
Data Needs for Decommissioning

E. P. Lippincott

Introduction

The decommissioning of nuclear power plants involves converting the plant from an
operational status either to an interim configuration in which the radioactive components are
isolated from contact or back to a non-radioactive facility or restored area. In the latter case
it is necessary to dispose of all radioactive materials so that all exposures to residual
radioactivity are kept below acceptable limits for the general public. In the United States
these limits for additional radiation exposure (both internal and external) are a small fraction
of natural background.

In order to complete the decommissioning and remove all the radioactive materials, it is
necessary to use calculations and measurements to determine the best procedures to be used
to minimize exposure and accomplish the task economically. Planning is required to enable
the radioactive waste to be processed and properly disposed of at a waste repository. The
amount of material to be sent as radioactive waste must be determined. After completion
of the decommissioning, confirmatory environmental surveys must be carried out to prove
that the task has been successful in removing the radioactivity.

This paper describes the most important concerns that the author has encountered in the
planning for decommissioning of the Ft. St. Vrain graphite reactor and in disposal of PWR
components that undergo high irradiation.

Isotopes of Interest

The radioactivity that exists in a plant to be decommissioned can be considered in two parts
according to two different impacts. First are the isotopes that will cause external exposure
to personnel and which will therefore require either extensive shielding or remote handling.
The most important of these isotopes is Co-60 in almost all cases. The second consideration

is the long-term disposal. A number of isotopes with long half-lives can be a potential
hazard if they can enter the environment after many years when the radioactive hazard may
no longer be recognized. In the United States, these isotopes have been broken into two
classes depending on half-life and limits for these isotopes are used in classification of waste
in order to ensure minimal risk.

Possible major contributors to gamma radiation fields are listed in Table 1. For most
decommissioning projects, it can be assumed that sufficient time will have elapsed that the
short-lived nuclides will have decayed. Nuclides such as Mn-54 with half-lives to 1 year
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Table 1

Significant Gamma-Emitting Nuclides

Nuclide

Co-58

Mn-54

Co-60

Eu-152

Eu-154

Nb-94

Cs-137

may still however be of enough concern to require evaluation. For time periods to about 50

years after shutdown, Co-60 is the major concern for activation. Fission products can also

contribute due to contamination, but for decay times of several years, Cs-137 will be the

only product of importance for typical cases of contamination. In some cases, however, the

decommissioning will occur after a much longer decay time. In these cases, the Co-60 will

be largely decayed and the dominant nuclides for gamma exposure arising from activation

could be Eu-154 (especially in concrete), and Nb-94 (in metals). Such long-lived isotopes

can also be of concern to address exposure in the far future to populations ignorant of the

presence of radioactivity, both for decommissioned structures and for waste repositories.

Nuclides of importance for waste disposal are listed in Tables 2 and 3, which are taken from

10CFR61 (US Code of Federal Regulations). Table 2 lists the very long-lived nuclides and

Table 3 gives the limits for intermediate length half-lives. These tables are used to classify

waste in three classes (A, B, and C) for low-level waste disposal and identify waste requiring

disposal as high-level waste (greater than Class C). Thus accurate calculation of these

nuclides is important to enable planning for proper disposal and to enable measured activity

levels to be used to determine total radioactive contents.

For stainless steel components, Ni-63 is usually the critical nuclide with Ni-59 and Nb-94

also requiring evaluation. For some alloys containing niobium, the Nb-94 may be the

dominant contributor. Other materials may be affected by the levels of the other nuclides

from these tables, such as C-14 in the case of graphite.

Material Compositions

To assess the nuclides in each component, the data for which improved accuracy will have

the largest impact is often not the nuclear data, but rather the material composition. In
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Table 2

TABLE 1 OF 10CFR61.55 WITH CLASS A LIMITS INCLUDED,1

Concentration, Curies/Cubic Meterb,c

Radionuclide

1 4 C

l4C in activated metal

59Ni in activated metal

^Nb in activated metal

"Tc

!29j

Class A

0.8

8

22

0.02

0.3

0.008

Class C

8

80

220

0.2

3

0.08

Alpha emitting transuranic nuclides

with half-life greater than five years

241pu

M2Cm

10(d)

350(d)

2000(d)

100(d)

3500(d)

20,000(d)

a. There are no Class B limits for these nuclides. Wastes are either Class A, Class C,
or non-acceptable for near-surface disposal.

b. 1 Ci/m3 = 1 /iCi/cm3

c. The sum of the fraction of the limits for these nuclides cannot exceed 1. The fraction
of the limits must all be taken from the same column in this table.

d. Units are nanocuries per gram (10'3 /xCi/g).

particular, the cobalt or europium in the material is usually only present in trace amounts and
in many cases has not been measured. Thus characterization of reactor materials to
determine exact compositions is needed and the recognition of this fact should be used to
justify measurement of this data for new plants and replacement components, and to obtain
such data on existing plants and components when possible.
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Radionuclide

Total of all nuclides with

year half-life

3H

"Co

63Nj

63Ni in activated metal

^Sr

137Cs

Table 3

TABLE 2 OF 10CFR61.55

Concentration, Curies/Cubic

Class A

less than 5
700

40

700

3.5

35

0.04

1

Class B

c

c

c

70

700

150

44

Meter"'"

Class C

c

c

c

700

7000

7000

4600

a. 1 Ci /m 3 =l /iCi/cc

b. The sum of the fraction of the limits for these nuclides cannot exceed 1. The fraction
of the limits must all be taken from the same column in this table.

c. There are no limits established for these radionuclides in Class B or C wastes.
Practical considerations such as the effects of external radiation and internal heat
generation on transportation, handling, and disposal will limit the concentrations for
these wastes. These wastes shall be Class B unless the concentrations of other
nuclides in Table 2 determine the waste to the Class C independent of these nuclides.

Activation Cross Sections

The evaluation of quantities of radioactive materials depends directly on the neutron fluence
and the activation cross section. In most cases the isotopic cross section of most importance
is that for thermal neutrons, and these cross sections are generally among the better known.
This does not mean that improvements in cross section data are not needed, however,
especially for the target nuclei that have relatively low isotopic abundance (such as Ni-62).
In addition, in some cases the resonance contribution can be of importance to add to the
thermal activation. In a few cases fast neutron cross sections must be known in order to
evaluate the activation due to threshold reactions (as, for example, the production of Mn-54).
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Neutron Transport Cross Sections

The cross sections that are important for accurately calculating the fluence in all the reactor
structures and materials are not at all the same as those for activation. In many cases the
high energy cross sections are most important for calculation of neutron escape from the
reactor core and out to the surroundings. For most applications, these cross sections are the
same ones that are being investigated in order to improve calculations for other reasons, as,
for example, to determine reactor vessel fluence in PWRs to evaluate the steel embrittlement.
Thus, the neutron transport cross sections and calculation methodology have a body of
measurement data available for benchmarking the accuracy of the results. However, the
main thrust of these benchmarking efforts have been to determine the damage-causing
neutrons at high energy, and not nearly as much attention has been given to the thermal
neutron flux. As already stated, the activation is mostly thermal, and activation in concrete,
for example, will depend on both the deep penetration of fast neutrons and the equilibrium
thermal flux arising from these neutrons.

Methodology Improvements and Benchmarks

As mentioned just above, the methodology has been tested and benchmarked to a great
extent, but further work to ensure adequate activation calculations is necessary. This
includes the investigation of the adequacy of methods of thermal flux calculation and the
adequacy of deep penetration calculations. The ultimate test of the calculational adequacy
is the ability to predict results in standard reference fields and also to predict results in actual
plant situations. As more plants reach the decommissioning stage, the availability of a body
of pertinent data for benchmarking calculations should improve. A good set of benchmark
data should allow for testing the accuracy of both the calculational methodology for
activation and the activation cross sections themselves.

Radioactivity Transport

Another concern for the determination of the distribution of radioactivity is the fact that some
of the radioactivity may be mobile. The best example of this is tritium, which can diffuse
throughout the plant. In particular, if tritium is present in any quantity in concrete
structures, its ultimate location may be very different from where it was created. Data on
diffusion of tritium in concrete gives a range of values of the diffusion coefficient that spans
several orders of magnitude and the concrete composition variables that might give rise to
this variation are not clearly known. While this aspect of the problem is not related to
nuclear data uncertainties, it can have an important impact on decommissioning planning.

Transport of fission and activation products also occurs in primary coolant systems, and the
radioactivity may be carried into other systems throughout the plant. Handling of resultant
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surface contamination will be an important part of the decommissioning process and

therefore data on isotope transport and effects of water chemistry on transport are important

for plant decommissioning as well as operations.

Ft. St. Vrain Results

The Ft. St. Vrain reactor is a 330 MWe high temperature gas-cooled reactor (HTGR). It

operated for a total of about 2.4 effective full-power years during the period from 1974 to

1989. Decommissioning concerns center on the removal of the graphite reflector, poison

elements, steel liner, and prestressed concrete pressure vessel. Activation of all components

was evaluated using one dimensional transport calculations and the results indicate that the

major radioactive isotopes remaining at this time are Fe-55, tritium, and Co-60. The major

amounts of these are contained in the metal poison elements that were used to limit the

escape of thermal neutrons from the reflector region to the vessel, and in the reflector

graphite. This graphite is of lower purity than that used in the core region and contains

significant (from an activation standpoint) amounts of iron, cobalt, and lithium impurities.

At present, the calculated activation inventory is being used to determine handling procedures

for removal of the radioactivity and disposal as radioactive waste. Until the

decommissioning process is actually started it is not possible to make actual measurements

to determine the accuracy of the calculations. This results in the necessity to allow

contingency for higher activity levels which, in some cases, results in higher costs. At this

time the uncertainty in the calculated results is dominated by the large uncertainty in the

graphite impurities of lithium, cobalt, and iron.

Conclusions

Improvement in analytical prediction of radioactive distributions in nuclear facilities is

needed to allow for better decommissioning planning and reduced costs of decommissioning.

In many cases, improvements in nuclear data will improve the accuracy of such predictions,

but improvements in data on material compositions or radioactivity transport may be of equal

or greater importance. Data on activation of the isotopes of primary interest for both

personnel exposure and waste disposal should be gathered and used to benchmark the

calculational methodology and activation cross sections.
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