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The objective of the the Agesta Decontamination

Project, which has been organized by the Nuclear

Energy Agency, Paris, is to utilize the four

primary loops of the Agesta reactor to demon-

strate decontamination methods for PWR primary

systems. The first phase of the project con-

sisted of laboratory scale tests. The methods

tested were developed at

Studsvik Energiteknik A3, Sweden

(a soft chemistry)

Kraftwerk Union AG, Federal Republic of

Germany, (two chemistries, one soft and

one hard)

Swiss Federal Institute of Reactor

Research (two chemistries, one soft and

one hard)

Berkeley Nuclear Laboratories,

United Kingdom, (a soft chemistry)

The test programme consisted of decontamination

tests on steam generator tubing and other active

material from Agesta and a number of operating

reactors as well as material compatibility tests

on standardized samples of a representative

selection of modern PWR primary system

materials.

Six countries have participated in Phase 1 of

the project - the four countries named above as

well as the United States of America and Italy.

Studsvik Energiteknik AB was appointed Project

leader.
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The results show that all six processes in

general met the acceptance criteria both

regarding decontamination and corrosion. The

decontamination results with the hard

chemistries were rather uneven.

A proposal has been made for Phase 2 of the

project. It is suggested that contaminated

material from operating PWR plants should Le

incorporated into the Agesta decontamination

circuits during the Phase 2 tests.
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PROJECT BACKGROUND

The need for large scale projects to demonstrate

decontamination of PWR primary systems has been

expressed at several international meetings in

the last few years. One such project idea was

put forward by Studsvik Energiteknik AB Sweden

(1, 2) in a proposal to use the Ågesta Reactor

for plant-scale testing of PWR primary system

decontamination methods. This proposal was

discussed at two ad hoc meetings organized by

the Nuclear Energy Agency, Paris (3, 4).

The Ågesta reactor v/as a (65 MWt + 10 (We) Pres-

surized Heavy Water Reactor, which had operated

for 10 years (1964-1974) in a suburb of Stock-

holm. Its four primary loops were to be made

available for testing decontamination methods

being developed in Sweden and elsewhere. Apart

from the "soft" decontamination method being

developed at STUDSVIK in Sweden, proposals for

methods to be tested in the project have been

•eceived from

Kraftwerk Union AG,

Federal Republic of Germany (KWU)

Berkeley Nuclear Laboratories,

United Kingdom (BNL)

Swiss Federal Institute of Reactor

Research, Switzerland (EIR)
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The types of methods (chemistries) proposed were

as follows:

STUDSVIK

KWU

BNL

EIR

"soft1*

1 "soft"

"soft"

1 "soft"

+ 1

+ 1

"hard"

"hard"

At the second ad hoc meeting, which was held in

Paris in April 1981, a two-phase execution of

the project was proposed:

In Phase 1, the four "soft" decontami-
nation methods as well as the two
"hard" ones would be tested in labora-
tories of the four countries involved
(Studsvik Energiteknik AB, Sweden;
Kraftwerk Union AG, Federal Republic of
Germany; The Federal Institute of
Reactor Research, Switzerland; Berkeley
Nuclear Laboratories, United Kingdom).
The programme would include decontami-
nation tests on steam generator tubing
and other active samples from a number
of reactors as well as material compa-
tibility tests on standardized samples
of a representative selection of modern
PWR primary system materials.

In Phase 2, the decontamination tests
would be repeated on a real plant scale
using the Agesta reactor primary
circuits. This phase would also cover
the management of the radioactive waste
produced.

"Soft" processes have been developed
primarily for periodic decontamination
of reactor systems during their opera-
tional lifetime. "Hard" processes are
intended for use in connection with
decommissioning or on components taken
out of the reactor system. It can be
noted that soft methods can also be
used during decommissioning - they may
be more suitable from the waste manage-
ment point of view. However, hard pro-
cesses cannot be used for periodic de-
contamination of full systems.
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As a result of the second ad hoc meeting and

subsequent negotiations, it was decided to

execute Phase 1 of the above proposal. Six

countries are parties to the agreement, which

was drawn up and sponsored by the Nuclear Energy

Agency, Paris:

Federal Republic of Germany

Italy

Sweden

Switzerland

United Kingdom

United States of America

Studsvik Energiteknik AB, Sweden, was designated

as the Project Leader of Phase 1. The project

started officially on January 1, 1982 and was

completed according to schedule during November

this year.

This report describes the experimental activi-

ties during Phase 1 and the results thereof. The

conclusion drawn from these results and their

implications for Phase 2 are also treated here.

This document has been prepared by the Technical

Advisory Group (TAG) of the project. The persons

who participated in the meetings of the TAG are

listed in Annex 1.
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DESCRIPTION OF AGESTA REACTOR

The Agesta Nuclear Power station is located in a

suburb of Stockholm. It was the first commercial

nuclear power plant in Sweden. The original

power level of this pressurized heavy water re-

actor was 65 MWt. This was later increased to

80 MWt, of which 68 MWt was supplied for domes-

tic district heating in the suburb of Farsta.

The power station operated between 1964 and

1974, with an average of 5200 operational

hours/year over the 10 years. A sectional view

of the reactor is shown in Fig 1.

The reactor has 4 primary loops each with a

steam generator and main circulating pump. For

the present project, it is proposed to isolate

the reactcr vessel and decontaminate each loop

separately. The 4 steam generators were supplied

by 2 manufacturers (2 generators each).

A vertical section through a steam generator is

shown in Fig 2. The tube bundle is made up of

tubes with an outer diameter of 10 mm and a wall

thickness of 1 mm. The length of the individual

tubes varies between 7 and 10 m. The total tube

surface area in each steam generator is about

465 m2.

Austenitic stainless steel was used for all

surfaces in contact with the primary coolant.

The main circulating pumps are of the canned

motor type. The impellers will be removed

leaving the empty pump housings to be deconta-

minated. The cast pump housings are of a Nb-

stabilized steel.

The oxides of the primary system were character-

ized by sampling at a number of locations that
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included steam generator tubing and a bend of

the hot leg. The sampling revealed that

the oxide layer on the SG tubes is
black, with a loose top layer and no
signs of discontinuities. The weight
(loose + adherent) is ca 0.9 mg/cm
(average).

*
SEM analysis has shown that the oxide
layer in the SG tubes is divided into
islands of approximately 60 urn diame-
ter. The average grain size of the
oxide is 0.1-5 urn. Similar patterns
have been observed in American PWRs.

SEfl and EDAX examinations of the SG
tubing gave the following results:

%Fe %Cr

Adherent oxide
Loose oxide

26 63
62 22
(average figures)

11
15

there are large variations in thickness
of the oxide layer. It is almost 1 mm
thick in the hot leg bend (mostly depo-
sited crud). On SG tubing - which con-
stitutes more than 95 % of the surface
- it is approximately 5 urn thick.

for every pm of metal dissolved in a
steam generator during a decontamina-
tion, about 159.1 GBq of tritium is
released. Radioctive analysis of the SG
tubing showed:

Co60
Pu239+Pu240
Pu238
Sr90

2**
6.4 kBq/cm2

ca 0.75 Bq/cnu
ca 0.75 Bq/cm-
ca 0.8 Bq/cm

the total decontamination of a primary
loop wou]3 involve release of about
30-70 GBq of activity to the deconta-
mination waste.

SEM Scanning Electron Microscopy

EDAX Energy Dispersive Analysis of
X-ray Spectra

** 100 kBq = 2.7
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4 PROJECT ORGANIZATION

The Agesta Decontamination Project is sponsored

by the Nuclear Energy Agency of the OECD. Phase

1 of the project has been executed according to

an agreement between the following parties:

The Swedish Nuclear Power Inspectorate,

Kraftwerk Union (Federal Republic of Germany),

the Comitato Nazionale per l'Energia Nucleare

(Italy), the Société Cooperative Nationale pour

l'Entreposage de Déchtets Radioactifs (Switzer-

land) , the Central Electricity Generating Board

(United Kingdom) and the Department of Energy of

the United States.

All parties to the agreement as well as the NEA

are represented on a Co-ordinating Group, which

was set up to supervise the project under the

terms of the agreement. A Technical Advisory

Group, also with representatives of all partici-

pating organizations, was created for assisting

the Co-ordinating Group in the assessment of the

technical aspects of the project. This report

has been prepared by the Technical Advisory

Group (TAG). The membership of the TAG is as

shown in Annex 1. Studsvik Energiteknik AB of

Sweden was designated as Project Leader of

Phase 1.
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5 EXPERIMENTAL PROGRAMME

The experimental programme of work consisted of

Laboratory scale decontamination tests
on active samples

Material compatibility tests on in-
active specimens

The decontamination tests were carried out on

radioactively contaminated specimens - mainly

steam generator tubing - that had been removed

from a number of operating commercial reactors

and Agesta. These tests were designed to measure

the decontamination efficiency of the six

proposed processes.

The aim of the material compatibility tests was

to chock that the decontamination processes were

not unacceptably corrosive to materials normally

found in PWR primary circuits. In these tests,

coupons of a number of representative materials

were autoclaved to develop typical oxide sur-

faces for PWR plants and then exposed to the

respective chemistries.

5 .1 Decontamination tests

Decontamination tests were performed on

Steam generator tubing from the Agesta
reactor (Austenitic Stainless steel)

Steam generator tubing from a PWR
(INCONEL 600 from Ringhals 2, Sweden)

Materials from a channel head manhole
cover from Borssele PWR, the Nether-
lands (Stainless Chromium Steel,
DIN 1.4024, AISI 403)
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Steam generator tubing from a PWR
(INCOLOY 800 from Biblis A, Federal
Republic of Germany.

Steam generator tubing from a PWR
(INCONEL 600 from Millstone II, USA).

One specimen of each sort was subjected to each

of the six decontamination chemistries.

5^2 _Material Compatibility Tests

In the tests representative specimens of primary

system materials of modern PWRs were alternately

autoclaved and then exposed to the respective

decontamination chemistries. These exposures

were repeated for three cycles, each cycle

consisting of the following steps:

Autoclaving for four weeks

Decontamination (inactive runs)

Inspection and analyses

The materials chosen were the following:

i ATSI 347 (DIN 1.4550) welded to
INCONEL 600 (DIN 2.4816)

ii INCOLOY 800 (DIN 1.4876) welded to
INCONEL 600 (DIN 2.4816)

iii INCONEL 600 (DIN 2.4816) cold-formed
(to simulate rolling of steam generator
tubing into tube plates)

iv INCOLOY 800 (DIN 1.4876) sensitized,
cold-formed (to simulate rolling of
steam generator tubing into tube
plates)
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v AISI 3C (DIN 1.4301)

vi STELLITE 6 (CAST)

vii ZIRCALOY 2

viii DIN 1.4313 (CAST)

The autoclaving conditions were as follows:

5.3

Temperature

Pressure

B

Li

°2

Criteria for

ca 350 C

ca 165 bar

ca 750 ppm

ca 1-3 ppm

< 5 ppb

Acceptabi1ity

Suitable decontamination processes must ensure

both effective decontamination and acceptable

corrosion. Corrosion allowances are determined

by the need to control both general corrosion

and selective attack. General corrosion is one

of the contributors to waste volume production

and it has to be recognized that steam generator

tubes represent the largest surface area of ex-

posed materials. The selective types of attack

are more severe from the safety viewpoint than

general corrosion because they lead to component

failure.

For the process to be used prior to decommis-

sioning selective types of attack are not im-

portant. However, the DF is the most important

consideration and can be controlled by base

metal attack. The safety requirement is only

that the circuit must remain intact during

subsequent storage. In general the most im-

portant aspect for the acceptability of a de-

contamination process is the residual activity

on the surfaces. This is valid as well for
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in-situ decontamination and for decommissioning.

The residual activities have to be considered

as well as the DF's. The following criteria are

proposed to qualify decontamination processes

for in-plant application in Phase 2.

5.3.1 Processes for decontamination of plant

to service

a) A reasonable decontamination factor for
a single application.
(Soft processes: > 3
Hard processes: > 20)

b) No unexplained selective attack.
Intergranular attack,
< 20 um
Cumulative for three cyclec

c) No significant general corrosion.
The average general corrosion of steam
generator tube materials, Inconel 600
and Incoloy 800, must be less than 1 V.M
per treatment, except where it can be
shown that a higher value does not sig-
nificantly increase the waste volume.

5.3.2 Processes for decontamination prior to

decommissioning^

a) Decontamination factor for a single
application greater than or equal to
20.

b) Intergranular or other local attack to
be less than or equal to 15 % of the
wall thickness. No stress corrosion to
be detected.
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OVERVIEW OF THÉ RESULTS

The experiments described in the programme of

work for Phase 1 have been completed. A refe-

rence archive of materials for the inactive and

active tests has been established at STUDSVIK.

The highlights of the results of the tests are

presented below qualitatively in tabular form.

In the following tables, a plus sign indicates

compliance with criteria and a minus sign that

the criteria were not met. The processes are

labelled S-S for STUDSVIK's soft chemistry,

K-S and K-H for KWU's soft and hard chemistries,

E-S and E-H for EIR's soft and hard and B-S for

BNL's chemistry.

6.1 Decontamination Tests

Sample S-S K-S E-S B-S K-H E-H

Agesta

Ringhals

Biblis

Millstone

Borssele

Criteria were not met in all cases.

Examination of the tubing material has

shown intergranular attack. A signifi-

cant fraction of the radioactivity is

presumably located in intergranular

penetrations.
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Corrosion Tests (General Corrosion)
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Decontamination of Plant or Components to be

returned to service.

General corrosion acceptance criteria for steam

generator tube materials were met by all pro-

cesses. For comparison, the general corrosion of

all specimens is indicated in the table below;

for the other materials, a + indicates <1 tun

general corrosion over all three treatments,

a - indicate >1 ym.

Material

AISI 347/
INCONEL 600

INCOLOY 800/
INCONEL 600

INCONEL 600

INCOLOY 800/
Annealed

INCOLOY 800/
Shot-blasted

AISI 304

Stellite 6

Zircaloy 2

DIN 1.4313

S-S K-S E-S B-S

+ + + +

+ + +

+ + +

+ + + +

+

+ + + +

+ - + +

+ + + +

-

K-H E-H

+ +

+ +

+ +

+ +

+ +

+ +

+

Note: STUDSVIK, KWU and BNL use ion-exchange for waste

treatment. EIR uses precipitation methods, which

allows different acceptance criteria.
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Decontamination prior to decommissioning

Material K-H E-H

AISI 347/INCONEL 600

INCOLOY 800/INCONEL 600

INCONEL 600

INCOLOY 800/Annealed

INCOLOY 800/Shot-blasted

AISI 304

Stellite 6

Zircaloy 2

DIN 1.4313
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Corrosion Tests (Localized Corrosion)

Decontamination of Plant or Components to be

Returned to Service

Material

AISI 347/
INCONEL 600

INCOLOY 800/
INCONEL 600

INCONEL 600

INCOLOY 800/
Annealed

INCOLOY 800/
Shot-blasted

AISI 304

Stellite 6

Zircaloy 2

DIN 1.4313

S-S K-S E-S B-S

+ + + +

+ + + +

+ + + +

+ + + +

+ + +

+ +

+ - +

+ + +

+

K-H E-H

+

+ +

+ +

+ +

+

-

+

+

Decontamination prior to Decommissioning

Material K-H E-H

AISI 347/INCONEL 600

INCOLOY 800/INCONEL 600

INCONEL 600

INCOLOY 800/Annealed

INCOLOY 800/Shot-blasted

AISI 304

Stellite 6

Zircaloy 2

DIN 1.4313
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Waste management

Specific research concerning waste management

was not was not within the scope of Phase 1.

However it is recognized that waste management

is a very important consideration in all decon-

tamination processes. Each laboratory has de-

veloped methods for the treatment of waste from

their own processes, which are believed to be

satisfactory.
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7 CONCLUSIONS

As can be seen from the tabulated results above,

all "soft" chemistries met the stipulated de-

contamination criteria in general, while the re-

sults with the "hard" processes were more un-

even.

Regarding the material compatibility tests, it

can be noted that the acceptance criteria for

both general and localized corrosive attack were

met in general by all the processes tested.

Although stress corrosion was not specifically

investigated during Phase 1, certain corrosion

specimens did have stressed regions (the

expanded steam generator tubes). No evidence of

stress corrosion was observed on these

specimens. There was no evidence of galvanic

corrosion on the weld specimens either.

In the decontamination tests, no significant

fraction of activity was released in particulate

form rather than in solution.

A further result of Phase 1 was the clear indi-

cation that the Agesta samples (austenitic

stainless steel) were much easier to decontami-

nate than were active specimens from modern,

commercial PWR systems. The implication of this

for Phase 2 of the project is that contaminated

Inconel and Incoloy tubing and other materials

from operating PWR plants should be incorporated

into the Agesta decontamination circuits. The

demonstration results would then be much more

applicable to modern commercial PWR plants.

SMI HA
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Figure 2 Steam generator


