling times 10'! seconds and above the results are about 0.2 percent higher
than average.

ORIGEN-S

The somewhat scattered results for this code is due to the fact that the results were given
with only two significant decimals. This effect could for example be seen in Table 13 where
the fission product contribution after 108 seconds cooling time add up to over 100 percent.
Two relatively high values were reported at 107 and 10® seconds cooling time (see item
g. above). Somewhat low values were reported for cooling times above 1010 seconds as in
henchmark no 1.
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6 CONCLUSION

In the present exercise the following codes were compared:

Analytical Numerical
AFPA FISPIN
CINDER-10 KORIGEN
CINDER MECCYCO
DCHAIN ORIGEN-S
FISP6

INVENT

PEPIN

The overall results of the calculation of decay heat and contributing fission products are in
very good agreement for the codes. The results given by the CINDER code (contribution
by Wang Dao) are on the average 1 to 3 percent lower that other results. .

The objective of this exercise was to ensure that the discrepant results for decay heat
calculation obtained in different laboratories were due to different input data and not the
different solutions of the equations describing the fission product evolution. This ohjective
has been reached.

This inter-comparison has permitted the participants to gain confidence in their codes and
minor modifications to a few of the codes have been noted as a result of this exercise.
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