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ABSTRACT

This report contains the papers presented and
the discussions that took place at the Third
International Workshop on ALARA
Implementation at Nuclear Power Plants, held
in Hauppauge, Long Island, New York from
May 8 - 11, 1994. The purpose of the workshop
was to bring together scientists, engineers,
health physicists, regulators, managers and
other persons who are involved with
occupational dose control and ALARA issues.
175 persons from eleven countries attended the
workshop. The countries represented were:
Canada, Finland, France, Germany, Japan,
Korea, Mexico, the Netherlands, Spain, Sweden,
the United Kingdom and the United States.

The workshop was organized into twelve
sessions and three panel discussions. The topics
for these were as follows:

SESSION 1 - CONTROLLING RADIATION
FIELDS

SESSION 2 - PANEL DISCUSSION ON
RECENT RECOMMENDATIONS ON DOSE
LIMITATION

SESSION 3 - PRESENTATIONS AND
PANEL DISCUSSION ON ALARA IN NEW
REACTORS

SESSION 4 - PATHWAYS TO ALARA

SESSION 5 - PANEL DISCUSSION ON
ECONOMICS VERSUS EXCELLENCE

SESSION 6 - SHORT PRESENTATIONS ON
ALARA IMPLEMENTATION

SESSION 7A - PWR AND CANDU
PRESENTATIONS

SESSION 7B - BWR AND GAS-COOLED
PRESENTATIONS

SESSION 8A - PWR AND CANDU
PRESENTATIONS

SESSION 8B - BWR AND GAS-COOLED
PRESENTATIONS

SESSION 9 - DECOMMISSIONING OF
NUCLEAR POWER PLANTS

SESSION 10 - DECONTAMINATION OF
NUCLEAR POWER PLANTS

SESSION 11 - ROBOTICS AND REMOTE
HANDLING

The workshop was sponsored jointly by the U.S.
Nuclear Regulatory Commission and the
Brookhaven National Laboratory’s ALARA
Center.







EXECUTIVE SUMMARY

Introduction

The Brookhaven National Laboratory’s ALARA
Center and the U.S. Nuclear Regulatory Com-
mission (NRC) periodically sponsor workshops
on the implementation of ALARA at nuclear
facilities. The third workshop in this series took
place in Long Island from May 7 to 11, 1994.
The gathering was truly international. The 175
participants from 11 countries included some of
the world’s foremost experts in their area. There
were representatives from international regula-
tory bodies, safety institutes, power plant
venders, utilities, contractors, consultants, and
insurers. Organizations such as the National
Council on Radiation Protection and
Measurements (NCRP), Nuclear Energy Agency
(NEA), Electric Power Research Institute
(EPRI), Institute of Nuclear Power Operations
(INPO), and Nuclear Energy Institute (NEI)
were also represented. This wide and diverse
attendance enriched the conference, and many
different aspects of ALARA and radiation
protection were discussed. Some of the main
findings that emerged from the various sessions
are presented below.

Opening Remarks and Session on
Controlling Radiation Fields

The workshop was opened by Dr. Donald A.
Cool of the NRC, who said that the ALARA
Center grew out of the need to ensure that
radiation exposures in the nuclear power industry
are as low as reasonably achievable without the
need for additional regulations. This need
continues. In the session that followed some of
the main points were:

There is now general consensus that pH control
is one of the most cost-effective techniques
available in reducing radiation fields in
pressurized water reactors (PWRs). The
question that has only partially been answered is
the effect of the required elevated lithium
concentration on fuel cladding corrosion. This
question will become even more significant as

utilities move to longer fuel cycles, requiring
more lithium.

Swedish experts recommended that it is not only
important to use enhanced pH to reduce
radiation fields in PWRs but also to control it
within a very tight band.

A Japanese paper suggested that maintaining pH
in a narrow band could be accomplished by using
automation in the control of pH. Automatic
control of the pH has been introduced in Japan
and is also available for other PWRs.

Zinc injection was shown to be a very successful
and low cost technique to reduce radiation fields
in boiling water reactors (BWRs). Preliminary
data show good results for PWRs also.
Moreover, the projected reduction in costs of
depleted zinc will make it even more cost-
effective.

Panel Discussion on Recent
Recommendations on Dose Limitation

The panel was chaired by Chatrles B. Meinhold
of the NCRP who explained the reasoning
behind the new recommendations and then asked
for a discussion on the subject. Some of the
points that emerged were:

Questions were raised about the dichotomy
between safety and dose control. Some
participants thought that reductions in dose
limits may have some adverse implications on
safety. For example, less surveillance and
inspections to save dose may result in reduced
safety. This problem may require further study.

Comments were made on the importance of
informing the public about such matters as the
significance of exposures, about ALARA,
combined risks, and how dose limits are set.

Dr. Mary Measures of the Canadian AECB
raised the question of informed consent for
women rather than regulations to protect the




fetus. She thought that such a regulation would
be very difficult to enforce, and Canadian women
considered that it would have a discriminatory
effect in that it would lessen their job opportuni-
ties.

Some participants thought that as new and
stricter dose limits are imposed new anxiety is
created in radiation workers. The perception is
created that they were not being adequately
protected in the past. It was thought that this
again was an area where more could be done to
inform the workers about how dose limits are set
and how other risks compare with radiological
risks.

Christopher Wood of EPRI proposed a simply
written question and answer manual which could
enhance worker understanding. A similar
booklet may also be useful for public
information.

Session and Panel Discussion on ALARA
in New Reactors

The session on ALARA in New Reactors
brought out a number of very important points:

If the new U.S. reactor designs apply the
experience gained so far, annual collective dose
per plant could drop very drastically from
present values of hundreds of person-rem to
perhaps a few tens of person-rem for even very
large new reactors. However, the present design
targets have so far been set rather high
conservatively.

The U.S. NRC has shown foresight in leaving
sufficient flexibility in the standard designs to
allow venders to profit from the new lessons
learned in the area of dose reduction in reactor
design.

The reactor venders are making very good use of
ALARA information and data in the design of
advanced reactors. This lets the intent of the
NRC, to have safer and more benign new
reactors, to be fulfilled and yet allows the NRC
to be less prescriptive in its rules and guidance.

The new German plants are setting the pace in
dose reduction. Yearly collective dose
equivalents in these plants are around 20 person-
rem. The primary reason for this is the changes
made by the Germans at the design stage. A
secondary reason is the use of modern chemistry
to reduce radiation fields.

Swedish, French, and U.S. plant doses are low,
but the data show that there are some signs that
plant doses may once again start to increase due
to various reasons mainly involved with plant
aging. Thus, ALARA surveillance, oversight and
advice will be required to ensure that everything
reasonable is being done to protect radiation
workers.

The United Kingdom is expecting a yearly
collective dose equivalent for Sizewell B of
around 200 person-rem, having benefited from
U.S. and German experience. Their next PWR,
Sizewell C, will incorporate even more recent
experience and doses have been conservatively
estimated for this plant to be about 35 person-
rem.

Panel Discussion on Economics versus
Excellence

There was lively discussion during this panel.
Some of the points made were:

Harvey Cybul of INPO (and Daniel Malone of
the PWR ALARA Committee in a separate
session) discussed the extreme importance of
reducing cost in nuclear generation in order for
the nuclear industry to survive.

Several speakers stressed the importance of
doing more with less.

There was general consensus that better work
planning was perhaps the most cost-effective way
to reduce dose.

Alan Homyk gave an example where a 20%
reduction in dose was realized due to better work
planning techniques.



Sessions on Decontamination and
Decommissioning

In the area of decontamination, the Canadian,
German and U.S. presentations all illustrated the
importance of proceeding as rapidly as possible’
with full-system decontamination with the fuel in
place. Techniques are now available in the U.S.,
Canada, the U.K,, and Germany which have
been proven to be safe from a technological
viewpoint. Only a few final wrinkles need to be
ironed out. It was also illustrated during the
workshop that one utility has agreed to conduct a
pilot project for this task. This is very
courageous since there is some risk still involved
for components costing hundreds of millions of
dollars. Other main points that emerged were:

Decommissioning was shown to be possible and
can be performed at reasonable cost. It was
shown that new plants designed for decreased
radiation exposures will also be a Iot easier to
decommission.

One paper illustrated the importance of
exercising great care in radiation protection for
even old plants undergoing decommissioning,
because a near major incidence occurred in the
spent fuel pool at this very old plant. There was
for a time the possibility of uncovering active
fuel in the spent fuel pool.

U.S. plants are aging and decontamination and
decommissioning are going to become major
tasks. This implies that radiation protection and
ALARA in these areas is going to become more
and more important.

Miscellaneous Aspects

There were many other interesting presentations
in the areas of operation, maintenance, robotics,
remote handling, economics, ALARA criteria
from the viewpoint of insurance, and the effect
of respirators on worker performance. For
example, in the session on Pathways to ALARA
the new ALARA policy of Electricité de France
was described. An assessment of the benefits
and impacts on the U.S. nuclear industry of the
hypothesized lower occupational dose limits was

presented. There were presentations on the
ALARA experiences of European installations,
the NEA’s Information System on Occupational
Exposures (ISOE) and on the economics of
radiation protection. A paper from Rolls Royce
of the U.K. described six steps to a successful
dose reduction strategy. In other sessions there
were reports by the Chairpersons of the BWR
and PWR Radiation Protection ALARA
Committees on the work of their committees.
The details are in this volume.

Conclusion

The conference showed that there has been a
massive change in the extent of radiation doses
that workers are receiving from nuclear plants
since the time of the first workshop held in 1984.
In all the countries represented at the workshop
the doses have dropped very considerably. This
has been largely due to the strong stress on
ALARA in most countries, to the efforts of the
industry, the leadership of the advisory agencies
such as the ICRP and the NCRP and the
insightful approach adopted by the regulatory
bodies. It has resulted in a much more benign
radiological environment for occupational
workers. Moreover, research and development
has so far advanced reactor design technology
that the next generation of reactors are going to
require very low annual collective exposures to
service and maintain them. The slight upward
trend in collective doses in some countries where
the doses have hitherto been very low are some
cause for concern. In order to keep improving
the radiological climate for occupational workers
and to ensure that decommissioning of the older
reactors is safe and results in doses to workers
that are as low as reasonably achievable, constant
vigilance is still going to be necessary.







FOREWORD

The Third International Workshop on ALARA Implementation at Nuclear Power Plants was hosted by
Brookhaven Natjonal Laboratory in May 1994. The workshop was attended by 175 participants from 11

countries, including representation from regulatory agencies and other organizations such as NCRP,
EPRI, INPO, NEI, and NEA.

Topics discussed included control of radiation fields, ALARA in new reactor designs, and the economics
of dose reduction and decommissioning. Discussion was extensive and several new findings were
presented at the conference. PH control and zinc injection were identified by participants as especially
cost-effective dose-reduction techniques. Considerable attention is being paid to dose control in the
design of evolutionary and advanced reactors and significant reduction in operating dose costs are
expected. A consensus is building that decontamination of present systems with fuel in place is fedsible
and could be very effective for U.S. designs. It was noted that reduced dose limits and the new more
complex protection regulations will require improved training of workers and public information.

Both individual and collective doses have been declining in the U.S. for the past 10 years. There was
some discussion during the conference to the effect that with increasingly tight budgets, even more cost-
effective dose-reduction measures will have to be found. The general consensus was that we have not
reached a point when dose reduction efforts can be relaxed.

The information, results, approaches, and/or methods described in this NUREG are provided for
information only. Publication of this report does not necessarily constitute NRC approval or agreement
with the information contained herein. :

N d

‘. P e,
ettt g e

Donald A. Cool, Chief

Radiation Protection and Health
Effects Branch

Division of Regulatory Applications

Office of Nuclear Regulatory Research
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John W. Baum
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Good morning, and welcome to Long Island, New York, and to the Third International Workshop on
ALARA Implementation at Nuclear Power Plants. This is the third such workshop we have had. The
previous two were held at Brookhaven National Laboratory. The first one was about ten years ago. At
that time, the U.S. Nuclear Regulatory Commission was concerned that the doses at U.S. nuclear power
plants were much higher than at most other countries throughout the world. They began funding three
small projects at Brookhaven to look at the questions of how the U.S. compares to the rest of the world,
to identify the high-dose jobs, dose-reduction techniques and so on, that could be used to reduce doses,
and to determine if the doses at plants in the U.S. are as low as reasonably achievable.

In order to focus industry’s attention on these efforts, we suggested the formation of what we call the
“BNL ALARA Center," which has been functioning since that time as an information-gathering, analysis,
and dissemination center focused on this question of dose control at nuclear power plants. Over the last
six years, it has also served a similar function for DOE facilities. The NRC effort has been supported by
the Radiation Protection and Health Effects Branch of the Nuclear Regulatory Commission. We have as
co-chair of this session, Dr. Donald Cool, who is the Chief of this branch, which is in the Office of Nuclear
Regulatory Research. Later on in this meeting, we will hear from our colleagues from the Department of
Energy, who supply support for that part of the effort.

We are very grateful to all of you in the audience who have helped over these past ten years to reduce
doses at the various sites. As a result of your efforts, the doses in the U.S. have come down about a factor
of two per plant, while power generation per plant has increased by a factor of two, so there is a net
increase of about a factor of four, which is certainly very commendable, and we think, hopefully, that this
information exchange has contributed somewhat to that.

I am not going to tell you much about the ALARA Center -- most of you are familiar with it. There is a
little brochure in the inside cover of your preliminary proceedings binder that describes the ALARA
Center in more detail for those of you who are not familiar with our activities. We also have a booth
outside which has a computer and fax machine set up so that we can demonstrate the various databases
that can be accessed in our system. Demonstrations will include the simple one where you can fax
information back to yourself with a fax machine without the need for a computer.

The purpose of the workshop is, of course, to continue this process of information exchange, and we’d like
to encourage you to make new friends here, meet old acquaintances, and through this interaction, we hope
you will optimize the process at the international level. We are interested not only in optimization at the
plant level but also internationally, and the ALARA Center will continue to support that activity. We
hope that you all will make use of it.

We would like to encourage anyone who has a question or a comment to come to the microphones in
either the center or the side aisles. The sessions will be recorded, and you will need to identify yourself so
that we can contact you if there are any questions about the question that you raised or the comment that
was given. We applied for certification credits for those who are certified members of the American
Academy of Health Physics. You will be given 16 credits for this meeting if you need them for your
recertification. So with that brief introduction, I'd like to turn the meeting over to Dr. Cool.






THE FUTURE OF ALARA

Dr. Donald A. Cool
U.S. Nuclear Regulatory Commission
Division of Regulatory Applications
- Washington, D.C. 20555

Good morning. On behalf of the Nuclear Regulatory Commission and my branch, the Radiation
Protection and Health Effects Branch, I want to welcome you to this Third International Workshop on the
Implementation of ALARA at Nuclear Power Plants. I am very appreciative of Brookhaven and the
ALARA Center for hosting this for us and the work that they do for us associated with keeping track of
all of the activities going on in the radiation protection community, nuclear power plants, and now
branching into other areas in terms of doses, dose-reduction techniques that are available, work activities,
and the variety of things that go into ALARA.

As the sponsors of this conference, we are tremendously pleased with the participation that we are
seeing, both nationally and internationally. The program this week represents our continued emphasis on
reducing exposures to individuals, to populations. It illustrates the application of ALARA to future
reactor designs. There are people considering what they may build and what the next generation of
facilities will look like, and also for designs of what we are going to do over the course of time as we begin
to take plants off line and to begin to actually decommission facilities and what ALARA will mean in the
context of decommissioning.

January 1 of this year, for those of you who are familiar with history, may not go down as another
day that will live in infamy, but it was an important date in terms of the radiation protection community in
the United States. It was on that date, just a few months ago, that licensees in the United States were
required to implement the revised 10 CFR 20, which are our basic standards for protection against ionizing
radiation. That revision incorporated the recommendations of the ICRP, International Commission on
Radiological Protection, as presented in publication 26, and finally managed to bring the United States out
of the Stone Age into perhaps the Medieval times with respect to the radiation protection philosophy.

Probably the most significant changes, from the perspective of the regulators and the licensees, are
the reduction in the "limits" of occupational exposure by a factor of about three. The requirements
actually sum internal and external exposures to get what we call in the United States a total effective dose
equivalent and a requirement for ALARA as part of radiation protection programs. Yet these changes are
not really all that significant from the perspective of the nuclear power plants. Doses at the nuclear power
facilities have been a lot lower than the new numbers for a number of years. Why? The answer is
ALARA. As you can see, the collective dose, and John Baum has already mentioned this, from the
nuclear power plants in the U.S. has declined in the post-TMI era from a high in the 1983 time frame of a
little bit over 560 Sv collective dose to less than 300 Sv in 1992. This decrease has been achieved even as
the total number of facilities coming on line has increased. It is really a significant change in the total
amount.

As a class, the boiling water reactors, the BWRs, have had a little bit farther to come and have
made a tremendous amount of progress. In 1980 the average collective dose was just over 11 Sv. In 1992
it was down to less than 4.

PWRs have also made tremendous progress. Their collective dose decreasing from a high of
about 6.5 Sv in 1981 to just over 2 Sv in 1992. However, collective doses are not necessarily the whole
story here. In addition to that, the average measurable doses for the individuals has declined, going from
a high of slightly under 7 mSv in 1980 to less than 3 mSv in 1992, These reductions in dose are a tribute




to the effort that the industry has undertaken, despite the fact that ALARA or the optimization process
has, until very recently, only been in the U.S. regulatory term a “should,” which means a lot of arm
twisting, a lot of good will, and a lot of voluntary efforts to reduce exposures.

At a time when engineering efforts at some facilities, such as steam generator replacements, pipe
replacements, different kinds of outages, are becoming almost common place, these kinds of improvements
are really kind of remarkable. Use of ALARA reviews, job planning, and other kinds of activities are
responsible for a large share of the credit. But the easy fixes have pretty much been accomplished.
Further reductions in doses to individuals and groups are going to be harder to achieve in the future.
However, as you are going to hear over the next three days, there are a number of techniques, a number
of activities — robotics and other kinds of advances -- that do hold promise for the future.

The U.S. NRC, and, in fact, the entire world, is now faced with the changes in radiation risk
factors over the last 8 or 9 years, and resulting recommendations of the ICRP published in publication 60,
and in similar reports from the United States’ version, the National Council on Radiation Protection and
Measurements. As you may know, incorporation of these recommendations into the regs could entail new,
even lower occupational limits in order to effectively implement a long-term objective of less than 1 Sv of
dose to an individual over the course of their working lifetime. But, once again, the data show that the
reality of exposures in the workplace are already significantly less than the recommended limits.

This chart shows the number of individuals whose 5 year dose exceeds the 100 mSv ICRP 60
recommendation for a 5-year averaging period. This is actually a rolling sort of average, so it changes by
one each year. As you can see, this number has gone from a high of about 820 or so individuals in the
years immediately following the TMI incident to only about 150 for the latest time period, 1992. The U.S,,
as with most countries, requires submitting data following the year, so we have the 1993 data which is
currently being submitted to the Commission. The reporting period ends in April, so we should have that
analysis available in the August type of time frame for 1993. T expect that this number, the number of
individuals who have a 5-year average over 100 mSv, will continue to decline. In fact, out of the over
200,000 monitored individuals in the U.S. in nuclear power, only 482 had doses greater than the 20 mSv
average value in 1992,

Individuals with Doses >100 mSv in 5 yrs
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ALARA in the 80s meant reducing wasted dose, which resulted in both lower collective doses and
lower individual doses. ALARA in the 90s, as we continue to move forward, is likely going to mean
something closer to optimizing doses to individuals and groups. We are going to have situations where we
are going to have higher dose areas. Plants get older, and as you begin to decommission facilities, there
will no doubt need to be trade-offs that have to be carefully analyzed. It may, in fact, no longer be
possible in all cases to have both, as they say in the United States, "have our cake and eat it too." That is,
reduce the individual and collective dose simultaneously.

As we enter the 21st Century, we are being faced with new challenges. Decommissioning of those
facilities that were constructed during the boom years of the 60s and the 70s -- the current generation of
plants -- is going to require us to learn how to reconcile exposures to different generations as well as
different groups of individuals. Questions and issues are going to be raised and have already been raised.
Reducing doses to workers versus reducing doses to the public of future generations. Or as another
example, is it more dose effective or environmentally sound, if you will, to move radioactive material from
one place to another or to leave materials at sites which may perhaps never be completely restored to their
preexisting condition, or which for some reason such as the available infrastructure of power generation,
continue to be used in an industrial setting and, therefore, might not need to be taken back to what, in the
United States, is sometimes referred to as "green field," that is, returning it to entirely the way it was
before anything was built on the site.

Another question will be the scope of consideration of risks to be included in the ALARA
process. We have had the relative luxury, up until now, of being able to look at occupational doses, pretty
much just within the context of whose on the site, or public doses in the context of what leaves the site as
effluents. Now we’re going to have to broaden that to consider things such as transportation of materials
as we begin to decommission facilities and consider whether or not to move materials off the site.

These types of considerations have not been part of the typical analysis that has been conducted in
the past. And then there is the issue of timing. Should we, for example, allow, or perhaps even require,
twenty or fifty years of component decay before we start dismantling the facilities. If we do that, it means
that workers who ultimately do the decommissioning will be working in an unfamiliar environment. In
fact, it will be a whole other generation of workers -- workers who are not part of this culture familiar with
these facilities. At question will even be what ALARA itself means in the context of the multiattribute
analysis environment that we are now doing decisions in the U.S. and around the world in a climate of
competing demands and uncertainties. All of the safety implications are going to need to be explored and
certainly not all of them can be quantified.

ALARA has saved the industry a great deal over the years. Lower doses has meant lower risk of
litigation, fewer workers, reduced overhead -- in general, a better operating environment. The real
challenge for the next century is to help the public understand what ALARA really means. It’s no longer
going to be enough to optimize exposures or even reduce worker or public risk. We must now begin to
remove the mystery that seems to be so prevalent outside the radiation protection community about this
"thing” we call ALARA. ALARA has the potential to restore public faith in the use of nuclear materials,
but only if it is understood as the tool that everyone wants. Namely, reducing risks and taking everyone’s
interests into account. This has really been brought to mind so clearly in the United States as the NRC
has been pursuing an enhanced rule-making process for the radiological criteria for decommissioning. We
have spent a tremendous amount of time over the past year going around the country in a series of
workshops to get early public input into the kinds of considerations that ought to be placed into these
criteria. It was a tremendous eye-opening experience, both the range of viewpoints and what some of
those viewpoints were. And they would not be as you might characterize them, all of the environmentalist
citizen groups being very negative. Some of them were very, very positive. Some of them were very
concerned in a global sense about having material spread around versus leaving it in places where they
knew where it was.




As long as ALARA is perceived as a chance to do less than could be done, it will not be accepted.
This fact has been made clear, as I said, in our dealings with environmental and community groups. In
waste management, in decommissioning, in license renewal, in construction of new facilities -- the job of
nuclear professionals, you and I, should be to begin to recover the trust that has been lacking in all the
nuclear and anti-nuclear activities taking place. Without public support, this industry is likely to die.
Acceptance is the key to whether or not it will continue. We need to use the successes of ALARA to help
us engender public trust to allow continued responsible use of radioactive materials in the 21st Century.

Once again, I welcome you to this international workshop and look forward to some of the things
that we will be hearing over the next three days.
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RECENT DEVELOPMENTS IN RADIATION FIELD CONTROL TECHNOLOGY

: Christopher J. Wood
Electric Power Research Institute (EPRI)

3412 Hillview Avenue
Palo Alto, California 94303 USA

INTRODUCTION

The U.S. nuclear power industry has been remarkably successful in reducing worker radiation exposures over the past
ten years. There has been over a fourfold reduction in the person-rem incurred for each MW.year of electric power
generated: from 1.8 in 1980, to only 0.39 person-rems in 1991 and 1992. Preliminary data for 1993 are even lower:
approximately 0.37 person-rem/MW.year. Despite this substantial improvement, challenges for the industry remain.
Individual exposure limits have been tightened in ICRP 60 and there will be increased requirements for special
maintenance work as plants age, suggesting that vigorous efforts will be required to meet the industry goals for
1995. '

Reducing out-of-core radiation fields offers the best chance of continuing the downward trend in exposures. To assist
utilities select the most economic technology for their specific plants, EPRI has published a manual capturing
worldwide operating experience with radiation-field control techniques (TR-100265). No one method will suffice,
but implementing suitable combinations from this collection will enable utilities to achieve their exposure goals.
Radiation reduction is generally cost-effective: outages are shorter, manpower requirements are reduced and work
quality is improved. Despite the up front costs, the benefits over the following 1-3 years typically outweigh the
expenses,

RADIATION EXPOSURE SOURCES

Occupational exposures are the product of the time spent in the radiation field and the radiation intensity (dose rate).
The former is determined by the amount of work to be done, the efficiency with which the task is carried out, and the
extent to which remote technology is utilized. Radiation fields result primarily from activated cobalt isotopes; the
dose-rate is determined by the amount of cobalt used in valves and materials of construction, control of water
chemistry to limit transport and activation of the cobalt, condition of out-of-core.surfaces in the primary system,
which determines how much cobalt is deposited, and the extent to which decontamination is utilized.

Cobalt isotopes are the main cause of exposure; radioisotopes from failed fuel are but a minor contributor. Cobalt is
activated to Co-60, the dominating gamma emitter. The widespread use of cobalt-base hardfacing alloys in U. S.
plants and the higher cobalt impurity levels in construction materials are key reasons why U. S. plants have higher
radiation fields than Swedish or modern German plants. The first goal of the radiation protection manager is,
therefore, to replace cobalt hardfacing alloys whenever possible and to specify low cobalt impurity levels in ordering
replacement components,

Cobalt-58, produced by the activation of nickel in corrosion products released by stainless steel and nickel-base
alloys, is the second most important exposure source. The impact of both cobalt and nickel sources can be
minimized by selecting water chemistry to minimize the release, transport, and activation of wear and corrosion
products. In limited areas, such as the chemical volume control system (CVCS) in PWRs, extra-fine filters can be
helpful. However, their benefit is more local than circuit-wide.

Activated corrosion products become a problem when they deposit on out-of-core surfaces, particularly in areas such
as PWR channel heads and around valves, where inspection and maintenance work is performed. Preconditioning the
surfaces of replacement components helps reduce activity pickup. If all else fails, chemical decontamination can
typically remove 90% of the deposited corrosion products.

TECHNOLOGY TO HELP REACH FUTURE GOALS

Radiation control technology can be divided conveniently into three categories: established or mature techniques,
recently-developed techniques that are now available for plant demonstrations, and the developments that are promised
for the future.




Established Techniques
Cobalt Reduction Guidelines

A close look at valve duty in nuclear plants has pinpointed conditions where the use of the cobalt-base Stellites TM as
a hardfacing alloy is not warranted. The latest results are described in the Cobalt Reduction Guidelines, Revision 1,
published in 1993 (TR-103296). Implementation of these findings affords utilities an opportunity to reduce personnel
exposures.

The recommendations of the guidelines have been implemented by Niagara Mohawk Power personnel who ordered
150 replacement globe valves with precipitation-hardened stainless steel seating surfaces. These valves are used in
manifolds that provide differential pressure measurements. New York Power Authority has replaced major cobalt
contributors, such as charging pump check valves, with cobalt-free valves that are performing well.

Niagara Mohawk also has purchased and installed at Nine Mile Point Unit 1 replacement control blades and local
power range monitors fabricated from stainless steel containing very low levels of cobalt (150 ppm and 250 ppm,
respectively). This should lead to reduced fields and reduced low level waste disposal costs.

PWR Primary Chemistry Control

Released Co-59 must be activated in the reactor core by its incorporation into the corrosion products that deposit on
fuel rods. A wide range of experiments showed that the amount of activated Co-60 is reduced if the lithium
concentration is increased in the primary coolant so that the pH exceeds 6.9. However, laboratory investigations
show that very high lithium concentrations can increase the corrosion rate of Zircaloy fuel rod cladding and the
susceptibility of Inconel 600 steam generator tubing to intergranular stress corrosion cracking. Thus, the benefits of
lower radiation fields must be carefully weighed against possible degradation of critical reactor components. The
PWR Primary Water Chemistry Guidelines: Revision 2 provide a way to avoid the pitfalls (NP-7077). The key
point is to operate at or above pH = 6.9 and as close as possible to pH = 7.4 to minimize corrosion-product
deposition and accelerated Zircaloy corrosion.

Three new PWRs, Vogtle 1, Comanche Peak 1, and Seabrook have used a modified coolant chemistry regime from
startup. Here the pH is maintained at 6.9 early in the cycle until a lithium concentration of 2.2 ppm is reached,
which is maintained until a pH of 7.4 is achieved. After about 1 EFPY of operation the average SG channel head
dose rate at these units is 4.2 R/h, which compares to a value of 6.4 R/h at other similar PWRs that have operated
using pH 6.9 chemistry.

Control of shutdown chemistry using peroxide addition and early boration to minimize activity transients is
discussed in PWR Primary Shutdown and Startup Chemistry Guidelines (TR-101884).

BWR Zinc Injection

When BWR radiation fields measurements were categorized according to the type of condensate treatment system and
the alloy used in the condenser tubing, it was found that soluble zinc inhibited the corrosion of stainless steel and
reduced the incorporation of Co-60. The lead utility in applying this technology was Public Service Electricity and
Gas, which injected zinc from startup at its Hope Creek unit in 1986. The results of fuel examinations after three
fuel cycles on zinc show that the zirconium oxide corrosion thickness on the fuel is in line with other BWR fuel
experience. Some units have seen increased fields due to Zn-65 and technology to deal with this problem will be
discussed later. Currently ten U. S. units are injecting zinc.

Zinc injection can help minimize the increase in shutdown radiation fields observed in some plants when hydrogen

injection is implemented to control intergranular stress corrosion cracking. The BWR Water Chemistry Guidelines,
1993 Revision (TR-103515) discusses the gptions of water chemistry, including zinc injection.
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Electropolishing Replacement Components

Laboratory, loop, and plant tests have shown that ex-core components incorporate less radioactivity if the surface is
smooth. The earliest application of electropolishing to reactor components was on replacement BWR recirculation
piping that was installed at Northern States Power's Monticello plant and Omaha Public Power District's Cooper
plant. Subsequently, all BWR replacement recirculation piping has been electropolished.

Replacement PWR steam generator channel heads make use of three structural alloys. Programs to qualify
electropolishing investigated prototypical materials and processes used by steam generator fabricators. No adverse
results were found, and results on test coupons exposed in European PWRs indicated that electropolishing of
representative weld overlay alloys would reduce radioactivity pickup by about a factor of three. In the U. S. channel
heads have been electropolished at Northeast Utilities' Millstone-2 and at Consumer Power's Palisades unit.
Northeast Utilities expects to avoid at least 18 man-rem per outage.

Part System Decontamination

Decontamination of recirculation systems at BWR plants has become almost routine at many utilities. The number
of recirculation system decontaminations has doubled in the past two years, mainly as a result of the increase in
fields observed in units that have implemented hydrogen water chemistry as a measure to mitigate IGSCC. The
LOMI process has been used for all recent recirculation piping decontaminations. The CAN-DEREM and CITROX
processes have been used for other BWR systems and PWR components. Decontamination developments are
reviewed in another paper at this workshop.

Recently-Developed Techniques

High-Performance Cobalt-Free Hardfacing Alloys

Field tests of a new iron-base hardfacing alloy in key nuclear plant valves have been initiated. PWR utilities,
including Consolidated Edison, Union Electric, and Houston Lighting and Power, are using NOREM trim in small
gate or globe valves with isolating functions in the chemical and volume control system. The BWR utility, Boston
Edison, is using NOREM in a large 12" gate valve that is being used to regulate feedwater flow. Successful
performance will provide further confirmation of the extensive laboratory and loop test data showing the EPRI iron-
base alloys, designated NOREM, have wear resistance matching the cobalt-base Stellite alloys. Licensees have
produced weld consumables in the form of powder and wire, and valve vendors have developed welding procedures for
these product forms. In addition to reducing the cobalt inventory, evaluations by the EPRI NDE Center showed that
the NOREM alloy wire can be deposited by gas tungsten arc welding on carbon and stainless steel substrates without
preheating. This advantage should facilitate valve refurbishing operations in the field, further contributing to
exposure reduction,

Replacing Cobalt Pins and Rollers in BWR Control Blades

The first plant demonstration of equipment to replace the upper pins and rollers in BWR control blades took place at
Commonwealth Edison's La Salle site in mid-June. These cobalt-bearing sources are a significant dose source
because they operate in a high radiation field. The ability to remove these radiation sources in blades with remaining
neutronic life is an attractive alternative to their premature discharge. It is expected that up to eight blades could be
modified daily using a single work station. Similar equipment designed by GE has been demonstrated recently at
KKM Muehlberg. TVA's Browns Ferry Unit 3 plans to change out all blades using this equipment in 1994.

BWR Zinc Injection Using Depleted Zinc-64

The main technical disadvantage associated with zinc injection is the formation of Zn-65 as a result of the activation
of naturally-occurring Zn-64. Plant evaluations of zinc injection using zinc depleted in Zn-64 have started.
Although depleted zinc is relatively expensive, the technology promises to be cost effective. Plant evaluations are
being carried out at New York Power Authority's Fitzpatrick plant and Northern States Power's Monticello plant,
both of which have experienced higher radiation fields since adopting hydrogen water chemistry, and other plants,
including Millstone 1, operating on normal water chemistry.
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PWR Enriched Boric Acid

An alternative way of increasing PWR primary system pH is to use boric acid enriched in B-10. Naturally
occurring boric acid contains about 20% B-10, so the same nucleonic effect would be achieved with less boric acid.
This, in turn, allows the desired pH to be obtained with less lithium.

As with depleted zinc, the main impediment to the use of enriched boric acid is economics. It is estimated that
because of the high start-up costs, benefits will be realized only after several years of operation. However, it appears
that enriched boric acid would be economically feasible for PWRs with boron recycle systems, especially at those
plants operating on extended fuel cycles that require high boric acid concentrations after refueling.

Full System Decontamination

Current technology requires isolation of the part of the system that is to be decontaminated, such as recirculation
piping in BWRs or steam generator channel heads in PWRs. Decontamination of the complete coolant system
would provide a number of advantages, including improved decontamination factors, reduced recontamination rates,
and lower background fields. Two qualification programs, one for PWR and one for BWRs, have recently been
completed by groups of utilities and EPRL No unresolved safety issues were found, and the economics appears to be
feasible for both PWR and BWR applications, particularly for steam generator replacement in PWRs and the removal
of in-vessel corrosion products in BWRs, which would otherwise be redistributed to out-of-core surfaces after
implementing hydrogen water chemistry. Detailed engineering evaluations are now under way for full system
decontamination of Consolidated Edison's Indian Point 2 PWR, the objective being to carry out the first
demonstration in 1995.

Future Developments

Chromium_Coatings

As part of the steam generator replacement project at Millstone 2, Northeast Utilities has installed one of the
manway seal plates coated with a thin layer of electroplated chromium followed by pre oxidation in moist air.
Activity measurements will be made in 1994. An RHR pipe at Diablo Canyon has also been treated. Chromium
coated RWCU pipe sections will be installed at the Peach Bottom BWR units in 1994. The impetus to test this
coating is data obtained from small specimens that were similarly coated and attached to the manway seal plates in
the Doel 2 PWR. Dose rate measurements show substantial reduction over specimens that had been electropolished
and pre oxidized. Thus, this metal coating provides an opportunity to reduce dose rates and hence exposures in the
vicinity of channel heads during outages. Other possible applications of chromium coatings include the carbon steel
piping that is being replaced in some BWR reactor water cleanup systems.

Zinc Injection for PWRs

Tests in an out-of-reactor loop at Chalk River showed that zinc reduced Co-60 deposition under PWR chemistry
conditions, just as it did under BWR chemistry. Other workers followed up on earlier corrosion test results which
suggested that the presence of a few ppb zinc reduced intergranular stress corrosion cracking IGSCC) under BWR
normal water chemistry. It appears that zinc additions delay the onset of PWSCC in Alloy 600 and may even reduce
crack growth rates. This could be an important benefit of zinc injection in view of the increasing incidence of
PWSCC in steam generator tubing and recent observations of degradation of Alloy 600 pressure vessel penetrations.
In fact, mitigation of penetration cracking is now the main motivation for a major industry program now underway
in the United States.

The concern about PWR zinc injection is that unlike the case with BWRs, no plant data is available the indicates the
effect of zinc on the corrosion of Zircaloy fuel rod cladding. PWR applications require similar data, and EPRI and
other utility groups have initiated two courses of action: accelerated loop tests at Halden where the effects of both
heat flux and neutrons on Zircaloy corrosion can be assessed and a plant demonstration at Farley PWR including fuel
surveillance after each cycle, as was done for the elevated lithium evaluation at Millstone 3.

The Farley plant demonstration will use natural zinc. However, the data obtained from Farley should enable a
cost/benefit assessment to be carried out on the use of depleted zinc-64 for radiation field control.
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Full System Decontamination Including Fuel

Ideally, fuel system decontaminations would be carried out before refueling, as this would significantly reduce
recontamination rates and save critical path time. Encouraged by the results from the successful test on Quad
Cities BWR fuel, four fuel assemblies from the V.C. Summer PWR were decontaminated during the 1991
outage. Two of these assemblies were reinserted for an additional cycle of exposure and were then examined.
No adverse effects were found with either AP/CANDEREM or AP/LOML These promising results have
prompted industry groups to consider a PWR full system decontamination with the fuel in place, as a follow-on
to the 1995 Indian Point-2 fuelout demonstrations.

CONCLUSIONS

Technology developments in radiation field control continue to occur at a rapid pace, with an accelerating rate
of implementation at nuclear power plants as utilities move to meet 1995 exposure goals.

Author Biography

Christopher J. Wood is a Senior Program Manager in the Nuclear Power Division at the Electric Power
Research Institute in Palo Alto, California. Dr. Wood’s area of responsibility includes low level waste,
chemistry, radiation field control and decommissioning. Before joining EPRI 12 years ago, he was head of
the Radiation Chemistry Section in the Central Electricity Generating Board in England.
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Phone: 415 855 2379
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Baum:

PAPER 1-1
DISCUSSION

In some different presentations that I've heard in the past few conferences, and repeated
here, we talk about exposures having bottomed out. I was wondering if anyone has been
doing any research or compiling any data because I think, that although it’s true that we've
bottomed out, I still think that we are forgetting about some certain basic things about why
it’s bottomed out. What I would like to know is are we still looking at exposures due to poor
work practices. They’re still out there believe it or not. We’re still doing some poor things
in planning, poor things in scheduling and such. How much exposure is due to what may be
termed as "unreasonable regulation” and that type of thing? My feeling is that there is still
about 20% reduction due to those things.

EPRI is not doing any work in that area, but maybe John can answer that.

Of course, we collect information from the plants as we can, but I don’t have any particular
response to that question. Does anyone else from the PWR or BWR Owner’s Group, for
example, who meet frequently on these questions, have an answer?

From INPO’s perspective, I agree 100% that there is a lot of room for improvement and
much yet to be gained in the work practices area. We’re putting a lot of emphasis into that.

I think we will do that, but we still need to do the technical side.

The Nuclear Energy Agency held a workshop on that subject about a year ago and there has
been a publication on that which you might find helpful.
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Radiation Exposure Trends

* Factor of 4 reduction in person rem per MW.year power
generated over past 10 years

* Plant exposures continue to decline; comparable to France,
Germany and Japan - Sweden continues to set the standard

* Significant reduction in numbers of workers exposed to
radiation, especially those receiving more than 2 rems

e 1992-3 information suggests that exposures may have
bottomed out

U.S. Nuclear Power Plant Occupational Exposures and Electric Generation
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Radiation Exposures at U.S. Nuclear Power Plants
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BWR Radiation Exposures
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Recent Trends and Future Challenges

* Plant performance has improved significantly in past 5 years
e Capacity factor |
e Outages due to corrosion-related problems
* Radiation exposures and numbers of workers exposed

e Recommended exposure limits tighter (ICRP-60, NCRP-91)

« 10rem/5 years, cumulative rems < age in years
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OPTIMUM WATER CHEMISTRY IN
RADIATION FIELD BUILDUP CONTROL

Chien C. Lin
Vallecitos Nuclear Center
GE Nuclear Energy
P.O. Box 460
Pleasanton, CA 94566 USA

ABSTRACT

Nuclear utilities continue to face the challenge of reducing exposure of plant maintenance personnel. GE Nuclear
Energy has developed the concept of Optimum Water Chemistry (OWC) to reduce the radiation field buildup and
minimize the radioactive waste production. It is believed that reduction of radioactive sources and improvement of
the water chemistry quality should significantly reduce both the radiation exposure and radwaste production. The
most important source of radioactivity is cobalt and replacement of cobalt containing alloy in the core region as
well as in the entire primary system is considered the first priority to achieve the goal of low exposure and
minimized waste production. A plant specific computerized cobalt transport model has been developed to evaluate
various options in a BWR system under specific conditions. Reduction of iron input and maintaining low ionic
impurities in the coolant have been identified as two major tasks for operators. Addition of depleted zinc is a
proven technique to reduce Co-60 in reactor water and on out-of-core piping surfaces. The effect of HWC on Co-60
transport in the primary system will also be discussed.

INTRODUCTION

LWR water chemistry parameters are directly or indirectly related to the plant's operational performance and for a
significant amount of Operation and Maintenance (O&M) costs. Obvious impacts are the operational costs
associated with water treatment, monitoring and associated radwaste generation. Less obvious is the important role
water chemistry plays in the magnitude of drywell shutdown dose rates, fuel corrosion performance and materials
degradation. To improve the operational excellence of the BWR and to minimize the impact of water chemistry on
O&M costs, General Electric has developed the concept of Optimum Water Chemistry (OWC).! The "best
practices" and latest technology findings from the U.S., Asia and Europe are integrated into the suggested OWC
Specification,

It is believed that reduction of radioactive sources and improvement of the water chemistry quality should
significantly reduce both the radiation exposure and radwaste production. A number of known technologies and
options are available to reactor operators, including cobalt source reduction, iron reduction, depleted zinc addition,
control of jonic and organic impurities in reactor water, and decontamination, etc. A plant specific computerized
cobalt transport model has been developed to evaluate various options in a BWR system under specific conditions.
Some key parameters in OWC specification and the effect of hydrogen water chemistry (HWC) on radiation
buildup control will be discussed in this paper.

OPTIMUM CHEMISTRY GOALS AND PROPOSED KEY CHEMISTRY
PARAMETERS IN BWR COOLANT

The goals of optimum coolant chemistry in BWRs and proposed key chemistry parameters are given in Tables 1
and 2, respectively. Each of these goals and proposed limits has been demonstrated to be achievable in an
operating BWR in Asia, Europe and the United States. However, no one reactor has yet achieved all of the
optimum parameters, simultaneously. Major objectives of this paper are to discuss how the proposed chemistry
parameters are related to optimum chemistry goals and to outline a strategy to meet those proposed chemistry
limits,
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Table 1. Optimum Water Chemistry Goals in BWRs

Parameter Goals
IGSCC No new crack initiation or growth (<0.01 in/yr)
Annual collective <100 man-Rem/reactor

radiation exposure
Annual radwaste volume <110 m3

Fuel clad corrosion No fuel failure due to water chemistry effect

Table 2. Proposed Key Chemistry Parameters in BWR Coolant

Parameter Feedwater Reactor Water

Tron 0.1t0 0.5 ppb *

Cobalt <2.0 ppt *

Copper <50 ppt <0.5 ppb

Nickel <30 ppt *

Sulfate <50 ppt <5 ppb

Chloride <50 ppt <5 ppb

Co-60 *k <2 Ba/g

Conductivity *k <0.08 pS/cm
Electrochemical *® Value that achieves goals of
corrosion potential -No new IGSCC crack initiation

-Minimum crack growth rate <0.01 in/yr

*Unspecified, controlled by feedwater limits
**nspecified, controlled by reactor water limits

SHUTDOWN RADIATION FIELD BUILDUP CONTROL

The primary source of radiation field buildup on out-of-core surface is Co-60, with the exception of a few GEZIP
plants where Zn-65 is also an important contributor to the recirculation piping radiation field. The activity
transport process is a complex chemical reaction which can be affected by many water chemistry parameters. A
semi-empirical phenomenological model has been developed to describe and calculate the corrosion product
transport in the BWR primary system.2 This model is presented in a block diagram shown in Figure 1. Model
calculations are often very useful to estimate the relative contribution of each cobalt source in the system to the
radiation field buildup. The effects of iron and other chemistry parameters can also be evaluated. It is well
understood that radiation field buildup in many locations in the primary system may not occur by a similar
mechanism nor at the same rate. In order to achieve the goal of reducing the radiation field to a very low level,
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Figure 2. Correlation between soluble Co-60 concentration in reactor water and recirculation pipe dose rates
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reduction of cobalt sources is the first priority, but other factors affecting the Co/Co-60 transport processes should
be considered equally important. Some major factors are briefly described below:

Cobalt Source Removal

Figure 2 shows the relationship between the soluble Co-60 concentration in the reactor water and recirculation
pipe dose rates. Note that the contact piping dose rate is linear with the soluble Co-60 concentration, equilibrium
dose rates at approximately 100 mR/hr per 0.1 uCi/kg. Hence, one of the first priorities of reducing radiation field
is to remove the sources of cobalt. There are several sources of cobalt including cobalt alloys and structure
materials containing cobalt as impurities. All sources must be addressed, but the cobalt bearing materials in the
core region should be given highest priority, because they are the most obvious contributors to the Co-60 in reactor
water.

The benefit of replacing cobalt alloys or materials with non-cobalt or low cobalt materials may be very plant
specific. A reliable cobalt transport model should be used to estimate the relative contribution of each component to
the radiation field buildup. A cobalt replacement guideline has been published by Ocken.3 One area easily
overlooked are the feedwater heaters and steam dryer. If replaced, it is important that these large surface area
components be made from material of controlled, low cobalt impurity concentration.

Control of Iron Input

In addition to producing Fe-55, Fe-59 and Mn-54 activities after neutron activation on fuel surfaces, iron plays an
important role in Co/Co-60 transport and radiation field buildup in the primary system. A comprehensive review of
the subject has been reported by Lin.4 Tron acts as carrier of Co/Co-60 in reactor water; iron enhances Co and other
transition metal ions (e.g. Zn, Ni, Cu) deposition on fuel surfaces, but it also enhances Co-60 or Zn-65 release from
fuel surfaces when excessive iron is present on fuel surfaces. Excessive iron in water carrying the activities also
create high radiation hot-spots in low flow regions in the primary system, including equipment drain lines, LPRM
housing, vessel bottom, etc. Insufficient iron in fuel deposit will result in high soluble activities in reactor water
and enhance the activity deposition on piping walls.

The optimum concentration of iron in feedwater should be controlled at ~0.5 ppb or lower, depending on the levels
of transition metal ions in water. It hasbeen hypothesized in GE cobalt transport model® that the iron crud (o
Fe,0j is normally found in the fuel deposit) containing Co-60 may form a tight deposit by reacting with adequate
transition metal ions which provide the "gluing" power for the bulky iron oxide deposit to form the stable mixed
metal ferrites (spinel) in the deposit. In most U.S. domestic BWRs with relatively higher iron concentrations an
increase of transition metal ions such as Zn*2 would certainly help reducing Co-60 release from the fuel deposit
(see more below in Zn Addition). On the other hand, in most of the new Japanese plants the feedwater iron
concentration is very low (<0.1 ppb). Under this condition NiO becomes the major component in the fuel deposit
which is not stable and Co-58 and Co-60 are released easily from the fuel deposit. To minimize the cobalt activity
release, Japanese have implemented a technique to inject the synthesized iron crud in the feedwater system to
increase the Fe/Ni ratio up to approximately 5 (but the total Fe concentration is limited to 0.5 ppb) so that the
Fe/Ni ratio in the fuel deposit is approaching 2, which is the stoichiometric ratio of Fe/Ni in the Fe and Ni mixed
oxide in a spinel form, NiFe,Oy4.

Iron constitutes approximately 80% of the corrosion product oxides in the reactor coolant and fuel deposit. The
majority of iron originates from corrosion of balance of plant carbon steel components in the steam/condensate and
feedwater systems and is delivered to the reactor by the feedwater. To control the feedwater iron input, the first
priority is to identify and eliminate the sources of iron. If the sources cannot be all eliminated, at least it is practical
to identify key source terms and mitigate them by replacing the key components with corrosion resistant materials
and/or coating the surfaces with corrosion resistant materials. The iron in the condensate upstream of the
condensate treatment system should be effectively removed by improving the crud removal capabilities. For plants
having deepbed demineralizers, addition of pre-filter is possible. Backwashable filters would generate minimum

radwaste, while a greater majority of iron originates from corrosion of balance of plant carbon steel components in
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the steam/condensate and feedwater systems and is delivered to the reactor by the feedwater. To control the
feedwater iron input, the first priority is to identify and eliminate the sources of iron. IF the sources can not be all
eliminated, at least it is practical to identify key source terms and mitigate them by replacing the key components
with corrosion resistant materials and/or coating the surfaces with corrosion resistant materials. The iron in the
condensate upstream of the condensate treatment system should be effectively removed by improving the crud
removal capabilities. For plants having deepbed demineralizers, addition of pre-filter is possible. Backwashable
filters would generate minimum radwaste, while greatly extending the run length of the downstream deepbed
demineralizer. Another alternative is to improve the crud removal efficiencies by using new types of resins (either
in the deepbed demineralizer or the powdex filter system). Smaller bead sizes of resins and low cross-linked resins
have been tested successfully in some plants.

Zinc Addition

Control of radiation field buildup in BWRs by zinc addition in the feedwater was first introduced by Marble® in
1986. It was hypothesized that soluble zinc inhibits the corrosion of stainless steel and thereby reduces the buildup
of Co-60 on the piping surfaces. Currently, there are 13 plants operating worldwide utilizing zinc addition for
shutdown radiation control.

Laboratory test results’ confirmed that the Co-60 deposition rate is significantly lower in water containing 5-15
ppb of soluble zinc. The deposition rate was found even lower under HWC conditions with same levels of soluble
zinc in water. Zinc ions appear to not only reduce the corrosion rate but also provide competition with Co-60 ions
for the reaction sites on the corroding surface. With the overwhelming concentration ratios (Zn/Co 2100), Co-60 is
easily prevented from depositing on the stainless steel surfaces. In reactor experience, maintaining a constant level
of zinc in reactor water has been proven to be an effective means to control the piping radiation field buildup on
out-of-core piping. One important effect of zinc addition, which was not considered initially was the reduction of
Co-60 concentrations in reactor water. A factor of 2-3 reduction in Co-60 has been observed in several reactors
implementing GEZIP (GE Zinc Injection Process) (Figure 3). Some reactor data are also indicated in Figure 2.The
reason for this effect has been discussed previously in the last section. This significant benefit of zinc addition is
probably equally as important as the reduction of piping contamination in reactor operation.

After several years of GEZIP experience in operating BWRs, it has been observed that the Zn-65 activity, produced
by the 64zn (ny )652n reaction in natural zinc, can not be ignored. The benefits of zinc addition on Co-60
radiation buildup control are diminished by the presence of Zn-65 in some plants: much higher Zn-65 activity
contribution to piping dose rates than expected (20-80%), particularly under HWC conditions; tramp Zn-65 found
around the site in unwanted places; shutdown releases have increased the Zn-65 concentration in reactor water
during shutdown cause higher than desired refueling floor dose rates; and the radwaste Curie content can be
significantly increased. To eliminate these unwanted problems, it is recommended that Zn-64 depleted zinc oxide
(DZO) replace the natural zinc in reactor applications. The Zn-64 content in depleted zinc is reduced from ~48.6%
in natural zinc to ~1%. The quantity of DZO requirement in a reactor is very plant specific, mostly dependong on
the iron concentration in the feedwater and reactor water. Therefore, reduction of iron input in a high crud plant
should significantly reduce the cost of uzing DZO.

Reduction of Yonic Impurities

As described earlier, the main mechanism of Co-60 deposition is incorporation of soluble Co®0 into the corroding
stainless steel surfaces and the Co-60 deposition rate is known to be related to the stainless steel corrosion rate.
Certain ionic impurities are known to enhance the corrosion rate of stainless steel and, therefore, increase the
activity buildup rate. Laboratory experiments’ have clearly demonstrated that when common laboratory chemicals
like NaySO4, H,SO,, NaOH were used as additives in water significantly higher Co60 buildup rates were observed
(see Figure 4). Thus, minimizing the impurity input to maintain the reactor water conductivity at <0.08 pS/cm is
essential to reduction of radiation field buildup. An exception would be the higher conductivity condition that
accompanies zinc addition.
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Figure 3. Fuel cycle average total Co-60 concentration in reactor water before and after implementation of zinc
addition at four operating BWRs
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Figure 4. Effects of ionic impurities on Co-60 activity deposition on stainless steel test samples under NWC
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Role of Decontamination

The decontamination, if performed safely and efficiently, is probably the quickest way to reduce the radiation fields
inside the drywell working area. However, the cost, the schedule, the radwaste produced in decontamination
process, and the exposures associated with the performance of decontamination are significant enough to prohibit
some operators from accepting it as a routine procedure. Furthermore, the surfaces after decontamination are
generally corroding much faster without an established oxide film to protect from recontamination of Co-60 from
reactor water. Consequently, the dose rates on decontaminated piping surfaces generally increase quickly within a
cycle back to a pre-decontamination level. The decontamination operation may save some exposures immediately
following the decontamination, but the plant may require repeated decontamination operations in every outage
maintenance schedule. The decontamination vendors and plant operators should carefully consider some ways to
minimize the recontamination problem. A strategy involving decontamination coupled with DZO injection is
probably the cost effective way to radically limit subsequent contamination.

There are only a few chemical procedures which have been qualified for decontamination in BWR piping systems.
The major concern is the attack of chemicals on the base metal of system materials. Some discussion on the issues
of corrosion and the role of chemical decontamination in radiation control can be found elsewhere.8 More recently,
a feasibility study on full system decontamination has been performed, and the results of this study are reported in
Ref. (9) and summarized in Ref. (10).

Effect of HWC

Laboratory test results’ have shown that Co-60 deposition on stainless steel will probably be slightly enhanced by
switching from NWC to HWC. The activity buildup rate is more profound under cyclic HWC/NWC conditions (see
Figure 5).!1 In some U.S. reactors after switching from NWC to HWC, an increase in piping dose rate has been
reported, but some plants including a few foreign plants have shown very minimal or no effect.12 In some plants
enhanced release of Co-60 activity has been observed, probably due to frequently changing HWC/NWC conditions.
In the one plant which is adding higher levels of hydrogen for protection of internals, and which is also using
GEZIP, an enhanced Zn-65 activity deposition on piping surfaces has also been obsrved. All these phenomena may
be related to the result of oxidation/reduction processes, occurring in the oxide film as water chemistry
environment is changed. While these effects are believed to be transient, they may persist for several cycles till
corrosion films and solubilities stabilize under reducing conditions. A study is in progress to evaluate the HWC
effect on radiation buildup through laboratory experiments and assessment of plant data.11
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Figure 5. A comparison of Co-60 activity deposition on stainless steel samples under NWC, HWC and cycling
between NWC/HWC
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SUMMARY AND CONCLUSION

The concept of optimum water chemistry can be realized in radiation field reduction. Among the key chemistry
parameters, cobalt and other metallic and ionic impurities should be minimized. The feedwater iron input should
be controlled at 0.1 to 0.5 ppb to ensure a lower activity release rate from the fuel surface deposit. Addition of zinc
in reactor water would also decrease the Co-60 concentration in reactor and activity buildup on out-of-core
surfaces.

Cobalt/Co-60 activity buildup model calculations are essential to define effective approaches to control and reduce
radiation field buildup.

Effects of HWC on radiation field buildup have been observed, but the magnitude may be minimized with source
term reduction and proper operation procedures.
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Iron Crud in BWR Coolant

Plays an important role in Cobalt Transport and Radiation Field Buildup
- As carrier of Co and Co-60 in water ‘
- Enhances Co (or Zn) deposition on fuel surfaces

+ Enhances Co-60 release from fuel surfaces when excessive Fe is present
on fuel surfaces

» Creates high radiation hot-spots in low flow regions in the primary systems

Produces Fe-55, Fe-59, and Mn-54 activities after neutron activation on fuel
surfaces

Increases Radwaste Production

See EPRI NP-6942 "Foreign Approaches to Controlling Radiation Field
Buildup in BWRs"

COMPARISON.OF PEDESTAL RADIATION FIELDS, FEEDWATER IRON INPUT AND
INSOLUBLE Co-60 CONCENTRATION IN REACTOR WATER IN A JAPANESE BWR
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1-3
EFFORTS TO REDUCE EXPOSURE ‘ ¢
AT JAPANESE PWRs: CVCS IMPROVEMENT

Ryosuke Terada
System Engineering Department
Water Reactor Division
Mitsubishi Atomic Power Industries, Inc.
3-3-1, Minatomirai, Nishi-ku
Yokohama, 220, Japan

ABSTRACT

Many reports have been focused on the reduction of radiation sources and related occupational exposures. The
radiation sources mainly consist of corrosion products. Radiation dose rate is determined by the amount of the
activated corrosion products on the surface of the primary loop components of Pressurized Water Reactor (PWR)
plants. Therefore, reducing the amount of the corrosion product will contribute to the reduction of occupational
exposures. In order to reduce the corrosion products, Chemical and Volume Control System (CVCS) has been
improved in Japanese PWRs as follows : '

a. Cation Bed Demineralizer Flowrate Control

b. Hydrogen Peroxide Injection System

c. Purification Flowrate During Plant Shutdown

d. Fine Mesh Filters Upstream of Mixed Bed Demineralizers
INTRODUCTION

In most nuclear power plants, annual inspection has been a major contributor to the occupational exposures. If
operating plants have extra works such as maintenance without scheduled shutdown, their exira occupational
exposures fend to increase. Mitsubishi and Japanese PWR utilities have been successful in reducing the
occupational exposures, despite the numerous inspections of the PWR primary loop pipes and components.
Figure 1 shows a trend of the collective exposures at the Japanese PWRs for the past two decades.

74 76 8 80 82 84 86 88 20 92
" Year

Figure 1. Radiation exposure : Japanese PWR plants
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In 1974, 1.3 person-rem was incurred for each MW-year of electric power generated; in 1992, 0.24 person—-rem
was incurred. Then, there has been a fivefold reduction in person-rem per MW-year.

Because of the plan to replace steam generators (SG) in the near future, the need for extra works will increase.
Therefore, the Japanese PWR utilities have intensive requirements to reduce both the collective and individual
doses. In the early 1980s, Mitsubishi worked out a strategy for the exposure reduction and began to study the
way how to reduce the exposures. The occupational exposures are composed of the time spent in the radiation
field and the radiation level. The former depends on the amount, the difficulty, and the efficiency of work to
be done. The latter is affected by the radiation sources, namely the amount of radioactive nuclides, especially
cobalt, to exist on the surface of the primary loop components. The key elements associated with controlling
the radiation source are summarized in figure 2. In the current paper, Mitsubishi introduces the outline of our
works in this field.

Radiati