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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,

23




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.

Radiation — Suppressing Material Cobalt Reduction

Source CP Generation Imp rovement

Redyction Zircaloy Grid

'CP:Corrosion
Products TT690 Steam Generator Tube
Cobalt Free Materiai

Suppressing —— Water Chemistry
Corrosion during Hot Functional Test

Deposition Enriched Boron-10

|— Suppressing Suppressing lmproved pH Control - tion Bed demineralizer
cP Eelease & ‘ lonic CP | Flowrate Control

SupBressing Zinc Addition
CP Deposition |

I__ Electropolishing
Enhanced Purification Improved Shutdown Chemistry -
CP Removal (Low Dissolved Hydrogen Control) Injection System
S Purification Flowrate
During Plant Shutdown
Fine Mesh Filter Upstream of
Mixed Bed Demineralizers
Decontamination —[ Chemical : Reactor Coolant Pump

:I : ltems reported in this paper

Mechanical : Fuel, Steam Generator

Figure 2. Key elements to control radiation sources
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CVCS IMPROVEMENT

General System Feature

Figure 3 shows a simplified flow diagram of the CVCS. This shows a typical arrangement for a conventional
4-loop plant but all plants are basically similar. This system, whick is usually referred to as the "CVCS"
system, is one of the most important paris of PWR. It performs several functions when the plant is operating,
Some of the functions are to purify the primary coolant water continuously and to adjust the primary water
chemistry. Filters and demineralizers are provided for these purposes.
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Figure 3. CVCS flow diagram

Figure 3 shows also what is called the letdown path. During a normal operation, water comes from one of the
primary loops at a pressure of approximately 157 kg/cm? and is first cooled by the Regenerative Heat Exchanger.
The letdown flow passes one of Letdown Orifices which reduces. the pressure. The flow is then cooled further
by the Letdown Heat Exchanger. The flow is cool enough to pass through the demineralizers for the purification
downstream of the Letdown Heat Exchanger. The demineralizers remove ionic fission products and corrosion
products. Filters are provided to ensure filtration of particles.

A further purification feature is provided for use during a shutdown operation. It is called the Low Pressure
Letdown path. The Low Pressure Letdown flow bypasses the Regenerative Heat Exchanger and the Letdown
Orifices, and passes into the letdown line upstream of the Letdown Heat Exchanger from Residual Heat Removal
System.

System Improvements

Cation Bed Demineralizer Flowrate Control

The chemical control reagent employed for pH control is Lithium Hydroxide (LiOH) in PWRs. Li-7 is produced
in the reactor core region due to irradiation of dissolved boron. The Li concentration is maintained within a
certain control band. If the Li concentration exceed the control band, the Cation Bed Demineralizer is employed
in the letdown in series operation with the Mixed Bed Demineralizer. Optimum control of the water chemistry
is recognized to suppress the transport and activation of corrosion products. Mitsubishi has thought that the pH
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of 7.3 (@ 285° C) is appropriate to reduce the radiation source, which is based on our experiments and foreign
information. Maximum Li is still 2.2 ppm, because we do not have enough data of the effect on Inconel yet.
Mitsubishi has proposed to the Japanese PWR utilities that the Li is held at 1.8 to 2.2 ppm until a pH of 7.3 =
0.1 (@ 285° C) is reached and then the Li is controlled to maintain the pH of 7.3 0.1 (@ 285" C) until the end
of the core cycle. This Li band is shown in figure 4.

New pH_Control 72777
2.2 \

2.5
paEn
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= 1.8 ¢ ?
a N
5 1 I
;’ 1.8 L\L m H7.2
= 1.0 | Previous off Control ‘Ulul
= Li S22 468"
- i .2 ppm .
— 05 F i : 7.040.2

0.0 2 1 3 1 2 I 1 X 2 1
1400 1200 1000 800 600 400 200 O
BORON (ppm)

Figure 4. Lithium control band proposed by Mitsubishi

The Cation Bed Demineralizer flowrate is usually equivalent to the normal letdown flowrate. When it is
necessary to remove some excess Li, the letdown flow passes through the demineralizer. In most operating
plants, the operator numerously has to divert the flow path around the demineralizer, especially in the beginning

of the core cycle (Figure 5).
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Figure 5. Manual control system and Lithium variation
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Such numerous diversions would load on the operator. Therefore, the Japanese PWR utilities have preferred an
automatic Cation Bed Demineralizer flowrate control system to lighten the operator's work. Mitsubishi has
improved the cation bed demineralizer flowrate control system to control a low flowrate about 0.5 m%hr (nearly
2 gpm) continuously and remotely. Figure 6 shows the above improved system that will decrease significantly

the frequency of the flow path diversion.

LETDOWN
HEAT_ EXCHANGER
_________ i 2.5
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% %
VOLUME ¥ T T
CONTROL == HNR LY 55 ; 0 . . . s 2
TANK 1400 1200 1000 800 600 400 200 0

Boron (ppm)

Figure 6. Continuous & remote control system and Lithijum variation

Figure 7 presents our future plan of a full-automatic control system with a Boron meter and a Li meter, which

would be controlled by a computer.

METER ° j CONTROL
LITHIUM g—..8 CIRCUIT
METER

CATION BED MIXED BED
DEMINERAL 1ZER > DEMINERALYZER
VOLUME '{ s z

CONTROL - LY 5 :

TANK

Figure 7. Full-automatic conirol system
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Hydrogen Peroxide Injection System

It is well-known that the soluble corrosion products reach an extremely high level after a plant hot shutdown,
because the temperature and the chemical condition of the primary coolant vary to a great exient. Figure 8
shows an example of cobalt and nickel concentration during the shutdown operation. The concentration was
observed to be 1000 or 10000 times higher than that during the power operation.
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Figure 8. Co and Ni concentration during Figure 9. Dissolved hydrogen concentration with

plant shutdown’ Hydrogen Peroxide addition®

Thus, the removal of the corrosion products during the shutdown operation is effective in reducing the radiation
sources. In order to promote the corrosion product removal, Mitsubishi studied "Low Dissolved Hydrogen
Control" with the Japanese PWR utilities. A low dissolved hydrogen concentration of approximately 0.5 cc/kg-
H,0 was obtained 1o be optimum during the shutdown operation, promoting the corrosion product removal.

Hydrogen Peroxide (H,0,) is injected to the primary coolant circuit after the cooldown operation to accomplish

the chemistry condition.

The chemical reagent can be added by pouring them into the Chemical Mixing Tank which is connected with
the Charging Pump suction line. Figure 9 shows a result of the dissolved hydrogen concentration with the
Hydrogen Peroxide addition in an operating plant. The dissolved hydrogen was revealed to decrease rapidly.
However, a lot of Hydrogen Peroxide addition was necessary 10 reach and maintain the low dissolved hydrogen.
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Since the study, Mitsubishi developed the "Hydrogen Peroxide Injection System" to add the hydrogen peroxide
semi-automatically (Figure 10). This system is composed of one tank, one positive displacement pump and
several valves. The Hydrogen Peroxide is poured to the tank in advance. As a operator starts the system, an
adequate quantity of the Hydrogen Peroxide is injected to the Charging Pump suction line. Then, an equipped
timer terminates the injection. The flowrate is controlled by the pump stroke and/or the pump rotation.
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CHARGING 3
PUMP A
MAKEUP WATER :

Figure 10. Hydrogen Peroxide injection system

Purification Flowrate During Plant Shutdown

The CVCS is used to purify the primary coolant water continuously and demineralizers are provided for this
purpose. During the shutdown, concentration of cobalt and nickel is observed to be 1000 or 10000 times higher
than that during the power operation (Figure 8). Therefore, the corrosion products can be removed effectively
during the plant shutdown. With increasing the purification flowrate, the corrosion products would be removed
more effectively. The CVCS purification flowrate is applied to two periods, such as the power operation and
the shutdown operation. Increasing the flowrate during the power operation would increase the plant construction
cost and on the other hand, would increase the plant heat loss. However, increasing the flowrate during the
shutdown does not cause much increase in the plant construction cost nor the increase in the plant heat Ioss.
Mitsubishi assessed the purification flowrate during the shutdown at approximately 60 m*%hr (260 gpm) for
conventional 4-loop PWR plants. If the purification flowrate during the shutdown would be increased for aging
plants, the following improvements are required (Figure 11).

- Shift of the piping diameter fo larger size, in the Low Pressure Letdown line.

- Increasing the capacity of filters, both upstream and downstream of the Mixed Bed Demineralizers.

— Additional installation of piping and valve, in order to use the Auxiliary Spray Nozzle of the Volume
Control Tank together with the normal nozzle.
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Figure 11. Improvement for increasing purification flowrate during shutdown

Fine Mesh Filters Upstream of Mixed Bed Demineralizers

In the letdown line of the conventional plant, only the Reactor Coolant Filter is provided downstream of the
Mixed Bed Demineralizers, in order to collect the resin fines and particulate matter Jarger than 25 micron. The
particles in the fluid would accumulate in the Mixed Bed Demineralizers. The accumulated particles would
return to the primary circuit as released from the demineralizers. Diverting the demineralizer's effluent 1o the
wasle processing system would prevent the particles from returning to the primary circuit. This operation would
load on the operator. By installing a fine mesh filter upstream of the Mixed Bed Demineralizers, the particulate
corrosion products could be removed and the surplus operation should not be necessary. The diameter of the
filter porosity is lower than one micron. The fine mesh filter would result in the radiation source reduction.

Ei_r;e mesir
LETDO filter installed
HEAT EXCHANGER """'%-- -------- -

ceeduvalanalbocad!

DEMINERAL IZER

(]%- _____ o HASTE
PROCESSING
SYSTEM

Figure 12. Installation of fine mesh filters
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CONCLUSIONS

This paper introduces four CVCS improvements in Japanese PWRs. Mitsubishi has endeavored to reduce the
occupational exposure by improving the system design and water chemistry. However, the efforts for further
reduction of the exposure are still continuing.
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PAPER 1-3
DISCUSSION

I have two questions. The first question is about your automatic pH control system. Is it
exclusively designed for Mitsubishi-designed reactors, or can it also be installed in other types
of PWRs?

No, it isn’t. We can apply it to any plants. This automatic system is for operating plants have
decided to install and we have another option. It is manual needle valve system to control
the low flow rate. So in this case about ten or thirteen plants have decided to install.

My other question relates to when you increase the purification flow during shutdown.
Typically, I think, in PWRs you take a few percent. By how much do you increase the
purification flow?

We increase the purification flow during shutdown up to 60 m>/h for the conventional plants.

Did you backfit these or are these all a part of new construction? Did you add these systems
to existing plants, or are these new construction ideas?

Yes, we did. The system has been added to existing plants.

I know that you added a couple of new fine filters, and usually when you add filters to
systems you also increase your rad waste and increase your maintenance exposure to change
those out. Did you see any of that?

Yes. Waste disposal will increase, but the fine mesh filter is mainly for preventing
accumulated matter from returning to the primary circuits. Additionally the filter is effective
to radiation exposure reduction.

I just want to add the point about the filters. Several years ago John Baum visited the
Obrigheim Nuclear Power Plant in Germany and they strongly recommended the use of these
ultra-fine pore filters. They suggested that you gradually tramsition to them, using
intermediate pore sizes. In that case, your rad waste problems and exposures are much
reduced. You lower the particulate activity gradually, and eventually you end up with the
very fine mesh filters that you have been talking about.
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EFFORTS TO CONTROL RADIATION BUILD-UP IN RINGHALS

Krister Egnér, Per-Olof Aronsson and Olle Erixon
Vattenfall AB
Ringhals
S-430 22 Virdbacka
Sweden

ABSTRACT

It is well known that good control of the primary chemistry in a PWR is essential in order to minimise
material problems and fuel damages. It has also been well established that the water chemistry has a great
influence on accumulation of corrosion products on the fuel and the radiation build-up on primary system
surfaces. Ringhals was one of the pioneers to increase operating pH in order to reduce radiation build-up and
has now been operating for ten years with pH at 7.4 or (in later years) 7.2. Our experience is favourable and
includes low radiation levels in the new (1989) steam generators of Ringhals 2. Ringhals 4 has operated almost
its whole life at pH 7.2 or higher and it remains one of the cleanest PWRs of its vintage.

In addition to strict adherence to a stable operating chemistry, Ringhals is now working on a program with the
aim to find optimum shut-down and start-up chemistry to reduce activity levels in the primary systems. A
particular goal is to use the shut-down and start-up chemistry at the 1994 outage in Ringhals 3 in order to re-
duce doserates in preparation for the planned steam generator replacement in 1995.

The paper summarises the experience to date of the established operating chemistry, on-going tests with
modified shut-down and start-up chemistry and other measures to limit or reduce the activity build-up.

INTRODUCTION

There are four nuclear sites in Sweden, and their 12 units provide about 50 % of the electricity in the country.
The rest is mainly produced in hydroelectric plants. Of the nuclear plants, 9 are BWRs designed by ABB
ATOM and 3 are PWRs designed by Westinghouse. The three PWRs are all located at the Ringhals site.

Ringhals is a four-unit site 60 km south of Gothenburg on the Swedish west coast. The site is owned and oper-
ated by Vattenfall.

Ringhals 1 is a 795 MWe BWR which has been in commercial operation since 1976. The plant was uprated
from 750 to 795 MWe in 1989,

Ringhals 2 is an 875 MWe PWR which has been in commercial operation since 1975. The steam generatbrs
were replaced in 1989 and the plant was uprated from 800 to 875 MWe in 1990.

Ringhals 3 and 4 are identical PWRs with an installed capacity of 915 MWe each. Ringhals 3 started commer-

cial operation in 1981 and Ringhals 4 in 1983. The steam generators of Ringhals 3 will be replaced in 1995
and at the same time modifications will be introduced to prepare for an increase in the capacity with 8 %.
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ACTIVITY BUILD-UP AND MODIFICATIONS OF THE PWR PRIMARY
CHEMISTRY

Chemistry During Operation

Activity build-up in Ringhals 2 was considered fairly normal during the first years after start up in 1975. The
steam generator doserates, which are normally used to compare PWR activity levels, stabilised at 70 mSv/h
(7 R/h) already after two years (1,2 EFPY) as can be seen in figure 1. Until 1979 the levels were about the
same but we then saw a rapid increase in the channel head doserates. Another observation was very heavy
crud layers on the fuel.
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Figure 1. Average Doserates in the Steam
Generator Channel Heads of Ringhals 2

Due to a considerable amount of work inside the steam generator channel heads we were quite concerned
with the increasing doserates. Although we had been operating the plant within the Westinghouse chemistry
specifications it was suggested that the causes of the problem were low Li and Hy - concentrations. An in-
crease in the minimum Li-concentration from 0.2 to 0.7 ppm was therefore introduced from the start-up after
the 1979 outage and it was later verified that the rapid crud build-up on the fuel was halted.
Based on Westinghouse recommendations we made the next change, introduction of the original co-ordi-
nated chemistry with a minimum Li-concentration of 0.7 ppm (the "dog leg" curve), after the 1980 outage.
We now know that this chemistry will cause a transport of corrosion products from the system to the core,
where it is activated, during the first part of the cycle. At low boron concentrations, and especially during
coast down, the pH increases from 6.9 to as much as 7.4. This causes a change in the solubility of the
corrosion products. This change in solubility has the effect that the activated corrosion products on the fuel
will move to the coldest parts of the system, e.g. the steam generator cold leg side.

As seen in figure 1 our steam generator doserates continued to increase despite the chemistry modification.
During one of our frequent mid-cycle shut downs late 1982 we found that the steam generator doserates had
gone down from 135 mSv/h to 115 mSv/h during the few months of operation since the summer outage. Since
we did not understand the reason'for this nice break in the previously stable rise in steam generator doserates,
we started to investigate possible causes.

During the spring of 1983 we came to the conclusion that the primary chemistry modifications at least had

"contributed to our high dose rates and this was confirmed by a paper1 at the Bournemouth conference in
the fall of 1983.

52



In order to improve the situation as fast as possible, we increased the pH from 6.9 to 7.1 after mid-cycle
shut-downs in Ringhals 2 and 4 in late 1983. The pH was then kept constant for the rest of the cycle and
ignoring the minimum specification for lithium. Ringhals 3 did not have a mid cycle shut-down and since we
did not want to make the changes in Li (and pH) during operation we operated Ringhals 3 with constant pH
of 6.9 through a continuous decrease in Li -content all the way to 0 ppm B and 0.35 ppm Li.

After the 1984 outages we wanted to operate all three units with a positive temperature coefficient throughout
the cycle. This meant that we had to raise the maximum Li-content to 3.5 ppm for a limited time (25 to 106
days) in the beginning of the cycle. This level was above the fuel vendor specifications and also above the re-
quirement in the technical specifications. We got approval for a one year test at a maximum level of 3.5 Ppm
Li in Ringhals 3 and 4 by our plant Safety Review Board, the authorities and the fuel vendors. Ringhals 2
was not operated with 3.5 ppm Li until 1985 because of fear for accelerated corrosion of the heavily crudded
fuel. The permission from all parties did prescribe that a prolongation could only be accepted if extensive fuel
examination could prove that this type of operation was not deleterious . The Li-levels were kept constant at
3.5 (2.2) ppm until we reached the pH of 7.4. From that point on the pH was kept constant until the end of
the cycle. After this test, and after each of the following years with operation at elevated Li-levels, we
performed fuel investigations. These included visual inspection and oxide thickness measurements every year
and crud sampling some years. The results were encouraging, the fuel performed very well.

After the steam generator replacement in Ringhals 2 in 1989, it was uprated to 109% of the nominal capacity.
After operation at about 80 % power for a couple of years, to save the steam generators, our fuel specialists
and the fuel vendor feared accelerated fuel corrosion in one batch of fuel with cladding which was especially
susceptible to corrosion. We therefore made an agreement with the fuel vendor to operate with maximum 2.5
ppm Li for a few weeks and then keep the pH constant at 7.25 for the remaining cycle. Our ambition was to
keep pH as constant as possible in order to avoid solubility changes rather than aim for pH 7.4, which was
thought to be the optimum pH.

The same year we also limited the maximum Li-concentration in Ringhals 3 and 4. The reason for this step
was the preliminary result from on-going tests at Studsvik, which indicated shorter initiation time for stress
corrosion cracking (PWSCC) in Inconel 600 steam generator tubing at elevated Li-concentrations. The Li-
concentration was therefore limited to 2.2 ppm at these units.

In 1990 we discovered severe hydriding in the Ringhals 2 control rod guide tubes. It was later found that this
hydriding was caused by the manufacturing process but initially the fuel vendor claimed that our chemistry
could be the cause. Therefore the Li-concentration was limited to 2.2 ppm during the cycle 1990/91 . The
changes in the chemistry of Ringhals 2 is summarised in figure 2 and 5. What is not seen in these diagrams is
that from our first modifications in the chemistry we tried to keep the conditions as stable as possible since we
believe that chemical transients can be almost as bad for the radiation levels as a low pH. The Li-values used,
and the resulting pH-values, are illustrated in figures 3 and 4 for Ringhals 3 and 4 respectively.

Shut down chemistry
At Ringhals we will use a shutdown procedure closely following the intentions of the EPRI guidelines. How-
ever, we will use the hot acidic reducing chemistry only during the cool down stage. The residual hydrogen is

removed by slow controlled injection of hydrogen peroxide. Then we will add the main amount of hydrogen
peroxide and use the time available to remove the dissolved activity during RCP operation.

Start up chemistry

The traditional start-up chemistry involved among other things, chemical degassing by the abrupt addition of
hydrazine. Today we use slow controlled injection, which seems to allow a better removal of nickel. Lithium is
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added when the Residual Heat Removal system (RHR) is disconnected and hydrogen is added just prior to

dilution for criticality.
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Results of the modified chemistry

Doserate Measurements in the Steam Generators

From 1983 onwards we have seen an almost steady decrease in Ringhals 2 steam generator dose rates as seen
in figure 1, and in Ringhals 3 and 4 the activity build-up was more favourable than in Ringhals 2 . As a matter
of fact Ringhals 4 , where we introduced the high pH chemistry after only 0.5 EFPY of operation, is still the
cleanest Westinghouse PWR. The early high build-up rate of Ringhals 2 and later improvements might also
have been influenced by other effects. We know that some reactor vendors, including W who supplied our
initial fuel, had problem with high Co-content in the Ni plating of the fuel spacers at the end of the seventies.
Some European plants have experienced much higher dose rates than we did because of this. Later on all fuel
vendors have got good control of the Ni-plating. They have also changed from Inconel to Zircalloy, which
contains much less Co, in their fuel spacers and this change has reduced the potential for release of Co 60
into the Reactor Coolant System.
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Dose Rate Measurement on the Primary System

The result of the measurements in the EPRI standard program indicates a continuous downward trend in
dose rates on reactor coolant system. An example from Ringhals 2 is seen in figure 6.

mSvih mR/h

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
YEAR
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Figure 6. EPRI standard measurement program.
Dose rates on Ringhals 2 primary coolant system loop No 1.

Loose Contamination in Primary System Components

After the first cycle with high pH chemistry in Ringhals 2 we discovered that the amount of loose crud on the
primary system surfaces was strongly reduced. This situation has been further improved after the changes in
the shut-down chemistry (see below).

Activity Build-up in Regenerative Heat Exchanger after Decontamination

A positive long term effect of a decontamination is shown in figure 7. The regenerative heat exchanger in the
Chemical Control (CS)-system was decontaminated in 1986 by the ODP-method . Although the dose rates have
increased over the seven years since the decontamination was performed, they are still some three times lower
than the original values. The question is, whether the ozone decontamination makes the oxide layer less prone
to accumulate cobalt activity or if the new level just reflects a lower source term of Co-60.
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Figure 7. Dose rates on Ringhals 2 regenerative heat exchanger
before and after decontamination. Average of 6 measurements.
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Nuclide Specific Measurements on the Primary Circuit

One can note that the surface activity levels on the old system parts basically are of the same values as before
the steam generator replacement.

The parts that were decontaminated with electropolishing during the steam generator replacement still have
surface activity levels which are a factor of four, for Co 60, below the undecontaminated system surfaces.

The "elbows" that were replaced, were electropolished. The activity build-up to present level occurred during
the first cycle but the surface activity levels of Co 60 still remain a factor of 14 below the undecontaminated
system surfaces.

What happened when we reduced the pH from 7.4 to 7 2 or 7.24?

The change from pH 7.4 to 7.2 or 7.24 (from cycle 14 in Ringhals 2 and cycle 7 in Ringhals 3 and 4) does
not seem to have a major influence on the radiation levels, but we are still convinced that pH 7.4 is closer to
the optimum. What we have seen in all three units is a_shift from having the highest doserates in the hot leg
with pH 7.4 to somewhat higher doserates in the cold leg (figure 1). The high dose rate in the hot leg is
probably due to residual activity from operation at "uncordinated" and coordinated chemistry at pH 6.9.

Release of Corrosion Products at Shut Down

INCICASC Ol UL A A e e e ———

In recent years much attention has been devoted to shut down chemistry. Traditionally, we have always
been using hydrogen peroxide addition as a normal part in the shutdown procedure. It ensures 2
concentrated release of activated corrosion products, and the subsequent collection on demineraliser,
before opening up the systems for refuelling. the activity released during this oxidising phase originates
solely from the fuel crud. Thus, it yields no reduction in the doserates from the system surfaces. The long
term advantage is that it reduces the amount of material on the fuel, which may be activated in the next
fuel cycle.

To reduce the dose rates from the system surfaces, the concept "Hot, Acid, Reducing chemistry (HARC)"
has been tested in many plants in recent years. The most striking results were obtained at Zion 2, where
steam generator dose rates were reduced to about 40%. However, the total time used for this effort was
some 70 days, which normally cannot be included in a shut down procedure.

We used HARC during the 1993 shut down of Ringhals 2 and our observations are in agreement with the Zion
2 data. However, the release rate duririg the reducing phase of the shutdown is much lower than during the
oxidising phase after the addition of hydrogen peroxide. Although we did not observe any significant influence
on the dose rates in the steam generators we found our channel heads extremely clean with regard to loose
contamination.

We also noticed a small reduction in the Co-58 activity on the cross leg (some 20 %) by on-line gamma scan
and doserate measurements. The Co-60 activity was not affected. During the subsequent oxidising phase, a
recontamination of Co-58 occurred, so only about half of the initial reduction in Co-58 persisted. There were
also some indications that the doserates were higher in the loop where the RCP was stopped first, at the higher
concentration of Co-58. It seems as if this recontamination is reversible, provided that the surfaces are exposed
to low concentration water at a high flowrate (enhances mass transfer from surfaces to solution). The
conclusions from this is that we will use clean-up most of the available time during shutdown to remove
activated corrosion products after the addition of hydrogen peroxide.

Table 1 shows a simplified balance of the inventory of gamma source strength in Ringhals 2. It can be seen

that roughly 20 % of the total gamma source strength from corrosion products are removed in the shutdown
transient. and that approximately the same amount remains on the fuel cladding.
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It can also be seen that about 50 % of the gamma source strength resides on the stainless steel surfaces. The
build-up on the new SG-tubing (1989) is some 10 %.

Table 1. Ringhals 2 shut down 1993. Gamma source strengths on various system parts

System part Area, [Gamma source strength
Co-58: 0,97 MeV/Bq Im2 Mev/s Fraction of total
Co-60: 2,5 MeV/Bq Co-58 Co-60 Sum Co-58 |Co-60 |Sum
SG-TUBING 15315 14,7E+12 |5,8E+12|1,1E+13 [4% 5% 10%
Stainless steel 2240 ]1,6E+13 |3,6E+13|5,2E+1315% [33% |48%
Fuel, Zircaloy cladding [4525 [1,8E+13 |4,9E+12]|2,3E+13|17% l4% 21%
Shut down release 2,3E+13 |6,8E+11(2,4E+13)21% |1% 22%
Sum 6,2E+13 |4,7E+13|1,1E+14]57% |43% [100%
Reducing release/fract of SS 34E+12 I3,7E+11§3,7E+12)6% 1% 7%
HBased on Gammascan of SG, MWI and loop pipes
Radiochemical analysis of shut down transient
Radiochemical analysis of crud samples from fuel cladding

Table 2.-Ringhals 2 shut down 1987. Gamma source strengths on various system parts

System part Area, Gamma source strength
Co-58: 0,97 MeV/Bq |m2 Mev/s Fraction of total
Co-60: 2,5 MeV/Bq Co-58 Co-60 Sum [Co-58 |Co-60] Sum
SG-TUBING - 14145]2,7E+12]4,8E+13|5,0E+13 2%) 41% 43%
Stainless steel 2240]6,4E+12]4,8E+13[5,5E+13 6%] 42% 47%
Fuel, Zircaloy cladding 452513,0E+12]16,8E+11}3,7E+12 3% 1% 3%
Shut down release 59E+1211,8E+12}7,7E+12 5% 2% 7%
Sum 1,8E+139,8E+13[1,2E+14] 16%| 84%] 100%
Based on Gammascan of MWI, pulled tubes 1985 and replaced SG 1989
Radiochemical analysis of shut down transient
Rediochemical analysis of crud samples from fuel cladding

A comparison with 1987 data (before SG replacement) in table 2 indicates that the total gamma source strength
is roughly the same as in 1993. However, the amount of Co-60 has been reduced by a factor of almost two. The
SG replacement could be considered as a "50 % system decontamination with respect to Co-60" and probably,
cobalt as a source for activation.

The 1987 data in table 2 indicates that operation at high pH throughout the cycle minimises the residual
activity on the fuel cladding, compared with the modified operation mode employed in 1992 and 1993.
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Figure 8. Ringhals 2. Reactor coolant total
releases of Co 58 and Co 60 at shut down.

From figure 8 it can be seen that the release of Co-60 at shutdown has decreased over the years. It very probably
reflects a decreasing inflow of cobalt to the reactor system. The low releases of Co-58 in 1987-1989 very prob-
ably reflects the effect of operation at pH = 7.4, which minimises the solubility and the transport to the core of
the corrosion products.

The increasing amounts of Co-58 in the years 1990-1992 probably reflects the corrosion of the fresh SG-tubing
material after the SG-replacement in 1989.

FEASIBILITY TEST TO REMOVE FUEL CRUD IN THE FUEL STORAGE POOL.

In the Ringhals PWRs the core is completely unloaded to the spent fuel poo!l during refuelling. We have ob-
served that the high temperature in the spent fuel pool increases the dissolution rate of activated corrosion
products. We have estimated that at 40 °C we may in 3 months remove the same amount of gamma source
strength as during the shut down transient.

This method may be used in two different ways: either during prolonged shutdowns, e.g. in connection with SG
replacements, or routinely during the cycle to clean the fuel that is to be reloaded into the reactor.

The potential of these methods are presently being investigated at Ringhals. Addition of hydrogen peroxide to
the fuel pool water will also be tested in combination with the high temperature.

MATERIAL SPECIFICATION TO AVOID HIGH COBALT CONTENT

Ringhals 2 and 3 Replacement Steam Generators

The surface area of the steam generators is very large in relation to the rest of the primary system. We there-
fore felt that it was important to specify as low Co-content in the steam generator tubing of the replacement
steam generators as was technically achievable and economically feasible. In our specification for the new
steam generators for Ringhals 2 we required an average Co-content in the Inconel 690 tubing of 0.015 %. This
specification was considerably lower than we had in our older generators but also lower than specified in
earlier replacement generators. This low Co-content combined with the lower corrosion-rate in Inconel 690
(compared with Inconel 600) and a positive temperature coefficient means a reduction in corrosion products
transported to the fuel surfaces.

The tubing for the steam generators for Ringhals 3, which will be replaced in 1995, are specified with a maxi-
mum Co-content of 0.02 %. The samples taken indicate an average value below 0.015 %.
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Policy for replacement materials

In order to avoid uncontrolled introduction of new stellite components or other high Co-material the follow-
ing policies are adopted:

- The project department has the responsibility to assure that new Co-sources are not introduced when
old systems are modified or new systems installed. Project reports for modifications must include
very good motivations if they want to use materials with Co content higher than specified in table 3.

- Stainless steel used in primary systems shall have as low Cobalt content as possible and always below
0.05 %. '

- When stellite hard surfaces have to be replaced for functional reasons alternative low Cobalt
materials have to be used.

- Strategic materials with low cobalt content shall be stored to avoid the necessity to use what happens
to be available on the market.

Fuel Components
Table 3. Cobalt specification for core components.

Components (BWR and PWR) Material Maximum Co content
Top end piece Stainless steel 0.04 % (440 ppm)
Bottom end piece Stainless steel 0.04 % (440 ppm)
Springs (not spacers)? Inconel 0.04 % (440 ppm)
Centering pins? Stainless steel 0.04 % (440 ppm)
Bolts? Incoloy 0.04 % (440 ppm)
Spacer grids Inconel 0.02% (200 ppm)
Spacer grids Zircaloy 0.001% ( 10 ppm)
Fuel cladding Zircaloy 0.001% ( 10 ppm)
Guide thimble tubes (PWR) Zircaloy 0.001% ( 10 ppm)
Fuel channels (BWR) Zircaloy 0.001% ( 10 ppm)

8 Minor deviations can be accepted, provided that total area Co-content as average is less than 0.04% (440
ppm).
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New Low Pressure Turbines in Ringhals 1 (BWR)

A special case is the replacement low pressure turbines ordered for our BWR Ringhals 1. Some of the vendors
offering the new turbines wanted to use their standard specification with Stellite surfaces to prevent erosion by
the wet steam. Despite full flow cleaning of the condensate the input of cobalt from the turbine system is
significant in relation to the contribution from the reactor systems. We therefore managed to include a
requirement to have no Stellite blading, except in a very limited number of blades, although the vendor had

no experience and therefore was forced to develop an alternative erosion protection.
SUMMARY

As seen in figure 9 collective exposures have been lowered considerably since 1983, when we started our first
efforts to optimise our primary chemistry. If you disregard those years with prolonged outages (1989 SG
replacement, 1992 and 1993 extensive work on vessel head penetrations) there is a steady reduction in doses.
We believe that our high pH and modified chemistry has been of importance but of course we have also spent
a lot of efforts to develop working methods, robotics, training etc. We have also been able to reduce the
normal outage from 50 to 75 days ten years ago to 27 to 35 days today and avoid forced outages by improved
maintenance programs. All these factors do of course contribute to the results we have acieved.
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Figure 9. Ringhals 2, 3 and 4 annual collective exposures.
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Ringhals Unit 3

B / Li Correlation @ different pH. Temperature = 300°C

Source: BORIS Ver 1.0
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RINGHALS 2. GAMMA SOURCE
STRENGTH ON VARIOUS SURFACES
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1-5
AN OVERVIEW
OF ‘
ZINC ADDITION FOR BWR DOSE RATE CONTROL

William J. Marble
Principal Engineer
GE Nuclear Energy

175 Curtner Ave, M/C 783
San Jose, CA 95125

ABSTRACT

This paper presents an overview of the BWRs employing feedwater zinc addition to reduce primary
system dose rates. It identifies which BWRs are using zinc addition and reviews the mechanical injection
and passive addition hardware currently being employed. The impact that zinc has on plant chemistry,
including the factor of two to four reduction in reactor water Co-60 concentrations, is discussed. Dose rate
results, showing the benefits of implementing zinc on either fresh piping surfaces or on pipes with
existing films are reviewed. The advantages of using zinc that is isotopically enhanced by the depletion of
the Zn-64 precursor to Zn-65 are identified.

INTRODUCTION

Beginning in 1982, analysis of historical BWR radiation buildup data, sponsored jointly by the Electric
Power Research Institute (EPRI) and GE Nuclear Energy, identified a correlation between low primary
system dose rates and the presence of ionic zinc in the reactor water. Several BWRs were found to have
zinc in the reactor water because they had a brass condenser and a powdered condensate treatment system.
The brass provided a source of zinc which was not totally removed by the powdered resin condensate
system. This resulted in reactor water soluble zinc concentrations of 5 to 15 ppb. These plants were
dubbed 'natural zinc' plants and served as the foundation of the correlation. This correlation was
hypothesized to be the result of a corrosion inhibition effect of zinc for stainless steel. Subsequent
laboratory testing confirmed that ionic zinc is strongly incorporated into the protective oxide film which
forms on stainless steel surfaces and that this film is more protective to the base metal than films formed
without zinc present. As a result, a thinner layer of oxide is sufficient to curtail the corrosion process.
Figure 1 shows the relationship between oxide film thickness and the concentration of ionic zinc in the
water for laboratory tests conducted at BWR conditions of temperature and pressure.
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Figure 1. Effect Of Zinc On Stainless Steel Corrosion.
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Additional testing was required to verify that the corrosion inhibition effect established by the data shown
in Figure 1 would produce the reduced radiation buildup identified in the plant correlation. These tests
showed that the corrosion inhibition effect of zinc did result in reduced Co-60 buildup on stainless steel
under either normal BWR water chemistry (150-200 ppb oxygen) or hydrogen water chemistry (<15 ppb
oxygen). Some of the data from these tests are shown in Figures 2 and 3.
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Figure 2. Effect Of Zinc On Radiation Buildup Under Normal Water Chemistry.
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Figure 3. Effect Of Zinc On Radiation Buildup Under Hydrogen Water Chemistry.
The data analysis and laboratory testing described above have been documented in published reports!>*

and resulted in the development by GE Nuclear Energy of systems for the addition of zinc to the BWR
primary system under the registered trademark of GEZIP.

BWRs USING GEZIP

In the Fall of 1986, Hope Creek became the first BWR to intentionally add zinc to the primary system. At
this time, there are a total of fourteen BWRs which have implemented GEZIP and several additional
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plants which are currently evaluating implementation. Figure 4 provides a list of the plants using GEZIP
and a time line reflecting the implementation calendar.

1866 1967 1968 1860 1990 1991 1962 1903 1984 1905
Hope Creek
Miistone Pt 1
Nine Mle Pt2
FizPatrick
Morticelo
Peiry
Laibstadt
Haich1
Haich2
Limerick 1
Limerick 2
Peach Bottom 2

Peach Bottom 3
LaSalle 1

1988 1987 1968 1980 1990 1991 1962 1993 1994 1905

Figure 4. BWR Implementation Chart For GEZIP.,

ZINC ADDITION SYSTEMS

As might be expected, the design of systems for adding zinc to the BWR have evolved since the first unit
was installed at Hope Creek. This first unit used a low flow, positive displacement pump to inject a zinc
oxide suspension into a recirculation loop around the final feedwater pump. Subsequent enhancements to
this design yielded an improved, higher flow rate injection system which injected directly into the
feedwater pipe and, thus, required no recirculation loop. Further innovation has yielded a passive design
with no moving parts, The designs used in each of the GEZIP plants is provided below.

Table 1. GEZIP Equipment Application By Plant

Low Flow Pump High Flow Pump Passive Addition
Hope Creek Monticello Leibstadt
Millstone Pt 1 Limerick 1 Perry
Nine Mile Pt 2 Limerick 2 Hatch 1
FitzPatrick Peach Bottom 2 Hatch 2
Peach Bottom 3 LaSalle 1*

* - LaSalle 1 is temporarily using a High Flow Pump system until their Passive System is ready.
Simplified flow schematics and descriptions for these systems are included in the following sections.
Mechanical Injection
Figure 5 presents a schematic of the original, skid mounted, Low Flow Pump System for zinc injection. In

this system, two, redundant, diaphragm pumps inject zinc oxide suspension from the continuously
agitated supply tank into a recirculation pipe which takes suction on the downstream side of the final
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feedwater pump and returns it to the upstream side of the final feedwater pump. The injection pump flow
rate is approximately 30 ml/min and the recirculation loop flow rate is approximately 50 gal/min.

Makeup Water

Diaphragm Pumps

Zinc Supply Tank

Recirculation Loop
] ——

Final Feedwater Pump

Figure 5. Low Flow Pump System for zinc injection.

Figure 6 presents a schematic of the High Flow Pump System for zinc injection. In this system dilution
condensate is provided at the suction side of the injection pumps to improve flow characteristics and
permit the use of larger pumps (approximately 300 ml/min) which have inherently larger components and
provide improved performance. With this increased pump output, the recirculation loop around the
feedwater pump is not needed. Thus the injection pump output is fed directly into the feedwater pipe on
the suction side of the final feedwater pump.

Makeup Water

Zinc Supply Tank

o
o

Diaphragm Pumps

' =y -

Final Feedwater Pump

Figure 6. High Flow Pump System for zinc injection. :
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Passive Addition

The passive system was developed so that the operating and maintenance requirements of zinc addition
would be minimized. The schematic for this system is shown in Figure 7.

Zinc Oxide
Pellet Bed

Manual —eq—
FCvV

Final Feedwater Pump
Figure 7. Passive zinc addition system.

In this system, a bed of sintered zinc oxide pellets is contained in a small pressure vessel. A bypass stream
of less than 100 gpm is taken from the discharge side of the final feedwater pump, passed through the
pellet bed and returned to the suction side of the feedwater pump. Sufficient zinc is dissolved from the
pellets to maintain the desired concentration of zinc in the reactor water. The pellet bed is designed such
that it will last at least one complete fuel cycle without requiring additional pellets. By virtue of its having
no moving parts, this system provides a zinc addition option with essentially no maintenance and
requiring minimal operator attention.

IMPACT OF ZINC ON REACTOR WATER Co-60

One of the impacts of zinc addition, which was impossible to anticipate prior to GEZIP, was the
suppression of the reactor water Co-60 concentration. 'Natural Zinc' plants had zinc present from the first
cycle of operation and, thus, there was no opportunity to know that this suppression was occurring (i.e.
there was no ‘before and after’ available for comparison). Likewise, the first application of GEZIP was at
Hope Creek, a new plant, and therefore there was no comparison basis there either. However, when zinc
was introduced at Millstone Pt 1 for the first time, in April, 1987, the impact was immediately observed. It
has subsequently been repeated at each BWR which has introduced zinc after operating for one or more
cycles as a non-zinc plant. The marked impact observed at Millstone Pt 1, commencing with initial zinc
injection, is shown in Figure 8. The comparison of total reactor water Co-60 before and after zinc addition
is shown for Millstone Pt 1, FitzPatrick, Monticello, and Leibstadt in Figure 9. '

Zinc acts to lower the Co-60 in two ways. First, it suppresses the corrosion release rate for in-core cobalt
alloys, such as the stellite rollers and pins. Second, it is incorporated into the iron-based fuel deposits and
results in an oxide which releases Co-60 at a lower rate.

This effect results in additional reduction of Co-60 buildup on primary system piping and components, as
well as decreasing the curies of Co-60, and Co-58 which enter the radwaste as a result of capture in the
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reactor water cleanup system. The curies of Co-60 and Co-58 released to the reactor water at shutdown are
also reduced as a result of this suppression.
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Figure 8. Suppression of reactor water soluble Co-60 by zinc addition at Millstone Pt 1.

RxW Total Co-60 (uCI/l)

Millstone Pt 1 FitzPatrick  Monticello  Leibstadt

W Pre-Zinc @ GEZIP

Figure 9. Reduction of reactor water Co-60 as a result of zinc addition.

IMPACT OF GEZIP ON PRIMARY SYSTEM DOSE RATES

The probable impact of GEZIP implementation at any BWR is dependent on several factors. Included in
these factors are the following:

Was the plant a 'Natural Zinc' plant just prior to GEZIP implementation?

Is the plant a new plant?

If the plant is an operating plant, has a chemical decontamination been performed?
Is the plant using Norimal Water Chemistry or Hydrogen Water Chemistry?

bl ol
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Several of the natural zinc plants identified in the original studies have since either replaced their brass
condenser or added deep bed demineralizers to the condensate treatment system and thus lost their source
of zinc to the reactor, Implementing zinc at these BWRs would be expected to maintain the historically
low radiation buildup that they have experienced.

The expectation for pipes in a new plant at initial startup, and for pipes which have just experienced a
successful chemical decontamination, are that subsequent radiation buildup should be analogous to the
laboratory test data shown earlier in the report. Thus radiation buildup should be slower and equilibrium
dose rates should be significantly below the average of non-zinc BWRs.

For piping systems in operating plants, which have an existing oxide film, formed during one or more
cycles of operation and not subjected to a chemical decontamination, zinc can gradually alter the structure
of that film so that dose rates will decrease gradually as exposure to zinc progresses.

For reference purposes, the BWRs listed above implemented GEZIP under the circumstances displayed in
the table below.

Table 2. Status Of Plants Implementing GEZIP

Non-Zinc Non-Zinc
Operating Plant Operating Plant Nat'l Zinc
New Plants w/ Chem Decon no Chem Decon Operating Plant
Hope Creck Millstone Pt 1 Perry Hatch 1*
Nine Mile Pt 2 FitzPatrick* Leibstadt Hatch-2*
Monticello* ) Limerick 1
LaSalle 1 Limerick 2
Peach Bottom 2
Peach Bottom 3

* - Reactors using Hydrogen Water Chemistry.
Normal Water Chemistry (NWC)
Hope Creck and Nine Mile Pt 2

Both Hope Creek and Nine Mile Pt 2 initiated GEZIP at the start of the first cycle of operation and have
operated with NWC through the period covered in this report. Figure 10 shows the radiation buildup at
" these reactors over the first few cycles.

During the first cycles at each of these reactors, the zinc concentration in the reactor water was
maintained in the range of 5 to 10 ppb. In subsequent cycles, concern about Zn-65 has resulted in
operation at approximately 2 ppb. Even with the lower than recommended zinc concentration, both plants
have experienced dose rates which are well below the non-zinc BWR average of approximately 300
mR/hr,

With dose rates <100 mR/hr, Hope Creek is in the lowest group of BWRs with respect to dose rates. This
reactor has recently converted to both DZO (Depleted Zinc Oxide, discussed later in the report) and HWC.
It is expected that the impact of DZO will not be fully observed for several cycles because of the large
natural zinc (i.e. Zn-64) inventory present in the reactor. HWC may result in an increase in dose rates
over, at least, the next few cycles.

Nine Mile Pt 2 has higher dose rates than Hope Creek and is currently at 184 mR/hr. Niagara Mohawk is
currently evaluating a switch to DZO as the zinc source material. This higher dose rate is the result of
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two factors. First, and most important, the average pipe wall thickness is only 1.0 in. compared to the
more typical value of 1.25 in. for BWRs. This reduces the self-shielding of the pipe and results in higher
dose rates for the same surface concentration of isotopes. Correcting for this thinner pipe and normalizing
to the 1.25 in. wall thickness would result in an average dose rate of ~130 mR/hr.

Nine Mile Pt 2 also has higher than average insoluble activity in the reactor water and it is believed that
deposition of this particulate matter is contributing more dose rate at the pipe surface than is typical.
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Figure 10. Radiation buildup with GEZIP at Hope Creek and Nine Mile Pt 2.
Millstone Pt 1

Figure 11 provides the history of radiation buildup at the Milistone Pt 1 reactor since they chemically
decontaminated the primary system in 1984.
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Figure 11. Radiation buildup with GEZIP at Millstone Pt 1.
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Northeast Utilities implemented GEZIP on a test basis for two months prior to the refueling outage in
1987, and then continued on a permanent basis after another chemical decontamination in that outage.
This gives an excellent opportunity to compare one reactor both with.and without zinc addition.

In the period 1984 to 1987, doses increased from a post-decon value of ~10 mR/hr to a pre decon value of
217 mR/hr. Following initiation of GEZIP, dose rates have remained at <100 mR/hr. In the most recent
cycle, Millstone has begun using DZO. Again, the inventory of natural zinc created over two cycles of
operation will dictate that the impact of DZO will be obscured for a few cycles.

LaSalle 1

The LaSalle 1 reactor began GEZIP operation, using DZO, in January, 1994 at the end of their current
cycle. A chemical decontamination will be performed during the Spring refueling outage. The impact of
GEZIP at LaSalle 1 will not be known until, at least, 1995.

Perry

The Perry plant implemented GEZIP after one full cycle of operating as a non-zinc reactor. The radiation
buildup for this plant is shown in Figure 12. The average dose rate reached 100 mR/hr in the cycle prior
to GEZIP and has since increased to 173 mR/hr. Recent data received from plant personnel indicate that
dose rates have leveled off at 200 mR/hr. While this average dose rate is still significantly below the non-
zinc BWR average, it is somewhat higher than might be expected. A review of the reactor water chemistry
data for this period indicates that the insoluble Co-60 concentration is varying between 0.2 and 2.0 pCi/l.
This is one to two orders of magnitude higher than the typical BWR (normally 0.02 to 0.05 uCi/l) and
suggests that insoluble deposition may be playing a greater role in the buildup at Perry. Perry continues to
use natural zinc as the feedstock and maintained a reactor water zinc concentration of 4 to 6 ppb over this
period.
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Figure 12. Radiation buildup with GEZIP at Perry.
Leibstadt

The Leibstadt plant installed GEZIP in the middle of fuel cycle 6 and, consequently, started zinc addition
with no chemical decontamination. This was the first BWR to use the passive zinc addition system.
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Wishing to minimize the impact of Zn-65 on the plant, Leibstadt has elected to maintain zinc
concentrations in the reactor water in the 2 to 3 ppb range. This has undoubtedly impacted the rate of dose
rate reduction observed. Figure 13 shows the steady decrease in the average dose rate obtained, even with
the lower than recommended zinc concentration. At the most recent refueling outage in August, 1993, the
measured dose rate appeared to show a slight increase from 196 to 203 mR/hr. The gamma scan data
taken during this survey provided information that explained the dose rate data. The Co-60 loading on the
pipe had continued to drop at a significant rate (~1 1%), as shown in Figure 14, but deposited fission
products (Ru-103, Zr-95, and Nb-95) from a failed fuel bundle contributed 16% to the dose.
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Figure 13. Radiation buildup with GEZIP at Leibstadt.

Figure 13 shows a calculated data point for the 1993 dose rate of 170 mR/hr which is based on subtracting
the fission product contribution.

Leibstadt used DZO for this past fuel cycle and will continue to do so.
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Figure 14. Decrease in Co-60 on Leibstadt piping with GEZIP.
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Limerick 1 and Limerick 2

Limerick 1 and 2 were initially in the group of 'Natural Zinc' plants but they have added deep bed
demineralizers to the condensate system and this has virtually eliminated the original source of zinc. They
have implemented GEZIP to retain the dose reduction effect of zinc and appear to be continuing on the
low dose rate track. Reactor water zinc concentrations have generally been maintained at less than 5 ppb.
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Figure 15. Radiation buildup at Limerick 1 and 2 with GEZIP.
Peach Bottom 2 and Peach Bottom 3

The Peach Bottom units were also 'Natural Zinc' plants initially but have replaced their brass condensers
with titanium. To replace the lost source of zinc, Unit 2 implemented GEZIP in 1991, and Unit 3 in 1992,
GE does not have subsequent dose rate measurements at this time.

Hydrogen Water Chemistry
FitzPatrick

At the end of 1988, and prior to the start of fuel cycle nine (8.5 EFPY), the FitzPatrick plant performed a
chemical decontamination of the primary system as a prelude to beginning both HWC and GEZIP. They
are currently in the middle of fuel cycle eleven. The radiation buildup experience for this period is shown
in Figure 16,

Prior to switching to GEZIP and HWC, FitzPatrick was a typical non-zinc BWR with average dose rates
at the standard locations which had peaked at approximately 300 mR/hr before stabilizing and drifting
down by decay processes. The switch to HWC, for IGSCC mitigation of the primary system piping,
produced insoluble transport of activated isotopes and resulted in the creation of localized hot spots of 1 to
2 R/hr. However, the general buildup in the primary system has been controlled by the zinc addition and
the average at the standard locations peaked at ~120 mR/hr. The hot spot problem appears to have been a
transition process and has diminished significantly in recent measurements.
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Like the other GEZIP plants, FitzPatrick has elected to maintain reactor water zinc concentrations at 3to
5 ppb, well below the recommended 10 ppb, so that the effects of Zn-65 are minimized. DZO has been
used for most of the current cycle, but changeover problems have also necessitated the use of some natural
zinc oxide.
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Figure 16. Radiation buildup at FitzPatrick with GEZIP and HWC.

Monticello

Monticello implemented HWC in the middle of fuel cycle thirteen, but did not start zinc addition until the
beginning of fuel cycle 14. Even prior to HWC, the dose rates at Monticello had been above average. At
the standard locations, the dose rates on NWC had climbed to ~400 mR/hr before the HWC switch (13.2
EFPY) and then jumped rapidly to 760 mR/hr during the last half of cycle thirteen (14.0 EFPY). During
this initial HWC period, the hydrogen injection rate was limited to 15 scfm.
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Figure 17. Radiation buildup with GEZIP and HWC at Monticello.
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At the end of cycle, a successful chemical decontamination was performed to reduce dose rates prior to
fuel cycle fourteen, when HWC was going to be full time at 28 scfm and GEZIP would be initiated. Over
cycle fourteen, the dose rates rose to 600 mR/hr and another successful decontamination was performed at
the end of the cycle (15.3 EFPY). In cycle fifteen, the hydrogen injection rate was raised to 40 scfm to
protect the core internal materials. Over this cycle, dose rates for the four standard locations rose to 1050
mR/hr, driven primarily by one of the locations, which rose to 3000 mR/hr. Excluding this exceptionally
high location, the three point average was 400 mR/hr. This large differential existed throughout other
measurement locations in the primary system and is a strong indication of particulate deposition, rather
than the typical uniform corrosion film buildup experienced in most BWRs operating under NWC. It is
thought that the oxidative-reductive milling caused by cycling between NWC and HWC results in
colloidal sized particulate which is significantly more transportable than normal BWR crud.

The other unusual aspect of this high buildup was that Zn-65 was the dominant isotope, contributing
approximately 65% of the dose. Experience at other GEZIP plants has been that Zn-65 contributes only
10% to 40%.

The chemical decontamination employed at the end of cycle fifteen (17.0 EFPY) was not uniformly
successful like the earlier ones at Monticello and the HWC/GEZIP decons at FitzPatrick and Hatch 1.
While dose rates were reduced to ~55 mR/hr at three of the standard locations, the dose rate at the fourth
was 155 mR/hr. Some other hot spots in the risers experienced dose reduction factors of only ~2. The
reason for the non-uniform decon results, and the very poor results at some locations, is still under review.
It is believed to be the result of decon process application problems, but the potential influence of high
hydrogen addition rates and/or zinc addition are being examined.

Monticello is continuing to add 40 scfm of hydrogen in cycle sixteen and is now using DZO as the source
of zinc. The inventory of natural zinc will cause Zn-65 to continue as a significant isotope for several
cycles before dissipating.

Before GEZIP was implemented at Monticello, the reactor water Co-60 concentration was in the high
range for BWRs at ~0.45 uCi/l and was the dominant isotope causing the dose rates. The presence of zinc
has caused the reactor water Co-60 to decrease to <0.15 uCi/l. This is one of the significant benefits of
zinc and has decreased the dose rate caused by Co-60. The unanswered question is why the Zn-65 on the
pipes has been abnormally high at this site compared to other GEZIP reactors. Candidate explanations
include both the high hydrogen addition rate and the extremely high hydrogen cycling frequency
associated with plant maintenance work.
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Figure 18. Laboratory data showing the effect of cycling between HWC and NWC for 304 SS.
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Laboratory testing by GE has demonstrated that the cycling between HWC and NWC causes accelerated
buildup rates which are significantly worse than steady operation under either chemistry?*. HWC/NWC
cycling laboratory data for 304 SS is shown in Figure 18.

Monticello is the lone GEZIP plant which has experienced high radiation buildup. The reasons and
mechanisms causing this result are still ill-defined and will require continued monitoring and
examination before remedies can be known with confidence.

Hatch 1 and Hatch 2

The Hatch reactors were "Natural Zinc' initially but replaced the brass condensers and thereby lost their
source of zinc. GEZIP was implemented at both units in 1990. Hatch 1 began using HWC to protect
primary system piping in 1987, while Hatch 2 did not start adding hydrogen until 1991. Both units have
been gradually increasing the hydrogen addition rate over 1993 to reach the level which will protect the
vessel internals. At Hatch, this rate is 35 scfm.

Hatch 1 reached the 35 scfm addition rate in January, 1994 and maintains a reactor water zinc
concentration of approximately 5 ppb using natural zinc oxide as a feedstock. A switch to DZO is planned
for later in 1994. Figure 19 shows the radiation buildup experience at Hatch 1 from its initial operation as
a Natural Zinc' plant, through its transitions to HWC and GEZIP. The average dose rate increased ~100
mR/hr following the onset of HWC but has returned to pre-HWC dose rates of 100 mR/hr in the most
recent measurements at the beginning of 1994.

This experience is in direct contrast to the high buildup at Monticello. Even though the hydrogen addition
rate has been steadily increased and is now protecting core internals, dose rate buildup is very low.
Georgia power has made a concerted effort to minimize the cycling of hydrogen and maintains an
availability for HWC of greater than 90%.
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Figure 19. Radiation buildup with GEZIP and HWC at Hatch 1.

Hatch 2 is currently operating at 20 to 25 scfm of hydrogen addition while system and instrumentation
adjustments are made which will permit them to operate at the 35 scfim needed for full protection. Reactor
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water zinc is maintained at 5 ppb using DZO as the feed material. Figure 20 shows the radiation buildup
history for Unit 2.

Again, a minimal increase from an NWC dose rate of 150 mR/hr to an HWC transitional level of 210
mR/hr was observed. The most recent measurements suggest that dose rates are decreasing to the range
experienced under NWC,
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Figure 20. Radiation buildup with GEZIP and HWC at Hatch 2.
RELATED ISSUES

DZO (Depleted Zinc Oxide) and Zn-65

While it was known that the presence of zinc in the BWR primary system results in activation on the fuel
surface and distribution of Zn-65 through the plant, experience in 'Natural Zinc' plants had not indicated
that this was a significant problem. However, at the first refueling outage for Hope Creek it became clear
that some fundamental differences existed between the ‘Natural Zinc' plants and the first plant to
implement GEZIP. At that refueling, Zn-65 was released from the fuel deposits to the reactor water at a
high rate and resulted in a peak concentration of approximately 200 pCi/l in the reactor water and a total
release of approximately 3000 Curies of Zn-65 to the radwaste system. These unexpectedly large
quantities of Zn-65 caused difficulties in handling and disposal for plant personnel and made it clear that
actions were needed to understand and deal with the problem that Zn-65 could cause in GEZIP plants.

After review, it was determined that the important difference between the 'Natural Zinc' plants and Hope
Creek was the amount of iron entering with the feedwater. The powdered resin condensate systems in the
'Natural Zinc' plants are excellent particulate filters and typically result in less than 2 ppb iron in the final
feedwater. Conversely, the deep bed demineralizers in plants such as Hope Creek are less efficient
particulate filters and result in higher iron inputs. In the case of Hope Creek, the iron input averaged
approximately 12 ppb over the first cycle. This iron incorporates 5% to 15%, by weight, zinc and carries
this zinc to the fuel surface, where over 80% of the iron is deposited. Thus, the inventory of zinc and
Zn-65 on the fuel was much higher at Hope Creek and would be expected to be at any plant with higher
iron input than the typical 'Natural Zinc' plant.
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Interim approaches to minimizing the problems associated with Zn-65 have been identified and
communicated to those BWRs using GEZIP. These recommendations include the following:

1. Reduce feedwater iron input with a goal of 0.1 to 0.5 ppb. Optimize condensate treatment
system performance with improved resins and/or addition of new filters.

2. Use 'soft' shutdown procedures contained in GE Nuclear Energy's Service Information Letter
(SIL) #541. These procedures attempt to minimize the hydrodynamic turbulence, associated
with shutdown, that is believed to promote isotopic release.

3. If using HWC, minimize the cycling on and off of the hydrogen.

The best resolution to the concerns about Zn-65 is to use DZO (Depleted Zinc Oxide) as the feedstock for
GEZIP. DZO has been isotopically engineered to reduce the concentration of the Zn-64 precursor of Zn-65
from the naturally occurring 48% to less than 1%. Figure 21 shows the isotopic split for both natural zinc
and DZO.

The isotopic enhancement of DZO is accomplished by separation in gas centrifuges and is then converted
to either zinc oxide powder or pellets as needed for the specific plant. Currently, Leibstadt, Hope Creek,
Millstone, FitzPatrick, Monticello, and both Hatch units are either using or planning to use DZO. By
virtue of the isotopic enrichment processing, the cost of DZO is high but it is anticipated that as
experience is gained and market demand rises, the price will decrease.

For the plants mentioned, the fact that they have added natural zinc for one or more cycles means that the
switch to DZO will not mean an immediate elimination of Zn-65 in the plant environment. The inventory
of Zn-64/Zn-65 is expected to gradually diminish in importance over several fuel cycles. Plants using
DZO from initial GEZIP operation, such as LaSalle 1, should experience no significant Zn-65 impact in
the plant environment. It is strongly recommended that any BWR which implements GEZIP should plan
on using DZO as the source of zinc so that the benefits are maximized.
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Figure 21. Isotopic concentrations for natural zinc and DZO.
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IGSCC (Intergranular Stress Corrosion Cracking)

When it was verified that zinc suppresses the corrosion of stainless steel by forming an oxide film which
was more protective to the base metal, it opened the possibility that zinc addition might also contribute to
the suppression of IGSCC. Reviews of early BWR experience, as well as scoping tests, soon began to
reinforce these additional hypothesized benefits. Two early BWRs had operated with zinc concentrations
of approximately 100 ppb and reported very little IGSCC, even though some of the piping components
had been fabricated from highly susceptible material. Soon controlled testing from several organizations
were demonstrating the beneficial effects of zinc on IGSCC for both BWR and PWR, materials®$7,

Extensive tests perfromed by General Electric, under BWR conditions, have confirmed that the presence
of the zinc jon can reduce the crack growth rate of IGSCC in stainless steel and high nickel alloys,
especially at the low electrochemical potentials associated with HWC. However, the beneficial effect has
been found to vary from heat to heat of material. This has made it very difficult to quantify the benefit and
define the role of zinc in IGSCC mitigation for the BWR.

Chemical Decontamination At GEZIP Plants

Early in the development of GEZIP, concern was expressed in the industry as to whether oxide films
formed in the presence of zinc would be able to be decontaminated using the current chemical processes.
In the past several years, chemical decontaminations have been conducted at Millstone Pt 1 (after two
months of zinc operation), FitzPatrick, Hatch 1, Leibstadt (local), and Monticello (twice).

All but one of these decontaminations were highly successful and resulted in post-decon dose rates of
approximately 10 to 20 mR/hr. The one exception is the most recent experience at Monticello. As
indicated earlier, the results at this decon were non-uniform, with various locations experiencing DFs as
high as 10 or as low as 2. Pending the outcome of related evaluations, it is believed that the difficulties
were related to chemical process application and control.

SUMMARY

Over the last ten years, it has become possible to control dose rates in the BWR using the addition of trace
quantities of ionic zinc. This technology has proceeded from the stage of hypothesis, through controlled
laboratory testing, to application at fourteen BWRs. It has been applied, and been successful, in new and
old plants, with and without chemical decontamination, in both non-zinc and previously 'Natural Zinc'
plants,and under both NWC and HWC. This success has been attained in spite of the fact that zinc
concentrations have been maintained at 2 to 5 ppb instead of the desired concentration of 10 ppb. The
refinement of creating isotopically engineered zinc, DZO, offers the opportunity to eliminate Zn-65 as a
concern in the application of zinc addition. Several successful decontaminations at GEZIP reactors seem
to verify that the films created with zinc addition can be handled with current technology. Monticello, the
lone anomaly in the fourteen plant applications for zinc addition (data reported for eleven), requires
additional investigation before the mechanisms at work will be understood. However, as DZO continues to
be used there, even the high dose rates at this site are expected to be greatly reduced.
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PAPER 1-5
DISCUSSION
Helman: What is the zinc contribution of that 80 to 100 mrem?
Marble: It varies from plant to plant how much they’re putting in and how much iron they’ve got, but

the range would be something like 15-30% or 40%, and in one case it was as high as 60%.

Helman: What do you expect the estimated annual cost of using zinc will be in the future, assuming
that you get the price down as you are anticipating?

Marble: The current range would be something between $200,000 per year and $1 million per year,
depending on the size of plant that you have. We think that we can get the price down to
- hopefully about half of where we are now. Depending on the size of your plant, that would
be between $100,000-$500,000. It depends very significantly on the amount of iron you have
in your feedwater. If you can also get the feedwater iron down, then you can significantly and
dramatically drop your zinc costs.
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REDUCTION OF RADIATION EXPOSURE IN
JAPANESE BWR NUCLEAR POWER PLANTS

Yoshitake Morikawa
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8 Shinsugita-Cho, Isogo-ku
Yokohama, Japan

INTRODUCTION

The reduction of occupational exposure to radiation during the annual inspection and maintenance outages
of Japanese boiling water reactors (BWR) is one of the most important objectives for stable and reliable
operation.

It was shown that this radiation exposure is caused by radionuclides, such as Co-60, Co-58 and Mn-54 which
are produced from the metal elements Co, Ni, and Fe present in the corrosion products of structural materials
that had been irradiated by neutrons. Therefore, to reduce radiation sources and exposures in Japanese
BWRSs, attempts have been reinforced to remove corrosion products and activated corrosion products from
the primary coolant system. This paper describes the progress of the application of these measures to
Japanese BWRs.

Most Japanese BWR-4 and BWR-5 type nuclear power plants started their commercial operations during the
1970s. With the elapse of time during operations, a problem came to the forefront, namely that occupational
radiation exposure during plant outages gradually increased, which obstructed the smooth running of
inspections and maintenance work: To overcome this problem, extensive studies to derive effective
countermeasures for radiation exposure reduction were undertaken, based on the evaluation of the plants’
operation data.

In particular, the Improvement and Standardization Program to establish Japanese Light Water Reactors,
which aimed at improving plant reliability and availability and at reducing occupational radiation exposure,
was established after 1975 under cooperative efforts by the Japanese electric power companies and plant
manufacturers.

Following this program, a series of countermeasures also were applied to the older BWRs which had started
their commercial operations before the Improvement and Standardization Program was adopted.

Historically speaking, all the Japanese BWRs of the initial generation, the so-called older BWRs, gave
unexpectedly high occupational radiation exposures that increased annually during their refueling and
maintenance outages. After several years of effort to clarify this problem, it became clear that the
occupational exposure was determined by radioactive corrosion products, particularly Co-60 and Mn-54
deposited on major components and pipings of the primary coolant system, and that the following factors have
a big influence on the buildup of radionuclide and, consequently, on occupational radiation exposure:!

input of iron crud into the reactor water from the feedwater (concentrations of Fe crud in the feedwater),
cobalt contents in structural materials, especially in-core materials, :

capacity of the reactor’s water cleanup system,

quality of the reactor water, and

condition of the inner surface of pipings and components.

Pl

85




Based on these findings, a wide variety of countermeasures were developed and proposed to reduce and
control the radiation dose level around the primary coolant circuits (Figure 1). A detailed breakdown of these
measures is shown in Table 1; most of them already had been adopted by both older and newer plants,
achieving excellent BWRs with very low occupational radiation exposures.

Now, during this decade the water quality and radionuclide concentrations in the reactor water of all the
Japanese BWRs changed greatly, and there are new problems which have to be solved to further reduce
radiation exposure.

In this paper, I discuss some of the typical measures which were proven to be effective for reducing radiation
dose rate in older and new Japanese BWRs from the standpoint of the improvements in materials, systems,
and operations, and the results from adopting these measures. Some of the new items being studied in Japan
also will be presented.

MATERIAL IMPROVEMENT

Sampling Line Material

In advancing the studies on the behavior of corrosion products, it is very important and fundamental to obtain
accurate data on water chemistry for the operating plants. It was found that the conventional stainless-steel
sampling line for sampling water at high temperatures gave incorrect values for the concentration of corrosion

products, especially for Co and Ni due to the contamination of corrosion products released from materials of
the sampling line.

Titanium (Ti) was found to be the most appropriate material for the high-temperature sampling; consequently,
conventional sampling line tubings and valves for the final feedwater sample made of stainless steel and Stellite
were replaced by titanium ones in most Japanese BWRs.

Reduction of Iron Crud

Most of the iron (Fe) crud fed into the reactor comes from feedwater. Its origin in the final feedwater is the
crud which was generated upstream of the main condenser and leaked through the condensate treatment
system. Iron crud also comes from corrosion products generated from the components of the feedwater
system.

Low alloy steels, STPA-23 and A387Gr.11 (1.25 Cr-0.5 Mo steel), were used to reduce corrosion-erosion in
extraction steam pipings and their drain pipings. These materials were selected from laboratory loop tests.
Newer BWR plants also chose these alloys for the moisture separator and its drain pipings. Even in older
plants, the same materials were adopted, in part, for the equipment and pipings of the condensate and heater
drain systems.

For the material of main condenser, a special carbon steel which contains small amounts of chromium and
copper, SMA-41 (0.3 Cr-0.3 Cu steel), was used in place of plain carbon steel after considering the results of
inplant corrosion tests. Figure 2 clearly shows the effect of material replacement on reducing the
concentration of Fe crud in condensate water is clearly seen.
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Table 1. Improvements in Radiation Dose Reduction in Japanese BWRs

MATERIAL IRON CRUD REDUCTION Low Alloy steel
IMPROVEMENT Corroslion Resistant Material
COBALT REDUCTION Co Free Alloy
-PinvRoller
-Hard-facing
Low Co Stainless Steel
-Feedwater Heater Tubing
-Reactor Internals
LowFColl%copel
-Fuel Springs
TITANIUM ES:amcplﬂing sp stgm
ondenser Tubin
PRETREATMENT OF Electropolishing .
MATERIAL High Temperature Air Oxidation
SYSTEM WATER TREATMENT Condensate Demineralizer
IMPROVEMENT SYSTEM -New Resin
-Non-regenaralion Operation
Prefilter
-Powdered Resin Type
-Hollow Fiber Fiiter
SHIELDING IN DRYWELL Capacity of RWCU (2%)
PLR Pipings
MINIMIZATION OF RWCU RWCU Pipings g
RADIATION SOURCES RWCU Pump Relocatio
Shortening of RWCU Pipes
OPERATIONAL | OXYGEN CONTROL
IMPROVEMENT | Ni/Fe RATIO CONTROL OPERATION
IMPROVED SHUTDOWN OPERATION
INTEGRATED LAYUP Condenser/Hotwell Cleaning
PRACTICLES l Before Restartup Flushing

Table 2. Countermeasures to Improve CF Performance

Plant| ort | 22| 2r3 [2ra | k1 | k2 | ks
Countermeasure
1) Cation
Ve @ | @ | @ | @@ | @ | @
(2) Swelling
Operation . ‘ X ‘ X X ‘
(3) Flow Pattern
Improvement X X X X %
(Draft Tube) ‘ ‘
(4) Body-Feed
Operation b4 X X X X X X
(5) Low Cross .
Linkage X X X X X X X
Cation Resin
@ Applied
O Under Consideration
x Not Applied
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Figure 1. Reduction of radiation exposures in Japanese BWRs
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Reduction of Cobalt

Cobalt is released into the primary cooling water from various parts of the primary system. Generally, cobalt
is contained in stainless steel and in nickel-based alloys as an impurity of the nickel component, and also in
cobalt base alloys. Therefore, cobalt can be reduced by using low cobalt materials in place of conventional
structural materials. The materials to be replaced with low cobalt materials should be selected after an
evaluation of the contribution of each material to Co-60 concentration in reactor water.

From this point of view, the first materials to be replaced by low cobalt materials should be 1) materials with
a large surface area in contact with the high temperature primary water, such as stainless steel tubings of the
feedwater heater system, 2) materials with a high cobalt content, such as Stellite, and 3) in-core materials
which receive high neutron irradiation, such as springs made of Inconel in fuel bundles.

For example, the material used for pins and rollers on the control rods of conventional plants were made of
the cobalt-base alloy, Stellite. Although the surface area of these parts is small, it meets the two of these
conditions of high cobalt content and in-core materials, and so should be replaced with low cobalt alloys. All
recent Japanese control rod pins and rollers are made of a newly developed cobalt-free alloy® instead of the
cobalt base alloy, Stellite.

Inconel springs in the spacers of fuel bundles were evaluated as the biggest sources of Co-60 and Co-58 in
reactor water because ordinary Inconel contains approximately 0.2% of element cobalt and they always receive
high levels of irradiation from thermal and fast neutrons. Consequently, all Japanese plants recently changed
to Inconel springs of low cobalt content (<0.05%).

Low cobalt stainless steel in which the cobalt content is less than 0.05% was recently used for feedwater heater
tubings in newer plants instead of unspecified ordinary stainless steel. In the newer plants, some of the
reactor’s internal equipment also was replaced by this low cobalt stainless steel.

Figure 3 shows how the extent of the influence of each component as a source of Co-60 has changed, from
conventional plants with low cobalt materials to newer plants that have incorporated them to a great extent.
Assessments showed that Co-60 sources were reduced to about one fourth by the adoption of low cobalt and
cobalt free materials.

From this evaluation, it was found that the main sources of Co-60 consist of those generated from Stellite in
valves. Therefore, it is most important that new, cobalt-free alloys are developed for the hard-facing materials
of valves, especially for large bore valves.

Titanium Condenser

As shown in Table 1, titanium was adopted for the tubing material in main condenser of newer plants to
improve the efficiency of the turbine heat exchanger and the quality of condensate water.

The feedwater of the plants which adopted a Ti condenser, in addition to using a system called a dual
condensate treatment system, showed quite excellent water quality, approximately 0.06 .S/cm. Consequently,
non-chemical regeneration operation of the condensate demineralizer was unnecessary for more than five
years.

One of the desirable influences of this improvement was that the generation of secondary radwaste was
reduced to a large extent. Another one, the most important one from the viewpoint of control of radiation
buildup, was that the impurities in reactor water were steadily maintained at very low level, around 0.1 zS/cm.
This suggests that the buildup rate of radioactivities on out-of-core pipings and equipment is controlled at
desirable levels.
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Pretreatment of Material Surface

Pretreating the material surface to reduce buildup of activity by controlling the characteristics of its oxide film
is considered as one effective measure among other remedies. Factors which contribute to the rate of
deposition of activity by pretreating materials are the smoothness of the material’s surface, protectiveness of
the oxide film, thickness of the oxide film, and so forth.

One pretreatment method, prefilming by dissolved oxygen, was employed in several plants. The first
experience of prefilming for the recirculation pipings was carried out at Kashiwazaki-Kariwa No. 1 unit (K1).
In K1, the prefilming was carried out before the commissioning test. The concentration of oxygen in the
reactor water was kept about 300 ppb by dosing oxygen gas into the water of the control rod drive system.
The heat source was Joule heat from running the recirculation pump. Radiation suppression rate was about
15% determined by the coupon test during the first cycle operation of K1.

Many different kinds of pretreatment methods have.been developed worldwide. Figure 4 shows an example
of the results of those studies. Two sorts of coupons, one group of which consisted of as-received coupons
relative to ordinary recirculation piping, and other coupons which were mechanically and electrolytically
polished, were exposed in the reactor water of four operating plants. The figure shows that electropolishing
the recirculation pipes could control the radioactivity buildup to less than one half in comparison with
unpolished ones.

Our recent efforts focused on developing techniques to reduce the dissolution of ionic radioactivities from in-
core materials, particularly Inconel springs in the fuel spacers. After many kinds of pretreatment studies,
including oxidation by chemical treatment, high-temperature o idation in air was chosen as the most realistic
technique from laboratory tests. Figure 5 shows the trends in metal release from a coupon oxidized by
conventional treatment and a coupon in high-temperature air when tested in BWR water. The rate of release
of the metal was very small for the latter. After this test, the distributions of metal oxide in the oxide layers
were determined, as shown in Figure 6. It seems that the excellent protective properties of the air-oxidized
coupon against corrosion came from the high contents of nickel ferrite and chromium oxide in the oxide film.’

SYSTEM IMPROVEMENT

Various kinds of improvements to systems to reduce radiation exposure during each maintenance and
inspection outage were proposed from the viewpoints of both reducing radiation dose-rate and saving working
time around the radiation fields. Table 1 shows some improvements that have been applied to the older
plants, newer plants, will be used in future plants.

Improvements in the Water Treatment System

Generally, the efficiency of crud removal by a mixed-bed type, cation/anion ion-exchange beads resin in a
condensate polishing system were thought to be insufficient to reduce Fe crud concentration in feedwater
below 1 ppb. Through observations of water chemistry during condensate demineralizer operations, it was
found that cation resin, especially aged cation resin, removed not only crystallized iron oxide but even less well

crystallized iron compounds generated from the material surfaces upstream of the condensate system, as shown
in Figure 7.5

Based on studies of the properties of aged cation resins, several new cation resins were developed and tested
in actual condensate water, one of which showed an excellent ability for crud removal (Figure 8). At present,
the mechanical properties of other improved cation resins are being tested, using condensate water from an
operating plant.
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Figure 7. Improvement of efficiency of crud removal by aging
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Most Japanese 1100MWe-class BWRs employ a dual condensate treatment system to reduce Fe crud input
into the reactor. The concept of dual condensate treatment system is a purification system consisting of a
prefilter to remove Fe crud in condensate water and a demineralizer to eliminate impurities during occasional
sea-water intrusion. The prefilters used before the condensate demineralizer are classified into two types,
powdered resin-type water polishers, and hollow-fiber filter systems (HFF).

However, some technical problems with powdered resin-type filters were revealed, including the efficiency of
crud removal and shortening of run length. Typical decontamination factors and run lengths of powdered resin
type filter ranged between 3 to 7 ppb, and 10 to 25 days, respectively. To solve these problems, several
countermeasures were proposed and tested. Recently, some countermeasures, shown in Table 2, were proved
effective by in-plant tests at operating plants; in the best case a very long run length of about 200 days was
achieved (Figure 9). '

The other improvement was the adoption of newly developed Hollow Fiber Filter (HFF) system upstream of
the deep bed demineralizer. This system was first applied to a radwaste treatment system, and then to the
conventional plants to save outage time by shortening the re-startup cleaning time of condensate and
feedwater. For the latter purpose, a HFF having the capacity of 30% feedwater flow was first applied to
Fukushima Daiichi Nuclear Power Station No. 3 Unit (1F-3); after operating successfully during restartup of
the plant, it was put in-service to purify the condensate water during steady state power operation.

The efficiency of crud removal was measured by the iron species contained in the condensate water. A result,
shown in Figure 10, gives measurements for a precoat-type filter. HFF had an excellent performance, even
for amorphous iron species; Figure 11 shows the efficiency of Fe crud removal measured for condensate water
of 1F-3 plant. Hollow fibers used in the 1F-3 plant initially were hydrophobic; later ones were improved and
had hydrophobic properties, tending to have a longer module life and being easier to handle. It was proved
by in-plant tests that the hydrophilic hollow fiber had smaller increase in differential pressure compared to the
hydrophobic one. This hydrophilic filter module has been used in 1F-3 in place of a hydrophobic module after
four successful years in operation.

Now, the HFF system has been adopted by many Japanese BWRSs, and replacement of powdered-resin type
condensate polishers by HFF system is also discussed because of its better crud removal performance and its
substantial reduction of secondary radwaste generation.

Shielding Radiation Sources in the Drywell

To attain a low dose-rate for the working areas in the drywell during maintenance and inspection outages,
shieldings were applied to the main radiation sources from the recirculation and reactor water cleanup
(RWCU) pipings of conventional plants and new plants. Figure 12 shows an example of the savings in
radiation exposure by using shieldings for the radiation-contaminated pipings in drywell. This has become one
of routine remedies for reducing radiation dose-rate in Japanese BWRs.

Minimization of Radiation Dose Rate in the RWCU System

The reactor water cleanup (RWCU) system has been manufactured with thin- walled pipes, adequate to
withstand the inner pressure, but not thick enough to function as a shield against radiation deposited on its
inner surface area.

Some improvements for reducing radiation dose rate reduction in this system were carried out in the newer
plants. The RWCU pumps were relocated from a high-temperature area to a low-temperature area
downstream of the nonregenerative heat exchangers; the temperature dependency of activity deposition on
carbon steel (used in Japanese BWRs).
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The second improvement of this system was shortening the pipe length by rearranging the piping routes in the
~drywell. The third improvement was shielding part of the RWCU pipings in the drywell.

OPERATIONAL IMPROVEMENT

Ni/Fe Ratio Control Operation

In newer Japanese BWR plants, it has become easy to decrease the input of Fe crud into the reactor water
by using the dual condensate polisher. Therefore, at first it was thought that it would be easy to keep crud
radioactivities such as Mn-54, Fe-59, Co-58, and Co-60 at low levels.

However, in one plant, an adverse phenomenon on the radioactivities in reactor water was observed; iconic
Co-60 and Co-58 in the reactor water in the presence of a small amount of Fe crud was strongly effected by
the ratio of Ni/Fe input. That is, to suppress ionic Co-60 and Co-58 concentrations in reactor water, a little
more than two times the amount of Fe crud compared to nickel should be fed into the reactor water. The
results of several experiences in controlling the Ni/Fe concentration ratio are shown in Figure 13.

A key process may be the reaction between Ni and Fe on the fuels’ surface:
Ni? + Fe,0, + H,O = NiFe,0, + 2H*

Iconic cobalt also reacts with Fe, forming cobalt ferrite. Precipitation of many kinds of iron oxides with ionic
Ni, Co-58, and Co-60 were carried out in laboratory experiments in the presence of trace amounts of Ni and
Co to simulate the reactor water environment. Iron oxides which were not highly crystallized reacted faster
with ionic species to form Ni ferrite and Co ferrite compared with crystallized iron oxides, such as hematite
and geothite.?

Taking these findings into consideration, measures to control and lower iron concentrations in the feedwater
were applied to crud chemistry in newer BWR plants. These measures included iron crud dosing with a
partially bypassed flow-condensate prefilter, and an Fe crud dosing system installed at the feedwater system.
The optimum Fe concentration in feedwater appear to range from 0.2 to 0.5 ppb. Crud control in newer BWR
plants is operated carefully, with this target of Fe crud concentration in the feedwater, so keeping radiation
levels low.

Suppression of Radionuclides during Shutdown Operation

It is well known that radioactive crud concentration in the reactor water becomes higher during shutdown
operations than during normal power operations, sometimes increasing by more than tenfold. This
phenomenon is thought to be caused by the release of part of the fuel crud into the reactor water; this crud
has a higher specific radioactivity than that of crud in the reactor water during normal power operation.

Some shutdown procedures to minimize the above increase were studied in several Japanese BWRs, and the
following procedures were effective and realistic; the cooling rate of the reactor water was reduced to less than
15°C/h, and the reactor pressure was held constant for 3 to 4 hours at 50kg/cm®. The results showed that the
modified shutdown procedures suppressed the maximum radioactivity concentration in the reactor water by
one to two orders of magnitude compared to that from conventional practices.
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Integrated Layup Practices

The adoption of integrated layup practices is thought to significantly reduce the amount of corrosion products
in feedwater. Without layup practices, high crud loadings were observed on the condensate demineralizer
when the plant was started up after refueling outages, particularly in older BWRs.

It was expected that cleaning the condenser and hotwell could remove considerable quantities of crud and
prevent its input to the reactor vessel at conventional plants which used only a condensate demineralizer.
From this point of view, as mentioned before, HFF was adopted by conventional plants.

If a HFF system having 30% capacity of the feedwater flow was installed upstream of the condensate
demineralizer, the cleaning time necessary to obtain the target value of 200 ppb in the final feedwater was only
two days compared in two weeks with only a condensate demineralizer at the same plant. In the case of the
dual condensate polisher system, only prefilters were put into service for the purpose of pre-restartup flushing
of feedwater and condensate water.

EFFECT OF RADIATION CONTROL MEASURES

All measures developed so far to reduce radiation dose rate, some important ones of which were discussed
in the preceding sections, were adopted by the newer Japanese BWRs from their initial designing stage. Many
of them also were applied to older, conventional plants. As the result of these measures, the general area dose
rates in the drywell of newer plants are kept comparatively low, as a typical example shows in Figure 14.

This low dose rate, combined with efforts to reduce exposure time, have resulted in a record of low radiation
exposure. Older, conventional plants also show noticeable decreasing trends in radiation exposure after
adopting many of these measures.” Figures 15 and 16 give typical examples of radiation exposures of both
older and newer BWR plants.

FURTHER REDUCTION IN RADIATION EXPOSURE

Older Plants

Although the radiation dose rate and, hence, the radiation exposure in older plants has decreased by adopting
many of the countermeasures developed so far, it is not yet satisfactory. To find further remedies, extensive
measurements to determine the amounts and morphologies of radionuclides deposited on the inner surfaces
of various pipings and equipments were carried out in a typical old plant. The measurements revealed
unexpectedly large amounts of radioactive soft crud or slightly adhered insoluble crud still existing, even on
vertical pipings. Figure 17 shows the result of calculating the relation between radiation exposure and
radiation sources in the drywell;'°about 30% of the radiation exposure comes from the soft crud in the drywell,
which means that a considerable amount of radiation exposure could be easily reduced by mechanical cleaning
such as water-jet flushing,"

Newer Plants

Although the occupational radiation exposures of newer plants were very low at the first refueling and
maintenance outages (Figure 18), they have shown a gradual increase year by year. It seems clear that this
increase comes from Co-60 buildup on the material surface of the primary circuit (Figure 18). Two remedies
are considered to mitigate this buildup; one is to further reduce Co and Co-60 sources by measures such as
replacing the Stellite in valves, and using air-prefilmed Inconel for fuel spacer springs as described before, and
the other is to develop methods to mitigate the buildup rate of Co-60. For this purpose, a more detailed and
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basic knowledge than we have now is needed about the interaction between oxide film and jonic metal
elements.

CONCLUSION

The radiation control measures adopted in Japanese BWRs were qualified by the investigating data on
operating water chemistry and radiation levels. Following the Improvement and Standardization Program
established by electric power companies and plant manufacturers, the occupational radiation exposure was
reduced this decade by factor of more than ten. Standing on the ALARA concept, however, more measures
need to be developed to further reduce dose rate and radiation exposure.
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SESSION 1
DISCUSSION

I would like to comment on the subject of reduction of exposures through the control of radiation
fields worldwide. I think two of the speakers this morning played a major role -- Krister Egner in
raising the pH at Ringhals. It is kind of a rocky road with that work, but you can see the success of
it. The equivalent in the BWRs is Bill Marble with the zinc injection, which he pioneered. Again,
he had a rocky road with it, the problems with zinc-65 that you heard about, but it has been highly
successful. We are lucky to have two of the pioneers of this work here today.

The first question this morning regarding work practices reminded me of my first job as a health
physicist. I was in the Safety Department at Allis Chalmers, and the first thing they taught me there
was that the safety principles are first to eliminate the hazard. If you can’t do that then you guard
against it. Then, after you’ve done both of those things, you develop procedures. It occurred to me
as I thought about that question, that our sessions here today have been on the first principle of
eliminating the hazard -- eliminating the problem -- and this afternoon we will get into the design of
new plants and the "guarding against it" type of actions. Tomorrow we will get into some of the more
applied procedural and work practice aspects of radiation protection. Hopefully, some of the
questions asked this morning will be answered tomorrow.

The other point I would like to make was that in the introduction I mentioned that the ALARA
Center exhibit is over to the right. We also have one over to the left that I neglected to mention,
which deals with the DOE ALARA Center Exchange - DOEACE. Bruce Dionne, who is the person
at Brookhaven most responsible for the DOE activity, will be out there showing that to you if you
would like to explore that. I'd like to thank all the speakers for their very interesting presentations.
I'm sure they put a lot of effort into them and we appreciate it.
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PANEL DISCUSSION ON
RECENT RECOMMENDATIONS ON DOSE LIMITATIONS

I would like to introduce the chairman of our panel discussion on Recent
Recommendations on Dose Limitations, Charlie Meinhold, who is Deputy Division Head
of the Radiological Sciences Division at Brookhaven National Lab, and President of the
National Council on Radiation Protection and Measurement.

We have a very interesting topic for this morning. I note that it is stuck in the middle of
an ALARA session, which seems slightly inappropriate since I think one of the aspects of
dose limitation that the ICRP and NCRP have been trying to point out is that dose limits
are not based on ALARA considerations, and that you chaps are doing the work to
establish constraint and reference levels that we aren’t able to do. We can only set
boundaries, and you all have to do the work of getting those exposures down to where
they should be for everything to be the way both the NCRP and ICRP want to see the
situation.

Some of you also realize the NCRP and the ICRP have been up to their usual devilment.
As soon as NRC adopts a new set of recommendations, they find that they are again 15
years late, because the NCRP and ICRP have a new set of recommendations. I guess
that’s pretty much true throughout the country and I'm sure we’ll hear it from our
panelists as well. Of course, both of those organizations are merely reacting to the new
information that we get from the remarkable studies conducted in Japan on the survivors
of the atomic bombings.

Having said that, I think we have a very interesting panel who ought to be able to address
a few of these issues. Clearly those recommendations start with a reduced dose limit. I
thought that Dr. Cool picked it up pretty well when he pointed out that what we are really
after is a lifetime limitation of about 1 Sv or 100 rem. It almost doesn’t matter in a real
sense in terms of the radiobiology how you do that, although you should keep the dose
rate down certainly below 5 or 10 rem per year in order not to exceed the risk estimates
that led you to the 100 rem lifetime suggestion in the first place. Given that, we have to
look at how that will work. The other aspect of, particularly the ICRP recommendations,
is because of the "intolerability of exceeding the dose limits," ICRP has suggested a system
of dose constraints. They suggest regulatory authorities should impose dose constraints on
various segments of their regulated organizations. This is indeed an optimization
(ALARA) step made by the federal agencies as they look at each practice. Perhaps some
of our panelists can react to that to some degree.

More importantly, of course, is the idea that everyone needs to understand that the dose
limits as they exist are only acceptable because of ALARA. It is the distribution of doses
below the dose limit which is so important. Perhaps we need to reflect on that as we look
at some of the information that some of our panelists can bring us. The panelists this
morning are each going to give us a few minute discussion on these recent
recommendations.

Don Cool will decide whether or not he wants to do that, already having had about a half
hour of your time earlier today, but he may feel that he needs to defend himself in some
way. Don Cool is, of course, the Branch Chief, Radiation Protection Health Effects
Branch, Division of Regulatory Applications, the Office Nuclear Regulatory Research. I'd
also point out, because I'm a bit parochial, that he’s a member of ICRP’s Committee 4.
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Mary Measures is the Director of the Radiation and Environmental Protection Division,
Atomic Energy Control Board of Canada. I suppose a lot of folks don’t think Canada is a
foreign country, but I'm afraid that it is. I'm sorry about that Mary, but we’ll consider you
giving us information from another country for this particular talk. It is interesting that,
of course, we work very closely. As a matter of fact, the NCRP has often had members of
the Canadian organizations on some of our panels.

Christer Viktorsson is the Head of the Department of Nuclear Power Inspections and
Emergency Preparedness at the Swedish Radiation Protection Institute. Sweden has had a
long history in radiation protection. Actually, the first meeting of the ICRP was held in
Stockholm in 1928, and Sweden has been very much in the forefront on the whole
question of reducing exposures.

John Schmitt is a Manager of the Nuclear Energy Institute. His name tag actually
explains it better as NUMARC. But in the binder you will find that he’s under this new
name of NEI, the Nuclear Energy Institute. John has been very active at NUMARC
bringing the industry people together to look at recommendations as they come,
particularly from the NCRP, and the input from them has been helpful.

Jacques Lochard is with the CEPN, I guess probably the interface between the regulators
and the operators is sort of an ALARA Center for Europe. Now, 1 will also be
parochial here in that Jacques is a member of the Executive Council on the International
Radiation Protection Association, of which I am the current president, and I suppose we
should try to tell you that we should all try to get to Vienna, Austria, for our International
Congress in 1996.

Frank Rescek is here as defender of the faith, because he’s the guy who is on the floor
representing the utilities, the users. I have worked with Frank. He’s helped me on a
committee that’s been looking at whether or not it’s possible to live with new dose limits,
and how we would do it if we had to.

I'd like to invite each of the panelists to give a few minute presentation on behalf of the
force behind the things they do, and I'll ask Don if he wants another few minutes.

You know I can’t resist taking one or two, although I don’t intend to try and repeat the
things that I said earlier, there are several things that we need to keep in mind as we
consider changes to regulatory structures changes to operating systems and the other
things that go along every time someone suggests that perhaps we're not providing the
appropriate level of protection. I want to emphasize "suggests that perhaps we’re not
providing the appropriate" because the meaning of that particular phrase is truly in the
mind of the beholder, and one of the things that we are faced with these days, more than
ever before, is a clash between viewpoints of groups, organizations, members of the public,
in terms of what is appropriate protection, and what is the way to achieve it. Here we
have been talking about ALARA, the ALARA process of reducing exposures below a
limit -- the classical radiation protection approach, and Charlie has reemphasized,
appropriately, that those limits are an upper boundary, a suggestion of what might just be
tolerable or something, and certainly not something that we would want to have over a
long period of time. At least in the United States, that philosophical approach is in direct
clash with another philosophical approach, which is the establishment of a very low goal,
and then seeing how close you can come to achieving it. The typical approach that is
used, at least in the United States, in regulating chemicals, regulating other hazardous
materials. What you discover is that you have two boundaries. You have a limit on the -
upper end, you have a goal on the other end, and in the middle you have a process, which
is exactly the same process whether you call it by ALARA, whether you call it
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achievement of goals or maximum tolerable levels above the goal. It is that same process.
So one of the first things we need to consider is the philosophy and then the application
of what we are really doing and what we are really about in either one of those
philosophies in order to make it work. And that gets me to what I'd emphasized earlier
in talking with some of you with regard to public acceptance. Because no matter what we
do with the regulations, no matter what we do with our operations, if we do not have
some measure of both public understanding and public acceptance of those operations, we
would have really failed in the end despite all of our technological achievements. In terms
of the impact of the recent recommendations, I would like to note -- I'll do a brief bit of
advertising for Charlie here -- out on the table is a copy of a study that Charlie Meinhold:
did for the Nuclear Regulatory Commission on the "Impact of Reduced Dose Limits." In
the U.S. NRC'’s great acronym vocabulary, it’'s NUREG/CR-6112. That gives you a lovely
little identifier. But as a rather interesting first step in a study which we are pursuing here
in the United States, an attempt to try and find out what would be the impact of changing
occupational dose limits from the present 5 rem/year, the old system, 50 mSv/year value,
to a variety of things, either the 20 mSv/year average, some combination of 50 and a one
and/or otherwise averaging as NCRP has suggested. We found a rather disappointing
response in terms of people wanting to think about it right now. I think Charlie would
testify that he had a terrible time in trying to convince people that they should give him
any sort of data. But we found that there is some impact out there, certainly, more with
the perceived nature of complying with a limit, rather then the reality of being in
compliance with a limit, and there’s a world of difference there, too, between whether or
not you are achieving the objective of controlling exposures within a certain criteria which
I believe is already the case, clearly demonstrated from the charts that I put up earlier
today, versus the feeling that I am sufficiently far below that in terms of my avérages that
when the NRC inspector shows up at my door that I am comfortable with the fact that
he’s there and that he’s not going to find something and he’s not then going to pick on me
in some way. So those are some of the issues to start off with. Maybe we’ll deal with
some of the other ones later as we go through it.

I think just before I start, I'll mention that I will go through the dose limits, not ALARA.
In Canada, we are of the feeling that ALARA isn’t something new. It is something that’s
been part of the regulatory process ever since we started regulating. We maybe didn’t
have words for it, but it was the way to go. In Canada, it is not something that we add on
as a special program, it’s part of a good radiation protection program. As far as the new
dose limits are concerned, I think ALARA is just part of it, just as it is part of your every
day practice. Now what we did do in Canada, was in 1991 we issued a consultative
document, C122, which stated the Atomic Energy Control Board’s intention to follow to a
large extent the recommendations of ICRP-60. One significant difference was we decided
that we would probably go directly from 50 mSv/year to 20 mSv/year, without including the
5-year averaging period. However, during the consultation process, we had many
comments from industry who found that this would be perhaps a bit too restrictive, not
giving them the flexibility they thought they needed. From the nuclear power plants’
perspective, they thought that this would be a problem, particularly for special
maintenance. For example, in Canada there are problems requiring the change of
pressure tubes that have to be pulled and reinserted, and also there are boiler cleaning
programs going on. They felt that probably they would not exceed the limit of 20 mSv,
but they would like to be able to approach it without worrying about legal consequences
should they exceed it. In other words, they didn’t want to unnecessarily restrict people
from radioactive work. We received the same comments from the mines, because as you
are aware, in Canada there are some very high grade ore uranium mines, who were also
concerned about limiting to 20 mSv without the 5-year averaging. In fact, they wanted us
to go directly to the lifetime limit that Charlie was mentioning before. We have not
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agreed to do that, but we have agreed now that we will institute the 5-year averaging.
However, that is a little bit late from the nuclear power plants’ point of view because the
other part of the equation is the unions, and once the unions read C122, which said we
weren’t going to allow the averaging, they didn’t want any part of it. At one power plant
utility, the union has said strictly it will not allow above 20 mSv/year. For another one, it
is, in fact, part of the collective agreement, that 10 mSv/year will be the dose limit,
provided that the collective dose is not increased as a result. So the unions are doing
what would be part of the ALARA equation.

Another important area where we are not going to follow ICRP recommendations was for
the dose limits that they recommend for pregnant workers. They recommend 2 mSv to
the abdomen, plus or and--they don’t really qualify if it’s a plus or a combining formula--
.05 annual limit of intake of any radionuclide. During our consultative process we found
that the women across the country were very concerned. One, it’s going to be almost
impossible to measure and demonstrate compliance with those kind of limits, and
especially, there is a concern about loss of employment opportunities for women,
especially in nuclear medicine. So we decided in Canada to listen a bit more carefully,
and we held a series of meetings across the country. We, in fact, had a series of
workshops that we held at seven cities and at one mine site, to get the input from
management, from workers, from unions, to see exactly what the concerns were. The
overwhelming response was that women are concerned about the loss of job opportunities.
They felt that their fetus would be more at risk from their losing the jobs or not getting a
high paying job in the first place, then they would from any additional risks from the
radiation exposures. They felt that, just as they are allowed to make an informed decision
about the safety of their fetus with respect to alcohol and cigarettes, they should be given
the information and allowed to make an informed decision on whether or not they would
continue to work in a radioactive area. The Atomic Energy Control Board is now looking
at some limit above the ICRP recommendation, by which we assume the ICRP means 1
mSv to the fetus, but below our current limit of 10 mSv. We are looking at the number of
4 mSv during the duration of a pregnancy as a dose limit to the fetus. One other topic we
considered was hot particles, because of NCRP’s recommendations on specific limits for
skin dose from hot particles. We had a good look at the problem in Canada, and we
came to the conclusion that there just aren’t enough hot particle incidences for us to even
bother considering that as a regulatory concern, at least not as something that we have to
specify in the regulations.

The final point that I would make is with respect to doses to members of the public. We
find that ICRP recommendations are a regulator’s nightmare with this respect. They
started with 5 mSv/year, then they added, well that’s OK, provided over your lifetime you
don’t exceed 1 mSv/year on an average. Then they changed it to, 1 mSv, but it’s OK to go
up to 5 mSv sometimes. Regulating sometimes is very difficult. Right now they are saying
1 mSv, but you could have a 5-year period of 5 mSv over 5 years under special
circumstances. That’s not a problem with respect to nuclear power plants in Canada, but
it is with respect to children and other relatives of patients in nuclear medicine. ICRP has
washed their hands of that saying that’s medical exposure. We think that perhaps it is
true for adults who could make an informed decision. We’re not sure that in the case of
children that it would be true. So that’s just some of the problems that we are wrestling
with at the moment.

First of all I would like to congratulate our U.S. colleagues for their very nice efforts we
have seen this morning concerning dose reduction. I have followed very closely the work
done in the United States in recent years and now I think we see the fruits that you can
harvest from the very, very hard work that has been done. From the Swedish point of
view, we have seen in some plants, rather dramatic increase in the last two years
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concerning collective doses. This is, of course, of concern to us, and I totally agree with
what Don Cool said that public acceptance is vital for this industry to survive. So we are
doing our best to find the means to reduce these doses. Not all these are spelled out in
regulations, but in very close discussion with the industry. As you mentioned, Mr.
Chairman, we are very close to the ICRP in Sweden, and we have implemented the ICRP-
60 in our new regulations from 1994, and some basic elements of those regulations are
first of all the ALARA programs, we are now going to emphasize more than we have
done before and one particular aspect is the commitment of management. We strongly
believe that radiation protection is not an isolated process. It has to be integrated into
the overall management of the power plants. We have also in the new regulations issued
new dose limits. We are not going to change the annual dose limit, it will still be 50 mSv
per calendar year for the individuals. However, we have introduced the ICRP concept of
100 mSv in 5 consecutive years. That will apply from the January 1, 1994. There is also
in our regulations that were issued in the late 1980s a lifetime limit of 700 mSv. What we
also think is rather important is a sort of ambition level or planning level on collective
dose. This was already issued in the 1970s with the 2 person-Sievert per gigawatt installed
electricity. In the new regulations we have emphasized this even more, but it must not be
interpreted as a limit, it is a sort of planning level for the utilities. But we don’t believe
only in dose limitations, and as I said earlier, we believe very much in the optimization
process and in the ALARA programs, and that should be the sort of focus for our dose
reduction efforts.

A change in perspective now as we go to the licensees or the users’ portion of the panel.
The record of doses in the U.S. commercial nuclear power industry is that occupational
workers generally receive less than 2 rem, or 20 mSv/year, a rate similar to the 10 rem in 5
years in the ICRP 60 and less than n rem lifetime where n equals age in years, which is
part of the limitation system in NCRP-116. We saw this in the data that was displayed
this morning and I think we will see it this morning as the panel and the workshop
progresses. Therefore, the risks to workers due to their exposures to radiation in the
course of their job is generally equivalent to the risks associated with the ICRP and the
NCRP systems of dose limitation. The radiation protection approach in the industry
which has produced this risk management is structured like this. Radiation protection
programs actively practice ALARA and the programs are designed to assure that
regulatory limits are not exceeded. The health physicists responsible for these programs
are aware of the NCRP and ICRP recommendations on systems of dose limitation. These
recommendations are generally considered in making decisions about the programs.
Formal adoption of these recommended systems of limitation would be by way of
regulation. In considering whether the current regulation should be changed, the potential
benefits, such as risk reduction to individual workers, must be considered relative to
potential impacts such as increase in collective doses for the population of workers. This
consideration is best done by anticipating the performance to be achieved by programs
redesigned to assure regulatory compliance with the changed regulation -- which is
different than achieving the objectives without a regulatory mandate. Optimal
management of the risk, via operational radiation protection programs, is the principal
consideration in looking at whether formal adoption of the recommendations is more
appropriate than less formalized recognition. Also, if formal adoption via regulation is
selected, the transition would need to be carefully planned and managed to assure that the
benefits of current radiation protection programs are preserved and the enhancements
sought are fully realized.

As Charlie said in his introduction, I am working in between regulation and operators and

I will try to reflect a little bit on the topic of dose limitation from the two perspectives.
From the regulatory point of view, we are in France at the moment in the middle of the
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discussion about the adoption of the new Directives of the Commission of the European
Community, and there are some interesting elements to mention at this level. First, there
is a unanimity in France to adopt the ICRP system as it is proposed in publication 60.
There is, of course, an ongoing discussion about how to apply the flexibility, in practice,
with respect to the 100 mSv in 5 years. From the operational point of view there is no
real technical difficulty and there is a consensus about the way to proceed. The main
difficulty is related to the question of the confidentiality of the information about
individual doses. A point on which we also have discussions is the problem of the role of
dose constraints, specifically their regulatory status. I think there is also a majority to say
that dose constraints could be a good tool to force people to think more in terms of
ALARA, but also that dose constraints, if they have to be operational, should remain a
matter for operators. This is the situation at the regulatory level. From the practical
point of view, I think you probably know, that after a long period of hesitation, to say the
least, France has jumped into the ALARA culture two years ago with the leading role of
EdF. Now there are a lot of ALARA programs in power stations and we already are
seeing very good results. I think this will be shown by different speakers during the week.
We had an increasing trend in collective exposure per reactor over the last ten years and
since the ALARA programs have been set up we now have a clear reduction. But we
have also to be aware that this effort is mainly done in the nuclear industry at the
moment, and that in the medical as well as in the conventional industry fields we are far
from these good results. Just to finish, I'd like to come back to one point mentioned by
Don Cool in his introductory paper this morning about the crucial need to pass the
ALARA message to the public. Beyond the technical aspects that will be discussed the
during the week, we have to be aware there is a philosophy of how to deal with residual
risks in our society. I think we have to give this message to the people, especially with all
the implications from the economical point of view, but also from the ethical point of
view.

I support the views and position expressed by John Schmitt. I believe that Commonwealth
Edison, specifically, and the U.S. nuclear utilities, generally, are keeping individual doses
ALARA and well below the regulatory limit of 5 rem/yr. Commonwealth Edison owns
and operates twelve reactors (three two-unit BWR sites and three two-unit PWR sites).
The 1993 year-end dose summary for all commonwealth Edison plants is shown in
overhead #1. Note that there were 57 ComEd employees and 221 contractors who
received greater than 2 rem last year. Furthermore, no Edison employees and only 18
contractors received greater than 3 rem. No one exceeded 4 rem in 1993. In contrast,
overheads #2 and #3 show Edison employees and contractors dose summaries for the
five-year periods 1989-1993 and 1984-1988. Only one Edison employee received greater
than 10 rem total (average of 2 rem/year), but less than 15 rem total (average of 2.5
rem/year), in the last five-year period. Similarly, there were only 12 contractors who
received greater than 10 rem total (average 2 rem/year) for the five-year periods 1989-93
at Commonwealth Edison facilities. For comparison purposes, although a fair number of
Edison employees and contractors receive greater than 2 rem in 1993, only a very small
number of individuals received more than 10 rem total (average 2 rem/year) over the last
five years. Thus, our experience shows that having the flexibility to permit workers to
receive greater than 2 rem in any one year does not hinder our ability to control
individual lifetime doses. For example, ComEd plants are on 18-month refuel cycles.
Consequently, one year out of three, each of our two-unit sites will have two refuel
outages. during the years a site has two refuel outages, it would be very difficult to
comply with a 2 rem/yr limit. Recently, ComEd reduced its administrative dose control
level from 3.5 rem/yr to 3.0 rem/yr. Our analysis shows that this change would impact 33
contractor workers at a cost on the order of $200,000 to $700,000. It’s important to note
that this is an administrative control level and we have the flexibility to permit workers to
exceed the 3 rem for critical situations with appropriate approvals. Similarly, I believe
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Rescek-Figure1  CUMULATIVE DOSE TOTALS - 1993
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Rescek - Figure 3
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most utilities have set administrative controls well below 5 rem/yr to keep individual doses
ALARA. Finally, my last overhead shows data on transient worker doses which I
obtained from INDEX. INDEX, for those of you who are not familiar with it, is the
integrated nuclear data exchange program. I believe there are 18 utilities representing 33
reactor sites and 60,000 total transient employees in the INDEX data base. For 1993
there were approximately 516 individuals who received greater than 2 rem and another
1,812 who received doses between 1-2 rem. If a 2 rem/yr regulatory limit were
promulgated, then the industry would establish administrative levels on the order of 1.5
rem/yr to ensure compliance. Hence, the number of people impacted based on the
INDEX data would likely be in excess of 1,000. Assuming INDEX represents about one-
third to one-half of the total number of transient workers in the U.S., the total number of
workers impacted and the total cost would be substantial.

Our panelists have set the stage for a discussion on the potential impacts of these new
recommendations, and since this supposed to be a panel discussion, it is open for
questions and comments. Please go to the microphone and identify yourself before asking
your question. While you are all thinking up your questions, perhaps I can make a few
comments. Some of the data that John and Frank talked about clearly demonstrates that
they are doing a good job in terms of controlling the average dose to worker, but as ICRP
laid out its rationale, the problem is that the "average" person is not the person we are
concerned about when we set a limit. We made that mistake in 1977 when we justified
our dose limit on the basis of an average, but in the Publication 60 and in NCRP’s
Publication 116, we’re only talking about that very rare individual for whom the dose limit
is acceptable based on a comparison for people whose jobs put them at the top end of
safe industry (deep sea fisherman, etc.) ICRP said that there is an upper level of risk that
people will tolerate, which is about 1 death per thousand workers per year. It is this
criteria which applies to Rescek’s 1,812 workers. It is the distribution below the limit that
is truly an ALARA issue, and I can assure you even further that neither ICRP or NCRP
could have adopted their dose limits if they thought that they were going to be the basis
for controlling exposure. That’s not the purpose of the dose limits and I think it is
important to clear up any confusion. The limits are only a boundary condition for those
who might be at the highest end of that risk level and not something which drives the
average. I think it’s clear that the ALARA and the dose minimization programs at the
power plants drive the average down and have to continue to do that. So if any of the
panelists would like to react to that, I'd be happy to respond.

The number of individuals in the nuclear industry who tend to receive annual doses near
the limit can be inferred from the data shown previously in Don Cool’s graph. His graph
showed that for the early 1980s, approximately 700 to 800 workers received greater than
10 rem in five years. However, in the last five years, Don’s graph showed that the number
had fallen to only 150 workers. Clearly the industry has improved its performance in
lower individual doses since the ICRP and NCRP made their recommendations on
controlling lifetime dose. I believe that the number of workers who exceed 10 rem in five
years will continue to be reduced without reducing the 5 rem/yr limit. Furthermore, I
strongly believe that we need to protect the lifetime risk to all workers, and the best way
to achieve this is by establishing a separate lifetime dose limit consistent with the NCRP
recommendations, including the grandfathering criteria for people who already exceed the
lifetime limit.

Are there any questions?
This is more of a comment than a question. One of the things you talk about is that there

are only 150 people at this point in time that are greater than 10 rem in 5 years.
However, I don’t know what the rest of the utilities are doing, but in our utility we are
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getting into a lot of pressure to reduce the crew sizes to perform certain tasks. By
reducing the crew sizes, without reducing the dose that it takes to perform the job, you are
actually increasing the exposure for each individual on that job. So with that in mind, if
that is what is going on in industry, and I expect that it is with cost control measures, I
think we may even see an increase in the number of people that are greater than 10 in 5.
It’s one other variable out there. Iwas reading through the NUREG report that you are
talking about and what they said is that at 2 rem that is considered a safe industry,
whatever that means, because even a safe industry is being redefined now as we talk about
this. Safe industries are getting safer. On the upper end of the scale they say that the risk
assessment is equal to that of a miner or deep-sea diver. Now in all these other safe
industries, I would venture to say that they have people that work within their industry
that it is publicly acceptable for them to take on riskier jobs. As a matter of fact, at the
power plant, we have divers. Bringing a diver into the spent fuel pool reactor cavity is a
little bit more risk that my sitting at a desk figuring out how much exposure he is
receiving, but that is acceptable because of the fact that he is a diver. So one of the
things that I would like to address, and this links back to Mr. Cool’s comment about
public education, is that it seems to me that it would be a lot more reasonable since we
have a relatively small portion of people that are in the so-called high-risk category up
with the deep-sea divers, that you would be better served if you would take all the money
that we spent to try to get these few people less than 10 in 5, and take those resources
and put them into educating the public to explain to them why it is OK to have people
within the nuclear power industry have the same risk as a deep-sea diver or miner.

I would like to comment on that, especially with respect to the miners, it is an added
problem where you have the miner worrying about a rock falling on his head, plus the
radiation exposure. I think that when we are dealing with miners we have to add in all of
these things so that we are looking at the total risk to the worker and not just one of the
compartments. I think it is very important to not forget that these other risks are there.

I work for Westinghouse Hanford Company in Richland, Washington. I work for the
DOD, I'm not in commercial nuclear power environment, but I would like to make a
comment and ask you a question. In 1990 we reduced our administrative levels to 2
rem/year. We did a data search in internal dosimetry on all of the individuals that would
be impacted. We also initiated at that time a 1 rem x age lifetime limit. We had 50
individuals out of roughly 1,200 employees that we had to take a serious look at their
lifetime dose. We also had 3 individuals who exceeded the 2 rem/year due to old, internal
deposition and exceeded, one in particular, his lifetime dose. The point I want to make is
that we need to educate the public, but we also need to consider educating the worker.
For years and years we have told these workers that the limits were fine, you were safe,
everything was in control, they were not to worry. As health professionals we gave them
this message. Then all of a sudden we impacted the workers, 50 individuals. A small
amount of the total work force, but those individuals talked to other individuals and
sometimes you can have problems in that area, particularly in the case of the three
workers that were restricted. They can no longer work with radiation. They can no
longer pursue their livelihood. One individual was only 32 years old. That is a very, very
difficult situation to go through. That is my comment. I would like to ask a question of
Frank Rescek. You said that you are under the legal limit right now of 2 rem/year? You
are under that or you will be shortly?

We have an administrative control level of 3 rem/year, not 2, at this time.
I thought I had heard you say you were going to 2 rem per year and then you were going

to look at 1 and 1.5. We do currently have .5, 1 rem, 1.5 and 2 rem, and each one of
those levels requires management signatures until the individual reaches two rem per year
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and then they can no longer work. So I guess I misunderstood that.

To clarify that again, we have an administrative control level of 3 rem/year at which point
to exceed that you need the station manager’s approval. The number of exceptions is very
rare, but the approval process to go above 3 rem on a rare case-by-case basis is available,
if justified.

As we have heard, and as you alluded to in the question and comment, how we broach
the subject of ALARA and how we manage it as we talk to the public is very important,
but often we think of the public as those people outside our fence. I think we’ve got an
important public in our workers and we really need to address them. We have to carefully
consider what we are doing as we look at potentially lowering the limits. If we practice
the recommendations and use it to help us by our administrative means to get the doses
and the risks down to individuals it is very beneficial. If we also do that via regulation,
where we say now it is not longer acceptable to this government agency or anywhere in
this country, or whatever, to allow people to receive doses greater than this number or
these numbers, this system of numbers, the we create perceptions among whoever is
affected by those limits, any public, including our workers. There are all those social
perceptions and perceptions about whether or not they have been protected in the past.
Have they been safe? Will they continue to be safe in the future? How about their
employability? How about their expectations, their families’ expectations about their
health in the future, those kinds of things, as well as the potential for litigation. The
people may think that because we have now discovered some new level of risk that we
haven’t been protecting them and maybe they ought to come at us through litigations.
There are also perceptions set up which could be dangerous and damaging to the licensees
who have been protecting these people in the past, but who may be perceived as not
having been providing them with an adequate level of protection. I think that needs to be
carefully looked at as we formalize these recommendations.

This adds on to what Mr. Schmitt said. I totally agree, lowering the dose limits causes
concern among workers, particuarly, because they are going to ask themselves or us, have
we been protected before or not? So we have had several discussions with contractors for
example and they have these types of concerns. I think when you issue a new regulation
they have to be accompanied with appropriate information, proper education programs,
trainings, etc. Therefore, in Sweden we have asked the utilities to put more emphasis on
training and on education of the workers.

I’d like to speak on this topic because I think it’s a crucial point when we discuss limits.
Each time there were changes in the past with dose limits, it has been seen as a
catastrophe by the industry in the beginning, just because there were these sort of
considerations saying that limit is something like above the limit isn’t safe and below the
limit is safe. But, in fact, if you read carefully what has been written by ICRP, it has
never been presented like this. What has been said all the time is that the limit is the
upper bound of what is tolerable in the present vocabulary, and I think this is what we
have to emphasize when we speak about education of the public or of workers. There are
two different problems with radiological protection. One side is the problem of
deterministic effects and in this case it is a matter of respecting some thresholds. It is safe
under, it is unsafe as you go away from this threshold. As far as stochastic effects are
concerned, this is just a matter of tolerability of risk and what society at a certain point in
its development is able to cope with. What we have to tell people about this idea of
residual risk is that we are all living every day with a set of residual risks. When we go to
work every day there is a specific residual risk. Whether or not this risk is founded on
scientific evidence is another business. This is the problem we have about the impact on
low doses. Taking into account the doubt about the existence of a threshold for stochastic
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effects, we have assumed prudently that we do as if there was no threshold, and based on
this assumption, we have to educate the public on the fact that we are living with a
residual risk. When this is understood, a change in limit will not be seen as a catastrophe,
but a general improvement in protection because societies are getting more resources and
are able to reduce further residual levels of risk. I think this is a very important point in
terms of the message to the public but also for the workers and we will not be confronted
anymore with this type of attitude: don’t change the limit because you are going to put
panic among the workers. On the contrary, if you change the limit it’s a very good sign.
We’ve made a lot of progress. It’s something like ALARA 1 think.

If I let the discussion continue, we will never be able to accept another question. We’ll
take the next question and return to this issue if we can.

I am from Oak Ridge National Laboratory, and Theresa Aldridge, who just asked that
question, is one of my colleagues in the DOE system, and I would kind of like to know
why some rems are more equal than other rems. Notably, Department of Energy rems
and NRC rems. We, like Theresa’s Westinghouse Hanford, some years ago after my
former boss went to the previous Brookhaven ALARA conference and got all inspired, we
went to the 1 x age limitation and we instituted a series of administrative goals. We, too,
have had some workers confused by what was safe and what was not, but we mostly have
been able to iron that out and educate the workers on it. We still have questions raised,
but we are doing OK. We thought we were being very proactive to do that but the DOE
has gotten the wind up and they have instituted through the Radiological Control Manual
a de facto limit for Department of Energy facilities including all contractors and
subcontractors, of 2 rem/year. In order for any worker at any DOE facility to exceed the
2 rem/year, application has to be made in writing to a program secretary, of whatever
DOE program it happens to be, in Washington, D.C. Can you imagine, if you people at
the utilities had to apply in writing, to say, Dr. Cool over there, for permission to give a
worker over 2 rem. Even 10 mrem over 2 rem, if you thought he was going to get over 2
rem, you would have to apply in writing and wait and wait until Washington got back to
you on that. Iwould like to know why some rems are more equal than others, considering
the DOE system as a whole has a much Jower dose curve than the NRC, why is that Dr.
Cool? And the reason I'm asking you is a lot of the time when we ask questions of the
DOE, they will say things like "Well we are doing in our new 10 CFR 835, which is sort of
the analog of 10 CFR 20, we have certain provisions in here," and I'll say to the DOE
folks, "Why is that in there?" And they will say, "Well that’s the way the NRC does it."
"Well how come that’s in there." "Well that’s in NCRP 60." Yet they have declined to
adopt 10 CFR 20 in toto. The federal agencies have all declined to adopt ICRP 60. They
take a "cafeteria” approach to 10 CFR 20 and to ICRP 60. What they like, they adopt
and write into law, and what they don’t, they sweep under the rug. So we have this
regulatory inconsistency. Perhaps you would like to comment on that since the NRC
seems to be the lead regulatory protection agency.

I want to hear this answer, too.

So do L 1 think in essence what you have identified is the heart and soul of most of the
discussion that we’ve had around here, which is the whole problem of establishing a limit
and the legalities that go along any time you draw a line anyplace. Be that at 20 mSv, be
it at 50 mSv, be it at § years with 100 mSv -- no matter where you draw a line you have
then arbitrarily, but perhaps not capriciously, but certainly arbitrarily said that anything
less than that can be treated in one way, and anything greater than that can be treated in
a different way. Although if we assume for the moment that we really do believe in the
linear nonthreshold hypothesis for purposes of laying this out, 20 mSv vs. 20.01 mSv only
changed the incremental risk to that individual by some very small 10 to the minus, some
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number down there. Nevertheless, you have that problem within the regulatory schemes
of things where we have decided for legal purposes, for control purposes, or whatever that
might be, that there needs to be some framework laid out to provide some boundaries and
that really gets to the biggest difficulty that I see in moving to things like the publication
60 or the NCRP publication 116 sorts of values, is the tradeoff between what would be a
better system in terms of flexibility and perhaps a system which would more clearly
recognize radiobiological realities vs. a legal system, which certainly the U.S. and the DOE
and NRC live under, has gotten tremendously litigious, that we just wait for the next suit
to come around the comer, we have our probability of causation tables, which are
constantly changing, and how to try and provide enough flexibility so that the difference
between 2 rem and 2.01 rem is recognized from its radiological standpoint perhaps
separately from its legal standpoint in defining good practice. Because in the end that’s
really what we want to do. We want to define and carry out good practice, and ideally we
would do that and we would never actually bump against the legal requirements. The
short answer to your question, why are rems different? Because we had to draw a line in
the sand. I don’t like it either.

I think also one of the answers to this, of course, is that EPA has the overall responsibility
for coordinating this and NRC is merely reacting to the 1987 guidance of the EPA. He
doesn’t like to hear that, but EPA hasn’t even reviewed the ICRP or the NRCP 116 in a
formal way. Now the difference between DOE and NRC is between the owner and the
renter. The NRC has got licensees and all of the legal constraints that are involved in
their putting more constraints on the licensees. The only interrelationship they have is the
regulation. The DOE owns its facilities. It pays for the operation and can set up any
rules it wants and if they react to the new data in a way that is more conservative or more
up-to-date, if you like to use those words, that’s something they have to understand that
they are doing in terms of the additional costs and additional concern that it raises. But I
think there’s no inherent reason that they can’t do that as anybody else. As a matter of
fact the NCRP always expects individuals to look at our recommendations even more than
the federal agencies because we like to have people thinking about them within 3 or 4 or
5 years after new risk information becomes available, and the federal agencies can’t do it
for 10 or 12. So we still think people ought to look at it and think what they should be
doing now.

I guess in listening to all the rhetoric going on, and listening to John Schmitt and his
concern about expanding the normal number of people who get dose if we limit the
amount of dose any one person gets, the question I have to ask the scientific community is
why aren’t we dealing with the total lifetime dose as the primary upper limit, the value
you alluded would be 100 rem isn’t the right answer. If you take 2 rem per year, and I
assume most workers work 40 years in their lives, I would get 80 rem, if I take your age in
rem NCRP T'll get 60 rem. So we've got three numbers here already. Why don’t we
come up with a reasonable risk based on a total lifetime dose and let the regulation be
loose enough so that the people that have to live with them can work within a fairly good
flexibility and manage their resources so that they don’t exceed that total outer boundary.

I could react just briefly. One of the things that regulators have to worry about, and even
the NCRP and ICRP, is a problem of exploitation. That is if I've just got a lifetime limit,
say its a Sievert, 100 rem, how do I ensure that it’s not being used by an unscrupulous
person to deliver 25 rem in a year in order to get that job done faster and use him up,
basically. So that’s one of the reasons that there is some moderation in the way that it’s
delivered. The other side, of course, is that 100 rem delivered in increments at higher
than 20 mSv a shot, has a different risk associated with it, about a factor of two high.
We’d have to keep you below 200 mSv a year anyhow.
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My point was that we’ve got some reasonable regulatory limits now which address those
issues. Let’s just put a top cap on it and not fool around with changing any more
regulations.

I guess you are preaching to the choir. Any comments?

You've certainly identified one of the possibilities and I will add to what Charlie Meinhold
has already put out, a couple of perspectives which are probably unique to the regulator.
One, of course, is the span over which you think you can exercise some sort of control. A
year isn’t too bad, most of us are still around next year. Five years perhaps gets a little
more difficult because there’s a greater turnover. As you start to expand out the time
frame over which you will allow people to look at things, you begin to have a greater,
uncertainty perhaps isn’t the right word, but I will use it anyway, a greater uncertainty in
terms of being able to keep track of it, know what has been achieved, deal with
responding to changes. We are talking about a lifetime. We are talking about working 40
years or so. We're talking about looking at a sphere of control which is as long as our
entire dealings in the modern area with radiation have been up until this point. And you
look at the tremendous changes there and it leads you to some measure of uncertainty as
to whether or not we can really do that. The other one comes to the point which Charlie
had, which was simply the recording, reporting, tracking systems and the use of materials
over the longer period of time where compliance gets to be extremely difficult. Up to
now we have operated under a system where licensees, at least NRC licensees, had the
primary responsibility for controls. We don’t go to control of individuals. If you go to
lifetime limits, you go to some of these averagings. That means you would have to change
your sphere of control from a licensee and the focus on a licensee program to the
individuals and that drastically changes, I'll suggest to you, the way in which you’ll have to
do business.

Except they use form 4 to do that now.

Il just make a comment from a Canadian perspective. One, following the tracking isn’t a
problem because we have a National Dose Register, and everyone has an entry in the
National Dose Registry which is one of the few times you can use the social insurance
number as a linkage. So that isn’t a problem, but it is a problem with some of the small
Jicensees. The Industrial Radiographers, as Charlie was mentioning, like to dose people
up and then put somebody else in, so that you have someone who quickly uses up their
dose and is then unemployable. We find with the major utilities we don’t expect that
would be a problem because they seem to be very, very reliable and good corporate
citizens. In fact, in Canada we have a much looser approach in that we don’t have nearly
the regulatory guides that you have in the United States. The licensee tells us how he is
going to keep the doses ALARA and we review it, rather than we tell him how he has to
do it, so it’s a different approach.

I believe the utility industry has good record keeping systems and can track lifetime dose.
At Commonwealth Edison, we do this now and we have a separate annual administrative
control level of 1 rem for Edison employees with high lifetime dose.

I work for Entergy Operations. We are the operating company for Grand Gulf,
Waterford 3, River Bend, and the Arkansas Nuclear 1 Stations. We’ve got a fair number
of employees. The question here from ANI landed on my desk last Monday, and I've
been praying for this opportunity to let you all have it. And your original landed on my
desk until Tuesday, so that’s why it didn’t get back to you. Mr. Viktorrson brought up a
good point about conveying this new message to the worker about we’ve been protected
before, what’s the new limit now, why, is the lower limit safer? Where at the same time in
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Schmitt:

the U.S. we've gone to the opposite extreme by telling them that now we’re going to
assign you 50 rem this year buit it’s OK because it’s not really there or now we’re going to
assign you 50 rem to the skin or to an extremity or something like that. So we’re going
through that culture shift and if we try to do another culture shift from 5 rem down to 2
rem that will be another philosophy burden on them in that aspect Mr. Rescek brought
out a good point that I figured out early on that the operational flexibility is really key to
what the utilities need in all of this. The utilities could live with a 2 rem limit tomorrow
by simply hiring more contractors and we could go from there. He showed on the slides
the number of utility workers exceeding those limits now is extremely low, and we can get
below that by simply adding extra contractor workers to take up that dose. I would like to
urge any contractors in here to comment on this CR 6112 through NEI because I think
it’s the contractors who are going to be the key to whether this whole thing works or not.
So I would like the contractors to do something to get their input into here. Three
questions I had and you can answer any or all of them: Does our panel have any thought
or insight on whether these new limits and ALARA incorporated into 10 CFR 20 will
affect litigation in the future. Up until this point I know the other countries don’t have
the burden of litigation that the U.S. has, up until this point the bedrock of all of our
defenses in the litigation cases has been that we have kept exposures below the legal limit.
Do they think this new limit would have any bearing on how that proceeds. Secondly, of
the 400 and something people who exceeded 2 rem based on the 1992 0714 report, if we
turn those 400 people into 400 plant special exposures, how would the NRC view that.
That’s a possibility. Right now, I can’t speak for the entire industry but I think a lot of
plants are not planning on using PSEs very much at all, but with a 2 rem limit we may
need to invoke that. I'd like to know the NRC’s perspective to that. Thirdly, Ms.
Measures brought up an interesting point I hadn’t thought about, is this reduction from 5
rem to 2 rem, is that detrimental risk of a person losing his job less important than a
reduction in a potential, theoretical cancer fatality?

We're running late so let’s have short answers.

I think he gave me all three, and I'll try to deal with those really quickly. Will the new
limits affect litigation? That’s a very good question that I do not have the answer for right
now, of course. History in the legal system would seem to indicate that it certainly may be
used as a challenge. What the courts in their infinite wisdom determine after all that has
been laid out is something I don’t really want to speculate on as to which way they will
come out because one of the things that the courts have proven is that they are not
predictable. The second one with regard to how the NRC would view taking the 400+
and turning them into PSEs -- not very well. Because we also look at those as being very
limited sort of uses, and you have to be aware that ICRP took that concept back out when
it published publication 60. I would hope that would not become a routine way of getting
around the flexibility, that there would be other approaches that could be taken and in
terms of whether the risk reduction of going from 5 to 2 is sufficient when you balance it
off the risk of losing a job, that is also a real good question and brings to the front one of
the trade offs we haven’t talked about very much which is immediate risk vs. long-term
risk, and I’'m not at all convinced how that would balance out either.

Let me try several of those. The history has been that the legal limit is regulation
generally in the court. Now this is not predictable with great certainty, but generally it has
been accepted that the legal limit is what is the legal duty owed. It is what the limit is in
the regulation and not ALARA. That is an important point because if the legal duty
owed becomes ALARA you can have an awfully hard time defending what you’ve done
and you're at great risk. But I think the point that goes with this question is that there is
a very large difference between whether these systems of limitations recommended by the
bodies, there’s a very big difference on whether they remain recommendations or whether
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they become the regulatory limits. A big difference -- they are both in perception, and I
think when you go to the legal arena. On planned special exposures, etc, I think it’s
important in regulation where you've got the "you can do this” and "you can’t do that” to
maintain flexibility for limited situations. It’s similar in my mind to the grandfathering
provisions that were written into the NCRP situation. You use these under special limited
circumstances in order to help better manage the overall risk situation and I think from
that perspective they are beneficial. They have to be carefully used, however. On the
question of whether we will increase the risk, I agree with Don, it’s a needed tradeoff that
needs to be carefully considered as we determine whether these should become regulation
or not.

We are just about out of time, and I want to thank the panel very much. I thought it was
a very valuable contribution.

’d also like to thank the panel. It was very interesting.
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ALARA IMPLEMENTATION THROUGHOUT PROJECT LIFE CYCLE

Michael J. Haynes
Ontario Hydro
1549 Victoria Street East
Whitby, Ontario, Canada

ABSTRACT

A strength of radiation protection programs generally has been endorsement and application of the ALARA
principle. In Ontario Hydro, which currently operates 20 commercial size nuclear units, great strides have
been made in the last three decades in reducing occupational radiation exposure per unit of electricity
generated. This paper will discuss specific applications of elements of the overall ALARA program which
have most contributed to dose reduction as the nuclear program has expanded. This includes such things
as management commitment, ALARA application in the design phase and major rehabilitation work, the
benefits of the self protection concept, a specific example of elimination (or reduction) of the source term
and the importance of dose targets. Finally, it is concluded that the major opportunities for further
improvements may lie in the area of information management.

INTRODUCTION

[slide 1] Ontario Hydro has been operating nuclear power stations using reactors of the CANDU design
since 1962 with the startup of the 22 MWe Nuclear Power Demonstration (NPD) station near Deep River,
Ontario. This was followed by the startup of Douglas Point Generating Station, a larger scale prototype
station (208 MWe) and the first nuclear facility to be built on the present Bruce site in 1967. Both of these
stations are now shut down (1987 and 1985 respectively). Today, Ontario Hydro operates 20 commercial
sized units with a total installed capacity of over 14,400 MWe, roughly half of Ontario’s total electrical
capacity [slide 2]. As nuclear units are normally operated as base load stations, total delivered energy from
nuclear generation is currently on the order of 60%. These units are located at three geographical sites
known as Pickering (8 x 515 MWe), Bruce (8 x 850 MWe) and Darlington (4 x 880 MWe). Pickering in
turn consists of two stations (albeit under one roof), Pickering A, which came into service between 1971
and 1973, and Pickering B, which came into service between 1983 and 1986. There are two four unit
stations on the Bruce site known as Bruce A and Bruce B which came into service between 1977 and 1979
and between 1984 and 1987 respectively. Darlington is a four unit station which came into service between
1990 and 1993.

A strong commitment to the management of radiation protection has been an essential feature of our
nuclear program from the beginning. Corporate policy in radiation protection included a specific
commitment to minimize and avoid unnecessary radiation exposure as far back as 19621,

The cost/benefit ratio of collective dose to energy produced has improved dramatically over the last three
decades at Ontario Hydro stations [slide 3]. This is perhaps best illustrated by comparing total dose
consumption in 1970, about 1585 person rem for 240 MWe installed capacity with total dose consumption
in 1993, 1307 person rem for 14400 MWe capacity. So how has this been achieved? Clearly there are many
factors but among the more important are: [slide 4]

* management commitment/corporate policy

* integration of operating experience with design of new facilities and rehabilitation of existing ones
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* climination of radioactive sources where possible
* training of personnel/self protection

* radioactive work planning

* use of protecﬁve equipment

* decontamination

* use of goals and dose targets

This paper will discuss a number of specific applications of some of these factors to Ontario Hydro’s overall
efforts at dose reduction and control.

HISTORICAL DOSE PERFORMANCE

A brief orientation to CANDU design is necessary before discussing ALARA application. Some of the
major differences and essential features relative to a light water PWR or BWR include: pressure tube
design, the use of natural uranium fuel, independent coolant (Heat Transport) and Moderator Systems both
using heavy water and on power refuelling. The basic circuit is illustrated in Figure 1.

Collective dose from the operation of Ontario Hydro reactors for the period 1963 to 1993 is shown in
Figure 2. Note that a significant component of the total is a result of internal exposure. This occurs from
exposure to tritium oxide normally in the form of tritiated water vapour as a result of leakage from the
Heat Transport, Moderator and auxiliary systems. Tritium is produced in large quantities in the core of
CANDU reactors as a result of neutron activation of deuterium in heavy water. In general, there has been
a downward trend in collective dose over a long period of time followed by a levelling off at about 1300-
1500 person rem/a despite significant increases in nuclear generation and major maintenance activities in
the last few years. Our collective dose target for 1994 has been set at 1250 person rem.

Average individual doses have also decreased over time levelling off in recent years at just over 200 mrem
per exposed worker [Figure 3]. This is in fact an established target of Ontario Hydro Nuclear policy, ie
200 mrem per exposed worker. The most highly exposed work group within our operating personnel for
routine operations are the mechanical maintainers. Typical average doses for that group are about 300
mrem/a.

MANAGEMENT COMMITMENT

Perhaps the most important and fundamental element of any corporate ALARA program is management
commitment. This requires that senior management understand the ALARA concept, believe in it and
actively support it in managing the business. In Ontario Hydro, the management of radiation protection
has been governed by a set of internally generated Radiation Protection Regulations since 1962. These
documents apply to all nuclear facilities in the corporation, to all phases of their life cycle and are
authorized by our regulators, the Atomic Energy Control Board. Compliance with the Radiation Protection
Regulations is a standard condition of each nuclear station’s operating licence. [slide 5]

The present day Radiation Protection Regulations are prefaced by a set of RP Policies and Principles2
including the following commitment to:
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Limit detrimental stochastic health effects occurring in employees or members of the public to levels as low
as reasonably achievable, social and economic factors being taken into account (ALARA).

This commitment is very real and is a primary driving force for many of the subsidiary RP programs in the
design and operation of our plants. A tangible example of this commitment is the inclusion of collective
dose targets for Ontario Hydro Nuclear as a whole and for individual stations into the performance
contracts of nuclear executives. In short, what gets measured gets done.

ALARA IN DESIGN AND REHABILITATION

Design

Ontario Hydro recognized very early in its nuclear lifetime based on experience at the 208 MWe station
known as Douglas Point that significant changes were required in the design of new stations to control
radiation exposure. Specifically, it became obvious early on (late 1960’s) that one of the major causes of
high dose rates around reactor components was the presence of Co-60 due to activation of Co-59. It was
too late to reduce Cobalt content in the design and construction of the Pickering A station but replacement
components and later CANDU stations at home and abroad benefitted from this realization. This slide
[slide 6] shows how Cobalt levels have been reduced over the years starting with the Bruce A station in
the mid-70’s.

In general, the feedback from Operations personnel to the Ontario Hydro designers has improved
continuously over the years. In the early 1980, the design organization established an occupational
radiation safety engineering program in which a small group, with significant operational experience as
Health Physicists and Engineers were fully integrated into the design process with a specific mandate to
ensure that RP considerations were built into new system designs and modifications from the concept stage
through to construction and operation. This kind of resource commitment is another example of
management commitment.

This process had its greatest application in the design of the new Darlington Station (4 x 881 MWe) using
a program known as the Occupational Radiation Management Program (ORMP), the objectives of which
are to: [slide 7]

* emphasize occupational radiation dose as a parameter in the design process

*

establish an occupational radiation dose target for the station in its design stage and to break this dose
down into individual system design dose targets

verify that the design achieves the dose targets through a four stage radiation management review
process

identify the normal operational, maintenance and inspection activities implicit in the station design that
could be expected to involve significant dose expenditure and to estimate dose expenditures

provide direction to designer’s efforts to reduce the dose and to describe the methods available for
achieving dose reduction in the design stage

The radiation management review process consists of four stages as described below for all relevant
engineered systems:
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Stage 1

In this stage, gross dose estimates are developed based on design data and prior operational exposure
history at other stations. Areas are then identified where dose reduction can be achieved using techniques
such as: [slide 8]

- elimination of equipment

- simplification and orientation of system components

- provision of adequate space for maintenance

- relocation of equipment into lower dose rate areas

- chemical control and purification of active systems

- extension of time intervals between scheduled maintenance

- use of radiation resistant materials

- provision of the means for quick removal of components for maintenance in low dose rate areas (eg
shops)

- reduction in the amount of time for in situ maintenance including the use of special tools

- increased use of shielding

Stage 2

In this stage, detailed dose estimates are made accounting for operation, maintenance and in-service
inspections. The designs are then checked for simplification, reliability, reduction and ease of maintenance
to optimize dose reduction. Included in this stage of the process are the system design engineer, operations
staff, the station Health Physicist, shielding specialists, the station layout coordinator, reliability and
mairtainability specialists and the design radiation safety specialists.

Stage 3

This stage consists of a followup on the decisions made in Stage 2 and an evaluation of the requirements
of layout change and/or supplementary shielding to offset any problems encountered in Stage 2. A subset
of the group involved in Stage 2 contribute to Stage 3.

Stage 4

In this stage, design changes resulting from the previous stages are confirmed to have been implemented
and that the resultant changes to dose estimates have been accounted for. Where dose targets cannot be
met, further consideration is given to dose reduction measures.

Consider application of this process to the Main Moderator Circuit at Darlington for example. The
Moderator System is a low temperature, low pressure system whose primary purpose is to moderate fission
neutrons in the reactor core. The core portion of the system is housed in a large steel tank known as the
calandria. As the moderator is exposed to high flux, it is a source of activation products including Co-60,
N-16 and tritium. Annual dose targets for the system (per reactor unit) were set in Stage 2 of the ORMP
at 30 rem external (gamma + neutron) dose and 10 rem internal (tritium) dose. Some of the design
requirements (dose reduction measures) that were established were that: [slide 9]

* all piping in contact with heavy water is stainless steel with low cobalt content (< 0.1% by weight)
* all welds to be butt welded

* all rooms to be connected to the confinement ventilation system (ie dried to remove airborne tritium)
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* all penetrations have been checked for adequate gamma and neutron shielding
More specific measures are then applied to each part of the circuit.

Overall, for the total four unit station, the initial Stage 1 dose estimates were about 1570 rem per year for
maintenance, inspection, operations and some allowance for contingency. At the end of Stage 4, this had
been reduced to 550 rem per year, a reduction by about a factor of 3 due to dose reduction measures in

the design stage.

REHABILITATION

Replacement of pressure tubes (the core of the Heat Transport (coolant) System) was always anticipated
to be required at some point in the life cycle in CANDU plants. For Pickering A, this happened somewhat
sooner than planned after discovery of a significant pressure tube leak (loss of coolant) in 1983 [slide 10].
The cause was ultimately determined to be delayed hydride cracking. As a result, a decision was made at
that time to replace all pressure tubes (390 per unit) in all 4 units at the Pickering A station. The actual
work commenced in 1985 on Unit 1 and terminated in 1992 with the completion of retubing work on Unit
4. This presented a major technical challenge since much of this work was to be done in high radiation
fields. For a CANDU reactor, this is essentially a "heart transplant” conducted in a somewhat hostile
atmosphere. The overall project is conducted in several phases including defuelling of the core,
tube/component removal, inspections, new tube installation and waste removal. Since this involves highly
activated components, it was recognized from the outset that a well planned RP program was required to
maintain exposures ALARA. One of the first steps was to assign an experienced operational Health
Physicist to the project team.

Again, integration of RP considerations with other engineering activities was a distinct advantage from the
outset. Management commitment to maintaining doses to levels ALARA was crucial and consistent with
corporate objectives for radiation safety.

This project involved a large volume of work in relatively high beams of gamma radiation and high general
gamma fields. There were many elements of the RP program_that contributed towards minimizing
occupational exposure but some of the more significant ones were>®:; [slide 11]

* establishment of individual and collective dose targets at an early stage

* construction of a full scale mock-up facility on site of the reactor face and Fuelling Machine Vault (the
containment). The facility was used to develop and test specialized tooling and train personnel in a
nonradiological environment.

training of multiple crews for a job series who worked as a team during training on a full scale mock-up
and remained intact for the actual job execution.

decontamination of the primary system (Heat Transport System) prior to retubing work using the Can-
Decon process. Overall, this reduced radiation fields by a factor of between 5 and 6. The cost of this
procedure has been estimated at roughly $4400 (Can) per rem saved for the overall retubing project4
without consideration of future dose savings.

* design of a special 3 sided steel shielding cabinet behind which most of the reactor face work was done.

A 1/4 inch thickness of lead was added to the front of the cabinet during the retubing of Units 3 and
4,
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* extensive use of personal alarming dosimeters to prevent unplanned exposures
* an effective radiation safety organization and work planning process.

The collective dose for the entire project on all 4 units was approximately 1390 person rem, about 23%
below the target of 1800 person rem [slide 12]. For units 1 and 2, actual collective doses had to be
estimated since the appropriate mechanisms were not in place to distinguish between dose received from
retubing activities and other sources in the station.

Individual doses were constrained by the following criferia:
* dose to be equalized to within + /-25% for equivalent trades/technical staff exceeding 500 mrem per year

* management and engineering review to be initiated for an individual dose total to exceed 1.3 rem/quarter
or 3.0 rem/year

* 5 year rolling average to be below 2 rem/year

Typical average doses to the most exposed workers (those at the reactor face) throughout the project were
900 mrem per year and no individual exceeded regulatory dose limits of 5 rem per year or 3 rem per
quarter,

ELIMINATION OF RADIOACTIVE SOURCES

A unique radiological hazard of heavy water reactors is tritium in the form of tritium oxide as water or
water vapour. Equilibrium concentrations of tritium theoretically approach 60-80 curies/kg in the
Moderator System. In some years, tritium dose has been as high as 50% of a station’s whole body dose.
As tritium concentrations in CANDU Moderator and Heat Transport Systems grew in the 1970’s, there was
increasing concern that tritium exposure to our workers would be difficult to maintain at acceptable levels
without addressing the source term. As a result, a decision was made in the early 1980°s to build a tritium
removal facility (TRF) to service the needs of all Ontario Hydro stations. That plant has been built on the
Darlington site at a capital cost of roughly $120 M (Can) and first started up in 1988 and achieved sustained
production in 1990. [slide 13] ’

The objectives of tritium removal are to:

* reduce occupational dose from tritium exposure
* reduce public exposure as a result of tritium emissions

A secondary objective was to exploit the commercial value of tritium for non-military uses. The process
basically consists of catalytic exchange of tritium in the vapour phase followed by cryogenic distillation to
separate the hydrogen isotopes. The end product (> 99% gaseous tritium) is immobilized on titanium
getter beds for long term storage. To date, less than 1% of stored tritium has been sold for commercial
uses such as the tritium lighting industry.

The designed decontamination factor is 35 for the tritium removal process (once through). So far,
treatment has primarily focused on removal of tritium from Bruce and Pickering Moderator System. More
recently, some water has also been processed for the Point Lepreau Station in New Brunswick.
Approximately 90 million curies of tritium (6500 Mg of heavy water) have been removed and immobilized
to date.
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Not only does this technology provide opportunities for reducing chronic dose consumption from tritium
but also reduces the consequences of acute events such as heavy water spills. A Moderator spill, for
example, can result in several thousand MPCa (DACs) of tritium in the air above the spill. Normally, our
workers are dressed in air supplied plastic suits when working on the Moderator System which provides
excellent protection against inhalation and absorption through the skin of tritiated water. However, if
unprotected, a worker could receive a dose in excess of regulatory limits in a matter of minutes at such
concentrations.

Although collective tritium dose corporate-wide has decreased in recent years, this is partly an artifact.
Purely by coincidence, the startup of the TRF occurred at about the same time as a regulated change in
the dosimetric model for tritium which has the effect of reducing the dose commitment by 27% for the
same intakeS. We will need to carefully monitor our tritium dose consumption in the years ahead to ensure
that we are receiving good return on our investment in tritium removal.

TRAINING OF PERSONNEL/SELF PROTECTION PHILOSOPHY

Extensive radiation protection training of operating and maintenance personnel as well as supervisors,
managers and engineering staff has been a cornerstone of Ontario Hydro’s RP program from the beginning
and is an element of the ALARA program that transcends all phases of project life cycle. [slide 14] This
commitment to the self protection concept has no doubt been a major contributor to our performance in
radiation protection. The overall program typically extends over a period of a few weeks with both generic
and station specific components. The operating budget corporate wide for the radiation protection training
program is of the order of $3 M (Can) annually. These are direct costs only, ie, it does not account for
lost production time for the students which is of course significant. The program includes a mixture of
classroom and skills training in such areas as: [slide 15]

* Radiological hazards and hazard levels associated with specific reactor systems

Use of protective equipment and instrumentation

* Dosimetry

* Biological effects of radiation and risk

Radiological work planning including contingency planning
*

Emergency procedures

More advanced training is given to Shift Supervisors and Control Room Operators, in part to prepare them
for RP examinations set by the regulator which are part of the licensing process for such staff.

To quote ICRP 555, [slide 16] "The basic role of the concept of optimization of protection is to engender a
state of thinking in everyone responsible for control of radiation exposures such that they are continuously
asking themselves the question, Have I done all that I reasonably can to reduce these radiation exposures?"
"Everyone responsible for control of radiation exposures” includes many people in our organization including
the employees on the front lines doing the hands on work and their first line supervision. Some of the
advantages to the self protection philosophy include: [slide 17]

* employees see radiation protection as a joint responsibility
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* employees are able to integrate RP responsibilities directly into their work

* the individuals performing the work become a valuable source of information for future improvements
to the radiological aspects of the work "

* there is a reduction in the number of people required to do a task (normally no HP techs required)

Overall, this approach has worked well although clearly there are associated costs and problems. In our
corporate culture, we have created an army of amateur Health Physicists in the ficld with the result that
RP professionals and line supervisors are constantly challenged by employees and their representatives on
the essential clements of ALARA application, ie what constitutes "low”, "reasonable” and "achievable". Our
labour unions, particularly, have become very active in the management of dose control and reduction
largely through representation on joint committees at both the station and corporate level. This applies to
both policy development and execution of work practices in the field. Although difficult to quantify, it is
likely that labour influences often result in policies and programs which are not cost justified, ie go beyond
reasonable efforts to reduce dose and minimize risk but these costs must be balanced against the benefits
of having a radiologically informed workforce. Making these judgements on a day to day basis is more art
than science.

GOALS AND TARGETS

A number of times in this paper, reference has been made to various collective and individual dose targets.
Establishing such targets and integrating their use into the managed system is an important part of any
ALARA program. To repeat, what gets measured gets done. In establishing such targets, it is essential that
they are: '

challenging but attainable

stated in measurable terms

consistent with corporate initiatives and policy

accepted and embraced by those directly responsible for achieving them

* * O *

There must be real ownership for dose targets by facility management just as for production, reliability and
cost targets. Dose targets must not be viewed as belonging to the RP Manager, ALARA Engineer or
Health Physicist even though they may be responsible for deriving them.

In Ontario Hydro, dose targets are set on a broad basis by policy for the overall nuclear program for both
collective and individual dose. Collective dose targets are pyramided up to the corporate level by summing
contributions from each station or nuclear facility based on a detailed analysis of annual operating plans
" and outage schedules. Within those targets are targets for specific jobs and shift crews. It is important that
adequate information systems exist to monitor and report performance in a timely manner.

Ontario Hydro Nuclear policy on éxposure management’ contains the following explicit limits. [slide 18] -

Collective Dose Standard

< 85 rem/unit/year

In essence, this is intended as a long term average target for any given facility who are required to develop
annual targets based on analysis of workload and diligent application of the ALARA principle.

Internal dose (tritium) < 25% of collective dose

137




Individual Dose Limits

- 5 year dose limit - total dose averaged over 5 years < 5.0 rem
- single year dose limit < 2.0 rem or < 1.0 rem if lifetime dose = 50 rem

INFORMATION MANAGEMENT

The traditional technical tools of the RP specialists will continue to be challenged in the 1990’s as dose
limits and RP standards tighten and available dollars shrink. But perhaps the most exciting opportunities
for further progress lie in the field of information management with the advent of personal computers and
local area networks. As an example, for many years we have used a manual "Radiological Log" in our
plants as a tool for all staff to record information on plant radiological conditions and events. This log is
typically maintained in the main control room and reviewed by Operators and tradespeople prior to entering
the field to do work. This system is gradually being replaced by computerized logs which will provide
greater access to current and historical information at a number of locations throughout the plant.

Many other examples exist in dose control and work planning (eg, computerized Radiation Exposure
Permits) all of which will uitimately contribute to dose reduction. The gap is also closing between dose
control and dosimetry (dosimeter of record) with the emergence of electronic dosimetry. In Ontario Hydro,
we are actively developing future strategy for our external dosimetry system and electronic dosimetry is
certainly one of the options being seriously considered. We have been sponsoring and participating in
testing of one such device for some time. Its clear advantage lies in providing real time data at the
worksite. However, there are many issues to resolve yet in the use of this exciting new technology as a
dosimeter of record including quality assurance, cost, user acceptance and regulatory approval.

SUMMARY

Major progress has been made over the past three decades in control of occupational radiation exposure
in the Ontario Hydro nuclear program [slide 19]. This has resulted from the collective efforts of workers,
supervisors, designers, RP specialists and has been driven by senior management commitment to the
ALARA principle. Investment in the self protection philosophy has also been a major contributor by
facilitating integration of RP considerations into all aspects of the work programs.

Economic pressures will provide further challenges in the future to maintain this performance while
remaining cost competitive. It is likely that fully exploiting the advantages offered by information
management will play a crucial role in meeting this challenge.
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HEALTH PHYSICS ASPECTS
OF
ADVANCED REACTOR LICENSING REVIEWS

Charles S. Hinson
Radiation Protection Branch
U.S. Nuclear Regulatory Commission
OWEN 10D4
Washington, D.C. 20555 USA

ABSTRACT

The last Construction Permit to be issued by the U.S. Nuclear Regulatory Commission (NRC) for a U.S.
light water reactor (LWR) was granted in the late 1970s. In 1989 the NRC issued 10 CFR Part 52! which
is intended to serve as a framework for the licensing of future reactor designs. The NRC is currently
reviewing four different future or "next-generation" reactor designs. Two of these designs are classified as
evolutionary designs (modified versions of current generation LWRs) and two are advanced designs
(reactors incorporating simplified designs and passive means for accident mitigation). These "next-
generation" reactor designs incorporate many innovative design features which are intended to maintain
personnel doses ALARA and ensure that the annual average collective dose at these reactors does not
exceed 100 person-rems (1 person-sievert) per year. This paper discusses some of the ALARA design
features which are incorporated in the four "next-generation" reactor designs currently being reviewed by
the NRC.

INTRODUCTION

The NRC has been actively reviewing "next-generation” reactor designs since the late 1980s. The term
"next-generation” encompasses both evolutionary LWR designs and advanced reactor designs.
Evolutionary reactor designs are essentially modified versions of current generation LWR designs. These
reactors utilize conventional safety system concepts. Advanced reactor designs include passive and non-
LWR reactor designs. Passive reactors employ greatly simplified designs, generally range from 300 to 600
MWe in size, and utilize passive means for accident prevention and mitigation.

All of these "next-generation"” reactor designs incorporate lessons learned from currently operating LWRs.
Many of the features in these new plants, such as standardization, simplified plant design, and
modularization, will result in plants that will be easier to operate and maintain. This, in turn, will result in
lower collective doses. Careful attention to material selection, such as the use of low cobalt- and nickel-
based alloys in the primary coolant system, will also help to lower collective doses by reducing overall plant
radiation levels.

BACKGROUND

Although the NRC has strongly encouraged the standardization of nuclear reactor designs for many years,
it was the issuance of 10 CFR Part 52 (known as the Standardization Rule) in 1989 which served as the
framework for consideration of future designs. The three parts of this Standardization Rule provide for
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the issuance of 1) early site permits, 2) standard design certifications, and 3) a combined construction
permit and operating license. This rule is designed to streamline the reactor licensing process. The
standard nuclear power plant final design approval which results from this licensing review is acceptable for
incorporation into individual facility license applications. "

CURRENT PLANT DESIGN REVIEWS

There are four "next-generation” reactor designs currently under review within the NRC. Two evolutionary
LWR designs, General Electric’s (GE) Advanced Boiling Water Reactor (ABWRY)? and Combustion
Engineering’s System 80+ Standard Design,® are in the final stages of design certification. Two passive
LWR designs, Westinghouse’s AP-600* and GE’s Simplified BWR (SBWR),’ are in the early stages of staff
review (Table 1). In addition to these ongoing plant design reviews, the NRC has completed its review of
EPRY’s Advanced Light Water Reactor (ALWR) Requirements Document.® The purpose of this
document is to specify industry approved design criteria for evolutionary and passive ALWR standard
plants. The design features described are those features that both utilities and industry would like to see
incorporated into the next generation of nuclear power plants.

Table 1. "Next-Generation" Reactor Designs Currently Under NRC Review

Evolutionary Passive
GE Advanced BWR (ABWR) GE Simplified BWR (SBWR)
CE System 80+ Westinghouse AP-600

One of the objectives contained in EPRI’s ALWR Requirements Document is to design a nuclear power
plant that can operate with an average dose of 100 person rem (1 person-sievert) per year or less. The
estimated annual doses for the four "next-generation" reactor designs currently under review range from 68
person-rem (6.8 x 10" person-sievert) for Westinghouse’s AP-600, to 99 person-rem (9.9 x10" person-
sievert) for GE’s ABWR. In contrast, the average annual dose for U.S. LWRs averaged 266 person rem
(2.66 person-sievert) per reactor in 19927 This average dose, however, represents a 62 percent drop from
the U.S. average annual dose of 705 person-rem (7.05 person-sievert) per reactor just a decade earlier (see
Figure 1).
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Figure 1. Collective Doses at U.S. LWRs and "Next-Generation" Reactor Dose Goal

In order to achieve an average annual dose of 100 person-rem (1 person-sievert) or less, the "next-
generation" reactors will incorporate a number of ALARA design features. Some of these design features
are based on the ALARA guidance provided in Regulatory Guide 8.8, "Information Relevant to Ensuring
that Occupational Radiation Exposures at Nuclear Power Stations will be As Low As Is Reasonably
Achievable." However, many of the ALARA design features utilized by the * 'next-generation" reactors are

based on lessons learned from the current generator of operating reactors and employ the use of advanced
technology.

Some of the ALARA design features described below will apply to all four of the "next-generation" reactor
designs currently under review by the NRC. Others will apply only to designs by specific vendors or to a
type of reactor design (i.e., evolutionary versus passive).

Material Changes

The primary source of radiation fields in nuclear power plants is cobalt-60. Cobalt is the major constituent
of Stellite, a hardfacing material used in valve seats, pump journals, and other wear resistant components.
The "next-generation" reactor designs will restrict the use of high cobalt alloys such as Stellite to those
applications where no satisfactory alternate material is available. Where possible, the cobalt content of
piping and other equipment in direct contact with the reactor coolant will be restricted to 0.05 wt %. The
inconel steam generator tubes will contain no more than 0.015 wt % cobalt and will be fabricated to
relieve stresses to reduce stress corrosion cracking. Main condenser tubes and tube sheets will be made of
titanium alloys to minimize condenser tube leakage, thereby reducing the introduction of foreign materials
(Which can become activated) into the reactor system. The presence of antimony in reactor coolant pump
(RCP) journal bearings has resulted in an increase in the number of hot particles at some current
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generation plants.® The RCP journal bearings in CE’s System 80+ design will be designed to minimize the
presence of antimony.

Component Design Features

The "next-generation" reactors will incorporate several innovative component design features to reduce
area dose rates and minimize personnel doses. External recirculation pumps and recirculation piping were
replaced by internally mounted recirculation pumps in GE’'s ABWR design. GE’s SBWR design contains
no recirculation pumps or recirculation piping since this plant employs natural recirculation as a motive
force. In both designs, elimination of recirculation pumps and piping removes a major source of radiation
in the lower drywell and should reduce general area dose rates in the drywell by 50 percent. The SBWR’s
simplified design will require significantly fewer safety relief and other valves in the drywell, thereby
requiring less maintenance time to service these valves. The SBWR turbine design will utilize cross-over
lines, thereby eliminating the need for moisture separators and reheaters and removing the most significant
source of skyshine and turbine building operational radiation.

Both the CE System 80+ and the AP-600 designs will incorporate an integrated reactor head removal
package. This package will facilitate reactor head removal and replacement during refuelings, resulting in
lower personnel doses and less manpower requirements. Refueling doses for the GE BWR designs will be
reduced through the use of a stud tensioner and an automated refueling bridge. The use of the automated
refueling bridge, where no personnel are located on the platform itself, will cut refueling time in half and
reduce the effective dose rate by a factor of ten.

The AP-600 steam generator design will include a sludge control system/mud drum which is designed to
reduce the need for sludge lancing, and reduces tube and tube support degradation. The tube ends in this
steam generator are designed to be flush with the tube sheet in the steam generator channel head to
eliminate potential crud traps.

A system which has resulted in several overexposures in current generation LWR:s is the Transversing In-
Core Probe (TIP) system in BWRs and incore instrumentation in PWRs. GE’s ABWR provides a shielded
room for the TIP drive units. Automatic logic control and mechanical stops prevent the TIP or activated
portions of the TIP cable from being withdrawn into the drive housings. GE’s SBWR design eliminates
the TIP system by using fixed in-core detectors. The CE System 80+ design prevents access to the reactor
cavity housing the incore instrumentation chase by providing a posted and locked access door connected by
electrical interlock to an area radiation monitor located in the reactor cavity. When the incore
instrumentation are withdrawn from the reactor core, a warning light on the access door illuminates and
the interlock prevents the access door from being opened.

Other component design features include the use of canned pumps in the Residual Heat Removal System
and Reactor Water Cleanup System of the GE designs to minimize maintenance requirements. The RCPs
in the CE System 80+ design will incorporate a cartridge type of RCP seal which is reliable and easily
replaceable. The RHR heat exchangers in GE’s ABWR and Westinghouse’s AP-600 designs are designed
with an excess of tubes in order to permit plugging of some tubes without losing system efficiency. The
heat exchangers also are provided with drains to allow drainage of the shell-side water prior to
maintenance. The CE System 80+ design will minimize the use of evaporators. Evaporators have
historically required frequent maintenance and contributed to high personnel exposures. The CE design
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will also utilize mechanical snubbers rather than hydraulic snubbers in radiation areas to reduce
maintenance and inspection needs. Liquid systems containing radioactive cartridge filters in the AP-600
design will be provided with a remote filter handling system for changeout and transfer to the drumming
station of spent radioactive filter cartridges. In order to prevent the migration of noble gases and other
airborne radionuclides between floors in CE’s System 80+ design, floor drains connecting rooms that have
significantly different airborne radioactivity levels will be separated or provided with water-filled loop seals
to prevent cross-contamination.

Features To Facilitate Maintenance

The equipment selected for the "next-generation" reactor designs will have enhanced reliability and will be
designed for low maintenance. These designs will make more use of modular components which can be
easily replaced or removed to a lower radiation area for repair. The AP-600 design will have RCPs which
can be unbolted for quick removal to a low radiation background work area for maintenance or
replacement using a specially provided pump removal cart. The control rod drive (CRD) system in the
GE ABWR and SBWR designs will have an internal CRD restraint feature which will facilitate CRD
removal. This feature will result in lower radiation exposures than those seen in current generation BWRs,
which have external CRD restraints. The lower drywell design in the GE design reactors will allow easy
access to the lower reactor vessel head for CRD and reactor internal pump removal. A transport system
will permit removal of these components to a lower radiation area.

Radioactive systems and components will be provided with taps for flushing with condensate or for
chemically cleaning to reduce crud buildup and lower radiation levels prior to maintenance. Rooms
housing these components will have epoxy-type floor and wall coverings to facilitate decontamination.
Equipment and floor drain sumps will be stainless steel lined for ease of cleaning and to reduce crud
buildup.

The "next-generation” reactors will be designed to facilitate accessibility to plant equipment. Adequate
work and laydown space will be provided around components for maintenance purposes. In order to
facilitate maintenance and improve worker efficiency, adequate illumination and support services (e.g.,
power, service air, water, ventilation, and communications) will be available at work stations. In the event
that maintenance cannot be performed in-situ, rigging and lifting equipment will be provided to facilitate
the removal, transport, or replacement of equipment (this rigging equipment can also be used for the
installation of portable shielding).

Features to Facilitate In-Service Inspection

Approximately nine percent of the annual dose at U.S. LWRs can be attributed to in-service inspection
work. The "next-generation” reactor designs will facilitate in-service inspection by making plant
components more accessible and relying more on the use of robotics.

The CE System 80+ design will include permanent platforms around major equipment such as the steam
generators and reactor coolant pumps. These platforms will facilitate access to these components for
maintenance and in-service inspection, and will serve to reduce the overall plant collective dose by
eliminating the need to erect temporary scaffolding around these components for maintenance/inspection
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purposes. In GE’s ABWR and SBWR designs, permanent steel platform will be provided for in-service
inspection of the reactor pressure vessel nozzle welds and associated piping. These steel platforms will also
serve to provide shielding for inspection personnel from adjacent radiation sources.

All of the "next-generation" designs will utilize easily removable blanket or mirror type thermal insulation
around piping and components. The sections of the reactor vessel insulation in the area of the reactor
vessel nozzle welds for the AP-600 will have permanent I1.D. markings to accommodate rapid reinstallation.
GE’s ABWR and SBWR designs will incorporate specific access panels and shield doors into required
inspection areas permitting easy bypass of insulation areas and thereby reducing inspection time.

In order to reduce the inservice inspection time required for welds, all four of the "next generation" reactor
designs under review will have forged ring instead of plate welded pressure vessels. Because forged ring
pressure vessels have fewer welds, the total vessel weld length inspection will be reduced by 30 percent.
The use of seamless piping in all "next-generation" reactor designs will reduce the amount of piping welds.

The reactor vessel nozzle welds in the AP-600 and CE System 80+ designs will be designed to
accommodate remote inspection using ultrasonic sensors. The use of automated equipment for weld
inspections in the GE ABWR and SBWR designs will reduce the required inspection manhours by a factor
of two. The CE System 80+ design will utilize robotics, whenever practical, to perform maintenance and
inspection activities such as remote pipe welds and inspections in high radiation areas. The steam
generators in both the CE System 80+ and AP-600 plant designs will be designed to use automatic/robotic
equipment for inspection and maintenance activities. In addition to having larger diameter manways to
facilitate personnel access and the installation and removal of tooling, these steam generators will have an
increased number of handholes and will be provided with platforms and adequate pull and laydown areas
for inspection and maintenance purposes.

Plant Layout Features

The plant layouts for the "next-generation” reactor designs will be designed to maintain personnel
exposures ALARA during normal and post-accident conditions. Radioactive systems will be separated
from non-radioactive systems. Pipes or ducts carrying radioactive sources will not be routed through
occupied areas. Redundant radioactive components will be separated and shielded from each other to
permit maintenance on one component without being exposed to radiation from the other component.
Labyrinth entrances will be provided to radioactive pump, equipment, and valve rooms. These labyrinth
entrances will have sufficient space for easy access and for equipment removal. Adequate space will be
provided for the storage and erection of temporary shielding.

Ton exchangers in the CE System 80+ design will be located in pits with the spent resin tanks located
below the ijon exchanger. This design will provide shielding around the spent resin tanks and will lower the
dose rates to personnel working on other equipment in the area. The spent fuel transfer tube in the AP-
600 design does not have a seismic gap and therefore will be completely enclosed in concrete. This design
results in a spent fuel transfer tube which is shielded its entire length and eliminates the potential for
personnel overexposures during refueling operations caused when spent fuel is transported through
unshielded portions of the spent fuel transfer tube (this is a shortcoming and potential problem with
conventional PWR designs).
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Plant layout features will be designed to facilitate maintenance operations and minimize personnel dose.
Adequate rigging and lifting equipment will be provided, where needed, to assist in equipment
removal/replacement. The use of overhead tracks and in-place removal equipment (in the GE ABWR and
SBWR plant designs) to transfer safety/relief valves, reactor internal pumps, and other valves in the
drywell, will result in an estimated savings of 300 person-hours per year. The CE System 80+ design will
provide for large staging areas both inside and outside the reactor building equipment hatch and personnel
airlocks. This will allow for pre-staging prior to the start of an outage and the location of these staging
areas will provide for efficient radiation controls and will minimize the potential for the spread of
contamination. Hot tool cribs will be located in low radiation areas adjacent to maintenance areas to
minimize waiting times in high radiation areas and to prevent the spread of contamination. The hot
machine shop is located in a low radiation area adjacent to the equipment hatch to permit maintenance to
be performed on equipment removed from containment in a lower radiation area. Dedicated change out
areas are also located near airlocks in low dose areas to minimize personnel traffic flow and the potential
for the spread of contamination.

CONCLUSION

The four "next-generation” reactor designs currently under review by the NRC all contain a number of
innovative ALARA design features. Some of these features are simply modifications of ALARA design
features used in currently operating U.S. LWRs. Others are based on design features used in foreign
LWR designs. Still other design features, such as some of the features used by the passive design LWRs,
will be used for the first time in the "next-generation” reactor designs. The use of these innovative
ALARA design features, along with the minimization of cobalt and nickel in reactor coolant system
components, should permit these "next-generation" reactors to operate within their estimated dose goals of
100 person-rem (1 person-sievert) per year.
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PAPER 3-2
- DISCUSSION

In your review of these advanced reactors, you mentioned that there was one idea you had
for improvement, that interlock, to the transversing in-core probe (TIP) room. Are there
any other examples of design changes that were made by the NRC to reduce dose?

Yes, there are. Iwas the radiation protection reviewer for the CE design, and the design
change described in my paper was for the CESSAR System 80+ design. The radiation
protection reviewer who reviewed GE’s ABWR design found that there was inadequate
shielding surrounding part of the TIP system which was located over one of the
containment personnel access hatches. GE corrected this problem area by adding
additional shielding in this location. The ABWR reviewer also noted that there existed a
large gap between the reactor vessel shield and the drywell ceiling. In the event of a spent
fuel bundle drop onto the refueling pool seal, the resulting dose rates in the upper part of
the drywell would be in excess of 20,000 rad/hr. Personnel on the upper or lower decking
during this event would have to transient through this radiation field to exit the drywell.
GE corrected this potential problem area by the addition of several more feet of concrete
and steel shielding in this area to reduce the size of the gap. The radiation protection
reviewer who is reviewing Westinghouse’s AP-600 design has had several confirmatory
shielding calculations performed for various areas of the plant to determine the adequacy
of the plant shielding design.

We get into a lot of temporary hanging of lead and shielding and you talk a little bit now
in your answer to Bruce about permanent shielding in place. Will these plants be
designed such that the criteria for hanging temporary shielding may automatically be
precalculated so we don’t go through all of these special calculations to see how much
lead loading we can put on various lines in the plant? Wil all of that type of process be
avoided here?

Well these designs don’t get into that level of detail because a lot of the operational
concerns are left up to the individual utility. However, these plant designs will have places
to hang temporary shielding and they will be designed for adequate space for storage and
erection of temporary shielding,

Based on historical data, BWRs consume more dose than PWRs. Is it reasonable for the
next-generation design to have the same criteria?

Based on the advanced reactor dose estimates, the two GE BWR designs have a dose
estimate of 92 and 99 person-rem/yr vs. 68 and 79 person-rem for the PWR designs. These
estimates are very close. Also, since the shielding design is not ‘complete for these plants,
these dose estimates are very preliminary, and it is really hard to say whether that trend
will continue in the advanced designs.
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CONTROLLING RADIATION FIELDS IN SIEMENS
DESIGNED LIGHT WATER REACTORS

Rolf Riess and Theresa Marchl
Siemens Power Generation Group
Department of Power Plant Chemistry Service
Freyeslebenstr. 1
D-91058 Erlangen, Germany

ABSTRACT

An essential item for the control of radiation fields is the minimization of the use of stellites in the
reactor systems of Light Water Reactors (LWRs). A short description of the qualification of Co-
replacement materials will be followed by an illustration of the locations where these materials
were implemented in Siemens designed LWRs. Especially experiences in PWRs show the immense
influence of reduction of cobalt sources on dose rate buildup. The corrosion and the fatigue and
wear behavior of the replacement materials has not created concern up to now.

A second tool to keep occupational radiation doses at a low level in PWRs is the use of the modified
B/Li-chemistry. This is practized in Siemens designed plants by keeping the Li level at a max.
value of 2 ppm until it reaches a pH (at 300°C) of ~7.4. This pH is kept constant until the end of the
cycle.

The substitution of cobalt base alloys and thus the removal of the Co-59 sources from the system
had the largest impact on the radiation levels. Nonetheless, the effectiveness of the coolant
chemistry should not be neglected either.

Several years of successful operation of PWRs with the replacement materials resulted in an
occupational radiation exposure which is below 0.5 man-Sievert/plant and year.

INTRODUCTION

Radiation Field Control in Siemens designed Light Water Reactors (LWRs) will be the
continuation of the efforts in the last 20 years. An example for these efforts: the average annual
radiation exposure in Siemens designed PWRs was 5.25 man-Sievert per plant and year in 1980
and 1.73 man-Sievert per plant and year in 1990. A comparison of these values with statistics from
other countries shows that the average personnel exposure of all Siemens plants is comparable to
the values in most other countries.

However, taking into account only Siemens plants, which started operation after 1985, a decrease
of personnel exposures of one order of magnitude can be observed compared to those plants which
started operation before 1985. In order to achieve personnel exposures in such a low range, new
concepts in shielding and material selection of these "recent” plants were necessary. The most
important objective hereby was to reduce the radiation levels. To obtain this objective, the Co-60
had to be eliminated by eliminating its precursor Co-59.

Therefore a new material concept had to be developed. In order to enable the realization of this
concept, the main cobalt sources had to be identified and suitable replacement materials had to be
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qualified. By using the new qualified materials a stepwise reduction of the identified relevant
cobalt sources could be performed.

Simultaneocusly, a new concept for primary coolant chemistry was developed. The intention hereby
was to achieve a pH in the primary coolant which would have a stabilising effect on the oxide
layers. Especially the re-dissolution of nickel and cobalt and their transport was to be minimized.

IMPROVEMENT OF THE MATERIAL CONCEPT

During extensive research programs in the 70s, cobalt base alloys with a cobalt content of > 50%,
especially Stellite 6, used in the reactor pressure vessel (RPV) area, in valves, and in pumps were
identified as main cobalt sources. Furthermore, plating material and fuel assembly materials,
located in the neutron field of the RPV and containing cobalt as an impurity, were taken into
consideration as a Co-60 source.

Thus, the development and testing of replacement materials was started in the 70s, considering
mainly the core internals made of cobalt base alloys, and was continued in the 80s, taking into
account then the entire primary system. A list of replacement materials with a significantly
reduced cobalt content (Table 1) and various mechanical characteristics (Figure 1) resulted. The

replacement of most cobalt base alloys was now enabled by selecting these materials according to
the location and mechanical load of the relevant components.

Table 1. Chemical composition of Co-free replacement alloys

Chemical composition in weight %
ALLOY Eﬁéd“ess C|Si{MnlCri{Mo|Ni|NjWIV |Fe
EVERIT 50 47-54 25 (0.4 ;09 |25 (3 - -1 -1 - {bal
EVERIT 50 SO |43-48 2.0 (0.4 |09 |25 3 -1 -1 -1 - [|bal
ANTINIT DUR 300| 27-33 0.1215 6.5 {21 - 8 - - - ibal
CENIUM Z 20 [43-48 03| -1 - 1|27 |9 |175] - | 2| - |bal
SKWAM 36-42 0.2 {0.7 {055/17.8{1.11 - | - | - | - |bal
NITRONIC 60 }{20-29 01]4 |8 |17 { - |8 |013] - | - [bal
Cr-STEELS 24-44 02 |<t|<1|165] - |2} - | - | - |bal

Detonation-gun-coatings: Coating type LC-1C of union carbide
Composition CrsC, with 20% Ni-Cr binder

KWU $3 1432¢
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Processing

KWU 93 1433e

Figure1l. Comparison of main properties of hardfacing alloys

In parallel, the guide tubes, manufactured from stainless steel, and the spacer grids, manufactured

from Inconel, were replaced during refuelling outages by those made from Zircaloy.

The first pressurized water reactor (PWR) designed by Siemens with Co-replacement materials
started operation in 1985. At this PWR only stellites located in-core were replaced by "cobalt-free”
materials, In the following plant the stellites located at the main coolant pumps and the main
valves were included in the replacement program. All valves, even those in the auxiliary systems,

were taken into account only in the Konvoi plants.

The transition from “older” to "recent” 1300 MWe Siemens designed PWRs can be quantified by
comparing the surface areas of the individual materials listed in Tables 2 and 3. As additional

information, these tables show the specified Co-59 content of the materials.

Table 2. Materials inventory of “older” 1300 MWe Siemens-designed PWRs

Group | Component Material Surface [m?] Co-59 Specification [%)
Fuel*) Zircaloy 4 9600 ~0
Inconel 718 1220 <0.1
1 Stainless steel 220 <0.1
RPV-internals Stainless steel 1124 <0.1
Co-base alloys 1.1 63
Control rod assemblies { Stainless steel 340 <0.1
Control rod drive Stainless steel 220 <0.2
Co-base alloys 1.54 <67
2 Steam generator Incoloy 800 16276 <0.1
RPV, Loops Stainless steel 719 <0.2
Main coolant pumps Stainless steel 155 <0.2
Co-base alloys 1.5 63
3 Auxiliary systems Stainless steel ~500 <0.2
Co-base alloys 6.5 63
Total Zircaloy 9660
Stainless steel 19554
Inconel 1220
Co-base alloys 10.64
e e et e e e e+ - e

*) Material composition used before 1985, modifications per fue! cycle possible
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Table 3. Materials inventory of "recent” 1300 MWe Siemens-designed PWRs

Group | Component Material Surface [m?] Co-59 Specification (%]
Fuel*) Zircaloy 4 ~10660 ~0
Inconel 718 394 <0.1
1 Stainless stee! 220 <0.1
RPV-internals Stainless steel 1126 <0.1
Co-base alloys 0.026 63
Control rod assemblies | Stainless steel 340 <0.1
Control rod drive Stainiess steel 220 <0.2
Co-base alloys 1.54 <67
2 Steam generator Incoloy 800 16276 <0.1
RPV, Loops Stainless steel 719 <0.2
Main coolant pumps Stainless steel 156 <0.2
Co-base alloys 0 63
3 Auxiliary systems Stainless steel 506 <0.2
Co-base ailoys 0.7% 63
Total Zircaloy 10660
Stainless steel 19563
Inconel 394
Co-base alloys 2.36

*) Modifications per fuel cycle possible KT TS

The components in these tables are divided into three groups depending on their location:
Groupl: Contains only components which are permanently in the neutron flux

Group2: Contains components which are outside the neutron flux but within the main
circuit

Group3: Contains components from the auxiliary systems

Approxz. 98 % of the cobalt base alloys located in-vessel were substituted by “cobalt-free” materials
as can be seen when comparing the surface areas of Group 1. A reduction from 1.1 m2 in ?older”
plants to 0.026 m2 in “recent” plants was achieved. This in-vessel replacement had the greatest

impact on radiation levels according tothe fact that some of these hardfacings were placed close to
the neutron flux area.

A comparison of the material concepts in Group 2 shows that the cobalt base alloys of the control
rod drives were not replaced. This decision was based on the fact that the cobalt hardfacings in this
case have almost no contact to the primary coolant. The release rates of Co-59 from this component
into the coolant therefore cannot be very high. Nevertheless, the cobalt base alloys of the main
coolant pumps were removed entirely. Thus, a reduction of approx. 50 % of the surface areas was

achieved with an effectiveness much higher than 50 %, considering the Co-59 release into the
coolant and hence the potential Co-60 buildup rate.

A major reduction (approxz. 88 %) of the surface areas from hardfacings was also obtained in the
auxiliary systems. However, the influence on the radiation levels was much less here than in

Group 1 and also less than in Group 2, because of the reduced contact between these auxiliary
systems and the primary circuit.
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Figure2. Example of main coolant circuit with CVCS
(IAEA, Technical Reports Series No. 347, Vienna, 1993)

The schematic diagram in Figure 2 shows the chemical and volume control system (CVCS) and its
connections to the primary circuit.

The replaced in-vessel components (Group 1) are shown in more detail in Table 4 and Figures 3
and 4, since the highest effectiveness on the reduction of the radiation levels was gained by these
replacements. The table is valid for substitutions in Philippsburg-2 as well as in the Konvoi plants.
The figures have been derived from Philippsburg-2.

Table 4. Substituted in-vessel stellites in Philippsburg-2 and Siemens Konvoi plants

Component Amount Grc2>ss Area, Substitute
[m?]
Alignment pin with nut 244 0.8 Cr3C,/ CrNi-binder

for support columns
{control rods)

Grid plate 4 0.08 ‘Fox Antinit Dur 300
centering bolts
Hold down plates of 112 0.24° Fox Antinit Dur 300
the upper core support
Centering bolts of the 4 0.04 “| Fox Antinit Dur 300
upper core support
Total substituted 1.16
Total Remaining 0.026

T T ewwane
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Figure 3. Reactor pressure vessel internals and fuel assemblies
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Figure 4. Reactor pressure vessel internals and fuel assemblies

MODIFICATION OF PRIMARY COOLANT CHEMISTRY

The concept of the coordinated coolant chemistry, pH (300 °C) = 6.9, was based on the assumption
that the oxide layers in the primary circuit mainly consist of magnetite. However, further research
work has shown that oxide layers as well as crud in the primary circuit are mainly composed of
spinels in which the Fe(Il) of the magnetite is substituted by other bivalent cations. Nickel and
cobalt, respectively their activation products Co-58 and Co-60, are thus incorporated in the oxide
layers and thereby increase the radiation field.
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Considering this and knowing furthermore that, depending on the composition of the Ni- and Co-
ferrites, the minimum solubility of these ferrites lies at a pH-level in the range of 7.4, a primary
coolant chemistry different from the previous one must be recommended.

Preferably a chemistry with a constant pH, selected from the above mentioned range, should be
chosen. However, the lithium concentration is limited to 2 ppm. Otherwise the material
compatibility especially of fuel element material is no longer guaranteed. Since lithium hydroxide
is used as the pH control agent, a compromise must be found. Therefore it is recommendable to first
adjust a constant lithium concentration in the primary coolant until the desired pH is achieved and
then to reduce the lithium concentration in dependence upon the boron concentration in such a
way that a constant pH can be applied until the end of the cycle.

The effectiveness of this modified coolant chemistry can be experienced by comparing the dose rate
development of plant A and plant B in Figure 5. Stellite replacement was not performed in either
of these two plants, so that they differ mainly in the primary coolant chemistry. In plant A, with
the higher dose rate, coordinated coolant chemistry was preferred with pH(300) = 6.9, whereas in
plant B modified coolant chemistry was applied from the very beginning, in this case
pH(300) = 7.4.

4.0
3.5
dose rate
3.0- mSv/h
254 B/Li- Co-re-
chemistry placement
2.0 === Plant A coord. -no
. — - - PlantB mod. —-no
1.54 - " - | w— Plant C mod. ~-yes
mwwmw PlantD coord. -yes
1.0 wmm Plant E mod. -yes
o5 vivs PlantF mod. —-yes
.5 muesae Plant G mod. -yes

o 1 2 3 4 5 6 7 8 9 10 Mn
cycle —>

KWUS3 143e

Figure 5. Doserate development at main coolant piping of seven Siemens PWRs

RADIATION FIELD DEVELOPMENT

As a consequence of these measures taken, the radiation fields and the average occupational
radiation exposures decreased in the Siemens designed PWRs. Figure 6 shows this development by
clasgifying the PWRs into 3 groups.
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Figure 6. Average occupational radiation exposure per unit and year of Siemens PWRs

The PWRs in the first and second group had no reduction of cobalt base alloys. However, the plants
in the first group (oldest plants), which had their first start-up before 1978, had generally un-
coordinated or coordinated coolant chemistry during the early fuel cycles and only poor shielding,
whereas the plants in the second group, which started first operation after 1978, applied mainly
modified coolant chemistry from the very beginning and also had improved shielding. Yet, the
third group consists of plants at which the cobalt base alloys were substituted either partly or in
full extent as described in Table 3. This last group shows that the measures performed succeeded in

an average occupational radiation exposure of less than 50 Rem per plant and year.

Figure 7 is an example for the dose rate development of various PWRs with Co-replacement

activities but different coolant chemistry.

0.6
dose rate
mSv/h »
0.5 s LG e
[}
:
0.4 ']
L
’
)
: BLi-  Core
. chemistry placement
omssm Piant C mod. -yes
smmm PlantD coord. -—Yes
mmm Plant E mod. -yes
ti1s PlantF mod. -yes
susesem Plant G mod. -yes
T T T Jl
8 9 10 1
cycie —
KWU 9 1427e

Figure 7. Dose rate development at main coolant piping of five Siemens designed PWRs
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Compared to Figure 5, this figure shows that the influence of the coolant chemistry on the
radiation levels is not as large as that of material replacement, but it still should not be neglected.

The overall objective of Co-replacement activities can be illustrated with Figure 8, where a
comparison of soluble elemental cobalt-59 in the primary coolant is shown in comparison with
channel head dose-rates. According to this figure the overall objective should be to reduce the
soluble Co-59 to values less than 5 ppb in order to thus achieve distinctly reduced dose rate levels.

12
111 Tcobalt
104 | ng/kg
94 P -
8-
71 -
61 g O LOVIISA-1 CYCLE 13
54 R 5 NECKARWESTHEIM-2 CYCLE 1
, | | S PHILIPPSBURG-2 CYCLE 4
44 i & | O DOEL-4 CYCLE 3
, GROHNDE CYCLE 4
31 N 8 DOEL-1 CYCLE 16
24 N @ NECKARWESTHEIM-1 CYCLE 13
B PAKS-1 CYCLE 8
1- ] B PAKS-2 CYCLE 7
0 , L3 L} T T !
0 20 40 60 80 mSwh 100

mean channel head dose rate —>
{Source: Nuclear Electric and AEA Technology)

XWU 3 1445¢

Figure8. Comparison of soluble elemental cobalt in the primary
coolant with channel head dose rate
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Khan:

Riess:

PAPER 3-3
DISCUSSION

Rolf, you've shown that the doses for your plants are now extremely low. Do you think
that we have reached a kind of a bottom line, or is there any more possibility of reducing
doses even further in Siemens plants? Question number two, what kind of pH are you
operating at in your newer plants?

As 1 said, our intent is to further reduce these exposure rates by those measures I
mentioned. Take counteractions against nickel, that is the main target, further reduce the
cobalt in the auxiliary systems, mainly in the SVCS equipment, of of course, provide
decontamination as a routine measure against residual fields if you have to do specific
works. These are the major actions that we have on the way. As to the second question
about the pH, we introduced another feature about 10 years ago. We are operating at the
upper level of the lithium concentration, in our case it is 2 ppm of lithium up to 7.4, and
then follow this line. So except for three stations out of the 16, all are following the
modified chemistry. Admittedly, this is a bit of a gamble, but we think we are in pretty
good shape.
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Personnel exposures during tube sheet lancing in
steam generators of Siemens designed PWRs
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Comparison of Co-58 coolant activity concentrations and
Co-58 hot leg dose rates for equivalent pipewall thickness (59 mm)
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Influence of the material concept on the activity concentrations of Co-60, Co-
58 and Sb-124 in the primary coolant of Siemens designed PWRs
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Average annual occupational radiation exposure of PWRs
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34
ALARA RADIATION CONSIDERATIONS FOR THE AP600 REACTOR

Fred L. Lau
Radiation Engineering and Analysis
Westinghouse Electric Corporation
Nuclear Technology Division
P.O. Box 355
Pittsburgh, PA 15230-0355

INTRODUCTION

The radiation design of the AP600 reactor plant is based on an average annual occupational radiation exposure
(ORE) of 100 man-rem. As a design goal we have established a lower value of 70 man-rem per year. And, with
our current design process, we expect to achieve annual exposures which are well below this goal. To accomplish
our goal we have established a process that provides criteria, guidelines and customer involvement to achieve
the desired result. The criteria and guidelines provide the shield designer, as well as the systems and plant layout
designers with information that will lead to an integrated plant design that minimizes personnel exposure and
yet is not burdened with complicated shielding or unnecessary component access limitations. Customer
involvement is provided in the form of utility input, design reviews and information exchange. Cooperative
programs with utilities in the development of specific systems or processes also provides for an ALARA design.
The results are features which include ALARA radiation considerations as an integral part of the plant design
and a lower plant ORE. It is anticipated that a further reduction in plant personnel exposures will result through
good radiological practices by the plant operators.

The information in place to support and direct the plant designers includes the Utility Requirements Document
(URD), Federal Regulations, ALARA guidelines, radiation design information and radiation and shielding design
criteria. This information, along with the utility input, design reviews and information feedback, will contribute
to the reduction of plant radiation exposure levels such that they will be less than the stated goals.

RADIATION GUIDELINES AND CRITERIA

The URD is an important part of the design package, as this document contains the customers requirements for
future nuclear plants. The document is several volumes in size and addresses plant features that current plant
operators prefer in nuclear plant designs. An example of the URD requirements for reducing personnel
radiation exposure is the stipulation that an ORE assessment of maintenance activities must be made to confirm
that man-rem requirements and objectives can be met. Robotic analyses for key maintenance activities, in
conjunction with a maintainability evaluation program that includes consideration for in-service inspections, are
also required.

ALARA guidelines also provide information to aid the systems and plant layout designers in the implementation
of methods that will maintain radiation doses ALARA. The guidelines provide typical radiation fields adjacent
to plant components and systems and various methods to avoid or reduce the radiation exposure to workers
during plant or system maintenance or repair. The guideline for each plant component provides guidance and
recommendations regarding component accessibility, maintainability, material impurities, location and good
design features. A checklist can be used by the designer to judge whether the design meets the requirement of
ALARA,

A check on the effectiveness of the process and the ALARA guidelines is provided by periodic evaluations of

the expected annual radiation dose from planned AP600 plant operational activities. A compilation of the
predicted doses in 1991 indicated that the average annual ORE will be less than 70 man-rem per year. Much
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of the shielding arrangements and systems information available at that time has since been upgraded, thus this
estimated dose has now become an upper limit (goal) for radiation exposure from plant operation and
maintenance activities. An upgrade of the evaluation is in progress in order to reflect the more recent
incorporation into the shield and arrangements design of additional design features and methods which will
reduce the estimated ORE.

Radiation design information for the AP600 includes design basis radiation source values for the various plant
components and for postulated accident scenarios. The source values are also used in design efforts for waste
handling and disposal and in planning to minimize associated radiation exposures to plant personnel. The plant
parameters and assumptions used to develop the source terms are chosen such that calculated results are realistic
without being over conservative. It is important that the design basis data contain some margin for unforeseen
future considerations, but it is also important that the plant costs not be greater than necessary because of
unidentified conservatism.

The radiation and shielding guidelines and criteria for the AP600 includes the requirements of the Code of
Federal Regulations, Regulatory Guides, the URD and the ALARA guidelines. The plant specific radiation zone
and access requirements and the access control criteria also are a part of the designers guidelines and criteria.

CUSTOMER (UTILITY) INPUT AND FEEDBACK

Utility input and feedback is an important part of our ALARA program as it provides insight into the actual
operation and maintenance of plant systems and components. It is provided, in part, through the URD, and also
through the effective involvement of the Advanced Reactor Corporation (ARC). This type of information is also
provided through utility participation in design reviews, solicited input regarding system designs and area layout
efforts and through joint programs for the development of process and procedure improvement.

An example of a joint program is one currently in progress with a utility to develop an improved process for
handling waste such as contaminated filters, resins and other contaminated articles. The extensive use of robotics
and remote operations is an expected result of this program. Another example of utility involvement is their
participation in the maintainability evaluation of plant equipment on a cubicle by cubicle basis. This evaluation
will include the use of robotics and consideration for in-service inspections. Utility participation in plant area
access control is also a vital part of the plant arrangement effort which will minimize exposure in a cost effective
manner.

Although not a customer, the Architect Engincering Firms involved in the plant design also provide significant
input to the ALARA program through their participation in design reviews, planning sessions and general
comments.

PROCESS RESULTS THAT SUPPORT THE ALARA GOAL
Plant Simplification

Several considerations have been designed into the AP600 which will reduce radiation exposures to plant
personnel in a cost effective manner. This includes a larger containment which allows space for equipment
laydown without crowding. This will reduce or eliminate the need to perform tasks where radiation from
adjacent equipment is contributing to the worker dose. It has also allowed the use of a clearly defined clean area
which is distinctly separate from the radiation control area (RCA). The containment design also provides an
equipment hatch such that a truck can be driven directly into containment, thus simplifying the removal or return
of equipment or plant components.
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The plant buildings are close coupled so that the movement of equipment is simple and direct. One unique
feature in the Annex Buildings is the inclusion of a "hot” maintenance shop which is designed to accommodate
reactor coolant pump repair as well as other tasks on contaminated equipment. The layout of this facility as well
as of the building has been reviewed by the ARC and utility personnel to insure optimum locations for the
various rooms and functions of the building.

Other simoplifications of note is the significant reduction in the number of valves in the plant (by 60%), as well
as a reduction in the feet of piping (by 75%) and the reduction in the number of pumps used in the plant (by
35%). The chemical and volume control system (CVS) has also been simplified to operate on differential
pressure across the reactor coolant pump, thus eliminating high pressure pumps in the system. The only pump
required will be to inject plant make-up water. All of these simplifications will result in reduced maintenance
efforts and radiation doses.

Waste Handling Considerations

Extensive effort has been spent to reduce and minimize the radiation exposure from waste handling operations
required for the AP600. This includes the robotic and remote operation processes being developed with a utility
as well as the planned use of cameras and mirrors to avoid and minimize exposure. Resin transfer operations
will be through piping using air handlers with the ability to flush the lines if local "hot spots" develop. The
ability to install temporary shielding over local "hot spots", should they occur, will also be available.

Component Considerations

The use of bent piping in the reactor coolant system has eliminated welds which must receive in-service
inspections, thus reducing a source of exposure in the plant. The reactor coolant pumps have also received
significant attention with respect to minimizing exposure. This has resulted in the use of two pumps per loop,
the use of highly reliable canned motor pumps and the specification of polished impeller and flow vanes, which
will reduce crud buildup as well as improve pump efficiency. The pump considerations also include the design
of a quick removal and transport system which will minimize personnel exposure if pump repairs are required.

The steam generators have also received attention to increase reliability and in-turn to reduce radiation exposure.
This includes the specification of Inconel 690 tubing and the specification that the cobalt impurity in the tubes
be less than 0.015 percent by weight. The minimization of cobalt in other plant materials has also been specified
with consideration given to the cost benefit expected for the amount of cobalt allowed. Allowable values were
based on the expected amount of cobalt that might be input into the plant by the component as well as the cost
to reduce the amount of the impurity.

Air operated pumps will be used for various waste tank applications; however, the rupture of a pump diaphragm
could result in room contamination. The solution for this concern was to pipe the air vent path back into the
top of the tank being served. Other components that have received special attention are the plate type heat
exchangers planned for use in the spent fuel cooling system (SFS) and the heat exchanger in the CVS. The SFS
heat exchangers typically do not provide significant self shielding, thus local shielding was placed adjacent to this
component. The CVS heat exchanger could require replacement during plant life, thus an equipment hatch was
added above this component to facilitate removal with minimal radiation exposure.

Fuel Considerations
Several features have been considered with respect to the fuel and its effects on radiation exposure throughout
plant life. One considerations for the fuel is the use of gray rods for reactivity control. These reduced rod

worth, control rods can be moved to provide daily load follow without changes in the soluble boron
concentration. This greatly simplifies the auxiliary systems used in processing the borated coolant.
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In addition to the use of gray rods, the fuel will be assembled using zirconium grid straps to eliminate the input
of cobalt from these components. A reduced power density will also be utilized which will reduce the activation
of components and also the exposure for various component handling operations.

Another core related consideration to reduce radiation levels in the plant is the planned use of non-cobalt
bearing material in the control rod latch mechanism. This component is one of the higher wear items which can
introduce cobalt into the primary system.

Shielding Considerations

In order to minimize the exposure to workers performing maintenance on equipment adjacent to radiation
sources such as other pumps, valves or waste tanks, various shield walls and local shields have been provided
between the radiation emitting components. The means to install temporary shielding is also being provided
where access requirements for adjacent equipment preclude the use of a permanent shield. The addition of
temporary shielding is contingent on the ability to provide adequate space for equipment disassembly and
reassembly.

A laydown area has been provided just outside the steam generator compartment. In order to reduce dose rates
in the laydown area, steel shielding has been added above the reactor coolant piping in the steam generator
compartment. This will also allow low dose access to the compartment for maintenance work. Steel shielding
has also been added in the area of the north steam generator compartment to shield the pressurizer surge line
and valve gallery outside the compartment. This is in addition to the shielding in the CVS to separate the valves
and other components for maintenance purposes.

Initial primary shield design analysis has shown that significant neutron streaming will occur through the relatively
large annuli around the reactor coolant piping and in the reactor cavity. A detailed primary shield analysis using
three-dimensional techniques will be used in the final design of local shields which will address these and other
concerns.

During a review of the plant shielding it was noted that access to some areas for maintenance requires passing
by or through areas of higher radiation fields. Alternate routes will be identified or shielding provisions
(permanent or temporary) are being provided so that exposures when accessing all areas of the plant will be
minimized.

Since SECY-93-087 defined post accident sampling system (PASS) requirements for advanced light water
reactors, the AP600 PASS requirements differ than those for existing plants. This system is currently being
reviewed to insure that the final design will meet the requirements for sample time and frequency as well as for
personnel dose limits.

Plant access control has been evaluated as part of a review of the plant radiation protection system. Access
requirements were based on expected radiation levels rather than on the design basis values assumed for shield
design analysis. In order to allow the plant operator as much flexibility as possible, doors have been provided
at all locations which could require personnel exclusion or controlled entry. The decision of whether or not to
install locks on these doors is left to the plant operator should plant radiation levels require locked barriers. In
addition, if ventilation air flow was considered and most of the doors will be constructed of wire mesh rather
than being solid.

CONCLUSIONS

Based on the ALARA considerations presented here and on the process identified for the design of the AP600
Plant it is concluded that the plant design will meet the requirement of ALARA and will have an annual average
ORE which is less than the current goal.
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Wood:

Borst:

Ferguson:

Lau:

PAPER 3-4
DISCUSSION

Do you have any plans to put fine filters in the system? We heard this moming from Tas
Khan that filters seem to work to reduce exposures in the German plants, and I wondered
if you had plans to put them in.

Are you talking about the .4 and below micron filters?
Yes.

There are plans to do that.

Just in the CVS system?

As it stands right now, that is about all we have talked about, but I'm sure that those kind
of things can be fitted to the customer’s desires.

The 70 rem/yr -- how many outage days does that include? Does that include standard
refueling outage or is that normal operations?

That includes the standard refueling outages. We have allowed 25 days for refueling and
our goal is to refuel in 17 days. As a matter of fact, I believe that better than 90% of the
dose comes from refueling and maintenance work during a refueling outage.

You mentioned shielding component cubicles. I know Ringhals Unit 1 has short walls as
their shielding cubicles. Were you having something like that or were you envisioning a
complete cubicle with a door and/or labyrinth surrounding each component?

What we have in a lot of the tank rooms that I showed are complete walls that surround
the tank except for a doorway or a labyrinth-type door; in some cases there is a ladder
that would get you to an area where you need to do work.

What about smaller pumps and things as opposed to large tanks?

For the small pumps, we are planning a head-height, half-height if you will, shield wall
made out of either steel or concrete. In some cases that is not going to be easy because
you have to be able to get to the components to work on them, and if you put the wall
between two of them it may just impede that. So we are making plans for temporary
shielding that could be put in semi-remotely to allow work on one component or the
other.

Does the AP-600 design require any kind of vital access post-accident? If so, do you have
any type of ALARA features designed to protect post-accident operators?

With regard to post-accident, we have been reviewing our post-accident sample
requirements and some of those requirements have changed in recent times. One of the
things that we have done is to discuss this with about fifteen different utilities and have
just spent some time at Commonwealth Edison reviewing with them their post-accident
sampling systems and those kinds of requirements. What we hope to do is to design a
system that will answer the questions and concerns all of the utilities that we have talked
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Ferguson:

Lau:

Baum:

to have in regard to minimizing the radiation exposure. As a matter of fact, we
performed a dose assessment for sampling after an accident, and came up a little bit over
the 5 rem that we had planned. We would really like to be below that, so we are back to
the drawing board.

Would the shielding requirements then be reflecting the new source terms from NUREG
1465 or staying with the GID 14844?

We are using the draft NUREG-1465.

I have three questions. This morning we heard from Mr. Terada from Japan that they are
using automatic control for the chemical and volume control systems. I am wondering if
you are considering that. Secondly, I believe at our international workshop five years ago
the Japanese were speaking about using monorails to transport tools and equipment and
perhaps surveillance equipment around a plant. Has any consideration been given to that.
Thirdly, those of us who are parents and grandparents know how useful and cheap the
camcorder and remote surveillance systems are. How much of that sort of thing is being
built into these newer plants? Do you have cameras all over the plant? How many
remote cameras would there be in a typical plant?

With regard to automatic pH control, we’ve not gone as far as the Japanese in our
thinking, however, we do have, and I forgot to mention this, our chemical and volume
control systems designed to operate on differential pressure, there are no pumps in that
system. That doesn’t answer the question in regard to pH, but I wanted to bring out the
fact that the system is very simplified and certainly the idea of automatic pH control is
something that we would consider. I have not heard about the automatic pH control
feature, but I am sure that some of my other people have. In regard to monorails, yes
there are areas which will be equipped with monorails, especially in the waste handling
building, and as I mentioned, with regard to coolant pumps other areas that lend
themselves to the monorail or other kinds of remote handling. I don’t have first-hand
knowledge of all of those things at the moment, but I would say yes, we are designing for
remote handling such as monorails. Thirdly, we plan to have a lot of cameras in the waste
handling building and we also plan to have electrical circuits that would allow multiplexing
the camera, and other radiation dose monitoring throughout the plant. We are not going
to dictate to the customer what he has to put where, but we are going to provide him with
the capability to put things wherever he needs them.
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Containment Designed for Ease
of Operation and Maintenance

* Improved access

— Personnel airlock and maintenance hatch at
both grade and operating deck level

* Truck access to both containment and annex
buildings

« Size of containment increased to 130 feet diameter

— Compared to 109 feet diameter of 600 MWe
reference plant

— Ample laydown space
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Maintenance/Laydown Areas
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Maintenance/Laydown Areas

Elevation 135°-3"
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AP600 Primary Loop

Piping Plan View

Safe! ln[ecﬁon
Nozzle 8° Dia.

Depressurization

AP600 — Simplified Design
Based on Proven Technology

35% Fewer 80% Fewer 70% Less
Pumps Heating, 45% Less Cable
Ventilating Seismic
50% Fewer 80% Less & Cooling Building

Valves Pipe* Units Volume

Compared to a conventional, 2-loop 600 MWe plant
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B . Heat Exchanger

Innovative
Construction
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ALARA CONSIDERATIONS
AP600

CONCLUSION

The AP600 annual average ORE will
be significantly less than 70 Man Rem.
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3-5
SYSTEM 80+™ STANDARD DESIGN INCORPORATES

RADIATION PROTECTION LESSONS LEARNED

Thomas D. Crom and Carole L. Naugle
Duke Engineering & Services, Inc.
230 South Tryon Street
P.O. Box 1004
Charlotte, NC 28201-1004

Richard S. Turk
ABB Combustion Engineering Nuclear Power
Combustion Engineering
1000 Prospect Hill Road
P.O. Box 500
Windsor, CT 06095-500

ABSTRACT

Many lessons have been learned from the current generation of nuclear plants in the area of radiation protection.
The following paper will outline how the lessons learned have been incorporated into the design and operational
philosophy of the System 80+ ™ Standard Design currently under development by ABB Combustion Engineering
(ABB-CE) with support from Duke Engineering and Services, Inc. and Stone and Webster Engineering Corp.
in the Balance-of-Plant design. The System 80+ ™ Standard Design is a complete nuclear power plant for
national and international markets, designed in direct response to utility needs for the 1990’s, and scheduled for
Nuclear Regulatory Commission (NRC) Design Certification under the new standardization rule (10 CFR Part
52). System 80+ is a natural extension of System 80R technology, an evolutionary change based on proven
Nuclear Steam Supply System (NSSS) in operation at Palo Verde in Arizona and under construction at
Yonggwang in the Republic of Korea. The System 80+ ™ Containment and much of the Balance of Plant design
is based upon Duke Power Company’s Cherokee Plant, which was partially constructed in the late 1970, but,
was later canceled (due to rapid declined in electrical load growth). The System 80+ ™ Standard Design meets
the requirements given in the Electric Power Research Institute (EPRI) Advanced Light Water Reactor (ALWR)
Requirements Document. One of these requirements is to limit the occupational exposure to 100 person-rem/yr.
This paper illustrates how this goal can be achieved through the incorporation of lessons learned, innovative
design, and the implementation of a common sense approach to operation and maintenances practices.

INTRODUCTION

A common goal in the nuclear industry is to maintain personnel exposure as low as reasonably achievable
(ALARA). The System 80+ ™ Standard Design has sought to incorporate those lessons learned by the current
generation of nuclear power plants to achieve the EPRI ALWR Requirements Document’s goal of limiting the
personnel exposure to less than 100 person-rem/year.

The radiation protection philosophy of ALARA anchors a fundamental commitment to the safe operation of a
nuclear power plant. This includes not only the protection of plant personnel, but also those who live and work
in the surrounding communities. The concepts, outlined in Regulatory Guide 8.8, for maintaining occupational
exposure ALARA are fundamental for the design, operation, and maintenance of a nuclear power plant. These
concepts include time, distance, shielding and source term control.
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The intent is to provide guidance for dose reduction. The concepts of time and distance are common sense.
When performing an operational or maintenance activity, one should minimize the time spent in the radiation
area. Conversely, one should maximize the distance between the personnel and the source of the radiation.
Shielding or the placement of an absorbing material between the radiation source and the personnel should be
used whenever possible.

Lastly, the control of the source term, can pay the best dividends for the reduction of dose. If the source term
can be controlled through design improvements which reduce the sources of radioactivity and prevent the spread
of contamination, then the exposure can be effectively reduced.

The following discussion will concentrate on these concepts and how these concepts have been implemented into
the System 80+ ™ Standard Design.

WHERE ARE WE NOW?

Current operating nuclear power plants have developed ALARA programs for their respective plants. However,
statistics have shown that the occupational exposures at Light Water Reactors such as McGuire, Catawba, and
Oconee range between 167 to 310 man-rem/year on average per unit. A significant contribution to the overall
occupational exposure is received while performing maintenance and station modification activities.

Reduction of occupational exposures could be achieved through the adherence to the ALARA concepts by an
improved design, and better planning and execution of maintenance and operational activities. Unfortunately,
redesign of the plant is not an option for most plants. However, the evolutionary plant designs ready for today’s
construction have implemented the wisdom from lessons learned in the current generation of nuclear power
plants into their design.

DIRECTION FOR THE FUTURE
Design Features of System 80+™

System 80+ ™ has incorporated many of the lessons learned by the current generation nuclear power plants.
Each aspect of the ALARA philosophy of dose rediiction, time, distance, shieldingmand source term control has
been considered in the design of the System 80 + ™ gtandard Design. System 80+ '™ has unique design features
that will result in a significant decrease in the occupational exposure.

General Arrangement

In the design of every plant careful consideration is given to the general arrangement of systems and their
associated equipment. System 80 +T™ pas incorporated some basic concepts into the general arrangement of
the plant for dose reduction. These design features include the following:

Separation of radioactive systems from non-radioactive systems (See Figure 1) helps control the spread of
contamination, minimize the necessity for routing piping containing radioactive fluids through personnel
corridors, as well as the need for shielded pipe chases. It also simplifies the division of the plant into controlled
and uncontrolled areas and aids in the unimpeded traffic through both the controlled and uncontrolled areas of
the plant. Whenever possible, access to low radiation areas through high radiation areas is avoided; thereby,
reducing the occupational exposure received.
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The Chemical Volume and Control System and the Fuel Pool Cleanup System are located in close proximity with
the radwaste systems. This minimizes the pipe length and number of interconnections required to transfer of
radioactive liquids, gases, or spent resin slurries, as well as the travel distance for transporting filters to the Solid
Waste Management System. Again, this minimizes the length of piping that must be routed through access
corridors.

Piping for radioactive systems is routed through shielded pipe chases. Ventilation, lighting, and adequate access
area is provided for maintenance and inspection activities in the pipe chases. In addition, the number of active
components located in the pipe chase has been minimized. This minimizes the frequency of access required into
the pipe chase for maintenance activities.

The System 80+ ™ Standard Design has been designed to provide adequate spacing around equipment for easy
access of equipment for maintenance. This includes provisions for an adequate laydown or equipment pull area,
as well as a transport path for removal or replacement of equipment. Rigging and lifting equipment is also
provided to facilitate the removal, transport, or placement of equipment or portable shielding during maintenance
activities. This enables maintenance personnel to perform their task more efficiently reducing the time spent
in a radiation area and therefore the dose. Space for maintenance }Igl&down and access was one of the major
reasons for selecting a large spherical containment for the System 80+ design. The spherical containment with
its 200 foot diameter provides considerable amount of floor space at the operating deck compared to cylindrical
containments as illustrated in Figure 2.

Radioactive equipment are separated into compartments whenever possible. Equipment is compartmentalized
based on frequency of access required, operational characteristics, and radiation level. For instance, ion
exchangers containing resin beads are typically located in a separate compartment from the active components,
such as pumps and valves. Valves are typically located in compartments called valve galleries.

Ion exchangers are located in pits with their associated spent resin service tanks located directly below the ion
exchanger to minimize piping and the general area radiation. The compartment walls provide shielding. This
enables personnel to perform operation and maintenance activities in a lower radiation area.

Hot tool cribs are located in low radiation areas adjacent to maintenance areas to minimize waiting times in high
radiation areas, to help prevent the spread of contamination, and to decrease amount of decontamination work
to be done; thus reducing radioactive wastes and personnel exposure.

A hot machine shop is provided adjacent to the equipment hatch (See Figure 3). This enables personnel to
remove equipment from containment and perform maintenance in a low radiation area, thus reducing the
radiation exposure. Access from the hot machine shop is also provided to the truck bays and maintenance areas
for ease of equipment movement.

Large staging areas inside and outside the equipment hatch and personnel airlocks allow pre-staging prior to the
start of an outage as well as, provide space for efficient radiation controls in moving equipment in and out of
containment (See Figure 3).

Change areas are located near airlocks to minimize personnel traffic flow, distance to the work area, and the
potential for the spread of contamination (See Figure 3).

The access area to the Radiation Control Area (RCA) provides a flexible and adaptable layout, a large area (40°
x 100°) sufficient to accommodate outage work crews and the availability of immediate interaction with radiation
protection personnel. This area provides a single point of access and egress for the RCA (See Figure 4).

Transient sources greater than 100 R/hr are considered in the System 80+ ™ shielding design to ensure
adequate shielding is provided. One such source is a spent fuel assembly. During transfer of a spent fuel
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assembly through the fuel transfer tube, adjacent corridors may experience elevated radiation levels. Streaming
from this source up through the joint between the between the Reactor Building and the Nuclear Annex has
been a concern for the current generation of nuclear plants. The System 80+ ™™ design has the Reactor Building
and Nuclear Annex on a common base mat which eliminates the shake space (joint) between the two buildings,
thus the potential for streaming through this joint has been eliminated. In addition, a lead collar is provided
around the fuel transfer tube, as well as several feet of additional concrete shielding to maintain adjacent corridor
radiation level ALARA (See Figure 5). This permits personnel to perform maintenance and inspection activities
in a lower radiation area and reduces the potential for adverse radiation zones from impacting refueling outage
schedules.

The incore chase during incore instrumentation withdrawal is another potential area for a transient source
greater than 100 R/hr. Positive access control is provided to this area during movement of the incore
instrumentation. A lockable access door is provided with a warning light. During withdrawal of the incore
instrumentation, the warning light illuminates providing indication that the incore instrumentation are being
withdrawn. An area radiation monitor is located in the incore chase to provide indication of radiation levels and
alarms when high radiation is in the area. An electrical interlock is provided between the radiation monitor and
the access door to prevent access into the incore chase during withdrawal of the incore instrumentation.
Emergency egress from the area is also provided.

Crud Control

Source term control is an important aspect of a nuclear power plant design. One-half to three quarters of the
total dose received by personnel results from corrosion products or crud. Corrosion products result from
activation of wear products or particulate in the reactor coolant as it passes through the core. Crud is then
deposited in the reactor coolant system and interfacing system’s piping and components.

Cobalt contributes significantly to the overall dose received during maintenance activities. Cobalt 58 and 60 are
produced by the activation of materials containing cobalt and nickel impurities in primary system components.

The presence of antimony in reactor coolant pump bea_lijlags has presented a problem with hot particles in the
current generation of nuclear plants. The System 80+ "™ design minimizes the presence of antimony in the
reactor coolant pump bearings.

To reduce the production of corrosion products in the primary system, System 80 +T™ grandard Design specifies
that components in contact with the reactor coolant be fabricated from materials with low cobalt impurities (<
0.020 w/0) and low corrosion rates. It has also been shown that an increase in reactor coolant water pH in the
range of 6.9 to 7.4 reduces equilibrium corrosion rates and buildup of corrosion products on primary system
surfaces. Therefore, the primary system chemistry will be operated in this range.

Equipment Selection and Design

System 80+ ™ gpecifies the use of more reliable and simplistic equipment. For instance, the use of evaporators
in radwaste systems for decontamination of process flow streams in current plants has resulted in increased
personnel exposure. The increase personnel exposure is primarily due to complexity of the system and the
increased frequency of maintenance required by the system. The System 80+ ™™ Standard Design has minimized
the use of evaporators. With the exception of the Chemical and Volume Control System, which utilizes
evaporators for boron recycle, ion exchangers are used almost exclusively for decontamination and purification
of process flow streams. Ion exchangers are not only more simplistic in design, but are also more reliable and
efficient. These design features reduce the frequency of maintenance and the dose received by personnel.
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Reactor Coolant Pump Seals

The System 80+T™ reactor coolant pump seals are a cartridge type of design. This enables maintenance
personnel to remove the seal as a unit and assemble and bench test it outside of high radiation areas. In
addition, adequate platforms (See Figure 6) and space are provided for reactor coolant pump maintenance in
addition to fixed lifting devices designed specifically for seal replacement.

Steam Generator Maintenance Improvements

Several improvements have been made in the System 80+ ™ design of the steam generator (S/G) to facilitate
inspection and maintenance activities thus reducing the radiation exposure to maintenance and inspection
personnel. These include the sizing and location of the manways, provisions for handholes and an internal hatch
in the S/G, as well as the use of an improved S/G tube material.

The S/G tubes are Inconel 690 and are fabricated with the latest proven techniques to minimize residual stresses.
This, along with maintaining appropriate secondary water chemistry, will greatly reduce the number of tubes
required to be plugged; thus exposure time due to tube plugging is reduced.

The size of the manways are 21 inches. There are a total of four manways, two on the primary side and two on
the secondary side. These manways provide access for eddy current testing and for inspection of the separator
dryer, respectively. The steam generator manway locations are optimized for use of remote manipulators for
inspection and maintenance. In addition, adequate platforms (See Figure 6) are provided to support S/G
maintenance and inspection.

An internal hatch is also provided to access the top of the tube bundle for inspection and maintenance activities.
At the tubesheet elevation, two eight inch handholes are provided. These provide access for tubesheet sludge
lancing. They are also utilized to remotely inspect and retrieve loose parts. In addition, a twelve inch diameter
access opening in the S/G support skirt is provided with removable insulation around that opening to facilitate
inspection of the welds. Primary head draining capability is also provided which enhances accessibility for
inspection and maintenance activities.

Reactor Vessel Head Vent

A vent nozzle and line is provided on the reactor vessel head to allow venting the gases to the pressurizer relief
tank rather than the containment atmosphere; thus, reducing exposure during the head removal process.

Ion Exchangers

Ton exchangers are designed for complete drainage. Spent resin removal is removed remotely by hydraulic
flushing from the vessel to the Solid Waste Management System. Fresh resin addition is accomplished from a
low radiation area above the shielded compartment housing the ion exchanger.

Filters
Filter housings are provided with vent connections and are designed for complete drainage. Filter housings and
cartridges are designed to permit remote removal of filter elements. Cartridge filter seals are an integral part

of the filter cartridge so that seal removal is accomplished during cartridge removal. Cartridge filter housing
closure heads are designed to swing free for the unobstructed removal of the cartridge.
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Tanks

Tanks are designed for complete drainage and are free of internal crevices and pockets. This is accomplished
by providing either a convex or sloped bottom to the tank with the drain connection located at the lowest point.
Vents are provided to facilitate the removal of potentially radioactive gases during maintenance. Non-pressurized
tanks are provided with overflows, routed to a floor drain sump or other suitable collection point to avoid spillage
of radioactive fluids.

Yalves

Except for modulating valve applications, packless valves are used on all valves two inches and under in diameter.
Modulating valves and valves greater than 2 inches in diameter use live loading of the packing by conical spring
washers or an equivalent means to maintain a compressive force on the packing where possible. Double stem
packing with a leak-off between the packing is used for valves four inches in diameter and larger. Stem leakage
is piped to an appropriate drain sump or tank. Valves utilizing stem packing are provided with backseat
capability. Radiation resistant seals, gaskets, and elastomers are utilized, when practicable, to extend the design
life and reduce mainten