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During normal maintenance work at nuclear power plants larje

quantities of valuable scrap material are sometimes generated

e.g. when tubings in steam-generators are exchanged. For the

utilitly there is an economic interest in limiting the amount

of waste that must be treated as "radioactive waste". By setting

limits below which the scrap material can be reused it is possible

to gain the value of the scrap material and avoid expensive treat-

ment and disposal of radioactive waste.

The Swedish National Institute of Radiation Protection has in

a principal decision accepted the reuse of scrap material that

contains or may contain small amounts of radioactive material.

The background document for this decision gives some guide-lines

and since there is a general interest in this question the

document has been translated into English. The support that was

asked for in the document was granted at a Board meeting in

June 1982.

Stockholm in June 1983

Curt Bergman
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National Institute of
Radiation Protection
Box 60204
S-104 01 STOCKHOLM
CB/pt

Translation of memorandum approved on 23/6/82 by the Board of the

National Swedish Institute of Radiation Protection

Classification of scrap material from nuclear plants as acceptable for
recirculation

Background

Nuclear power plants accumulate large quantities of scrapped materials,

mainly of metal, which are or which may be radioactive. The primary cause

of the radioactivity is that the items concerned have become contaminated,

i.e. they have acquired a coating of radioactive material, but induced radio-

activity may be present to a small extent. Two aspects of the situation are:

1. that the scrap metal represents an appreciable economic value

as recoverable metal, and

2. that while it is classified as radioactive waste it is the cause

of considerable economic outlay. First it must be stored under

specified conditions at the plant, and second if it cannot be

decontaminated and classified as acceptable for recirculation it

must be transferred to long-term storage in the manner specified

for radioactive waste.

There is considerable interest in the question of reducing the amount of scrap

material which must be treated as radioactive waste.

Philosophy

The National Institute of Radiation Protection (NIRP) must ensure that no scrap

which is allowed to be recycled can subsequently be the cause of any unaccept-

able consequences from the point of view of radiation protection. To fulfil

this condition, full account must be paid to the following questions.
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- How is it possible to guarantee the activity content in a given batch

of scrap? Must each item in the batch be measured, can sampling be

accepted, can the previous history of the batch be taken into account

in making the decision?

- Is it necessary/possible/acceptable to reduce the individual doses and

the collective dose due to a particular batch by attempting to lay down

conditions for the first stage in the recycling of the scrap?

- What individual doses to persons in the critical group and what collective

doses (collective dose commitments) are acceptable?

- Are there questions other than those concerning radiation protection which

should be taken into account?

A_test_case

330 tonnes of metal scrap from Ringhals, consisting of condenser tubes. The

material in the tubes is an alloy of copper and aluminium. At present the

tubes are being stored in 23 skips.

This batch of scrap represents at least one year's mean production per plant.

At the time when the tubes were removed a rough survey was made of the radio-

activity. It was found that it was the input part which showed the highest

levels of activity. These tubes were placed in two special skips.

After discussions with the NIRP randomly chosen tubes have been taken from each

skip by the personnel at the Ringhals Power Station and measurements made on

them using gamma spectroscopy. In addition, for the input tubes, two additional

samples were taken per skip and in this case particularly active tubes were

selected.

The activity in the tubes measured (not the input tubes) varied from non-detect-

able (five samples) to 650 Bq/kg, the mean value being 110 Bq/kg, The activity

was found to be mainly due to the nuclides Mn, Co, Zn, and Cs,
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It was estimated that the nuclides which could not be detected but which could

have been present in quantities below the detection limit could make a con-

tribution of the same order of magnitude as the detected activity, i.e.

about 100 Bq/kg.

The level of activity in the two skips with the tubes from the input section

showed an activity concentration at least an order of magnitude higher.

In a report of an investigation made by F.R. O'Donnel et al, in the USA,

NUREG/CR-0134 "Potential Radiation Dose to Man from Recycle of Metals Reclaimed

from a Decommissioned Nuclear Power Plant", individual and collective doses

are given for recycled metal wastes. The report gives calculations for more

than 20 different radionuclides. Göran Carleson and Gunnar Berggren of

Studsvik Energiteknik AB were commisioned by the NIRP to analyse the above

NUREG report and attempt to interprete it in terms of Swedish conditions. They

confined the analysis to Co since according to the NUREG report that is the

nuclide accounting for most of the doses. A report on the Studsvik analysis

can be found in the Studsvik publication K1/4-80/73.

Estimates of the doses made with the aid of the NUREG report and using the

simplification that all the activity was in the form of Co (thus giving an

overestimate) give the following results for the Ringhals condenser tubes

apart from the tubes from the input section:

The maximum individual dose caused by 210 Bq/kg would be 0.08 mSv.

The maximum collective dose caused by 330 tonnes with an activity

concentration of 210 Bq/kg would be 0.2 manSv.

The individual dose is the integrated dose over a long period (several decades)

to a person who uses a consumer article such as a kitchen sink made from a

batch classified as acceptable for recycling. According to the NUREG report,

other individual doses would be an order of magnitude smaller.
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Because of the high specific activity in the inlet section it is anticipated

that the individual doses would be ten times greater from this batch although

the collective dose would be about the same (higher specific activity but a

smaller total quantity).

By laying down conditions for the first stage of the treatment of the scrap

it should be possible to avoid the materials being used for consumer products

in the first recycle and thus considerably reduce the highest conceivable

individual dose. Since the activity has a short half-life so that it would

have decayed to large extent before it was again recycled, it follows that the

collective dose would also be considerably reduced by laying down conditions

for the first stage.

Comparisons

It is difficult to find comparisons which are truly relevant but the following

numerical values may be worth noting.

The regulations issued by the NIRP for releases of wastes from nuclear

power stations specify that such releases must not result in a collective

dose commitment which exceeds 5 manSv/year per installed GW electric power.

The test case with the condenser tubes correponds to more than 1 GW-year

electric power. The collective dose commitment from the release should thus

not exceed, for example, 0.1 x 5 = 0.5 manSv.

The NIRP demands the right to scrutinize in advance the plans for any work

which may be expected to cause a collective dose exceeding 0.1 manSv.

The NIRP considers the application of sanctions when the releases from a

power station cause doses to individuals exceeding 0.5 mSv to persons in

the critical group.

The natural background radiation causes doses to the individual amounting

to about 1 mSv per year.



The scrap value of 300 tonnes of aluminium bronze is of the order of 1.5

million Swedish crowns. If the value of a saved manSv is taken to be

100,000 Swedish crowns (1000 SEK per manrem) the scrap value alone is

sufficient, in accordance with the optimization philosophy, to justify

the release of this scrap provided that no dose limits are exceeded. In

addition, the deposition costs would be of the order of 7 million Swedish

crowns if the condenser tubes were deposited as low-level waste in the

planned rock depository in Sweden instead.

It would not be logical for the NIRP to allow the free release of such materials

as would give rise to collective doses exceeding those for which the NIRP in

other circumstances painstakingly examines the justification or give rise to

doses to individuals of such magnitude that under other circumstances the NIRP

would consider applying limitations on the use of a reactor. The difficulty

arises primarily because the calculations which concern both doses to indivi-

duals and collective doses as a result of the release of materials are made

with very conservative assumptions with the result that it can be difficult to

know how much lower the true doses are.

Against the background of the test case described, and in view of the matters

of principle involved, it would be of value to have the support of the Board of

the NIRP for the following points:

- scrap material may be classified as acceptable for recirculation

after application to the NIRP. The application shall include

details of the activity contained by the batch concerned, of the

sampling and measurement methods used, and relevant details of the

past history of the materials.

- taking into account the circumstances in each individual case, the

NIRP shall decide the extent of the sampling required for each
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batch in order to ensure a satisfactory total determination of

the activity of the batch, In exceptional cases indirect methods

for determination of the activity shall be acceptable.

when assessing the consequences of a recycle, the maximum conceiv-

able dose to an individual shall not be greater than a fraction of

the maximum permissible dose to an individual in the general public

(1 mSv per year) and the collective dose shall not be greater than

that which under other conditions implies detailed examination by

the NIRP of individual projects (at present the NIRP examines in

detail individual projects at nuclear power stations if they are

expected to cause collective doses greater than 0.1 manSv). One

way of reducing both the collective dose and the doses to individuals

is to lay down conditions for the first stage of the recycling.

individual questions of this kind shall be determined at "bureau

level" (in the Swedish version "byrånivå") if there are no special

reasons for using another procedure.

when possible, batches which cannot be directly classified as

acceptable for recirculation shall be decontaminated in order to

make them suitable for such classification.
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