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ABSTRACT

As a first step toward the Subcommittee's aim to identify
significant corrosion and coolant technology problems in nuclear
power plants a survey of operating plants was made to determine
the importance of radiation fields to plant operation. A
questionnaire which covered experience to the end of 1969 in
plant operation, personnel exposure, radiation field measurements,
source of activities and an evaluation of radiation field effects
was sent to operators of eleven water-cooled power reactors in
the United States and Canada; replies were received from seven.

The results showed that radiation fields are already a
concern in most operating power reactors and can be expected to
become increasingly important as the stations mature. The major
radiation doses are derived from exposures during shutdowns to
the fields from activated corrosion products, primarily cobalt-60.

Decontamination does not appear to be a good answer to
radiation field problems; a combination of changes in various
design and operating factors is needed- To define these, more
information is required - better operating data on radiation fields
and component reliability^ and a better understanding of the
parameters controlling the movement of activated corrosion products,
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Enquête sur les exigences en matière de contamination

et de décontamination des centrales nucléaires

refroidies par eau

Cette enquête a été effectuée par le Sous-Comité des systèmes
nucléaires du Comité de recherche ASME chargé d'étudier

l'eau d'alimentation des chaudières

par

D.H. Charlesworth

Résumé

Comme premiere étape vers l'objectif du Sous-Comité
qui est d'identifier la corrosion et les problèmes de techno-
logie de caloporteur dans les centrales nucléaires, on a fait
une enquête sur les centrales en service afin de déterminer
l'importance des champs de radiation dans le fonctionnement
des centrales. Un questionnaire sur l'expérience acquise
jusqu'à la fin de 1969 dans les domaines suivants: fonctionnement
des centrales; exposition du personnel; mesure des champs de
radiation; sources d'activité; et évaluation des effets locaux
de la radiation, a été envoyé aux opérateurs de onze réacteurs
de puissance refroidis par eau aux Etats-Unis et au Canada.
Sept opê-r-teurs ont répondu à ce questionnaire.

Les données fournies ont montré que les champs de
radiation causent déjà beaucoup d'inquiétude en ce qui concerne
la plupart des réacteurs de puissance en fonctionnement et l'on
peut s'attendre a ce que cette inquiétude grandisse à mesure
que les centrales vont vers leur maturité. Les principales
doses de radiation sont enregistrées lors des arrêts par
l'exposition à des champs engendrés par les produits de
corrosion activés, particulièrement le cobalt 60.

La décontamination ne semble pas être une bonne
solution pour les problèmes posés par les champs de radiation;
une combinaison de modifications dans les divers facteurs de
conception et de fonctionnement est nécessaire. Pour définir
ces modification-, plus de renseignements sont nécessaires.
Il faut de meilleures données acquises en cours de fonctionnement
sur les champs de radiation et sur la fiabilité des composants
et une meilleure compréhension des paramètres qui régissent le
mouvement des produits de corrosion activés.

L'Energie Atomique du Canada, Limitée
Laboratoires Nucléaires de Chalk River

Chalk River, Ontario

AECL-3868
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DECONTAMINATION REQUIREMENTS - A SURVEY

Conducted by the Subcommittee on Nuclear Systems,
ASME Research Committee on Boiler Feedwater Studies

by

D.H. Charlesworth
Chemical Engineering Branch

Atomic Energy of Canada Limited
Chalk River, Ontario, Canada

A condition unique to the nuclear part of the power industry
is the need to operate and maintain the plants in the presence of
radiation fields. When the Subcommittee on Nuclear Systems was
formed within the ASME Research Committee on Boiler Feedwater
Studies it undertook to identify and resolve significant corrosion
and coolant technology problems in nuclear power plants. Toward
this end a survey of operating plants was made to determine the
importance of radiation fields, particularly those generated by
activated corrosion products, to plant operation. This report
summarizes the results of the survey and draws some conclusions
from them in combination with other published reactor experience.

Scope of Survey

The survey was conducted by a questionnaire which requested
information covering experience to the end of 1969 on plant
operation, personnel exposure, radiation field measurements, source
of activities, and an evaluation of radiation field effects. The
questionnaire was sent to eleven operating water-cooled power
reactors in the united States and Canada; replies were received
from seven. In the replies all the main reactor concepts were
represented; pressurized-water, boiling-water, and heavy-water
cooled. Gross electric power ratings ranged from 4 tr 600 megawatts,
and their operating time from 3 00 to 1650 effective full-power
days. Major system rcaterials were: stainless steel and carbon-
steel piping; stainless steel, Inconel-600 and Monel-400 steam-
generator tubing; stainless steel and Zircaloy fuel sheathing.
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Experience with all the common chemical control conditions was
represented - pH near 10 with lithia or ammonia, and pH near
neutral, all with and without boric acid as a poison shim.

Radiation Sources and Their Relative Importance

There are three categories of radiation sources which can be
important to the operation of a nuclear power plant: fission
products, activation products of coolant, and activated corrosion
products. Since only the last was mentioned in responses to the
survey, there can be little doubt that activated corrosion products
are the radiation source of most concern to the operating staff.
The activation products of water would not be expected to be large
contributors since their abundance and distribution are readily
calculable; and provision for their control can be made in the design.

It is reassuring that fission products have not created a
major radiation field problem since most, if not all of the reactors
have experienced at least a few fuel failures. This behaviour is
a tribute to the good stability of UO2 fuel in contact with water.
The record is not, however, perfect. There have been at least two
published reports'1'2) of operating problems from fission products
released from failed fuel.

There are a variety of activated corrosion products which
contribute to plant radiation fields. The most important are
listed in Table I along with the parent nuclides, and the relative
gamma power at saturation specific activity, a measure of the
relative contribution to radiation fields of similar weights of
irradiated material. The outstanding position of Co-60 is clear.
Tho other important factors which determine the contribution are
tne amount of material being irradiated and its mobility.

In four of the responding reactors cobalt-60 was judged to
be the largest contributor to radiation fields; in two, cobalt-58
predominated; in the other, Zn-65 was important.

Radiation Fields

Some typical radiation fields near process equipment in the
reporting reactors are summarized in Table II. These data reflect
a broad range of conditions but, nevertheless, indicate significant
differences in contamination buildup between various plants.
Unfortunately, the reasons for the differences cannot be deduced
because the details of pertinent plant and operating factors
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TABLE I

Some Important Radionuclides in
Activated Corrosion Products

Nuclide

Co-60

Co-58

Zn-65

Cr-51

Mn-54

Fe-59

Half-Life

5.3 years

71 days

245 days

28 days

303 days

45 days

Relative y-Ray
Power at Saturation*

1500

1

2

0.4

0.06

0.07

Parent
Nuclide

Co-59

Ni-58

Zn-64

Cr-50

Fe-54

Fe~58

* Relative MeV/sec for a given weight of nacural
element irradiated to saturation in equal fast
and thermal neutron fluxes.



- 4 -

TABLE II

Radiation Fields from Coolant System Components

Radiation Fields* (itiR/li)

aactor

A

B

C

D

E

F

G

Main
Piping

75

-

900

450

250

500

500

Circulating
Pump

30

-

500

475

6

40

500

Steam
Generator

10

-

-

25

45

350

1200

Current
Trend

Steady

-

Decreasing

Increasing

Increasing

Increasing

Increasing

Major
Nuclide

Co-58

Co-60

Zn-65

Co-60

Co-58

Co-60

Co-60

* Measured approximately one day after reactor shutdown

- Indicates not reported
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are not known. Also, the procedures for monitoring radiation
fields vary so widely that direct comparison of data from even
two similar plants is usually ambiguous. Just as standardized
chemical sampling and analysis techniques would benefit the
industry, consistent and reproducible radiation monitoring would
greatly aid the understanding of the field experience which is
beginning to accumulate.

The effect of time on radiation fields shows variety from
plant to plant in the survey; most exhibit an increasing trend,
but one was steady and one decreasing. The behaviour is
influenced by the half-life of the predominant nuclide producing
the fields. As expected, radiation fields from shorter-lived
nuclides tend to level off as the specific activity approaches
the saturation value. When these nuclides predominate, as they
do early in the operation of all reactors and much longer in some,
the fields tend to have an upper bound but may fluctuate considerably.
However, in nearly all water-cooled power reactors for which
radiation field information is available^ ' ' for an extended
period, the trend includes an increasing contribution from cobalt-
60 which is, or promises to be, predominant and remain so for
the rest of the plant life.

In older systems in which cobalt-60 does not yet predominate,
the reason for the shorter-lived nuclide being dominant can usually
be traced to a condition or material choice which has already
been changed in the plant, or at least in the subsequent generation
of the concept. The long-range outlook is consistent that, unless
there is a major change in material selection for reactor components,
cobalt-60 will be the controlling.factor in determining shutdown
fields from mature systems.

The sources and concentrations of the cobalt-59 from which
the cobalt-60 is produced are:

- cobalt-rich hard-facing alloys (up to 60% Co) in valves,
pumps, rod drives etc.

- cobalt impurity in nickel alloys (0.02 to 0.5% Co),
especially in those components which expose large areas
to the coolant (e.g. steam-generator tubing) and/or are
within the reactor core (fuel sheaths, core internals).
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Effect of Radiation Fields on Operation

All but two of the responding plants considered radiation
fields a significant factor in their plant operation; one
considered the effect unimportant and the other had not reached
a conclusion. However, in general, severe limitations are being
encountered in most plants only when unusual conditions arise,
most often as a result of a problem with a specific plant component
such as the steam generator.

The radiation exposures experienced during the last reporting
year for each plant are summarized in Table III. Most were able
to restrict the total dose in the year to about 100 man-rem. One
plant, however, incurred a dose of 1000 man-rem during that year.
Most of the plants have, during one or more of their operating
years, exceeded 500 man-rem.

The distribution and source of the exposures is not entirely
consistent from plant to plant but most fit this generalization:
a lax-ge majority of the dose occurs during shutdowns and the
maintenance staff account for half or more of the total exposure
and have the highest average individual exposure. Factors which
increase the exposure during on-power operation appear to be fuel
failures and tritium exposure. A frequently mentioned source of
operating exposure is the handling of coolant purification filters
and ion-exchange resins.

If conditions arise within a plant which require the
expenditure of more than about 300-400 man-rem in one year, the
available man-rem among the station staff is not sufficient to
do the needed work. Extra help must be brought in either from
other parts of the utility or from outside contractors. A good
indicator of the approach to this situation is the average
individual dose listed for the major staff functions in Table III.
Annual doses averaging more than 3 or 4 Rem per man are probably
not feasible because of the single quarter limits, the uncertainties
of direct-read dose measurements and the lack of flexibility it
imposes on the operation. Most plants seem to be a factor of 2
or 3 off this limit in normal years. However, any combination of
increased shutdown fields and maintenance demands which doubles
this dose will require a staff increase, either permanent or
temporary.



TABLE III

Radiation Doses Incurred During Last Reporting Year

Manpower
Average Dose
(Rem/Man)

Total Dose
(Rem)

Dose During
Shutdowns
{% of Total)

Function* M 0 M 0 M 0

Importance
to

T Operation

Reactor A 0.5 0.3

Reactor B 0.9 0.2

0.2

0.0

30 13

55 20

- 9 52

- 0.1 75

Reactor C 2.6 1.7 1.8 0.8

Reactor D l . O 1.1 - 0.5

Reactor E 1.9 0.9 - 0.1

Reactor Fl.2 1.2 - 0.6

Reactor G 3.3 3.2 - 1.1

34 52 31 9 126

14 38 - 10 62

80 50 - 95 75 Not
Established

95 100 - 100 96 Not

Significant

24 33 21 22 26 Significant

90 90 - 100 92 Significant

23 55 - 28 106 95 75 - 99 86 Significant

115 124 - 46 285 50 50 - 100 58 Significant

340 360 - 300 1000 - - - 80 Significant

* M = Maintenance, O = Operation, S = Supervision, C = Contractor or off-site

T = Total
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In practice, of course, a shortage of particular skills is
encountered before the overall dose average becomes worrisome.
For example, any significant work on the main coolant circuit will
probably expend the station's staff of qualified welders.

Contracted manpower to implement the plant forces suffers
from a number of drawbacks which result from their lack of
familiarity with the field conditions. One of these effects is a
drain on the plant's supervisory man-rem budget - i.e. more close-in
supervision is required if the work crew does not have first-hand
experience of the systems.

Future Trends

Extrapolation of experience in current nuclear plants and
from the power industry in general indicates that plant contamination
could become a much greater problem as more plants mature and
enter their second and third decades of operation. This trend
is evident from the simplified picture of Figure 1. The amount
of radiation exposure is a product of the radiation fields and the
maintenance effort required. The radiation fields are expected to
increase steadily during plant life. The maintenance effort is
related to the unreliability of the systems which is normally
high initially during shakedown, then low for a period before
increasing again as components wear or corrode. The combination
of the steadily increasing radiation fields and the normal
unreliability curve indicates that total radiation dose will remain
relatively constant in the first five or so years of operation,
then increase steadily as the operatxon extends beyond ten years.
This example is, of course, based on assumed curves which need to
be established from actual nuclear plant experience.

Radiation Field Control

Having reached the conclusion that current plant operating
experience indicates a growing problem from radiation fields which
could seriously affect the operation of mature plants let us
examine the alternatives available to reduce the rate of system
contamination. Improved component reliability would, of course,
ease the dose problem but this factor is outside the scope of this
evaluation-

Decontamination is the most direct approach to radiation field
control. Both frill-system and individual-component processes
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Figure 1 - Expected Trends of Radiation Fields and Annual
Dose During Plant Lifetime
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have been used in a number of reactors(4)- None of the reactors
included in the survey have undertaken a full-system decontamination,
but one of them has decontaminated components in-situ, and most
have decontaminated components after they were removed from the
system. In-situ decontamination of a highly contaminated component
may be the best way of doing a specific repair job but the effect
on fields is local and is mainly lost once the system has been in
operation again for a few months. Isolation and fill-and-drain
connections for the component may involve major dose expenditures
if they were not provided originally. In general, the efficiency
of dose usage for the combined decontamination-repair operation is
poorer than for whole-system processes,

Whole-system decontaminations have a much longer lasting
effect since they remove not only the major part of the activity
but also most of the inventory of corrosion products which has
been supplying the target nuclides for activation. The process is,
however, costly and time-consuming and involves some risk to the
system if the system materials do not match well to a single
decontamination process.

One of the major difficulties and costs of chemical decontami-
nations is the disposal of the waste solutions. The quantities
involved for a 1000 MWe unit, especially if it does not have
steam generator isolation valves, are so large that a decontami-
nation may not be feasible. For example, based on chemicals
currently in use a whole-system decontamination might produce
300,000 gallons of highly radioactive waste solution containing 50
tons of chemicals plus an equal volume of radioactive rinse wastes.

Decontamination chemicals effective at very low concentrations
which could be concentrated to reduce waste volumes would greatly
relieve this problem if such chemicals could be developed.

A stage of development beyond low-concentration decontamination
would be a dilute agent which could be used periodically during
operation, that is, on-stream cleaning. The further extension,
an agent used continuously during operation, leads us from
decontamination into operating procedures aimed at inhibiting
the build-up of radiation fields. These procedures could be
coolant chemistry control, or high-rate purification or other
means of regulating the movement of corrosion products. The
basic understanding of corrosion product transport(3,4,5) which
could guide such development is, unfortunately, yet to rise to a
useful level.
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The prime factors affecting control of radiation fields are,
of course, determined at the design stage - material selection,
equipment layout and the provision of shielding. The interaction
of these design factors with the operating conditions to achieve
the general and specific objectives involved in reducing radiation
fields is illustrated in Figure 2. To these factors must be added
reliability and maintainability of equipment to achieve the final
objective of reduced exposures to the plant staff.

The relative importance of these factors varies with each
particular plant. The replies to our questionnaire suggested a
number of topics which need to be investigated. In brief these
were:

- more efficient methods of removing crud during operation

- ways of easing the maintenance of components including
the improved application of shielding and decontamination

- reduction of operator exposure during the handling and
disposal of active wastes, particularly in the changing
of filters and ion exchange resins

- 'crud burst" phenomena and their effect on fields

- the reduction of the cobalt content of components exposed
to the coolant

This list points out needs for improvements from all contributors
to the nuclear power industry - designers and vendors, material
and component suppliers, operators and development groups.

Conclusions

The results of the survey have shown that radiation fields
are already a concern in most operating power reactors and can be
expected to become increasingly important as the stations mature.
Even in the first years of operation it has not been uncommon for
a station staff to expend its allowable exposure and to require
off-site help to fulfil its maintenance needs. As nuclear plants
become an increasing fraction of the installed capacity, availability
of experienced supplementary manpower may be a problem unless better
means of radiation field control are incorporated in the new plants.
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The major radiation doses are derived from exposure during
shutdowns to the fields from activated corrosion products. The
controlling nuclide, especially in mature plants, is cobalt-60
and a reduction in the amount of natural cobalt exposed to the
coolant would have a direct effect in reducing the radiation fields.

Decontamination is not a good answer to radiation field
problems but may be the only solution in plants of current design
if major maintenance or modirication projects are required. For
future plants a combination of various design and operating factors
to suppress the growth of radiation fields is a needed development.
For this development to proceed in an efficient manner two types
of information must be forthcoming:

- better operating data on radiation field behaviour and on
component reliability, both on an industry-wide basis, and

- a better understanding of the parameters controlling the
movement of activated corrosion products.

The production of this information is a task in which this
Subcommittee should perhaps become involved.
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