
COKF-S21005-

DE83 008702

OCTOBER 10-14. 1982
SEATTLE. WASHINGTON. USA

CONF-821005
(0683008702)

P
R
0
G
E
E
D
I
N
G
S



DISCLAIMER

"This book was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government i t any agency thereof."

This report has been printed directly from copy supplied by the originating organization.
Although the copy supplied may not in pan or whole meet the standards for acceptable
reproducible copy, it has been used for reproduction to expedite distribution and
availability of the information being reported.

Available from the National Technical Information Service, U. S. Department of
Commerce, Springfield, Virginia 22161.

Price: Printed Copy A99
Microfiche A01

Codes are used for pricing all publications. The code is determined by the number of pages in the
publication. Information pertaining to the pricing codes can be found in the current issues of the following
publications, which are generally available in most libraries: Energy Research Abstracts. (ERA);

Government Reports Announcements and Index {GRA and I); Scientific and Technical Abstract Reports

(STAR): and publication, NTIS-PR-360 available from (NTIS) at the above address.



CONF-821005
(DE830D8702)

Distribution Category UC-70A

PROCEEDINGS
of the

1982 INTERNATIONAL
DECOMMISSIONING SYMPOSIUM

Seattle, Washington
October 10-14.1982

Edited by
Sarah Mickelsoti

UNC Nuclear industries
Richland, Washington NOTICE

PORTIONS OF THIS REPORT

Published by
Technical information Center

U.S. Department of Energy

It kas been reproduced from tint best
available copy to permit the broadest
possible aveilabllfty. • . . , . .



PREFACE

This volume represents the official proceedings of the 1982 International
Decommissioning Symposium, held October 10-14, 1982, in Seattle, Washington.
Nuclear scientists, engineers, and government and industry professionals
from 13 countries gathered to share experiences and expertise in the field
of nuclear facility decommissioning. Total attendance was 410; 120 parti-
cipants were from outside the United States.

The Guest Speaker for the symposium was Dr. Margaret Maxey, Director, Chair
of Free Enterprise at the University of Texas at Austin. The interest generated
by her speech indicated that it should be included in these proceedings,
along with the keynote address given by Alex G. Fremling, Manager of the
Richland Operations Office for the U.S. Department of Energy.

The 1982 Symposium organizers recommended that another decommissioning symposium
be held three years from now. It was proposed during the closing session
on Thursday, October 14, 1982, that this 1985 decommissioning symposium
be held in Europe.
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Remarks By

Alex 6. Fremling

Manager, Richland Operations Office

U. S. Department of Energy

At The

1982 International Decommissioning Symposium

Seattle, Washington

October 11, 1982

On behalf of the U. S. Department of Energy, I am pleased to have this oppor-

tunity to welcome you to Seattle and to the 1982 International Decommissioning

Symposium.

We are about to participate in what should be an excellent program on the

decommissioning of nuclear facilities, a subject which will be receiving—

and which should be receiving increasing attention and interest during the

next decade as some of the nuclear plants around the world begin to reach the

end of their effective life.

It is hoped that this symposium will not only facilitate the sharing of know-

ledge regarding the technology of decommissioning, but that it will also serve

as a reminder of the obligation the nuclear industry has to take care of its

facilities as they become excess. Here I refer to our obligation to the public

to assure that the facilities will be decontaminated and decommissioned with
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reasonable promptness as well as our obligation to assure that these tasks are

performed in a manner which will protect the health and safety of the public.

It is my further hope that as these four days provide a forum to discuss

approaches, review accomplishments, and exchange our views on decommis-

sioning techniques, they will also act as a catalyst for increased technology

exchange among participating countries and between government and private

industry.

In my capacity as Manager of the Richland Operations Office for the Department

of Energy, I have a very special interest in the subject of decommissioning.

The site for which I am responsible—Hanford—was one of this nation's first

nuclear sites. It had its beginnings in 1943 as a part of the national effort

to develop a nuclear weapon during World War II. During the years since then,

Hanford's mission has continued to include our historic nuclear materials

production mission, but has also expanded to include a wide array of energy

research, development and demonstration programs and projects.

As the years have gone by, changes in program requirements and the natural

aging processes have placed us in a situation where we now have a significant

number of facilities which have been shut, down, with no currently identified

plans for their re-use. While we are committed to a strong and continuing

maintenance and surveillance program to assure that these facilities remain

safe from an industrial and radiological standpoint, we also recognize that

this is only an interim action and that final decommissioning is required.

1-2



As a first step in this direction, we have already invested substantial

funding in the stabilization of solid waste disposal sites and in the removal

of non-contaminated structures which otherwise could have posed a potential

industrial safety hazard to workers at Hanford. We have also initiated an

extensive effort to determine the radiological inventory of the shutdown

facilities and to plan for their ultimate disposition. This work is nearing

completion and we are now prepared to implement long term solutions, including

dismantling or application of other effective decommissioning modes.

Because of Hanford's need for an onsite decommissioning effort and our more

general interest in the subject, the Department of Energy in. 1978 selected us

as the responsible installation for the administration of a program to oversee

the decommissioning of approximately 500 surplus nuclear facilities throughout

the United States. Facilities included are those owned by the Department

which have been declared surplus to departmental needs. During the past four

years, we have developed a comprehensive plan for dealing with these

facilities and have executed several successful decommissioning projects, some

of which you will be hearing about during the course of the symposium.

There is another aspect of decommissioning that requires specie! emphasis —

even though it seems that it shouldn't. This is the consideration of facility

re-use. As I have said, we must be zealous in our efforts to get on with the

job of decommissioning our shut down nuclear facilities, but, as the money

needed for new or replacement facilities becomes even more difficult to

obtain, we should be equally zealous in the pursuit of technologies and

techniques for making our currently unusable facilities available for re-use.
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At Hanford, we are finding that such an approach can be very cost-effective

and, in some cases, it has ceased to be an option and has, instead, become a

necessity.

This, to me, is another topic well worthy of our consideration during these

four days and worthy of our cooperation in the years to come.

In closing, I will stress one other important point. I am convinced that in

the 1960's—or even earlier—we had an opportunity to anticipate, plan for,

and deal with the waste disposal problems that now plague the nuclear

industry. We failed to capitalize on that opportunity.

In the decommissioning of nuclear facilities, we again have a chance to

develop plans, systems, approaches, and equipment before they are urgently

needed. If we do so in the 1980's, we can prevent decommissioning from

becoming the major nuclear issue of the 1990's. I urge that we grasp this

opportunity.

Again—I welcome you to the symposium on behalf of the United States

Department of Energy and our Hanford operations. We hope you find it an

interesting, educational, and enjoyable experience. We are pleased to have

you with us!
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DECOMMISSIONING: HORAL DILEMMAS REVISITED

Margaret N. Maxey, Ph.D.

Director, Chair of Free Enterprise
College of Engineering

The University of Texas at Austin

\
'\

\

Albert Einstein observed long ago that the future of nuclear technology

would be decided in the village square. His clairvoyance may not have fore-

seen the bitterness and almost blind hatred with which opponents of this tech-

nology have attacked it. Nonetheless, his prophetic statement appears to have

come to fruition as protest movements, marches and slogans abound and reverber-

ate in our annual spring orgies. Cries of "Hell, no, I won't glow!" and "Not

in my backyard!" have been countered to no avail with "A little nukie never

hurt anyone!" and "Nuclear energy is safer than sex!"

Decommissioning of reactors that have functioned in the early stages of

a federal program of nuclear technology development are an emerging focus of

attention for at least two reasons:

• first, the management and ultimate disposal of all

waste by-products is mandated by the law incorporated

in the Atomic Energy Act of 1954;

• secondly, the very necessity of "decommissioning"

reactors lends credence to a popular perception that

nuclear technologies are utterly unique in the risks

and uncertainties imposed on present and future gen-

erations.

Spending millions of dollars to prevent human contact with the "radioactive

contamination" of physical facilities is translated by public perception into

still another confirmation that nuclear scientists have made a "Faustian

bargain" .'hich holds posterity hostage. Radioactive waste by-products — no

matter how small in quantity — pose such a hazard to human health that they

can only be judged as truly incomparable to any other hazard.



As several philosophers and humanists from the academic community have

turned their attention to the ethical issues being raised by our rancorous public

debate over nuclear energy, there is a striking recurrence in a pattern of thought

about its moral unacceptability. Two examples will illustrate the pattern of

thought leading to the conclusion that nuclear technology is so immoral that it

must be eliminated from our future.

A PATTERN OF THOUGHT

To philosopher Robert Goodin radioactive wastes are the prime example of

"profound uncertainties" which render any fora of decision-making based on a cal-

culus of expected utility to distant future generations a "particularly poignant

instance of a rather common phenomenon," namely "cheating our children." [1]

Goodin concedes that his conclusions are derived from and dependent upon "the

facts of the case as I have described them" and that, on such contentious issues,

he "can offer only second-hand expertise." Nonetheless, the major facts upoa

which he bases his moral conclusions seem to be as follows:

(1) Radioactive wastes represent a unique threat of harm because they contain

actinides with half-lives of millions of years; the toxic levels that could

reach the human environment would have concentrations 5 times the MPC of

current international standards in 1,700,000 years.

(2) Each of three proposed barriers (waste form, container, geological medium)

designed to prevent reentry of radioactive poisons into the human environ-

ment is expected to be breached with increasing likelihood through the

centuries.

(3) The leakage of radwastes can be expected to create grave hazards for human

populations in some distant future, since leakage would ber-.ome most threat-

ening to human beings only after a long time.

Goodin's assessment of nuclear technology renders it conspicuous in failing

to meet conditions necessary to allow a conventional mode of learning by doing,

or trial-and-error. Based on his set of facts, Goodin avers that the impacts of

leaks from radioactive wastes from storage sites upon human populations or the

natural environment are such that errors would be catastrophic. Health effects

are assumed to be latent, involuntary, irreversible. They may not appear in time

for changes in policy to be made. [2] The magnitude of nuclear disaster makes

this technology incomparable to any other.
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Consider a second illustration. Using a similar set of facts about radio-

active wastes as unquestioned assumptions from which moral conclusions are

derived, Richard and Val Routley focus on the philosophical problem of obliga-

tions to the future. [3] Their pattern of reasoning takes this form:

(1) The distribution of risks and benefits of nuclear energy are disaggregated

both in space and in time, so that a moral principle of justice and fairness

imposes moral constraints on the deployment of a technology that can inflict

widespread harm.

(2) The turbulent record of human history, plus vast fluctuations in geological

and climatic conditions for the past million years, eliminate any confidence

that radwastes can and will be safely stored for the millions of years

required.

(3) Leakage of even small quantities of radwastes would result in catastrophe,

e.g., widespread disease, genetic damage, contamination of huge land masses,

etc. [k]

Once again an inventory and description of the physical properties of radio-

active wastes — their length of toxic lifetime, number of lethal doses contained

in small quantities, and absence of a technically demonstrated and guaranteed

"safe" disposal method — are taken as a set of established scientific facts from

which conclusions about morally unacceptable risks of harm to future generations

can be derived. Indeed for the Routleys, continuing development of nuclear energy

is "not only a crime against the distant future, but also a crimt against the

present and immediate future" because of the possibility of catastrophic releases

of radioactivity by reactor accidents, by terrorists or by weapons. However, on

the basis of uncertain effects on future persons alone, the Routleys conclude that

nuclear technology is morally unacceptable.

Both Goodin and the Routleys make a moral assessment of nuclear technology

based on the assumption that any error or accident entails catastrophic effects

for unconsenting present and future generations. It is a unique and incomparable

technology precisely because there will inevitably be errors or accidental releases,

and their consequences will be disastrous to public health.

This pattern of thought represents a radical shift in technology assessment.

It amounts to what Aaron Wildavsky terms "a new doctrine" — namely, "no trials

without prior guarantees against error." [5] In sum, it amounts to a new doctrine

of risk aversion.
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Goodin insists upon a set of criteria for choices that would predetermine

the moral acceptability of new technologies: there shall be no trial-and-error

learning process unless there are guarantees that "errors will be small, immedi-

ately recognizable, and correctable." [6] For both Goodin and the Routleys,

what makes nuclear technology most unique, incomparable and morally unacceptable

is that it compels us to live "not merely with risk but also with irresolvable

uncertainties." [7] Given the extremes to which risk aversion can be taken, it

seems of little avail to observe, as does Wildavsky, that far froiu being unique

to a new technology, "irresolvable uncertainty" is a necessary condition of human

life itself.

What are we to make of a state of affairs in which a set of presumed scien-

tific facts become transformed into a moral argument for rejecting nuclear tech-

nologies already in common, widespread use for medical diagnosis and therapy as

well as electricity generation? Have professionals in engineering and in health

care been so incompetent, shortsighted and bereft of moral virtue that unsuspect-

ing citizens can expect to become victimized by criminal acts of '"radioactive

poisoning?" Or is it perhaps the case that the bioethical framework from which

such moral reasoning has been derived is both seriously flawed and conceptually

inadequate? The burden of my remarks will be to examine reasons for concluding

that the latter case is a more likely explanation.

Let us consider, first, the scientific status of evidence used So support or

invalidate moral claims and arguments. Second, let us consider what a more ade-

quate ethical framework might look like. These considerations will be guided by

a fundamental premise. Mere descriptions of the physical properties, toxicity

lifetimes, dose calculations, and hypothetical mechanisms for migration of waste

inventories are ethically misleading if not duplicitous. Toxicity is not hazard.

The mere existence of a toxic element is no basis for a moral claim about its

unacceptability. The only meaningful basis on which to evaluate the ethical sig-

nificance of radioactive wastes or any other toxic element in our environment is

likelihood of exposure to a radioactive source of such a magnitude that a dose Is

assimilated at a rate harmful to human beings.
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SCIENTIFIC STATUS OF PRESUMED EVIDENCE

We have examined the moral claim that catastrophic harm to future generations

will result from exposure to radioactivity leaking from waste repositories, m>

matter how small the dose and rate. This moral claim derives from a conservative

assumption adopted forty years ago by regulatory agencies in setting radiation

standards — namely that it would be "safer" to assume that every radiation dose

greater than zero entails some possibility of somatic and/or genetic harm. This

zero-threshold hypothesis has, however, led the nonscientific public to believe

that "there is no safe dose of radiation" and "every radiation dose is an overdose."

It is eth:. illy necessary to understand that, despite vast amounts of radio-

biological data, there is no conclusive scientific evidence to prove the existence

or absence of a threshold. Consequently, the "evidence" which moral claims take

to be an unassailable scientific conclusion is in fact only an untested theory, an

extrapolated hypothesis, an ultra conservative and protective rule of prudence.

The absence of scientific evidence of harm from exposure to low levels of

radiation is not due to incompetence or oversight or lack of attempts to find harm-

ful effects. Lauriston Taylor's assessment of this situation merits close attention:

No one has been identifiably injured by radiation while
working within the first numerical standards set by the
NCEP and then the ICRP in 1934.

Let us stop arguing about the people who are being in-
jured by exposure to radiation at the levels far below
those where any effects can be found. The fact is, the
effects are not found despite over forty years of trying
to find them. The theories about people being injured
have still not led to the demonstration of injury and
though considered as facts by some, must only be looked
upon as figments of the imagination. [8]

An ethically significant misunderstanding of the scientific status of the zero-

threshold, linear hypothesis renders any moral argument dependent on it inherently

flawed.

Another reason for invalidating the catastrophic expectations of moral argu-

ments about radwastes is the assumption of uniqueness. To be sure there is scienti-

fic evidence for this statement: "Ionizing radiation, delivered in sufficiently

large amount, can cause determinable effects or injuries to any biological system"[93
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Yet as Dr. Taylor and others repeatedly point out, any somatic or genetic effect

caused by radiation can also be caused by at least 1500 other agents, with no

possibility of positively identifying the culprit. Besides not being unique in

its biological effects, radiation dose-effects are not cumulative, since a process

of repair or replacement of cells, both somatic and genetic in nature, has been

demonstrated to occur in radiction therapy techniques. [10]

Furthermore, there is an ethically sufficient basis for recognizing a practi-

cal threshold for low-level radiation: namely, a dose-level below which the latent

period for the appearance of any likely effect is in excess of one's remaining life

expectancy. For example, a study by Raabe, Book and Parks has shown that, for bone

tumors caused by radium, there is in fact a practical threshold: if the dose is

lower than 39 millirem per day, the latent period for appearance of the tumor

exceeds the lifespan. [11}

A final consideration about the assumed uniqueness of radioactive waste con-

cerns its potential dissolution and transport via a water pathway. A geotoxicity

survey quickly invalidates the assumption that radioactive waste products incor-

porated into the earth's crust would be its only toxic constituent. To the con-

trary, many naturally occurring toxic elemeats are continuously leached into water

supplies. J. J. Cohen has considered only eight of these toxic elements: mercury,

cadmium, chromium, leadjselenium, barium, arsenic, and uranium. "It can be calcu-

lated that if our entire electrical supply came from nuclear power for 100 years
o

(~*10 MWe-yr) and all the resulting wastes were buried, the resulting increase in

the toxicity of the earth's crust would be one ten-millionth of one per cent." [12]

To those who insist that the comparison is invalid since other toxic elements

are more uniformly distributed whereas the waste would be concentrated in a few

respositories, Cohen replies:

In fact nature has also concentrated toxic minerals into ore
bodies. The toxicity of a typical high-level waste repository
decreases in time due to radioactive decay. It can be shown
that in a few hundred years the repository contents become
relatively less toxic than typical mercury deposits and in
about 1000 years it becomes less than the uranium ore body
from which the nuclear fuel was originally derived. The
body is at least as available to dissolution and transport
as is the waste repository. [13]
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To summarize: Moral arguments claiming that catastrophic potential o£ harm

from radioactive wastes renders them and the technology producing them morally

unjustifiable, despite any foreseen and intended benefits, derives from and

depends upon unsupportable scientific assumptions. That is to say:

(1) The assertion that any and every radiation dose not only can but does cause

somatic and genetic harm rests on an ethically salient misunderstanding of

the scientific status of the linear hypothesis.

(2) There is no scientific, much less, ethical justification for singling out

radiation doses as a unique cause of cancer or genetic mutations when over

a thousand other toxic agents are known "o produce the same health effects

at sufficiently high doses, with no way to single out the causal agent.

(3) There is a sciencific ancl ethical basis for recognizing a practical thres-

hold (or de minimis dose) below which risks of radiation exposure can be

ignored.

(4) The storage of nuclear wastes in technologically sophisticated forms and

containment represents such a trivial increase in geotoxicity levels

already present that a moral argument based on uniqueness or catastrophic

potential is fundamentally flawed.

TOWARD A MORE ADEQUATE BIOETHICAL FRAMEWORK

If taken at face value, the moral claims of opponents to nuclear technology

represent it as the most serious threat to human rights to health and safety,

equal protection, and due process. However, since these moral claims cannot be

supported by demonstrated scientific evidence, but can only appeal to hypotheses

and conjectures about possibilities, a more substantive and comprehensive bio-

ethical framework must be constructed. It must supplant a framework in which

hypothetical, selective, piecemeal risk assessments have focused attention on

needlessly conservative standards and costly reductions of trivial risks.

Ethical analysis recognizes that, just as there are qualitative differences

in degrees of benefits from basic goods, in contrast to advantageous goods, or to

peripheral and dispensable goods, there are corresponding levels of harm. Basic

harm may result from being deprived of goods essential to subsistence and material

wellbeing.
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It is not generally acknowledged that there are degrees of ham. A harm that

is so trivial or negligible as to be undetecta'ule or unavoidable, if another greater

harm is to be prevented, provides an ethical basis for a category of "justifiable

harm." Such harm is in contrast to a serious, avoidable, unjustifiable harm amount-

ing to a deprivation of basic material wellbeing. To illustrate: if one accepts

statistical estimates based on a linear hypothesis, diagnostic x-rays may cause

some potentially detectable harm by "killing" or disrupting reparable cells. But

preventing the greater harm of serious health impairment to a patient renders a

comparatively negligible cellular harm ethically justifiable. The most lamentable

aspect of an undifferantiated use of "harm" language — or for that matter a sta-

tistical estimate to describe biological effects — is that an unsuspecting citizen

is led to think that actual body counts of certified injury and death to human

beings are the scientific basis for stating that exposure to low level radiation

doses cause harm. To the contrary the basis is only speculative.

A more adequate bioethical framework must not only develop a nomenclature for

degrees of benefit and harm; it must also overcome widespread misconceptions about

risk. It has become commonplace to consider a toxic substance or a single tech-

nology as if it represents only an incremental risk, i.e., a simple addition to a

current risk background. To the contrary, any "new" risk reorders an entire system

by displacing, offsetting or otherwise restructuring a prior pattern of benefits

and harms. Only systemic or wholistic risk-accounting does justice to this innova-

tion.

To illustrate: several recent studies demonstrate that improved health and

life expectancy is directly related to income. Steady economic growth has meant

improved housing, better nutrition, environmental sanitation, more plentiful food

from mechanized agriculture and has reduced accidents in the workplace, etc. OPEC

has done more to harm poor people on a global scale than any other single event.

When publiq.Kiisconceptions and exaggerated expectations about "safety" drive

governments to appease the public with more and more regulations, the resulting

economic misallocations lead to investment constrictuions, reduced incomes, and

negative health effects from deprivation of basic goods. [13]

From a bioethical perspective, we do ourselves and our posterity a grave

injustice by allowing our moral concern for basic rights to health protection, and

for the life-sustaining qualitites of the biosphere, to be narrowed down to and in
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some cases trivialized by an obsession with hypothetical health effects from but a

few toxic substances. Such myopic preoccupation siphons public concern away from

preventable causes of malnutrition, disease and death claiming thousands of lives

daily in our world. Systemic risk accounting is a necessary precondition for any

sound social policy.

A wholistic or systemic comparison of a pattern of benefits and harms must

include the natural environment. Human beings are virtually immersed in a sea of

naturally occurring toxic elements in potentially lethal quantities, Nevertheless,

the human species has managed not only to survive, but also to enjoy an ever-in-

creasing life expectancy. What should be our goal in managing toxic elements —

in this case, waste byproducts from uranium fission? Is it to master the wind?

Or is it to determine the set of the sail?

A more adequate bioethical framework must develop a philosophy of congruence

with a pattern of benefits and harms already established by naturally occurring

radiation sources with which we human beings have lived and evolved throughout

recorded history. Human tolerance for, indeed dependence upon, wide variations

in natural radiation sources for millenia demonstrate that increments from man-

made applications of these natural sources can be kept well within the range of

variation (e.g., standard deviation from background) without inflicting either

unjustifiable harm or deprivation of basic goods to members of society.

From these considerations, three preliminary bioethical principles emerge:

(1) Social justice requires a policy for health protection to be based on a method

of assessing systemic risks so as to prevent members of society form experienc-

ing basic harm deemed to be unjustifiable.

(2) Social policy must assure an equitable management of potential sources of

basic harm, i.e., management which is proportioned to actual, identifiable

basic harms which human effort, time and money can reduce.

(3) Any involuntary risks imposed by policies for health protection against

radiation and other toxic elements must be congruent with, must not be in

excess of, and may be reasonably less than, those involuntary risks imposed

by naturally occurring toxic elements and harmful effects from our natural

environment in which wide variations in exposure occur.
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The applicability of these proposed principles to the proplem of radioactive waste

disposal can be tested by asking what a waste management program should accomplish.

Currently in the United States a proposal for performance criteria is being exam-

ined. It seems the most reasonable, achievable, and morally justifiable as an

expression of public policy. These criteria require that ultimate waste disposal

shall be accomplished by methods that do not result in any net increase in risks

to public health or the environment already possible in relation to an ore body

typical of that which yielded the uranium originally. This means that waste dis-

posal would return radioactive by-products to the same level of risk which was

posed by natural uranium present inthe earth's crust. To accomplish this, the

waste form would be required to have the same stability as the original ore. The

medium or container of the waste form would have to have an integrity equivalent

to the medium surrounding the ore bodies. The geological location of waste canis-

ters would he as isolated from the biosphere as the typical ore boay. If current

technological methods can meet these performance criteria, then this method of

waste disposal is "safe enough" by any credible standards of moral acceptability.

CONCLUSION

The effectiveness with which strategies of fear have been successful in mobi-

lizing public antipathy and opposition to nuclear technology — even opposition to

resolving the problem of managing waste by-products — reflects a new and ethically

questionable doctrine of risk-aversion. There can be no learning without trial.

But "the new doctrine" demands that there be no trial without prior guarantee of

zero-risk. No technology, old or new, can meet that guarantee. It is intellectu-

ally and morally a fraudulent expectation.

Radioactive wastes exist. They are not going to decay away. They cannot be

left lying around. We shall need waste management, no matter what the future of

nuclear energy. To hold up disposal facilities for radioactive wastes as hostages

to extort a non-nuclear future from policy-makers approaches the nadir of social

responsibility.

In conclusion it should be underscored that the decommissioning demonstrations

carried out on federal facilities hardly typify procedures that are projected by

the nuclear utility industry. Denigrating expectations of a costly early dismantle-

ment and transport of unneeded commercial facilities completely ignore two distinc-

tive factors: first, reactor sites have been carefully selected for the emplacement

over the years of multiple reactors; secondly, decommissioned structures on a given
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site will likely be used as on-site repositories for low-level wastes which a

replacement reactor may produce during operations. The option of "safe storage

and surveillance" of decommissioned reactors is certainly preferable —both

economically and ethically — to an unnecessary dismantlement.

It remains to be seen whether the architects of cur energy future will be

guided by ethics or, instead, by politics.
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DECOMMISSIONING AT THE U. S. DEPARTMENT OF ENERGY
(SUMMARY)

Joseph A. Coleman
U. S. Department of Energy
Washington, D.C. 20545

Nuclear facilities and reactors normally require decommissioning at the
end of their useful lives. The purpose of such action is to isolate and
contain radioactive materials or contamination at these facilities that is
above established or acceptable levels to ensure public safety and maximize
the future usefulness of the facilities and associated equipment.

The Department of Energy, and its predecessor agencies, have been
decommissioning nuclear facilities for over 20 years. Currently, some
90 projects involving approximately 500 surplus facilities in the DOE
Surplus Facilities Management Program are scheduled for decommissioning
over the next 20 years. These sites have resulted from both civilian
nuclear research and defense-related government operations located
throughout the United States. They include such installations as reactors
and support facilities, solid waste burial grounds, fuel reprocessing
facilities, radiochemical laboratories, stacks, tanks, pipelines, waste
treatment systems, and materials recovery facilities. Requirements under
the National Environmental Policy Act are met before decommissioning
operations begin. The wastes generated are transported and disposed of
at DOE sites in accordance with applicable DOE and DOT regulations.

!Jart of the Department of Energy's overall effort is the development
of technological approaches to facilitate the completion of decommissioning
tasks. Ways to improve the efficiency of methods, reduce costs, and improve
overall environmental and health protection are constantly sought. These
new techniques are not only made widely known to those programs in DOE
responsible for decommissioning actions, but are made available to the
nuclear community at large.

The approach taken by the Department of Energy in planning and
implementing decommissioning includes the following major elements:

• Identify the need for decommissioning.
• Consider alternatives for disposition of the facility.
t Decide on the interim actions to be taken—surveillance and

maintenance—until cleanup can begin.

II-l



• Plan for the most effective use of decommissioning resources
in terms of eliminating hazards to the public, workers, or
others that may be on the property, minimizing costs of
maintenance and surveillance, and restoration of the property
to a useful condition.

• Maintain a current record of needs, priorities, costs and
schedules for decommissioning actions.

t Implement decommissioning actions as resources permit.

Using this approach, individual program offices, as part of their
overall responsibility, generally decontaminate and decommission surplus
facilities they operated.

In addition to the set of facilities already declared surplus,
the Department of Energy must plan for disposition of currently operating
facilities, and consider ways to improve the efficiency and reduce costs
of decommissioning actions in the design of new facilities. These
requirements represent a major challenge to the Department of Energy in
the area of decommissioning. The wide diversity of facilities used in
the Department's research, development and manufacturing programs,
coupled with changing energy programs tend to make definitive long-range
planning for decommissioning difficult, nonetheless, attention to
planning for these future disposal and cleanup actions is essential if
the Department of Energy is to execute a comprehensive decommissioning
program.
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AN OVERVIEW OF DECOMMISSIONING POLICY, STANDARDS
AND PRACTICES IN NEA MEMBER COUNTRIES

E. Maestas*
0. Ilari

OECD Nuclear Energy Agency
38 Boulevard Suchet
75016 Paris, France

ABSTRACT

Decommissioning refers to the orderly disposition of nuclear facilities
after their retirement from service, taking account of environmental,
radiation protection, waste management and safety considerations. The
activities involved in such an exercise can vary from simple closure of the
facility with a minimum removal of radioactive materials, to complete plant
disassembly and restoration of the site for unrestricted release for other
uses. As the nuclear industry matures, an increasing number of facilities
have reached, or are approaching, the time wtr * they will have to be
withdrawn from active service and disposed of. To meet this forthcoming
requirement, authorities in countries with nuclear power and nuclear
research programmes around the world must direct some effort in anticipation
of the problems of decommissioning.

INTRODUCTION

This overview will look at the status and some trends in the area of
decommissioning policy, standards and practices that are presently evolving
in the Member countries of the Nuclear Energy Agency of the Organisation for
Economic Co-operation and Development, excluding the United States.
Practices and policies concerning this country are discussed in other
contributions to this symposium. For those who are not familiar with the
OECD-NEA, it is an inter-governmental organisation based in Paris comprising
23 Member countries, principally the western European nations plus
Australia, Canada, Japan and the United States. The primary objective of
NEA is to promote co-operation between its Member governments on various
aspects of nuclear energy development, as well as on health, safety and
regulatory questions.

THE MAGNITUDE OF THE DECOMMISSIONING PROBLEM: EXPERIENCE AND PLANS

From the results of a survey on decommissioning technology requirements
conducted by the NEA in its Member countries with significant nuclear power
programmes, and from the compilation of data for assembling a technical
report on Decommissioning of Nuclear Facilities, being prepared by the
International Atomic Energy Agency, it has become evident that there exists
a substantial number of nuclear facilities that have terminated operations,
or will do so in the next few years. These facilities include small
research reactors, early prototype power reactors, plus supporting nuclear
fuel cycle facilities such as radiochemical laboratories, fuel fabrication

Presently with the U.S. Department of Energy Idaho Operations Office
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and reprocessing facilities and other related nuclear facilities. In the
NEA survey, the cumulative number of these redundant plants that have been
or will be shut down is reported to be somewhat less then two hundred.
Those that are already shut down are in various stages of decommissioning,
i.e. stages I, II or III, commonly referred to as mothballed, entombed or
dismantled with unrestricted site release.

The present cumulative worldwide experience of shutdown research
nuclear reactors is 111, as reported by the IAEA. In addition, the IAEA has
listed 13 power reactors worldwide presently in various stages of
decommissioning. These, however, are of the smaller size prototype designs,
most having operated only for limited operational time.

However, ona must use caution in interpreting the significance of this
apparently wide range of experience. The experience of shutdown facilities
having been exposed to really high radiation fields for long time periods is
limited. For example, nuclear research centres in several countries have
decommissioned only portions of their facilities, like glove-boxes or other
sections of laboratories, and have not had to deal with the difficult
problems of cleaning and dismantling installations containing high
concentrations of radionuclides or high radiation levels that are
experienced in nuclear reactors with long operating histories. The
complete dismantling of a present day size power reactor has not been
reported. Some of the more recent decommissioning experiences or plans for
starting the decommissioning of specific facilities having more significant
radionuclide inventories in some western countries will be described at this
meeting by different national representatives.

As mentioned above, no large nuclear power plant has yet been
dismantled but in the next ten years we can expect to see work started on
the first generation power reactors in some NEA Member countries. In
anticipation of the problems to be encountered, detailed decommissioning
studies have been carried out, for example in France, Switzerland, Federal
Republic of Germany, United Kingdom and Sweden, and others are underway in
Italy and Japan. These studies try to develop a detailed methodology to
extrapolate present experience on small nuclear facilities to the
decontamination and dismantling of large nuclear power plants and other
major nuclear installations. It is generally concluded in these studies
that decommissioning, including the total removal of active materials, is
feasible and can comply with present day radiation protection and waste
management standards. Better efficiencies in the future can be expected
with improvements in disassembly methodologies and beneficial effects on
the radiation exposure workers and decommissioning costs. These studies
will be discussed later. A few specific remarks about the present practices
and research trends in NEA Member countries as reported are given in the
following.
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In the NEA study mentioned above, the status of decommissioning
techniques and areas requiring further development were surveyed among
Member countries. In response to questions designed to identify problem
areas, the disposal of radioactive waste arising from decommissioning was
reported to be a primary concern as well as the decontamination of metals
and the cutting of thick-walled reactor pressure vessels. Other areas
deemed to be in need of more research, as reported in priority order include:

- Standards for materials release
Decontamination of non-metallic solids
Residual activity measurement, identification and localization
Remote handling
Waste volume reduction
Concrete spa 11 ing
Packaging of unwieldy radioactive objects
Use of explosives (cutting metal pipes etc)

REGULATION AND CONTROL

The decommissioning of a nuclear facility encompasses a broad variety
of considerations under the responsibility of national authorities. Before
one commences with the physical decontamination and disassembly of a
facility, consideration of the appropriate policies, licenses, regulations,
and standards must be made. This is in reference to many factors such as
the transition time from operational status to disassembly, radiological
protection of workers and the local population, protection of tha
environment against hazards associated with the residual inventory of
radioactivity, as well as treatment, conditioning and disposal of the
generated radioactive wastes. National regulatory agencies must provide
guidance for control of all these matters. The regulatory agency which
usually has similar responsibilities during the operational phase of the
plant must review the proposed decommissioning plans for compliance with
appropriate standards, and monitor the performance of the work. Standards
normally applicable include radiation protection for the workers and the
public, guidance on treatment, conditioning, packaging for transport and
disposal of radioactive materials, as well as the levels of residual
radioactivity acceptable for unrestricted release of the site and equipment
or materials.

Thus far, we have mentioned the technical aspects of decommissioning
nuclear facilities in a generic fashion. A brief discussion of the specific
status of the policy and regulatory aspects upon which these factors are
based is presented below.

Policy and Legislation

In all NEA Member countries with nuclear programmes, there exist
Nationa1 Atomic Energy Acts or Laws that provide for the regulation of the
peaceful uses of nuclear energy, radiation protection, and nuclear safety.
These acts were primarily intended for licensing and operation of nuclear
power reactors and in this respect are quite detailed and specific.
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However, in terms of deconmissioning, there does not seem to be a great deal
of specific guidance. In fact, in some Acts, decommissioning is not
explicitly mentioned, although it can usually be inferred that
decommissioning, implying a major change in the purpose of the plant, will
need a special license by the regulatory authorities. In other cases, laws
and regulations either address decommissioning requirements or have
amendments to the licensing procedures. Generally, this is limited to the
provision that a decommissioning plan or concept has to be prepared in
compliance with radiation protection regulations. A widely used practice is
the preparation of a feasibility report on the decommissioning, which may
include a financial scheme to show that funds will be available when
needed. This is the basis for the relatively large number of
decommissioning studies that have been prepared in the last few years and
are still being prepared in some countries. The common conclusion of these
decommissioning studies has been to prove the general feasibility of the
decommissioning using techniques available today, and to identify areas
where more development is needed. However, there is a limitation of the
usefulness of these studies. As the decommissioning of a nuclear power
plant could be expected to take place not earlier than 30-40 years after
commissioning of the plant, except from special accident situations, it is
to be expected that more advanced techniques for disassembly will be
developed further. Consequently, a generic study prepared at the present
time could possibly not be applicable to specific plants in the future
because technology will have changed and render the initial studies obsolete.

Another requirement stipulated in some national atomic energy acts
involves financial responsibility. For example, in Switzerland where the
nuclear power plants are privately owned, a 1978 amendment to its national
atomic energy act states that licenses for new power plants can only be
issued if decommissioning of the plants is financially guaranteed. A
regulation for funding is presently being prepared, which stipulates that
the power utilities have to deposit into a central fund the sum necessary
for later decommissioning of their plants. Of course, where the utilities
are state owned, other schemes could be envisaged as in France, where the
government will guarantee funding when the time comes for dismantling.

In our review of the policy aspects of decommissioning, we could not
determine where recent changes in legislation and policy have been made that
were directed exclusively to decommissioning, although the need for policy
guidance has been fully recognized within NEA Member countries.

Standards

The protection of radiation workers, the population and the environment
from any unacceptable hazards associated with the inventory of residual
activity resulting from a nuclear facility is an important part of the
decommissioning process. The inventory of activity present, the mobility,
toxicity, type of radiation emitted, and half-lives of the radionuclides
remaining, influence the selection of an appropriate decommissioning
procedure for a given nuclear facility. The levels currently established or
being considered by the regulatory authorities concerning residual activity
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and radiation levels which allow the unrestricted use of sites, equipment
and materials are generally derived from the recommendations of the
International Commission on Radiological Protection (ICRP). However, it is
the interpretation and application of these ICRP recommendations by the
local or national authorities that dictate specific standards or "de
minimis" levels for a given facility to be decommissioned.

In most countries, standards or de minimis levels having a general
validity for all cases of decommissioning have not yet been established.
Rather the regulatory authorities have issued site specific, ad hoc values
for the level of contamination deemed acceptable for given cleaned sites or
for the recycling of specific materials. In an overview such as this, one
must be prudent on quoting actual figures previously used for release of
specific sites or materials, because it must be emphasised that the
practical use of such ad hoc standards for particular individual
circumstances does not imply formal recognition of these values or limits
for more general use and may well be subject to change on a case by case
basis. Thus, the overall trend in this area in î ost countries appears to be
the use of site specific factors for determining site and materials release
criteria. However, efforts can be carried out towards the determination of
more generally applicable standards and "de minimis11 levels at the
international orzanization level.

CONCLUDING REMARKS

1. There exists, as a result of decommissioning activities of retired
demonstration nuclear power plants and other nuclear facilities, a
broad base of experience in OECD/NEA member countries covering a
variety of different types of facilities. This experience
supports the generally accepted consensus that nuclear pow°r
plants can be decommissioned with today's disassembly
technologies, but better dismantling efficiencies in the future
can be expected with improvements in methodology and making them
more cost effective. Particular emphasis should be directed to
metal cutting techniques and to remote handling applications.

2. A number of plants are planned to be shut down in the coming
years. To provide for the orderly disposition of these plants,
detailed plans evaluating the technical, economic, radionuclide
inventory, safety, ueste management and radiation protection and
public health aspects have been prepared or are underway in many
countries. Long-range decommissioning planning should enjoy a
higher priority in the nuclear fuel cycle.

3. Significantly higher volumes of waste from decommissioning can be
expected in the next 20 years. Appropriate management strategies
for their disposal must be provided.

4. The regulatory aspects of decommissioning activities are subject
to very general requirements and the specific detailed guidance
pertaining to the decommissioning of specific nuclear facilities
in NEA countries, with few exceptions, is rather limited. As more
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experience with larger plants becomes available, special
decommissioning regulations and criteria are expected to be
formulated. Areas where the situation needs to be clarified are
the criteria for the release of equipment and sites either with or
without restrictions, and the definition of the financial
responsibility for the dismantling of a plant many years after
shutdown. The last point is important in that it appears that the
preferred option in many countries may be to defer the final
dismantling of reactors, except in special situations.

5. Overall, there is progress in the field of decommissioning, but it
is slow. The subject is being thoroughly examined and the major
points of difficulty identified. However, decommissioning does
not appear to be given high priority nor are policy changes being
made at this time in the majority of NEA Member countries, because
it is generally thought that it will be many years befor major
reactors are actually dismantled. Some regulatory authorities
feel that dismantling of reactors and other plants with high
activity levels should only start when waste repositories or other
disposal alternative are ready to accept the decommissioned waste
and in some countries this is many years away.

1. Unpublished Report, "International Decommissioning Technology Exchange
Questionnaire", OECD/NEA, 38 Blvd. Suchet, Paris, June 1982.
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IAEA'S ACTIVITIES ON DECOMMISSIONING AND DECONTAMINATION

Sekiya Hukai
International Atomic Energy Agency
Division of Nuclear Fuel Cycle

Waste Management Section
Vienna, Austria

ABSTRACT

The International Atomic Energy Agency has included decommissioning
of nuclear facilities in its programme since 1973. The Agency has since
then convened four expert meetings and one symposium and issued related
documents, with one more in preparation now.

A Technical Committee Meeting on "Decommissioning of Nuclear
Facilities: Decontamination, Disassembly and Waste Management", was held
at the Agency's Headquarters in Vienna from 19 to 23 April 1982. In the
meeting, 25 experts from 13 Member States and two organizations
participated and discussed considerations important to decommissioning,
reasonably well-developed techniques of decontamination, disassembly, and
waste management in connection with decommissioning, and areas worthy of
further study.

Another Technical Committee Meeting on Decontamination of Nuclear
Facilities to permit plant decommissioning, modification or maintenance,
will be held in late 1983.

1. INTRODUCTION

The term "decommissioning", as used within the nuclear industry,
means the actions taken at the end of a facility's useful life to retire
the facility from service in a manner that provides adequate protection
for the health and safety of the decommissioning workers, the general
public, and for the environment. These actions can range from merely
closing down the facility and a minimal removal of radioactive material
coupled with continuing maintenance and surveillance, to a complete
removal of residual radioactivity in excess of levels acceptable for
unrestricted use of the facility and its site. This latter condition,
unrestricted use, is the ultimate goal of all decommissioning actions at
retired nuclear facilities.

Issues related to decommissioning of nuclear facilities, in
particular of nuclear power plants, have come into prominence during the
past five to eight years, and the Agency responded to the interest of its
Member States in this field by holding several expert meetings and
including this subject in the scope of its symposia and conferences.
Considerable experience has been gained and a great number of studies
have been performed in a number of countries concerning the
decommissioning of, and related clean-up and waste disposal measures for,
nuclear reactors, some reprocessing plants and other hot facilities.
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However, an international review summarizing the present status of
technological experience, trends and related issues in the field of
decommissioning has not yet been made so far and is now felt highly
desirable and useful.

The decommissioning of nuclear facilities has become of increasing
concern in many Member States. The cause of this concern is the
foreseeably large inventory of already retired facilities. The Agency
believes that international exchanges of information on technology of
decommissioning are important and can lead to improvements in various
areas of this field.

2. IAEA'S ACTIVITIES ON DECOMMISSIONING AND DECONTAMINATION

2.1 Objectives

The subject of decommissioning and decontamination of nuclear
facilities is one of the Agency's programmes on radioactive waste
management which is aimed at assisting national programmes and the
international community to protect man and his environment adequately
from radioactive wastes and effluents [1,2]. The ro?-is or five primary
objectives of radioactive waste management activities in the Agency are
to:

(a) Keep current with and disseminate information on technology and
safe methods of radioactive waste management;

(b) Coordinate/promote development of technology on safe methods of
radioactive waste management;

(c) Keep current with and disseminate information on technology for
maintaining acceptable radioactivity levels in effluents from
radioactivity handling systems;

(d) Issue safety guidance on all aspects of radioactive waste
management;

(e) Assess the consequences of releases of radionuclides into the
environment from nuclear activities.

These objectives are not mutually exclusive and they are all directed at
the broad objective of assuring that wastes will be managed in ways that
will result in no unacceptable detriment to humans at any time. To carry
out the objective, various types of meetings are convened and their
reports are issued by IAEA.

2.2 Review of Activities

In 1973, the Agency held its first meeting of this subject. The
consultants met together at the Agency's Headquarters in Vienna. They
considered the problems of the Decommissioning of Nuclear Facilities and
prepared a review paper to assemble some of the available information and
to establish a basis for their recommendations [3]. The Consultants
tried to define stages of decommissioning and examined the
responsibilities of the owners/operators and the public authorities. It
was concluded that International collaboration in this field would be
fruitful if published with the aims of focussing world-wide attention to
and initiating international discussion on the subject. According to the
recommendation of the meeting, this subject has been included as a
separate component in the IAEA waste management programme.
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In order to continue the consideration of the subject begun by the
consultants, in 1975 the first Technical Committee Meeting was convened
by the Agency. The report of the meeting was published in the IAEA's
non-priced Technical Document Series No. 179 [4]. In the report, the
stages of decommissioning which had been elaborated on by the consultants
in the 1973 meeting were refined, and some other important factors of the
subject were initiated for discussion and developed as a body of
information based on actual experiences and practices: criteria for
restricted and unrestricted site and equipment release; studies and
assessments in progress; design for decommissioning of nuclear
facilities; development of equipment and techniques; waste from
decommissioning; recent significant operations; costs of decommissioning
and cost guides; international cooperation.

The committee concluded and recommended:

(a) There are no insurmountable technical problems to
decommissioning at any stage, but considerations with respect
to policy, planning, timing, costs, waste disposal, safety
criteria and regulatory aspects need further development;

(b) Some countries consider that decommissioning of nuclear power
plants to stage 2 or 3 will eventually be required to allow
reuse of scarce sites;

(c) The agency was strongly urged to develop criteria for site and
equipment release that can be accepted internationally;

(d) All decommissioning operations need to be reported to the
Agency for accumulating experience and cost data;

(e) Emphasis on designing for decor missioning is of gre_t
importance;

(f> The Agency could act as a clearing house for the informal
exchange of information;

(g) Coordination and cooperation between Member States in the
development of specialized equipment and decontamination and
dismantling techniques should be pursued by the members of the
Commit bee;

(h) Future meetings should continue the general information
exchange activity but should concentrate on limited specific
areas of major concern.

In 1977, to follow up and extend the former meeting's discussion, a
second Technical Committee Meeting was convened by the Agency. The
report of the meeting was published in the IAEA's non-priced Technical
Document Series No. 205 [5]. The objectives of the meeting included
consideration within the conclusions and recommendations of the report
IAEA-179 with intent to accomplish the following:

(a) Review previously reported data and report on new experiences
related to decommissioning;

(b) Promote technical discussions and, if appropriate, initiate
development of procedures for decontamination of facilities to
be decommissioned;

(c) Incorporate or initiate the development of radioactivity
release criteria;

(d) Induced activity as well as surface contamination will be
considered;
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(e) Initiate the developnent of a code of practice and guidelines
for decommissioning;

(f) Assess the value of reporting decommissioning cost data to the
Agency and, if appropriate, establish a system to provide
access to the cost data for Member States.

The Committee recommended developing a code of practice and
guidelines in the code for decommissioning of land-based nuclear reactors
and its schedule.

An Advisory Group of experts were convened by the Agency in 1973 to
develop a draft code and guide for the decommissioning of land-based
nuclear plants. However, the national authorities of some Member States
pointed out that decommissioning experience has so far been confined to
research and test reactors and other small nuclear facilities. They felt
it would be premature to issue a code and guide on the subject until more
experience with decommissioning large nuclear power plants had been
gained. To ensure that the information developed to date was made
available to all Member States, the report was published with a few
amplifications in the IAEA's Safety Series No. 52 as a category of
procedures and Data in 1980 [6]. It has provided a checklist of the
principles and factors to be considered in order to decommission a
land-based nuclear reactor in an orderly and safe manner in the following
chapters: basic stages of decommissioning; responsibilities of the
licensee; decommissioning plans; radiation protection programme; criteria
for release of materials, facility or site; quality assurance.

In 1978, the Nuclear Energy Agency of the Organization for Economic
Cooperation and Development (OECD/NEA) and the IAEA jointly sponsored a
Symposium tc disseminate up-to-date technology and experience and to
define and clarify the foreseeable needs of the future. It was the first
to be convened by an international organization on this subject and it
was attended by more than 225 participants from 26 countries and three
international organizations. The proceedings of the Symposium were
published by the Agency [7] and a review paper of the Symposium was
reported by a scientific secretary [8]. F-jrty-one papers were presented
in eight sessions which covered the following topics: national and
international policies and planning; engineering considerations relevant
to decommissioning; radiological release considerations and waste
classification; decommissioning experience; and decontamination and
remote operations. In addition, a panel of decommissioning experts
discussed questions from the participants. The major topics of interest
at the Symposium were detailed engineering studies and real experience in
decommissioning.

To collect and review the decontamination techniques, a Technical
Committee Meeting on the procedures for decontamination of operating
nuclear power plants and the handling of decontamination wastes was
convened by the Agency in 1979. The report of the meeting was published
in the IAEA's non-priced Technical Document Series No. 248 [9]. It
covered the following topics: contamination and control of contamination
in nuclear reactors; decontamination processes; planning the
decontamination operation; decontamination of reactors; decontamination
of equipment, buildings and the environment; treatment of waste resulting
from decontamination processes.
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Many other of the Agency's activity programmes which related to the
subject of the decommissioning of nuclear facilities have been treated
and will be improved, e.g. NUSS programme, environment protection, mining
and milling of nuclear fuel, treatment and conditioning of radioactive
waste, land and sea disposal of radioactive waste, de minimis quantities
of radioactive waste, etc.

2.3 A Recent Technical Committee Meeting

A Technical Committee Meeting on Techniques for Decontamination and
Decommissioning of Nuclear Facilities and the Management of Waste from
Decontamination and Decommissioning Activities was convened by the Agency
in April 1982. The objectives of the meeting were:

(a) to exchange information of the present status in
decommissioning of each participating Member State and
Organization;

(b) to collect, discuss, evaluate and document a summary review of
the state-of-the-art at the international level and the
available technical information;

(c) to consider the areas of decommissioning methodology where
improvements might be made.

As a result of this meeting, a technical report entitled
"Decommissioning of Nuclear Facilities: Decontamination, Disassembly,
and Waste Management", is expected to be published as an IAEA Technical
Report Series in 1983. The report is intended for use by persons
responsible for planning and/or implementing decommissioning actions at
retired nuclear facilities, and supplements earlier IAEA reports related
to this subject• The report contains discussions and references covering
topics as follows:

(a) Considerations important to decommissioning;
(b) Decontamination methods;
(c) Disassembly techniques;
(d) Waste management;
(e) Review of decommissioned facilities;
(f) Decommissioning methodology improvement.

Each of the topics is briefly extracted in the following subsections.

2.3.1 Considerations Important to Decommissioning. It is accepted
that there are three possible basic stages to decommissioning of a
nuclear facility. These stages can be defined by the physical state of
the plant and the necessary surveillance for certification of proper
radioactive protection which has been discussed in IAEA's Technical
Documents [4,6].

Stage 1 decommissioning - storage with surveillance
Stage 2 decommissioning - restricted site release
Stage 3 decommissioning - unrestricted site release

The term "stage" implies a particular set of conditions at the plant and
does not necessarily imply a continuing step-wise procedure. As far as
legislation is concerned, the decommissioning of a plant may put it in a
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different regulatory, legal and administrative situation than It vas in a
previous stage. Assessment of this new situation depends on the
situation in the country in which the plant is situated, but
international safety recommendations should be taken into account*

The decision on how to proceed with the decommissioning of nuclear
facility, is dependant on a number of factors: national nuclear
strategy, including waste handling policy; condition of the plant from
the safety point of view; owners interest, including planned use of site;
aval?ability of decommissioning technology; post-operational cost;
obsolescence of the facility; social considerations; availability of
funds; cost/benefit optimisation. Each factor must be examined for the
conditions specific to the facility under consideration, to arrive at a
satisfactory decommissioning plan.

The generic steps necessary to prepare for decommissioning are:
establishment of the new conditions; an assessment of planned activities;
Inventories of activated materials; a survey of radiation dose rates;
completion of the design and development efforts; documentation; training
of staff; procurement of the materials and equipment; preparations for
safe shutdown; removal of the radioactive material and preliminary
cleanout. With these steps completed, decommissioning can proceed.

Protection of the plant staff, the general public and the
environment from any hazards associated with the inventory of residual
radioactive material in a facility being decommissioned is a very
important part of the decommissioning process. The regulations
established by national and/or regional regulatory authorities governing
permissible exposure of workers and the public to radiation, and
governing residual levels of radioactive materials permissible for
unrestricted use of material and property, are based generally on the
recommendations of the International Commission on Radiological
Protection (ICRP). The application of these recommendations is the
responsibility of the national or regional regulatory authorities.

The radioactive wastes resulting from decommissioning operations are
classified by their physical characteristics into liquids, solids,
gaseous and aerosol, for purposes of defining appropriate methods of
treatment and conditioning. The processed wastes are subsequently
categorized according to the nature of the contained radioactive
material, for purposes of determining ths types of disposal systems into
which the wastes must be placed.

With regard to the facilitation of decommissioning, it is the basic
responsibility of the designer to design the plant such that the exposure
of workers to radiation during operation and during decommissioning and
the cost/benefit ratio for operations and decommissioning, are minimised.
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2.3.2 Decontamination Methods. The term decontamination as used in
the nuclear field means the removal of radioactive contaminants from a
facility (equipment, components, surfaces) so as to reduce the residual
levels of radioactive materials within the facilities. The various
methods for accomplishing decontamination of nuclear facilities via
chemical and electrochemical dissolution, mechanical cleaning/physical
removal, and for removal of radioactive materials from soils are
discussed in this topic.

Chemical and electrochemical decontamination methods are useful for
removing from metallic surfaces films that contain radioactive
materials. Removal of radioactive contaminants by chemical dissolution
involves contacting the contaminant with a chemical reagent for a time
sufficient for the contaminant to be dissolved into the reagent
solution. Chemical methods are usually applied to fluid handling
systems. Removal of surface contaminants from metallic surfaces using
electrochemical processes such as electropolishing or electropickling has
been demonstrated to be a very effective decontamination technique. In
certain cases, electrochemical decontamination methods are applied.

Methods for mechanical decontamination are divided into two general
categories: surface cleaning and concrete surface removal. Removal of
smearable contamination from a structural surface can be accomplished
using a variety of techniques. When the radioactive contaminants cannot
be removed from a surface such as concrete because they have penetrated
into the pores, it if necessary to remove the surface layers containing
the contamination.

Decontamination of contaminated soils has usually been accomplished
by removing the affected surface layers of soil and conditioning the
removed material for disposal. However, for a situation where large
areas of soil surface are involved, the costs can become very large.

2.3.3 Disassembly Techniques. A major part of the effort
associated with the decommissioning of a nuclear facility is the
disassembly and removal of equipment and materials that are contaminated
with radioactive materials on their surfaces or are radioactive
throughout their volumes as a result of neutron activation. For
contamination control, it is important to make provision for collection
of the products from the disassembly process, to avoid dispersal of
contaminated materials throughout the work area. The principal
techniques available for use in disassembly, which include metal cutting,
concrete removal, component dismantling, and remotely-controlled
operation, are discussed in this topic.

It is frequently desirable to cut the piping (and sometimes the
equipment) into pieces sized appropriately to facilitate either
decontamination in a centralized decontamination facility or packaging in
a container for disposal as radioactive waste. Similarly, the
neutron-activated components in a reactor such as the fuel core support:
assembly, the reactor vessel, pressure tubes, control mechanisms and
other in-core hardware will usually require cutting into pieces sized
appropriately for packaging. These cutting operations can be performed
either underwater or in air, using remotely operated or directly-operated
devices, depending upon the location of the material to be cut, the
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levels of radioactivity present, and the nature of the aaterial to be
cut. There are several devices and/or methods for cutting metallic
material: plasma-arc torch; arc saw; linear shaped charges; conventional
cutting methods such as oxyacetylene torches, mechanical saws, hydraulic
shears, and nibblers.

In nuclear reactors, the strongly reinforced concrete present in the
shield structure surrounding the reactor becomes radioactive in depth due
to neutron activation. It is also possible that radioactive contaminants
may penetrate deeply into the pores or into deep cracks in the concrete
surfaces throughout the facility and cannot be removed using the surface
removal techniques. Removal of these large segments of concrete can be
accomplished using such methods as blasting, drilling and rock-splitting,
flame or thermal lance cutting, diamond sawing or coring, and high
pressure water jet cutting.

While many of the contaminated components present in a retired
nuclear facility are sufficiently small that they can be removed from
their locations and packaged for disposal in conventional containers,
some of the components in large nuclear power stations (e.g. heat
exchangers, tanks, pumps, etc.) are so large as to require special
treatment. The alternatives for treatment of these large items are: to
segment into pieces transportable on normal transportation equipment or
to transport intact on special transport equipment.

Many disassembly operations take place in the presence of radiation
fields and/cr contamination, thus necessitating the use of devices that
can position and operate the required disassembly tools without exposing
the operating personnel to these sources of radiation exposure. The
principal components of these devices will frequently have to be capable
of functioning under water as well. These devices may require lighting
and viewing equipment to aid the operators in seeing and controlling the
work. There is only limited experience to date with the development and
utilization of devices of this type, but much effort is expected to be
devoted to this area in the future.

2.3.4 Waste. Management. Waste management in connection with
decommissioning concerns the treatment, conditioning, handling, storage,
transport and disposal of primary and consequential waste streams. The
waste arisings from decommissioning operations fall into general
descriptions which are defined principally by the methods employed to
prepare the wastes for disposal. Liquid waste encompasses contaminated
liquids, usually dilute acidic or alkaline solutions, and materials
bearing significant quantities of liquids, such as sludges, ion-exchange
media, and concentrates from evaporators and membrane separators. Dry
solid waste encompasses those wastes that do not contain any unbonded
liquids, and includes both combustibles and non-combustibles. There may
also be some gaseous effluents coming from decommissioning, such as
tritium aerosols.

The salient consideration in all the waste management processes is
that the applicable safety and radiological protection regulations shall
be complied with. The secondary objectives are to minimize the volume of
material requiring disposal, to minimize the nobility of the concentrated
radioactive material contained in the waste, and segregate the wastes by
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the type of contained radioactivity (alpha-bearing, non-alpha-bearing,
low-, intermediate-, or higu-activity-level). The purpose of minimizing
waste volume and nobility and segregating wastes is to achieve an optiaua
combination of safety and economic disposal.

The likely sources and the types of treatment and conditioning
appropriate for liquid, solid, and gaseous radioactive wastes resulting
from decommissioning are discussed in this topic. Also discussed are the
factors involved in the selection of appropriate packaging, the methods
of transport available, the factors involved in the selection of the
proper disposal facility for the various waste types, and the possible
reuse of decontaminated materials.

2.3.5 Review of Decommissioned Facilities? There has been a wide
variety of experiences in the decommissioning of nuclear facilities
throughout the Member States encompassing all stages, and these
experiences are listed in the annex "Review of Decommissioned Facilities
(Reactors and Chemical Facilities)", according to the tables submitted by
each participant. These experiences have been concentrated on research
or experimental facilities that have operated for relatively short
periods of time, or have beer* subject to low fluences only. Experience
with large facilites having high levels of activity froa radionuclide
build-up over longer periods of time is limited.

2.3.6 Decommissioning Methodology Improvement. To carry over
existing techniques to the decommissioning of large present-day
facilities, some improvements in methodology need to be demonstrated to
ensure that these tasks can be performed at an acceptable monetary cost
and worker/population radiation exposure. While the basic technology
necessary for accomplishing decommissioning is reasonably well-developed,
there are several areas worthy of further study. These include: the
development of a methodology for systems analysis that would permit
comparative evaluation of various possible ways to proceed with
decommissioning; the improvement of technology to cope with the
decommissioning of large, highly radioactive plants; and consideration of
facility and system design with decommissioning in mind.

Areas directed especially towards decommissioning that should be
further developed in technology are as follows: radioactive level
measurement techniques and equipment for field use; remote handling and
control; in-place cutting methods; decontamination systems suitable for
remote operation on plant items; methods for treatment and conditioning
of waste from decommissioning, including special coatings for unpackaged
wastes such as large sections of steel or concrete; methods for volume
reduction such as smelting, incineration or compaction; mobile waste
treatment and conditioning units; containers for disposal of
decommissioning waste on-site, off-site, and to sea.

Design considerations in facilitation of decommissioning are as
follows: choice of material for reducing activation of corrosion
products and avoiding formation of long-lived radionuclides; operation at
optimal conditions for reducing deposits in the coolant loops; access to
equipment for providing the necessary clearance and installations for
lifting and remotely or semi-remotely operated disassembly devices;
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elimination of dead legs in loops; free standing process cell liners;
protective coatings in concrete walls; 1. quid waste treatment facility of
plants.

2.4 Future Activities

The forthcoming IAEA International Conference on Radioactive Waste
Management to be held in Seattle, Washington, USA from 16 to 20 May 1983,
will include a general review of decommissioning matters. A Technical
Committee Meeting to deal specifically with the "decontamination of
nuclear facilities, to permit plant decommissioning, modification or
maintenance", is planned for 1983/84. The objectives of the meeting are
to give a review of the state-of-the-art of technical information and to
encourage the areas of decontamination where improvements might be made.

The recommendations made by participants in the recent technical
committee meeting such as future activities of the Agency are as follows:

(a) A symposium on a special item, "Remote Handling Devices",
should be held;

(b) The latest experiences that are stored in the data bank and
made to be available for the Member States will be useful;

(c) Another technical committee meeting to review and to keep
current technical information should be held within two or
three years;

(d) A methodology on a small nuclear power plant should be done;
(e) The value of the residual radiation level to release

unrestricted use of the decommissioned sites and materials
should be defined by the Agency;

(f) The second symposium on "Decommissioning of Nuclear Facilities"
should be organized by the Agency before the end of 1985.

These recommendations will be taken into account when the Agency's future
activity programmes are made. It seems to be necessary in the future
that the Agency organizes to coordinate/promote development of technology
on specific topics and/or facilities which will be decommissioned.

3. CONCLUSION

A recent technical committee meeting on "Techniques for
Decommissioning: Decontamination, Disassembly, and Haste Management",
drew the following conclusions:

(a) The determination of how to proceed with decommissioning,
whether to progress via stages 1 and/or 2, or to proceed
directly to stage 3, is influenced by a number of factors. The
weighing of these factors in making the determination on how to
proceed is largely dependent upon local (national rather than
international) circumstances.

(b) The levels established by the national and/or regional
regulatory authorities governing permissible exposure of
workers and the public to radiation, and governing residual
levels of radioactive materials permissable for unrestricted
use of material and property, are based generally on the
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recommendations of the International Commission on Radiological
Protection (ICRP), and on the IAEA Basic Safety Standards. The
application of these recommendations is the responsibility of
the national or regional regulatory authorities•

(c) A review of decommissioning experience suggests that a
decommissioning operation should be carried out at minimum
cost/benefit ratio within the regulatory constraints of the
nation concerned. It is not possible to generalize on the most
economic combination of choices because of the wide differences
in plant types, radioactive inventories, site characteristics,
and regulatory requirements.

(d) The available technology for decontamination and disassembly
has been demonstrated to be generally adequate for
decommissioning nuclear facilities. Some further engineering
research and development may be required to deal with specific
problems, but these development efforts will usually be
extensions and/or adaptations of the existing technology base.

(e) The development of concepts for land disposal of waste are well
advanced in a number of countries and there do not appear to be
insurmountable problems of technology or safety. However,
experience of actual disposal, particularly in the
alpha-beta-gamma areas, is at the moment limited. Sea disposal
is an available option, but its use will require continued
international agreement on the types and quantities of
radioactivity that can be dumped.

(f) Future investigations related to decommissioning can most
profitably be concerned with influencing the design of new
facilities so as to facilitate decontamination, disassembly,
and the conditioning of radioactive wastes. System studies to
develop a methodology for optimization of the many factors
influencing decommissioning would be useful. Engineering
development work on equipment and processes needed for
decommissioning is proceeding at many locations. More rapid
interchange of information would help to reduce duplication of
effort.
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STATUS OF
DECOMMISSIONING PROGRAM OF

U.S. NUCLEAR REGULATORY COMMISSION

G. D. Calkins*

GENERAL INFORMATION

The program consists of the development of a detailed technology information
base on the decommissioning of various kinds of nuclear facilities, research
to improve the information base, the establishment of decommissioning cri-
teria and the promulgation of regulations and guides to support the safe
decommissioning of nuclear facilities. The technology information base
is largely completed and research is underway to extend it. Decommission-
ing criteria dealing with alternatives, timing, planning, radioactive
residues and financial assurance have been selected. A draft generic
environmental impact statement for decommissioning has been published.
The preparation of regulations and regulatory guides is underway.

Background

Since the nuclear field is maturing and existing applicable
regulations are very limited, the U.S. Nuclear Regulatory Commission (NRC)
initiated a program to reevaluate its policies on decommissioning of
licensed facilities in 1975. A detailed plan for the reevaluation evolved1

in the early part of 1978 and was approved by the Commission. It was
decided that the regulations covering decommissioning was a major Federal
action significantly affecting the environment and that this would require
a detailed consideration of all of the alternatives in a generic environ-
mental impact statement. The detailed information base required for those
analyses did not exist.

Purposes

Accordingly, the purposes of the plan are to develop a detailed infor-
mation base on the technology, safety and costs of decommissioning various
nuclear facilities, to prepare an environmental impact statement, to develop
a general decommissioning policy, to amend the appropriate regulations
and to establish guidance to facilitate decommissioning. Excluded from
this particular plan are uranium mills and their associated tailing piles,
high level waste repositories and low level waste burial grounds. Rule-
making is already underway on these under Part 40, 60 and 61, respectively,
to Title 10 of the Code of Federal Regulations.

*0ffice of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
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The purpose of this paper is to present the status of the decommis-
sioning plan. The review is in two major sections dealing with the devel-
opment of the information base and the rulemaking activity.

INFORMATION BASE

The development of the information base for decommissioning consists
of two phases. The first of these are studies needed to support rulemaking
in the area of the technology, safety and costs of decommissioning various
kinds nuclear facilities. The second of these are longer range research
needed to allow improvements in the safety of decommissioning.

Technology Studies

The most urgently needed studies of the technology, safety and costs
of decommissioning various nuclear facilities and of the special issues
of financial assurance and residual radioactivity have largely been
completed. They fall into the following categories:

1. General, including bibiliographies2'3 and a review of current
applicable regulations.4

2. Reactors including pressurized water reactors5, boiling water
reactors6, research and test reactors7, multiple reactor stations8, the
facilitation of decommissioning of light water reactors8 and reactors
that were involved in accidents.10

3. Fuel cycle facilities including a fuel reprocessing plant11,
fuel fabrication plant12, UF6 conversion plant

13, and small mixed oxide
full fabrication plant14.

4. Non-fuel-cycle facilities including those utilized in applica-
tions of radioisotopes15,

5. Financial assurance16'17 and insurance18 of decommissioning
funds.

6. Residual radioactivity19,20 including the recyc]e of reclaimed
metals21'22 and the techology and costs of termination surveys.23'24

Other less urgently needed studies are underway. These include two
on the technology, safety and costs of decommissioning, 1. fuel cycle
facilities that experienced an accident scheduled for next year and 2. an
independent spent fuel storage installation scheduled for this year.

Research Studies

A number of research studies are underway which are intended to extend
the information base with the purpose of improving the safety of decommis-
sioning. The following are included:
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1. Identification of long lived activation products ~n. reacts
materials, such as niobium-94, which limit disposal as low level waste.

2. Characterization of radionuclide contamination throughout light
water reactor plants.

3. Decontamination as a precursor step in decommissioning light
water reactors.

4. Instrumentation and measurement techniques to improve termina-
tion surveys.

5. Chronicling and evaluating actual decommissioning projects.

Summary of Results

To summarize the many details which are covered in the documents
referenced above would require a more lengthly paper than desired here.
A brief summary of the key results from the information base is presented
below.

1. The technology is available to decommission the large variety
of nuclear facilities that have been licensed by NRC.

2. The radiation exposure of the public during the decommissioning
process is very small.

3. Occupational exposure during the decommissioning process can be
maintained acceptably low. For example, for power reactors the annual
exposure is similar to that during actual reactor operations. In some
cases, the occupational exposure can be reduced even lower by delaying
part of the decommissioning process to allow decay.

4. Decommissioning costs are significant but manageable. For
example for a large power reactor the cost for decommissioning is about
$50 million or a few percent of the initial costs of the reactor

5. The decommissioning of nuclear plants is facilitated by planning
and appropriate design.

RECOMMENDATIONS

The information base, described above, was utilized to prepare a draft
generic environmental impact statement (DGEIS).25 In this statement the
NRC staff analyzes the alternatives for decommissioning various commercial
nuclear facilities and concludes that the mitigation of potential health,
safety and environmental impacts requires improved guidance through amend-
ments to the existing regulations. Consideration must be given to the
decommissioning of a facility during the conception, commissioning, and
operating stages of a nuclear facility lifetime. Regulations which have
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relevance for decommissioning are contained in Title 10 of the Code of
Federal Regulations (10 CFR), Parts:

Part No. Title
30 Rules of General Applicability to Domestic Licensing

of Byproduct Material

40 Domestic Licensing of Source Material

50 Domestic Licensing of Production and Utilization
Facilities

51 Licensing and Regulatory Policy and Procedures for
Environmental Protection

Part No. Title

70 Domestic Licensing of Special Nuclear Material

72 Licensing Requirements for the Storage fo Spent Fuel
in an Independent Spent Fuel Storage Installation.

Many of the regulatory requirements contained in the aforementioned
regulations do not contain the explicit consideration of necessary decom-
missioning requirements discussed in this section (although many of the
explicit decommissioning requirements have baen required as a condition
of NRC licensing in case-by-case instances). Development of a separate
regulation which specifically addresses decommissioning was considered.
However, such a separate regulation would be cumbersome because it would
need to contain many of the same requirements presented in 10 CFR Parts
30, 40, 50, 51, 70, and 72. Since decommissioning requirements are an
integral consideration in nuclear facility licensing and operation, it is
appropriate in terms of simplicity, efficiency, and reduction of regula-
tory burden, to amend the pertinent parts of the existing regulations to
explicitly include appropriate decommissioning requirements.

Five major issues are identified in the DGEIS that should be addressed
in the amendments: 1. alternative, 2. timing, 3. planning, 4. financial
assurance and 5. residual radioactivity.

Alternatives

Some confusion and misunderstanding has resulted from the variation
of terminology used to describe alternatives in the decommissioning field.
For example, the words decommission, decontaminate and dismantle have been
used interchangeably for the decommissioning alternative consisting of
the immediate removal of all radioactive material to permit unrestricted
release of the property. The word dismantlement has been used to describe
decontamination activities that involve no actual dismantlement. Similarly,
the words safe ntorage, protective storage, lay-away, mothball and temporary
entombment have been used to name the alternative of decommissioning consist-
ing of placing and maintaining property safely in storage as a precursor
to final decommissioning.
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In the interest of ending the confusion it appears desirable to
strictly define decommissioning and the major alternatives for accomplish-
ing it. Furthermore, pseudoacronyms are used for the alternatives to
avoid words which may have several meanings.

Decommissioning:

Decommission means to remove the property safely from service and
dispose of the radioactive residue to allow unrestricted release of the
property.

Decommissioning Alternatives:

DECON means tc immediately remove all radioactive material to permit
unrestricted release of the property..

SAFSTOR means to fix and maintain property so that risk to safety is
acceptable for the period of storage followed by decontamination and/or
decay to an unrestricted level.

ENTOMB means to encase and maintain property in a strong and structur-
ally long-lived material (e.g., concrete) to assure retention until radio-
activity decays to an unrestricted level.

Timing of decommissioning is the length of time after facility shut-
down that decommissioning should reasonably last before a license is
terminated. As discussed in the various sections on the specific facili-
ties in the DGEIS, a major difference between the facilities is the par-
ticular radionuclides most critical to decommissioning for that facility.
For example, for PWRs, Co-60, with a half-life of 5.3 years, is the nuclide
which must be considered most in decontamination efforts; while for a
mixed oxide plant, long lived nuclides, such as Pu-239 with a half-life
of 24,390 years, are more important. These nuclides can be referred to
as critical/abundant nuclides. Based on the technical studies of the
various nuclear facilities discussed in this report and, under the
assumption that facilities would be available for disposal of high and
low level wastes, this section categorizes potentially viable decommis-
sioning alternatives for specific critical/abundant facility contaminant
radionuclides. This is done by classification of alternatives in terms
of three major characteristic critical/abundant radionuclide half-life
time limits of 5, 30, and greater than 30 years. These result in-the
following:

1. Critical/abundant radionuclide half-life limit of about 5 years —
An example of such a half-life limit would be Co-60 which is the critical/
abundant nuclide for nuclear reactors. The following decommissioning alter-
natives would be permissible:

a. DECON, with appropriate occupational exposure management, i.e.,
the conducting of decommissioning activities in such a manner that doses
to workers are kept ALARA.
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b. SAFSTOR, which includes a safe storage condition for up to
30 years (i.e., an optimum dose occupational reduction time for the limit-
ing case).

c. ENTOMB, which includes surveillance for about 100 years provided
that during this time the radioactivity will decay to levels permitting
release of the facility for unrestricted use. Long-lived activation pro-
ducts, such as Nb-94 and Ni-59, would preclude the use of this alternative
for a reactor. Even if an attempt was made to remove reactor internals
containing long-lived activation products, it would be difficult to obtain
certification that radioactivity had decayed to unrestricted levels because
of the uncertainty resulting from the complexity of the contaminated
structure.

2. Critical/abundant radionuclide half-life limit of about 30 years -
An example of such half-life limit are Cs-137 and Sr-90, which are the
critical/ abundant nuclides for a fuel reprocessing plant. ENTOMB would
not be permitted because decay to levels permitting unrestrictad use of
the facility would exceed the recommended 100-year administrative control
period. The following decommissioning alternatives would be potentially
viable:

a. DECON, with appropriate occupational exposure management, i.e.,
the conducting of decommissioning activities in such a manner that doses
to workers are kept ALARA.

b. SAFSTOR, which includes a safe storage condition for up to
100 years (i.e., an optimum dose reduction time for the limiting case).

3. Critical/abundant radionucliide half-life limit greater than
30 years - An example of such a half-life limit is Pu-239, which is a
critical/abundant nuclide for a mixed oxide plant. The time for radio-
active decay to levels pemitting unrestricted use of the facility would
exceed 100 years and preclude use of the ENTOMB alternative. Moreover,
radioactive decay would not reduce occupational dose to any appreciable
extent, thus minimizing any advantages which would be gained by SAFSTOR.
The following decommssioning alternative would be viable:

a. DECON.

Planning

Initial Plans

Planning is a critical item for ensuring that the decommissioning
activity is accomplished in a safe, efficient, and timely manner. For
the facilities considered in this report, the majority of the actual decom-
missioning will occur when facility operation ceases. It is necessary,
however, to implement an initial decommissioning plan prior to licensing
of a nuclear facility to appropriately facilitate desired decommissioning
objectives. In the case of existing licensees such plans would be submit-
ted within a reasonable time period following the implementation of decom-
missioning regulations. It is recognized that many factors can influence
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the final decommissioning plan (i.e., technology advances, changing regula-
tory requirements, economics, political climate). Therefore, initial plans
do not require the level of detail required for the final version. They
must demonstrate, however, that certain aspects of decommissioning plan-
ning required prior to commissioning and during facility operation are
adequately addressed. The initial plan should address the following:

1. Decommissioning alternative - The method for decommissioning
to levels permitting unrestricted use of the facility should be tentatively
selected and described. The major intent of such characterization is to
provide sufficient detail to identify the approximate cost of the decommis-
sioning activity. Such cost estimate is to be used in connection with
financial qualification requirements to ensure that adequate funds will
be available at the tints of decommissioning. The cost estimates and method
of assurance of funding for the decommissioning alternative should be
described. The cost estimates may be based on acceptable information from
the literature such as the decommissioning studies discussed above. Periodic
review and updating, as required, should be required in this aspect of
planning.

2. Facilitation - There are many aspects of facility design and
operational procedures that could greatly affect decommissioning in terms
of improved health and safety and reduction of radioactive waste volume.
Description should be presented of such design and operational procedures.

While there are many situations where decommissioning facilitation
will improve operational aspects from an economic point of view (such as
periodic decontamination of coolant crud buildup), emphasis should be
placed on the primary objective of improved health and safety in effect-
ing the decommissioning operations. For example, for complex structural
facilities, emphasis should be placed on radioactive component access and,
where appropriate, remote manipulatory machinery requirements, regardless
of whether these will be economically advantageous from an operational
point of view. While cost is a consideration in implementing facilitation,
there are many situations whereby such cost impact is minimzed through
early design or operational considerations.

3. Records - Recordkeeping of relevant information required to
support decommissioning is an important aspect of facilitation. A
description of pians to collect and safeguard records and archive files
should include complete as-built and as-revised drawings and specifica-
tions, significant operational occurrences, and site-specific background
data.

Final Plans

Final decommissioning plans should contain much greater detail than
initial plans. Such plans should be submitted in a timely way to the NRC
for review and approval prior to the initiation of any activity to avoid
delay of decommissioning after facility shutdown. For a major power reactor
such reviaw and approval could take on the order of a year. Final plans
should include the following:
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1. Decommissioning Alternative - A detailed description of the
alternative to be used for decommissioning the facility should be presented.
Such description should include major procedures and techniques utilized
that are related to health and safety during the decommissioning operations
(which continue until radioactivity levels permitting unrestricted access
are achieved).

Plans for processing and disposing of all radioactive waste should
also be included. Such plans should realistically assess the availability
of permanent waste burial grounds. If such space is unavailable, then
contingency plans should be presented which address use of available tempor-
ary above-ground waste storage. Depending on a variety of circumstances,
such temporary waste storage may be accomplished offsite or onsite and
would require NRC review and approval on an individual case basis.

A detailed plan for certification of a final termination survey should
also be presented to ensure that remaining residual radioactivity is within
NRC-approved levels for releasing the facility for unrestricted use. Although
the SAFSTOR or ENTOMB alternatives may have been selected, which would
require a complete termination survey at some future time, unrestricted
access to portions of a facility/site may be desirable prior to full decom-
missioning.

A detailed cost estimate should be included based on the alternative
selected to ensure that appropriate decommissioning funds will be available
prior to active initiation of the decommissioning operations.

?.. Schedule - Detailed schedules for completion of all decommission-
ing activities (related to work plans) should be delineated.

3. Administrative Controls - Detailed plans describing the organiza-
tion and procedures required for accomplishing decommissioning should be
submitted. Such plans should include a delineation of responsibilities
and requirements for review, audit, and reporting. Details of the quality
assurance program to be used should also be presented.

4. Specifications - Proposed specifications by the licensee on
controls and limits for procedures and equipment to ensure occupational
and public safety, to accomplish decommissioning, should be included.

5. Training - Details of a program for training employees and
contractor personnel for required decommissioning should be submitted.

Financial Assurance

The primary objective of the NRC with respect to decommissioning is
to protect the health and safety of the public. An important aspect of
this objective is to assure that, at the time of termination of facility
operations (including premature closure of the facility), that adequate
funds are available to decommission the facility resulting in its release
for unrestricted use. Assurance of this availability of funds ensures
that decommissioning can be accomplished in a safe and timely manner and
that lack of funds does not result in delays in decommissioning that may
cause potential health and safety problems for the public. The need to
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provide this assurance arises from the fact that there are uncertainties
concerning thj availability of funds at the time of decommissioning. These
uncertainties are of two general types. The first is that the financial
solvency of a particular organization is difficult to predict several years
into the future when deconmissioning of a specific facility is likely to
occur. The second type of certainty is that, potentially, a facility could
be forced to shut down prematurely.

The nuclear facility licensee has the responsibility for completing
deccrfimissicning in a manner which protects public health and safety. Sat-
isfaction of this objective requires that the licensee provide a reasonable
degree of assurance that adequate funds for performing decommissioning
will be available at the end of facility operation. Because of the possi-
bility of premature closure of the facility, financial assurance provided
by the licensee must also contain a mechanism enabling funds for the full
cost of decommissioning to be made available at any time during facility
operation.

In providing the degree of assurance necessary that funds are avail-
able for decommissioning, there are several possible financing mechanisms
which are available to applicants and licensees. The wide diversity in
different types of nuclear facilities necessitates that the NRC allow a
wide latitude in the implementation of these financing mechanisms. A pre-
liminary analysis for providing guidance as to what funding mechanisms
provide adequate assurance led to the following major classification of
funding alternatives (used singly or in combination):

1. Prepayment - Cash or other liquid assets that will retain their
value for the projected operating life of the facility are deposited into
an account prior to facility startup. This account would be segregated
from other company funds.

2. Decommissioning insurance, surety bonds, letters of credit, and
lines of credit - Insurance, which could potentially provide for all decom-
missioning expenses, including potential premature decommissioning, or
insurance to cover only costs of premature decommissioning, may be used.
The surety bond or credit mechanisms guarantee that the decommissioning
costs will be paid should the bond purchaser default. The bond holder
still must provide funding for decommissioning through some other method.
It appears questionable that bonds of the size necessary and for the time
involved with power reactors will be available. However, they appear to
be available for facilities that involve smaller costs and time periods.
The contractual arrangement guaranteeing the suretys must include a pro-
visions for noncancelability, preferably over the projected operating
life of the facility.

3. Sinking Funds - The sinking fund or funded reserve approach
requires that a prescribed amount of funds, subject to periodic revision,
be set aside annually in an account, such that the fund would be suffi-
cient to pay for decommissioning costs at the time of termination of
facility operation. The disadvantage of the sinking fund approach is
that in the event of premature closure of a facility the decommissioning
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fund would be insufficient. Therefore, the sinking fund would have to be
supplemented by accident insurance, or other mechanisms of item (2), which
would pay the difference.

A financial assurance plan should be submitted by an applicant prior
to licensing the facility. Battelle Pacific Northwest Laboratory (PNL),
under contract to NRC, has made detailed cost estimates of most nuclear
facilities to provide a data base for licensee cost estimation. The PNL
estimates include sensitivity analysis to include licensee situations that
may differ from the reference facility cost estimates. The PNL cost esti-
mates or comparable one, with suitable adjustments to account for licensee
facility differences, can be used by an applicant for initial financial
assurance plan cost estimates. Information on technology improvements,
enhanced decommissioning experience, and inflationary/ deflationary cost
factors is expected to evolve with time. Consequently, cost estimates in
the licensee's financial plan will be periodically required and reviewed.
In this way, it is expected that the decommissioning fund available at
the time of facility shutdown will not differ significantly from the actual
costs of decommissioning.

Residual Radioactivity

The specifications of an allowable terminal level of residual radio-
activity is to achieve a terminal level of radioactivity that will allow
unrestricted access to a decommissioned facility and consequent NRC license
termination A selected level at which a facility can be released for
unrestricted use, must, of course, be safe and consistent with the ALARA
(as low as is reasonably achievable) principle. In addition, selected
levels for unrestricted facility use must be verifiable through actual
detailed survey measurements of the facility and site, and be within
reasonable bounds regarding state-of-the-art survey detection methodology
and costs. Risk from radioactivity is measured in terms of potential
exposure or related dose to a potentially exposed individual. Therefore,
a meaningful representation of a residual radioactivity level can be given
in terms of a dose level (i.e., mrem). Such representation is generic
and thus, does not have to specify radionuclide spectra for specific facil-
ities and associated dose receptor pathways. For actual certification
survey measurements, the contaminant radioactivity in terms of specific
nuclide surface or volumetric concentrations must be specified. Use of
appropriate pathway (and receptor usage) analyses provides the method for
converting the selected dose value to an equivalent radionuclide specific
contaminant concentration (based on existing facility spectra analysis).

In converting selected dose values to specific contaminant concentra-
tions, it is intended to use a dose pathway analysis that provides a
realistic assessment of potential dose to an individual.20*24 Such assess-
ment takes consideration of population living patterns, as well as con-
straints on the bioavailability of radioactive materials. Recognition is
given to such factors as occupancy being less than 100 percent of the time,
sustenance not limited only to the decommissioned site, self-shielding
through soil or buildings, and resuspension reduction due to weathering.
Thus, use of the realistic analysis methodology attempts to equitably
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deal with potential risk to an individual taking into account societal
considerations of risk and cost.

The EPA has the responsibility for setting decommissioning residual
radioactivity levels considered safe for release of a facility for unre-
stricted access, but they do not plan to start until 1984. However,
there have been discussions with EPA relative to providing preliminary
guidance for NRC in establishing these limits, consistent with eventual
EPA requirements.

Due to the variety of facility types and radionuclides involved it
is not feasible to set a single dose limit that would be valid under all
conditions for all facilities. It is necessary to assess the radiological
impact in terms of the radionuclides and pathways involved and the costs
and benefits which result. Based on these considerations and on consider-
ation of the residual radioactivity limits discussed in this section, the
following recommendations are made:

1. A residual radioactivity level for permitting release of a nuclear
facility for unrestricted use should be ALARA. Guidance in establishing
such a limiting level is best expressed in terms of a value which represents
a level for the dose for the majority of facilities discussed in this report.
This value is determined to be 10 mrem/yr (0.1 mSv/yr) total body dose
equivalent. Discussion with EPA has indicated that the 10 mrem/yr (0.1 mSv/yr)
level with ALARA appears reasonable. For a few situations, it is expected
that residual limits will be above the 10 mrem/yr (0.1 mSv/yr) level.
For these special situations, case-by-case analysis in term of cost and
benefit effectiveness will be required to establish appropriate limiting
levels.

2. Such dose rates and associated allowable contamination levels
should be based on realistic dose assessment methodology. Consideration
of the realistic factors discussed above can be applied in order to con-
vert the radiation levels as measured by the terminal radiation survey to
a dose that a member of the public would realistically be expected t.o be
exposed to from the decommissioned nuclear facility. The realistic
assessment of the dose to a member of the population, exposed to radia-
tion levels corresponding to those of the certification survey, would be
at the 10 mrem/yr level.

For example, Oak Ridge National Laboratory, in a study being done
for NRC on nuclear facility terminal certification surveys,24 indicates
that, for a PWR, certification of such residual levels are well within
technology capability and can ba done with reasonable cost effectiveness.

FUTURE ACTIVITIES

The major activity of the decommissioning program for the immediate
future is rulemaking. The remaining problems have been identified and
resolved in preparation for this rulemaking.26 In the longer range regula-
tory guides are required to supply more detailed guidance to licensees
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and further research will allow improvements in the safety and facilitation
of decommissioning.

Immediate Information Base

The information base needed to support ruiemaking is largely in place.
One possible exception depends upon the waste confidence considerations.
The technology information base was developed under the assumption that
facilities for the disposal of high and low level waste would be available
to accept the wastes from the decommissionings. If the decision is made
to allow on site storage of spent fuel and high level wastes the studies
will have to be expanded to include the technology, safety and costs associ-
ated therewith. We are in the process of obtaining estimates for these
addendums to the reports. A major delay from this activity is not expected.

Ruiemaking

The rulemaking activities to be completed consist of preparing the
final generic environmental impact statement, FGEIS, and the amendments
to the regulations. The FGEIS will be completed utilizing the comments
received to the draft version and the information base developed since
the draft was published. Publication of the FGEIS is expected in March
1983.

The proposed amendments to the regulations will be based upon the
FGEIS and are planned for publication for comment in March 1983. The
effective amendments to the regulations are expected about nine months
later.
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DECOMMISSIONING OF RADIOACTIVELY CONTAMINATED

FACILITIES FROM A STATE PERSPECTIVE
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Abstract

Due to increased responsibility and awareness on the part of the states, the
decommissioning of radioactively contaminated facilities is becoming of more concern.
This paper discusses those issues which are felt to be of most concern to the states and
recommends some directions for their resolution. These issues are: (1) disposal of
decommissioning wastes, (2) residual radioactivity levels, (3) decommissioning of facilities
which are state regulated, (4) funding for decommissioning and (5) timing and mode of
decommissioning.
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Introduction

Many aspects of the issue of the decommissioning of radioactively contaminated
facilities are similar to and linked wih the radioactive waste disposal issue. Decommissioning
appears to be technically achievable, but, like waste disposal, there are financial and
institutional problems that may be extremely difficult to address. Recent developments
such as the unresolved problems associated with the TMI accident and the required decon-
tamination of formerly utilized sites have further sensitized this issue and identified
additional concerns which greatly affect or are the direct responsibility of the states.
The Nuclear Regulatory Commission must be commended for attempting to develop early
regulations and criteria for the decommissioning of radioactively contaminated facilities
so that these concerns can be addressed and the associated problems reasonably resolved.

In my opinion and from a review of the various NRC sponsored state workshops U 2
that have been conducted on this issue, the following is believed to be the most important
issues from a state perspective:

1. Disposal of the radioactive wastes from decommissioning activities.

2. Residual radioactivity levels for unrestricted release of the site.

3. Decommissioning of those facilities that are regulated by states under an NRC agreement
or the Uranium Mill Tailings Act.

4. Providing adequate funding for decommissioning.

5. Timing and mode of decommissioning activities.

The remainder of this paper will analyze each of these issues and, where appro-
priate, provide possible solutions to the associated concerns. Obviously, there are concerns
which are common to more than one issue and these will be discussed where most appropriate.

Disposal of Decommissioning Wastes

The disposal of radioactive waste from decommissioning has become a major
state concern, primarily because disposal of commercial low level waste is now a state
responsibility. This issue is further complicated by the fact that some of the waste generated
by decommissioning will be of such a high specific activity that it will not be suitable for
shallow land burial under proposed NRC regulations. Presently there is no resolution for
the disposition of this high activity waste, and thus there is concern that it may become a
state problem, since it is still technically defined as low level waste.

In the reports prepared for the NRC by the Pacific Northwest Laboratory 3» b
it is estimated that immediate dismantlement of a large light water reactor will generate
about 18,000 cubic meters of low level waste and probably about 300 cubic meters oi high
activity waste that will not be suitable for shallow land burial. This represents a large
fraction of the low level waste that is expected to be generated during the operating lifetime
of a reactor. (In the case of some PWRs, this may greatly exceed the lifetime generation.)
This waste would therefore represent a very large waste stream for certain regional compacts,
and would need to be thoroughly considered for planning purposes in projecting future
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disposal needs. For example, using the PNL estimates, the future decommissioning by
immediate dismantlement of all the reactors in the Northeast that are currently planned
or operating could require about thirty acres of disposal area. This may not appear to be
very significant but, to provide a perspective, it represents about the same amount of all
the low level waste that is projected to require disposal from the entire Northeastern
region for the next twelve to fifteen years. It is therefore obvious that this waste stream
will be of great concern to the states that are now in the process of forming regional
compacts and consequently every effort should be made to minimize these projected waste
volumes.

Looking in more detail at the PNL data, it appears as if about two-thirds of
the reactor decommissioning waste will be of very low specific activity. In fact, using
crude comparisons, this low specific activity waste could approach the radiotoxicity of
coal ash or normal soil. Since coal ash currently is, and will probably continue to be,
disposed of without regard to its radiotoxicity, this iow activity waste stream should be
analyzed in more detail to determine whether it should receive special consideration for
disposal. For the purpose of this analysis, it is suggested that a defendable methodology
be developed which can be used to compare the total hazard, including the non-radiological
toxicity, of this waste stream with normal soil and other materials which are disposed of
without regard to their radiotoxicity. If this analysis were to show for example that some
of this low activity material is no more toxic than the soil that is being removed to provide
diposal space, then it would appear to be totally unnecessary to require disposal of this
material in licensed, secure disposal sites. Considering the difficulty that will be experienced
in establishing these sites and their value for the low level waste that truly requires secure
disposal, their use for low specific activity, high bulk materials would be the waste of a
valuable resource.

The PNL data also show that Cesium-137 accounts for an appreciable fraction
of the residual radioactive contamination (about 5% to 7';% depending upon location).
Therefore, the reduction, as implied by the NRC Draft Generic EIS^, in the amounts of
low level waste that need to be disposed of if dismantlement is delayed beyond thirty
years, would require the establishment of less restrictive limits for disposal of Cesium-
137 and other long lived materials. This apparent inconsistency should further underscore
the need for additional analysis of this concern.

Another potential method of substantially reducing the volume of decommissioning
waste would be to enhance the technology for removal of surface contamination. This
would be especially helpful for decommissioning of a BWR where probably about two thirds
of the low level waste generated by immediate dismantlement will be metal piping and
equipment with very low levels of surface contamination. Considering the potential salvage
value in these metals and the potential savings in waste disposal costs, a significant additional
capital investment could be justified for more sophisticated decontamination techniques.
For a PWR, the potential savings in waste disposal costs alone could justify much improved
decontamination efforts. Since this additional effort could substantially resolve some of
the state concerns with decommissioning, it should receive more detailed study.
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Residual Radioactivity Levels

The standards for residual radioactivity levels for unrestricted release of the
site will be of concern due to the fact that if these levels are not properly established and
cannot be properly certified, the state could inherit a potential con lamination pro^em
after the license has been terminated. It is therefore obviously important that the states
have considerable input into the establishment of these standards. States should also be
provided with a definite role in the inspection and monitoring of those facilities which are
NRC regulated to determine if decontamination is adequate, prior to the termination of
the license.

Because of the continuing difficulty with finding new locations for major power
generation facilities, nuclear power plant sites will be irreplaceable, and therefore it is
doubtful that they would be released for unrestricted use, upon termination of the license.
For this reason, consideration should be given to developing different standards for condi-
tional release of a site, which may be less stringent than the unrestricted release standards.
This objective could be achieved to some extent by utilizing a safe storage or delayed
dismantlement decommissioning mode.

In all cases ALARA considerations should be used for setting residual radioactivity
levels, with consideration given to site specific problems that may affect the achievable
of these .levels. In this context, the variation in natural background radiation (including
Radon exposure) should be considered as a possible basis for an acceptable residual unre-
stricted release standards, since this variation appears to be commonly acceptable without
apparent concern. Furthermore, these standards and the degree of required decontamination
should be compared with the current criteria for decommissioning of other types of facilities
which may contain residual toxic material (like coal fired power plants) to provide a further
perspective of the degree of residual risk may be considered acceptable.

For those facilities which are NRC regulated, it appears to be the consensus of
the states that NRC decommmissioning regulations should not apply to the ncnradioactively
contaminated portions of the facility. For those noncontaminated portions, it is felt that
the state should be allowed to establish criteria and decide the degree of decommissioning
required.

Another potential concern of the states is the fact that the USEPA will have
to eventually set the final standards for residual radioactivity levels. The latest schedule
indicates that these standards will not be available until 1986, and, based on past performance
by the EPA, this schedule may be optimistic. It is not terribly reassuring that the NRC
has had preliminary discussions with the EPA concerning the general scope of these limits,
since these notions may change. Based on the past poor performance by the EPA in setting
radiation standards, it is suggested that Congress review this situation. If additional
resources cannot be given to the EPA to properly carry out this responsibility, and if this
situation cannot be expected to improve, then this responsibility should be given to some
other agency that can do the job.
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Decommissioning of State Regulated Facilities

Those facilities that are currently regulated by either an agreement state or
by states under the Uranium Mill Tailings Act are of obvious concern, because the eventual
sa*e decommissioning of these facilities are the state's direct responsibility. It is therefore
extremely important that the states be thoroughly involved in the development of regulations
and criteria that will affect these facilities.

Low level radioactive waste and uranium mill tailings disposal sites are the
facilities in this category that would probably require the greatest degree of regulatory
oversite. Fortunately, if these sites are properly operated and have a good site closure
plan, nothing further than several years of routine site maintenance will be required to
fulfill the decommissioning requirements. It should be recognized that these facilities
will require institutional control and monitoring after decommissioning and therefore
cannot be released for unrestricted use, but may be suitable for some sort of conditional
use which does not disturb the waste cover.

There are many other types of facilities which may be licensed by an agreement
state that may present unique and complicated problems. For these facilities, decommis-
sioning criteria and funding options may be very site specific, and the development by
NRC of general criteria for decommissioning and funding mechanisms would be very helpful
to the states. It should be recognized that it is these facilities and not reactors that may
in fact present the greatest threat to public health and safety if not properly decommissioned,
since many of these facilities co-'d be located in densely populated areas and could be
suitable for immediate reuse.

Another potentially worrisome problem that needs to be addressed as part of
this issue is the cleanup and decommissioning of inactive mill tailings and formerly utilized
sites, which have a shared state and federal responsibility. One of the main concerns of
the states with this problem is that the contaminated material or soil which needs to be
disposed of off-site is assumed to be a state problem, even though most of the material
was generated under federal contract. Filling regional low level waste burial sites developed
under compact agreements with this high bulk, low activity waste is certainly not the
effective utilization of an extremely valuable resource.

Funding for Decommissioning

Funding for decommissioning is an important issue for states because in almost
all cases they will have a very important role to play in providing assurances that the
funding will be adequate. If a state has the regulatory authority, it will have this responsi-
bility directly. In the case of NRC regulated nuclear power plants, the state utility
commission will have to approve the utilities1 funding mechanism for decommissioning if
it is to be passed on to the consumer.

For those facilities which are state regulated, it is important to assure that
adequate funding will be available if early decommissioning is required or if the licensee
were to go bankrupt. It would therefore be helpful if a decision could be made as early as
possible in the life of the facility, or perferabiy an initial licensing, as to the degree of
decommissioning that will be required and the funding mechanism for that effort. In some
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cases it may not become evident until a request is submitted for termination of the license
that contamination problems exist. Facilities that could have this potential should be
identified as soon as possible. Then routine inspections can be used to alert the regulatory
agency to potential problems that could require eventual costly decontamination, and at
that point assured funding should be required. In all cases the license should not be
terminated until it can be assured that the facility can be released for unrestricted use, or
the state may find itself faced with a very costly problem.

Decommissioning of reactors presents a special problem for states in this regard.
This is due primarily to the fact that the required approval of the funding mechanism for
decommissioning by the state utility commission may also imply the concurrence with the
NRC approval of the mode of decommissioning. For example, if the state utility commission
does not approve the full amount of money requested by the utility, this circumstance
could force a less expensive mode of decommissioning. It is primarily for this reason that
a state must have early input into the NRC process for selecting the proper mode of
decommissioning. In fact, it may be prudent to require that the state certify the selected
mode and the applicant's financial plan for decommissioning. It is also for this reason that
the initial decommissioning plan submitted at the time of licensing or upon adoption of
decommissioning regulations should be detailed enough so that both the mode and the
financial plan for decommissioning can be reviewed by the NRC to determine whether
there is adequate protection of public health and safety. This will then force the state
utility commission to directly address this issue from the standpoint of assuring that the
funding mechansim will be adequate for the protection of public health and safety.

A special problem may exist for those reactors which involve interstate utilities
as partial owners. In these cases the state utility commissions in the non-host states will
also be required to approve the funding mechanism, and protection of site specific public
health and safety may not be as important a consideration from their perspective as it
may be to the host state utility commission. For these situations it would be especially
helpful if the upfront involvement and possible certification of the decommissioning mode
and the financial plan would be a requirement so that a consensus can be reached before
potential problems arise.

Finally, it appears to be the consensus of the states, and most everyone else,
that the current consumers of the benefit should bear the total cost of the eventual
decommissioning of all radioactiveiy contaminated facilities.

Mode and Timing of Decom missioning

State concerns with the mode and timing of decommissioning apply primarily
to the decommissioning of reactors and some other fuel cycle facilities which cannot be
regulated by agreement states. As previously mentioned, the mode and timing of
decommissioning can have a large impact on some of the other issues which are important
to states, such as waste disposal and the assurance of adequate funding.

First of all it should be recognized that the useful life of a reactor could be
extended in some cases beyond forty years from the date of the granting of the construction
permit. This is due to the fact that twenty or thirty years from now when operating licenses
for the current generation of large reactor,, begin expiring, the need for power generating
faciities may be so critical that utilities will choose to refurbish the reactor and apply for
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a license extension. Also as previously mentioned, these sites will continue to be very
valuable properties from ihe standpoint of siting future generating facilities. For this
reason, the utilities will probably not consider releasing these sites for unrestricted use,
and therefore it does not make much sense to require complete early decommissioning to
unrestricted release levels. These considerations will obviously impact the decision-making
process for selecting the mode and timing of decommissioning, but will be very difficult
to address in the initial decommissioning and financial plan. Since this type of scenario
appears to be very likely, the NRC should study it in more detail and provide additional •
criteria which are responsive to these concerns. Since the outcome of this analysis may
greatly affect other issues which are of concern to the states, they should be given a large
role in this process.

From a state perspective, it appears as if entombment is not considered to be
a very acceptable permanent decommissioning mode for facilities which contain significant
long lived radioactive material. However, this option should not be eliminated from
consideration, since it may be a very viable, and in fact preferrable, decommissioning
mode for a facility which contains only relatively short lived radioactive materials in
significant quantities.

Other Concerns

There are obviously other decommissioning issues that can be of importance to
the states, but of most concern at present appears to be those related to the TMI-2 accident.
The most important issue is probably the fact that the decontamination and potential
decommissioning costs involved with this type of occurrence should be covered by financial
assurances. Financial assurance for the protection of public health and safety should be
mandated by the NRC, while financial assurances for primarily economic reasons, such as
replacement power, should be mandated by the states. In all cases private liability coverage,
if available and if sufficient, should be viewed as the most appropriate way providing this
financial assurance.

The decontamination of the TMI-2 facility should also provide an excellent
opportunity for development and demonstration of new technologies that may be very
useful for future decontamination and decommissioning efforts. Likewise, the upcoming
decommissioning of the Shippingport Atomic Power Station will provide a very important
data point on the curve for determining the cost and difficulty with the decommissioning
of larger facilities. Every effort should therefore be made to normalize this experience
with the PNL data to determine the validity of these studies.

Although the problems involved with decommissioning of radioactively
contaminated facilities appear solvable from a technical standpoint, there may be
institutional and economical problems that will prove very difficult to resolve. Many of
these institutional problems will directly affect or require considerable input by the states.
In order to better address this problem, NRC regulations for decommissioning need to be
established as soon as possible. These primarily nontechnical problems will then be forced
to be addressed before problems begin arising which may make the situation much more
difficult to resolve. If the decommissioning issue is allowed to languish like the waste
disposal issue had for so long, it will become another nail in the coffin for the increased
utilization of the benefits of nuclear energy.
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UTILITY PERSPECTIVE OF NUCLEAR FACILITY DECOMMISSIONING

Lawrence H. Levy
Northeast Utilities
Hartford, CT., USA

ABSTRACT

This paper will provide a utility viewpoint of current federal
decommissioning policies and a discussion of the potential impact ot
proposed policy revisions. It will also discuss some of the decommissioning
financial areas, but primarily be concerned with the technical areas of
decommissioning.

INTRODUCTION

I have been involved with decommissioning for approximately seven
years, and in that time the industry has seen a tremendous increase in
visibility towards this subject. We've seen several good comprehensive
studies, such as the decommissioning study by the Atomic Industrial Forum
in 1976 and the Battelle/NRC Decommissioning Studies for pressurized
reactors (in 1978) and boiling water reactors (in 1980). One of the main
points that I will make in this paper is that the nuclear utility industry
would like to keep the decommissioning alternatives as open as possible
so that the NRC or other regulatory bodies do not force us into one
particular method.

Each utility has its own particular financial or site specific
decommissioning problems, so that for some utilities mothballing will be
the chosen decommissioning alternative and for others immediate dismantlement
might be the preferred alternative. At Northeast Utilities it is our
point of view that immediate dismantlement is the most practical decommis-
sioning alternative for the NU plants at Millstone and at Connecticut
Yankee (CY). Of utmost importance to a utility is the ability to recover
decommissioning costs from its customers before that plant retires.

One of the problems we have in this area at Norcheast is our Connecticut
Yankee plant, which is a single unit company. The oi;ly asset of this
company is the plant itself and once the plant stops producing electricity,
the revenues will stop. The plant is regulated by the Federal Energy
Regulatory Commission in Washington. CY started operation in 1968 and
has only started collecting revenues for decommissioning since 1978.
Therefore, for ten years we were not collecting any revenues for decommis-
sioning, and the customers who enjoyed nuclear power for that time did
not pay their fair share, so that future ratepayers will be forced to pay
for a service they did not receive. This is a problem for all the Yankee
plants that are presently in operation, but in our case CY represents a
very serious concern because of its potential retirement date in the year
2004.

Northeast Utilities operates and wholly owns two other nuclear
plants; Millstone Units #1 and #2. Millstone Unit #3 is in construction
and we plan on having it operational by 1986, at which time we will start
collecting for decommissioning. We feel that its the responsibility of
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the Connecticut Public Utilities Commission to authorize the appropriate
revenues for decommissioning so that the decommissioning costs not become
a burden for the NU shareholders.

PREFERRED ALTERNATIVES

Northeast Utilities has analyzed each decoramisiouing alternative for
both CY and Millstone to determine the most preferable method. When we
first started looking at decommissioning, mothballing had appeared to be
the lowest cost alternative, and knowing our Public Utilities Commission
in Connecticut and Massachusetts we realized that they would only accept
the lowest cost alternative as long as it met RRC public safety criteria.
But in the past several years, we have gotten more information and now
realize that mothballing or entombment are not the lowest cost alternatives
for decommissioning but rather immediate dismantlement is the lowest cost
alternative for NU. The latest Battelle Decommissioning Studies have
also come out with the same conclusion. The reason being that when you
look at the surveillance costs and final dismantlement costs, which
include the potential property taxes, additional security guards or
security system, and periodic environmental testing, immediate dismantlement
is the lowest overall cost alternative. It eliminates the aesthetic
problem that you have with remaining structures and other problems that
can occur with decaying structures and the personnel who have to monitor
the site.

Northeast Utilities looked at all the outstanding studies that are
available on decommissioning and we chose the Battelle Studies as being
the ones that we would like to follow. We used most of the Battelle cost
items and tried to reflect them in our study. However, there are several
areas where the Battelle Study falls short, and those have amounted to a
substantial increase in cost. Those areas are project management costs,
the large increase in burial costs, increase in oil prices, and increase
in cost of electricity. These items have increased the Battelle estimate
by over $30 million, mainly due to huge cost increases since 1978. To
further itemize these differences, let me discuss each of these areas one
at a time and go into the rationale I've used for this $30 million
increase.

One of the areas that has increased over the past several years has
been the cost of electricity. For a boiling water reactor, Battelle has
estimated approximately 100 million kilowatt hours would be needed for
decommissioning. For a pressurized water reactor Battelle has estimated
that over 200 million kilowatt hours would be needed. The problem lies
in the energy cost that Battelle used versus what NU would use. In
Northeast Utilities' case, we would use the same cost we use for construction
purposes, such as for Millstone 3. That would be the incremental costs
representing the last generating unit that would be added to supply our
system load during peak hours. This most probably would be either gas
turbines or oil and at present is over 6 cents a kilowatt hour. This is
four times the NRC estimated cost.

Fuel oil is another area where costs have increased tremendously.
The NRC estimate was based on $21 per barrel; the NU estimate is based on
$31 per barrel.

11-45



Burial costs have also gone up substantially more than inflation.
In fact if you look at the four year period between 1978 and 1982 you
will see a 530% increase for burial costs at Barnwell, South Carolina.

One of the areas that the Battelle study is lacking is in what I
would call project management costs. These are the costs for a team of
engineers, draftsmen, technicians, accountants, purchasing agents and
other administrative personnel to manage and administer this large
construction project. This additional staff is over and beyond the field
staff labor which is accounted for in the Battelle Study. These support
personnel are necessary to support the decommissioning which is a project
similar to a construction project, only that instead of building a plant
we are tearing it down. NU estimates approximately 140 manyears would be
required to engineer and administer the immediate dismantlement of
Millstone Unit 1. That would cost approximately $8,000,000. In most
engineering/construction projects, NU's experience has shown that 10% of
the total cost must be devoted to engineering/project management.

One of the other areas where the NU study differs from the Battelle
study is in the security staff necessary to accomplish decommissioning.
The NU study assumes a minimum of 8 guards per shift for 24 hours a day,
7 days a week. The NRC study has less than half that amount.

One other area that the Battelle study missed and which is particularly
important for Connecticut is the property taxes levied on our plant
during the mothballing or entombment period. Based on past experience,
we've estimated that the property taxes during the mothballing period for
Millstone No. 1 would amount to approximately $300,000/year. In a town
such as Waterford, Connecticut, where Millstone is located, over half the
town revenue comes from the Millstone station. Once that revenue is
removed, the town populace would be shouldering a tremendous increase in
property taxes. Similarly, for CY, all our property taxes go to the town
of Haddam.

When I compared the Decommissioning studies prepared by Battelle
Pacific Northwest Laboratory, I found that the Pressurized Water Reactor
Study (PWR study) which was published in 1978 is not as thorough a study
as the 1980 Boiling Water Reactor (BWR) Study. There are numerous
instances where the authors of these studies come to realize that they
did make several errors and in fact came out with an addendum in 1979 on
the pressurized reactor study which helped those of us who were doing
decommissioning cost estimating. These estimates are very important to
the utility, since the most important part of decommissioning from the
utility point of view is the ability to collect from our customers the
total costs for decommissioning by the time the unit retires.

DECOMMISSIONING COST ESTIMATE

Using the Batelle studies and the above criteria, the estimated cost
to decommission Millstone Unit 1 (660 MWe-BWR) using the immediate
dismantlement alternative is 85.6 million dollars. Millstone Unit 2
(870 MW-PWR) estimate is 82.4 million dollars and CY (582 MW-PWR) is
$77 million (all in 1981 $). As you can see, a pressurized reactor is
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less expensive than a boiling water reactor. We also used the scaling
factors provided by the Battelle study to account for the different plant
sizes.

NRC RULEMAKING

The NEC has been in the process of producing a new rulemaking on
decommissioning for the past five years. They had Battelle do their
decommissioning studies on the BWR and the PWR plants. They have also
produced a draft environmental impact statement on decommissioning of
nuclear facilities. Mr. Don Calkins, the NRC Project Manager on Decommis-
sioning, has published his "Thoughts On Decommissioning," all gearing to
a new rulemaking, and perhaps issuing a new Regulatory Guide. At this
time, regulatory guide 1.86 is the only governing document for utilities
on decommissioning.

I won't go into all the descriptions of the decommissioning methods
listed in Regulatory Guide 1.86 since I'm assuming that all of you know
the three basic methods - mothballing, entombment and immediate dismantlement,
and the additional methods which are combinations of these such as
mothballing/delayed removal or entombment/delayed removal. The NRC has
indicated numerous times that they are not in favor of the permanent
mothballing or permanent entombment methods. We at Northeast Utilities
are in agreement with their thinking, however, there are some utilities
which are located in such remote areas that perhaps permanent mcthballing
or entombment might be the most advantageous decommissioning alternative
for the utility and the customer.

This rulemaking is supposed to be finalized by the fall of 1983. In
the fall of 1982 they are scheduled to come out with their initial draft
of the rulemaking which I am sure many utilities will study carefully.
The NRC, as I said before, has indicated that they are not in favor of
permament mothballing or permanent entombment. However, they seem to
favor two methods which I will describe below.

One method is the immediate dismantlement alternative which we at NU
agree is the least expensive, and is advantageous for numerous other
reasons, such as making the site available for a new plant and the
aesthetic value which is very important to us in Connecticut. The other
alternative that the NRC favors is the mothballing/delayed removal
alternative. The delayed removal will take place approximately 30 years
after the plant stops operating. Thirty years will give the plant
radioactivity a chance to decay, and will put less of a burden on the
utility as far as the high radioactivity levels which will be apparent
for the immediate dismantlement alternative.

With the absence of a permanent rulemaking until the fall of 1983,
utilities have only Regulatory Guide 1.86 to guide them on any decommissioning
decisions. It's important for utilities to think about decommissioning
even before construction of a power plant, because when it's time to
decommission expenses can be considerably less if certain methods of
construction as well as layout of plant equipment are followed. There
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have been several papers on this topic that were given at the 1979 Sun
Valley Conference on Decommissioning to help those of you who are in the
construction phase of a new plant.

Part of the NRC rulemaking is pointed towards the financial area.
There is a question if a sudden type of plant shutdown should occur for
whatever reason, does the utility have enough money to undertake a
decommissioning? If you look at the Three Mile Island plant, it's going
to cost GPU approximately $1 billion to put the plant back into operating
condition after their accident. This is a tremendous amount of money and
utilities today have increased their insurances to meet that high dollar
figure. The NRC is particularly concerned with utilities having insurance
and/or utilities having monies put into a trust fund so that they are
safe from further erosion. One of the problems with the trust fund is
that it's taxable, so that a 12% interest rate yields only 6%. If the
Internal Revenue Service would allow utilities to set up a tax-free trust
fund for deconunissioning, then it would be comparable to an internal
fund. However, at this point in time a majority of the utilities feel
that internal funding, i.e., collecting the dollars from the customer
while the plant is operating and using it in the general fund to build
new plant is the most economic method. When it is time to decommission,
the utility will raise the funds by conventional methods, either equity
or bond financing.

The potential impact with the new NRC proposed policy revisions will
probably not affect Northeast Utilities, but could very well affect some
utilities in this country. The reason being that some utilities feel
that permanent entombment is the appropriate method of decommissioning.
However, the NRC will probably not allow entombment to be a viable
option. Instead they will dictate the alternatives available to a
nuclear utility such as mothballing, or as they call it, safe storage,
for a period of time, probably around 30 years. They will also permit
entombment for perhaps up to 100 years and will probably favor immediate
dismantlement as the preferred alternative. They will also probably be
dictating to the utilities the financial aspect of deconunissioning in
that they will want the utility to have monies set aside or keep the
internal funding method as is presently being used by most utilities and
include some sort of insurance. We feel at Northeast Utilities that the
internal funding method is adequate at this point in time and should not
be changed. We feel that the customer as well as the utility benefits
from this alternative.

The Atomic Industrial Forum Subcommittee on Decommissioning of which
I am a member and which is chaired by Mr. Donald Blackmon of Duke Power,
has recently been involved in issuing a "white paper" on decommissioning.
The paper presents decommissioning in non technical terms and presents a
good overview of the subject. The AIF subcommittee has been in touch
with the NRC (Don Calkins and Robert Wood), and with the FERC (John
Fitzgerald). We have tried to get these gentlemen together as well as
have them talk with the IRS, but so far have been unsuccessful. A total
policy on decommissioning of tax exempt funds and a more generous regulatory
climate by the FERC would be helpful to the utilities and their customers.
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DECOMMISSIONING EXPERIENCE

At this point in time there has been very little decommissioning
experience of large power reactors in the United States or in fact the
world as far as I know. The only total dismantlement has been at Elk
River which was a 21-megawatt electric plant. Since it was the first to
be dismantled, the high cost in proportion to its size is a lpt greater
than what we hope to experience in the next century. The next plant
scheduled for dismantlement will be the 72 MWe Shippingport station which
is presently operated by the Duquesne Light Company. Decommissioning
will probably begin in several years. This plant is not of a similar
design to our large modern reactor facilities but it is as close as we
are going to see for the next 10 to 20 years. Without predicting the
future, I would suggest that either Dresden 1 or Yankee-Rowe would be one
of the next plants to be decommissioned. Numerous other facilities have
been decommissioned, i.e., many very small power reactors and many
experimental reactors which are listed in the Battelle Decommissioning
Study.

WHAT SHOULD UTILITIES DO ABOUT DECOMMISSIONING

I feel that it's very important for utilities to start investigating
what needs to be done concerning decommissioning at this point in time.
First, start collecting from their customers their fair share of the
decommissioning costs and second, develop some sort of expertise within
each utility organization or have a reliable consultant available. It's
important to come up with a cost estimate that can be defended during a
rate case, and for the utility to be able to testify and have some
knowledge about decommissioning. Retirement for many plants is not that
far away if you think that in only 13 years we will be in the 21st
century. Many plants will be retiring by the year 2010. It can sneak up
on us very quickly because it will take a lot of manpower, money and
preparation for license submittals. We must think about what needs to be
done for the eventual retirement of the station. Utilities have invested
a great deal of money and time in the construction and operation of their
facilities, but they will need to spend a great deal of time in the
initial preparation for retirement. There are of course many options
available to the utility, such as to mothball the plant and then dismantle,
or perhaps to recommission a facility, but eventually the plant will have
to be decommissioned. It's important to express to your regulators, the
people who allow you to collect revenues from the customers, exactly how
much you will need to collect and that you know what you're doing about
decommissioning.

The whole purpose as I stated before, of our effort on decommissioning,
is to collect the revenues from the customers who are enjoying the energy
supplied by our nuclear power plants. We are trying to collect the fair
share from each current day customer, however each rate case the dollars
increase due to inflation and the Public Utilities Commission tries to
lessen the impact on today's customers. They feel that they can push
these costs on to future customers and give the problem to future members
of the Public Utilities Commission. This is not what I consider progressive
regulation.
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If the reader would like a copy of the Northeast Utilities decommis-
sioning study, please write to me at the following address: Northeast
Utilities, P. 0. Box 270, Hartford, Connecticut 06101. We coastantly are
updating our study to give the PUC and FERC the latest information that
is available so that our costs stay current and reflect the latest
thinking of the NRC.
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ABSTRACT

U.S. decommissioning activities for both the Department of Energy
(DOE) and the Nuclear Regulatory Commission (NRC) are reviewed,
and waste volume estimates are given. Waste volumes from recent
reactor decommissioning projects are also given. The impacts of
decommissioning policies on waste volumes are discussed.
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INTRODUCTION

Decommissioning activities in the United States which have the greatest
potential waste management impacts are those conducted by the DOE and the
licensed activities that are regulated by the NRC. Although nuclear programs
have been conducted for almost 40 years, decontamination and decommissioning
of nuclear sites and facilities is still in the beginning stages. Policies
are being formulated within DOE and NRC; DOE is preparing an order, and NRC is
preparing to issue regulations to define policies in March 1983. In general,
wastes from decommissioning activities will be handled in accordance with the
existing management policies of the DOE and NRC. Decommissioning policies
will impact waste volumes from the standpoint of cleanup standards,
decommissioning modes (i.e., protective storage, entombment, dismantlement)
and recovery of materials and reuse of facilities. One of the goals of these
policies will be to reduce waste volumes to be generated.

DEPARTMENT OF ENERGY ACTIVITIES

Within the DOE nuclear programs, decontamination and decommissioning
activities have historically been carried out when there was a special need
such as the DP-West Building at Los Alamos National Laboratory and the Elk
River Reactor in Minnesota. The backlog of surplus facilities is maintained
under appropriate control.

There are two programs within DOE for managing surplus facilities: The
Defense Decontamination and Decommissioning (D&D) Program handles about 400
defense-related facilities, and the Surplus Facilities Management Program
(SFMP) handles about 100 nuclear energy-related facilities. Lead field office
responsibility for managing both programs is assigned to the Richland
Operations Office, and a program plan' has been prepared which, if
implemented, would lead to decommissioning of all current surplus facilities
within about 20 years.

Surplus facilities under both programs are maintained in a safe condition
under surveillance and maintenance until they can be decommissioned. In this
stage, the facilities generate very little waste.

Waste volume projections through 1999 for both the SFMP and Defense (DM))
Program activities are given in Table I. With about 50 percent of the
facilities characterized, these estimates project about 100,000 cubic meters
of low-level waste and 9,000 cubic meters of transuranic waste2. Table II
shows the volume of waste disposed and the accumulation for 1981 and 2000 for
all DOE sites. Projected low-level and transuranic waste volumes from
decontamination and decommissioning activities through the year 2000 will be
equivalent to about 10 percent of wastes generated from all other activities.
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TABLE I

WASTE VOLUME PROJECTIONS FOR DOE SURPLUS FACILITIES PROGRAM2

Soil

500
10,700

Low-Level Waste

Rubble

6,600
17,700

(Cubic

Metal

6,400
26,500

Meters)

Misc.

9,200
25,600

Total

22,700
80,500

SFMP*
Defense D&D

TOTAL 11,200 24,300 32,900 34,800 103,200

Transuranic Waste (Cubic Meters)

SFMP* 150 300 800 730 1,980

Defense D&D 320 390 930 5,270 6,900
TOTAL 470 690 1,730 6,000 8,800

*A total of 1.4 million cubic meters of waste is located at the Monticello,
Niagara Falls, and Weldon Spring sites which will be stabilized in place.

TABLE II

TOTAL WASTE STORAGE/DISPOSAL VOLUMES FOR ALL DOE SITES3
(CUBIC METERS)

Waste Type 1981 Accumulation 2000 Accumulation

Low-Level 62,000 1,607,300 70,000 2,937,800

Transuranic 4,900 65,700 4,300 149,500

Other Departmental ac t i v i t i es which may generate s imi lar kinds of wastes
include remedial action programs, the Naval Reactors program f o r
decommissioning of nuclear submarines, Uranium Enrichment Cascade improvement
and upgrading a c t i v i t i e s , and Energy Research programs fo r decommissioning of
surplus research reactor and accelerator f a c i l i t i e s .

The DOE conducts three remedial action programs: The Uranium H i l l
Tai l ings Remedial Action Program (UMTRAP), the Formerly Ut i l i zed Sites
Remedial Action Program (FUSRAP), and the Grand Junction Remedial Action
Program (GJRAP). The UMTRAP is responsible for designated inact ive uranium
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mil}sites and vicinity properties totaling 15,000,000 cubic meters of tailings
and 4,200,000 cubic meters of other contaminated materials.3 The FUSRAP is
responsible for sites that were formerly utilized by the Manhattan Engineer
District and the Atomic Energy Commission in work with nuclear materials.
These sites contain 450,000 cubic meters of contaminated material.3 The
GJRAP is responsible for decontaminating structures at Grand Junction,
Colorado, which were constructed using uranium mill tailings. Through
CY 1980, about 46,000 cubic meters of waste from this program was disposed at
the Grand Junction uranium tailings pile.3 Wastes from these activities
will probably be stabilized in place or disposed at specially designated sites.

The Department of the Navy has issued a Notice of Intent4 to prepare an
Environmental Impact Statement on the Disposal of Decommissioned Naval Nuclear
Reactor Plants which indicates that about 100 nuclear submarines will be taken
out of service in the next 20 to 30 years and require decommissioning.
Because of the compact size of submarine reactor compartments, this activity
is not expected to add a significant amount of waste to DOE disposal sites.
(The Navy is also considering sea disposal as an option.)

Programs to improve and upgrade the uranium enrichment plants at Oak
Ridge, Tennessee, Portsmouth, Ohio, and Paducah, Kentucky, have been
repsonsible for generating large amounts of contaminated equipment. At
present, about 100,000 tons of scrap metals have been generated. Assuming an
overall uncompacted density of 50 pounds per cubic foot, the volume of this
scrap is about 100,000 cubic meters. The scrap is currently in storage, and
consideration is being given to decontaminating the scrap by smelting and then
recycling it.5

Energy Research programs have produced a large number of contaminated
facilities including particle accelerators, research reactors and
laboratories. Examples of particle accelerator decommissionings were reviewed
in the report "Particle Accelerator Decommissioning" by Opelka, et al.6 and
are summarized in Table III. This report indicates that there were 9 large
synchrotrons, 37 cyclotrons, 25 linacs, and 84 Van de Graaff accelerators in
existence in 1979.

TABLE III

PARTICLE ACCELERATOR DECOMMISSIONING WASTES4

Accelerator Waste Volume
(Cubic Meters)

Zero Gradient Synchrotron 1,190
60" Cyclotron 320
22 Mev Electon Linac 4
Tandem Van de Graaff 4
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Recently the Ames Laboratory Research Reactor (ALRR) was dismantled and
removed while the containment building was preserved for other uses. The ALRR
was a 5 megawatt thermal heavy water reactor which operated from 1965 to
1977. Dismantling, which was completed in 1981, generated about 1,160 cubic
meters of waste, which was sent to Barnwell, South Carolina, and Hanford,
Washington, for disposal.7 About half of the waste generated was concrete
and metal rubbles.

Another recently completed reactor decommissioning project was the Sodium
Reactor Experiment (SRE) at Santa Susana, California. The SRE was a sodium
graphite, 20 megawatt thermal reactor which operated from 1957 to 1964. The
reactor and associated radioactivity was dismantled and removed while
preserving the containment building for unrestricted use. About 3,850 cubic
meters of waste, about half of which was contaminated soil and rubble, was
generated from this project and sent to Beatty, Nevada, and Hanford,
Washington, for disposal.8

Recently DOE issued an Environmental Impact Statement for decommissioning
the Shippingport Atomic Power Station,9 which began operating in 1957. The
reactor is currently operating with a light water breeder core rated at
60 megawatts electric and is scheduled to shut down at the end of 1982.
Estimated waste volumes from immediate dismantlement (the preferred option)
are 11,700 cubic meters.

Waste volume information for the above and other recent reactor
decommissioning projects is summarized in Table IV.

TABLE IV

RADIOACTIVE WASTE VOLUMES FROM
REACTOR DECOMMISSIONING PROJECTS

Reactor Type Size
(MWTt)

Elk River Reactor10 Boiling Water 58.2

Organic Moderated Organic cooled and 12
Reactor Experiment11 moderated

Ames Laboratory Heavy Water 5
Research Reactor7

Sodium Reactor Sodium graphite 20
Experiment^

Shippingport Atomic Pressurized water 236
Power Station^ (breeder core)

PM-3A Reactor12 Pressurized water 9.5
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LICENSED FACILITIES

NRC is in the process of formulating policy for decommissioning licensed
nuclear facilities. Various policy options are under consideration, including
storing wastes and spent fuel at some reactor sites for up to 100 years.

Recent licensed activities include decommissioning the North Carolina
State University graphite water reactor of 10 kilowatts thermal power which
operated from 1960 to 1973, the Babcock and Wilcox Lynchburg Pool Reactor
(LPR) of 1 megawatt thermal power which operated fror. 1958 to 1981; the
California Polytechnic University AGN-201-100 Homogeneous Solid Reactor of
negligible thermal power which operated from 1973 to 1980; and the Nuclear
Ship Savannah 80 megawatt thermal power pressurized water reactor which
operated from 1961 to 1971.13 All of these projects represent relatively
small quantities of radioactive waste.

By the turn of the century, about 15 large central-station power reactors
will be approaching or will have reached 30 years of operation and will
therefore be potential candidates for decommissioning. There is considerable
interest in estimating the quantity of waste materials that may be generated
from decommissioning these reactors. The DOE sponsored the preparation of a
Decommissioning Handbook^ which describes all stages of the decommissioning
process, including estimation of radioactive inventories and waste volumes,
and is particularly applicable to power reactors.

Several reports have been issued which provide waste volume estimates for
various decommissioning scenarios for nuclear power reactors and other fuel
cycle facilities.14-15 Reports issued by URC giving waste volume estimates
for immediate dismantlement of fuel cycle facilities are summarized in Table
V. As can be noted, the largest waste volume would result from
decommissioning large power reactors.

Annual waste volume estimates for operating power reactors are shown in
Table VI for comparison. Licensed decommissioning activities may generate an
additional low-level volume of 10 percent of normal commercial waste volumes
to the year 2000.
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TABLE V

SUMMARY OF WASTE VOLUMES FOR BURIAL
GENERATED DURING DECOMMISSIONING

(Cubic Meters)

Type of F a c i l i t y Waste Volume*
(Immediate Dismantlement)

Large Boiling Water Reactor
Neutron Activated Material 230
Other Contaminated Material or Radwastes 18,700

Large Pressurized Water Reactor
Neutron Activated Material 1,200
Other Contaminated Material or Radwastes 17,000

Fuel Reprocessing Plant 3,100

Mixed Oxide Plant 270

UF6 Production Plant 570

Uranium Fuel Fabrication Plant
Radwastes 1,100
Calcium Fluoride** 29,600

Ore Processors 10,400

* Delay dismantling for a period of about t>0 years w i l l reduce the projected
waste volumes for large boi l ing and pressurized water reactors by a factor
of about 9.

* * May be processed to recover residual uranium and disposed of at commercial
waste s i tes .

TABLE VI

ANNUAL WASTE VOLUME AND SPENT FUEL ESTIMATES FOR COMMERCIAL ACTIVITIES3

1981 Accum. 2000 Accum.

Low-Level Waste (cubic meters) 121,400 485,300 188,800 3,543.800

Spent Fuel (metric tons) 1,836,700 12,152,700 6,306,500 70,469,700
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CONCLUSION

In the coming years, decommissioning waste volumes will depend upon
policies developed by DOE, NRC, and EPA. Standards for acceptable residual
and radioactivity levels need to be developed, and policy will be de minimus
required on acceptable decommissioning modes (protective storage or
mothball ing, entombment or removal/dismantlement). These standards and
policies will help to reduce the volume of wastes generated. Since nuclear
power reactors could be required to store wastes, including spent fuel onsite
for an extended period of time because of a lack of waste disposal capacity,
decommissioning could seyerly compound the waste capacity problem. Removal/
dismantlement of all facilities would have the most significant impact on
waste management oprations. 00E programs could generate an additional
10 percent of low-level and transuranic waste volumes compared to normal DOE
activity. Licensed activities could generate up to an additional 10 percent
of low level waste compared to normal commercial activity. Delaying
dismantlement of large nuclear power reactors for a period of about 50 years
will reduce the estimated waste volume by a factor of about 9.
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MANAGEMENT OF DECOMMISSIONING WASTE
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Hans Forsstrom
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ABSTRACT

The Swedish nuclear power program includes
nuclear power reactors, which will be in
operation up to the year 2010. By law the
responsibility for the waste management and
decommissioning is given to the utilities.
A charge is put on the electricity production
to finance the necessary work. In order to
establish this charge a decommissioning study
has been performed.

The results of this study also give the basis
for the planning of the management of the
decommissioning waste. The volumes and
activities of the waste are described as well
as how the waste is classified according to
its final disposal. Most of the radioactive
decommissioning waste will be similar to the
operational waste from a radioactivity point
of view. The planned disposal for this waste
is described and some safety considerations
are given. Transports of radioactive waste
from the reactors to the disposal facilities
will be made by ship.

INTRODUCTION

Sweden is one of the countries in the world that has the largest share
of electricity coming from nuclear power plants. In 1981 36% of the
electricity production was nuclear, generated in eight nuclear power plants
with a total capacity of 6400 MW.

With such a heavy dependence on nuclear energy, the questions concerning
the back-end of the nuclear fuel cycle, including decommissioning and waste
management, have quite naturally raised a lot of interest, not least by the
general public. In the general referendum on the future of nuclear power
in Sweden, held in 1980, these questions were together with the safety
questions the main topics.

The main part of the work on management of radioactive waste in Sweden
is being performed on contract from the nuclear power utilities. The
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Boiling water reactor (BWR) in operation
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580
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915
900
915

1050
1050
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1972
1974
1975
1975
1976
1977
1980
1980

1981
1982

(1985)
(1985)

Figure 1. The Swedish nuclear power program in accordance with
the 1980 parliamentary resolution.
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utilities have by law been given the responsibility for the safe handling
and final disposal of all types of radioactive waste emanating from nuclear
power plants, including spent fuel, high-level waste, low- and medium-level
operational waste and decommissionong waste. Also, the actual decommission-
ing is the responsibility of the utilities. In this paper a presentation
of the Swedish management system for decommissioning waste will be given.

ORGANIZATIONAL ASPECTS

Swedish Nuclear Power Program

After the referendum it was decided by the Swedish Parliament that the
nuclear power program should be limited to 12 reactors and that none of
these should be in operation beyond the year 2010. The foresight and
permanency of this decision can of course be debated. From a realistic
point of view, however, the limitations given, provide the planning horizon
for the work on waste management and decommissioning. Figure 1 shows the
location of the 12 power reactors and gives some data about them.

From a decommissioning point of view it is also of interest to mention
the Agesta reactor, the first commercial nuclear power plant in Sweden.
This small (80 MWt) PHWR was in operation between 1964 and 1974, and has
since been kept in protective storage. Recently a decontamination test
program under the auspices of OECD/NEA has been proposed for Agesta (1).

Furthermore, Sweden has some research reactors. The dismantlement of
one of them is described in another raper at this meeting (2).

The decision that no reactors should be in operation beyond the year
2010 means that the 12 power reactors will successively be phased out and
decommissioned during the first decades of the next century.

Swedish Organization of Nuclear Waste Management

In 1981, after some years discussion, the organizational forms for the
radioactive waste management were decided upon in a law (3). The basic
principle is that the polluter has the responsibility to take care of the
waste. The work that the utilities will have to perform to fulfill this
law, is coordinated by the Swedish Nuclear Fuel Supply Company (SKBF),
which is jointly owned by the utilities. This work includes research &
development, as well as actual construction and operation of the necessary
facilities.

In parallel a new governmental body, The National Committee for Spent
Nuclear Fuel Management (NAK), was formed. It has the responsibility to
scrutinize the technical planning of the utilities, to advise the
government on the charges to be paid by the utilities for the back-end and
to administer the funds that will be built up by the charges.

The organization is shown in Figure 2.
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Figure 2. Radioactive waste management organization in Sweden.

Financing Decommissioning

The law of 1981 also states that the costs of all the back-end activities
including the decommissioning, should be paid by the utilities. This
should be financed by a charge per kWh of nuclear electricity, which will
be put into special state controlled funds, one for each reactor. The
funds are controlled by NAK.

The size of the charges are decided upon by the Government after a
proposal from NAK. They are revised annually. For 1982 the charge was
0.017 SEK per kWh (0.003 $/kWh) for the whole back-end. Of this about
0.005 SEK/kWh (0.001 $/kWh) are attributed to decommissioning and the
disposal of decommissioning waste.

In order to provide a basis for NAK for the determination of the
charges SKBF performs extensive cost calculations of all parts of the waste
management system. Since most of the costs will appear quite far in the
future it is almost as important to find a correct effective interest rate
for the calculations as to find the correct cost estimates. The question
about the future evolution of the interest rate is at present under
consideration.

DECOMMISSIONING COSTS

Recently a study of the decommissioning at a Swedish BWR was performed
(4). The primary aim of this study was to establish the costs in Swedish
money and to investigate the technology to be used. The study was done
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Dismantling starting time

Decommissioning cost

Decommissioning time

Personnel requirements
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Waste volume

BWR 590 MW

40 years, no major incident

Immediate

490 MSEK (1979 value)

4.5 years

1200 Man-years

12 Man-Sievert

8000 M3

Figure 3. Main results of the KBS decommissioning study

with the Barsebeck Unit 1, a 590 MW BWR, as a reference plant. The main
results of the study are summarized in Figure 3. It was also concluded that
the dismantling could be performed with existing technology. In fact most
of the methods proposed are already extensively used during maintenance and
repair work.

The results of the study have then been extrapolated to apply also to
the other Swedish reactors, and a total cost for the decommissioning of all
12 reactors has been calculated to 8600 MSEK (~ 1.4 billion US§). This
figure includes the cost for operation of the facility during the period
between final electricity production and actual dismantling (10%), dismantling
costs (75%), and costs for waste disposal (15%). Dismantling is assumed to
begin as soon as it is possible after the cessation of electricity production.

WASTE FROM DECOMMISSIONING

During the dismantling of a nuclear power reactor a lot of different
types of radioactive waste will be produced with a large range of activity
content. Most of the waste will be metallic scrap such as pipes, tanks,
valves etc. and concrete, i.e. primary waste from the power plant. During
the dismantling also secondary waste like air filters and sludges will be
produced. In (4) the total radioactive waste volume from one 590 MW BWR
has been estimated to 8000 M or 6000 tonnes. In Table I the radioactive
waste is itemized. To this should be added around 3000 tonnes of inactive
system parts and about 50,000 m^ of inactive concrete.
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Tabla I

Estimate of quantities of radioactive material obtained from
dismantling of a 590 MW ASEA-ATOM BWR

Reactor vessel with internals
and containment head 700 tonnes
Reactor vessel insulation 50 tonnes
Radioactive system parts 3700 tonnes
Biological shield 580 tonnes
Contaminated concrete 450 tonnes
Sand tank 500 tonnes

Total 6000 tonnes

The activity of the waste is ranging from 20 TBq/kg induced activity
in the most exposed parts of the reactor internals to practically no activity
in turbine piping etc. The total calculated activity from one BWR after 40
years of operation is given in Table II- The most important nuclide from a
dismantling point of view is Co-60 if the dismantling is performed within a
few decades after the reactor has been closed down. From a waste disposal
point of view also long-lived nuclides like Ni-59 and Nb-94 have to be
considered. It is also important to see that the content of transuranium
elements in the decommissioning waste is expected to be practically nil.

Table II

Content of some important nuclides in waste from dismantling
of one 590 MW ASEA-ATOM BWR

Total activity (TBq)

Nuclide

Fe-55
Co-60
Ni-59
Ni-63
Nb-94
Cs-137
C-14
H-3

Internals

40,000
4,000

40
7, C00

0.1
1

10
*

Reactor
Vessel

50
5
0.01
1
*
*
*

Biological
Shield

10
1
*

*
*
*
15

Radioactive
Systems Parts

100
40
0.2
2
*
1
*
*

* Less than 0.001 TBq
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WASTE CLASSIFICATION

Bearing in mind the wide range of activity content in the decommissioning
waste it is of course of utmost importance to classify the waste into
different categories. Some different criteria could be used in such a
classification. In our opinion the most efficient method is to classify
the waste according to the final handling and disposal. Such a classifica-
tion might be different in different countries since the plans and possibi-
lities for final disposal differs, e.g. sea dumping, shallow land burial,
and rock repositories. In the Swedish case we consider the following three
classes.

1 Declassified waste
2 Shallow land burial waste
3 Rock repository waste

Haste in the first class has such a low activity content, if any, that
it could be released either for reuse or for uncontrolled disposal, e.g. on
local dumps. Waste in class 2 is such waste that could be disposed of at
the reactor site, e.g. in the below-ground structures of the reactor and
turbine buildings. Finally the majority of the radioactive waste will
belong to class 3 and will have to be transported to a final repository as
is described in a later paragraph.

At present no official limits between the different classes have been
set. Work is, however, in progress at the radiation protection authorities
to define such limits as will be described in another paper at this meeting
(5). Roughly, waste in class 1 will have an activity content of around
100 Bq/kg or lest. For class 2 waste the limits will be based both on the
specific activity and on the total activity that can be disposed of at the
reactor sites. Values between 100 and 1000 GBq have been discussed as
maximum values for the total activity.

Waste in class 3 will ba further subdivided into subclasses according
to the need for shielding during transport. This categorization is based
on the Swedish transport system described below. Especially the reactor
vessel internals need special consideration.

DISPOSAL OF DECOMMISSIONING WASTE

In this section the disposal of waste of class 3 is discussed. This
waste is planned to be disposed of in the central repository for reactor
waste (SFR), for which a license application was submitted to the Government
early this year. SFR will be located in bedrock at one of the reactor
sites, Forsmark (6,7).

The reasons for choosing a bedrock repository are the following:

Sea dumping is forbidden by law in Sweden
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- Shallow land burial similar to the concepts being used in the US,
has been discarded for two reasons, namely the lack of suitable
geological and hydrological conditions and the need for institu-
tional control during a few hundred years

- There is an abundance of good bedrock in Sweden and also a broad
experience from rock excavation and underground construction.

The quality demands on the bedrock are primarily derived from the fact
that it should be possible to make rock vault constructions in it. From a
safety point of view it is also advantageous to use a rock with a low
groundwater flow. Such rock has been found under the sea bottom just
outside the Forsmark plant.

Placing the repository under the sea bottom has the advantages that:

The hydraulic gradient in the rock mass underneath the sea is low
and therefore the groundwater flow also is very small

- The radionuclides that escape from the repository will be diluted
in the large sea-water volume

- The t.lsk of someone drilling a well through the repository can be
neglected.

The location underneath the sea bottom causes no extra investments
except some small extra costs for the investigation drillings that had to
be performed from an offshore platform.

An artist's view of the first parts of SFR, SFR 1, is shown in Figure 4.
These will contain the wastes from the operation of the 12 reactors for
their entire operational life. The total waste volume is expected to be
about 100,000 tn3. The displayed parts of SFR will be constructed during
the next years and operation is scheduled for 1988. Later on SFR will be
extended at the same place with two new parts, SFR 2 for core components
and reactor vessel internals, and SFR 3 for the rest of the decommissioning
waste. The total volume from the entire Swedish nuclear program of these
wastes are estimated to be 15,000 m3 and 140,000 m-* respectively.

The waste to be disposed in SFR will have different activity levels
and will thus put different demands on the barriers in the repository.
Consequently SFR 1 consists of three types of disposal caverns.

Silos, where the most active waste, mainly solidified ion-exchange
resins, will be disposed. The silos consist of concrete cylinders with
an inner diameter of 28 m and a height of 51 m. The space between the
cylinders and the rock wall is filled with clay to support the rock and
prevent it from caving in, and to prevent groundwater flow through the
cylinder. The waste is stacked insde the silo and concrete slurry is
poured around it. All handling is done with remotely controlled equipment.
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Figure 4. Underground sections of SFR 1.

Tunnels, for tanks with unsolidified low-level ion-exchange resins from
the condensate clean-up system. When a tunnel is filled with tanks it is
backfilled with concrete for stabilization. The tanks are handled by fork-
lift trucks.

Horizontal rock caverns, for low-level scrap and trash. This waste is
packed in standard containers or in 200 liter drums. No backfilling is
intended in these chambers. Only the openings will be sealed.

For the decommissioning waste it can be foreseen that similar designs
will be used. Most of the waste will have such low activity that it can be
disposed of in rock caverns that are not backfilled.

The reactor internals and some heavily contaminated parts are planned to
be incorporated into concrete already at the reactor station and will then be
disposed of in an area with barriers similar to the silo.

Safety considerations

From a long-term safety point of view there are only small differences
between the decommissioning waste and the waste from normal reactor operation,
the most important being the much lower content of fission products, e.g.
Cs-137, and the higher content of long-lived nickel isotopes, Ni-63 and
Ni-59. The latter are found primarily in the reactor internals. Due to the
nickel content some of the decommissioning waste could be classified as long-
lived waste, and would need deep geological disposal. However, when choosing
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Figure 5. Ship and container for radioartive waste transports.

a final disposal for this waste also the mobility and the toxicity of the
radioactivity must be taken into account. In the repository the waste will
be surrounded by concrete. At the high pH of the concrete the mobility of
nickel is determined by its low solubility, which will keep the release rate
of nickel from the repository very low. The effect of disposal of nickel-59
containing waste is analyzed in (8).

It must also be kept in mind that the radioactive nickel is only a small
fraction of the total nickel content in the waste.

Another long-lived nuclide which will be present in the decommissioning
waste is Nb-94. The exact amount is difficult to establish, due to the fact
that the niobium content in steel is not normally analyzed. However, the
long-term safety is not affected even with a high Nb-94 content, also due to
the low solubility of niobium at high pH.

TRANSPORT OF DECOMMISSIONING WASTE

All the Swedish nuclear power plants are located on the coast. It has
therefore been found advantageous to make all transports from the plants of
radioactive material, e.g. spent fuel, operational waste and decommissioning
waste by ship. A special ship has been constructed for these transports and
will start operation late 1982, Figure 5. This ship is of the roll-on-
roll-off-type and specially equipped for transport of radioactive material.
It is for instance provided with shielding between the cargo and areas
normally occupied by people.

111-19



The '. aste will normally be transported in containers. If shielding is
needed thick-walled concrete containers will be used. Otherwise standard
20 feet transport containers could be used. The concrete containers will
have a weight of up to 120 tonnes and can carry waste with a surface dose
rate of up to 0.5 Sv/h. For the handling of these containers a multi-
wheeled vehicle will be used as is shown i Figure 5.

CONCLUSIONS

In this paper the Swedish system for management of radioactive waste
has been described with special emphasize on the decommissioning waste. As
it is still at least 20 years until the first commercial nuclear power plant
will be decommissioned, the details of the different parts of the system
have still to be worked out. However, the organization and the facilities
that are presently being built up for the management of operational waste,
are well suited also for decommissioning waste. In fact, the more important
aspects of the handling and disposal of decommissioning waste are already
considered in this work.
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ABSTRACT

Alternatives for disposal or stabilization of the wastes generated by the
Formerly Utilized Sites Remedial Action Program (FUSRAP)--which consist of
soil material and rubble containing trace amounts of radionuclides—are identi-
fied and compared, with emphasis on the long-term aspects. A detailed pathway
analysis for the dose to the maximally exposed individual is carried out using
an adaptation of the natural analogue method. Comparisons of the different
alternatives, based on the results of the pathway analysis and qualitative
cost considerations, indicate that, if the hazard is such that the waste must
be removed and disposed of rather than stabilized in place, disposal by
immediate dispersal is preferable to containment-, and containment followed by
slow planned dispersal is preferable to containment without dispersal.

INTRODUCTION

This contribution is based on an analysis for a problem that was solved—
and reappeared. A new solution is being proposed and implemented. The history
of the problem prompts ons to ask: Will the same problem reappear again?
Perspectives for dealing with this question, which have ramifications extending
beyond the original problem, are presented herein.

The problem has its origins in programs conducted by the Manhattan Engineer
District (MED) of the U.S. Army Corps of Engineers and its successor, the
U.S. Atomic Energy Commission (AEC). These programs involved research, develop-
ment, processing, and production of uranium and thorium by private contractors
at different sites, some of which were privately or institutionally owned,
during and shortly following World War II. Many of the sites became contami-
nated with radionuclides, mostly of natural origin, at low concentrations.

When the contracts for the MED/AEC activities were terminated, the sites
involved were generally decontaminated according to health and safety criteria
and guidelines applicable at that time, and released for unrestricted use.
The problem reappeared because radiological criteria and guidelines for
returning sites to unrestricted use became more stringent as a consequence of
new insights provided by research on effects of low-level radiation.

The new solution is embodied in the Formerly Utilized Sites Remedial
Action Program (FUSRAP), initiated by the AEC in 1974 and now being planned
and implemented by the U.S. Department of Energy (DOE). The program objective
is to decontaminate selected sites to permit their unrestricted use or to
stabilize and/or otherwise control residual radioactivity at the sites to meet
current criteria for the protection of public health and safety. Thirty-five
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sites have been identified to date as possibly requiring some form of remedial
action (Figure I). 1 Twenty-two of the sites have been formally designated as
requiring such action.

The remedial action involves several steps: identification of the sites,
decontamination and/or control of the contamination, disposal and/or stabili-
zation of the radioactive residues, compliance with legal and regulatory
requirements, and certification of the sites for appropriate future use. The
focus of this paper is the long-term aspects of disposal und/or stabilization
of the radioactive residues, which consist mainly of soil material and rubble
containing trace amounts of radionuclides.

Unexpected future developments were the nemesis of the original cleanup
effort. Given the cloudiness of our crystal balls for peering into the future,
these development? remain the primary hazard for renewed efforts to find a
"permanent" solution. The unexpected cannot be extrapolated from the past;
that is why it is unexpected. But we are capable of a limited amount of
foresight, and we can minimize, even if we cannot eliminate, upsetting unex-
pected developments by examining the long-term consequences to the best of our
ability.

The long-term consequences are also a matter of regulatory concern. A
key provision of the National Environmental Policy Act (NEPA) is to "... fulfill
the responsibilities of each generation as trustee for succeeding generations"
(P.L. 91-190, Sec. 101(b)(l)). The Council on Environmental Quality requires
an environmental impact statement to address "... the relationship between
short-term uses of man's environment and the maintenance and enhancement of
long-term productivity, and any irreversible or irretrievable commitments of
resources which would be involved ..." (40 CFR 1502.16).

A definition of long-term is not provided; in the absence of qualifica-
tion, one must infer that no limits were intended. In a recent NRC/DOE/EPA
agreement on human intrusion standards regarding high-level-waste repositories,
the proposed language is "... that the federal government is to be committed
to maintain passive, permanent controls for as long as civilization exists,"2
which suggests that long-term extends to the end of civilization. The uncer-
tainties in predictions of the consequences of different waste-disposal alter-
natives would be fairly large by that time, but such difficulties do not
eliminate the problem or the need to gain and apply as much foresight as we
are able.

The essence of the problem is to identify suitable alternatives for
disposal/stabilization of FUSRAP wastes. Alternatives available range from no
action (which would require a finding that there were no significant public
health or safety hazards) through development of elaborate regional disposal
sites. The initial task is, clearly, to establish the magnitude of the public
health and safety hazards. The outcome of this initial task does not lead to
an unequivocal identification of the level of action needed. An objective
analysis of the radiological hazards of FUSRAP wastes indicates that they are
quite low, less than other hazards that the public accepts as the price of the
amenities of modern living.3 Current regulations do not, however, permit the
hazards to be disregarded as being insignificant.
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Jersey City, NJ
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Los Alamos, NM
Deepwat*r, NJ
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Los Alamos, NM
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Albany Metallurgical
Research Center
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University of Chicago
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St. Louis Airport

Storage Site
Clecon Metals, inc.
Gardinier, Inc.
Palos Park Forest

Preserve
Conserv, Inc.
Seneca Army Depot
Guterl-Simonds Steel
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Ventron Corporation
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Port Richmond, NY

Figure 1. Location of Sites That Require or May Require Remedial Action.1



The selection of a preferred disposal alternative is further complicated
by the fact that if a hazard exists, it will exist for a long tine. Thus, any
solution to the problem of disposal of FUSRAP wastes (and similar waste forms)
must address the following two characteristics: the radiological hazards are
very low and the hazard duration is very long. It is important to consider
these characteristics in tandem. Emphasis on the very low radiological hazards
without due consideration of the long duration, or on the long duration without
due consideration of the very low radiological hazards, can lead to a distorted
view of the issues that must be taken into account in selecting waste-disposal
options.

The problem of selecting a waste-disposal alternative is a problem in
benefit/cost/risk analysis. A thorough analysis would cover economic and
social benefits, economic costs, public health and safety risks, and other
environmental impacts. Analysis of the long-term tradeoffs presents inter-
esting and difficult problems that are not normally encountered in benefit/
cost/risk studies. Such comprehensive study, although clearly needed, is
beyond the scope of this work, which is limited to an identification of the
reasonable alternatives, a preliminary analysis of a few of the major environ-
mental impacts and issues that should be considered in selecting an alternative,
and a preliminary comparative assessment of the alternatives with respect to
the dominant issues.

ISSUES

The prior and underlying issue on which all other issues are contingent
is the existence, magnitude, and duration of the radiological impacts from the
residual radioactivity at FUSRAP sites. The general source terms for the
radiological impacts are summarized in Table I. The total volume of contami-
nated material is estimated to be about 380,000 m3, of which about 90% is from
uranium ore handling and processing operations. The principal hazard at most
sites is from Ra-226 and its short-lived decay products; the duration of the
hazard is determined primarily by the parent radionuclide U-238 or its decay
product Th-230. Radiological surveys indicate that typical average radionuclide
concentrations lie in the ranges of 20-200 pCi/g U-238 and 50-500 pCi/g Th-230
and Ra-226, with localized hot spots that exceed these averages by a factor of
10 to 100. The contaminated regions range, typically, from 0.4 to 4 ha in
area and from 0.1 to 3 m in depth, with a few sites where the contamination is
limited to buildings.4

The magnitude and duration of the radiological hazard of FUSRAP wastes
can be placed in perspective by comparison with other waste forms. The average
concentration of all radionuclides in FUSRAP wastes is smaller than in mill
tailings by a factor of about 5, and the total volume of FUSRAP wastes
(estimated as of June 1982) is smaller than the total volume of mill tailings
(as of 1979) by a factor of about 200.4>5 The average total concentration of
all radionuclides in FUSRAP wastes is smaller than the initial concentration
in commercial low-level radioactive wastes (LLW) by a factor ranging fro*
about 103 to over 109. The total volume of FUSRAP wastes is larger than the
annual volume of LLW generated in the United States (as of 1979) by a factor
of about 5. 4 f 6

The hazard duration for FUSRAP wastes and mill tailings is comparable.
The principal radionuclides in mill tailings are Th-230 and its decay products;
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Table I . FUSRAP Waste Classif ication4

Source of
Contamination Primary Contamination

Half-Life of
Parent

Radionuclide

Uranium ore handling
and sampling

Uranium ore processing:
Product
Residue (tailings)

Uranium salt/metal
processing

Thorium processing

Nuclear weapons and/or
disposal sites

Miscellaneous

Uranium-238 and decay products 4.5 x 109 years

Uranium-238 and decay products
Thorium-230 and decay products

Uranium-238 and decay products

Thorium-232 and decay products

Fission products and possibly
transuranics

Tritium and uranium-238 decay
products

4.5 x 109 years

77,000 years

4.5 x 109 years

1.4 x 1O10 years

Variable

Variable

however, the concentration of residual U-238 in mill tailings is comparable
to, and often greater than, the concentration of U-238 in FUSRAP wastes. Most
of the radioactivity in commercial LLW decays within 500 years or less; pro-
posed regulations governing the near-surface disposal of radioactive wastes
impose restrictions with the intent that "... at the end of the 500 year
period, remaining radioactivity is at a level that does not pose a danger to
public health and safety" (proposed 10 CFR 61.7(b)(5)). It should be noted,
however, that the concentration of U-238 in industrial wastes from nuclear
fuel fabrication plants, which are disposed in commercial near-surface disposal
sites, is about 2000 pCi/g compared with 20-200 pCi/g for FUSRAP wastes.4'6

Once the exister~e of a radiological public health and safety hazard-
however small—has b^en established or perceived to exist by a significant
number of people, other issues arise and must be addressed. A survey of the
issues and concerns related to LLW disposal that have appeared in the litera-
ture indicates that the major issues, other than radiological, are socioeco-
nomic (primarily economic costs, public attitudes and perceptions, and land
use), institutional (primarily regulatory), engineering and management, and
questions regarding risk and uncertainty.7 Some of these issues can be
expected to remain for as long as the hazard persists, e.g., costs (of any
long-term surveillance, monitoring, and maintenance), public attitudes and
perceptions, land use and land values, and regulatory natters. Preliminary
generic assessments of the most important impacts, other than costs, have been
made in order to determine what might be done to take into account the long-
term aspects.8 As one might expect, there is very little that can be done
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because the uncertainties in impact predictions, other than the rate of hazard
diminishment by radioactive decay, become so large beyond the short-term that
one can only list the credible possibilities and estimate bounds. It appears
that the best that one can do in addressing the long-term aspects of waste
disposal is to assess the long-term radiological impacts and also the con-
tinuing costs for surveillance, monitoring, and maintenance. For the purposes
of this study, short-term is defined to be the time to completion of disposal
activities or site closure (about 10 to 30 years); long-term is defined to be
from the end of short-term to the end of civilization.

ALTERNATIVES

The generic alternatives presented here are for waste disposal/stabiliza-
tion and are intended to be final actions. Disposal/stabilization, however,
does not preclude the possibility that future action could be required.

A systematic multilevel classification scheme that groups the alternatives
into categories in a logical manner is presented in Table II. The first-level
alternatives (no action, onsite containment, offsite containment, and offsite
immediate dispersal) are chosen to correspond to the sequence of steps involved
in the decision-making process for FUSRAP. The no-action alternative would be
adopted as a permanent option only if the public health and safety hazard from
radioactive contamination were found to be acceptable.

The second-level classification for the containment categories is based
on consideration of the duration of the radiological hazard of FUSRAP wastes
(thousands to billions of years). Containment without dispersal until the
hazard disappears by radioactive decay is, therefore, possible only if near-
perpetual surveillance, with monitoring and corrective action as necessary, is
assumed. In view of the considerable potential total cost, the commitment and
burden placed on future generations, and the large uncertainty as to whether a
commitment to maintain the integrity of a disposal site can be carried out,
the concept of containment with a planned future dispersal rate (i.e., a rate
such that the environmental concentrations of radionuclides from the wastes do
not exceed acceptable levels) is introduced. A distinction is made between
future planned dispersal with and without monitoring, due to future costs.
Offsite containment opens up a wider range of possiblities for third-level
alternatives than does onsite containment.

Sites at accessible locations will be subject to at least minimal surveil-
lance throughout the long-term; it is, therefore, reasonable to assume that
monitoring and corrective action would occur if the need arose. The corrective
action would depend on whether the intent was to prevent dispersal or keep the
rate of dispersal below some acceptable level; tins intent could change with
time. Thus, accessible sites have been placed in second-level categories of
containment with monitored, planned future dispersal or containment without
future dispersal.

The short-term distinction between containment without future dispersal
and containment with monitored, planned future dispersal is not larqe for
those alternatives that can be placed in either category (i.e., above-surface
containment, near-surface containment, and intermediate-depth containment).
They relate primarily to planning and designing of the containment structure.
In the former case, design features that facilitated future maintenance would
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Table II. Dicposal/Stabilization Alternatives* for FUSRAP Wastes

No action

Onsite containment

Containment without future dispersal

Above-surface containment
Near-surface containment

Containment with monitored, planned future dispersal

Institutional controls only
In-situ stabilization
Above-surface containment
Near-surface containment

Offsite containment

Containment without future dispersal

Above-surface containment
Near-surface containment
Intermediate-depth containment

Containment with monitored, planned future dispersal

Above-surface containment
Construction use
Near-surface containment
Intermediate-depth containment

Containment with unmonitored, planned future dispersal

Containerized ocean disposal
Disposal in deep geologic structures

Offsite immediate dispersal

Ocean dispersal

Land dispersal

*No action - site released for unrestrictad use.
Institutional controls only - actions limited to control of

access and use by regulatory means with no physical action.
In-situ stabilization - stabilization of wastes in place.
Above-surface containment - abovegrade emplacement of wastes in

an engineered structure.
Near-surface containment - land disposal in or within the upper

15-20 m of the earth's surface.
Intermediate-depth containment - land disposal within 20-100 m

of the earth's surface.
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be emphasized. In the latter case, the rate of migration would be taken into
account and the design would be chosen so that tins rate wci'ld not exceed a
design level. The design level would be a compromise between: (1) the need
to keep the release rate low enough to ensure that the radionuclide concentra-
tions in the environment did not exceed acceptable limits and (2) the desir-
ability of having a release rate that was high enough to disperse the radio-
nuclides in a controlled manner before the containment barriers became degraded
to the point that uncontrolled release might occur.

The long-term distinction between the two containment categories is
greater. Surveillance and monitoring would be needed for both categories.
Periodic corrective action, with a resultant cumulative expense that could
become quite high, would be inevitable for containment without future dis-
persal. A properly designed and constructed disposal facility for containment
with monitored future planned dispersal might not require any corrective
action, so that the cumulative future ccst could be much less.

Monitoring may not be feasible for alternatives such as containerized
ocean disposal and disposal in deep geologic structures. These alternatives
are placed in the second-level category—containment with unmonitored planned
future dispersal. They are, in general, distinguished by disposal locations
that are far removed from human accessibility, so that monitoring would be
unnecessary. Any radionuclides that might migrate from the source to an
exposure point would be diluted to below background contributions from other
natural sources before reaching a location where human exposure might occur.

The third-level classification for containment categories deals with
finer distinctions between the second-level classification and approaches the
point of identifying specific alternatives, although even at this level the
list must be regarded as a set of categories rather than specific alternatives.
(Specific alternatives for most categories in Table II are discussed in the
literature.9-12) Some third-lavel containment alternatives, such as insti+u-
tional controls only and in-situ stabilization, do not provide barriers wi h
sufficient integrity to be suitable for permanent maintenance. These alterna-
tives, therefore, are included only in the second-level category of containment
with planned future dispersal.

The immediate-dispersal alternatives (ocean dispersal and land dispersal)
do not require near-perpetual caretaker activites because radionuclides are
dispersed immediately to near-background concentrations.

In analyzing disposal alternatives for FUSRAP wastes, it is necessary to
be cognizant of the compatibility of waste form with disposal alternative.
FUSRAP wastes are basically soil material and rubble containing trace amounts
of radionuclides. These wastes are in a bulk form which would make dispersal
very feasible. Should the containment alternatives be chosen, either with or
without planned future dispersal, some form of waste modification may be
appropriate. Waste modification can include anything from use of a standard
waste-disposal container to immobilization through fusion processes. Waste-
form modification would be a practical means of adjusting the rate of future
dispersal to ensure that the levels of radioactivity do not exceed a specified
value.
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RADIOLOGICAL IMPACTS

Two categories of radiological impacts can occur: occupational and
general public. Occupational doses are short-term concerns that are no dif-
ferent from, and expected to be less than, occupational doses for currently
operating near-surface disposal-sites; they will not be considered here. The
items of concern are the individual and collective radiation doses to the
general public in the long-term, especially the dose to the "maximally exposed
individual". Annual short-term doses to the public, whether individual or
collective, will generally be less than the corresponding long-term doses.

The potential radiological impacts depend on the condition of the disposal
site, on the restrictions maintained for use of the site, and on the patterns
of human activity associated with use of the site. All estimates of future
radiological impacts are contingent on a "scenario" that defines these condi-
tions. A number of scenarios were considered, including those used in previous
studies.11 An Intruder-Agriculture (IA) scenario was selected for the analysis
for the maximally exposed individual.

In the IA scenario a family, unaware of the presence of the wastes, makes
use of the site for a family farm. Specifications for the scenario include:
the FUSRAP wastes are unprotected by any soil or other cover; the house,
farmyard, family garden, pasturage for a milk cow and animals used for meat,
and a farm pond used for livestock water and to raise fish for family consump-
tion are all located in the contaminated area; and the family obtains its
drinking water from a well at the edge of the contaminated area on the down-
gradient side. The scenario also assumes that a small child will ingest soil
from the contaminated area.

The IA scenario is improbable, but not incredible, except for those few
sites in which the contamination is entirely in an existing structure and
there is no ground contamination. It satisfies two key requirements: no
credible scenario that would lead to a larger individual dose was found, and a
defensible basis for asserting that the! IA scenario would not occur could not
be found. It is applicable both to the no-action alternative and, in the
long-term if records of site use for v/aste disposal are lost, to all near-
surface stabilization/disposal alternatives. It provides a base case that can
be used as a starting point for a comparative analysis of the impacts of
waste-disposal alternatives.

The nine major pathways shown in Figure 2 were identified, and the source-
to-dose (D/S) conversion factors for each pathway were calculated for radio-
nuclides of the U-238 series. A calculation by means of standard methods in
common use was done first; the results of this calculation were then corrected
for cumulative errors from the many different models, data, and assumptions
involved in a detailed environmental pathway analysis by means of an adaptation
of the natural analogue method introduced by Cohen and Smith.13

Application of the natural analogue method is the crucial part of the
analysis and involves two steps. One step is a calculation, using the same
methods, of D/S factors for an average individual for a hypothetical FUSRAP
site in which the contaminated area extends over a sufficiently large area to
obtain source terms and dispersion mechanisms that are the same as for naturally
occurring radionuclides. The other step is a calculation of average D/S
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Figure 2. Major Pathways to Maximally Exposed Individual.14

factors for naturally occurring radionuclides using data on average soil
concentrations, radionuclide intake by ingestion, and resulting internal body
burdens. The ratios of the D/S factors obtained from the second step to those
obtained from the first step provide correction factors that can be applied to
the calculated D/S factors for a maximally exposed individual at a representa-
tive FUSRAP site in order to obtain more realistic values. The D/S factors
for Ra-226 and decay products, obtained in this manner, are tabulated in
Table III.14

The indoor working level (WL) for radon inhalation, based on modeling and
available data for working levels in various buildings, is estimated to be
0.0009 WL/(pCi/g) relative to the concentration of Ra-226 in the FUSRAP wastes.14

If the D/S factors in Table III are applied to the current DOE radiation
protection standards for the maximum permissible individual doses in uncon-
trolled areas (which are 500 and 1500 mrem/yr for the whole body and bone,
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Table III Source-to-Dose (D/S) Conversion Factors for
Ra-226 and Decay Products for a Maximally Exposed

Individual at a Representative FUSRAP site14

Dose (mrem/yr) to
Maximally Exposed Individual

per pCi/g of Ra-226
in the Wastes*

Pathway

External Radiation

Ground

Air:

Dust

Radon

Internal Radiation

Inhalation:

Dust

Radon

Ingestion:

Water

Plant

Meat

Milk

Fish

Soil

TOTAL

Whole Body

10

1 x io-6

0.08

0.004
-

4

9

0.06

0.2

0.4

4

28

Bone

10

2 x io-6

0.09

0.05

0.1

35

80

0.6

1.4

4

39

170

*For exposed homogeneous wastes, i.e., in the absence of
protective cover but without "hot spots".

respectively) in order to obtain generic soil concentration limits for Ra-226,
one obtains 18 and 9 pCi/g, respectively. If the E/S factor for radon is
applied to the currently proposed EPA standard for buildings of 0.03 WL
(40 CFR 192), a limit of 33 pCi/g is obtained. It should be emphasized that
these are generic limits based on a generic analysis that has been "calibrated"
by means of natural analogue data and calculations.

The dose to the maximally exposed individual is the measure used in risk
assessment for the high-consequence, low-probability events; it is the quantity
of primary regulatory concern and reflects the risk most likely to arouse
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public concern. The probability is difficult to determine and is not needed
for comparative assessments of alternatives because it is the same for all
alternatives. It is quite Tow because the probability that the IA scenario
will be realized is small and the number of individuals involved in the
scenario is small. The measure used for risk assessment of the average events
(which are dominated by low-consequence, high-probability events) is the
population dose.

The population dose has been estimated for the no-action case for an
assumed population of 2 x io6 individuals living within 80 km of the site.
The annual bone dcse in the long-term was estimated to be about 20 person-rem/yr
for the entire population.8 In order to place this dose in perspective, it
should be compared to the corresponding bone dose of about 3 x i(p person-rem/yr
from natural background radiation. Thus, if no action were taken and there
were no protective cover, the population dose from FUSRAP wastes would be
about ten thousand times smaller than the natural-background population dose.

The radiological hazard from most FUSRAP wastes, those for which the
primary contaminant is U-238 and its decay products, will not diminish appre-
ciably by radioactive decay for billions of years. This does not, however,
imply that the hazard is a permanent one. It can be eliminated by dispersal
of the radionuclides until incremental concentrations in the environment are
negligible compared to the natural background. The most likely mechanisms by
which this may occur are erosion and leaching.

Erosion is likely to occur, primarily by water action. Water erosion
rates can vary widely depending on the rainfall, slope, vegetative cover, and
other factors; a typical rate for climax vegetation on a 5% slope in the East
is about 0.05 mm/yr.15 This rate would disperse all wastes at a representative
FUSRAP site in 30,000 years. Other conditions, such as row-crop agriculture
and a greater slope, or formation cf gullys, could decrease the time by as
much as a factor of 100 or more. Soil or clay cover would increase the time
by a factor proportional to the cover thickness.

Leaching will lead to an exponential decrease of the radionuclide con-
centrations in the wastes. Leaching rates may vary over several orders of
magnitude; there is very little data for them, and the mechanisms are poorly
understood. Estimates of time for the radionuclide concentrations in the
wastes to decrease by a factor of one-half by leaching alone vary from somewhat
less than 1,000 years to more than 100,000 years.14

For a carefully planned site, dispersion by natural mechanisms could
eventually eliminate the hazard while maintaining the incremental increase in
offsite radionuclide concentrations to values that were comparable to or less
than the prevailing background levels. In a poorly planned site, the disper-
sion might lead only to transport of the radionuclides offsite without adequate
dilution.

A key issue for comparing alternatives is the reduction in the radiological
hazards for waste-disposal alternatives in which the waste is covered and the
cover is maintained (or erosion dees not occur). If the cover is sufficient
to prevent crop roots from reaching the contaminated material, it will effec-
tively eliminate the contributions from most of the pathways by reducing them
to background levels. The dose contributions from external ground radiation;
radon emanation; plant uptake; meat, milk, and fish contamination; and soil

111-32



ingestion will all be reduced to background levels. The only remaining pathway
of any significance is the water ingestion pathway.

A small leach rate and a large radionuclide migration rate in the under-
lying aquifer are the favorable conditions for reducing the D/S factor for the
water pathway. This reduction can be accomplished by reducing the ratio of
the retarded permeability of the cover to the retarded permeability of the
aquifer. (The retarded permeability is the hydraulic conductivity divided by
the product of the retardation factor and effective porosity.) A reduction of
many orders of magnitude can be achieved if this ratio can be made small—and
kept small by proper maintenance of the cover. (A clay liner can also be
used, but must be designed with care because a liner that is less permeable
than the cover can lead to a "bathtub effect" in which the clay-lined disposal
trench fills with water and overflows, thereby increasing the leach rate.) It
should be noted, however, that a failure of the cover that affected the water
pathway (e.g., by cracks or animal burrows that permit water to retzh the
waste and increase the leach rate) is much less likely to be detected and
corrected than a failure that would affect the other pathways (e.g., by erosion
that reduced the cover thickness to the point where roots could reach the
waste).

The dispersal alternatives, if properly carried out to dilute the con-
tamination to near-background levels, would reduce the the maximally exposed
individual dose to an incremental value that was less than the average natural
background dose. Land dispersal would increase the incremental population
dose (by a factor of about 3), but it would still be insignificant compared to
background.3

COMPARISON OF ALTERNATIVES

The radiological impacts, costs, and requirements for future actions
following disposal of the FUSRAP wastes for the various alternatives are given
in Table IV. Since detailed analyses of these alternatives have not yet been
performed, this comparison is by necessity qualitative. For purposes of
comparison, the baseline alternative is taken to be near-surface, offsite
containment without future dis^rsal. The only radiological impacts (doses)
considered are those incurred in the long-term by the maximally exposed indi-
vidual. The population doses will all be insignificant compared to background
(see RADIOLOGICAL IMPACTS section). The costs are divided into short-term
costs requirad to implement the alternative and long-term costs associated
with future surveillance, monitoring, and maintenance to ensure the integrity
of the disposal site.

The large uncertainties are taken into account differently for radio-
logical impacts and cost estimates in order to obtain conservative estimates.
For radiological impacts, it is assumed that institutional controls can fail
and that the IA scenario is applicable at any time after 1000 years. For
costs it is assumed that institutional controls do not fail, so that surveil-
lance, monitoring, and maintenance continue throughout the long-term or until
the radionuclides are dispersed. If, therefore, the maximum radiological
impacts were realized, the maximum costs would not be, and vice versa.
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Table IV. Comparison of FUSRAP Waste-Disposal Alternatives

Long-Term Future Costs

Alternative
Radiological Commitment Short- Long-

Impacts* Required** Termt Termtf Total

No Action

Onsite Containment

Without Future Dispersal:

Above-surf?ce containment

Near-surface containment

With Monitored Future Planned Dispersal:

Institutional controls only

In-situ stabilization

Above-surface containment

Near-surface containment

Qffsite Containment
Without Future Oispersal:

Above-surface containment

Near-surface containmentttt

Intermediate-depth containment

With Monitored Future Planned Dispersal:

Above-surface containment

Construction use

Near-surface containment

Intermediate-depth containment

With Unmonitored Future Planned Dispersal:

Containerized ocean disposal

Deep geologic disposal

Offsite Immediate Dispersal
Ocean Dispersal
Land Dispersal

Same None

Same
-

Same

Same

Same
Same

Same

Lower
Lower

Lower
Lower

SMM
SHM

SMM

SMM

SMM
SMM

SMM

None

None

None
None

Lower None Lower

Same
Same

Same
Same
Same

Same

SMM
SMM

SMM

SMM
SMM

SMM

Lower
Lower

Lower
Lower

Lower

Lower

Same
Same

Lower

Lower
Lower

Lower

Lower
Lower

Lower

Lower
Lower

Lower

Higher Same Higher

Higher Higher Higher

Higher Lower Lower

Lower Lower Lower

Same Lower Lower

Higher Lower Lower

Higher None Lower

Higher None Lower

Higher None Lower
Higher None Lower

Comparisons represent assessments of impacts (doses to maximally exposed individual) that
could occur at any time over a period extending from breakdown of institutional controls until
the wastes are completely dispersed by natural means. A "same" entry means "tillable to differ-
entiate within the limits of uncertainty."

**
SMM = Surveillance, monitoring, and maintenance.

Short-term is a period following disposal that extends to completion of disposal activities or
to site closure (10 to 30 years).
Long-term extends from the end of short-term until the wastes are completely dispersed to con-
centrations well below background or until the end of civilization. Long-term costs are sur-
veillance, monitoring, and maintenance costs.

""Alternative on which comparisons are based.

111-34



The results of Table IV can be summarized as follows:

• Near-surface containment without dispersal would be one of
more expensive alternatives due to the requirement of an active
surveillance, monitoring, and maintenance program, and would
not result in a cost-commensurate radiation dose red .li.r.

• The immediate-dispersal options are preferable to the contain-
ment options in terms of lower costs and radiological impacts
to the maximally exposed individual.

It should be noted that if it were possible to ensure the integrity of
the engineered barriers for the containment options ad infinitum, these
options would have the lowest radiological impact but would be very expensive.
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EXPERIENCE IN TREATMENT OF COMPONENTS, WASTE TREATMENT,
PACKAGING AND SHIPPING RELATED TO DECOMMISSIONING

B. Christ, K.A. Schneider, P. Vygen, Traisnuklear GmbH
G.V.P. Watzel , Rheinisch-Westfalisches Elektrizitatswerk AG
Federal Republic of Germany

ABSTRACT

Common practice of the treatment of large amounts of activated
core components, contaminated components and waste treatment is
described. Single tasks of actual repair and backfitting work
comprise up to 800 tons of material to be removed, packed,
shipped and decontaminated. Decontamination for unrestricted re-
lease has already been successfully performed. Special container
systems for shipment and storage of every kind of radioactive
waste are presented. Containers resulting in maximum shipping,
storage and disposal capacity as well as shipping and storage
casks for canned and uncanned fuel are described. The experience
gained with nuclear facilities in Europe is correlated to the de-
commissioning tasks to be performed in the near future.

INTRODUCTION

Transnuklear GmbH (TN) has gained extensive experience in hand-
ling waste arising from maintenance and repair, decommissioning
and backfitting work in nuclear facilities in Europe as well as
in shipping of radioactive material and spent fuel in Europe and
abroad. The feasibility of applying existing techniques for waste
treatment, storage and shipping related to the decommissioning of
nuclear facilities especially LWR's is discussed.
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TREATMENT OF COMPONENTS

Activated Components Activated core components such as
shrouds, absorber elements, poison curtains, incore instrumen-
tation devices and flow limiters have to be exchanged during the
normal operating period, as well as during decommissioning of
nuclear power plants.
Experience has been gained in the treatment of activated compo-
nents after intermediate storage in the pools of operating
nuclear power plants.

For volume reduction purposes shrouds from European BWRs con-
sisting of Zircaloy 2 and 4 were treated. The length of the
shrouds amounted to about 4 meters, the wall thickness to about
25 mm and the overall cross section up to 140 x 140 mm. The range
of the surface dose rates of the shrouds was from 100 R/h up to
1500 R/h. These highly activated components have been pressed and
cut under water by means of an especially designed pressing and
shearing unit (Fig. 1 ) .

Fig. 1: Underwater compressing and shearing unit
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In the years 1977 to 1982 shrouds were treated in the nuclear
power plants of Muhleberg, Kahl , Wiirgassen, Oskarsham as well as
in the Eurochemic reprocessing plant. The shrouds were pressed
and then cut into pieces of 150-300 mm length approximately. The
pieces were collected in baskets and the latter subsequently put
either into stainless steel canisters or shielded containers
under water. The latter have been further treated by means of
concrete injection for final disposal.

The volume of the shrouds has been reduced by a factor of 2 to 6
respectively. The average exposure for handling 100 shrouds has
been 0.3 manrem. During the under water treatment nc increase of
aerosole concentration has been measured at the edge of the pool.
Also under water plasma arc cutting has been applied.

Flow limiters out of chromium/nickel alloyed steel of a German
PWR having the dimensions 216x216x306 mm and single weight of
3,6 kg have been treated under water. The surface dose rates of
the flow limiters reached from 300 to 500 R/h. The average acti-
vity contents of each amounted to 140 Ci. 15 flew limiters repre-
senting a total activity of 2100 Ci have been closely packed into
cast iron containers (Fig. 2 ) . The shielding consisted of 215 mm
cast iron and 50 mm lead. The dose rates at the surface of the
containers were 100 mR/h and in 1 meter distance 10 mR/h. The
total exposure for handling and packaging 15 flow limiters in one
container was 0.01 manrem.

01060
bolf M24

nodular cast iron

Fig. 2: Cylindrical cast iron container



Contaminated Components During backfitting and repairing as
well as during decommissioning of nuclear power plants large com-
ponents such as steam driers, steam generators, primary coolant
pumps, water separators, steam heaters, heat exchangers, valves,
fittings and piping have to be treated. Treatment includes dis-
mantling, decontamination, packaging for final disposal and
transport. Experience has been gained wirh most of the above
mentioned components which had to be replaced during backfitting
and repair actions.

A 35 ton steam dryer from a German BWR has been dismantled. The
alloyed steel component had a complicated design. The steam dryer
showed surface dose rates of up to 5 R/h. A shielded working area
was set up in a concrete vault separately vented by a mobile unit
using absolute filters (Fig. 3). The component was placed on a
turn-table and was remotely cut by means of the oxygene lance
technique. The activity in t:ie off-gas was 10"7 pCi/mJ.

Si

STEAM-DRYER

0.5 R/h

SURFACE DOSE RATE

5R/h
?fti

-— AIR OUTLET

TURNTABLE

Fig. 3^ Arrangement for dismantling a steam dryer
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Cutting was done according to a procedure which was taking into
account the special construction of the component, the dimensions
of the shielded transport container and the manrem exposure. Cut-
ting into parts of 5 tons each and loading into the shipping con-
tainer afforded a total exposure of 12 manrem. The parts were
shipped to a central facility where the decontamination of the
material is done. By chemical decontamination the rusty, ugly
looking material was changed into a bright new looking alloyed
steel having a specific activity less than 10"* uCi Co 60 per g
and a surface contamination of less than id5 uCi/cmJ. Under ?
license granted by the authority the majority of this material
will be released for unrestricted use and consequently be re-
cycled as normal alloyed steel scrap.

Those parts which cannot be decontaminated by economical means
are handled as radioactive waste. Bulky parts of this material
are put into cans. The cans are reduced in volume by high
pressure compaction. The compacted material is stacked in a 200 1
drum and subsequently encapsulated into concrete for final dispo-
sal.

Four primary coolant pumps of a German PWR having a total weight
of 20 tons have been dismantled during a backfitting action. The
surface dose rate ranged from 0.5 to 2.0 R/h. The primary coolant
pumps have been transported in the lead shielded container TN 30
to' a central decontamination facility. Decontamination test runs
using chemical and mechanical methods reduced the contamination
considerably but not enough in order to release the material for
unrestricted use under economical conditions. The activity had
deeply penetrated the austenitic steel caused by mechanical for-
ces. Therefore the parts of the coolant pumps were further disin-
tegrated by thermal methods and fixed by concrete for final dis-
posal .

45 tons of fuel racks of a PWR which had been replaced by compact
racks were transported for further treatment to a central decon-
tamination facility for further treatment. The stainless steel
racks were decontaminated by chemical means. The surface contami-
nation before treatment was up to 1.2 x 10"4 uCi/cm2. After de-
contamination surface contamination was about 10'7 pCi/cm*.
The treatment allows to release most of the material for unre-
stricted use under a license granted by the authority.

The projects described above have been executed by Transnuklear
or jointly by Transnuklear and Kraftanlagen AG Heidelberg.
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WASTE TREATMENT

Combustible and non-comhustible, compactible waste as well as
liquid waste arises as secondary waste when nuclear facilities
are decommissioned. Experience has been collected in treating
this type of waste originating from normally operating reactors.

Combustible Waste
ted. This
tor. Thus
tice. The

s
is done in
incineration
vcV.ime reduction

s either compacted or better incinera-
existing incineration plants away from reac

of low active $/f -waste is common prac-
factor reached over a quantity of

250 tons is 1 : 40 including fixation of the ash in concrete.

Non-combustible waste is compacted in existing high
pressure compaction plants away from reactor. A 1600 ton press
(Fig. 4) is used applying a pressure of about 800 bars. The waste
is filled in 180 1 cans, prepressed, transferred to the high
pressure compaction system and compacted including the 180 1
cans. The compacted material is filled into 200 1 drums, 5 or 6
compacts per drum depending on the volume reduction factor
achieved (2,5 - 5,0) or placed in a container.

Fig. 4: High pressure compaction system
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Liquid waste can either be processed on site or transported
away from reactor and treated at a central facility. Both
alternatives are currently used. Treating ev-.porator
concentrates, sludges, ion exchange resins or decontamination
effluents of operating nuclear power plants.

Conditioning of liquid waste on site is done by the mobile
solidification units MOWA and DEW' (Fig. 5 ) . With these mobile
units there have been solidification campaigns in nearly all
German power stations. A throughput of 1000 m 3 waste having a
specific activity ranging from 0,01 to 10 Ci/m3 resulted in a
total exposure of only 5 manrein.

solidify waste with a specific activity of up
equivalent. Concrete is used as matrix

Conditioning of liquid waste on site can also be done with
stationary equipment. Experience has been gained in a PWR with a
liquid waste concentration facility using an evaporator with
stirrer. Within 3000 operating hours 100 in3 of liquid waste with
35 w/o of dry substance and with an activity of 100 Ci have been
processed. The material has been dried to about 5 w/o residual
humi di ty.

The
to

mobi
1000

materi al

le
Ci

uni
/m3

t
C(

can
) 60

Fig. 5: Mobile waste solidification plant
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When shipped off site liquid waste like concentrates and
decontamination effluents is treated in central facilities.
Dehydration is done by drying or precipitation. Typically the
volume of decontamination effluents is reduced by a factor of 5
which means that 1 in3 of liquid waste is reduced to one 200 1
drum with concrote fixed waste. Off-site shipment of liquid waste
is routinely being done with the special transport container
TN 20. This container has a capacity of 10 m 3 and is shielded
such that waste with a specific activity of up to 5 Ci/m3 Co 60
can be shipped. The container by now has made 65 cycles
representing a transport distance of 55,000 km.

PACKAGES FOR TRANSPORT, STORAGE AND DISPOSAL

Experience in packaging, transport, storage and disposal has been
gained with all kinds of conditioned and unconditioned waste and
spent fuel mainly from operating plants. Except for disposal the
same applies to spent fuel.

Waste Packages The waste packages used for disposal in the
Asse II salt m Th"e up to the year 1978 were 200 and 400 1 drums as
well as concrete containers with drums enclosed. All together
more than 125,000 packages of these types have been transported
and finally disposed in the years 1967 through 1978. Since the
Asse salt mine is closed and because of the increasing amount of
waste especially from decommissioning of nuclear power plants but
also from backfitting and repairing the necessity of additional
and larger containers/packages has shown.

II1-44



As described above volume reduction techni
fie activity increase which requires shiel
transport, intermediate storage and final
as heavy concrete or cast iron containers
meet the requirements of dose rate limitat
the packages of - 200 mren;/h (- 10 mrem/h
Cylindrical containers with a net volume i
1,0 m 3 and with variable shielding are bei
fixed and unfixed radioactive waste. Quali
tainers is under way for on-site storage a

ques result in a speci-
ded containers for
disposal. Packages such
are used in order to
ion at the surface of
in 1 ii distance),
n the range of 0,3 m 3 -
ng used to enclose
fication of these con-
nd for final disposal.

Another type of container currently used for intermediate storage
and under qualification for final disposal is the rectangular
container with a net volume in the range of 1,6 m 3-12 m3

(Fig. 6 ) . The limiting factors in the design of these containers
are dimensions and weight of handling facilities at the nuclear
power station and at the disposal facility as well as transport
conditions. According to the shielding requirements the rectangu-
lar containers are built in steel, normal concrete or heavy con-
crete.

Fig. 6: Reinforcing cage of a
~ '~ concrete shielded container
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Extensive backfitting measures like the replacement of complete
systems require packaging, transport and storage of large amounts
of radioactive waste. Typical figures for the backfitting actions
pursued in German BWR are 600 - 800 tons of contaminated compo-
nents, piping, fittings and support structures. In a specific
case 120 containers are currently used for intermediate storage
and transport from the reactor site to a decontamination facility
to cope with 800 tons of contaminated material.

Decommissioning of a 1300 MM PUR is estimated to result in the
following amount of radioactive waste:

activated material 1,400 Mg
residual contaminated material 5,100 Mg
secondary waste 1,800 Mg

altogether 8,300 Mg

Applying the packaging concepts formerly used in the ASSE II Salt
Mine would result in about 18,000 packages. The packages would be
200 1 drums, 400 1 drums and concrete containers containing 200 1
drums.

Using volume reduction techniques and the new packaging concept
as presented above would result in only about 2,000 packages.

Furthermore there are the following advantages for packaging,
transport, storage and disposal:

1. savings in handling of radioactive waste
with respect to

. dismantling

. decontamination

. conditioning

. transport and handling

2. savings in manrem exposure or in expenditure for
radiation protection measures

3. savings in disposal volume
4. cost savings
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The first position in saving is obvious, because a large contai-
ner will allow the storage of corresponding large single parts
thereby considerably reducing the necessary amount in all items
mentioned. Directly dependent from this is the second saving po-
sition concerning radiation dose because of reduced amount of
work. The third position has several aspects. The larger volume
allows for better arrangement of individual waste parts achieving
more self-shielding effect. By arranging rectangular containers
in a storage facility empty spaces existing for instance between
cylindrical drums will be avoided. According to calculations all
this reduces the disposal volume up to 40 % compared to simple
drum di sposal.

One essential prerequisite for this strategy is an unrestricted
loading of containers with different kinds of waste material
(e. g. steel and concrete). Furthermore activity restrictions
must be orientated on limitations for the external dose rate of
the containers and not on the total 6/jr -activity. If these pre-
requisites can be fulfilled a substantial cost saving can be
expected.

Therefore qualification of large rectangular and cylindrical con-
tainers for final disposal in addition to the drums already used
should be further pursued.
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Spent fuel storage casks Shortage of AFR storage capacity
can create a problem for the -iefueling of an operating as well as
of a decommissioned plant.

A possible solution is the intermediate storage in shipping/sto-
rage casks on site or off site. This storage method is currently
being licensed in the Federal Republic of Germany. The TN 1300
cask has been developed for this purpose (rig. 7 ) . It represents
the biggest version of a family of casks which can serve diffe-
rent types of nuclear power stations.

SHOCK ABSORBER

DOUBLE LID SYSTEM

NEUTRON SHIELDING

TYPE B(U) SHIPPING AND STORAGE CASK

GROSS WEIGHT 122,0 Mg

CAPACITY - 6,4 Mg HEAVY METAL

LODGEMENT FOR
CANNED FUEL

HALF CROSS
SECTION

Fiq_- _7_: TN 1300 dry s h i p p i n g and s t o r a q e c a s k
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In its basic version it has a capacity of 12 short cooled PWR
assemblies of the KWU/Biblis type. For fuel having seen long
cooling periods modified versions with increased capacity are in
preparation.

CONCLUSION

There is plenty of experience in treating activated and highly
contaminated material as well as in treating large quantities of
low level contaminated components and secondary waste.

Shipment of large amounts of uncanned as well as canned fuel is
routinely being performed. Storage of spent fuel in casks is
being licensed in the Federal Republic of Germany.

The remote handling techniques, the decontamination methods, the
volume reduction techniques and the packaging techniques are at
hand and are of specific use to decommissioning of nuclear faci-
lities.
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LESSONS LEARNED IN DECOMMISSIONING THE
SODIUM REACTOR EXPERIMENT

W. D. Kittinger, B. F. Ureda, C. C. Conners

Rockwell International
Atomics International Division

Energy Systems Group

ABSTRACT

The Sodium Reactor Experiment was decommis-
sioned, and the objective of permitting the future
unrestricted use of the building and site was
attained. It was decommissioned using a variety of
decontamination and dismantling techniques. This
project involved the tasks of management, planning,
engineering, tooling development, procedure develop-
ment, mockup, contracts, personnel, training, sodium
removal, nuclear systems dismantlement, remote
cutting and handling, explosive cutting, safety and
contamination control, exposure control, decontamina-
tion, excavation, sampling and survey, and waste man-
agement. To accomplish these tasks required making
refinements and innovations in the decommissioning
technology. Several lessons from the project will be
useful to future decommissioning projects.

INTRODUCTION

This paper describes the major tasks accomplished in performing the
decommissioning of the Sodium Reactor Experiment (SRE) and points out some of
the most significant lessons learned. The decommissioning activity was per-
formed by the Atomics International Division, Energy Systems Group of Rockwell
International. The work was funded and guided by the Department of Energy
(DOE) and its predecessor agencies through the DOE San Francisco Operations
Office, the DOE Richland Operations Surplus Facilities Management Program
Office, and DOE Headquarters Remedial Actions Program Office. From the
initial planning efforts, which began in 1974, the work progressed, as budgets
permitted, through 1982 when the project was completed. The objectives of the
project were to decontaminate the facility and site to levels permitting
future unrestricted use and to develop and demonstrate decommissioning
technology.

The real property involved is owned by Rockwell International and is
optioned to DOE. Aftar careful study of the alternatives of safe storage or
entombment, the decision was made to decommission the facility by totally
dismantling the nuclear portions and their supporting systems. A cost-

IV-1



effectiveness study performed early in the planning effort indicated poten-
tial economic and practical benefits from preserving the building that housed
the facility. This made available to the SRE decommissioning effort various
supporting services (containment, exhaust control, power, weather protection)
and space for shop, office, and personnel facilities.

Although unique features of the SRE decommissioning required special
decommissioning technology and methods, there were also several generic prob-
lems to be solved. We believe that highlighting the lessons learned will
benefit the nuclear community in planning and performing similar projects.

HISTORY

The SRE (Figure 1) was located about 30 miles northwest of Los Angeles.
It had been designed and constructed by Atomics International (AI) and the AEC
to demonstrate the feasibility of a high-temperature, sodium-cooled,
graphite-moderated reactor as the heat source of a central power station.
Construction began in 1955, operation in 1957. It was the first nuclear
reactor in the U.S. to produce power for supply to a commercial power grid.
The system generated more than 37 GW of electricity in more than 27,300 h of
operation and developed much of the sodium technology used today. The
facility was deactivated in 1967, and planning for its decommissioning began
in 1974. The nuclear facility (Figure 2) included the reactor, the heat
transfer system, and support systems. The support systems included fuel and
moderator transfer machines, fuel storage cells, fuel examination cells, wash
cells, auxiliary cooling systems, sodium storage and purification systems, and
steam generation equipment.

7704-621539CN

Fig. 1 Operating SRE Fig. 2 Artist's Cutaway of
the SRE Complex

The SRE was a 20-MWt, sodium-cooled, graphite-moderated thermal reactor.
The core, moderators, reflectors, and support structures were contained in a
6.35-mm- (1/4-in.-) thick stainless-steel thermal liner, concentric to a
38.1-mm- (1.5-in.-) thick stainless-steel reactor vessel. Outside and con-
centric to the reactor vessel were 13.97-cm- (5.5-in--) thick carbon-steel
thermal rings, a 6.35-mm- 1/4-in.-) thick carbon-steel outer vessel, a
30.48-cm- (12-in.-) thick insulation pack, a 5.35-mm- (1/4-in.-) thick
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Fig. 3 Cross Section of Reactor

carbon-steel cavity liner, and a sur-
rounding 1.22-m- (4-ft-) thick high-
density concrete biological shield.
The vessel assembly excluding the
biological shield was 4.27 m (14 ft)
in diameter and 8.84 m (29 ft) deep.
Figure 3 shows in cross section the
reactor vessel's construction. The
reactor vessel's materials, activated
by the operating reactor's neutron
flux, contained high levels of radio-
activity and, consequently, required
remotely operated cutting techniques
for disposition.

Fuel elements were removed from
the reactor and declad in the AI hot
cell before the start of this
decommissioning program. The NaK
bonding of the fuel was reacted and
removed. The fuel slugs were then
packaged in canisters and transferred
to the government facility at Savannah
River.

The electric power generating systems were owned by Southern California
Edison and were removed prior to the decommissioning project.

PROJECT DESCRIPTION

The SRE decommissioning program was divided into major tasks:

• Planning and engineering

• L'sposal of noncontaminated SRE systems and support facilities

• Disposal of contaminated sodium

• Disposal of contaminated SRE peripheral systems and facilities

• Disposal of support systems

• Disposal of reactor vessel

• Excavations

• Decontamination of structures

• Waste handling

• Radiological Safety and Survey

• Certifications
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9 Rectification

Each task and the major lessons learned from each are briefly described
below.

Planning and Engineering

A highly structured planning and management approach was used for the
project. The overall program plan incorporated plans for health and safety,
training, and quality audit and assurance, as well as development of
approaches, responsibilities, and schedules. Beginning with a review of the
facility design and operating history, a dismantling plan was prepared fol-
lowed by activity requirements and detailed working procedures for each task.
Engineering was performed and control documents developed for the tasks and
for the development and special tooling designs. The intensive planning
effort proved beneficial both in technical performance and in effective con-
trol of costs. As decommissioning efforts proceeded, some difficulties sur-
faced as differences between design drawings and actual construction were
encountered. Available radiation survey data, though sufficient for sur-
veillance and maintenance, were expanded for input to the planning effort.

Lessons Learned

• During reactor operations, records of incidents, repairs,
reconstruction, and any alterations should be maintained in
sufficient detail to aid the decommissioning effort.

• Facility drawings should be kept current.

• Construction photographs should be taken and retained.

• The design of nuclear facilities should incorporate
decommissioning considerations.

Disposal of Noncontaminated SRE Systems and Support Facilities

The secondary sodium system, steam and electric generation facilities,
airblast heat exchangers, water supply system, and external portions of the
kerosene cooling system were the principal elements of the noncontaminated
systems and facilities removed as the first steps in the decommissioning. A
demolition and salvage contractor was hired to perform the removal. Because
the work areas were physically separate from the contaminated areas of the
SRE, this work required no special techniques other than safety controls for
the sodium and kerosene involvement and monitoring by Health Physics and
Safety personnel. The costs for salvage contractor services were offset by
the value of the materials removed.

By performing this work first, access was improved to the contaminated
systems of the plant, and interference between work on contaminated and non-
contaminated systems was prevented. The time spent removing noncontaminated
systems was also used for planning and development work for the contaminated
systems. It should be noted that outside salvage contractors vary greatly in
the safety precautions they employ and hence their procedures must be
monitored closely by the project management team.
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Lessons Learned

• Maximize the use of conventional salvage contractors for non-
contaminated work and provide separation from other work when
possible.

• Consider salvage value.

• Schedule this work as early as possible to simplify access.

• Provide overview of contractor's safety procedures.

Disposal of Contaminated Sodium

During the deactivation process, 24,947 kg of slightly radioactive sodium
(4 mR/h at the surface of each 208-liter drum of sodium) had been drained into
the storage tank from the reactor and primary piping system. This sodium had
later been drained into drums for shipment to Hanford, Washington, for
possible use in other programs. :

Residual sodium coating the
interior of system components, piping,
and the reactor vessel required
special procedures for disposal (Fig-
ure 4). Sodium deposits and heels in
piping, etc., were heated and drained
into drums. Then alcohol was used to
react the residual sodium films in
piping, components, and the reactor
vessel system. The alcohol was added
slowly into the particular configura-
tion, with control of the rate of flow
based on the quantity of hydrogen
generated by the reaction. Explosive
mixtures were prevented by dilution of
the hydrogen with nitrogen. About
30,283 liters of alcohol were used..
The resulting contaminated liquid was
pumped into 55-gal drums containing
diatomaceous earth,, which absorbed the
liquid and made it acceptable for
burial. The drums were shipped to the

licensed commercial site at Beatty, Nevada. (The Beatty site will no longer
accept this mode for liquid waste disposition.)

• • • «

7704-62926

Fig. 4 Residual Sodium Passivation
System, Sodium Pump Cleaning

Several sodium chemical passivation options were studied. The alcohol
reaction was selected because it is comparatively slow and greater contro?
over the reaction with sodium could be realized. The sodium passivation pro-
cedure was carefully planned and conducted to avoid ignition reaction by
excluding air.
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Lessons Learned

• Alcohol passivation of sodium films is effective and safe.

• Other methods of alcohol disposition are needed.

• Distillation of the alcohol was considered but found to be too
expensive.

• To avoid problems with alcohol disposition, other sodium
passivation methods may be necessary in future work.

Disposal of Contaminated SRE Peripheral Systems and Facilities

The next step in the decommissioning sequence was to dispose of the
peripheral systems and facilities. Performing this step next had the
advantages of decreasing the area of operation in the shortest time, improving
the familiarity of the crews with decontamination work, and providing better
access for subsequent activities.

The peripheral systems disposed of were (1) the gaseous and liquid waste
holdup system on the hillside north of the reactor building, (2) the hot waste
storage facility on the same hillside, (3) the secondary sodium storage hand-
ling and purification systems, and (4) the drainage retention pond. The vault
walls of the liquid waste holdup system and the soil below the system compon-
ents were contaminated. A hydraulically operated hoe-ram was used to peel off
several inches of concrete from *.he walls and floors. The soil below the
tanks and several feet downslope was also removed and packaged for burial.

The capability and versatility of
the hydraulically operated hoe-ram was
explored and developed in the concrete
decontamination operations. An early
objective of the SRE decommissioning
project was to minimize the total
costs associated with the generation
of contaminated waste. Whenever pos-
sible, selective rather than bulk
removal approaches were used to mini-
mize the waste to be packaged and sent
to shallow land burial. It was shown
that the hoe-ram could be equipped
with chisel-like tools that could peel
off selected layers. The hoe-ram was
also used to demolish the bulk non-
contaminated concrete in vaults and
walls (Figure 5). Consequently, the
simplicity, versatility, accessi-
bility, and cost effectiveness of this
equipment led to its evolution as the
workhorse for the material removal
operations.

Fig. 5 Removal of Uncontaminated
Vault Structure
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The hot waste storage facility, essentially concrete and steel tank
structures mounted on a concrete pad, was easily removed. The storage
structures were above grade, and radiological surveys indicated that the soil
had not been contaminated.

The secondary sodium systems, consisting of a sodium storage tank, sodium
system loading facility, pumps, hot and cold traps, piping, and valves, were
dismantled. Residual sodium in these components was reacted with steam. The
cleaned components were found to be free of contamination and were sent to
salvage as scrap.

The water in the drainage retention pond was radiologically surveyed and
found not to be contaminated. The water was pumped into area drainage chan-
nels, and the silt in the pond was surveyed and sampled. Several slightly
contaminated areas were detected; after these were removed, the area was
resurveyed and found to be free of contamination.

Lessons Learneu

• Work on peripheral systems was effectively used to train the
work force.

• Selective removal of contaminated materials is cost effective.

• The hydraulic hoe-ram is a very effective tool for both selec-
tive and bulk concrete removal.

Disposal of Support Systems

7704-62826CN

Fig. 6 Shipment of Radioactive
Ring Shield to Burial

The support systems consisted of
the machines for handling the fuel and
moderator elements; 4;he fuel storage,
fuel wash, and examination cells; and
the inert gas system. The large
(45 to 54 x 103 kg) fuel and modera-
tor handling machines were stripped of
external appurtenances and then
shipped to burial: dismantling and
decontaminating the basic structures
would have been too time consuming and
costly. This approach—intact ship-
ment to burial—was used for disposing
of all the large system components.
Figure 6 shows the 45,000 kg reactor
ring shield readied for shipment to
burial.

Fuel storage cells, fuel wash
cells, a.id other cells located in the
floor of the SRE high bay were
excavated.
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Fig. 7 Excavation of
Cells

Fuel Storage

Figure 7 shews the fuel storage
cells being removed. Some of the
cells were located close to key
building support structures and deep
in bedrock. Removing these required
techniques that would not damage the
building structure or present a hazard
to the personnel involved. To provide
this protection it was necessary to
install a shoring system. A specialty
firm was hired to design and install
the shoring. Holes were drilled from
the grade level floor to a depth of
~18 m to provide for the pouring of
0.6-m-diameter, reinforced concrete
pilings. The pilings were slotted to
accept timber spanners as excavation
progressed. The shoring system is
shown in Figure 14 (below).

To control contamination during dismantling and packaging for shipment,
the long storage and wash cells were filled with a solidifying foam and capped
before being removed and then sectioned to a manageable length.

The hydraulic hoe-ram was used to free the cells from their concrete sup-
port structures and to demolish the bulk concrete.

The fuel examination hot cell
complex was also located below grade
at a depth of about 6 m. To decon-
taminate this system required removing
hot cell windows, overboring pipe
penetrations, cutting through concrete
to free piping, removing stainless-
steel cell lining (Figure 8), and
scaling off contaminated concrete
surfaces.

The following procedure was used
to remove the two storage tubes
located in the floor of the examina-
tion cell (bottom of tubes, about 15 m
below grade):

1) A flat concrete base
was poured from which a
rock drill could
operate

Fig. 8 Removal of Liner from Exam- 2) Approximately 100 deep
ination Cells holes were drilled to

weaken the bedrock
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3) The weakened bedrock was excavated using a hydraulic ram and
backhoe

4) The storage tubes were pulled out

5) The excavation was backfilled with grout to offset the effects
of groundwater.

Once set, the grout sealed the excava-
tion and provided a firm base for
further backfilling- Figure 9 shows
the storage tubes imbedded in bedrock
a<:*i the extent of the excavation
necessary for their removal. The
examination cells were partially dis-
mantled, the inner cell liner was
removed, and the drain lines were
excavated.

The noncontaminat&d concrete
structure of the hot. cell complex was
not completely demolished.

Lessons Learned

• Removal of large com-
ponents intact (FHM,
plugs, shields, etc.)
and unique approaches
for transport to dis-
position were most cost
effective.

• Use of a solidifying
foam in internally con-
taminated components
facilitated contamina-
tion control and
sectioning.

# The versatility and effectiveness of the hydraulic hoe-ram was
shown again in this task.

• The installation of some SRE systems within bedrock presented
difficulties in removal.

Disposal of Reactor Vessel

The disposal of the reactor vessels, because of the significant induced
radioactivity present in the metal, required developing and using remotely
operated equipment and tooling. A manipulator with a plasma arc torch cutting
head was used to remotely cut the vessels under water into manageable sec-
tions. These sections were remotely transferred to a water storage basin and

Fig. 9 Hot Cell Fuel Storage Tubes
Imbedded in Bedrock
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then placed in cask liners for later disposition. Figure 10 shows the plasma
torch in action; its development and use are discussed in Ref. 1. Reactor
vessel internals (such as downcomers and core clamps) were removed using
shaped-charge explosives. This activity and the development work that pre-
ceded it are reported in Ref. 2. Although explosives were used in removing
the internals and proved to be very effective, it was shown later that the
plasma arc cutting technique could also have been used.

After the highly activated inner reactor vessels were removed, the ther-
mal shield rings were lifted out. These were only slightly radioactive, and
their cut-up and disposal could be handled safely with automated, remote, and
oxy-acetylene cutting on the reactor room floor, as shown in Figure 11.

Fig. 10 Plasma Torch Being Used To
Cut Vessels

7704-621095CN

Fig. 11 Thermal Ring Being Cut

Removing asbestos insulation from between the vessels was a hands-on
operation. Disposal of the asbestos was to burial as low-level radioactive
waste.

The engineering, tooling design, and cutting parameter development that
preceded the use of the polar manipulator and plasma torch greatly facili-
tated this portion of the work. A mock-up of the reactor vessel was con-
structed early in the project to permit development and training. The opera-
tors mastered the cutting art before beginning work on the SRE. The vessel
segmentation was conducted under water to cut 1 m square sections from the
vessel, remotely move these to a water-filled vault, and selectively stack the
sections into cask liners.

A former piping vault was used for underwater segment storage. It was
constructed of concrete with a few pipe penetrations. In preparing for the
work, the vault was sealed water tight. The surfaces were cleaned, and the
cracks were filled. The pipe penetrations were sealed, and the entire surface
was coated with an epoxy material. Despite the preparation, a water leak
developed during the segmentation project. It may have resulted from the
explosive cutting operation. The leak resulted in water containing fission

IV-10



and activation product contamination being released into soil at the north and
east quadrant of the building. As soon as the loss of shielding water was
noted, a steel tank was fabricated to fit inside this vault, and contaminated
material and water were transferred to the tank. The work then progressed
satisfactorily.

The success of the vessel segmentation project was highly dependent on
maintaining good underwater viewing. The TV camera attached to the manipula-
tor was most helpful as long as water clarity was maintained. A pump and
filter system was used, and appropriate radiation shielding was provided.
With attention to proper maintenance, the unit gave good results.

Extensive sampling was conducted
to determine the degree of biological
shield activation. This was found to
be -25 cm deep from the inside circum-
ference. The concrete biological
shield surrounding the reactor was
demolished using the hydraulic ram
(Figure 12 illustrates a stage in this
process). Activated concrete rubble
was placed in boxes for shipment to
burial. The concrete at the lower end
of the biological shield was not
activated. After extensive sampling
and analysis showed that this concrete
was not radioactive, the lower portion
of the shield was buried in place. To
minimize the generation of contam-
inated waste, the hydraulic hoe-ram
was again found most useful in accom-
plishing a selective removal. In this
case, the outside annul us of the con-
crete structure was removed (with
close radiological surveillance) as
noncontaminated material and saved for
later use as backfill material. The
inside contaminated concrete was
reduced to rubble and packaged for
waste disposal.

Lessons Learned

• Careful planning, engineering, tooling development, mockup, and
training were essential to the successful completion of the
task and greatly simplified the conduct of the work

• Plasma torch segmentation was extremely successful

• Explosive cutting was found feasible for remote underwater pipe
cutting

• It was found necessary to provide double containment for water
storage systems

Fig. 12 Removal of the Biological
Shield
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Water clarity and viewing capability are essential for under-
water operations

Selective removal of the biological shield was easily accom-
plished with the hoe-ram.

Excavations

The SRE high bay was excavated to an average depth of 8 m (Figures 13
and 14). The extensive excavation was necessary to remove the below-grade
reactor structure, primary piping system vaults, fuel storage and cleaning
cells, and the hot storage tubes.

Fig. 13 Beginning of High Bay
Excavation

Fig. 14 Near End of High Bay
Excavation

In addition, an equivalent volume of soil and rock was removed from out-
side the north and east sides of the building. This excavation was necessary
to remove the primary sodium storage vault, service system vault, and piping
systems. Additional excavation was required to remove contaminated soil in
the northwest quadrant of the building. The excavation extended beneath grade
beams and column footings. Temporary bracing and shoring were installed to
support local areas while the contaminated soil was being removed.

Two sources contributed to the extent of the soil contamination found
below the vaults. When the contaminated primary service vault was first
opened, considerable water was found in the vault. This water either seaped
in through the walls and floor slab from a ground water source or came in
through the roof during rainy periods. The second source was the leak from
the pipe vault pool used to store contaminated pieces from the reactor
vessels.
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Localized contaminated areas were decontaminated using manually operated
tools. Large areas were ixcavated using the hoe-ram. Since the SRE structure
and some of the systems extended into underlying bedrock, some of the contain3-
nation in the soil was found to extend into fractures in the bedrock. This
finding necessitated some laborious machine and manual removal operations.
After contamination from the below-grade areas had been removed, the area was
surveyed and found to meet acceptance criteria, and the excavation was back-
filled. Clean material removed from the excavation was returned. Additional
backfill material was purchased from a nearby land development operation.

Much of the extensive excavation was necessary to gain access to the
water leak area and even more to reach the below-grade systems of the SRE.

We employed a consulting firn to prescribe and design bracing for the
building columns during the period when they were extensively exposed by the
excavation.

Lessons Learned

• The careful segregation of noncontaminated materials provided
backfill and reduced the volume of contaminated waste

• Safety considerations were necessary throughout the project

• Careful preengineering is necessary even for some of the
routine phases of a decommissioning project.

Decontamination of Structures

Surface decontamination activities preceded most of the dismantling and
removal operations. This decontamination was performed to reduce radiation
exposures to personnel and to enable the bulk of structures or equipment to be
disposed of as noncontaminated. In other cases, decontamination of the
exterior of large items (such as the fuel handling machines} facilitated
packaging and handling for disposition.

In a program to develop deconta-
mination techniques, we used available
literature, experiences of ourselves
and others, and demonstration to pro-
duce an optimum set of techniques.
Generally, we found that vacuuming,
followed by applications of a foam
containing decontaminating agents, was
the best way to clean painted and
metal surfaces (Figure 15) and to
initially clean various other sur-
faces. The approaches used in decon-
taminating concrete surfaces are des-
cribed in Ref« 3. A scabbier device
that spalls the concrete surface and
is equipped with local vacuum and air
cleaning proved quite effective.

Fig. 15 Surface Decontamination with
Foam
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On walls, ceilings, and the two high bay cranes in the main building,
contamination was found to be fixed in the paint. The areas were decontami-
nated in two steps. First, paint, particularly from horizontal surfaces, was
removed by sandblasting. Then a few spots were decontaminated by scrubbing or
surface removal. Before sandblasting, all extraneous equipment, piping, and
ducts were removed. No attempt was made to provide local aerosol control;
instead, the entire high bay area was sealed to contain contaminated dust and
sand. All personnel in the area wore protective clothing and respiratory
protection.

Lessons Learned

• Careful development and attention to decontamination techniques
optimized contamination and exposure control, reduced waste
volumes, and reduced cost.

• A foam decontamination approach was shown to be the optimum for
this project. It minimized the generation of contaminated
water and provided other benefits.

• The most effective way to decontaminate large surface areas of
concrete was with the scabbier.

• Sandblasting was found to be effective for large areas where
contamination is fixed in paint. Commercial contractors need
to be educated in sandblasting for this purpose. (Since their
usual function is to clean in preparation for painting, they
neglect nonvisible areas.)

Waste Handling

All materials leaving the SRE site were radiologically surveyed. Clean
materials were sent to the salvage yard or removed by a salvage contractor.
Contaminated materials were packaged in accordance with approved procedures
and shipped on special trailers for land disposal. At first, these materials
were shipped to a commercial site in Beatty, Nevada. Later in the program,
such wastes were shipped to a DOE site at Hanford, Washington. Contaminated
water was processed in an evaporator at the Radioactive Materials Decontamina-
tion Facility at Santa Susana. Sludges were solidified by mixing with con-
crete and then were shipped to burial.

With the large volume of slightly contaminated concrete and soil to be
disposed to burial from this project, the choice of suitable packaging was
crucial to the achievement of optimum cost effectiveness. Tri-Wall Chemical
King PakIM containers (Tri-Wall Containers, Inc.) were found to be the most
economical packaging for this category of waste. This is a fiberboard assem-
bly of about 1 m3 in volume. A typical loaded weight was about 2,000 lb.
The package was fastened to a shipping pallet. It met 00T requirements and
was until recently acceptable to the Beatty site. It remains acceptable at
some other disposal sites.

A total of 3,850 m3 of contaminated solid waste was shipped for
burial.
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Lessons Learned

• Changes in commercial disposal site requirements and in state
and federal waste transportation requirements greatly affect
the cost, schedule, and technology of the waste disposition

• Radioactive waste generation must be carefully controlled and
consideration given to the most economic disposal of very low
level waste.

Radiological Safety and Survey Certifications

The SRE decommissioning operations were monitored and controlled by the
Rockwell International Health and Safety Department. Der.ontamination and sur-
veying were repeated until the radiological cleanliness criteria had been
met. Radiological surveying and analysis were performed according to DOE,
NRC, and California guidelines.

A quality-assurance (QA) program, independent of Health Physics and the
performing engineering department, supported the decommissioning program. In
addition to being responsible for current calibration of instrumentation and
inspections of waste shipments, QA established procedures for the statistical
sampling and analysis of all decontaminated areas.

The Argonne National Laboratory's Radiological Survey team, assigned to
the project by DOE, conducted surveys at various stages of the decommissioning
and will provide overview and certification of the decontamination of the
facility and site.

The commitment to ALARA principles was incorporated into the overall SRE
Operational Safety plan and into the detailed working procedures. As a
result, the total man-rem exposure for this project was controlled to
-75 man-rem. There were no individual exposures above the guidelines; most
were considerably less than 3 rem/yr.

The criteria for acceptable residual contamination levels that were
applied are shown in Table 1. These values are slightly more conservative
than those of Reg. Guide 1.86 for surface measurements. In the absence of
consensus or regulatory criteria for contamination, such as activation
products distributed in materials, the project-specific values shown in
Table 1 were developed. An environmental report was prepared that examined
the possible effects of the residual levels and found them to be acceptable.

In the area of industrial safety, it is notable that no lost time
injuries occurred during the XIE decommissioning effort.

Lessons Learned

• The radiological criteria for decontamination and for contami-
nation and exposure control must be developed and formalized at
the project planning stage.

IV-15



TABLE 1
RESIDUAL CONTAMINATION LIMITS FOR DECONT^INATION

AND DISPOSITION AT THE SRE

Surfaces
Beta gamma emitters

Alpha emitters

Soil
Near surface
Below 3 m

Average

Maximum3

Concrete (rubble)

Total -pO.l mrad/h at 1 cm with
7 mg/cm absorber

Removable - 100 (dis/min)/100 cm2

Total - 100 (dis/min)/100 cm2

Removable - 20 (dis/nrisiJ/lOO cm2

100 pCi/g gross detectable /3 activity

100 pCi/g gross detectable 8 activity

3000 pCi/g gross detectable /3 activity

100 pCi/g gross detectable (B activity
aThe maximum value may be averaged over a volume of 1 m
to meet the limit of the averaged value.

Rectification

Close operational surveillance by health physics personnel was
essential to control contamination and exposure, to optimize
decontamination work, and to assist in controlling the volume
of contaminated waste.

Radiological control and certification planning is essential.

Quality assurance input is necessary in radiological status
evaluation.

An overview and certification agency is necessary to
completion.

An intensive industrial safety program is required for
decommissioning activities.

Upon completion of the SRE decommissioning, minimal rectification work
was done. The criterion was to make the buildings and site safe for personnel
access. Excavations were backfilled and paved, exposed steel surfaces were
painted, and area lights were replaced. Recent photographs of the restored
buildings and site are shown in Figures 16 and 17.
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Fig. 16 Interior of SRE, Decon-
tamination Nearly Completed

GENERAL OBSERVATIONS AND SUMMARY

Fig. 17 Exterior of SRE, Decommission-
ing Nearly Complete

Good planning, adequate time and resources for development and training
activities, and some remaining flexibility in actual task performance all con-
tributed significantly to the successful decommissioning of the SRE. The for-
mal program documentation included the master program plans, activity require-
ments, and detailed working procedures. The planning effort proved very
effective and paid off in the work performance phases.

The SRE decommissioning project advanced the state of the art for the
remote cutting, viewing, and handling methods required for dismantling highly
radioactive systems. In this application, the plasma arc torch mounted on a
polar manipulator was developed further and used most successfully. The mani-
pulator system proved useful in performing several operations in this environ-
ment. It provided the means for cutting stainless-steel structures, for
remote viewing and hence for positive direction of manipulator operations, and
for handling and removing components and debris. The manipulator was also
useful in placing shaped charges for the explosive cutting activity.

Techniques for decontaminating concrete surfaces were evaluated. To
solve the problp"1 of how to decontaminate porous concrete surfaces, various
tools and equipment were tried. All approaches to decontaminating concrete
surfaces include some means for removing surface concrete to some depth. The
tool most successfully applied for removing surface or shallow contamination
was a scabbier. This is an air-driven, tungsten-carbide-tipped head that
spalls the surface of the concrete.

Many other mechanical devices were tried, and some had special applica-
tions. Air-driven chipping hammers were used for removing concrete fram
expansion joints and from areas where access was limited.

The hydraulic hoe-ram proved most useful and versatile for removing con-
crete selectively or in bulk. We believe this approach to be highly superior
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to explosive demolition techniques when access permits. Even though explo-
sives can be somewhat selective, there is a degree of unpredictability, and
the precautionary measures necessary to maintain safety of the operation add
to the effort and decrease productivity.

The decision to save the building while dismantling its systems and con-
tents was made in an early tradeoff study. This greatly reduced the amount of
radioactive rubble that would have required disposal. It also provided a
properly controlled environment with a R/A exhaust system for decommissioning
the equipment, structures, basement areas, walls, and ceiling.

The SRE was successfully decommissioned without incident. There was no
radiation exposure to the general public and the decommissioning crew accumu-
lated less than 75 man-rem. This further demonstrates that a major nuclear
power facility can readily be decommissioned without risk to the public or
overexposure to decommissioning personnel.
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1982 INTERNATIONAL DECOMMISSIONING SYMPOSIUM

OCTOBER 1 0 - 1 4 , 1982 SEATTLE, WASHINGTON

DECOMMISSIONING OF AMES LABORATORY RESEARCH REACTOR

B. W. Link, UNC Nuclear Industries
Richland, Washington, USA

A. F. Voigt, Ames Laboratory
Ames, Iowa, USA

ABSTRACT

The Ames Laboratory Research Reactor (ALRR) was constructed between
1961 and 1965 on a 35 acre open s i t e about 1 1/2 miles from the Iowa
State University campus and the rest of the Ames Laboratory
fac i l i t i es . In i t ia l c r i t i ca l i ty was attained in February and f u l l
power in July 1965. Full-time operation was init iated in June 1966.
Final reactor shutdown occurred on December 31, 1977, with an
accumulation of 1.52xlO4 megawatt days.

The reactor decommissioning program was init iated at that point, and
was essentially completed by October 1, 1981. Total radiation
exposure for the decommissioning program was 69.4 man-rem distributed
among 92 persons. The total cost of the program was 4.335 million
dollars. Although the in i t i a l intent was to be able to release the
fac i l i t y for unrestricted use on completion of decommissioning, the
widely dispersed presence of low-level fixed radioactivity on reactor
room surfaces and in imbedded piping resulted in the application of a
"monitored use" cr i ter ion.
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INTRODUCTION

Because of reductions in federal support of basic research in the 1975-76
period, it became increasingly difficult to fund the operation of the several
DOE research reactors. Consequently, in early 1977 the decision was made to
terminate operation of the ALRR and start its decommissioning program at year
end.

The necessary approvals were obtained, and arrangements were made to fund
the decommissioning effort utilizing annual operating funds normally allocated
to the reactor for solid state and nuclear physics research.

The reactor staff prepared and issued an Environmental Impact Assessment,
which resulted in the conclusion that the issuance of an Environmental Impact
Statement was not required.

A second document was developed by DOE and ALRR staff describing six
decommissioning alternatives; specifically, Standby, Mothball, Entomb,
Dismantle with Reactor Pedestal Intact, Dismantle including Reactor Pedestal,
and Site Restoration.

Analysis of the various alternatives based on total costs, including
continued surveillance and escalation, and benefits in the extent of removal
of radioactivity showed that Alternative 5, Dismantle Including Reactor
Pedestal, best served DOE and Ames Laboratory objectives. This cost/benefit
analysis was used in the Environmental Impact Assessment to justify this
choice of alternative. The sum of $4.5 million was budgeted for the
decommissioning and the work was scheduled to take about three years.

DESCRIPTION OF THE FACILITY

The reactor building has three major regions, the reactor containment
room, a laboratory wing and a staging area. The containment area is 90 ft.
square and includes the reactor room, 40 ft. high, and a 20 ft. high
basement. The three floor 50 x 170 ft. laboratory wing has mechanical
equipment in the basement and two floors of offices and laboratories,
including the reactor control room and an observation-conference room on the
second floor. The staging area is one floor 40 x 90 ft. and 20 ft. high
adjacent to the laboratory wing and the reactor room, and connected to the
latter by a large air-lock. Two other air-locks connect the reactor room with
the two upper floors of the laboratory wing. Auxiliary structures include a
waste disposal building and a combination warehouse-laboratory building, and a
bunker for horizontal and vertical storage of radioactive equipment and
material.

The 5 megawatt reactor was cooled and moderated with D2O and utilized
fully enriched fuel assemblies. A plan view of the reactor is shown in
Fiqure 1. The core, 30 in. across and 25 in. high, was a hexagonal
arranqement of 24 fuel assemblies, 6 control rods, and a centrally located
experimental thimble. There were eight additional vertical experimental
thimbles peripherally positioned around the core. Figure 2 presents a view of
the reactor in operation, with most of its major experimental facilities in
use.
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FACE 7

Figure 1. Plan view of ALRR

Figure 2. Reactor in operation.
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The core tank was contained in a second 8 ft. diameter aluminum thermal
shield tank, which also contained six concentric one-inch thick curved
stainless steel plates. These plates were cooled with "Sight water, which also
served as a neutron reflector. A 4 inch slab of lead positioned between the
thermal column and the core tank served as a thermal and biological shield in
this region.

The reactor was an irregular decahedral prism. Nina of the faces
contained beam tubes and the tenth was occupied by the thermal column. The
outside dimensions of the reactor were 21-24 ft. across and 15 ft. high.

The concrete biological shield referred to as the pedestal, was covered
with aluminum plate. The inside tank, 9 ft. in diameter above the thermal
shield region, held the two sections of the top shield plug, each being
aluminum encased concrete cylinders 9 ft. In diameter and 3.5 ft. high. The
concrete of the pedestal varied from 6 to 9 ft. thick and contained magnetite
ore aggregate.

The beam tubes, from 4 to 11 in. in diameter, were reentrant into the
core tank, and two tangential tubes (4 and 6 in. in diameter) and two
pneumatic transfer tubes (1 and 2 in. in diameter) traversed the tank.
Additional thimbles and ports provided access to the graphite-moderated
neutrons of the thermal column.

The reactor coolant and gas handling systems were located in the pump
room directly below the reactor. The 5 to 7 ft. thick walls of this room
furnished the structural support for the reactor pedestal and shielded the
rest of the reactor basement from the high radiation field in this region
during operation. Heat exchangers, pumps, valves and piping for the primary,
thermal shield and auxiliary coolant systems were located in this room as were
the helium and air handling systems, storage tanks for heavy and light water,
and gas holders.

The secondary cooling system, which serviced all of the heat exchangers,
transferred heat to the atmosphere from a cooling tower. An elevated 150,000
gallon water tank provided water for emergency core cooling and reserve supply
for general use.

Other features of the reactor room included a spent fuel storage pool
8 x 16 ft. by 21 ft. deep extending from the reactor room floor to the floor
of the basement. There were 19 vertical storage holes in the wall of the
pool. A horizontal plug storage facility with similar capacity was located
against one wall of the reactor room. A hot cell with lead-glass windows and
master-slave manipulators occupied one end of the staging area.

Initial criticality was attained in February and full power in July of
1966. Full time operation was begun in June 1966. Except for refueling,
maintenance and a few unscheduled repair periods it was operated on a 24 hour,
7 day schedule until final shut down on December 31, 1977, producing a total
of 1.52 x 10* Mwd. The maximum thermal neutron flux in the central core
thimble was 1.3 x 1 0 ^ n/cm^ x sec.
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One problem developed which figured strongly in the decommissioning
process. In May of 1977, a major leak of D2O occurred from a fractured
coolant line imbedded in the biological shield, resulting in a sudden loss of
several hundred pounds of radioactive liquid, some of which was absorbed
within the concrete. The D2O at that time contained 1.7 ci/liter, tritium,
plus the normally expected amounts of corrosion/activation products. In
retrospect, it was surmised that a chronic low-level leak had been occurring
at the fracture point in the line for several years.

DECOMMISSIONING PROGRAM

The proqram was separated into four phases, roughly paralleling the first
five alternatives, but avoiding any activities in mothballing or entombment
which would not lead toward complete removal of the reactor and residual
radioactivity. The objective at this time was to prepare the building for
release for "unrestricted use".

The four phases. Placing the Reactor in Stand-by Status, Removal of
Readily Handled Active Material, Deactivation, and Pedestal Removal and
Clean-Up were divided into a number of distinct tasks. A consulting firm
experienced in reactor decommissioning, was engaged to provide expertise in
planning, They provided advice and prepared draft bid specifications for the
major operations to be performed by contractors.

The detailed procedures used in the various tasks to be performed by Ames
Laboratory staff were written as Activity Specifications, including Subject;
Purpose; Scope; Procedure (in detail if necessary); Special Hazards; Special
Equipment and Material; Disposal; Packaging and Transportation.

Although the four phases were scheduled for successive time periods there
was considerable overlap, with some tasks accomplished well before the
scheduled period and some extending into later periods. In general, the
operation is discussed below by phases rather than time periods.

DECOMMISSIONING OPERATIONS

Phase A: Placing The Reactor In Stand-By Status

Phase A, scheduled for the period January-September 1978, included
shipment of fuel, coolant and previously activated reactor parts, removal of
experimental equipment and demolition of the secondary system cooling tower.

Pispose of Fuel. The spent fuel was removed from the reactor and placed
in the storage pool immediately after shutdown. Including residual fuel from
previous core loadings, there were 36 ALRR fuel assemblies, and 9 special
assemblies used for in-core experiments. All spent fuel was shipped to
Savannah River for reprocessing during June 1978.

The disposition of 24 fresh fuel assemblies was accomplished by
transferring them to other DOE facilities in April 1978.
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Dispose of Coolants: Heavy Water, Thermal Shield Mater, Plug Cooling
Water. The D?0 primary coolant and light water thermal shield coolant were
transferred to their storage tanks after the fuel was removed from the
reactor. The D2O contained 1.73 Ci of tritium per liter. D2O had slowly
transferred by an unknown pathway from the primary coolant volume to the
thermal shield volume so that the thermal shield coolant contained 132 O2O
and 0.16 Ci of tritium per liter at shutdown. Since the DgO content of the
thermal shield water was sufficiently large to require reclamation, a total of
15,000 pounds of D2O and 16750 pounds of thermal shield water was shipped
for reprocessing in May 1978. These two systems were refilled with fresh
water for future shielding needs.

The plug cooling system, utilized for supplying coolant and shielding for
experimental apparatus, contained light water contaminated only to the extent
that routine liquid treatment techniques were necessary for its disposal.

Remove Experiments and Equipment. Much of the large research equipment
was transferred to the Oak Ridge Reactor and the High Flux Beam Reactor at
Brookhaven during 1978. The remaining experimental equipment was stored and
subsequently shipped as it was needed.

Dispose of Experimental Facilities, Control Rods, Radioactive Parts.
Over the years of reactor utilization, a fairly large number of items had
become activated and been removed and stored. These pieces included original
and experimental plugs and thimbles, the original set of seven control rods
and similar items. Many of these were quite long, up to eight feet, with only
the inner two to three feet being highly radioactive. The plugs, thimbles,
liners and eight control rods which were in use at the end of operation were
more highly radioactive but showed a similar distribution of activity.

In shipping these pieces for disposal, it was necessary to minimize the
volume of material requiring heavy shielding. This was accomplished by
sectioning the pieces by degree of activation. The highly active sections
were shipped in commercially available shielded casks. Many pieces having
intermediate levels of activity were shipped in lead and/or concrete lined
55 gallon drums and boxes. The remaining low activity pieces were placed in
standard plywood crates for shipment.

Security and Surveillance. As long as reactor fuel was present at the
facility, continual manning was maintained by reactor operators who remained
on the staff. After the last fuel was shipped, continual surveillance was no
longer needed and was replaced during nonworking hours by a one-per-shift
patrol by a Laboratory patrolman.

Health Physics Coverage and Area Monitoring. The extent of health
physics coverage for the decommissioning program was established in
consultation with DOE. Personnel monitoring by pocket dosimeters, thermo-
luminescent dosimeters, and film badges was continued for all potentially
exposed persons. All persons working in the reactor room had routine whole-
body counts and urinanalyses for tritium. All radiation monitors in the
reactor room previously utilized during reactor operation were maintained. A
routine air sampling program was continued. The health physics monitoring
program previously established for the site and adjacent areas was continued
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through the decoinmissioning period. Throughout decommissioning all items
leaving the reactor room or building were carefully surveyed for radioactive
contamination and activation and were not released until they met
unconditional release specifications.

As a part of all Activity Specifications and Bid Specifications
describing each task, Radiation Work Permits were utilized for specific
control measures and for tightening or relaxing controls as changes occurred
in the situation.

Remove Cool ing Tower. Although the reactor cooling tower was determined
to be releasabie for unrestricted use, the judgment was made that there was no
need for its capability in the foreseeable future, and its passive maintenance
liabilities did not justify its continued presence. The tower was
disconnected from the reactor building and demolished in 1978.

Remove Water Tower. The original schedule called for the removal of the
150,000 gallon water tower at a later time. However, since its only necessary
function was to provide emergency core cooling during reactor operation and
funds for its removal were available in FY 1978, it was decided that it should
be removed promptly. Removal of the intact tank for possible municipal use
was investigated, but no interest was found. The services of a local
contractor were secured, and the tower was removed in September 1978.

Improve Truck Access to Reactor Room. In order to facilitate the removal
of large and heavy volumes of waste and equipment from the reactor room, a
large doorway, sufficient to permit complete entry of the tractor-trailer
combination necessary for the largest load contemplated for the decommis-
sioning, was installed in the reactor room wall. Since the original design
specifications for the reactor building did not include floor loading require-
ments to accommodate a large shipping cask, a shoring system was designed and
installed in the basement areas supporting affected floor sections. The
doorway and shoring projects were completed by a local contractor.

Phase B: Removal of Readily Handled Active Material

Phase B, scheduled for the first half of FY 1979, October 1978 - March
1979, included the removal and disposal of control rods, removable parts of
the experimental facilities, the top shield plug, and electrical and
electronic systems.

Seal Thermal Shield Tank Penetrations. As described earlier, the core
tank was positioned within the thermal shield tank, with their respective
liquid systems being mutually exclusive. The thermal shield system was
drained to its storage tank, and, as beam tube plugs and liners were removed,
the resulting outer openings were blank-flanged, re-establishing liquid
containment capability for shielding purposes.

In order to facilitate future underwater work within the reactor
pedestal, including core tank removal, the plumbing of the two liquid systems
was interconnected, so that, as the core tank was removed its contained liquid
would simultaneously transfer into the thermal shield system, thereby
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maintaining continuous shielding outboard of the reactor pedestal. A
previously designed and fabricated filtering unit was placed in operation to
maintain clarity in the contained liquid.

Remove Top Plug Assembly. The top biological shield of the reactor
consisted of two vertical plug sections, cylinders 9 feet in diameter and
3.5 feet thick. They were aluminum shells filled with concrete, each weighing
about 27 tons. The bottom of the lower section was covered with lead and
Boral, and the guide tube assembly which positioned the fuel and control rods
was fastened to this surface. The capacity of the 30 ton crane to lift and
move these pieces safely was demonstrated by the reactor staff which then
removed the two sections from the reactor, separated the guide tube assembly
from the lower section and prepared the plug sections for shipment.

The upper plug section exhibited little radioactivity, but the radiation
level from the lower section was sufficiently high to require local lead
shielding. Most of the surface contamination was removed by wiping, and
remaining residual activity (about 3000 d/m/100 cm^) was sealed in place by
painting.

Bid Specifications for packaging, shipment and disposal of the two plug
sections and guide tube assembly were prepared and issued, and the contract
was awarded.

The guide tube assembly presented a special problem since the cask
available for an object of its geometry did not provide adequate shielding.
The assembly contained approximately 14 Ci of radioactivity, largely 60f,o
and 65Zn and the radiation level at contact was 200 to 300 r/hr. Additional
shielding was provided by the contractor in the form of a plastic solid in the
cask liner around the assembly. The solid was a urea-formaldehyde resin
formed by filling the liner with monomer mixture and polymerizing it by adding
sulfuric acid. The contract was completed in June 1979.

Remove Electrical Equipment. The original electrical systems included
critical, emergency, and commercial power. When associated equipment was no
longer required, it was removed and made available for other use. Except for
radiation monitoring and communications requirements, all control room
electronics were disassembled, cannibalized or discarded.

Phase C: Deactivation

Phase C was scheduled for the April 1979 - March 1980 period, half each
in FY 1979 and 1980. The schedule included removal and disposal of all
remaining pump room systems and of the reactor core tank, thermal shield steel
and thermal column graphite.

Clean Out Pump Room and Basement. The pump room, location of the
circulation and ventilation systems for the reactor, was the site of extensive
work by the reactor staff in removing these systems of pipes, valves, pumps,
storage tanks, heat exchangers, etc. These systems included the primary,
thermal shield, plug cooling and emergency cooling systems, the helium and
irradiated air systems and the pneumatic sample transfer system. Most of
these systems were dismantled during FY 1979 by separating components and
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cutting pipes into suitable lengths for packaging in boxes and shipping to a
disposal site. The large storage tanks for primary and thermal shield coolant
were left in place until the thermal shield tank was finally drained. The
main heat exchanger was left in place to be removed coincident with removal of
the tanks. Most of this material, including the main heat exchanger and the
major pumps, was disposed of as radioactive waste, but some items were shipped
to other authorized users.

The basement clean-up was delayed until the end of the decommissioning
period when all dust-generating operations would have been concluded.

Remove and Dispose of Core Tank. The core tank was half-inch thick
aluminum, 61 inches in outside diameter and 78 inches high with an 80 inch OD
top flange 3 inches thick. The interior was crossed by four liners for
through tubes and penetrated by nine reentrant beam tube thimbles. Five
vertical pipes from 2 to 14 inches in diameter extended to approximately
13 feet below the tank. The total weight of the tank and its appurtenances
was 2300 lbs.

The total radioactivity in the tank was estimated to be 1500 Ci of
55Fe, 560 Ci of 65zn and 50 Ci of 60Co. From these values and
measurements with a remote "Teletector" probe, the maximum exposure rate at
contact with the tank at mid-line was estimated as 200-240 r/hr, due to the
65Zn and 60Co. Much of the latter was in stainless steel bolts and mating
threaded inserts in the top flanges which were removed by reactor staff prior
to work by the contractor.

Bid specifications were prepared and submitted, and the successful bidder
submitted a work plan which included underwater sectioning of the tank by
mechanical means. The sectioning operations would be performed in such a
manner that only one cask shipment would be necessary for disposal of the tank
and its appurtenances.

The core tank was cut into pieces using hydraulically powered circular
and chain saws operated from the top of the pool with the tank suspended
underwater. Shipment was made on August 10 when the cask became available.

Remove Thermal Column Graphite. The thermal column graphite, in the form
of 4-inch square stringers of varying lengths which occupied a 4 x 4 x 5 foot
space, was appreciably radioactive and located in a region of high radiation
from the surrounding reactor structure. No method of removing this graphite
other than manual appeared to be feasible. As the graphite was removed it was
placed in boxes for shipment. The radiation levels ranged from 2 r/hr at the
start of the work to 15 r/hr at its conclusion. Time of exposure in the
radiation field was strictly controlled. A typical exposure was 120 mr in
40 seconds corresponding to a dose rate of 11 r/hr. The graphite was shipped
for disposal in June 1981.

Remove, Section and Dispose of the Thermal Shield. The most difficult
decommissioning task was the removal, sectioning and packaging of the thermal
shield stainless steel. This shield, unique to this reactor in the U.S., was
composed of six concentric one-inch stainless steel plates which were
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positioned vertically between the core tank and thermal shield tank. They
were each partial cylinders surrounding approximately 270° of the core tank,
all except the thermal column area, with heights of 64 to 32 inches and
weights of approximately 4000 lbs. In addition, there were six flat disks 68
to 74 inches in diameter, weighing about 1000 lbs each, horizontally
positioned on the bottom of the thermal shield tank. A curved lead slab
4 inches thick, 68 inches high and 69 inches long weighing 7700 lbs shielded
the thermal column from the core region, and six small curved stainless steel
shield pieces, 16 inches high and 65 inches long, under the inboard end of the
thermal column completed the thermal shield steel complement.

The principal gamma emitter in the plates was 60Co produced in cobalt
present in the stainless steel. Calculations indicated that the activity
should drop off rapidly with distance from the core but would still be
appreciable in the outer shield pieces, particularly around beam tube
penetrations. The total 60Co activity was estimated as 1200 Ci as of
February 1980. Other active species, 55Fe and 6 3Ni, were present in
larger amounts but did not contribute to the gamma radiation. The lead shield
contained several gamma emitters, but measurements showed G^Co to be the
predominant radioactivity here as well.

Bid specifications were sent to four vendors who had expressed interest.
The contract was for a fixed price plus a variable amount for burial charges
which were subject to escalation outside the control of the vendor and hence
difficult to predict accurately.

The technique of cutting thick stainless steel plates with a plasma arc
torch underwater had been developed and used at several reactor demolitions,
notably Elk River, Minnesota and the Sodium Reactor Experiment at Rockwell in
southern California. This procedure appeared to be appropriate for cutting
these odd-shaped pieces into sizes which could be fit into a cask liner, and
the storage pool was the only logical location for the work. The plasma arc
technique requires a large gas supply to maintain the arc, which might carry
radioactivity and airborne toxic material. Preparations by the contractor
included the fabrication of a large tent to cover most of the storage pool
equipped with a fan to force the flow of air from the room to the tent,
through absolute filters to the room air exhaust. The gases at the water
surface above the tank were pulled through a charcoal filter and emptied
directly into the tent exhaust. All personnel in the tent wore anti-
contamination clothing and used supplied breathing air. Tests inside the tent
showed no indication of toxic gases and no depletion of oxygen.

Major sources of delay in the completion of this contract were in the
construction of an underwater cutting table and in the unexpected existence of
tack welds fastening the inner five cylindrical shields together. Problems
with the construction and installation of the cutting table caused a delay of
approximately four months and the tack welds delayed the work an additional
seven weeks.

The outer shield piece was moved to the pool for temporary storage and
the five-piece assembly was then transferred in order to separate the pieces.
The six shields were cut and loaded into cask liners and stored underwater to
await cask availability.
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Another difficult problem was presented by the four-inch thick lead
shield which was an integral part of the thermal shield tank in front of the
thermal column. In freeing this shield for disposal, the tank was drained of
water, which caused an additional radiation exposure problem. The tank was
then cut remotely with the plasma arc torch to free the shield, which was
lifted out and transferred to the storage pool on June 9, 1980.

A total of five cask shipments and one unshielded shipment were required
to complete this task.

Phase D: Pedestal Removal and Clean-Up

Phase D was scheduled for the period April - December 1980 with the
expectation that little work would remain for the balance of FY 1981.
However, delays in completion of earlier contracts and a required change in
the disposal site delayed the start of this work by six to nine months. In
addition to removal of the pedestal and the floor beneath it, Phase D included
filling the hole and the spent fuel storage pool and many items of fina1

clean-up.

Remove Hot Cell From Staging Area, Remove Hot Waste Tank. The hot cell
in the staging area was decontaminated and removed by Laboratory personnel.
It contained fairly high level radioactive experimental residue which was
removed and packaged for disposal. The inside surfaces of the cell, painted
concrete block, were decontaminated to the extent possible, removed and boxed
for shipment to the disposal site. The remaining materials of construction,
poured concrete, concrete block and sand, were disposed of locally. The
remote manipulators and the large lead glass window and its frame were
removed, decontaminated, packaged and shipped to other DOE contractors.
Vertical storage holes in or near the hot cell presented some surface
contamination removal problems, which were overcome with some difficulty.

An outside concrete bunker and pit had been built near the waste disposal
building for horizontal and vertical storage of plugs and similar items
removed from the reactor. The bunker was built of very high strength
concrete, and its removal required extra effort. The vertical storage holes,
steel liners buried in earth, presented difficulties because one of the liners
ruptured releasing some radioactivity and requiring removal of earth from the
immediate area.

The hot waste systems for the reactor included a 2800 gallon holding tank
adjacent to the reactor building which received the waste from the building
and then permitted transfer via a three inch pipe line to the waste disposal
building. The tank was held in a concrete pit below grade. After the pit was
uncovered the tank was lifted to the surface. The residual waste water in the
tank was removed and processed for disposal and the remaining sludge was dried
in place. The tank was filled with bulky low-level contaminated material,
sealed and decontaminated, and included in a disposal shipment.

Remove Concrete Pedestal. The demolition of the concrete pedestal or
biological shield of the reactor was the most expensive and most visible
aspect of decommissioning. Preparation included estimation of the induced
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radioactivity by taking three corings of the concrete, two horizontal and one
vertical to obtain profiles of the gamma-emitting activities. Three gamma
emitters were identified, °0co, °5zn and 54M

Although the possibility of local disposal of some of the concrete had
been considered, it was decided that the difficulty of monitoring and
segregating the active and inactive rubble would outweight any cost advantage
in having less rubble to box, transport and bury.

Requests for quotations and bid specifications were issued on
August 31, 1979 with a due date of November 1. Choice of commercial disposal
site was left to the contractor, and costs for transport and disposal were to
be included in the bid price. Just before bids were to be received, the
Laboratory was instructed that the rubble and all other decommissioning waste
were to be shipped to a DOE site from that point on, rather than a commercial
one. Permission to utilize the Richland site was obtained in January 1980. A
new request for quotations was sent out with an addendum to the specifications
on January 17, 1980 with a due date of February 11. The addendum specified
the Richland burial ground (RHO), as the disposal site for all future
radioactive waste shipments from the Ames Laboratory. Since RHO had not
established a pricing schedule, the disposal charges were excluded from the
contract and paid directly by the Laboratory.

Bids were solicited from six vendors, some of which had virtually no
experience in demolition of nuclear facilities. Under the revised proposal,
the work on site was scheduled to begin May 1, 1980, but the thermal shield
removal was not completed until July and the two tasks could not be done
simultaneously. Preparation of documents again caused delay. The first plan
proposed by the contractor for demolition was the use of explosive fracture
from the inside of the pedestal, using the remaining concrete structure as a
shield to confine the explosive force. This plan had to be rejected because
the radiation level inside the reactor tank were too high. The alternate plan
proposed by the contractor was to use a hydraulic ram hoe for all of the
operation, stripping off the metal shell, fracturing and breaking up the
concrete and loading the rubble into boxes. This work would start at the
outside surfaces and work toward the center, handling the less active material
first and the more active material after more experience was gained. On-site
work on the pedestal started on July 30, 1980 and the demolition proceeded
rapidly and on schedule with some overtime and weekend work.

During the period preceding the contractor's work, extensive sampling was
done on the concrete below the reactor pedestal, on both the inner and outer
surfaces of the pump room wall. Presence of gamma emitters and tritium was
detected. Low levels of some gamma emitters, particularly 60r,o and 137r,Sj
were found in a few of the samples, but much higher concentrations of tritium
as tritiated water of crystallization were found. Tritium was determined by
heating the concrete sample to 400°C and collecting the water driven off.
The tritium content of the water was determined with standard liquid
scintillation technique, and the weight loss of the sample on heating was used
as its water content to provide the tritium content in microcuries per
kilogram of concrete.
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Additional samples were taken to more sharply define the regions of
higher tritium content in both area and depth. These regions appeared to be
quite limited, and it was estimated that removal of approximately 5% of the
concrete from the pump room wall directly under the reactor would remove
90-9535 of the tritium. The contract for demolition of the pedestal was
modified to increase the size of the hole in the eight foot floor of the
reactor room to include all of the concrete of the pump room ceiling under the
reactor and to remove concrete to a depth of two feet in the designated
regions of higher tritium contamination. Most of these regions were not
accessible to the ram hoe, and the high strength of the concrete made manual
fracturing with a jack-hammer ineffective. An explosives-demolition expert
was engaged to fracture the concrete in the specific regions. The strength of
the concrete was concrete was greater than anticipated by the contractor and a
change in the type of explosive was necessary.

The original contract called for the removal of the catwalk from the
control room to the reactor top, of the shield walls of the D2O purification
closet adjacent to the pump room and of a horizontal plug storage facility
adjacent to the fresh fuel storage vault in the reactor room. The scrap metal
and concrete rubble from these locations were included in the shipments to
Rich land.

In total, 418 boxes of rubble, from 4 x 4 x 2 to 4 x 4 x 7 feet were
shipped in 44 truck loads. The on-site work was completed in October 1980,
within the three month estimate in spite of the additional work. The last
shipment of rubble was made on November 11, 1980.

With demolition completed to the extent planned, the newly uncovered
areas were analyzed for residual radioactivity, particularly tritium. The
hole in the reactor floor was approximately 25 feet in diameter at the top of
a 9 foot deep jagged surface slanting to the inside of the pump room wall.
This surface was assayed on all faces showing low to moderate tritium levels
in all locations except that below former Reactor Face 9 where higher levels
were found over much of the area. Concrete samples from the rest of the
building, floors, walls and ceiling, as well as the cavities in the pump room
wall were assayed for tritium. In most of these regions, the maximum activity
in the outer 4 inches of concrete was approximately 1 uCi/kg of concrete, but
in some of the areas below Face 9 it reached 1 to 2 mCi/kg. In the first of
several visits, a DOE audit team, the Argonne-based MED/AEC Radiological
Survey Group, found similar results.

The concentration of tritiated water vapor in the air in the reactor
room, pump room and exhaust stack was measured daily during reactor operation
and decommissioning. The tritium content dropped sharply immediately after
the shutdown, increased to its former levels during demolition of the pedestal
and returned to the low values as soon as demolition was complete. Experi-
ments were performed to establish the sources of tritium. One experiment
involved measuring the growth in tritium concentration when the ventilation
was shut off during a holiday period. In the other experiment, air-tight
tents were erected over the high level demolition surface below Face 9 and
over the floor. Samples of air were taken for tritium analysis in the tents
and the room. It was found that the Face 9 surface was a major contributor to
the airborne tritium but that the floor and the other building areas were also
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important sources. The conclusion was reached that removal of additional
concrete from the Face 9 or other areas would not reduce the tritium levels
enough to justify the effort or cost.

Another far reaching decision was made by DOE, based on recommendation by
the Survey Group and ths Laboratory, that the goal of "unrestricted use" of
the reactor room was not attainable at this time without major concrete
removal. This designation should be replaced by that of "monitored use" which
would require continued health physics surveillance and concurrency for future
uses of the area. Under these conditions, there would not be any restrictions
on the use of the space for laboratories or offices, except that appropriate
monitoring of the area would be required, and any building modifications would
have to be examined for their potential radiation hazard. Since the
laboratory will continue to maintain a health physics group, this premise does
not limit logical future uses of the building.

Remove Exhaust System and Stack. The building ventilation and exhaust
systems were examined for residual radioactivity. Those parts which were not
needed for continued building use were removed and disposed of; those which
were to remain were reinstalled after dirt and the small amounts of contami-
nation found were removed. The exhaust stack was found not to be contaminated
and was left in place. All electrical and air actuated equipment, and their
associated wiring, conduit and tubing which were originally used in conjunc-
tion with the de-activated and removed portions of the ventilation and exhaust
systems were also removed for disposal.

Drain Line Radioactivity. Two drain lines from the reactor embedded
within the pump room wall originally emptied into the hot waste tank in the
pit behind the building. When the tank was removed, the discharge ends were
cut off at the point where the pipes left the building, and samples were taken
for measurement of radioactivity. A line from the pump room sump showed no
contamination, but the other line, which collected water from a trench in the
main floor around the reactor through four downcomers, was somewhat contami-
nated. The eight inch diameter downcomers were removed in the reactor
pedestal demolition, and plans were made to flush out the collecting line as
much as possible. However, it was found that during explosive demolition
operations, the portion of explosive force which was directed inward toward
the embedded piping caused perforation of the piping, such that it could not
contain flushing liquid. A portion of the pipe was removed for the determi-
nation of its radioactivity content. These results md those from the dis-
charge end of the pipe were used to estimate the total radioactivity contained
in the pipe as approximately 80 yCi, mostly 60Co. A request was made to CH
and granted that the Laboratory be allowed to leave the pipe in place with the
understanding that the concrete repair work would enclose and seal all of the
pipe within the building and that the discharge end would be doubly capped.

Remove Storage Pool. The spent fuel storage pool, the location of most
of the cutting operations, contained some contamination. The pool, 8 by
16 feet in area and 21 feet deep, was lined with stainless steel sheeting,
separated from the concrete surface by a layer of grout. After removal of all
material, the water remaining in the pool was transferred to the waste
disposal building where it was cleaned by filtration and ion exchange, and the
clean water was released to the sewer.

IV-32



The stainless steel surface was scrubbed and painted to remove and fix
any residual contamination. The sheeting was ripped off and cut to fit boxes
for disposal. The grout was also chipped off, boxed and shipped leaving a
surface nearly clear of radioactivity. Samples of the concrete of the pool
wall and floor were analyzed for tritium and gamma emitters, yielding
estimates for the total amounts present of 23 mCi of tritium, 8 yCi each of
60Cc and 137Cs and <1 yCi of other gamma emitters such as 65Zn and
134Cs.

The water circulation lines through the pool wall into the basement were
cleaned to the extent possible by flushing successively with detergent, acid
alkali and water. The total residual activity was estimated as less than
4 uCi of 60co and 137cs. Permission was obtained to allow this
contamination in the pipes to remain, and the outer ends of the pipes were
capped.

There were 19 vertical storage holes with lengths from 3 to 10 feet in
the outer 5 foot wall of the pool. Not all of these had been used for storage
of radioactive material, but all were surveyed with a probe and washed and
scrubbed if necessary, leaving essentially zero radioactivity. The concrete
at the top of some of the holes and at the rim of the pool had residual fixed
contamination which was chipped out until the radiation level was near
background. In the performance of the contract for filling the pool as a part
of replacing the reactor room floor, two inches of concrete were removed from
all areas where any surface radioactivity might have been present.

Remove Acoustic Material. In construction, the reactor room was treated
acoustically with tiles in a regular pattern on the walls and with a sprayed
coating containing asbestos on the T beam ceiling. All of the acoustic
material was removed in decommissioning. The wall tiles were found to contain
low levels of contamination and were removed by ALRR staff and included in
shipments to Richland. Attempting to decontaminate them in place would have
been much more time consuming. The ceiling treatment was removed because of
its asbestos content rather than contamination, but it contained enough
radioactivity to justify sending it to RHO rather than disposing of it
locally. The removal was done under contract with a local contractor
experienced in asbestos removal. Two truck loads of filled boxes were shipped
and buried at RHO in March 1981.

Replace Concrete in Floor, Cavities and Pool. Specifications for filling
the hole in the floor left by removal of the reactor were written by
Laboratory staff. The specifications included filling the trenches and sump
in the pump room and the cavities in the pump room wall, filling with concrete
to extend the inside pump room wall six feet vertically and covering the hole
with a two foot thick floor. In addition, the storage pool was to be filled
with sand or rubble to within one foot of the top and capped with concrete,
and the adjacent storage holes were to be filled with concrete.

Some concern was expressed that the concrete of the floor near the
reactor could have suffered damage in the explosive demolition. A local
consulting firm was engaged to evaluate the strength of the floor and provide
guidance for filling the cavities. They found the concrete floor to be fully
adequate for any projected reasonable use, with a compressive strength above
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7000 psi and with no observable structural damage. Bid specifications for the
main floor and repair incorporating their recommendations were sent to Ames
and Des Moines contractors and the contract was completed during Hay 1981 with
the placement of 97.5 yd3 of concrete.

Decontaminate and Dispose of Casks. All of the transfer casks, including
the refueling, control rod and three equipment and sample transfer casks were
decontaminated to the extent necessary and shipped to Argonne National
Laboratory (ANL). The various lead holding pots and beam catchers were sent
to ANL or to the Missouri University Research Reactor (MURR).

Clean Up and Decontaminate. The work remaining after June 1981 included
decontamination of all surfaces and removal or decontamination of the
remaining hot waste drain line which connected the reactor building to the
waste disposal building. The reactor room and basement surfaces and the
stairs and elevator were scrubbed, and the water was recovered with a wet
vacuum system and transferred through the hot drains to the waste disposal
building.

After the above work was completed, the waste system in the building,
including hot sinks, floor drains and pipe lines, some exposed and some buried
in the concrete floors and walls, were no longer needed. All of the exposed
parts of the system were removed. The buried system was flushed out
successively with detergent, acid, alkali, and water. All of these solutions
were emptied through the three inch underground line to the waste disposal
building. After this operation, the undertroung line was removed, boxed and
included in the final shipment to RHO on September 23, 1981.

Waste Management

Shipment of Radioactive Waste and Parts. A summary of the shipment of
radioactive waste and usable material from the site is given in Table 1.

Radiation Exposure

Table 2 presents a brief summary of whole-body external and internal
(tritium) radiation exposure. As would be expected, contractor personnel
received a higher incidence of external exposure per unit work time than did
Laboratory personnel by approximately a factor of two. The maximum individual
radiation exposure accumulation by contractor personnel was 1.79 rem. This
may be compared to 7.28 rem for reactor personnel, accuntuated over 3.75 years,
the duration of the decommissioning period.
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TABLE 1

Summary of Decoironissioninq Shipments and Total Disposal Costs

Destination

Waste Shipments:

Ban-well

NECO

_ RHO

i

y i

Non-waste:

Experimental equipment

Excess property

Heavy water

Unused fue l

Spent fuel

Neutron sources

TOTAL non-waste

OVERALL TOTAL

Originator

ALRR

subcontractor

Sum

ALRR

ALRR

subcontractor

Sum

Tota l waste

No. of
Shipments

17

10

27

1

11

44

55

83

6

14

1

2

3
1

27

110

Wt, tons

193.2

88.7

281.9

19.3

128.3

920.5

1048.8

1350.0

a
a

14

0.3

0.6

a
14.9

Vol, 103 f t3

8.69

1.98

10.67

0.86

9.3

20.0

29.3

40.83

a

a

0.42

0.005

0.01

a

0.44

Act, Ci

342.5

5390

6732

0.26

84.4

64.0

148.4

6881

0

10.1

11,940

0.1

3.12 x 105

6

3.24 x 10F

3.31 x 105

Packaging

14.3

0.5

14.8

1.1

14.1

50.0

64.1

80.0

1.0

0.8

1.8

SI.8

Costs,
Transp. &
Cask Rent

53.6

40.3

93.9

3.8

69.5

147.2

'16.7

314.4

8.1

4.5

3.4

17.6

2.4

35.8

350.2

$K

Disposal

59.2

28.9

88.1

3.3

33.9

44.3

78.2

1659.6

169.6

Total

127.0

69.7

196.7

8.2

117.5

241.5

359.0

563.9

8.1

4.5

4.3

0

18.3
2.4

37.6

601.5

Weights and volumes not available.



Personnel
Category

Reactor
Employees

Contractor
Employees

Casual and
Miscellaneous

Number of
Personnel

26

38

28

TABLE I I

Duration of
Exposure,
Man-Years

64.03

7.89

*

Whole-body
Exposure,
Man-Rem

54.04

12.71

2.65

Trit ium
Exposure,
Man-Rem

1.45

0.56

*

information available.

Whole body counts of gamma emitters were taken on personnel with
potential for internal exposure, for employees annually and at termination,
and for subcontractor personnel at the beginning and end of their work. No
person showed a whole body count above background.

Total exposure for the decommissioning was 69.4 man-rem distributed among
92 persons who received exposures measurable above background.

FINAL SITE CONDITION

Criteria

The original goal for decommissioning the ALRR as stated in the
Environmental Impact Assessment was to place the building and site in
condition for unrestricted use by removing all reactor-related radioactivity.

The exact values of residual levels of radioactivity acceptable for
unrestricted use were not well-defined and appeared to undergo change during
the course of decommissioning. Guidelines used were those of DOE Order 5480.1
Chapter XI, Table II (also in 10-CFR-20 Appendix B) and the unrestricted use
levels of NRC Regulatory Guide 1.86. The former are maximum values averaged
over a year for the concentrations of radioactive isotopes in water and air
releasable to the general public. The relationship between allowable residual
radioactivity in soil and concrete and these values is not at all clear. The
criteria originally suggested were that concentrations of radioactivity in
water, soil and concrete of 10% of the Table II value for water could be
allowed to remain. This was to be defined on a weight basis, i.e.,
concentrations in uCi/g of the material in place of uCi/ml of water used in
Table II.

In .nformal discussion with DOE, it was indicated that levels in the
range of 1-3% of the Table II value should be the goal rather than 10% in
guiding the removal of soil in areas which contained low levels of
contamination.
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The discovery of widespread low-level diffusion of tritiated water into
the concrete of the reactor room floors and walls made it obvious that the
criterion of 1-3% of the Table II value could not be met for tritium in this
part of the building. The ANL-based MED/AEC Radiological Survey Group stated
in their report, "Interim Overview/Certification Activities Report for the
Ames Laboratory Research Reactor Facility, Ames, Iowa" of February 11, 1981
that, "It is also quite evident, from the airborne tritium levels encountered,
that the release of this structure for unrestricted use is not possible at
this time or in the near future." This conclusion was endorsed by DOE and
agreed to by the Ames Laboratory and has been used as the basis for
decontamination of the reactor room.

However, this decision does not imply that the room cannot be used.
Another conclusion by the Survey Group was that it appears possible "to
essentially allow uncontrolled access" to the room as long as Health Physics
surveillance of airborne tritium is maintained. Exemptions from strict
adherence to the unrestricted use criteria for removal of radioisotopes other
than tritium were granted for several pipe lines buried in concrete.

The reactor and its associated systems, components and wastes have been
removed, and major decontamination has been completed. Only the tasks of
detailed survey and low level decontamination remain to be completed at this
date. Documentation in the form of interim and final addenda to this report
will be made as this work progresses.

Reliability of as-built prints and specifications must be assured, prior
to initiation of decommissioning operations. If the actions necessary to
provide such assurance have not been adequately carried out during the active
lifetime, of the facility, contingency considerations in the contract must
include that fact.

CONCLUSIONS AND RECOMMENDATIONS

Decommissioning of the Ames Laboratory Research Reactor was accomplished
within the original budget authorization of $4.5M. It is interesting that the
cost of construction for the original building, reactor and site work in the
1961-64 period was very close to the cost of decommissioning the reactor and
its systems but leaving the building intact in 1978-81. Because of
escalation, these costs cannot be compared directly. In 1961 dollars, the
cost of decommissioning would be in the range of $1.5 to $2.M.

A delay of approximately seven months occurred in one task as a result of
contractor's problems and an unforeseen error in as-built drawings. Change in
DOE policy on waste disposal caused a delay of about one month. With these
exceptions, the original schedule was followed fairly closely. Completion was
six to nine months later than scheduled.

The decision to proceed with decommissioning immediately after shutdown
seems to have been correct. Although this action resulted in funding on an
annual rather than a continuing basis, the original staff was intact to begin
the work immediately. With any lengthy postponement, the staff would have
dispersed, and it probably would have been necessary to bring in more contract
workers with much less knowledge of the system to be removed, in all
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likelihood at a greater cost. Also, the rate of inflation during the years of
decommissioning has been unusually high. Although this was not predictable,
if the work had been postponed, the total cost would have been considerably
greater.

The use of annually appropriated rather than line item funds which could
be carried into subsequent fiscal years did create problems, particularly
because of the delay in completion of one contract and the mandatory
postponement of later work.

The matter of the type of contracts to be used was discussed in planning
the decommissioning. As is customary in the DOE, contracts were awarded on a
fixed-bid basis, but. some consideration was given to the use of cost-plus-
fixed-fee contracts. In this project, the cost for contract work was
unquestionably le;s with the fixed bid procedure. In two of the contracts,
the low bid was much lower than the other bids or the estimates; in one case
this may have led to a substantial loss by the contractor. Soliciting bidders
on a cost-plus basis would have cost more, but could have provided contractors
with more experience leading to more prompt completion of the work. Whether
greater prior experience is required and whether completion on schedule is
worth the extra costs are debatable questions.

In future decommissioning projects it would be wise to expand the bid
specifications to include more information on radiation levels and
radioactivity content in order to assist the vendors in planning and preparing
cost proposals. A major problem in providing this information is the
potential exposure of personnel in obtaining it. The cost and time for the
preparation of specifications would also be increased.
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ABSTRACT:

Kith NS OTTO HAHN for the first time a nuclear propelled merchant vessel
has been regularly decommissioned after more than 10 years of successful ope-
ration. Basing on the concept of the total decontamination app. 1100 ts of
contaminated and decontaminated components have been dismantled and removed
from board ship. 260 ts of contaminated components packed in 10'-containers
and 400 1 - drums and the 480 ts RPV unit are stored at the GKSS site for
post investigations. A total mass of app 370 ts has been decontaminated by
mechanical and chemical procedures below the required radiological limits.
The nuclear status of OTTO HAHN has been removed by the competent licensing
authority in June 1982 so that the vessel is now offered for sale for conven-
tionel operations.

1. INTRODUCTION:

The technical utilization of nuclear energy has also opened new posibi-
lities of application on the field of marine propulsion. Today some hundreds
of nuclear propelled navy vessels are in operation all over the world empha-
sizing the safety anil reliability of nuclear plants on board ship. In contrast
to the progress on the military field the development in the merchant marine
was disappointing. NS OTTO HAHN is or better was one of the few non-military
ships with nuclear propulsion. She completed her operation phase in 1979 after
10 1/2 years of successful operation.

OTTO HAHN is the first merchant vessel which has been nuclear decommissioned.
In this paper the decommissioning with its essential phases shall be presented.
An overview on the dismantling and decontamination work will be given and some
experiences discussed.

2. TECHNICAL AND OPERATIONAL DATA OF NS OTTO HAHN

For background information a rough description of OTTO HAHN's propu?sion
plant and a few operational data shall be given. _/~l_7

NS OTTO HAHN is a research vessel designed as bulk carrier for dry bulk
cargo especially ore, Fig. 1. With respect to its research character the ship
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has additional.lv the passenger status. Accommodation for more than 100 persons
crew and research personnel is present.

Table I Characteristics
Length o.a.
Beam
Depth
Draught
Displacement
Power output

of NS OTTO HAHN

app.
(10.000

172
23.4
14.5
9.2

26 000
sho) 7.4

m
m
m
m
ts
WM

The propulsion system consists of the nuclear steam generating plant
and the saturated steam turbine plant (secondary loop). The nuclear plant,
Fig. 2 is distributed on 3 spaces, forming the separated control area.

- Reactor Room with Safety Containment (SC) and RPV
- Auxiliary Room containing the necessary reactor auxiliaries

Service Room with concrete service pool.

The reactor system of NS OTTO HAHN's FDR (advanced pressurized water
reactor) is characterized by two main features

integrated primary loop enclosed by the RPV
- self-pressurization

Table II: Data of Nuclear Plant
Thermal power output
Primary pressure
Core inlet/outlet temp.
Sec. steam pressure
Steam temp.

A simplified flow diagram of the secondary loop shows Fig. 3. During the
10 1/2 years of operation two fuel element changes and one element shift has
been performed.

Table III: Operational Data

38
65

267/278
32
273

MW
bar
°C
bar
°C

Reactor operation time_ J_ h_J7
Burn-up /MWd/tU/
Full power ('ays f~~7
Days of operation

d/tU/
f~d~7

1.
24.
8.

1.

Core

263
200
567
039

2.Core

40.269
29.100
1.147
1.688

Total

64.532
-
1.714
2.727

3. DECOMMISSION CONCEPT

When it appeared in outlines that a third core and a further operation
of the vessel came not into question different decommissioning alternatives
were investigated in cooperation with NIS (Nuclear-Ingenieur-Service). f~2 ~J
After comparison of different alternatives ,/~3_7 and under consideration" of
plans for a component post-investigation program the decission was made for
total decontamination of OTTO HAHN. This means the complete removal of all
contaminations from board ship so that the vessel is no further subject to
national nuclear legislation.
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Basis of the decommissioning concept was the total dismantling of the
nuclear plant with the only exception of safety containment and concrete
secondary shield in the reactor room and the concrete service pool in the
service room. The dismantled components should be decontaminated on board
ship as far as technically possible or economically reasonable. Plant compo-
nents not suitable for a decontamination should be packed into 10' special contai-
ners or 400-1 drums. With respect to the intended post-investigation programm
containers and drums should be stored intermediately on the GKSS-site at
Geesthacht. For that reason a special building had to be erected.

With exception of the concrete structures the total mass which had to be
handled on board was estimated to app. 1100 ts.

One year after removal of the burnt fuel elements the activity inventory
of the whole plant was determinated by the activated core structure with
an activity of app. 1 • 10^ Ci. All other activities were by
several orders smaller. So only J,5 % of the total mass to be treated contained
practically 100 % of the total activity inventory. The determinant nuclide was
Co 60. For safe handling of this activity concentration in the core structure
it was decided to dismantle RPV including its shielding tank as one unit and
to ship it as heavy transport also to the GKSS-site for post-investigation
uses.

The decommissioning concept based on an extended control area which in-
cluded cargo hold No. 4, Fig. 4, Wingtanks No. 0508/09 were provided for the
provisional storage of rainwater from the open_decks of the control area before
the water could be controlled discharged. J_ 4_/

As decommissioning place the shipyard HDW (Howaldtswerke Deutsche Werft
AG) at Hamburg was determinated. HDW was familiar with the vessel as the ear-
lier refuellings and repairs had been performed in cooperation with the yard.
So OTTO HAHN was berthed at the Reiherstieg yard on the river Elbe, Fig. 5.

The decommissioning hard ware should be performed by commercial enterprises.
So after call for tenders and comparison of the different tenders by GKSS the
decommissioning order was placed end of 1979 with Messrs. Gv*. Noell, Wiirzburg.

4. LICENSING

The decommissioning of each nuclear plant must be approved and is regu-
lated in Germany by the Atomic Law (AtG), sect.7, para 3. For NS OTTO HAHN as
non-stationary plant sect.7, para 3 was inapplicable. But as radioactive mate-
rial is handled during the decommissioning at least a handling permission
according to the national radiation protection regulation ]_ 4_T is required.

In spring 1980 the allowance for nuclear decommissioning of NS OTTO HAHN
was applied to the competent licensing authority, Amt fur Arbeitsschuts, at
Hamburg. The elaborated decommissioning concept was essential part of the appli-
cation. December 1980 the approval for decommissioning of NS OTTO HAHN was gi-
ven as handling permission according to section 3 and 4 radiation protection
regulation, while the operation approval expired. On the basis of section 4
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radiation protection regulation the decommissioning approval gave also radio-
logical limits for the licensed resp. unlicensed handling of plant components.

5. DISMANTLING

In the second half of 1980 some preparations were carried out which
could be performed in the legal frame of the still present operation license.
This preparation work consisted mainly of the dismantling of control rod
drives and upper primary shields. The measured dose rates inside of the safety
containment were even after the dismantling very low and showed in average
2 mrem/h which went up to locally limited maximum values of 15 mrem/h. Further
on all liquids were removed from the auxiliary system, altogether 65 m .

The actual decommissioning started after the approval by the licensing
authority in December 1980. The work was carried out under corresponding con-
trol area conditions. That meant the maintenance of a slight underpressure
compared with the environment and the monitored emission of air via the venti-
lation system in the auxiliary room. The specific aerosol amounted to 10~'^ to
10~'',uCi/cm in average so no special protection measures for the personnel
were necessary.

The dismantling ran parallel in all three spaces of the control area with
one working group each.
At the service room besides the dismantling of crane and other components the
internals of the service pool were removed.
At the auxiliary room the work started with the dismantling of the different
auxiliary systems with exception of the waste water- and ventilation system.
The waste water tanks were used till completion of the main work for collection
of contaminated waters. In total app. 330 m^ of waste water with an activity
inventory of 0.12 Ci resulted during the decommissioning.

Due to the closeness inside of the safety containment which contained the
main components of the primary system the dismantling work was extensive and
spaciously difficult. An impression of the dismantling sequences within the
control area gives Fig. 6 - 8 .

One main object during the decommissioning was to keep the accumulated
dose by the working personnel as low as reasonably achievable. The dismantling
sequence was generally determinated by the radioactive state of the components
and their vicinity, so starting first with the more active parts. The single
working steps were decided on the spot considering the actual radiation condi-
tions. Where necessary and reasonable shields wert used. To follow the line
of low radiological loads for the personnel components were dismantled as
large as possible and transported to the auxiliary room. The auxiliary room
was used as workshop where the components were cut into pieces fitting for a
10' container cr a 400-1 drum. Here the containers and drums were filled and
closed and transported to the GKSS site, after the surfaces of the containments
were checked for contaminations. Last dismantling steps were the removal of
the RPV including its shielding tank as one unit out of the safety containment
and the dismantling of the two waste water tanks and the ventilation system in
the auxiliary room. Additionally some of the heavy waste water tank shields
had to be removed.
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To avoid higher aerosol activities mechanical cutting procedures were
used except for a few opportunities where thermal procedures had to be app-
lied. But also than no noticeable increase of the air activity was observed.
Only normal cutting JXJOIS like pipe mills, electrical saws and hydraulic
shears were use _/ 5_/. These tools worked in a far extend automatically to
reduce the radioactive load for the personnel. Fig. 9 shows the monthly accu-
mulated personnel dose during the two years decommissioning period. The total
dose amounted to app. 30 manrems compared to an estimated dose of 27 manrems.
But it should be mentioned in this context that not foreseen decontamination
actions had led to an additional time expenditure of app. 4 months. Organiza-
tional the contractor Messrs. Noell had taken management and health physics
tasks while for the actual dismantling work Noell used ship yard personnel in
a far extend.

In average 30 persons were employed distributed to app. 50 % for disman-
tling work, app. 30 % for decontaminations and the rest of 20 % belonging to
management, health physics etc.. At the end of the decommissioning, decontami-
nation and measuring work were determinating needing app. 3/4 of the total
personnel.
During the whole decommissioning roughly J100 ts of components were dismantled.
The heaviest part was the RPV with its shielding tank of 480 ts. App. 370 ts
would be decontaminated so that this mass is free scrap. Only the rest of
260 ts of contaminated material had to be packed into 20 10'containers and
about 200 drums. This rest mass has a total activity of app. 4 Ci..

6. DECONTAMINATION

An essential and time consuming part of the decommissioning procedure
was the decontamination work and radiation measurement. Various geometries and
different contaminations of the components required corresponding decontamina-
tion techniques developed and performed in cooperation with industry and
research institutions. Basically mechanical and chemical decontamination proce-
dures are available. They can be used^ individually but also combined to gain
the most effective results. ^~6_7, l_ lj Aims of each decontamination are

- reducing of activity level for easier repair or handling of
contaminated components

- reducing of activity level below required limits so that the decon-
taminated component is radiologically free and can be handled as
regular scrap.

The problem of the last way is that no national limits are stipulated up
to now. Practice are discretionary decisions fitted to the special case. In
case of NS OTTO HAHN the radiological limits were stipulated according to Ger-
man radiation protection regulation section 4 resp. table IX, which meant e.g.
a specific surface-activity of 10~5 uCi/cm .

In practical service both, mechanical and chemical decontamination proce-
dures were applied. In many cases very good decont-results could be achieved
with commercial industry-corrosives _/~8_/. The results were so satisfying that
a noticable higher portion of components could be decontaminated below the gi-
ven radiological limits than initially planned. Summarizing the chemical de-
cont experiences it can be stated that not each decont-agent was equally effec-
tive for all nuclids. The decont factor is not directly related to the corrosion
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rate, but a change of the decont agent had often a high decont success.

During OTTO HAHN's operation period leakages of steam generator tubes
had led to small contaminations of the secondary loop, Fig. 3. As the sur-
face activity inside of some areas was higher than the approved limit of
10~5 uCi/cnT additionally decont measures were necessary. So the secondary
loop was divided into different partial loops and treated with a commercial
corrosion agent. As the contaminations were bound to the incrustations inside
the loop the contaminated sediment was filtered and the filtrat conditioned
with cement and put into 200 1-drums. The total activity came to app. 0.8 mCi.

A considerable amount of work was necessary for the proof of surface
activities in all spaces and open decks of the control area including the
safety containment, hold No. 4 and the wingtanks beside the control area.
Altogether a surface of app. 11 000 nP- had to checked totally. For the radio-
logical proof 8 - and Y-sensitive contamination monitors with a measuring
surface of 200 cm^ were used requiring 50 measurements per square meter.
As parts of the surfaces had to be treated and measured repeatedly more than
600 000 individual measurements have been performed.

7. RPV-TRANSPORT

According to the general decision of keeping the RPV ready for a post
investigation program the reactor vessel embedded in its own shielding tank
had to be shipped from NS OTTO HAHN to the GKSS site at Geesthacht.

The logistical concept had to take into account the following handling
and transportation sequence: 1. Transshipment of the RPV from NS OTTO HAHN
onto an ocean going barge. 2. Transportation upstream the river Elbe from
Hamburg to Geesthacht.. 3. Transshipment of the RPV from the barge onto a heavy
duty transport vehicle. 4. Road transportation to GKSS site at Geesthacht.
5. Transshipment of the RPV from the heavy vehicle into a concrete pit.

First of all transportation activities the licensing procedure hat to be
passed. Beside a conventional licensing for the road and waterway, the FRG
Ministry of Transport had to approve the shipment upstream the river Elbe and
the Physikalisch-Technische Bundesanstalt (PTB) had to give the special permit
for the transportation on road as well as the overall licensing under the
Atomic Law.

The timing of the needed transportation means was started taking into
account an available preparation time of only 6 months. Due to the RPV geometry
(dia. 5,7 m, heigh 11,0 m) and the total weight of 480 tons including the
shield tank the most heavy floating and mobile cranes as well as the most
heavy transport vehicle available only once in Europe were required.

The lifting of the RPV was performed by MAGNUS I, a 600 tons capacity
floating crane, see fig. 10. A specially constructed lifting beam fitting for
the sisterhook was attached at the RPV head. Holding the RPV an ocean going
barge was positioned between OTTO HAHN and MAGNUS I, where the RPV was settled
down onto a special transfer unit fastened aboard the barge - see fig. 11.
After shipping to the Geesthacht harbour, the RPV was shifted from the barge
to a heavy transport vehicle by aid of the MAGNUS I crane. The road trans-
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portation from the harbour to the GKSS research center was carried out with
help of four trucks equipped with 420 HP each. As an upgrade had to be
passed, two by two trucks had to pull resp. push the heavy transport vehicle
with brakes closed. Arrived at the final destination the RPV was picked up
by a 1000 t capacity mobile crane and placed into a concrete pit which serves
as containment for the lateron planned experiments.

8. CONCLUSION

In June 1982 the nuclear status of OTTO HAHN was removed by the compe-
tent licensing authority. But previously the Physikalisch-Technische Bundesar.--
stalt (Physical-Technical Federal Authority) at Braunschweig as independent
institution had checked the whole vessel on removal of all contaminations on
board ship. The vessel is now offered for sale to interested shipowners.

With NS OTTO HAHN a nuclear propelled merchant vessel has been regularly
decommissioned for the first time. Additionally the dismantled components in-
cluding the RPV with shield tank are available for post investigations of dif-
ferent kind. Destructive and non-destructive tests are possible. In total app.
260 ts of contaminated material in containers and drums including the 480 ts
RPV unit are stored interimly in the HAKONA (building for component post-in-
vestigations) at GKSS. A first investigation program has been elaborated which
can be fitted every time to the actual demands.

The results of the successful construction, operation and decommissioning
of NS OTTO HAHN and the gained experiences may contribute to the further devel-
opments on the field of nuclear merchant marine. Though the decommissioning of a
ship's propulsion plant is not typical for nuclear land based installations
some of the experiences and techniques are transferable contributing to more
effective and economic decommissioning practices for future plants.
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FIG. 3 SIMPLIFIED FLOW DIAGRAM OF SECONDARY LOOP

FIG. SPACE ARRANGEMENT OF EXTENDED CONTROL AREA
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FIG. J? LIFTING OF RPV FROM THE SHI? BY FLOATING CRANE

FIG. 11 PUTTING THE RPV ON A PONTOON
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DECOMMISSIONING A PLUTONIUM
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ABSTRACT

In 1973, Argonne National Laboratory began consolidating and upgrading
its plutonium-handling operations with the result that a research fuel-fabri-
cation facility was shut down and declared surplus. Sixteen of the twenty-
three gloveboxes which comprised the system were dismantled and relocated for
reuse or placed into controlled storage during 1974 but, due to funding
constraints, full-scale decommissioning did not start until 1978. Since that
time the fourteen remaining contaminated gloveboxes, including all internal
and external equipment as well as the associated ventilation systems, have
been assayed for radioactive content, dissassembled, size reduced to fit
acceptable packaging and sent to a U. S. Department of Energy transuranic
(TflU) retrievable-storage repository or to a low-level nuclear burial site.
The project required 4i years to complete, 30 man years t>f effort, produced
some 560 m^ (20,000 ft^) of radioactive waste of which 70Jt was TRU, and cost
around 2.2 million dollars.

INTRODUCTION

In 1973, Argonne National National Laboratory (ANL) began consolidating
and upgrading its plutonium-handling operations with the result that a
research fuel-fabrication facility (Figure 1} was determined to bs unnecessary
for further programmatic work and it was, therefore, shut down and delared
surplus. Concurrent with that decision was the announcement that the New
Brunswick Laboratory (iffiL) in New Jersey would move to tre Argonne site and
occupy Building 350, the location of this facility.

In order to provide NBL the required space within the allotted time
frame, 16 gloveboxes, all with their interior equipment left intact, were
dismantled and either reinstalled at another location or placed into con-
trolled storage where maintenance and surveillance was provided until final
decommissioning could be arranged. An additional 7 complete gloveboxes were
left in place at 350 and they too were placed in the maintenance and
surveillance mode while awaiting the necessary funds to permit continuation of
the dismantling activities.

Early in 1978, a Laboratory program identified the need for several of
the internal components from the glovebox system remaining at the Building 350
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Plutonium Fabrication Facility (PFF) and the necessary funds to accomplish the
transfer were provided. This required equipment including the glovebox con-
tainment was removed from the system, modified, transported, and reinstalled
at the Fuels Technology Center (FTC) by the end of FY 1978.

Just prior to the completion of these activities, the DOE Remedial Action
Program, at the urging of both ANL and NBL, agreed to start funding the actual
decontamination and decommissioning (D&D) of the PFF and such operations began
immediately after the programmatic requirements were satisfied.

The overall objective of this decommissioning project was to remove a
surplus plutonium facility from the Argonne site and to provide additional
space to the New Brunswick Laboratory for use in their nuclear endeavors. The
work involved dismantling; the gloveboxes, ventilation ductwork, exhaust
systems, utilities, and all equipment (both internal and external) associated
with the boxes. The entire system was contaminated with various levels of
alpha activity, predominately ^"Pu, some of which exceeded io" cpm/100 cm .
All radioactive components were size reduced as needed to fit into acceptable
packaging for shipment offsite and sent to either a DOE transuranic (TRU)
retrievable storage site or a burial ground. Nonradioactive materials were
3old for scrap OP disposed of in the-ANL landfill. The structure housing the
facility was then decontaminated consistent with its intended reuse.

FACILITY DESCRIPTION

Building 350, which processed hundreds of kilograms of plutonium in
metallic form as well as other fissile materials, was constructed specifically
to house the PFF. (Figure 2) It became operational in 1959 and was used
extensively during its fifteen-year life span for developing methods of
alloying, casting, machining, cladding, and assembling fuel' elements. To
accomplish this purpose, the facility contained a variety of equipment, from
small-scale laboratory instruments to full-sized rolling mills, machine tools,
hydraulic presses and a variety of furnaces. For example, glovebox PF-12
contained a shear capable of cutting metal plates up to two meters (6 feet)
long and 1-1/4 cm (1/2 inch) thick. The overall weight of this unit was about
14,000 kilos (30,000 pounds). As another illustration—part of box PF-10
housed a hydraulic extrusion press (Figure 3) that weighed i»5,000 kilos
(100,000) pounds. All of this equipment was enclosed within a modular system
of specially designed gloveboxes. Specific types of equipment were assembled
into individual glovebox lines and interconnected through a central conveyor
system approximately 10 meters (100 feet) long. Most of the glovebox facility
was ventilated with recireulating helium. In addition, two ventilation
systems using room air were available—one to provide work-area exhaust and
the other as a high-volume emergency system in case of an accidental breach in
a glovebox. All ductwork utilized welded stainless steel and the pressure
within the glovebox enclosures was maintained at approximately -1.3 mm (-0.5
inches) of water column. The exhaust from all gloveboxes using radioactive
material was treated through at least two HEPA filters connected in series.

Since each glovebox line was set up to perform a specific function, they
varied greatly in size and configuation. Boxes ranged in size from 3.5-10
meters (12-100 feet) long, 1-3 meters (3-10 feet) high, and 1-2 meters (3-6
feet) in width. However, the modular design, which consisted normally of 2
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Figure 2 Gloveboxes in PFF

Figure 3 Glovebox PF-lO Extrusion Press
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meters (6 feet) long aluminum framework sections with bolted flanges,
permitted disassembly into lengths which could be easily handled and
transported.

INITIAL DISMANTLING

Planning for the initial dismantling of the PFF started in early 1974.
After considering such factors as safety, internal contamination, the need to
reinstall some units at the FTC, the size, weight, and modular design of the
gloveboxes, and the shortness of time which was available to provide space for
NBL, it was decided to separate the gloveboxes into sections and place those
not wanted for reuse into controlled storage at another location until final
disposition could be arranged. Procedures were prepared, demonstrated for
adequacy with a trial run on an uneontaminated glovebox line, and modified to
reflect the experience gained before any work was started on the contaminated
systems. Also, prior to each glovebox line being released for dismantling,
operating personnel removed all special nuclear material and performed cursory
cleaning to eliminate the nuclear criticality hazard.

Dismantling efforts (Reference 1) on the contaminated systems started in
late March 1974, and during the next year considerable progress was made in
clearing the area. This resulted in providing NBL with the space they
initially needed and in relocating and installing for further use those boxes
required by the FTC with the balance being placed into controlled storage. At
this point, work was stopped since authorized funds were exhausted and, except
for continual surveillance and maintenance, no additional direct effort was
devoted to further decommissioning the facility during the next four years.

RESUMPTION OF D&D ACTIVITIES

As of April 1978 when the D&D activities were resumed, the work which
remained to be performed before the last portion of the building could be
released to NBL consisted of dismantling the seven complete glovebox lines,
which remained In place at Building 350, with all their internal equipment and
associated exhaust systems still intact, as well as, those seven boxes or
fourteen individual sections that had been placed into controlled storage in
1974. Each required processing by disassembly and removal of internal
equipment, size reduction of all components including the glovebox itself to
fit standard packaging, segregation as to TRU or non-TRU of the contaminated
material, and shipment of all generated radioactive waste to the DOE Waste
Management Complex in Idaho. In addition, the area housing the remaining
portion of the facility had to be decontaminated to the extent necessary for
reuse as a nuclear facility.

SIZE REDUCTION OF GLOVEBOXES

The space occupied by the gloveboxes at 350 was used as a work area and
ANL in-house service personnel, experienced in this type of an operation,
performed all of the D&D effort. The equipment within each box, as well as
all other interior apparatus, was normally disassembled or otherwise reduced
in size through the gloves and then removed employing conventional bag-out
techniques which sometimes were modified to accomodate large and heavy
components. After the box was emptied, the interior surfaces were decontamin-
ated using simple cleaning methods and then painted with several coats of
latex paint to reduce and hold the remaining radioactivity.
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With the completion of those steps, the glovebox was then separated
(Figure 1) into short lengths, normally 2 meters (6 feet) long, utilizing the
bolted-together, flanged, modular design and employing a previously developed
plastic pouch and heat-sealing technique. Following separation, the
individual module, as well as any other components needing size reduction,
were placed into a temporary plastic enclosure connected to a double HEPA-
filtered exhaust system. Inside this tent, which served to control the spread
of contamination, workers equipped with disposable protective clothing and
supplied air, disassembled and mechanically cut each item so it would fit into
the standard 1.2 X 1.5 X 1.8 meters ( 4 X 5 X 6 feet) high ANL M-III bin. No
flame cutting could be employed due to the combustible nature of the plastic
enclosure.

WASTE PACKAGING AND DISPOSAL

Prior to the restart of D&D activities, a determination was made that
since the ANL M-III bin (Figure 5) was already an acceptable 20-year
retrievable package for TRU waste at EG&G, Idaho, all project wastes would be
size reduced to fit this approved container. This decision insured that the
work would not be delayed while new containers were being developed and
qualified. Before any waste was packaged, assay results, obtained earlier
were evaluated to enable TRU material to be segregated from non-TRU as
required by DOE regulations. In addition, all waste was further separated
with respect to combustible and noncombustible.

Acceptance criteria at EG&G specifies that TRU waste must be packaged in
rigid containment inside the M-III bin. This requirement was met through the
use of plywood liners. The style most often used was about 1 meter (3 feet)
high and two could be put into each bin. These half-size liners were
convenient for personnel to load and were moved about the facility by fork
truck. Placement into the bin was accomplished by the use of an overhead
crane at a loading dock. Because of the ease in handling, they were also
commonly used for non-TRU waste. A full-sized liner was used occasionally for
components which could not be reduced to fit the half liner without undue
effort. These were inserted into the bin first and the waste then loaded by
hand or with a fork truck. Filled bins were combined with other ANL-generated
waste and shipped by truck to Idaho for placement into retrievable storage or
disposal by burial.

PROBLEM AREAS

During the course cf the project, many problems of various magnitudes
were encountered. The most significant of which were (1) how to handle and
remove large and heavy components from inside the gloveboxes, (2) where to
perform size reduction of the gloveboxes and those components which were too
big to fit into acceptable packaging, (3) what type of protective clothing and
respirator equipment would be required for personnel entering high contam-
ination areas, and (4) can direct-reading instrumentation be used to assay the
gloveboxes for determining the quantity of radioactive materials present in
each.
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Handling Large and Heavy Components

During project planning, it became immediately evident that the first
problem to overcome would be the handling and removal of equipment housed
within the gloveboxes. Even though most boxes were quite long, the nut-and-
bolt construction and the modular design permitted simple disassembly and
separation into short lengths. However, before this could be done, the equip-
ment and all other interior apparatus needed to be disassembled and taken
out. Since most gloveboxes did not have any provisions for material removal
except through the central-conveyor system (PF-3), a large bag-out port was
fabricated. This port was designed to replace a window and was moved from
glovebox to glovebox as the need arose. It had an opening of about 76 cm X
100 cm (30" X 39") and utilized a 20-mil plastic bag which was held in place
on the clamping ring with several layers of tape. The sealed end of the pouch
was placed directly into the half-wood liner and large and' small items alike
were then carefully moved from the glovebox and into the bag contained in the
liner. (Figure 6.) When filled, the pouch was dielectrically sealed and cut
off from the portion still attached to the window. The waste then was fully
enclosed in plastic which provided the barrier to prevent the escape of any
radioactivity. Often a fork truck equipped with an extending boom (Figure 7)
was used to assist in the removal of heavy components that could not be easily
handled through the gloves. A system of eyebolts, eyenuts, washers, clevises,
and steel cable passing through the plastic pouch permitted bag out of items
weighing as much as 325 kilos (700 pounds). While the basic bag-out technique
is universally used in connection with glovebox work, the development of these
modifications and enhancements are unique and proved very successful in
solving many of the problems associated with the handling of large and heavy
components.

Temporary Contamination Control Enclosures

With the decision that all waste generated by the D&D activities would be
reduced in size to fit the ANL-MI1I bin, a problem was created as to where
such work could be done without the spread of contamination. Earlier, when a
permanent facility had been proposed for construction at ANL, personnel at the
Rocky Flats Plant had been consulted about design features and, at that time,
they also discussed their experience with temporary plastic tents. Based on
those and subsequent conversations, a prototype, freestanding enclosure was
constructed at Building 350 for evaluation and operational-procedure prepara-
tion. It was made of .5 mm (20 mil) plastic hung from metal supports with
seams heat sealed or double taped and consisted of a 5 meters (16 feet) long
by 3-5 meters (12 feet) wide workroom, a 1.8 meters (6 feet) long by 1.2
meters (4 feet) wide personnel-entry isolation room and a 1.8 meters (6-feet)
long by 2.k meters (8 feet) wide waste-removal isolation room. All ceilings
were 3 meters (10 feet) high. The enclosure was connected to a 5100 cubic
meters/hour (cmh) [3000 cubic feet/minute (cfm)] double-HEPA-filtered exhaust
system and air was pulled from the main room through the iso-rooms and finally
withdrawn from the work area. Doors and other barriers were used to control
airflow and help maintain velocities across all openings at 100-feet per
minute. It was soon found that the maximum negative pressure that the enclo-
sure could withstand without possible collapse was about 1.8 mm (.07 inches)
of water, and because the tent was relatively tight, this could be maintained
with an exhaust rate of about 1400 cmh (800 cfm) when all the doors were
shut. Therefore, a maximum negative pressure of 1.3 mm (.05 inches) of water

IV-59



I

O

Bagging Waste out of Glovebox

Figure 6
Waste Removal

Assisted by Fork Truck Extension
Figure 7



was established and this was accomplished with about 1100 emh (650 cfm) of
exhaust when the tent was closed. Since it was planned to perform size-
reduction operations with various tent doors open and utilize the airflow to
control the spread of contamination, it was necessary to increase the velocity
up to 5100 cmh (3000 cfm) during those periods when such activities were being
conducted.

After several test periods and a few enclosure modifications., operating
procedures were prepared so that the first radioactive glovebox module could
be cut apart. Briefly, the concept was to introduce a box to the work area
through the waste-removal iso-room with all doors wide open, then partially
close the inner doors and begin size reduction. As waste was generated, it
would be loaded by those inside the tent—with help from the outside as
necessary—into a half-bin liner that was located in the waste iso-room.
(Figure 8.) After finishing each glovebox section, which' usually required
several tent entries, the workroom floor was vacuumed and wiped down with w^t
rags to remove gross loose contamination. The isolation room surfaces,
however, were monitored and and thoroughly cleaned as necessary after every
usage.

With the completion of the first module, an evaluation of the experience
gained was made by Management, Operating, and Health Physics personnel. It
was concluded that the tent and its associated exhaust system met all expecta-
tions in that no activity was spread to the outside areas; the iso-rooms
needed little or no cleanup and waste could be packaged without the containers
becoming externally contaminated; the procedures governing the operations were
satisfactory and further size-reduction work could be undertaken.

Since that time no changes in the basic operation of the enclosure have
taken place. The same tent, which had been considered a mock-up, was used
throughout the project. Over 150 entries were made and, at no time, were any
significant amounts of radioactivity spread beyond the confines of the work
area even though that space became quite highly contaminated and needed
cleanup on several occasions. The only major deficiency encountered was that
there was no way to incorporate any mechanical lifting device into the enclo-
sure for use in handling heavy items. This was partially overcome by insert-
ing the extension boom on the fork truck into the work area and using it to
help maneuver those items which personnel could not handle themse.1:;es. This
method was awkward and time-consuming—but workable.

With several gloveboxes, the interior equipment was so massive that it
was necessary to construct a separate temporary plastic enclosure across one
face of the box (Figure 9) and remove one or more windows so that hands-on
disassembly operations could be conducted. In those cases, the boora-equipped
fork truck was again utilized to aid in removal of the heavy and large
components. Double filtered HEPA exhaust was also employed with these
enclosures to control the spread of contamination.

Protective Clothing and Respirator Equipment

The use of workers inside enclosures which contained radioactive mater-
ials posed the problem of how to prevent the individuals from becoming
contaminated and what type of respirator equipment would be needed. Again the
Rocky Flats people were consulted and, using their expertise as well as much
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Figure 8 Size Reduction Tent

Figure 9 Temporary Isolation Room
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of their apparel, a system of protection was developed and tested to the
satisfaction of the ANL Health and Safety Division. It consisted generally
(Figure 10) of several layers of disposable clothing, shoe covers and gloves;
a reusable NIOSH-approved., commercially supplied-air respirator; and communi-
cation devices that allowed conversation between all personnel involved in the
tent entry both inside and outside the enclosure. Compressed house air was
utilized as a source and it was supplied to workers through a distribution
center designed by Rocky Flats from whom it was purchased. This portable
(Figure 11) unit contained pressure alarms, flow-monitoring devices, auxiliary
battery power, and the communications amplifier. It was connected to both
house air as well as bottled air which served as a backup in case of a
compressor failure. The house air supply was routinely analyzed for purity in
accordance with prescribed standards.

The system underwent several trials in an environmental chamber using DOP
as a test media and, after a few modifications, the data obtained indicated
that the protection factors achieved fulfilled safety requirements. Personnel
were then repeatedly trained in the proper methods of dressing and undressing
before actually entering a contaminated atmosphere. Removal of the used,
disposable clothing, which was always left inside the tent for pickup by the
next crew to enter, took place at the doorway of the work area and the
personnel iso-room under the guidance and assistance of a Health Physics
technician.

Use of this protective system continued throughout the project with only
one further modification. Shortly after the original system was devised, an
approved, reusable supplied-air hood came on the market and it was substi-
tuted, subsequent to an evaluation test, for the half-face-mask respirator
which had been initially employed. This change resulted in more comfort to
the workers and permitted the use of a headset for communication in place of a
throat mike and an earplug.

Overall, this method of protecting employees working in a contaminated
atmosphere proved successful and continual bioassay results verified this
conclusion.

Assay Instrumentation

When research work was terminated at the PFF in 1971*, facility personnel
removed all recoverable radioactive materials and performed cursory cleanup
leaving behind only residual contamination. Whereas the levels in some boxes
were in excess of 10^ d/m/100 cm , others were quite low and possibly nr>n-
TRU. The problem was how to measure the amounts present in each box to be
able to segregate TRU from non-TRU and whether direct-reading instruments
could be used to make those determinations. An ANL group engaged in
developing methods of quantifying plutonium and other fissile materials
contained in general Laboratory waste, undertook the task. The results of
their efforts (Reference 2) produced a reliable technique which was used
during the entire D&D effort. Health Physics staff personnel who utilized the
procedure made further refinements so that, not only could it be used for
segregation purposes, but also for developing data relative to the specific
amounts of radioactivity in each waste container. This later information was
needed to comply with the Waste Acceptance Criteria at the Idaho storage and
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burial site. A detailed discussion of this matter, as well as other Health
Physics aspects as they concern this project, is expected to be the subject of
a report which will be prepared in the future.

EXHAUST SYSTEM REMOVAL

Since the HEPA-filtered exhaust systems were utilized throughout the
project to maintain the remaining gloreboxes in a negative condition and to
provide ventilation for the contamination-control enclosure, disposal of those
systems could not be undertaken until all of the boxes had been dismantled
and size reduced. Once that effort was complete, ductwork removal was initi-
ated. Starting at a point furthest from the filters and with the blowers
still in operation so that air was constantly drawn into the pipe to control
the spread of contamination, the overhead ductwork was cut into suitable
lengths so they could be easily lowered to the floor. The long sections were
then further reduced in size to fit standard packaging either in the contami-
nation-control enclosure or after its disassembly in a walk-in hood at another
location. The filter housings, as well as the workroom ventilation, were left
in place for reuse by NBL.

FINAL RADIOLOGICAL SURVEY

The last phase of this decommissioning project has not taken place as of
the time this paper was prepared. However, once all of the gloveboxes, venti-
lation systems, and other radioactive components have been dismantled, size
reduced, and removed from the building, a thorough radiological survey will be
performed to detect if any retraining contamination exists. Those surfaces
requiring cleanup will be decontaminated to acceptable levels consistent with
the intended reuse of the area for further nuclear programs by NBL. The
extent of the remaining contamination is expected to be very minimal since no
significant spills occurred in the facility prior to, or during, decommission-
ing. Also, during all phases of dismantling, frequent monitoring of floors
and other surfaces was performed as a means of maintaining the area free from
radioactivity.

SUMMARY

Because of the complexity and size of the gloveboxes and the equipment
contained within, the limited availability of experienced labor which could be
dedicated to the work, and the yearly funding constraints imposed by the
Surplus Facilities Management Program, the project required over 1J years to
complete at a cost of about 2.2 million dollars. It consumed some 30 manyears
of effort, generated around 560 nr (20,000 ft') of radioactive low-level waste
of which approximately 70% was TRU, and resulted in ?. total exposure to per-
sonnel of less than three man rem. Each of these statistics is very close to
the original estimates prepared moie than five years earlier. Less manpower
but not cost would have been needed had a well-engineered, permanent, size-
reduction facility been available as initially envisioned. This would have
permitted whole glovebox sections to be totally dismantled by "hands-on"
techniques rather than the more time-consuming "thru-the-gloves" methods.
However, planning for such a facility was cancelled when similar future work
seemed unlikely. Decontamination to less than TRU levels was not overly
successful because of the many inaccessible surfaces, but this trend might
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have been reversed had some of the more exotic methods becoming available
today, been fully developed several years ago. Oyerall the project net all of
its objectives, provided useful experience for* future endeavors, and was
considered a notable achievement.
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LOS ALAMOS DP WEST PLUTONIUM FACILITY
DECONTAMINATION PROJECT

by

Raymond Garde, E, J. Cox, and Allen M. Valentine

ABSTRACT

The DP West Plutonium Facility operated by the Los Alamos National Lab-
oratory, Los Alamos, New Mexico, was decontaminated between April 1978 and
April 1981. The facility was constructed in 194*1-45 to produce plutonium
metal and fabricate parts for nuclear weapons. It was continually used as a
plutonium processing and research facility until mid-1978.

Decontamination operations included dismantling and removing gloveboxes
and conveyor tunnels; removing process systems, utilities, and exhaust ducts;
and decontaminating all remaining surfaces. This report describes glovebox
and conveyor tunnel separations, decontamination techniques, health and safety
considerations, waste management procedures, and costs of the operation.

INTRODUCTION

The Plutonium Facility at DP West Site designated as Technical Area 21
(TA-21) at the Los Alamos National Laboratory, Los Alamos, New Mexico, was
decontaminated during the period from April 1978 to April 1981. The overall
objective was to decontaminate three entire buildings and portions of three
others, a total of 5330 m of floor space, to a level which would allow con-
tinued occupancy for nonplutonium research operations.

The Facility was a research and development facility with the capability
(1) produce metal and alloys of plutonium and other transuranic elements

u .xn nitrate solution feed stock; (2) iabricate these metals into precision
apes; (3) provide and install protective claddings; (4) measure the chemical
d physical properties of these metal d alloys; and (5) permit recycling

of scrap or materials used in experiments so that these materials could be
reused rather than discarded.

Most of the buildings were constructed in 1944-1945 by moving in used
metal warehouses which were placed on 1.1-m high concrete stem walls to pro-
vide the necessary overhead space inside the rooms (Fig. 1).

PROJECT PLAN

Before commencing the decontamination operation, a general plan was
formulated and submitted to the Albuquerque Area Operations Office of the US
Department of Energy (DOE) for approval. The approved final management plan
established decontamination criteria and described the scope of the operation.
The decontamination criteria selected was no swipeable sucface contamination
and fixed -.ontamination not to exceed 1000 dis/min/100 cm alpha, or 1 mR/h
beta-gamma at contact when measured with an open-shield Geiger-Miiller (GM)
detector.
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Fig. 1. DP West Plutonium Facility, 19-47.

The identified decontamination operations were: (1) separation and
removal of gloveboxes and connecting tunnels; (2) removal of contaminated
support process equipment such as piping, ventilation ductwork, and drain
lines to the point where they exited the area being decontaminated; (3) re-
moval of internally contaminated lines, ducts, etc., in areas such as utility
tunnels or attics; (4) removal of walls, ceilings, and floors with contamina-
tion in excess of recommended levels; (5) installation of a new floor cover
and repainting of all decontaminated wall and ceiling surfaces prior to re-
lease of an area; (6) removal of the industrial liquid waste sampling stations
and wells; (7) disconnection of all services in the perimeter tunnels; and (8)
documentation of final remaining surface contamination.

A Los Alamos project management team was formed with representatives from
the Plutonium Chemistry and Metallurgy group, the Health Physics group, and
the Site Engineering Construction group.

The Plutonium Chemistry and Metallurgy group was assigned overall project
management responsibility because the project was considered to be the final
step in the new Los Alamos Plutonium Facility (TA-55) construction project.
The $4.16 million allocated for the decontamination work were part of the
line-item construction funds for the new plutonium facility. The Chemistry
and Metallurgy group also provided part-time support from individuals knowl-
edgeable about each room or process.

The Health Physics group contributed experienced decontamination per-
sonnel who performed glovebox separation and removal operations and directed
subsequent decontamination work as well as the personnel required to provide
health physics support.
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The Site Engineering Construction group provided an engineer to assist in
planning the project and to coordinate the craft and equipment support re-
quired of the Zia Company, the DOE's support contractor at Los Alamos.

The Zia Company assigned a full-time field engineer to work with the
management team and to direct work performed by Zia Company work crews.

A full-scale startup during early phases of the operation was precluded
until the process-by-process transfer of operations to the new plutonium
facility was complete. Building utilities were operational during the decon-
tamination period, even though many of the systems were not being used. For
the first several months decontamination work was limited to a few selected
gloveboxes and isolated rooms. As soon as all areas wera available, the
general plan was implemented and the decontamination and release of areas in
an east to west direction began. This plan allowed systematic access control
to rooms and building sreas with a contaminated area-clean area interface
(Fig. 2).

PREOPERATIONAL INVESTIGATION

Record Search

During the early stages of the decontamination operation, health physics
surveys and occurrence records dating back to 1915 were removed from the
archives and reviewed in an attempt to identify all potential residual con-
tamination sources and locations. Lists of recorded spills or releases of
contamination were compiled for each room. This information was very useful
in deciding whether or not to remove internal walls, floors, building util-
ities, and soil.

Glovebox Decontamination

Consideration was given to decontaminating the gloveboxes to a level that
would permit nonretrievable shallow trench disposal rather than the more
costly 20-year storage requited for transuranic ITRU) waste contaminated to
levels greater than 10 nCi Pu or 100 nCi Pu per gram of waste. If
successful, decontaminating the gloveboxes in place would provide additional
benefits in that the boxes would be safer to separate and the lower plutonium
levels would facilitate future size reduction operations. Known disadvantages
were that the acid wash solutions used for the decontamination operation would
require neutralization, solidification, and disposal/storage, and that washing
would be a slow and hazardous process. Twenty gloveboxes were decontaminated
with acids using the equipment shown in Fig. 3 to test the feasibility of in-
place washing.'

Some of the more important information gained from washing operations
included: (1) one acid wash-water rinse cycle removed approximately 85% of
the plutonium in the gloveboxes; (2) the plutonium content in a glovebox that
had not been washed, contained approximately nine times more plutonium than
initially measured by Nal surveys; (3) after washing a glovebox once, the
difference between the measured and actual plutonium amounts was reduced to a
factor of five; and (4) glovebox contamination levels could be reduced to a
nonretrievable level by numerous washes. However, it was concluded that the
work should be performed in a well-equipped decontamination facility with
proper liquid waste handling and ventilation systems.
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Fig. 3. Equipment used for washing gloveboxes.

The efforts required in decontaminating the 20 gloveboxes indicated that
the decontamination project funding and schedule would not permit the in-place
washing of all gloveboxes to nonretrievable levels. The decision was made to
proceed with glovebox removal and storage as retrievable TRU waste. Three
hundred and eighteen linear meters of gloveboxes and 109 linear meters of
connecting conveyor tunnels were processed requiring 120 glovebox separations
and 16 tunnel separations. Mo release of contamination occurred during the
operation. Typical glovebox and conveyor tunnels are shown in Figures H and
5.

DECONTAMINATION TECHNIQUES

Laboratory decontamination personnel performed the high-level, high-risk
glovebox and conveyor tunnel separations, and the decontamination of struc-
tures requiring use of specialized techniques or equipment. Decontamination
activities involving low-level contamination and use of conventional cleaning
techniques such as washing with soap and water or plaster removal were per-
formed by Zia Company personnel.

Glcvebox and Conveyor Tunnel Separation

The rationale for preparing gloveboxes and tunnels for separation was to
complicate future size reduction operations as little as possible by mini-
mizing painting, foaming, etc. After a few successful separations, cleaning
and painting the separation area and the adjacent 30 cm in both directions
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Fig. 4. Typical gloveboxes.

Fig. 5. Typical conveyor tunnels.
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became standard procedure. The lack of gloveport openings in 3orae long
sections of conveyor tunnels necessitated lowering the tunnel in one large
section, fabricating an end plate that would accommodate an exhaust duct, and
then separating the tunnel into smaller sections at floor level. At the
selected separation point, a 15-cm diameter hole was made and decontamination
and painting were accomplished with long-handled brushes and tools. The hole
was later used as an exhaust port for the next separation. The separations
were complicated because conveyor track supports located internally in the
conveyor tunnel did not always butt together at the separation point; hence,
several tunnel sections had to be partially unbolted and separated enough to
allow sawing the supports with a hacksaw blade (Fig. 6).

Glcvebox separation areas were cleaned with a commercial spray detergent
introduced into the glovebox system in a 1-2, plastic spray bottle. After
cleaning, the surface was spray-painted with four coats of enamel which was
introduced into the glovebox in spray can containers.

Large bagout ports were sealed by introducing a steel plate into the bo*
then using a bolt to tighten the plate to another external plate. Silicon
rubber was used as a sealant between the box surface and the plate.

The need to allow gloveboxes and conveyor tunnels to vent with tempera-
ture changes resulted in the design of a gloveport venting device that served
as an exhaust port for sections which had no connection to the process
exhaust. A variac-controlled vacuum cleaner motor and a high efficient par-
ticulate air (HEPA) filter were used to adjust the vacuum on the box. When
the glovebox was isolated, the device then became a filtered vent for the
glovebox, allowing the box to go through temperature changes during temporary
storage without becoming pressurized and releasing plutonium contamination.

Fig. 6. Sawing support rail inside conveyor tunnel.
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Concrete SurFaces

The project required decontamination of 3500 m of concrete slab floors.
Since Los Alamos experience was primarily limited to using acids, paint re-
movers, and small pneumatic chippers on small areas, new techniques had to be
developed for large areas.

Early in the project, hand-held and floor-type pneumatic scarifying tools
were purchased and experimentation began in isolated areas. To eliminate the
possible spread of contamination, an enclosed HEPA-filtered confinement cham-
ber was constructed using a glovebox section (Fig. 7).

Numerous tests were conducted with a floor-type scarifier. By covering
the floor with a thin layer of water or water-detergent mixture and vacuuming
immediately after scarifying, very high levels of plutonium contamination
(10 dis/min/100 cm ) could be scarified without spreading contamination or
creating an airborne problem.

The effectiveness of scarifying was compared to using abrasives, acid
solutions, and paint removers. Scarifying proved to be the safest and most
cost effective. Identifying highly contaminated areas with the phoswich
detector, scarifying them with the hand held scarifying tool, then scarifying
the entire floor using the floor model soon became standard practice. Each
pass removed approximately 0.5 cm. Except for areas with cracks or bolt
holes, two or three passes usually removed all contamination. Removal of bolt
anchors used for supporting gloveboxes and other equipment required removal
with a handheld air chisel. In one room, six hundred anchors were removed.
Approximately 125 m of metal stripping used to cover expansion joints in the
concrete floors were also removed. The ends were loosened with a pneumatic

Fig. 7. Confinement chanber for hand-held scarifier.
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chisel and pried loose with a crowbar. The remaining cracks were usually
highly contaminated; hence, they were spray painted and cleaned with a
hand-held scar i f ier .

Metal Surfaces

Relatively clean nonprocess areas such as attics were camp mopped or
wiped using water and detergent solution. Metal wall partitions with fixed
contamination were decontaminated when possible by using paint removers or
dilute hydrochloric acid solutions with abrasive cleaners. Generally, for
fixed contamination, detergents were ineffective, paint remover somewhat
effective, and HC1 solutions and abrasives very effective, removing approxi-
mately 80% of the contamination. Highly contaminated walls were removed to
save time and costs, to be more complete, and to minimize injuries such as
acid burns and cut fingers.

Plaster Walls and Ceilings

2
Most of the 30,000 m of wall and ceiling surfaces were plaster on metal

lath. Early in the project, paint remover was used to try to save the
plaster, but the many steps required to apply the remover, scrape it off,
check the surfaces, and then repeat this process several times made it easier
and more economical to remove and replace ttje plaster. Paint was removed from
a total of 270 m of wall surface and 427 m*" of plaster were removed.

A very useful contamination control aid used while scarifying or chipping
contaminated plaster and paint was a filtered vacuum cleaning system Which
could be positioned to collect chips and dust from the operation. The 200- %
(55-gal) drum which served as a trap was later sealed and used as the primary
waste disposal container (Fig. 8). The vacuum cleaner was a commercially
available, air operated, HEPA-filtered system.

Outside Areas

The project also involved the removal of five industrial liquid waste
collection and sampling wells which were approximately 4.65 meters deep and
1.5 meters in diameter.

Four of the five wells were removed in one piece by exposing them as much
as possible with a backhoe then pulling them out with a crane. All surfaces
were then sprayed with asphalt and the structures were wrapped in plastic and
tarpaulins for disposal. One well collapsed during removal and was disposed
of as rubble.

HEALTH PHYSICS

Health Physics Group was responsible for providing radiation protection,
final area release surveys, and for establishing procedures for transferring
decontaminated areas to new occupants.

Radiation Protection

Before being assigned to the project, workers were required to submit a
Plutonium bioassay (urine) sample, have an iii vivo measurement for plutonium,
and be quantitatively fitted for full-face respirators. On assignment to the
project, workers attended a Health Physics indoctrination lecture. Among the
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Fig. 8. Filtered vacuum system used for paint and plaster removal.

topics addressed were (1) clothing requirements, (2) dosimetry badges, (3)
respiratory protection, (4) eating and smoking regulations, (5) contamination
control, (6) use of self-monitoring instruments at exits from radiation areas,
(7) nasal smears, (8) wound counting, and (9) site and work area alarms.»

Special personnel monitoring procedures included wound counting and
fecal sampling. Seventy-five minor wounds occurred during the operation.
None contained a measurable amount of plutoniun. Gn six occasions, personnel
were requested to submit fecal samples because of a nose swipe in excess of
500 dis/min. Levels in these fecal samples were less than the minimum
detection level for plutonium and americium.

Final Release Surveys and Transfer Procedures

The Health Physics Group also assumed responsibility to ensure that the
decontamination effort met release criteria and that any remaining contami-
nation was documented. Final survey reports were prepared for each room and
building.

When contamination levels in an area met pre-determined release criteria,
new flooring was installed, the walls were painted orange to alert future
occupants of possible contamination, a final condition report was prepared for
each room and building, and the transfer meeting was held with the new occu-
pants.
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RADIATION INSTRUMENTS USED FOB FINAL SURVEYS

Alpha Survey Instruments

238 211
Since weapons-grade plutonium, Pu and Am were the primary contami-

nants, alpha detection instruments played a major role in the final release
surveys4 The two portable instruments used were the Eberline Portable Alpha
Counter Model 7 (PAC-7) and the Ludlum Model 139.

Beta and Gamma Survey Instrument

Beta-gamma surveys were made using the Eberline Portable G-M Counter
E-112B to verify that surface radiation levels were less than 1.0 mR/h.
Levels were found to be below the detection capabilities of this counter.
Since the laboratory areas were to be released for occupancy by nonradiation
workers, long-term thermoluminescent dosimetry badge exposures were made to
demonstrate that beta-gamma levels were below 0.25 mrem/h or 500 mrem/year
based on a 40 hour per week, 50 weeks per year occupancy factor. Thermo-
luminescent dosimetry badge results showed beta-gamma radiation levels were
not significantly different than natural background levels for the area.

Neutron Survey Instruments

Neutron surveys were performed to measure neutron radiation levels
throughout the facility. These surveys were performed using an Eberline
Portable Neutron REM Counter, Model PNR-4. In addition to making surveys with
this counter, the detector which is a 22.9 cm- (9-in) diameter, cadmium-loaded
polyethylene sphere with a BF_ detector in the center was used with a sealer
system to make fixed location measurements throughout the facility. This
system was capable of measuring much lower neutron radiation levels than was
the PNR-M and results of these measurements verified that neutron levels were
not significantly above background levels in the area.

"Phoswich" Detector

A Los Alamos-developed "phoswieh" (phosphor sandwich) detector, which
consists of a Nal crystal backed by a Csl crystal, and measures low-energy
photon radiation, such as plutonium x rays, was used extensively throughout
the operation to detect plutonium surface and subsurface sources.

Because the phoswich is very sensitive to scattered radiation, it could
not be used to detect low plutonium levels in areas housing plutonium glove-
boxes and process equipment items or in a highly contaminated area. Once
contamination levels were reduced, it became extremely useful in locating hot
spots such as those in cracks or under paint on concrete floors. The "phos-
wich" system was capable of measuring about 10,000 dis/min of plutonium per
100 cm area through 5 layers of paint.

WASTE ASSAY AND MANAGEMENT

Plutonium radiation levels in gloveboxes were determined by using 19-nsm
diameter by 3-mm thick Nal scintillation detector for detecting the low energy
photons emitted during the decay of the transuranic radionuclides. For plu-
tonium assay^nthe decay of x rays (energies approximately 17 keV) are mon-
itored. For Am decay, the 60 keV gamma ray is detected. The entire system
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remains external to the glovebox and measurements are made by placing the
probe into a clean unleaded glove and aiming it at the surface of interest.
Photon transmission through the glove is better than 70% for photon energies
above 15 keV.

Waste management aspects of the operation were directed by an on-site
representative from the Laboratory's Waste Management group.

When practical, room trash was packaged in 0.05-m cardboard boxes and
surveyed for retrievability in a Multiple Energy Gamma Assay System Counter.
Low level, nonretrievable TRU waste totaling 7126 m was packaged and sent to
the on-site solid radioactive waste management site in plastic-lined, tar-
paulin-covered trucks or via Dempster Dumpster waJsij£ containers.

Waste with over 10 nCi Pu or 100 nCi Pu per gram of waste was
packaged and placed in approved TRU storage containers and trucked to an
on-site radioactive solid waste management site. Retrievable waste generated
by this operation consisted of 1488 ̂m of gloveboxes and conveyor tunnels,
166 m of pipe, duct, etc., and 104 nr of soil.

One hundred and two cubic meters of gloveboxes were temporarily packaged
in bolted metal containers for future size reduction studies.

Liquid wastes were treated at an on-site industrial waste treatment
plant. The industrial waste collection systems in the individual buildings
were usea for collection until they had to be decommissioned. Wastes were
then transported to the treatment plant in a tank trailer.

COSTS

The project required three years and $4,418,100 to complete. A breakdown
of costs to the Laboratory and Zia Company is shown in the following table.
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TABLE I

SUMMARY OF COSTS FOR THE DP WEST
PLUTONIUM DECONTAMINATION FRCJECT

1977
Costs in Thousands of $s

1978 1979 1980 1981

LOS ALAMOS NATIONAL LABORATORY

Health Division;
Health, Safety and
Decontamination
Support 1.3 148.5 473.6 416.1

Totals

TOTAL

93.0 1132.5

Chemistry arid
Metallurgy Division;
Personnel and
Supplies

Engineering

Zia COMPANY
Labor <* Services

MATERIAL
General Supplies
Fiberglass Boxes

0 .

0 .

0 .

19.
0.

0

0

0

7
0

43.5

1.7

144.8

55.7
0.0

164.4

68.2

767.9

66.7
98.8

180

62.

1190.

50.
169.

3

3

4

f,

1

r

1

110

6?

.9

.4

.7

•>o». 1

133.6

??. 1 ?,. %

?c<5 9

21.0 394.2 1639.6 2063.8 ?9!I.R 4418.4
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ABSTRACT

During Frankford Arsenal's 161 years of operation, a variety
of activities were conducted, including munitions manufacture,
materials R&O, development of propel1 ant and cartridge-actuated
devices, and various procurement missions. In 1976, the facility
was declared as excess to Army needs, and plans were put in place
to decontaminate and clean up the Arsenal before transferring the
property to the General Services Administration (GSA) for
subsequent disposition and release for unrestricted use.

The contaminants present at the Arsenal included depleted
uranium (from development and test activities associated with
armor-piercing rounds) and radium (used for fire-control
instrumentation/equipment).

The U.S. Army Toxic and Hazardous Materials Agency contract
for decontamination and cleanup of the 110-acre facility was
awarded to Rockwell International's Energy Systems Group in
September 1979. The program was completed in January 1981,
1 month ahead of the contract deadline, and the property is now
being released by GSA for unrestricted use.
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INTRODUCTION

The Frankford Arsenal dates back to 1816. During its 161 years of opera-
tion, a variety of activities, including munitions manufacture, materials R&D,
development of propellant and cartridge-actuated devices, and procurement mis-
sions were accomplished at the Arsenal. In 1976, the facility was declared
excess to Army needs and plans were put in place to decontaminate and clean up
the Arsenal before transferring the property to the General Services Adminis-
tration (GSA) for subsequent disposition and release for unrestricted use.

The Frankford Arsenal, Philadelphia, Pennsylvania

In June 1977, the office of the project manager for Chemical Demilitari-
zation and Installation Restoration (now the U.S. Army Toxic & Hazardous
Materials Agency, USATHAMA) assumed technical direction for the decontamina-
tion and cleanup of the Frankford Arsenal. The major objectives of the
decontamination and cleanup were to:

v Conduct a comprehensive survey of Frankford to determine the
qualitative and quantitative degree of contamination
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• Establish the economic alternatives for decontamination based
on the results of that survey

• Evaluate methods and equipment required for decontamination

• Conduct decontamination and cleanup operations in accordance
with the requirements of the Federal Property Administration
Services Act for property turnover to the General Services
Administration for disposition.

In the spring and summer of 1978, a survey of the 110-acre Arsenal was
conducted by the Battelle Columbus Laboratory (BCL) under contract to the
Department of the Army. This survey identified low levels of (1) heavy metals
residues, (2) explosive residues, and (3) radiological contaminants. Based on
the results of this survey, bids were requested from various industrial con-
tractors to perform decontamination and cleanup of the Arsenal. In September
1979, a contract for the Arsenal decontamination and cleanup was awarded to
the Energy Systems Group, Atomics International Division, of Rockwell Inter-
national (hereafter referred to as Rockwell), located in Canoga Park,
California.

DECONTAMINATION AND CLEANUP PROGRAM

The decontamination and cleanup program was organized in three phases:

, Phase I - to demonstrate the effectiveness of various decon-
tamination and cleanup methods

9 Phase II — to generate standing operating procedures required
to control and direct the Phase III operations

m Phase III — to perform the actual decontamination and cleanup
of the Arsenal.

The contract scope of work for the Frankford Arsenal Decontamination and
Cleanup Program was based on the results of BCL's survey of the facility (see
Table I). The contamination was restricted to certain facilities located in
sectors B, C, and D of the Arsenal (Figure 1).

The program schedule is summarized in Figure 2. Phase I was actually
conducted in two parts. The first dealt with verifying the methods to be used
for cleaning up heavy metal residues and for removing radiological contami-
nants. The second addressed the cleanup of explosives residues in the
contract-identified facilities at the Arsenal. Phase II also comprised two
parts. The first was the generation of standing operating procedures describ-
ing the detailed operations for cleaning up heavy metals and radiological
decontamination. The second addressed the detailed procedures for cleaning up
the explosives residues. Phase III began in late February 1980. The actual
field decontamination cleanup work was completed just prior to Thanksgiving
1980, and all the documentation was finished by mid-January 1981.
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TABLE I

Contract Workscope'

Facility

Buildings

Sumps

Vents

Sewers

Outside areas

400 area buildings

HM

(116)

0
26

0

0

HM/RAO

(ID
21
3

0

0

HM/RAD/
EXPL

(1)
2
1

0

0

HM/EXPL

(7)
0
2
0

0

1

RAO/EXPL

0

4

0

0

0

RAD

0

15
0

15
4

EXFL

o :
0 ;
0 .

0

0

32 |

HM — heavy metals residues
RAD — radiological contamination
EXPL — explosives residues

Figure 1. Survey Areas at Frankford Arsenal
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PHASE 1
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PHASE II
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PHASE III
(OPERATIONS)
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Figure 2. Summary Schedule

TECHNICAL APPROACH

The basic technical approach for the decontamination and cleanup program
was to reduce the contamination to acceptable levels following an order of
importance associated with maximizing personnel protection. Specifically,
explosives residues were removed first, followed by radiological contamination
and then heavy metals residues. This approach was adopted to maximize person-
nel safety during the decontamination and cleanup activity.

The first Phase III activity started was radiological decontamination of
buildings not containing explosives residues. Shortly after starting, it
became apparent that the radiological contamination at the Arsenal in the
contract-identified buildings was greater than could be inferred from the BCL
survey. To permit their release for unrestricted use, the buildings were to
be decontaminated to very low levels (in many cases, to levels at or near the
background levels associated with the brick and granite used in building the
Arsenal). But levels of contamination that were low yet above the required
decontamination level were easily masked by the dust and dirt that had collec-
ted on the building surfaces between 1977, when the Arsenal had last been
used, and the BCL survey. This resulted in the BCL survey understating the
extent of the contamination present.

A measure of the greatly expanded extent of the radiological contamina-
tion may be inferred from the fact that the original estimate for radiological
waste volume was approximately 7000 ft3, whereas the final rad-waste volume
was approximately 41,000 ft3. The radiological decontamination effort was
the first of the Phase III activities to begin and the last of the activities
to be finished (just prior to Thanksgiving 1980).

This paper deals only with the radiological decontamination activities.
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RADIOLOGICAL DECONTAMINATION SUMMARY

The buildings were decontaminated by cleaning the areas in question,
removing building surfaces that were contaminated (Figure 3 ) , and removing
drains (Figure 4) and overhead facilities that were identified as radiologi-
cal ly contaminated by the Rockwell surveys conducted during the decontamina-
tion process. The radiological waste was then appropriately packaged
(Figure 5) and shipped for off-site burial to Barnwell, South Carolina, except
the waste from building 46 (radium waste), which was sent to Beatty, Nevada.

Following decontamination of the buildings, a final radiological accep-
tance survey was conducted on each building, and the results were documented
in a report for that buiIdiny. These reports were submitted to USATHAMA, who
arranged for the Army RADCOM team to independently verify the Rockwell find-
ings. They also arranged for NRC inspectors to visit the site and verify the
findings. NRC toured each building, taking radiological smears and direct
instrument readings. NRC later notified USATHAMA that they had verified the
Rockwell findings that the buildings met the cleanness criteria relative to
radiological decontamination.

Outside areas were decontaminated by removing the contaminated material
(Figure 6 ) , packaging the material appropriately, and then shipping the radio-
logical waste to the Barnwell, South Carolina, burial site. Final radiologi-
cal acceptance surveys were conducted for the outside areas much as they had
been for the buildings.

CLEANNESS CRITERIA

It was recognized early in the program that cleanness criteria for the
contract-identified contaminants had to be assembled and approved in order to
define a firm basis for declaring the Arsenal releasable for unrestricted
use. Most of the criteria existed (either as specified in the contract or in
existing ANSI/NRC standards). Soil cleanness criteria for depleted uranium
did not exist, and these criteria had to be developed during the program.

Because these criteria were important to the Frankford Arsenal decontami-
nation and cleanup and offer a precedent for other programs of this type, the
criteria are presented in full.

Surface Contaminants

Acceptable cleanness of surfaces relative to radioactive material was
established by demonstrated conformance to the limits for total and removable
activity presented in Table II.

Although NRC Guidelines require measurements of a activity for U-nat,
U-235, U-238, and associated decay products, this was supplemented in the
Frankford Arsenal surveys by measurements of B activity because of the diffi-
culty in accurately measuring a activity embedded in surfaces.
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i

8505-623

Figure 3. Typical Removal of Radiologically Contaminated
Building Surfaces (Range C, Building 314)

Figure 4- Typical Removal of Radiologically Contaminated Drain (Building 149)
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5-626

Figure 5. Radiological Waste Staged (Building 308) for Shipment to Burial Site

S627

Figure 6. Removing Radiological ly Contaminated Soil

IV-87



TABLE II
LIMITS FOR TOTAL AND REMOVABLE ACTIVITY

Nuclides'
Averageb»c»~
(per 100 cm )

Maxiimimb»d'J
(per 100 cuf)

Removableb,e,f
GHIvVCIkSIC n

(per 100 cm )

U-nat, U-235, U-238, and
associated decay
products

Transuranics, Ra-226,
Ra-228, Th-230, Th-228,
Pa-231, Ac-227, 1-125,
1-129

Th-nat, Th-323, Sr-90,
Ra-223, Ra-224, U-232,
1-125, 1-131, 1-133

/3-yemitters (nuclides
with decay modes other
than emission or
spontaneous fission)
except Sr-90 and others
noted above

5,000 d is/mi not

100 dis/min

1,000 dis/min

5,000 dis/minBY

15,000 dis/mina

300 dis/min

3,000 dis/min

15,000 dis/minBY

1,000 dis/mina

20 dis/min

200 dis/min

1,000 dis/minBY

Where surface contamination by both a- and B-Y-emitting nuclides exists, the
.limits established for 6-Yand a-emitting nuclides should apply independently.
As used in this table, dis/min (disintegrations per minute) means the rate of
emission by radioactive material as determined by correcting the counts per
minute observed by an appropriate detector for background, efficiency, and
geometric factors associated with the instrumentation. ?

Measurements of average contaminant should not be averaged over more than 1 m .
For objects of less surface area, the average should be derived from each such

dsubject. 2
°The maximum contamination level applies to an area of npt more than 100 cm?
The amount of removable radioactive material per 100 cnrof surface area
should be determined by wiping that area with dry filter or soft absorbent
paper, applying moderate pressure, and assessing the amount of radioactive
material on the wipe with an appropriate instrument of known efficiency.
When removable contamination on objects of less surface area is determined,
the pertinent levels should be reduced proportionally, and the entire surface

fshould be wiped.
The average and maximum radiation levels associated with surface contami-
nation resulting from B-Y emitters should not exceed 0.2 mrad/h at 1 cm arid
1.0 mrad/h at 1 cm, respectively, measured through not more than 7 mg/cm
of total absorber.

5024D/srs
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Airborne Contaminants

Airborne concentrations of radioactive materials in gaseous effluents
were not to exceed the following:

Contaminant

H-3
Co-60
Zn-65

Kr-85
Ag-llOm

Pm-147

Allowable Concentration
(uCi/ml)

2 x 10"7

3 x 10"10

2 x 10~9

3 x 10"7

3 x 10"10

2 x 10~9

Contaminant

Po-210
Ra-226
Th-230
Th-nat
U-nat

U-238

Allowable Concentration
(nCi/ml)

7 x 10"12

2 x 10"12

8 x 10"14

2 x 10"12

5 x 1O~12

3 x 10-]2

Interpretations provided as footnotes to 10 CFR 20, Appendix B, were
used. Concentrations of radioactive materials In gaseous emissions were
averaged monthly.

Water Contaminants

Concentrations of radioactivity in water were not to exceed:

Comtami nant

H-3
Co-60
Zn-65
Kr-85 (gaseous)
Ag-llOm
Pm-147

Allowable
Concentration

(uCi/ml)

Sewers

1 x 10"1

1 x 10"3

3 x 10"3

9 x 10"4

6 x 10"3

Surface/
Runoff

3 x 10"3

3 x 10"5

1 x 10"4

3 x 10"5

2 x 10"4

Contaminant

Po-210
Ra-226
Yh-230
Th-nat
U-nat
U-238

Allowable
Concentration

(uCi/ml)

Sewers

2 x 10"5

4 x 10"7

5 x 1O"5

6 x 10"5

1 x 10"3

1 x 10"3

Surface/
Runoff

7 x 10"7

3 x 10"8

2 x 10"6

2 x 10"6

2 x 10"5

4 x 1O"5

Interpretations provided as footnotes to 10 CFR 20, Appendix B, were used.
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Soil Contaminants

No broad standards for residual radioactivity in soil existed at the
time. NRC criteria had been developed for uranium mill sites, at which the
major hazards result from exposure to Y radiation from the daughters of
radium-226 and inhalation of the daughters of radon-222. These criteria indi-
cated that uniform contamination of soil by radium-226 to a concentration of
3 pCi/g results in acceptable Y-radiation and inhalation levels. Other
exposure pathways are less significant. The relative hazard of the various
radioactive contaminants can be used to derive acceptable levels of soil con-
tamination. Areas identified as containing radioactively contaminated soil
were cleaned by removing the soil.

Successful decontamination was demonstrated by conformance to the follow-
ing radioactive concentrations:

Contaminant

Ra-226
Po-210
H-3

Acceptable
Activity
(pCi/gm)

3
30

150

These limits are consistent with the surface contamination limits
previously presented.

On 14 July 1980, NRC suggested that a soil action level criterion of
35 pCi/g of depleted uranium above background was applicable to the Frankford
Arsenal Decontamination Program, and the Arsenal license (SUB-1339) was
amended to include this value.

A series of 36 uncontaminated soil samples from Frankford Arsenal and two
nearby locations showed background activity as 13 pCi/g a and 15 pCi/g B. The
acceptance 1imit for soil contaminated with natural £r depleted uranium was
therefore:

1) ot activity = 35 pCi/g plus the average background
soil a activity (13 pCi/g)

= 48 pCi/ga

2) B activity = 33 pCi/g plus the average background soil
8 activity (15 pCi/g)

= 50 pCi/qB

Sumps, Sewers and Drains

Based on ANSI Standard N13.12 (August 1978) and NRC Guidelines (November
1976), the following criteria for release of sewers and drains for
unrestricted use were established:
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1) Drain lines and sewe*s that were not likely to be (or were not
potentially) contaminated were released without further consid-
eration. These judgments were made based on historical use
information, proximity to radioactive materials areas, and
analysis of material from drains and inlets and outlets of sumps.

2) Drain lines and sewers that were likely to be (or were potenti-
ally) contaminated were surveyed at all accessible locations.
These locations had to be shown to be sufficiently representa-
tive of contamination in the line that it was unlikely that sig-
nificantly greater contamination existed elsewhere. Since traps
accumulate radioactive contamination, NRC insisted that all
traps be surveyed. The acceptance criteria were those presented
for surfaces.

3) The interior surface of each drain line was surveyed by use of
the appropriate a or 8 probe and by smears, where possible.
Where this was not possible, the interior was swabbed with a wet
sponge, and the water was extracted by squeezing into a
container after the swabbing. At least the minimum amount of
water needed to retrieve a good sample was applied to the
sponge, and the sponge was vigorously swabbed against the sur-
face of the drain line. Alternative methods of sampling water
from the drain lines for determination of radioactivity were
used when more suitable. The acceptance limits were those pre-
sented in section 9.3.3.3 for water released in unrestricted
areas (when the drain line was to be disconnected from the sewer
and left in place) or for water in unrestricted areas (when the
drain line was to remain as part of the sewer system).

4) Portions of drain systems downstream from an acceptably clean
line were assumed to be clean also, unless traps or sumps or
other features of the drain line might have accumulated con-
tamination.

5) If a drain line or sewer exceeded the acceptable contamination
limits, it was removed or cleaned by mechanical abrasion or
chemical washes (if appropriate) until decontaminated below the
limits.

6) In all cases, contaminated sewers and drains were cleaned to
residual levels that were "as low as reasonably achievable."

SUMMARY AND CONCLUSIONS

The decontamination and cleanup of Frankford Arsenal was completed to the
requirements of the contract between the Department of the Army and Rockwell.
Operations were conducted in accordance with Army-approved procedures, and
postcleanup data indicate that the approved cleanness criteria for the
contract-identified facilities and contaminants were satisfied. The contract
workscope was completed 1 month ahead of the 17-month contract deadline.
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The Important conclusions relative to radiological decontamination that
were drawn from this experience are as follows:

1) Most of the radiological contamination at the Arsenal was dis-
covered as the actual decontamination work progressed. Con-
tamination was found behind and underneath building structures
(e.g., the target plates in the 316 and 521 firing ranges, the
flooring in 46) where no amount of the presurvey effort could
ever have mapped the extent of the contamination. The result-
ing "search and destroy" operation conducted in the contract-
identified buildings was the only viable option available to
accomplish the radiological decontamination to the levels
required for release of the Arsenal for unrestricted use.
Future programs of this type should be viewed in light of this
experience.*

2) The soil cleanness criterion generated during the Frankford
program (and subsequently approved by the NRC as a guideline for
the program) provides a solid precedent for future cleanup jobs.

3) The radiological contamination was of the fixed type. High-
pressure foaming of surfaces was ineffective in removing this
fixed type of contamination. Physical removal of material using
scabblers and jackhammers was required. This process is tedius
and sometimes slow, but it is very effective.

*A balance must be struck between the costs of the survey and the cost of the
decontamination work. For Frankford this ratio was approximately 10% (survey
to decontamination costs).

50240/srs
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"SAFE CONTAINMENT" OF THE NIEDERAICHBACH

NUCLEAR POWER STATION (KKN)

H. Gallenberger, U. Loschhorn

Kernforschungszentrum Karlsruhe GmbH

Projektbereich MZFR/KKN

Karlsruhe, West-Germany

ABSTRACT

The 100 MW Niederaichbach Nuclear Power Station (KKN),

located in the Federal Republic of Germany and equipped with

an CO- cooled and D O moderated pressurized tube reactor stopped

operation for good in late July 1974 when its decommissioning

was decided.

The considerations made on the individual steps of decommis-

sioning, taking into account the necessary techniques and costs,

led to transferring the plant initially into the safe containment

condition with simple monitoring, treating it in this way as a

model case in the Federal Republic of Germany, to be followed by

complete disposal at some later date.

At present, KKN is in the authorized condition of "safe

containment". Planning work on disposal has been nearly ter-

minated and the licensing procedure for disposal under the

Atomic Energy Act has been initiated. It is intended to perform

complete disposal within the years to come.

INTRODUCTION

The Niederaichbach Nuclear Power Station was the first power

station in the Federal Republic of Germany to be transferred

into the safe containment condition.
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In the safe containment condition the radioactive materials

left in the plant have been tightly and safely contained with-

in this plant. There are different types of safe containment

which have been demonstrated in previous decommissioning acti-

vities. The minimum solution implies that the fuel elements and

maybe also the mobile activities and liquids are removed from the

plant. This solution calls for little costs of implementation

but for a high expenditure of operation i.e., maintenance and

inspection costs. To reduce this expenditure, the radioactive

components may be stored in one single building, e.q., in the

safety containment as in the example of the Niederaichbach Nuc-

lear Power Station.

But the Niederaichbach Nuclear Power Station shall not stay too

long in the "safe containment" condition but shall be completely

disposed of as soon as feasible. As a matter of fact, compared

with other nuclear stations operated for a longer period, KKN

has a lower residual activity inventory and is therefore well

suited as a model for testing with a relatively low risk dispo-

sal technologies, part of them to be applied for the first time.

It is therefore reasonable and necessary to start in the immedi-

ate future with the disassembly and disposal of the Uiederaich-

bach Nuclear Power station even if a major problem of nuclear

power station disposal - finding a storage site for the waste

barrels produced - has not been finally settled for the time

being.

The transfer of the KKN Nuclear Power Station into the decom-

missioning stage 1, the safe containment condition, has been

completed. The authorization for containment under Sec. 7 of

the Atomic Energy Act was issued in November 1981 which permits

keeping the plant in the "safe containment" condition. Planning

for the decommissioning stage 2, i.e., for the total disposal of

the plant as well as work directed to receiving the authorization

for disposal were completed in April 1982.
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For better understanding of the decommissioning measures/ the

technology and the history of the plant until decision for de-

commissioning will first be briefly described.

TECHNOLOGY AND DESIGN OF THE PLANT

The Nuclear Power Station built as a coir«pact plant with an

electric power of 100 MW consisted of the nuclear steam gene-

ration system with pressurized tube reactor and heat transmission

circuit, the steam generator plant with a turbo-generator set

and the related auxiliary and ancillary systems.

The reactor proper consisted of the moderator tank accommodating

351 vertical pressurized tubes as cooling channels (Fig. 1).

Each cooling channel contained one column made of four fuel

subassemblies. The fuel was low enrichment uranium dioxide.

The moderator in the reactor was heavy water and the medium used

for heat transfer from the reactor to the steam circuit was car-

bon dioxide gas.

BACKGROUND

Planning work for the plant started in 1959 and construction at

Niederaichbach near Landshut/Lower Bavaria in June 1966.

The reactor went first critical in December 1972.

It was repeatedly examined during the construction and

commissioning phases whether further pursuance of the project

was still reasonable and cost benefit analyses were elaborated.

A review of the project target in the first half year 1974 pro-

duced the result that continuation of operation as a prototype

facility with subsidies required by considerable rises in per-

sonnel and material costs as well as technical difficulties with

the steam generators would not longer be justified, the more so

since the line had been outdone meanwhile in its technical deve-

lopment status by the light water nuclear power stations. There-

fore, it was decided to shut down KKN on July 31, 1974 and to
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decommission it. Until that date the plant had attained a ser-

vice life of only 18.3 days at full load in total and only 40%

of its nominal power; it supplied into the public grid roughly

10 million kWh.

DEFINITION OF THE DECOMMISSIONING MEASURES

In a study, decommissioning and other options of utilization

were first examined with a view to their feasibility and the

costs involved. Three main groups of options were elaborated:

- safe containment

- total disposal

- other utilization (safe containment and reequipment as an

oil-fired power station or industrial plant)

Different utilization was abandoned because of the high

electricity generating costs incurred during conversion into

an oil -fired power station and because of siting problems

in case of conversion into a refuse-incineration-gas fired

power station or if the buildings were used as conventional

industrial plants. Clarification of the technical and financial

problems with a view to total disposal would have required

quite a long period at that time.

It was therefore decided to decommission KKN in several

stages, namely "starting with the safe containment implying

minimum decommissioning and maintenance costs and sub-

sequently elaboration of the other measures."

To minimize costs the activated components (e.g., reactor

tank, neutron shields, thermal and biological shields) were

to be left in their installed conditions. This ensures best

their safe containment.

The operating costs which in the safe containment condition

are mainly determined by expenditure for personnel doing

inspection and maintenance work and by the energy consumed

can be kept lew by setting narrow limits to the controlled
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area in which all radioactive materials left in the facility

are stored. Therefore, among the options for safe containment

investigated, version II, i.e., containment of the remaining

radioactive components in the safety containment and no dis-

mantling of the building, was selected with the following re-

quirements (Fig. 2}:

The nj-ilear fuel, the heavy water and the other media must '

be removed from the plant. All plant components in the con-

ventional area, in the reactor and ancillary building and

in the spent fuel storage building must be removed. The radio-

active materials left must be safely enclosed in the reactor

building within the safety containment so that the controlled

area is confined to the safety containment. None of the

buildings are pulled down and, expect for the reactor building,

they have been cleared and are free of radioactivity.

IMPLEMENTATION OF THE SAFE CONTAINMENT CONDITION

Decommissioning a nuclear power station differs from that of

a conventional power station in some respects, including the

requirement that due consideration must be given to monitoring

of the exhaust air and liquid effluent activity and to indi-

vidual dosimetry as well as to avoiding unnecessary contamina-

tion of still "clean" plant components and spaces. This means

that in analogy with the assembly and commissioning of a plant,

shutdown and decommissioning must likewise be planned in detail.

In the example of KKN implementation of the safe containment

condition was divided into four main steps, namely:

1. Disposal of the fuel elements, the heavy water and the other

plant media.

2. Dismounting of systems free of contamination outside the

safety containment.

3. Dismounting of systems and plant components outside the

safety containment which had been contaminated by plant

media.
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4. Dismounting of the systems left and of the ventilation and

liquid effluent systems outside the safety containment and

mounting of the new systems required for the safe contain-

ment.

The first dismounting step was carried out with the approval

of the licensing authority within the framework of the ope-

rating license still valid. For the subsequent dismounting steps

a decommissioning authorization was issued according to Sec. 7

of the Atomic Energy Act as a modifying notice to the operating

license, which permitted to decommission KKN according to the

decommissioning safety report submitted and in compliance

with the different requirements.

In cooperation with the licensing authority the measuring

methods and limit values have been specified for the release

of non-activated systems and materials from the controlled

area (Tab. I).

Following several preparatory activities and after the

authorization for decommissioning had been received, imple-

mentation of the safe containment condition could be started.

"SAFE CONTAINMENT" CONDITION

KKN is now in the safe containment condition. The solid

radioactive materials left in tne facility, i.e., 500 metric

tons of activated materials with an activity inventory of
4

about 1.5x10 Ci, approx. 1700 metric tons of contaminated
materials with a level of contamination between 1O~ and

1O~ **Ci/an̂  and an activity inventory of some curies as

well as about 500 metric tons of concrete with a low level

of radioactivity in the inner zone of the biological shield

are safely contained in the safety containment which com-

prises the controlled area.
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The plant has been protected against external and internal

impacts with the following safety barriers: fence, reactor

building, safety containment and biological shield for acti-

vated and the safety containment for contaminated components

(Fig. 3). The reactor building and the safety containment havo

only one access each protected against unauthorized entry.

Internal impacts may be fire and corrosion. To reduce the

fire hazard all easily inflammable materials (e.g., oil)

and most of the other inflammable parts have been removed.

Fire protection systems and fire extinguishers have been

installed. To avoid as far as possible corrosion on the

internals and on the safety containment proper, the air in

the reactor building and in the safety containment is

kept dry by a preserving system. Also all systems which

had carried water previously have been dried out.

Neither an external not an internal impact can be seen

to exist which could result in a dispersion of solid

radioactive materials in the environment. Protection of

the environment is supplemented by engineered and admini-

strative monitoring measures, e.g., preservation of testimony

by activity measurements in the regeneration exhaust air,

individual dosimetry and regular inspections of the outdoor

equipment, the reactor building and the controlled area.

No radiation hazard exists for persons working in the

controlled area due to the confined radioactive materials

stored there since the safe containment has been so designed

that in all accessible areas the dose rate is inferior to

1 mrem/h so that all monitoring and inspection measures can

be taken without risk.

To ensure the perfect safe containment condition of the plant,

engineered auxiliary and safety equipment has been provided.
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Monitoring by instruments with alarm systems is done from the

control room of the adjacent Isar Nuclear Power Station and by

automated recording in situ. To maintain trouble-free operation

and the perfect condition of the equipment, routine measures

are taken which include check patrols, monitoring, maintenance

and revision work as well as recurrent tests. Most of these

measures are performed by the operating crew of the adjacent

Isar Nuclear Power Station.

DISPOSAL

The next envisaged stage in decommissioning is the total

disposal of the Niederaichbach plant. As already mentioned

at the beginning, it is intended to perform and complete

this disposal as soon as possible. Therefore, in 1979, the

order for disposal of the Niederaichbach Nuclear Power Station

was placed with the companies Noell, Wiirzburg, and NIS, Frank-

furt, which jointly established the "KKN disposal" association.

The point of departure for disposal is the "safe containment"

plant condition. The target consists in restoring the original

"green field" condition so as to permit utilization for other

purposes. Thus, the disposal of the plant will include:

- dismounting and external disposal of non-radioactive,

contaminated and activated components:

- demolition of all buildings;

- removal of roads, canals and fences;

- removal and dumping of rubbish (approx. 130.000 metric

tons);

- leveling and grassing of the area.

It is intended to carry out the disposal in two phases,

phase 1 comprising the preparations until start of in-place

work and phase 2 the implementation of work on the spot.

Phase 1 includes planning of disposal, preparation of licen-

sing documents and implementation of the licensing procedure.
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Likewise, all special tools, devices and systems required for

dismounting and critically affecting deadlines are designed,

fabricated and tested; and decontamination tests as well as

testing and optimization of measuring methods for the release

of radioactive materials are performed.

In-situ disposal takes place in two successive time intervals.

In the first time interval all activated and contaminated

components are taken out of the safety containment. In the

second phase the buildings and outside equipment are demolished.

The time required for disposal until the "green field" condi-

tion will be reached is about six years.
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1 moderator tank
2 neutron shielding
3 thermal shielding
4 cooling channel
5 cooling channel plug
6 overflow
7 discharge
8 concrete shielding
9 dump shielding

10 hot storage

11 dump insulation
12 valves
13 cold storage
14 supply
15 discharge
16 fuel element iock
17 loading machine

r 1 C . I Longitudinal Section of the KKN reactor
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Measuring methods and limit vslues far the clearance af inactive components
and of materials for removal from the controlled area

Material Sample
Representative samples
and single components
mixed samples (1 I)

Single components

See 1 .

Represent, samples t i I)

Waste bsg

Measuring method Detection limit clearance

o
(Jl

1 . Components

2. Insulation material

3. Cables, measuring
Instruments, tools
(from spaces free of
contamination)
(from spaces with a
contamination risk)

4. Concrete rubbish

5. Waste bags 5 0 - 1 0 0 I

y-Spectroscopy
/3-Large area counter
y-Spectroscopy

/3-Large area
counter

y-Spectroscopy

^•Spectroscopy

/3-Large area
counter

10"6 /LtCi/cm2

i - 2 x 1 0 - 5 / u f J i / c m 2

L5x10" 7 jL iC i /ml

1-2x

1 0 " 6 /uiCi/cm2

1 0 " 6 MCi/ml

< 2 x 1 0 " 6 f i C i / c m 3
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1982 INTERNATIONAL DECOMMISSIONING SYMPOSIUM

OCTOBER 10 - 14, 1982 SEATTLE, WASHINGTON

DECOMMISSIONING OF LUCENS

J.P. BUCLIN

S.A. L'ENERGIE DE L'OUEST-SUISSE

LAUSANNE VAUD SWITZERLAND

ABSTRACT

After a short presentation of the LUCENS Experimental Nuclear
Station project, a description of the plant and of the severe
incident it experienced on January 21, 1969 is given. The pro-
cedures, methods and tools utilized for dismantling the reac-
tor and simultaneously investigating the causes and consequen-
ces of the accident are described in chronological sequences.
A brief review of some problems that might arise at underground
nuclear plants follows. As a conclusion, main figures are given
for the costs spent, the time used, the doses accumulated and
the wastes handled. Some recommendations terminate this report.
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INTRODUCTION

The LUCENS experimental nuclear power station has been designed and
built by Swiss industries during the years 1962 to 1967. It was located
in the western, French speaking part of the country, on the road between
Lausanne and Berne. For more psychological than technical reasons, the
plant was built in underground caverns excavated in sandstone.

In the early 60's, the Swiss nuclear programm aimed at many goals :
improving energy independence by use of natural uranium as a fuel ;
giving industry the opportunity to design, fabricate and export nuclear
components by using already developed skills, in the fields of process
industry (heavy water plants), of aerodynamic products (blowers), of
thermodynamic products (steam generators, plant control) and of tradi-
tional equipment (turbines, generators, valves, electrical equipment) ;
allowing utilities to get familiar with the operation of a nuclear plant,
authorities with new procedures, and all economical services involved as
well.

Mid 60's, the real technical and economical difficulties tied with a
national nuclear programm got apparent. Utilities placed three orders for
340 MWe LWR plants with experienced suppliers. Mainly the home-made fuel
design was considered as too weak a link in the chain to safe energy pro-
duction .

Nevertheless, it was decided to commission the LUCENS plant, to bring
it to power, to perform the extensive transient test programm and other
control experiments, and then to operate the plant with the first fuel
charge until the end of 1969. Decommissioning had been planned in details
in 1968, in view to replace the reactor by a test facility for high tempe-
rature He-cooled fuel elements.

Extended dynamic tests were performed with the first helicoidal once-
through steam generators to be installed in a nuclear plant. Complete loss-
of-power tests with fully natural circulation were conducted, loss-of-flow
tests, a.s.o. When starting-up again to power on January 21, 1969, a peri-
pheral fuel element caught fire due to local flow obstruction and its
pressure tube ruptured. The plant experienced an unscheduled loss-of-cool-
ant accident. All safety functions performed well and no member of the
public was irradiated by more than about 1 mrem. A total of some 40 y Ci
of I 131 were released.

It was decided to investigate carefully the causes of the incident,
to dispose off the fuel, to dismantle the nuclear structures, to enclose
all contaminated or activated parts into containers ready for transporta-
tion to another location or to a final waste repository.

LUCENS represents probably the most comprehensive and cheapest nuclear
programm, performed altogether in less than a decade.
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PLANT DESCRIPTION AND INCIDENT

The LUCENS pressure-tube reactor was fueled with 73 vertical fuel
element assemblies containing inside 7 channels 28 segments of metallic
uranium, canned with finned magnesium. The coolant was carbon dioxyde at
a high pressure of 60 b, entering the pressure tube at the top at 225 °C,
flowing down along the wall, then turning at the bottom piece, flowing up
within 7 channels along the fuel kept by a graphite structure and leaving
at the top with a temperature of 380 °C. The calculated canning and hot
spot temperatures were 440 °C, resp. 540 °C. Five fuel assemblies were
instrumented to measure such canning temperatures.

The moderator was cold heavy water. Boron poison was diluted for com-
pensating the Xe-effect at shutdown. The station had an output of 30 MWth,
or 8 MWe. Superheated steam at 23 b, 370 °C was delivered to the turbine.
Fuel was unloaded off-load from underneath the reactor. The control rods
and the unloading machine worked in CO2 at atmospheric pressure. Fuel ele-
ment storage was foreseen in sealed pressure tubes under water.

A short description of the reactor and the January 1969 incident has
been given in (1). Meanwhile a final report (2) was issued by the inquiring
commission. This document of more than 300 pages does not enter at all into
the dismantlement methods used.

The causes and consequences of the incident may be summarized as
follows. During repairs to the blower rotating seals in Nov.-Dec. 1968,
pressurized seal water penetrated into the primary circuit in quantities
exceeding the capacity of the dryer units. The humidity raised and conden-
sation happened on cold places, such as at the bottom of peripheral pres-
sure tubes. The magnesium canning corroded away at the water-gas inter-
face, and the corrosion products obstructed the flow section on admittedly
3 out of 7 channels inside the worst attacked fuel element. When starting-
up again, water and humidity disappeared, some channels with slight depo-
sition of corrosion products might have been swept clean. As the gas flow
through the peripheral elements was throttled to less than 50 %, the obs-
truction was not apparent on an initial comparative check of all individual
flows, nor was the temperature of the mixed outgoing gas markedly different.
Molten canning and fuel material accumulated in 3 channels, the graphite
column bowed, touched the pressure tube, which ruptured under the heat
effect. As soon as molten material got into contact with CO2 or D2O a rapid
exothermic reaction took place. Out of the 75 kg of fuel some 50 kg reacted,
and were expelled by the primary gas pressure as molten or burning parti-
cles through the rupture holes of the pressure tube into the moderator,
finally producing a peak pressure of some 27 b. This leads to postulate a
local steam explosion. The aluminium reactor tank was badly distorted. Fuel
unloading could not anymore be performed by removing the pressure tubes.
All structures inside the biological shield were strongly contaminated.
Some 5'200 kg of contaminated heavy water were collected within half an
hour in the fuel handling room under the reactor. The rest could be dumped
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inside the storage tank. A mixture of D20 steam and droplets together with
CO2 was expelled through the upper manifold room and one of the safety
flaps into the reactor cavern. Its walls and floors showed only a slight
contamination. The primary circuit remained clean at the inside, because
CO2 overpressure avoided the contamination to enter during the depressuri-
zation, and - for the parts outside the biological shield - also at the
surface of the thermal insulation, of piping and of other equipments. It
operated for days, so residual heat removal was no problem. All control
and instrumentation equipment, including the instrumented fuel elements,
performed well, with the exception of a pair of thermocouples measuring
the concrete temperature inside the biological shield, and of some chemical
and radiological measuring instruments which went off-scale. Ionization
chambers showed up to 100 rad/h or higher gamma levels for some hours. A
small purge line from the blower seals was not equipped with isolation
valves and produced a slight leakage path from the containment to the
ventilation system. The beta-gamma monitor at the chimney went off-scale
at an indication of 4 mrad/h. Activity was in fact coming from Rb 88, a
daughter of Kr 88 and was therefore over-emphasized. Due to this mislead-
ing indication, the ventilation of all caverns was conservatively stopped.

Recovery from the acute phase of the incident proceeded very smooth-
ly. Containment air analysis, filtered depressurization and purging could
be performed within three days. More than 90 % of the D2O total inventory
could be remotely secured within five days. The first penetration inside
the containment started within a week. During the first three months,
tritium contamination represented the main handicap.

INVESTIGATIONS AND DISMANTLING

Dismantling a small plant after a short operational life interrupted
by a serious incident leading locally to severe damages and contamination
cannot be identical to decommissioning a NPP after 30 or 40 years of full
power operation. Nevertheless, even if the life of the plant had been
short, erroneous use of Co-alloys for the shock absorbers of the control
rods, and for the mouth piece of the fuel elements resulted in high radia-
tion levels {between 50 and 100 rad/h). LUCENS suffered in addition from a
lack of space (underground construction being costly), from a lack of suf-
ficient floor loading capacity (see Fig. 1, item 11), and from poor lift-
ing equipments. The surface covered by the main crane corresponded to only
12 % of the main floor area (see Fig. 1, item 13). Further, the needs for
investigating the causes of the incident required special care, and impo-
sed some time sequences or methods to be selected, resp. eliminated. There
appeared also personnel problems. It seems not to be a way to improve
one's carrier to participate to an obituary action, particularly if the
designer is not anymore interested, the owner not too rich and the opera-
tor not operating any other plant of the kind. Nevertheless, it might be
preferable on such occasions to rely upon few motivated and experienced
people rather than on an unmanageable crowd of partly willing, dissenting,
inexperienced or even scared personnel or managers.
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An extensive description of the methods and procedures used, of the
radiological situations encountered, and of the results obtained can be
found, in French, in (3). The sequence of operations has been presented
verbally with many illustrations at the IAEA Symposium in Vienna in No-
vember 1978. The description of such sequences may be judged quite speci-
fic to a plant or to a situation. Therefore, we will try to complement
the publication (3) by a short presentation of some tools, methods, solu-
tions which might be more generally applicable, as parts or as complements,
to decommissioning actions or to major repairs. Obviously, the status of
the art and techniques have evolved in the course of the last ten years,
but principles on which achievements were obtained will remain. The pre-
sentation follows more or less the chronological sequence of application.

Heavy Water Recovery

After depressurizing the reactor cavern, the fuel transfer valve could
be opened. Some 6"000 kg of D2O appeared laying on the floor. An emergency
spray water tank containing 20 t of fresh water and fixed under the dome
of the reactor cavern could be emptied by using a small auxiliary pipe de-
signed for spraying a fuel tube stuck in the transfer cask of the fuel
storage cavern. The D2 content of che D2O transferred to this tank was over
94 %. This recovery action covered about 30 % of the complete decommission-
ing costs. Detailed plant knowledge and quick action were rewarding.

Remote Inspection of the Reactor Lower Face

A TV camera and a ionization chamber could be introduced through the
fuel transfer channel for remotely scanning the lower face of the reactor.
No damage appeared, higher doses could be registered on the M-side of the
reactor, as well as on the floor (several 100 rad/h B+Y)-

Cleaning of the Lower Reactor Chamber

The sump filter through which the D2O had been pumped showed a very
high radiation level, in the range of 1000 rad/h 6+y. The sump was covered
by three lead plates 5 cm thick, weighing 500 kg each. This operation, per-
formed in heavy plastic suits with air supply hoses, lasted about 2 minutes
inside the high radiation field. The floor could then be swept clean using
vacuum cleaners and special filters placed inside a 10 cm lead shielding
(cast on place with contaminated lead). The damaged refueling machine could
then be fully overhauled, but it appeared impossible to unload any fuel
element. All pressure tubes were blocked inside the calandria tubes.

Inspections from the Top of the Reactor

The six safety rods equipped with reinforced calandria tubes could be
moved freely. The four non-equipped reserve positions had collapsed, show-
ing a pressure wave direction coming from the M-side of the reactor. The
two heads of the reserve positions nearest to the M-sid'* were removed by
cutting, the tubes pushed aside and endoscopes introduced. When using ra-
diation resistant lenses, the quality of the view and of pictures was ex-
cellent. A peripheral fuel element on the M-side was defective : it showed
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a 3 cm 0 hole directed toward the center of the reactor at 1/3 height. The
fuel element opposite this hole showed melting of the calandria tube. At
2/3 height, a large rupture could be recognized, but opened towards the
wall of the calandria tank. Mirrors and gripper tools were introduced on
extending arms. The mouth piece and tie rods protruded from the rupture,
but the inside of the pressure tube seemed empty. Graphite debris, 2 or 3
bent fuel segments and some fragments of fuel could be seen near the foot
of this element on the floor of the calandria tank. It was summer 1969.
Studies were under way for discharging the fuel from the top and for design-
ing special cutting and drilling tools.

Meanwhile, an old gear-tool used for boring out the internal diameter of
steam engine cylinders could be found, purchased and modified. While wait-
ing for decisions, an inspection hole with a diameter of 85 mm was drilled
over a length of some 7 m with position accuracy of about 1 mm, through many
steel plates, concrete, glasswool, aluminium, tubings, a.s.o., using a dry
boring head (BILZ, FRG). This hole allowed an observation of the extent of
the destructions from a very short axial distance of 10 to 20 cm. This ins-
pection took place at the end of 1969. All the different operations were
tested in non-active conditions on mock-ups before being used in real con-
ditions. Whenever possible, reserve tools and spare parts were kept availa-
ble.

Dismantling the Upper Reactor Structures

Dismantling started by removing the side walls of the manifold rooms,
weighing each some 20 t but being outside the reach of the main crane. A
railway had been installed through the material access opening for shifting
the fuel elements one by one in a shielded cask from the top of the reactor
through the machine hall (turbogenerator cavern) into the fuel storage pond
inside the third cavern. The machine hall had been completely emptied and
all equipment preserved for reuse elsewhere were stored at another place.
The side walls and then the square upper axial shields (up to 25 t) were
decontaminated inside an airlock at the material access and disposed off
by burial in the condenser vault, together with other slightly contaminated
scrap. After careful decontamination, some massive iron pieces could be
sold to scrap handlers as non-radioactive materials. On average the value
of the time dedicated to such work was just covered by the money recovered.

One of the most difficult operations of the complete decommissioning
appeared to be the cutting of two trenches through the CO2 distribution ma-
nifold (see Fig. 2, item 26). About 300 cuts were performed using pneumatic
arc saws under quite difficult radiological conditions. Heat insulation
layers (Fig. 2, item 24) worked like sponges during the incident. They ac-
cumulated dissolved fission products (Cs 137), which remained within them
after drying-out of the D2O wave. The heat insulation layers were packed
inside shielded steel drums as soon as they could be extracted from the
trench. During this time, a tool was developed to cut tubes, especially
pressure tubes and calandria tubes, from the inside. It was an expandable
roller head with three rollers. The drilling gear-tool was adapted to drive
this cutter at different distances, up to 5 m from the gear. During the
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last shutdown period in November 1968, a fuel element had been unloaded and
examined in a hot cell. It had been replaced by a new fuel element which
was practically non-activated. The standing tube of this element was remo-
ved at first, the fuel element extracted from the top without shielding. The
cuvting tool was tested on this empty pressure tube, whose head and bottom
were separated, then extracted. In this way, a free channel was provided
through the reactor, with a diameter allowing the transfer of a fuel element.
Fuel unloading was seen as much more easy now. The intricated transport
through three caverns, partly in horizontal position, was not anymore requi-
red.

All standing tubes were dismantled, the outgoing gas-tubes cut short
using again the pneumatic arc saw, but in a comfortable situation this time.
The standing tubes, whose lower end had been activated, were temporarily
stored in racks at the lowest floor in the reactor cavern. The cut-away gas-
tubes were decontaminated and buried in the condenser vault, iron plugs were
inserted at each fuel position in the upper radial shield (Fig. 2, item 20).
The top of this shield included a heat insulating layer of asbestos cement
which also absorbed much contamination during the period D2O was expelled
from the moderator vessel. Radiation levels were around 10 rad/h &+y at 10
cm distance. Steel plates with a thickness of 10 cm were placed over it. The
upper reactor chamber could then be decontaminated. The upper level of the
reactor cavern was again nearly freely accessible. It was automn 1970.

Interlude

At this moment, a general survey of the next operations appeeired possi-
ble and necessary. Any development of special sophisticated tools, like
plasma cutting, electro-erosion, articulated boring heads, etc... which was
on the way at industries without having never been required by the plant
operator, were supposed to be stepped. Many such proposed methods work un-
der water or with the help of considerable amounts of lubricants otherwise
they produce quantities of aerosols or do not work at all. The treatment of
such liquids was not considered seriously.

On the other side, a kind of operating table has been ordered by the
plant owner in 1968 for dismantling the irradiated fuel elements under water
in the fuel pool. A set of hydraulic knifes, pistons, scissors, working to-
gether with other mechanically operated tools were used to cut the tie rods,
to separate the fuel segments from their graphite structure, and to recover
the 28 short segments from each fuel element. This operating table was deli-
vered and could now be commissioned. It worked perfectly.

An order was placed for reprocessing the fuel segments at Mol in Belgium,
and reservations placed for suitable transport casks.

The recovery and clean-up campaign for the heavy water was terminated.
The contaminated parts of the heavy water circuit, as well as the control
rod cooling circuit located at the lower floors of the reactor cavern could
be disassembled and stored in containers as radioactive waste.
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The dismantling of the reactor itself was then investigated. It appear-
ed reasonable to make the best possible use of the decommissioning study al-
ready performed. It had foreseen to place the axial shields (2 of them), the
radial shields (2 of them) and the moderator tank into five shielded iron
containers. Iron plates of suitable sizes were ordered and a standardized
type of construction designed. A greatest possible diameter was selected for
the bottom and top discs of the containers, allowing to pass through the ma-
terial access with a clearance of a few mm's. A wall thickness was selected
for the mantelpiece, such that the clearance against the outer diameter of
the pieces to be inserted was only a couple of mm's. The thickness selected
was 5 cm.

A shield cask equipped with a 25 cm gate valve at the bottom and a 25
cm free inside diameter was ordered for shifting the fuel elements to the
existing transfer channel from the top of the reactor. This cask was hope-
fully also to be used for sending the ruptured fuel element to the hot cell
of the Swiss nuclear research Institute. It was not yet clear how to separa-
te the bottom of this pressure tube from its lower plug. A basket weighing
4*000 kg, shielded with lead on fi'*e faces, was constructed for using as a
working or resting place. A possibility existed to extract all calandria
tubes except the ruptured one, to lower the basket to the bottom of the
tank, and to cut the bottom of the ruptured pressure tube by some means.

An arrangement could be signed with CEKN, Geneva, to borrow for short
periods a 100 t trailer, hydraulic jacks, and caterpillar rollers, as they
were needed for moving empty and loaded containers around the site and in-
side the caverns.

A 10 cm thick iron disk of a diameter equal to the one of the reactor
shields was ordered for serving as a shielded working place. All openings
needed for all further operations had to be foreseen in advance. Iron plugs
were designed to close them when not required to be open.

Another brain racking problem had to be solved. The upper axial shield
was retained in place by two heavy locks welded strongly to tiie walls of
the reactor pit. Their aim was to avoid the lifting of this shieid and of
all upper reactor structures in crse«of a primary rupture inside the calan-
dria tank. The primary gas pressure (60 b) would produce on a surface of
10 m2 an upward force of some 6'000 t. In reality, some thrust may have been
added at the moment of the steam explosion. The shock distorted slightly the
locks, so they could not be removed in a normal way. Grinding of the welds
on three accessible sides woul'd have been very tedious. It was tried to push
the gliding steel bars aside by brute force, using an articulated knee and
hydraulic jacks pushing on the knee. A maximum force of some 700 t could be
applied to the gliding bar in this way if the knee would not break away. The
bars were successfully shifted aside, cm by cm, the operator leaving the pit
every time pressure vns applied to the jacks.
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Unloading of Fuel Elements

Unloading the fuel, transferring it to the fuel pool and dismantling
the fuel elements under water proceeded very smoothly. The fuel elements
vore carefully inspected, several interesting pieces of graphite and fuel
<ogments, or even complete fuel elements were sent to the hot cells and
1 rought back for reprocessing, if not kept for the inquiry. A transport of
Juel segments to the reprocessing plant had been scheduled every month,
each cask being loaded with 350 fuel segments. As the sixth transport left
-he plant in March 1971, only the ruptured fuel element stayed on the site.

A very simple automatic centering device was used on the reactor floor
for positioning the shielded cask accurately on the fuel element or on the
free channel provided through the reactor. The railway installed earlier
i.ad been very useful for transportation of the heavy water drums and of
shielded fuel casks, in addition to the earlier use for extracting the upper
.reactor walls and shields. It was still used to transport large amounts of
concrete. New walls were constructed in the upper reactor chamber in order
to get a massive construction of simple and useful geometry in view of the
dismantling. A new flat floor was laid on the upper level of the reactor
cavern, reinforced where necessary for allowing the transportation on the
trailer of up to 100 t loads. The railway was dismantled during the last
part of this operation.

:dsmantling of the Reactor

Taking benefit from the very stable basis represented by the upper
ixial shield, all channels still containing rods were cleared. The six sa-
fety rods moved freely. They had not been activated, with the exception of
their extention rod penetrating the emergency shock absorber. The four con-
trol rods stuck in their collapsed calandria tubes were extracted by force,
md three of them being strongly activated, were hoisted through the trans-
fer opening into the fuel unloading machine and disposed off in the pit
foreseen for new fuel in the fuel storage cavern.

Then, the gear-box used for cutting tubes from the inside was introdu-
ced and equipped with a self-centering device similar to the one used for
fuel unloading. At each position, the pressure tube was cut under the upper
end-piece and at some em's over the bottom, with exception of the ruptured
tube, of course. The upper end pieces were then extracted by force, using a
tool gripping from the inside. Using then tube cutting tools with other dia-
meter sizes, the calandria tubes were cut at 10 cm under the top lid of the
calandria tank. Once well trained, a team of two persons could carry out
about 10 cuts on a shift of about three hours.

A special tool was constructed at the workshop to cut by sawing the 7
mm thick mantelpiece of the calandria tank, also at 10 cm under the lid,
after removal of the upper radial shield.
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The empty container foreseen to receive the upper axial shield was in-
troduced on the trailer at the side of the reactor pit. For additional
shielding, the six safety rods together with lead and iron scrap mixed with
dry sand were arranged at the bottom of the container. The walls of the
shield had not been machined with precision and the diameter appeared to
reach the upper tolerance. Some problems had to be solved for introducing
the shi eld into the container and especially for fixing the lid over the
container. The weight of this first container ended to be 60 t (22 t for t:.t
box, 32 t for the shield, 10 t of additional shielding and about 16 t of
different other radioactive structures to be considered as waste) . The f 1c-:•
load capacity in the access tunnel was said to be 50 t nominal, allowing fo-
introduction of the steam generators (60 t) as the heaviest pieces during
construction. The weakest place in the reactor cavern had been reinforced.
At other critical places, reinforcements were also applied. Displacements
were measured during the transport and found to be very small. It was felL
preferable then to reduce the number of containers (for saving time, spac
the number of transports and for financing reasons). Construction of the
third and fifth containers could be cancelled early enough.

The filling of the second container became then a very intricated jo .
The bottom plate was introduced on caterpillar rollers (Fig. 3, item 28),
then the upper radial shield (item 21) placed on it, and both together
pushed aside. It must be mentioned at this place that the thread holes he
ving been used for putting this shield into place during construction wer
found not suitable for removing this piece, due to a construction error. /-.
similar situation was found at the lower axial shield : the screw holes r ..
been filled with liquid metal despite no such specification existed.

At this moment, it was possible to cut away the lid of the calandriii
tank. The cutting tool performed well. Only once a saw blade broke off.
Means had been foreseen to solve such a situation. The sawing was perform. '.
in a single shift. The lid was inspected, measured, protruding pieces wer
cut away, using exceptionally an arc torche because it was a minor work o -
ly, and finally disposed inside the upper radial shield resting in a waii im-
position. It was July 1971.

Work could now start on the ruptured fuel element. The mouth piece c z
the remainings of the three tie rods were extracted. The pressure tube ii
ternal was found empty in its upper quarter length, and the walls were IK .-
vily carbonised or covered with a mixture of graphite with molten magnesi
and uranium. It seemed possible to cut the pressure tube between the main
rupture and the lower hole at a height of about 2/5 from the bottom. The
upper part was sent to the hot cell with the nice thing it contained. SOUK
calandria tubes in the region were extracted by force using very simple
tools in order to get better access to the rest of the fuel element. Part /
burned fuel and graphite pieces could be removed with tongs and finally i.
suction. A further 1/5 of length could be cut from the inside, although t:
inner wall of the pressure tube was covered by a hard, ceramic like, irrc
lar coating. It was a real fire work, sparks flying away. A hose connect*.-;
to a COi battery was installed for extinguishing any fire. The lower roll
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bearing of the gearing tool broke exactly at the moment the cutting was
completed. Gear oil flowed dovm along the driving shaft and fetched fire
when reaching the red-hot cut. The fire was guicky extinguished. The ca-
landria tank could now be lifted, inspected, measured. It was checked that
the lifting height was sufficient to introduce later the tank into the up-
per radial shield. Because of the loss of stiffness due to the jrdssing lid
and of the weight of the pressure tubes fetched within the calandria tubes,
the bottom of the tank, which was fixed under the shielding disc at the pe-
riphery only, bowed down in the center. The clearance was not enough to
shift the tank over the upper edge of the radial shield. A central tension-
ing rod was designed to lift the center of the tank bottom. The tank assem-
bly was then put back to its place in the reactor pit, the mantelpiece of
the container (item 29) introduced into the cavern and lowered into the pit.
The bottom disc of the container with the radial shield was rolled back un-
der the main crane track. Then, the tank and the mantelpiece were lifted
together and inserted, the first inside the shield and the second gliding
outside the shield. Many contaminated pieces from the control rod cooling
and moderator circuit were put inside this container also. The container was
rolled out on caterpillars to the machine cavern, where the lid was screwed
on, the container evacuated and rolled through the access tunnel, with a
clearance of about 1 cm, tp the open air.

The remaining 1/5 of the ruptured pressure tube showed some cracks and
swelling but its diameter was small enough to allow it to be lowered toge-
ther with its bottom plug inside the fuel unloading machine. This assembly
was jammed badly inside the lower axial shield. It needed a heavy hammering
with a 25 t mass (and some coke) to get it loose.

Now it was possible to load the last of the heavy containers called
No. IV even if being indeed the third one. The lower radial shield was intro-
duced without difficulty. The lower axial shield presented two problems being
interconnected. First, to the weight of the shield (28 t), it had to be added
the weight of some 90 plugs (15 t) which gave a total of 43 t, whereby the
crane had a nominal capacity of 40 t. So it was in no way possible to lift
the shielding disc (10 t) in addition to this load. We had already 8 % over-
weight. Unloading and transferring each of the heavily contaminated plugs to
the fuel storage cavern would have been a prohibitive undertaking.

So a mean of lifting the shield and the plugs together without the
shielding disc was investigated. Because of the cobalt content of some pie-
ces, radiation doses were very high, of the order of 70 rad/h y. As the main
contributors, the shock absorbers for the rods were removed and stored. The
radiation doses remained quite high. Trimming the hangers and slings was ar-
ranged under the protection of the shielding disc. Ropes were attached to
the slings enabling them to be hooked-on from the top of the pit, at a dis-
tance of some 9 m. A rehearsal was performed with the disc still in place,
some improvements applied, then the disc was removed and the operation per-
formed. Once the shield rested inside the container No. IV, it was hooked-
off using the ropes, and the disc could be used again for releasing the hang-
ers and the slings. The total weight of container No. IV ended to be around
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100 t (28 t for the box with a reinforced bottom plate, 25 t for the radial
shield, 43 t for the axial shield together with the plugs, and the rest for
remaining radioactive waste put inside and for shielding materialJ. The
floor of the access tunnel developed some additional cracks which did not
open visibly during passing by of the load, which had been distributed on a
quite long carrier and towed carefully.

The rests of the broken fuel element were sent inside a cask to the hot
cell. Remaining contaminated waste pieces of large size were placed inside 3
larger cylindrical containers, and smaller pieces put into 200 1- drums.

A general decontamination, cleaning and painting action followed.

Underground Construction and Decommissioning

It is said underground construction presents an advantage in relation
with decommissioning in the sense that waste can be left in place or buried
inside the excavated caverns. This might be true if the site is suited as a
permanent repository for such wastes.

At LUCENS, rock water is collected in a drainage system external to the
walls of the different caverns. It is pumped at the lowest point (Fig. 4,
item 38). The flow remained very constant at 10 m3/day. Despite this draina-
ge, which needs quite some maintenance, rock water penetrates the caverns at
different places at a rate of about 1 m3 per month, and it must be radiolo-
gically monitored and pumped out (the specific activity of this water is now
less than 1/10 the tolerance for a continuous use as drinking water). If
pumping of the rock water were stopped, the level would rise outside the
walls to 513 m, this being the lowest level of the access galery. Water in-
leakage would then most probably rise, and if not pumped, the water level
would rise inside the caverns to a similar level. It would probably take
years to reach the level 513, but such a situation, even if radiologically
acceptable, would be inadequate for practical reasons. So there remain two
alternatives : continue pumping, or backfill at least the lower half of the
caverns and let the rock water flow freely to the outside.

A total mass of some 235 t of slightly contaminated or activated equip-
ment was buried, partly poured into concrete, on the site at LUCENS. Most
of it could be retrieved if found necessary, including the major part poured
with concrete. The greatest pan., of this waste lays at a level lower than
513 m. There would probably not be any activity detectable at the outflow,
if the caverns would be backfilled and the water level permitted to reach
equilibrium. But remains the burden of proof. Therefore, it would not be
possible, in most of the cases, to see an advantage in waste burial for un-
derground plants. Many drawbacks of underground construction (4) will have
appeared from the description given above of dismantling the reactor : lack
of space, of access facility, of floor loading capacity. It is characteris-
tic that at LUCENS, the reactor wastes are now temporarily stored outside,
and not inside the caverns. For avoiding greater spans, caverns are built
higher than large. It had been very difficult, and even not possible, to
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lower all the containers to the basement floors of the caverns. There they
stay under water if left permanently. It was also the intention of the
plant owner to keep the caverns free for any future use. The storage of
the reactor waste outside the caverns has been accepted by the safety au-
thorities. All the plans and results of the dismantling actions were con-
tinuously presented to and discussed with these same authorities. Safety
reports were prepared and presented for major actions and states, includ-
ing for the state of surveillance of stored wastes on the site. There
exists a project for a national*"away from reactor" intermediate storage
of irradiated fuel elements and of vitrified highly active wastes at the
same site, but in larger caverns to be excavated deeper in the rock.

CONCLUSIONS

The present paper concentrates on a description of the dismantling
methods, procedures and tools that have been used at LUCENS. Together with
reference (3) a quite complete overview of this decommissioning has now
been given. Many statistical results were presented in (3) and they were
not repeated here. Only the main and final results will be given below,
together with a non-exhaustive set of recommendations.

Costs

The costs for dismantling were evaluated to have been 4 million Swiss
francs (about 1 million US dollars at that time), or 4 % of the construc-
tion's costs. The costs of decontamination and investigations tied with the
incident were evaluated to have reached 3 million Swiss francs. The total
of 7 million was covered by the total value of material and equipment sold,
which reached about 7,5 million Swiss francs. The annual costs of adminis-
tration, insurance, surveillance and maintenance range around 0,2 million
Swiss francs, corresponding to about 0,1 million US dollars in 1982.

Personnel and Time

The number of people participating to this task decreased steadily
from 71 in January 1969 to 7 in May 1973, 52 months later. A total of
130'000 hours were registered on dismantling and maintenance, and 115*000
hours on decontamination and investigation. The real number of hours might
be 20 % higher. The total man-years were indeed 73 for dismantling (11 for
supervisors and 62 for professionals), respectively 63 for decontamination
(10 for supervisors and 53 for workers). Presently, surveillance of the
site requires two people. Host of their time is spent on cutting the grass
and cleaning the woods. Radiological survey is performed by personnel be-
longing to the nearby Muhleberg nuclear power plant.

Personnel Doses

The total of the doses accumulated was 132,4 man-rem. Of these, about
8 were accumulated by 17 hired workers. The doses may be shared between
dismantling and decontamination as being 75, respectively 60 man-rem,
approximately.
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Radioactive Wastes (5)

The 3 heavily shielded containers and the 3 lighter containers, each
with a radiation dose rate of less than 0,2 rad/h at the surface, are now
stored in the bassin of the previously installed cooling towers. A total
of 238 drums (of 200-1 size) were filled (13 of them containing Co 60-ac-
tivated pieces poured in concrete inside the drum, with a radiation dose
rate of about 10 rad/h at the surface in 1972, were stored in a vault near
the waste treatment building of the station - the waste treatment plant
has been decommissioned - ; 25 drums with a higher dose rate than 0,2
rad/h were cast into 1,2 m3 type B concrete containers and disposed off).
From the 200 drums sent to the Swiss center for waste handling, about half
were incinerated, and the ashes, together with the other waste, conditio-
ned and disposed off by deep sea immersion.

Recommendations

The six recommendations explicitely described in (3) can be summarized
as follows :

keep an up-to-date and precise documentation on the as-built state of
the plant

foresee sufficient access and storage places, and lifting devices

obtain a good knowledge of the radiological situation, and provide
adequate radiological measuring equipment

make best use of people knowing the plant well and keep equipment
which may still be used later in good conditions

- pay continuous attention to accident prevention (at LUCENS, medical
help was only needed in three cases, the worst being a foot hurted by
a heavy concrete block handled by a crane, in this and for a second
case, the workers were not checked to be correctly equipped). Avoid
working simultaneously at different places laying one over the other

obtain a usable and reasonable definition of the limits between radio-
active and non-active waste.

We would add for more completeness :

test all operations on mock-ups where possible

- keep whenever possible reserve tools and spare parts available.
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MOUND'S DECOMMISSIONING EXPERIENCE, TOOLING, AND TECHNIQUES
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ABSTRACT

Monsanto Research Corporation (MRC), which operates Mound for the Depart-
ment of Energy (DOE), has been decommissioning radioactively contaminated
facilities since 1949.

We are currently decommissioning three plutonium-238 contaminated facilities
(approximately 50,000 ft2) that contained 1100 linear ft of gloveboxes; 900
linear ft of conveyor housing; 2650 linear ft of dual underground liquid waste
lines; and associated contaminated piping, services, equipment, structures, and
soil. As of June, 1982, over 29,000 Ci of plutonium-238 have been removed in
waste and scrap residues.

As a result of the current and previous decommissioning projects, valuable
experience has been gained in tooling and techniques. Special techniques have
been developed in planning, exposure control, contamination control, equipment
removal, structural decontamination, and waste packaging.

INTRODUCTION

Mound is a Department of Energy installation located in Miamisburg, Ohio.
The site (306 acres) is located in a residential/agricultural area of suburban
Dayton, Ohio. The facility is operated by Monsanto Research Corporation for
the DOE in support of weapons and nonweapons programs.

Monsanto has been involved with radioactive operations since 1944 and the
resulting decommissioning operations since 1949. We are currently decommission-
ing three facilities that were used primarily for the processing and encapsula-
tion of plutonium-238 heat sources for various programs, such as the heat
sources used in space applications (SNAP, PIONEER, TRANSIT, VIKING, and VOYAGER).

The multimillion/multiyear project involves the extensive decontamination
and decommissioning (D&D) of inactive areas of three facilities: Plutonium
Processing (PP) Building, Research (R) Building, and Waste Transfer System (WTS).
The project was initiated in 1978 and is expected to be completed in 1988.

The PP Building is a two-floor (38,000 ft2) reinforced concrete and con-
crete block building built in 1967 to process plutonium-238. Approximately
95% of the building will be decommissioned for potential future reuse with
the remaining 5% staying operational.

*Mound is operated by Monsanto Research Corporation for the U.S. Department
of Energy under Contract No. DE-AC04-76-DP00053.
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The R Building is a one-floor (54,000 ft2) concrete block and brick build-
ing built in 1948 to research, develop, and process various isotopes. Approxi-
mately 10% of the building is being decommissioned for current and potential
reuse with the remaining 90% staying operational.

The WTS is an inactive underground liquid waste transfer system built in
1967 and consists of two underground lines (2,650 ft each) buried from 6 to
25 ft below ground and a one-level 600 ft2 concrete block lift station (Build-
ing 41) with two underground tanks.

The total project (PP, R, WTS) involves the removal of 1,100 linear ft
of gloveboxes; 900 linear ft of conveyor housing; 2,650 linear ft of dual
underground liquid waste lines; and associated contaminated piping, services,
equipment, structures, and soil. Estimated waste volumes generated by the
decommissioning project are: 200,000 "ft3 <10 nCi/g and 150,000 ft3 >10 nCi/g.

Extensive D&D includes cleaning and removal of internal glovebox equip-
ment and services, removal of gloveboxes, removal of associated laboratory
equipment and services, structural decontamination, and disposal of wastes
from the PP and R Buildings. Contamination in the inactive areas is reduced
to an "as low as reasonably achievable" (ALARA) level, and remaining contamin-
ation is permanently sealed so that the areas can be reused with minimal re-
strictions (restricted release).

The final exposed average contamination levels in these facilites after
decontamination and sealing will be:

Wipe - £20 dis/min/100 cm2

Direct - £3000 dis/min/60 cm2

External Radiation - £1 mr/hr at surface

These levels are being normally met (except for cracks and crevices) before
sealing. Unrestricted release was not considered since this would require
demolition of the PP and R Buildings which are used for ongoing programs and
could be reused for future DOE programs. Demolition would be required because
of known and potential contamination (in structural members, underneath the
facilities, and in cracks and crevices) and the inability to detect and re-
move this contamination without destroying the integrity of the structure.
However, complete D&D was considered the only feasible approach for the VJaste
Transfer System which is unusable because of previous leaks.

Since complete removal is planned for the Waste Transfer System and sur-
rounding contaminated soil, it should be possible to reduce the contamination
level to near unrestricted levels for soil (conditional release).

To date, approximately 850 linear ft of gloveboxes (with associated ex-
ternal glovebox equipment, piping, and services) have been cleaned, stripped
of piping and equipment, sectioned if required, packaged, and removed from
the site. Also laboratory areas have been completed and are being reused by
other DOE programs. In accomplishing this, there have been no significant
radiation exposures or environmental releases.
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There are several unique characteristics of the current project.

- The site is in a residential/agricultural area; thus outside
decommissioning activities are restricted. (Site boundary is
as close as 300 ft.)

- Normal operations continue in the PP and R Buildings, so de-
commissioning activities are also restricted.

- Most gloveboxes are two-level (operating level and equipment
level) and are larger than a standard 4 ft x 4 ft x 7 ft ship-
ping container.

- Although oversized shipping containers were used, some large
gloveboxes required sectioning before packaging.

- All equipment, piping, and services must be removed from the
gloveboxes before packaging (burial storage facility require-
ment) .

- Two separate funding agencies within DOE (weapons and non-
weapons) require coordinated funding and planning.

- Contamination involved is primarily plutonium-238, a high-
specific-activity transuranic isotope (16.8 Ci/g) requiring
special personnel protection and waste packaging.

- The WTS underground lines (and associated contaminated soil)
are located up to 25 ft below the surface on hilly (up to
140-ft elevation change) terrain which requires special
excavation procedures.

- Weather conditions (wind, rain, snow) and temperatures
(typically -10°F to 100°F) restrict outside decommissioning
activities.

As a result of these unique characteristics and our previous experience
in decommissioning facilities, several techniques were developed in each of
the following areas: planning, exposure control, contamination control, equip-
ment removal, structural decontamination, and waste packaging.

PLANNING

Direct management involvement and commitment in the decommissioning pro-
ject starts at the director level and continues down to the D&D Management
Team. The interdepartment Management Team consists of a representative from
each of the three main departments directly involved (Nuclear Operations,
Engineering, and Administrative Services). Each member of the D&D Management
Team serves as the interface with his respective department. This matrix
Management Team formally meets with the involved Directors on a monthly basis
to discuss status, accomplishments, problems, and plans. The Team also meets
bimonthly with the DOE Area Manager and his staff. This is in addition to the
normal weekly and monthly written reports sent to our management and the DOE.
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In addition to the formal monthly, quarterly, semiannual, and annual
reviews of D&D plans by MRC directors and DOE management, plans are formally
reviewed weekly in each of the major D&D areas by direct supervisors; as well
as special planning sessions held for unusual decommissioning activities along
with prejob conferences with the personnel who will be performing the work.

Decommissioning activities are controlled by using special work permits
such as the "Radiation Control Area Maintenance Permit." This permit requires
interdepartmental review and approval to ensure that jobs are thoroughly pre-
planned, adequate training and safety analysis have been performed, and proper
precautions are being taken.

Special procedures are required for any unusual decommissioning operation
not covered by existing work procedures. These procedures require interdepart-
mental review and approval. In addition, special training is required for any
new and complex techniques employed. For critical operations, a "mock-up" or
nonradioactive test is made prior to actual operations.

The D&D planning efforts include quality assurance and other control
methods to ensure adequacy, consistency, change approval, and reporting. Oper-
ations are routinely audited by Environmental, Health and Safety, Quality,
Financial, and Management representatives within the company, by an independent
DOE contractor, by DOE Area and Field Offices, and by DOE Headquarters.

Another planning aid has been the use of exception and trend reporting to
increase management awareness and response to potential problem areas. These
reports cover such areas as radiation exposures, effluents, safety performance,
milestone status, and cost versus budget.

One area of planning has been personnel resources. Whenever possible,
use is made of personnel with prior operations experience, personnel experienced
with decommissioning operations (including consultants and offsite contacts),
and personnel experienced with plutonium-238 and other radioisotopes. For new
personnel, intensive training and certification are required. Frequent retrain-
ing orientations and seminars are presented to operations personnel to reaffirm
established techniques and demonstrate new techniques.

EXPOSURE CONTROL

Again as in planning, direct management involvement and commitment in
exposure control start at the director level in the Executive Safety Committee's
commitment to keeping exposures and effluents "as low as reasonably achievable"
(ALARA). ALARA goals are set yearly after an interdepartmental review and
evaluation. Monthly trend and exception reports indicate potential problem
areas for management review and followup.

A key part of planning for any D&D activity is exposure control. This
planning for exposure control includes training and selection of experienced
personnel for critical activities, communication of known or suspected hazards,
analysis of hazards, procedure review, contamination control precautions, work
permits, adequate monitoring, and reporting.
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Specific exposure control equipment and techniques include remote opera-
tions (including long-handled tools); portable and personnel shielding (includ-
ing lead-loaded gloves and aprons); respiratory protection (full-face mask and
supplied-air suits); protective equipment (clothing, portable enclosures, local
exhausters, contamination fixatives); and special techniques for contamination
control, equipment removal, structural decontamination, and waste packaging
(see appropriate section for additional details).

Exposure monitoring is accomplished with both in situ and personnel TLD
doslmetry (including extremities), industrial hygiene monitors, selective
plutonium-238 air monitors, fixed position and personnel air samples, alpha/
gamma/neutron instrumentation and measurements, and personnel bioassay samples
(nosewipes, urine, blood, sputum, fecal, and whole-body counting).

CONTAMINATION CONTROL

After as much of the radioactive material as possible is removed from
gloveboxes, equipment, and piping by standard cleaning and flushing techniques,
temporary enclosures, fixation, and ventilation become the primary means of con-
tamination control during subsequent removals.

Temporary enclosures are constructed for containment around all separations
of gloveboxes, equipment, and piping with a high potential for contamination
release. These enclosures range in size from a sealed plastic bag to a series
of large rooms with separate HEPA (high efficiency particulate air) filtered
exhaust systems (when personnel access is required). The large enclosures are
constructed with either fire retardant wood or sheet metal framing covered by
heavy clear plastic. In some cases, permanent airlocks are added to building
corridors to increase contamination containment and increase air pressure
differentials.

Contamination fixation is used during glovebox, equipment, and piping
removal after conventional decontamination methods prove ineffective in reduc-
ing contamination levels. The fixation agent used depends on the application
and includes light water misting, strippable paint, and urethane foam.

A light water misting is used to contain dusting or to clean in areas
which could not be cleaned prior to breaching.

Strippable paint is used primarily on contaminated building structures as
a temporary fixation until final decontamination can be accomplished.

Fire-retardant urethane foam is used as a fixative inside gloveboxes after
equipment, piping, and services are removed, and the interior surfaces are
cleaned. This fixative minimizes potential contamination spread during later
glovebox separation, packaging, and shipment. Strippable paint is not used
because of potential long-term radiolysis of the paint inside gloveboxes. In
addition, only a minimal layer (1-2 in.) of foam is used to minimize future
potential waste-reprocessing problems at the burial storage facility.

Urethane foam is also inserted at separation points in large diameter
piping to provide a contamination barrier during subsequent cutting.
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A third use for urethane foam is as a shoring material in waste packages
(primarily at the four corners, middle of the side, and top). Again, a minimal
amount of urethane foam is used to minimize future potential waste-reprocessing
problems at the burial storage facility.

Existing building and/or portable ventilation systems are used to contain
contamination. Portable HEPA—filtered ventilation systems are used primarily
for temporary enclosures and range in size from 25 to 500 ft3/min.

A minimum three-zone concept is also used in contamination control. Each
zone represents a certain level of contamination and resulting protection.
The first zone is the immediate work area that needs the highest level of pro-
tection (air flow, personnel, and controls). The second zone is a buffer zone
or airlock, and the third zone is the noncontaminated or low-potential zone.
The first zone is normally the enclosure being breached, and the second and
third zones are plastic enclosures with the room area being an additional zone.

Administrative control levels are set for airborne, removable, and gamma/
neutron radiation in work areas. If the levels are exceeded, then work is
stopped until the levels have been reduced.

EQUIPMENT REMOVAL

Equipment, piping, and services must be removed from the inside of all
gloveboxes (burial facility requirement). Since most of the gloveboxes contain
two levels (standard operating level and an isolated lower equipment level in
the glovebox well), equipment removal required personnel to enter the glovebox
well (a highly contaminated atmosphere) from the rear to clean, disconnect, and
remove equipment. A plasma cutting technique was developed to cut out sections
of the operating glovebox floor to gain access to the equipment well to eliminate
the need for initial personnel entrance. All plasma cutting is performed using
the standard glovebox gloves.

Plasma was chosen for cutting since the resulting smoke generation is much
less than that generated by a standard cutting torch (thereby reducing the
particulate accumulation and eventual plugging of the glovebox exhaust HEPA
filters). In addition, there is not as much heating of surrounding metal
(because of the faster cutting), and the resulting cut edges are not as jagged.

Once access is gained to the equipment well, piping and services are dis-
connected using long-handled tools, and equipment is moved (with glovebox
hoists) in order to clean the equipment and glovebox well. Personnel then
gain entry into the well (via a ventilated enclosure) to remove the equipment.

The equipment is then loaded and secured on a wooden platform (pallet)
outside the glovebox (and inside a plastic ventilated enclosure which is
collapsed around the platform for containment which eliminates the need for
bagging). The equipment pallet is then loaded into a waste container. This
precludes personnel from having to physically carry equipment to the waste
container.

After the equipment is removed from the glovebox, it is sometimes neces-
sary to section the glovebox since some are larger than the waste container.
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Initially a foam wall was applied where the glovebox was to be sectioned,
isolating contamination during the cutting operation. In addition the safety
plate glass glovebox windows were replaced with Pleyiglas (methyl aerylate
plastic) in areas where the cut was to be made. The outside was cut with a
reciprocating saw (inside a temporary enclosure), and the foam wall was cut with
a piano wire. The exposed end pieces of the glovebox were capped with sheet
metal, and the individual glovebox sections were then packaged into the waste
container.

This sectioning technique was very successful but time consuming. In a
modified technique, the foam wall was eliminated from sectioning. The interior
surfaces of the glovebox are coated with a 1 to 2 in. layer of urethane foam
while being exhausted through the normal supply filters. Then oefore the stainless
steel glovebox is cut, a layer of decontamination soap foam is applied to the cut
area and cutting blade to contain filings. As a cut is made, the area previously
cut is cleaned with a damp rag and sealed with a plastic sleeve and tape. The
glovebox is then turned on its side to complete the cut. After cutting is com-
pleted, the sections are separated within the plastic sleeve, and the sleeve is
crimped, cut, and sealed. Then sheet metal caps are placed over the cut and
bagged ends. Replacement of the safety plate glass glovebox windows in the cut-
ting area was also unnecessary, as development showed there is no breakage if the
outside of the window is taped with plastic tape, the inner surface is foamed, and
a special glass cutting blade is used.

To separate piping external to the glovebox, several techniques are used
depending on the potential for spread of contamination. In low-potential cases,
the pipes are cut, with damp rags and/or plastic bags used for containment.
In high-potential cases, copper pipes less than 1 in. and stainless steel pipes
less than 1/2 in. are cut, using a crimping tool, and capped. For larger pipes,
a small hole is drilled, urethane foam is injected in the hole, and then the
pipe is cut after the foam has cured. The cut ends can then be capped. Piping
and services are cut down enough to fit in standard 4 ft x 4 ft x 7 ft waste
packages. The internal areas of larger ductwork are painted (to contain con-
tamination), separated, and cut in half (diagonal usually) in order to efficiently
fit inside standard waste containers (boxes).

For transporting equipment, a variety of lifting devices, moving dollies,
and hoists are used. In addition, the previously discussed equipment platform
is used for transporting glovebox equipment to the waste container. Glovebox
combustible waste is reduced to ash in a glovebox incinerator. Most external
glovebox combustible waste is either incinerated or compacted.

STRUCTURAL DECONT tflNATION

In the first step of structural decontamination, al] unnecessary penetra-
tions (pipes, ducts, conduit) are removed (back to operating headers), and the
opening is monitored, decontaminated, and sealed. In contaminated areas, false
ceilings are removed, and, although no concrete ceilings have been decontaminated
yet, plans are to remove any paint. If the ceiling area is still contaminated,
a layer of concrete will be removed using mechanical equipment for large areas
and a hand scabbier for isolated spots.

IV-129



In decontaminating walls, the first choice is removal because of void
spaces. For poured concrete walls, the paint is removed using paint remover,
general contamination can be mechanically removed, and isolated spots can be
scabbled.

In decontaminating floors, removal of the floor covering (and mastic) or
paint removes most of the contamination. If the floor is still generally con-
taminated, a floor scabbier is used. If it is highly contaminated, removal
of 1 to 2 in. of concrete is usually more efficient. Isolated contamination
spots are then removed with a hand scabbier and vacuum sweeper.

Door frames and doors are removed in highly suspect areas. If there is
not a double door into large areas, a temporary one is installed to allow
waste containers to be moved in and out. Floor drains are also removed.

Since this type of work is very dusty, contaminated dust control is
important. This dust is controlled using local exhausters, light water sprays,
and immediate vacuum cleaning.

Core samples of soil under first floors are taken to verify the condition
of soil and remaining underground drain systems.

If isolation of remaining contamination in cracks, crevices, and struc-
tural members is permitted, the first step is the documentation of the levels
and location. The spot is then coated with an identifying color as a future
reminder. Then the surface is permanently sealed, and a sign is posted on
the exterior surface; again as a future reminder.

The use of an independent contractor to verify remaining contamination
provides assurance of Mound's monitoring results and documentation for future
reference â d questions.

WASTE PACKAGING

A variety of waste containers are being used for the estimated 350,000 ft3

of waste to be generated by the project. Low level waste is packaged in either
a 55-gal steel drum or a plywood box. Most plywood boxes are 4 ft (W) x 4 ft
(H) x 7 ft (L). If the waste has a high density, a half-box 4 ft (W) x 2 ft
(H) x 7 ft (L) is used to lower the package weight. In a few cases, other
sizes are used to preclude unnecessary size reduction or provide an efficient
packing fraction.

For transuranic waste, a 20-yr retrievable package is used. Again, a
55-gal steel drum or box is used. The 55-gal drum uses thicker steel and a
90-mil high-density polyethylene liner (with a press-fit lid sealed with
adhesive).

The boxes used are fiberglass-coated, heavy-construction, plywood boxes.
It is expected that these will be replaced by a corrugated steel box (to be
sealed by welding) in 1983.
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Most of the fiberglass/plywood boxes are 4 ft (W) x 4 ft (H) x 7 ft (L).
However, a limited number of larger boxes were previously used to preclude the
size reduction of many large gloveboxes. Three larger sizes were used with
the largest being slightly less than 6 ft (W) x 9 ft (H) x 12 ft (L).

Various hoists and dollies are used to load large pieces of equipment into
the waste packages. The equipment platform described earlier is also used to
facilitate loading.

A minimal amount of urethane foam (that was described earlier) is used as
a flexible and efficient shoring material.

Large airlocks are constructed within the buildings to facilitate the load-
ing of the waste packages and to provide contamination control.

A gamma scan and final fiberglassing facility (with a common turntable)
was constructed to determine isotopic content and apply the final fiberglass
seal on the box lid or sections of the bo;; that were used for entrance.

CONCLUSION

Progress to date on the project (50% completed) has verified the importance
of adequate planning (with flexibility for the unexpected), matrix organization
for effective implementation and control, experienced and trained personnel with
innovative abilities, frequent communications at all levels of management,
management commitment to safety and ALARA exposures, contamination control tech-
niques and equipment, variety of waste container sizes, and independent verifica-
tion of radiological conditions.
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DECOMMISSIONING OF THE OREGON STATE UNIVERSITY
AGN-201 REACTOR

B. Dodd and A. G. Johnson
Oregon State University

Corvallis, Oregon 97331, U.S.A.

ABSTRACT

A brief description and history of Oregon State University's
AGN-201 Reactor is presented. This is followed by an outline of the
disassembly procedure and a description of the radiation protection
aspects of the complete decommissioning.

No major problems were encountered in the disassembly process, no
radioactive contamination was found on the reactor components, and the
radiation dose rates involved were very low. The only measurable
radioactivity was on those items known to contain radioactive
materials.

INTRODUCTION

There are approximately 17 Aerojet General Nucleonics (AGN)
reactors in the USA, of which eight are currently shutdown. Most AGN
reactors had a rated power of 0.1 watt with a few as high as 5 W to
15 W. Due to these low power levels, AGN reactors constitute the very
low end of the nuclear reactor decommissioning spectrum. Indeed, in many
cases the fission product activity is much less than the natural
activity of the uranium present in the core. There is also very little
induced radioactivity from the core or the startup source due to the low
neutron flexes involved.

Even though the radiological problems associated with the
decommissioning of an AGN reactor will normally be very small, a
description of the OSU decommissioning experience can still be
instructive, as similar procedures and precautions are required in the
decommissioning of other types of reactors.

REACTOR DESCRIPTION

The OSU AGN-201 reactor was a small research and training reactor
designed to operate at a maximum power of 0.1 watt. The core of the
reactor, shown in Figure 1, is made up of a number of 0.25 m diameter
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discs consisting of a mixture of polyethylene and UTL. The uranium is
enriched to approximately 20% in " 5 U . The core, along with the top and
bottom graphite reflector is enclosed in an aluminum tank designed to
contain any fission product gases produced. The main irradiation
facility is a 25 mm diameter penetration through the core, known as the
glory hole.

The core is made up of two distinct halves joined together by a
thermal fuse, which contains a higher loading of uranium. In the event
of a large reactivity excursion, the temperature in the thermal fuse
would rise twice as fast as in the core and subsequently melt at 100°C.
This would allow the lower half of the core to drop several inches, causing the
reactor to go subcritical.

The AGN-201 reactor utilized two safety rods and two control rods
installed vertically in the bottom of the reactor unit. Three of these
rods were made of the same UO2 impregnated polyethylene as used in the
core, while the fine control rod contained polyethylene only (no uranium).
Each rod operated in a manner such that reactivity decreased as the rod
was removed.

Figure 2 shows the reactor assembly. The core tank was surrounded
by a cylindrical, high density graphite reflector about 0.2 m thick, and
a lead gamma shield 0.1 m thick totally enclosed the graphite reflector.
The lead was made up of four separate rings and a top and bottom slab;
each of these weighed between 408 kg (900 lbs) and 567 kg (1250 lbs).
The core support and neutron shield system consisted of a 2 m diameter
tank which was filled with water. The top portion of the water tank
above the core was separate and comprised the thermal column. Apart
from this and the glory hole, the only other irradiation facilities were
four 0.1 m diameter, horizontal tube penetrations adjacent to the core.
These tubes were filled with wood, lead and graphite plugs when not in
use.

OSU AGN-201 HISTORY

The Oregon State University AGN-201 reactor first went critical on
January 28, 1959. The reactor was used continuously by OSU for teaching
and training in nuclear engineering until December of 1974, at which
time it was secured and maintained, but not operated. In its 16 years
of operation, the OSU AGN reactor had a total energy release of
1583.6 watt-minutes or 1.1 watt-days. The actual operating time over
this period was 408.6 hours.
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The initial dismantling and decommissioning plan was submitted to
the Nuclear Regulatory Commission (NRC) in December of 1978 and subsequently
authorized in March of 1979. The reactor cannot go critical with the control
and safety rods removed, and therefore as a safety measure these were permanently
removed and put into long-term storage as soon as the dismantling plan was
approved. The actual reactor decommissioning was performed in the early summer
of 1980, with the final decommissioning report being submitted to the NRC in
July of that year. The closeout inspection by the NRC was conducted in
September of 1980, and the AGN license was formally terminated in November
of 1981.

The reactor was fully functional prior to decommissioning, and the
dismantling was performed in an orderly manner with all the components
being labeled and crated for storage or shipment- The parts will be
kept in storage until a suitable reeeipient for the reactor is found.

REACTOR DISASSEMBLY

In order for the decommissioning to be approved by the NRC and completed
as smoothly as possible, a detailed step-by-step dismantling procedure was
written. This included some of the important health physics precautions which
are discussed in the next section, plus references to specific part numbers,
special precautions required, and spaces for recording pertinent data, such
as the actual weights of components. Prior to each major disassembly step
the reactor supervisor briefed the crew on that particular step.

Prior to the first step, which consisted of completely removing the
control and safety rods, a roll of cadmium sheet was inserted into the
glory hole. This was an extra criticality precaution, as the removal of
the rods alone ensures that the reactor cannot go critical. The count
rates on the detector channels were monitored continuously during the
control rod removal, and intermittently during the disassembly of the reactor
unit. After the rods, dash pots and rod drive mechanisms were removed from
beneath the core tank, additional rolled cadmium sheeting was inserted into
the vacant core tank holes and taped into place. The control rods were placed
into one of the OSU TRIGA reactor's fuel storage pits for long-term storage.

A sample of the thermal column water was taken and analyzed on a
Ge(li) multi-channel analyzer (MCA) system to determine if it could be safely
pumped into the sanitary sewer system. Since the thermal column water
radioactivity concentration was very close to that found in the normal
city water supply (Table I), release to the sewer system was well within all
regulatory limits. The thermal column tank, which includes the top lead
shield, was then hoisted out of the reactor tank. A dynamometer was used
whenever large components were lifted to ensure that they were not binding
as they were being removed.

IV-134



The nominal 370 Mpq (lOmCi) 226Ra-Be neutron startup source positioned in
the graphite reflector was now accessible, and was removed using a threaded
rod and long tongs. After being surveyed and smeared, it was placed in a
lead pig for storage.

Before lifting the main core can assembly, it was first necessary to
remove the glory hole cadmium, flanges and tube. The core can could then
be lifted out, surveyed and packaged inside a padlocked 55-gallon steel
drum. This was then moved into the TRIGA reactor bay where it was further
secured. The details of the radiation survey of the core are given in
the next section.

In a similar manner, before the reflector and lead shield rings could
be lifted out of the reactor tank, the four access port tubes had to be
removed. This included taking off the covers and flanges, and pushing out
the wood, lead and graphite fillers. Because the threads in the graphite
reflector which were to be used for attaching lifting eyes appeared to be in
poor condition, new holes had to be drilled and tapped, and metal thread
inserts screwed in. This was also done later to improve lifting safety for
each of the four lead rings and the base plate. The drilling and tapping of
these holes in a confined position was probably the most lengthy and tedious
part of the whole decommissioning. No problems were experienced in liftinq and
removing the reflector and the lead, which weighed between 318 kg (200 lbs)
and 567 kg (1250 lbs). Once everything had been lifted out of the tank, the
reactor shield water was analyzed in the same way as the thermal column water
(Table I), and was subsequently discharged to the sewer.

The electrical and instrumentation cables were labeled and
disconnected and the nuclear channels 1, 2, and 3 removed from the tank.
The console was kept together as complete as possible in order to
facilitate recommissioning of the reactor at a later date if a suitable
recipient is found.

RADIATION PROTECTION ASPECTS

As discussed in the introduction, because the total operation of the
OSU AGN was only 1.1 watt-days, and because the reactor had been shut down
for four years, the fission product activity and induced activation if
components was expected to be very small. The maximum estimated fist "m
product activity was calculated at 1.81 HBq (484uci) compared to the i.-.itural
activity of the core of 84.6 MBq f2.29mCi). The core tank was expected to show
less than 3nSv hr"1 (0.3 mrem hr"1) direct radtiation at a distance of 0.3 m.

Despite the very Ian radiological hazards expected from this decommissioning,
it was felt appropriate to employ the full radiological protection procedures
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normally used when higher dose rates and greater contamination levels are
expected. The reasons for this were:

a. It is better to be over conservative, consistent with the ALARA
principle.

b. The OSU Radiation Center is a unversity teaching and research
establishment, and it is important that students be given a
good, practical, procedural model to follow.

c. Most of the reactor components as well as the reactor room were
going to be released for storage in, or use as, an unrestricted
area, and it is infinitely easier to keep the components and
room clean than to decontaminate them later.

d. It was a good opportunity to practice some of the procedures
which are more likely to be necessary on the OSU TRIGA
reactor.

The radiation safety aspects of the entire decommissioning operation
were under the supervision of the Radiation Center's senior health physicist.
In addition, all regular services of the existing OSU radiation protection
program were available during this operation. These included provision of
calibrated monitoring instrumentation, protective clothing, waste management,
personnel dosimetry devices, assistance in the preparation of the area for
access control and for control of potential radioactive contamination, and the
continuous presence of one or more members of the radiation protection staff
to carry out necessary radiation evaluations and measurements throughout
the entire disassembly process.

Prior to beginning the disassembly, a special, controlled access
radiation working zone was established within the AGN reactor room. Access
to the room itself was also controlled by keeping the room's two doors
continuously locked, and by issuing keys to only six members of the
decommissioning team. Operational checks of the portable monitoring
instrumentation and the AGN area/criticality monitor were made prior to
the st-rt of the operation and at other times throughout the disassembly
procr .̂ A continuous particulate air monitor was also operated during
the disassembly process, and a portable air sampler was regularly present.

Protective clothing used by all workers in the controlled radiation
work zone included coveralls, gloves, rubber shoe covers and hard hats.
Personnel dosimeters were worn by all participants and included xeyn
film badges and y-sensitive pocket dosimeters. TLD extremity dosimeters
were also available for use, along with a wide range of emergency
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equipment, including respiratory protection devices and decontamination
materials. The normal area film monitors for the AGN were also in place
during the disassembly.

Radiation monitoring instruments used during the AGN surveys ~
included portable GM survey meters with thin window (1.5-2.0 mg/cm )
pancake style detectors, air equivalent cutie pie ionizing chambers, a
portable BF3 neutron survey meter, a neutron scintillation ("LiI) rem
meter, laboratory gas flow proportional counters, a multichannel
analyzer with a Ge(Li) detector, a moving filter paper continuous
particulate air monitor and a portable air sampler.

Radiation survey procedures for water, air, personnel doses, and
general radiation levels in the AGN facility followed those routinely
used at OSU. However, all reactor components were monitored for
radioactivity in accordance with specific procedures, written to address
the objectives of the AGN decommissioning. This radiation survey
protocol consisted of the following:

a. A direct radiation survey over all surfaces of each specific
component, utilizing a portable GM survey meter equipped with a
thin window (1.5-2.0 mg/cm2 thickness) pancake style detector.
(The Ra-Be startup source was exempted from this survey).

b. Smear surveys of representative 100 cm2 areas on all components
showing detectable radioactivity above the normal background
level during the direct survey. (Smears were required for
components showing a gross count rate on the protable GM equal
to 1.5 to 2.0 times the normal background count rate for the
instrument).

c. Supporting smear surveys of many components not showing
detectable radioactivity above the normal background level
during the direct survey. (In this situation, particular
emphasis was placed on smearing the surfaces of the apparently
non-radioactive components which were in reasonably close
proximity to the reactor core).

d. Controlled storage at the OSU Radiation Center as a radioactive
component for all items showing detectable radioactivity above
the normal background level due to any of the prescribed
surveys (assuming the radioactivity was not later removed by
decontamination), and identical controlled storage for any item
showing no detectable radioactivity above background during the
direct survey, when there was an obvious inability to
effectively survey all component surfaces.
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e. Surveyed components with detectable radioactivity not in excess
of the normal background were tagged and released for storage
in an unrestricted area.

f. Records of all radiation surveys were logged on special
radiation survey report forms and kept in a master radiation
survey logbook for the AGN decommissioning.

The specific results of the comprehensive radiation survey
conducted as part of the AGN decommissioning are summarized in the
subparagraphs which follow:

a. No radioactivity in excess of normal background was detected by
direct survey over surfaces of any AGN component, except for
those few components specifically known in advance to contain
radioactive material for their intended reactor function (i.e.,
the core can, the control rods and the Ra-Be source). Normal
background during these surveys was approximately 50 to 60 cpm,
which equated to approximately 316 to 380 dpm for the portable
instrumentation and survey techniques used.

b. No radioactivity in excess of normal background was detected on
smears of any AGN components5 including those AGN items showing
detectable radioactivity on the direct surveys, except possibly
the smears of the Ra-Ba startup source. Normal (ae-y plateau)
background for the proportional counting systems used to
analyze the smears averaged aoproximately 49.2 ± 5.2 dpm at 95%
confidence. The average (aB-v plateau) lower limit of
detection (LLD) at 95% confidence for these systems was
approximately 12.34 dpm (740 Bq or 5.6 x 10~6uCi). Therefore,
based on the indicated results, all component smears were
within normal background, were below the LLD's for the counting
systems, and no decontamination of any AGN components was
considered necessary.

The only components showing detectable radioactivity above
background (due to direct surveys) were the core, the control
rods and the nominal 370 MBq (10 mCi) Ra-Be startup source.
Several measured radiation levels for these items are tabulated
in Table II.

No routine surveys for airborne radioactivity during
disassembly of the AGN, and no analysis of AGN water samples
taken from the thermal column and main reactor tank disclosed
radionuclides of reactor origin or radioactivity levels above
the range normally present in local air and water due to normal
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background radionuclides. The water samples were also well
below any applicable discharge limits listed in Oregon or NRC
regulations, and therefore, water was drained from the AGN tank
and thermal column into the sanitary sewer system. A summary
of the water data is given in Table I.

e. Because of the very low radiation levels encountered, there was
essentially no measurable personnel exposure. Gamma sensitive
pocket dosimeter readings collected from all six major
participants after the four-day disassembly showed three net
readings of zero mR, two net readings of 1 mR, and one net
reading of 3 mR.

f. While basically little or no removable contamination was
detected, one cubic foot of dry solids (papers, disposable
gloves, etc.) was processed as radioactive waste as a result of
the AGN decommissioning.

The final area survey of the AGN facility after all disassembly
was finished included a direct surface survey of all major
objects and room surfaces, including the entire floor, all
cabinets, all work bench surfaces, book cases, furniture, and
walls. This survey produced no detectable radiation levels
above the previously stated background values for the portable
survey instruments used. The final survey also included
representative smears from major objects and surfaces within
the room. These were counted in laboratory gas flow
proportional counters and disclosed no radioactivity above the
background and LLD values already given for these radiation
detectors.

h. Conclusion: The results of this survey support the conclusion
that all AGN reactor components (except the core can, the Ra-Be
source and the control rods) and the room in which the AGN was
located contain no radioactivity above natural background
levels, and are well within the limits specified by NRC
Regulatory Guide 1.86 for unrestricted use and access.

REFERENCES

1. USNRC "Termination of Operating Licences for Nuclear Reactors,"
Regulatory Guide 1.86, June 1974
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Table I

AGN Water Sample Analytical Results

1) Thermal Column 0.16 Bq/ml (4.4 x 10"6MCi/ml) including 3H

3.7 mBq/ml (1.0 x 10"7
MCi/ml) excluding 3H

2) Reactor Tank 0.17 Bq/ml (4.5 x 10"6yCi/ml) including 3H

3.5 mBq/ml (9.6 x 10"8yCi/ml) excluding 3H

3) Corvallis City 0.63 to 0.14 Bq/ml (1.7 x 10"5 to 3.8 x 10-6yCi/ml) including 3H
Water (normal
range) 8.7 t o 1.6 mBq/ml (2.2 x 10"7 t o 4.2 x 10"8

MCi/ml) exc luding 3H



Table II

Radiation Survey Results on Components Containing Radioactive Material

Contact 0.3m

1)

2)

3)

4)

5)

6)

7)

8)

ySv

Maximum spot on
core can (glory
hole weld)

General levels
on core can

Maximum through
loaded core can
storage container

Maximum on
safety control
rod #1

Maximum on
safety control
rod #2

Maximum on
coarse control
rod.

Maximum on
fine control
rod (contains
no U02)

Ra-Be source

Y

hr"1 (mrem hr"1)

20 (2.0)

5-10 (0.5-1.0)

5 (0.5)

80 (8.0)

80 (8.0)

90 (9.0)

<1 (<0.1)

n

none
detectable

none
detectable

none
detectable

uSv hr"1 (mrem hr"1) n

1.3 (0.13)

1 (0.1)

2 (0.2)

2 (0.2)

2.5 (0.25)

none
detectable

none
detectable

1,5000 (150) 20 (2.0)
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THE EBOOMHSSIGNINS OF A TRITIUM CONTAMINATED LABORATORY

Johnny R. Harper and Raymond Garde
Los Alamos National Laboratory
Los Alamos, New Mexico, USA

ABSTRACT

A tritium laboratory facility at the Los Alamos National Laboratory,
Los Alamos, New Mexico, was decommissioned in 1979. The project involve-]
dismantling the laboratory equipment and ditposinq of the equipment and
debris at an on~site waste disposal/storage area.

The laboratory, constructed in 1953, was in service for tritium re-
search and fabrication of lithium tritide components until 1974. The
major features of the laboratory included 25 meters of gloveboxes and
hoods, associated vacuum lines, utility lines, exhaust ducts, electro-
dryers, blowers, and laboratory benches.

This report presents details on the decommissioning , health physics,
waste management, environmental surveillance, and costs for the operation.

INTHXJOCTI0N

A tritium laboratory was constructed at the Los Alamos National
Laboratory in 1953 to handle kilocurie amounts of lithium tritide com-
ponents. The laboratory was located in the basement of Building 1 in
Technical Area 35 and occupied three rooms designated as A-12, A-12-A, and
A-12-B (Fig. 1). It consisted of two glovebox lines totaling 25 meters in
length (Figs. 2 and 3) and several equipment items such as heat ex-
changers, electrodryers, a refrigerator unit, a recombiner, and a gas
blower (Fig. 4) that were interconnected with copper pipes (Fig. 5). The
laboratory had its own air supply and exhaust stack (Fig. 6).

The laboratory was retired in 1974 and became a candidate for decorcis-
sioning because the radioactive contamination and the sole-use construc-
tion made it unsuitable for any beneficial occupancy.

In 1979 the gloveboxes in room A-12 were estimated to contain less
than 100 curies of residual tritium oxide contamination each whereas the
two electrodryers and associated equipment in room A-12-B were estimated
to contain less than 1000 curies of residual tritium each, probably in the
form of oxide. Preliminary surveys indicated nonfixed contamination of
10** dis/s/cm inside the gloveboxes and up to 250 dis/s/cm2 on the
laboratory floor and cabinets.
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DEXXJMMISSIGNING PROCEDURES

Decommissioning beqan with the removal of work benches and utility
lines. Existing electrical power was disconnected and tenporary power was
provided only to the lights, exhaust and ventilation blowers, and wall
outlets to reduce the potential for electrical accidents. Thermal fire
detectors were installed for local alarm and inproved notification to the
Fire Department.

A canraerciallv available asphalt gun (Fig. 7) was used to apply tar
undercoating to the interiors of all gloveboxes and hoods to fix residual
dust: and participate material (Fiq. 8). A 5-meter deep pit was excavated
adjacent to the building to provide access to a removable portion of the
south wall of Room A-12-A. Reinforced concrete walls were poured for
sborinq in the pit, a plywood door was installed between the excavated pit
and Room A-12-A, and the top of the pit was covered with a removable
roof, AJ! equipment was removed through this pit for transfer to waste
disposal.

The- removal of the more highly contaminated equipment items bag TO
with the copper pipes (Fig. 9 ) , which were cut and capped with metal ca}?s
(Fiq. 10). During this q:«ration, a portable exhauster was used. Silicon
rubber adhesive applied to the caps before iasorticn over the separated
pipe ends adequately sealed them to prevent spreading of contamination.
Aft'.-r the adhesive had hardened (1-2 days), roofing tar was applied gene-
rously over the sealed pipe end. The sections of pipe were placed for
disposal in 1.3- by 1.3- by 2.3-m fiberglass reinforced polyester (FRP)-

] plywood boxes.

The electrodryers in Room A-12 were stripped of accessories and jon-
•v-c*inq copper pipes (Figs. 11 and 12). They were removed and sealed in a
1.')- by 2.3- by 3.2-m FRP-coated container (Fig. 13).

The gloveboxes in Room A-12 were unbolted and separated into manage-
able sections. Tho sequence of removal can be best understood by refer-
ring to Fig. 1. Hoods 11 and 20 were removed to provide space. Glove-
boxes 6 and 7 were removed as one unit. The sequence was then to transfer
lint? 25; lox 1A; box IB; line 22; hood 4; box 12; boxes 13, 14, and 15;
line 24; hood 19; and finally gloveboxes 17 and 18. Glovebox 16 (the
hydraulic presr, box) was cut with a saber saw into three sections and the
sr-pai-ation openings seal«~ J with sheet metal. Putty tape sealed the sheet
•r̂ ral and glovebox edgef. Roofing tar then was applied over the entire
seal (Fig. 1-") and aroutvi the windows (Fig. 15) and the metal-sealed glove
ports. Plyvf-x-id was banded over the weaker portions of the qloveboxes
(Fig. 16), sue : as windows and sealed glove ports.

Tho gar. Mower, three; heat exchangers, and thr recombiner in r o w
A-12-B wore separated, sealed, and placed in 1.3- by 1.3- bv 2.3-in fiber-
glass-coated plywood containers. The rcnain'ler of the oopr*?: lines, the
ventilation and exhaust ducts, and the exhaust blower were renrwod, and
the batz? of the stack thst entered Room A-12-B was sealed.

IV-145



Tile was removed from the floors in all three rooms. Surveys of the
rooms found up to 500 dis/s/cm2 swipeable contamination. The rooms were
rehabilitated by patching holes and painting the walls and reinstalling
tile on the floors (Fig. 17).

BEALTfl HBICS

Workers used protective (anticontamination) clothing for all work,
including coveralls, gloves, hoods, and booties. Other protective items
used, depending on exposure potential, were the following: (1) a 0.006-
gauge polyvinyl chloride supplied-air suit consisting of a slipover jacket
with sealed-on hood and trousers with sealed-on boots (Fig.18); (2)
breathing air from compressors located outside the work area (Fig. 19);
(3) self-contained breathing apparatus; and (4) arm-length plastic gloves.

The highest airborne tritium concentrations about {10 vCi/tri )
occurred during the separation of the two heat exchangers and the re-
combiner in Room A-12-B. The highest concentration measured during the
removal of the electrodryers was 101* pCi/m . During the removal of the
copper pipes the levels were in the 200 pCi/n range. In each case thr-
concentrations lasted only a few seconds.

Workers submitted urine samples after each potential exposure
operation as well as on a weekly basis. Of the fifteen workers who sub-
mitted routine and special urine samples each month over a five month
period, seven individuals received a measurable exposure. The highest
total absorbed dose for the operation was 210 mrem, and the average total
was 60 mrem.

Instrumentation included the Johnson Triton Model 755-B, the Los
Alamos National Laboratory's MDdel 110 Tritium Sniffer, a Johnson Triton
Model 1055-B, and a Kanne Chamber system installed on the exhaust stack.

HASTE MANAGEMENT

All wastes generated by this operation were buried at the Labora-
tory's Radioactive Waste Disposal/Storage Site in a 1.9-m-deep by 3.9-im-
wide by 33-m-long trc-ncii at the bottom of a large burial pit (Fig. 20),
located 8 km from the decommissioning site. Wastes T*are transported in
plastic-lined dump trucks covered with tarpauJias. The 183 m of contami-
nated debris containing an estimated 6 x 10 curies of tritium were placed
in the trench, which was covered witfi noncontaminated soil. The pit was
then used to receive other routine low-levol solid radioactive wastes.

ENVTROWENTAL SURVEILLANCE

The Laboratory's Environmental Surveillance Group monitored t^e
operation with its routine air sampling network and two additional
on-site- sampling stations. One of the on-site stations (Fig. 21) was at
the excavated pit by the base of the stack and *hs other was nine meters
away. Table I presents the results of the on-site special air samplers.
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The data indicate that some tritiated water vapor was released outside the
tritium laboratory during the decommissioning. The concentrations,
however, were three to four orders of magnitude less than the DOE airborne
concentration limits for tritiated water vapor (DOE Manual, Chapter 0524).

The Kanne Chamber system installed on the exhaust stack provided a
record of the stack releases. Table II presents tritium release data from
1975 through June 8, 1979.

******************** TABLE I *******************

ATMOSPHERIC

Sampling Period
(1979)

April 3 - April 17

April 17 - May 1

May 1 - May 15

May 15 - May 30

May 30 - June 11

TRITIATED

Samplera

A
B

A
B

A
B

A
B

A
B

WATER VAPOR AT TA-35

Atmospheric Tritiated
Water Vapor,

64
46
270
73
121
91
180
29
190
76

pCi/m3

± 10b

± 3
± 40
± 12
± 19
t 15
± 30
± 5
± 30
± 12

aSampler A adjacent
9-m distance.

^Results

to pit sampler at

2o.

********************* TABLE II ********************

TRITIUM STACK RELEASES

/ear Di
1975
1976
1977
1978
1979a

Total Ci
;;charqed

2300
1700
790
520

1300

Volume of i
Discharged(m )

1.3 x
1.2 x
1.1 X
9.9 x
5.6 x

Mr

10
10
10
10
10

Average Concentration
Ci/m3

1.8
1.4
7.1
5.3

10
10
10
10

2.9 x 10

r5

r5

r6

r6

,-5

^Discharges ceased on June 8, 1979.

IV-147



******************** TABLE I *******************

ATMOSVHEKEC TRITIATED W.'-TER VAPOR AT T A - 3 5

Sampling Period
(1979)

April 3 - April 17

April 17 - May 1

May 1 - May 15

May 15 - May 30

May 30 - June 11

Samplera

A
B
A
B
A
B
A
B
A
B

Atmospheric
Water Vapor

64 i
46 1
270 i
73 i
121 i
91 i
180 ±
29 i
190 i
76 i

Tritiated
:, pCi/m3

: 10b

: 8
: 40
: 12
: 19
: 15
: 30
: 5
: 30
: 12

aSampler A adjacent to pit ; sampler B at
9-m distance.

Results + 2a.

********************* TABLE II ********************
TRITIUM STACK RELEASES

Total Ci Volume of Air Average Concentration
Year Discharged Discharged (m ) Ci/nt

1975 2300 1.3 x 108 1.8 x 10"5

1976 1700 1.2 x 108 1.4 x 10"5

1977 790 1.1 x 108 7.1 x 10"6

1978 520 9.9 x 10 5.3 x 1Q"6

1979a 1300 5.6 x 107 2.S x 10"5

discharges ceased on June 8, 1979.
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Of the 1300 curies released during 1979, approximately 1080 curies
can be attributed to decommissioning activities.

TECHNIQUES AND IESSCNS UEABNED

Use of the portable ventilation system proved to be extremely
valuable and cost effective (Fig. 22). It reduced costs and tine by
eliminating the need to use supplied-air suits, which are expensive and
pose problems such as limited maneuverability and increased tripping
hazards. Donning and removing of the suits also reduce worker
productivity.

Expanding polyu re thane foam was introduced into some of the copper
pipes before cutting . The foam displaced tritium gases and created a
filled dead area for pipe cutting. Air suits weEe not required for cuts
on pipe sections filled with foam.

Roofing tar provided an excellent seal for tritium contamination as
did putty tape and silicon rubber. Asphalt coating also proved effective
in holding down particulates inside gloveboxes.

A nucleus crew of experienced decommissioners can achieve the most
cost-effective, safe, and successful program of decontamination and
decommissioning.

COST

One hundred twenty-five working days were required to complete the
project at a total cost of $252 000. Contractor support costs for
inanpower and equipment (Table III) costs were $106 850 and Laboratory
support operations costs were $145 150.
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TABLE III

SUBCONTRACTOR CRAFT
EQUIPMENT USftGE

CRAFT HOURS

Carpenters
Roofers
Painters
Masons
Laborers
Teamsters
Operators
Ironworkers
Tinners
Fitters
Electricians

1-79

53
8
24

196
34

52
111
204

2-79

39
0
2
5

160
2
12
102
138

14

3-79

137
6

7
224
32
71
104
16

4-79

34
6

434
24
18
66
32
8
20

5-79

16

527
50
53
150
12
10
26

6-79

6

361
7
11
47
13
13
59

7-79

92

168
2

395
8
5

57

8-79

24

Tota

377
20
218
14

2297
157
170
469
263
142
390

TOTALS 4517

EQUIPMENT HOURS

Flat-bed truck
Crane
Loader
Dump truck
Forklift
Compressor

10
2
4

7
8
16
2

15

5
2

15
19

7

25
52
12
28
4
9
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A SIMPLIFIED OVERHEAD REPRODUCTION OF
TA-35-2 Rooms A-12. A-12-A AND A-12-B

Fig. 1.
Tritium Laboratory

Pig. 2.

North glovebox line.

Fig. 3.

South glovebox line.
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Fig. 4.
Clockwise from left corner to
right corner: electrodryer,
heat exchanger, and blower.
Recombiner is in right rear corner,

Fig. 5.
Typical copper piping.

Fig. 6.
Exhaust stack.

F i g , 7 .
Aspha l t gun.
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Fig. 8.
Applying of tar undercoating.

Fig. 9.
Copper piping before removal.

Fig. 10.
Sealing copper pipes with metal caps.

Fig. 11.
Disconnecting the electrodryers
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Fig. 12.
Room A-12-B after removal of
electrodryers. Clockwise from
left corner: Recombiner, heat
exchanger, and blower.

Fig. 13.
Placement of electrodryers into
a fiberglass-coated plywood box.

Fig. 14.
Applying roofing tar after a
glovebox separation.

Fig. 15.
Windows and seals covered
with roofing tar.
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Fig. 16.
Plywood-protected windows and sealed
gloveports.

Pig. 17.
Rehabilitated room A-12.

Fig. 18.

Supplied-air suits.

Fig. 19.

Breathing air compressors.
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Fig. 20.
Disposal of tritium waste.

Fig. 21.
Environmental air sampler.

Fig. 22.
Portable ventilation duct in use
during pipe cutting.
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DISMANTLING OF THE Rl REACTOR, STOCKHOLM

Stig KSrker Per-Martin Holmgren
Studsvik Energiteknik AB Rivteknik i SkellefteA AB
S-611 82 Nykoping Box 220
SWEDEN S-931 22 Skelleftea

SWEDEN

ABSTRACT
This report describes the dismantling of Sweden's first nuclear research

reactor Rl. The Rl-reactorf which is located underground in a cavern in
central Stockholm, was taken into service during the summer of 1954 and shut
down finally in 1970. The actual dismantlig work started in Nov 1981 after 3
months of preparatory work. The dismantling work is expected to be finished in
May 1983. The total estimated cost for the dismantling work, transportation of
waste and short time storage of activated/contaminated waste is 25 MSEK.

INTRODUCTION
This report describes briefly the dismantling of the Swedish research

reactor Rl, which is located underground in a cavern in central Stockholm. The
report deals mainly with the demolition of the reactor's iron-ore concrete
biological shielding, which surrounds the reactor vessel and graphite reflector.

Rl was Sweden's first nuclear reactor. It was taken into service during
the summer of 1954 and shut down finally in 1970. Rl was a research reactor
of type natural uranium/heavy water and is located in a rock cavern on
Drottning Kristinas vag in Stockholm. The reactor had a nominal thermal power
of 1 MW. After its final shutdown in 1970, the reactor fuel, the heavy water
and the ion exchangers were transported away from the station.

The station is shown in Figure 1. Figure 2 shows the reactor vessel
inside the iron-ore concrete biological shield.

Due to the fact that safety problems on site would generally become more
acute with time and for a number of other reasons as well, a complete dismant-
ling of the reactor was proposed by Studsv.ik Energiteknik AB, the owner of
the station.

Activated and Contaminated Material
The residual radioactivity at the Rl-reactor was surveyed during the

period May-October 1979, by means of dose rate measurements on site and gamma
spectrometry on samples from the system components, the graphite reflector and
the concrete biological shielding. The estimated activity at the station is
given in Table I.

TABLE I.

Co-60
Cs-134
Eu-152
Eu-154
C-14

1 TBq
2 GBq
25 GBq
5 GBq

40 GBq
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The estimated quantity of activated/contaminated material is given in
Table II.

TABLE II

Carbon steel/aluminium/lead 110 ton
Cadmium sheet 1 ton
Graphite 52 ton
Concrete 75 m

Storage of Material
All the material from the Rl-reactor will be transported to Studsvik,

about 90 km south of Stockholm. Before transport, most of the material will be
packed in steel boxes with a volume of 600 litres. The size of the box is
determined by the size of the existing hoist shaft from the cavern to the
ground level. Before transport the boxes with the waste material will be
monitored using a gamma spectrometer in order tc register the activity levels
and the nuclides in the material. Concrete with an activity level under 5
kBq/kg will be deposited at the Studsvik dumping site and covered with a layer
of soil. Boxes loaded with concrete with activity levels over 5 -:Bq/kg or
other activated/contaminated material will be stored in a special waste
depository in Studsvik for the time being.

Preparatory Works
Work on site started during the summer of 1981. The first months were

taken up by preparatory works such as dividing the station into various
ventilation zones, refurbishing such essential services as electric apply,
sanitation, central heating, etc. This was followed i>y the insta .1L :>» of
radiation monitoring equipment and the establishment of "' le-̂ n" arsas,

Dismantling
The actual dismantling work started in late November 1981.

The work started with the reactor primary s. stems _.-.x' ccn>r on-. ;. /ll the
22 instrumentation and irradiation channels in the reactor v- . , ie* and
their liner tubes were removed. The lids over the reactor vess^J -.... 1_ "ted
off. The lead shutters, concrete and graphite blocks were taker, out fro;r the
"thermal column" (see Figure 2). A special lead-shield with lead glass windows
and small openings for tools was installed in the thermal column. Afcer
dismantling the pipe connections to the reactor vessel the vessel was lifted
up approximately 1 m. Seven "hot" SS-flanges (surface dose rate up to Z" R/h)
in the vessel bottom were cut lose by means of a special saw fro!.i behind the
shielding in the thermal column. After that the reactor vessel was lifted over
to a pool in the reactor hall floor. Here the vessel was segmented into pieces
(1 x 0.5 m) by means of plasma arc and with mechanical tools. All the vessel
pieces were packed in steel boxes as described before.

The reflector surrounding the reactor vessel was erected from graphite
blocks. The largest blocks 1.3 m in length and 0.2 x 0.2 m in square. All
together there were 52 metric tons of graphite in the reflector. The blocks
were lifted onto a conveyor belt reaching from inside <-r the reactor, through
the thermal column and out through the biological sine.u. The "hottest"
graphite blocks had a surface dose rate of 500 mR/h. To keep the collective
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doses as low as possible most of the graphite was handled with special gripping
and lifting tools with extended handles.

After the graphite was taken out from the biological shield the inside of
the shield was carefully cleaned. All the mechanical equipment as well as
cadmium and aluminium sheets covering che inner surface of the shield were
dismantled. During those working operations the dose rate inside the shield
varied from 50-150 mR/h.

Biological Shield
The concrete shielding (see Figure 2) consists of a hollow square block

7.6 x 7.6 m with a height of 5.3 m. The wall thickness is 1.8 m. The total
quantity of concrete in the shield, including the bottom slab, is about 300
m . The shielding is not just reinforced in the conventional manner, there are
also a number of heavy steel beams embedded in the concrete as well as 22 odd
steel liner tubes for instrumentation and irradiation channels. See Figure 3.

After studying several alternative methods such as sawing, drilling,
hydraulic cracking etc we decided to utilize a machine called the Mini-Max PH
250 for the demolition of the biological concrete shield.

Mini-Max PH 250
The Mini-Max PH 250 is an electro-hydraulically powered, remote-controlled

machine developed by P E Holmgren of Skelleftea, Sweden, in 1976. It is a
self-propelled machine on solid tyres with a boom which can be rotated, slewed
and lowered hydraulically.

The Mini-Max Mi 250 is shown in Figure 4. For dimensions, weight and
capacities of the Mini-Max, see Figure 5.

The Mini-Max was originally designed to take a hydraulic hammer for
chiselling concrete in confined and environmentally hazardous areas. Now the
machine can be equipped with various tools for also other tasks, such as for
scaling in mines, slag removal in furnaces, with a bucket for dredging and
loading, with a drill rig for shaft sinking, etc.

Demolition of Iron-Ore Concrete Shield with Mini-Max PH 250
Using this Mini-Max machine equipped with a powerful hydraulic hammer v?e

started chiselling the concrete shield from the top downwards, all the way
around, layer after layer, from the outside to the inside, see Figures 6 and
7. Thereby separating non-contaminated materials from those contaminated.
During the demolition work, samples were taken for monitoring the activity
levels.

The iron-ore concrete has a density of 3800 kg/m . The breaking of this
concrete is not any harder than regular concrete? at least not when using the
Mini-Max with a powerful hammer. In fact, it turned out to be softer, and with
all the steel and reinforcement, there was no cracking effect and no large
pieces broke off.

The rate of demolition was determined by the large amount of steel beams
and reinforcement which had to be cut manually. (Figure 3). The reinforcement
bars had a diameter of 16 mm with a center distance of 200 mm. There was suck
a square mesh of reinforcement bars in layers with a center distance of
300 Iran.

The steel cylinder with the flanges for the reactor tank was made of
steel 20 mm thick, 2 m in diameter and 2 m high. All steel material was cut
into pieces.
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The debris was put in steel boxes for transport to Studsvik. To facilitate
the loading of these boxes, a steel funnel was fitted on top of and a rubber
protection skirt around the box, see Figure 7. The overhead crane held the box
at the point of breaking, and the debris just fell in. In addition, on the
floor around the shield, there were large rubber mats. The materials that did
not fall in the box fell on these mats and were at invervals dumped in boxes.
All lifting operations were carrid out using the overhead crane.

Dust Control
When chiselling concrete there is always the problem of dust. We soon

realized that this iron-ore concrete created dustier working conditions than
does ordinary concrete.

It was now a question of eliminating the dust raised with the least
possible amount of water. By controlling the water spraying by the same
control lever as the chiselling operation, water was ejected only when breaking.
With this system, only 40 I/hour is required.

The excess water was absorbed in the concrete debris and some of it
evaporated.

At the time of writing this report, we are working on improving the
elimination of dust. We have learned that by mixing water and compressed air,
water particles are broken down to very small drops. When these droplets are
of a size that is comparable with that of the dust particles, they are more
easily attracted to each other.

Working Conditions
Through the use of the Mini-Max machine with a powerful hydraulic hammer,

the following advantages in woiking conditions are achieved:

1. The entire job of breaking, loading and taking away the boxes was done by
3 men only. Thus very few people had to be engaged in the demolition job.
2. The electrically powered machine does not pollute or consume the air. No
extra ventilation was required.
3. Remote control enables the operator to stand at a safe distance, away
from the most hazardous areas. He is not exposed to any vibrations from the
machine or tool.
4. Wearing fresh air masks or other protective gear is not a problem because
no heavy work need to be done manually.

If drilling and cutting or blasting had been used, there would have been
a large number of people on or around the reactor. Those methods would also
have been rather unpredictable because of the large amount of steel beams and
reinforcement.

Collective Dose
The total collective dose for the project is 12.2 manrem (1982-08-01)

with a maximum dose of 2.4 rem for one man. Of the total 4.9 manrem is from
handling the graphite and 5.6 manrem from dismantling the mechanical equipment
inside the biological shield.

Time Schedule
The total estimated time for dismantling the Rl-reactor is 18 months.

This does not include any rebuilding of the station for alternative use.
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Cost
The estimated cost for the entire dismantling work, transportation and

short time storage of waste- (3 years) is 25 MSEK.

IV-162



RESEARCH REACTOR R1

Figure 1
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RESEARCH REACTOR R1

Reactor vesse l in b io log ica l sh ie ld

Figure 2
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Embedded steel in concre-
te biological shield.

V Figure 3 .
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Figure 4 .

MINI MAX PR 250.
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MINI MAX PH 250

TECHNICAL DATA
Electric motor:
Motor output
Voltage
Current
Hydraulic pressure
Flow
Light socket-outlet

Total weight without tool
Slewing speed
Height
Widths

Length
Speed
Ground clearance

18.5/22 kW
220 380 V

?, /63A
1.8—15MPa

0—931 (0—20 gal)/min
24V
12A

3 000 kg (6 600 Ib)
360°/12s

1 760 mm (69.3 in)
1470/1 250/780 mm

(57.8/49.2/30.7 in)
3 550 mm (139.8 in)

0.8 m (2.6 ft)/s
200 mm (7.9 in)

Holmhed
Systems AB

P. O. Box 220. S-931 22 SketWt**. Sweden. Tel. +46-910 884 00.

Box 220.931 22 StaMeNed. Tel. 0910-884 00. Telex 65212.

TILTING LOAD ALONG THE MACHINE
Outreach m (ft)
1.65(5.4)
2.50(8.2)
3.00(9.8)
3.50(11.5)
4.00(13.1)
4.45(14.6)

TiHingLoadkg(lb)
4 200(9 260)
3 500(7 700)
2 500(5 500)
1975(4 350)
1 50C{3 300)
1200(2 640)

-Hook-Loadkg(b)
2 730(6 000)
2 275(5 000)
1625(3 580)
1280(2 820)

975(2 150)
780(1 720)

TILTING LOAD ACROSS THE MACHINE
Outreachm(ft)
175(5.7)
2.50(8.2)
3.50(11.5)
4.00(13.1)
4.45(14.6)

Tilling Load kg (fc)
4 200(9260)
2 250(4 950)
1300(2 860)
1000(2 200)

825(1 820)

-Hook-Loadkg(b)
2 730(6000)
1460(3 210)

840(1 850)
650(1 430) !
540(1 19 |

Figure 5.

Reservation is made for minor deviations of dimen-
sions and weights stated
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Figure 6,
Mini Max working on the
concrete biological
shield.
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Figure 7.

i-'ini Max chiselling con-
crete into a transport
box.
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GENERAL ELECTRIC FUELS LABORATORY
DECONTAMINATION AND DECOMMISSIONING

Marion L. Thompson, Edward F. Kurtz
General Electric Company
Sunnyvale, California, USA

ABSTRACT

This paper describes the General E l ec t r i c Fuels Laboratory decontamination
and decommissioning (D&D) a c t i v i t i e s i n i t i a t e d i n 1979 and completed i n 1932.
The primary a c t i v i t i e s included Special Nuclear Mater ia l (SNM) conversion,
packaging and sh ipp ing; and equipment and glovebox decontamination, ranoval ,
packaging and sh ipp ing.

GENERAL

The Fuels Laboratory was a l icensed f a c i l i t y located at the GE Va l lec i tos
Nuclear Center (VNC), near Pleasanton, C a l i f o r n i a , and was u t i l i z e d fo r mixed
o x i d e , (Pu+U)02, fuel f ab r i ca t i on and development s ince i y62 . P r i n c i p l e func-
t i ons included the f ab r i ca t i on of tes t and demonstration fue l f o r s ix t e s t
reactors and four commercial reac to rs ; development and demonstration o f innova-
t i v e processes fo r p lutonia and urania-p lutonia conversion, mixed oxide fuel
f a b r i c a t i o n , fuel rod and bundle f a b r i c a t i o n , and scrap recovery and recyc le ;
mater ia l property s tud ies ; and specia l ized a c t i v i t i e s such as inspect ion and
coat ing of the SNAP 27 power source fo r the Apollo Moon Missions.

The processing area of the Fuels Laboratory occupied over 4,000 square feet
of f l o o r area and included gloveboxes, fume hoods, and associated equipment.
Decontamination and decommissioning a c t i v i t i e s were i n i t i a t e d i n 1979 due to
conso l ida t ion of DOE R&D a c t i v i t i e s a t National Laborator ies. The D&D pro jec t
was j o i n t l y funded by the General E lec t r i c Company and the Department of
Energy.

A f te r planning and cost es t imat ing, the f i r s t phase of D&D was the ranoval
and shipment of SNM. Design and l icens ing o f a shipping package was required
due t o lack of l icensed shipping packages. Nuclear Regulatory Commission (NRC,
approval was requested and obtained to consol idate mater ia l which resu l ted i n
substant ia l cost and time savings.

The second phase was a decontamination t e s t program which was performed a t
the same t ime as the removal and shipment of SNM. Many previous decontamina-
t i o n techniques u t i l i z e d h ighly concentrated acids fo r decontamination. GE was
concerned about the e f fec t of inadequate removal of the acids a f t e r decontami-
nat ion and the processsing and disposal of the resu l tan t l a rge volume of decon-
taminat ion f lush ing so lu t ions . A method was developed fo r decontamination w i t h
a detergent fol lowed by a r i nse , both of which were atomized to decontaminate
small and/or normally inaccessib le areas (see Figure 1 ) . A spec ia l l y designed
and ca l ib ra ted instrument was u t i l i z e d to measure the remaining contaminat ion
(see Figures 2 and 3 ) .

Pr io r t o decontamination of glovaboxes, a l l process equipment was f lushed
and cleaned, removed from the gloveboxes, nondestruct ively assayed (NDA), and
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packaged for disposal. Equipment external to tne gloveboxes was processed in a
similar manner. After decontamination, measurement and release, the glovebox
interiors were painted to f ix any potentially loose particles. All gasketed
joints and other connections were sealed and glovebox windows and ports were
covered. At this point, gloveboxes were ranoved from the exhaust ventilation
system and prepared for packaging.

In some cases, glovebox modules had been flanged together to provide a long
glovebox line (see Figure 4). Separation of these modules presented one of the
greatest, i f not the greatest, potential for a contamination incident. All
separations were completed without a contamination incident. This was accom-
plished by thorough advanced planning and innovative equipment and techniques
plus experienced personnel.

Shipping packages for gloveboxes, hoods, and other equipment too large for
5b-gallon drums were designed, fabricated, tested, licensed and approved for
retrievable storage. A requiranent for waste packages to withstand burial at a
depth of 16 feet and an additional load of a 27-ton bulldozer was met. A test
package, designated GE Model 9136 {see Figure 5) was subjected to a vacuum test
and engineering analyses were performed to verify adequate strength to with-
stand burial loads.

Waste was shipped to the DOE Hanford Waste Facility operated by Rockwell
Hanford. Low Specific Activity (LSA) wastes were shipped in LSA packages.
Transuranic (TRU) waste drums were shipped in N-55 drum overpacks. Gloveboxes
and fume hoods decontaminated to Low Level Solid (LLS) criteria [<2 ]iCi/cm2

averaged over 1 M2) were shipped as TRU in GE Model 9136 Shipping Packages.
Gloveboxes, fume hoods, and other equipment that could not be verified to meet
LLS criteria and were too large for 55-gallon drums were loaded into GE Model
9136 Shipping Packages, foamed in place and shipped as TRU in Super Tiger Over-
packs.

DSD activit ies resulted in many observations and/or conclusions on a "bet-
ter way" to design gloveboxes, equipment, and faci l i t ies to fac i l i ta te D&D.

The GE Fuels Laboratory D&D was successfully and expeditiously completed
without incident. Many constraints (e.g., regulatory changes, cri teria
changes) were encountered but were overcome by personnel within GE and with the
help of DOE and DOE contractors. Nothing can replace knowledge and experience,
and such knowledge and experience must be based on doing the same things under
similar conditions (e.g., license experience for licensed fac i l i t ies ) . This
knowledge and experience provides a solid basis for future D&D and for the
design and/or modification of nuclear faci l i t ies to prepare for eventual D&D.

SIGNIFICANT ACCOMPLISHMENTS

The Fuels Laboratory D&D project was accomplished without contamination or
other safety incident. Programs were phased out, excess personnel were trans-
ferred at appropriate times and experienced personnel were retained for D&D
act iv i t ies. These and other significant accomplishments are noted below:

Maintained Excellent Safety Record. In this project there was significant
industrial as well as nuclear safety incident potential. The equipment and
gloveboxes typically weighed 500-1500 lbs. and the loaded shipping packages
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weighed up to approximately 4800 lbs. The equipment was renoved from the
gloveboxes, gloveboxes were decontaminated, flanged glovebox modules were
separated and the equipment and gloveboxes were renoved from a basement labora-
to ry . The shipping packages were loaded and handled during fiberglassing oper-
at ions. These a t i v i t es were carried out with no industr ial or nuclear mate-
r ia l contamination incident.

Maintained Experienced Personnel. In th is type project, which involved
program and f a c i l i t y closeout, employee morale and motivation are reduced.
Despite th is environment, experienced personnel were maintained for the dura-
t ion of the program and excess personnel were transferred at appropriate times.
The contributions of retained personnel were major factors in the successful
completion of th is project.

Reduced SNM Inventory Expeditiously and Economically. In the i n i t i a l phase
of program closeout, SNM conversion, consolidation, packaging and sniping were
required. Plutonium ni t rate was converted to mixed oxide powder, a shipping
package was modified and licensed, and shipment was made to OCE designated
recipients. Over 1200 items, including standards, samples, e tc . , were consoli-
dated into 17 internal containers and shipped. The consolidation e f f j r t resul-
ted in substantial cost savings for SNM shipment, the D&D project and future
SNM recovery. The orderly and expeditious inventory reduction resulted in
substantial reductions in license and safeguards costs.

Obtained NRC Authorization for LLS Cr i te r ia . Decontamination studies and
engineering analyses provided the bases for NRC and DOT authorization to re-
lease decontaminated equipment for shipment on the basts of Low Level Solid
(LLS) c r i t ie ra of <2 iiCi/orr averaged over an area of 1 nr. This resulted i n a
substantial reduction in decontamination ef for t as compared to Low Specific
Act iv i ty (LSA) c r i te r ia of ^10 nCi/cm^ and resulted in major time and cost sav-
ings.

Developed Innovative Decontamination Tools and Techniques. Tools and tech-
niques were developed to deliver decontamination and rinse solutions to decon-
taminate glovebox in ter io r surfaces by mixing with a i r under pressure. A d r i l l
motor was modified with an extension for scrubbing and grinding glovebox sur-
faces as required to ranove contamination. A standard gamma measuranent
instrument (CP-5) was modified and calibrated for glovebox surface measurenent.
The instrument ranained outside the glove box while the measuranent probe was
inside the glovebox. These innovations resulted in reduced decontamination
solution volume and effect ive decontamination with substantial cost savings.

Shipping Packages Designed and tested by GE and Authorized for Use by the
NRC and DOT for Transportation. Shipping packages were designed and tested to
meet NRC requiranents. License applications were prepared and the packages
were authorized for use by the NRC and DOT. DOE authorized use of these packa-
ges for retrievable storage.

Eliminated Need for External Shoring for Retrievable Storage. External
shoring of waste packages was or ig ina l ly required to assure that packages would
not be crushed by ground cover and burial equipment. GE performed a vacuum
test and engineering analyses to confirm the design was adequate to eliminate
the need for shoring. This resulted in substantial time and cost savings.
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Decontaminated, Released, Packaged and Shipped Equipment and Gloveboxes to
NRC and DOT Criteria. Equipment ami gloveboxes were decontaminated} released,
packaged and shipped according to NRC and DOT cr i t iera.

Shipped Waste to the DOE/Rockweli Hanford Waste Faci l i ty. All waste ship-
ments were made in an orderly and expeditious manner. All waste packages were
accepted by Rockwell Hanford without indication of any irregularities or com-
plaints.

Shipped Uncontaminated Equipment. Uncontaminated equipment was effectively
uti l ized during deactivation and was released for other DOE designated prognns
when no longer required for D&D. Equipment was shipped to DOE designees in an
orderly and timely manner.

Maintained Excellent SNM Inventory Record. SNM accountability was effec-
t ively maintained throughout the deactivation project. ATI waste items were
directly or indirectly measured to provide an accurate record of SNM content.

Overcame Regulatory Changes. The D&D effort was frequently constrained by
major changes in federal and state regulations and revised regulatory inter-
pretations. The perserverence of project personnel resulted in accomplishment
of a l l project objectives despite these constraints.

Completed All Milestones in Timely Manner. Al 1 mi 1 estones were completed
i n a timely manner. Regulatory changes resulted i n rescheduli ng of some mi 1 e-
stones.

Completed Project within Budgeted Funds. The D&D project was completed
within budgeted funds. Regulatory changes resulted in increased budget.

D&D Completed without Adverse Public Regulations or Publicity. Nuclear
fac i l i t ies and operations frequently received adverse publicity in the period
of time this project was in progress. Adverse publicity and intervenors were
and continue to be very strong and vocal in the area in which VNC is located.
However, no adverse public relations or publicity were received on this
project.

Personnel Exposure Maintained at Low Level. Personnel exposure during DSD
averaged 0.52, 0.45, 0.20 and 0.0 Rem for 1979, 1980, 1981 and 1982 (one-third
or the year), respectively. The highest exposure for any individual was 1.07,
0.45, C.20 and 0.0 Ran for these years.

LESSONS LEARNED

Successful D&D begins with conceptual design of a fac i l i ty and is very
dependent on fac i l i ty and equipment design and operation. The Fuels Laboratory
did not have liquid drain lines; al l plutonium contaminated liquid wastes were
converted to solids (concrete) and shipped to waste disposal sites. Non-piu-
tonium liquid wastes were transferred to a holding tank for subsequent transfer
to the VNC site waste evaporator. Also, the Fuels Laboratory did not have any
significant contamination spreads. Small contamination spreads were immedi-
ately cleaned up (not covered). Therefore, contamination at the time of D&D
was restricted to the inside of the gloveboxes, fume hoods, and/or equipment.
The lack of liquid waste lines and the operating philosophy greatly facil itated
the GE Fuels Laboratory D&D effort.
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The most significant (indispensable) item for accomplishing DSD is that a
requirenents analysis be prepared in the early stages of planning. This analy-
sis should take into account the requirenents for burial, shipping, packaging,
decontamination, measurement, equipment removal, and a l l specifics of the pro-
gram. The l ist ing of requirenents in this order denotes the order of consider-
ation. The end product of D&D is a waste package that can be buried or stored
for later retrieval; therefore, burial and shipping requirements are the major
objectives to attain ( i . e . , i f waste cannot be shipped for disposal, there is
no reason to perform other D&D functions). This and other itans to be consid-
ered for future D&D programs are identified below. Consideration should also
be given to design of future faci l i t ies to enhance D&D act iv i t ies.

(1) A requirenents analysis based on a complete understanding of regula-
tory, Quality Assurance and other requirements.

(2) Review waste package designs with a l l interested parties (DOE, DOT,
NRC, burial s i te, etc).

(3) Prepare for regulatory changes and revised regulatory interpretations
and NRC, DOE & DOT differences.

(4) Current faci l i t ies and equipment are not designed for D&D; careful
review is necessary to determine the methods to be used for D&D. Also, future
designs should incorporate D&D requirenents.

(5) Decontamination is feasible with limited quantities of liquids and
innovative tools and techniques. Performing tests and denonstrating methods
and techniques are very important. Results of experience gained during the
actual decontamination are indicated below:

(a) Soap solution is of limited value for decontamination and tends
to mask the alpha particle signature of remaining contamination. Turco deter-
gent #4512A was shown to be the most effective decontamination solution used.

(b) Radiac wash alone is of limited decontamination value.

(c) Application of and buffing with a scouring powder and decontami-
nation solution slurry is effective on surfaces not subjected to hydrofluoric
acid (HF) fumes.

(d) Areas subjected to acid etching (HF) can be decontaminated with
light application of an abrasive disc or buffing with a wire wheel.

(e) Pressurized spray equipment is required to adequately loosen
contamination located in hidden areas such as crevices.

(f) An application of cleaning solution as a pressurized spray which
was then allowed to soak for about five minutes before wipedown with a rubber
squeegee or cotton pad provided the best overall decontamination performance in
dry powder gloveboxes. Areas resistant to these decontamination efforts were
buffed with a wire brush wetted with cleaning solution to renove persistent
contamination.
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(6) Application of fiberglass reinforced plastic (FRP) with chopped f iber-
glass is not a control lable process and requires extensive inspection, QC and
laboratory analyses to assure meeting requirements.

(7) Considering the signif icant package FRP problems encountered, i f GE
were i n i t i a t i ng D&D at th is time, metal shipping packages would be strongly
evaluated for shipping waste. Metal packages were considered for the GE D&D,
but available packages did not appear to withstand burial forces or be NRC
licensable. Future design and testing may result i n l icensabi l i ty of some
metal containers for shipping waste en a flatbed truck. I t is assumed metal
containers could presently be shipped in the Super Tiger overpack.

Basical ly, due to changing requirenents, a l l potential ly licensable pack-
ages should be reviewed for waste shipment. I t appears feasible tha t , in addi-
t ion to metal and wooden packages, FRP packages, constructed with a mold i n -
stead of FRP on a wooden box, could meet shipping and burial requirenents. FRP
packages might be more economical than metal considering Quality Assurar~e
required for fabrication and cer t i f ied welding of metal packages.

(8) Waste volume reduction of gloveboxes and other bulky items should be
strongly considered for future D&D ac t i v i t i e s . This was evaluated for the GE
Fuels Laboratory D&D e f fo r t . I t was determined that l imited space, risk of
contaminating the Fuels Laboratory and the problem of disposing of volu<ne
reduction f a c i l i t i e s and equipment precluded this approach for GE.

(9) Rely on advice from those who have done the same thing under the same
conditions.

FACILITY SURVEY AND RELEASE

The Fuels Laboratory was surveyed and released in accordance with VNC pro-
cedures. The release c r i te r ia (alpha radiation) were as fol lows:

The Laboratory (walls, cei l ing and f loor) was marked of f in 100 square foot
sections with appropriate designations. One or more 2-inch diameter (or
smaller) Watnan f i l t e r ( s ) were used to wipe eich 100 square foot area with
a release l im i t of <Z0 dpft/100 cm2-

Direct probe readings were taken in the 100 square foot sections. Al l
wa l l , cei l ing and f loor corners and edges, f loor areas previously contami-
nated and cleaned, and equipment contact areas were one hundred percent
surveyed. The renaming surface area was surveyed by a minimum of one
probe reading per t i l e - s i ze area (9-inch square t i l e ) . The release l imi ts
for d i rec t survey were _<100 dpm/100 cm2 average and a maximum reading of
300 dpm/100 on2.

COMMENTS

A 16 n inu te video tape of the GE Fuels Laboratory D&D i s a v a i l a b l e f o r
viewing a t the general video presenta t ion or by con tac t ing GE personnel .
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Figure 1
Drill Motor with Extended Shaft and External Control
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Figure 2
Specially Designed Survey Probe
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Figure 3
Survey Probe with One Square Inch Aperture
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Fitjure 4
Nitrate Conversion (Left Side)
and Scrap Recovery (Right Side)

IV-179



Figure 5
Part ia l ly Loaded Model 9136 Shipping Package

for Flatbed Truck Shipping
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THE GNOME SITE DECONTAMINATION AND DECOMMISSIONING PROJECT

Julie A. Qrcutt
Earl R. Sorom

Reynolds Electrical & Engineering Co., Inc.
Las Vegas, Nevada, USA

ABSTRACT

In July 1977, DOE/Headquarters directed DOE/NV to design a decontam-
ination and decommissioning plan for the Gnome site, J& kilometers south-
east of Carlsbad, New Mexico. The plan incorporated three distinct phases.
During Phase I, both aerial and ground radiological surveys were conducted
on the site. Radiological decontamination criteria were established, and
a decontamination plan was developed based on the radiological survey
results. During Phase II, site preparatory and rehabilitation work was
completed. The actual land area decontamination was accomplished during
Phase III with conventional earthmoving equipment. A gravity water injec-
tion system deposited 36,700 metric tons of contaminated soil and salt in
the Gnome cavity. After completion of the decontamination and decommission-
ing operations, the Gnome site was returned to the Bureau of Land Manage-
ment for unrestricted surface use.

INTRODUCTION

The Gnome site, located approximately 48 kilometers southeast of
Carlsbad, New Mexico, was selected in 1960 for the first experiment in the
Plowshare Program. Gnome was detonated December 10, 1961 in bedded rock
salt, 361 meters below the surface, with a nuclear yield of 3.1 kilotons.
During 1968-1969, a decontamination and decommissioning (D/D) operation
was accomplished within guidelines that specified removal of all contam-
inated material above 0.1 mR/h beta plus gamma as measured with a 30 mg/cm2

Geiger-Mueller portable survey instrument.

During an inspection of the site in April 1972, exposed radioactive
debris was discovered in the salvage yard and the contaminated waste dump.
The contaminated debris had previously been covered by 0.6 meter of clean
earth fill. Radiation threshold levels of concern and measurement had
also become more conservative since the 1968-1969 cleanup. For these
reasons, in July 1977, DOE/Headquarters directed DOE/NV to design a D/D
plan for the Gnome site.

The D/D plan consisted of three distinct phases. During Phase I,
aerial and ground radiological surveys were conducted, radiological de-
contamination criteria were established, and an operational plan was
developed based on radiological survey results. During Phase II, existing
wells were cleaned out and preparations were made for the D/D work. During
Phase III, the operational plan was executed. Phase I activities were
accomplished in two parts: Phase IA and Phase IB. Phase IA extended from
August 1 through September 30, 1977 and Phase IB extended from March 1
through September 1978. Phases II and III were initiated by DOE/NV in
March 1979 and completed September 23, 1979.
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; The guidelines for the B/D of the Gnome site called for decontamina-
tion to levels below 0.87 Bq/g for beta-gararaa emitters in soil averaged
over 0.25 hectare, and 1.3 kBq/ml of tritium in soil moisture. Since
cesium-137 was identified as the only significant beta-gamma emitter, the
decontamination criteria were applied as if all contamination was cesium-137
and tritium.

Phase I

An aerial survey of the Gnome site was conducted to identify areas
containing contamination above the acceptable limit*. The aerial detector
array consisted of twenty, 12.7 x 5.1 cm sodium iodide (Nal [Tl] ) crystals.
A grid system, based on New Mexico coordinates, was then established to
facilitate ground surveys and soil sampling programs. Ludlum Model 19
Miero-R-Meters, containing 2.54 x 2.5U cm Nal (Tl) crystals, were used to
make radiological ground surveys. A Garrett Master Hunter Metal Detector
was also used to survey all operational areas. Subsequently, a backhoe
was used to investigate subsurface metal indications. Surface soil samples
were collected, and various augering equipment was used to collect sub-
surface and profile soil samples to determine the depth of contamination
levels above the established decontamination criteria. Long-term ground
surveys were accomplished .using thermoluminscent dosimeters to provide
additional documentation of the ambient exposure rates. Concurrent with
the soil surveys, vegetation samples were collected on and adjacent to
the site. The vegetation and soil samples were analyzed for radionuelide
content.

Phase II

The site access road was rehabilitated anr1 utility-generated power
was installed. A U. S. Geological Survey water well was rehabilitated
and a pump was installed to provide an operational water supply. Two
Gnome reentry holes, SR-2A and LRL-7, were cleaned out and reopened. A
tritium effluent filter system, consisting of a diesel-powered compressor
in line with an air cooling system and a 0.6 em mesh Drierite air drying
bed was fabricated and installed at LRL-7. A crushing plant and a down-
hole disposal system were installed to facilitate the disposal of crushed
soil and salt.

Phase III

Soil was removed from contaminated areas by a variety of methods. On
small, well defined surface areas, contaminated materials were isolated
and removed manually with shovels. On larger, well defined areas of
buried contamination and areas where the contamination was dispersed
throughout a large, generalized area, a backhoe, a frontend loader, and/or
a bulldozer were used to remove the contaminated soil. The material
removed from the area was loaded into dump trucks and transferred to the

The aerial radiation survey results cannot be presented in this paper due
to the necessity of color graphics. The survey results are presented and
discussed in publication DOE/NV/00410-59 which is available through the
National Technical Information Services (Reference 1).
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disposal site. The contaminated soil removed from the operational areas
was initially deposited on the surface of a salt muck pile.

Periodic radiation surveys were conducted In excavated areac with a
Ludlura Model 19 Micro-R-Meter. Soil layers were removed until contact
radiation exposure rate measurements approached environmental levels
(25 yR/h)- Random soil samples were then collected in decontaminated
areas. The samples were analyzed for cesium-137 and tritium content in
a mobile onsite laboratory counting facility. The laboratory measurements
were used to evaluate the progress of the decontamination operation and
to provide documentation for future reference.

The dcwnhole disposal operation involved loading a combination of
soil and salt into a crusher. The crushed soil continued through a series
of conveyor belts and a shaker table. Large debris, such as gloves, metal
fragments, and pieces of wood were isolated by the shaker table and held
for later disposition. The pebble-sized salt and soil fragments continued
through a final series of conveyor belts and two additional crushers. The
total material tonnage was recorded by means of a Tecweigh conveyor scale
on the final belt leading to a hopper. The material was dumped into the
hopper and deposited into the Gnome cavity by means of a gravity water
injection system. The debris removed at the shaker table (approximately
56,300 kilograms) was barreled and leturned to the Nevada Test Site (NTS)
for burial at a suitable radioactive waste management site (RWMS). The
activity of this material totalled 2.3 GBq.

Approximately 36,700 metric tons (27,400 cubic meters) of contaminated
soil and salt, containing an estimated 22 GBq of radioactive material were
deposited in the Gnome cavity during the course of the operation. Water
was supplied to the injection system by means of a leak-proof recirculation
apparatus. Recirculation reduced the volume of material introduced into
the cavity and prevented further surface contamination by cavity materials.

At the end of the downhole disposal operation, 4,590 cubic meters of
uncontaminated salt remained on the salt muck pile. In order to restore
the site to its original condition, the salt was buried. A 116 x 29 x 4
meter trench was excavated "to contain the uncontaminated salt. The salt
was deposited in the trench in a 1.2-meter deep layer. The salt layer was
then saturated with water and covered with a thin layer of crushed concrete.
A layer of vinyl sheeting was stretched across the concrete. The trench
was filled and paved with clean soil to a depth of 2 meters.

Site restoration activities included the removal of a einderblock
building and miscellaneous concrete pads, recontouring of disturbed
surface areas, and plugging of all but two reentry holes which were pre-
pared for long-term hydrological monitoring. The site has been returned
to the Bureau of Land Management for unrestricted surface use. However,
drilling restrictions have been enforced to prevent intersection of, or
access to, radioactive material at any depth.
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DECONTAMINATION AND DECOMMISSIONING
OF FUEL REPROCESSING CELLS

AT THE IDAHO CHEMICAL PROCESSING PLANT

Donald L. Smith
EG&G Idaho, Inc.
Idaho Falls, Idaho

ABSTRACT

This paper describes the decontamination and decommissioning of Fuel
Process Cells A and B at the Idaho Chemical Processing Plant. Those cells
are inactive and were decommissioned in February and July 1981. Twenty
cells remain in operation at that fuel reprocessing facility.

Several safety precautions were taken during cell decommissioning:

1. A tent was built over the Cell A hatch to prevent contamination
spread.

2. Subatmospheric pressure was maintained inside the cells.

3. Work inside the cells was performed by radiation-trained
personnel fully dressed in anticontamination clothing and
supplied-air respirators.

Workers used pipe cutters and hand-held band saws to cut piping. All
waste from both cells was handled as transuranic waste. The total waste

3
volume generated during this project was 28 m .

Following removal of equipment from the cells, each cell was
decontaminated, radiologically characterized, and photographed.
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INTRODUCTION

This paper describes the decontamination and decommissioning (D&D) of
two nuclear fuel reprocessing cells at the Idaho Chemical Processing Plant
(ICPP). The decommissioning of Cells A and B consisted of disassembly and
removal of the entire contents of each cell followed by the necessary
decontamination.

The ICPP facility is located in the southwestern part of the Idaho
National Engineering Laboratory (INEL), which is located 50 miles west of
Idaho Falls, Idaho. Reprocess Cells A and B are two of 25 cells contained
within the main reprocess building. Since Cells A and B are inactive and
contribute to maintenance problems of the facility, a D&D plan was written
for these cells. The other 20 cells in the building remain in operation.

DESCRIPTION OF CELLS A AND B

Process Cells A and B are located near the southwest corner of the
process building. Cell A is 15 x 19 x 16.5 ft high and is directly above
and connected to Cell B, which is 15 x 19 x 17.5 ft high (see Figure 1).
Cell A is accessed from the process makeup (PM) area through a 5 x 5 ft
hatch in the ceiling and two 2-in.-diameter slug chutes. It is also
accessed through a doorway near the southeast corner of the cell.

This doorway is reached by a vertical ladder located at the south end
of the plant operating corridor. The ladder goes down to a separate
corridor at the service corridor level. This separate corridor leads to
the Cell A doorway.

Cell A is separated from Cell B by a 4-ft thick concrete floor, except
for a piping slot approximately 1 ft wide along the east side. The
stainless steel floor lining in Cell A extends about 3 ft up the walls and
forms a vertical partition/railing above the Cell B piping slot along the
east side. Cell A contained two fuel dissolvers, a transfer tank, a feed
preparation tank, off-gas condensers, and associated process piping and
instrument tubing. An isometric of Cell A prior to D&D is shown in
Figure 2.

Cell B is accessed through a 4 x 4 ft hatch in the separation between
Cell B and Cell A and through a door in the east wall. This doo- leads to
a 10-ft well below the access corridor in the process building.
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Figure 1. Cells A and B, Poking toward the west wall,
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Figure 2. Cell A, before D&D, looking toward the west wall,
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Cell B contained 16 uranium solution storage tanks with a
criticality-safe diameter and space for storing concentrated solutions of
highly enriched uranium. Each tank, had a 5.25 in.-outside diameter and was
approximately 10 ft high. The tanks were manifolded together by piping
along the bottom. A cutaway of Cell B prior to D&D is shown in Figure 3.

PRE-D&D RADIOLOGICAL CONDITION OF CELLS A AND B

Cell A Radiation Survey

The general background in Cell A was 5 mR/h beta-gamma, with
essentially no beta fields. The radiation fields on the vessels, piping,
and valves ranged from 5 to 8 mR/h beta-gamma. The major isotopes present

were 90Sr, 1 3 7Cs, and 106Ru.

Cell B Radiation Survey

The general background in Cell B was 20 mR/h beta-ganwna. The storage
tanks had radiation fields of 5 to 10 mR/h beta-gamma. Valves on the east
wall had fields ranging from 30 to 80 mR/h beta-gamma.

The radiation field at the floor drain was 1500 mR/h beta-gamma. This
high field was thought to have been caused from contaminated water that
drained from the tanks after a 4-in. pipe section was removed for
analysis. This assumption turned out to be incorrect. The actual cause of
the high field, discovered later, is discussed under "Cell B
Decommissioning." Table I shows the pre-D&D contamination levels and
isotopes in process Cells A and B.

DECONTAMINATION AND DECOMMISSIONING OF CELLS A AND B

Because of plutonium contamination inside the piping and vessels,
safety precautions were taken during cell decommissioning. A tent was
initially built over the Cell A hatch to prevent contamination spread in
the PM area. Subatmospheric pressure was maintained inside the cells using
the plant ventilation system. All the work inside the cells was performed
by radiation-trained personnel fully dressed in anticontamination clothing
and supplied-air respirators.

Cell A was decommissioned before Cell B. Cell A piping and components
were taken out through the hatch in the Cell A ceiling, and then boxed
inside the tent previously erected over the Cell A hatch in the PM area.
After the decommissioning of Cell A, Cell B piping and components were
taken out through the hatch in the Cell B ceiling into Cell A where the
piping and components were boxed. The boxes were later taken out of Cell A
through the hatch in the Cell A ceiling.
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Figure 3. Cell B, before D&D, looking toward the west wa l l .
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TABLE I. PRr-DECONTAMTNATrN AN? DECOMMISSIONS CONSULT?*"™-' " zT'.~ a\'P
ISOTOPES IN PROCESS CELLS A AND B

Specimen Activity -eve! and isotopes

1. Representative smeara of Cell A FP beta-gamma: 4200 dps

Principal FP: 90Sr, 1 3 7Cs, 106Ru

2. Pipe specimen from bottom line Plutonium alpha: 373 nCi/g

of storage tanks in Cell B Uranium: 3.8 yg/g

3. Water residue from tanks in Plutonium alpha: 122 nCi/ml
Cell B Uranium: 0.91 mg/ml

FP beta-gamma: 73,000 dps/ml

Principal FP: 1 0 6Ru, 1 3 7Cs, 90Sr

2

a. Representative smears are standard smears of 100 cm .

b. FP indicates fission products.

c. vg/g indicates v grams of uranium per gram of pipe.

The pipe was cut with pipe cutters and hand-held band saws. These
tools were chosen to minimize the generation of airborne contaminatirn
caused by the cutting operation. Photos of these cutting tools are shown
in Figure 4.

Cell A Decommissioning

Decommissioning of Cell A required six we;;ks and was completed
February 20, 1981. During Cell A decommissioning, some pipes associated
with Cell B were inadvertently cut, resulting in plutonium contamination of
both cells. Consequently, all the waste from Cells A and B had to be
handled as transuranic waste.

Cell B Decommissioning

Decommissioning of Cell B was scheduled to start in May of 1981, but
was delayed because of highly radioactive liquid on the floor of the cell.
This liquid was first encountered during Cell B pre-D&D characterization
and was thought to have drained from a vessel when a 4-in. section of pipe
was removed for analysis. The vessels were flushed, but the radioactive
liquid reappeared. This radioactive liquid on the floor of Cell B was
determined to have come from an inadvertent siphon from Cell J. This
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Figure 4. Photos of cutting tools used in D&O of Cells A and B.
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determination is based on an analysis by Exxon Nuclear Idaho Company lnc.'s,
(ENICO) safeguards computer system. The cause of the siphon was
eliminated, and Cell B decommissioning was completed during July of 1983.

POST-D&D CONDITION OF CELLS A AND B

Following removal of in-cell equipment, each cell was decontaminated,
radiologically characterized, and photographed. The decontamination
performed was only a preliminary rinse. A total decontamination is planned
after installation of appropriate utilities. The characterization
consisted of measuring the general radiation field in each cell,
identifying the radioisotopes, and determining their relative
concentrations. The general field in Cell A is 76 mR/h g-jr and
30 mR/h %. The general field in Cell B is 105 mR/h fc-y and
58 mR/h Z.

The radioisotopes were identified and their relative concentrations
determined by taking several standard smears, performing a gamma spectrum
analysis, and averaging the disintegrations per second, per sample
(D/s/sample) for each radioisotope. The results of the gamma spectrum
analysis are shown in Table II. Although the gamma spectrum analysis rior-r.

90not show Sr, it is assumed to be present in about the same
137concentration as Cs. The general field as well as the number and

concentration of radioisotopes increased as a result of cutting and
removing the cell piping and components. Special analyses are being
performed to determine the concentrations of plutonium and uranium.

Pre-D&D and post-D&D photographs of Cells A and B are shown in
Figures 5 through 8.
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TABLE II. RADIOISOTOPES IN CELLS A & B AND THEIR AVERAGE RELATIVE ABUNDANCE

Isotope

K4Ce

137Cs

95Nb

106Ro

125Sb

95Zr

D/s/Sample
Cell A

6.3 x 1O2

7.7 x 102

7.5 x 102

6.1 x 104

1.8 x 1O3

3.1 x 102

D/s/Sample
Cell B

1.6 x 1O3

1.1 x 103

1.5 x 103

1.2 x 1O5

5.3 x 103

6.9 x 102
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Before D&D

After D&D

Figure 5. View of Cell A toward upper east »a!l
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Before D&O

After D&D

Figure 6. View of Cell A toward southeast corner.

IV-196



Before

After

Figure 7. View of Cell 8 toward upper northeast corner showing piping
slot leading to Cell A.
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Before

After

Figure 8. View of Cell B toward upper southeast corner.
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FRENCH R & D PROGRAMME OK DECOMMISSIONING
TOOLING AND TECHNIQUES

A. CREGUT
COMMISSARIAT A L'ENERGIE ATOMIQUE
BAGNOLS/CEZE - GARD - FRANCE

ABSTRACT

Main experience has been or is toeing gained in France due to decommissio-
ning various types of nuclear facilities such as (if mines and mill tailings
are excluded), Hot Cells used in nuclear fuel reprocessing or HL waste treat-
ment R & D, Non Nuclear Fuel Facility, Nuclear Fuel Facility, Material Testing
Reactors, Gas Cooled Graphite Moderated Reactors.

Decommissioning studies have also been done on a reference Fast Breeder
Reactor.

Specific Technical problems gave rise to R & L work, in the frame of the
French Decommissioning Programme, pertaining to Nuclear Safety, Tooling and
Remote Handling, Waste Management and Decontamination.

This paper summarizes the present status, as of mid 1982, of the fcvolirig
and techniques (except decontamination) R & D, with their relation to safety.

1. INTRODUCTION

The R & D programme is linked to the decommissioning of nuclear facilities
either reactors, hot cells or radiochemical and fuel reprocessing plants and
covers the techniques needed in that field.

This paper deals with techniques used in decommissioning of nuclear facili-
ties, other than decontamination techniques which are out of the scope of the
present symposium.

A general survey of the French decommissioning programme is given in table I
for the operations already completed and in table II for those planned.

In every case, a "safety-and-teehnique-based analysis" has been performed
as well as a "cost-based analysis" in order to take account of :
- on one hand :
. the residual activity after shut down and the hazards involved
. the eventual vulnerability of the safety barriers
. the availability of the techniques needed to cope with dismantling problems,
waste management, storage or final disposal

- on the other hand :
. the cost of the operations leading to stage 1, 2 or 3
. the cost of maintenance and surveillance for the period the facility will
remain at stage 1 or 2.

These analyses are justifying the decision of decommissioning radiochemical
cells or the fuel reprocessing plant quoted in table IIto stage 3 without
delay (buildings excluded).

A tempory lack of availability of such or such a technique may entail a
delay for reaching stage 3 : it is for instance the case for large amount of
irradiated graphite or tritiated wastes the final disposal of which is to be
chosen after completion of ongoing studies. This situation suggests to the
decommissioning planners that it is of the utmost importance :
- technology should afford the right process in the right time
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TABLE I : EECOffllSSIOMEU KUCLEAB FACILITIES

Name/localisation

EL2 /SAC

GI/MAfi

ZOE/FAR

MINERVE/FAR

PEGGY/CAD

CESAR/CAD

PEGASE/CAD

Building recovered f

Type

HK Research Reactor 2,8 IVtl

GCR 46 Kwtt.

HK Research Zero Power
Reactor

LW Research Reactor 1 Math

LW Research Reactor

Graphite Research Zero f'ô er

Reactor

LW Research Reactor 35 Kuth

or fuel storage

)perational

from/to

1952/1965

19:i/196B

194E/1975

1959/1976

1961/1975

1964/1974

1962/1975

DecOE.

completed

1968

198:-

1977

1977

1977

197£>

1978

Stage of

J&ecos.

2

2

?

3

3

3

O
3

TABLE II

Name/localisation

ATTILA/FAR

GULLIVER/MAR

ELAN II A/SAC

ELAN II B/HAG

AT 1/HAG

Bldg 18/FAR

EL3/SAC

G2/MAR

TRITON/FAR

NEREIDE/FAR

i EDF/CHINON 1

: MUCLEAH FACILITIES DECCKMISSIOBISG PSOr,SAMME

Type

Nuclear fuel gaseous reprocessing

Fesearch facility

Vitrified fission products Test

facility

Pilot Plant for ELAN II B

Cs and Sr Sources fabrication Plant

Fast Breeder Fuel reprocessing Pilot
Plant

Pu Metallurgy Research facility

HW Research Reactor 18 Mwth

GCR 260 Muth

LW Research Reactor 5 Muth

LW Research Zero Power Reactor

GCR 300 Mwth

Operational

from/to

1966/1972

1965/1967

1968/1970

1970/1973

1969/1979

1981

1957/1979

1959/1982

1959/1982

1959.1962

1963/1973

Stage of

Decora.

3

3

3

3

3

3

2

2

3

3

1

SAC
KAF
HAG

EACLAY
MAH.-OUI.E
LA HAGUE

FAR :
CA!) :

FOHTENAY AWC ROSES
CAl'ARACHF
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- an assessment should "be done for any technique in order tc determine its
possible use, taking into account the operational characteristics as well
as cost and safety aspects.

This paper lays emphasis on the safety aspects of some of the tooling
techniques in use in nuclear facilities decommissioning.

2. CUTTING TECHNIQUES

Plasma Torch Cutting (1)

Tests are carried on with an hydrogen plasma torch to expei'iment stainless
steel and aluminum alloys cutting in under water and in air conditions, possi-
bility of using remote manipulator and safety related characteristics. The re-
sults achieved as usual with hydrogen are in the range of 200 millimetres of
stainless steel in air and 100 mm stainless steel under water.

It has been verified so far down to a depth of 8 meters, that the "thick-
ness performance" is quite stable, that it decreases by a factor of 2 from in
air to under water conditions and that the remote operation of a torch having
a "thickness performance" of 25 mm is quite feasible with an usual manipulator.
Some improvements have been gained on the nozzle design in regard with the re-
liability of powerful torches to be used when thickness increase and high speed
cutting are aimed at. For under water cutting conditions, a remote controlled
equipment has been designed for moving the torch along the workpiece and initia-
ting or extinguishing automatically the arc out of the correct margin of distance
between the torch nozzle and the workpiece.

In under water cutting of thick pieces, one has to consider the water pollu-
tion due to the dispersal of oxyde particles throughout the water resulting in
a very poor visibility in the water tank, and increasing the dose rate at the
surface in case of highly activated or contaminated workpieces. These phenomena
are specially enhanced in aluminum alloys cutting : low granulometry particles
are remaining a long time after cutting without settling down to the tank bottom.
Therefore in any case, steel or aluminum, an additional equipment for water
cleaning seems necessary to avoid these two drawbacks.

In air cutting conditions, the plasma torch has been experienced on thick
steel pieces highly contaminated with Cesium (Cs137) in order fir-st to evaluate
aerosol emission which is a priori very important and then to better know Cs13T
behaviour often supposed to be "erratic" (2). Two series of experiments have
been done in a hot cell at Saclay in a radiation field of 50 Radh"1 due to the
Cs137 contamined vorkpiece. The learnings gained are :
- on aerosol emission :
. about 80 % of emitted mass are less than 0 i ym in diameter. Figure 1 shews
the histogram of aerosol emission

. Cs137 weight is about 3.1O~5 of the total emitted

. aerosol concentration is about 20 mg.m~3

. volumetric activity is around 1+0 yCi.m~3.
- on volatile compounds emission
. existence of volatile Cs137 is unrealistic in spite of the high temperature :
volatile Cs137 activity is less than 1 % of the total activity measured.

- on filter efficiency :
. aerosol granulometry ranges in the lower part of the HEPA filter efficiency
curve ; it seems necessary to provide for sufficient prefilters and filters
or1 for collecting aerosol as close as possible to the workpiece during the
cutting process.
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FIGURE 1 : Aerosol Rranulometry

in air plasma torch cutting

Thermally Induced Cracking Technique (3)

This technique consists in creating inside the base metal a narrow line-
shaped (or curve-shaped) breakable zone by inducing intergranular diffusion of
an additive - a metal or an alloy - which acts as a fissuring material.
Thermal or preexisting mechanical stresses inside the base metal induce cracking
whioh self-expands along the diffusion zone. A TIG torch is used for locally
melting a thin layer (1/5 to 1/3 of the thickness) of the base metal and the
additive and for inducing diffusion through the whole thickness. (Figure 2).

Wire oddiNve metal or alloy

Intergronulor diffusion zone

FIGURE 2 : Thermally induced cracking technique
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This technique has been successfully used for longitudinal or transversal
cutting of stainless steel tubes a few millimetres thick. The feasibility has
been tested for different kinds oi* steel : austenitic and ferritic stainless
steel, mild steel, and for various thicknesses : from 1 to Uo millimetres. The
cutting speed has been found to be in the range of 15 mm per minute for 1*0 mm
thick pieces up to 250 mm/min for 5 to 6 mm thick structures.

Work is carried on to improve the cutting characteristics (thickness and
speed) and to design a control device adapted to remote processing. The main
advantage of this technique arises from the fact that the work-piece has not
to be melt through its whole thickness but only a part of it (20 to 30 %) :
hence there is no slag, sparks or chip production and there is a small amount
of volatile compounds emission from the present radionuclides, resulting in a
very limited dispersal of contamination.

It is expected too that size and weight of the torch and associated control
device and the absence of any reaction during the cutting process will allow this
technique to be easily adapted to remote manipulator. Moreover some experiments
have suggested that this technique might be adapted to under water cutting.

Explosive Cutting (k)

This technique is being experienced specifically in order to have a safety
assessment of the effects induced on air filters and viewing windows by blasting
charges inside a hot cell.

Experiments have been carried out with line-shaped charges (up to 130 g of
RDX) for cutting metallic pipes, tank walls or glove boxes : air pressure rise
has been measured as well as, before and after the tests, filters efficiency and
pressure drop.

For a 80 nr cell with an air flow rate of 900 m^ h~1, the following typical
values have been found :
- Pressure : at the point of maximum peak : pressure rises in 15 millisec. to
0.7 bar (at 6 m from a 150 g RDX charge). Damping effect of a 30 mm thick plas-
tic foam is illustrated by Figure 3 for a 25 g charge.

- Filter : Efficiency increase from 10^ to 6.1o5. Pressure drop : increase
from 1 to Umbar due to collecting on the filter 1UOO g of particles (ho % lead)
after 775 g RDX have been used in ten successive blasts of increasing charges.
This amount of lead particles represents only about 3 % of the total lead co-
vering the charges.

It has been verified, as a good practice, to protect the viewing windows
(for example with a transparent makrolon sheet) and the prefilter air-inlet
against metallic particles blasted out during the cutting process. Remote
handling of the explosive charges around pipes or against tank walls is experien-
ced in a hot cell, actually contaminated and equiped with usual manipulators.

Explosive cutting with a limited amount of charge as those experienced
in the tests complies with the safety requirements and thus may complement me-
chanical or thermal cutting techniques in air.
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Mechanical Cutting Tools

The use of nibblers, shears, reciprocal or rotating saws is considered in
relation to their remote handling operation, either to control the cutting pro-
cess or to replace worn out elements by spare parts. Existing tools have been
modified for adaptation to the manipulators in use.

Undoubtedly weight and vibrations or reactions transmitted by the tool to
the manipulator are limiting factors to the use of mechanical tools in remote
processing. But very valuable results have been obtained in dismantling work
by a lot of them, for instance in cutting stainless steel pieces up to 10 mm
in thickness.

3. REMOTE SYSTEM TECHNOLOGY (5)

A lot of work has been deyoted to remote system technology (RST) to provide
the possibilities of
- in situ inspection inside pipes or reactor vessel
- and in situ remotely controlled dismantling operations through the safety
barriers of hot cells.

The first RST type is illustrated by the MERITE system designed for inspection
of pipes larger in diameter than 0.5 m.
The second type is illustrated by the PIADE system (Porteur Integre Adapte au
Declassement) which has been designed to implement the two following tasks :
- Introducing any equipment needed for dismantling work inside a hot cell through
the existing safety barriers without disrupting their tightness

- Operating this equipment in the whole volume of the cell in order to perform
measurements, decontamination, cutting, waste handling etc...

The cask, which assumes the continuity of the safety barriers together with
a shielded sliding door contains a vertical telesropic boom bearing a servo
controlled manipulator. First folded when inside the cask, then expanded when
inside the cell at the extremity of the extensible telescopic boom tube, the
manipulator slave arm is able to reach with the tool it has in hand any point
at range. The telescopic boom may be moved up and down (down to 6.5 m) and
rotated around its vertical axis (- 180°) ; its lower fork sustains the servo-
manipulator and controls its rotation around a tilt axis (+ 10°, - 90°) and has
shoulder, elbow, wrist and hand giving seven movements including grasping of the
tool. The MA 23 M telemanipulator can be controlled either directly through a
viewing window or by means of two T.V. sets. The first T.V. set gives an overall
screening of the operation field from an "amoient camera", the second is linked
to a camera mounted on the slave arm in order to track automatically the tip of
the tong thanks to a microcomputer. These two sets allow the operator to control
the movements of the telescopic tube and of the slave arm and to lead accurately
the slave hand and the tool towards and in the very proximity of the chosen work
piece.

Electrical, pneumatic and hydraulic power is supplied to the system to ener-
gize the tools operated by the slave arm, by means of a power and control cable
in an extensible arrangement through the cask and around the telescopic tube.
Provisions are made :
- for replacing by spare parts worn out elements of the tools or the slave hand
itself in a special glove box at the lower part of the cask ;

- for protecting as far as possible from internal contamination the mechanical
and electronic components of the slave arm by bootings and filtered air flow ;

- for maintenance and repair, the whole system may be located on top of a main-
tenance glove box, where the telescopic tube and the slave arm are expanded
for decontamination and, if needed, dissassembling.
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The main characteristics of the PIADE system are the following :
- accessible volume : a vsr-sieal axis cylinder of radius 2 meters and height
6 meters

- weight of slave arm MA 23 W : 180 kg
- maximum weight capacity of slave arm : 20 kg when completely expanded
- MA 23 M is provided with force feedback at V/k ratio
- Degrees of freedom : h for the telescopic tube and 7 for the MA 23 M
- Emergency control :
. in case of power failure, the servo controlled system (telescopic tube and
MA 23 M manipulator) remains immobilized in their respective position, without
any risk of dropping the tool or the workpiece which was being handled ;

. in case of a major electrical component failure, a mechanical control is pro-
vided for hoisting the servo system inside the cask, thus allowing the cask
to be moved to the maintenance giovebox.

k. MISCELLANEOUS

A few other items of the- R & D programme may be quoted :

Radioactive Inventory

- Hot spots localisation is being tested by means of a so-called y topography
chamber shooting at localised hot spots and giving one after the other the
" y picture" and the "optic picture" of the scenery ; superposing tha two
allows localisation of the Y emitting sources. (6)

- Identification of hot spots is being experienced using a collimated Ge-Li
detector the axis of which is accurately aimed at the investigated hot spot :
in situ Y spectrometry is then performed (?)•

- Evaluation of a contamination is investigated to be used on distorted parts
of equipment, where the usual a or X portable detectors are difficult to
operate ; experiments are going on with trace detectors consisting of special
Kodak films submitted to the a energy deposition creating as many defects as
a incident particles. The level of contamination is determined either by
trace counting or by light densitometry through the exposed film- (8)

Treatment of Contaminated Solid Wastes

Contamination Fixing :(9) The efficiency of an epoxydic paint thin
film has been previously tested for fixing loose contamination on solid wastes :
"fixing factors" of 150 to 200 are easily obtained with a once through deposi-
tion of a film 30 p m thick. Electrostatic deposition of such a film presents
the advantage of avoiding the spreading of the paint towards the cell air filter
inlets. This technique has been adapted from a commercial equipment designed
both to blow out of a nozzle, maintained at high voltage, paint droplets elec-
trically charged and to create an electrostatic field ; this latter allows the
cloud of paint to be confined around the workpieee maintained at ground poten-
tial.

Embedding in Thermosetting Resin (10) : Different kinds of polyester
an(j tpoxy resins have been selected. This embedding material has been for long
tested and adopted for such wastes as ion exchangers, due to its excellent re-
ristance to Cy integrated dose (up to 5.109 Pads) and to lixiviation, leakage
rate... Epoxy has been chosen for condition;iinr- the TLA?.' IT B dceonrn^ioniiir ao-
1 ul '..'.'îti'L; liir.hly oontaninalL-d vrith Cci ?'.',part of it bcinf* a aoluble <eorii.ous:«.
;-'00 liters drums made of the same epoxyd resin act »s a. p̂ oonrl hieh integrity bar-
rit-r in view of final dispo:;ttl in an engineered shallow land burial.

V-10



Ventilation System Modelisation (11)

Engineering studies in decommissioning often point out the need of fore-
easting how drilling new apertures through cell walls may disturb the ventila-
tion system of a facility up to creating safety problems. From several basic
data measured on the undisturbed system, the new equilibrium, if any, may be
derived, with the use of a code which has been developped for in-service faci-
lity and recently successfully tested in the case of a fuel reprocessing pilot,
plant decommissioning (A T 1 at La Hague).

CONCLUSION

Remote system technology and tooling techniques adapted to remote operation
are certainly among the main topics under consideration. But we are aware that
a lot of efforts must be devoted to :
- the knowledge of the residual activity in a definitively shut down nuclear
facility and of the long term behaviour of its building and equipments in or-
der to optimize the delay before dismantling ;

- the waste management techniques adapted to the nature, the volume and the
activity of the decommissioning wastes,' the goal being they reach their final
disposal as soon as they are produced in order to avoid interim storage -
which would have to be decommissioned later ;

- the decontamination techniques and effluents treatment ;
- the standards for safe building/ground recovery and material releasing.

All these topics are included in the French long term programme on decom-
missioning.
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OVERVIEW OF DECOMMISSIONING RESEARCH AND DEVELOPMENT
ACTIVITIES IN THE EUROPEAN COMMUNITY

B. Huber
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Brussels, Belgium

ABSTRACT

The European Community's research programme on the decommissioning of
nuclear power plants is managed by the Commission of the European Communities
and carried out by national laboratories and private firms under cost-sharing
contracts. Starting in 1980, about fifty research contracts covering a large
variety of topics have been let so far. The paper outlines the content,
progress and selected results of the seven projects composing the programme.
These projects concern the following subjects:
- maintaining disused plants in a safe condition;
- decontamination for decommissioning purposes;
- disuantling techniques;
- treatment of waste materials;
- large waste containers;
- estimation of waste arisings;
- plant design features facilitating decommissioning.

1. INTRODUCTION

The European Community's research programme on the decommissioning of
nuclear power plants is managed by the Commission of the European Communities
and carried out by national laboratories and private firms under cost-sharing
contracts. Starting in 1980, about fifty research contracts covering a large
variety of topics have been let so far. Is is, therefore, not possible in this
overview to go into each individual contract. Rather, I will outline in the
following the content, progress and selected preliminary results of the seven
projects composing the programme. More detailed information is published in
the annual progress reports ' .

2. MAINTAINING DISUSED PLANTS IN A SAFE CONDITION

Deferment of the removal of disused nuclear power plants for periods
ranging from some decades to about a hundred years would facilitate the
dismantling operations and appreciably reduce the occupational radiation
exposure. In relation to such decommissioning options, the following aspects
are being investigated:
- mode and pace of degradation of various materials as they exist in nuclear
power plants;

- measures for maintaining plants in a safe condition and for maintaining
necessary ancillary systems operable;
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- procedures for monitoring and inspection;
- radiological consequences and costs of maintaining the plants.

These investigations will in particular serve In choosing the best timing
for dismantling of the plants.

3. DECONTAMINATION FOR DECOMMISSIONING PURPOSES

Surface decontamination methods employed for decommissioning purposes may
be more aggressive than those currently used in operating plants, since
weakening of the components treated can be accepted. Accordingly, this project
has been focused on efficient, aggressive decontamination methods. Comple-
mentary investigations are being performed to characterise contamination
layers and to determine the extension of contamination in nuclear power
plants. A study done in preparation of this project is presented in a separate
contribution to this Symposium .

Contamination measurements and decontamination tests have been made on
samples from the coolant circuits of the three BWR plants which have already
been closed down in the European Community, i.e. the plants of Garigliano,
Gundremmingen and Lingen, shut down in the years 1977 and 1978 after operation
periods ranging from 10 to 15 years. The analyses of contamination layers have
already produced some important results.

At the Lingen plant, an electrolytic method has been used for successive
removal of 1 micron layers from the sample surface, in order to determine the
concentration profile of radionuclides having penetrated into the base metal.
On samples from the steam system, cobalt-60 was found to have diffused in to a
depth of about 10 micron.

On samples from the Garigliano plant, the oxide layer composition could
be correlated with the history of feed-water preheater.materials. Contamina-
tion analyses showed traces of transuranics (5 nCi/cm ), besides beta-gamma
emitters.-This,work is presented in more detail in a separate contribution to
this Symposium .

The following techniques are being developed for metal decontamination:
- techniques using chemically aggressive decontaminants in liquid and gel-like
form;

- electrochemical techniques;
- hydromechanical techniques, i.e. high-pressure water lance and erosion by
cavitation.

Experiments on chemical decontamination of stainless steel specimen from
LWR primary circuits have shown that appropriate base metal removal and,
accordingly, high decontamination factors can be.achieved usirg strong inor-
ganic acids, containing hydrochloric or hydrofluoric acid. On ferritic steel
samples from the condensate duct of the Gundremmingen BUR, good results have
also been obtained with tartaric and citric acid.

For the decontamination of concrete, a new technique is being developed.
By rapid heating of the concrete surface, using a torch, cracks parallel to
the surface are induced at a depth of 1-2 on, causing a thin surface layer to
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fall off or to be easily removed by brushing and grinding. Paintings are burnt
away. After preliminary trials, a flat section oxyacetylene torch of 100 mm
width has been selected. Further tests have been focused on the characterisa-
tion of aerosols produced during the heating and the subsequent mechanical
treatment and on filtering of the exhaust air.

4. DISMANTLING TECHNIQUES

Techniques required to dismantle nuclear power plants are being develop-
ed, taking into account the special requirements due to radioactivity. Accord-
ingly, particular emphasis is laid on the characterisation of by-products
(aerosol, slag etc.). All cutting tests performed so far have, however, been
done on inactive specimens.

Various thermal cutting techniques have been tried out in air on compo-
nents of stainless and carbon steel and of concrete, using existing equipment.
These tests have served to optimise process parameters., to assess and compare
cutting performances and by-product characteristics, and to examine the
suitability of filter systems.

Three thermal cutting techniques are being developed in particular, i.e.
plasma cutting (including underwater operation), plasma-oxygen cutting and
laser cutting.

The combined plasma-oxygen torch is aimed at cutting reactor vessels from
the inner, stainless steel clad side. Oxygen burning alone would not enable
the cut to be started at the clad face, whereas the plasma torch alone would
not achieve the necessary cutting depth (up to 600 mm for the vessel flange).
So far, the combined torch has been tested successfully on clad plates up to
300 mm thickness. Tests on plates up to 600 mm thickness are planned.

Using a 15 kw carbon dioxide laser, preliminary series of cutting tests
have been performed, showing the influence of various parameters. Steel
cutting performances are greatly enhanced if oxygen instead of air is used in
the gas jet removing the molten material. Steel sections up to 100 mm thick-
ness have been cut.

Diamond tipped circular saws are being developed with the objective of
cutting remotely blocks of 1 m cube in size from the inner face of a reinforc-
ed concrete shield or a prestressed concrete pressure vessel. The results
obtained so far, using existing saw units with drive power up to 3ii kW, are
promising but showed the need to modify the carriage and blade cooling system
and to increase the drive power. Thereupon, the design and manufacturing of
new equipment with a 75 kW motor and a 2.5m diameter saw blade has been under-
taken.

Research on explosive techniques for the demolition of radioactive
concrete structures started recently.

5. TREATMENT OF WASTE MATERIALS

The waste arising from dismantling of nuclear power plants consists
mainly of steel, concrete and - for gas-cooled reactors - graphite. Methods
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are being investigated i:or treating these materials with a view to disposal
or, for steelv possibly reuse.

The feasibility of extracting cobalt and nickel from steel by means of
special melting processes is being studied. A process of the Electro-Slag-
Refining type using phosphide or sulphide slags, considered first, produced
negative results. An alternative process is now being investigated. On the
other hand, conventional melting of contaminated steel scrap will be done in
experiments spanning from the laboratory to the industrial scale, in order to
assess the product, by-product and radiological impact.

Various coating techniques are being developed to durably fix surface
contamination on metals and concrete. Promising results were obtained with
thermosetting resins applied on steel by electrostatic projection. Besides,
the treatment of concrete with silicate solutions, to prevent dusting, is
being investigated.

Various management modes have been assessed for graphite waste, consider-
ing incineration, sea disposal, shallow land burial and deep geological
disposal. This research involved in particular determination of the radio-
nuclide inventory, conceptual studies of the incinerator flow-sheet and of
waste packages, leach tests of irradiated graphite samples and radiological
assessment of the management modes considered.

6. LARGE WASTE CONTAINERS

Radioactive waste resulting from dismantling of major reactor components
shall be transported and disposed of in larger units than those currently used
for other types of radioactive waste, in order to reduce the required amount
of sectioning and, consequently, the occupational radiation exposure and the
decommissioning costs. As a first step, a system study is being done, which is
aimed at defining the types of large transport and/or disposal containers
needed.

7. ESTIMATION OF RADIOACTIVE WASTE ARISINGS

The low level radioactive waste produced in the dismantling of nuclear
installations will ultimately constitute a substantial part of the overall
volume of radioactive waste generated by nuclear industry. The objective of
this project is to estimate the quantities of various categories of radio-
active waste which will arise from the decommissioning of nuclear power plants
in the European Community. This involves the definition of reference strate-
gies for decommissioning and is therefore considered as a long-term task. The
work in progress is focused on two particular aspects, i.e. long-lived activa-
tion products in concrete and steel, and scientific basic information related
to the borderline between radioactive and nonradioactive material.

Concrete samples from the biological shielding structures of the shutdown
BWR plants of Gundremmingen and Lingen are being analysed. One of the main
objectives of these studies is to determine the thickness of the activated
inner layer of the structures. Besides, nonradioactive concrete samples from
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a larger number of nuclear power plants are being examined in order to explore
the range of the. concentration of relevant trace elements.

Analyses being made of steel specimens include irradiated samples from
the Garigliano BWR. Cobalt and niobium contents are to be determined in
particular, since they determine the occupational radiation exposure in the
dismantling of reactor components and are not well defined in material speci-
fications - e.g. only by upper limits.

A methodology will be prepared for evaluating the radiological consequen-
ces of the management of very low-level solid waste produced in the dismantl-
ing of nuclear power plants. Such a methodology is necessary if "de minimis"
radioactivity levels are to be defined. Besides, the measuring techniques will
be reviewed which are required to decide whether material from the dismantling
of nuclear power plants, e.g. after decontamination, is radioactive or not.

8. PLANT DESIGN FEATURES FACILITATING DECOMMISSIONING

The objective of this project is to identify and develop reasonable
improvements in the design of nuclear power plants with a view to decommis-
sioning. Though requirements related to the safety and reliability of reactor
operation, as well as cost-effectiveness aspects restrict the latitude for
changing present plant designs, certain specific features appeared to merit
closer investigation. Activities on the following subjects are in progress:
- control of the cobalt and niobium content of reactor steels;
- testing of cobalt free materials to substitute cobalt alloys used e.g. in
valve seatings;

- coatings, in particular removable ones, to protect concrete against contami-
nation;

- reactor shielding design features facilitating dismantling;
- documentation system for deferred decommissioning;
- review and catalogue of design features facilitating decommissioning.
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DEVELOPMENT OF IMPROVED TECHNOLOGY
FOR DECOMMISSIONING OPERATIONS

R. P. Allen
Pacific Northwest Laboratory
Rich!and, Washington

ABSTRACT

This paper describes the technology development activities conducted at
Pacific Northwest Laboratory under U.S. Department of Energy sponsorship to
help ensure the availability of safe, cost-effective and environmentally sound
decommissioning technology for radioactively-contaminated facilities. These
improved decommissioning technologies include techniques for the removal of
contaminated concrete surfaces and coatings, adaptation of electropolishing
and vibratory finishing decontamination techniques for field decommissioning
applications, development of sensitive field instrumentation and methods for
the monitoring of large surface areas, techniques for the field sectioning of
contaminated components, improved contamination-stabilizing coatings and
application methods, and development of a small solidification system for the
field solidification of liquid waste. The results of cost/benefit studies for
the vibratory finishing and sectioning technologies are also reported.

INTRODUCTION

The decommissioning of nuclear facilities is technically challenging.
Dismantlement-mode decommissioning operations, for example, may require the
decontamination of equipment, surfaces or systems; the sectioning of activated
or contaminated components; handling and transporting heavy sections; the
treatment and disposal of large volumes of radioactive material; high sen-
sitivity monitoring of soils and structures; and complex remote operations.
These diverse activities of necessity encompass a variety of technologies and
technical disciplines. Although some of the required technology is readily
available, there are needs in current and future decommissioning projects that
will require improving existing decommissioning techniques and equipment;
identifying and adapting useful technologies from the non-nuclear industrial
sector; or developing entirely new decommissioning technologies.

In recognition of these technology development needs, the U.S. Department
of Energy through the Surplus Facilities Management Program has sponsored
studies at Pacific Northwest Laboratory to help ensure the timely development
and availability of improved decommissioning technology. The general areas
addressed in this work were surface decontamination, field radiation measurement
systems, contamination-control coatings, sectioning techniques, and liquid
waste solidification systems. This paper summarizes some of these technology
development activities and identifies needs for additional and future technology
development work.

CONCRETE SURFACE DECONTAMINATION

Contaminated concrete represents a major removal end disposal problem for
many decommissioning projects. Since the contamination is usuallv confined to

V-18



the surface of the concrete, selective removal of the contaminated surface
layer can substantially reduce the volume of material requiring the careful
handling and expensive disposal accorded contaminated material. Three methods
capable of rapidly removing concrete surfaces have been evaluated at PNL.
These are the concrete spaller, the water cannon, and the high-pressure water
jet.

Concrete Spaller

The concrete spaller is a device developed by PNL specifically for
removing contaminated concrete surfaces.1*2 It consists of three basic parts:
a hydraulic cylinder, a push rod, and a bit with expanding wedges. The
spaller is inserted into holes ~5 cm Jeep and 2.5 cm in diameter that are
predrilled 20 cm apart in a triangular pattern. When the hydraulic cylinder
is activated, the wedges of the bit are embedded into the wall. As the tip of
the push rod pushes against the bottom of the hole, the wedges are forced away
from the bottom, causing a spall averaging 20 cm in diameter.

The rubble produced by spall ing is small enough to be handled easily, and
much of the surface layer remains intact. A water mist can be sprayed over
the rubble to contain any dust generated by the spalls. The thickness of the
surface removed is nominally 2.5 cm. If contamination is still present at
that depth, the spalled surface can be redrilled and spalled as many times as
necessary. Approximately 0.02 m3 of rubble is generated for each 0.9 m2 of
surface removed.

The spalling operation is rapid; inserting the spaller takes only 5 sec
from hole to hole. Drilling the holes is the rate-limiting step for the
decontamination operation. This step has been automated by mounting the drill
on a track, which in turn is mounted on a fork-lift. The drill is equipped
with motors and a control system that permits automated drilling of a 2.4-m-wide
strip with minimal operator attention.

Three types of drills were evaluated for this application: an electric
rotary hammer, an air-powered hammer, and an electric core drill. The air-
powered rotary hammer required only 5 to 7 sec to drill the spaller holes,
compared with 30 to 45 sec for the electric rotary hammer and 3 min for the
electric core drill. The core drill also produced finer and more difficult-
to-contain drilling chips than the other two drills. Based on these tests,
the final version of the spaller system uses the air-powered rotary hammer
drill with a dust shield surrounding the drill and connected to a vacuum
system to collect and contain the drilling chips.

The effectiveness of the concrete spaller in removing surface contami-
nation was demonstrated during the cleanup of a piutonium-contaminated facility
at the Hanford Site. Approximately 2.8 m2 of painted concrete floor with
smearable contamination levels of 500 Bq/100 cm2 were reduced to background
levels with one pass of the spaller. In contrast, previous decontamination
efforts using detergents, strippable coatings, and solvent-based decontamination
agents were unsuccessful in reducing the floor to a nonsmearable condition.

In summary, the spaller is an efficient and effective system for removing
contaminated concrete surfaces. The spaller is convenient to use because it
is moderately fast and can be limited to a small area of contamination. The
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rubble produced is conveniently sized for easy handling. The controlled
volume and size of the rubble also help minimize personnel exposure to the
contaminated materials. Futhermore, spall ing is an economical decontamination
technique. Based on the removal of ~56 m2 of surface over a two-man, 8 h
shift (6 h of actual use), the total cost* of using a platform-mounted concrete
spaller-is about $32/m2 of surface removed. This cost includes labor, equipment
rental, and equipment costs amortized over their useful lifetimes.

Water Cannon

The water cannon is a concrete decontamination technique that removes
surface layers by the spalling action of discrete jets of very high pressure
liquid.1'2 Two versions of the water cannon** were evaluated by PNL. The
first method uses a 458 magnum rifle to shoot a high-velocity jet of glycerine
at the surface. In the second method (rapid-fire), compressed gas acts on a
piston to impact the surface with high-velocity water.

The 458 magnum rifle is modified for this decontamination application by
shortening the barrel and attaching a nozzle to the end. Cartridge cases are
primed and filled with gun powder, and a wax plug is added to retain the
powder. Solidified glycerine sticks (5 cm long x 13 mm in diameter) are
fitted into the loaded cases. The altered cartridges are then chambered and
shot. The glycerine is formed by the nozzle into a high-velocity stream which
spalls the concrete surface on contact. The wax plug provides a seal between
the burning gun powder and the glycerine. Each cartridge case can be reused
approximately ten times. A shield attached to a vacuum system is placed
around the nozzle to collect the rubble and combustion byproducts.

The 458 magnum water cannon typically produces 5- to 8-cm-diameter spall
about 2 cm deep at the center. One cubic meter of concrete rubble is generated
for every 80 m2 of surface removed. The glycerine coats the dust, preventing
most airborne dust contamination. Tests show that the water cannon can remove
approximately 5.4 m2 of surface over an 8 h shift. This result is based on an
average of 270 cannon shots to remove 1 m2 of concrete surface, four shots per
min, and a working team of two men actually using the water cannon for 6 h of
each 8 h shift. One man loads the cases with the glycerine charges and passes
the cartridges while the other fires the cannon. The total estimated cost* of
concrete decontamination for this operation is about $270/m2 of surface
removed.

The rapid-fire water cannon is conceptually different from the rifle
water cannon in that instead of propelling glycerine with gun powder, com-
pressed gas forces a piston which impacts a small amount of water on the
concrete surface. The cannon is cylindrical and approximately 0.6 m tall by
23 cm in diameter. The cannon and a water pump mount on a backhoe, replacing
the bucket. The water cannon is powered by a hydraulic impactor, and is
fastened directly to the end of the impactor where the tools would normally be
attached. The nozzle of the cannon is positioned perpendicular to the concrete
surface before firing.

*Cost data are for 1980.
**Both concepts are patented by Exotech Incorporated.
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Exotech, Inc. conducted a test on this type of water cannon, with the
following results:

1) Each "shot" spalied approximately 26 cm2, corresponding to 390
shots/m2 of surface removed.

2) The resulting rubble varied from 0.3 to 1.3 cm in diameter. Some
pieces were as large as 3 cm x 3 cm x 0.6 cm.

3) One square meter of surface could be removed in 2.7 h. Since the
cannon can be fired 250 times/min, this slow rate reflects the time
required to reposition the nozzle between shots.

4) Each shot required 16 mL of water, representing the removal of
0.15 m2 of surface per L of water used.

Based on these results, it was concluded that the rapid-fire water
cannon had no particular advantage over the 458 magnum cannon. Moreover, both
versions of the water cannon were slower and more expensive then the concrete
spaller. However, the compactness of the hand-held rifle (458 magnum) would
make that method useful for small areas or confined, hard-to-reach locations.

High-Pressure Mater Jet

The use of continuous, high pressure water jets as a possible decontami-
nation technique for contaminated concrete surfaces was investigated through a
subcontract with Flow Industries of Kent, Washington. Water jet scarifiers
have been used commercially to remove surface concrete from bridge decks.
Surfaces can be scarified by a single pass to an average depth of 1 cm. The
average area removal rate that can be achieved using a single-pass system is
approximately 20 m2/h for a 185 kW pump. The depth of removal varies according
to the condition of the concrete; i.e., cracked or delamirated areas are cut
more deeply than the sound concrete. In general, the water jets remove the
top 0.6 to 2.5 cm of concrete with the removal depth dependent on the condition
of the concrete, water jet pressure, and number of passes. The water jet also
is able to penetrate and remove material from cracked areas.

Based on the successful commercial applications, Flow Industries conducted
a test that demonstrated the ability of high-pressure water jets to remove the
surface of typical concrete from the Hanford Site to an average depth of
0.6 cm at a rate of 0.6 m2/min. The system operated at a pressure of 350 MPa
and removad the top of the aggregate as well as removing the grout from
between the aggregate. The water consumption rate was approximately 20 L/m2
of surface removed.

In addition to removing surface material, a water jet system for contami-
nated surfaces must contain and collect the contaminated material and water,
minimize the generation of secondary waste, and provide a means of moving the
jets over the area to be decontaminated. Flew Industries also developed a
conceptual design and tested components for a system capable of removing up to
0.3 cm of concrete from floor surfaces at a rate of 0.2 m2/mirs while recycling
the cutting water and collecting all of the concrete removed.
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The major findings of the test program were: 1) the removal depth and
rate requirements could be met using water jets operating at pressures below
240 MPa, permitting the use of high-pressure flexible hose rather than rigid
tubing for the decontamination system; and 2) the concrete removed by the
water jet cutting was in tfn form of particles larger than 80 pm, permitting
ready removal of the material by commercially available cyclone separators and
filters. The next step in developing this promising concrete decontamination
technique should be the detailed design, construction, and testing of a
prototype system on contaminated concrete to verify performance and evaluate
possible recontamination problems.

ELECTROPOLISHING/VIBRATORY FINISHING APPLICATIONS

Substantial progress has been made at PNL in developing electropolishing
and vibratory finishing into effective, large-scale decontamination techniques
capable of removing radioactive contamination from the surface of metallic and
selected non-metallic waste.3"5 Electropolishing is an electrochemical
process used commercially to produce a smooth, polished surface on a variety
of metals and alloys. For decontamination applications, the electropolishing
process rapidly removes any contamination on the surface or embedded in
surface imperfections. Electropolishing is a versatile decontamination
process and can be applied to immersible metallic waste representing a variety
of geometries, alloy compositions, and types of contamination. For example,
compositions ranging from mild steel, copper and aluminum to stainless steel
and other highly alloyed materials have been successfully decontaminated using
this technique. Electropolishing can be used to decontaminate, without prior
disassembly, relatively complex components and shapes including assemblies
with moving parts, the interior of tubing, and threaded sections. Moreover,
electropolishing effectively removes a variety of radionuclides including
plutonium, uranium, radium, cobalt, strontium, cesium, and americium as well
as contamination that is baked-on, ground-in, or otherwise difficult to remove
using conventional decontamination procedures.

Vibratory finishing is another commercial metal finishing process that
has been developed into an effective decontamination technique for surface-
contaminated material. Vibratory finishing uses the abrading action of
rapidly vibrating ceramic or metallic media to dislodge loose and embedded
surface contamination. Unlike electropolishing, vibratory finishing will not
decontaminate to nondetectable levels. However, it removes essentially all
smear-able contamination and can reduce fixed contamination to low levels,
e.g., to well below the 10-nCi/g limit defining transuranic waste. Also,
vibratory finishing can remove surface contamination from a variety of non-
metallic materials. All components of a typical plutonium glove box (metal
structure, epoxy-coated surfaces, plastic panels, rubber gaskets, plastic
glove-port rings, rubber gloves and plastic bags) can be converted into
nontransuranic waste using vibratory finishing techniques.

For decommissioning operations, the electropolishing and vibratory
finishing decontamination processes must be adapted for field work. The
following sections describe studies conducted at PNL to: 1) develop and
demonstrate special electropolishing techniques for the in situ decontami-
nation of pipes, glove boxes, tanks, and other typical components encountered
in decommissioning operations; 2) develop a preconceptual design for a portable
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vibratory finishing decontamination system for the field processing of large
volumes of sectioned waste from decommissioning operations; and 3) evaluate
the economics of a portable vibratory finishing decontamination system.

In Situ Electropolishing

A variety of in situ electropolishing techniques have been developed as
an alternative to immersion electropolishing methods for field use in decon-
taminating surfaces that either cannot be transported to or immersed in a
conventional electropolishing cell. These in situ techniques include pumped-
stream methods for decontaminating spots and difficult-to-clean areas, contact
techniques for decontaminating selected areas while providing complete contain-
ment of the contaminated electrolyte, brush or swab techniques for spot
decontamination and for gross contamination removal, and internal cathode
techniques for the in situ decontamination of the interior of long pipes.

The application of these in situ electropolishing techniques has been
demonstrated by the decontamination of the inside of a corrosion test loop at
the Hanford N-Reactor6, the floor of an operating plutonium glove box7, and
the inside of a 19,000 L radioactive waste tank.8 The work on the tank
illustrates how the use of in situ techniques can be used to decontaminate
large surface areas and the ability to accomplish this remotely to reduce
radiation exposure. The tank had been used for many years to collect primary
coolant from a power reactor during maintenance operations and was contaminated
with 60Co corrosion products. A variety of in situ electropolishing techniques
were used to reduce the internal radiation levels from 20 mR/h to background,
with no residual smearable contamination. This was accomplished using only
200 L of electrolyte. Moreover, 85% of the interior tank surfaces were
decontaminated remotely from outside the tank.

The tank was cylindrical, 7.3 m long and 1.8 m in diameter, and was made
of 1-cm-thick stainless steel. Access of men and equipment was gained through
a single manhole located at the top center of the tank. A perforated sparger
line, about 10 cm in diameter and 7.3 m long, ran through the tank. The tank
was decontaminated in situ using a series of electropolishing devices.
Electrolyte was supplied to these devices by a small pump mounted in the sump
of the tank. The electrolyte flowed from the devices, was collected in the
bottom of the tank, and then recirculated through the devices.

Most of the decontamination, 85%, was done using a large swab device.
The swab had a cathode area of 0.04 m2 and could decontaminate 0.2 m2/min. It
was magnetically coupled to an external holding and positioning fixture that
permitted manipulation from outside the tank. Once the radiation level inside
the tank was reduced, personnel entered and used a long, cane-shaped, pumped-
stream device to decontaminate the corners and small, recessed areas. This
device had a 2.5-cm-diameter, disc-shaped cathode and could decontaminate
0.01 m2/min.

The interior of the 7.3 m long sparger line was decontaminated at a rate
of 0.3 linear m/min by inserting and moving a perforated cathode, 6 cm in
diameter and 10 cm long, with a flexible seal at each end. The electrolyte
was forced through the perforations in the cathode, making the device function
as a pumped-stream device. The exterior of the sparger line was decontaminated
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using a 8-cm-long swab device built to fit over the pipe. It could decontami-
nate 0.3 linear m of pipe/min.

Small areas requiring additional decontamination were further treated
using a small, hand-held swab device. This device had a cathode area of
100 cm2 and could decontaminate 0.05 m2/min.

Portable Vibratory Finisher Decontamination System

A preconceptual design was developed for a portable vibratory finisher
decontamination system that could be used in support of field decommissioning
operations to minimize the volume of contaminated material requiring expensive
handling and disposal. Vibratory finishing was selected as the reference
decontamination technique because it can decontaminate both metallic and
nonmetallic waste. In addition, the equipment is rugged and compact, the
process is simple and flexible, and the labor and other operating requirements
are minimal.

The portable field decontamination system is modular in design and
consists of the following:

• decontamination module - includes the vibratory finisher, a compound
handling system, and a rinse and dry system

• material handling module - used to unload the containers with the
contaminated material and transfer the material to the vibratory
finisher

• solidification module - solidifies the liquid and wet solid waste
produced by the decontamination system

• evaporator module - if required, reduces the volume of the liquid
waste produced by the decontamination system.

Using this modular concept, maximum flexibility can be achieved in tailoring
the system to a particular project.

For most applications, the decontamination system would be arranged so
that the decontamination, materials handling, and solidification modules would
be within one portable enclosure. The evaporator module, if required, would
be within a second enclosure. With this arrangement, the basic support
modules are in a single enclosure that could be used independently for very
small decontamination projects such as the removal of a small number of glove
boxes where the volume of the non-evaporated liquid waste would not be signifi-
cant, or for projects with an available liquid waste disposal system. However,
if the evaporator module were required, it could easily be included in the
system to provide a complete liquid waste processing capability.

The decontamination module includes a vibratory finisher, a compound
solution handling system, and a rinse-dry system. A suitable vibratory
finishing machine would be an annular-type process tub with a capacity of
about 0.3 m3. The machine must be capable of handling metal vibratory
finishing media. A vibratory finishing machine of this size can decontaminate
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up to 0.04 m3 of material per hour, and the maximum size piece that the
machine can accommodate is approximately 20 x 20 x 70 cm.

The compound solution handling system mixes fresh cleaning solution, adds
it to the vibratory finisher, collects the contaminated solution, and stores,
filters and recirculates it as required. The main components of the compound
solution handling system are the concentrate metering pump, collection tank,
recirculation pump, recirculation filter, tank cleanout pump, and system
control panel.

The rinse and dry system collects the decontaminated material from the
vibratory finisher, rinses the material in hot, agitated water containing
wetting agents, and dries it with hot air. The entire system is enclosed in
an open-faced hood for contamination control. The main components of the
rinse and dry system are the agitation tank, rinse water makeup system,
material collection basket, and hot air dryer.

The materials handling module is used to unload the containers of contami-
nated material that are sent to the portable field decontamination system and
transfer the material to the vibratory finisher. The module has two chambers:
one that is not contaminated where the waste container is positioned, and
another that provides containment while the waste container is opened and
unloaded. This latter chamber is connected to the vibratory finisher contain-
ment lid by a flexible chute that allows loading of the highly contaminated
material into the vibratory finishing machine.

The solidification module solidifies the liquid and wet solid waste
produced by the portable field decontamination system and consists of a
neutralization/feed tank and an in-drum mixer. The solidification medium is
Portland cement Type II. The neutralization/feed tank can receive liquid
waste from either the compound handling system or the evaporator module. In
addition, filter cartridges from the compound handling system can be disposed
of in the solidification module. Up to 130 L of liquid can be solidified in a
210 L drum using this process.

The evaporator module is used for volume reduction of the liquid waste
produced by the portable field decontamination system. The major components
of this module are the evaporator feed tank, the distillate tank, and a
single-effect vacuum evaporator. The evaporator can process liquid waste at a
rate of ~100 L/h.

The decontamination, materials handling, and solidification modules are
contained within a 3.7-m-wide by 18.3-m-long trailer to facilitate transporta-
tion. However, cargo shipping containers or a custom-built enclosure also
would be excellent enclosures for the portable field decontamination system
and could provide certain advantages depending on where the system might be
used.

Another possibility would be to place the system inside the facility
that is being decommissioned or in an adjacent facility. In this case, many
options are possible, depending on the nature and arrangement of the available
space. If suitably sized rooms were available, the modules could simply be
placed in the rooms with no additional containment. However, consideration
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should be given to the use of "greenhouse" containment structures that could
provide an added measure of protection.

Cost/Benefit Study

A cost-benefit study9 was conducted for the portable vibratory finishing
decontamination system described in the preceding section. It was assumed
that the facility would process pre-sectioned, TRU-contaminated waste. The
capital cost for a trailer-type facility was estimated to be about $1.1 M
including contingency and working capital. The annual operating costs,
including disposal of the resulting low-level waste and smal1 amount of
secondary TRU waste, were estimated to be about $0.4 M for processing about
170 m3/yr of presectioned waste. The combined costs represent a unit cost for
waste decontamination of about $400/m3 of original, unsectioned waste volume.

Sensitivity analyses were made to determine the effect of varying several
factors on the total annual and unit costs of vibratory finishing TRU-
contaminated materials. Operating cost had the largest effect; a i30% change
altered the total annual cost ±22%. Changes in throughput had little effect
on the total annual cost, but a 30% increase in throughput lowered the unit
cost 20%, and a 30% decrease raised it 38%.

The costs of vibratory finishing in a fixed facility also were estimated
and found to be less than those for an external, trailer-type facility,
principally because labor could be shared with other decommissioning activities.
A rough estimate for processing the same quantity of material in a fixed
facility, assuming it could be accommodated in available space in an existing
building, indicated that the unit cost would be about $250/m3 of original,
unsectioned waste volume.

FIXATIVES

Studies have been conducted at PNL to identify, develop and demonstrate
improved contamination-stabilizing coatings. These coatings can be used to
gain control of contaminated areas by "fixing" the loose surface contamina-
tion, to protect surfaces that will be exposed to contamination in their
normal service environment, and to decontaminate surfaces through incorpora-
tion of the contamination in a removable coating.

Several possible fixative materials were evaluated and compared with
respect to flammability, odor, toxicity, ease of application, drying time,
durability (resistance to foot and wheel traffic, abrasion, and puncturing by
tools), method and ease of application, and compatibility with other decon-
tamination agents. In addition, the most promising fixative materials (Table I)
were field tested at Hanford in support of recovery and decommissioning
operations. As noted in Table I, there are two basic types of fixatives.
Strippable coatings can be removed as large sheets and are particularly good
for applications involving structures and large equipment. Chemically remov-
able coatings can be removed by washing with various chemical solutions and
are useful for items that will undergo subsequent decontamination operations.
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TABLE I. Fixative Evaluation Studies

Fixative Evaluation

Polyvinyl Alcohol Water-based, nonflammable
Can be brushed, rolled, sprayed as received
Odorless, nontoxic
Abrasion resistant
Removed by washing with dilute basic solution

Polybutyl Disperson Water soluble, nonflammable
Can be brushed, rolled or sprayed after

dilution with water
Odorless, nontoxic
Abrasion resistant
Removed by stripping

Waterborne Vinyl Resin Waterbased, nonflammable
Can be sprayed, brushed, squeeged
Slight odor, nontoxic
Abrasion resistant
Removed by stripping

Strippable coatings are ideally suited for large-scale recovery/
decontamination operations because they can be applied easily and rapidly to
large areas, with minimum personnel and equipment requirements. A pressurized
application system that gently coats the surface with fine droplets without
disturbing the contamination is generally the best technique for large surface
areas, although brush, roller, or squeegee application methods also can be
used. Shielding from soft beta radiation is an inherent property of fixatives.
In addition, this shielding property may be enhanced by special formulation of
the fixative.

Loose surface contamination in contact with the coating is incorporated
by the curing process and is removed with the coating. This decontamination
process can be quite effective. For example, horizontal surfaces contaminated
with plutonium to levels of 70,000 Bq/100 cm2 were decontaminated to
170 Bq/100 cm2 with a single application of a strippable coating. The degree
of decontamination achievable with this process depends on the nature of the
surface and the type and degree of adherence of the combination. However,
once incorporated into the coating, the contamination is in a form that is
easy to handle and package for disposal.

The nonstrippable or chemically removable coatings are ideal for fixing
contamination on material that will subsequently be decontaminated using
vibratory finishing. Relatively thin layers (<25 vm thick) are generally
adequate to fix loose surface contamination.

The effectiveness of the chemically removable and strippable coatings was
demonstrated at PNL during decontamination/recovery operations in a plutonium-
contaminated facility. The facility had contamination levels of 70,000 Bq/
100 cm2 on floors and other horizontal surfaces. Entries made before the use
of the fixatives resulted in a contamination level of 670 Bq/100 cm2 on the
protective clothing of decontamination personnel. Similar entries made after
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applying the polyvinyl alcohol fixative to the work area resulted in no
detectable contamination on the protective clothing. During a subsequent
entry into this same facility, the entire floor area and horizontal surfaces
were sprayed with the polybutyl dispersion fixative. Entries and decontami-
nation operations conducted after this application resulted in maximum con-
tamination levels of only 10 Bq/100 cm2 to shoecovers of personnel.

The use of fixatives to control contamination and protect noncontominated
surfaces during decommissioning-type operations was demonstrated at PNL during
the removal of a glove box line heavily contaminated with plutonium.10 Four
types of fixatives were used during this demonstration to compare suitability,
durability, and ease of application and removal. The fixatives were applied
both inside the glove boxes to stabilize the smearabie contamination and on
the floor of the room containing the glove boxes to provide protection during
the removal operations.

The glove box line that was removed consisted of 3 glove boxes joined by
a conveyor line. Two of the glove boxes, which were to be sectioned and
decontaminated, were coated with the chemically-removable polyvinyl alcohol
fixative and the third glove box, which was to be reused, was coated with the
strippable polybutyl dispersion coating.

The initial smearable contamination levels inside the glove boxes vere on
the ord°r of 340,000 Bq/100 cm2. After coating the interior contaminated
surfaces with the contamination-fixing compounds, the smearable contamination
was generally less than 170 Bq/100 cm2. The interior surfaces near the
conveyor system joints, which were to be broken for removal, received special
attention and were reduced to 7 Bq/100 cm2.

After applying the fixatives, the glove boxes were removed with no spread
of contamination, even though no greenhouses were used and the bottom of one
of the glove boxes was removed in place by sawing. Moreover, the time required
to perform the glove box removal operation was significantly reduced by
eliminating the need to construct temporary containment structures and by
avoiding the need to work within the restricted space provided by these
structures. Also, the ability to work without respiratory protection further
increased worker effectiveness. The use of fixatives for this type of decom-
missioning operation thus substantially improved worker efficiency and decreased
time in the radiation zone.

LIQUID WASTE SOLIDIFICATION SYSTEM

One problem frequently encountered in decommissioning operations is a
need to dispose of small amounts of contaminated liquid waste. This waste may
originate from decontamination efforts or represent residual radioactive
liquid in pipes and tanks. The composition and content of these liquid wastes
thus could include acids and bases, detergents and other cleaning compounds,
and sludges.

Thus, one major objective of the PNL work was to identify, adapt or
develop a liquid waste solidification system suitable for field decommis-
sioning operations. Such a system could have a relatively low volume capacity,
but should be physically small, portable, and capable of solidifying the range
of liquid waste that could be encountered.
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Discussions with manufacturers of solidification systems for radioactive
liquid wastes led to the selection of Portland cement as the most suitable
solidification medium based on its ability to solidify a wide range of liquids
and its widespread acceptance for nuclear waste disposal applications.
However, efforts to identify a small commercial system suitable for field
decommissioning operations were unsuccessful because commercial systems are
generally designed for fixed facilities such as nuclear power plants and for
processing large volumes of liquid waste of a relatively fixed composition.

Consequently, a special solidification system for small volumes of
radioactive liquid waste was developed based on industrial in-drum mixing
equipment. A 210 L drum, pre-charged with portland cement, is placed ver-
tically on the mixing machine. The liquid waste is then added and the drum
sealed. The machine tilts the drum containing the waste and cement to a
horizontal position and rotates the drum. About 1 h of mixing is adequate
time for the waste and cement. The major advantage of this system over
traditional cement mixing techniques is that the drum remains sealed during
the mixing processs thus avoiding any spread of contamination.

The optimum waste-to-cement mixing ratio was determined by preparing a
series of drums using various amounts of noncontaminated liquid and portland
cement and then sectioning the resulting solid masses. The maximum amount of
liquid that resulted in complete, consistent solidification was 32 wt%. This
ratio would allow the addition of 130 L of liquid waste to a 210 L drum.

Used filter cartridges also can be disposed of using this same process by
adding them to the liquid-cement mixture. However, a 10% reduction in the
amount of liquid waste that can be added to the drum is needed to ensure
complete solidification.

This small, portable solidification system has been used in conjunction
with a neutralization tank to solidify both acidic and basic liquid wastes,
and has successfully produced more than 150 drums of solidified waste repre-
senting liquids containing plutonium, uranium, and fission-product contami-
nation.

SECTIONING TECHNOLOGY

Dismantlement-mode decommissioning operations commonly require the
removal and field sectioning of a variety of contaminated items ranging from
simple piping and ducting up to large pressure vessels and other massive
components. These field sectioning operations often must be conducted remotely
to minimize radiation exposure, and frequently involve particularly challenging
cutting requirements such as closely-spaced pipe, thick metal sections,
complex geometries, and work in limited access areas. The sectioning studies
conducted at PNL have focused on explosive cutting for remote, in-air sectioning
of a variety of contaminated components, and on identifying and demonstrating
a sectioning method for thick, stainless steel-clad pressure vessel steel.

Explosive Cutting

Shaped explosive charges have been used extensively by industry and the
military for special metal cutting or perforating applications such as dis-
mantling offshore drilling rigs, separating rocket motors from space craft,
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and severing and ejecting the pilot's compartment from aircraft. Explosive
cutting using linear-shaped charges also has been used previously for the
sectioning of contaminated metal components as part of reactor dismantling
operations.11'12 The objective of the PNL work was to investigate and demon-
strate the applicability and safety of explosive cutting for in-air sectioning
operations, including the ability to cut both pipe and plate with minimal
spread of contamination, and to section inside a greenhouse or other enclosed
area. An extensive cost/benefit study also was conducted to compare explosive
cutting with other potentially applicable field sectioning techniques.

The PNL explosive cutting tests employed flexible linear shaped charges.
These charges can be formed readily into planar shapes such as circles or
squares for cutting plate, or wrapped around pipe, rod, cable, etc. for
cutting these items. Upon detonation, the metal liner encasing the explosive
liquifies and forms a high velocity jet that penetrates and cuts the metal
under the liner in the locations and configurations defined by the original
liner placement.

The specific PNL tests and demonstrations of the explosive cutting
technology included:

• several cuts in 5- and 8-cm-diameter, Schedule 40 pipe using wrap-
around charges

• both straight and circular cuts in 0.6-cm-thick stainless steel
plate

• a 25-cm-diameter circular cut in 0.6-cm-thick stainless steel plate
backed by 15 cm of concrete to simulate hot cell walls, pool liners,
and other lined surfaces frequently encountered in nuclear facilities

• sectioning of pipe inside a 7.8 m3 plastic enclosure to simulate
sectioning operations inside greenhouses or other confined areas.

The results of these tests demonstrated that: 1) explosive cutting in air can
rapidly and safely section materials and components representative of those
encountered in decommissioning operations; 2) any shrapnel or debris generated
by the detonation can be adequately controlled using rubber attenuation mats;
3) the amount of gas generated is so small that the sectioning operations can
be safely conducted inside greenhouses or other contamination control enclo-
sures; and 4) the explosive cutting process is well adapted to remote operation
using preformed charges.

In addition to the test program, a detailed cost/benefit analysis13 was
made to compare explosive cutting with other potential field sectioning
techniques such as plasma arc torch cutting; mechanical cutting using nibblers,
reciprocating saws, abrasive saws or shears; and laser cutting.

The comparison categories included areas of applicability, cutting
speeds, cost factors, maintenance considerations, radiation exposure potential,
secondary waste generation, and equipment mobility. The major conclusions of
the study were:
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1) Explosive cutting is a practical method for sectioning metal piping
and other apparatus, especially in limited access areas, and for
sectioning equipment or materials having complex geometries.

2) Explosive cutting is cost competitive and should be considered among
the alternatives when nuclear facility sectioning operations are
required. Principal results of a qualitative comparison assessment
of cutting methods show that explosive cutting has broad applicability,
cuts rapidly, has relatively low cost, produces few maintenance or
repair problems, minimizes radiation exposure, generates little
contaminated waste, and requires easily portable equipment when used
in a nuclear facility.

3) Explosive cutting gives reduced radiation exposure for applications
srch as cutting closely spaced, nuclear facility process piping or a
portion of flat floor plate in a fuel basin. Time schedule estimates
for these two hypothetical cases indicate that explosive cutting
would reduce radiation exposure and cut operating time and manpower
by about one-third, when compared with other methods that could be
used for these sectioning cases.

Thick-Wall Sectioning Demonstration

A study was conducted by PNL1** to investigate, select, and technically
demonstrate a workable sectioning technique for severing a 23-cm-thick simulated
carbon steel reactor vessel wall that had been weld clad with a 0.6-cm-thick
stainless steel overlay. The initial cutting of the vessel wall was to be
done from the stainless steel-clad surface. Thus, the cutting operations
involved two steps: penetrating the stainless steel overlay and severing the
carbon steel. Other study considerations included selection of techniques
that can be applied remotely, used either in air or under water, and are
commercially available.

Several types of cutting equipment were considered for the thick-wall
sectioning operation including the arc saw, the plasma arc torch, milling
systems, and other mechanical techniques. The techniques selected were air
arc gouging to penetrate the stainless steel clad, and flame cutting to
section the carbon steel,

The air arc gouging process requires a torch, carbon electrodes, a source
of compressed air, and a DC power supply. Electric power and air are supplied
to the torch through an air-cooled power cable. To initiate a gouge, an arc
is struck between the carbon electrode and the work piece. As the work piece
becomes molten, a stream of compressed air from the torch head blows away the
molten metal. Because the metal melts rather than oxidizes, arc gouging is
effective on both ferrous and nonferrous alloys.

For the second step of the operation, flame cutting was selected to cut
the remaining 23 cm of carbon steel because this method is currently used
industrially, is not capital intensive, can be remotely manipulated, and can
be used underwater as well as in air. However, special gas mixtures and torch
heads would be required for underwater cutting.
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A demonstration of the use of air arc gouging and flame cutting to
section stainless steel-clad thick wall pressure vessel steel was conducted
using a simulated reactor vessel wall sample fabricated from A36 carbon steel.
The 1.2-m x 0.9-m x 23-cm sample was faced with 0.6 cm of AISI 308 stainless
steel that had been tungsten inert gas welded to the carbon steel. Three
sectioning operations were demonstrated. For all three, the operating para-
meters were the same, but the position of the sample was varied. For the
first cut, the sample was placed in s horizontal position and successfully
severed from the stainless steel side. The air arc gouger penetrated the
stainless steel cladding at a rate of 50 cm/min, followed by flame cutting of
the 23-cm-thick carbon steel at a rate of 5 cm/min. For the second cut, the
sample was turned over and cut from the carbon steel side. Cutting from the
carbon steel side would reduce cost, since the air arc gouging step is elimi-
nated. For the third cut, the sample was placed in a vertical position to
more closely simulate a reactor vessel wall and cut from the stainless steel
side. All three sectioning operations successfully severed the simulated
reactor vessel wall.

SUMMARY AND RECOMMENDATIONS

Substantial progress has been made in identifying, adapting and developing
improved technologies for decommissioning operations. These technologies, in
addition to helping facilitate specific decommissioning activities, have the
potential of substantially reducing decommissioning costs, improving worker
efficiency, reducing waste volumes, and minimizing radiation exposure. Some
of these existing technologies require further development, and new technologies
are required to meet other current and future needs. Some of the recognized
problem areas and recommendations for continued or new technology development
activities include:

• completion and demonstration of the high-pressure water jet system
for decontaminating concrete surfaces

• completion and demonstration of a portable vibratory finisher
decontamination system for field decommissioning operations

• development of improved in situ sectioning techniques for glove
boxes and other large TRU-contaminated components to meet standard
container criteria for interim storage and geologic disposal

• development of special field sectioning methods including remote
operation capabilities for dismantling reactor cores and thick-walled
pressure vessels

• further improvements in fixatives and methods of application to
facilitate decommissioning operations and provide increased protec-
tion to workers and the environment

• development of remote NDT methods for detecting and measuring the
contaminated liquid content of pipes and vessels

• development of improved temporary shielding and remote handling
equipment for decommissioning operations in high-exposure areas
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• assistance in the design, establishment, equipping and operation of
in situ electropolishing and other general on-site decontamination
facilities

• identification and development of improved contamination control
equipment and systems in the areas of respiratory protections,
protective clothing, ventilation systems, and containment structures.
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DISMANTLING TECHNIQUES FOR REACTOR COMPONENTS USING
EXPLOSIVES.
(FEASIBILITY EXPERIMENTS FOR DISMANTLING THE BIOLOGICAL
SHIELD AND THE PRESSURE VESSEL OF POWER REACTORS.)

H. U. Freund, B. Bohm, S. Schumann
Battelle-Institut e.V.

Frankfurt-M; West Germany

Both the pressure vessel and the biological shield represent
components which contribute substantially to the radioactive
inventory of a decommissioned reactor.

In order to minimize radiation exposure of personnel it is
desirable to reduce the time for the dismantling operation.
Dismantling procedures should therefore be simple, yielding fragments
of suitable size and shape to facilitate easy conditioning. Methods
utilizing explosives seem to meet these requirements. They are
described below.

Safety Aspects To Consider When Applying Dismantling
Techniques Using Explosives

Most important for all dismantling techniques is, to avoid any
contamination of the environment. Using blasting methods, particular
precautions are i«ecessary to assure that the debris is contained and
that the dispersion of aerosols is prevented. In addition, the
threshold values for the dynamic loid of the containment and the blast
energy should not be exceeded (Fig. 1).

First Example: Separation Of The Activated Inner Layer Of
The Biological Shield (BS); Blasting Experiments With Inactive
Concrete Segments

Taking the BS of a German pressurized water reactor of the Biblis
B-type as a reference reactor, full scale segments of 2 m x 2 m x 0,
7 m of reinforced concrete were used for the experiments (Fig. 2,3, and 4),

Two different types of bore holes (long and short) were employed
for the blasting experiments to separate the simulated contaminated
layer from 10 to 30 cm.

The explosive charge density was up to 120 g explosive/m2. As a
result of the long bore hole experiment the shear bar reinforcement
was ruptured or bent open (Fig. 5), the concrete layer containing the
lateral reinforcement was blown off with a velocity of a few m/s.
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In; the short bore hole experiments the concrete surface was fragmented
down to the desired depth, setting the reinforcement bars free.
Oust and fragments were retained inside a tent-like structure of a
few nw volume. Particle size distributions were measured in the
region of from 1 /urn to 250 mm (Fig. 6). Shock and recoil load
transferred to the residual structure were recorded using strain
gages. Damage inflicted to the residual structure was estimated
from dynamic pressure measurements inside the concrete structure
and by visual examination of small cracks. A draft of an operating
procedure for blasting contaminated layers off a real BS has been
outlined for the Niederaichbach power station (KKN).

Second Example: Fracturing The Reactor Pressure Vessel (RPV)
In The Embrittled State; Model Experiments

The basic idea underlying the proposed procedure is to cool
the RPV down well below the ductile/brittle transition temperature
and then break it into manageable pieces by an adequate shock
wave (Fig. 7 and 8). This shock wave can be generated by igniting
a small explosive charge or an array of such charges. Model experi-
metns with vessels of about 1:25 of real size were performed to
test different procedures. The aim was to investigate basic
fragmentation parameters and also to observe quantities like dynamic
load of the vessel support, fragment velocity, pressure build up
in the containment and coolant evaporation.

The experiments focused on generating preformed fragments.
Fragment size was predetermined by a grid of notches along the
inner surface of the vessel. The notches (indentations) were made
in the ductile state either mechanically or by linear explosive
charges.

Fragmentation was then achieved in the brittle state. In one
case an axial linear explosive charge was used and the shock wave
was transferred to the wall through the liquid nitrogen coolant.
In a second case an array of linear charges was attached to the
inside wall vessel and fired with and without the liquid nitrogen
filling.

The desired fragmentation with the experimental segments was
achieved with a minimum of 6 g of explosives. This would correspond
to roughly 30 kg of explosives for the entire RPV of a 1300 ME(e)
power reactor.

Experimental fragmentation patterns have been taken for various
charge configurations. A recording of the dynamic overpressure
originating from the airblast inside a solid confinement is shown in
Fig. 9. When venting is allowed for the maximum pressure stays well
below 1 bar. Measurements of the fragment velocity give values between
3 and 12 m/s. Future work will concentrate on scaling up the dynamic
fragmentation experiments and on large scale cooling experiments and
minimizing side effects. A recent result for the fragmentation of a
RPV scaled 1:12,5 can be seen from Fig. 10.
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F i g . 5 : Segment N2 1 a f t e r b las t ing
conc re te layer f r a g m e n t e d ,
r e i n f o r c e m e n t bars set
f ree for c u t t i n g
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VIGOROUS DECONTAMINATION TESTS OF STEEL SAMPLES
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ABSTRACT

Among operative decommissioning problems, the chemical decontamination

of metallic surfaces of LWR, mainly with the use of high vigorous reagents,

is being studied in particular.

ENEL research activities, partially financed by the European Community

Commission, began at the end of 1980, and are being developed by CRTN, Centro

di Ricerca Termica e Nucleare, in close connection with ENEL-DPT and CISE.

The main aim is the identification, development and assessment of vigorous

decontamination techniques taking into account the amount and disposal cost of

liquid radwaste. The test materials come from the primary loop of the BWR—

Garigliano plant. Activity levels, mainly due to "^Co, range from about

0.01 yuCi/cm2 for predecontaminated material to some /uCi/cm2 for virgin mate-

rial. Moreover, traces of 90Sr-Y beta pure emitter and alpha emitters are mo-

nitored.

Research is at first carried out by screening static tests for the opti-
mization of etching static parameters (time, temperature, reagent concentra-
tions, etc.). Reagent effectiveness will then be tested in a special experi-
mental loop (DECO), in dynamic conditions simulating in-situ real procedures
of decontamination. Hydrofluoric, nitric and hydrochloric acids and mixtures
of them have been used for the first tests. Sometimes total oxide removal is
possible, and when this takes place, the final contamination levels are in
accordance with limits indicated for unrestricted release materials in some
countries.

INTRODUCTION

The increase of nuclear plants and new sensitiveness of public opinion to-
wards nuclear activities have led to great interest in decommissioning problems*
In this context, R & D programmes on decontamination, i.e. for unrestricted
release materials, are considered a priority task. Particularly good deconta-
mination of out-of-core primary loop surfaces can be highly beneficial. In
fact, contamination activity, although but a small part of the total activity
inventory, is spread over very large surfaces. Therefore, decontamination is

V-46



necessary both for safety feasibility of dismantling and for unrestricted re-

lease materials (1), (2), (3).

Radionuclides contamination on surfaces can occur by chemical adsorption
ion exchange with free surface ions, and by physical adsorption or adhesion
followed by nuclides migration towards material cracks and crevices (4).
Equilibrium of active ion,"j on surfaces can be reached within a few minutes,
but stable-capture in the oxide layer takes place only after some months of
contact between the contaminated fluid and the surface (5). Contamination
features are closely connected with the nature of the surfaces and the fluid
carrier. In metallic surfaces, a chemical similarity is often present between
the active ions and the metallic substratus, so contaminated oxide can grow in
the substratus matter itself. In this case, total surface decontamination can
be obtained only by complete removal of the metallic layer that includes
active-ions.

A nuclear plant is contaminated from the beginning. Primary loop materials
corrode and then activated corrosion products deposit on primary surfaces and
tend to concentrate in crevices and in zones of weak flow circulation. Fiss:.on
products and actinides contamination, arising from leakage of fuel elements
pins, may also be present. The cleaning process is therefore closely connected
with the physico-chemical features of surfaces and the dissolution mechanisms
of oxide layers.

For in-service decontamination, especially for the lowering of man-rem
dose build-up rate, many reagents were developed* tested and used (1), (6).
Nevertheless, the structural difference between oxides arising from boiling
and pressurized reactors, has not permitted a single decontamination process
for all surfaces (7) to De individuated. New studies (8) have shown that BWR
and PWR oxides behave in a very different way if subjected to EDTA, HEDTA and
NTA reagents. BWR oxidss appear to be easier to decontaminate; BWR oxides are
removed by reducing agents and their effectiveness increases with reducing
strength; they are not removed by oxidant agents. Experiments in the treat-
ment of PWR oxides show that they can be removed only by means of a multi-step
process. In particular for the removal of chromium enclosed in a typical inner
layer, an oxidizing pretreatment is necessary before the reducing action. In
decontamination treatment many difficulties arise if deposits are removed with-
out being dissolved because the particulate can be redeposited in weak recircu--
lation areas. A chelating agent is provided to reagents in order to prevent
the chemical redeposition mechanisms of metal ions.

Decontamination for decommissioning purposes is very different from ser-
vice decontamination, for the following reasons (9):

- a certain amount of damage to the base material is permitted, because the
nuclear plant will not restart; nevertheless in dynamic chemical deconta-
mination, a safety containment barrier is always required;

- decontamination factors must be very high; the treatment has to ensure
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the unrestricted release of materials which will permit their reuse in non

nuclear activities;

- often, the removal of the base material layer corresponding to the depth

of radionuclides penetration is required. Experience acquired during

service decontamination is not applicable for decommissioning purposes.

In chemical cleaning, the choice of reagents must take into account the

amount and nature of spent liquid radwaste; an exact definition of the treat-

ment and disposal process must be given because decommissioning requires both

the reduction of radioactivity to safe levels and the radioactivity-displace-

ment to another place. Waste systems in power plants at the present time

don't appear to be able to receive waste resulting from decommissioning, acti-

vities both in terms of volume and technology processes (10). Finally, ths

assessment of unrestricted release contamination levels is a very complex

matter both from a legal-philosophic and technical point of view. In parti-

cular, a careful evaluation of each isotope encountered is required. It is

well known that the decision of whether to release materials as industrial

waste or not ought to be based on a cost-benefit analysis (with ALARA prin-

ciple) (10).

ENEL (Italian Electricity Generating Board) at present, has four nuclear
power plants; three of these are first generation (Garigliano-BWR dual,
150 MWe; Latina, GCR-200 MWe and Trino Vercellese - PWR 247 HWe) in service
since the first half of the sixties. Since last March, the Garigliano plant
has been definitively out-of-service after about 15 years operation (first
criticity in June 1963 and last shutdown in August 1978). A research decon-
tamination programme for decommissioning purposes was therefore started at
the end of 1980 in the frame of ENEL's Research and Development Direction in
accordance with the assistance of operative EKEL directions. Research acti-
vities are developed by ENEL-CRTN, Centro di Ricerca Termica e Nucleare, in
close connection with ENEL's Direzione della Produzione e Trasmissione and
with the technical co-operation of CISE - Centro Informazioni Studi ed Espe-
rienze of Milan.

This research is partially financed, up to 1983, by the European Communi-
ty Commission, in the frame of its indirect actions on the Decommissioning
of nuclear plants programme (task n. 2: Decontamination for decommissioning
purposes) (11). The main aims are:

- identification, development and assessment of vigorous decontamination
techniques taking into account the amount and disposal cost of liquid
radwaste;

- achievement of high decontamination factors possibly for unrestricted
release materials;

- attainement of know-how for in-situ hard decontamination.
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The work program can be summarized as follows:

- oxide layer characterization with OM and SEM microscope and identification
of radionuclides with particular attention to alpha-emitters;

- screening decontamination static tests for identification of chemico-

physical parameters of treatment;

- dynamic decontamination tests in a special test loop (DECO) in order to

optimize treatment in real conditions;

- experimental tests on spent decontaminant wastes.

In this paper, the preliminary results are presented.

CONTAMINATED SAMPLES CHARACTERIZATION

The investigation of oxide layers formed in high temperature water has

been the subject of many studies since the sixties (7),(12). Oxide layer

morphology is influenced by the nature and the features of surface materials

and the chemistry of flow coolant water. Generally, on stainless steel

many researchers (13) showed oxide film composed of two different layers

formed at the metallic-water interface. The inside layer is typically very

thin and homogeneous and generally is more rich in chromium with spinels

possibly present; the outside layer is formed by ionic reprecipitation and

it is a dishomogeneous agglomerate typically composed of magnetite and

nickel spinels. On coolant surfaces of nuclear power plants, differences

existing in water chemistry and in materials composition cause very differ-

ent films (14). Some studies indicate that oxide layers can reach a thick-

ness of about 15 Mm at the end of the plant's life (9).

Recent studies (8) on LWR have evaluated the metallic composition of
oxide layers. In BWR the main out-of-core material is SS type 304 and the
chemistry is typically oxidant (0 = 0.1-0.5 ppm); oxide features are:an out-
side layer with large surfaces particles 1-10 ju m size, very rich in Fe
(about 90 %) and with Cr and Ni (about 5 % for each); an inside layer which
is very compact, enclosing largely activity, with a thickness of about 2 nm
and with Fe (about 70 %) and Cr and Ni (about 15 % for each). In PWR, the
piping is of the SS type 304 or 316 and the steam generator tubes are in
Inconel 600 (or Incoloy 800 or SS type 316) and the chemistry is typically
reducing (0 about 0.01 ppm); in this case, a two-oxide layer morp'iology
is present too, but metallic composition does not appear to be much differ-
ent, nevertheless varies in a wide range.

Oxide layer is generally fixed to the metallic lattice through depth pe-
netration at the grain boundaries. For this reason, when contaminated
oxide was removed, the base metal was very shiny but often it was still con-
taminated. In fact, the phenomena of corrosion, mainly at grain boundaries,
cause contamination diffusion by means of the liquid medium and produce so
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called hot-spots.

Our test materials come from the primary loop of the BWR-Garigliano
plant, after fifteen years' operation. In Fig. 1, the material sample
points are shown. Radioactivity levels, mainly due to Co, range from
about 0.01 /uCi/cm^ for predecontaminated pieces to some (iCi/cm2 for virgin
pieces. Dose build-up levels range from 10 to 4500 mrem/h on the basis of
measurements carried out at the BWR-Garigliano plant (Tab. I). Moreover,
traces of 90Sr-Y beta pure-emitters and alpha-emitters have been measured
(15). A contamination level about 5 fiCi/cm? was measured on the crud of a
secondary steam generator vessel, two months after the last shutdown (Tab. II),
After about three years from the last shutdown, our radiometric rnesurements
showed a relevant presence of ̂ Co and traces of alpha-contaminants.

The direct alpha spectrometry on virgin specimens has been impossible

because 6°Co activity level is too high. So, a special radiochemistry treE-.t-

TAB. I Dose for Garigliano
material samples (after about
3 years of shutdown)

TAB. II crud contamination in SSG sample of
Garigliano (after 2.5 months of shutdown)
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FIG- 1 Schematically Garigliano loop with indication of sample materials points
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ment of contaminated oxide for beta plus gamma interferents elimination was
performed. First preliminary results indicate an alpha activity level of
about 10~3 p Ci/cm^ and a presence of Pu, Am and Cm.

The deposit analysis of Garigiiano primary loop was mainly performed on
in-core crud surfaces about twelve years ago during studies on feed water pre—
heaters replacement. With preheaters in Cu-Ni alloy the most important cry-
stalline species found in deposits was nickel-ferrite NiOFe 0 and cupro oxides
such as CuO and Cu 0. After preheater replacement, in stainless steel mate-
rial,ferrite ought principally to be present (16), (17).

Our first SEM examinations carried out with Ispra-JRC collaboration, where-
similar analyses had already been performed (18) show an oxide layer about
10 ixm thin (Fig. 2) and composed of many crystals (Fig. 3).' In an elementary
analysis, a presence of iron.nickel and traces of chromium were found.

FIG. 2 - Oxide layer in safe-end
of Garigiiano 2 V primary
pipe.
S.E. image 1000 x (lmm = 1 juin)

FIG. 3 - Oxide surface i, SS6 plate of
Garigiiano.

S.E. image 1500 x

DECO LOOP

The main important facility that will be used during the research program
is a special test loop named DECO (Fig. 4). It is composed of a primary de-
contamination loop including a centrifugal recirculating pump, a heat exchang-
er with a tube-bundle in inert material, an expansion tank and a test section
containing the test decontamination material. Moreover, a feedwater pipeline,
a blowdown waste pipeline with liquid radwaste pretreatment section, and an
oil loop (secondary) to control the test temperature is included. The primary
loop is assembled in a special safe containment glove-box. Some significant
views are shown in Fig. 5. After each decontamination test, the loop can be
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FIG. 4 - DECO loop flow-sheet

washed with demineralized water through an ion exchange section. Test sec-

tions shall be designed according to the features of the specimen to be de-

contaminated; the maximum working length for specimen can be about one meter.

In particular, DECO loop is designed in order to ensure in the test section

the temperature of 100 °C and the reagent rate of 5 m/s (Tab. III). The

containment materials have been chosen in order to support the most severe

chemical conditions; therefore, surfaces in contact with test reagents at

temperatures above 35 °C are in PTFE (Teflon

Trade Mark) and the other surfaces are in PVdF. TAB. Ill

,. ., „. , _ ., . ., _ _ DECO Experimental Loop
In the first months of this year, the DECO

loop was completed and now it is operating.

DECONTAMINATION STATIC TESTS

The first two series of decontamination

static tests, in free corrosion conditions,

were carried out. The aim of these tests is

the optimization of some etching parameters

(time, temperature and reagent concentration).

The tests were performed in a beaker with

1 litre of reagent heated between 30 and 95 °C.

During the tests,the following measurements

were carried out:

- initial and final contamination levels for

MAXIMUM OPERATIVE CONDITIONS

TEMPERATURE 100 *C

FLOW HATE

PRESSUP.S •i sar

3EA5S.VT F.A.7S in
TEST SECTION

VOLUME

MATERIALS IN CONTACT WITH
PROCESS REAGENTS (HCl.fT.tlc)

PR1MASY LOOP

AUXILIARY LOOPS

CONTAINEMENT SYSTEM
OF PRIMARY LOOP

PTFE

PVdr

P P - P V C1
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60Co and gross-alpha
activity;

- specimen weight loss;

- potential AE of work-
ing versus counter el-
ectrode that is made
in the same material;

- instantaneous corrosion
rate with linear polar-
ization electrochemical
method.

Test times have been
fixed taking into account
corrosion rate and the
attack morphology obser-
vations. Size specimen
was about one square inch
and non-contaminated sur-
faces were protected by
a special paint. The
first series was carried
out with AISI 304 speci-
mens coming from a piece
of the SSG safe-end of
the Garigliano pant; this
piece was predecontaminat-
ed by Garigliano staff
with TURCO Decon 4521
commercial reagent. Etch-
ing reagents were 1.5%
HF + 15 % HNO , 13.A %
HC1 and 4 % HC1 + 13 %
HNO with equal ionic
strength. The main
results are shown in
Table IV. During this
series ultrasonic action
was also investigated.
The second series was
performed with AISI 304
specimens coming from 2"
primary pipe from the
Garigliano primary loop.
Etching reagents were the
same as in the first

FIG. 5 - Views of DECO Loop
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TAB. IV Decontamination

Static Tests 1st Series
TAB. V Decontamination Static Tests 2nd Series
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series plus others with low concentrations and others with oxalic and citric

acid. The main results are shown in Tab. V and Fig. 6.

Spent decontamination solutions were filtered through 0.45 fim millipore

paper to eliminate particulate and colloidal phases, then the filtered solu-

tions were basificated and precipitated with sodium hydrate or ammonia.

After further precipitate removal, by filtration, the filtrate was control-

led.

t . UFlWHKO. !<«SC

Immrc

« HC|i lkHHO. I * " c

•><•« I SAC t< «*C

FIG. 6 Activity versus time FIG. 7 Surface observation after decontamina-

tion test with HF + HNO reagent.
J

3.E. inage 300 it (saiple of Fig. 2)
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DISCUSSION OF RESULTS

The first decontamination static tests series allows the following con-
siderations to be made:
- all etching reagents remove the oxide layer; an image of a sample de-

contaminated with HF + HNO solutions is shown in Fig. 7;

most high decontamination factors were achieved with 1.5% HF + 15%
3

etching at high temperature;

- oxide removal times varying from 15 minutes to 2 hours, the longest

times were necessary for low temperature tests;
- in 1.5 % HF + 15% HNO etching after oxide removal, a base metal passiva-

tion is present and the final aspect of the surface appears very shiny;
- no cracks were found in OM analysis of specimens after test;

- oxide solubility appears low (about 20-30 %) and particulate is always

present;
- in liquid radwaste a colloidal phase also appears to be present.

The application ultrasonic time appears to have an asymptotical trend

and, for the device used, a time of about 2 minutes was optimized as shown

in Fig. 8. Generally we have observed that ultrasonic action is very effec-

tive when it is connected with chemical action.

The second series results can be summarized as follows:
- only with HF + HNO and HC1 etching was the oxide layer completely re-

moved and high decontamination factors were performed;

- in HF + HNO etching, oxide removal appears to take place below the sur-
face of the oxide layer and many large flakes are present; in HC1 etching,
oxide removal is more homogeneous; the different etching morphologies
are shown in Fig. 9; in Figs. 10 to 13 the corrosion rates and W/C poten-
tial measures are shown which indicate the different morphology mentioned
above;

- analysis of the previous figures shows
that , in HF + HNO etching, the reduc-
tion of the test temperature increases
removal time; also the reduction of the
concentration, mainly for HF parts,
appears to increase removal time; in HC1
etching, reduction of concentration
and/or test temperature appears not to
influence the removal time;

- oxide solubility appears low and increa-
ses with test temperature;

- in liquid radwaste, only particulate and
ionic phases appear present;

- in HC1 + HNO etching, also at high
temperature, the oxide layer was not re-

FIG. 8 Activity versus ultrasonic
tiae.
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FIG. 9 Etching sorphology in decontamination static tests.

moved and DF were very low (less than 1.5); no corrosion of oxide is con-
firmed by W/C potential measures that show AE as always positive; there-
fore the specimen appears more noble than the counter (non oxidated);

- in oxalic and citric acid reagents, buffered with ammonia to pH 3.5, to
prevent redeposition, oxide was not removed and a DF of about 1.5 was
measured;

- the first test with a two-step procedure, with alkaline permanganate plus
soda, in order to remove Chromium, followed by oxalic citric acids with
ammonia to pH 3.5 appears to remove completely the oxide layer and DF was
similar to these with strong mineral acid.

When the oxide layer was completely removed the final contamination le-
vels, of about 10~^ M Ci/cm2 for alpha, are similar to levels adopted in

other countries as for unre-
stricted release material as
shown in Tab. VI.

The preliminary tests
performed on liquid radwaste
treatment by metallic preci-
pitation with basic agents
give the following indications
- when decontamination rea-

gents are strong mineral
acids, a good decontamina-
tion of solutions, after
particulate removal, can
be obtained with ionic
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FIG. 10 Corrosion rate versus tine in HF + HNO
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precipitation with base; in this method, cobalt, which represents about
the total activity, appears dragged down with iron;

- sodium hydrate is more effective than ammonia;

- when decontamination reagents are organic acids, such as oxalic and citric
acids, the basification and precipitation-flocculation with sodium hydro-
xide was not effective.

CONCLUSION

The decontamination static tests carried out have shown that the total

oxide removal appears possible when proper strong mineral acid reagents were

used. In fact, specimens of the same stainless steel base material (AISI type

304), taken from different points of the plant, show different behaviour to-

wards the hydrochloric and nitric acid reagent. Among the solutions tested

the mixture of hydrofluoric and nitric acid appears to be the best (1*556 HF +

5% HNO ).
o
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Final contamination

levels are similar to ground

levels and appear in accor-

dance with limits indicated

for unrestricted release ma-

terials in some countries.

After decontamination

no crack has been found.

Spent decontaminant

treatment, after particulate

removal, appears easily per-

formed by metallic precipita-

tion v/ith basis when liquid

radwaste arises from strong

mineral acid.
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THE ARC SAW AND ITS APPLICATION TO DECOMMISSIONING
Paul R. Deicheibohrer

Rockwell Hanford Operations
Richland, Washington

ABSTRACT

The arc saw is a toothless, circular saw that cuts by arc erosion. A
model was built to study the arc saw's usefulness in cutting up radioactively
contaminated metal scrap. It was choosen because it cuts with very little
contact to the work piece and because cutting is not affected by material
hardness.

After installation of several improvements it was found it could cut
almost any combination of metals and that clamping or fixturing requirements
were minimum. Cutting proceeds rapidly and efficiently.
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THE ARC SAW AND ITS APPLICATION TO DECOMMISSIONING

INTRODUCTION

The arc saw is a remarkably versatile tool for cutting metals. Tests
have shown that i t can cut any combination of metals simultaneously. Even
limited amounts of non-metal l i es such as a wooden 2 x 4 can be cut simul-
taneously with plates of steel , aluminum, stainless s tee l , lead, titanium,
etc.

Not restricted to cutting plates, the arc saw can cut complex shapes
such as castings, weldments, assembled equipment and poorly clamped parts
such as might be found inside of a heat exchanger. Cutting i s not depend-
ent upon hardness, and, therefore, lead, s tee l , stainless, and nickel/cobalt
alloys are easily handled. Cutting can be done underwater to prevent smoke
and fumes from contaminating the atmosphere. Or, cutting can be done in
the air for greater visability and versatility.

The arc saw is being developed for use in decommissioning operations.
It is to be used for cutting up discarded or worn out tanks, plumbing, glove
boxes, e tc . , that have become contaminated during their useful l i f e , and
must be disposed of.

DESCRIPTION OF THE ARC SAW

Princ ip le o f Operation

The arc saw is a toothless circular saw that cuts by electric arc ero-
sion. An arc is established between the metal blade and the grounded work
piece. The arc melts the work, but does not melt the blade because of i t s
rotation. Blade rotation distributes the heat over i t s circumference and,
also, generates a flow of air to cool the blade.

When the work piece is sufficiently heated, melting occurs at the arc.
Cutting is performed by the blade's brushing away of the molten metal. Slag
or debris that may accumulate in the kerf are also brushed away by the blade.

The fundamental parameter for successful arc saw operation is the vol-
tage-current characteristic of the power supply. The internal impedance
must be very low so that the arc power increases as the arc gap decreases.
Then by the time the blade touches the work, the interface is molten and
easily brushed away. However, such low internal impedances can lead to ex-
cessive current when the blade contacts the work. To avoid damage, the
power supply must limit i t s current during shorting conditions and return
to low impedance operation after the blade breaks contact.

Until the development of the modern thyristor or SCR, building a power
supply with these characteristics would have been a substantial task. How-
ever, using modern, high current SCR's (2000 A) and arranging them as a 6-
phase rectifier, building such a power supply is straightforward.
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The greatest cutting speed is achieved when all of the energy del-
ivered to the arc is used to melt metal. However, some power is lost by
heating of the blade and by conduction of heat away from the cutting zone.
Blade heating is minimized by polarizing the blade negative and the work
positive. Seventy percent of the heat is estimated to go to the work and
30% to the blade. To melt a solid, heat is applied until the temperature
of fusion (Tf) is reached and then additional heat is added equal to the
heat of fusion (hf).

(70S) IVt = (KLT)p[c(Tf - Ta) + h]

where: I: Cutting current
V: Power supply voltage
t: Time required to cut the kerf
K: Width of kerf
L: Length of cut
T: Thickness of material
p: Material density
c: Heat capacity of the solid
Ta: Ambient temperature.

The maximum cutting speed can be calculated by equating the energy input
to the energy required to melt the material in the kerf. Cutting speed, S c,
for the arc saw is defined as the area of the cut edge divided by cutting
time. Cutting speed is not to be confused with the velocity of saw head.
Taking the cutting speed as Sc = *-J , the theoretically maximum cutting
speed is: t

0.7 IV
Sc = K[c(Tf - Ta) + h f ] *

For iron this reduces to Sq = 0.21 x (Power Input) x (Kerf Width) ,
where power is in kilowatts, width in inches, cutting speed is in square
inches per minute.

Loss of heat by conduction away from the cutting zone reduces the speed
below this value. Factors such as high conductivity of the work, long cut-
ting time, coolant, etc, reduce the real cutting speed below the theoretical
maximum. For nominal power levels, cutting speeds between 10 and 100 in.2/
min. are expected.

In underwater cutting the arc saw operates simularly to cutting in air.
It is believed, however, that water is pumped through the kerf by the rota-
tion of the blade. This water helps remove melted metal from the work piece.
Other differences from air cutting are:

o The kerf is narrow because the dielectric strength of water is
greater than air.

o The heat-affected zone on the cut surfaces is thin (on the order
of 0.010 inches) because of the large amount of cooling provided
by the water.

o Smoke and fumes generated at the arc are trapped in the water.

V-62



Arc Saw Construction

Arc saws are constructed with a slip ring and brush assembly that del-
ivers electric current to the blade (see Figure 1). Current from 10's to
1000's of amperes, is delivered at approximately 20 volts.

Figure 1. Arc saw blade and work piece.
Hand is pointing to the brush and slip
ring assembly.

The blade is rotated at several hundred rpm by means of hydraulic or
electric motors. Horse power requirements are not great when cutting in
air. However, cutting under water can require a substantial amount of power
due to the viscosity of the water. Hydraulic drives minimize shock hazard
when cutting under water. But, electric drives would be preferred in de-
commissioning to minimize the risk of leaking fluid in the radiation zone.
The saw shown in Figure 2 and 3 was built to develop cutting techniques for
decommissioning and to establish operating parameters for the arc saw.

The blade is the heart of the arc saw. The choice of blade material
is a compromise among various conflicting requirements:

o Inexpensive
o High conductivity
o High strength at high temperature
o Nonbrittle
o Low thermal expansion
Carbon steel works well for thick blades (3/16 or more), thinner blades

tend to buckle and become dished. For thin blades, tool steel is preferable.
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POWER CABLE TRACK

SAW HEAD
WATER TANK

Figure 2

Arc saw and manipulating frame for developing remote dissection
techniques. Blade can be positioned vertically (shown) or horizontally.
Saw head can be rotated azimuthally around the quill. Saw feed can be
executed in either horizontal direction. Also, the water tank allows for
underwater cutting.
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Figure 3

Arc Saw Head. Notice protective shrcud over blade; the castle nuts
to secure the blade in either the horizontal or vertical position; thin
wire (lower left) is for accelerometer used in vibration studies.
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The roughness <see Figure 4) of the edge of the blade is important to
proper operation. The high spots perform the operation of brushing molten
metal from the kerf while the low spots maintain the arc. The natural
roughness is estimated to be on the order of 0.020 rms. However, much
rougher blades can be used.

Figure 4

Typical Arc Saw blade showing surface roughness.
Material: carbon s tee l , 21" dia. x 1/4" thick.

TESTING

Underwater Cutting

A large variety of materials have been satisfactorily cut under wate*.
In Figures 5 and 6 are sSiown sxampies of underwater cuts. These surface,
are smoother and squarer than cuts made in a i r . Also, note the cutting of
a non-metallic. I t was observed that machining subsequent to arc sawing
(e .g . , milling, turning) can be performed with irinimum interference from the
arc-cut edge because of the thinness of tne heat affected zone.
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Figure 5

Stainless Steel specimens that were cut under water showing the
quality of the cut surfaces.



Figure 6

Example of multi-layered work piece comprised of different materials.
Materials (descending order): wooden 2 x 4 , 8-1/2" steel channel,
1/4" gap, 1/2" stainless plate, 1/2" aluminum plate, and 1/2" car-
bon steel. Cut was performed underwater.

Blade life for underwater cutting is greater than in air. There is
substantial loss of heat while cutting underwater which reduces the cutting
speed. However, this effect is somewhat compensated for by the narrower kerf

Binding of the blade while cutting underwater can be a troublesome
problem. This phenomenon was first observed while attempting to cut pipe
lengthwise. It is also observed while cutting long, narrow strips. Bind-
ing in these cuts occurs because the heat affected zone in the region of
cutting is stress-relieved by the arc (see Figure 7). As the blade passes,
the zone cools and contracts. When the cut is deep enough the heat affected
zone, being in tension, tends to close the kerf. If the kerf closes suffici-
ently that it touches the side of the blade, and the arc is drawn from the
cutting edge to the side of the blade cutting stops. At times closing of
the kerf is so extreme that it seizes or binds the blade.
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BLADE

WORK PIECE

Figure 7

Binding mechanism showing the narrow heat-affected zone (a) , the
stress-relieving region (b), the cooling region (c) , and the
shrinking region (d). For deep enough cuts, (5 to 6 in.) the
kerf (e) can close enough to contact the blade. For cutting in
a i r , the heat-affected zone (f) is wide.

V-69



Binding seldom occurs when cutting in air. In this case, a wide heat
affected zone (up to several inches) is produced. The kerf does not close
because the heat induced stress is spread over a large area which leads to
shrinking instead of binding.

Cutting In Air

A considerable amount of testing has been directed toward improving
performance while cutting in air. Early experiences with cutting in air
yielded very noisy operation (135 dBA). This noise was probably caused
by steam explosions from the cooling water contacting the work piece and
also, by the blade striking the work piece. At high cutting speeds (greater
than £0 infymin) molten metal droplets thrown out of the kerf seem to con-
tribute to the noise by "popping" as they burn.

We have been able to achieve quiet and rapid cutting in air by exploit-
ing three previously under utilized operational features.

o Softened Blade Edge

At substantial power levels, without cooling, the edge of the blade
becomes so hot that i t softens (see Figure 8). In this condition
mechanical contact between the blade and the work causes l i t t l e
noise and, furthermore, shows l i t t l e tendency to stick to the work.
One tends to imagine that the soft blade material "lubricates" the
blade-work interface.

o Variable Blade Rotation Speed

By starting the cut at low speed (approx. 100 rpm for 20" blade),
without cooling, the blade heats up rapidly. When the rim becomes
red hot the speed is increased to approximately 800 rpm which raises
the cutting speed and increases the flow of air over the blade.

o Cooling Of The Blade Alone

The water cooling system is constructed so that streams of water
are directed to both faces of the blade diametrically across from
work piece. In this way, water does not contact the work or steal
heat from the cutting operation. Cooling is only used to control
the width of the red-hot rim on the blade. I f the rim become*, too
small cooling is stopped. With cooling on, the feed rate is ad-
justed to maintain a rim of approximately 1/2 inch.

Another advantage of cutting with a softened blade is that out-of round
blades tend to true themselves. This happens because the high spots heat
more and, thus, erode faster leading to a round blade. An excessively wide
red-hot rim must be avoided because i t leads to excessive blade wear. Some
blade wear is inescapable and is considered to be normal arc saw operation.
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Figure 8

Red Rim on ecige of blade during cutting in a i r .
irregular stainless steel structure.

Work Piece:

Blade Erosion

On some cuts a substantial amount of blaoe material is lost but aver-
aged over the life of the blade the ratio of the material lost from the
blade to that lost from the kerf is approximately 30%. Cutting of stain-
less steel seems to wear the blades less than cutting of steel. Blade
thickness does not have a great effect on wear rate which suggests that
using thin blades to achieve high cutting speed would be practical. Thin
blades are most subject to damage, however.

The blade consumption rate for an arc saw may be compared to that of
other cutting processes. For example, in oxyacetylene cutting, the metal
is burned by oxygen which is applied by the cutting torch. Ferric oxide
is made up of approximately equal moles of iron and oxygen and, therefore,
the amount of the cutting vehicle (oxygen) is probably greater than the
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amount of metal l o s t . By comparison, the blade erosion rates for the arc
saw seem compatible with other metal cutt ing methods.

APPLICATION TO DECOMMISSIONING

Glove boxes, heat exchangers, concentrators, pumps and other equipment
found In a nuclear ins ta l la t ion are generally made of corrosion re s i s tan t
materials in complex configurations and are assembled by welding. Allow-
ances for repair or disassembly has generally not been provided. When such
equipment must be disposed of and has become contaminated to the leve l that
hands-on contact i s discouraged, dismantling often becomes prohibit ively
expensive.

The arc saw could greatly f a c i l i t a t e the cutting-up of th i s equipment
as part of decommissioning. I t could be adapted to a remotely operated
carriage that would manipulate the blade through a l l of the cutt ing opera-
tions without manual contact with the work p ieces . The arc saw's a b i l i t y
to cut with only l i t t l e clamping and i t s indifference to the metalurgy of
the work piece enables i t to cut up whatever may be encountered during
disect ion of contaminated equipment.

Cutting Strategies

The arc saw and carriage shown in Figures 2 and 3 were b u i l t to develop
cutting s trateg ies for remotely cutting up i l l -de f ined objects without man-
ual ass i s tance . The saw head i s mechanically moved in 3 perpendicular d ir -
ect ions and the saw cuts in e i ther the vert ical or horizontal plane. Experi-
ence with feed systems has indicated that e i ther hydraulic or rack-and-pinion
actuating systems work well for advancing the saw feed. The rack and pinion
i s driven with an induction gear motor. Variable speed i s provided by means
of an a . c . motor speed controller (frequency varying dev ice ) .

The cutting current depends upon the feed rate and the thickness of the
cut . The operator adjusts the feed rate to obtain the desired cutt ing cur-
rent. A useful control system was developed that allows the operator to
be aware of the cutting current behavior by "feel". The cutting current s i g -
nal i s amplified and converted into a mechanical torque that i s applied to
the feed-advance control knob. Known as the Tact i le Feedback Feed Control
(TFFC), th i s system attempts to reduce the feed rate as the cutt ing current
increases. In overriding the torque from the current s igna l , the operator
i s made aware of the cutting current s tatus through his f inger allowing him
freedom to monitor other aspects of cutt ing such as the red rim.

In dissect ing contaminated equipment, i t would be advantageous i f the
cut-of f pieces f e l l away from the work piece rather than on i t as i l l u s t r a t e d
in Figure 9 . A number of t e s t s were run to demonstrate th is and s imi lar
cutt ing sequences taking advantage of the arc saw's a b i l i t y to cut in three
mutually perpendicular planes. No particular d i f f i cu l ty was encountered per-
forming t h i s s trategy. Various "structured" work pieces (a water heater, a
jumper assembly, a v i se ) were d issected. Order of the cuts does not seem to
be c r i t i c a l . In dense material ( e . g . , a casting) s lag or melted metal tended
to flow into the vert ical cuts during the parting cut and adhere the cut
pieces to the block.
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Figure 9. A sequence of cuts
in which the parted-off piece
fal ls free from the work
piece.

CUT I

CUT 2

CUT 3
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Work Piece Clamping

Clamping of the wdrk piece is often no more elaborate than to connect
it, electrically, to ground. Because mechanical force between the blade and
the work is not necessary, light-duty clamping usually suffices.

Tests have shown that mechanical force of the blade on the work greater
than a few pounds is detrimental. Cutting speed drops, the blade tends to
adhere to the work and the blade erosion increases. Also, very often, when
the arc is struck, the initial surge of cutting current usually tack welds
the work pieces together and to the metal cutting table. Figure 10 shows a
heavy metal specimen that was quickly cut after being simply placed on a
support table. Figure 11 shows cutting of flimsy pieces as would be found
in decommissioning.

Figure 10. Railroad iron
was not clamped during cut.
Cutting time: Approx. 30
seconds.



Figure 11. Arc Saw cutting
a heat exchanger showing
simultaneous cutting of
heavy dunnage and flimsy
tubes.

CONCLUSION

Cutting by an arc saw cart be characterized by:

o Electric arc cutting
o Low voltage, high current
o High cutting speed
o Blade wear
o Relatively rough cut surfaces.
As a relatively new metal working technique the arc saw is expected

to find wide application at various metal cutting tasks as its advantages
become better known. Its advantages for dissecting scrap are particularly
apparent. For cutting up radioactively contaminated scrap, the arc saw
can utilize its:

o Indifference to hardness
o Independence from clamping
o Abil ity to cut various materials at the same time.



THE USB OF URETHANE FOAM IN THE DECONTAMINATION AND DUCOM1ISSIONING
OF NUCLEAR FACILITIES

Rudy E. Hernetz
Mound Facility*
Miamisburg, Ohio 45342

ABSTRACT

The decontamination and decommissioning (D&D) of nuclear facilities des-
cribed here is taking place at Mound Facility, an installation operated for the
Department of Energy by Monsanto Research Corporation, and located in south-
western Ohio.

The D&D work at Mound is underway in three areas: the Plutonium Process-
ing Building, the Research Building, and the Waste Transfer System. All areas
will be returned to a condition suitable for reallocating the area for other
efforts. This work, started in 1978, is a multimillion-dollar effort scheduled
to continue through 1987.

Urethane foam is being used in a two-part spray system. It is used to
coat interior surfaces of gloveboxes for the purpose of 'fixing1 contamination.
This reduces the effort-and cost of providing a safe and easily handled pack-
age. It is also used as packing material to stabilize the loads inside ship-
ping containers. These urethane foams have proven to be cost-effective and
time-saving.

INTRODUCTION

Portable equipment for generating urethane foam has been in use for 15 to
20 years for a large number of applications, such as roof systems, tank insula-
tion, and building insulation. Still another, out-of-the ordinary industrial
application is its use in the decontamination and decommissioning (D&D) of radio-
active facilities at Mound Facility.

The purpose of D&D is to safely clean and/or dispose of surplus radioac-
tively contaminated facilities and equipment in order to reduce environmental,
safety, and health risks to the environment, the public, and personnel. Its
goal is the reuse of existing contaminated facilities, if possible.

Mound's D&D Program, now planned to continue through FY-1987, currently
emphasizes the D&D of three major facilities: the Plutonium Processing Build-
ing, the Research Building, and the Waste Transfer System. Mound Facility,
located in Miamisburg, a city of 18,000, between Cincinnati and Dayton, Ohio,
is a part of the weapons complex of the Albuquerque Operations Office of the
Department of Energy. In addition to its role in the area of weapons components.
Mound has been very much involved in the production of radioactive heat sources
for the National Aeronautics and Space Administration (NASA).

*Mound Facility is operated by Monsanto Research Corporation for the U.S.
Department of Energy under Contract No. DE-AC04-76-DP00053.
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Several years ago, NASA was searching for a reliable source of electrical
energy for its space programs. Although solar cells, which convert the energy
of the sun directly into electrical energy, had been used successfully, they
presented certain problems. A space vehicle or probe orbiting a planet would
lose its power during the time the sun's rays were cut off by the planet's
shadow. Also NASA was planning probes of the distant planets, such as the re-
cent Voyager trip to Saturn. The huge distance from the sun would require an
unacceptable weight of solar cells to provide the required power. NASA felt
that, if they could obtain a reliable source of heat, it could be converted to
create adequate electrical energy. Their choice was the radioactive isotope
plutonium-238 which gives off about 1/2 watt of heat per gram of mass.

Mound's mission was to process the plutonium-238 into a number of special
fuel forms, and then encapsulate them in several layers of exotic metals for
containment and protection. Some of the more interesting and challenging space
missions that N.--,S powered and/or heated by Hound's heat sources were:

Transit - A Navy navigation satellite.
Viking - The Mars unmanned landings.
Voyager - The fly-bys of Jupiter and Saturn.
Apollo missions 11-17.

In addition, NASA had the astronauts set up seismic instruments to record
and transmit the shocks felt when the moon was struck by meteors. The instru-
ments and radio for transmitting the data back to earth are powered by a radio-
isotopic thermoelectric generator (RTG). The generator was designed and built
by General Electric Corporation and the heat source by Mound. This RTG or
nuclear battery was designed to provide the full power required for a period of
ten years.

Currently Mound is producing a heat source encapsulation for the Solar Polar
Mission, a probe of the sun's polar regions. However, since Mound no longer pro-
cesses the fuel forms, the Plutonium Processing Building where this work was
done is being decontaminated and decommissioned so that it can be put to other
use.

DISCUSSION

Mound had developed experience over the years with D&D operations of facil-
ities involving various types of radioactive materials. The type of material
and its level of activity dictate the means used to clean it up.

For example, the isotope polonium-210 presents minimal problems, because
it decomposes so fast (half of it decomposes in approximately four months —
called half-life) that very small quantities of residual material would decom-
pose completely within a few years.

Plutonium-238, on the other hand, has a half-life of about 87 years and
even very small residual quantities are considered unsafe. Some previous DSD
of plutonium-238 facilities had indicated we would have some serious problems
in handling, packaging, and shipping the contamined equipment to the govern-
ment burial grounds. The criteria for packaging and shipping can be expressed
simply as "make it safe under all conditions." The planning and estimating for
DSD was based on the procedures outlined below:
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1. Clean and remove the interior surfaces equipment, and any r.oncritical
interior structural members, then prepare and package.

2. Clean all interior surfaces within the enclosure (glovebox) of gross
quantities by sweeping and scrubbing.

3. "Fix" residual quantities of plutonium on interior surfaces with the
application of sprayed urethane foam.

4. Clean and remove exterior piping, valves, conduit, and support equipment,
then prepare and package.

5. Loosen gloveboxes from their positions, and either cut in two, if too
long, or prepare for loading.

6. Load gloveboxes into transuranic (TRU) type shipping containers.

7. Package and stabilize loads within shipping containers by the use of
sprayed urethane foam.

Procedures 3 and 7 outlined above call for the use of sprayed urethane
foam in two different applications: one on the interior surface (Procedure 3)
arid the other for packaging (Procedure 7). The foam formulation we use has a
flame-spread rating of 25 and a smoke density of 375 as per ASTM E 84 Tunnel
Test.

Procedure 3 uses the urethane foam on the interior surfaces of the glove-
boxes to "fix" any residual quantities of contamination in place. This elimin-
ates some cleaning operations on interior surfaces without sacrificing safety
in any respect.

Implementation of this procedure presented two problems. First, the con-
taminated interior environment has to remain separated from the uncontaminated
outside. The method worked out to solve this problem adapted a bagging tech-
nique commonly used in radioactive work. The foam gun being used was a Model
'D1 Gasmer which has an air cap that blows off foam from the gun tip. The cap
was used to secure the plastic bag in place around the gun. Then the open end
of the bag was put on a gloveport and clamped on securely. The bag can be
made any convenient length so that a long glovebox can be foamed from one port
location. The coating operation is worked back to the entry port. When all
surfaces are coated, the gun is withdrawn from the bag, the cap removed, the
small hole taped over, and the bag secured. Second, the Model 'D' gun was con-
structed in a manner that made access through a gloveport difficult. We talked
with our supplier about this, and they modified the gun by remotely locating
the trigger. This reduced one dimension of the gun so that it would easily
pass through the gloveports. The remote triggering also made the gun more man-
euverable in our uses.

The foaming also solved a related problem by allowing us to cut gloveboxes
that are too long for any of our containers. Some gloveboxes are up to 20 ft
long. We can cut these contaminated boxes apart without a problem, with proper
preparations. These practices, related to procedure 3, have saved us many man-
hours and minimized personnel exposures greatly.
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Procedure 7 outlined above involves the use of sprayed urethane foam in
packaring. Because our range of sizes (both shipping containers and loads) is
so wide, void sizes range widely too. The standard transuranic (TRU) shipping
container is 4 ft wide x 4 ft high x 7 ft long, and the largest Type 1 (TRU)
container is 6 ft wide x 9 ft high x 11-1/2 ft long. Because of this wide
range, sprayed urethane foam seemed to be the most versatile packaging system
for our needs. It protects against damage during shipment bv truck and/or rail.
The gross weight is kept low by the prudent use of the 1-1/2-pound density foam.
The four corners and a pad on top are foamed between the load and the lid, ex-
cept on longer loads where foam is applied at the sides. In our first attempts
at packaging with foam, the exothermic heat buildup caused some problems. These
were overcome with procedural changes and additional operator training.

CONCLUSION

Our experience thus far with sprayed urethane foams has been very favorable.
The savings in time and labor will help cut ..osts and schedule times by 10%
overall.

V-79



FIGURE 1 - Modified Gusmer model 'D' gun.

FIGURE 2 - Gusmer gun with
place ready for attachment
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FIGURE 3 - Typical giovebox being prepared
for foaming operation.

FIGURE 4 - Oversize trash box with test
load foamed in place,

V-81



INTERVENTION DEVICE FOR USE IN A HOSTILE ENVIRONMENT

By

TESTEMALE G. - ANDREUCCI P. - BOZEC C.

Service de Protection centre les Rayon^ements

COMMISSARIAT A L'ENERGIE ATOMIOUE

Centre d'Etudes Nucleaires de Fontenay-aux-Roses

ABSTRACT

This report describes the technique used by the Fontenay-aux-
Roses Research Centre tc solve problems of intervention in an
environment strongly contaminated with high-activity a emitters.

A description of the system used and of how it operates will be
followed by an account of the work it has made possible while in
service and of its physiological repercussions on the operators.
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Remarks

To solve problems of decontamination or dismantling of large, low-
irradiation glove-box type equipment the Fontenay-aux-Roses Centre uses a cell
specially fitted out for work in ventilated clothing.

Because of the increasing contamination of equipment and premises by
transuranic elements the problems of protective clothing seals and cell access
systems (undressing of personnel in particular) have had to be revised.

These two problems have been dealt with by the use of a specially
designed intervention device consisting of:

- waste discharge equipment entirely channelled towards the outside of
the chamber, type "Scalhene" (CEA license),

- an air-lock allowing 2 operators to enter or leave a strongly
contaminated environment (several million CMA of 238pu) without
breaking the confinement of the chamber.

Besides improving their safety, this device offers greater comfort to
operators.

Principle

This "Scalhene" intervention device is a special application of the DPTF
sytem (double door for hermetic transfer - CEA license) normally used to take
material::, into and out of a tight cell without breaking the confinement (see
sketch n° 1).

Description

This permanent fixture is installed in front of a treatment cell of
dimensions 5.15 m x 4 m x 3.1 m, ventilated and kept under lower pressure than
the adjoining premises. The air extracted is filtered twice before discharge
to the atmosphere.
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It includes:

A changing-room air lock with two compartments set back to back, where 2
operators can enter or leave together. It is made of painted soft steel and
connected to the handling cell through a frame sealed into the cell wall.

This small cubicle is equipped with:

- a plexiglass wall,

- 4 gloves for helping the operator to dress or change,

- 2 manholes fitted with a cell flange where the ventilated suits are
fixed.

Two double-walled ventilated suits made of 30/1C0 ram thick vinyl chloride
copolymer (CPV). This material stands up well to projections of corrosive
liquids and is classified Ml fireproof. These garments are fixed onto a suit
flange fitted with a three-lipped joint which seals off the suit flange, ceil
flange end helmet.

In addition, each garment is provided with an air inlet and outlet, each
protected by a filter. Clean air is fed in at abdominal level and distributed
at face height; the breathed air is extracted at the ankles and wrists through
4 pipes connected to the dorsal filter box.

Helmet and Helmet-Cover. The transparent polyvinyl chloride helmet-cover
is cylindrical; the transparent polycarbonate helmet is hemispherical.

Harness. This holds up the ventilated garment and its accessories (sound
communication system). It is fixed onto the suit flange and brought down on
the operator's shoulders.

Control Station. From two control stations, located outside the cell and
changing cubicle unit, the air supply and extraction rates are adjusted to
keep the inside of the suit under slight pressure (2 to 3 mm water). Such
safety items as anti-return valves, electrovalves and alarms come into play
automatically if the circuit works abnormally and the operator then has fi"e
minutes1 autonomy in which to return calmly to the exit station.

Air Supply and Extraction Pipes. These consist of two concentric
reinforced PVC tubes, the inner one for clean air supply and the outer one for
extraction. One end equipped with a self-closing joint is connected to the
garment and the other to the control station.

Sound Transmission System. To improve the safety, efficiency and comfort
of the operators a multiplex Hertzian communications device has been designed
and patented.
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This system is based on the following principle: all the low frequencies
from the various emission frequency synthesizers are reinjected into the head
station emitter which re-emits on a single frequency, the receiving frequency
synthesizers being tuned onto the latter.

The three operators, each equipped with an emmitter and a receiver can
thus talk to one another without having to perform any special acts (when
passing over from reception to emission in particular).

Operation

Sketch N° 2 sums up the various operations needed for entering the cell.
The same principle applies on leaving.

Any intervention has to involve a minimum team of three:

- Two operators inside the cell,

- a controller on the outside to help the operators entering and leaving
the cell and to direct and supervise the work from the control station.

The three agents are always in visual contact and intercommunicate
Verbally.

Working Procedure

Although this cell enables material to be decontaminated for re-use it
serves mainly for the dismantling and evacuation of glove boxes. The
treatment consists of the following operations:

Preparation of the Glove Box: This first stage involves:

- removing the transport wrapping from the glove box, usually in the
form of a double vinyl envelope;

- ventilating the box by connecting a sleeve linked to a cell extraction
onto one of the glove washers. This operation reduces the atmospheric
contamination of the working zone to a minimum;

- pre-decontaminating the inside of the glove box with pressurized hot
water (20 bars) containing detergent. In this process much of the
activity is transferred to the liquid effluent, which gives a better
idea of the residual solid waste activity and helps towards the later
embedding of wastes destined for final storage;

- fixing the residual contamination by projection of a waterbased paint.
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Dismantling: This second stage involves:

- taking down the panels,

- cutting up the frame with pneumatic shears.

The wastes obtained after this volume reduction are wrapped and evacuated
in metal crates of about 4 m3 volume. These are sent to the Storage Centre
where they are filled with concrete, then stored in pits and concreted again.

Results Obtained

During the last three years this method has been used successfully for
the treatment and disposal of 250 glove boxes, i.e., a volume of about
320 m3. The corresponding wastes filled 40 crates of 4 m3, a factor 2
reduction in volume.

Throughout this period the "Scalhene" system has proved both efficient
and reliable.

In spite of environments exceeding 150,000 CMA 238pu within the cell,
systematic checks on the air contamination inside the ventilated suits and on
the tightness joints at the moment of leaving the operations were always
negative.

Working Stress

The wearing of these garments leads to physical, physiological and
psychological stresses.

To account for these factors a set of rules governing work in ventilated
clothing has been established within the CEA. These recommend in particular:

- a maximum spell of 2 h work per day per agent;

- medical supervision;

- previous personnel training which must include instructions on how the
system works and information on medico-physiological problems.

A recent ergonomic «;tudy has given us as accurate a picture as possible
of the work load corresponding to the wearing of the "Scalhene" ventilated
suit and to the duties performed by agents assigned to dismantling and
decontamination in the a cell of the CEN-FAR Building 50.

In fact ths "Scalhene" ventilated suit, though valuable for the
protection of workers against contamination risks, does on the other hand add
to the work load.
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Thus the s^udy, which took into account 9 facxors and 25 e n t e r s for the
analytical evaluation of the work station, enables the factors to be
classified into groups numbered from 1 to 5.

From this classification it emerges that the work station needs to be
better designed and the work spaces reorganized to reduce the physical load of
these duties.

For example, a careful study of the work stations (reduction in the
number of movements and of "raised-arm" and "squatting" positions) can lessen
the fatigue of the operators.

This ergonomic study was carried out on 3 agents and the average results
are given in the following table:

Working
time

in mn

80

Resting
pulse

rate

puls.mn

73

Average
working
pulse

rate
pulc.nn

118

Average
max. workinc

pulse
rate

puls.mn

127

Cost of
work to the

heart

puls.an

45

This work proves much more stressful in hot weather however since the
pulse rate is noticeably affected by the temperature of the environment: this
is the thermophoric load. In a subject at rest the pulse rate increases
linearly with the effective temperature.

The ideal working temperature lies between 15 and 25°C.

CONCLUSION

This "Scalhene" intervention system offers a simple and efficient means
to solve the problems of entry, exit and manipulation in a medium strongly
contaminated with highly radiotoxic a emitters.

Its uneventful 5-year service proves the reliability of such a system.

Moreover this one-piece unit, while used so far in one place, can be
mobile and hence connected to any cell equipped with a minimum opening of
60 m. It can therefore be widely used for dismantling of plant equipment.
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SKETCH I
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helmet-cover
/ helmet

harness

ventilated suit

1- Entry of the operator into the "SCALHENE"
ventilated suit supplied with breathable air

2 . Adjustment of harness and fixation to
the suit flange

_ Fitting and locking of helmet-cover and
helmet from outside by an assistant

3 _ fetation of the locking crown by the operator

to free the "SCALHENE" ventilated suit

SKETCH

4 - Operator in the cell

II : DIAGRAM 0l< USE



CUTTING CONCRETE WITH ABRASION JET

Gene G. Yie

FLUIDYNE CORPORATION
28 37th Street N.E.

Auburn, WA 98002, U.S.A.

ABSTRACT

Fluidyne Corporation has developed unique process and
apparatus that allow selected abrasives to be introduced
into high-speed waterjet to produce abrasive-entrained
waterjet that has high material-cutting capabilities, which
is termed bj Fluidyne as the Abrasion Jet. Such Abrasion Jet
has demonstrated capability in cutting hard rock ar-d concrete
at a modest pressure of less th&n 1,360 bars (20,000 psi) and
a power input of less than 45 kw (60 horsepower). Abrasion-
Jet cutting of concrete is characterized by its high rate of
cutting, flexible operation, good cut quality, and relatively
low costs. This paper presents a general description of this
technology together with discussions of recent test results
and hew it could be applied to nuclear decontamination and
decommissioning work.
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CUTTING CONCRETE WITH ABRASION JET

Gene G. Yie
Fluidyne Corporation

Auburn, Washington, U. S. A.

INTRODUCTION

Background

Concrete is presently the most common material for construction; it
is universally used in all nuclear facilities. Thus, many decommissioning
and decontamination programs must deal with the removal of concrete.
Concrete is known to be very difficult to modify or to demolish after it
has been properly cured. Because of its mineral constituents, concrete is
very abrasive and can be very hard if it contains hard aggregates and steel
reinforcing rods. Concrete is also very difficult to soften, melt or erode
by heating or by chemical means. Therefore, cutting and breaking concrete
are difficult tasks even without nuclear contamination; improved equipment
and technique for such tasks are very much in need today.

During the past twenty years, various technologies have been examined
for cutting concrete. However, diamond-studded saws remain to be the only
practical tools for cutting concrete despite of the fact that they are slow,
noisy, expensive due to rapid wear of cutting edges, awkward to use, and
incapable of cutting curves or corners without overcutting.

Among the several new technologies examined for cutting concrete, the
use of high-pressure waterjet has shown sufficient promise such that continued
efforts are being devoted to its development. In recent years, the develop-
ment of waterjet techniques to cut concrete can be divided to two approaches.
One is the "pure" or "straight" waterjet approach and the other is the so-
called "cavitation" waterjet approach.

The "straight" waterjet approach utilizes high-speed, substantially-
coherent jet stream of water to cut materials. The high-speed waterjet is
generated by pressurizing water to a level as high as 4,000 bars (60,000 psi)
and ejecting it through a fine, precision orifice. It cuts materials primarily
by waterjet's high and concentrated impact pressure but also by the fluid-
material interactions, which may involve erosion, pore pressurization,
cavitation, and other complex mechanism. The rate of cutting is basically
a function of several parameters, such as the kinetic energy of the jet,
nozzle standoff distance, nozzle traverse speed, and material properties.

The "cavitation" waterjet approach also utilizes a jet stream of water
to cut materials. The speed of waterjet, in this case, is much lower as the
static pressure of water involved is lower. The "cavitation" waterjet cuts
materials mainly by means of waterjet's cavitation actions provided by a
special nozzle. In this approach, the water is rarely pressurized above
1,000 bars (14,700 psi) but the flow rate of water is comparable to or
greater than that of "straight" waterjet techniques because of the much
larger nozzles involved. An important parameter of this approach is the
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r.czzle standoff distance as the cavitation actions of waterjet are concen-
trated within a certain zone along the jet. Available data have also shown
that the cutting ability of "cavitation" waterjet increases with the increase
in water pressure; the peak pressure is essentially limited at present by the
available pumps.

There are controversies about the true differences between these two
waterjet approaches because of the fact that cavitation is an intimate
phenomenon of high-pressure fluid jets, particularly under submerged conditions.
There are also considerable debates about the pros and cons of these two
approaches in various applications.

In any event, both the "straight" and "cavitation" waterjet approaches
have shown serious deficiencies in cutting hard and dense materials, such as
hard rock, high-strength plastics and composites, glass and metals. Their
deficiencies in dealing with these materials are inherent to their fluid
nature and cannot be overcome by simple modifications, such as by further
increasing the static water pressure or by further enhancing the cavitating
actions of the nozzle. Such deficiencies are very relevant to cutting
concrete particularly if the speed of cutting is of concern.

In cutting concrete with straight waterjet of very high pressure, it has
beer, observed that concrete tends to spall or break off in debris of large
sizes that can settle in a cut to immobilize a traversing nozzle. The large
debris can also waste away useful waterjet energy. Further, straight waterjet
cannot cut through hard aggregates and steel rebars found in some concrete
even at currently available peak pressure and power.

Since the erosion of materials by fluid cavitation is very much a time-
dependent process, there is serious doubt that "cavitation" waterjet can cut
through hard aggregates within a short dwell time. If the flow rate of water
is very high, "cavitation" waterjet processes may be able to wash away the
cement matrix and thereby form a wide cut. However, such wide cut can also
be secured by means of "straight" waterjet of moderate pressure but large
flow rate under long dwell time.

Therefore, it is believed that the waterjet techniques as existing
today are feasible only for cutting soft concrete at relatively slow speed
and for removing the surface layer of a concrete slab. Various components
are available today for applying waterjet techniques to such non-critical
concrete applications. Special equipment, however, will be required for
nuclear decommissioning and decontamination applications.

Abrasive-Waterjet Technology

Waterjet's ability in cutting hard materials can be drastically improved
if abrasive particles are incorporated into the jet stream. Abrasive particles
have been used industrially for deburring metals and for cutting ceramics and
other hard materials. In such practice, the abrasive particles are propelled
by compressed air or gas and ejected through a suitable nozzle at high speed
toward a target material to effect the desired removal. A wide variety of
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abrasives is available today for such practice. However-, the duot probl^r:
associated with air/ebr-asive processes is very severe; it is thus applied
to small work pieces within an enclosure.

Using high-speed water stream to propel abrasive particle to reracve
materials has many advantages over the air/abrasive processes. Tne relative
ease in containing the spray is certainly one of them. However, the main
advantage of the water/abrasive processes is in the improved cutting ability
of the abrasive particles if they can be accelerated to high speed by the
water stream. Once accelerated to high speed, the combination of abrasive
particles and the high-speed waterjet packs tremendous power in cutting
materials through a complex mechanism that remains to be studied. This
combination, however, is difficult to implement; otherwise, commercial
processes would have beew introduced .long time ago. The difficulty lies
primarily with the technology required for incorporating the abrasive particles
into a high-speed waterjet without sacrificing the jet quality.

The most obvious method to generate abrasive-entrained waterjet is to
prepare an abrasive slurry and to pressurize the mixture to a desired level
before it is ejected through a nozzle. This approach has formidable obstacles
in the wear of nozzle and pump parts. Even wich clever flushing actions to
keep seals and check valves clean and with the abrasives introduced downstream
from a high-pressure water pump, this approach is difficult to implement.

Another possible approach is by utilizing the so-called "jet pump"
principle to mix abrasive slurry with high-pressure water before the formation
of an abrasive slurry jet. This approach requires a compound nozzle that has
a mixing chamber situated between an upper water nozzle and a lower slurry
nozzle. The abrasive slurry is pumped into the mixing chamber and is diluted
by the waterjet that enters the chamber at a higher pressure. A part of the
waterjet's kinetic energy is consumed in the mixing and the diluted abrasive
slurry is still at a high pressure before it is ejected from the secondary
nozzle. This approach is used widely in pumping minerals and its mechanics
are well understood. For generating abrasive-entrained waterjet with this
approach, however, is quite new; it is currently under development at the
British Hydromechanics Research Association (Ref. 1, 2 and 3). The basic
drawbacks of this approach include the need for wear-resistent nozzle and the
processing of abrasive slurry. The uniformity of mixing, the minimum required
flow rate of water, and the speed of the resultant slurry jet are other
concerns that have not been made known.

A third approach is the simplest and best-known, which involves
delivering abrasives into a nozzle in which a waterjet is already formed.
The trick is then to introduce the abrasives into the waterjet and let them
be accelerated to high velocity by the waterjet. This approach is currently
being employed in several water-abrasive blasting equipment (Ref- 4, 5 and 6).
In these practices, dry abrasive powder, such as sand, is introduced into a
nozzle by means of compressed air in a manner similar to that found in air/
abrasive processes. Inside the nozzle, some abrasive particles will make
contact with the waterjet and be carried away; others will flow out of the
nozzle with the large flow of air necessary for propelling the abrasives
through the hose. If the waterjet is substantially coherent, the amount of

V-93



entrained abrasives will be small. On the other hand, if the waterjet is
dispersed into droplet form, the entrainment of abrasives will be much
improved but the resultant jet will be of poor quality and cutting ability.
Nevertheless, the simplicity of this third approach is so attractive such
that continued development efforts are currently being directed elsewhere
to its improvement and to the generation of abrasive-entrained waterjet of
high capability (Ref. 7 and 8).

ABRASION-JET TECHNOLOGY

Fluidyne Corporation adopted the third approach discussed above and
developed waterjet nozzles that allow selected abrasives in dry or wet
form to be introduced into the jet without sacrificing the jet quality or
creating severe wear problems. It is made possible by designing the nozzles
±r. such way that the jet's dynamic actions are fully utilized to mix the
abrasives into coherent jet. The key to this patent-pending process is to
utilize multiple high-quality waterjets arranged to create very strong suction
for entraining abrasives; as many as eight jets are incorporated to achieve
this purpose. The nozzle thus has multiple precision waterjet orifices and
a secondary slurry orifice positioned downstream from the waterjet orifices
in a way similar to that found in jet pumps. In between the waterjet orifices
and the slurry orifice is a mixing chamber in which the abrasives are intro-
duced into the waterjets.

The unique feature of Fluidyne's approach in designing the nozzle is the
fact that the mixing chamber has no back pressure and the slurry orifice is
sized not to interfere with the waterjets. Therefore, the waterjetfs quality
is not sacrificed and the mixing of abrasives is accomplished by utilizing
the natural dispersion of the jets. Since both the waterjet orifices and the
slurry orifice are made of very hard materials, the wear problem is minimized.
In fact, the waterjet orifices are not in contact with the abrasives and
therefore will last a long time. The slurry orifice has a sufficiently large
opening and is designed to confine the waterjet bundle such that most of the
abrasives will flow out in the central passage surrounded by the jets? the
wear of the orifice will thus be minimized. A schematic drawing of this
nozzle design approach is shown in the slides to be presented in the conference.

This multiple-jet nozzle design has shown to be very effective for
entraining a wide range of abrasive powder. It is capable of generating a
high level of suction at a moderate static water pressure. For example, a
vacuum of 28 to 30 inches of mercury can be generated at a water pressure of
1,000 bars (15,000 psi). This level of vacuum is sufficient to draw dry
abrasive powder or wet abrasive slurry from a distant reservoir to the nozzle
through a hose; compressed air will not be needed for introducing the abrasives.

Fluidyne also recognized that abrasive powder can be very difficult to
handle because of its high specific gravity and abrasive nature. Therefore,
Fluidyne devised a method by which selected abrasive powder can be converted
to a chemically stabilized foam slurry through the use of suitable surfactants
and thixotropic agents. The result is an abrasive slurry of high solid
content that can be stored over a long period of time without settlement.
Such foam slurry can be transported over a long distance and through a small
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conduit without wear and blockage. Further, the flow rate of abrasive can
be mce precisely controlled with such foam slurry. Being previousiy wetted
and in the form of a foam, the abrasives will offer minimum interference to
the waterjets and can be more readily transferred to the waterjets without
rebound. The foam slurry approach will also allow smaller nozzles to be
made because of the smaller passage required for transporting the abrasives
into the nozzle. The complete absence of air flow also minimizes the wear
of the nozzle interior. Thus, the added cost of converting dry abrasives
to a foam slurry may be justified in certain applications where powder could
not be handled with ease. Fluidyne has successfully converted commonly
available abrasives, such as silicon carbide, aluminum oxide, garnet and
fine silica sand, to stable slurries that could be foamed through several
different approaches. Fluidyne termed its proprietary approach of generating
abrasive-entrained waterjet as the Abrasion-Jet technology. This technology
has shown some unique capabilities in drilling and cutting mineral materials
such as rock and concrete; it can also be applied in cutting other hard
materials such as glass and metals.

CONCRETE CUTTING

Fluidyne is currently evaluating the potential of the Abrasion-Jet
technology in cutting concrete. This work has begun only recently and thus
only limited data are available at present. The purpose of the current work
is to study the effect of system parameters on the cutting capability of the
abrasive vraterjet. Such system parameters include the jet configurations,
water pressure and flow rate, abrasive type and loading level, nozzle standoff
distance, nozzle traverse speed, and concrete type. Through this effort,
Fluidyne is also continuing the improvement of > ozzle design and performance.
Since Fluidyne claims no expertise in nuclear decontamination or decommissioning
work, it makes no claim that this technique of cutting concrete is ideally
suited for such applications. However, the author wishes to make this
technique known to people engaged in nuclear decommissioning work so that it
may someday be benefitially applied.

Fluidyne has conducted sufficient tests to show that this abrasive
waterjet technique is viable for cutting concrete. Some of the test results
are illustrated in the slides and certain observed characteristics in cutting
concrete are summarized here. Since the Abrasion-Jet technology is derived
from the high-pressure waterjet technology, which has been extensively
experimented for cutting concrete, a comparison of the characteristics of
these two techniques in cutting concrete would bring out the highlights.

Reduced Power Requirement

Earlier work has shown that very high water pressure (e.g. 2,700 bars
or 40,000 psi) is required to cut concrete of medium hardness with straight
waterjet. Such high-pressure waterjet would still have problem in cutting
concrete with very hard aggregates and would not cut steel rebars. On the
contrary, Abrasion Jet can cut very hard concrete at a water pressure of
less than 1,360 bars (20,000 psi). A practical cutting speed at such water
pressure can be achieved with a moderate power input of less than 45 kw
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(60 hp). It is estimated that a 45-kw unit can cut hard concrete to a depth
of 4.0 inches at a water pressure of 1,360 bars (20,000 psi), nozzle traverse
speed of about 30.0 cm/min. (1.0 foot per minute), and at an abrasive feed
rate of about 0.5 kg/min. using sleeted garnet as the abrasive, Greater
cutting speed can be achieved by increasing the system's power input* This
reduced water pressure requirement allows the use of crankshaft pumps that
are readily available and more reliable than some high-rpressure intensifiers.
The cost of the system equipment and operations can also be reduced as
compared to high-pressure waterjet systems,

Nozzle Standoff Distance

The cutting capablity of straight high-pressure waterjet is very sensitivi
to changes in nozzle standoff distance; a very close distance is required for
cutting materials effectively. Abrasion Jet can cut concrete effectively
within a wide range of nozzle standoff distance, Thus repeated passes of a
nozzle can be employed to effect deep cut without having to lower the nozzle
into a cut. It is estimated that a nozzle standoff distance of 20 cm (8 in.)
is feasible for cutting concrete with the Abrasion Jet without significnat
loss of its effectiveness. Thus, a penetrating nozzle is not necessary for
many practical cutting applications.

Minimum Spalling

In contrast to the actions of straight water-jet, particularly waterjet
of very high pressure, Abrasion Jet will produce little or no spalling in
cutting both hard and soft concrete. The difference in hardness between the
cement and aggregates seemed to have no effect in Abrasion-Jet cutting; the
water ceased to exploit the weak interface as observed in waterjet cutting.
The cuttings produced by Abrasion Jet are in the form of a slurry that could
be collected with a suitable siphon system} flying particles and debris are
rarely observed in Abrasion Jet cutting.

Smooth Cut Surface

Abrasion Jet can produce cut edges in concrete that are quite smooth,
having no protruding aggregates, The smoothness of the cut edges is, however,
affected by some factors, such as the hardness of aggregates, system pressure
and nozzle traverse speed. The assurance of clean cutting of aggregates in
concrete significantly eases the trouble of using a penetrating nozzle for
obtaining deep cuts. With a suitable penetrating nozzle, the depth of cut
in concrete is no longer of any concern, Fluidyne can readily design nozzles
that will cut a wide groove ( e,g, 3,0 cm or 1T25 inches) in concrete such
that the nozzle can be easily lowered into the groove for the second or
additional passes.

Cutting Steel Rebars

Abrasion Jet can sever steel reinforcing rods found in concrete structures
if it is desired. This ta3k can be accomplished at a water pressure of less
than 1,360 bars (20,000 psiI, The speed of cutting steel rebars at such
water pressure is not very much slower than that of cutting hard aggregates.
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The cutting of steel rebars can be automated by attaching a suitable sensor
fco the nozzle such that a traversing nozzle will automatically slow down
when a steel rebar is encountered so as to assure complete severing and to
prevent the nozzle being immobolized by an uncut rebarf On the other hand,
the same sensor can be used to shut off or to reduce the flow of abrasives
if damage to the steel rebars is to be avoided.

SYSTEM EQUIPMENT

The implementation of the Abrasion-Jet technology to cut concrete will
require the assembly of a special system equipment with a pump, prime mover
and a nozzle system being the major system components. For use in nuclear
decontamination and decommissioning, special provisions will be required,
However, all necessary components are available commercially and a complete
system can be constructed within reasonable costs. A brief discussion of
the required major system components is presented below.

Power Unit

The generation of Abrasion Jet requires adequate supply of pressurized
water. Therefore, a suitable water pump and its power supply are needed.
As Fluidyne's Abrasion-Jet technology can cut concrete at a water pressure
as low So 500 bars (7,350 psi) albeit slowly, the pump system can be flexible.
It is recommended, however, that a crankshaft pump capable of delivering
water at a peak pressure of 1,000 to 1,500 bars {15,000 to 22,000 psi) be
selected for the system. On the other hand, Fluidyne's basic Abrasion-Jet
nozzles can also be used with water pressurized above 2,700 bars (40,000 psi)
and therefore can be mated with high-pressure plunger-type intensifiers.
The power input of the pump system will determine the cutting speed, and can
therefore be flexible as well. By using ganged, nozzles, a very powerful
Abrasion-Jet system can be assembled for special high-power applications.

Nozzle and Applicator System

The most important part of an Abrasion-Jet concrete cutting system is
the nozzle assembly, which determines how the available energy is to be
applied to the concrete. The importance of the nozzle system is currently
not being realized by people engaged in water/abrasive blasting applications;
wasting away useful energy is very common in such applications.

Fluidyne's basic Abrasion-Jet nozzles can accomodate interchangeable
orifice cones to vary the pressure and power output and to change the jet
configurations to suit the applications. Fluidyne currently has orifice
cones designed for deep cutting of materials, cutting wide grooves, or
removing surface materials. By varying the jet configurations, a very wide
range of capabilities can be incorporated into the system. As indicated
earlier, Fluidyne's nozzles are designed to withstand very high water pressures;
they can be used for cutting very hard materials.

To impart mobility to an Abrasion-Jet nozzle requires a suitable driver
and guidance system. Thus, a complete nozzle system for cutting concrete
will have a few other components, including possibly an electric motor,
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a swivel for imparting rotation to the nozzle, nozzle height adjustment
mechanism, a track to guide the nozzle movement, and a nozzle shroud to
contain the spray.

Abrasive and Water Supply System

The amount of water and abrasives consumed by an Atrasion-Jet system
in cutting concrete are determined primarily by the power output of the
system. The consumption of both materials can be minimized by recycling.
The water can be readily siphoned, filtered, and reused. The recycling of
abrasives is mere difficult but can be accomplished by using the selected
abrasives in the form of a water-based slurry. It is conceivable that the
abrasives and the cuttings could be collected and fed back to the nozzle
after necessary adjustment. Such provisions could be very desirable in
nuclear decontamination and decommissioning operations.

Fluidyne is currently cutting concrete by using garnet and silica sand
of selected grain sizes. The consumption rate of abrasives falls in the
range of 0.2 to 1.0 kg/min. (0.5 to 2.2 ib/min.). The consumption of water
is typically around 12 to 16 liters/min. (3-5 gpm), depending on the level
of water pressure involved.

CONCLUSION

Fluidyne believes that the Abrasion-Jet technology discussed here has
real potential for drilling and cutting rock and concrete. Its usefulness
in nuclear decontamination and decoinrr issioning seems to depend on the assembly
of a suitably engineered system equipment, particularly in regard to the
supply and disposal of water, abrasives and cuttings. However, the inherent
flexibility and the potential benefits of this Abrasion-Jet approach for
cutting concrete should justify the further efforts required for applying it
in operations addressed in this conference.
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RADIOLOGICAL PUNNING AND IMPLEMENTATION
FOR NUCigAR FACILITY DECOMMISSIONING

Allen M. Valentine
Los Alamos National Laboratory
Los Alamos, New Mexico, USA

ABSTRACT

Radiation protection issues associated with nuclear facility deccmis-
sioning are described. Most of the discussion focuses on radiological issues
that pertain to worker protection; however, issues concerning project support,
environmental protection, and site release are also addressed. Issues are
described in generic terms with full realization that the importance of the
specific issues varies markedly depending on how the operation is performed
and on the type of facility being decommissioned. General planning, preopera-
tional planning, project implementation, and project closeout phases of decom-
missioning projects are addressed. Recent nuclear facility decommissioning
experience at the Los Alamos National Laboratory, a Department of Energy
research and development laboratory serves as the primary basis for the ideas
and issues presented.

INTRODUCTION

Recent decommissioning work at the Los Alamos National Laboratory has
involved several different types .of-nuclear facilities, operational condi-
tions, and site release criteria. ~ Throughout this experience, the need
for good radiological protection planning and implementation has been evident.
Without good radiological planning and implementation, decommissioning pro-
jects are not accomplished in an efficient, safe manner and are likely to fall
short of desired objectives. Using experience gained during decommissioning
work at Los Alamos and a general knowledge of radiological protection require-
ments for nuclear facility decommissioning work, this paper identifies and
discusses major radiological issues.

The importance of specific issues will vary depending on the type of
facility being decommissioned; however, by giving appropriate attention to
radiological issues at the appropriate time, difficult decommissioning pro-
jects can be accomplished in a safe manner with workers and members of the
public receiving minimal radiation exposures. Subsequent discussions about
these radiological issues will follow the normal sequence of decommissioning
project events, i.e., general planning, preoperational planning, project
implementation, and project closeout.

GENERAL PUNNING

The general planning phase precedes a firm commitment to perform a
specific decommissioning project. During this phase knowledgeable radio-
logical protection professionals are called on to generate answers to such
questions as: Can we let the facility set for another year or ten years
without exposing the public or making future decommissioning more difficult?
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What happens to the radiation levels? What kind of a radiological surveil-
lance program and maintenance program will be required for standby status?
Where can we dispose of or store the radioactive waste if we do decommission
the facility? Is environmental monitoring required if we put it in standby
status? How much of the facility must be decontaminated? What radiation
levels and sources can we leave in the facility? Sound answers to such
questions must be provided for accurate cost estimating and to assure radia-
tion protection objectives are met before a facility is decommissioned.
Errors in predicting radiation levels, waste disposal alternatives, decontam-
ination requirements and surveillance requirements can adversely affect the
implementation of decommissioning projects and/or result in inadequate radio-
logical surveillance and protection programs for a facilities in shutdown
status.

The extent of radiological planning required during this phase is
dictated by the complexity of the facility and to a lesser extent by the time
that has elapsed since the facility was operational. Generally less planning
and fewer surveys will be required for small facilities and if decommissioning
is accomplished immediately following shutdown. When decommissioning occurs
socn after shutdown, a cadre of knowledgeable engineers, operators and health
physicists will usually exist whereas information from unknowledgeable indi-
viduals and old records must be used at facilities that have been shutdown for
losig pericd3.

PREOPERATIONAL PHASE

The preopertional phase precedes actual decomissioning work and entails a
great deal of project planning and decision making on how actual decommission-
ing work will be accomplished. Radiological planning prior to starting
nuclear facility decommissioning is a must for a safe and efficient decommis-
sioning operation. Major preoperational planning elements typically include:
1) Facility Characterization; 2) Radiation Source Identification and Charac-
terization; 3) Radiological Survey Requirements; 4) Health Physics Staff and
Equipment Needs; 5) Waste Assay and Disposal Requirements; 6) Release Cri-
teria; 7) Documentation Requirements; and 8) Specifications for Contractor
Selection. These elements are discussed in considerable detail in the remain-
der of this section.

Facility Characterization

Accurate characterization of nuclear facilities is a necessity, particu-
larly for complex facilities, since characterization information will be used
by engineering personnel for determining actual decommissioning methods. Some
facilities will have detailed as-built drawings and documents describing the
critical equipment items and facility construction features and materials.
This documentation will be extremely useful particularly if construction and
material details are accurate. If these documents are not available, a search
should be initiated to locate other sources that contain relevant facility
construction details. Potential sources can be drawing repositories, con-
struction engineering firm records, safety analysis reports, and old timers
who may have retained reference copies. If good documentation is not avail-
able it may be necessary to prepare preliminary sketches and drawings from
field information, tests, and other sources.

Information concerning facility structural and equipment characteristics
will also be needed to get meaningful cost estimates and construction bids.
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This information, along with source information will also be tfsed to lake
preliminary estimates of waste volumes and activity levels and determine
radiation exposure control requirements.

Radiation Source Identification and Characterization

Concurrent with facility characterization, radiation sources and levels
in the facility must be characterized. Early identification and characteri-
zation of as many radiation sources as possible will improve cost estimates
and permit the operation to be conducted as planned with a minimum number of
surprises, some of which could result in unplanned exposures. In attempting
to identify and characterize radiation sources, one must study the auxiliary
operations as well as primary operations conducted over the entire lifetime of
the facility. Special attention should be given to waste treatment and dis-
posal operations that occurred at the facility. Since a review of these
auxiliary activities may reveal some unexpected sources. During a recent
Plutonium incinerator facility decommissioning operation at Los Alamos, it was
determined that following shutdown, the incinerator facility had been used for
the decontamination of plutonium contaminated gloveboxes and equipment items.
The decontamination operations resulted in contaminated liquid waste being
discarded inadvertently to a sanitary septic tank and drain tile field system.
This contaminated the supposedly clean septic tank system and drain system.
Had this not been identified, a contaminated septic tank and the drain field
may have been overlooked and left onsite. Instead it was removed and properly
disposed of during the decommissioning project.

Health physics logs and survey records provide potentially useful infor-
mation as well as operational logs. If knowledgeable operators or health
physics personnel are available they should be interviewed and questioned
about facility operations. They may be able to recall contamination incidents
that affected normally clean areas or facilities. One effective interview
process is to let the knowledgeable individual tour the facility and review
facility and site drawings. This will help the individual recall facility
features and happenings. In addition to researching records and conducting
interviews, it will normally be advantageous to conduct base line reference
radiation surveys of accessible areas and radiation sources to determine
radiation and contamination levels. By conducting direct surveys and swipe
tests, the approximate level and mobility of remaining radioactive material
can be determined along with identification of waste disposal requirements.
Special assays may be necessary to identify specific radionuclides.

Sufficient source characterization information should be compiled to
permit: 1) identification of the radionuclides involved; 2) approximations of
alpha, beta, gamma, and neutron radiation levels; 3) the physical and chemical
form of the radioactive material; and 4) the magnitude of the radiation
source. This information is necessary for subsequent selection of radiation
instrumentation, radiation measurement techniques, shielding requirements,
contamination control methods, and personnel dosimetry systems.

Radiation Survey Requirements

Routine and special surveys will be required to determine radiation
levels during and upon completion of decommissioning projects. Survey
techniques and instruments need to be identified during the preoperaticnal
phase. Special instruments must be 3ecured early in the project since a
failure to do so may result in costly delays during operational phases. This
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LS particularly important for projects involving contaminated land areas and
transuranic radioactive materials. Conventional alpha survey instruments will
not suffice for field plutonium in soil measurements. Special x ray and low
energy photon instruments must be used along with semiquantitative field
laboratory alpha measurements using alpha counting systems. Normal health
physics instruments and analysis laboratory systems can prove to be totally
inadequate for a large scale decommissioning project.

Health Physics Staff and Equipment Meeds

Preoperational planning should also address health physics staff and
personnel protective equipment needs. In the process of identifying these
needs, confinement and monitoring requirements for environmental and personnel
protection along with special shielding device and personnel monitoring needs
ieed to be identified. By considering these aspects of a decommissioning pro-
ject, appropriate resources can be allocated for radiological protection pro-
grams and equipment.

Waste Assay and Disposal Requirements

Segregation of nonradioactive and radioactive items will constitute a
major radiological issue during almost any decommissioning project. Health
physics personnel will likely be expected to determine what is radioactive and
what is sufficiently free of radioactivity for release to the public or dis-
posal at nearby sanitary landfill sites. Criteria and procedures for making
these decisions must be developed during the preoperational planning phase.
In addition to developing decision-making criteria and procedures, appropriate
waste assay techniques and procedures must be available along with appropriate
shipping containers.

Release Criteria

The objective of most decommissioning projects is to cleanup a site or
facility so it can be released for uncontrolled or public use. Specific
release criteria must be established for each decommissioning project along
with final survey and documentation requirements. Release criteria issues
must be addressed early because the responsible regulatory authority for such
criteria can vary in addition to the fact that specific criteria seem to be
ever changing. Release criteria and monitoring requirements used to dem-
onstrate that the release criteria have been met can determine to a great
degree the extvnt of cleanup operations. Hence,, jpceoper at ional planning must
thoroughly address the release criteria issue. ~ A word of caution is
offered concerning the acceptance of purely numerical criteria. Consideration
should be given to whether or not the project will involve deep, inaccessible
radiation sources having radiation levels that exceed established numerical
release criteria values for near surface sources. If so, the release criteria
should include provisions for meeting as low as reasonably achievable criteria
instead of fixed numerical criteria which are usually only applicable to near
surface, accessible radiation sources. If such provisions are not establish-
ed, costly work slow down and/or stoppage situations may occur as the project
progresses.
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Documentation

Documentation is an important aspect of any decommissioning project.
Documentation will especially be required regarding worker exposure, waste
radioactivity content, environmmental surveillance results and final site
radiological conditions. By planning and implementing good documentation
programs, relevant information can be gathered and reported in a manner that
will allow compilation of meaningful and accurate final reports. Frequently
documentation requirements are not adequately addressed prior to and during
decommissioning projects. This oversight can result in incomplete final
documentation and/or extra work in gathering needed data. A good example cf
this is the failure to sample, analyze, and document subsurface contamination
levels during the cleanup operation. Once backfilling occurs, meaningful
subsurface sampling becomes more difficult and expensive. By determining
sampling requirements early such pitfalls can be avoided.

Specifications for Contractor Selection

Many decommissioning projects will require that a decision be made 33 ', •
who will do the actual decommissioning work, i.e., will an outside contractor
be used or will work be performed by an in-house crew? Radiological cor-
ditions and legal ramifications concerning the involvement of nonradiatic
workers and uncontrolled equipment may be a major consideration. The health
physicist will normally be expected to provide recommendations and information
regarding the handling of such issues.

IMPLEMENTATION PHASE

Decommissioning operations normally require a collection of craftsmen anc
labors typical of the construction industry. These workers are accustomed to
taking risks and getting paid well for hard work. Hence, they are accustoms
to working hard and to taking short cuts if it speeds up the job. These work
ethics can be desirable; however, decommissioning workers must exercise mor
restraint than construction workers if the job is to be performed safely.
Decommissioning workers will typically not be trained or experienced radiaticr:
workers; hence, decommissioning radiation protection programs must take thes;
facts into account and be modified to assure adequate worker and environmental
protection.

Training and Procedural Control

Experience has shown that extensive worker training programs ac<
procedural control systems are required for decommissioning programs. These
programs and controls are needed because of changing work forces and because
conditions change frequently during decommissioning projects. Having too many
radiation jobs in progress concurrently is a common and a real radiological
problem because decommissioning projects are typically performed with maximum
crew levels to best utilize required equipment items. Establishing crev
limits and health physics support requirements is essential for efficient
safe decommissioning operations. This is particularly true if the contractor
has a fixed fee contract.
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Inrj r • jr:;ent--3tion and Personnel Dosimetry

Rugged instruments and dosimeters are required because of the abuse and
adverse conditions that frequently exist. In addition to needing more rugged
instruments and dosimeters, the entire personnel monitoring program must be
geared to actual work conditions. Getting in-vivo counts and bioassay samples
from a crew of construction workers can be a real challenge for the health
physicist. Compliance with personnel monitoring requirements is greatly
improved if these requirements are established in the bid specifications and
the contract.

Control Areas and Equipment Release

Radiation control areas must be established and maintained. Frequent
reviews will ts needed since conditions change frequently. Personnel
monitoring procedures and provisions must exiist. Procedures and contract
provisions must also be established for the monitoring and release of
privately owned equipment items and hand tools. These provisions should
provide for decontamination and/or confiscation if needed. During soil
removal operations the maintenance of equipment decontamination capabilities
may be of particular importance.

Radiation Surveys and Waste Assays

Frequently, field radiation survey procedures call for elaborate chemical
analyses that require days if not weeks to complete. With pressures to min-
imize waste volumes, to keep the crews working, and to get the residual con-
tamination levels at or below the release criteria, the health physicist must
have field survey capabilities that provide results that can be used to direct
field operations and achieve desired radiation levels.

Special procedures may be required to perform satisfactory field surveys
and waste assays due to higher than normal number of required measurements
and/or due to changing background radiation levels. An example of this
occurred during a recent plutonium facility decommissioning project at Los
Alamos. It was impossible during early stages to use a "phoswieh" x ray
detection system to locate "hot" spots inside the facility because of high
background radiation levels from internally contaminated gloveboxes and
process equipment items. The residual plutonium and americium contained in
the gloveboxes and equipment items caused background radiation levels that
ititerferred with the normal instrument capability to measure low level
surveys.

Waste assay requirements can also become a big issue since waste manage-
ment organizations want to know exactly what they are receiving; whereas, it
is difficult and frequently impossible to accurately assay the waste generated
during decommissioning projects. This is particularly true for facilities
contaminated with radionuclides that do not generate penetrating gamma radia-
tion. Early assessment of waste assay needs and capabilities will alleviate
most later misunderstandings and delays.

Waste Management

Waste handling facilities and containers must exist to assure safe
handling and proper packaging of waste. Experience has also shown that it is
important to fill solid waste containers inside a building or in a shelter
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that provides protection against intrusion of water from rain or snow. Waste
managers despise water in a container of solid waste.

Another waste management issue that has serious radiological implications
is the matter of size reduction to satisfy waste container size limitations.
From a waste management viewpoint, it is highly desirable to have all contain-
ers a standard size; whereas, it is frequently desirable during decommission-
ing projects to do minimal size reduction particularly if it increases the
potential for worker exposure and environmental releases. Satisfactory reso-
lution requires involvement and input from informed health physicists and
waste managers who have a good understanding of the risks and benefits
associated with size reduction.

Containment

Environmental protection is a primary concern during decommissioning
operations. Appropriate containment and enviromental surveillance programs
must be maintained. Major facility decommissioning activities usually involve
the handling of some highly contaminated materials or equipment items outside
the confinement capabilities that existed when the facility was operational.
The need for doing this should be minimized by creative planning that maxi-
mizes the use of existing containment buildings and filtered exhaust air
systems. Other confinement and containment techniques may suffice for the
protection normally afforded by a building.

CLOSEOUT PHASE

Closeout phase planning must start early in the project to assure good
final survey results and documentation. To demonstrate compliance with
release criteria, surveys must be conducted as decommissioning work prog-
resses. By sampling and surveying as the work progresses, one has greater
assurance that final survey results will demonstrate that established release
criteria are met. This will also permit further cleanup work to be accom-
plished as needed. Final surveys should be integrated with field surveys
conducted during the cleanup and by using similar if not identical survey
techniques and instruments the possibility of last minute surprises can be
reduced.

The extent of final documentation will depend on the nature of the pro-
ject, planned future use of the site, and requirements imposed by the respon-
sible regulatory agency or company. In general, the documentation needs to be
complete and informative to those who may be looking at the situation many
years in the future. It is very desirable for final documentation to include:
1) photographs and drawings that describe and locate facilities and areas that
were decommissioned, 2) a description of the decommissioning project, 3) draw-
ings and photographs that show the final site or facility conditions, 4) sche-
matic drawings that show final sample/survey locations and results, and 5) a
description of the techniques and instruments used in the final survey. This
should be followed by graphic and narrative descriptions of structures left at
the site. If there was suspect or known radiation sources left at the site,
the location and nature of these sources should also be included.

Final documentation often suffers because of poor planning and implemen-
tation during early project and because it is difficult to keep skilled indi-
viduals working on documentation after the field operations are completed.
This must be avoided to get final documentation that is accurate and complete.

VI-7



REFERENCES

1. CHRIS7ENSEN, E. L., GARDE, R., and VALENTINE, A. H., "Demolition of
Building 12, An Old Plutonium Filter Facility,11 Los Alamos Scientific
Laboratory report LA-5755, January 1975.

2. COX, E. J., GARDE, R., and VALEHTIHE, A. H., "Disposition of TA-33-21, A
Plutonium Contaminated Experimental Facility," Los Alamos Scientific
Laboratory report LA-UR-75-1419, July 1975.

3. SMITH, W. J., II, FOWLER, E. B., and STAFFORD, R. G., "Experience in the
Cleanup of Plutonium-Contaminated Land," Los Alamos Scientific Laboratory
report LA-6731-MS, March 1977.

«. AHLQUIST, A. J., STOKER, A. K., and TROCKI, L. K., "Radiological Survey
and Decontamination of the Former Main Technical Area (TA-1) at Los
Alamos, New Mexico," Los Alamos Scientific Laboratory report LA-6887,
December 1977.

5. GUNDERSON, T. C., and AHLQUIST, A. J., "Removal of a Contaminated
Industrial Waste Line, Los Alamos, New Mexico," Final Report, Formerly
Utilized Sites MED/AEC Sites Remedial Action Program, U.S. Department of
Energy report DOE/EV-0005/14, April 1979.

227
6. HARPER, J., and GARDE, R., "The Decommissioning of TA-21-153, A 'Ac

Contaminated Old Filter Building,11 Los Alamos Scientific Laboratory
report LA-9OU7-MS, November 1981.

7. HARPER, J. R., and GARDE, R., "Decommissioning of the Los Alamos Molten
Plutonium Reastor Experiment (LAMPRE I)," Los Alamos National Laboratory
report LA-9052-MS, November 1981.

8. HARPER, J. R., and GARDE, R., "The Decommissioning of a Tritium
Contaminated Laboratory," Los Alamos National Laboratory report
LA-9056-MS, November 1081.

9. HARPER, J. E., and GARDE, R., "Removal of Contaminated Air Scrubbers at
TA-35-7, Los Alamos National Labortory," Los Alamos National Laboratory
report LA-9058-MS, November 1981.

10. HARPER, J. R., and GARDE, R., "The Decommissioning of TA-42 Plutonium
Contaminated Incinerator Facility," Los Alamos National Laboratory report
LA-9077-MS, November 1981.

11. UMBARGER, C. J., "TRU Waste Assay Instrumentation and Application in
Nuclear Facility Decommissioning," Proceedings of the 1982 International
Decommissioning Symposium, Seattle, Washington, October 10-14, 1982.

12. HEALY, J. W., "An Examination of the Pathways from Soil to Man for
Plutonium," Los Alamos National Laboratory report LA-67'H-MS, April 1977.

VI-8



13. HEALY, J. W., and RODGERS, J. C., "A Preliminary Study of Radium
Contaminated Soils," Los Alamos National Laboratory report LA-7391-MS,
October 1978.

14. HEALY, J. W., RODGERS, J. C , and WIENKE, C. L., "Interim Soil Limits for
DAD Projects," Los Alamos National Laboratory report LA-UR-1865-Rev.,
September 1979.

15. HEALY, J. W., "Proposed Policy for Decontamination and Decommissioning,"
Los Alamos National Laboratory report LA-UR-8O-1115, April 1980,

16. UMBARGER, C. J., and WOLF, M. A., "A Battery Operated Portable Phoswlch
Detector for Field Monitoring of Low Levels of Transuranic Contaminants,"
Nucl. Instrum. Methods. 115, 453. 1978.

VI-9



TRU WASTE ASSAY INSTRUMENTATION
AND

APPLICATIONS IN NUCLEAR FACILITY DECOMMISSIONING

C. John Umbarger

Health Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

U.S.A.

ABSTRACT

The Los Alamos TRU waste assay instrumentation development program is
described with application to decommissioning of outdated nuclear facilities.
Field portable survey instruments are detailed for monitoring surfaces and
soils. Bulk waste assay systems are then described for the analysis of
drummed and crated wastes.

INTRODUCTION

A vital part of any comprehensive radioactive waste management program
is the ability to determine the types and amounts of radioactivity in wastes.
Without such ability, it is impossible to direct cost effective and timely
waste management programs for waste generators and repositories, the decon-
tamination and decommissioning of outdated nuclear facilities, and the
exhumation of old radioactive waste burial grounds. Heretofore, only
administrative controls could be used for TRU waste sorting, often resulting
in overestimates of TRU waste quantity, thereby significantly increasing the
amount of materials that had to be handled as retrievable wastes, which
requires expensive handling techniques and engineered storage

To ameliorate this problem, a comprehensive program is in progress at
the Los Alamos National Laboratory for the development of sensitive,
practical, nondestructive assay techniques for the quantification of low-
level transuranics (TRU) in and on bulk solid wastes. The program encom-
passes a broad range of techniques, including portable field instrumentation
and laboratory-based methods. The latter includes sophisticated active and
passive gamma-ray spectroscopy, passive neutron detection systems, pulsed
portable neutron generator interrogation systems, and electron accelerator-
based techniques. The techniques can be used with either low-level or high-
level beta-gamma wastes in either low-density or high-density matrices.
Waste package containers range in size from 2 ft3 cardboard cartons to 4x4x7*
wood and metal crates. Through the use of such techniques, the capability
now exists to cost-effectively sort and segregate wastes by TRU content.

FIELD PORTABLE INSTRUMENTS

Field Phoswich

Projects aimed at facility decommissioning and at exhumation of outdated
waste burial grounds have necessitated developing techniques for rapid and
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quantitative analysis of transuranic materials in soil. One technique is the
portable phoswich detector^ for field surveys. The system in use is shown
in Fig. 1. It consists of three components: the detector package (having a
mass of 4.4 kg), a front chest module with count rate meter readout and
sealer-timer, and main electronics package located inside the backpack. Total
mass of the system is 8.8 kg. The system is similar in use and application
to the field FIDLER2 which uses a thin Nal detector. The phoswich detector
is a thin Nal crystal coupled to a thicker Csl crystal, all coupled to a
single phototube. Pulse shape discrimination allows the unit to reduce
Compton-related backgrounds by a factor of 2-3 compared to the single thin
Nal detector. This is for field use where shielding cannot be carried along.
For stationary use where several inches of iron shielding can be added, the
background reduction approaches a factor of 6 compared to thin Nal detectors.
The phoswich system, when held at ground level, has an on-line and real time
detection limit of less than 1 nCi/g for plutonium and below 100 pCi/g for
24'Am. The system is now being manufactured by a commercial nuclear instru-
mentation vendor.

ZnS System

A second soil assay instrument is a portable ZnS system^ that provides a
detection limit of 25 pCi/g for gross alpha counting for a 5-min count and a
30-min sample turnaround time. We use a commercially available ZnS alpha
scintillator probe that is 10 cm in diameter, with a single-channel analyzer
equipped with a timer-sealer and HV supply (also commercially available).
The system can be powered either by line or internal battery.

Soil samples are placed in plastic bags and the bags of soil are massaged
to homogenize the sample sufficiently. Enough soil (̂  75 g) from the sample
bag is carefully scooped into an 88-mm diameter x 13-mm deep plastic petri
dish; small rocks and debris are removed. The soil in the petri dish is dried
under a heat lamp and allowed to cool before counting. If the soil sample is
very wet, it is dried, ground up with a mortar and pestle to break up aggre-
gates, and then returned to the petri dish for redrying. (If the soil sample
is not dry enough, moisture tends to condense on the mylar face of the probe
during counting, reducing detector sensitivity.) The petri dish is then
placed in a depression in a black wooden holder and the probe is placed on top
of the dish. The holder is black in order to minimize scattered light, since
the 1 mg/cm2 aluminized mylar covering the probe face is not completely opaque
to light. Integral ribs on the probe provide a consistent 1.6-mm spacing
between the top of the soil sample and the probe face. Samples are nominally
counted for 5 min. The total amount of time that elapses from receipt of the
sample to measurement results can be as little as 30 min.

The system is calibrated using a carefully homogenized soil sample
spiked to 2000 pCi/g with 239pu. This sample gives 0.135 counts/min/pCi/g.
The 1-sigma statistical error on the calibration factor is less than 3% for
a 5-min count on samples £2000 pCi/G. System background (using an empty
petri dish) is 0.5 - 1.0 counts/min. Natural alpha emitters in Los Alamos
area soils result in background counting rates of 4-8 counts/min. An
uncontaminated soil sample from the type of soil being measured is used to
determine the natural alpha background.

This technique permits rapid assessment of alpha-emitter contamination in
soils to low enough concentrations to efficiently direct large field operations.
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Because the soil samples are not completely homogeneous, a ZnS gross-alpha
analysis may not compare favorably with 239pu radiocbemical analysis of the
same sample (although the majority of our comparisons are within a factor of 2).
However, we feel this disadvantage is offset by the advantage of being able to
analyze a large number of samples in a relatively short time.

Portable Multichannel Analyzer

For performing gamma-ray and other radiation spectroscopy in the field,
Los Alamos has developed4,5 a portable multichannel analyzer (MCA) that has
much improved physical and performance characteristics over previous designs.
Namely, the instrument is very compact (25 cm wide x 14 cm deep x 21 cm high)
and has a mass of 6 kg (13 1b). The device has 1024 or more channels and is
microprocessor-controlled. The instrument has most of the standard features
of present laboratory-based pulse height analyzers, including CRT display,
region of interest integration, etc. Battery life of the MCA is nearly eight
hours, with full charging over night. The instrument has a digital cassette
recorder built into the main chassis, along with an extra PROM card that plugs
into the top face of the unit, that further customizes the software for a
specific user or task. Figure 2 shows the MCA in field use. The MCA is now in
commercial production by at least two U.S. vendors.

Hand-held Gamma-ray Spectrometer Gun

As an extension of the work on battery-operated, small, multichannel
analyzers (see above), Los Alamos has developed a complete gamma-ray spectro-
meter package6 that is hand-held and is carried and pointed like a hand gun.
The system is microprocessor-based, includes 4-hour lifetime batteries, weighs
less than 4 lb., and is contained in the shell of a standard, commercially-
available health physics ion-chamber-based photon survey instrument. The
photon spectroscopy system (see Fig. 3) contains a 1%" x 1%" Nal(TJl) detector,
preamp, amplifier, high voltage supply, and 128 channel pulse height analyzer
with dot matrix LCD. A second 128-channel memory region is available for use.
A cursor on the spectrum display allows the operator to identify peak loca-
tions and intensify regions of interest. A LC display allows channel numbers
and contents, as well as regions of interest integrals, to be read out
visually. The photon flux rate (cpm) in a region of interest can also be read
out on the LC display. The instrument can even be calibrated in photon expo-
sure units such as mR/h, which allows the instrument to serve as a sophistica-
ted yet simple-to-operate "micro-R meter." The electronics are general in
design and can accommodate other types of detectors, including neutron and
alpha detectors.

BULK WASTE ASSAY INSTRUMENTS

Combustible Haste Package Counter

One of the first instruments designed and built for the assay of trans-
uranic (TRU) wastes at the 10 nCi/g level was the Multi-Energy Gaama Assay
System (MEGAS).7 The original MEGAS has been significantly upgraded (MEGAS
II), 8 " 1 0 as shown in Fig. 4. MEGAS II operates in a segmented mode, which
allows the determination of hot spots within waste packages. The photon
detector is a 127-mm diameter by 1.6-mm thick Nal crystal, which optimizes
the TRU detection capability using L x rays and gamma rays having an energy
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less than 100 keV. The detection limit at the 3a level above background for
2/"Am is less than 5 pCi/g and for 239pu is less than 1 nCi/g for a 500-s
count. Packages contain low density, combustible type wastes in a 2 ft3
cardboard carton. Total mass of the container and wastes is generally less
than 10 kg.

The presence of beta- and gamma-ray emitting fission products decreases
the TRU detection limit for the Nal detector. The additional*) of a high
resolution, hyperpure, planar germanium detector, 1000-mm2 active area, 12-mm
thick, allows the assay of TRU isotopes even in the presence of several mR/h
gamma and beta backgrounds. A tabulation of measured detection limits for
the hyperpure germanium detector is presented in Ref. 9. Using these data,
it is estimated that TRU assay at the 10 nCi/q level can still be made even
in the presence of 400 yCi of 137Cs (65 nCi '37cs/g).

As shown in Fig. 4, four banks of polyethylene moderated 3He neutron
detectors have been added. The measured detectability limit (3a level above
background, 1000-s count, total neutron count) for these neutron detectors
is 400 nCi/g for weapons grade plutoniuin oxide. Because 3He detectors are
relatively insensitive to photons, they'can operate even in the presence of
high fission product backgrounds (1-10 R/h). The neutron counters were added
to assure that significant quantities (>100 mg) of plutonium, even if well
shielded, would be detected. The technology for this development has been
transferred to other DOE facilities and to the commercial instrumentation
sector.

Large Package and Crate Counter

Much of the plutonium and uranium waste generated in the nuclear industry
is ultimately packaged in 208-A barrels or large crates having typical dimen-
sions of 1.0 m or more on a side. An active-passive 4TT neutron counting
system has been developed to assay/screen these large containers for their TRU
and uranium content. This crate counter is made from discrete moderated 3Ha
neutron detector modules which are easily arranged into a variety of assay
chamber geometries. Very large objects and debris from decommissioning
programs can be easily accommodated in the counter.

Figure 5 shows the construction of the discrete counter modules and the
placement to form an assay chamber with internal dimensions of 1.2x1.2x2.4 m.
The measured 4n detection efficiency in this configuration for a bare
californium source is 14%. Separate counting electronics are provided for
each of the two chambers in each of the six modules for a total of twelve
independent signals. The relative singles count rates from different portions
of the 4TT system are used as ratios for geometry and matrix corrections. The
ratios can serve to determine the approximate location of a "hot" source.

All neutron detection systems suffer in the presence of matrix materials,
particularly hydrogenous materials. A flat response (±10%) was measured for
"2cf neutron sources moderated by thicknesses of polyethylene ranging from
0 to 7.5 cm. The compensation technique for effective hydrogenous moderators
is based on the differential energy sensitivity of the count rates in the
inner and outer chambers of each module.
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For plutonium contaminated wastes, the passive 4ir coincident measurement
generally determines the 240pu mass. If the 240pu to total Pu ratio is known,
this measurement determines the total Pu mass. Measured 3a detection sensi-
tivity is about 10 mg 240PuJl,12

The active part of the crate counter is the differential die-away pulsed
neutron technique discussed next and elsewhere.13 Preliminary detection
limits for the active crate counter are 5-10 mg for either 239pu or 235y.l2
Such crate assay systems are now under design and construction for implemen-
tation at other DOE facilities.

Drum Assay System

The Los Alamos National Laboratory has also developed an accurate, high
sensitivity assay instrument for the assay of TRU waste in 208-£ barrels.
The assay chamber of this differential die-away system consists of a graphite
and polyethylene structure with a small, pulsed D + T neutron generator
inside. Both cadmium-covered and bare ^He neutron detectors are incorporated
in the chamber, being placed external to the graphite but within polyethylene.
The graphite and polyethylene moderate 14 MeV neutrons, which are completely
thermalized in 0.7 ms. The thermal neutrons die away in the interrogation
cavity with a half-life of about 0.76 ms. The interrogating thermal pulse
lasts a long time in the chamber and induces thermal neutron fission in any
fissile material present in the waste barrel. This system has a measured
239pu sensitivity of less than 1 mg in a 208-A barrel. A complete description
of this system, including its application to mixed wastes (curium, californium
Plutonium, uranium, americium, neptunium) and matrix correction methods, is
presented elsewhere.14'15 A drum assay system has recently been developed and
fabricated by Los Alamos and installed at the Oak Ridge National Laboratory
for a collaborative test and evaluation program under field conditions.
Figure 6 shows the joint Los Alamos-Oak Ridge drum assay system.

Gamma Assay

An ideal supplement to the pulsed thermal neutron interrogation system
is gamma-ray spectroscopy. This is particularly true for waste containing
many isotopes. Gamma-ray spectroscopy is sensitive to most radioactive
isotopes, including fission products, not only TRU isotopes that either have
a significant spontaneous fission or neutron-induced fission cross section.
Some specific examples of isotopes that cannot be assayed via neutrons that
can be assayed using gamma-ray spectroscopy are 243/\m a nd 2 3 7 N P J which have
daughters, 239Np and "3pa, respectively, that have energetic gamma rays. An
isotope in the grey area is 241/^ which has a low fission cross section and
spontaneous fission rate and a very intense, but low energy (Ey = 60 keV),
gamma ray.

Active/passive gamma-ray spectroscopy can quantify the radioactive
wastes in a barrel.To*1? The major problem is characterizing the matrix to
make the necessary corrections to the gamma-ray signatures. There are two
subtly different techniques. One is to use external sources, identical to
the isotopes in the barrel, to over-ride the passive signal, to give the
effective attenuation at the desired energies. The other technique relies
on the fact that above about 150 keV, the attenuation coefficient varies
smoothly and slowly as a function of energy. This technique characterizes
the matrix as a function of energy over a large energy range.
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LINAC Applications

An electron linear accelerator (LINAC) can be the heart of a complete
assay system. Photofission interrogation offers good sensitivity for TRU
but, because of the similarity of photofission cross sections for both
fissile and fertile (e.g. 2 3 8U) isotopes and other high Z materials, such as
lead, identification of specific nuclides is difficult. Thermal neutron
interrogation offers high sensitivity for fissile isotopes but essentially
none for fertile isotopes. A combination of neutron and photon interroga-
tion can separate the fissile and fertile isotopes.18

Photons are produced in a bremsstrahlung target that stops the electron
beam. The photon beam then passes through a polyethylene slab to harden the
photon spectrum. A portion of the higher energy photons above various
reaction threshold energies will produce photoneutrons. A beryllium
converter can also be used to significantly increase the photoneutron flux.
Photoneutrons and prompt photofission neutons will thermalize in a few tens
of microseconds and will persist as thermals for hundreds of microseconds,
during which time they will generate thermal neutron fissions among the
fissile TRU. Prompt fissions from thermal fission are separated in time
from the photoneutrons and can serve as a quantitative signature. The
detection method is the differential die-away system described earlier and
elsewhereJ3-15

While the thermal fissions are produced in near simultaneity with the
photofission events, the prompt and delayed neutrons from the two fission
processes can be resolved in a single detector. This is illustrated in
Fig. 7, where the neutron count rate from a 1 g 239pu sample irradiated by
a 12 MeV bremsstrahlung burst is plotted versus time after burst. Curve "a"
shows the prompt neutron count rate to persist for about 8 ms, with a nearly
constant delayed neutron count rate continuing to the next burst. Curve "b",
obtained with the 239pu wrapped with cadmium, shows the delayed neutrons to
be only weakly affected by the cadmium, whereas the prompt neutrons are
essentially absent, demonstrating the predominantly photofission origin of
the delayed group. For a 200-s LINAC interrogation run, the 3a detection
limit is better than 1 mg 239pUs which is less than 1 nCi/g of waste for a
105 kg matrix of aluminum scrap in a 208-H barrel.'"»20 Barrels of concrete,
bitumen, sand, and other matrices have also been studied with applications
in decommissioning and exhumation programs.

While the LINAC is being used as an interrogation source, it can
simultaneously be used to produce a radiograph or picture of the waste
container and contents. A radiograph indicates where and what inhomogenei-
ties are in the barrel. Of a purely qualitative nature, a radiograph gives
an excellent fingerprint of the barrel, which can be used for shipper/
receiver verification that a given barrel has not been tampered with.

To further complete an assay, the LINAC can be used to identify matrix
constituents using the thermal neutron capture reaction (n,v) and a hyper-
pure germanium (HpGe) gamma detector. Preliminary measurements have identi-
fied cadmium and aluminum. The HpGe detector was severely affected by the
gamma flash from the LINAC and was paralyzed for several milliseconds after
the flash. Thus, the prompt capture gamma rays were missed and only a few
gamma rays from thermal neutron activation were detected. Efforts are under
way to reduce the paralysis time of the detector.
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Similar matrix studies can be made using other external neutron sources,
such as 252cf, or even the internal neutron sources contained within the
waste. Obviously, these methods do not suffer from detector paralysis pro-
blems. Table 1 shows the experimentally-measured detectability limit (3a
level above background, 1000-s count) for various elements located in the
central region of a 208-?, barrel (^100 kg). These measurements employed a
50-yg 252cf neutron source and a highly collimated 16% efficient Ge(Li)
detector. Thermal neutron capture is particularly sensitive to neutron
poisons. A detectability limit below 1 g M O ppm) is achieved for all
neutron poisons except lithium. The poor sensitivity for lithium is because
the primary neutron absorbing lithium isotope, 6Li, captures neutrons without
emitting gamma rays. The technique can be used to identify hazardous and
toxic materials other than radioactive materials (e.g. the heavy metals,
mercury and cadmium).

Summary

The Los Alamos TRU waste assay program is developing measurement
techniques for TRU and other radioactive waste materials generated by the
nuclear industry, including decommissioning programs. Systems are now being
fielded for test and evaluation purposes at DOE TRU waste generators. The
transfer of this technology to other facilities and the commercial instrumen-
tation sector is well in progress.
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TABLE 1. Elemental Thermal Neutron Capture Gamma-Ray
Sensitivities for 208-Liter-Drum Assays.

Element
Number of

Gamma-Ray Linesa
Detectability

Limitb

Hydrogen
Helium
Lithiumd

Beryllium
Borond

Carbon
Nitrogen0

Oxygen
Fluorine
Sodium
Magnesium
Aluminum0

Silicon
Phosphorus
Sulfur
Chlorine
Potassium
Calcium
Scandium
Titanium
Vanadium
Chromium
Manganese
Iron0

Cobalt
Nickel
Copper
Zinc
Cadmi umd

Gadoliniumd

Mercury

1
0
7
7
7
3

43
0

11
51
18
51
27
60
33
41
88
46
87
39
62
56
76
42
59
49
66
71
38
17
41

14.2 g

3.2
8.6

150
40.3
1.7

5.6
176
286
605
970
2

400
15.3

280
792
21.8
45.2
68.2

202
48.2
508
29
122
95
1.2

420
879

3.2

kg
kg
mg
kg
kg

kg
g
g
g
g
kg
g
g
g
g
g
g
g
g
g
g
g
g
g
kg
mg
mg
g

aWhen usable, escape peaks are included.
bCounting time 1000-s, three standard deviations above background.
cPossible interference with measurement system components.

Neutron poison.
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FIGURES

Figure 1. Field Phoswich System for Field TRU Contamination Measurements.

Figure 2. Field Portable Multichannel Analyzer for Radiation Spectroscopy.

Figure 3. Hand-held Gamma-Ray Spectrometer Gun.

Figure 4. MEGAS II showing Nal detector, hyperpure germanium detector,
3He neutron detector banks, and data acquisition and analysis
equipment.

Figure 5. Modular 4TT neutron assay chamber.

Figure 6. ORNL TRU Drum Assay System.

Figure 7. Neutron count rate vs. time from simultaneous photon and neutron
interrogation of 1 g 239pu>
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Figure 1. Field Phoswich System
for Field TRU Contamination
Measurements.
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Figure 2. Field Portable Multi-
channel Analyzer for Radiation
Spectroscopy.
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Figure 5. Modular 4ir Neutron Assay Chamber
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Figure 7. Neutron count rate vs. time from
simultaneous photon and neutron interroga-
tion of 1 g 239Pu
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EXEMPTION OF LOW-LEVEL DECOMMISSIONING WASTE
PROM CONTROLLED HANDLING AND DISPOSAL

Lennart Devell, Studsvik Energiteknik AB,
S-611 82 Nykoping, SWEDEN

ABSTRACT
The decommissioning of a nuclear facility involves the management of a

wide spectrum of materials with different levels of radioactivity. Some of
them will be classified as radioactive waste of different kinds. Some parts
with low activity could be released for reuse or upgrading. Low-level
material could also be disposed of according to common waste techniques
without having to utilize qualified disposal methods for waste containing
more activity.

Criteria for exemption of low level material from controlled handling
and disposal are discussed from basic ICRP principles and examples from the
decommissioning of the Rl research reactor in Stockholm and the unrestricted
release of materials from LWR under operation.

Permission for exemption has to be based on a stringent source control,
an optimization assessment and a radiological impact calculation. These
topics are discussed in the report together with comparisons of radioactivity
in commonly used material.

INTRODUCTION
The decommissioning of a nuclear facility involves the handling of a

considerable amount of used material. Because of the relatively high cost for
the management and disposal of radioactive waste it is of interest to exempt
the very low active material from ordinary radioactive waste treatment proce-
dures and disposal. Some material of this type could be released as inactive
for reuse or sent for upgrading at metal works. Some could be disposed of by
conventional procedures used for inactive waste. Slightly radioactive material
or components could be disposed of in simple but adequate shallow land burial
sites. There is in practice a wide spectrum of radioactivity in terms of
concentrations and nuclides in the different materials and components from a
nuclear facility. The concentration of activity thus varies typically by
twelve orders of ten if one includes the fuel or hot components from the core
to the "inactive" construction material in outer parts of the station to
which no activity has been added during operation. From a few to the order of
10-15 nuclides may be taken into account for the radiological considerations.
Due to these circumstances it may be of interest to find out rules or limits
for the management and disposal of different categories of materials depending
on content of radioactive substances. In the present paper we are dealing
with the low-level end of the radioactivity range.

For some years the utility companies in Sweden have been interested in
getting rid of very low active material from normal operation or repair of
LWR, which is inconvenient to store or handle on site and which obviously
could be treated by conventional waste methods.

As basis for decision both the utility companies and the National
Institute of Radiation Protection (NIRP) have contracted STUDSVIK to evaluate
the radiation impact on the environment for different reuse or disposal
routes for actual types of material /I, 2, 3/.

As responsible for the decommissioning of the 1 MW research reactor Rl
within the city of Stockholm, described in a special paper at this symposium,
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/4/ our company also has an interest in inexpensive but adequate handling and
disposal methods for the low active decommissioning waste. An assessment cf
the radiological impact for simple shallow land burial of the low active
concrete from the biological shield of the reactor has been made.

Permission to exempt specified low-level materials in a few cases have
already been granted by the authorities. Principles and conditions for
permission have been presented by Snihs /5/ and recently the Board of the
NIRP approved rules for the procedure to grant such permission. An advisory
group of IAEA has also discussed the definition of "de minimis" quantities
for release of low-level solid radioactive waste into the terrestrial environ-
ment.

In the present paper a general review of topics connected to the exemp-
tion of low-level material is given together with examples from actual
Swedish studies and experience.

Management of decommissioning waste from LWR in Sweden intended for
special disposal in a rock facility is discussed by Forsstrdm in a separate
paper at this symposium /6/.

TYPICAL LOW-LEVEL WASTE FROM LWR
Material from outer parts of the reactor station is normally free of

induced activity and contamination and can be released for unrestricted
handling by checking of surface activity by smear tests and simple administra-
tive procedures. These procedures could involve listing of rooms and systems
free of activity. The proposed list may be subject to approval from the
appropriate radiation protection authority, which may also chek spot samples.

Examples of materials in a second class which may hold low-level
activity are:

Concrete from radiation shields or parts of the reactor building
Metal components with induced activity or exposed to contaminated
reactor coolant or effluents
Burnable waste material
Spent ion exchange resins and oil residues

- Apparatus and tools from controlled areas

For the burnable waste material the treatment methods are supposed to be
the same as during the normal operation of the plant. In Sweden an
incinerator facility at Studsvik treats all low-level burnable wastes from
the nuclear plants /7/.

Generally, spent ion exchange resins are solidified and treated as
reactor waste due to the significant content of radionuclides in this type of
material.

Typical common nuclides and their related half-lives expected in low
level waste after a few years of decay are:

Induced activity Half-life (years)
Hydrogen-3
Carbon-14
Manganese-54
Iron-55
Cobalt-60
Zink-65
Cesium-134
Europium-152
Europium-154

10.3
5700
0.85
2.7
5.3
0.65
2.1
14.4
8.5
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Fission products Half-life (years)
Strontium-90
Cesium-134
Cesium-137

Transuranic elements
Plutonium-238
Plutonium-239
Plutonium-241
Americium-241
Curium-244

28
2.1
30

88
24400
14.6
433
18.2

The content of tritium and carbon-14 is not expected to cause any
special problem due to the low concentration and their low radiotoxicity. It
is of importance to be able to exclude these nuclides after an appropriate
theoretical evaluation as actual measurements on a routine basis require
special methods. The radiological impact from strontium-90 which is a pure
beta emitter and therefore difficult to measure can be evaluated by use of
measurements of cesium-137. From many studies it is evident that the radio-
logical impact due to the release of strontium-90 is less than that of
cesium-137. The reasons for this is the lower release of strontium than that
of cesium from the fuel (1-2 orders of ten) and that the specific environ-
mental radiation dose of strontium-90 compared to cesium-137 is known to be
about the same or lower.

The concentrations of transuranic elements are much lower than the
concentrations of fission products and induced activity in corrosion products.
Each plant has its specific range of relation between the three groups of
nuclides depending e g on fuel element failure characteristics. Of course
there are variations between different systems and components but it is
expected that it is adequate to rely on some ratios between nuclides estab-
lished by a limited number of qualified measurements and then carry out the
main body of measurements using simplified procedures directed to a few
guiding or key nuclides.

The specific induced activity in construction materials varies from more
than 10 Ci/kg to figures down to background activity. Surface contamination
level is expected to fall in the range from zero to 1 Ci/m . Indeed, all
materials on earth contain a certain concentration of radioactive substances
and the appropriate limits and rules have to be selected and applied for the
handling and disposal of the low-level material as well as for the more
radioactive waste.

GENERAL RADIOLOGICAL CRITERIA
The basic principles of ICRP apply also for the exemption of low-level

waste from controlled handling and disposal. Before a decision is made a
generic or a specific study of the expected or potential environmental impact
has to be performed. The individual dose equivalent rate as well as the
collective dose equivalent commitment caused by the action should be below
acceptable values. The purposes of the calculations are in principle to show
that

individual dose rates at any time are low compared to dose limits
total dose impact is in compliance with costs for additional efforts to
reduce doses further.
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When individual dose rates are concerned distinctions can be made
between three types:

Expected dose rates to individuals most exposed from the actual nsaterial
Potential dose rates to individuals in exceptional improbable situations
Individual dose rates on a global scale after extensive use of nuclear
power.

To meet the third aspect the NIRP apply as a rule that the collective
dose commitment per MW must stay below 1 manrem including all activities in
the total nuclear fuel cycle. Even if only a small fraction of this can be
alloted to unrestricted use or disposal of low active waste this criterion
will not cause any limitations according to our calculations.

According to the ICRP-limit of 100 mrem/year for prolonged exposure to
individuals of the public it seems reasonable that the maximum allowable
individual dose would be set in the range of 1-100 mrem/y by national
radiation protection authorities and 1 mrem/y has been mentioned as a
justified figure for dose rates due to exemption.

The ICRP recommendations do cover only controlled situations and thus
events with high probability. No specific guidance is given for events with
low probability.

However, Snihs /8/ has discussed a reasonable approach to this problem.
Due to the stochastic effects of radiation at low doses f<10 rem) it would be
acceptable if the product of probability and the corresponding potential dose
stays below the potential dose limit as long as the calculated potential dose
is lower than 10 rem. The reason is that the expected total effects statisti-
cally are lower than those of an actual dose at the dose limit level. Such a
rule could be helpful in situations when the results of the radiological
assessment end up with individual dose rates in the range of 1-1000 mrem/y
and where there is a consensus about range of probabilities for the actual
dose rate. An obvious and relevant example can be given. Intrusion activities
within a disposal site may give for example 1000 mrem/y during certain
relevant conditions within a certain period of time. Comparison of local use
of ground may show that the probability for a random selection of the actual
area for any purpose which may result in an intrusion is much lower than 0.1%
for the actual period. The expected effects would in this case be the same as
an actual dose of 1 mrem/y which seems justified.

PRINCIPLES AND CONDITIONS TO BE CONSIDERED
As a basis for further discussion Snihs /5/ expressed the following

proposals:

It is not possible and not appropriate to define general exemption rules
or levels for radioactive waste. It has to be solved on the basis of
"case by case" and on the principles as follows.
All radioactive waste problems should be considered thoroughly with
regard to the radiological consequences and the economic factors and
practical problems.
Waste should only be exempted from control if the cost of containment is
unreasonable in relation to the "cost" of the collective dose equivalent
commitment froir the uncontrolled release.
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The annual dose equivalent to individuals in the critical group should
not exceed 10~ mSv (1 mrem) because of exempted released radioactive
waste. Possible summation of doses caused by different waste should be
considered.
There should be satisfactory guarantees that the nuclides and activities
are those given in the presumptions and conditions. This means knowledge
of the origin of the waste and/or control by measurements.
An exemption can include requirements on the first part of the distribu-
tion in the environment (e g that only a certain type of disposal is
permitted).

He also pointed out that some reference values can be used to give
perspective to the individual doses and mentioned besides the ICRP-
recommendations
- natural activity and radiation

exemption levels in radiation protection lews and regulations
fallout from nuclear weapon tests.

In the following sections some of these items will be discussed from the
achieved experience and some specific examples and results from our studies.

Source control
An important aspect is the control of the content of radioactivity.

Factors of interests are especially
total content of activity

- concentration
gradients in concentrations
nuclides present

- nuclide ratios
induced activity
surface contamination
volatility

- leachability.

Of general concern is the relevance as to completeness and certainty of
the measurements or theoretical evaluations. An example of source control
will be given.

Prior to the start of the decommissioning of the Rl reactor, samples
were taken from different materials at different positions in the reactor and
were analyzed by gamma spectrometry. In the concrete shield the following
nuclides were identified: cobalt-60, cesium-134, europium-152 and -154. These
nuclides have half-lives between 2 and 14 years.

To meet the requirements of source control each transport container
filled with about 1 ton of concrete is measured by a gamma spectrometer at
the site before transport to Studsvik which gives a complete record of the
source term. Other types of material are measured in a similar way. The
detection limit for concrete is about 50 nCi/kg (2 kBq/kg). To reduce the
uncertainty due to the shielding within the concrete, measurements are made
from two side of the container at a distance of 1.5 m. Permission has been
received from the NIRP for exemption of concrete with an activity level below
5 kBq/kg. This class of concrete will be disposed of at the local dumping
site within the controlled area at Studsvik and will be covered by a layer of
soil. The concentration in the remaining part of the concrete varies up to
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30 uCi/kg. The total activity in this part of the concrete, 270 tons, is
estimated to be around 1 Ci. It is proposed to put this in a simple shallow
land burial site within the controlled area at Studsvik. As will be discussed
in a following section, an evaluation of the radiation doses has been carried
out. in that study it was assumed that 10% of the activity was leached to the
ground water per year. Laboratory tests of the leach rate from 35-90 g solid
pieces of concrete indicated 1% or lower. This is also a kind of source
control to assure that the assumptions behind the impact assessment are
justified.

Radiological impact assessments
In the evaluation of the radiation doses, all relevant actual and

potential pathways for dispersion and exposure have to be considered.
The calculations must cover
individual doses to personnel
individual doses to consumers or most exposed persons of the general
public
the collective dose.
Typical examples of operations or pathways analyzed quantatively for

radiation exposure in our recent assessment of possibilities for exemption or
simplified waste treatment methods are the following, which are grouped
according to main routes of management.

1 Reuse of apparatus, tool or components
External exposure during reuse
Internal exposure from surface contamination.

2 Upgrading of metals
Loading, transportation, storage operations
Upgrading procedures (remelting, slag handling, manufacturing)
Product distribution and storage
Product use.

3 Disposal at a municipal waste station
Transportation
Handling of the waste (direct external exposure and internal exposure)
Ash handling
Intrusion events
Ground water contamination
Pood produced in the vicinity
Airborne releases from an incinerator.

4 Shallow land burial
Similar to the municipal waste station but excluding exposure pathways due to
inc? zieration.

5 Combustion or refinery of oil residues
Transportation and handling
Ash treatment and final burial of ash.
Recirculation to consumers.

Generally one has to also consider unlikely events like fire and
transport accidents. Analyzes show however that these events will not
contribute significant to radiation dose.
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RESULTS FROM RADIOLOGICAL ASSESSMENTS
In Table 1 examples of results of radiation dose calculations can be

found for the impact to individuals and the population from exemption of
different low active wastes. Generally the assumptions behind the calcula-
tions are conservative, for example no dilution of the material with inactive
substances is assumed during upgrading. Some of the calculations are based on
the assumption that most of the activity consists of cobalt-60. In view of
the fact that this is the normal situation and that the gamma rays from
cobalt-60 are rather penetrating and finally that external exposure dominates
in the results, it is likely that the doses are somewhat overestimated.

TABLE 1. Examples of results from radiological assessments
Type of waste Total Cone.

amount
ton nCi/kg

Total Max integrated Collective Ref
31

activity individ-dose dose
mCi mrem manrem

Uppgrading of 100 100
scrap metals

Waste oil 30 10

10

0.3

b)

0.3

140

-2

Combustible
solid waste

Building and
filter material

30

1000

15 0.5

<20

<0.4

<0.3

270Concrete for
shallow land
burial at Studsvik

150-30000 1000 negligablec) « 1

Solid waste
disposed of
at community
waste stations

120-340
ton/y

2000 o.ie)

mrem/y

Solid waste 80
disposed of ton/y
at a reactor
station f)

4000 negligableg)

a) over several decades
b) which means in the order of 1-2 mrem/y
c) for individuals of the public; an unlikely intrusion event 100 years

after disposal may result in doses less than 1 mrem/yj occupational
doses comparable to doses during dismantling operations

d) incl burnable waste and incineration operation
e) maximum occupational dose adjusted to actual conditions; doses to

individuals of the public were lower
f) incl burnable waste without incineration operation
g) for individuals of the public; maximum occupational dose during handling

operations 300 mrem/y. Potential doses due to intrusion 6-30 mrem.
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OPTIMIZATION
The costs for qualified disposal of reactor wastes of different kinds in

rock caverns are mentioned in the paper by ForsstrSm at this symposium.
Depending on type of preparation, handling, detailed design and backfilling,
earlier estimates have been in the range $1000-2000 per m of final product.

For low level solid material suitable for simple disposal at a shallow
land burial or a municipal waste station the cost is only a small fraction of
the cost for the qualified disposal in a rock cavern. For some material
exempted for the purpose of reuse or upgrading a negative cost may even be
the alternative to qualified disposal.

If the value of 1 manrem is set at the level of $1000 alternatives
resulting in a collective dose less than 1 manrem per m of material would be
of interest to consider according to an optimization based on ICRP-philosophy.
All but one of the examples in Table 1 meet this criteria with a margin of
more than a factor of ten.

For that single case, which was the upgrading of metal, a closer study
can be performed either to assess the conservatism of the calculations and
determine if there are justification for other assumptions or as an alterna-
tive to prescribe, for example, a particular rcute of reentry to the market
giving acceptable doses.

Since a thorough radiological assessment of every batch of low-level
material one would get rid of will cause much effort and be costly, generic
assessments for typical materials to be disposed of or reused would be of the
utmost interest.

Comparisons of results from generic assessments performed by different
investigating groups may help to give a firm basis for decisions by the
authorities. No effort has been tried in this paper to perform such a com-
parison.

COMPARISONS WITH COMMONLY USED MATERIAL
Comparisons with other types of material generally regarded as non-

radioactive could also be of interest. In Table 2 some information is
collected to give a perspective. It could also be of interest to mention that
the administrative level for licensing purposes and that requiring special
permission for use of radioactive material is 2000 nCi/kg.

TABLE 2. Radioactivity of some materials in common use
Type of Nuclides Concentration
material present nCi/kg
Granite U, Ra, K-40 'VLO

a
Building
materials

a) b)
Building U, Ra, K-40 1-150

Meat K-40, Cs-137 4-100°*

Milk K-40,Cs-137,1-131 1

Paranuts Ra-226 16

Fertilizers U, Ra-226, K-40 100-200
a) the main exposure is due to radon emission
b) total gamma emissions
c) the upper limit was due to Cs-137 during heavy fallout 1961-63.

VI-35



DISCUSSION
Let us start to consider reuse or upgrading of metals and look at the

situation for the user. An annual dose of 1-2 iarem corresponds to the order
of 1 urem/h for 5 hours of exposure per day to the same object. A whole body
dose equivalent rate of 1 yrem/h may be received from a point source of 1 uCi
at a distance of 1 m for a certain gamma energy. Other energies and shorter
distances may give somewhat other results and e g higher local doses. Even
the ultimate incorporation of 1 uCi homogeneously in the body will give the
order of 15 urem/h.

The activity of 1 uCi may. be linked to a mass of 1 g to 100 kg which
means a concentration of 10-10 nCi/kg.

From the users point of view this could thus be acceptable depending on
conditions. All users collective dose rate would in the example be at the
maximum 0.01-10 manrem per ton of metal which for a • half-rlife of 5 years
(Co-60) and a density of 5 ton/m corresponds to 0.5-5.10 manrem per m .
Only the lower end is acceptable according to what has been mentioned earlier.
Thus, without specified studies, a concentration of 10 nCi/kg seems to be
acceptable for this type of exemption. Exposure from 100 kg of low level
material also means a certain shielding from the normal radiation background
which is approximately 10 urem/h. The limit 10 nCi/kg may therefore for this
reason be extended somewhat. Other circumstances and special analyzes may
well extend this limit further. The study by Carleson (see Table 1) shows
that 1000 nCi/kg was acceptable from the point of view of the individual dose
rate but a factor of 10 too high due to the collective dose. My simple rule
is in agreement with his result. It is also in accordance with a recent solid
proposal from the NIRP to give the permission to exempt 330 ton of metal with
the average concentration of 3-6 nCi/kg and the maximum concentration of
approximately 20 nCi/kg.

In the optimization calculations/ however, a qualified disposal method
in rock caverns is considered as the main alternative. For simple shallow
land burial the costs are approximately one tenth of those for a rock cavern
disposal. Therefore, this method has to be considered as the main alternative
for low active material and thus reduces the safe limit to 1 nCi/kg for free
reuse without any special study if the value of the material in itself is
negligabie.

On the other hand the metal scrap value may be $3000 per m and thus
justify the calculated maximum collective dose of 20 manrem in the actual
example by a margin of at least 10.

Comparisons with commonly used materials without any restrictions (see
Table 2) indicate also that 10 nCi/kg falls well into the range of observed
concentrations.

For solid unburnable material without special value (eg concrete and
scrap iron) and reasonable activity concentrations shallow land burial seems
attractive due to low cost and low individual and collective doses as is
indicated in Table 1 and in the previous text. Concentrations in the range
100-3000 nCi/kg would not cause any problems.

Burnable low-level waste with an average activity concentration of 3000
nCi/kg is convenient to treat in incinerators operated for that special
purpose under the inspection of radiation protection authorities /7/.
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CONCLUSIONS
The prerequisites for exemption of low-level waste from controlled
handling and disposal are at hand for a lot of Material used both at
normal operation of nuclear facilities and during decommissioning after
their useful lifetime. These prerequisites are lower costs compared to
more advanced methods combined with acceptable low radiation doses.

There are at least two main alternatives for the exemption; either to
declare the goods to fall below a limit where no further control/restric-
tion is necessary or to declare that the goods could follow a certain
route for reuse, destruction and disposal and then be free from further
control.

The exemption permission must be based on
a firm source control
a radiological evaluation
an optimization assessment.

The last item includes a collective dose calculation.

It is assumed that national radiation protection authorities will
closely follow and give their permission from case to case. In a longer
perspective certain limits agreed upon would ba useful for a rational
management. Comparisons between results from different evaluations would
be helpful in this respect.
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WASTE IDENTIFICATION, CHARACTERIZATION AND DISPOSAL
DURING THE D&D Of A NON-REACTOR NUCLEAR FACILITY
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ARGONNE NATIONAL LABORATORY
ARGONNE, ILLINOIS, U. S. A.

ABSTRACT

The principal health physics concern during the DSD of the New Brunswick
Laboratory in New Jersey was assuring that no contaminated Material was
released for unrestricted use. The release criteria were based on remov-
able and total contamination per 100 cm2 of surface area. To increase the
odds of not missing contaminants, all surfaces were surveyed at least three
times with three portable instruments having different detection character-
istics. In addition, smears were accomplished to measure removable contami-
nation.

Detailed documentation was done for all surveys. The structures were
dismantled rather than demolished. All objects above the contamination
criteria were placed directly into shipping bins. Two major difficulties
were assuring detection of alpha contamination under painted surfaces in
the plutonium area and maintaining high sensitivity gas-flow proportional
survey instruments. The project was completed in 7 months with an average
of less than 12 people at a cost of less than 10 person-years. Less than
50 pages of procedures were sufficient to satisfactorily complete the
effort. The D&D site was left in a stable condition.

INTRODUCTION

In 1981, Argonne National Laboratory was commissioned by the Department
of Energy (DOE) to decontaminate and decommission the New Brunswick Labora-
tory in New Jersey (NBL-NJ). The NBL-NJ had been relocated to Illinois in
1977. The Laboratory was comprised of a large main building, a plutonium
laboratory complex, a hot-cell building, and nine ancillary structures on a
2.3 hectare site. The total floor area of the buildings was approximately
4100 m2. The Laboratory was operated for the Atomic Energy Commission (DOE
1977) from 1948 to 1977 as a general nuclear chemistry facility. Though
one of its main functions was preparation of standards for performing assay
of nuclear materials used on the Atomic Energy Commission (AEC) Reactor and
Weapons program, it also was involved in pilot-plant thorium extraction and
UF4 production. The lay-out of the buildings on the site prior to D&D is
shown in Figure 1, and a photograph of the site after D&D is shown in
Figure 2.

PRE D&D CONTAMINATION INFORMATION

Because of the mission of the NBL-NJ, it was known that work was done
with thorium and uranium ores, high purity plutonium, and uranium enriched
in 233U and 235U. It was also known that there were periodic contamination
incidents during' the 29 years of operation, and that contaminated liquid
waste was discharged into the sanitary waste system in accordance with then
applicable AEC concentration guides.

In 1960 about 500 m3 of soil contaminated with Belgian Congo pitch-
blende was moved from the Middlesex, New Jersey town dump (where it had
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been placed in the late 1940*s) to the NBL-NJ site. The contaminated soil
was mixed with clean soil and used as fill (about 3100 m3 total) on an
unused railroad spur.

A preliminary decontamination of the laboratory facilities was under-
taken by a private contractor in 1978 with intentions of being able to
release the property for unrestricted use. The preliminary decontamination
involved removal of contaminated equipment, including exposed plumbing,
bench tops and hoods. Contaminated portions of walls, floors, ceilings,
and plutoniuu waste hold-up tanks were also removed.

Following the preliminary decontamination, radioactive contamination
was detected in the plaster and foundation. As a consequence, it was
decided that it would not be cost effective to further decontaminate the
structures for unrestricted use. The structures would instead be disman-
tled. A detailed radiological characterization, done in late 1978 by
Argonne National Laboratory, detected residual surface contamination up to
a few thousand dis/min-cnr of uranium, thorium and americium, and trace
amounts of cesium, strontium, radium, and yttrium in several buildings.
The characterization also indicated that the onsite sanitary sewer system
was contaminated with low-levels of plutonium and americium. In addition,
a loading dock associated with the main laboratory (Building I, see Figure
1), as well as some roadway areas were contaminated.

In 1980 an extensive direct radiation survey of the site, and analysis
of surface soils and borings were done to determine the extent of soil
contamination. In addition to the pitchblende area, some other areas were
found contaminated.

OBJECTIVES AND MAJOR HEALTH PHYSICS CONCERNS

The principal objectives of the D&D were: (1) to detect all contami-
nated areas, (2) to provide documented evidence that no salvage material
and no rubble, etc., sent to the local landfill exceeded the contamination
limits for unrestricted use, (3) to identify the radionuclide content and
concentration of contaminated waste, (4) to minimize the quantity of radio-
active waste shipped, (5) to complete the project safely, (6) to satisfy
all regulatory requirements- and practice good public relations, and (7) to
include cost effectiveness in all decisions.

".The major health physics concern was not immediate risk to D&D per-
sonnel or the public. Rather, because there were no areas with high radia-
tion fields or areas of very high contamination, the major concern or
challenge was assuring and documenting that everything released for unre-
stricted use did not exceed the release criteria.

To better assure success in dealing with this concern and the other
objectives, several person months were spent planning and writing the DSD
procedures. A Planning and. Review Committee composed of five individuals,
who would be most involved in-the D&D, did most of the planning and proce-
dure writing. The task of this committee was to develop, document, distrib-
ute, and approve all procedures and procedural changes. Written procedures
included: procedural policy, general safety, radiation survey protocol,
release criteria and implementation strategies, sample preparation, health
physics documentation, instrument calibration, quality assurance, and
radioactive waste packaging and shipping.

The initial set of procedures comprised about'30..pages and evolved to
a total of about 40 by the end of the project.1 . .."
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THE HEALTH PHYSICS APPROACH

The health physics approach to isolating material above criteria from
clean material was to repeat the survey of all accessible surfaces (walls,
floors, ceilings, pipes, ducts, beams, equipment, sidewalks, fences, etc.)
with different types of radiation detectors. The portable instruments used
were:
1. A rate meter with a thin (0.85 mg/cm2) window, 61 cm2 area gas-flow

proportional dstector for mea-'-ring the combination of afiy surface
contamination.

2. A rate meter with a thin (0.85 mg/cm2) window, 6l-cm2 area gas-flow
proportional detector for measuring only a surface contamination.

3. A single channel pulse height analyzer with 2 mm by 50 mm diameter
NaI(T£) detector for optimum detection of low-energy photons. The
single channel analyzer was calibrated to operate in three gross
modes; one with threshold at 17 keV (plutonium L x-ray), a second with
threshold at 60 keV (241Am), and a third with threshold at 186 keV
(235U). It could also be used in three pulse height analysis modes
for the same energies listed. The energy window width of the analyzer
was set at 25% of the selected photon energy.
A photograph of all of the types of portable instruments used during

the D&D is shown in Figure 3. The afty and the a gas-flow proportional
instruments (left in Figure 3) are identical except that one is operated on
the a plateau for only a detection, and the other is operated on the p
plateau for aB-y detection. The floor monitor (rear in Figure 3) is the
same as the other two gas-flow proportional instruments except that the
detector area is 300 cm2 rather than 61 cm2. The 2 mm x 50 mm NaI(T£)
instrument is third from the left in Figure 3. Note that all of the in-
struments have either ear phones or speakers. Surveys without ear phones
were not allowed because a slight increase in "click" rate can be detected
much quicker than a slight increase in meter reading. Also, it is ineffi-
cient and could be dangerous to try to find contamination while looking at
a meter. The calibration of all instruments was verified at least once
daily. Instruments found to be out of calibration were removed from service
until recalibrated.

In practice, surveys were usually done first with the aBy gas-flow
proportional detector. The same area was then resurveyed with the a gas-
flow proportional detector, and again with the 2 mm x 50 mm Na(T£) detector
in the 17 keV threshold gross mode. Whenever possible, an attempt was made
to have different individuals do the repeat surveys. If surface contamina-
tion above the release criteria was detected, the contamination was remeas-
ured with the Nal(TIt) instrument in all three pulse height analysis modes
to obtain a qualitative indication of which radionuclides could or could
not be present.

Objects which could not be surveyed internally, but which iiad the
potential for contamination, were cut open to permit complete surveys. If
such objects could not be economically cut open to permit complete surveys,
such as a small diameter pipe from a laboratory sink, it was disposed of as
radioactive waste.

By repeating all surveys with three instruments having different
detection characteristics, there was greater assurance of not missing
contamination. Over 50 thousand square meters of surface were surveyed with
each of the three portable instruments. The alpha gas-flow proportional
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instruments were calibrated with the radionuclide known or suspected to be
the predominant contaminant. For example, a thorium standard was used in
areas where the pre D&D characterization indicated primarily thorium con-
tamination and 239Pu was used for calibration when the plutonium facilities
were surveyed. In areas where more than one a emitting nuclide could be
present or if the contaminant mix was unknown, 239Pu was used for calibra-
tion since the surface contamination for other nuclides would be overesti-
mated rather than underestimated. The a$y gas proportional instrument was
calibrated with a 99Tc (0.29 MeV max. beta) standard.

To assure that the detection efficiency (typically 50%) of the gas-
flow proportional instruments were always within the expected range, each
instrument was provided with a small 239Pu a source and a 99Tc fj source for
periodically checking the efficiency during surveying. The two small
cylindrical objects in the foreground of Figure 3 are check sources.
Experienced health physics technicians checked their instruments' response
every few minutes almost as a reflex.

Another portable instrument that was used, but not for finding con-
tamination, was a "micro R meter" (rate meter with a 2.5 cm by 2.5 cm
NaI(T£) detector. This instrument was m.ed to measure the ambient radia-
tion exposure rate in each area before surveying began. Also, whenever
surface contamination ..bove criteria was found, the "micro R meter" was
used to measure the exposure rate at 5 cm from the area of maximum contami-
nation. The response of the instrument is very energy dependent so the
measured exposure rates were relative to the calibration source energy
spectra. 137Cs (662 keV) was used for initial calibration and for daily
calibration verification.

In addition to using portable instruments for direct surveys, filter
paper smears (swipes) were taken of at least 5% of all exposed surfaces.
Whenever above criteria contamination was found, an additional smear was
taken from the spot or area of highest surface contamination. Smears were
counted in the onsite laboratory-type 200 cm2 area thin window (0.85
mg/cm2) gas-flow proportional counting system. This instrumentation allows
simultaneous counting of a and PY activity. Also, samples (portion of the
material) were taken from contaminated items for identification and assay
of the radionuclide contaminants. In several cases, the "sample" consti-
tuted all of the contamination. Samples were coded and archived after
analysis for possible future reexamination. Each day an air sample was
taken (20 m3/h) in the work area and the media was analyzed for activity.
In some cases, personnel were provided with lapel samplers. A continuous-
type outdoor air sampler was operated onsite, and two others were operated
offsite. No activity concentration above normal background was detected on
any of the air samples.

RELEASE CRITERIA

The radioactivity contamination release criteria given in Table I were
based on total and removable surface contamination per unit area suggested
in ANSI N13.122 and USNRC Regulatory Guide 1.863. When any contamination
above instrument background was detected with either of the three portable
instruments, the maximum activity/100 cm2 measured with either of the
gas-flow proportional instruments was used to determine whether the cri-
teria was exceeded. Smear results were also compared against the removable
contamination criteria (see Table I). Application of the total or remov-
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able contamination criteria was not especially difficult since in «ost
cases, there was either no contamination at all or it was clearly above the
criteria.

As shown in Table I, there is a difference of a factor of 50 between
the lowest and highest contamination limits. The lower limits were used in
cases where there was some question about which radionuclides could be
present. The highest limit (1000 dis/min-100 era2 removable and 5000
dis/min-100 cm2 total) was not considered applicable in this project. The
release criteria for soil under the buildings was set at 15 pCi of 241A«/g
of soil (based on Environmental Protection Agency proposed standard).

HANDLING AND ASSAY OF CONTAMINATED MATERIAL

Early in the planning stages it was decided to avoid complex coding
schemes for keeping contaminated materials separated from the non-contami-
nated. The approach used was, whenever practical, to remove above-criteria
material as soon as it was identified and immediately place it into Depart-
ment of Transportation (DOT) approved waste shipping bins. Therefore,
there was less chance of spreading contamination, or of accidentally mixing
contaminated and non-contaminated materials. Also, the contaminated mate-
rial would need to be handled only once. In cases where the contaminated
material could not be immediately removed, such as a section of a load-
bearing beam or wall, the contaminated area was sprayed with purple paint
to clearly identify it for later removal. The locations of purple areas
were documented to make sure that they would not be forgotten. Purple
areas were removed and placed directly into the shipping bins as soon as it
was safe to do so. Figure 4 shows workmen, removing a section of wall which
was contaminated above the release criteria.

The structures were not demolished but "dismantled" wall-by-wall and,
in some cases, block-by-block to avoid losing identified areas of contami-
nation and also to permit the survey of "hidden" surfaces. The dismantling
was done by a small local house-wrecking contractor with a crew consisting
of only four men. The local contractor proved extremely valuable not only
in the intricacy of the dismantling action but also in dealing with the
local "politics" of wrecking and landfill permits. Contaminated material
was handled primarily by the decontamination mechanics.

An attempt was made to decontaminate large items if the time and
material cost was small compared to the item itself. In all cases, an
effort was made to minimize the volume of radioactive waste in the most
cost effective manner.

Contaminated soil which exceeded the 15 pCi/g limit was placed into
shipping bins as it was removed.

Samples for assay were taken from all contaminated material before it
was placed into the bins so that the radionuclide content in each container
could be estimated. It was also necessary to estimate the weight of dif-
ferent contaminated materials in each bin to compute the total activity
from the estimated activity concentrations. An estimate of the quantity of
radionuclides in each shipping bin was required by the waste receiver. The
germanium detector gamma-ray spectrometer system shown in Figure 5 was used
to identify the y emitting radionuclide contaminants and to measure their
activity concentrations. Geometry corrections were computed for quantifi-
cation of activity in samples having a different geometry from the stan-
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dards. All samples were coded and archived for possible future reference.
In the case of soil, contaminated areas were first identified with the

portable instruments (primarily with the 2 mm x 50 am detector). Composite
samples of soil were then analyzed with the spectrometer and compared to a
sample of soil with a known concentration of 241Am. Contaminated soil was
removed in approximately 30 cm layers until the assayed level for a layer
was below the 15 pCi/g criteria. All above-criteria layers were placed
directly into shipping bins. The cart-mounted spectrometer shown in
Figure 6 was used for in situ radionuclide identification and for qualita-
tive evaluation of the effectiveness of contaminated soil removal efforts.

About 220 m3 of low specific activity (associated with soil and other
materials) was shipped to the DOE Nevada Test Site Burial Facility in
Mercury, Nevada. An estimate of the total activity shipped is given in
Table II.

In addition to radioactivity, there were some PCB and a significant
amount of asbestos to deal with. Asbestos was removed by the decontamina-
tion mechanics wearing powered air purifying respirators (PAPR). Asbestos
was packaged in heavy plastic bags and placed inside plastic-lined card-
board boxes in accordance with local requirements and trucked to the local
landfill.

HANDLING CLEAN WASTE

After contaminated material was removed, the remaining material was
sent either to a local landfill or salvaged. Within the seven months of
D&D, about 5000 m3 of material were removed to the landfill. The health
physicist signed a document for each load of waste sent to the landfill
certifying that it contained no radioactive contamination above the cri-
teria. Many truckloads of metal scrap and salvage items, including motors,
compressors, steel beams, and even an entire metal building, were released
for unrestricted use. The salvage value was estimated at some tens of
thousands of dollars.

At the request of the New Jersey State Bureau of Radiation Protection,
a log book was kept with a photograph of each load of anything leaving the
site whether it was rubble, salvage, or scrap. All trucks were surveyed
each time they left the site.

In addition to documenting what was surveyed and the results thereof,
a large letter "C" for "CLEAN" was sprayed on each item or area for which
all surveys and documentation was completed. This procedure proved to be
valuable in keeping track of completed surveys, particularly in large
gridded areas.

DOCUMENTATION

The purpose of documentation was to record, organize, and interpret
data in such a way that decisions made and actions taken during the D&D
could be retraced at any time. Data, as used here, included measurements,
sketches, photographs, commentary and narrative.

All raw data were recorded on 15 cm x 23 cm manila envelopes (called
data envelopes) which were printed with a form on the front and back. A
reduced copy of the two forms is shovn in Figure 7. The font included
space to record location, date, data set number, object surveyed, appli-
cable release criteria, measured dis/nin-100 cm2, instrument background and
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efficiency, smear results, area surveyed, whether any criteria was or was
not exceeded, bulk sample number, waste volume, photograph number, etc.
Paper smears (swipes), air samples, photographs, etc., were placed inside
the data envelopes. Each completed data envelope was assigned a data set
number. One important aspect of the form is that it forced the technician
making the measurements to immediately determine whether the criteria was
or was not exceeded. Commentary coded to each data set number, and to the
technician making the commentary, was written in 18 cm x 23 cm bound books
(called comment books) by the health physics technician. Each technician
was assigned a unique code identifying code number and was provided with a
leather pouch (worn around the waist) to carry a comment book, data enve-
lopes, a supply of smear paper, and a measuring tape. The measuring tape
was used to obtain dimensions for calculating total surface area surveyed
and volume of above-criteria waste. Figure S is a photograph of the docu-
mentation "equipment".

Photographs were taken of all items and areas which were above the
release criteria as well as for each truckload of waste and salvage. In
addition to the use of data envelopes, a large map of each area was posted
in order to keep track of what areas had been completed. Before each day's
work, the health physicist and technicians discussed assignment of data set
numbers for the work areas on that day and these numbers were written on
the map. Subsets of an assigned number were created for individual items
or groups of similar items in an area by adding an alphabet letter behind
the number. A data envelope was completed for each subset of a data set
number. The number of subsets created was usually left to the discretion
of the health physics technician. However, procedure required that a data
subset or a new number was to be created for each object which exceeded the
release criteria and a data envelope was completed specifically for that
object. All data set numbers associated with above criteria objects were
prefixed by an "E" for criteria "EXCEEDED".

In addition to taking photographs using 35 mm color negative film to
produce color prints for permanent record, instant photographs were taken
of all material above criteria. This provided a redundant system for any
failures. Failures such as loss of an entire roll (because of camera
malfunction) was experienced. The instant photographs were stored in the
data envelopes and proved useful in identifying which permanent photographs
were associated with a given data set number. The decision to use 35 mm
color negative film rather than using 35 mm color slide film was based on
the fact that the type of lighting is usually less critical for color
negative film than for color slide film, that some compensation can be made
for poor shots when prints are made from color negatives, that color slides
can be made directly from color prints, and that reproductions from color
negative film are superior to that from color slide film.

A microcomputer with a program written especially for the recording of
data for the NBL-NJ D&D was available but because of the hardware and
software problems experienced, it was not used during the D&D to its full
potential.

The health physicist kept a daily log of progress, difficulties, bases
for decisions, etc.

PERSONNEL AND TRAINING

The approximate number of onsite people directly involved in the D&D
operation were: 3 to 4 housewreckers, 4 decontamination mechanics, a
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decontamination mechanics' supervisor, the project manager, 3 to 6 health
physics technicians, and 1 to 2 health physicists. An average of about 12
people were onsite during most of the work and no more than 20 were present
at any one time.

Because of the small number of individuals, training could be handled
informally on an as needed basis. Modified procedures could be explained
to the entire work force within minutes after a decision was made to try a
different approach. When the need arose, special training was given to
groups of 3 to 4 persons while others continued work. An attempt was made
to always resolve problems or misunderstandings as quickly as possible.

Work between all personnel (dismantling contractor, decontamination
mechanics, health physics technicians, etc.) was closely coordinated to
perform the D&D efficiently, and to assure that nothing was moved before it
was surveyed and documented. Everyone understood what was being done and
why. The most difficult part of the training was explaining the documen-
tation procedure. Because the crews rotated, each new crew had to be
oriented on the documentation procedures.

In addition to those directly involved in the D&D, periodic onsite
consultation and assistance was also obtained from: an industrial hy-
gienist for asbestos identification and quantification, an architectural
engineer to evaluate a building dismantling procedure, a safety engineer to
evaluate overall safety, a quality assurance engineer to make an independ-
ent assessment as to whether written procedures were being followed, and a
statistician to consider the statistical aspects of certain survey proce-
dures.

DIFFICULTIES AND PROBLEMS

Besides the documentation training difficulties meationed above, one
of the major problems or nuisances during the D&D was with the gas-flow
proportional survey instruments. The instruments have some inherent design
problems but the difficulties werp attributed primarily to hard usage and
severe work conditions. It seems that it was always either too cold, too
damp, or too dusty. Considerable repair and recalibration was necessary to
maintain properly working instruments. Two to three spare instruments were
required for each technician to minimize instrument related delays. How-
ever, despite the problems with these instruments, they are still among the
most sensitive portable instruments for detecting and quantifying low
levels of -.urface contamination. Experience indicates that, in this type
of appHcation, they have superior detection capability relative to the GM
pancake probe and the zinc sulfide scintillator. The benefits outweigh the
problems.

Another problem, or maybe more a worry, was assuring that possible
alpha contamination under painted surfaces, would be detected. There was a
portion of the plutonium facility where the level of plutonium contamina-
tion under paint might be too low to have a detectable number of 17 keV
x-rays or associated 60 keV 241Am gamma-rays. The options were: to dispose
of all walls in that area as radioactive waste, to remove all of the paint,
or to remove only portions of the paint and try to justify the probability
of detecting contamination by statistical considerations. The first option
was considered too costly, and the second proved impractical and hazardous.
After discussion with statisticians, it was decided that to increase the
odds of detecting low levels of a contamination under paint it was neces-
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sary to expose as much surface under the different layers of paint as
practical. Paint remover, scraping, scratching and sanding were tried. A
photograph of a spot-sanded wall is shown in Figure 9.

PUBLIC RELATIONS

In addition to using a small local housewrecker as the dismantling
contractor, other local services were used not only for convenience but
also as an important part of public relations. The community was aware of
the activities and who was doing it. Several news articles judged to be
somewhat complimentary, were published in the local newspaper. Representa-
tives from the New Jersey State Bureau of Radiation Protection visited the
site many times. They had access to and reviewed all procedures and records.
They observed the procedures being applied. At their request, they were
given samples taken from areas which had been declared free of contamination
in order to perform confirmatory measurements.

TOTAL EFFORT

The project was completed in seven months with a commitment of 9 to 10
person-years and at a cost of approximately 1.5 million dollars. The
distribution of effort is shown in Table III.

CURRENT STATE OF SITE

The D&D did not include removing the concrete pad (approximately
70 m x 34 m) of the main building which is known to have contaminated sewer
lines. The concrete pad of 3 other small structures were also not removed
but are not contaminated. Steps were taken to minimize the infiltration of
water under the main building. Such infiltration could possibly cause
migration of contamination from broken or leaky sewer lines. To this end,
the concrete pad was patched with asphalt, covered with 30 cm of shale
fill, 15 cm of top soil and seeded with grass. Some areas of the asphalt
patches were also covered with 0.1 mm thick vinyl plastic sheeting. To
further assess possible migration of underground contamination, ten test
wells were installed around the site and are being sampled approximately
every three months. The latest results from these wells indicate no de-
tectable migration of radionuclides.

SUMMARY

To assure successful D&D, a compliment of persons with various skills
and disciplines are required. One should not overlook local talent since
it proves to be a benefit from the public relations standpoint and estab-
lishes needed contacts in the area. The health physics contribution was
key to the success of the effort. Not only did the health physics group
play a role in determining the waste segregation, it also determined the
rate of progress and, therefore, the maximum efficiency of the total work
force. It should be noted that certifying and documenting the D&D actions
were a paramount responsibility of the health physics group. The utiliza-
tion of trained, qualified health physics personnel was, therefore, critical
to the NBL-NJ D&D effort and perhaps to most D&D efforts.
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TABLE I Contamination release criteria

Nuclide

Activity Limit (dpm/100 cm2)

Removable Total
(Fixed plus
removable)

2a9Pu, 241Am, other transuranics,
226Ra, 228Ra, "°Th, 228Th, 231
227Ac, TS^TT 1 2 a 20 100

Th-nat, 232Th, 9oSr, 223Ra, 224Ra,
2 3 2 ^ , 1 * 6 1 , I 3 1 j ( 1 3 3 J 200 1000

U-nat, 2 3 5U, 2 3 8U, and associated
decay products 1000 5000

Beta-gamma emitter (nuclides with
decay modes other than alpha
emission or spontaneous fission)
except 90Sr and other noted above. 1000 5000

TABLE II Estimate of a c t i v i t y shipped from NBL-NJ during the D&D

ActivityRadionuclide

241Am

232 T h

TOTAL

29

13

2

13

11

11

81

,762

,281

,286

,281

,350

,350

2

,312

TABLE III Personnel distribution of effort during the D&D

PERSONNEL PERSOK-YEARS

Dismantling Contractor 2.0

Decontamination Mechanics 2.5

Project Manager and Mechanics' Supervisor 1.0

Health Physics Technicians 2.8

Health Physicists 1.0
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LEGEND

A. HOT CELL

8 . PLUTONIUM LAB. (ADDITION)

C. PLUTONIUM LAS. (EXISTING)

0 . SOLVENT STORAGE

E. MISC. STORAGE

F. MISC. STORAGE

G. MISC. STORAGE

H. MAINTENANCE

1. MAIN LABORATORY

J. STORAGE SHED

K. COOLING TOWER

L GARAGE

M. CHILLER BUK.OING

N. PARKING AREA

Fig 1 The NBL-NJ site lay-out prior to D&D

Fig 2 The NBL-NJ site after D&D
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Fig 3 Portable Radiation survey instruments used during
the D&D

Fig 4 Section of above-criteria wall being removed
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Fig 5 Onsite gamma-ray spectrometer

K\

Fig 6 Cart-mounted gamma-ray spectrometer
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Fig 7 Forms on data envelopes

Fig 8 Documentation "equipment"
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Fig 9 Spot-sanding of painted wall in attempt to expose
possible alpha contamination
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1.0 INTRODUCTION

Bechtel National, Inc. is under contract with the

Department of Energy to decontaminate to levels for

unrestricted use properties and facilities that were

contaminated with low level radioactive materials during

the production of nuclear weapons and related research.

Decontamination techniques in this program are applied to a

range of material, including facility equipment and

structures, soils, and water treatment. The program

includes sites that are contaminated primarily with and a

limited number of sites contaminated with mixed fission

products and transuranic isotopes.The radiation levels

encountered range typically from slightly above background

to a few tens of mrad/hr.

This report describes the radiation detection and

measurement systems that have been obtained for the

program. These systems are capable of surface scanning and

subsurface logging in situ at a contaminated site, of air

and water analysis, and of radioactive analysis of solid

samples taken from contaminated sites. The systems are

capable of discrimination of radioactive levels in the

R/hr range and radioactive quantities measured in

pico-curies. The detection and analysis capabilities

include alpha, Deta, ana gamma radiation.

2.0 APPLICATIONS

There are three distinct phases of a decontamination

project that require radiation measurement. These are an

assessment phase, radiation protection and environmental

assessment during the decontamination phase, and

verification phase at the completion of the decontamination.
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The primary objective of radiological measurements made during

the program's assessment phase is to describe the radiation

source: its extent or dimensions, its physical form, and its

isotopic composition. This requires both direct measurement

and sample analysis of the contaminated materials.

The radiological measurements taken during actual

decontamination operations fulfill two distinct requirements-

The measurements provide direct input to the radiation

protection program for the decon workers and allow analysis of

environmental samples to insure that no adverse impact results

offsite from the decontamination activities. In addition to

direct measurements at the site, the program requires the

capability for analysis of air, water, soil, vegetation, and

surface smear samples.

After completion of the decontamination operations, direct

radiation measurements and analysis of samples taken from the

site are used to verify the effectiveness of the

decontamination program in meeting cleanup criteria.

Tne means of supporting the three tasks just described are

currently built around two mobile counting lab systems capable

of both isotopic identification and quantification. Each of

these systems is augmented by additional portable radiation

detection equipment. The basic detection system in each mobile

lab is a gamma spectrometer consisting of a solid state

intrinsic germanium (IG) detector and a computer based

multi-channel analyzer (MCA). The first system is mounted

within a four-wheel drive van truck. Its primary function is

site characterization, but it can also be used to provide

support for sample analysis during decontamination operations.

The second system is contained in a semi-trailer. It is used

for sample analysis to support decontamination operations and

the post-decontamination verification.
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A description of the radiation detection systems currently

available on this program is presented in Table 1.

3.0 DESCRIPTION OF EQUIPMENT

During the early planning of this cleanup program/ the need was

identified for two types of radiation measurement capability at

the site of the radioactive material. The first system

required a capability for obtaining isotopic identification and

quantification measurements for in-situ surface and subsurface

sources. The second system required a capability to provide

isotopic identification and quantification of samples in

various physical and chemical forms contaminated to levels

slightly above natural background. The first system is based

upon a high purity germanium detector transported by a

four-wheel drive truck. The second system is a high purity

germanium detector and support equipment housed in a

semi-trailer.

3.1 IN-SITU VAN

The principle radiation detection system in the in-situ van

is a 30 percent high purity germanium (IG) detector with a

computer based pulse height analyzer. The van itself is a

four-wheel drive International truck with a van body in

which the detector support equipment is housed. The truck

is equipped with an extendable boom that enables areal

measurements using the IG in a conical shaped shield to

reduce the natural background. The van and boom

arrangement are shown on Figure 1. A schematic of the cone

shield for the in-situ van boom is shown on Figure 2. The

IG detector is housed in a three-inch diameter (SONDE)

waterproof casing. This detector configuration is shown on

Figure 3. With the detector thus contained, three

measurement modes are possible:
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TABLE 1 SUMMARY OF RADIATION DETECTION SYSTEMS

DISPOSITION

Mobile Counting Lab

NUMBER

In- Situ Van

Portable Survey
Instruments

DESCRIPTION

High Purity Germanium Detector,
Model GC35

4" x 4" Nal Scintillation Detector,
w/Voltage Divider

Large Area Gas Proportional Probe,
AC-23A w/ SH-1 Sample Holder
w/ MS-2 Mini Scalar

End Window GM Detector w/ MS-2
Mini Scalar

Scintillation Counter, SAC-4
Gas Detector, SAC-R5 w/ MS-2 Mini

Scalar
2M x 2" Nal Detector, SPA-3, in Lead
Shielded Sample Holder, RD-15, w/
MS-2 Mini Scalar

High Purity Intrinsic Germanium
Detector, Model GC30

2H x 2" Nal Detector, SPA-3, w/ PRS-1 17
Rate Meter Scalar

2" x 2" Nal Detector, SPA-3, w/ Lin-Log 4
Pulse Rate Meter

Thin Window Pancake to, HP-210, w/ Rate 4
Meter RM-14

Alpha Scintillation Probe, SPA-1 15
Portable Alpha Counter, PAC-45 3
Two-Channel Analyzer, SAM-2, w/ 4

Scintillation Probes
Pressurized Ion Chamber (PIC), RSS-111

QUANTITY MEASURED

1

1

1

1
2
2

Gamma Spectrum

Gamma Spectrum

Total Beta & Alpha

Beta & Gamma
Total Alpha
Radon Gas

Mobile Air Monitors Regulated Air Samplers, RAS-1, w/
Portable Power Supply

1

12

Total Gamma

Gamma Spectrum

Gamma Activity &
Dose Rate

Total Gamma

Total Beta

Total Alpha
Total Alpha
Gamma Discrimination

yR/hr Gamma Dose Rate

Air Particulate
Activity
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Fig. 2. Diagram of Cone Shield for In-Situ

Van Intrinsic Germanium Detector
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Fig. 3. Cross-Sectional Diagram of In-Situ

Van Intrinsic Germanium Detector and Sonde



1. Areal measurements as previously mentioned

in the cone shield.

2. Sub-surface measurements within pre-drilled

bore holes.

3. Sample measurements within a shielded

detector geometry.

The areal measurements are made with the detector

inside the conical shield on the boom. This

arrangement permits measurements to be made at heights

up to 5 meters above the ground for boom extensions

where there is no interference from the van. For a

detector height of 3.2 meters, the ground area

subtended at the detector by the cone shield is 100
2

m . For measurements at 1- to 2-meter heights, a

portable dolly is available for handling the cone

shield. This arrangement permits measurements to be

made at distances up to 30 meters from the van.

Sub-surface measurements are made with the SONDE

raised and lowered inside a bore hole using the

hydraulic hose containing the coaxial cable. Ths IG

detector has a liquid nitrogen reservoir inside the

SONDE casing which provides capability for eight hours

of remote operation. Sample analysis is accomplished

with the SONDE detector assembly inside a leac

snielded, copper lined counting cave. This

configuration is shown in Figure 4.

The IG detector signal is processed using a 4096

channel pulse hsignc analyzer coupled to an ND6600

computer for data analysis. The processed output can

then be directed either to a printer for hard copy, a

magnetic disc for storage or further processing, or a

plotter. All "his capability is contained within the

van.
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NOTES
1. INSIDE DIMENSIONS ARE 16"xl6Hxl6H

2. DETECTOR OPENING IN TOP IS 3.60
3. SHIELD TO BE 2" PRE 1945 STEEL VilTH 1" LEAD

INSIDE
4. BASE TO BE 3/8" STEEL, 3OHx3O"
5. SPACE BETWEEN BOTTOM OF SHIELD AND FLOOR TO BE

4", WITH SUFFICIENT SPACE BETWEEN LEGS TO ALUM
PLACEMENT OF LEAD BRICKS UNDER SHIELD

6. JOINTS TO BE OFFSET TO ELIMINATE STRAIGHT LINE
PATHS OF ENTRY

Fig. 4 Diagram of Lead and Iron Shield

for Sample Analyses Using In-Situ Van

Intrinsic Germanium Detector



A nuclear density gauge is maintained with the in-situ

van to provide data on soil properties to be used with

data reduction of areal and sub-surface measurements

made of contaminated soil.

The in-situ van is designed to provide data during the

assessment phase to support engineering for

decontamination activities. The counting system may

also be used to provide backup support to the mobile

counting lab during decontamination and cleanup

verification activities.

,2 MOBILE COUNTING LAB

The mobile counting lab is contained within a

semi-trailer that includes the counting equipment, an

office area, and a chemical lab area with a sink and

two fume noods. The counting lab is capable of

isotopic and total gamma analysis, total beta

counting, radon gas analysis, and total alpha counting.

The gamma analysis may be obtained using either a

shielded 4" x 4" Nal(Tl) scintillation detector, or a

30 percent high purity germanium (IG) shielded

detector. The counting configuration for the Nal

detector is shown on Figure 5; the configuration for

the IG detector is shown on Figure 6. The signal from

each of these detectors is processed by a 4096 channel

pulse height analyzer coupled to an ND6690 computer.

Data analysis and output for this system is similar to

that for the in-situ van and includes printer, graphic

plotter, and dual floppy disc data storage.

Beta detection capability is provided using either a

large area gas proportional detector (Eberline model

AC-23A detector with SH-1 sample holder), or an end
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Fig. 5. Schematic Diagram of Lead Shield
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Fig. 6. Schematic Diagram of Lead and Steel

Shield used with Intrinsic Germanium

Detector in Mobile Counting Lab



window GM detector in a lead shielded sample bolder

(Eberline model RD-15). The output from either of

these detectors is obtained from a counting scalar

(Eberline model MS-2). Total gamma counting may be

performed by replacing the end-window 6M detector in

the RD-15 with a 2" x 2" Nal(Tl) detector (Eberline

SPA-3).

Samples are analyzed for total alpha content using

either an alpha scintillation detector (Eberline

SAC-4), or the AC-23A. The SAC-4 system contains the

detector and the counter/scalar as an integral unit.

Radon gas samples are counted using an alpha

scintillation detector (Eberline SAC-R5) and the

Eberline MS-2 scalar/counter. This output is then

processed manually to convert the output counts into

an equivalent radon gas concentration in activity per

unit volume.

The trailer also contains equipment for supporting the

counting systems. An analytical balance meter,
-4accurate to j+10 gram, is located in the laboratory

area of the trailer to obtain sample weights necessary

for data reduction. An uninterruptable power source

supplies the pulse height analyzer.

The mobile counting lab provides direct support to

field activities during both the decontamination and

verification stages of the project. It may also be

used to analyze samples collected during the

assessment phase of the project.
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3.3 SAMPLE PREPARATION AND STORAGE TRAILER

A semi-trailer has been modified to provide a facility

for preparing and storing samples collected to support

decontamination verification activities following

cleanup of contaminated soils. Because the

unrestricted release criteria for soils are very near

natural background, it is necessary that the

radiological analysis involve relatively large samples

(_250 gms). These samples must be both homogeneous

and dry. The sample preparation equipment contained

in this trailer includes:

1 - crusher

1 - pulverizer

2 - ball mills (3 gang)

1 - drying oven

1 - muffle furnace

1 - weighing balance

The trailer also contains storage racks for one-gallon

sample cans, 500 ml marinelli beakers (for counting

and archive storage), and for supplies and equipment.

The arrangement of this trailer is shown on Figure 7.

3.4 AIR SAMPLE TRAILERS

To date, 12 particulate air samplers (Eberline RAS-1)

have been mounted on two-wheel trailers as shown in

Figure 8. These trailers are equipped with a gasoline

powered generator with a fuel tank capacity permitting

approximately one week of continuous operation. These

units are used in remote areas to monitor air activity

arising from any of the decontamination activities.

During remedial activities, the particulate filters

are changed every 48 hours and analyzed for gross
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alpha in the mobile counting lab. These filters are

retained, composited each quarter, and analyzed for

specific radionuclides at Eberline's Albuquerque

laboratory.

3.5 MISCELLANEOUS PORTABLE SURVEY EQUIPMENT

The portable survey instruments acquired to support

this program are summarized in Table 1. The

instruments listed are used to support the assessment,

the decontamination activity, and the cleanup

verification phases of the project.

The 2" x 2" Nal(Tl) detector (Eberline SPA-3) is the

most extensively used detector, and it has been

adapted for several applications on the project.

During the assessment phase, the SPA-3 is used for

both areal surveys and for in-situ sub-surface

measurements. For areal surveys the SPA-3 is mounted

inside a cone-shaped lead shield to reduce natural

background contributions. This arrangement is shown

in Figure 9. The detector response is recorded with a

rate meter scalar (Eberline PRS-1, "Rascal") as a

total gamma activity. This response may then be

converted to either gamma-ray exposure rate (uR/hr) or

subsurface activity concentration (pCi/gm) by

programming an appropriate calibration factor directly

into the PRS-1. For measuring subsurface activity,

the SPA-3 detector has been encased within a partially

shielded housing as shown in Figure 10. The detector

is raised and lowered in a bore hole with a hydraulic

hose which contains the coaxial cable and is indexed

to indicate vertical position. The output signal is

processed using the PRS-1*
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Fig. 9. Schematic Diagram of Cone Shield

Used with 2Hx2M Nal Detector for Near Surface

Gamma-ray Measurements
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COAX
CABLE-

CONNECTOR-

HYDRAULIC HOSE -50*

COAX

COUPLING

MODIFIED CAP

^-LUCITE PRE-AMP CASE

s— TUBE SOCKET

-PHOTOMULTIPLIER
TUBE

-STEEL HOUSING

-LEAD

-SHRINK TUBE WATER-
PROOF COVER

^-LUCITE LIGHT PIPE

2" Of A.X 2'THKK (SJcmX
3.1cm) NaI(Tl) CRYSTAL

WINDOW THICKNESS
I. .020"CRYSTAL CASE
Z. .Oi-ALOMWOII,HOUSMW
3. .03"n.ASTIC COVER

^-LEAO

2.50"

10. Schematic Diagram of Small
Diameter Bore Hole Detector
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During the decontamination activity phase, the SPA-3

is used directly with the PRS-1 to determine the

effectiveness of the cleanup. (The detector is used

in the cone shielded configuraton to confirm that

decontamination is complete.)

The SPA-3 detector is used with the cone shield to

support the verification phase of the project. At

this time, a square grid is established over an area

that has been decontaminated and a series of

"unbiased" radiation measurements are made. This

activity is supported by the use of a pressurized ion

cnamber (PIC--Reuter Stokes model RSS-111) to measure

the gamma exposure rate directly. Samples of the

surface that has been decontaminated are analyzed in

the mobile counting trailer. These three sets of

measurements (SPA-3, PIC, sample analysis) are

correlated to confirm that the objectives of the

decontamination activity have been met.

As shown in Table 1, beta and alpha portable survey

meters are also available. These instruments are used

for radiation and contamination control activities

during the decontamination phase and to provide

support information for the verification measurement

phase of the project.

4.0 RESULTS

The systems and equipment described in Section 3.0 have

been in use for approximately one year. During this

period, activities have occurred for all three of the

program phases requiring radiological measurements:

assessment, decontamination, and verification. Site

decontamination activities have encountered transuranics.
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fission products, and naturally occurring radioactive

materials. This section will discuss several examples of

measurement results.

4.1 In-Situ Van

The in-situ van has been used for sample analysis in

the shielded counting geometry mode and for areal

scanning. To date, the decontamination sites measured

have been contaminated with mixtures of

radium-uranium-thorium. Fioure 11 shows the

"field-of-vip /" for the detector mounted in the boom

mounted cone shield. Table 2 gives the response of

this areal measurement configuration to radium--226

contamination in soil. Four different photopeeiks in

the radium decay spectrum were used for the

evaluation. For an average concentration of 5..1

pCi/gm, the cone shield measurement analysis varied

from 3.8 pCi/gm to 9.9 pCi/gm, depending on detector

height above surface and the photopeak chosen for the

determination. The mean radium-226 soil

concentration, as determined from these in-situ

measurements, was 5.7 pCi/gm.

4.2 Portable Nal(Tl) Detectors (SPA-3)

The SPA-3 2" x 2" Nal(Tl) detector has been used for

both surface areal measurements and in-situ

sub-surface measurements. The surface measurements

are made with the cone shield configuration shown in

Figurp 9. The subsurface measurements were made using

the configuration shown in Figure 10. To date, the

experience with these two detector configurations has

involved contaminated materials containing the

naturally occurring isotopes of radium-uranium-thorium.
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TABLE 2
ESTIMATE OF Ra-226 CONC. IN SOIL (pCi/GRAM)

USING SONDE DETECTOR IN CONE SHIELD
CONFIGURATION

DETECTOR HEIGHT
ABOVE SURFACE (METERS)

1

2

4

5

ENERGY
352

3.9

3.8

5.5

4.6

OF PHOTO PEAK
609

4.0

3.9

5.2

4.6

1120

5.4

5.2

6.7

6.9

(KtV)
1764

8.5

6.1

9.9

7.9

AVERAGE CONCENTRATION BASED ON SOIL SAMPLES WAS

5.1 pCi/GRAM IN 0-6" LAYER



The SPA-3 Nal(Tl) detectors are currently utilized in

a total, or gross, gamma counting mode. As such, it

is not possible to distinguish A,vels of an individual

radioactive isotope in a mixture. It is therefore

necessary to establish a characteristic ratio of the

various isotopes pr sent at a site using alternate

techniques such as spectrum analysis of laboratory

samples. These characteristi.3 may then be applied to

data correlation factors established using approved

calibration procedures to permit quantification of the

particular isotope of interest. The results of such

an exercise are shown in Table J, where the expected

response of the SPA-3 to a soil concentration of 5

pCi/gm of Ra-226 is given for the presence of various

concentrations of potassium-40 and thorium. This

relationship was determined through a series of

calibrations performed at the Bendix calibration

facilities at Grand Junction, Colorado. The practical

application of this technique permits a more detailed

quantification of a radioactive source in terms of

both dimension and isotopic concentrations using

numerous in-situ measurements, which are simple and

inexpensive. The more expensive and complex technique

of sample acquisition and lab analysis may then be

reserved for establishing the average background

conditions and for verifying the isotopic

characterization by the SPA-3 Nal(Tl) detector. The

results of a bore hole radiological measurement with

the SPA-3, using this same approach to establish a

calibration factor, is shown in Figure 12.

4.3 Counting Lab

The mobile counting lab provides direct support to

decontamination activities during the cleanup and for

cleanup verification. The primary verification
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TABLE 3

CONE SHIELDED NAI DETECTOR CALIBRATION

CONC. IN pCi/GRAM COUNT RATE (CPM)
K Th Ra

• BKGDPADH) 12 0.7 5 10750

• MIXTURES) 34 1.9 5 14300

• SLAPSS 14 1.2 5 11590

(1) GRAND JUNCTION, COLORADO CALIBRATION PADS
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technique uses the SPA-3, as described in Section 4.2,

to determine the residual soil concentration after

cleanup of a site; and the counting lab to analyze

samples from the site to confirm the in-situ

measurements. An example of this exercise is shown in

Figure 13, which involved removing soil contaminated

with Ra-226. The curved lines represent isopleths of

constant soil concentration and the numbers represent

results from discrete soil samples from that

location. The average Ra-226 soil concentration for

this figure is shown in Table 4. The in-situ average
2

and the 100 m averages were determined from the

SPA-3 Nal(Tl) measurements. For tnis particular set

of data, the Middlesex Lab average was based on

measurements using the 4" x 4" shielded Nal(Tl)

detector in the mobile counting lab. These samples

were then sent to an offsite counting laboratory and

analyzed using a lithium drifted germanium (GeLi)

detector system.

5.0 SUMMARY

The measurement protocol for the decontamination program is

based on an in-situ assessment of the radiological source

present using portable and semi-portable radiation

detectors, and to provide verification of these in-situ

measurements by analyzing, using sophisticated counting lab

techniques, samples taken from the measurement site. This

permits a detailed radiological assessment using the

simpler and less costly field instruments to provide the

number of data points necessary to insure source term

description. The more complex and costly sample counting

is then applied to verify the results of the in-situ

measurements.
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TABLE 4

COMPARISON OF MEASUREMENT TECHNIQUES

PARCEL 4 228Ra(pCi/g ± la) NO. OF POINTS

CONFIRMATORY LAB AVERAGE
MIDDLESEX LAB AVERAGE
IN SITU AVERAGE
MAXIMUM IN SITU AVERAGE
OVER 100 m2

MINIMUM IN SITU AVERAGE
OVER 100 m2

1.9
1.4

2.3

2.7

1.8

±
±
±

±

±

2.1
1.2
0.6

0.7

0.3

19
19
73

16

25



The program capability described here provides this

measurement capability in depth. Each of the three

measurement phases of the program can be supported by at

least two spectrometry systems for gamma analysis to

support the in-situ portable survey instrument programs.

During the assessment phase, the IG detector in the in-situ

van is the primary gamma spectrometry analysis system, with

support capability provided from the mobile lab 16.

Decontamination support is provided by both the Nal(Tl) and

the IG detector systems. During post-decontamination

certification, the mobile lab IG is the primary sample

spectrometry system, with support capability available

using the in-situ van IG system. Sample analysis for beta

and alpha radiation activity is performed in the mobile lab

with two different detector systems available for each.

Based upon the experience gained to date, additional

capabilities for the counting lab have been identified.

Plans for future additions include an alpha spectrometer

and an intrinsic germanium detector/spectrometer system

with a higher sensitivity for uranium analysis.
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RESIDUAL RADIOACTIVITY ASSESSMENT IN NUCLEAR POWER PLANTS;
CONCENTRATIONS, DISTRIBUTION INVENTORIES

K. H. Abel, 0. E. Robertson, C. W. Thomas, J. C. Evans, E. A. Lepel

1.0 INTRODUCTION

The United States Nuclear Regulatory Commission (USNRC) is responsi-
ble for developing decommissioning policy for commercial nuclear instal-
lations in the United States, including commercial nuclear power sites.
Since the commercial nuclear power industry has matured in the United
States to a point where the earliest power plants are beginning to reach
retirement status, it is important that the USNRC gather detailed infor-
mation to provide a basis for decommissioning of these plants.

There have been several assessments of the technology, safety, and
costs for the alternative decommissioning scenarios for nuclear power
plants (1-5). However, the actual data base regarding the composition,
distribution, and actual inventory of radionuclides in nuclear power
plant operation systems is extremely limited. This data is a crucial
factor in any assessment and has been estimated from a calculated or
theoretical basis previously.

Therefore, the Pacific Northwest Laboratory (PNL) has undertaken a
research program under contract to the USNRC to conduct a comprehensive
sampling and analysis at several commercial nuclear power plant sites.
The objective of the program is to provide a data base including the
types, quantities, and physical location of residual radionuclides
encountered in retired power installations and in the station environs.
The reactor pressure vessel and internal components are not included in
this research program.

2.0 MEASUREMENT SITES

To date, field sampling and measurements have been conducted at six
commercial nuclear power stations. The six sites studied are shown in
Table 1 and include four boiling water reactors and two pressurized water
reactors. Arrangements are presently being made to undertake measurement
programs at one more commercial site. A brief description of each site
is given below relating pertinent history and background.
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2.1 Pathfinder Generating Station. This plant was a 66 MWe boiling
water reactor type installation located near Sioux Falls, South
Dakota. It is owned by Northern States Power Company and oper-
ated intermittently for 42 months of testing from 1964 to 1967. In
September 1967, after failure of the steam separators within the
reactor vessel, the plant was shut down permanently. The plant was
converted to a fossil-fueled plant (gas/oil) and the nuclear site
put in permanent caretaker status.

2.2 Humboldt Bay Unit #3. The Humboldt Nuclear Unit is a 63 MWe boil-
ing water type reactor located near Eureka, California. It is
owned and operated by Pacific Gas and Electric Company. This plant
operated commercially from August 1963 until July 1976, at which
time it went into cold shut-down status until certain questions
centering around seismic concerns can be answered to the satisfac-
tion of the USNRC. The plant used stainless steel clad fuel in
initial fuel loadings and had a history of failures with this type
of fuel.

2.3 Monticello Nuclear Station. The Monticello Nuclear Station is loca-
ted in Monticello, Minnesota, and is a 545 MWe boiling water reac-
tor. It is owned and operated by Northern States Power Company and
has operated commercially since June 1971. It has had a good his-
tory of operation during its eleven years of commercial availabil-
ity.

Table 1
Nuclear Generating Stations Sawpled

Station

Pathfinder Generating Station
Humboldt Bay Unit #3
Monticello Nuclear Station
Indian Point Unit #1
Turkey Point Jnits 3 & 4
Dresden Nuclear Station

Unit #1

Type

BWR
BUR
BWR
PWR
PWR
BWR

Initial Power
Design

58.5 MWe
63 MWe
545 MWe
265 MWe
693 MWe
200 MWe

Initial Commercial
Operation

3/64
8/63
6/71
10/62
12/72 and 9/73
7/60
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2.4 Indian Point Unit #1. The Indian Point station is located on the
Hudson River near Buchanan, New York. It is a 265 MWe pressurized
water reactor and operated commercially from October 1962 until
October 1974. At the present time, no decision has been made re-
garding future operation of Unit #1.

2.5 Turkey Point Units 3 & 4. The Turkey Point Units, owned and opera-
ted by Florida Power and Light, are both 693 MWe Westinghouse design
pressurized water reactors. The generating station is located near
Homestead, Florida, south of Miami. During our sampling visit, Unit
3 was down for steam generator replacement; however, several samples
were also obtained from Unit 4. Units 3 and 4 were placed into com-
mercial operation in December 1972 and September 1973, respectively.

2.6 Cresden Nuclear Station Unit #1. Dresden Unit #1, owned and opera-
ted by Commonwealth Edison Company, is located near Morris, Illi-
nois, 50 miles southwest of Chicago. It is a 200 MWe boiling water
type reactor and was in commercial operation from July 1960 until
October 1978. Dresden-1 was the first privately financed nucl<*ir
generating station.

3.0 SAMPLING PROCEDURES

In order to characterize the radionuclide concentrations, distribu-
tions, and locations throughout the nuclear plants, numerous samples are
obtained. These include soil, concrete, piping sections, pieces of
hardware removed from use, and collection of corrosion films deposited on
piping. The sampling scheme at each site is somewhat different based
upon the design of the systems, and other constraints. For example, at
operating sites sampling is much more limited since one cannot cut into
piping and remove hardware at will. Typically at operating sites, our
sampling has been coordinated with a major outage, such as the steam
generator replacement at Turkey Point, at which time equipment, piping,
and hardware are much more likely to be available for sampling. At this
time, some hardware is being removed from service and is available for
destructive sampling.

VI-87



3.1 Concrete Coring. Concrete cores (4-inch diameter by approximately
6 inches deep) are taken at numerous locations within the nuclear
station in order to characterize the residual radionuclide content.
The concrete coring system utilized is shown in Figure 1. Typically
some 15 to 30 cores are taken from the site. Shown in Table 2 is a
listing of the cores taken at Humboldt Bay Unit #3. The concrete
coring system uses recirculated water as a lubricant and cooling
medium for a diamond impregnated drilling bit. This minimizes
airborne contamination during the drilling process and also helps
clean off any smearable contamination.

3.2 Piping and Hardware. The piping and hardware samples necessary to
construct a radionuclide inventory assessment are obtained by a va-
riety of methods. When possible, pieces are cut from piping systems
by a portable hacksaw as shown in Figure 2, or a hole saw as shown
in Figure 3. At Pathfinder, where the reactor had been previously
decommissioned and retaining integrity was not a significant prob-
lem, piping was readily available for such destructive sampling.
Table 3 lists the inventory of samples obtained at Pathfinder and
Figure 4 shows the sampling locations on a reactor schematic. At
operating reactors or sites at which future operations are uncer-
tain, such as Humboldt, Dresden, and Indian Point, maintaining in-
tegrity in reactor systems is important and necessarily sampling is
much more limited. Hardware samples are obtained when possible and
alternatively, piping systems are opened temporarily and samples of
corrosion films deposited on piping interior surfaces are obtained.
Figures 5 and 6 show two systems which were opened at Humboldt Bay
to provide temporary access for corrosion film sampling.

3.3 Soils and Sediments. Several samples of surficial soils are also
obtained at each reactor site. These include samples within the
plant site and nearby offsite areas. The onsite soils usually in-
clude at least one core down to approximately 2 feet. In this way
radionuclide movement and migration on and off the site can be as-
sessed. Sediments are also obtained from the cooling water outfall
where possible. The Humboldt Bay soil sampling is described in
detail to give indication of the overall soil sampling procedures.
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TABLE 2. CONCRETE CORES OBTAINED FROM THE HUHBOLDT BAY NUCLEAR UNIT

Core Core Location

HBCC-1 4" thick concrete pad used for sandblasting an old turbine.

HBCC-2 Hot machine shop. Near floor drain in curbed drain area between
railroad tracks.

HBCC-3 Hot machine shop. Painted floor between lathe and steel slab
floor.

HBCC-4 Rad-waste tank area. Taken along (over) crack in the concrete-
next to concentrator drip tank.

HBCC-5 Rad-waste tank area. Taken 2-3 feet away from HBCC-4 and having no
crack.

HBCC-6 Rad-waste building. Under rad-waste sampling station.

HBCC-7 Rad-waste building. Inside the step-off pad to the concentrator
feed pump area.

HBCC-8 Reactor building. -66' level outside step-off pad at the bottom of
the man-life.

HBCC-9 Reactor building. -66' level inside step-off pad and inside exclu-
sion fence.

HBCC-1O Reactor building. -66' level directly under pressure vessel.

HBCC-ll Reactor building. -34' level in the center of the concrete floor
area. Near suppression chamber hatch cover plate.

HBCC-12 Reactor building. -24' level in the center of the concrete floor
area.

HBCC-13 Concrete roof over CUT and RDT vault.

HBCC-14 Asphalt. Taken through asphalt in area where spill had occurred
and had been painted over with sealer.

HBCC-15 Condensate demineralizer room. Core taken in hallway near drain.

HBCC-16 Condensate demineralizer room. Core taken over crack in floor in
the regeneration room.

HBCC-17 Condensate demineralizer room. Core taken over solid floor near
HBCC-16 in regeneration room.

HBCC-18 Condensate pump room. Core taken in the middle of the concrete
floor area.
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Table 2 - (cont'd)

Core C c e Location

HBCC-19 Turbine building. Core taken directly under the turbine near floor
drain.

HBCC-2O Turbine building. Core taken in the pipe tunnel between old admir-
alty brass heat exchangers.

HBCC-21 Turbine building. Next to the condenser at the bottom of first
flight of stairs near condensers.

HBCC-22 In yard. Core taken on concrete pad near stack and lid to the off-
gas filter system.

HBCC-23 In yard. Core taken on the north side of condensate storage tank.

HBCC-24 Air ejector room. Core taken on the northeast end of the room near
floor drain.

H8CC-25 Reactor building refuel level. Core taken between railroad tracks
by the large double doors on the northeast corner of the building.

HBCC-26 Background sample. Clean core taken or pumping platform at water
intake canal.

HBCC-27 Access control. Core taken beyond step-off area in the aisle on
northwest end of the room.
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TABLE 3

PATHFINOER HARDWARE SAMPLE INVENTORY—SAMPLED JULY 1980

Sample
Number

2

3

4

6

9

10
Number

WP-76
300-A

WP-76
300-B

WP-76
300-C

WP-42
No. 11

WP-74
301-A

WP-74
301-B

MSB-A

Sample Description

10 MSB-B

11 MSB-C

12 RFW-A

13 RFW-B

3-1/2" dia SS pipe from reactor wa-
ter purification line—end with 1"
pipe welded in at 90 —pipe stored
in reactor building

Same as No. 1—next 6" long piece
of straight pipe

Same as No. 1—next 6" long piece
of straight pipe

1-3/4" dia hole saw plug from 8"
dia pipe from carbon steel reactor
feedwater pump suction—pipe
stored in reactor building

2" dia hole saw plug from 8" dia
pipe from carbon steel reactor
feedwater line—pipe stored in
reactor building

Same as No. 5

2" dia hole saw plug from 6" dia
carbon steel pipe from main steam
bypass line sampled at second
level of steam chase 5' above
grating—reactor building

Same as No. 9

Same as No. 9

21 dia hole saw plug from 8" dia
reactor feedwater line—sampled
from third level of steam chase
3' above grating in reactor
building

Same as No. 12

Exterior Surface Activity
(GM-d/m)

8,500 through pipe
40,000 at open end of
pipe

40,000 at open end of
pipe

45,000 at open end of
pipe

200 outside surface

30,000 at inner surface
of pipe
25 through pipe

50,000 at inner surface
of pipe

17,000 at inner surface
of pipe

15,000 at inner surface
of pipe

45,000 on inside surface
of plug

55,000 on inside surface
of plug
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Continued

Sample 10
Number Number

14 SPC-A

15 SPC-B

Sample Description

2" dia hole saw plug from 6" dia
shield pool clean-up line—sampled
at Y near hot spot on third level
of steam chase in reactor building-
heavy corrosion film red on top and
yellow on bottom

Same as No. 14

Exterior Surface Activity
(GM-d/m)

55,000 on inside surface
of plug

25,000 on inside surface
of plug

16

17

18

19

20

21

22

23

RLL-A

RLL-B

TR-A

TR-B

SPD-A

SPD-B

FHR-A

SPC-A

24 SPC-B

f>" long section of 2-3/8" dia pipe
from reactor liquid level column
(lower leg)~from reactor building

Same as No. 16

Strip of SS cut from tool rack on
south side of bottom of shield
pcol—reactor building

Same as No. IS

End of 4" dia SS drain pipe from
bottom of shield pool (NE side of
shield pool)—reactor building

Same as No. 20

2-1/2" dia SS pipe section from fuel
shoot support struct at bottom of
shield pool—reactor building

3-1/2" dia SS pipe from frel stor-
age pool clean-up line—sampled at
basement of fuel handling building—
line from bottom of fuel storage
basin to filter—demin. ciean up
in FHB basement

Same as No. 23

100,000; 61 m rad; 1 mR at
end of pipe

Same as No. 16

100 c/m through plastic
bag

1,900 c/m through plastic
bag

1,400 c/m through plastic
bag

1,500 c/m through plastic
bag

300 c/m through plastic
bag

80,000

80,000

VI-95



Continued

Sample
Number

25

26

27

28

29

30

31

32

33

34

10
Number

PWC-A

Sample Description

PWC-B

POO-A
(no B
taken)

POI-A
(no B
taken)

SPCB-A
(no B
taken)

CWID-A

CWID-B

SRTD

HSHT

IFDP

2" dia carbon steel from pool water
clean-up pump—discharge to Series
11—pool water for storage basin and
shield pool to inlet of No. 11 pre-
filter—sampled from fuel handling
building basement

Same as No. 25

2-3/8" dia SS pipe from inlet to
demin. for water from storage and
shield pools—sampled from fuel
handling building basement

2" dia SS pipe from inlet to demin.
for storage and shield pools-
sampled in SE corner of basement
of fuel handling building

3-1/2" dia carbon steel pipe from
shield pool coolant bypass—water
from shield pool to filter demin.--
sampled in SE corner of basement
of fuel handling building

2" dia SS pipe from concentrated
waste tank discharge line—sampled
from basement of fuel handling
building

Same as No. 30

1-3/8" dia x 7" long SS pipe spent
resin tank discharge line—sampled
from basement of fuel handling
building

2" dia SS elbow pipe from high solids
holdup tank—just upstream of suction
pump—includes resin and black crud
trapped in bend—sampled from base-
ment of fuel handling building

3-1/2" dia x 12" long SS pipe from
inlet line to filter—demin. puri-
fication system—samp led from base-
ment of fueld handling building

Exterior Surface Activity
(GM-d/m)

20,000

20,000

2,000

15,000

2,500
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Continued

Sample
Number

35

36

37

38

39

40

10
Number

VRM

RS-A
and B

RSE

WGPT

RAVD

SHFBS-A

Sample Description

Brass valve in PVC pipe from high
solids manifold line to radiation
monitor—samplad from mezzanine
level of fuel handling building

1-7/8" dia SS line to reactor sump
pump—sampled at bottom of reactor
sump chase—horizontal section be-
fore going to filter and pump

Black iron elbow connecting 1-7/8"
SS pipe to line going to filter and
pump of reactor sump—sampled at
bottom of reactor sump chase just
downstream from RS-A and B

2-1/2" dia hole saw plug from 1/2"
thick carbon steel waste gas pres-
surizer tank (large steel tank)~
sampled from mezzanine level of fuel
handling building where tank stored

8-1/2" x 12" section of 1/16" thick
galvanized iron reactor vent duct-
sampled from mezzanine level of fuel
handling building where ducts stored

1" dia SS tube from cluster used for
storing superheater fuel elements-
sampled from bundle No. 1 in fuel
storage basin

Exterior Surface Activity
(GH-d/m)

100,000 c/m
45 mRem/hr
25 mR/hr at contact

1,000 at end of line

30,000 at end of pipe

1,000 dpm on inside
surface of plug

1,000 dpm on inside
surface of duct

3,000

41

42

SHFBS-B

SHFBS-C

Same as No

Same as No
bundle No.

. 40

. 40,
2

except taken from

3,

15

000

,000

43 MSL-A 2-5/8" dia hole saw plug from main 70,000
steam line—6' long piece stored in
fuel storage basin

44 MSL-B Same as No. 43 70,000

45 FRSB-A Piece of SS fuel rack from fuel stor- 250,000
age basin—top piece 2" dia x 5" long
piece from east end of rack

46 FRSB-B Same as No. 45 300,000
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Continued

Sample ID
Number Number Sample Description

47

48

49

50

51

52

FRSB-C

FRSB-D

FTC

FTTR

FSBTT

SCDL

Same as No. 45, except cut from west
end of rack

Same as No. 47

Piece of fuel transfer chute—
4" x 5" SS piece cut from chute near
joining ear—sampled from fuel stor-
age basin

Fuel transfer tube roller wheel re-
move from fuel transfer tube reactor
sampled from fuel storage basin

2" dia x 8" long piece of SS cut from
fuel storage basin transfer tube for
fuel elements—sampled from fuel
storage basin

1-3/4" dia steel line draining main
steam line of condensate when reac-
tor was down—collected from storage
drum in cage on basement floor of
turbine building—some torch cutting
on piece

Exterior Surface Activity
(GM-d/m)

45,000

80,000

15,000

0.5 mR/hr
79 mR/hr

15,000

10,000
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FIGURE 4. Locations of hardware samples at Pathfinder Generating Plant.



FIGURE 5. Emergency steam condenser. A sample of
. system had been opened for sampling.
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FIGURE 6. Condensate demineralizer strainer outlet, icrauinn*
inside surface of the exposed piping afte»- *'ie -,,'»f
sampiinn.

fr/j.-..
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3.3.1 Hunboldt Bay Soil Grabs (HBS6)

Three samples of surficial soil were obtained as grab samples in
areas of known contamination from previous work or spills in the
yard area of the plant. These are detailed below:

Sample Description

HBSG-O1 Soil taken near the exhaust gas stack on the southeast
side. Soil taken to approximately 2.5 cm depth.

HBSG-O3 Soil taken below the sandblasting pad and the perimeter
fence at a hot spot reading 600 c/m on GM. Surface
soil to approximately 2.5 cm taken.

HBSG-03A A second hot spot near the sandblasting pad. Soil
taken to 2.5 cm.

3.3.2 Humboldt Bay Soil Cores Inside the Perimeter Fence (HBSC-O)

Two soil cores were obtained inside the perimeter fence, one in an
area where a spill had occurred in the past and the second on a
hillside which received no known contamination. The two samples and
their origins are listed below:

Description

A 50 cm soil core was obtained on the north side of the
condensate storage tank. A surface layer of aggregate
( 2.5 cm) was set aside and the underlying soil sam-
pled at approximately 5 cm intervals.

HBSC-02 A 35 cm soil core was obtained in the grassy median be-
tween the roadway to the rad-waste tank area and the
roadway up the hill to the storage area. It was sec-
tioned into approximate 5 cm intervals.

3.3.3 Humboidt Bay Soil Cores Outside of Exclusion Area (HBSC-)

Seven soil cores were taken surrounding the reactor. These sites
were chosen after consultation with plant personnel and should re-
flect a background location and the potential fallout plume during
the predominant wind regimes at the site.
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Description

HBSC-1-1 A 4 cm soil core in 1 cm intervals obtained directly
"called north" of the reactor

HBSC-1-2 A 4 cm soil core in "called northeast" direction from
plant. The core was segmented into 1 cm intervals.

HBSC-1-3 A 4 cm soil core "called east" from the reactor was
segmented into 1 cm intervals.

HBSC-1-4 A 4 cm soil core was obtained and segmented into 1 cm
intervals in the "called south southwest" direction
from the reactor.

HBSC-1-5 A 4 cm soil core in the "called west southwest" direc-
tion from the reactor was segmented into 1 cm inter-
vals.

HBSC-1-6 A 4 cm soil core, segmented into 1 cm intervals, was
obtained in the directed "called west" from the re-
actor.

HBSC-1-7 A 4 cm soil core, segmented in 1 cm intervals, was
obtained in the direction "called northwest" from
the reactor.

3.3.4 Humboldt Bay Sediments (HB-Sed. )

A total of four sediment samples were obtained from the intake and
outlet sides of the cooling water canal using a plastic corer or by grab
sampling. The locations and descriptions are given below:

Sample Description

HB-Sed. 1 A 25 cm deep core was taken from the intake water canal
near the entrance gate to the plant parking lot. The
core was segmented at approximate 6 cm intervals.

HB-Sed. 2 A 25 cm deep core was taken approximately 45 meters
downstream froir the discharge inlet. The core was
subsequently sectioned in 6 cm intervals.

HB-Sed. 3 A grab sample of the surficial 10 cm of sediment was
collected from the intake platform.

HB-Sed. 4 A 25 cm deep core was taken in the discharge canal
approximately 20 meters from the outlet end. It was
sectioned into four segments of approximately 6 cm
each.
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4.0 AHALYTICAL MEASUREMENTS

The measurements program focuses upon the long-lived radionuclides-
gamma emitters, low-energy beta and X-ray emitters, and the transuranic
alpha emitters. These include 1 4C, &Ha, 5*Mnt 55re, 59NT, 6 3 ^ , 60co,

0 S r, 94 N b, 99Tc, 106Ru, 108mAg, H0m Ag, 125Sb, 126Sn, 129l, 134Cs,

, 144Ce, 152Eu> 154Eu, 155Eu,, 166mHo, 228Ra,, 238Pu, 239-240Pu,

24lAm, 242cm, 244r.m, and uranium and thorium.

4.1 Sanpie Handling and Analysis. Upon receipt of the samples in our
Richland laboratory, the smaller samples, i.e., hole saw pipe cores,
are repackaged in sealed plastic and counted directly on Ge(Li)
gamma-ray spectrometers. The concrete cores are sectioned into 1 cm
depth intervals using a lapidary saw, to determine radionuclide pen-
etration, and also counted directly on Ge(Li) spectrometers.

The larger samples not in amenable geometries for direct counting or
of radionuclide content too high for direct counting are leached by
immersion in hot 6N HC1. Prior to leaching, the outside surfaces
are coated with plastic to minimize the amount of stable iron and
other metal constituents leached.

Aliquots of the leachate, after evaporation down to a volume of 200
ml for all samples and filtration, are counted on Ge(Li) gamma-ray
spectrometers. Following the direct gamma-ray analysis, aliquots
are taken for radiochemical analysis of 1 4C, 5 5Fe, 59pii, 90sr, 94Nt>,
99Tc, 129I, 2 3 8 P U > 239-240 P U, 241^, 242Cm, 244Cn,s uranium and

thorium. These aliquots are taken through radiochemical separation
procedures developed in our laboratory and subsequently counted
using alpha spectrometers, beta spectrometers, or intrinsic
germanium spectrometers.

S.O RESULTS

To date, analytical measurements have been completed for two sites-
Pathfinder and Humboldt Bay. The Pathfinder data has been summarized by
Robertson et al(6) and the Humboldt Bay topical report is in final stages
of preparation. The two sites are summarized below.
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5.1 Pathfinder. The residua"! radionuclide concentrations at Pathfinder
are shown in Table 4. The only radionuclides observed in all reac-
tor system samples were 55pe, 60c0, 59Ni, 63Ni, 238pUj 239-240pu,
and 24lAm. Radionuclides observed in a few samples included lO^Ag,
1 3 7Cs, and 1 5 2Eu. Inventory estimates were made for the Path-
finder reactor and are shown in Table 5. The inventories were con-
structed through the use of engineering drewings and computation of
total surface areas in the piping systems. A summary of the radio-
nuclide inventory at Pathfinder is shown in Table 6 for the main
reactor component systems.

Conclusions from the Pathfinder site were: First, that as of 1980
radionuclides on internal surfaces of piping or hardware exposed to
reactor steam or radioactive liquids were still higher than accept-
able unrestricted levels but generally several orders of magnitude
below Class A waste limits as specified in 10 CFR 61. Secondly, the
major repositories of residual radioactivity were the feedwater pip-
ing and the fuel storage basin. Thirdly, ^ C o makes up over 80% of
the total radionuclide inventory. After the 60Co and 5!>f.e decay
away, the major radionuclides will be ^Hi and 5 9 ^ . Finally, there
were no significant surprises, i.e., unexpected radionuclides at
unexpectedly high concentrations. An important observation was the
presence of lOSmAg in some of the reactor piping samples.

5.2 Kimboldt Bay. The Humboldt Bay analytical program has been com-
pleted and a topical report is in preparation. The concentrations
of radionuclides in the Humboldt Bay reactor systems is shown in
Table 7. The numbers and types of samples from the reactor systems
were necessarily more limited because the future of the reactor is
uncertain. Sampling was limited to sampling corrosion films present
in most instances. The radionuclide concentrations present in Hum-
boldt Bay reactor systems are significantly higher than those at
Pathfinder. This can be related to the longer operating history and
the shorter decay period prior to our sampling. Several radionu-
clides are detectable at Humboldt Bay that were not seen at Path-
finder, including 2*2Cm, 2**Cm and 54Mn. The hardware samples are
still generally within the limits of Class A segregated waste as
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TABLE 4. Residual Radionuciide Concentrations on Piping and Hardware Surfaces at
Pathfinder, September, 1980

pCI/cm? - (pCi/gm) tn parentheses

Identification
1 0 8 %

o

HSL-A Ham steam line c0.36 <0.39 523 4.28 1369 ' 1080 <12 <0.29 <2.6
16" carbon steel U0.026) (<O.O27) (3?.?) (0.308) (98.6) (77.5) (<0.86) (<0.021) (<0.19)

HSB-B Halo steam bypass line * • 994 8.13 5666 20bl * <0.18 •
(J05) (1.68) 1170 424 UO.O37)

HP-74-301A Reactor feeiwater line • • 615 14.1 19350 6346 • <O.S1 .

8" dla. carbon steel (96.4) (2.20) (3016) (989) (<O.O?9)

RFW-A Reactor feeuwlter line • • 1465 15.0 21219 4618 • <0.I70 •

8" dia. carbon steel (150) (1.54) (2177) (474) (<0.017)

HP-42 11 Reactor feeOwatcr line <0.092 <O.OBSO 1465 15.0 21219 4618 <, '60 <0.0b7 <0.59

8' diameter carbon steel (<0.014) (<0.013) (228) (2.34) (3308) (720) (<0.039) (<0.0103) (<0.093

HP-76-30O-A3 Reactor water purification <1.5 <1.5 923 2.32 10117 722 c78 <1.2 10
line <<0.34) (<0.35) (210) (0.531) («0S) (165| (<18) (<0.?7) (<2.4)

IFOP Inlet line to reactor niter <0.42 <0.70 * * 1806 * <5.9 <0.372 <3.3
denin. purification system (<0.090) (<0.15) (387) (<1.3) (-0.080) (<0.71)

RSA Reactor snip putty line 1 7/8* <0.0t0 <0.021 • • 33.2 • <0.31 <0.017 <0.16
dUmeter stiinless steel (<0.0090) (<0.0095) 15.1 (<0.14) (<0.O077) (<0.071)

RSt Reactor sump pump line <0.44 <0.47 235 1.32 1669 445 <16 <0.017 <3.2
carbon steel elbmi (<0.0»3) (<O.O45) (23) (0.13) (161) (42,8) (<1.5) (<0.0016) (<0.31)

RSEPIpe Reactor sunp pump line <O.O76 <0.14 77.9 0.223 120 61.3 <1.0 (0.023 <0.50
1 1/2" did. 55 pipe froir. RSE (<0.02b) (<0.48) (26,0) (0,0743) (40,0) (20,4) (<0.J4) (<O,0077) ((0.16)

RLL-A Reactor liquid "evil colmm <0.75 <0.83 14996 11.8 4020 4163 <31 «0.014 «b.6
2 3/8" OH. Stainless Steel (<0.1b) (<0.17) (2999) (2,36) (S04) (832) (<6.2) (<O.OO27) (<l.l)

5PC-A Shield pool cleanup line (0.203 <0.23 2BD3 1,47 782 4S0 <b.) (0.01) <],6
4" dla, carbon steel (<0.082) ((0.093) (1135) (O.Hb) (317) (195) (<2.09) (<0.O045) (<0.64)

PUC-B Pool Hater cleanup line <0.68 (0.73 2544 5.J5 23601 1646 <21 (0.031 <4.95
2" OK. stainless steel ((0.27) ((0.29) (1006) (2.13) (9335) (6S1) (<8.2) kO.012) (<).9b)
(storage shield pools)

<1.5
(<0.104)

..0.096
(<0.015)

<0.83
(<0.l9)

<0.26
(t0.0S6)

5.18
{2.3*1

69.8
(6.71)

108
(40,0)

<0.15
(<C.O91)

<0,13
(<0.051)

(0.3B
(<0.15)

<0,40
(<0.062)

<5.8
(<1.3)

<1.8
(<0.39)

(0.079
(<0.036)

<1,8
(<0.17)

<D.21
(<0,U70)

<3.2
((0.63)

,).3
(<0.53)

(2.(1
((1.1)

(0.61
((0.014)

(0.16
(<0.0?6)

(?,b
(<0.b7)

<0.79
(<0.17)

(0.0«?
((0.019)

(0.81
(<O.O77)

(0.19
N0.062)

( l .«
U0.V)

,0.38

tl.2
(<0.4b)

• Not measured.



TABLE 4. (contd)
Radionuclide Contents - pui/cm2 (pCi/gm) in parentheses

Identification 126,, 134,,

O

Main steam I'.ne
16" caroon steel

Main steam bypass line

<0.!3
l<0.017)

Reactor feeuwater line *
8" dia. carbon steel

Reactor feedwater line *
6" dta, carbon steel

Reactor feedwater line <0.O57
8" diameter caroon steel (<0.090)

Reactor water purification <0.87
line (<0.20)

Inlet line to reactor wafc-r (0.27
demin. purification systf<i (<O.O59)

Reactor sump pump line i 7/8" (0.019
diameter stainless steel (<0.0086)

Reactor sump pump line <0.26
carbon steel elbow ((0.027)

Reactor sump pump line (0.062
1 1/2" dia. SS pipe from RSE (<0.021)

Reactor liquid level column (0.47
2 3/8" dla, stainless steel ((0.094)
Shield pool cleanup line <0.13
4" dla. carbon steel ((0.053)
Pool water cleanup line <o.41
2" 01*. stainless steel ((0.16!
(storage ( shield pools)

<O.IS
(<0.013)

<0.045
(<O.0O72)

<0.72

<0.23
(<O.O49)

(<O.O0SO)

<0.22
(<O.OZ1)

<O.O36

<0.39
(<O.O78)

<0.11
(<O.O44)

<0.34

<O.4J
U0.031)

0.0822
(0.0169)

0.0905
0.0141

<O.O39
(<0.0040)

<O.O74
(<0.0012l

3.«8
(0.793)

0.914
(0.196)

<0.019
(<0.008t>)

0.820
(0.079)

<O.O56
(<0.018)

2.02
(0.405)

1.35
(0.545)

40.2
(15.9)

<0.81
(<0.060|

(<0.066)

<3.9
(<0.88)

<3.4
(<0.73)

<0.058
(<0.026)

<0.5S

<3.7
(<0.73)

<0.79
(<0.32)

a.6
(<0.62)

0.181 ((0.34) ((0.055)

<0.28
(<0.043)

<4.2
(<0.97)

<0.048
!<O.O22)

4.09
(0.44)

0.85
(0.J8)

<2.02
(<0.404)

(<0.66)

<0.97

<6.9
( 1

<5.9
(«0.66)

<0.68
(<0.22)

<10.2
(<2.03)

<2.8
( 1

<0.15
(<0.024)

(<0.42)

<0.58

<0.027
(<0.012)

<0.51
l<0.049)

<0.12
(<0.041)

^0.99
U0.20)

cO.27
l

<0.97
(<0.39)

<2.2
(<0.50)

<0.031
U0.014)

<0.67
(<0.0b4)

(0.093
((0.031)

<1.2
(<0.24)

(0.33

0.00143
(0.000104)

0.00272
(0.000562)

0.00119
(0.000185)

0.00155
(0.O0011)

0.00294
(C.00060S)

0.00215
(0.000338)

0.000964 0.00778
(0.00009881 (0.000183)

(0.91

<n.24
«0.U)
<5.3

(51

(0.61
((0.204)

<Z.5
(<!.O)

(8.3

0.000964
(0.000149)

0.000279
(0.000063)

0.000392
(O.OOOO36)

0.00108
(U.OO03b5)

0.000450
(0.O0009C)

0.00901
(0.00369

0.0315
(0.0126)

0.00178
(0.000279)

0.000324 0 0077b
(O.OOU072) (0.00177)

0.00248 0.00117
(0.000239) (0.000113)

0.00676
(0.00221)

0.00117
(0.000225)

0.0563
(0.0230

0.212
(0.0838)

0.0649
(0.0JS1)

0.104
(0.0410)



TABLE 4. (contd)
Radionuciide Concentration - pCi/cm2 (pCi/gm) in parentheses

<
1108

Suple

PM-A

PDI-A

SPCo-A

SPD-A

TR-I

TK-O-NH

FHK-A

SHFIS-A

SHFtS-C

Fre

FTTH

FRSI-A

FRSI-C

Identif ication

Outlet f r o * pool demin.
2" d ia . SS pipe

In le t to pool d m i n .
2" d la . SS pipe

Shield pool coolant bypass
4" d ia . carbon steel pipe

Shield pool drain pipe
4* d ia . SS pipe

Tool rack f ro* shield pool-
s t r i p of SS plate

Nuts and Dashers f r o * TR-B-
5tain1ess steel

Fuel shoot support strut
f r o * shield cool - 2 1/2* dla.

Superheater fuel storage
rack - 1" dfa. SS tubes

Sine as SHFIS-A, except
f r o * another bundle

Fuel transfer enute In fuel
storage bisln - SS plate

Fuel transfer chute ro l le r
Kneel - SS ro l le r

Fuel storage rack - 2" dla.
SS cylinder - east end

S I M as FRSS-a, except
f r o * west end

* Not masured.

»«a

<0.22
(<0.085)

<0.25
(<0.104)

<0.32
(<O.O69)

<3.7
(<1.6)

<O.040S
(<0.02U)

<2.1
(<0.82)

<0.86
(<0.21)

<0.17
(0.36)

<0.53

<0.16
(<0.089)

<0.S9
(<0.14)

<3.1
(<1.S)

<3.9
(<S.O2)

5*Mn

<0.11
(<0.041)

<0.48
(<0.196)

<0.35
(<0.075)

<3.96
(<1.7)

<0.046
(<0.025)

<2.3
(<0.901)

cO.99
(<0.24)

<0.19
(<0.41)

<0.91
(<1.97)

cO.30?
(<0.17)

<0.67
(<0.15)

<2.4
(<1.2)

<3.98
(<2.O4)

«F«

*

*

*

336
(142)

•

*

55.0
(13.4)

*

t

67.6
(37.4)

294
(145)

537
<J«)

*

•

*

0.572
(U.2405)

*

*

<0.100
<<0.024)

*

*

<0.X9
(<0.105)

*

0.356
(0.176)

0.S99
(0.30S)

WCO

535
(204)

1346
(555)

873
(191)

4599
(1931)

123
(64)

883
(332)

788
(192)

101
(21»)

178
(386)

m
(534)
547

(127)

4274
(2113)

8252
(4234)

*

•

*

173
(72.5)

*

•

35.3
(8.603)

*

•

22.9
(12.7)

*

11?
(57.7)

188
(96.5)

"zn

<4.8

<8.7

<34

<7.9

(<?:!>
<0.59

<2.7

(<o!soo)

<32

<48
(<25)

<0.081
(<0.031)

<0.36

<0.26
(<O.O57)

<0.S9
(<0.025)

<0.04O5
(<0.021)

<3.7

<0.019
(<0.0050)

<0.14

<0.45
(<0.98)

<0.071

<0.S04

<0.018
(<0.0090)

<0.025
(<0.013)

"»*• ,

<0.72
«0.2?)

<3.2

<2.33
(<0.S09)

<4S

tO.33

16

<6.5

4.1

(<0i67)

<4.5

(<7.97)

<27

10fciAg

<0.O55

<0.25

<0.18
(<0.0401)

<2.3
(<0.95)

0.14
(0.075)

uoisi)

<0.63

<0.103

<0.32
(<0.69)

<0.17
(<0.O94)

0.91
(0.21)

(<o!e5)

<2.2

»o*A g

<0.40

(<o!74)

(il.4)
<0.18

(<O.O97)

M\)
<S.7

W.4)

<0.72

i«i:S)
«0.68

U0.37)

<2.5
(«0.57)

<9.01

5J57.8)

1Z5Sb

<0.35

<0.797
(<0.33)

<0.55

<6.3

<O.OB1
(<0.043)

<8.9

(to!37)

<0.32
(<0.69)

ud)
<0.43

(.0.24)

<l.O4
(<0.24)

<4.M

«6.6



TABLE 4. (contd)
Radionuclide Concentration - pCi/cm2 (pCi/gm) in parentheses

126c.Identification

Outlet from pool demin. <O.O59
2" dia. SS ,jipe (<0.023)

Inlet to pool demln. <0.26
2" dt«. SS pipe (<O.1OS)

Shield pool coolant bypass <0.19
4" d t i . carDon steel pipe (<0.042)

Shield pool drain pipe <2.2
4" dla. SS pipe ((0.92)

Teal rack from shield pool- <O.O28
strip o f SS plate (<0.015)

Huts and Mashers from TR-B- <2.6
stainless steel (<0.99S)

Fuel shoot support strut <0.55
fro* shield pool - 2 1/2" dia (<0.13)

Superneeter fuel storage <0.11
rack - 1 * dta. SS tubes (<0.24)

Sam as SHFBS-A, except <o.36
from another bundle (<0.78)

Fuel transfer chute in fuel <0.23
storage basin - SS plate (<0.13)

Fuel transfer chute roller <0.38
Hheel - SS roller (<0.088)

Fuel storage i-ck - 2" dia. <1.3
SS cylinder - east end (<0.66)

Sane as FRSB-A, except <2.9
fro* west end (<1.5)

134.

<0.049
(<0.019)

<0.23
(<O.O94)

<0.16
(<0.035)

<1.8
(<0.76)

<0.024
(<0.013)

3
K0.49)

<0.45
(<0.11)

<0.091
U0.20)

<0.41
(<0.88)

<0.085
(<0.047)

<0.304
(<O.O7O3)

<1.1
(<0.56)

<1.9
(<0.97)

1
(<0.399)

<5.9
(<2.96)

<9.99
('6.1)

<0.23
(<0.086)

<1.0S
(<0.44)

<0.75
)

<0.24
(<0.13)

<4.8

<4.3
(<0.94)

<S5
«23)

cl.2
(<0.63)

155Eu

<0.I05
(<0.0401)

<0.38
(<0.083)

<0.059
(<0.03U

238.,

<0.15
(<0.058)

<0.77
(<0.32)

<0.49
1)

<5.6
U2.4)

<D.O68
(<O.O36)

(«0.51)

<0.43
K0.92)

i'l'.l)
<0.38

(<oi33)
<5.99
(<2.95)

<12

(<2.9)

<2.3
(<S.OO)

<7.7

<2.2

<29

<'.9

(<0.39)

<0.24

<0.62

<O.2O3
UO.ll)

<0.68

<2.8

<4.7

(<0.34)

<O.3B
(<0.82)

<0.89

<0.41
(<0.23)

<0.93

<3.4

<5.7

tl.2
(<0.058)

«3.9
(<0.85)

<0.53
(<0.28)

K5.98) (<25)

<6.7
)

<1.98

<26.6
7)

<44
)

<0.000900 <0.0000631
(<0.0000360) (<O.OOOO27O)

O.ODO315 0.000766 O.OD3O2
(0.000901) (0.000180) (0.000721)

0.000541
(0.00113)

0.00131
(0.000721)

<0.000045 0.00838
(<0.000090) (0.01802)

0.0000676 *
(0.0000360)

0.00189 0.0000901
(0.000450) (0.0000225)

0.00946
(0.00464)

0.0296
(0.0152)

0.00149
(0.000766)

0.00401
(0.00206)

• Not measured.



TABLE 4. (contd)
Radionuclide Concentration - pCi/cm* (pCi/gm) in parentheses

Identification " * , 5V » F e _ _S9_N) 6 0 ^ 63N , _ 6 5 ? n W K b 106Ru 10&,

FSBII Fuel transfer tube from <0.71 <0.78 * • 769 • <3.7 <0.S9 <5.3 <0.4i <4.2 <1.3
fuel storage basin . 2" dia. (<0.16) (<0.18) (1/8) (<0.87) (<0.14) (<1.Z) (<O.O97) (<0.97) (<0.29)

HSHT-Pipe High solids holdup tank dis- <2? <16 886 0.34 13393 119 <1?4 <0.0300 <106 <8.9 <60 <2t>
charge lino - 1 1/2" d ia . <(8.9) (<6.6) (362) (0.14) (5474) (49) l<51) (<0.Q12) (<4S) (<3.6) (<25| (<11)
SS pipe

HSHT-tlbow Carbon steel eloow from dis- <1.3 <1.5 88/ l.?3 9351 402 <7.3 <0.031 <8.8 <0.71 <4.9 <2.8
< cnarge IfnB from HSHT (<0.55) <<O.6<!) ;3S9) (0.S4O5) (4104) (176) (<3.?) (<0.014) {<3.9) « 0 . 3 ! ) («2.1) (<1.?|

• CUTO-A Concentrated waste tank dis- <0.029 <O.OJ1 « * 57.5 • <0.401 <0.0?5 <0.23 <0.018 <0.12 <0.0Mi
— ' charge line - 1 1/2" d ia . (<0.013) (<0.018) (24.9) (<i,.17) K0.011) (<0.098) (<0.0080) (<0.054) l<0.0<4)
- ^ SS pipe
O

SHTO Spent resin tank discharge <O.4O3 <0.63 « • 930 • <B.7 <0.33 <2.99 <0.46 <2.5 <O.7O3
line - 2" dia. SS pipe (<0.12) (<0.19) (275) (<2.b) (<0.09')) (<0.88) (<0.14) (<0.75) (<0.21)

SCOL Steam rondensale drain line <0.03t> <0,0«l • • 67.6 • <0.4(, <0.032 <0.28 0.0BO4 v0.16 <0.0b»
1" dia. carbon steel line (<0.013) |<O.OI5) (?4.8) (tO.17) n0.012) (<0.103) (0.0317) (<0.058) (<0.0Z5)

Estimated cone, for Rad-waste system SS <0.b <0.5 300 ? 5000 200 <5 <0.0b <10 «0.5 -> <0.7
piping

tstlmjtL'd cone, for Rad-waste system carbon <0.2 <0.? 1500 ? 10000 400 <5 <0.0b <1O <0.5 <' <0.7
stt't'l piplny

• Hot measured.



TABLE 4. (contd)
Radionuclide Concentration - pCi/cm2 (pCi/gm) in parentheses

Identil'cation 126,,

FSBTT Fuel transfer tube from
fuel storage basin - 2" dia.

HSHI-Pipe High solids holdup talk d is-
charge line - 1 1/2" d ia.
SS pipe

HSHT-EKow Carton steel elbow from dis-
charge line from HSHT

CHTu-A Concentrated Haste tank dis-
charge I ins - 1 1/2" d ia.
SS pipe

SRTO Spent r e s i n tank d ischarge
l i n e - 2" d i a . SS p ipe

SCP. Steam condensate d r a i n l i n e
1 " d i a . carDon s tee l l i n e

Est imated cone, f o r Rad-«aste system SS
piping

Estimated cone, for Rad-aaste system carbon
Steel piping

<0.45
(<0.104)

<9,01

<0.74
(<0.32)

i0.O19
(<O.O083)

<0.2b
(<O.O73)

<0.024
(<0.0088)

<0.3

<0.3

<0.36
(<0.083)

<9.2
(<3.8)

<0.61
(<0.27)

d.58
(<0.68)

<0.2O3
(<0.0601)

<0.0197
(<0.O072)

<0.2

<0.2

42.3
(9.82)

72.7
(29.7)

40.2
(17.6)

0.236
(0.102)

<0.38

<0.066
(<O.O24)

10

10

<2.9
(<0.67)

<40

<3.3

<0.0B8
(<O.O38)

<0.9b
(<0.28)

<0.18
(<0.066)

<'

,,

(<o!j9)

<3.7

<0.069
(<0.0300)

<0.94

<O.0B97
U0.033)

a

• 234
(<9b)

(il.9)
<0.401

<b.5

<O.49b

<>

<0.804

<3Z

(<o!68)

<O.O42
(<0.018)

$*)

(<o!o22)

<»

(<o!2b)

<23

,:o:li,
<0.047
(<O.O2O3)

<0.63

<O.OS9
(<0.021)

«>

8.6

<6O
(<2b)

1«M6.,,
<0.3b

<b.O2

<O.4b

<1

•

2.89
(1.18)

0.153
(0.0672)

*

*

•

O.Ob

O.OS

*

C.438
(0.179)

1.02
(0.449)

*

•

•

0.0b

0.05

241,,

0.641

• Not measured.
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TABLE 5. (continued)

System
:u2l storage bisIn

Vft-MiStC SVStM
(used estiMated avenge
radionucl ide concentration
for rad^wste piping
see Table 2)

High solids holdup tank
(used HSHT-pipe)

Spent resin tank
(used SPTD)

Lo» solids holdup tank
(used SPTO)

Concentrated waste storage tank
(used CWTD-A)

Haste surge tank
(used SPTO)

Haste dMtnerallzer, tank
(used SPTO)

Storage pool water cooler
(used PHC.B)

S» I t Id pool M t e r cooler
(ustd 5PD-A)

fool Oemineral i iers
(ultd PDO-A)

Material
Type

stainless
stainless 1
stainless

stainless
stainless
stainless
stainless
stainless
stainless

Nominal
_ 0.0. ( In.)

teel
teel
teel

steel
steel
steel
steel
steel
steel

carbon steel
carbon %\tt\
carbon steel
PVC
PVC
PVC
PVC
PVC

stainless steel

Walls

T o t a l To ta l
Length ( f t ) weight ( lb)

floors (used FTC)
Fuel racks (avg. of FRSB-A C)
Superheater fuel baskets
(avg.
TOTAL

6
4
3
2

1-1/2
31*
2

1-1)2
1
4
3
2

1-1/2
3/4

TOTAL

of STFB5-A C)

10
39
14

2?7
821 1

9
19

131
23

337
99

240
666
102

92
216

60
60O

.715
8

70
357

39
913
182
218
435

27

Total Inside
Surface Area ^c* )

2,663,700
4.784,200

49,877

15,300
39.800
10,900

119,300
335,000

1,690
9,660

51,300
5,920

313,400
69,600

113,100
242,900

18,300

214,506

744,222

744,222

193,167

140,46!>

56,546

77,181

77,181

166,012

GRAND TOTAL

5 5 F ,

173
1,990

0.47*

2,164

4.6
11.9
3.3

35.8
100.5

0.6
14.5
76.9
8.9

94.0
20.1
33.9
72.9
5.5

484

190

42

42*

0.13*

7.9*

3.2*

196.3

26.1

5.3*

7853

«0.49
2.28
0.0005*

2.28

0.031
0.080
0.022
0.239
0.670
0.004
0.019
0.103
0.012
0.627
0.139
0.226
0.486
0.037
2.70

0.073

0.28

0.28*

0.00042*

0.053*

0.021*

0.41

0.044

0.036*

99.5

nventory of
M Co

2,469
29,960

6.9

32,436

76.5
199
54.5

597
1,675

9.5
96.6

513
59.2

1,567
318

0.57
365
91.5

5,652

2,873

692

692

11.1

131*

52.6*

1,821

355

88.8

105,400

Detectibte Radionuclioes-Microcurles

M»1

56.7
730

0.17*

703

3.1
7.9
2.2

23.9
67.0
3.8
3.9

20.5
2..I

62.7
13.9
22.6
48.6
3.7

296

25.5

28*

28*

0.085*

S.3*

2 . 1 *

127

13.4

3.6*

14,273

<0.44
<8.4
<0.010

<8.9

<0.008
<0.020
<0.005
<0.060
<0.17
<0.001
<0.005
<0.026
<0.CO3
<0.16
<0.035
<O.O57
<0.12
<0.009
<0.68

<1.9

<0.3»

<0.34

<0.O035

<0.06*

<0.026*

<0.029

<0.16

<0.OO9

3.6

» 7 Cs

3.69
78.9
0.043

82.5

0.153
0.398
0.109
1.19
3.35
0.019
0.097
0.513
0.059
3.13
0.696
1.13
2.43
0.183

13.6

15.6

<0.28

<-.28

0.046

<0.05*

<0.02*

<0.12

<0.66

0.041

120

l «Eu

<0.97
<43

<0.Z5

<44

<0.015
<0.040
<0.011
<0.119
<O.33i
<0.O02
<0.009
<0.051
<0.0O6
<0.313
<0.070
<0.U3
<0.243
<0.018
<1.3

<11

<0.70

<0.70

<0.013

<0.13*

<O.O53*

<0.13

<0.70

<0.03i)

1.9

0.0034
0.093
O.OOOO27

0.096

O.OOO77
0.00199
0.00055
0.0060
0.C168
0.00009
0.00048
0.0026
0.00030
0.0160
0.0036
0.0057
0.0121
0.00092
0.068

0.618

0.0069*

0.0069*

0.000021*

0.O013*

0.00052*

0.0024

<0.00007

<0.00089*

0,61

S39-24OPu

0.00017
0.013

<0.000002

0.013

0.00077
0.00199
0.00055
0.0060
0.0168
O.00O09
0.000*8
0.0026
0.00034
0.0160
0.0035
0.0057
0.0121
0.00092
0.06S

0.094

0.0069*

0.0069*

0.000021*

0.0013*

0.00052*

0.0164

(0.000005

0.00089"

0.23

»'A.

0.00017*
0.013*
0.00042

0.013*

0.00077*
O.O0199*
0.00055*
0.0060*
0.0168*
O.OOO09*
O.0004«*
0.0026*
0.00030*
O.0160*
0.0035*
0.0057*
0.0121*
0.00092*
0.068*

0.094*

0.0069*

0.0069*

0.000021*

0.0013*

0.000E2*

o.oceo
cO.000005*

0.00089*

0.22

• Kadlonucllde not actually measured In these samples. Inventory estimated by comparing with similar piping »Mch *as measured.



TABLE 5. (continued)

System

Fuel storage basin

Rad'ttaste system
(used estimated average

radionuclide concentration
for rad'Mtiste DiDtriQ1 VI < *JW H V * * |/*|^>>i^|

C M Table 2)

moh solids holdup tank
(used HSHT-plpe)

Spent resin tank
(used SPTD)

LOM solids hcldup tank
(used SPTO)

Concentrated naste storage tank
(used MTD-A)

Haste surge tank
(used SP(O)

Haste denineraltzer, tank
(used SPIO)

Storage pool water cooler
(used Pnc-6)

Shield pool water cooler
(used SPD-A)

Pool [minera l Hers
(used PDO-A)

Material Haul m l
Type O.D. ( I n . )

stainless steel
stainl

stainl
stainl
stainl
stainl
stain'
stainl
carbo'.

ess steel

less steel
less steel
less steel
less steel
less steel
less steel
1 ttM]

carbon steel
carbon steel
PVC
PVC
PVC
PVC
PVC

stainless steel

Kails

Tota l

f loors (used
Fuel racks (avg. of

Total
Wetpht (1b)

FTC)
FRSB-A C)

Superheater fuel baskets
(avg.
TOTAL

6
4

2
1-1/2

3/4
2

1-1/2
1
a
3
2

1-1/2
3/4
TOTAL

of STFBS-A C)

10
39
j4

227
821

9
19

131
23

337
99

240
666
102

92
216

60
600

1,715
S

70
357

39
913
182
218
435

27

Total Inside
Surface Area (cm )

2,563,700
4,784,200

49,877

15,300
39,800
10,900

U9.3OO
335,000

1,890
9.660

51,300
5,920

313,400
69,600

113,100
242,900

18,300

214,506

744,222

744,222

193.167

140,465

56,546

77,181

77,181

166,012

G8AHD TOTAL

5 5Fe

173
1,990

0.47*

2,164

4.6
11.9
3.3

35.8
100.5

0.6
14.5
76.9
8.9

94.0
20.9
33.9
72.9

5.5
484

190

42

42*

0.13*

7.9*

3.2*

196.3

26.1

5.3*

7953

="Kt
<0.-19

2.28
0.0005*

2.28

0.031
0.080
0.022
0.239
0.670
0.004
0.019
0.103
0.012
0.627
0.139
0.226
0.486
0.037
2.70

0.073

0.28

0.28*

0.00042

0.053*

0.021*

0.41

0.044

0.036*

99.5

Inventory of

°"Co
2,469

29.960
6.9

32,436

76.5
199
54.5

697
1,675

9.5
96.6

513
59.2

1,567
348

0.57
365

91.5
5,652

2.873

692

692

« 11.1

131*

52.6*

1.821

355

88.8

105,400

Detectible

HI
68.7

730
0.17*

789

3.1
7.9
2.2

23.9
67.0

3.8
3.9

20.5
2.4

62.7
13.9
22.6
48.6

3.7
286

25.5

28*

i f

0.085*

5.3*

2 . 1 *

127

13.4

3.6*

14.273

Radionuclldes-Htcrocurles

Ag
<0.44
<8.4
<0.010

<8.9

(0.0O8
(0.020
<0.005
<0.060
<0.17
(0.001
<0.005
(0.026
(0.003
(0.16
(0.035
<O.O57
(0.1?
(0.009
(0.68

(1.9

(0.34

(0.31

(0.003b

<0.06*

<O.O26*

(0.029

(0.18

(0.009

3.6

" Cs
3.59

78.9
0.043

82.6

0.153
0.398
0.109
1.19
3.35
0.019
0.017
0.513
0.059
3.13
0.696
1.13
2.43
0.1B3

13.5

15.6

<0.28

(-.28

0.046

<0.05*

<0.02*

(0.12

(0.66

0.041

120

Eu
(0.97

<43
<0.25

<44

(0.015
(0.040
(0.011
(0.119
(0.335
(0.002
<0.009
(0.051
<o.m(0.313
(0.070
(0.113
(0.243
(0.018
(1.3

(11

<0.70

(0.70

(0.013

<0.13*

<O.O53*

(0.13

(0.?0

(0.038

1.9

238
"*tu

0.0034
0.093
0.000027

0.096

0.00077
0.00199
0.00055
0.0060
0.0168
0.00009
0.00048
0.0026
0.00030
O.O1W
0.0035
0.0057
0.0121
0.00092
0.068

0.618

O.CO69*

0.0069*

0.000021*

O.O013*

O.OOO52*

0.0024

(0.00007

(0.00089-

0,81

239-240pu

0.0C017
0.013

(0.00000?

0.013

O.ODO77
0.00199
0 00055
0.006O
0.0168
0.00009
0.00048
0.0026
0.00030
0.01(0
0.0035
0.0057
0.0121
0,00092
0,0(8

0.094

0.0069*

0.0069*

0.000021*

0,0013*

0,00052*

0.0164

(0.000005

0.00089*

0.23

241

0.00017*
0.013*
O.00M2

0.013*

0.0007;*
0.0019**
0.00055*
0.0060'
0.0168*
0.0000**
O.O004I*
0.0O2i*
O.OOOW*
0.01H*
0.0035*
0.0057*
0.0121*
0.000*?*
O.OM*

0.0*4*

0.00M*

0.006**

0.000021*

0.0013*

O.OM52*

0.00*0

(0.000005*

0.000891

0.22

• Radionucllde not actually ncasured In these samples. Inventory estimated by comparing n i th similar piping irhleh »a i measured.



TABU 5. Radionuclide Inventories in Pathfinder Piping and Components, September 1980

System

I

Main steam line
(used MSl-A)

Steam emergency bypass line
(used M5L-A)

Reactor feedwater lines
(used Wf>-42 oil I

carbon steel
carbon steel
carbon steel
carbon steel
carbon steel

carbon steel
carbon steel
carbon steei
carbon steel

Reactor water purification Unes stainless steel
(used HP-76-3OO-A3 stainless steel

stainless steel
stainless steel

Reactor water purification
iJemineraiizer tanks

(u»M W-76-3OO-M)
Reactor Mater purification
coolers

(used UP-76-300-A3)

Shield ind storage pw.l
purification lines

(used SPD.A)

stainless steel

stainless steel

stainless steel
stainless steel
carton steel
stainless steelstainless sieci

Poo' niter cleanup line (PHC-B) stainless steel
Inlet l ine to pool Oenln. |F>DI) stainless steel
Outlet from pool uemin. (POO) stainless steel

Total Total
Length ( f t ) Weight ( i l

132 10,95?
62 3318

TOTAL

16
14

4
3

TOTAL

6
4
3

"TOTAL

8"
4"
4"
3"
2"
2"

n
66
19
3?
22TOTAL

100
218

644
90

575
•13

4
4

161
192

36
48

910
4,161
1,021
1,052

231

19 > 794
2,19*.
1,075
1,652

1,024
967

2,488
159

SMcld pool
(men FHR-M

stainless steel

TOTAL

( 2 6 . 5 ' 1 . 0 . 20' htgh)

99
41

1.737
1.455

131
175
10?

Total Inside ?
Surface Area tcm )

481,000
180.000

40.100
255.000
56.4C0
22,800
?1,000

1,346,000
170,000
97,500

163,000

79.700
67.800

428,000
21,900

165,182

165,560

6,792
3,709

157.612
143,184

18,092
24,123
14,06?

2,060.300

262
94

346

39
219

54
22
20

354

1,970
260
140
240

2,600

74
81

395
20

670

152

2.3
1.3

442
40.4
46.0

3.5*
0.8'

544

213

Inventory of Detectirle Radionuclldes-Hicrocurtes
J " rossr;—H7^ ra^,

2 .1
0.7
2.8

0,33
1,(15
0.45
0.19
0.1?
2.99

20
26
16
24
86

0.18
0.20
0.99
0.05
1.38

O.3B3

0.384

0.004
0.002
0.23
0.002
0.097
0.0074*
0.0017*
0.424

<0,2I

227
1.270

373
129
119

2,750

28,600
3.610
2,010
3,460

37,740

1,691
1,81)3
9,08?

465
13,101

1,671

1,675

82
460
113
47
43

745

6,220
790
450
760

8,210

368
405

1,977
101

2.851

0.14
0.89
0.19
0.078
0.072
1.35

<0.100
<0.016
<0.009
<0.016
<0.45

<0.C66
<0.07J
<0.36
<0.018
tO.62

119 <0.14

119 <0.14

0.003
0.02!
0.005
0.002
0.002
0.033

<0.38
<0.013
<0.007
<0.012
<0.13

0.28
0.31
1.49
0.076
2.15

0.57

0.018
0.10)
0.025
0.010
0.009
0.163

0.0013
<0.048
<0.027
<0.048
<0.50

<0.33
<0.37
<1.8
<0.09
<2.6

0.00011
0.0006?
0.00015
0.00006
0.00006
0.0010

0.0024
0.0002
0.0001
0.0002
0.0018

O.OOOO22
0.000024
0.000119
0.000006
0.000171

0.00075
0.00028
0.O01O3

0.00012
0.0006/
0.00017
0.00007
0.0OOO6
0.00110

<0.0100
0.0003
0.030?
0.0003
0.0032

0.000025
0.00002B
0.000139
0.000007
0-000199

0.00075*
0.00028*
0.00103*

0.00012*
0.00067*
0.00017*
0.00007*
0.00006*
0.00110*

<0.010*
0.0003*
O.OO0Z*
0.0003*
0.0032*

0.00062
0.00068
0.00332
0.00017
0.0048

<0,069 0.000046 0.000053 0.000053*

0.57 <0.069 0.000046 0.000053 0.000053*

31.2 1.18 <0.016 <O.O58 <0.O62 <6xlO"* <4xl0"J
17.1

123
659
427

32.5
7.6

1623

0.64
76.7
24.8
29.8
?.3»
0.53*

135

<0.008
(O.OZ'J
<0.33
<0.007
<0.006
<o.oooe
<0.39

<O.O32
0.21

<1,23
0.73
0.031
0.0034
0.97

<0.034
<0.082
<1.30
<0.030
<0.O»
<0.O03

6

0.0014
<o.mi3
0.00057
O.00O0I*
0.00001*
0.0020

0.0089 , 0.010

0.0038
0.00029*
0.00007*
0.013

D.0019
0.00014
0.0OO04*
0.012

72.9 , 1 . 3 0.00066 0.00)5 0.005?

! not actually treasured in tnose sample:. Inventory osttrndtud by compjring wtth similar piping which was



TABLE 6. Summary of Radionuclide Inventories in Pathfinder Plant Systems, September, 1980

Inventory (millicuries)

System
55Fe

0.70

2.60

G.88

0.77

0.11

2.16

0.77

60CO

3.65

37.7

16.4

3.56

1.62

32.4

10.1

59Ni

0.0058

0.085

0.0021

0.00091

<0.0002

0.0023

0.0034

63N.

1.46

8.21

3.09

0.28

0.073

0.79

0.37

108mA

0.036

<0.0005

<0.0008

<0.0005

<0.001

<0.009

<0.003

13'CS

<0.0003

<0.0001

0.0033

0.001

<0.002

0.083

0.029

152Eu

0.0019

<0.0005

<0.003

<0.002

<0.OO4

<0.04

<0.01

23

1.9

1.8

0.26

5.6

0.6C

96 x

700 x

x 10-b

x lO-6

i x lO-6

x lO-6

. x lO-6

10-6

10-6

23

2.

3.

0.

30.

1.

13

180

9-

1

2

31

3

5

X

X

240Pu

x 10-6

x lO-6

x lO-6

x lO-6

x 10-6

10-6

10-6

2

2.

3.

4.

14.

1.

13

180

41

1

2

9

5

5

X

X

x 10-6

x lO-6

x 10-6

x 10-6

x 10-6

(*)

(*)

(•)

10-6 («)

10-6

Main steam and steam bypass lines

Reactor feedwater lines

Reactor water purification lines,
coolers and tanks

Shield and storage pool purification
lines, coolers and tanks

Shield pool

Fuel storage basin

Rad-Waste piping and tanks

Total 7.9 105.4 0.10 14.2 0.036 0.12 0.0019 8.1 x 10"4 2.3 x 10"4 2.2 x 10"'

(a) 2*1Am inventories assumed to be equal to 239-240pu where measured values were not available.



TABLE 7

g Z N . M H n

Hater Samples (r.oncentration in Pe l /ml )

<O.O9 <0.13Steam Suppress ion
Chamer Water

Spent Fuel Storage <0.9
Pool Water

1.5
» 1.0

21
* 1

«7n 9«Nb

<0.19 <0.41

<2.9 <0.91

Residual Radionuclioe Concentrations in Hurcboldt Bay Reactor Component Systems

1 3 V , 137. 144.

<11 <1.8 <2.0 <5.5 <0.05 147 2810 5.9
• 3 • 10 « 2.7

<20 <3.0 <4.6 <9.5 <0.05 427 4220 <0.07
« 5 • 20

<3.0

<5.9 9
• 4

<0.8?

<1.6

<0.95

<7.3

Hardware Systems (Concentration in Pci/cm?)

Spent Tuel Pool Wall <45

Steam suppression
Chamber Wall

1.0
• 0.5

4.0
• 2.9

Steam Relief Valve

Main Steam Condenser <120

Ham Steam Condenser <6.5

Emergency Condenser 9
> 6

Gland Seal Exhauster 61
• K

Condensate
OwiMrtltter

28
16

Off gas HEPA Fi l lers <3.S

Air Ejector <8.7

Hyorjulic Control
Rod Drive F i l te r

430
1 400

760
• 70

6.3
• 0.3

2.1
• 1.0

8200
• 100

57
• 5

860
• 30

280
• 10

55
• 6

2600
« 200

22,100
1 200

536
* 3

1440
• 10

142,000
• ,'00

1630
* 30

4920
• 40

34,600
• 200

14,100
• IO0

115
* 7

3080
« 50

2SJ,0O0
• 2.000

370
• 210

0.9
• 0.5

<2.8

<120

<5.0

<4.3

<6.4

<330

0.79
• 0.49

<2.9

<120

• 5

<33

<4,3

c7.4

ejbO

<72O

<4.6

<2B

<1100

<54

<300

<140

<160

<74

<3300

<100

<0.3l

530
• 280

7.5
• 3.5

<830

<36

45
• 38

<230

120
• 100

64

<26O0

0.52
« 0.28

350
« 60

21
> 5

260
• 1(1

(30

It

<2.0

<0.006

<0.04

<0.06

<0.40

<0.1U

0.7
* 0.5

3.2
» 0.5

6.9
« 2.6

<100

• 5

<28

• 7

• 30U

260
1 40

710
• 20

110
. 10

900
1 20

33,400
. 100

77
1 6

790

• no

0.59
• 0.35

<0.61

<0.14

<5.8

<6.4

<300

<40

<5.8

<23

<97O

<87

<43

140
• 140

<O.1S

<0.73

<86

<0.9

<5.5

<580

<1.1

<6.1

200
• 140

0.30
• 0.17

<0.8i

15
• 12

3.2
* 1

1c
• 7

13
• 5

,17

5.5
• 2

.4

.3

• 10

<59

<36
• Z8

<? 6

»3
• 15

<12

<66

<32

<17

29
• 1

3.1
• 2.5

25
' 4

630
• 130

[Inj tConcentr*lloni in Pcl/cc of resin}

Sump Drain Sludge
(Resin Beads)

Simp Drain Sludge
(Resin Beads)

<1200

<90

32,030
• 1000

140
• 60

1.4be6

• 0.1e&

82,600
• 500

dl.OOO <700 <8000

<800 <bO «600

11)00
t liOO

100
• 40

10,200 145,000
• 1100 < 2,000

480
• 80

6200
1 100

< 33,000

<22O 29
' 22

<2100

<bO

<2bO0

<160

msctl lancous Samples (Pc i l smple)

Off gat HEP*
Filter Sludge

Hydraulic Control
Hoo Drive F i l t p r
Crud

760
• 570

<*4,000

2300
• 500

332.000
' 1'J.OOO

79,300
• 2700

9.2e
• 0.3e&

<040 <16,000 <29UO

63,000 <41,000 <380,000 <23,0O0
« 45,000

6c
« 0.02<?<>

..18,000 <470 <34,000 li.400 <680
* 9,900

<1400

'.\H,000

«1800

< 11,000

4000
» 1900

201,000 tU.OOO
* 99,000
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TABLE 8

RAOIONUCLIDE CONCENTRATIONS IN TOP TWO CENTIMETERS OF HUMBOLDT BAY CONCRETE CORES

j>Ci/em2l»>

SAND BLAST PAD

HOT SHOP FLOOP DRAIN

HOT SHOP BACKGROUND

RAD WASTE TANK MREA

RAD WASTE TANK AREA

RAD WASTE BUILDING

RAD WASTE BUILDING

REACTOR BUILDING - 66 ft

REACTOR BUILDING - 66 ft

REACTOR BUILDING - 66 ft

REACTOR BUILDING - 34 ft

REACTOR BUILDING - 24 ft

CONCRETE ROOF OVER
CONC WASTE TANKS

ASPHALT

CONDENSATE DEMIN ROOM

CONDENSATE DEMIN ROOM

CONDENSATE DEMIN ROOM

CONDENSATE PUMP ROOM

TURBINE BUILDING

TURBINE BUILDING

TURBINE BUILDING

IN YARD NEAR STACK

CONDENSATE STORAGE
Tflf.K

AIR EJECTOR ROOM

REACTOR BUILDING REFUEL
LEVEL

INTAKE PUMPING
PLATFORM

ACCESS CONTROL AREA

DEPTH 'S5fu

0-1
1-2

0 1
12

<M
1-2

0 1
1-2

0-1
1-2

0-1
1-2

0-1
12

0 1
12

0-1
12

0-1
12

0 1
12

0-1
1-2

0-1
1 2

WHOLE

0-1
1 2

0 1
1-2

0 1
1-2

0-1
1-2

0 1
1-2

0-1
1-2

WHOLE

0-1
1-2

0-1
1-2

0 1
\-2

0 1
1-2

0 1
12

0-1
1-2

<0.2
<0.2

<2
<0.05

0.09
<0.2

<2
'0.3

<0.13

-3.2
'0.4

' 2 0
•2.0

'10
'0.2

-20
•02

'20
'02

'02
'0.13

'0.2
' 0 2

'0.4
' 0 2
' 4

'0.3
' 02

'4
' 2

'1
'0.2

<0.2
<0.2

<0.6
<02

<0.5
<0.2

<0.3

<0.2

<0.5
'0.5

<0.2

<0.1

<0.2
<0.2

<0.5
<0.2

' " C .

0.58
<0.34

5.5
<0.15

<0.19
<0.32

7.2
•066

<4.4
'0.35

14
' 1

'5.4
'1.6

' 5
'0.4

'10
-1

'20
'0.37

'0.48
'0.33

'OS
'0.4

-1
'0.4

• 11

' 2
' 0 4

'10
'5

-3
' 0 7

<0-4
<0.4

<2
'0.4

<0.S
'0.4

^0.9

<2
<04

<2
'0.4

'0.4

<0.3

<0.4
<0.4

<0.4
<0 6

'«Sn

<0.06
<0.04

<0.73
<0.02

<0.03
<0.04

<0.9
'0.1

'1.0
'0.04

' 2
' 0 2

• 3
'0.4

-2
-0.05

2
'0.05

' 2
0.05

•0.2
'0.04

•0.1
'0.05

'0.3
'0.04

' 3

'0.1
-0.05

-2
' 2

'0.6
'0.05

<0.07
'0.04

<0.4
'0.05

<0.04

<0.2

' 0 5

'0.2
'0.05

'0.04

^0.5
<0.03

<0.04
<0.04

<0.06
<0.04

'«Sb

<0.2
<0.12

3.9
0.10

<0.09
<0.13

<3
' 1

' 3
<0 13

•6
'06

-4
' 2

140
'0.2

210
' 0 2

410
'0.2

'0.3
'0.2

'0.3
'0.2

•07
'0.2

' 8

'1
'0.2

36
9

3
'0.2

'.0.2
'0.1

' 1
-1

'0.3

•-0.5

<0.2

<0.7
'0.2

•-0.2

2.3
<0.09

<0.2

<0.6
<0.2

10*»Ag 134C,

<0.05
<0.04

<0.7
<0.06

•0.03
<0.04

<2
<0.13

'0.04

' 2
'0.2

' 1
-0.4

' 2
' 0 0 4

' 2
0.04

' 2
'0.04

'0.09
'0.03

'009
<0.04

' 0 3
'0.04

-3

•0 1
-0.05

' 2
' 1

' 1
•"0.04

'0.07
'0.04

'0.4
'0.05

<0.04

<0.2

0.3
'0.04

'0.7
' 0 0«

<0C4

• 003

'0.05
0 04

<0.2
--0.04

<0.07
<0.06

110
<0.03

0.12
<0.08

110
2 8

25
<0.0b

610
5.2

310
12

340
'0.07

28
'02

28
'0.07

031
'007

11
'007

12
'0.07

1160

0.73
• 0.2

250
92

26
'0.2

12
'0.1

27
'0.2

1.6
<0.07

2.9

11
<0.07

1.2
'0.2

•0.07

5.9
•0.05

'0.1
<0.0?

•OOEI
<0.03'

1MB u

<0.S
<0 4

<0.4

<0.3
<0.4

<S
'0.8

' 5
'0.4

'10
' 1

' 6
' 2

' 9
'1

'30
' 0 5

'30
'04

' 0 8
'0.04

'0.7
'0.4

' 2
'0.4

' 1 3

' 2
0.4

'20
' 9

' 5
' 0 5

' 1
'0.4

'2
-04

'0.8
-0.4

' 1 . 1

' 2
'0.6

' 3
'0.4

-0.4

' 6
'0.3

• 0.8
<0.4

• 0 6

' " C .

5.6
0.31

2230
0.19

2.6
<o.oe
3890
68

4830
0.50

11.130
159

6700
594

4250
0.2S

1130
0.24

769
0.20

16.S
0.10

22.7
0.16

202
0.19

24.100

22
0-12

4320
1510

515
0.95

44
'0.06

540
2.1

37
'0.07

73

276
0.35

42
0.18

'0.10

12-3
0 18

1.62
•006

8.6

<0.06
<0.04

<0.3
<0 02

<0.03
'0.04

<0.2
<0.2

'0.1
<0.03

'OS
<0.05

'0.3
' 0 06

--2
' 0 04

' 2
'0.04

' 5
0 04

'0.07

'0.1
0 08

-0.07
-004

'0.7

'0.1
'0.04

' 2
' 1

' 0 0 4

'0.1
'0.04

'0.08
'0.07

<0.2
'0.04

'0.09

-006
-0.04

' 0 2
' 0 04

'0.03

<0.6
<0.3

•008
<0.0«

<0 06
<0.04

IMflffc, MMo

<0 08
<0.07

<0.5
<0 03

<0.05
<0.07

<0.4

<0.22
-0 07

'0.9
•008

<0-5

' 3
<0.08

' 4
'0.09

' 5
•-0.07

'0.3
'0.07

<0.2
<0.06

'0.5
<0.2

' 2

'0 .2
'0.07

<4
' 2

<0 0B

<0.07
<0.07

<0.2
'0-2

'007

<0.2

'0.06

<0.4
'0.07

'0.07

-:0.4

•0 06
<0 0*

•CO 0 7

0.15
<C.O4

6.1
<0.02

0.14
<0.04

1.7
0.14

<0.12
'0-36

1.7
- 0 05

'0.26
-0.063

32
'0.04

72
' 0 08

170
' 0 06

'0.10
' 0 08

0 09
-0.03

0-14
' 0 04

'0.7

'0.05

340
45

25
'006

0.2
<009

0-3
0 05

--0.4
'0.05

0 9

'0.7
'0.1

8
•005

-004

32
<0.07
• 004
<0.04

<0 4
<0.04

1100^9 1 M £ u

<0.13

<0.06

<0 14
<0-12

<0.4

'0.4

' 2
'02

'0.8
'0 .2

<0.2

<20
<0.2

23
<0.2

<0.4
'0.2

'0.3
<0.2

'0.4

3 ± 2

<o.s
'0.2

<20
'5

'3
' 0 2

'0.2
'0.2

'0.4
<0.4

<0.3
'0-3

0.8

'0.2
'0.1

'2
'0.2

<0.2

' 3

<o!
<0.3

<0 9
<0.33

5.0
<0.19

0.48
<0.40

5
<0.9

<0-3

6-4

3.6
<0.7

23
<0.S

<30
<0.5

60
<0-5

<0*

<0.9
<0-S

-.0 4

<7

<0.4

<30
<20

<0-7

0 6
<0.5

<2
'0.5

<0.4

' 2

<0.7
<0.4

<4
'0.5

' 0 4

<0.3

<1
<0.4

<0.4 •

"In

<0.2
<0.11

<0.3
<0.05

<S!i
<0.7
<0.2

<0.4
<0.09

<0.2

<0.6
'0.2

<3
<0.13

<0.12

<0.13

<0.27

<0.24
<0.13

' 0 26
<0.12

<1.3

<0.4

<•
<3

<2
<0.2

<0.2
<0.2

<0.3
'0 .2

<0.2
<0.2

<0.4

<0 2

-0.2

'0 .1

' 3

<Si'
•-0 2

" C o

2-74
0-18

245
0.51

7-4
<0.07

114
10.1

3-S4
0.105

175
1.2

28
3 01

2200
094

1HEu

<0.3
<0.2

<00»

<0.2

0.9
<0.2

<0.5
<0 3

<2
<0.3

<0.8
<0.4

<3
<0.2

15.600 <7
1-9 <0.2

20.440 <9
1.58 <0 4

18.3
0.26

12.2
0.90

16
0.17

36

38
0.2S

14.800
2700

1060
2.68

12
029

17.5
1-51

10.0
0.24

2 8 5

4.2
0-17

238
0-32

0.23

1350
0.0*8

0.28
0.07

78
0-14

<0.3
<0.2

<0.2

<0.4
<0.3

<2

<0.3
<o.c

<•
<2

<2

<0.2
<0-4

<0-S
<0.2

<0.2
<0.C

<0 3

<0.4

<0.7
<0.2

< 0 4

<2
<0.2

<0.6
<0.B

<0.S
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specified in 10 CFR 61. It should be noted that no decontamina-
tion had been conducted at Humboldt prior to our sampling. De-
contamination would probably be conducted prior to any decommis-
sioning in order to remove corrosion films and thus minimize both
exposure and the possibility of spreading potentially loose
contamination during dismantling.

The radionuclide concentrations measured in concrete cores ob-
tained at Humboldt Bay are shown in Tables 8 through 10. Con-
centrations are higher than those observed at Pathfinder but still
within limits of Class A segregated waste.

Radiochemical analyses were performed on selected concrete samples
from Humboldt Bay. The results are shown in Tables 9 and 10. Con-
centrations are detectable but in the range of a few pCi/g for
transuranics and nanocuries per gram for 55Fe and 6 3Ni.

6.0 SUHHARY

A research program is being conducted for the USNRC to provide a
data base of residual radionuclide concentrations in commercial nuclear
generating stations. The data sampling has been conducted at six sites.
The measurement program has been completed for two of the sites.

A topical report(6) has been prepared describing the findings at the
first site (Pathfinder). The report detailing the findings at the second
site (Humboldt Bay) is in preparation.

The findings to date indicate no significant radionuclides have been
forgotten which might pose additional problems at the time of decommis-
sioning. They also indicate that each reactor site will have a unique
set of circumstances associated with its operating history. As examples*
Humboldt Bay had an early history of fuel failures which may lead to
tramp fuel and fission products spread more widely than at other sites.
At Pathfinder the failed superheater led to deposition of vessel-derived
metal pieces into piping creating local hot spots of very high radiation
levels.

The data in this report and the subsequent topical reports describ-

ing each reactor site should provide the USNRC an appropriate data base
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for residual radionuclide concentrations and distributions in commer-
cial power reactors. Using this data base, proper decommissioning
assessments can then be made.
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TABLE 9

TRANSURANIC RADIONUCLIDE CONCENTRATIONS IN SELECTED HUMBOLDT BAY CONCRETE CORES
PCi/kg

233Pu 239-240Pu 241Am 242Cl:m

Rad Waste Tank Area

Reactor Building
Under Vessel

Condensate Demin.
Room

0-1

0-1

0-1

cm

cm

cm

10 + 5

3000 ± 50

2050 ± 60

39 ± 4

3700 ± 60

1520 ± 50

<30

1770 ±

1250 ±

80

80

<40

360 ± 30

470 ± 50
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TABLE 10
5 5Fe, 63 N i j 90sr, 99 T c. and li»i CONCENTRATIONS

IN SELECTED CONCRETE CORES FROM THE HUMBOLDT BAY NUCLEAR UNIT
pCi/kg

63Ni 9 0 s r 9 9 T c 129j

Rad Waste Tank Area 0-1 cm 6.0 x 1GC 1.9 x 10* <950 1.9 x 10* <60
±0.1 x 106 ±0.6 x 104 ±0.5 x 104

Reactor Building 0-1 cm 93.0 x 106 2.5 x 106 5.1 x 104 <2.3 x 104 <100
Under Vessel ±0.1 x 106 ±0.1 x 10^ ±0.4 x 104

Condensate Demin. 0-1 cm 451 x 106 4.5 x 105 8.8 104 <0.7 x 104 <80
Room ±1 x 106 ±0.2 x 105 ±0.5 x 104
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CLASSIFYING DECOMMISSIONING WASTES FOR ALLOCATION

TO APPROPRIATE FINAL REPOSITORIES

J.C. Alder K. TunaboyTu
Nagra Motor-Columbus AG
Parkstrasse 23 Parkstrasse 27

CH-5401 Baden CH-54O1 Baden
Swi tzer land Swi tzer land

ABSTRACT

For the safe disposal of radioactive wastes in different repositories,
it is of advantage to classify them in well-defined conditioned categories,
appropriate for final disposal. These categories, the so-called "waste sorts"
are characterized by similar radionuclide distribution, similar nuclide-
specific activity concentrations and similar waste matrix.

A methodology is presented for classifying decommissioning wastes and
is applied to the decommissioning wastes arising from a Swiss program of
6 GWe. The amounts and nuclide-specific activity inventories of the decom-
missioning waste sorts have been estimated. A first allocation into two dif-
ferent repository types has been performed.

Such a classification enables one to define the source parameters for
repository safety analysis and allows one to allocate the different waste
categories into appropriae final repositories.

This work presents a first iteration to determine which waste sorts
belong to which repository type. The characteristics of waste sorts have to
be better defined and the protective strength of the repository barriers has
to be optimized.

INTRODUCTION

Legal Framework

Project "Guarantee". In Switzerland, it is legally required that a
project be submitted by 1985 demonstrating the feasibility of safe final
disposal for all types of nuclear wastes including decommissioning wastes.
This project should indicate possible sites for the different repositories
needed, describe the repository construction and contain safety analyses
showing that the quantitative guidelines formulated by the safety authorities
can be followed.

In Switzerland, the producers of nuclear wastes are responsible for
their final storage. The companies owning a nuclear plant (as well as the
Government which is responsible for the waste originating in industry,
medicine and research) have founded Nagra, National Cooperative for the
Storage of Radioactive Waste, to organize the necessary work. The project
"Guarantee" is, therefore, the responsibility of Nagra.
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Guidelines for Safe Final Disposal. All wastes must be stored in
repositories from which no releases can reasonably lead to individual dose
rates exceeding 10 mrem/a. A repository in operation mist be able to be
closed in some years and must need no further remedial action or surveillance
(Ref. 1).

Disposal Strategy

Wastes. The nuclear wastes considered correspond to a planned Swiss
nuclear program of 6 GWe, with the assumption of a 40-year plant lifetime.
Presently, only 3 GWe are in operation or in construction. Spent nuclear
fuel will be reprocessed in France and England. Therefore, the wastes to be
disposed of are high level reprocessing wastes, accompanying operational
reprocessing wastes, nuclear plant operation wastes and nuclear plant
decommissioning wastes.

Repositories. Final disposal for all these types of nuclear wastes will
be achieved by appropriate selection of repository design, technical and geo-
logical barriers. Three final repositories are planned.

Repository type A is near surface, relying on an administrative control
of over 100 years and on technical barriers to store low level v/astes.

Repository type B, for which a variety of host rocks is possible, is a
horizontally accessed facility, planned with an overburden of up to 600 n .
Twenty possible locations have been already identified. Intermediate level
waste (e.g. reactor operational wastes) and transuranic wastes (e.g. repro-
cessing operational wastes) will be stored in this repository.

Repository type C for high level wastes will be at least 500 m in the
crystalline basement rocks in the northern part of Switzerland, that is,
allowing for the overlying sediment layers at a depth of 600 to 1700 m.

Waste Allocation to Repository. We must define repository interfaces
separating 3 main v/aste categories for the different disposal options. These
definitions are reached through an iterative . rocess by progressive adjust-
ment of the waste disposal classification and of the repository designs. The
method is based on simplified safety analyses which yield, for a particular
repository design, the maximum permissible concentration (MPC) of the
radionuclides in the wastes which could" lead to the 10 mrem/a dose limit. The
corresponding set of MPC defines which v/astes can be allocated to this
repository (Ref. 2).

Waste Inventory. A tentatively structured waste inventory has been
worked out for all kinds of wastes arising within the Swiss nuclear program,
including decommissioning wastes, the basis for which was provided by plant-
specific studies performed by the utilities.

The main feature of this inventory is the classification of wastes into
a practicable number of categories (waste sorts) which correspond to effect-
ive conditioned packages ready for final disposal and which show a certain
uniformity in the radionuclide distribution and concentration as well as in
the matrix resistance to leaching.
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CLASSIFYING THE DECOMMISSIONING WASTES

General Conditions and Assumptions

Conditions for Planning Safe Disposal. Safety analyses for the reposi-
tory type A (Ref. 2) have shown that about 40 critical radionuclides could
lead to an excess of the individual dose limit of 10 mrein/a set. The concen-
trations of these radionuclides in the waste must be compared with the MPC
set for the repository type A. The leaching properties of the waste matrix,
which represents the first barrier, must be known. Package characteristics
and volume of the wastes are needed for the planning of the repository and
for the safety analysis. Grouping of the wastes into a practical number of
categories is necessary. Radionuclide distribution and concentration as well
as the type of matrix are the main criteria and will be related to a given
package. The classification must take into account the effective arising,
mixing ond conditioning of various wastes which end in the same disposal
package. We will call the selected categories "Waste Sorts"-

Dismantling Conditions. The waste sorts should take into account the
technical, radiological and economical boundary conditions of the decommis-
sioning procedure. Possibilities for segregation of the wastes arising are
limited to some certain extent by practical considerations. Table I summa-
rizes the disposal and the dismantling conditions for defining the waste
sorts.

Waste Conditioning and Packaging Conditions. In the decommissioning
studies for the Swiss utilities, it was assumed that the dismantling wastes
will be conditioned as far as possible with a suitable cement-mixture.

For the final disposal of decommissioning wastes, three types of con-
tainers are foreseen: 200 1 drum unshielded or with concrete shielding and a
large concrete container 2.05 m by 2.05 m by 4.50 m with a wall thicknes of
10 or 20 cm.

The use of the 200 1 drums takes into account the existing plant faci-
lities for conditioning and packag ig the operational wastes and assumes
their application during the decommissioning period.

The large concrete containers allow direct encapsulation of the dis-
mantled pieces and are especially suitable for highly activated components
such as reactor pressure vessel (RV) and RV-internals as well as haavily
contaminated components such as primary circuit pipes, which will be cut into
suitable sizes. The size itself will be determined by shielding calculations.
This alternative container requires, however, new facilities being built
after final shutdown of NPPs for decommissioning.

As the repository type A for low-level waste will accept only large
containers, whereas the repository type 3 accepts all the three types of
containers, we assumed in this work that all the 200 1 drums will finally be
emplaced within the large containers.

Information Available. The basic data have been supplied by the decom-
missioning reports on the Swiss nuclear power plants in operation, under con-
struction or planned. Each of them was requested by the Swiss Federal Depart-
ment of Energy to submit a decommissioning study by the end of 1980 address-
ing the following questions:

- Technical feasibility in accordance with radiation protection regulations
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- Total collective doses from dismantling, conditioning and packaging of
wastes

- Costs of decommissioning work including conditioning and disposal of the
wastes

- Waste types and total amount of wastes.

The decommissioning studies considered the following two scenarios for
dismantling work:

- Dismantling beginning 2 years after final shutdown of NPPs and
- Dismantling beginning after 30 years

For the waste inventory, the f i rs t more conservative alternative was
considered.

The above-mentioned decommissioning studies also included valuable
information from other studies available at that time (Ref. 3, 4, 5 and 6) .
Therefore, they present up-to-date information concerning the above-mentioned
objectives. The decommissioning studies did not have to consider the safe
disposal of the wastes. Therefore, no effort was made estimate the nuciides
cr i t ica l to final disposal nor to classify the wastes into waste sorts
appropriate to final disposal. Only a crude separation between low-level and
intermediate-level wastes was made.

Below, we wi l l consider only radioactive wastes arising during plant
operation by activation and/or contamination which cannot be decontaminated
under the free limits of radioactivity.

Categorization of Decommissioning Wastes into Waste Sorts

Under the above-mentioned assumption of the same conditioning method,
waste sorts have been determined using the following four cr i ter ia :

1) Origin of wastes

a) Primary wastes: All activated and contaminated plant components and
parts, including the scrap produced during
dismantling

b) Secondary wastes: Waste arising during decontamination and dismantling
of primary wastes without the scrap

2) Source of activity in the wastes

a) Activated wastes: Reactor pressure vessel, RV-internals and biological
shield

b) Contaminated Mainly components and pipes of primary circuits and
wastes: auxiliary systems contaminated by water-carried act i -

vity from fission products, transuranic isotopes and
nuclides from corrosion of activated material.
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3) Dose rates at the surface of wastes before being conditioned and packaged.
This criterion determines the dismantling procedure and the waste
arising.

a) Medium level Mainly RV-internals, middle zones of RV and heavily
radiating wastes contaminated pipes and components of primary
(D >200 mrem/h}: circuits

b) Low level radiat- Mainly low-activated zones of RV and l ight ly conta-
ing wastes minated components and pipes and several secondary
(D «200 mrem/h): wastes

4) Material of wastes: Steel, concrete, copper, plastics, text i les,
concentrates, etc.

The identification of the waste sorts resulting from these criteria is
shown in Fig. 1.

Regrouping of certain categories among the 16 classes derived directly
from the above criteria into one waste sort is due to the dismantling
procedure (e.g. waste sort 4) or to the unimportance of the waste material on
the radionuclide distribution (e.g. waste sorts 6b and 8b). Table II gives
the list of the resulting waste sorts with their main components.

Determination of the Contents and Characteristics of Waste Sorts

Contents of Waste Sorts. As it can be seen from the third criterion
used to define the waste sorts, the dose rates at the surface of the wastes
must be known. These have already been estimated for the surface radiation
rate of the prevailing radionuclides (such as Co-60) in decommissioning
reports. Application of the other criteria is directed to determine the
contents of the waste sorts.

As an example of the procedure, the parts of reactor pressure vessel
and RV-inter 3ls shown in Fig. 2 are considered. Starting from the chemical
composition of the material, neutron activation calculations have been car-
ried out under the assumption of 40 years of operation and a load factor of
80 %. From the radionuciide composition thus obtained, the dose rate at the
surface of such components has been derived allowing one to distinguish
medium-level radiating primary steel waste (waste sort 1) from the low-level
radiating primary steel wastes (waste sort 3). Components which, in this
case, belong to waste sort 1 are given in Fig. 2 and Table III.

Conditioning and Packaging of the Waste Constituents. The amounts and
sizes of components to be solidified in a large container can be approximate-
ly estimated from the shielding requirements implied by International Trans-
port Regulations (RID, RSD). After solidifying the waste constituents in a
given container, the waste sorts are fully defined.

Radionuclide Concentrations of the Waste Sorts. After determination of
the waste constituents of a waste sort and estimation of the number of con-
tainers for the same waste sort, the average specific activity concentrations
can be calculated for each radionuclide from the total nuclide-specific acti-
vity inventories of the waste sort.
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Discussion of Waste Categorization

Radioactivity. Critical radionuclides for the dismantling operation are
not the same as the critical radionuclides for the safe disposal of the
wastes. Only 10 to 15 radionuclides were investigated in the decommissioning
studies. Half of these are not of interest for the repository safety analyses
because of their short half lives. Some radionuclides which could be of
importance, because of their half life or their toxicity, for the safe dis-
posal of the waste were not considered in the decommissioning studies because
of insufficient information on the chemical composition of the material con-
cerned (steel, concrete, etc.) or because precursors undergoing activation
occur only in trace quantities.

We, therefore, extended the list of radionuclides to obtain an estimation of
the specific radioactivity of the following main nuclides:

Activation products: H-3, Be-10, C-14, Ar-39, Ca-41, Co-60, Ni-59, Ni-63,
Nb-93m, Nb-94, Ba-133, Eu-152, Eu-154

Fission products: Sr-90, Cs-137

Transuranic-isotopes: U-235, U-23G, U-238, Np-237, Pu-238, Pu-239, Pu-240,
Pu-241, Pu-242, Am-241, Am-243, Cm-244

Data were taken from the relevant literature or deduced from our own
approximations and models.

The estimation of contaminated activity inventories for the waste sorts
5, 6a, 6b, 7, 8a and 8b (specified in Table II) was considerably more diffi-
cult than in the case of activated nuclide inventories, due to lack of repre-
sentative measured values. Only a few data are available in the literature
(Ref. 3, 4, 5 and 6) and these are not applicable for every power plant.. In
our work, we used some measured values from Swiss plants and also data given
in literature. In many cases, only the total contamination level (in pCi/cm2)
and the approximate ratio of Co-60/Cs-137 were given. The nuclide composition
of the contamination inventory is, therefore, a first estimation.

The data on nuclide specific activity inventories are not at their final
achievable accuracy and the uncertainty margins are not everywhere the same.

- The neutron activation calculations may have an error of approximately a
factor of ten.

- Due to lack of reliable measured values and the resulting conservative
assumptions in calculations, the uncertainty of data for contamination
inventories may even be higher. These values are expected to be 10 - 100
times more conservative than in reality.

Therefore it is necessary to have more measured values and more
comparisons for contamination nuclides and better calculations for neutron
activation.

It is nevertheless possible within reasonable margins to estimate at
least the realistic order of magnitude for several nuclides. It must be
noted that the accuracy of the nuclide activity concentrations which is
needed for safe disposal depends on the radionuclide maximum permissible
concentrations allowed for a repository.
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ALLOCATION OF DECOMMISSIONING WASTES TO APPROPRIATE FINAL REPOSITORES

After partitioning of decommissioning wastes into categories and the de-
termination of nucl ide specific activity concentrations (Ci/in3), a first
allocation of the decommissioning waste sorts into the two final repository
types A and B, as described in the introduction, has been performed. This
allocation was made by comparing the waste sort radionuclide concentrations
with the maximum permissible concentrations (MPC) deduced from safety analy-
ses for the present status of the LLW repository type A (Ref. 2). To under-
stand the results, the protective strength of the repository Type A for which
the used MPC values were derived must be described. Assumed in the first
design of this repository type was only an administrative control period of
100 years and no technical barriers except the waste matrix itself.

The most important result was that significant quantities of wastes
could be allocated to both types of repository. Without any exception, the
waste sorts 1, 5 and 7 of a'' T Swiss nuclear power plants (Fig. 1 and
Table II) cannot be allocated to repository type A. The responsible radio-
nuclides are given below:

Waste Sort 1: Co-60, Ni-59, Ni-63, Mo-93, Nb-94, Tc-99, Cs-137
Waste Sort 5: Sr-90, Cs-137, Nb-94
Waste Sort 7: Co-60, Nb-94, Sr-90, Cs-137, Am-241

Nearly all other residual waste sorts can be disposed of in the reposi-
tory type A. However* there are several exceptions, specific to each NPP, due
to certain isotopes such as Ca-41, Eu-154. This particularly concerns the
activated concrete masses (biological shield). It was found that, due to
plant type and design, the amounts and nuclide specific inventories for each
NPP could widely differ within a given waste sort.

This first partitioning of all decommissioning wastes according to the
Swiss nuclear program (6 GWe of installed and planned capacity„ see
Table IV), shows that around 60 volume % of the 86,000 m3 total decommission-
ing wastes has to be allocated to repository type A and the residual 40 % to
repository type B. Introduction of technical barriers or relying on the close
environment as a geological barrier would increase the MPC values for the
Type A repository by a few orders of magnitude and would correspondingly in-
crease the volume of the wastes to be stored up to 90 %. This sensitivity
analysis shows that the fraction of the decommissioning wastes to be allo-
cated to such a repository is very sensitive to the protective strength of
this repository.

Even with the above-mentioned improvements to repository Type A, it is
expected that waste sort 1 will still be allocated to repository type B, due
to the very high ratios of nuclide-specific activity concentrations for cri-
tical nuclides to MPC-values of the same isotopes.

After an effective decontamination of the components and pipings of
waste sort 5, it is assumed that this category could be disposed in the
repository type A.

The waste sort 7 (decontamination concentrates and slurries from waste
sort 5) will, however, remain in the repository type B.
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SUMMARY AND CONCLUSIONS

By the method described above, the decommissioning wastes of all Swiss
NPPs could be classified in well-defined conditioned waste categories (waste
sorts). The amounts (volumes and weights) and nuclide specific activity
inventories for each waste sort and each Swiss NPP could be estimated with an
acceptable accuracy.

With these waste sorts and using allocation criteria (MPC-vaiues for
repository type A, it is possible to partition the decommissioning wastes
into appropriate repositories (A/B). This enables one to judge the technical
validity and economic viability of disposal concepts including near surface
(type A) and deeper geologic repositories (type B) for disposal of low and
intermediate level wastes.

Cur study for the Swiss nuclear program (6 GWe, 240 GWe.a) gave a total
amount of 86,000 m3 conditioned and packaged decommissioning wastes. Alloca-
tion of these wastes to a near surface repository with only an administrative
control of 100 years and no additional barriers shows that about 60 % of them
could be disposed of in such a repository. Allocation of the decommissioning
waste is sensitive to the protective strength of such a repository and fur-
ther investigations have shown that about 90 % of this waste could be stored
with additional technical or geological barriers. Only some parts of reactor
pressure vessel and RV-internals and some decontamination concentrates would
not be included..

The first attempt at characterizing the decommissioning wastes in order
to plan their safe disposal in appropriate repositories shows that an
improvement of the determination of the activity of the nuclides critical for
waste disposal (especially those from the contaminated wastes) would ease
the planning and safety asessment. Measurements in operational power plants
as well as information from decommissioned plants in this direction would be
welcomed.
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Table I : Framework for Identifying "Waste Sorts"
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Table I I : Waste Sorts of Decommissioning Wastes and Corresponding Materials
and Components o f a Nuclear Power Plant (LWR)

ML: Medium-Level Radiating Waste (D >200 mrem/h at surface of
or ig inal waste)

LL: Low-Level Radiating Waste (D «200 mrem/h at surface o f
or ig inal waste)

+ + +
I WASTE SORTS (conditioned with I MATERIALS AND COMPONENTS I
I cement slurry) I I
+ + +
I 1 ML Activated Primary Wastes I Parts of RV and RV Internals I
I (steel) I (see Table 3 and Fig. 2) I
+ + _ ._. .—_—+
I 2 ML Activated Primary Wastes I Parts of Biological Shield (*) I
I (concrete) I I
+ + +
I 3 LL Activated Primary Wastes I Residual Parts of RV and RV I
I (steel) I Internals I
+~—... _ _ + __ _—.—+
I 4 LL Activated and Contaminated I Parts of Biological Shield (*) I
I Primary Wastes (concrete) I I
+ „____.—_ «. —+—_—_ +
I 5 ML Contaminated Primary Wastes I For PWR: Components and Pipings of I
I (steel) I Primary Circuits I
I I For BWR: Recirculation Circuits I
+ + +
I 6a LL Contaminated Primary Wastes I Weak Contaminated Components and I
I (steel) I Pipings in Reactor Building and of I
I I Auxiliary Systems I
+ _ —....—-—_—+— — — —+
I 6b LL Contaminated Primary Wastes I Light Contaminated Materials such I
I I as Cables and Isolation Materials I
I I (plastics, mineral wool, copper, I
I I etc.) I
+ + +
1 7 ML Contaminated Secondary WastesI Decontamination Concentrates and I
I I Slurries of Waste Sort 5 I
+ + +
I 8a LL Contaminated Secondary WastesI Decontamination Concentrates and I
I I Slurries of Waste Sort 6a I
+ . — - — - — . — — _+__________—_»———.. .... +
I 8b LL Contaminated Secondary WastesI Tools, Auxiliary Materials, Textile,I
I I Plastics, etc. I
+ _—______—__—_.—__—»____..._.+___ _..__-_-___„-___.._«.. ______„__.___.+

(*) No wastes are allocated to Waste Sort 2,because the calculated surface
dose rates for biological shield (concrete) are less than 200 mrem/h.
Therefore, the whole biological shield is to be considered as Waste
Sort 4.

VI-135



Table I I I ; Components and Parts Included In Waste Sort 1
(ML activated primary wastes, steel) for
Nuclear Power Plant Gosgen Oanigen AG/Switzerland*

I Components

A Reactor Pressure Vessel (RV) Parts

RV Flange (Zone A3)
RV Cylinder (Zone B)
RV Flange Cladding (Zone A3)
RV Cylinder Cladding (Zone B)

I B RV Internals
I
I Support Columns (Zone A3)
I CR Guide Assembly (Zone A3)
I Grid Plate
I Core Barrel
I Core Shroud
I Lower Core Support
I Guiding Piece
I Guiding Bolts
I Fuel Assembly Alignment Pin
I LOCA Support Part

I C RV Isolation

* See also Fig. 2 for this table

Table IV: Swiss Nuclear Program (6 GWe, 240 GWe.a)

I Nuclear Plant I Type I Power
I I I (MWe)

I Status 1
I I

I Beznau I I PWR I 350 I 1969 in oper.I
I Beznau II I PWR I 350 I 1972 !
I MUhleberg I BWR I 306 I 1972 I
I Gdsgen I PWR I 920 I 1979 I
+«. +_—. + + +
I Leibstadt I BWR I 940 I 1984 in cons.I
+ — — — — — — + — — — — — +— — + — _ ____+
I Kaiseraugst I BWR 1 925 I 1989 planned I
I Graben I BWR I 1,140 I 1992 I
I CH-1 I BWR I 1,140 I 1997 I
+ _ . . _ . . + + + +
I Total I I 6,071 I I
+ . . . . . . . . . . . . — + . . . . — . . . . — . . + . . . . . . . — . _ _ . . + „ _ . . . . _+
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Fig. 2: Reactor Pressure Vessel (RV) and RV-Internals (simplified)
for Nuclear Power Plant Gbsgen Oaniken AG; KKG (KWU-PWR, 920 MWe)
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AEROSOLS FROM METAL CUTTING TECHNIQUES TYPICAL OF
DECOMMISSIONING NUCLEAR FACILITIES - INHALATION

HAZARDS AND WORKER PROTECTION

Mark D. Hoover, George J. Newton, Edward B. Barr and Brian A. Wong

Inhalation Toxicology Research Institute
Lovelace Biomedical and Environmental Research Institute

P. 0. Box 5890
Albuquerque, NM 87185

ABSTRACT

This study was undertaken to enable improved human inhalation risk assess-
ments for industrial workers and to guide in the selection of appropriate
control technologies for airborne materials released during metal cutting
activities associated with decommissioning nuclear facilities. Mechanical
cutting tools evaluated included a multi-wheel pipe cutter, reciprocating
saw, band saw, chop saw and large and small grinding wheels. Melting-vapori-
zation cutting techniques included an oxy-acetylene torch, electric arc cut
rod and plasma torch. With the exception of the multi-wheel pipe cutter, all
devices created aerosols in the respirable size range (less than 10 pm aero-
dynamic diameter). Time required to cut 2-inch Schedule 40 Type 304L stain-
less steal ranged from about 0.6 min. for the plasma torch to about 3.0 min.
for the reciprocating saw. Aerosol production rate ranged from less than 10
mg/min for the reciprocating saw to more than 3000 mg/min for the electric
arc cut rod. Particles from mechanical tools were irregular in shape while
particles from vaporization tools were spheres and ultrafine branched chain
agjregates.

INTRODUCTION

A range of health hazards can be postulated for workers cutting metal as
part of the decommissioning of nuclear facilities. External, whole-body
irradiation and inhalation are expected to be the most important modes of
exposure, with exposure through wounds possible and with risks of ingesting
contaminated food or water far less likely. The relative importance of the
whole body and inhalation pathways will be dependent on the kind, amount, and
form of the radionuclides present, ^hen working with betaand gamma-emitting
radionuclides, working conditions will be limited by the allowable whole bDdy
exposures. Worker exposure will be controlled by limiting time in the radia-
tion area, maximizing distance to the radiation source, and providing appro-
priate radiation shielding. When primarily alpha-emitting radionuclides
(e.g. plutonium) are involved, the major risks will be from any internally
deposited materials and inhalation may be a significant hazard.

In nearly all cases of metal cutting vor decommissioning radioactive
facilities, workers will be wearing respiratory protection. Supplied air
would be used for workers in areas with high levels of airborne radioactivity
whereas respirators with pa-ticulate air filters will be used when airborne
levels are expected to be below an agreed level such as 100 times the
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MPCair as Qiven in 10 CFR 20 1 for the radionuclides to be encountered,
As a result, routine inhalation exposures are expected to be within allowable
limits and significant exposures of workers by inhalation are expected to
occur only as a result of special circumstances such as accidents, or poor
procedures.

We designed this pflot study to obtain information on the characteristics
of airborne releases from metal cutting using a number of standard cutting
tools. A companion paper (Newton ̂ t_a1., this conference) describes the sam-
pling methodology. This paper presents data on cutting times, aerosol pro-
duction rate, particle size distribution and particle morphology. This
information will help in selecting cutting tools and respirator; protection
and in assessing the potential consequences of inhalation of released aero-
sols by workers conducting decommissioning of facilities involving specific
types and levels of radionuclides.

MATERIALS AND METHODS

Selection of Cutting Tools

The planning of a decommissioning operation involves the selection of
appropriate cutting tools. The hazards to workers from inhalation of toxic
substances is only one consideration to be balanced in this selection. Other
considerations include capital costs, material type and thickness, access and
space limitations, setup requirements, operator training, manpower per work
unit, and hazard from physical injury, shock, noise, burn, or flying debris.
Cutting efficiency or time required per cut is a consideration of feasibil-
ity, economics, and safety. Faster cutting techniques such as the electric
arc cut rod are suspected of creating more severe inhalation hazards. This
hypothesis needed to be tested and we wondered if some metal cutting tech-
niques produce aerosols which are lower in concentration in the micron and
submicron size range. We selected two grinding tools ar<d seven cutting tools
recommended^ for use in segmenting pipe. All the tools were used in the
open air. The tools we selected included a standard multi-wheel pipe cutter,
a reciprocating metal hack saw which could be used in the manual or strap-on
automatic mode (Fein Company, Pittsburg, PA), a portable band saw (Milwaukee
Tool Company, Milwaukee, WI), a high speed cutting wheel "chop saw" (Metabo
Tool Corp., Long Island, NY), a standard industrial oxy-acety- lene gas
cutting torch, a 300 amp electric arc cut rod (Welco Inc., Miami, FL) and a
400 amp Thermal Arc Model PAK 44 plasma torch (Thermal Dynamics, West
Lebanon, NH). The grinding tools we evaluated were the type used to prepare
pipe ends for capping by grinding off rough edges (Milwaukee Tool Company,
Milwaukee, WI). We wanted to compare the aerosol characteristics and rate of
production for these tools under similar operating conditions.

Biologically Relevant Properties cf Aerosols

The hazard to humans from inhalation exposures to airborne radioactive
particulates depends on the concentration of airborne material in the breath-
ing zone, the fraction of this material that can be inhaled, the fraction of
the inhaled material that is deposited, the location of particle deposition
in the respiratory tract, the amount of radioactivity per particle and the
rate at which th^ radioactivity is translocated by the body's natural clear-
ance mechanisms."^
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Figure 1 shows a schematic of the human respiratory tract. For conve-
nience the tract is divided into three regions: nasopharyngeal (NP), tracn-
eobronchial (TB), and pulmonary (P). Figure 2 illustrates how deposition of
inhaled material in these three regions is influenced by particle aerodynamic
size. Coarse particles are mainly deposited in the NP region and are cleared
by nose blowing, sneezing or swallowing to the gastrointestinal tract. Mate-
rial deposited in the TB region can be cleared by transport of the mucous
layer up the ciliated portion of the airways to the point where swallowing to
the gastrointestinal tract occurs. Some absorption into blood can occur from
the NP and TB regions. Clearance of material from the alveolar or pulmonary
region occurs by dissolution and absorption and by mechanical clearance to
either the lung-associated lymph nodes or out of the lung to the gastro-
intestinal tract. Dissolution is a function of factors such as particle
surface area and elemental and chemical composition. When particles are com-
posed of a mixture of materials the dissolution of less soluble materials
tends to be enhanced by the presence of more soluble constituents in the par-
ticles. 5»6 Although there are uncertainties in relating intake of radio-
activity to organ uptake, organ doses and health effects, these links have
been studied and written about extensively.4>'>°

Any inhalation exposures of workers in decommissioning activities are
likely to involve long-term risks such as lung or bone cancer from uptake of
low or moderate amounts of radionuclides. Far less likely are the type of
exposures which would result in tens of thousands of rem being delivered to
lung and cause early death due to radiation pneurnonitis or pulmonary
fibrosis.9

Aerosol Sampling

The enclosure in which the cuts were done had a volume of 20 n»3 and was
exhausted at the rate of 8.5 itr/min. The concentration of respirable air-
borne particles (mg/nr) during the cutting operations was calculated from
filter and cascade impactor measurements. Coarse particles (> 10 um) gener-
ated during cutting tend to settle quickly under gravity and do not generally
remain airborne long enough to be inhaled by a worker or collected in a sam-
pling device located away from the immediate cutting zone. An estimate of
the total release rate of respirable aerosol during the cutting process
(mg/min) was calculated by assuming uniform mixing of the cloud with room air
as it approached the room exhaust plenum and the sampling inlet probes. The
release of respirable aerosol per cut of a standard two-inch diameter,
Schedule 40, Type 304L stainless steel pipe was estimated for each tool by
multiplying the release rate in mg/min by the cutting rate in minute per cut.
Electron micrographs were made of aerosol samples collected during the vari-
ous cutting activities. The enclosure, aerosol sampling systam and proce-
dures are described in greater detail in the companion paper (Newton et al.,
this conference).

RESULTS

Table I compares the cutting methods on the basis of time required to cut
a 2-inch Schedule 40 Type 304L stainless steel pipe, range of mass median
aerodynamic diameter of the aerosol produced and geometric standard deviation
of the aerosol particle size distribution. Shearing a pipe using a multi-
wheel pipe cutter did not produce aerosol in the respirable size range or
metal filings in a coarser particle size range. The speed of the cut was
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TABLE I

Aerosol Particle Size Distribution and Cutting Time For Metal Cutting Tools

Used on 2" Schedule 40 Type 304L Stainless Steel Pipe

Tool

Pipe Cutter

Reciprocating Saw

Band Saw

Side Arm Grinder

Chop Saw

Oxy-acetylene Torch

Cut rod

Plasma torch

Range of MMAD"

Un,)

N.D.

Bimodal

0.1-0.5

Bimodal

1.5-9.0

0.1-0.3

0.4-0.8

0.2-0.3

Typical

°9

N.A.

N.A.

2.3

N.A.

4.6

2.3

1.8

2.7

Cuttin

Range

0.9-1.1

1.8-4.5

0.9-1.9

N.A.

1.1-1.7

3.0-4.2

0.7-1.0

0.5-0.7

Mean

1.0

3.1

1.5

N.A.

1.5

3.6

0.8

0.6

Mass Median Aerodynamic Diameter by Cascade Impaction.

N.D. = Nondetected.

N.A. = Not applicable.
highly dependent on the strength of the operator. The cutting process was
efficient as long as adequate operator access was available.

The reciprocating saw segmented pipe by a relatively slow sawing motion.
Faster cutting was possible in the automatic mode by strapping the saw onto
the pipe and attaching a weight to the end of the saw handle to provide cut-
ting force. Cutting was slower when the saw was used manually. Shortest
cutting times with the reciprocating saw were obtained with a new blade and
times increased as the blade began to wear. Highest aerosol output in the
respirable size range was obtained using a new blade.

Figure 3 shows representative cascade impactor results and electron photo-
micrographs for aerosols generated by the reciprocating saw and other tools.
In general, the particle size distribution from cutting with a reciprocating
saw was bimodal. Aerosol mass in the respirable size range was approximately
equally distributed between larger irregularly shaped particles greater than
approximately 8 micrometers aerodynamic diameter and smaller irregularly
shaped particles with aerodynamic diameters less than about 2 micrometers.

Pipe segmentation with a band saw involved higher speed cutting with a
continuous fine tooth blade. Cutting time was a function of blade condition
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and pressure applied by the operator although not to the extent seen with a
reciprocating saw. The aerosol particTe size distribution produced by cut-
ting with a band saw was also multi-modal. As shown on the electron
micrograph {Figure 3) larger irregular shaped particles were produced along
with some smaller ultrafine particles and spheres.

The chop saw used a high speed cutting wheel to segment pipes. It pro-
duced an aerosol of broad particle size distribution with a large component
of irregularly shaped particles greater than 10 micrometers and including
small irregularly shaped particles and occasional ultrafine aerosols. Cut
time was dependent on the amount of pressure applied by the operator. The
grinding wheels used to dress pipe ends prior to capping produced an aerosol
which was similar to that created by the chop saw. As seen in Figure 3, the
aerosol produced with the grinding wheel consisted of Irregularly shaped
particles, some fibers and occasional ultrafine particles.

The aerosols produced by the high temperature cutting techniques: plasma
torch, electric arc cut rod and oxy-acetylene torch were markedly different
from the aerosols produced by the mechanical cutting devices. The aerosols
consist entirely of spheres and branched-chain ultrafine aggregates. The
aerosol produced in oxy-acetylene torch cutting contained a larger fraction
of spheres in the micron size range. The plasma torch produced an ultrafine
branched-chain aggregate aerosol with primary particle sizes ranging from
0.05 to 0.15 micrometer real diameter. Occasional larger spherical particles
in the micron size range can be seen in the micrographs. The electric arc
cut rod also resulted in an aerosol which was a combination of branched-chain
ultrafine aerosols and larger spherical particles.

Figure 4 compares the respirable aerosol production rate for the tools in
milligram per minute and milligram per cut for segmenting 2-inch Schedule 40
Type 304L stainless steel pipe. The reciprocating saw and the band saw botn
produced aerosols at the rate of 10 to 100 milligrams per minute or about 20
to 150 milligrams per cut of a 2-inch Schedule 40 Type 304L stainless steel
pipe. The average time for the chop saw to cut a 2-inch pipe was 1.5 minutes
and the aerosol production rate was in the range of 100 to 400 milligrams per
cut. The aerosol production rate in milligrams per cut was very similar for
oxy-acetylene, plasma torch and electric arc cut rod segmenting. The aerosol
production rate in milligrams per minute was lower for the oxy-acetylene
torch than for the other two techniques. Aerosol production rates for the
three vaporization techniques were on the order of 1000 milligrams per minute.

Cutting times for the 4-inch Schedule 80 Type 304L stainless steel pipe
were 15.3 minutes for the reciprocating saw, 7 minutes for the band saw, 3.1
minutes for the electric arc cut rod and 2.4 minutes for the plasma torch.
The particle size distribution of the aerosol produced and the release rate
in milligrams per minute were similar for cutting 2-inch Schedule 40 and
4-inch Schedule 80 Type 304L stainless steel pipe.

Analysis by atomic absorption spectroscopy of the 3M HC1 midget impinger
solution collected during use of the electric arc cut rod showed that 12_^
2 ug Ni penetrated the prefilter and was collected in solution. This is
approximately 27 percent of the 45 pg of Ni that was calculated to approach
the filter during sampling of the cut rod aerosol. No nickel was detected in
impinger samples from the oxy-acetylene torch cutting, plasma torch cutting
or chop saw cutting.
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Figure 4. Aerosol production rates in (a) milligrams per minute and (b) milli-
grams per cut with the various tools used on ?-inch Schedule 40, Type 304L
stainless steel pipe.
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DISCUSSION

Time required to accomplish a cut was variable for the mechanical tech-
niques because of changes in the condition of the saw blade and changes in
the amount of force applied by the operator or by the amount of weight
applied to the reciprocating saw in the automatic mode. As the blades began
to wear, the saws produced small amounts of material in the respirable size
range. This is probably because the duller blades tended to gouge out metal
and had less sharp edge. The cutting rates of the vaporization technique
appeared to be limited by the amount of material they could vaporize per unit
time.

The morphology of the aerosols produced during metal cutting fit into two
general classes: irregularly shaped particles from comminution in the me-
chanical cutting processes and branched-chain ultrafine aerosols from vapori-
zation and condensation in the high temperature cutting processes. In
planning the study we speculated that the mechanical cutting processes might
create some ultrafsne aerosols by local heating. Although this effect needs
further study, we did observe some ultrafine aerosols in samples collected
during use of the band saw and grinding wheels (Figure 3). Fibers seen in
the electron photomicrographs of the chop saw and grinding wheel aerosols
were probably abraided from the cutting or grinding wheels.

In addition to ultrafihe particles, we observed some larger spheres in
the aerosols produced during the oxy-acetylene torch, plasma torch and elec-
tric arc cut rod cutting. Larger spheres produced in use of the electric arc
cut rod may be from the cut rod itself. It is also possible that the spheres
seen in aerosols from plasma torch and oxy-acetylene cutting are formed when
molten metal is entrained in the high speed cutting gas stream or otherwise
blown from the cut area. The cutting tip of the oxy-acetylene torch consists
of a main oxygen jet orifice surrounded by a ring of preheater jets. The
fuel gas is exothermally oxidized through the preheater jets. When the metal
to be cut reaches approximately 11OO*C the main oxygen jet is turned on and
the heated metal is probably both "burned" and blown out of the cut. Entrain-
ment appears to be at least as significant a mechanism as vaporization. Oxy-
acetylene torch cutting works marginally for stainless steel and is primarily
a technique useful for cutting carbon steel.

The plasma torch operates at a much higher temperature than the oxy-
acetylene torch. Temperatures are estimated to exceed 20,000*C. The plasma
torch uses a primary gas such as N2 to form the plasma and a secondary gas
such as CO2 to provide cooling of the cutting tip. The secondary gas flow
may provide the entrainment. This entrainment phenomena needs to be investi-
gated further.

The aerosol release rate did not appear to be a function of the thickness
of the material being cut for any of the tools. The time required to cut a
4-inch Schedule 80 Type 304L stainless steel pipe was approximately 4 times
the time required to cut a 2-inch Schedule 40 Type 304L stainless steel pipe.
Aerosol production rate in milligrams per minute appeared to remain constant
and aerosol particle size distribution did not show significant differences
between cuts of the two sizes of pipe. It should be possible to estimate the
aerosol production rate for a cutting operation using the data in Figure 4.
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This estimate could be used to determine adequate ventilation rates for the
work area in order to limit the air concentration of respirable particuiates
below a prescribed level.

Uncertainties will be related to the uniformity of dispersion and mixing
of the aerosol. In addition, it is not clear that a direct correspondence
exists between the risks of inhaling equal masses of irregular particles from
mechanical cutting and ultrafine branched-chain aggregate particles from high
temperature cutting.

Deposition, retention and translocation patterns of inhaled ultrafine
particles may be substantially different from those of more compact, irregu-
larly shaped particles. This may be due in part to surface area dependent
properties such as rates of dissolution, gas-particle interactions (including
hygroscopic growth) or surface adsorption properties. The biological behav-
ior of inhaled ultrafine particles cannot be readily predicted from existing
data on particles of diameter greater than 0.5 m- As particle size de-
creases, the inertia! and sedimentation mechanisms of deposition become
progressively less important. The inhalation deposition of particles of diam-
eter less than 0.5 urn is increasingly influenced by Brownian diffusion.
Brownian diffusion is the predominant mechanism of deposition for particles
of diameter less than 0.1 pm. Only very limited data are available for par-
ticles of diameter less than 0.2 urn,14*15 and no data are available for
particles of diameter less than 0.02 ym. Deposition of these particles may
be higher than for larger respirable particles. Smaller particles are
expected to have higher dissolution rates than larger particles because they
have higher specific surface areas.13 More research on these questions is
needed to provide a better basis for health risk assessment.

There is circumstantial evidence that nickel carbonyl [NifCOjaJ vepors
may have been produced during cutting with the electric arc cut rod. The
efficiency of the particulate filter was greater than 99 percent but approx-
imately 27 percent of the Ni approaching the filter penetrated. It has been
postulated^ that high temperature vaporization processes can release some
metals as vapors rather than particulates. The results obtained in this
study indicate that the question of Ni{C0)4 formation should be studied
further since nickel carbonyl is a highly toxic and carcinogenic compound.**
The MPCajr for Ni(C0)4 is 50 ppm

12 and the level detected during the
cut rod cutting was 110 ̂  22 ppb, indicating a potential hazard to workers.

A related concern for worker protection involves eye protection from the
intense ultraviolet radiation produced in the high temperature cutting opera-
tions. Although supplied air respirators are available with protective lens,
we are not aware of breathing air hoods with attached eye protection. This
need should be addressed.

CONCLUSION

This study has provided the first detailed information about the respir-
able aerosols produced during metal cutting typical of decommissioning a
nuclear facility. With the exception of the multi-wheel pipe cutter, all
pipe segmenting devices evaluated created aerosols in the respirable size
range. The reciprocating saw and the band saw produced aerosols at a rate of
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10 to 100 times less than the vaporization techniques of oxy-acetylene torch,
plasma torch and cut rod. Although lower in its aerosol production in milli-
grams per minute, the oxy-acetylene torch was equivalent to the plasma torch
and cut-rod in output of aerosol per cut. The chop saw produced aerosols at
a rate intermediate between the mechanical saws and the vaporization tech-
n iques.

Further study of potential formation of toxic metal vapors (e.g. nickel
carbonyl) during high temperature cutting of stainless steel is warranted. A
method should be applied to quantitate the formation of metal vapors and to
determine whether nickel penetrating particulate filters ii in the form of
nickel carbonyl. Since high temperature formation and cutting of nickel
alloys is done in many industrial operations, production of nickel carbonyl
has potentially serious implications for worker protection. Future studies
might also address basic questions related to aerosol formation during cut-
ting and to local heating and vaporization during mechanical cutting and gas
entrainment of molten metal during high temperature cutting. Special atten-
tion is needed to determine the biological behavior after inhalation of the
type of ultrafine branched-chain aggregate aerosols produced in high temper-
ature cutting.

Information contained in this paper can be used to estimate the total
aerosol release from a proposed cutting operation for the purpose of select-
ing appropriate respiratory protection and ventilation. When using any of
the mechanical cutting tools or vaporization cutting techniques respiratory
protection against the entire range of particles in the respirable size range
is necessary for workers conducting the decommissioning operations.
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AEROSOLS FROM METAL CUTTING TECHNIQUES TYPICAL OF DECOMMISSIONING NUCLEAR
FACILITIES - EXPERIMENTAL SYSTEM FOR COLLECTION AND CHARACTERIZATION

George J. Newton, Mark D. Hoover, Edwara 6. Barr,
Brian A. Wong ana Paul D. Ritter*

Inhalation Toxicology Research Institute
Lovelace Biomedical and Environmental Research Institute
P. 0. Box 5890
Albuquerque, NM 87185

ABSTRACT

Decommissioning of radioactively contaminated sites has the potential for
creating radioactive and other potentially toxic aerosols. We describe an
experimental system to collect and characterize aerosols from metal cutting
activities typical of those useo in decommissioning of nuclear facilities. A
special enclosure was designed for the experiment and consisted of a 2-in x
4-in stud frame with douDle walls of flame retardant polyethylene film.
Large plexiglass windows allowed the cutting operations to be directed and
filmed. Ventilation was 8500 L/min {300 CFM) exhausted through HEPA
filters. Seven cutting techniques were evaluated: pipe cutter,
reciprocating saw, band saw, chop saw, oxy-acetylene torch, electric arc cut
rod and plasma torch. Two grinding tools were also evaluated. Materials cut
were 2, 3 and 4 inch diameter schedule 40, 80 and 180 type 304L stainless
steel pipe. Basic studies were done on uncontaminated pipe. Four-inch
diameter sections of schedule 180 type 304L stainless steel pipe with
radioactively contaminated internal surfaces were also cut. The experiments
controlled important variables including tools, cutting technique, and type
and thickness of material. (Research prepared under U. S. Department of
Energy Contract Number DE-AC04-76EV01013.)

INTRODUCTION

The purpose of this study was to develop.information to enable an
improved human health risk estimate from decommissioning of surplus nuclear
facilities. This paper describes the experimental system designed to collect
and characterize aerosols from metal cutting activities typical of those used
in decommissioning radioactively contaminated sites. A second paper (Hoover
et^al., this conference) describes the experimental results in greater detail
ancT~concentrates on a description and interpretation of aerosol
physicochemical properties relevant to human health risk assessment and
worker health protection.

*EG&G Idaho Inc.
1955 Fremont Ave.
Idaho Falls, Idaho 83514
U.S.A.
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The nuclear industry in the United States has reached the stage in its
development where many facilities are nearing the end of their useful life-
time. As a result, approximately 400 radioactiyely contaminated facilities
are scheduled for decontamination and decommissioning between now and
2000 A.D. These include radioactive tailings piles, nuclear fuel fabrication
plants, nuclear reactors and chemical processing plants.1

Decommissioning Options

Three options for handling a nuclear facility after shutdown are entomD-
ment, safe storage and dismantlement. Entombment involves encasing a
facility in a concrete structure oesigneo to prevent any access and prevent
any release of radioactivity. Until recently, entombment has been looked
upon as a permanent disposal solution for nuclear reactors. It was believed
that the life of a concrete entombment structure would extend beyond the time
when levels of contained radioactivity had decayed to safe levels. Recent
studies, however, have shown that neutron-irradiated reactor components will
contain the long-lived raoionuciides nickel-59 and niobium-94 (with half-
lives of 80,000 ano 20,300 years, respectively) in levels high enough to
require containment for thousands of years. In such cases, entombment is
not acceptable.

Safe storage of a radioactively contaminatea facility involves a constant
guard to prevent public access for a period of 30 to 100 years. This option
has an advantage over immediate dismantlement of a facility in that short-
lived radionuclides are allowed to decay before dismantlement begins. A
major disadvantage of delayed dismantlement is that workers will be unfamil-
iar with the facility and will have to rely on the adequacy of archival
records for structural and engineering details.

Regardless of whether dismantlement is delayed or immediate, it will
involve segmentation and removal of metal components. Where extremely high
radiation contact doses are involved, such as on or within the reactor vessel
itself, cutting and removal operations will De oone remotely. Hands-on oper-
ations will be considered appropriate where radiation fields are low enough,
exposure durations can be limited or adequate shielding can be used.

Materials To Be Encountered

Many of the components of nuclear facilities are maoe of 300 series
stainless steel. This includes piping, structure, shielding and internal
components. Ancillary components such as pipe hangars and supporting beams
are fabricated largely out of carbon steel. Reactor vessels are typically
made of carbon steel, 10-13 inches thick with a stainless cladding about
1/4 inch thick on the inner surface. Aluminum is a typical material for con-
struction of low power test reactor vessels and internal components.
Other materials such as inconel-600 and reinforced concrete are also found.

Radioactive contamination of these materials will fall into two general
classes: surface contamination resulting from attachment of radioactive
films or sludges and homogeneous contamination resulting from neutron activa-
tion of elements within the materials. Some components ot nuclear
facilities, such as the primary coolant loop of a nuclear reactor, will have
contamination of both types.
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Expected Cutting Techniques

A number of segmenting methods exist for use in dismantling nuclear
facilities.3*4 Mechanical methods include milling, grinding, sawing, nib-
bling and shearing. Explosive techniques involve the use of shaped charges.
High temperature vaporization or melting processes include the arc saw,
plasma torch, thermic lance, oxygen burner {oxy-acetylene torch), laser and
electric arc cutting roa. Most of these techniques can be usea either
remotely or in hands-on operations. All of these activities have the poten-
tial for creating hazardous aerosols which could be inhaled by workers or
members of the general population.

Protection From Inhalation Hazards

The primary questions for worker protection in decommissioning operations
are: (1) Are toxic materials mobilized during these operations in a form
which can be inhaled by a worker and deposited in his respiratory tract?
(2) What are the characteristics of these mobilized toxic materials with re-
spect to potential inhalation exposures?, ana (3) Are the amounts of
materials mobilized sufficient to pose a significant risk to the worker's
health?

Workers should be protected by air cnange ana filtration systems ana by
respiratory protection. Particle aeroaynamic size distribution ana total air
concentration influence the effectiveness of these systems. To the extent
that these protective systems may fail as a result of accident, negligence or
poor design, other parameters will oecome important. These include particle
real diameter, elemental composition, specific activity, chemical form and
surface characteristics of particles. These factors influence retention or
translocation of materials after deposition in the respiratory tract and the
dose to individual cells ana organs.

Particle Sizes of Concern

The primary concern of this study was to characterize aerosols in the
respirable size range. The United States Environmental Protection Agency has
adopted a 10 um aerodynamic diameter upper size limit for respirable parti-
cles. However, large particles are also of concern when considering decon-
tamination following either maintenance or demolition of a radioactively
contaminated facility. Figure 1 shows the particle sizes of concern for this
study along with practical sizing limitations for the aerosol instruments
usea. For convenience we classifiea the particle size range into three main
groups. We call the first group which extends from * 10 urn to 100 pm
coarse particles. The secona group extends from 0.1 to 10 wn aerodynamic
diameter (AD) and is referred to as fine particles. Fine particles can gen-
erally be sized by inertial devices ana optical methods and are highly
respirable. We call particles less than 0.1 um ultrafine particles.
Ultrafine particle behavior is dominated by diffusion. _• Most of the aerosols
from high temperature formation processes have a major component of ultrafine
aerosols. Another characteristic of ultrafine aerosols is that they typi-
cally form chain agglomerates of much smaller primary particles. Ultrafine
aerosols typically have a very high specific surface area that dominates dis-
solution and chemical reactions in atmospheric transport or in the body
following inhalation.
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Figure 1. Schematic diagram of particle sizes of concern. Also shown are
removal mechanisms, a three part arbitrary size grouping and practical ranges
of sampling instruments.

Metal Vapor

During previous decommissioning activites at the Idaho National Engineer-
ing Laboratory (INEL), Smith5 reported that high temperature vaporization
processes can release some metals as a vapor rather than in a particulate
form, e.g. as nickel carbonyi [Ni(C0)4]. Nickel caroonyl is a highly toxic
ana carcinogenic compound.6 When a plasma torch was used to cut a stain-
less steel tank, nickel was found to penetrate a 0.45 ym pore size filter
and was subsequently trapped in an HC1 scrubber solution.

MATERIALS AND METHODS

Approach

In order to obtain information representative of decontamination and
decommissioning activities we designed an experiment to accomplish the fol-
luwing goals: (1) Obtain aerosol samples during cutting of pipes typically
used in the nuclear industry, (2) Produce a film suitable for training
craftsmen for future decommissioning activities expected at the INEL and
(3) Develop information to enable an improved human health risk estimate from
decommissioning of surplus nuclear facilities.

The experiment was conducted at the Idaho Chemical Processing Plant at
the INEL in a cooperative study with personnel from Lovelace Inhalation
Toxicology Research Institute (ITRI), EG&G Idaho, and Exxon Nuclear Idaho
Company (ENICO).
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Primary Containment

A primary containment enclosure (Figure 2) was constructed of 2-in by
4-in stud frame with double walls of flame retardant polyethylene film. The
enclosure hao two rooms, a 12-ft by 8-ft main cutting area ano a 6-ft x 8-ft
ante-room or air lock where protective clothing and respirators could be
donned and where decontamination coulo be accomplished. The cutting room hao
stainless steel sheet metal on the floor and fire blankets on the lower half
of the walls. Tne cutting station consistea of a 6-in pipe vise on a rigid
stand. Plexiglass viewing windows allowed the cutting operations to be
directed ana movie films taken from outside the enclosure.

Air flew was filtered into the enclosure through double furnace filters
and exhausted through two HEPA filters in series. A flow rate of
* 8500 L/min (300 CFM) provided for one air change every three minutes.

Cutting Methods Used

All pipe eating was done by an experienced craftsman who haa been
involved in previous decommissioning activites at the Idaho Chemical Process-
ing Plant. Tools were handled as they would normally be usea for a
"rip-out." Some cuts were made to evaluate influences of tool or operator
variability. Some parameters evaluated were blaae condition ana influence of
pressure during a cut.

We selected seven representative pipe cutting techniques. Mechanical
methods included: a standard pipe cutter, a reciprocating strap-on Model
Astx 649 (Fein Co., Pittsburgh, PA) metal hack sav*, a portable bana saw
(Milwaukee Tool Co., Milwaukee, WI) and a high speed 3 h.p. "chop saw" Model
AG2300 (Metabo Tool Corp., Long Island, NY). Melting-vaporization techniques
were: a standard industrial oxy-acetylene gas cutting torch, a 300 amp elec-
tric arc cut rod (Welco Cut Roo, Welco Inc., Miami, FL) ana a 400 ampere
Tnermal Arc Model Pak~44 plasma torch (Thermal Dynamics; West Lebanon, NH).
A side arm grinder and a small hand held grinding wheel (Milwaukee Too1. Co.,
Milwaukee, WI) which were used to prepare pipe ends were also evaluated.

Stainless Steel Pipes Studied

We obtained short sections of uncontaminated 2-in schedule 40 ana 4-in
schedule-80 type 304L stainless steel for basic aerosol studies and for use
in the training film. Preliminary operations with uncontaminated pipe also
helped in selecting appropriate dilution ratios for the various metal cutting
devices to be useG on contaminated pipe ano were aiso a test of the contain-
ment structure integrity.

The contaminated pipe was a 2.5-ft length of 4-in schedule-180 stainless
steel pipe formerly a pert of the primary coolsat loop in the INEL Power
Burst Facility. This section of pipe was internally contaminateo with fis-
sion products to a level of *> 10 mr/hr contact oose on the outside. A wipe
of the internal area (% 100 cur) indicated a gross B-emitter count rate
of 3.6 x 10 cpm. Alpha contamination *.i the wipe was 120 cpm which was
assumed to be plutonium for safety purposes.
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Figure 2. Sketch of the temporary containment structure, "tent" built
to enable controlled cutting of radioactively contaminated pipe and permft
aerosol sampling. Construction was of 2 x 4 studs with a double "skin" of
fire retardant plastic film. Lucite viewing windows permitted movie
filming of simulated decommissioning activities. Figure 2-A is the floor
nlan showing the work area and ante-room. Figure 2-B is an isometric
projection of the "tent".
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Aerosol Sampling Instruments

Because of the expected multi-modal size distributions,7 high particle
number concentration and unsteady number and mass concentration of the
aerosols, several different sampling instruments were used. Table I lists
these instruments along with the aerosol parameter measured, the sampling
limitation of each instrument and the purpose or use of each sample type.
Filter samplers were collected to determine the total aerosol mass released
during a cut. Cascade impactor8 samples were collected to determine
aerodynamic size distributions. Particles were collected with a
point-to-plane electrostatic precipitator9 for morphological examination by
both transmission and scanning electron microscopy. A Royco 226 (Hiac/Royco,
Menlo Park, CA) laser light scattering aerosol spectrometer was used to
monitor aerosol concentrations and size distribution as a function of time.
An electrical aerosol analyzer (EAA) (Thermo-Systems Inc. Moael 3030, St.
Paul, MN) and a screen type diffusion battery and continuous flow
condensation nuclei counter (DB/CNC) with automatic switching valve
(Thermo-Systerns Inc. Models 3040, 3020 and 3042, St. Paul, MN) were used to
measure particle size distributions in the particle size ranges less than
< 0.5 pm. We also used midgit impingers containing 3M HC1 preceeded by
filters to sample for gaseous metal compounds.

Sampling Probes and Aerosol Dilution System

Sampling probes consisted of three grounded copper tubes, (two 3/8-in and
one 1/4-in) placed at breathing level near the work area exhaust (Figure 2).
The oiameters of the copper tubes were selected to maintain flow Reynolds
numbers between 2000 and 4000 so as to reduce particle losses in transport
lines.10 A 3/8-in line sampled undiluted aerosol for the cascade impactors
and filters. A 1/4-in tube sampled aerosol for low flow rate filters and the
metal vapor impinger samplers. A second 3/8-in sampling line conducted the
aerosol to a dilution system and sampling chamber from which the Royco 226,
EAA and DB/CNC sampled.

A dilution system was used in sampling aerosols generated by the chop saw
and high temperature cutting devices. These devices prpduceo aerosol with
number concentrations which were excessively high (> 108 particles/mL)
for airect sampling with the DB/CNC, EAA ana the Royco 2*b. we built a two-
stage ailutor (Figure 3) which enaoled very precise control of the aerosol
sampling rate in the range of 0.1 to 1.0 Lpm while the dilution was varied
and controlled up to 40 Lpm per stage. The flow through each stage of the
system was calibrated and a bubble flow meter was used to precisely balance
the total system and set the aerosol sample flow rate. Using this two stage
dilution system we achieved dilution ratios in the range of 20-1000:1. After
adjustment of the dilution to achieve the desired number concentration, aero-
sol was sampled from the sampling chamber by the EAA, Royco 226 anu the
DB/CNC. Point-to-plane electrostatic precipitator samples for scanning ana
transmission electron microscopy were also taken from the sampling cnamber.
The DB/CNC was also used to measure background aerosol concentrations both
inside ana outsiae the containment structure.
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Table I

Sampling Instruments Used in the Characterization
of Aerosols in Metal Cutting and Grinding Procedures

Instrument Name Parameter Measured
Sampling Range

(vm) Purpose or Intended Use of Sample

47 and 25 mm Filters

Lovelace Multiset
Cascade Impactor (LHJ)
7-stage and Filter

Continuous Flow Type
Condensation Nuclei
Counter (CNC)

Screen-type Diffusion
battery with CNC and
automatic switching
valve. (DB/CNC)

Electrical Aerosol
Analyzer (EAA)

Point-to-Plane
Electrostatic
Precipitator with
SEM stubs

Point-to-Plane
Electrostatic
Precipitator with
TEH Grids

Royco 226 (non-
radioactive samples
only).

Prefi Her and
Midgit Impinger
with HC1

Total mass

Aerodynamic size

Particle number
concentration

< 10

0.5-10

0.005-0.2
(no size
classification)

Diffusion diameter 0.005-0.4

Electrical mobility 0.05-1.0
diameter

Elemental analyses 0.001-10
and real size

Projected area 0.001-10
diameter

Size distribution 0.15-6.0
by laser light
scattering

Penetration of (vapors)
metal vapors
through filters

Total aerosol release rate.

Determine aerodynamic size distri-
bution and provide size classified
samples for chemical and surface
analyses.

Particle number as a function of
time. Used with an 0.4 vn pre-
cutter.

Ultra fine size distribution based
on diffusion diameter. (Precutter
used).

Particle size distribution data.
Calculated count median diameter
2nd mass median diameter.

Elemental analyses by EDXA and
real size by scanning electron
microscopy. Particle morphology
and surface characteristization.

Particle morphology and size dis-
tribution by projected area using
transmission electron microscopy.

Size distributions, during rapidly
fluctuating aerosol concentration.

Possible formation of nickel car-
bonyl and other vaporous organo-
metallies.

Analytical Methods

Total aerosol mass collected on type AAWP, 47 nm diameter filters (Milli-
pore Corp., Bedford, MA) and collected by cascade impactors was determined by
weighing substrates and aerosol on a Cahn 26-electrobalance (Cahn Instruments
Inc., Cerritos, CA). Cascade impactor substrates were 37 mm diameter x
0.005-in stainless steel shimstock coated with Apiezon L grease (James G.
Biddle Co., Plymouth Meeting, PA). Sensitivity of the Cahn 26 was 1.0 x
10 g. Prior to use, substrates were weighed. Collected aerosol mass was
determined to be the difference between sample substrate tare weight and the
total mass of sample and substrate. Size distributions from cascade impactor
samples were determined by fitting a lognormal function to the cumulative
mass fraction and cascade impactor stage effective cut-off diameter.
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Figure 3. Schematic diagram of the dilution system used for reducing the
extremely high number concentration (10s/ml) to amounts within the
operational range of the sampling instruments. Dilution ratios ranging from
1:1 to 1000:1 were achieved with this field built system.
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Filter and cascade impactor samples obtained during cutting of a 4-in
schedule-180 section of stainless steel with internal surface contamination
were analyzed for radioactivity. Alpha emitters were determined by ZnS scin-
tillation counting and gamma emitters were counted by Ge(Li) gamma spectro-
scopy.

Oata from the Royco 226 laser active scattering aerosol spectrometer were
analyzed using the manufacturer's calibration. Oata obtained from the EAA
were analyzed with a modified high altitude calibration described by Yen and

.11*1* Oata obtained from the screen type diffusion battery and con-g type diffusion battery
tinuous flow condensation nuclei counter with automatic switching valve
(DB/CNC) were analyzed using methods previously described.13

RESULTS

Containment of Aerosols

The containment structure functioned as designed. No aerosols above
background levels were detecteo outside the cutting room using the continuous-
flow condensation nuclei counter. When we cut the radipactively contaminated
pipe, the containment room ventilation rate of 8500 L/min (300 CFM) resulted
in a radioactive aerosol concentration which was too dilute to accurately
determine the aerosol size distribution. Gross beta radioactivity was less
than 12 cpm per liter of the containment structure atmosphere.

All cutting techniques under simulated decommissioning operations were
documented on movie film. Operators were fully dressed in anti-contamination
clothing and were wearing breathing-air-supplied full-face respirators.

Aerosol Characteristics

Selected results are shown in Figures 4 and 5 and also in Table II. More
complete results are presented by Hoover et al_. in this symposium proceed-
ings. Figure 4 is a composite of the results from aerosol sampling showing
cascade impactor data and electron photomicrographs of aerosols produced by
the reciprocating saw ana the plasma torch. The electron photomicrographs
are views of particles from samples obtained with the point-to-plane electro-
static precipitator. Total mass aerosolized is shown in Figure 5 for all
cutting and grinding techniques studied. Cascade impactor results are summa-
rized in Table II. These data show cutting time in minutes, the range of
mass median aerodynamic diameter (MMAD), geometric standard deviation
(og) and aerosol mass concentration as determined by cascade impactors.

Results obtained with the Royco 226, the DB/CNC and the EAA indicated
rapidly changing aerosol size distribution and mass concentration. Time
delays in the system and and fluctuating mixing dynamics near the cutting
zone resulted in a series of individual size measurements that could not be
co. related with other aerosol instrument results.
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Figure 4. Composite of results from aerosol sampling. Upper figures show
cascade impactor data displayed as histograms and an electron photo-
micrograph of particles produced by the reciprocating saw (Fein saw).
Lower figures show similar results for the plasma torch.
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Table II

Characterization of Aerosols Produced During Metal Cutting
Processes Typically Used in Decommissioning Operations

Tool

Cutting time for
2-in schedule 40

type 304L SS (win)

Range of M U D
by Cascade

Inpactor (

Measured
Concentration

•g/"3

Pipe Cutter

Reciprocating Saw

Band Saw

Side Arm Grinder

Chop Saw

Oxy-Acetylene Torch

Cut-Rod

Plasma Torch

1.0

3.1

1.5

N.A.

1.5

3.6

0.8

0.6

N.D.*

Bimodal

0.1 - 0.5

Bimodal

1.5 - 9.0

0.1 - 0.3

0.4 - 0.8

0.2 - 0.3

N.D.
N.A.b

2.3

N.A.

4.6

2.3

1.8

2.7

N.D.

1.0 ± 0.8

2.5 ± 1

30 t 1

12 t 3

15 ± 11

53 ± 30

6G ± 80

aNo aerosol detected.
bNot applicable.

SIDE ARM GRINDER

RECIPROCATING SAW

| BAND SAW

CHOP SAW

OXY-ACETYLENE

PLASMA TORCH

CUT ROD

5 10 100 1000, 10000

AEROSOL PRODUCTION RATE (mg/min)
FOR 2* SCHEDULE 40 TYPE 304L STAINLESS STEEL PIPE

Figure 4. Chart showing the range of aerosolized mass for all cutting tools
studied.
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DISCUSSION

Our experimental containment structure with 300 CFH ventilation rate
easily contained the resultant non-radioactive and radioactive aerosols, hie
estimate that radioactive contamination 100 times the 10 mr/hr levels of the
contaminated pipe that was cut could have been handled in the experimental
containment structure. After the studies were completed the interior walls
of?the structure were monitored for radioactivity. No levels over 50 cpm/100
cnr were detected anywhere except in the slag on the stainless steel floor
underneath the cutting areas. All tool heaos were wiped with soap and damp
paper towels and were found to be free of radioactive contamination.

The level of radioactivity in the contaminated pipe that was cut i*as too
low to enable us to quantify the aerosolization of the radioactive fission
products in this experiment. Other recent experience in.actual decommission-
ing activities16 and a laboratory study at our Institute" indicate,
however, that most of the radioactivity in the cutting path can be aero-
solized. For high temperature cutting tools more of the adjacent areas next
to the cut are heated and thus more surface could be aerosolized than is the
case for mechanical cutting devices. The extent of this effect is still not
quantified.

This study verifies that in cutting 2-in schedule 40 type 304L stainless
steel high temperature metal cutting tools such as the cut rod, oxy-acetylene
cutting torch and plasma torch generate 15-100 mg/nr quantities of multi-
component-multimodal aerosols. Mechanical cutting tools such as saws, chop
saw and grinders also aerosolized relatively large amounts of respirable
sized aerosols. The reciprocating saw and portable band saw generated
1-3 mg/nr. Both the size arm grinder and the chop saw generated about 10
times the aerosol as did the Fein saw-band saw.

The 4-in schedule-180 stainless steel pipe with internal contamination
could not be cut with any of the mechanical cutting tools. The saw blades we
had available were unable to cut anything larger than 4-in scheaule-80 type
304 stainless steel. Both the cut rod and plasma torch quickly cut the
schedule-180 stainless steel pipe demonstrating the greater capabilities of
the high temperature cutting tools.

As shown in Table II, the oxy-acetylene torch required 3.7 minutes to cut
2-in schedule 40 stainless steel pipe whereas both the cut rod and plasma
torch cut the same pipe in less than 1 minute. Oxy-acetylene torches are not
really suitable for cutting stainless steel; however, it is feasible to cut
stainless steel with oxy-acetylene torches.

An ordinary aerosol sampling effort typically involving filters and cas-
cade impactors or cylones will not characterize the ultrafine aerosols. Use
of aerosol sizing instruments such as the EAA and DB/CNC or electron micro-
scopy is necessary to detect and characterize the ultrafine modes of aerosols
from high temperature metal cutting events. Results of using EAA and OS/CNC
yielded indeterminant data due to rapid fluctuations in aerosol concentration.
The EAA requires 2-3 minutes to obtain data for all 11 channels and the
DB/CNC requires up to 5 minutes to obtain data for the eleven cells of the

VI-166



diffusion battery. In these time frames the aerosol concentration must
remain stable to obtain useful data. The CNC indicated that aerosol concen-
tration changed by as much as a factor of 10 during the collection of data
from diffusion battery. To correct for fluctuations we recommend that a
second CNC be run in parallel with the DB/CNC system to provide a real time
measure of the changes in aerosol concentration. This can be used to normal-
ize OB/CNC data. Rapid fluctuating aerosol concentrations preclude the use
of the EM,

CONCLUSIONS

The following statements summarize the conclusions we have made to aate.
Conclusions are based on the data from this study, observations of the crafts-
men during the cutting operations and our discussions with INEL personnel.

In these aerosol characterization studies, no one aerosol instrument
is capable of examining the broad size distributions generated. A
battery of aerosol instruments is needed with special empnasis on
the fine and ultrafine particles (< 10 um). Due to the extreme
fluctuating nature of the aerosol concentration, two continuous flow
condensation nuclei counters would be valuaDle. One would run in
the continuous mode while the second would be attached to the screen
type diffusion battery where up to several minutes can be required
to sample all eleven cells.

• The easily constructed containment structure used for our studies
can be applied in laboratory studies, specialized cutting operations
and general decontamination procedures.

For stainless steel pipes larger than 4-in schedule-80 most mechani-
cal hand tools are inadequate. Development ana routine use of more
durable saw blades could extend the applicable range of mechanical
hand tools. The largest available plasma torch can cut up to 6.i>-in
thick steel. Demolition of large reactor vessels will require other
tools. Development of larger plasma torches suitable for remote
handling operation could assist in demolition and dismantlement of
large vessels.

• Characterization of aerosols from decommissioning operations has
only begun. Much more research remains to be done so that the
health protection professionals can be able to improve the work
place for industrial workers engaged in decommissioning work. Other
tools need study and new tools need to be developed.
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ABSTRACT
For planning the decommissioning of the nuclear power
plant Gundremmingen, Block A, an overall balance of the
current activity inventory was determined by measurements
as well as by calculations. The results showed satisfacto-
ry agreement. In all, 5 . 1016 Bq were found for the RPV
plus its internals. It is found that only the inner part
of the biological shield — specially seperated — was ac-
tivated .
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1 INTRODUCTION
Following the decision to decommission the nuclear power plant
Gundremmingen Block A (KRB-A), the operator of the plant — EWE-
Bayernwerk GmbH — issued a contract to the working team NIS
Nuklear-Ingenieur-Service GmbH - Kraftanlagen Heidelberg AG to
carry out the planning of the protective storage. Within the
framework of this contract, and among other activities and over-
all balance of the current activity inventory should be prepar-
ed. Since more than 90% of the radioactive inventory is located
in the area near the core, and thus in the area activated by
neutron flux, the studies were concentrated especially on the
reactor pressure vessel (RPV) with its internals, as well as on
the biological shield. The determination of the activation in
the area of the biological shield was supported by the European
Atomic Energy Communities under a research program on decommis-
sioning under Contract No. DE-F-002-D(B).

2 OPERATING HISTORY
KRB-A has rated thermal reactor power of 801 MW (205 MW electri-
cal) . The reactor was placed in operation in 1966 and, until the
last shutdown on 13. Jan. 1977, generated a total of about 15 TWh
of electrical power, with an average availability of 75%.

3 PURPOSE OF THE ACTIVITY DETERMINATION
For the planning of the decommissioning and removal measures as
well as for safety considerations, especially in the sense of
radiation protection, the composition, distribution, and binding
of radioactive materials must be known.

Due to the high activity concentration, the activated area —
and here primarily the activity distribution in the RPV and its
internals, as well as in the biological shield — is of special
importance (Figure 1). The distribution of the activity in the
biological shield dictates what proportion of the shield must be
removed, i.e., to what layer thickness the surface of the shield
must be stripped off, in order then to be able to release the
remaining concrete structures together with the freely deconta-
minable residual structural components without further radiolo-
gical restrictions.

This question does not arise with the RPV because it is totally
activated, and moreover its internal surfaces are covered by a
high level of resistant contamination. During the planning, the
activation of the RPV is of decisive importance primarily for
the selection of the dismantling, conditioning, and ultimate
storage measures to be employed.
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In addition to the RPV Charpy-V-notch sample, three wires (neu-
tron fluence monitors), packed and irradiated together with the
Charpy-v-notch samples and made of pure iron, pure copper, and
pure nickel, were also analysed. The manganese-54 activity with-
in the copper wire, and the nickel-63 activity within the nickel
wire (Table II).

Furthermore, samples from the austenitic feedwater sparger rind,
which was removed in 1-976, were analysed chemically and radio-
logically. This feedwater sparger was exposed to the neutron
flux for a period of time only 3 months shorter than that of the
other core internals.

For the purpose of taking concrete and concrete steel samples
from the biological shield, three radial drill cores were bored
out of the shield, i.e., one drill core each at the height, of
the upper and lower edges, as well as at half the height, of the
nuclear core. Due to the unfavorable locations of the desired
positions with respect to the ceilings and the rest of the
structure, the drill cores had to be bored out from outside at
different angles with respect to the surface and inclined down-
ward (Figure 2).

For the calculation of the neutron flux distribution and of the
activation, the element composition of the concrete was deter-
mined chemically, whereby the proportions of trace elements,
such as, for example, europium, were also determined for the ac-
tivation calculation (Table I). The H_ content of the concrete,
which can only be measured with difficulty, is also of impor-
tance for the calculation of the neutron flux (Table I).

6 CALCULATIONS
The nuclide-specific activities were calculated for the parts in
the area of the neutron flux — essentially the RPV with its in-
ternals and external attached parts, as well as the biological
shield. For the activation calculations, it was first necessary
to determine the neutron flux distribution. The earlier calcu-
lation of the neutron flux distribution, which had been carried
out specially for the design of the RPV and of the biological
shield, could not be carried over without reservation to the ac-
tivity calculations for the biological shield because of the
possibly conservative assumptions contained in them. The neutron
flux distribution was calculated new with the one-dimensional
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4 PROCEDURE

The activated inventory was determined by measurements on samp-
les from the activated RPV and the activated area of the biolo-
gical shield, as well as by activity calculations.

By means of the measurements carried out for specific points,
as well as the orientation measurements resulting from them, it
should be ensured that all relevant radionuclides are considered
by the calculation. The entire activated area was to be covered
more completely in terms of space through the activation calcu-
lations for a large number of specified points.

The element composition of the base material was determined on
inactive samples of the same material charge through atomic ab-
sorption analysis (Table I).

With the aid of the calculations, the activity — and thus the
significance — of some nuclides (Fe-55, Ni-5i*, Ni-63) which can
be established only with great effort through technical measure-
ments can also be determined. Viewed from this aspect, measure-
ments and calculation supplement each other when determining the
actual radiological condition of the plant.

The situation is different in the biological shield, where from
the beginning larger deviations are expected between calculation
(on the basis of neutron fluxes calculated previously) and mea-
surement through material analyses, new neutron flux and acti-
vation calculations, and activity analysis of samples.

In the area of the RPV, emphasis was placed on the calculation
when determining the activation. This was for 2 reasons. In the
first place, there is no need to draw a boundary between active
and free here, and in the second place, more reliable neutron
flux values and activity measurements from the operating period
are available in the area of the RPV than for the biological
shield. The measurements conducted on samples from the RPV
should therefore servs primarily to verify corresponding calcu-
lation results.

5 ACTIVATION SAMPLES

In order to determine the activation, a Charpy-V-notch sample,
consisting of the base material used in the RPV, was analysed.
During the entire operating time, this sample was located, to-
gether with other identical samples, in the RPV at medium core
height on the RPV wall in a welded, gas-tight capsule.
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computer program ANISN C 3 J. The results of these calculations
were additionally checked on the basis of two-dimensional model
calculations and the measurement results provided by the neutron
fluence monitors.

The activity calculations were carried out with the NIS computer
program AKAT II. With this program, 70 nuclear reactions, which
lead to about 50 radionuclides, can be considered. When calcu-
lating the activation, differentiation was made according to in-
dividual parts and zones corresponding to the neutron flux dis-
tribution, i.e., parts which, due to their length or wall thick-
ness, were exposed to a difference of several decades in the
neutron flux were divided into zones.

.7 RESULTS

7.1 Neutron Flux Calculation

The elements relevant for the calculation of the neutron fluxes
are primarily those which also make up the main components of
the concrete (in ccntrast to the activation calculations, see
below). The prerequisite for this calculation is an exact de-
termination of the proportion of hydrogen. It has been found
that an error in determining the proportion of hydrogen has a
strong effect, and this effect becomes even stronger as the
depth increases.

The neutron fluxes calculated with a one-dimensional program
(ANISN £ 3 J ) as well as with a two-dimensional program (DOT
£*4_7 ) with the aid of suitable cross section libraries (EURLIB
and BUGLE-80 C^J ) showed satisfactory agreement £2J. The
values of the one-dimensional calculation are shown in Figures
3 and 4.

7.2 Activation

7.2.1 Reactor Pressure Vessel

The results of calculating the activity of the Carpy-V-notch
sample show good agreement with the measured values (max. + 30%)
for Co-60, Mn-54, and Ni-63. In Figure 5, the results of calcu-
lating the specific activities for the entire RPV are shown.
These specific values also include the other nuclides present,
which can not be analysed by gamma spectroscopy. In all,
5 . 1016 Bq are found for the RPV plus its internals.
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7.2.2 Concrete

The radioactivity in the concrete in the activate area is de-
termined to a great extent by radionuclides, the source element
or nuclides of which have proportions by weight in the ppm ran-
ge. However, those radionuclides that can be measured at a ju-
stifiable effort and expense have source elements, the proport-
ions by weight of which are difficult to determine chemically.
For example, on concrete samples t'.a radionuclides Co-60, Eu-152,
and Cs-134, the source elements of which all have proportions by
weight in the ppm range (Table I ) have been measured (Table II).
Only an exact analysis of these elements makes it possible for
the calculation of the activity to agree with actuality. The
calculation, however, also permits determination of the radio-
activity of those nuclides contributing to the total activity,
but which can be measured individually only with difficulty (X-
ray emitters, soft 8-emitters).

In a radial direction at the height of the core, some of the
measurement and calculation results are shown graphically (Fi-
gure 6). In this figure, the limit value for a release discus-
sed previously in the Federal Republic of Germany (3.7 Bq/g) is
also entered. It can therefore be seen from the drawing that the
outer concrete shell, specially separated from the internal con-
crete, is not radioactive.

8 CONCLUDING REMARKS

Calculation results and measurement results show good agreement;
i.e., with an exact determination of the H_ content and the pro-
portions of trace elements, the calculation method employed ans-
wers its purpose.

The calculation method offers the advantage that it provides
more information, especially on radionuclides which are diffi-
cult to measure, and it saves extensive measurements. The RPV
and its internals are included fully by the calculation, i.e.,
based on just a few measurements, the activity of the RPV can
be given, even by individual area. In the case of the concrete
in the KRB-A, it is found that only the inner part of the bio-
logical shield was activater*. For this reason, the gap between
the inner and outer concrete has a favorable effect because due
to it there is a clear separation between activated and non-ac-
tivated concrete.

VI-174



For new nuclear power plants to be constructed, attention should
also be paid to the trace elements and to slight amounts of im-
purities. This applies especially to the concrete, where, in ad-
dition, efforts should be made to attain a high proportion of
water as well as contents as low as possible of europium, cesium,
and cobalt, at least with the concrete for the inner part of the
biological shield.
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Element ^ \ .

Al

Ba

C

Ca

Co

Cs

Cu

Mn

Eu

Fe

Cr

H

K

Mg

N

Na

Ni

°2
S i

Charpy-V-
Notch

A/

2 10~2

1.6 10~1

7.0 10"1

Feedwater
sparger

8 10"2

1.6 10~1

7.21 101

1.87 101

1.2

1.17 101

Biological

(concrete)

A/
2.2

9.9 10~2

2 .6

2.0 101

1.5 10"3

5.0 10~4

3.3 10"2

5.0 10~5

1.1

7.0 to"1

5.0 10"1

1.1

<3 10""4

0.3

1.1 10~ 2

4.55 101

2.33 101

Biological
shielc
(steel)

0.2

5 10~2

9.95 101

7 10~3

Table I: Relevant element quota for the calculation
of neutron-flux and activation
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""""""--̂ Activity

Borrow Area *̂*%<*"*«>ŝ

Feedwater spa rge r

RPV-inside
Charpy-V-Notch

Fe-wire

Ni-wire

Cu-wire

Biological Shield
(concrete)

distance to

liner

f 7,5 cm
10,0 cm

32,0 cm

^ 68,0 cm

Co-60

/Bq/g7

1,16 . 103

1,07 . 106

-

-

8,14 . 104

4,44 . 103

1,14 . 103

4,81 . 102

4,07

Mn-54

Wg7

-

2,25 . 104

1,55 . 104

-

-

-

-

-

Ni-63

TBq/g7

-

1,05 . 10 5

-

1,25 . 107

-

-

1,40 . 102*
-

Cs-134

Z"Bq/g7

-

-
-

—

2,55 . 103

2,18 . 102

4,81 . 101

Eu-152

/Bq/g7

-

-

-
-

••

4,44 . 103

2,88 . 103

1,07 . 103

* Ca-45

Table II: Measured activities
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Figure 1; Longitudinal section of the biological shield
and RPV.
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JPDR DECOMMISSIONING PROGRAM

Masao OSANAI
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, Japan

ABSTRACT
National policy regarding decommissioning of nuclear reactors was

established in Japan recently, including basic considerations and technology
development. A technology development program to implement this policy has
been started in Japan Atomic Energy Research Institute utilizing a 90 MWt
power demonstration reactor, JPDR. The program is consisted of two phases.
Phase I Program is aimed at development of individual techniques that will be
required for the dismantlement of nuclear power plant. In this program,
demonstration, adaptation, improvement and/or development of techniques will
be conducted in the fields of system engineering, radionuclide inventory
estimation, decontamination, disassembly, remote handling, waste management,
and radiation control. Phase II Program is complete dismantlement of JPDR,
aimed at demonstration of dismantling technology and acquisition of actual
experience. It is expected that these programs will provide useful informa-
tion to the development of technical guidelines for the decommissioning of
nuclear power plants.

1. INTRODUCTION

Since first commercial nuclear power plant went into operation iv 1966,
nuclear electricity generation has been growing up steadily in Japan as shown
in Figure 1, and now twenty-four nuclear power plants are in operation,
supplying 17,000 MW of electricity, that is about 16% of the total consumption
of electricity of the nation.

These nuclear power plants have to he decommissioned when their operation
lives end up. Clarification of scenario on the disposition of nuclear power
plant is also necessary for the planning and implementation of nuclear power
program. From such reasons, the Atomic Energy Commission of Japan set up a
committee in 1980, and requested a study on the statewide measures for the
decommissioning of nuclear power plants. Based on the recommendations made by
the committee in March 1982, the Commission set up a basic policy for the
decommissioning of nuclear reactors and incorporated it into the "Long-term
Program on Nuclear Energy Development and Utilization" issued on June 30, 1982.

In parallel with the policy development mentioned above, engineering
development activities have been started or planned by government and private
organizations. One of the most systematic activities among them is "Reactor
Decommissioning Technology Development Program" started in Japan Atomic Energy
Research Institute (JAERI) under the sponsorship of the government. This pro-
gram is executed utilizing a power demonstration reactor, JPDR, and therefore
often called simply "JPDR Decommissioning Program".

This paper describes basic policy of Japan regarding decommissioning of
nuclear reactors and the Reactor Decommissioning Technology Development
Program being undertaken by JAERI.
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FIGURE 1 COMMERCIAL NUCLEAR POWER PLANTS IN JAPAN

2. NATIONAL POLICY REGARDING REACTOR DECOMMISSIONING

In this chapter, a brief description is made on the national policy of
Japan regarding decommissioning of nuclear reactor facilities, since it is
closely related to the JPDR Decommissioning Program.

A sub-section of the "Long-term Program on Nuclear Energy Development
and Utilization" issued by the Atomic Energy Commission of Japan on June 30,
1982, states the following regarding decommissioning of nuclear reactors*:

"Proper accomplishment of decommissioning of nuclear reactors is importan
to smooth promotion of nuclear electricity generation, as well as those of
establishment and operation.

Reactor decommissioning should be carried out in such a manner that safet;
is ensured and harmony T-;ith local community is maintained; continued effective
use of site for future nuclear power stations is important as well. In
principle, reactor facilities should be dismantled as soon after the completioi
of operation as possible. For specific cases, however, how to proceed with
decommissioning, e.g. whether to progress via certain period of mothballing
and/or entombment, will be determined by a collective judgement of various
factors.

It should be noted that this translation was made by the author for this
conference, and is not official translation which will be available shortly.
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Decommissioning of commercial nuclear power plants is envisaged to be
required from the latter half of 1990s. Improvement of technology and supple-
mentation of institutions will be promoted such that preparation is made by
that time. While it is considered that the decommissioning operations could
be managed by existing technology and its modification, it is desirable that,
including disassembly, decontamination and remote handling techniques,
adaptation and improvement of existing technology and development of new
technology be performed from the point of views of improvement of safety,
including reduction of workers' exposure to rciiation, ar.d reduction of cost.
Such technical development should be conducted mainly by private organizations.
Government will provide appropriate support to them, and also conduct on its
own, within about ten years of time, development and demonstration of dismantling
technology that would be applicable to future decommissioning of commercial
nuclear power plants, by the use of a power demonstration reactor (JPDR) of
JAERI which has completed its operating mission.

Investigations will also be promoted on the measures such as those for
funding including fare and taxation systems in which equalization of burdens
among generations of beneficiaries is considered, rational means for waste
management and institutions including safety regulations.

3. REACTOR DECOMMISSIONING TECHNOLOGY DEVELOPMENT PROGRAM

The "Reactor Decommissioning Technology Development Program" is a
government's RD & D program stated in the national policy and being undertaken
by JAERI. This program is carried out utilizing JPDR plant and is consisted
of two phases: Phase I and Phase II. Phase I Program is aimed at the
development of individual techniques necessary for reactor dismantlement.
Phase II Program is actual dismantlement of JPDR plant, aimed at demonstration
of individual techniques and collective techniques or, in other words,
"decommissioning technology". Phase I Program started in November 1981 and
expected to finish in 1985. Phase II Program will begin immediately following
Phase I Program and last about four years as shown in Figure 4.

Before going into detailed explanation of these programs, few words are
given here about JPDR. The JPDR plant is Japan's first source of nuclear
electricity, established for demonstration purpose and went into operation in
1963, and finally shut down in 1976. Table I shows the brief description of
the plant and its operation history. Preliminary estimation indicated that
the total radionuclide inventory in the plant, excluding readily removable
items such as spent fuel, is about 10,000 curies, and the maximum contact
radiation dose rate of neutron-activated reactor internals is about 10** R/hr,
as of March 1980.

3.1 Phase I Program

As mentioned above, Phase I Program is aimed at the development of
individual techniques required for reactor dismantlement. The techniques
dealt with within this program are;

A. Decommissioning System Engineering
B. Radionuclide Inventory Estimation Techniques
C. Decontamination Techniques
D. Reactor Disassembly Techniques
E. Remote Handling Techniques
F. Waste Management Techniques
G. Radiation Control Techniques

A brief description of activities in each field is given below.
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TABLE I BRIEF DESCRIPTION OF JPDR AND ITS OPERATION HISTORY

Location

Reactor Type
Power Output
Reactor Pressure Vessel

Type
Material
Dimension*

Inside height
Inside diameter
Wall thickness
Cladding thickness

Reactor Shielding
Material
Thickness

Rector Containment
Type
Dimensions

Operating History
Initial criticality
Initial power generation
Final reactor shutdown
Total reactor thermal output

Tolcai Research Establishment o£ JAE&I
Tokai-wra, Ibaraki-xen.
Direct-cycle, forced circulation 3WR
90 MWt (12.5 MWe + 45 MWt dump condenser)
(See Figure 2}
Cylinder with henispheric top and bottom
Carbon steel internally clad with SUS

Appro*. 9 ca
Approx. 2 m
Approx. 67 am
Approx. 6 an

Reinforced ordinary concrete
Ksnging froa about 1.5 to 3 a
(See Figure 3)
Dry type, cylindrical stsel vessel
Approx. 15 Q in diameter by 38.5 a high

August 1963
October 1963
March 1976
Approx. 21,500 MWD

i JUAW STOW PIPE

CRYER

SEPARATOR

SfWGER

FRE33JRE VESSEL
CCRESHROUO

COPE.

, 90TTOM GRID

OONTROLMO CU0ETU6E

FIGURE 2 JPDR REACTOR PRESSURE VESSEL FIGURE 3 JPDR CONTAINMENT VESSEL
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A. Decommissioning System Engineering

Two kinds of works are in progress in this field; planning for JPDR
dismantlement (Phase II Program) and development of computer programs for
systems analysis.

Planning for JPDR Dismantlement. Planning for Phase II Program is in
progress. Preliminary planning will be finished in this year, followed by
detailed planning as shown in Figure 4.

Development of Computer Programs for Systems Analysis. Two kinds of
computer programs are being developed; a computer program for dismantling
project system analysis and that for decommissioning technology development
project system analysis.
(a) Dismantling project system analysis: Development of a computer program
that would assist planning and management of dismantling operations of the
nuclear power plant is intended. The program will produce schedule charts and
perform cost and radiation dose analysis according to the conditions given to
the program. The program could be used for planning purpose including
scheduling and cost/dose evaluation in pre-performance phase and for management
purpose including schedule adjustment and modification during performance phase.

The development will proceed along the following line:
- Breakdown of dismantling operations into the elements of activities,
- Construction of a network of activities taking into account the inter-

relationship among the elements of activities,
- Preparation of resource data such as cost and man-power for each element,
and constraints.

Calculation can be made providing resource data and constraints to the network
program. The effectiveness of the program will be evaluated by JPDR dismantle-
ment (Phase II Program).
(b) Decommissioning technology development project system analysis:
Development of a computer program for planning and management of technology
development project is in progress. The techniques used is similar to the
above. In this case, however, those elements of activities for which develop-
ment is required are extracted and a network will be constructed only for those
elements. The effectiveness of the program will be evaluated through the
performance of technology development project at JPDR (Phase I Program).

B. Radionuclide Inventory Estimation Techniques

Estimation of radionuclide inventory in nuclear power plant can be made
by using calculational method, or direct measurement, and most effectively by
appropriate combination of the both. From this point of view, R & D efforts
are placed on the both methods, and are indicated below:

Development of Computer Code System. A computer code system is under
development for the estimation of radionuclide inventory generated by neutron
irradiation. This system consists of two codes for neutron flux calculation,
a code for activation calculation and libraries containing the group constants
for these calculations. One of the neutron flux calculating codes solves
differential type transport equation, and is applied to the calculation of
neutron flux adjacent to the reactor core. The other one solves integral type
transport equation, and is suitable for calculation of the neutron flux in a
distant region from the core. The computer code system will be improved and
verified by various bench-mark data, especially the measurement data obtained
from the JPDR.
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Direct Measurement of Radioactivity. Measurements of radioactivities
existing in various parts of JPDR are planned and in progress. Data obtained
will be used for the planning of Phase II Program and for the verification of
computer code system mentioned above.
(a) Sampling, radioactivity measurement and composition analysis: Samples are
taken from biological shield, reactor pressure vessel, core shroud, upper core
grid, control blades, poison curtains and various parts of pipings of JPDR.
Additional samples will be taken from control rod guide tubes below the core,
reactor pressure vessel and others.

Radioactivity measurement and composition analysis will be made on these
samples.
(b) Measurement of radiation dose-rate: In-situ measurements of contact
radiation dose-rates and their distributions are made on the reactor pressure
vessel wall and the core shroud wall by using a micro ion chamber with
collimator. Dose-rate measurements of the primary cooling system are also
made with TLD to estimate the contamination of the pipes.
(c) Measurements on dismantled materials: Radioactivity and dose-rate
measurements will be carried out on various dismantled pieces from JPDR
(Phase II Program).

Development of Non-destructive Measuring Method. Development of remote
in-situ non-destructive measuring method for residual radioactive materials
in pipings from outside is in progress. An experimental system including
small semi-conductor detectors, electronic circuits, telemetering devices,
scanning devices and data processing units is being fabricated. Based on the
results of experiments by this system, s proto-type system will be manufactured
and applied to JPDR.

C. Decontamination

Development works are in progress or planned in two areas; in-place pre—
disassembly decontamination of systems, components and buildings, and post-
disassembly decontamination of disassembled pieces. The former is aimed at
the reduction of workers1 exposure to radiation during disassembly works.
The latter is aimed at the acquisition of information useful for the development
of waste management techniques, e.g. volume reduction of radioactive wastes,
and methods for re-utilization of equipment and materials. Following activities
are in progress or planned:

Sampling and Analysis of Contaminants.
- Samples are taken from various parts of JPDR pipings. Additional samples
will be taken from other parts of JPDR in future.

- Chemical and physical analyses of deposits (crud) are in progress on these
samples.

In-place Pre-disassembly Decontamination,
(a) Chemical methods for metal components and systems:
- Laboratory scale static tests are in progress on various reagents to evalu-
ate their effectiveness and effects on materials.

- Manufacturing of glass-made mini test loops and stainless-steel-made small
scale test loops is in progress. Dynamic tests will be made on various
reagents in these apparatuses.

- Three separate bench-scale test loops will be made up using three JPDR
pipelines, i.e. two resctor coolant recirculation pipings and one reactor
coolant clean-up system piping. Bench-scale tests will be performed on
three different selected methods by these loops.
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- Full-scale demonstration will be made by decontamination of JPDR primary
system (Phase II Program).

- Manufacturing of an experimental setup for pre-treatraent of decontamination
waste is in progress.

(b) Electro-chemical methods for metal components and systems:
- Electro-chemical methods such as electropolishing and electropickling will
be tested.

(c) Other methods for metal components and systems:
- Development will be made on other methods such as mechano-chemical methods.
(d) Decontamination methods for concrete structures:
- Surface removal methods such as scabblers and microwave spaller, as well as

various surface cleaning methods will be tested.

Post-disassembly Decontamination. Chemical mechanical and electro-
chemical methods will be tested.

D. Development of Reactor Disassembly Techniques

Disassembly Techniques for Steel Structures. Development efforts are
focussed mainly on those techniques that are applicable to remote disassembly
of highly activated or contaminated reactor components such as reactor pressure
vessel and its internals, and primary system pipings. Following steps are
taken:
(a) A review of the state-of-the-art has been carried out to identify problem
areas to be solved.
(b) Testing on cutting methods and tools such as arc saw, plasma arc,
mechanical and explosive cutting methods will be commenced in this year in
order to obtain following information;
- Cutting performance such as cutting speed and penetration depth in the metal

to be cut
- Nature and quantity of secondary products including generation and spread of

gases, dusts, particles, fragments and dross
- Data necessary for equipment design including suitability for remote handling

and possibility of reducing size and weight.
(c) Total system consisted of cutting device, fixing device, remote handling
device, contamination control device, etc. that will be used for JPDR disman-
tlement will be designed and manufactured.
(d) Systems developed in item (c) above will be tested by mock-ups prior to
actual applicaiton to JPDR.
(e) Systems manufactured and tested in items (c) and (d) above will be applied
to JPDR dismantlement (Phase II Program).

Demolition Techniques for Concrete Structures. Main effort is placed on
the development of techniques to be applied to the demolition of biological
shield concrete surrounding the reactor; that is aassive, heavily reinforced,
neutron activated and working space limited. Following steps are taken:
(a) A review of the state-of-the-art has been carried out to identify problem
areas to be solved.
(b) Testings of controlled blasting and diamond sawing and coring will be
commenced in this year. The purpose of testing on the controlled blasting
method is to determine safe and efficient blasting conditions such as type
and quantity on explosives and size, depth and pitch of blast holes.
Information on the behaviors of fragments, dust formation, noise and vibration
will also be obtained. The testing on diamond sawing and coring method is
aimed at the development of remotely controlled devices for the removal of
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activated layer of biological shield, and information on cutting speed, cutting
depth, production of dust and slurry, reliability, suitability for remote
control, etc. will be obtained.
(c) Based on the results of the above testings, systems for controlled
blasting and diamond sawing and coring will be designed and manufactured for
the demolition of the biological shield of JPDR.
(d) Systems developed in item (c) above will be tested by mock-ups prior to
actual application to JPDR.
(e) Systems manufactured and tested in items (c) and (d) abvoe will be applied
to JPDR dismantlement (Phase II Program).

E. Remote Handling Techniques

R & D efforts are fccussed on the development of the robotic remote
handling system. Two steps will be taken. As the first step, basic studies
are currently made on control methods. Emphasis is put on the development of
advanced control systems and man-machine interfaces that provide dexterity,
flexibility, easiness of operation and autonomy to the remote handling
operations. Studies will also be made on the radiation resistant sensors.
At the second step, remote handling reactor disassembly systems will be
designed and manufactured utilizing the results of the first step studies.

R & D activities in each step are as follows:
(a) Studies on control methods and instrumentation:
- Study of guided control method for semi-automatic trajectory control of
vehicle and manipulator movement is in progress. The objective of this study
is the improvement of the operating performance of the remote handling
system. An experimental system for this study is being manufactured.

- Study of automatic control method of manipulator support system will be
carried out using an experimental device.

- Study of autonomous control method will be carried out. The objective of
this study is the development of automatic control method for self-protec-
tion and obstacle avoidance of vehicle and manipulator.

- Design, trial manufacturing and irradiation test of radiation resistant
sensors will be carried out.

(b) Development of robotic reactor disassembly systems: Based on the results
of the above studies, following systems will be designed, manufactured and
tested by mock-ups.
- A light duty robotic remote handling system equipped with dexterous under-
water manipulators capable of handling items of up to 10 Kg, viewing system,
support system, etc.

- A heavy duty robotic remote handling system equipped with underwater power
manipulators capable of handling items of up to 100 kg.

Based on the results of item (b) above, these systems will be improved,
where required, and applied to JPDR dismantling (Phase II Program).

F. Waste Management Techniques

Two kinds of works are in progress in this field; feasibility study of
waste management system and preparation for JPDR dismantlement.

Feasibility Study of Waste Management System. A feasibility study of
waste management system for nuclear power plant dismantlement is carried out.
In this study, generation of wastes from dismantling operations and techniques
involved in classification, treatment, transport, storage and disposal of such
waste are evaluated to establish a total system of waste management that
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provides safe, efficient and economical handling of decommissioning wastes.
Established system will be applied to JPDR and evaluated by the waste manage-
ment of JPDR dismantlement (Phase II Program).

Preparation for JPDR Dismantlement. Waste management facilities currently
existing in JAERI will be used for JPDR dismantlement (Phase II Program).
In addition to these facilities, new facilities will be prepared. These include
facilities for volume reduction, solidification, packaging and storage of the
waste as shown in Figure 5. Following works will be done in respective
areas:
(a) Volume reduction: Testings will be made on the volume reduction by
cutting and high pressure compaction, e.g. 2,000 kg/cm2, for metal wastes
including pipes and other components. Volume reduction process will be
determined based on these testings and equipment will be designed.
(b) Solidification: To minimize volume of waste packages and to ensure safety
during handling and storage, suitable condifions will be investigated for
cement solidification of concrete wastes in forms of powder, pieces and blocks.
Based on the results of investigations, process for solidification will be
determined and equipment will be designed.

(c) Packaging: Design studies of containers for high level wastes are
carried out. Containers made of cast iron and those of concrete are studied.
Packaging for low- and intermediate-level waste is also studied. Safety evalua-
tion regarding transport of containers and packages will be made.
(d) Storage: Design studies will be made on waste storage facilities.

G. Radiation Control Techniques

Several kinds of radiation measuring instruments will be developed to
minimize personnel radiation exposures and manage decommissioning works
efficiently. And further, methods will be prepared to evaluate environmental
dose due to disposal of extremely low-level wastes.

The development of the following measuring instruments and inspection
apparatuses is planned.
(a) Remote high dose rate measuring instrument: This instrument is aimed at
measurement of very high dose rate from activated material (reactor internals
etc.) both in air and water and corrosion products deposited along piping and
on equipments in primary cooling system.
(b) Advanced-type dust monitor: This monitor is expected to be used for
efficient contamination control by separating respirable particles from dust
such as airborne activated concrete dust containing large size of particles of
high concentration.
(c) Contamination inspection apparatus: This is used for quick measurement
of contamination on a large amount of work equipments and tools carried out
from decommissioning site.
(d) Extremely low-level waste measuring instrument: This is equipped with
Ge(Li) detector and used for measuring and sorting wastes above or below
predetermined limit value.

3.2 Phase II Program - Dismantlement of JPDR

Complete dismantlement of JPDR is planned as Phase II Program of the
Reactor Decommissioning Technology Development Program of JAERI. The purpose
is demonstration of dismantling technology and acquisition of actual experience
of nuclear power plant dismantlement.
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JPDR Dismantling Plan. Phase II Program will be commenced immediately
following Phase I Program and is estimated to last about four years.
Figure 4 shows a rough idea of schedule for JPDR dismantlement.

The dismantlement is a complex undertaking, and its success will depend
largely on good planning and preparation. Works to be done during planning
and preparation phases include the following:
- Establishment of the physical and chemical characteristics and inventories
of activated materials and contaminants and their locations.

- A comprehensive survey of radiation dose rates within the plant.
- Establishment of detailed work plans and procedures, including scheduling,
cost estimation, financing, etc.

- Evaluation of safety of public and on-site workers, and impact to the
environment.

- Staffing and training of decommissioning personnel.
- Design, procurement and testing of special equipment.
- Shipment of spent fuel to off-site facility.
- Removal of plant equipment from reactor environs.
- Installation of disassembly devices.

The results of Phase I Program will be effectively reflected to the
planning and preparation of Phase II Program.

JPDR dismantlement will proceed as follows.
Prior to the commencement of reactor disassembling, reactor coolant

system will be decontaminated by chemical method in order to minimize workers'
radiation exposure during disassembling work.

The main dismantling work will begin with removal of reactor internals,
followed by those of reactor pressure vessel and connected pipings, containment
internal components and structures, and containment structure. Removal of the
turbine and its auxiliaries, and the building housing them will be also
commenced at about same time as reactor disassembling. On the other hand,
dismantling of radioactive waste treatment system and building will be delayed
so that most of liquid waste arising from dismantling operations, perhaps
dominant in the early stage of dismantlement, can be processed there.

Environmental monitoring will be maintained during dismantling period to
detect and quantify the release of raioactive materials to the environment
from the dismantling operation. After the completion of the dismantlement, the
site will be back-filled, radiologically surveyed and decontaminated, if
necessary.

Magnagement of Decommissioning Waste. The management of large volumes of
wastes arising from decommissioning operations is one of the most important
considerations in the planning of decommissioning.

The limits on the levels of residual radioactive materials in solid
wastes permissible for unrestricted release, so-called "de-minimis levels",
are not legally established. Thus, for the period until relevant regulations
are established, all radioactive wastes will be stored in the waste storage
facilities to be built on the site of JAERI.

Figure 5 shows planned streams of radioactive wastes from JPDR dismantle-
ment. Wastes from dismantlement will be classified, treated, conditioned,
packaged and stored according to the current rules for waste management.
It is planned at the moment that very low level wastes of large volumes will
be stored in relatively simple storage facilities, e.g. shallow burial trenches,
on the JAERI site and monitoring will be manitained.
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International Decommissioning Symposium

October 10. - 14, 1982

Seattle, Washington USA

PLANS AND ACTIVITIES FOR DECOMMISSIONING OF

LWR POWER PLANTS BY THE GERMAN UTILITIES

Dipl.-Phys. J. Essmann, PreuBische ElektrizitSts AG
Hannover

D r . - I n g . D. Brosche , Bayernwerk AG, Miinchen

ABSTRACT

In the Federal Republic of Germany a presupposition for a licence
for erection or operation of a nuclear power plant is a detailled
demonstration that the plant can be decommissioned in compliance
with demands for radiation protection.
To fulfill this demand since 1975 the German utilities who plan
and operate LWR power plants have been studying extensively the de-
commissioning situation. The German approach to decommissioning,
the regulatory framework and the progress to date are dealt with.
To show that the German concept is really practicable the achieve-
ments and future plans for the decommissioning of the plants KKN,
KRB-A and KWL which are definitely shut down, are described brief-
ly.
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1. DECOMMISSIONING STUDIES; A PROVISION OF THE UTILITIES

In the Federal Republic of Germany it must be shown
during the licensing procedure that the decommissioning of
the plant is possible in full compliance with provisions
governing protection from radiation. To fulfill this
demand the German utilities from the beginning had the opinion
that it is neither necessary nor reasonable to carry out
specific decommissioning studies for every nuclear power
plant. Instead of this it should be only necessary to prove
the feasibility of decommissioning in general. Therefore
corresponding studies have been made which are valid for all
LWRs by the Nuklear-Ingenieur Service GmbH ( NIS ) by order
of and in cooperation with Vereinigung Deutscher Elektri-
zitatswerke ( VDEW ), the association of the German utilities.
The main conclusions of thes investigations are the following
/ 1,2 /:

- Nuclear power plants can be completely removed using current-
ly available techniques, but a preceeding period of protec-
tive storage could be expedient, not least for radiological
reasons. ( i. e. reducing radiation exposure of personnel )

- Detailled numbers of radiation exposures of the decommis-
sioning personnel could be obtained dependent on the decom-
missioning variant.

- A computer program had been developped to obtain detailled
costs also dependent on the decommissioning variant.

- Modern plants which are built for easy maintenance, inspection,
repair and for the possibility of replacement of large com-
ponents in accordance with requirements for radiation pro-
tection do not require any special design changes for easier
decommissioning.

- Contrary to the far reaching correspendence of requirements
to operation and ciwcommissioning some requirements to safety
and decommissioning are opposed. For example provisions to
controll accidents caused by internal or external events
lead in some cases to consequences with respect to the con-
struction of the plant which create difficulties concerning
decommissioning / 3 /.

- The licensing procedure for decommissioning can be facili-
tated in comparison to the licensing procedure for erection
and operation
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Open are under limits for radioactive waste resulting from
decommissioning for which normal storage without radiation
protection or recycling respectively would be possible.
With the aid of such limits the mass of typical radioactive
waste could be reduced extremely.

In the Federal Republic of Germany no final storage capacity
for radioactive waste resulting from decommissioning is
available. It is duty of the government to install such a
storage. Therefore for radiological and economic reasons
safe enclosure of the plant now is the only possible decom-
missioning variant.

2. TECHNICAL ASPECTS OF DECOMMISSIONING

2.1 Reasons For Decommissioning

Normally a nuclear power plant is closed when it has
reached the end of its service life. In addition, there are
several other reasons for the closure of plant /4,5/:

- Operation has become inefficient owing to increasing
difficulties in operating practice such as increasing
repair and maintenance requirements and decreasing
availability.

- The need has arisen for major and complex repairs the ex-
pense of which would be unreasonably high lh view of the
provisions for the protection from radiation which may have
to be complied with.

- Requirements have been imposed by the authorities after con-
struction to bring the plant to a revised safety status and
the fulfilment of these would involve unjustifiable expendi-
ture.

- A major incident has occurred which has led to the conclusion
that the plant has to be closed down because the resumption
of operation is not feasible for economic, technical or
safety reasons or possible only at unreasonable expense.

2.2 Variants Of Decommissioning

From the closures to date, three major variants can be
distinguished / 2 / :

- Safe enclosure ( protective storage )

- Partial dismantling with residual enclosure ( entombment )

- Total dismantling and removal

Each type can itself be regarded as a possible ultimate form
of decommissioning, but it is also possible, at some later
stage, to move from one variant to the next if so required.
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After ultimate shutdown, the spent fuel elements and radio-
active wastes ( filter inserts, sludge, concentrates, etc.)
are disposed of in a transitional phase in the same way as
disposal was effected when the plant was still in operation.
In this way the radioactive inventory requiring treatment
as part of the decommissioning procedure is substantially
reduced.

Variant 1 - Protective Storage

The plant remains essentially unchanged. The nuclear plant
units are enclosed and protected from access by unauthori-
zed persons and a radiological monitoring programme is
implemented. In particular, those plant systems are pre-
served which may be needed later on for a possible change
over to another variant.

Variant 2 - Entombment

This encompasses the removal of all conventional and non-con-
taminated or activated nuclear plant units. Exceptions are,
again, those systems which are still needed for monitoring
and maintaining the plant in its decommissioned state and
those needed for a possible change-over to variant. 3. The
active plant systems are partially dismantled and rearranged
to take up as little space as possible and are shielded from
the environment behind structures which are already in place
or which are specially constructed. At the same time they
are thus protected from access by unauthorized persons.

Variant 3 - Total Removal

This is ultimately aimed at re-establishing virgin site con-
ditions in which the area can be cleared without any restric-
tions from the radiological point of view.
Whereas variants 1 and 3 can be fairly distinctly delineated,
there are many variations on the intermediate steps, invol-
ving partial removal with residual enclosure. However, since
it will usually be necessary for political and economic rea-
sons to provide for complete removal at some point after safe
enclosure, it is not usually economic to incur considerable
expense in achieving the intermediate step of partial removal.
This is particularly the case in Germany where nuclear power
plants are designed to absorb the impact of aircraft
crashes / 3 / .
They thus already provide such massive structural protection
that the safe enclosure or entombment required in variant 2
has largely been achieved.
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3. LICENSING ASPECTS OF DECOMMISSIONING

In the Federal Republic of Germany licensing aspects
are very important in two different areas:

- As a presupposition to get a licence for the erection cr
operation of a plant it must be shown in advance and
in detail that decommissioning of the plant is possible
corresponding to demands for radiation protection. Basis
for this are the "Sicherheitskriterien fur Kerrikraftwerke"/6/
and the "RSK-Leitlinien" /If. Besides these demands
additional demands came from the different experts and
licensing authorities in Germany. To fulfill these demands
the mentioned studies from NIS/VDEW have been introduced
into the licensing procedures of the German plants. Due to
the detailled information in these studies in all cases it
was possible to answer all corresponding questions.
The general opinion of the German utilities is that these
studies are sufficient for this proof in advance. The
actual decommissioning of a plant depends on so many para-
meters so that a more detailled proof would not be reasonable
and also not necessary. If an actual decommissioning is in-
tended more detailled studies can or have to be performed.
But on the other hand it is obvious that experiences gained
from decommissioned plants are used to improve the German
concept. Therefore in this paper also the experiences from
the plants KKN, KRB-A ans KWL are mentioned briefly.

- For the actual decommissioning of a plant a special licence
corresponding to the "Atomgesetz" is needed. In this case
the utilities have the opinion that the licensing procedure
can be much more simplier than a licensing procedure for
construction or operation, for there is no operation intended
and the radioactive inventory is considerably lower compared
to operation and is predominantly solid. The remaining
systems of the plant are without temperature and pressure.
Therefore the risk of the plant is considerably lower than
during operation.
Main topics of the licensing procedure in this case are
radiation protection of the staff and, if necessary, of the
environment.

4. PRESENT STATUS OF DECOMMISSIONING IN GERMANY *

To demonstrate, that the German concept described above
is really practicable the following three examples are
presented.

* acknowledgement: The authors thank H. Gallenberger ( KFK
Karlsruhe), G. Watzel ( RWE Essen ) and H. Harbecke ( KWL)
for their detailed informations on the decommissioning
status of the power plants
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4.1 Niederaichbach Nuclear Power Station ( KKN )

The nuclear power plant Niederaichbach ( KKN ) - a
reactor of pressure tube design with heavy water moderation
and C02 cooling, natural uranium as fuel and with a capacity
of 320,6 MW . and 100,4 MW - went critical for the first

time in December 1972. After an operation of all together
18,3 full power days the plant was definitely shut down in
July 1974 and the decision was made to decommission it in
several steps.
The first step was the transformation of the plant to the
entombment condition as the first plant in the Federal Re-
public of Germany. Therefore the fuel elements, heavy water
and other plant media had been externally disposed and all
plant components outside the containment had been dismantled.
The radioactive components ( reactor tank, neutron shields,
thermical and biological shield ) have not been dismantled
and have been entombed together with the other remaining
radioactive materials in the containment in the reactor
building.

The containment now is the control area.
All buildings still are at their place and are except the
reactor building empty and free of radioactivity.
The dose rate in all rooms of the control area free for
persons is smaller than 1 mrem/h, so that a safe surveillance
and control ist possible. The plant is protected against
outer and inner events. The protection of the plant and of
the environment is completed by technical and organizing
measures.

To maintain a satisfactory entombment of the plant, several
facilities are present for air drying, pressure equalization,
draining of buildings, surveillance and filtering of radio-
activity in spent air, protection against radiation, sabotage,
and fire like fire detectors and fire extinguishing systems
as well as appertaining equipment for measuring and information.

The surveillance, controlles and maintenance are performed by
the crew of the neighbouring nuclear power plant Isar 1, be-
cause personnel is no longer present in the plant KKN.

The transformation into the entombment in now finished. The
atomic license for the possession of the plant has been given
to the Kernforschungszentrum Karlsruhe GmbH, the owner of the
plant, in October 1981.

The plant now shall be completely removed as soon as possible,
because the radioactive inventory is small in comparison to
other plants with a long operation, so that this would be a
good model fur the demonstration of new disposal methods. Aim
of this step is the total disposal, so that the area can be
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used for other purposes. The disposal includes dismantling
and external disposal of radioactive and ether materials
like break away of all buildings, demolish of roads,
channels and fences, transport and storage of material,
levelling of the area and making a green meadow.
The planning work for the complete removal and for a corres-
ponding licence are under way since 2 1/4 years.

The expert opinion is anticipated till middle of 1982 and the
licence until beginning of 1983. Then the removal could be
started which is estimated to need about 4 years.

4.2 Nuclear Power Plant Gundremmingen A ( KRE-A )

Gundremmingen unit A was constructed between 1962 and
1966 as the first of three German demonstration plants,
i.e. before Lingen and Obrigheim.
From 1966 until the beginning of 1977 the 250 MWe plant

generated 15 x 10 kWh of electricity with an average
availability of 75 per cent. Maximum availabilities of more
than 90 per cent were achieved in individual years. But,
on 13. January 1977 an incident occured in which primary
coolant water penetrated into the containment via safety
valves, causing damage to electrical and controll equipment
in particular. In the course of the comprehensive repair
and improvement work which was then undertaken, an exami-
nation of components made of unstabilized austenite type
304 was instituted, following problems encountered at
American BWRS.
Intercrystalline corrosion was discovered at various places
in the plant including the welding seams of the circulating
pipes carrying primary coolant water.
The licensing authority consultant demanded replacement of
safe ends and pipes before the plant could be recommissioned.
Since this replacement work would have resulted in a further
delay, of about two years and added considerably to costs,
it would only have been worth doing if long-term operation
of the plant could have been guaranteed.
An extensive baokfitting programme, which would have cost
about DM 250 million, was deemed necessary but no guarantee
of long-term operation could be given. The utilities, RWE
and Bayernwerk AG, therefore decided to shut down the plant.
Because there is as yet no final storage capacity available
in Germany for radioactive waste resulting from dismantling,
and for radiological and economic reasons, the present goal
is safe enclosure of the plant. Safe enclosure will need
to be assured for about 15 to 30 years and at minimum cost,
while keeping the outside appearance of the plant unchanged.
It is expected that safe enclosure will be achieved in
about 1984. Essentially this requires the waste management
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of moveable radiation sources such as irradiated and un-
irradiated fuel elements, control rods, fuel element con-
tainers etc. This includes intermediate storage of radi-
ated plutonium fuel elements at the DWK ( Deutsche Gesell-
schaft ftir Wiederaufarbeitung von Kernbrennstoffen GmbH)
Gorleben site. This storage facility is expected to be
completed in 1983 - 84 and this date determines when the
contents of the fuel storage pool of Gundremmingen A can
be dealt with.
Meanwhile the utility has applied to the Bavaxian State
Government to decommission the unit. The aim of the licence
application is to gain approval for the shut down of
operating systems no longer required, cancellation of con-
ditions pertaining to the existing operating licence, change
of emission values, dismantling of components and changes in
the operational organisation of the technical area. Planning
for safe enclosure is currently under way and plans are also
being drawn up to allow certain buildings to be used for the
Gundremmingen B plant.
Preparation for safe enclosure includes flusing and drying
of vessels and pipes, removal of highly inflammable substances,
closure of all containment penetrations and decontamination of
controll areas.

4.3 Nuclear Power Plant Lingen ( KWL )

- Plant description
The nuclear power plant of Lingen ( KWL ) went on line
in 1968 after an erection time of 4 years. It is situated
near the city of Lingen about 100 miles in the north of
the Ruhrdistrict of Germany. The KWL was built by AEG
( Germany ) and operated by the KWL-GmbH, now a 100 %-daugh-
ter of VEW, the second utility in Western Germany.

The KWL has a boiling water reactor of 520 MW with forced
recirculation by two loops. The primary steam was used to
produce secondary steam in two steamgenerators. The secon-
dary steam went through a gas-fired superheater, enabling
a net electrical output of 256 MW.

- Operating history and reason for decommissioning
In January 1968 first criticality was reached. In October
1968 the full power operation started and went on until
the 5th of January 1977, when the plant had its last shut
down. The average availiability in that time was about
60 %, in the first and other single years it went higher
than 90 %. The total production was about 11 billion kWh.
The only severe problems during operation came by small
cracks inside the steam generators forcing to two recon-
structions of 9 respectively 12 months. Finally new genera-
tors were built, but the need of extensive backfitting
actions prevented their mounting. The uncertainty of reaching
a new operation licence led to the decision of VEW
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in March 1979 to try no restart and to prepare decom-
missioning of the reactor. Since than also plans to
change the konventional parts of the plant to a gas-
fired power station are left.

- Arrangements since last shut down
The first two years were filled up with severe efforts
to get the plant back on line. Decommissioning prepa-
ration time started in 1979 and was governed by efforts
to restart the conventional parts of the plant as soon
as possible. In order to avoid influences of the long
time schedule of reactor decommissioning procedures to
tha new fossil fired plant, authorities and KWL-GmbH
found a way to seperate the nuclear part from the other
parts. These procedures will be fullfilled in 1983. Inde-
pendently from that the sharply rising of the gas
prices in 1979 and 1980 and some other problems stopped
all plans for restarting even the conventional parts of
the KWL-plant.

Since 1980/81 the decommissioning proper is prepared.
Because there is no final depository for decommissioning
waste there is no possibility of dismantling the reactor
now. Therefore and in order to take advantage of the
natural decay of the radioactive inventory KWL will be
taken to the decommissioning stage of entombing for some
decades.

- Status ( March 1982 )
The licence for separating the nuclear parts from the
conventional parts of the plant is reached, the work
has begun. The licensing procedure for entombing the
reactor is in preparation. The transport of fuel elements
to the British Windscale reprocessing facility is still
going on.

5. CONCLUSIONS

What are the lessons we have learned if we compare the
theoretical studies we have done in Germany with those ac-
tivities described in chapter 4. It has to be asked whether
there are new findings in managing actual decommissioning on
the technical viewpoint.

In our meaning it can be stated

- The decommissioning variants discussed in the german studies,
namely "protective storage" and "total removal" are the
envelopes for all the possible types of decommissioning.

- It is the specific of each study, that certain determinations
have to be started, often simplifications in order to achieve

V1I-21



the wanted generalized statement. So in our studies, we
generalized the status of the plant before starting the
real decommissioning work.

Therefore, if the status of the actual plant varies of those
of the basis plants in the studies, what will be the rule,
the special work to be done after definite shut down may
vary before starting decommissioning. Nevertheless it is
identifiable, that in any case decommissioning is feasible.

It depends on the utility itself, what type of decommissioning
finally is chosen. As it is said in the studies, only the
later use of the site is determinant for the chosen variants
or combinations of them.

Therefore the specific decommissioning study of a specific
plant should carried out after definite shut down. Up to that
time the general prove of feasibility of decommissioning is
sufficient.

As it is said before, easy conditions for maintenance, inspec-
tion and repair, while the plant is in operation, give the
best indications for the later decommissioning. But good
operation-conditions are the explicit interest of the
utilities.
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ABSTRACT

The Shippingport Station Decommissioning Project is currently in the
engineering and planning phase. Decommissioning activities are
scheduled to begin in the fall of 1984 and end mid-1988. This paper
discusses: the purpose and status of the project; the organizations
involved; the overall cost, schedule, and technical approach; the
management, preplanning, engineering, and decommissioning techniques
associated with the project; and its general relevance to commercial
nuclear plant decommissioning.
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INTRODUCTION

The purpose of the Shippingport Station Decommissioning Project (SSDP) is
to place the Shippingport Atomic Power Station in a long-term radiological1y
safe condition following defueling of the reactor, to perform decommissioning
in such a manner as to demonstrate to the nuclear industry application of
decommissioning procedures to a large nuclear power plant, and to provide
useful data for future decommissioning projects.

The engineering and planning for the decommissioning of the Shippingport
Atomic Power Station is currently being performed by Burns and Roe Industrial
Services Corporation and Nuclear Energy Services, Inc. for the U.S. Department
of Energy (DOE) Richland, Washington Operations Office. Technical direction
for the project is provided to DOE by UNC Nuclear Industries.

BACKGROUND

The Shippingport Atomic Power Station is located on the Ohio River about
25 miles from the City of Pittsburgh, PA, on land leased from the Duquesne
Light Company (DLC) of Pittsburgh, PA. It was constructed during the
mid-1950's as a joint project of the United States Government and the DLC.
Its purpose was to develop and demonstrate pressurized water reactor (PWR)
technology for the generation of electricity.

Initial full power operation (60,000 KW net) was achieved in December
1957, at which time Shippingport became the first large-scale central station
nuclear power plant in the United States, and the first plant of such size in
the world operated solely to produce electric power. In August 1977, the
third reactor core, a light water breeder reactor (LWBR) core, reached initial
criticality and achieved more than 24,000 effective full power hours. The
Station was recently shut down for the last time. A two year effort of
end-of-life testing and defueling will follow the final plant shutdown, making
the plant available for decommissioning in the fall of 1984. Since the
nuclear portion of the Shippingport Station is owned by the Government, the
U.S. Department of Energy has assumed responsibility for its decommissioning.

In November 1979, the mission and objectives of the SSDP were officially
approved and initial project activities were authorized. Engineering to
prepare plans and procedures for decommissioning was initiated in July 1980
and is scheduled for completion by September 1983. A Decommissioning
Operations Contractor (DOC) to perform the field decommissioning activities
will be selected by the Department of Energy in early 1984. Physical
decommissioning field work is planned to occur from April 1985 to
January 1988. The total project cost including preplanning and engineering is
estimated to be approximately $73,000,000. The actual schedule and total cost
will depend on the timing and amount of funding authorized.
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ORGANIZATIONAL RESPONSIBILITIES

Overall responsibility for the SSDP in DOE Headquarters rests with the
Division of Remedial Actions Projects under the Deputy Assistant Secretary for
Nuclear Waste Management and Fuel Cycle Systems, and the Assistant Secretary
for Nuclear Energy. Consistent with the DOE policy of decentralization of
activities to field offices, responsibility for SSDP has been delegated to
Richland Operations Office (RL), Rich!and, Washington. RL has been delegated
SSDP because it is an element of the Surplus Facilities Management Program,
wnich is managed by RL. The RL Project Manager reports to the RL Assistant
Manager for Projects and Facilities Management. The RL staff supports the
Project Manager in a matrix fashion. Prior to initiation of decommissioning
operations, a dedicated project office is planned to be established at the
Shippingport site for first hand management of the project.

Decommissioning expertise overview and technical direction during
preplanning and engineering for the project are provided by the Office of
Surplus Facilities Management of UNC Nuclear Industries (UNC) under contract
to RL. It is planned that UNC will continue to provide technical support
during decommissioning operations, and will station a small staff at
Shippingport to help accomplish this mission. UNC will supplement the RL
staff to jointly perform the total technical and administrative function
necessary for this DOE Major Project. Environmental expertise has been
provided to the project by the Pacific Northwest Laboratory, operated for DOE
by Battelle Memorial Institute.

The Duquesne Light Company, who has been operating the Shippingport
Station for DOE, Office of the Deputy Assistant Secretary for Naval Reactors,
has been providing information and data to the project during engineering and
will continue to provide support during decommissioning operations.

Burns and Roe Industrial Services Corporation, with Nuclear Energy
Services, was competitively selected by DOE to provide Engineering Services to
SSDP. This team brings architect-engineer and decommissioning experience to
the project.

At this time it is planned that a Decommissioning Operations Contractor
(DOC) will also be selected competitively to manage the decommissioning
operations in a manner similar to a "construction manager". Some
decommissioning work such as site preparation may be accomplished by the DOC,
but most will be subcontracted. Where practicable, fixed price subcontracts
will be used. In this way SSDP experience will be shared with as many
industrial contractors as possible, which is one of the broad objectives of
the project.

APPLICABILITY TO THE COMMERCIAL NUCLEAR PLANT INDUSTRY

The Shippingport Station is similar to commercial power reactors in many
ways. The vessel wall thickness \z nearly the same, the overall vessel
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diameter and height are similar, and the station has all of the major plant
support systems and components. In addition, Shippingport has operated for
over 27 years, which is similar to the operating life of commercial reactors.

Because of these similarities, the SSDP has general relevance and
applicability to the decommissioning of commercial nuclear power plants in
several areas. Examples are:

• Preplanning assessments of decommissioning alternatives,
• Decommissioning alternative selection factors,
• Engineering methods,
t Decommissioning techniques in general, especially those which minimize

costs, public and worker radiation doses, and time, and
• Demonstration of technology applicable to the repowering option.

PREPLANNING

Prior to the initiation of engineering and planning, a conceptual
baseline was established for the SSDP to be the basis for requesting project
funding authorization and for controlling changes to the project. The
baseline is made up of three parts: 1) technical baseline, 2) schedule
baseline, and 3) cost baseline.

1. Technical Baseline: The technical baseline reflects the technical
and administrative requirements placed on the project to meet th,
prescribed mission or objective. For the SSDP, the technical
baseline is subdivided into three major categories:

a. The status (configuration) of the plant when physical
decommissioning is planned to start—the status of major sys i&s,
dry or wet, operational or shut down; the inventory of
significant equipment and components that will have to be
disposed of, etc.

b. The technical approach and key technical assumptions related to
decommissioning and dismantling operations—the decommissioning
alternative to be accomplished (i.e., dismantlement, entombmmt,
or safe storage followed by deferred dismantlement), the
contracting approach, release criteria, radioactive and
nonradioactive disposal sites, etc.; and

c. The final site configuration—removal of all structures to oi«̂
meter below grade, building/structures to remain, condition of
the site upon completion, etc.

2. Schedule Baseline: The baseline schedule for the SSDP identifies the
dates that engineering and planning will be performed, the dates that
physical decommissioning activities can begin, and when all project
activities will be complete. Appropriate durations are included zo
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prepare and publish required documents such as Environmental Impact
Statements* to obtain necessary approvals, to solicit and award
contracts for services and procured equipment, etc. The schedule
clearly identifies the project critical path.

3. Cost Baseline: The baseline cost estimate for the SSDP accounts for
all charges that project funding will have to cover, such as
preplanning, engineering, procurement, decommissioning removal
actions and management costs.

In order to prepare the three major parts of the project baseline for the
SSDP, several preplanning or "conceptual level" studies were performed. One
source of information used during this preplanning period was the
Decommissioning Handbook, Reference 1, which contains unit costs for
decommissioning operations. This project will provide additional information
and will verify and expand information of the type contained in the Handbook.

For SSDP, a study contract was awarded to Nuclear Energy Services to
prepare a Decommissioning Assessment (Reference 2) of primary decommissioning
alternatives. Nuclear Energy Services has previous experience performing
engineering for decommissioning a smaller reactor, the Elk River Reactor,
located in Elk River, Minnesota. This assessment established comparative
estimates for each of the decommissioning alternatives. Utilizing the
Decommissioning Assessment information, and agreed upon administrative and
technical assumptions, the SSDP Engineering Services Contractor, Burns and Roe
Industrial Services Corporation with Nuclear Energy Services, prepared the
conceptual baseline.

To assure that the baseline estimate has not neglected some element of
cost, to create a tool to measure project progress and to assess where
problems exist, a project work breakdown structure (WBS) was created. SSDP
has developed a WBS that has the following features:

1. Engineering activities and decommissioning operations activities are
kept separate by organizing the WBS such that costs for work
performed during the engineering phase are summed to one MBS element,
and costs for work during the decommissioning phase are summed to
another element. This was necessary for the SSDP because engineering
and decommissioning activities are funded from separate funding
sources. If all funding for some other project is from the same
source and there is little, if any, delay between end of engineering
and start of decommissioning, there may not be any incentive to
utilize this feature.

2. Costs for work performed by each major project contractor are summed
to separate WBS elements. This allows clear visibility of each major
contractor's work and aids performance measurement. Figure 1 shows
the SSDP summary level WBS.
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3. For each WBS element under engineering, there is a like-named,
similarly-numbered element under decommissioning activities. This
feature allows the easy determination of the total costs for various
decommissioning activities. For example, all project costs
associated with the reactor vessel removal can be obtained by simply
adding the reactor vessel engineering costs to reactor vessel
decommissioning costs. Figure 2 illustrates this feature of parallel
MBS elements for engineering and decommissioning activities.

SSD? experience indicates that contingency factors included in the
conceptual baseline can be reduced for a particular work element as
engineering progresses and more details become known about that element.
Conservative assumptions and estimates should be used at first and, as more
details are firmed up during engineering, more realistic values can replace
the conservative ones. In this manner, the "bottom line" cost estimate for
SSDP has varied significantly only when a major part of the technical or
schedule baseline has changed.

BASELINE MAINTENANCE

To maintain the integrity of the SSDP baseline, revisions were planned to
incorporate more precise information as engineering progressed. For SSDP, it
was planned to revise the baseline, including a new "bottoms-up" cost estimate
when engineering had progressed to the point that all Engineering Studies were
complete and all of the individual Activity Specifications (general
descriptions of removal sequences) had been initially prepared. Also, it was
planned to revise the baseline one last time upon completion of engineering,
and prior to initiation of decommissioning operations. SSDP experience
indicates that baseline revisions should be scheduled to be completed to
provide current cost estimate information to support budget requests, or if
applicable to support an annual reevaluation of future funding requirements.

Additional SSDP baseline revisions have been necessitated when major
changes to the Station shutdown date were announced, and when engineering
results identified a much more cost effective technical approach. For
example, the SSDP cost estimate decreased by $30 million when the station
shutdown date suddenly moved 2 1/4 years closer and the decision was reached
to remove the pressure vessel in one piece in lieu of segmenting it.

SSDP experience to date indicates that small technical, schedule or cost
changes should normally be treated as a variance to the baseline. However,
when many small deviations to the project baseline occur, to the extent that
the existing baseline no longer reflects the overall direction of the project,
then appropriate revisions to the baseline should be made. For relatively
minor cost overruns, project contingency can be applied without impacting the
estimate baseline. A good cost and schedule control system will provide
continuing analysis of the adequacy of the base tine.
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FIGURE 2
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ENGINEERING

The engineering approach for the decommissioning of Shippingport involves
five general steps:

1. Analysis of decommissioning alternatives;
2. Analysis of possible technical approaches;
3. Preparation of activity specifications;
4. Analysis of radiological and industrial safety aspects; and the
5. Preparation of an integrated decommissioni-g plan.

Analysis of Decommissioning Alternatives

For any decommissioning project, an analysis must be performed to enable
the responsible organization to make a selection of the most appropriate
decommissioning alternative. For the SSOP, the previously mentioned
Decommissioning Assessment accomplished this preplanning comparative study.

DOE considered the following alternatives in reaching its decision to
immediately dismantle the station:

t No action
• Immediate dismantlement
• Safe storage followed by deferred dismantlement
• Entombment

Three "no action" variations were considered. They are:

• to continue operation of the Shippingport Station
• to close the Shippingport Station and provide surveillance,

maintenance and monitoring,
• to close the Shippingport Station and do nothing further.

Immediate dismantlement is defined as the removal from the site, within a
few years after shutdown, of all fluids, piping, equipment, components,
structures, and wastes having radioactivity levels greater than those
permitted for unrestricted use of the site and remaining facility.

Safe storage followed by deferred dismantlement is defined as work
necessary to place and maintain a nuclear facility in such a condition that
risk from the facility to public safety is within acceptable bounds, and in
such a condition that the facility may be safely stored for as long as
desired. At the end of the safe storage period, dismantlement of the facility
is carried out and all materials that still have radioactivity levels greater
than those permitted for unrestricted use are removed and shipped to a
disposal site. Safe storage followed by deferred dismantlement consists of
three major activities: preparation of the facility for safe storage, the
safe storage period, and deferred dismantlement. During preparation for safe
storage, all radioactive fluids are removed and processed and all radioactive
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materials outside the safe storage boundary are removed. During the safe
storage period, security, surveillance, monitoring, and maintenance are
provided on a continuing basis.

Entombment is defined as the encasement of radioactive materials and
components in a massive structure, sufficiently strong and long-lived to
ensure the retention of the radioactivity until it decays to unrestricted use
levels. During the entombment period, security, surveillance, monitcring, and
maintenance are provided.

The factors considered for comparing each alternative in the Decommis-
sioning Assessment included decommissioning feasibility, entombment structure
life, radioactive inventory, cost, schedule, occupational exposure, manpower
requirements, waste volumes environmental impact and maintenance/ surveillance
requirements. Based on this assessment, it was agreed that an Environmental
Impact Statement (EIS), Reference 3, would be prepared as per the National
Environmental Policy Act requirements and presented to the Public and affected
State and Federal Agencies for review and comment. The EIS included a
summarization of the engineering analysis of each decommissioning alternative
and an evaluation of potential environmental impacts associated with
occupational radiation dose, public radiation dose, handling and transporting
of radioactive wastes, resource commitments, and socio-economic effects.

Immediate dismantlement was selected as the preferred decommissioning
alternative because it costs less than either entombment or safe storage
followed by deferred dismantlement, it results in early release of the site
for unrestricted use, and it provides in a timely fashion decommissioning
information of value to the nuclear industry.

Table I presents a summary list of estimates of exposure, public health
effects, waste burial volume, and cost for each alternative. Table II
presents a summary comparison of each alternative.

Analysis of Possible Technical Approaches

The second engineering step involved the preparation of engineering
studies which weigh various technical approaches to certain aspects of the
project. For example, to dismantle Shippingport, one engineering study
compared removing the vessel in segmented pieces versus removing the vessel in
one piece. Another study compared the cost and benefit of decontamination
prior to selected decommissioning activities versus no decontamination. These
studies provided the comparative basis for deciding the optimum technical
approach for the project.

Preparation of Activity Specifications

The third general engineering step is the preparation of individual
activity specifications (general descriptions of removal activities) for each
major segment of work, for the selected decommissioning mode. The activity
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TABLE I. Sumnary of Estimates for Decommissioning Alternatives
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TABLE II. Comparison of Shippingport Station Decommissioning Alternatives
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specifications identify discrete categories of work, general procedures,
equipment requirements, safety precautions and estimates of cost and schedule
for each major segment of work. The following Activity Specifications are
being prepared for SSDP:

1. Site Preparation
2. Barge Loading Facilities
3. Facility Closeout and Restoration
4. Preparation of Vessel Package
5. Heavy Rigging
6. Barge Transportation
7. Hanford Transportation
8. Removal of Contaminated Pipe and Equipment
9. Removal of Noncontaminated Pipe and Equipment
10. Removal of Primary System Components
11. Removal of Power and Control Systems
12. Removal of Contaminated Concrete
13. Removal of Noncontaminated Structures
14. Removal of Containment Vessel Chambers
15. Liquid Waste Management
16. Solid Waste Management
17. Decontamination
18. Systems Operations Support

Analysis of Radiological and Industrial Safety Aspects
An Analysis of Radiological and Industrial Safety Aspects is required to

evaluate the radiological and safety aspects of the decommissioning sequences
contained in the activity specifications and includes but is not necessarily
limited to: occupational exposure, public exposure from effluent releases and
transportation of radioactive waste, and discussion of potential credible
accidents and necessary actions to mitigate the consequences of such accidents.
Preparation of an Integrated Decommissioning Plan

The objective of this final step is to integrate the discrete activity
specifications and detailed procedures into a single decommissioning plan.
This plan will identify those activities that can be performed in parallel to
shorten project duration. Logic networks will identify the critical and
subcritical paths, interfaces, and constraints between activities. The
complete decommissioning plan will present an integrated project cost and
schedule estimate based on the discrete activity specifications and detailed
procedures.

TECHNICAL APPROACH

The technical approach to decommissioning Shippingport can be separated
into two major activities; the removal of all auxiliary systems and
structures, and the removal of ihe reactor vessel itself. Techniques for
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dismantlement of systems and structures, which include such methods as
decontamination, component dismantlement, and structure demolition, have been
used in past decommissioning projects and proven effective. However, removal
of the reactor vessel, with its internals and surrounding neutron shield tank
as a one-piece package, is a new concept to decommissioning and has not
previously been demonstrated. Systems and structures will be removed first.
This approach provides freer access to the vessel and removes this activity
from the critical path.

Systems and Structures Removal

Decommissioning will begin with modification of the Shippingport Station
site to support dismantlement activities, followed by selective
decontamination, component and systems removal, and finally, structures
demolition. All activities will be performed with proven safety precautions
to ensure personnel and environmental safety.

Coolant piping and other systems and equipment will be decontaminated on
a selective basis to reduce radiation dose rates to levels as low as
reasonably achievable. Following decontamination, piping and equipment will
be removed by taking advantage of several techniques that have been
demonstrated successfully in the field. Pneumatically-operated power hack
saws that can be strapped to pipe and are capable of unattended operation can
be used, permitting decommissioning crews to cut other pipe simultaneously.
More conventional oxyacetylene cutting torches can also be used for cutting
pipe and other components. Shaped charges can be used for explosive cutting
of pipe and other components in relatively inaccessible locations.

As structures are cleared of systems and related components,
decontamination and demolition of structures will be initiated. Concrete
structures can be decontaminated by removing the contaminated surface layer
(1 to 2 inches) using such techniques as surface grinders, concrete spallers,
or pneumatic drills. Heavily reinforced, massive concrete structures can be
broken up for removal by controlled blasting - another conventional demolition
technique.

Reactor Vessel Removal

Once the Station systems, equipment and above ground structures have been
removed, the removal of the reactor pressure vessel will be initiated. For
the Shippingport Station decommissioning, the reactor vessel, its internals
and the surrounding neutron shield tank will be moved as one piece as shown
below. The neutron shield tank provides a three foot annul us surrounding the
vessel and is normally filled with water during reactor operation. To provide
adequate shielding during the vessel removal and transportation, this tank
will be filled with concrete.
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Preparations for the vessel "lift" and transportation will be made early
in the project. The preparations include the severing of all piping,
equipment and instrumentation from the vessel and neutron shield tank, filling
the tank with concrete, and cleaning the one-piece package for removal.
During the structures removal period of the project, the above ground portion
of the fuel handling building will be removed and the fuel canal prepared to
provide adequate support for lifting and removal of the entire assembly as a
"one-piece package". Finally, near the end of the project when the
surrounding structures have been removed, the vessel v»ill be rigged for
lifting from its normal position to the transporter. The transporter will
deliver the one-piece package to the barge dock on the Ohio River for ocean
barging to the Hanford, Washington burial facility. At Hanford, the vessel
package will be off-loaded and transported to a designated burial site.

Upon completion of decontamination, dismantlement, and removal of the
systems, structures and reactor vessel, the site will be graded to its
original contours. A final radiological survey will be performed to certify
that the site can be released for unrestricted use.

This technique has major cost and schedule implications. Compared to the
segmentation approach, one-piece removal of the Shippingport vessel would
shorten the decommissioning schedule by one year, would reduce the total cost
by $7 million, would reduce occupational exposure from 240 rems to 140 rems,
and would reduce packaging and transport of reactor vessel waste from 80
separate truck shipments to one barge shipment.

Other Key Technical Assumptions

The Shippingport Station will be decommissioned for unrestricted use to
the residual radioactivity standards of NRC Regulatory Guide 1.86,
"Termination of Operating Licenses for Nuclear Reactors", and to the proposed
guidelines in "Residual Activity Limits for Decommissioning". NUREG-0613,
September 1979.

Radioactive resins and filter media will be either dewatered and shipped
in high integrity containers or solidified and shipped in standard containers
prior to transportation and burial.

All structures and structural components will be removed to a depth of
three feet below final grade; structures and structural components below the
three foot depth will remain in the ground after all radioactive materials
have been removed; all existing open spaces deeper than three feet below final
grade will be backfilled and graded; and state-of-the-art technology will be
utilized to the extent possible. Whei . tooling or tooling designs exist that
have proven to be effective, this technology will be utilized. Equipment
development will be undertaken only if adequate equipment or design has been
determined not to exist.
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SUMMARY

The SSDP management approach is to use and maintain a project baseline to
provide a basis for funding authorization and for controlling changes to the
project. Periodic revisions are used as necessary maintain baseline
integrity. The SSDP decommissioning approach includes removing the reactor
pressure vessel as one piece, to take advantage of savings in cost, time, and
occupational exposure. Both the management approach and decommissioning
approach appear to be applicable to other decommissioning projects. Physical
decommissioning activities are planned to occur from April 1985 to January
1988. Current total project cost including engineering is estimated to be
approximately $73 million.
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DECOMMISSIONING OF THE
WINDSCALE ADVANCED GAS-COOLED REACTOR

H Lavton
Windscale Nuclear Laboratories

United Kingdom Atomic Energy Authority
Sellafield, Seascale, Cumbria, UK

ABSTRACT

Now that the Windscale Advanced Gas-Cooled Reactor has fulfilled its
development role and has been closed down, it is planned to decommission it.
While ancillary buildings will be put to new use, the reactor itself and its
four heat exchangers will be demolished in a project extending into the early
1990's. A special remotely-operated machine will be developed to undertake
the demolition. The radioactive waste material (steel, graphite, concrete)
will be handled through a special building to be built adjacent to the reactor,
where it will be boxed up for disposal into monolithic concrete blocks suitable
for sea disposal or land storage. It is hoped to deal with the mildly active
heat exchangers as integral units.

The aim of the project is to develop demolition techniques and expertise
which will be of value generally to the nuclear industry. Because of this,
special emphasis will be given to data recording and dissemination of results
during the course of the project.
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INTRODUCTION

The United Kingdom Atomic Energy Authority's oxide-fuelled gas-cooled
33 MW(E) reactor at Windscale known as the Windscale Advanced Gas-Cooled
Reactor (WAGR) operated at high load factor from 1963 to 198l both for elec-
tricity generation and, more importantly, to help develop the concept of AGR
that is now embodied in the commercial stations operated by both the Central
Electricity Generating Board (which powers England and Wales) and the South of
Scotland Electricity Board. It was closed in the middle of 19§1 after doing
some concluding experiments, with the realisation that it had completed its
development programme. For several years previously, in anticipation of its
closure, the prospect of decommissioning and demolishing it had been studied.
The plan had evolved successfully to the point at which the Atomic Energy
Authority could take the decision in the second half of 198l that they would
like to see it demolished.

There were several reasons for wishing to do this. As the prototype of
the CAGRs and wi th its graphite moderator and gas cooling similar to that of
the United Kingdom's Magnox stations, it afforded a much better immediate
prospect than any other UK reactor for doing pioneering work which would
provide knowledge that would be of value to the Electricity Boards if they
wished to consider demolition. In general, there is a growing realisation in
the UK that decommissioning of obsolete nuclear installations must be studied
and a variety of techniques examined in order to gain expertise. In addition
there was the wish to take down a facility that had reached the end of its
life rather than leave it disused.

Because the aim is to gain information for the whole of the nuclear
industry, the AEA is arranging to tackle the project in a manner which keeps
the interested parties fully informed, and indeed on occasion the AEA may use
techniques which arise from suggestions from the other interested bodies.
Industrial firms will be invited to co-operate in the project. The aim will
be to do the work slowly, learning as progress is made and taking time to
solve problems when they arise in the best possible way. In this context the
criteria will be expenditure and radioactive dose limits. Clearly because the
aim is to get information and not to recover usable space, emphasis will be
placed on very full recording by all appropriate means of the work throughout
the project.

Figure 1 shows the whole installation but it is intended to demolish only
the spherical containment building and the reactor itself housed within it.
Most of the other buildings can be re-fitted for further useful life.
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Fig 1: General view of Reactor

REACTOR AND RADIOACTIVE DATA

The sphere containing the reactor has a diameter of 41 metres and stands
41 metres high. The reactor itself consists of a graphite moderator 5-5 metres
in diameter and 5-5 metres in height within a mild steel pressure vessel
6.5 metres diameter. 16.4 metres in height with wall thickness 0.08 - 0.11
metres, standing within a bioshield of external diameter 14.7 metres, wall
thickness 2.8 metres and height 22.9 metre.s. There are 253 vertical channels
in the moderator, 6 of which are used for loops and 18 for control rods. The
pressurised carbon dioxide coolant delivered its heat to 4 heat exchangers
within the sphere, each standing in its own bioshield of 7.6 metres diameter
and 22 metres height. A cross section elevation is shown in Figure 2.

Fi£ 2: Vertical section through the reactor sphere
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At reactor shut down, ignoring fuel, the sphere contained some 2 x 10
curies shared between mild steel, stainless steel and graphite with quite email
activity in concrete and heat exchangers. After 7 years cooling when active
demolition is likely to be taking place the curie content is reduced to about
6 x 104. This activity is shared between the various materials as shown in the
Table:-

Table I

Material

Mild steel
Stainless steel
Graphite
Concrete

Total

Mass
(te)

761
93
283
750

1887

Curie
Content

14200
47000
1760
75

63035

Specific Activity
(curie/te)

18.7
505
6
10

Percentage
Mass

40.3
5
15
39-7

100.0

Percentage
Activity

22.5
74-6
2.8
0.10 '

j

100.00 \

This shows that three quarters of the activity resides in the stainless
steel which comprises only 5% of the total mass and that 97% of the activity
is in the steel components which comprise no more than 45% of the total mass.
A more detailed breakdown of the curies associated with the most active com-
ponents is shown in Table II:-

Table II

Item

Neutron Shield Support
Thermal Shield
Core Support Plate
Core Support Bearings
Core Restraint System
Loop Tubes
Stringer Components

Total

Type of Steel

Stainless
Mild
Mild

Stainless
Mild/Stainless
Stainless
Stainless

Mass
(te)

5
186
18
2
17
4
30

252

Curie
Content

5500
6000
3800
6600
24700
9600
1800

58000

The rate of decay of the radioactivity is shown in Figure 3 which illus-
trates how the activity of the stainless steel, graphite and mild steel drop.s
with time. From this curve it can be deduced that the total curie content
drops by a factor of about 10 in the first 10 years, by another factor of 4 1;
the following 20 years, but only by a factor 10 in the next 300 years. Thus
there are limited gains to be made in terms of reduction of radioactivity by
waiting. Even if one waited 100 years the techniques that would be required
for dismantling would be similar for those that would be employed in the next
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Curie
Content tainless steel

Graphite

Fig 3: Radioactive decay with time

10 years. This was one of the factors that reinforced the view that it would be
sensible to embark on an early pioneering exercise.

The early radioactive decay can be largely ascribed to the Iron 55 and
Cobalt 60 isotopes with half lives of 2.7 years and 5*2 years respectively.
The long-term activity largely rests with the Nickel 63 isotope which has a
100 year half life and it is that isotope which makes the stainless steel the
dominant material for so long. Ultimately, after several hundred years, the
graphite will remain the most radioactive because of its Carbon 14 content, the
half life of which is 5,700 years. The decay in the graphite over the first 50
years is largely associated with impurities.

Reference must be made to the activity in heat exchangers each of which
weighs 154 te. Most of this activity results from experimental studies during
the running of the reactor in which failed fuel was left there so that
fission products were carried into the heat exchangers. Each heat exchanger
carries no more than 60 curies, largely due to Caesium 137 the half life of
which is 30 years.

WASTE DISPOSAL

Demolition of the WAGR clearly requires the disposal of large quantities
of relatively high level radioactive waste. While there are large quantities
of metal and concrete which are inactive and therefore can be recycled back
into normal use and there are also relatively large quantities of low active
waste which can be consigned to the UK national disposal site at Drigg, there
are clearly large quantities of high level waste which require special storage
or disposal arrangements.
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In order to meet the requirements either for sea disposal or deep or
shallow storage a new container has been designed. This is a reinforced con-
crete box the external dimensions of which are about 2.3 metres in each direc-
tion, with wall thickness 0.23 metres, clad in a rust-proof mild steel. It is
intended to put the waste in such boxes and then pour in a special concrete
until all the air is diaplaced. A lid is then fitted which has similar dimen-
sions to the walls and base. In this way a monolithic block is made in which
the radioactive material is firmly embodied.

Two radiological criteria have to be met:-

(a) the dose 2 metres distance from the finished block must not be more
than 10 mR/h, to meet handling requirements, and

(b) the curie content of the blocks must not exceed 100 curies per tonne
averaged over 1000 tonnes. (Each block weighs about 50 tonnes
maximum). This criterion is built into the rules for sea disposal).

In order to help meet the first criterion the most highly active material
will be located at the centre of each block and there will be a framework
within each block somewhat akin to a toast rack for locating plate-like pieces.
For the second criterion, computer studies have been made of the likely curie
content of all components for disposal based on neutron fluxes, irradiation
times and the known chemical composition of the materials being handled.
Since the curie content is especially sensitive to composition and there is
some margin for uncertainty in our knowledge of this it will be important to
assay curie content of each item of waste before it is put into the box. This
must be done as accurately as possible in order to load the boxes efficiently.
Also errors must be eliminated because it will not be possible to unpack a box
once it has been turned into a monolithic block.

These blocks will have to pass various tests to satisfy Government Depart-
ments that they are acceptable for handling, transport and disposal, and this
is in hand. To ensure that they are of more or less the same strength in each
direction, plate-like waste will be packed in various orientations. It is
quite clear that these solid blocks will withstand the deep sea pressures if
sea disposal is authorised.

The disposal of the moderator graphite requires comment. While
WAGR's quantity of graphite could be burnt without raising the radionuclide
content of the environment appreciably, it has been agreed internationally that
this practice, if widespread, would seriously raise the Carbon 14 content of
the atmosphere and therefore should be eschewed. Some of the graphite should
be able to go to the low-level storage site but some will have to be placed in
concrete boxes. Tests have indicated that, despite the porosity of graphite,
boxes containing it will be able to withstand deep sea pressures.

Finally there is the question of the 4 heat exchangers. Originally it was
thought that these would be cut up and the pieces boxes in the same way as for
the rest of the material. But despite their relative low curie content, cutting
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up could be difficult cind lead to a high radioactive dose uptake. With the
realisation that a large crane could lift each heat exchanger out in one piece
and that in principle they could be sea-dumped whole, this route was seen to be
the better alternative. Their disposal site will of ccurse be subject to
agreement by the authorising bodies.

It seems that there will be some 300 boxes at well as the 4 heat
exchangers for disposal by one of the routes.

ENGINEERING PLAN

Since the reactor was finally closed down in July 1981 the operating
staff has been sharply reduced in numbers. Those remaining are defuelling the
reactor and making a start on decommissioning. The fuel has to be transferred
to the storage carousel and subsequently moved to a cave for breakdown into
pins for storage before reprocessing. The phase of emptying the reactor will
be spread over two to three years, allowing an appreciable fraction of the
available effort to be used for early decommissioning. Such work is largely
inactive and includes: the removal of extensive pipework, particularly
associated with the high pressure loops; de-lagging of the heat exchangers; and
removal of certain subsidiary buildings.

Figure 2 shows a simplified section of the reactor in its complete form
with the fuel charge/discharge machine standing on the "pile cap"; only one of
the four heat exchangers is shown. Because it is proposed to use one of the
bioshields of a heat exchanger as part of the disposal route for the highly
active material in the core it is necessary to remove the heat exchangers at an
early stage in the process, and this it is planned to do in 1984-

During the period 1985-87 it is proposed to erect and equip the building
for filling the concrete blocks. This is located next to the reactor as shown
in Fig. 4 so that waste material can be lowered down the bioshield of one of
the heat exchangers directly into a concrete box. At an appropriate point as
it is lowered, the material will pass through a radioactive counter to confirm,
it is hoped, the curie content already calculated from a knowledge of its
position in the reactor, its composition and decay time. The counter measures
a gamma dose but this can be translated to curies since the composition of the
material will be known.

In Fig. 4 a concrete box is shown directly below the empty heat exchanger.
After placing the waste in it the box is monitored and then moved on rails to
be in-filled with concrete. If it is necessary to vibrate the box to remove
all air pockets this will be ananged. The box then moves further along on
rails to be lidded and re-checked for surface dose-rates. Finally it is lifted
on to a truck for delivery to the adjacent storage park.

By 1987 dis-assembly of the core should start. After cutting the stand-
pipes below the reinforced concrete slab which constitutes the roof of the
reactor's bioshield, it will be cut into pieces and lifted out. This will un-
cover the top dome of the pressure vessel which can be cut up by standard
cutting techniques. The radiation field there is low enough to preclude the
need for remote work. At about the same time the access port from
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the reactor to the heat exchanger bioshield which is to be used for the dis-
posal route will be enlarged. The state of the reactor after these operations
is shown in Fig 5.

Fig 4s Shows waste packaging building,
heat exchanger and the fuel
charge/discharge machine have
been removed.

Fig 5- Access to the reactor has been
made, and the top of the pres-
sure vessel removed. The
access port to the heat
exchanger has been enlarged.

The stage has now been reached that further progress can only be done by
remote control. To this end a machine has been designed which can be hung from
the pile cap and remotely operated from there with the aid of TV. The
machine's head can operate a variety of tools for cutting thick steel, steel
lined with insulation, and graphite; the tools will certainly include sawing,
oxy-propane burning and plasma arc cutting. The tool will be provided with
several degrees of articulation to enable it to handle the wide variety of
jobs asked for, and it is likely that its cutting head will be computer con-
trolled. It is intended to finalise the design of the machine during 1983 and
have it delivered to site by the end of 1985 so that extensive proving trials
can be carried out, maintenance routines established and operators trained for
at least two years before it is used.

The technique will be to work downwards on the contents of the pressure
vessel, cutting in turn the neutron shield, the graphite moderator, the diagrid
and the tundish. The pressure vessel will then be cut up starting at the
bottom since it is hung from the top, each piece being held by a magnet as it
is released. All this waste will be lifted, transferred into the heat
exchanger bioshield and then lowered after radioactive assay into boxes. The
various stages of this process, which is the heart of the whole operation, are
shown in Figs 6, 7,8 and 9.
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Fig 6: The remote dismantling
machine has been installed. Note
the arrangements to transport
waste into the heat exchanger
shell.

Fig ?• Components above the core
have been removed.

Fig 8: The core has been removed.
Work is about the begin on the
tundish and diagrid.

Fig 9: The steel pressure vessel,
hung from the top is being cut up,
starting at the bottom.
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Apart from the all-important remote handling machine - its design, buil-
ding and commissioning - there are several features of this engineering plan
which require development. A by-no-means comprehensive list includes

(i) establish the radioactive assay technique on pieces before consign-
ment to boxes

(ii) study air extraction techniques to ensure thai, any radioactive par-
ticles released during the cutting operations are carried to
trapping points at which are located suitable filters

(iii) develop TV viewing techniques allied to computer-control of the
cutting machine

(iv) assess techniques for several decontamination exercises eg of the
machine head and the internal surface of the containment.

Once the pressure vessel and all its internals have been removed, the
radioactive material remaining is in the inner layers of the concrete bioshield
which has suffered neutron and gamma bombardment and therefore transmutation.
This material will be removed by means of a remotely operated drill, hung from
the reactor crane. The pieces will drop into the bottom of the bioshield as
they are drilled out and will therefore need to be picked up for transfer, via
xhe normal route, into a waste box. This phase of the operation is shown in
Fig 10.

Finally, it remains to remove radioactive contamination both within the
sphere and the packaging facility before demolishing them by conventional
techniques.

Fig 10: Removal of radioactive
concrete of bioshield
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Fig 6: The remote dismantling
machine has been installed. Note
the arrangements to transport
waste into the heat exchanger
shell.

Fig 1\ Components above the core
have been removed.

Fig 8: The core has been removed.
Work is about the begin on the
tundish and diagrid.

Fig 9: The steel pressure vessel,
hung from the top is being cut up,
starting at the bottom.

VII-48



Apart from the all-important remote handling machine - its design, buil-
ding and commissioning - there are several features of this engineering plan
which require development. A hy-no-nieans comprehensive list includes

(i) establish the radioactive assay technique on pieces before consign-
ment to boxes

(ii) study air extraction techniques to ensure that any radioactive par-
ticles released during the cutting operations are carried to
trapping points at which are located suitable filters

(iii) develop TV viewing techniques allied to computer-control of the
cutting machine

(iv) assess techniques for several decontamination exercises eg of the
machine head and the internal surface of the containment.

Once the pressure vessel and all its internals have been removed, the
radioactive material remaining is in the inner layers of the concrete bioshield
which has suffered neutron and gamma bombardment and therefore transmutation.
This material will be removed by means of a remotely operated drill, hung from
the reactor crane. The pieces will drop into the bottom of the bioshield as
they are drilled out and will therefore need to be picked up for transfer, via
the normal route, into a waste box. This phase of the operation is shown in
Fig 10.

Finally, it remains to remove radioactive contamination both within the
sphere and the packaging facility before demolishing them by conventional
techniques.

Fig 10: Removal of radioactive
concrete of bioshield
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DATA RECORDING

Because the aim of the exercise is to provide evidence, data and records
both on successful and unsuccessful work, considerable thought is being given
to recording techniques backed by a databank. This should make it possible to
provide interested parties with data of value for subsequent similar exercises
that they may wish to undertake.

SUMMARY

The United Kingdom Atomic Energy Authority ha? developed a plan to decom-
mission the Windscale Advanced Gas-Cooled Reactor md is now beginning its
implementation. The project, which will take about ten years, is intended to
provide pioneering experience in this new nuclear field.

Much of the work is of a development nature and its successful execution
should help plan subsequent similar operations as they become desirable or
necessary in the 21st century.
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PREPARING A DECOMMISSIONING COST AND TECHNOLOGY STUDY
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ABSTRACT

Decommissioning planning requires a systematic approach to determine
costs, radiation exposure, waste disposal, manpower requirements, dismantling
and decontamination procedures, personnel protection, and schedules. The
basic document of decommissioning planning is the cost and technology study
prepared for the specific site.

It is important that this study yield results that are complete and
comprehensive. This is accomplished by utilizing a methodology known as the
Work Package Concept which accounts for all significant cost factors and
technical activities. The Work Package Concept divides all labor and
materials into specific increments which are basically suitable for all power
plants and produces summaries of the major results.

This paper describes the major study outputs, the work package format
and function, and the type of input criteria which must be collected prior to
the commencement of the study.

It is concluded that correct formating is essential to the complete and
consistent processing of large and varied amounts of data and that details and
input criteria are crucial to assure adequate sensitivity and reliable
results.

INTRODUCTION

At some point in the life of a nuclear power plant, the decision is made
to permanently cease power production. This decision may be based on design
life, maintenance costs, or comparative economics with newer plants.
Regardless of the reason, the plant cannot simply be shut down and abandoned.
In the interest of public safety and health, the plant must be properly
decommissioned. Broadly defined, decommissioning is that activity which
amends the licensing status of a nuclear power plant from operation to
possession only or unrestricted use.

Even though this activity may be many years in the future for a
particular plant, it is important to plan as early as possible to define
funding and technical approaches as well as to identify potential problems
which will require R&D prior to decommissioning. The basic document of
decommissioning planning is the Cost and Technology Study prepared for the
specific site.

Three basic methods of decommissioning are presently recognized. These
are mothballing, entombment, and immediate dismantlement. Each of these
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methods has been utilized at least once to decommission a nuclear facility.
Variations of these methods have been proposed such as delayed dismantlement
in combination with mothball ing or entombment. Recommissioning or conversion
has also been considered which essentially rehabilitates the plant for
continued operation.

The most involved method of decommissioning is immediate dismantlement
and removal. It deals with the severest radiation conditions and requires
the most extensive planning for equipment and structure removal and disposal.
This paper addresses the preparation of the Cost and Technology Study
relative to immediate dismantlement which is representative of the study
techniques that would be utilized for other methods of decommissioning.

STUDY OUTPUTS

Any decommissioning study which is going to be useful to the utility
must produce certain fundamental outputs or results. These outputs and their
usefulness or purpose for subsequent utility actions are as follows:

Dete--:.iine Financing Arrangements

Determine Financing Arrangements

Determine Schedule

Personnel Radiation Exposure

Disposal Requirements

Craft Availability

Craft Availability

Resource Commitment

Purchasing

Engineering/Construction

Engineering/Construction

Health Physics (HP) Provisions

Most decomissioning studies produced to date contain some of the above
outputs, but we know that they have been characterized by some inconsistency
and incompleteness, especially in the cost and manrem data. This causes
considerable frustration as various organizations attempt to compare and
normalize results and the credibility of decommissioning studies has
suffered.

WORK PACKAGE CONCEPT

To overcome this problem it is necessary that the industry prepare
studies that are complete, accurate, revisable, and comparable. This is
accomplished by selecting a study methodology that accounts for all factors,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Cost Estimate

Cash Flow

Manhours

Manrems

Waste Quantities

Manpower Loading

Personnel Skill
Requirements

Schedule

Equipment and Supplies

Procedure Development

System and Structure
Modifications

Personnel Protection
Program
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is sufficiently detailed to eliminate gross inaccuracies and presented in a
form that is easily revised as economics and technology change. In
developing an in-depth decommissioning plan for the complete dismantlement of
a Japanese PWR plant, Gilbert/Commonwealth determined that the Work Package
Concept is ideally suited to accomplishing these goals. This method accounts
for all significant economic, technical, material, and labor parameters. It
allows a division of work for specific increments of the total effort and
easily leads to summarization and production of the major outputs noted
previously.

For a major nuclear facility, 12 basic categories of work packages have
been identified that comprise a total decommissioning effort for immediate
dismantlement. These categories are basically independent of facility type.
The depth of study preparation can vary from the elementary level to the
extremely detailed level. For the elementary level, only major systems,
structures, and activities are evaluated. For the detailed level, all site
specific components, structures, material items, radiological conditions, and
procedures are addressed. Consequently, the number of individual work
packages required within each work package category will vary widely.
However, even where data is combined to the maximum extent and few work
packages are prepared, the basic parameters retain their traceability and
identity. The work package categories are:

Site Preparation

This includes additions to the existing site facilities required to
support the decommissioning effort. Included in this category would be
temporary trailers, warehouses, office buildings, new waste processing
facilities, extended power and communication systems, laydown areas, and new
personnel controlled access areas.

General Decommissioning Support Activities

This incorporates common and miscellaneous activities performed during
the entire dismantlement program and includes HP surveys, facility
modifications, installation of contamination control envelopes, general
decontamination, trash removal, equipment maintenance, supply of temporary
power and lighting, structure removal for access, equipment setup, dry
cleaning, records keeping, and HP training.

System and Structure Decontamination

Work packages are developed which address the decontamination of all
systems and structures which are expected to be contaminated. A cost benefit
analysis is performed for each of these work packages to determine if the
added cost and radiation exposure incurred by decontamination activities are
offset by the manrem savings during dismantlement of the system components.

Equipment and Material Dismantlement

This addresses the dismantlement &nd removal of all major and typical
items in the plant and includes all portions of the nuclear steam supply
system, demineralizers, pumps, tanks, heat exchangers, piping, valves,
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conduit, cable tray, HVAC equipment, instrumentation and controls, concrete,
pool liners, structural steel, and drains.

Radwaste Volume Reduction

Work packages are developed in this category for the treatment of
radioactive waste and include demineraliza'cion, evaporation, and incineration.

Radwaste Solidification

Work packages are developed in this category for the immobilization of
radioactive waste and include solidification of ash, resins, and liquid
concentrates. Compaction would also fall in this group if applicable.

Tools and Equipment

A complete listing of tools and equipment required for the
decommissioning effort is developed. Quantities, size, and cost are
indicated.

Supplies and Consumables

A considerable quantity of expendable supplies and consumable materials
will be used during a decommissioning effort. These include fuels, office
supplies, cleaning supplies, clothing, chemicals, resins, filters, small
tools, cutting tool expendables, and HP equipment. Work packages developed
for these items indicate quantities and costs.

Packaging and Disposal

This summarizes the waste container quantities derived from other work
packages and includes packaging, transportation, handling, and disposal costs
for each and every different type of container.

Utilities

The major utility cost during decomissioning is for electrical power. A
work package is developed which identifies all significant electrical loads
(lights, heaters, saws, electropolishers, tools, fans, and pumps). Other work
packages provide the utilization rate and time period for each load which
leads to a yearly consumption summary.

Site Restoration

A work package is developed to cover restoration of the site after all
dismantlement activities are completed.

Overhead Labor Costs

A work package is developed which defines staffing for the general
contractor, the utility, security, environmental surveillance, and A/E
support. Manhours and manrems are determined for this overhead labor force.
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The work package format and type of information presented therein can be
carried directly over to the summary level, or used to develop other outputs.
Table I shows a typical work package. This is the standard form used for
describing dismantlement and decontamination activities which constitute the
majority of all the work packages. The columns have been abbreviated because
of space limitations. A brief description of what is represented is as
follows:

Task Description. This describes the sequence of events to accomplish
the overall task. It identifies requirements for labor skills and
specialized equipment and procedures. Also, it provides the basis for
radiation work permit inputs and defines packaging requirements.

Hours and Manpower. These describe the total elapsed time and number of
craft and HP personnel assigned to complete the task. This information
contributes to schedule development, both total and critical path.

Total Manhours. This is the product of task manhours and total
manpower. This information is utilized for developing manpower loading
curves and for determining labor cost and hiring requirements.

Total Manrems. This describes the total radiation exposure to personnel
received during the performance of the task.

It is used to identify critical dose situations where hourly, quarterly,
or yearly limits could be exceeded thus requiring increased numbers of
personnel or remote techniques or temporarily waiving limits for special
cases.

Location and Rad Level. These denote the different work positions
occupied by craft and HP personnel as they perform the described tasks and
the radiation levels expected at each location. This takes into account the
crew distribution, some close to the work, some remote. This distribution
provides a truer picture of actual conditions rather than applying an overall
average dose rate. The location numbers correspond to the position
descriptions for this work package.

Similarly, other dismantlement and decontamination work packages are
developed for pumps, heat exchangers, tanks, piping, valves, concrete,
structural steel, pool liners, etc. Many of the work packages are typical
for a particular commodity, i.e., pumps, tanks, conduit, etc. and yield
manhours and manrems on a unit basis. Total manhours and manrems for a
commodity are dependent on the commodity quantities and can be tabulated on a
per building basis as shown in the summary tables.

Variations of this format are necessary when addressing the remaining
work package categories. However, the principal objectives of producing
comprehensive and readily summarized data are retained. Typical examples of
this are given in Tables II and III. In most cases, the essential outputs
(costs, manrems, manhours, etc.) are totaled directly in the work package.
It is important to note that labor costs are site specific and are based on
hourly labor rates for different craft classifications and material costs are
a function of quantity and latest manufacturer quotes. Exposure rates (where
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appropriate) are developed and general radiation zones described. This item
is important and has often been neglected, but considering the large support
staff on site, relatively small general area dose rates result in significant
radiation totals over the decommissioning time period.

The work package constitutes the basic building block for assembling a
decommissioning study. Its versatility is further realized by looking at
some typical data summaries. Data from work packages easily and directly
convert to summary form and yield the bottom line type of outputs that are
usable as technical and management planning documents and for cost
projection/cash flow requirements. This is demonstrated in Tables IV and V
which show the summarization for manhuurs and manrems. Remember that for any
work package dealing with a typical commodity, the summary reflects
quantities of that type in each building. Also, the unit factors are
adjusted depending on commodity size, location, and radiation status.

A major output of the decommissioning study is waste quantities in place
at the start of decommissioning and generated during decommissioning.
Determination of this parameter is basically an arithmetic exercise.
However, by doing this within the work package framework, a more detailed
breakdown can be presented. By combining typical equipment information
tabulated as in Table VI with the waste packaging criteria, a typical summary
of waste by container type can be produced as shown in Table VII. Obviously,
Table VI shows considerably more information than discussed here, but close
examination will reveal that all of it is derived from the basic work
packages.

INPUT REQUIREMENTS

When a study is prepared with the thoroughness and depth indicated,
satisfactory results can be expected. However, it is important to bear in
mind that the quality of the output depends heavily on the quality of the
input. Therefore, prior to commencing a decommissioning study, it is
necessary to collect and assemble in one location all the data that will
ultimately comprise the assumptions and criteria document. This allots
orderly development of the work packages and clearly establishes the
parametric contents and limits of the work scope. A listing of 24 major data
requirements follows. These are the data that should be available from the
utility or derived from design documents such as the FSAR, system
descriptions, drawings, and other documents. In conjunction with this, a
site visit is essential to obtain radiation records, photographs of the site
and plant interior, and to establish direct communications with appropriate
plant personnel. Without the site visit, it is often difficult to accurately
communicate to the utility the nature of the information desired.

1) Specific plant identity - provides size, type, and site characteristics.

2) Structures and system to be dismantled.

3) Depth of structure removal.

4) Restoration requirements.
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5) Start date of decommissioning - whether it includes/excludes fuel removal
and shipment and routine cleanup.

6) Unrestricted release limits for waste materials and the site.

7) Packaging methods - size and weight limitations, shielding, surface
dose, and contamination limits, contents loose or immobilized.

8) Waste disposal location - onsite/offsite, land, or sea.

9) Temporary storage requirements for waste materials.

10) Transport mode for waste.

11) Disposition of non-radioactive waste - reusable material and rubble.

12) Waste treatment methods.

a. Usable existing systems

b. Future expected systems
c. New systems to be installed at time of decommissioning to augment

existing facilities

13) Non-radioactive hazardous materials.

14) Regulations - Federal and local.

15) Plant data.

16) Radiation exposure limits.

a. Value of a manrem
b. Daily, quarterly, and yearly personnel limits

17) Cost parameters.

a. Year of reference
b. Escalation rate
c. Insurance requirements
d. Duration of work week and number of shifts
e. Labor rates
f. Utility personnel - included/excluded from scope
g. Security/environmental control - included/excluded from scope
h. Offsite power cost

18) Radiological conditions of plant.

a. Isotopes analysis
b. Surface contamination
c. Component dose rates
d. Hot spot data
e. Radiation surveys
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19) Material quantities (per building).

a.
b.
c.
d.
e.
f.

e-
h.

Concrete
Structural steel
Piping/valves
Conduit/cable tray
HVAC duct
Panels and controls
Hangers, supports, snubbers
Insulation

20) Equipment detail drawings.

21) Operations, maintenance, disassembly procedures.

22) System descriptions.

23) Explosive demolition restrictions - size of charge and exclusion
boundaries.

24) Common facilities of multi-unit plants which are to be included in the
planning.

CONCLUSIONS

In conclusion, Cost and Technology Studies for decommissioning can be a
very useful and credible tool to be used by management in rate making
proceedings and in planning of activities for preparation of decommissioning.
However, this usefulness can be quickly lost if the information presented in
the study is not easily updated to reflect the changing economy and the
advances made in technology.

The Work Package Concept for developing decommissioning scenarios
provides a very flexible and easily modified presentation of data. Changes to
procedures, durations, radiation levels, and itemized costs are easily
incorporated and the summarization of pertinent items easily accomplished
without requiring a new or drastically revised study.

As the work package approach is utilized more, its appropriateness will
become more apparent. The type of data can be used by the facility personnel
and engineering staff to identify areas where facility maintenance procedures
or modification can be prepared to facilitate decommissioning. Ongoing
programs for radiation data collection can be implemented to verify
predictions of contamination and radiation levels.

Gilbert/Commonwealth's experience has shown that the emphasis on details
in studies of this nature are really the only way to meet the objectives
because the calculated costs and estimated radiation exposure are extremely
sensitive to the input criteria and assumptions used. When all predictable
activities are accounted for and described in a logical progression such as
the work packages addressed herein, the overall costs and manrems of exposure
are higher than a less detailed study will yield.

VII-58



TABLE I. TYPICAL WORK PACKAGE FOR REACTOR VESSEL DISMANTLING

Task
No. Description

... Manpower Manhr
Hours Craft HP Totals Lctn Manhr

Rad-Level
(R/hr) Manrem

i
en
10

16 Install arc-saw in RV and close 180 10
contamination control envelope,
top and bottom

17 Fill RV with water and segment 1,280 7
vessel; package in 600-liter drums;
open envelope when 50 drums are
filled; remove and replace drums;
close envelope - repeat

18 Open contamination control 40 12
envelope; remove arc-saw;
place in shielded, area of
operating floor

19 Rig vessel bottom head and lift 16 12
to cutting area

20 Cut RV head; package in 200-liter 450
drums; cut vessel bottom nozzle
sections; package in 600-liter
drums

21 Remove reactor vessel support 60
stand; decontaminate; store for
future use

22 Decontaminate arc-saw and cutting 16
mast; score cutting maei, for
future i.»!»<>

2,160

1.5 10,880

560

224

4,500

600

64

1
2
5
8
10

2
5
8
10

1
5
6
10

5
6
10

6
10

6
10

20.0
100.0
747.0
100.0

1,194.0

2 1,686.0
5 6,946.0
10 2,248.0

80.0
190.0
40.

250.
.0
.0

20,
60,
64,
80.0

1,485.0
1,530.0
1,485.0

420.0
180.0

38.4
25.6

4.0-1
1.0-2
5.0-3
1.0-1
2.5-4

1.0-2
5.0-3
2.5-4

1.0-2
5.0-3
1.0-1
2.5-4

4.0-1
5.0-3
2.5-3
2.5-4

5.0-3
2.5-3
2.5-4

2.5-3
2.5-4

2.5-3
2.5-4

8.0
1.0
3.7
10.0
3.0-1

16.9
34.7
5.6-1

8.0-1
9.5-1
4.0
6.3-2

8.0
3.0-1
1.6-1
2.0-2

7.4
3.8
3.7-1

1.1
4.5-2

9.6-2
6.4-3



TABLE II. TYPICAL WORK PACKAGE FOR BUILDING DISMANTLEMENT PREPARATION AND SUPPORT

Avg
Crew Dose Rate Cost

No. Item Size Manhr (mr/hr) Manrem Labor Material Total

16 Erection of local contamination control 4 3,500 5.0 17.5 15.8 38.0 53.8
envelopes

a. Cutting station - 1 each
b. Cubicles/area - 50 each
c. Local contamination control points

- 200 each

17 Major equipment setup costs; includes
installation, removal, cost of all
auxiliary equipment and materials
required to make a working station

i—i

7* a. Bailer - 2 setups
g b. Stationary saws - 2 setups

c. Stationary torch cutting - 2 setups
d. Arc saw at main contamination

control envelope
(Cost of equipment not included)

18 Dry cleaning of clothes

19 Contamination control personnel
to assist workers and material in
crossing control points

20 Maintain personnel dose records and 4 32,000 144.0 144.0
radioactive inventory

6

16

2

34

80

280
500
800
700

7280

,000

,000

5

2

2

.0

.5

.5

11

85

200

.4

.0

.0

1.2
2.3
3.6
3.2

"TO
153.0

360.0

0.2
1.1
1.2
4.6

"TTT

1.4
3.4
4.8
7.8

1774

153.0

360.0



TABLE I I I . TYPICAL WORK PACKAGE FOR UTILITY STAFF LABOR

CTl

Personnel

Vice Manager,
Decommissioning

Staff Manager
Supervisors
Clerical

Operation and Repair
Manager
Supervisors
Craft

HP Manager
Craft

Engineering Manager
Supervisors
Engineers

Totals

Total Costs

Labor
Rate/
Year

17.2

17.2
17.2
8.3

17.2

17.2
9.4

17.2
9.4

17.?
17.2
17.2

1

1

1
2
8

1

2
6

1
8

1
1
5

37

456

Labor (
Years
2

1

1
2
8

1

2
6

1
8

1
1
5

57

456

Man-Ye
After
3

1

1
1
6

1
4

1
8

1
1
5

30

369

ars) During
Shutdown
4 5

1

1
1
6

1
4

1

2

17

207.8 164

r

1

1
1
3

1
2

1

2

12

.1

6

0.

0.

0.

1,

21.

5

5

5

.5

.4

Total
Man-Years

5.5

5.5
7.0
31.5

2.0

5.0
16.0

5.0
30.0

5.0
3.0
19.0

134.5

Dose Rate
(mR/hr)

0.025

0.025
0.025
0.025

0.25

0.25
0.1

0.25
0.1

0.025
0.25
0.25

Manrem

2.9-1

2.9-1
3.6-1
1.6

1.0

2.6
33.3

2.6
62.4

2.6-1
1.6
9.S

116.2

1

Total
Cost

94.6

94.6
120.4
261.5

34.4

86.0
150.4

86.0
282.0

86.0
51.6
326.8

,674.3
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TABLE IV. TYPICAL WORK PACKAGE SUMMARY, DECONTAMINATION AND DISMANTLEMENT MANHOURS BY BUILDING

Building
Inter- Waste

Control mediate Disposal TotalsNo.

1

2

Work Package
Description

Chemical Decontamination

Reactor Vessel Internals

Reactor

771

6,104

Auxiliary

7,006

Fuel
Handling

Dismantlement

3 Reactor Vessel
Dismantlement

4 Reactor Coolant Pump

5 Steam Generator

6 Reactor Coolant Piping

7 Pressurizer

8 Demineralizers (typical)

9 Small Pumps (typical)

10 Large Pumps (typical)
11 Tanks (typical)
12 Heat Exchangers (typical)

13 Insulation

14 Pipe

15 Valves

16 Hangers, Supports and
Snubbers

17 Conduit

18 Cable Tray

19 HVAC Fans

20 HVAC Filters

5,724

930

200

13,674

1,136

426

84

5,712

547

450

2,144

954

2,395

211

810

8,294

11,766 5,406

441
320

357
800

2,284

1,520

1,510

21,840

1,548

3,000

7,705

4,770

1,640

140



TABLE V. TYPICAL WORK PACKAGE SUMMARY, DECONTAMINATION AND DISMANTLEMENT MANREMS BY BUILDING

Building

No.

1

2

3

4

5

6

7

8

9

10

11

J2

13

14

15

16

17

18

19

20

Work Package
Description

Chemical Decontamination

Reactor Vessel Internals
Dismantlement

Reactor Vessel
Dismantlement

Reactor Coolant Pump

Steam Generator

Reactor Coolant Piping

Pressurizer

Demineralizers (typical)

Small Pumps (typical)

Large Pumps (typical)

Tanks (typical)

Heat Exchangers (typical)

Insulation

Pipe

Valves

Hangers, Supports and
Snubbers

Conduit

Cable Tray

?WAC Fans (typical)

HVAC Filters

Reactor

22.

14.

26,

9,

20,

15

4,

1

8

7

.3

.0

.3

.8

.6

.3

Auxiliary

201

108

9

7

107

32

34

.8

.1

,8

.7

.4

.4

.9

Fuel
Handling

0.8

34.4

2.3

0.9

4.3

2.6

Control

9

15

0

1

3

.4

.6

.6

.9

.3

Inter-
mediate

1

0

4

6

68

1

2

1

1

0

1

.0

.9

.1

.7

.6

.0

.7

.8

.5

.2

.0

Waste
Dispos&i

9.

9.

15.

13.

2.

1.

6

2

5

2

6

0

Totals

63.8

67.5

108.1

18.5

113.2

205.2

62.1

83.5



TABLE VI. TYPICAL EQUIPMENT PACKAGING AND RADIATION SUMMARY

Building - CV; Elevation - 24.00 in
Reference - Engrg. Dwg. 020-004

2

Item
No.

27

73

74

81
thru
85

90

90

90

Eqpt.
No.

CS-11

FH-18

FH-44

NI-1A
thru
NI-1E

RC-1

RC-1

RC-1

Component/
Decon Method

Excess Letdown Heat
Heat Exchanger
DM = A,B

Upper Internals
Storage Stand
DM -A

Lower Internals
Storage Stand
DM - A

Incore Neutron
Detector Drive
DM - A

Reactor Vessel
(Includes Head)
DM - None

RV Upper Internals
DM - None

RV Lever Internals
DM * None

Component
Envelope
Size (inn)

3630 L
760 W
760 H

4000 0
5360

4343 H
3353 0

1200 L
750 W
1200 H

12,988 H
6376 0
(over nozzles)
4403 Nom OD

8130 L
3912 0

10160 L
3912 0

Weight
(kg)

1350

6100

470

377

320,000

37,000

112,700

Radn
Contact
Before
Decon

100

5.0

5.0

5.0

2.0+3

1.0+5

1.0+5

Lvl @
(mR/h)
After
Decon

10

5.0

5.0

5.0

2.0+3

1.0+5

1.0+5

Qty
PCS

200

65

100

A/R

1006

748

1276

Drums

4

13

12

9

774

157

216



TABLE VII. TYPICAL WORK PACKAGE SUMMARY, DECONTAMINATION AND DISMANTLEMENT DRUMS BY BUILDING

Building

CTl

No.

13

14

15

16

17

18

19

20

21

22

23

24

25

Work Package
Description

Insulation

Pipe

Valves

Hangers, Supports and
Snubbers

Conduit

Cable Tray

HVAC Fans

HVAC Filters

HVAC Ductwork

Cable

Electrical and I&C Panels
(equipment, fixtures,
instruments)

Miscellaneous Equipment

BioShield Wall

Reactor

61

814
8

343

1,300

389

60

81

14

104

110

53

813
3

2,567
1,323

Auxiliary

93

2,171
22

732

2,730

850

143

101

30

180

250

173

200

Fuel
Handling

3

186

98

130

82

10

30

20

11

20

Control

28

1

39

37

12

6

20

59

200

Inter-
mediate

18

143

205

182

35

6

52

8

12

10

31

60

Waste
Disposal

44

400
4

32

92

296

50

113

10

86

85

217

200

Totals

223

3,806
.34

1,415

4,501

1,774

294

351

65

434

520

575

1,529
3

2,567
1,323



EVALUATION OF IMMEDIATE DISMANTLEMENT
OF CAKDU REACTORS AT TBE END OF SERVICE LIFE

P.J. Armstrong R.C* Macphee
Ontario Hydro Macphee Nuclear
Toronto/ Ontario Toronto, Ontario
Canada Canada

ABSTRACT

All industrial facilities have to be taken out of service at the end of
their useful lives* In the case of a nuclear reactor, decommissioning
applies to the actions involved in taking it out of service and placing and
maintaining it in a safe state*

It is Ontario Hydro's intent that all identifiable costs of power
generation be allocated to the customers that benefit from it. Engineering
studies have, therefore, been carried out to estimate the future costs of
decommissioning our nuclear stations*

1.0 INTRODUCTION

Shere are several approaches to the decommissioning of large multi unit
nuclear generating stations* for the purposes of estimating costs, Ontario
Hydro has chosen storage with surveillance for thirty years followed by
dismantlement* 3he thirty year storage period allows radiation in the
reactors to decay to more manageable levels. After the dismantling process,
the site is restored to a condition suitable for unrestricted use.

Ontario Hydro chose this decommissioning method after considering the
entire range of methods of decommissioning. The range lies between two
extremes* One extreme is immediate dismantlement; this is dismantlement
performed as soon as reasonably possible after the station ends its normal
service life. The other extreme is indefinite storage; this entails sealing
the nuclear portion of the station to prevent escape of radioactive material,
and then maintaining it in a safe state for hundreds of years*

This paper discusses the option of immediate dismantlement and compares
it with the above reference method. Hie studies were based on Pickering
Nuclear Generating Station A.

2.0 SUMMARY OF FINDINGS

Compared with a reference method of deferring dismantlement by 30 years,
the immediate dismantlement option requires:

- a 20 percent greater expenditure of effort and resources, measured as
cash flow in 1980 dollars;

- approximately double the man-rem expenditure;
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- recovery from present power consumers of almost twice the revenue
increment apportioned for decommissioning costs. Xiis arises because
decommissioning funds are required 30 years sooner than for the deferred
case.

Xhere are, however, some definite advantages which tend to offset the
higher costs of immediate dismantlement*

- early reuse of an established nuclear power site for new or
replacement generation capacity.

- experienced station staff are available at the time, since they are
required for defuelling, and for stabilizing and isolating reactor systems.

- reduction in the number of nuclear power sites which would need to be
acquired for replacing the generation from decommissioned stations.

- reduction in the number of new transmission corridors which would
need to be acquired and developed.

TABLET

Total Cash Flow
in 1980 Dollars

Present Worth of
Above as Lump
Sum in 1980 $

Man-rem
Expenditure

Immediate
Dismantlement

$201 million

$110 million

3280

Defer Dismantlement
by 30 Years

$162 million

$ 55 million

1825

3.0 PICKERING NGS A SUMMARY DESCRIPTION

station comprises four nuclear reactors; four turbine-generators and
associated equipment, services and facilities. Bie Station is arranged in
such a manner that an additional four units may be added so as to form a
symmetrical arrangement about the common service area and Administration
Building.

The in-service dates of the four units comprising the station were:

Unit
Unit
Unit
Unit

1
2
3
4

- 1971
- 1972
- 1973
- 1973

The design net electrical output of each unit is 508 megawatts at 90
percent power factor, yielding a total station net output of 2032 megawatts.
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Each unit comprises a power source capable of operating independently of
the other units but using certain common services* The power generating
equipment of each unit is a conventional steam-driven turbine generator: the
associated heat source is a heavy-water moderated, pressurized heavy-water
cooled, natural uranium dioxide fuelled, horizontal pressure tube reactor*

The heat in the heavy-water coolant of each reactor is transferred
through twelve tube-in-shell heat exchanger boilers to a conventional steam
circuit which serves one turbine-generator*

Each reactor, together with its associated boilers ant closely related
auxiliary equipment and systems, is located in a separate reinforced-concrete
Reactor Building. Associated with each group of four Reactor Buildings, and
connected to them by a large duct, is a Vacuum Building* The combined
volumes of the Vacuum Building, the relief duct and any one Reactor Building
constitute an "emergency containment system" which is designed to contain all
readioactive effluents which might result from a reactor system failure*

A two-storey Reactor Auxiliary Bay, which serves the four-unit station,
is connected to and wraps around the northerly half of the perimeter of each
Reactor Building. This building contains reactor auxiliaries and secondary
circuits of low radioactivity level, new fuel storage, a spent fuel storage
bay, and the plant control centre. A two-storey Service Wing is located at
the easterly end of the Reactor Auxiliary Bay, i.e. centrally in the ultimate
eight-unit station arrangement. It is connected to both the Reactor
Auxiliary Bay and the Powerhouse and contains maintenance shops, change
rooms, decontamination centre, station laboratories and the production
control centre for the entire station*

The four turbine-generators are arranged in line in the turbine hall of
a steel frame powerhouse which runs the length of and adjoins the Reactor
Auxiliary Bay* The Powerhouse also contains the circulating and service
water pumps, in addition to the conventional steam and electrical power
equipment.

A separate building adjacent to the Service Wing on the lake side
contains the water treatment plant. Also located in a separate building on
the lake side of the station are the standby generators which supply station
electrical service power when the normal power supply is not available.

4.0 ASSUMPTIONS

This study makes several assumptions, some of which are:

- The conventional side of the station (including such items as the
turbine-generator systems, switchyard, etc.) has been excluded from the study*

- low and high radioactivity level waste disposal repositories i
located 1600 km away from v-he station and it is assumed, that these sites will
be available at the time thuy are required.

- Only presently available technolcgies have been used to develop
decommissioning methods and costs.
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5.0 RATIONALE FOR CHOSEN ACTIVITY SEQUENCE

The major activity groups required for immediate dismantlement are shown
in Table II "ftstivities Chart". Reasons for their occurrence and timing are
given here*

Reactor Shutdown Sequence

The four reactors are assumed to be shut down on the anniversaries of
the dates on which they went into service. This is a reasonable assumption.
It avoids the sudden removal of the entire Pickering NGS A generating
capacity from the power system. The shutdown dates are indicated on the
activity chart as the beginning of fuel removal operations for each unit.

Activity 1 fuel Removal

The inventory of irradiated fuel must be removed to the irradiated fuel
bay (IFB) for safe storage and continued cooling. This is done using the
normal fuel handling equipment, very soon after each unit is shut down. The
operation takes six months for each reactor.

Activity 2 Heavy Water Removal

r£he heavy water is removed from the reactor systems for purification and
reuse* This operation can begin as soon as the reactor shuts down. The
final operation is removal of heat transport heavy water. This must wait
until fuel removal is complete, and may then be done rapidly. The activities
chart therefore shows heavy water removal as the same duration as fuel
removal•

Activity 3 Decontamination

This activity is necessary for two reasons. The first is to reduce
radiation and contamination levels before dismantling begins. The second is
to isolate and fix the distributed fission and activation products in a form
suitable for safe disposal. Some common services such as the IFB must be
decontaminated as well as the individual units. The cost and extent of
decontamination operations for the common services is relatively minor. They
are therefore, not separated from decontamination of the individual units. A
period of three months is estimated for each unit.

Activity 4 Security and Surveillance

After the shutdown of the last unit, security and radiation surveillance
costs are charged to decommissioning. These costs continue until the site is
suitable for unrestricted use.
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Activity 5 Remove Main Systems

Decontamination cannot entirely eliminate radioactive contaminants from
the majority of the unit systems* It is cost effective and good radiation
safety practice, to reduce radiation levels still further before performing
the majority of dismantling activities inside the reactor building. This is
achieved by removing radioactive systems such as the heat transport system
and moderator system. After those systems have been removed/ equipment which
could physically impede reactor dismantling is taken from the reactor
building. Activity 5 is expected to take six months.

Activity 6 Remove Reactor Cores

In this case, "reactor core" means all equipment contained in the
reactor vault, the reactivity mechanisms deck and any headers and feeders
remaining after Activity 5 above. Dismantling a reactor core requires
flooding the vault and using remote handling equipment to minimize radiation
doses. Uhis activity is estimated to take 18 months for each reactor. Few
other operations can be conducted in the reactor building during this
activity, "termination of reactor dismantling leaves the reactor building
free of radioactive systems.

Activity 7 Remove Remaining Equipment in Reactor Building

After completing reactor dismantling, the only radioactive materials
remaining in the reactor building are the activated reactor vault concrete
and some residual surface contamination remaining after systems removal
activities. Any equipment remaining in the reactor building is now removed.
Shis prepares the reactor building for demolition.

Activity 8 Remove Systems Outside Reactor Building

These systems contain equipment designed for supplying services to the
reactor building. Removal of these services can commence when reactor
removal is complete. A few services will be required until activity 7 is
complete, therefore activities 7 and 8 are shown as ending together. Each
activity is estimated to take six months.

Activity 9 Remove Buildings

Ihe buildings demolished are;

- Ancillary Buildings: Heavy Water Up graders. Auxiliary irradiated
Fuel Bay (AIFB), Reactor Auxiliary Bay and IFB including fuel ducts;

- Reactor Buildings; 3hese include demolition and shipment of the
radioactive concrete and embedded parts of the reactor vault;

- Vacuum Building: Although this building must remain until Pickering
NGS 'B' has ended its service life, the cost of its removal is charge4 to
Pickering A. Other common buildings, such as the Service Building, will be
charged to Pickering NGS 'B' decommissioning. 3his method of apportioning
the decommissioning cost of buildings common to Pickering NGS A and B is the
method used in reference 1.

VII-71



The AIEB will be removed last of all, after its irradiated fuel
inventory has cooled sufficiently to allow shipping it to *. disposal facility.

6.0 RATIONALE FOR DOLLAR EXPENDITURES

All comments in this rationale use the 30 year deferred dismantlement
costs as a reference case. A 'cost increase', for example, means that
immediate dismantlement is more expensive for the given activity than if
dismantlement were deferred by 30 years.

Fuel Removal (Activity 1)

Methodology and Costs identical to reference case. Operating conditions
are exactly the same; cost remains at $5,309 million.

Heavy Water Removal (Activity 2)

Methodology and Costs identical to reference case. Operating conditions
are exactly the same; cost remains at $1,248 million.

Decontamination (Activity 3)

Preparation and process costs identical to reference case; cost remains
at $6,175 million. Transportation and disposal costs increase because little
time is available for allowing radioactive decay of decontamination wastes.
The reference study assumed storage of the wastes inside reactor buildings
during the 30 year deferral period. Wastes must be transported in shielded
shipping containers, and then buried in deep storage at a cost of $12,500 per
cubic metre. Transportation and disposal costs increase to $2,870 million,
from $0,800 million in the reference case.

Security and Surveillance (Activity 4)

Annual cost is assumed to be $200,000, as in the reference case. This
activity is required for six years instead of the 36 years required by the
reference case. The total cost is reduced from $7.2 million to $1,225
million.

Systems Removal

Systems Inside Reactor Building

Reactor Cores (Activity 6). These are permitted little time for
radioactive decay before removal commences. labour costs are increased
because greater use of remote handling techniques, and erection of shielding
require (a) greater manpower and (b) slower work methods. These result in
increased waiting times and higher payroll costs. Very active components
must be cut into smaller pieces so that heat dissipation limits during
shipping are not exceeded. Very well shielded flasks must be used for
in-station handling of core segments. Preparations for shipping must employ
further remote handling techniques.
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TABLE HI
Pickering NGS A

Decommissioning by Immediate Dismantlement
Cash Expenttiture Distribution • 1980 Dollars

($000)

_ Y;arU1
Activities ^^~"—-*-_^^

Fuel Remcval
(Ad. 1>
Labour

Materials & Equipment

Heavy Water Removal
lAcl. 2)
Labuur
Matena.'s& Equipment
Transportation &
Disposal

Decontamination
(Act. 31
Labour
Materials & Equipment
Transportation &
Disposal

Security & Surveillance
!Acr. 4)
Labour

Dismantle Systems Inside
Reactor Buildings

(Act. 5 8t 7)
Labour
Materials & Equipment
Transportation &
Disposal

Dismantle Reactor Cores
(Act. 6)
Labour
Materials & Equipment
Transportation &
Disposal

Dismantle Systems Outside
Reactor Buildings

(Act. 8)
Labour
Materials Si Equipment
Transportation &
Disposal

Remove Reactor Vaults
lAct. 9)
Labour

Materials & Equipment
Transportation &
Disposal

Remove Reactor Buildings
& Ancillary Buildings

(Act. 10)
Labour
Materials & Equipment
Transportation &
Disposal

1

1980
215

38
215

_

-

-

2 448

2

1620
430

370
215
_

1 268

3 510
1 794

1 500
2 930
1 500

317

14 629
2 176

_

_

-

2 259

3

810
216

191

_

633
65

717

125

1 500
2 929
1 500

1267
2 515
8 702

_

_

21 170

4

8
_

147
-

7 2

634

65
359

200

1 100
1953
1 075

1 583
3 144

10878

250
150

1050

-

_

22 768

5

30
_

200

100
_

75

15B3
3 144

10878

350
150

1 050

-

-

17560

6

200

50
_

37

1 583
3 144
0878

175
75

525

-

-

6667

7

200

50
—

38

1267
2 515
8~02

175
75

525

360

3 440
2 375

2928
6 634
1 107

40391

8

]

f

200

100

75

350
150

1050

360
3440
2 375

2928
16634
1 108

28 770

9

100

113
87
50

350

Contingency allowance® 10%

Total cost m 1980 dollars

Total

4448
861

5309

746
430

72

1248

2 535
3640
2870

9045

1225
1225

4400
7 812
4300

16512

7600
29091
52 214

88905

1400
600

4200

'"200

720
6880
4 750

1235G

5969
33355
2265

4'589
182383

18217

200600

VII-73



TABLE DC
Pickering NGS A

Decommissioning by Immediate Dismantlement
Summary of Estimated Costs in 1980 Dollars

($000)

Activity

Fuel Removal

Heavy Water Removal

Decontamination

Security and Surveillance

Dismantling Buildings
(includes reactor buildings,
reactor vaults and ancillary
buildings)

Dismantling Systems
(includes reactors)

Contingency Allowance @ 10%

Total

Labour

4 448

746

2 535

1225

6689

13400

Equipment &
Materials

661

430

3640

40 235

37 503

Transport &
Disposal

N/A*

72

2 870

7 015

60714

Totals

5309

1 248

9 045

1225

53939

111617

182 383

18 217

200 600

* I rradiated fuel disposal costs are assumed to be paid from the Operations budget,

t Refers to buildings housing nuclear systems, and those handling nuclear materials.

T A B L E S
Pickering NCS A

Decommisrioning bv Delayed Dismantlement
Summer/ of Estimated Custs in 1980 Dollars

($000)

Activities

* Fuel Removal

Heavy Water Removal

Decontamination

Security. Surveillance & Maintenance

Dismantling — Buildings
(includes reactor building and reactor vault)

Dismantling - Systems
(includes reactor dismantlement)

* * Miscellaneous Expenditures

Total

Labour

4448

746

2 535

7 200

7009

7566

Material

861

430

3640

-

22 350

Transport &
Disposal

_

72

800

-

6015

44212

Equipment

_

-

-

-

37 225

1800

Total

5309

1248

6975

7200

50249

75918

15 101

162000

' Includes preparation of manuals and decommissioning procedures.
1 Provision for unforeseen costs.
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Consequently,

- labour costs are estimated to increase from $3.8 million to $7*6
million;

- transportation and disposal costs increase from $37*8 million to
$52,214 million;

- remote handling and other equipment costs increase from $7 million to
$14 million. Ihis figure is consistent with simple versions of remote
handling equipment used in reactor repairs*

Remaining Systems Inside Reactor Building (activities 5 and 7). Ho time
is permitted for radioactive decay. Even after decontamination, systems
contain residual fission and activation products necessitating respiratory
protection (as a minimum) for personnel during dismantling operations.
General gamma radiation fields are estimated to be about 7 times higher than
the reference case. Greater use of time-consuming radiation protection
measures is required.

Consequently.

- labour costs increase from $2.2 million to $4.4 million;

- materials costs increase by 35% to $7,812 million to cover more
extensive use of radiation protection equipment and procedures;

Transportation and disposal costs remain at $4.3 million; dismantled
systems still remain in the low activity category for burial.

Systems Outside Beactor Building (Activity 8). Because of the short
decay periodf contamination and low level gamma radiation fields will be more
widespread than in the reference case. Increased use of radiation control
procedures and the requirement for additional packaging materials increase
removal costs from $1.5 million to $2 million.

An estimated 200m3 of spent IX resin from the Reactor Auxiliary Bay
resin storage tanks will require burial at the distant disposal site. Ihxs
results in transportation and disposal costs increasing from $2,135 million
to $4.2 million.

Buildings Removal (Activities 9 and 10)

Only the costs for reactor vault dismantlement change; the radioactive
vault concrete is permitted little time for radioactive decay. Work methods
must change drastically t.o permit removal of the inner layer of radioactive
concrete while maintaining a high level of radiation safety. Remote methods
must be used/ with strict contamination control of radioactive concrete
dust. Disposal will require tightly sealed containers.

Consequently, for the reactor vaults,

- labour costs increase from $0.18 million to $0.72 million;
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- equipment cost and material increase from $3*52 million to $6*88
million;

- transportation and disposal costs increase from $3-75 million to
$4.75 million to pay for higher quality shipping containers and shipping
methods which require more extensive radiation protection measures.

Demolition and removal of the remaining buildings is done by the same
methodology and under very similar conditions to the reference case. Cost
for Vhis activity is $40*329 million' This figure does not include $1.26
million for sealing the reactor buildings for storage. Such a cost was
included in the reference case costs for building dismantlement.

7.0 RATIONALE FOR RADIATION DOSE EXPENDITURES

All comments in this rationale use the 30 year deferred dismantlement
doses as the reference case* Relative quantifiers such as 'double' or
'increase' are comparing a dose estimate for an immediate dismantlement
activity with the dose for the same activity in the reference case.

Riel Removal (Activity 1)

Methodology and operating conditions identical to reference case. Dose
expenditure remains at 200'man-rem.

Heavy Water Removal (Activity 2)

Methodology and doses identical to reference case. Operating conditions
are identical; dose expenditures remain at 13 man-rem.

Decontamination (Activity 3)

Preparation and process doses identical to reference case; doses remain
at 168 man-rem^ Transportation doses increase from 20 man-rem to 40 man-rem
because the decontamination wastes are shipped off site immediately after
decontamination is completed. Gamma dose rates from the wastes are therefore
about 50 times greater than.in the reference case, in which the wastes are
stored in reactor buildings on site for 30 years to permit their radioactive
decay before shipping. In the immediate dismantlement case, gamma dose rites
from the wastes will be greater than 10 rem/hour. This necessitates the use
of shielded shipping containers, with a consequent reduction in payload for
each shipment of wastes. The number of -trips is estimated as double the
number required in the reference case. Assuming that gamma dose rates to the
truck drivers remain the same as in the reference case, shipping dose rates
double from 20 man-rem to 40 man-rem.

Security and Surveillance (Activity 4)

Security and surveillance activities will take place in areas of the
site having very low dose rates. Dose expenditures are therefore expected to
be negligible. No dose expenditure is budgeted for these activities.
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TABLEm
Pickering NGS A

Decommissioning by Immediate Dismantlement
Summary of Radiation Dose Expenditures

Man-rem for Entire Station

Activity

Fuel Removal

Heavy Water Removal

Decontamination

Security and Surveillance

Dismantling Buildings
(including reactor vaults)

Dismantling Systems —

- Systems Outside Reactor
Building

- Reactor Cores

- Remaining Systems Inside
Reactor Building

Total

On-site
Doses

200

13

168

-

90

20

2 480

175

Transportation &
Disposal Doses

N/A
—

40

N/A

24

12

47

39

Totals

200

13

208

-

114

32

2 527

214

3 308

TABL
fleering NGii A

Decoru- v> ng by Delayed Dismantlement
Sumrr:, y .A ««di3t:on Dose Expenditures

Activity

Placing into "Storage
vuitl. Sii'Vrjillancr" Mode

2 i . : i>( "St' j ' .K : with
• i" .rvsiliancf1 ' .Vode

Piacir>y intr- 'Unrestricted
Site Use" Mode

Total Exposure

9.5

1.2

3.49

4

Per Un i '

vert

• 10" 1

<10"'

x10°

0r>

(remi

95.0

12.0

349

456

Per Station

Sieve rt

3.3 x 10°

4.8 x 10s

13.96

78^4

(rem)

380

48.0

1396

1824
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Systems Removal

Systems Inside Reactor Building

Reactor Cores (Activity 6). Unshielded reactor core components will
exhibit gamma dose rates about 50 times greater than the reference case.
Hater shielding used during sectioning of calandria, dump tank and thermal
shield can readily limit dose rates in personnel occupied areas during the
operation, to twice those of the reference case- This assumption is
reasonable in the light of dose rates observed in irradiated fuel bay
operations. Extensive use of remote handling techniques can limit doses
during removal of other reactor components, and during all shipping
preparations, to twice the reference doses.

Consequently,

- doses for sectioning and removal of calandria, dump tank and en4
shield increase from 180 to 360 man-rera per reactor;

- doses for removal of remaining reactor components increase from 130 to
260 man-rem per reactor.

Total dose for removing all reactor cores becomes 2480 man-rem.

Shipping doses increase 25% to 47 man-rem because of increased number of
shipments* This is because the decay heat from some activated steel reactor
components is sufficient that the steel mass in each shipment must be reduced
in order to avoid exceeding heat dissipation limits of the shipping flask.

Remaining Systems Inside Reactor Building (activities 5 and 7).
Reference 1 assumes very gamma low dose rates from these operations, "one
dose rates are close to natural background dose rates. Dose rates will bs
greater in immediate dismantlement because of the elimination of the 30 year
radioactive decay period. It is not realistic to increase the reference dose
rates by a factor of 50 or more for immediate dismantlement. Based en
estimated station maturity dose rates and a decontamination factor of 50/
dose rates in the reactor building will be on average about sever, times those
in Reference 1. No significant changes in work methods are assumed.

Dose expenditure is therefore increased sevenfold to 175 rem for
dismantling and. removal, for the total of all these systems in the station.
Shipping doses will not change; the number of shipments, the shipment
destination, and dose rates to drivers remain unchanged.

Systems Outside Reactor Building (Activity 6). Certain systems will
have dose rates in the millirem/hour range because systems are permitted very
little time for radioactive decay. As a result, dismantlement doses increase
from 3.2 to 20 man-rem for the station, to accommodate higher dose rates from
these systems. Transportation doses increase from 6 man-rem to 12 man-rem.
3he additional dose expenditure results from shipping 200 m3 of IX resin to
a radioactive waste disposal site in shielded shipping containers. In the
reference case, resin shipments incurred no dose expenditure since dose rates
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to drivers of trucks transporting the resin were estimated to be negligible*
The resin was assumed in the reference case to have decayed to low activity
levels during the 30 year site storage period*
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QUALITY ASSURANCE AS A MANAGEMENT TOOL
IN DECOMMISSIONING ACTIVITIES

Abstract

Quality assurance practices have been applied to the peaceful use of nuclear
energy for many years. These practices are just as useful to the back end
of the nuclear energy cycle as they are to the front end. The Department of
Energy requires the application of quality assurance to all of its projects
and programs. Quality assurance as a management tool consists of three fun-
damental elements: planning, execution and control. These elements should
be applied to decommissioning activities by all parties, such that limited
funds are wisely spend and the public is adequately protected.

Dennis R. Arter
Nuclear QA Program Office

Hanford Engineering Development Laboratory
P.O. Box 1970, Stop B-110

Richland, WA 99352
(509) 376-5124
FTS 444-5124

International Decommissioning Symposium
Seattle, October 10 - 14, 1982
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INTRODUCTION

Quality assurance practices have been applied to the peaceful use of
nuclear energy for many years. This has resulted in the outstanding safety
record achieved by nuclear power plants when compared to other energy
sources. These QA practices are just as useful to the back end of the
nuclear energy cycle as they are to the front end. When applied with rea-
son, they are a cost-effective means of project control and, in addition,
provide the public with assurance that decommissioning activities have been
or will be conducted properly.

DOE POLICY

Through its recently issued Order 5700.6A (8-13-81), the Department of
Energy (DOE) specifically mentions decommissioning programs as being one of
the areas in which quality assurance practice? must be applied. The policy
order states that plans and actions to assure quality achievement in DOE
programs shall be established, implemented and maintained. Primary emphasis
must be on achieving a high degree of operational success, consistent with
safety and environmental protection concerns. For decommissioning activi-
ties, this means that work must be planned, accomplished in accordance with
those plans, and monitored by outsiders. The policy order also emphasizes
the principle of selective and judicious application of quality assurance
methods, depending upon the importance of the activity and the risks
involved. Consistent with the DOE policy to use National Consensus Stan-
dards whenever possible, ANSI/ASME NQA-1-1979* is listed as the preferred
quality assurance standard in the nuclear area. Thus, decommissioning
activities should selectively use NQA-1 as their basis in establishing a QA
program. All of the regional DOE field offices involved in decommissioning
programs have their own local orders on quality assurance to implement the
Headquarters policy found in 5700.6A; these are, of course, imposed upon
decommissioning contractors.

MANAGEMENT TOOL

There are many facets to a successful management control system; the
assurance of quality is one such facet. It is an integral part of the total
set of tools available to program and project managers. As with any tool,
it should be applied selectively, in the proper amount and to the extent
that it benefits the final product of the program or project. Whether the
final outcome is hardware, software, data, a new facility, or the removal of
an existing facility, a good QA program establishes the formality and disci-
pline necessary to achieve management goals. Three elements are involved in
any QA program: planning, execution and control. These three elements
appear in a variety of performance standards that are now being used in the
industry - ANSI/ASME NQA-1-1979, ANSI/ASME N45.2-1977, Appendix B to 10CFR50,
and MIL Q 9858A.

*ANSI/ASME NQA-1-1979, "Quality Assurance Program Requirements for
Nuclear Power Plants," American Society of Mechanical Engineers,
New York, NY, 10017.
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It is important to distinguish between quality assurance (QA) and qual-
ity control (QC), as they are not the same. Planning, execution, and con-
trol are all included in a QA system; whereas QC is only the inspection part
of that system. Decommissioning efforts will, of course, have a lot of QC
measurements and inspections, but they must also have the QA management
controls.

RESPONSIBILITIES

The development, implementation, and maintenance of quality assurance pro-
grams are line management responsibilities. They are not the responsibili-
ties of an organization or individual with the title "Quality Assurance."
During the lifetime of a project there will be functional assignments made,
by line management, to various organizational groups (QA and others) to
assist in the development, implementation and maintenance of a QA program.
A knowledgeable, skilled, and experienced QA staff can provide valuable
advice and assistance; however, the responsibility for successful quality
achievement must rest with line organizations.

HOW TO DEVELOP THE QA PROGRAM

The establishment of QA requirements for a specific program is generally
a three-step process. The first step is to understand and define the techni-
cal and management aspects of the program. These are best defined by examin-
ing program objectives, the constraints affecting the program, and the work
breakdown structure. The second step is to identify sources of loss or fail-
ure and evaluate those risks in terms of probability and consequence. The
third step is to choose those parts of a performance standard that will miti-
gate the risks and help to achieve objectives. These control methods are
then translated into contract documents and management plans.

This three-step method may be used by all participants in a decommission-
ing project to develop the necessary management controls.*

APPLICATION TO DECOMMISSIONING

Of the three parts of a quality assurance program, the Department of
Energy really needs only two: planning and control. Execution is normally
performed by DOE'S contractors. This is consistent with the guidance in
Order 5700.6A. As in any major undertaking, planning is vital to the suc-
cess of the program. The logical progression from preliminary site survey
to cleanup to final site certification for intended end-use must be mapped
out and agreed upon by all parties. Responsibilities and authorities of all
project participants should be well documented and understood. Technical
and management requirements must be clearly defined in contracts and work
statements. For the control function, DOE needs to perform sufficient moni-
toring and overview to assure themselves and the public that contractor
promises and plans are being implemented.

*Westinghouse Hanford has developed a three-hour training course called "How
to Develop a QA Program" using this three-step method. For further informa-
tion, contact the author or ME Langstoa, NE-74, US Department of Energy,
Washington DC, 20545, (301) 353-5537.
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Using NQA-1 and the three-step development method discussed above, the
following Basic Requirements are suggested for the local DOE Project Office
quality assurance program:

Basic Requirement 1 - Organization. It's vital to know who's in
charge. Duties and responsibilities should be clearly defined,
including interface arrangements with other government agencies
such as the Environmental Protection Agency, Nuclear Regulatory
Commission, Department of Transportation, etc.

Basic Requirement 2 - QA Program. This section defines the DOE
role for project quality assurance. Requirements for review/
approval of contractor QA programs should be specified. The line
vs. staff role for QA should also be expressed. Finally, provisions
for periodic review of the DOE QA program should be specified.

Basic Requirement 3 - Design Control. DOE performs no active role
in the design effort, other than to provide the contractors with
certain technical requirements and review/approve the contractors'
detailed plans (drawings, procedures, etc.) to implement these
requirements. Although decommissioning involves taaring-down rather
than building structures, the principles of "design" control still
apply.

Basic Requirement 4 - Procurement Document Control. The DOE tech-
nical as well as QA requirements must be specified in contract docu-
ments. Internal methods for establishing, reviewing and approving
these requirements should be defined.

Basic Requirement 15 - Nonconforming Material. Significant project
nonconformances must normally be reported to DOE so that approval
for recommended dispositions may be obtained. The review/approval
methods for such nonconformances should be defined.

Basic Requirement 17 - Records. For decommissioning efforts, the
"before" and "after" records must be generated and preserved.
Based upon contractor input, DOE must decide what records are
needed, who will keep them, and what form they will take. These
decisions should be made early in the project before it's too late.

Basic Requirement 18 - Audits. A system for internal as well as
external monitoring should be established. Public acceptance of
decommissioning projects will certainly be much higher with a strong
monitoring program.

Thus, it can be seen that selective and judicious application of a per-
formance standard (NQA-1) can be both reasonable and cost-effective. The
important point to remember is that once a QA program is established, the
DOE decommissioning project manager now has an effective means of controll-
ing project performance, cost, and schedule.

Prime contractors involved in a decommissioning project need all three
parts of a QA program: planning, execution and control. For the most part,
planning is performed in greater detail than that performed by DOE.

VII-83



Execution consists of the actual work performed by trained personnel in
accordance with written procedures. Control and monitoring is just good
business sense and should be performed both internally, on their own activi-
ties, and externally, on their suDcontractors' activities.

TABLE I

APPLICATION OF NQA-1 TO DECOMMISSIONINb PROJECT

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Basic Requirement

Organization
QA Program
Design Control
Procurement Document Control
Inst., Proc, & Drawings
Document Control
Purchased Items/Services
Identification & Control of Items
Control of Processes
Inspection
Test Control
Meas. & Test Equipment
Handling, Storage & Shipping
Insp., Test, Oper. Status
Nonconforming Items
Corrective Action
Records
Audits

DOE

X
X
Some
X

X

X
X

Contractor

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

SUMMARY

Quality assurance is not scary; it is mainly good management practice.
When applied with reason, it can be a significant contribution to project
success. But the performance standards (like NQA-1) must be used selectively
so that QA becomes truly cost-effective. Additionally, in today's climate
of public skepticism of government projects, a sound QA program will also
help to assure the public that the job is being done right.
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DECOMMISSIONING ALTERNATIVES FOR SAVANNAH RIVER PLANT
HIGH-LEVEL WASTE TANK 16*

James T. Prendergast, Jr.
E. I. du Pont de Nemours & Co.
Savannah River Laboratory
Aiken, South Carolina 29808, USA

ABSTRACT

As part of the waste management operations at Savannah River Plant (SRP),
24 waste tanks will be removed from service in the next 10 years. These tanks
stored high-activity fission-product waste from nuclear fuel reprocessing
operations at SRP.

Waste Tank 16, in H Area at SRP, had earlier been removed from service
in 1972 due to containment problems and later emptied. This report, using
Tank 16 as a basis, assesses costs and radiological doses for four methods of
decommissioning: 30-year layaway, immediate entombment, immediate dismantle-
ment, and 30-year delayed dismantlement.

The 30-year layaway alternative would cost about $0-9 million with a
workforce dose of about 2 man-rem. Immediate entombment would cost about
$4 million with an occupational dose of 10 man-rem. Immediate dismantlement
would cost about $36 million. The workforce dose would be approximately 93
man-rem. The 30-year delayed dismantlement alternative would cost about $32
million with an associated workforce dose of 47 man-rem. All costs are in
1982 dollars and are not discounted.

* The information contained in this article was developed during the course
of work under Contract No. DE-AC09-76SR00001 with the U.S. Department of
Energy.
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DECOMMISSIONING ALTERNATIVES FOR SAVANNAH RIVER PLANT
HIGH-LEVEL WASTE TANK 16

INTRODUCTION

Tank 16 is a double-walled, carbon steel tank for underground storage of
high-activity waste from defense fuel reprocessing operations at the Savannah
River Plant (SRP). The tank is 27 ft (8.2 m) high, 85 ft (25.9 m) in diameter
and has a waste capacity of 1,030,000 gallons (3,991,25U L). It was one of
four built in the SRP H Area in 1955. A cross section is shown in Figure 1.

//ent Air
Input Fan Vent Outlet,.

•7773

33 Wall

cj/Top of Steel
Annulus Pan

L 42" Base Slab
-85" -

^ ~ l" Sand Layers (2)

Concrete
Construction
Joint

FIGURE 1. Cross-Sectional View of SRP Waste Tank 16

A 6-in. (15.2 cm) concrete construct ion pail is ins ta l l ed under the four-
tank area CFi^urt; 2 ) . The pad extends 20 ft (6.1 m) past tlip i-dgi? ->t" tiu*
tanks. A 42- in . (J')7 cm) reinforced concrete base slab s i t s on the const ruc-
t ion pad.

Thf1 secondary conta iner , a stool annul us pan, s i t s on tin: bast? s l ab . Tlit-
pan nas a diameter of «i) ft (27.4 m). It extends 5 ft (1 .5 m) up the inside?
of the out^r concrete wall . Tlie wall and anntil;js pan arc connected with a
s t i f f ene r angle by a construct ion jo in t at the top of the pan.

A 1-in. (2.5 cm) layer of sand was placed between the s t^f l annulus pan
and the concrete base s l ab . This sand i nh ib i t s metal pla te buckling from
local ized thermal s t r e s ses between the ar.nulus pan and the bas<» s l ab . Th«-
sand is contained with a ^aske t - l ik« ma te r i a l , Sika-l}>as^ (Sika Chomical Co. ,
Lyndimrst, NJ).
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The primary container consists of two concentric steel cylinders
assembled with a flat bottom and flat top. The top and bottom are joined to
the outer cylinder by rings of curved knuckle plates. The inner cylinder is
flared at the top to accommodate the roof support column. All welds were
double-checked radiographically.

Annular Space Annuius Pan

Primary Tank

' Siko-Igas'A

Sand-* I

. . Side Wall of ,
Concrete

0 ' Encasement
(33" fhick)

f •

Dehumidification, *
Air Supply Duct

Base of Concrete
Encasement
(42" thick)

24 02 Copper
Water Stop

h
Construction

Pad

FIGURE 2. Detail of Lower Section of Waste Tank

A 1-in. (2.5 cm) layer of sand was placed between the bottoms of the
primary and secondary containers, Sika-Igas* was again used to contain the
sand.

The side walls of the reinforced concrete are 33 in. (83.8 cm) thick and
cast in two sections. The joint which connects the lower section of the side
wall contains a 24-oz (680 gm) copper water stop cast into concrete. The
lower section of the side wall comes up to approximately the top of the annu-
lar pan. The upper section of the sidewall comes up to the top of the con-
crete vault.

Dehumidification equipment is installed in the annuius. This equipment,
keeps the annular space dry by circulating air at a temperature above the dew
point. The system includes a fan, heater, and ductwork. The air is distrib-
uted through 16 equally spaced 14-in. x 6-in. (35.6 cm x 15.2 cai) openings. An
air filter to the dehumidification exhaust entrains radioactivity in the air-
flow.

There are eleven 8-in. (20.3 cm) inspection ports above the annular
space. The inspection ports, along with four original access ports, allow
surveillance of over 702 of the tank.*
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Both horizontal and vertical cooling coils are installed in Tank 16. The
coils are 2-in. (5.1 cm) schedule-40 saamless carbon steel. The total length
of operating coil is 14,700 ft (4481 m ) . Also, a set of auxiliary coils of
equal length is installed in the tank. The total length of coil in the tank
is 29,400 ft (8962 m ) . 1

Tank 16 was built in 1955 to accommodate liquid waste from the SRP spent
fuel separations processes. The tank remained empty for about four years. In
May 1960, the tank was filled with high-activity waste. During September of
the same year, waste spilled into the annulus pan from previously undetected
leaks in the primary containment. Subsequently, the annulus pan overflowed
and tens of gallons of waste seeped through the concrete vault. Most of the
remaining high-activity waste was removed from the tank. However, a 77,000-
gallon (291,470 L) waste sludge heel remained in the tank. In addition, about
110,000 pounds (242,200 kg) of dried supernate containing about 100,000 Ci
remained in the annulus.

Between 1976 and 1982 various in-tank operations have been performed to
remove the sludge heel in the tank and the fission product salt in the annu-
lus. As a result, 99.9% of the sludge heel activity and 70% of the annular
fission product salt activity have been removed. Radiation fields in the tank
range from 2 rad/hr to 280 rad/hr.

In addition to the four alternatives discussed in this paper, a firth
alternative, entombment with saltcrete, will be considered for waste tanks
above the water table in H Area. Saltcrete is a blend of decontaminated salt-
cake from high-level waste supernate and of cement. Tank 16 is in the H-Area
water table, and was therefore not considered for this entombment method.

ALTERNATIVES

The four alternatives for decoinmissioning of Tank 16 are considered in
this section. Tables I and II provide general and cost summaries, respec-
tively, for the decommissioning alternatives.

TABLE I

Tank 16 Decommissioning Summary

Decommissioning
Alternatives

Layaway

Immediate
Entombment

Immediate
Dismantlement

Delayed
Dismantlement

1982
Cost,
$MM

<1

4

36

32

Occupational
Dose,
man-rem

2.3

10

93

47

Project
Length,
months

10

22

34

44

Waste
Volumes,
ft3

<l,000

3,000

70,000

71,000

Manpower,
man-years

6

29

78

84
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TABLE II

Tank 16 Decommissioning Cost ii'uaury*

Decommissioning
Alternatives

Layaway

Immediate
Entombment

Immediate
Dismantlement

Delayed
Dismantlement

Research
and
Development

100

500

5,600

5,700

Capital

-

1,000

12,600

12,600

Operating

800

2,500

3,200

3,800

Waste
Disposal/
Burial

-

100

14,900

9,600

Total

900

4,100

36,300

31,700

* All costs in thousands of 1982 dollars.

Layaway - Alternative 1

The 30-year layaway alternative would involve 4 work tasks (Table III).
An initial radiation survey would start layaway of the waste tank. The pur-
pose of this survey would be to obtain radiological data about the tank for
residual activity calculations (Task 1).

The decommissioning technical document (Task 2) would contain all the
necessary information for tank layaway. Technical design, safecy, quality
assurance, and environmental documentation would be included.

Process equipment on the tank top would be left in place during layaway
decommissioning. However, to ensure that transfer lines and equipment
remained undisturbed, security locks (Task 3) would be placed on the surface
structures.

Task 4 is a monitoring and surveillance program for the waste tank. For
this task a set of procedures would be established for regular inspection of
the tank externals and internals. Monitoring of groundwater and soil near the
tank would be included.
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TABLE III

Layavay Work Tasks

Planning

1) Initial Radiation Survey
2) Decommissioning Technical Document

Operations

3) Install Security Locks on Process Equipment
4) Maintain a Monitoring and Surveillance Program

Manpower» Layaway would require about 6 man-yoars of effort. The man-
power needs have been prorated over 12 H-Area waste tanks.

Waste Volumes and Disposal. The layaway mode of decommissioning is not
expected to generate large quantities of radioactive waste. Most of the waste
would be used filters and miscellaneous monitoring waste that is generated
on a regular basis. This waste volume is 10 ft^/yr (0.3 m^/yr) or 300 ft^
(8.5 cu m) over the 30-year period. Disposal of the waste is assumed to be
at the present SRP burial ground.

Costs. The total cost for Tank 16 layaway is $921,000. The labor costs
are prorated over 11 other waste tanks in the H-Area waste tank farm. It is
assumed, for example, that one guard crew is necessary for all the tanks in
layaway.

Planning costs for Alternative 1 are $95,000 or 15% of the total costs.
The capital costs are $39,000 or 6% of total costs. The operating costs, due
largely to monitoring and surveillance, are $787,000. Operating costs are
represented in nondiscounted 1982 dollars and represent 85% of the total lay-
away cost. Tables I and II provide cost summaries for the alternatives.

Radiation Doses» Occupational doses during waste tank layaway are esti-
mated at 2.3 raan-rem.

Immediate Entombment - Alternative 2

In the immediate entombment option, the tank would be filled with an
inert material such as concrete or clay. A concrete monolith would be placed
over the tank top as an intrusion barrier.

Immediate entombment of Tank 16 is broken into 11 work tasks (Table IV).

An initial radiatiton survey (Task 1) would be performed to characterize
the amount and type of activity remaining in the tank. This information would
be useful to determine occupational dose estimates to decommissioning workers.

A materials study (Task 2) would be conducted to find the optimum mixture
of entombing materials. This study would assess the long-term (about 300
years) stability of entombing candidates.
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TABLE IV

Immediate Entombment Work Tasks

Planning

1) Initial Radiation Survey

2) Materials Study

3) Decommissioning Technical Design

4) Decommissioning Quality Assurance (QA) Plan

5) Decommissioning NEPA Documentation

6) Structural Mechanics Study

Operations

7) Remove Auxiliary Surface Structures

8) Portable Concrete Generator

9) Entomb Tank with Concrete and Dirt/Clay

10) Entomb the Tank Top in a Concrete Monolith

11) Final Report

The entombment technical document (Task 3) would be the actual field
design document used to entomb the tank. This document would include all the
new specifications necessary to do the project. Also included in the document
would be all technical specification revisions specific to the waste areas and
Tank 16.

The Quality Assurance (QA) plan would discuss technical procedures to
ensure that entombment is accomplished according to the design plan. The QA
plan would be the primary guide for work verification.

Decommissioning environmental documentation (Task 5) would verify that
the proposed federal action was accomplished with consideration of environ-
mental impacts in project decision making. Documentation would follow guide-
lines established through the National Environmental Policy Act (NEPA) and the
Department of Energy Environmental Compliance Guide.

A structural mechanics study (Task 6) would consider waste tank design
limits as they apply to entombment. Based on design limits and materials
characteristics, different methods for filling the waste tank would be
assessed.

Removal of surface structures (Task 7) would involve all nonessential
tank top equipment. Equipment that would not be used during entombment would
be identified, removed and decontaminated if necessary.
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A portable concrete mixer (Task 8) would be installed near the tank.
This mixer would generate all the concrete necessary during the tank
entooibinent,

The tank and annulus entombment (Task 9) would require 6 months for com-
pletion. It is assumed that the bottom 5 feet of the tank and annulus (up to
the top of the annulus pan) would be filled with concrete. After setting and
drying, the remainder of the tank and annulus would be filled with clay/dirt.
The existing risers on the tank would be used as entry ports for the entombing
materials.

The concrete volume necessary to entomb the tank is 30,000 cubic ft
(850 cu m ) . At 200 pounds per cubic foot (3200 kg per cu m ) , 6 million pounds
(13.1 million kg) would be necessary. Assuming a fill volume of 173,500 cubic
ft (4913 m^) and a soil density of 120 pounds per cubic foot (1920 kg per nr*),
about 21 million pounds (46.2 million kg) of clay/dirt would be necessary to
fill the remainder of the tank.

The concrete monolith (Task 10) would be designed to prevent all access
to the tank internal while immobilizing the residual activity that remains in
the tank. The monolith would be a 10,000 square foot (929 sq ra), square con-
crete cap over the tank. The depth of the monolith would be 2 ft (0.61 m ) .
Design of the structure would include light carbon steel reinforcement.

A final project report (Task 11) would document the work that was accom-
plished. Also projected costs and occupational exposures would be compared
against actual costs and exposures. As such, the document would serve as a
basis for further decommissioning work.

Manpower. Immediate entombment would require an estimated 28.5 man-years
of effort. 19.2 man-years (67.4%) would be required for emtombment planning.
The remainder, 9.3 man-years (32.6%), would be needed for entombment opera-
tions. The entombment project would require an estimated 22 months to
complete.

Waste Volumes and Disposal. Waste volumes generated during the entomb-
ment of Tank 16 total 3000 ft-* (85 cu m ) . All waste disposal assumes burial
in the SRP burial ground.

Costs. Immediate entombment of Tank 16 would cost an estimated $4.1 mil-
lion T798TT. A summary sheet with component costs is given in Table II. Of
the total cost, $0.5 million (12.2£) are research and development costs. $1.0
miLlion (26.8%) are capital costs and the remainder, $2.5 million (61.0%), are
operating costp. Waste disposal costs are $0.1 million.

Radiation Doses. Total radiation dose to decommissioning workers is
estimated to be 10.2 man-rem during immediate entombment.

Immediate Dismantlement - Alternative 3

Immediate dismantlement of Tank 16 is broken into 25 work tasks
(Table V ) .
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TABLE V

Immediate Dismantlement Work Tasks

Planning

1) Initial Radiation Survey

2) Decommissioning Technical Plan

3) Decommissioning Safety Analysis

4) Decommissioning Quality Assurance (QA) Plan

5) Decommissioning tlZPA Documentation

6) Structural Mechanics Study

7) Remote Cutting Technology Program

Operations

8) Shielding Water

9) Portable Outer Building

10) Portable Inner Building

11) Remove Auxiliary Surface Structures

12) Overhead Traveling Bridge Crane

13) Cut Tank Top Sections

14) Decommission Vertical Cooling Coils

15) Decommission Primary Containment Ceilings/Walls

16) Decommission Horizontal Cooling Coils

17) Decommission Primary Containment Floors

18) Decommission Annulus Pan

19) Demolish Tank Top

20) Demolish Concrete Center Support

21) Demolish Concrete Vault Walls

22) Waste Disposal Facilities

23) Backfill with Di.t/Clay

24) Final Radiation Survey
25) Final Project Report

Immediate dismantlement would start with an initial radiation survey
(Task 1). Radiological data from the survey would be used to make an occupa-
tional exposure model of the tank. From the exposure model, a bisis for dose
calculations to the decommissioning workforce could he established.

The immediate dismantlement technical plan (Task 2) would provide the
detailed engineering information necessary to dismantle the tank. This spe-
cific plan would be an ordered procedure of the necessary work. Also included
in tnis plan would be any necessary equipment design work.
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The immediate dismantlement safety plan (Task 3) would ensure that work
was accomplished in a way that protected workers from occupational injury.
This plan would document specific procedures for occupational safety and out-*
line major project hazards.

The immediate dismantlement quality assurance plan (Task 4) would ensure
work is done as planned. A set of procedures for work verification would be
established.

NEPA documentation (Task 5) would be necessary for immediate dismantle-
ment to ensure compliance with existing environmental standards and laws.
The levels of NEPA documentation necessary for immediate dismantlement are
unknown.

A structural mechanics study (Task 6) would be done to ensure that the
tank design limits were compatible with the dismantlement plan. Issues such
as external roof support and containment structural requirements would be
addressed.

Immediate dismantlement of Tank 16 would require research and develop-
ment. A cutting and remote tooling program (Task 7) would define cutting
characteristics and scale-up needs for tank dismantlement.

Equipment would be developed using current robotics technology. Small-
scale cutting equipment would be tested under simulated tank conditions. The
pilot project would provide design bases for full-scale equipment.

To start decommissioning operations, shielding water would be put in the
tank to reduce occupational exposure during dismantlement (Task 8 ) . About
180,000 gallons (697,500 L) of water would be added to the tank. The water
would be added before the concrete top was cut and would be removed when dis-
mantlement had proceeded down to the water level Iabout 5 ft (1.5 m) above
the tank floor]. The contaminated water would then be pumped to the tank farm
evaporator.

Erecting a portable outer building would be the first operations work
task (Task 9 ) . The building would be a 150-ft (47.2 m) long and 100-ft
(30.5 m) wide air support structure. It would be equipped with a complete
ventilation system that includes airlocks and high-efficiency particulate air
filters. Electrical systems, pump and piping systems, and radiation monitor-
ing equipment would be included in the building. Also stationed inside the
building would be a repair shop and waste packaging facility. Work Task 9
estimates include the building, operation, and dismantlement of the building.

A portable inner building would be set up over the tank top inside the
outer building (Task 10). This inner building would be 100 ft by 100 ft
(30.5 m ) . It would have separate electrical, piping, ventilation, and radi-
ation monitoring equipment.

After the two portable containment buildings were put up, surface struc-
tures on the tank top would be removed (Task 11). The main pieces of equip-
ment that would be removed are the valve house, recirculation hook-up, steam
lines, filter/condenser, and dehumidification equipment. It is assumed that
localized spots of contamination would have to be decontaminated.
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After the surface structures are removed, an overhead bridge crane would
be installed (Task 12). This bridge crane would provide a dual purpose.
First, it would provide tank-top support after the concrete top had been cut.
Secondly, the bridge crane would be used to support the rail systems for
remote cutting equipment. As such, the rail system would be attached to the
bridge crane (Figure 3).
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FIGURE 3. Conceptual View of Tank Remote Cutter and Bridge Crane

Flame cutting of the tank top (Task 13) would provide a guide space such
that a remote cutting apparatus could operate in the tank from a control panel
on the bridge crane. A cutting width of 0.5 ft (15.2 cm) would be necessary.
The total length of cut is 480 linear ft (146.3 m ) . The tank top depth of
3.75 ft (l.l m) is well within current flame-cutting capabilities. Eight
squares would be cut through the tank top. These 5 ft by 5 ft (1.5 m by
1.5 in) squares would be ports for the tank-cutting apparatus. A straight
line cut would extend from each of the ports. Each port would be connected
to a guide rail space (Figure 4).

During normal operation the cutter would be put in the tank through a
port. The port would be covered with shielding once the cutter had moved
along the guide and away from the port.

The guide cuts vould be positioned in between sets of vertical cooling
coils. The remote cutter would move in a straight line in between the two
rows of coils. The position of the cutter along the guide, as well as the
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TANK 16

1 - Dotted Lines Represent Cut Positions
2 - Entry Ports are Numbered 1 through 8
3 - Central Support is Shown by Grid

Approximate Scale: 251 « l "

FIGURE 4. Tank Top Cuts and Guide Rail Spaces
for Remote Cutting

depth of the cutter in the tank, would be controlled from the bridge crane.
A television monitor on the cutter would allow visual inspection of metal
cutting.

Once the cutting system was in place, vertical cooling coils would be
decommissioned (Task 14). A robot arm attached to the cutter would transfer
the coil to the port. The coil would be put in a shielded box at the surface
and removed for packaging and burial.

After the vertical cooling coils were removed, the primary containment
walls and ceiling would be removed (Task 15) in a similar way. Starting with
the ceiling near the central support, the cutter would section pieces of the
plate-steel ceiling. The plate-steel would be transferred to the surface,
where it would be shielded, packaged, and sent to burial.

After ceiling removal, the primary containment walls would be removed the
same way. The walls would be cut down to near the water level [about 5 ft
(1.5 m) above the tank floor]. The shielding water (Task 8) would be removed
from the tank at this point.

The horizontal cooling coils would be removed as the next work task
(Task 15). These coils would be removed like the vertical coils.

After all the cooling coil was removed, the primary containment floors
would be dismantled (Task 17). The floors would be removed with the same
methods used in wall and ceiling removal.
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Following removal of the primary containment floor, the annular pan (sec-
ondary containment) would be segmented and removed (Task 18). Removal of the
annular pan would use methods previously established in earlier tasks for
plate-steel dismantlement.

When the primary and secondary containments were removed, the tank top
would be demolished into the concrete vault (Task 19). The central support
would be demolished into the vault following tank-top demolition (Task 20).
After the central support was demolished, the concrete vault walls would be
collapsed inward (Task 21).

The concrete vault rubble would be removed and the remaining hole would
be backfilled with clay/dirt (Task 23). A final radiation survey would follow
backfilling (Task 24).

A final project report would conclude immediate dismantlement. This
report would compare estimated costs and exposures to actual costs and expo-
sures. As such, this report would provide a basis for further decommissioning
work.

Manpower. Immediate dismantlement of the tank would require 77.5 man-
years of effort and require about 34 months to accomplish. The planning phase
would require 49.3 man-years, or 63.6% of the total manpower. The operations
phase would require 28.2 man-years or 36.4% of the total manpower.

Waste Volumes and Disposal. Dismantlement of the waste tank would gen-
erate four different components of waste for disposal; plate steel, cooling
coils, sand, and radiation work equipment (e.g., air suits, packaging paper,
etc.). The total waste volume generated is 66,900 ft3 (1894 m 3 ) .

Four assumptions are made about waste disposal.

1. All decommissioning waste is buried at SRP.

2. 45% trench utilisation.

3. 200,000 ft3 (5663 m3) of burial space is available per acre of burial
ground.

4. The present burial ground contains 36 usuable acres.

Using these assumptions, immediate dismantlement decommissioning waste would
occupy 2% of the remaining burial ground.

Costs. The total cost for immediate dismantlement is $36.2 million
(1982). Table II gives the cost breakdown of this total. Research and devel-
opment costs are $5.6 million. Capital costs are $12.6 million. Operating
costs are $18.0 million. Disposal/burial costs are $11.1 million.

Radiation Doses. The total workforce dose for waste tank immediate dis-
mantlement would be 93.4 man-rem.
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Delayed Diamantleaent - Alternative 4

Delayed dismantlement is a combination of layavay and immediate disman-
tlement. A total of 29 tasks (4 layaway tasks and 25 immediate dismantlement
tasks) are involved in delayed dismantlement. A detailed discussion of lay-
away and immediate dismantlement has already been presented.

Manpower. Delayed dismantlement would require about 83 man-years of
effort. This is the sum of layaway and immediate dismantlement manpower.

Cost*. The cost of delayed dismantlement of the waste tank is esti-
mated at $31.7 million (1982). Table II shows component costs for delayed
dismantlement.

Radiation Doses. Total dose to the delayed dismantlement workforce is
estimated at 46.8 man-rem. This total dose accounts for the decay of fission
products over the 30-year period. It is assumed that the same radiation
shielding controls are used for both immediate and delayed dismantlement.
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THE CANADIAN APPROACH TO DECOMMISSIONING
C.R. Bennett and M. Carney

ABSTRACT

Besides the well known power reactors now operating, or near
operation, in Canada, there are, in existence, several research, low power and
demonstration reactors. Different concepts of decommissioning are applied to
these two categories depending upon their usage. Only decommissioning studies
have been carried out on reactors, so far, through some support facilities,
e.g. mines have been or are being decommissioned to various levels.

The planning and execution of the "lay-up" exercise which has been
done at the 250 MWe demonstration reactor, Gentilly-1, has demonstrated the
type of consideration which would be required to take a CANDU reactor to the
Stage 1 option.

The current low level studies of the decommissioning of the 600 MWe
CANDU reactors have partially resolved some of the relevant problems of waste
management, particularly waste quantities and characterization. These results
are particularly applicable to the design concepts of future waste disposal
facilities in Canada.

INTRODUCTION

No requirement has yet been established to decommission any Canadian
power or demonstration reactors. Nevertheless, some effort has been expended
over the past six years in order to be aware of the relevant implications, to
stay abreast of the international approaches to the topic and to be able to
include decommissioning scenarios in long term plans and tariff structure.
This paper reviews some of the current Canadian studies on reactor
decommissioning and makes a statement on the decommissioning of other
radioactive facilities.

The largest CANDU reactor sites are at Bruce and Pickering in
Ontario. The Pickering reactors were put into operation during 1971 - 1973;
there are four 515 MWe reactors and they have operated with above average
availabilities. The four reactors at Bruce 'A' each of 745 MWe were brought
into service during 1977 - 1979 and are slightly different to the Pickering
'A' reactors in design, but the concept as CANDU reactors is identical. These
reactors have been so successful that slightly improved designs are now being
built at the Pickering and Bruce sites where there are four new Pickering 'B*
reactors and four new Bruce 'B1 reactors. And there will be four new reactors
at the Darlington site also in Ontario, the first unit of which is scheduled
to start up in 1988. The various locations are shown in the map in Figure 1.

There are two other large power reactors in Canada, the Gentilly-2
reactor at Trois Rivieres in Quebec and the Point Lepreau reactor near Saint
John, New Brunswick. These are two almost identical reactors, each with an
output of 600 MW electric.
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What is perhaps not as widely known oatside Canada is the existence
of several smaller reactors, which have been used for experimental or
demonstration purposes. The first reactor, which was built in 1945 at Chalk
River, the nuclear research establishment in Canada, was the reactor Zeep
which was really a zero energy pile, which the initials imply. Then followed
the two reactors NRX in 1947 and NRU 10 years later, both of which were built
for experimental radiations and loop experiments. Bafed on the success cf
these two reactors and the experiments which were carried out in them, a
CANDU, ?HW, power demonstration reactor was built at Rolphton near Chalk
River. This was a 22 MW electrical output reactor called NPD, Nuclear Power
Demonstration, and was placed in-service in 1962.

Immediately following the success of NPD, the 206 MWe reactor was
built at Douglas Point. This was the first Canadian reactor with a concrete
containment vessel and incorporated several other improvements beyond the
design of NPD. Two new concepts were well under way at the time that Douglas
Point went into service in 1968. At Whiteshell, the organic cooled reactor
with a heat output of 40 MW had been in operation for 4 years and had a well
advanced program of experiments to prove the organic cooled concept. The
other concept was the boiling light water, D2*1 moderated, pressure tube,
reactor Gentilly-1.

The construction of this 250 MWe demonstration reactor at Gentilly
in Quebec was already well advanced when Douglas Point was put into service.
This boiling light water cooled reactor achieved criticality in 1972. In
1971, Pickering 2 came on power only 10 weeks after achieving criticality.
Then Pickering 1, 3 and 4 went on to make history with the high availability
that convinced everyone in the Canadian nuclear field that ths design was the
way to go. Thus, since then, the boiling light water and the organic cooled
concept have not maintained their interest as alternatives to the main-line
for the Canadian power program.

In addition to the research and power reactors there are other
nuclear support facilities in Canada from the uranium mines in northern
Ontario and Saskatchewan to the nuclear fuel fabrication facilities at
Peterborough, Port Hope and Monkton and the radio-chemical laboratory near
Ottawa, which processes the radio-isotopes, produced in some of the CANDU
reactors, for research and medical purposes.

There are also several university reactors in operation in Hamilton,
Toronto and Dalhousie and a university type reactor at the laboratories at
Tunneys Pasture near Ottawa.

THE APPROACH TO DECOMMISSIONING

Obviously, there will be no need to decommission the large power
reactors at Pickering, Bruce, G-2 and Point Lepreau for many many years to
come. But when one considers the older and smaller reactors, in particular
NRX, NRU, NPD and G-l etc., their age and history and utility demands that
among all the other options for their future, decommissioning must be
included. And even for the large power reactors it is necessary to consider
the cost of decommissioning as a possible component of the electricity tariff
rate. So, for various reasons, all the reactors and some of the support
facilities must be studied in the context of some form of decommissioning.
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Now fortunately, all the reactors are basically of the same type of
design. That is, they have pressure tubes, they have a calandria, they have
some form of steam generator or separator, and they have a heat or power
removal unit. Thus, they all have a common approach to decommissioning if and
when that takes place.

In order to decommission a reactor we should consider the exercise
in the well established three phases. That is:

(1) Storage with surveyance (S.W.S.)
(2) Restricted site use (R.S.U.)
(3) Unrestricted site use (U.S.U.)

To put any CANDU reactor into the stage 1 state, the operation phase
has to be terminated, the heavy water has to be removed, the fuel has to be
removed from the core, some systems have to be shut down and drained and dried
and perhaps the main intake and the outfall systems taken out of service. The
site staff have to be reorganized and the regulatory authorities convinced
that the system no longer poses a hazard to the public.

It is possible that the early research reactor ZEEP could be
characterized this way. The fuel and heavy water were removed from this
reactor several years ago and no further active use is foreseen for it. Even
though there are no immediate plans to decommission Gl, this is also the stage
in which the reactor can be characterized as part of the plan to put the
reactor equipment in a state of protective storage; the term "Lay-up" was
used. Some inspection and study work on G-l is being done in order to
facilitate a complete rehabilitation of the station should that be decided
upon. Nevertheless, in AECL we feel that we can use this G-l lay-up
experience for the planning and implementation stages of the first stage of
decommissioning any station.

There has been no dismantling activity at G-l apart from some pieces
of equipment (e.g. valves, heat exchangers and pumps), largely for cleaning,
inspection and any relevant maintenance. This work has had protective storage
as its practical end-point, nevertheless, at some point in time, reasonably
large pieces of highly activated material will have to be removed.

The planning work which was done for the G-l lay-up is of interest
and is summarized below. As a complementary activity, within the overall
decommissioning program we have looked at the engineering problems of removing
very large components. One major component which would have to be removed is
the calandria, and though we would consider a different approach for larger
reactors, we have the experience from the three calandria which have already
been replaced in NRU and NRX. This kind of experience shows us the types of
problems that are extant in the removal of large, highly irradiated
components.

VII-101



In a large reactor like Pickering and Bruce, and to some extent in
Douglas Point, we would consider for example, cutting the calandria from the
inside by means of a small arc saw on the end of a long arm, Figure 2 shows
the Bruce calandria tank with calandria tubes. The shield tank in which this
is situated is filled with water and in Bruce and the 600 MWe reactors it is
possible to carry out this kind of operation under water. At 6-1, which has a
vertical calandria, another possibility is just to lower the calandria into
the basement of the reactor which can be used for medium term storage.

We are also currently studying the products of reactor dismantling
and as we have had the experience of removing contaminated concrete surfaces
at the Radio-chemical Company hot cell, we can estimate the volumes of
concrete which have to be removed.

Reactors are not the only nuclear facilities which pose problems on
decommissioning, and at the moment some planning work is being carried out for
the decommissioning of the uranium mines at Beaver Lodge in Saskatchewan. A
detailed paper on the extensive decommissioning plans was presented to the
Winnipeg Conference in September this year.

Lay-Up of Gentilly-1

The objective of the lay-up planning was to place the systems in a
state of protective storage in order to avoid, or at least minimize wear, tear
and corrosion. This was the basic philosophy and it required almost a year of
careful study and planning.

In the fall of 1980, the detailed lay-up or S.W.S. studies were
started; defuelling began at that time and the heavy water was drained into
the storage tank.

In this stage, all systems containing radioactive liquids were
drained. The containment building was maintained in a condition such that the
probability of a release of above normal levels of radioactive materials to
the atmosphere was no greater than during reactor operation.

Presently the containment building is open to the atmosphere, but is
subject to monitoring of radioactivity both inside and outside. The fuel, at
present, is in the fuel storage bay but one of the options which has been
looked at for long term storage is the use of concrete cannisters (Figure 3 ) .
It will require 16 cannisters to hold the 3000 bundles and the cannisters can
be placed on a site at one of the experimental establishments at Chalk River,
Whiteshell or perhaps even on the Gentilly site, in the G-l reactor building.
This would allow shut-down of the spent fuel bay systems to empty and clean
them.

To define and schedule the required state for all systems, it is
essential to obtain the active participation of operators and maintainers for
the preparation of the necessary procedures. From this experience it is
difficult to envisage the preparation of useful planning and operating
documents without the assistance of knowledgable plant staff.
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Figure 4 was produced during Che planning period in order to show he
interaction between the various stages of the "lay-up" study which are listed
below.

M) Define an organization to carry out "Lay-up".
C) Write a report for management.

D) & E) Obtain approvals.
F) Prepare a program and schedule.
G) Prepare detailed procedures for maintenance staff to carry out the

tasks.
H) Maintenance staff to do the tasks.
j) Prepare monitoring and maintenance ("follow-up") procedures.
K) Prepare a plan for follow-up work.
L) Write detailed follow-up procedures.
N) Prepare and put into operation a QA procedure.
P) Start the "follow-up" work.

This "follow-up" work is now in hand.

A) A conservation "philosophy" was prepared for each kind of equipment.
That is, how to treat, say, all pumps, or all motors, or all heat
exchangers.

B) Recommend a final state of environment for each system. For
example, whether to fill it with deraineralized water, or purge it
with nitrogen, or seal with dry air.

To do this a logic chart was used for each system. It recognized
three essential objectives:

1. Respect safety criteria
2. Take less than a specified time to execute
3. It must not affect other systems, that is, the final state or

environment independent of other systems

There are also a number of desirable objectives as opposed to
essential objectives and each of these was given a weighting factor as shown
in Table 1.

Then in each case, two alternative states were chosen, for example,
use dry static air or circulate demineralized water. Against each of the
desirable objectives a "present state factor" could be allocated and given a
characteristic ranking as a measure of difficulty of deviating from that
existing state. By multiplying the rank number by the weight factor and
summing, a total choice number was obtained. Eventually a "choice chart" was
produced as shown in Table 2«.

THE DECOMMISSIONING STUDY FOR THE 600 MWe REACTOR

During the design period of the 600 MWe reactors in the 1970*s, a
preliminary decommissioning study was reported by G. Unsworth in 1978*. Since
that time, tha CANDU radioactive waste disposal program has developed and
additional decommissioning studies indicated a necessity to review that
document•

* G.N. Unsworth "Decommissioning of the CANDU-PHW Reactor"
AECL - 5687, 1977
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These studies inclu.'e dismantling methods and costs, management of
waste, occupational and public dose and non-radiological aspects of
decommissioning.

The waste disposal aspect of the study, which is summarized here,
concentrated on the disposal of the radioactive materials, both activated and
contaminated, which must be removed before a CANDU 600 reactor site can be
released for unrestricted site use. It appears waste management problems are
less than previously reported, and thus, the occupational doses may also be
less.

These radioactive materials include activated reactor components,
contaminated reactor systems, auxiliary systems (e.g. purification systems,
ventilation systems) and activated and contaminated concrete from the reactor
vault, and reactor and service buildings. They do not include reactor wastes
generated during the normal operating life of the reactor.

The waste estimates that follow were made assuming a scenario that
includes Option 3 (Unrestricted site use) decommissioning activities
commencing soon after reactor shutdown, i.e., the period of SWS or RSU would
be limited to the period required for the post-operational phase such as
planning and fuel removal. Thus, radioactive materials management activities
e.g., dismantling, volume reduction and transportation, will be planned such
that advantage can be taken of the short half lives of some significant
nuclides, (Nb95, Zr95, Fe55).

The present scenario includes the installation, on site, of a volume
reduction facility capable of segregating different classes of wastes and
providing a transport terminal area.

Decontamination

The 600 MWe reactors are very similar to the Bruce 'A' reactors
where comprehensive radiological surveys have been carried out on a wide range
of equipment and systems. Based on this data, it is assumed that, for the 600
MWe stations, decontamination will not be required to reduce any of the system
radiation fields except in the case of the Primary Heat Transport System. A
factor of 10 from approximately 1 Rem/hr to 100 mRera/hr can be achieved by the
CANDECON* method, though more aggressive methods could be used.

In selecting a decontamination technique, consideration will be
given to effectiveness, reliability, cost and the generation of secondary
wastes. The CANDECON process has the advantages of not requiring the
evaporation and, or, solidification of secondary wastes. It produces only 3
to 4n)3 of ion exchange resin as a secondary waste, it will meet radiation
field reduction requirements and requires no special equipment.

* P.J. Petit "The CANDECON Decontamination Process with NUTEK L-106"
CRNL-1291 1975
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Other forms of decontamination, such as water jetting, will be used
as required so that fuelling machine heads anJ other equipment may be
mechanically decontaminated to lower radiation fields and prevent the spread
of loose contamination.

Radioactive Wastes Arising

Following shutdown of the reactor, a complete radioactivity
inventory is required. Once the amount of radioactivity and the radionuclides
are identified, a schedule of activities can be developed which takes
advantage of the decay of some radionuclides with short half lives. For
example, Zr95 and Ni95 which are present in significant quantities on
shutdown, decay to insignificant levels within two years.

The radioactive decommissioning wastes that require disposal may be
separated into two types,

1) Activated and contaminated items with a radiation field below
1 Rem/hr^ on contact, and radionuclide content appropriate to
transport requirement. With the exception of the reactor vault
concrete this waste is contaminated and consists of reactor and
service building concrete, reactor auxiliary systems, lii-ft
management systems, and major components such as heat exchangers,
pumps, ventilation system, etc.

ii) Activated and contaminated items with a radiation field in excess of
1 Rem h~l on contact and radlonuclide content consistent with
the transport requirements discussed below. This waste originates
in the reactor vault and consists of calandria, fuel channel,
shield, and reactivity mechanism assemblies, but does not include
irradiated fuel or tritiated heavy water.

The main Canadian radioactive waste disposal program is focusing on
the development of an underground vault in which to dispose of low and medium
level radioactive wastes. The cost of disposal is estimated to be $340 per
m3.*

A requirement of the disposal facility is that where practical, all
wastes should be disposed of in 1.5mxl.5mxl.5m waste containers. Therefore,
for estimating purposes it has been assumed that any waste not being handled
as bulk waste e.g. steam generator, will be placed in 1.5 m. cube disposal
container at the station. Because of a loss of container volume due to
packing e.g. approximately 1 m^ of concrete takes up 1.67 m^ as
concrete rubble, the disposal facility volume required must take this packing
fraction into account.

For the purpose of estimating transportation costs it has been
assumed that the disposal facility is 800 km from the station. Important
considerations in the development of our transportation strategy are waste
classification.

* D.F. Dixon "Strategy for the disposal of Low and Intermediate Level
Rodwester in Canada" AECL 7439, 1981.
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Radioactive materials with specific activities below a given limit
are designated low specific activity (LSA) wastes and may be transported
without a limit on total activity. In general, shielding is the only
packaging requirement for LSA wastes.

Radioactive materials that do not qualify for transportation as LSA
wastes are shipped in flasks which provide shielding and additionally must
liiaic releases of radioactive materials in the event of certain accidents.
The cost of shipping LSA wastes which do not have a high field is much less
than the cost of shipping those wastes requiring flask transportation.

Low Level Radioactive Wastes

Figure 5 gives the origins of activated and contaminated materials
and the contaminating radionuclides of the estimated 2060 m-* of low
level radioactive materials that will have to be removed from the station to
achieve a decommissioning Option 3.

Although most of this waste is only nominally active, neither an
aggressive decontamination or an extended decay period would provide a
significant advantage for further reductions in activity.

It is recognized that the potential benefit of decontaminating this
waste, for example, a reduction in the volume of waste to be disposed of,
would be off-set by the production of secondary wastes and increased
occupational doses and costs. An extended decay period (e.g. 30 years) will
result in an estimated 99% reduction in the radioactivity which contaminates
this waste, however, the benefits of this are not clear because components
with a trace of radioactivity will likely be classified as radio- active and
transported and disposed of in exactly the same manner as they would have been
soon after shut down.

There would only be a significant economical advantage in volume
reducing a small proportion, approximately 265 m , of the low level
radioactive waste. While all wastes will have to be dismantled and cut into
si^es suitable for containerization, transportation and disposal, only large
components with a large volume reduction ratio will actually be broken down to
reduce transportation and storage costs.

The volume reduction of other large components such as heat
exchangers, steam generators and upgraders will probably not be carried out if
they can be transported and disposed of in bulk. With some modification,
e.g., the sealing of openings, these vessels can form their own containers and
be transported and disposed of as is. To open these components and section
then will almost certainly not be cost effective and may result in the spread
of Loose contamination. The criteria for handling facilities for the low
level disposal site will take into account the need to handle this kind of
component.
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The low level volume reduction and waste processing facility will
handle the largest volume of waste. Some low level wastes such as pipes,
cables, and concrete will be containerized as it is being dismantled. Most
wastes, pumps, ion exchange columns and heat exchagers will be transfered from
their installed location to the facility where they will be volume reduced (if
practicable), containerized or decontaminated and have openings sealed.

This facility will be provided with a lay down area, a volume
reduction area which will have enclosures equipped with upgraded ventilation,
and a container loading area. Volume reduction equipment will include a
baler, power saws, oxygen burners and can include a crusher. Container
loading will be an important function; in order to minimize waste volumes the
nesting of pipes, and placing of components, rather than arbitrary filling,
will be necessary.

The radionuclide contents and radiation fields are not expected to
pose any problems during the transportation of the waste. However, a
3.4 m^ container of densely packaged valves, pipes, tanks, etc, may pose
materials handling or container design problems that can be avoided by using
smaller containers. We are proposing that the option to use smaller
containers and other non standard packages should be left open.

Medium Level Radioactive Wastes

Medium level radioactive waste volumes are given in Figure 6. The
estimated 620 m-* of these wastes originate in the reactor core and are
activated and contaminated.

As a majority of the radiation fields given off by these components
is due to activation there is no significant benefit associated with
decontamination. Two of the significant nuclides present at shut down, Zr95
and Nb95, decay to an insignificant level within two years of shut down. A
third, Fe55, dominates the radioactivity level at shut down but decays with a
half life of 2.6 years.

In order to minimize the spread of contamination and provide
shielding, the reactor vessel will be dismantled under water. After removal
of some equipment contaminated with relatively low levels of radioactivity,
the reactor vault (reactor end shields sealed) will be flooded and the
dismantling process commenced. If necessary, the irradiated fuel bay can also
be used as an underwater volume reduction and container packing area. A
variety of equipment is required for the dismantling process which cin include
a thermic lance and an arc saw. All work will be carried out remotely.
Airborne and liquid wastes will be managed using the systems provided for use;
during operation of the reactor.

Figure 7 shows the relative volumes before and after volume
reduction.
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In the case of reactor vault (medium level) wastes, volume reduction
wili be carried out as the reactor is dismantled. Large components such as
the Calandria shell will be cut to a size compatible with containerization,
transportation and disposal requirements. In addition, it will also be
necessary to volume reduce some components e.g. pressure and calandria tubes,
so that they can be handled. All the equipment used for dismantling will also
be used, where practicable, to volume reduce wastes. Some equipment e.g. a
combined crusher and guillotine, may be provided to cut and flatten pressure
tubes and other components.

The volume of medium level waste that requires flask transportation
decreases rapidly during the 30 years following shut down (Figure 8 ) . This
had led to the speculation that it may be more economical to delay dismantling
of the reactor vault, and disposal of the waste, for 30 years in order to take
advantage of the reduced radiation fields during dismantling and potentially
reduced transportation requirements. However, in CANDU reactors the
predominant radionuclide in the waste is Co-60 and even after 30 years the
radiation fields on some pieces of equipment can be as high as several
thousand rem/hr. Therefore, it is the fields which dictate that the reactor
be dismantled, containerized and placed in disposal using remotely operated
equipment, in any case, if significant occupational radiation doses are to be
avoided. And given the need to dismantle the reactor and handle all wastes
remotely, there is no benefit in placing the reactor in SWS or RSR to allow
wastes to decay to LSA levels. For those materials which do decay, the saving
from waiting 30 years may also be small because shielding costs during
transportation offset savings from reduction in flask usage.

In case of early dismantling, the medium level waste rn^y be
transported in rented flasks, many sizes and types of which are presently
available and licenced, at an acceptable cost. The cost of designing,
building and licencing a transporation "system", with specially designed
flasks, for a relatively small volume of medium level LSA waste, could exceed
flask rental costs.

CONCLUSIONS

The basic technologies required for decommissioning of radioactive
facilities in Canada are available to use and we have formed an approach which
is consistent with the experience which has been obtained in other countries.

It is expected that the presently available cutting techniques will
be sufficient to reduce the size of pieces of highly active core components
which are then easily handled and transported to deep burial sites. The low
activity wastes such as contaminated concrete can be disposed of in a low
level disposal facility at a reasonable cost.

The basic considerations which underline the exercise of planning
for decommissioning any radioactive facility are first, the minimization of
radiological exposure both to the public and to the plant personnel, and
secondly the minimization of costs. The first of these is defined by the
existing effective practices which we have adopted in normal waste management,
find also by those practices normal to the maintenance of the facilities. Both
the availability of experienced station staff during planning and the general
.lesion of the plant can play an overwhelming role in the reduction of costs
.iinl radiological exposure during dismantling.
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The occupational dose committment and volume of radioactive
materials resulting from the decommissioning CANDU 600 are less than forecast
in AECL 5687. "Decommissioning of the CANDU-PHW Reactor".

The costs of providing handling and disposal facilities for the
radioactive wastes represent a smaller proportion of the total decommissioning
costs than was expected.
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DESIRABLE OBJECTIVES

1) MAXIMIZE CONSERVATION — MINIMIZE AGEING
— MINIMIZE CORROSION
— MINIMIZE W2AR

2) MINIMIZE EXECUTION COSTS OF LAY-UP PROGRAMME

3) MINIMIZE FOLLOWUPCOSTS

4) MINIMIZE REHABILITATION COSTS

5) MINIMIZE EXECUTION TIME

'3) USE PROVEN, CONVENTIONAL METHODS

7) FACILITATE FUTURE INSPECTIONS

WEIGHT FACTOR

P)

(2)

(2)

(2)

(3)

(2)

TOTAL: (20)

TABLE 1

TYPICAL RESULTS OF LAY-UP STATE ENVISAGED FOLLOWING ANALYSIS

USI SYSTEM

3200 MODERATOR

3300 HEAT TRANSPORT

3410 SHIELDS

SUBSYSTEM

MAIN CIRCUIT
PURIFICATION CIRCUIT
HELIUM TANK
D2O LEAK DETECTION
COVER GAS AND H.T. He
SPENT RESINS

MAIN CIRCUIT
STEAM CIRCUIT
STANDBY CONDENSER
AMMONIA ADDITION
SHEATH RUPTURE DETECT.
VALVE HYDRAULIC SYSTEM

THERMAL SHIELDS
BIOLOGICAL SHIELDS
No MAKE-UP

FLUID

D20/He
D9O

He/020
SERVICE WATER

He
D2O/H2O

HoO
STEAM

H2O
NH4OH

Ho£
HoO
HoO
No

WET
(watw)

2
2

2

2
(NH4OH)

1(PP)

2
2
2

DRY
(N2)

2

1

20)

DRY
(ah)

1
1
1

1

1
2(R)

1

3(R)

1
1
1

WET OTHER
(ON)

OPERATING

1

LEGEND: (1) FIRST CHOICE AS ANALYSED
(2) SECOND CHOICE AS ANALYSED

(R) RECOMMENDED STATE
(I) INCOMPATIBLE CHOICE

(PP) POTENTIAL PROBLEMS

TABLE 2

VII-110



Winnipeg* #WNBE
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AECL -CORPORATE
-RESEARCH
-CHEMICAL
-RADfOCHEMICAL

\ GENTH.LY-2
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DARLINGTON /^=====

BRyC|F^^p,CKEn|NG

AECL - ENGINEERING 1
- INTERNATIONAL === • AECL ESTABLISHMENTS

NUCLEAR GENERATING STATIONS

FIGURE 1 NUCLEAR ENERGY ESTABLISHMENTS IN CANADA

FIGURE 2 BRUCE CALANORIA AND SHIELD TANK

vii-m



FIGURE 3 ABOVE GROUND CONCRETE FUEL STORAGE CANISTER
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'wvi
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FIGURE 4 PLANNING FLOW DIAGRAM FOR LAY-UP
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1 LOW LEVEL RADIOACTIVE WASTES (LSA WASTES< REM h*1 CONTACT)

REACTOR VAULT CONCRETE: 770 mJ

MISCEL EQUIPMENT: 73S m3

(Eg. HX ft IX COLUMNS)

REACTOR ft SERVv BUILD
CONCRETE; 410 m3

REACTOR BUILD PIPES
AND CABLES: 125 mT

SERVICE BUILD. PIPES
iANDVENTSYS:20nr

TOTAL VOLUME :2060 m1

TOTAL MASS :

TOTAL CURIES :

ACTIVATED MATL REACTOR VAUkT
CONCRETE ONLY (Zn 65: Co60)

CONTAMINATED MATERIALS AND EQUIPMENT:

CONCRETE
STEELS
PIPES, CABLES
HXIX COLUMNS
UPGRADING TOWERS
DjO STORAGE TANKS

CONTAMINANTS:

Co 60 Cs 137
Sb124 CS134
La 140
Fa SO
Zr 65
Nb05
Zr 95
Ru103

FIGURE S DECOMMISSIONING WASTES — CANDU eoo

MEDIUM LEVEL RADIOACTIVE WASTES <>LSA LIMITS>1 REMh'1 CONTACT)

CALANDRIA ASSEMBLY: 278 m3

TOTAL VOLUME : 62G m3

TOTAL MASS : 1755 Mg

TOTAL CURIES : 2650 Md

ACTIVATED ft CONTAMINATED MATLS ARE:

SS 310L ft 410
C.S.
CADMIUM
AL

END SHIELD ASSY: 225 m,3

FUEL CHANNEL ASSY: 85 m*

LEAD

RADIONUCLIDES ARE

Co 60
F.55
Nb95
Zr 95
Ag10B
AgiiO
Sb124
Csitt
C«137

REACTOR VAULT ft AUX. PIPING: 20 m3

IREACTMTY MECH. ASSY: 12 m*

FIGURE 6 DECOMMISSIONING WASTES - CANDU 600
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3 RADIOACTIVE WASTE VOLUMES FOLLOWING VOLUME REDUCTION

LOW LEVEL WASTES

BEFORE V A

TANKS, DUCTING ETC.

480 m3 BULK ITEMS
EG. UPGRADER, PUMPS
HX% STEAM GEN.

125 m3 PIPES AND
CABLES, NO. VOL. RED

MED. LEVEL WASTES

BEFORE VOL RED
1180 m3 CONCRETE , , _ 6 2 0 m 3

NO. VOL RED.

AFTER VOL RED
.240 m'.3

FIGURE 7 DECOMMISSIONING WASTES - CANDU 600

5 10 15 20 25 30 36 40 45 50 380

YEARS

FIGURE 8 DECAY OF REACTOR WASTE TO LSA LEVEL
m3 OF WASTE ABOVE LSA LEVEL
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DECOMMISSIONING REFERENCE NUCLEAR
RESEARCH AND TEST REACTORS

G. J. Konzek
Pacific Northwest Laboratory*
Richland, Washington, 99352 USA

ABSTRACT

Safety and cost information is developed for the conceptual decommission-
ing of two representative licensed nuclear research and test (R&T) reactors.
Three decommissioning alternatives [DECON (immediate decontamination), SAFSTOR
(safe storage followed by deferred decontamination), and ENTOMB (entombment)]
are studied to compare the costs (in 1981 dollars), occupational radiation
doses, potential radiation dose to the public, and other safety impacts of
implementing each of the alternatives.

INTRODUCTION

The results of this study^ ' sponsored by the U.S. Nuclear Regulatory
Commission (NRC) to conceptually decommission two representative NRC-licensed
R&T reactors are summarized in this report. The purpose of the study is to
provide information on the available technology, the safety considerations, and
the probable costs of decommissioning licensed R&T reactors at the end of their
operating lifetimes, and is intended to provide background information for use
in the development of regulations pertaining to decommissioning. It is also
intended for use by R&T reactor owners and operators in planning for the
decommissioning of their nuclear reactor facilities.

Since it is not practical to include in one study examples of the decom-
missioning of all classes of R&T reactor facilities, this study focuses on one
research reactor facility and on one test reactor facility, each representing
a significant decommissioning task. Thus, by examining selected facilities
and some components and operations common to many facilities, this study pro-
vides information that will assist in estimating the requirements and costs
of decommissioning other facilities not specifically considered.

For the reference R&T reactors considered in this st'^dy, three approaches
to decommissioning are analyzed: DECON, SAFSTOR, and ENTOMB.

• DECON is the immediate removal of all radioactive material down to resid-
ual levels that are acceptable for release of the property for unrestric-
ted use.

• SAFSTOR means to fix and maintain the property so that risk to public
safety is acceptable for a period of storage followed by decontamination
to levels that permit release of the facility for unrestricted use.

* Operated by Battelle Memorial Institute
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• ENTOMB is the entombment of radioactive materials in a strong and struc-
turally long-lived material (e.g., concrete) to assure retention until
all radioactivity decays to levels that permit release of the property
for unrestricted use.' '

Study Approach

The study approach for both R&T reactor facilities is the same. Costs of
decommissioning are estimated for labor, materials, equipment, packaging,
transportation, disposal, and where applicable, continuing care. The unit
cost data used in this study are similar, insofar as possible, to those used in
previous pressurized water reactor and boiling water reactor decommissioning
studies.I2'3'

Sets of work plans are developed for the conceptual decommissioning of the
reference R&T reactors via the decommissioning alternatives of DECON, one
method of SAFSTOR, and ENTOMB. From these work plans, estimates are developed
for the manpower requirements, the major resource and equipment needs, the
volumes of contaminated material packaged for disposal, the costs of accomplish-
ing the work, and the exposure of the decommissioning workers and the public
to radiation as a result of the decommissioning efforts. Because widely
different work plans and decommissioning techniques can be utilized to achieve
the desired decommissioned condition, the results of this study are dependent
upon the detailed choices made. Decommissioning techniques are chosen that
represent current technology that conform to the principle of keeping public
and occupational radiation doses as low as reasonably achievable (ALARA). The
choices of plans and techniques in this study are believed to be realistic and
representative of the operations that would be required to safely decommission
the reference R&T reactor facilities at a reasonable cost.

The work plans and the scenarios for airborne and/or liquid releases of
radioactive materials are used to evaluate the impacts of decommissioning
operations on the workers and on the public. Estimates are made of radiation
exposure, lost-time injuries, and fatalities for each decommissioning approach
studied.

The operating techniques, safety impacts, and estimated costs developed
in this study are sensitive to the specifics of the reference R&T reactor
facilities, including assumptions and estimates employed to achieve stated
results. For each reference R&T reactor facility, such specifics include the
mixtures and the levels of residual radioactive contamination at final plant
shutdown, as well as the plant size, design, location, and operating history.
Considerable effort was made to obtain factual data for both of the reference
plants. The levels of radioactivity and dose rates from activated reactor
components in the reference R&T reactors, from contamination deposited through-
out the plants and from soil surfaces at the reference sites, are either

(a) For this study, it is assumed that: 1) the reference R&T reactor's ves-
sel internals are removed and disposed of prior to decommissioning via
the ENTOMB alternative, and 2) the radioactivity contained within the
entombment structure will decay sufficiently during a 100-year entombment
period to permit unrestricted release of the property at the end of that
time.
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calculated and/or derived from existing data.

The results obtained in this study are specific to the following major
bases and to the specific assumptions that are derived from them. The major
study bases are:

• The study must yield realistic and up-to-date results.

• The study is conducted within the framework of the existing regulations
and regulatory guidance.

• The study evaluates existing nuclear R&T reactor facilities.

• The study is based on operating lifetimes estimated to be representative
of the two types of reactors selected.

• The estimated radiation dose rates throughout the reference R&T reactor
facilities are based on measured data from the reference reactors.

• Current and proven decommissioning technology and techniques are used.

• The financing for decommissioning activities is available as necessary
to complete the planned activities without fiscal constraint.

• A nuclear waste disposal facility is in operation and has sufficient
capacity.

• For decommissioning activities immediately following plant shutdown, the
staff is drawn largely from operating and/or "contract services" per-
sonnel familiar with the facility and its systems.

• All material whose radioactivity exceeds unrestricted release levels is
removed from the site before the site is released for unrestricted use;
and, the study conforms to ALARA occupational exposure philosophies.

• The performance of decommissioning is assumed to be relatively trouble-
free, and decommissioning options are evaluated assuming efficent per-
formance of the work. However, a 25% contingency is added to cost totals
to account for such things as work delays and unanticipated material and
equipment costs.

• The costs are in 1981 dollars.

THE REFERENCE R&T REACTOR FACILITIES AND SITES

The reference R&T reactors and their respective reference sites used in
this study are described in the following subsections.

Reference Research Reactor and Site

The reactor used as the reference research reactor in this study is the
Oregon State University TRIGA* Reactor (OSTR), at Corvallis, Oregon.

* TRIGA trademark registered in U.S. Patent Office.
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OSTR is a 1000-kWt, above-ground, open-pool nuclear training and research
facility that utilizes a TRIGA-type core and control system. The structures,
systems, and components are typical of TRIGA research reactor facilities, which
make up 37% of licensed research reactors in the U.S. The reference site is
based on the safety analysis report (SAR) for the reference research reactor
used for this study.*•-' The reference site used in these analyses is located
on the campus of a State University. The city in which the univeristy is
located is at the base of the foothills of the Pacific Coast Mountain Range,
about 90 km from the coast. The site occupies about 1.5 hectares in a 122-m
square shape. Sufficient descriptive information is presented for both the
facility and the site to permit the development of the detailed work plans, the
cost estimates, and the safety assessments that are the result of this study.l«)

Reference Test Reactor and Site

The National Aeronautics and Space Administration's (NASA) Plum Brook
Reactor Facility (PBRF), at Sandusky, Ohio, is the reference test reactor
facility for this study. A test reactor and a research reactor are colocated
at the PBRF site and are an integral part of the PBRF; both reactors are con-
ceptually decommissioned for purposes of this study.

The test reactor, the Plum Brook Reactor (PBR), is a 60-MWt materials
test reactor, light water moderated and cooled, used in testing materials for
space flight applications. The research reactor, the Plum Brook Mock-Up
Reactor (MUR), is a low-power (100-kWt) swimming pool-type research reactor,
used as an experimental tool to assist in the operation of the PBR. Both
reactors at the PBRF have been shut down since January 1973. Both reactors,
however, are conceptually decommissioned in this study as if they had just
recently been shut down.

The reference site used in these analyses is typical of a midwestern or
middle southeastern river site. This site has been developed for use in a
series of studies devoted to the decommissioning of nuclear fuel cycle fa
ties that is being performed for the NRC by Pacific Northwest Laboratory.
Sufficient descriptive information is presented for both the facility and
the site to permit the development of the detailed work plans, the costs
estimates, and the safety assessments that are the results of this study.

The generic sites used in this study give a reference environment to aid
in assessing public safety considerations and potential environmental effects
of conceptually decommissioning the reference R&T reactors. Individual
features of an actual site (for a specific R&T facility) may vary from those
of the reference sites. However, it is believed that this approach (i.e., use
of reference sites) results in a more meaningful overall analysis of the
potential impacts associated with decommissioning most R&T reactor facilities.
Site-specific assessments would be required for a similar analysis of a
specific R&T reactor.

DECOMMISSIONING OF THE REFERENCE R&T REACTOR FACILITIES

This section contains descriptions of the preparatory activities and the
actual hands-on activities during decommissioning at the reference R&T
reactor facilities.
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Planning and Preparation Activities

The following generic activities are included in planning and preparations
for the reference R&T reactor facilities:

• satisfying regulatory requirements

• gathering and analyzing data

• developing detailed work plans and procedures

• designing, procuring, and testing special equipment

• selecting and training staff

• selecting specialty contractors

• selecting essential systems and services.

Decommissioning Activities at the Reference R&T Reactor Facilities

The activities and requirements common to decommissioning the reference
R&T reactor facilities include decontamination and disassembly and disposal.
Other related activities include quality assurance, environmental surveillance,
and the use of specialty contractors. Storage and sealing activities are also
necessary for the SAFSTOR and ENTOMB alternatives in each case.

Decontamination. A comprehensive radiation survey is conducted to iden-
tify areas in need of decontamination and the magnitude of the contamination
levels to be dealt with. For both of the reference reactor facilities, it is
anticipated that external radiation doses to workers will be relatively low
such that many of the decommissioning operations, including decontamination
tasks, will be efficient, hands-on activities. Where applicable, chemical
decontamination and water-jet decontamination are used to clean specific por-
tions of the reference facilities.

Disassembly and Disposal. Disassembly task requirements at the reference
R&T reactor facilities are started after the irradiated fuel is removed. When-
ever possible, items that contribute significantly to the general level of
exposure in the work areas are either removed first or are temporarily shielded
while the work goes on. Systems are unbolted at flanges, when possible, and
cut into manageable sections, using an appropriate cutting device (plasma-arc
torch, oxyacetylene torch, or power hacksaw). Piping is cut into lengths com-
patible with standard shipping containers. Similarly, tanks and pool liners
are cut into segments of appropriate size. In this study, no credit is taken
for materials and/or equipment decontaminable to unrestricted-use levels which
would allow salvage or disposal in a public landfill. Contaminated concrete
is removed using a concrete spaller, which is assumed to remove a surface layer
about 51 mm thick. The rubble is packaged in standard shipping boxes for dis-
posal .

During decommissioning, specialty contractors are employed to provide ser-
vices beyond the capability of the research or test reactor's decommissioning
staff. Use of these contractors increases the overall cost-effectiveness of
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the project by improving the efficiency of specialty operations and reducing
the need for specialized staff training. In addition, specialized experience
gained from similar projects is directly applied to the decommissioning by
these contractors, eliminating the mistakes and wasted effort inherent in
learn-as-you-go situations.

The specialty contractors used during decontamination of the reference R&T
reactors are:

• environmental monitoring specialists to implement the environmental sur-
veillance program

• excavation contractors to remove buried tanks and piping

• explosive specialists to break up concrete

• hauling contractors to transport packaged radioactive materials to a low-
level waste disposal site

• temporary radwaste handling and solidification support to handle radwaste
and perform final cleanup after the installed radwaste handling systems
are decontaminated.

If, following decontamination, the research or test facilities are demolished
and the sites restored, demolition and landscaping contractors are also
required.

In addition, if salvage of special hot cell components (especially hot
cell shielding windows) is to be attempted, proper equipment, operated by
personnel skilled in its use, should be used since the decontamination and
extraction techniques are extremely important during the removal process.

It is postulated that the reference research reactor internals can be
removed, essentially intact and placed in a heavily shielded cask for shipment
and disposal at a low-level waste disposal site. This technique will signifi-
cantly reduce the cutting tasks usually postualted for decommissioning larger
cores and will result in manpower cost savings and radiation exposure reduc-
tion benefits. The reactor vessel is cut into segments that will allow it to
also fit into the same large cask and serve to support the core into position
for shipment. This task requirement is unique to the DECON and LNTOMB decom-
misisoning alternatives for the reference research reactor.

A conceptual generalized approach to dismantling the reference test reac-
tor is described below, while a detailed step-by-step sequence for removing
the reactor tank internals and the reactor tank is presented in Reference 5.
The generalized procedure includes the following:

• The reactor tank is flooded with water to provide shielding. Deionized
water is used to promote optical clarity and to facilitate decontamination
of waste water by ion exchange techniques.

• Because of the bolted construction, most of the reactor core is disassem-
bled remotely under water using mechanical devices. The various horizon-
tal and vertical test ports and horizonzal beam ports are constructed of
aluminum and are sectioned and removed mechanically. High temperatures
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are not applied to lockalloy and beryllium pieces due to the high inven-
tory of tritium entrapped within the metal. Each core component is cut
into pieces small enough to transfer safely to shielded shipping casks.
Most transfers are performed under water. Air transfer is permitted only
when health and safety controls can ensure compliance with the exposure
limits.

• After the beryllium pieces with their contained tritium inventory are cut
and removed from the tank, then more conventional high temperature cutting
devices (e.g., plasma-arc torch) are used to facilitate further section-
ing of in-tank components.

• Following removal of the reactor core, dismantling proceeds to the upper
and lower flow guides and the control rod drive housing.

• Following removal of all in-tank components, underwater suction cleaners
are used to clean any chips of debris from the bottom of the reactor tank.
Then, the tank is gradually drained of its water and monitored as the
water is removed to verify the presence of reasonable dose rates for fur-
ther work in air. At this point, the thermal shields are either sectioned
in-tank or removed and sectioned elsewhere in the facility.

The feasibility of this generalized procedure is supported by the fact
that considerable in-tank work was done throughout the operation of the refer-
ence test reactor. Substantial replacement of key portions of the reactor core
box took place on three occasions during the reactor's operating history. This
work was performed remotely with water shielding over the core and supports the
assumption that dismantling of the core and core.support structure can likewise
be accomplished remotely with water shielding.^

After all in-tar.k components have been removed, the inner reactor tank sur-
faces are decontaminated before cutting and removal operations begin. It is
assumed that tank removal is accomplished with a cutting torch.

The entire MUR core box with beryllium, beam tube mock-ups, flow guide,
rod box, and support frame is packaged in one wooden box, 1.83 m by 1.83 m
by 1.83 m, for shipment to a licensed disposal site.

The above described task requirements for disassembly and disposal of the
reference test reactor (including the MUR) are unique only to the DECON and
ENTOMB decommissioning alternatives analyzed in this study.

DURATION, COSTS, AND RADIATION DOSES FOR DECOMMISSIONING THE REFERENCE R&T
REACTOR FACILITIES

This section contains summaries of the estimated duration, costs, and
radiation doses for decommissioning the reference R&T reactor facilities.

For the conceptual decommissioning of the reference research reactor ana-
lyzed in this study, the planning and preparation phase is postulated to
require one year for either DECON, SAFSTOR, or ENTOMB. For the conceptual
decommissioning of the reference test reactor analyzed in this study, the
planning and preparation phase is postulated to span two years for either
DECON or ENTOMB and 18 months for SAFSTOR. In either case, the time required
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for this phase may be heavily influenced by the time it takes to obtain an
amended license and an NRC dismantling order. Historically, however, this has
not been a problem for licensed R&T reactors in the U.S.

For both of the reference R&T reactors studied, the total cost is calcu-
lated as the sum of a number of individual costs, including:

• Management staff, support staff, and specialty contractors (when required)
costs for the entire decommissioning project, including the planning and
preparation phase, the actual decommissioning phase and, when appropriate,
the deferred decommissioning phase.

• Total dedicated staff and associated costs to complete each decommission-
ing phase for the alternative chosen. These costs include: a) disposal
of radioactive materials, b) supplies, c) insurance, d) dedicated staff
labor, e) licenses, f) energy and, g) equipment.

• Decommissioning costs for the entire estimated inventories of radioactive/
contaminated components making up each of the reference R&T reactor facil-
ities.

No detailed estimates of cost and radiation dose are made for the dis-
mantlement and decontamination of the entombed reference R&T reactor facilities
since the intention assumed in this study is to leave the entombment structures
intact until the radioactivity has decayed to release levels.

To put the various decommissioning alternatives in perspective, it is use-
ful to examine the estimated duration, cost, and occupational radiation dose
associated with achieving unrestricted release of the reference facilities
and sites. For the SAFSTOR and ENTOMB alternatives for both the reference
reactors, it is assumed that the release takes place about 100 years after
final reactor shutdown. The estimated duration, costs, and radiation dose for
each alternative are given in Table I for the reference research reactor and
later in Table II for the reference test reactor.

For the reference research reactor, it can be seen from Table I that
DECON costs the least but results in the greatest radiation dose. Safe storage
with deferred decontamination has a significantly higher cost, but a reduced
radiation dose. ENTOMB costs about 37% more than DECON and results in about
11% less radiation dose than DECON.

Costs estimates for decommissioning of the reference research reactor in
this study are rather small in comparison with similar estimates made in
studies of larger commercial power reactors.(2.3) Irrespective of the absolute
size of the overall decommissioning project, a certain minimum number of
management and support staff is necessary in order to assure the orderly and
expeditious performance of the tasks. Therefore, the smaller the project, the
larger is the fraction of total cost related to management and support staff.
From an analysis of the staff labor requirements and costs estimated for
decommissioning the reference research reactor, it is clear that a considerable
cost is attributable to the management and support staff. This cost is time
dependent and not particularly sensitive to the dedicated manpower require-
ments of each task.
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TABLE I. Comparison of Duration, Costs, and Radiation Doses for Decom-
missioning the Reference Research Reactor Via the Various Alter-
natives

Decommissioning Time / * Cost Occupational Radiation
Alternative (years)1 ' (millions, 1981 dollars) Dose (man-rem)(b/

DECON 1.7 0.844 18.62

SAFSTOR 2 . 2 ^ 4.492^'^ 13.91

ENTOMB^ l.b 1.162(d'g' 16.71

(a) Includes one year of planning.
(b) Doses include decommissioning and transportation workers.
(c) Includes the following phases: 1) planning and preparation; 2) prepara-

tions for safe storage; and, 3) deferred decontamination. It does not
include the safe storage period.

(d) Costs include maintenance and surveillance for 100 years.
(e) Costs includes decontamination after 100 years.
(f) For this study, it is assumed that: 1) the reference research reactor's

vessel internals are removed and disposed of prior to decommissioning via
the ENTOMB alternative, and 2) the radioactivity contained within the
entombment structure will decay sufficiently during a 100-year entombment
period to permit unrestricted release of the property at the end of that
time.

(g) No decontamination assumed.

For the reference test reactor, it can be seen from Table II that DECON
costs the least of the three decommissioning alternatives. DECON results in a
larger radiation dose than SAFSTOR but a smaller radiation dose than ENTOMB.
Many tasks are identical in both DECON and ENTOMB, and since DECON and entomb-
ment are estimated to require about the same total time for decommisisoning,
similar total radiation doses should be anticipated. However, many of the
tasks are accomplished earlier in ENTOMB than in DECON, and since the estimated
total dose for each task, regardless of the decommissioning alternative is
corrected for radioactive decay to the midpoint in time for the given task,
accomplishing a given task sooner after final reactor shutdown results in a
correspondingly higher occupational exposure for that task. In addition,
workers installing the entombment cap receive a significant radiation dose.
Thus, ENTOMB is estimated to produce the largest occupational radiation dose
of the three decommissioning alternatives examined in this study for the
reference test reactor and is estimated to cost about 20% more than DECON.

Estimates of the occupational radiation doses presented in Tables I and II
for the reference R&T reactors, respectively, are either calculated and/or
derived from existing radiation dose rate data in various areas of the refer-
ence facilities and on analysis of the tasks to determine the dedicated staff
labor required to complete them.

Additional radiation dose is received by the transportation workers and
by the general public as a result of transporting the irradiated fuel to a
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TABLE II. Comparison of Duration, Costs and Radiation Doses for Decommission-
ing

Decommissioning
Alternative

DECON

SAFSTOR
ENTOMB^9)

the References

Time ;. »
(years)(b)

4.1
4.2<d>
4.1

Test Reactor via the Various Alternatives*^

Cost
(millions, 1981 dollars)

15.6
27.2 ( e' f )

18>7(e,h)

Occupational Radiation
Dose (man-rem)lc'

344

125
444

(a) Includes the colocated Mock-Up Reactor (MUR).
(b) Includes two years of planning for either DECON or ENTOMB and 1.5 years of

planning for SAFSTOR.
(c) Doses include decommissioning and transportation workers.
(d) Includes the following phases: 1) planning and preparation; 2) prepara-

tions for safe storage; and , 3) deferred decontamination. It does not
include the safe storage period.

(e) Cost includes maintenance and surveillance for 100 years.
(f) Cost includes decontamination after 100 years.
(g) For this study, it is assumed that: 1) the reference test reactor's vessel

internals are removed and disposed of prior to decommissioning via the
ENTOMB alternative, and 2) the radioactivity contained within the entomb-
ment structure will decay sufficiently during a 100-year entombment period
to permit unrestricted release of the property at the end of that time.

(h) No decontamination assumed.

government reprocessing facility and the radioactive materials to low-level
waste disposal sites: These radiation doses are summarized ->n Table III for
the reference research and test reactors. The method used tc estimate routine
radiation doses to transportation workers and to members of the general public
from the irradiated fuel shipments is based on the methods given in References
6 and 7. Radiation doses received by workers unloading the irradiated fuel at
the government reprocessing facilities are not considered in this study.

Irradiated fuel from the reference research reactor is assumed to be
shipped by truck (two shipments) to a government-owned facility located 800 km
away. Irradiated fuel from the reference test reactor is assumed to be shipped
fay truck (15 shipments) to a government reprocessing plant located 2400 km
by road from the reference test reactor.

The release of radionuclides during safe storage is expected to be negli-
gible compared to the release during preparations for safe storage. This is
because of the rugged construction of the reference test reactor facilities,
the erection of rigid barriers preventing migration of radionucludes, and the
limited human contact during surveillance and maintenance operations. Thus,
no public radiation doses are calculated for safe storage. The calculated
public radiation doses for DECON are small, and since the radioactivity levels
are significnatly reduced by radioactive decay during safe stoage, public
radiation doses for deferred decontamination are expected to be insignificant.
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TADLE III. Radiation Doses from Truck Transport of Radioactive Materials
from Decommissioning the Reference Research and Test Reactors

I

ro

Waste
Category: Group

Radioactive Wastes:

Transportation
Workers
Public^

Shipments:^

Transportation^0'
Workers

Public

Radiation Doses from Truck Transport
(man-rem)

(a)

Reference Research Reactor

DECON

0.027

0.18

0.044

Preparations for
Safe Storage

0.07

0.007

0.18

0.044

ENTOMB

0.14

0.014

0.18

0.044

Reference Test Reactor

DECON

22.0

2.2

4.07

0.64

Preparations for
Safe Storage

12.0

0.11

4.07

0.64

ENTOMB

19.0

1.3

4.07

0.64

(a) Methods used to estimate transportation workers doses and public doses are based on the methods given
in References 6 and 7.

(b) Based on data presented in Reference 1.
(c) Includes drivers, inspectors, and garagemen.
(d) Irradiated fuel from the reference research reactor is assumed to be shipped via two truck shipments to

a government-owned facility located 800 km away. Irradiated fuel from the reference test reactor is
assumed to be shipped via fifteen truck shipments to a government-owned reprocessing plant located 2400 km
away.



DISCUSSION OF STUDY RESULTS

The decommissioning of nuclear R&T reactor facilities is a relatively
well-developed technology in the United States although studies on the decom-
missioning of licensed R&T reactors as a class are virtually nonexistent.
Historically, it is only when a specific research or test reactor licensee is
preparing either for the actual decommissioning of his facility or for an
amendment to his existing license (e.g., to permit operation to an increased
power level) that the decommissioning of R&T reactors is addressed. Each
study is then undertaken with a variety of motives in mind, and the conclusions
reached/reported tend to reflect the particular interests of the study sponsor
and the purpose for which the study was intenoed to be used.

A review of the documented cases of licensed nuclear R&T reactor decom-
missionings shows that while the decommissioned R&T facilities were generally
small and had operated for relatively short periods of time, the problems
encountered tended to be common to all decommissioning undertakings. The
review also shows that a wealth of experience exists within the nuclear
industry regarding methods and equipment for accomplishing decommissioning, and
that there are no major technical impediments to the successful deconmissioning
of R&T reactors. However, care should be taken in reaching conclusions based
on these experiences, since in many instances, they reflect essentially first-
time efforts for a specific type of research or test reactor and encompass
variations in many important factors, such as extent of previous use, power
levels, and site characteristics.

Historically, there has been an incentive to convert most licensed R&T
reactor facilities to unrestricted use status in a fairly short time following
the termination of nuclear activities because of the urban or suburban location
of these facilities; thus, DECON is probably the most desirable decommissioning
alternative. For research reactors, this would probably preclude ENTOMB as a
viable decommissioning alternative. It is worthwhile to note that to date no
NRC-licensed R&T reactors have been entombed.

Where the contained radioactivity is calculated to decay to levels accept-
able for unrestricted release within a period of a few decades, SAFSTOR may
be an acceptable alternative. In fact, six of eight test reactors licensed
in the U.S. are presently shutdown and in a safe storage condition.

The federal government currently has very little direct involvement in
decommissioning financing considerations except where the licensed facility
is government owned as in the case of the reference test reactor considered
in this study. It is recognized that effective planning and preparation is
vital to successful completion of decommissioning activities at nuclear facil-
ities. The safety and cost effectiveness of the project could be compromised
if planning and preparation are inadequate. Ideally, planning and preparation
are scheduled to be completed by the time the reactor is shut down; however,
research and test reactor programs have frequently been terminated with little
advance notice so that planning and preparation for decommissioning the facili-
ties could not be completed by the time of reactor shutdown. For licensed,
government-owned reactors, rapid termination of the test program may virtually
rule out DECON as a viable decommissioning alternative since decommissioning
funds must be obtained by the operating agency by preparing a budget request
and securing approval of the request via the normal channels used to obtain
operating funds. Budget requests need to be prepared well in advance of the
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planned date of decommissioning to allow adequate time for the approval pro-
cess. Because a budget request is often initiated 2 or 3 years before the
actual expenditure of the funds, it would be necessary to make adequate pro-
vision for cost escalation and inflation.

Because of the diversity in types and sizes of R&T reactor facilities and
in the operational schedules and lifetimes associated with them, the level of
effort required to decommission them varies greatly. Necessary actions car;
range from simple, relatively inexpensive decommissioning activities and
administrative procedures to extensive decontamination and disposal activities
costing millions of dollars.

For the reference R&T reactor facilities analyzed in this study, the
largest cost items are staff labor, radioactive wastes, and other (i.e., ancil-
lary structures and/or areas). A comparison which can be drawn is that the over-
all cost of decommissioning for licensed R&T reactors having similar ancillary
facilities will be \zery similar. In addition, these costs are not particularly
sensitive to the authorized power level, of the reactors, but are severely in-
fluenced by tha size and nature of the 'ancillary facilities (hot cells, etc.).
Thus, if one wishes to make decommissioning cost estimates for a specific
reactor facility based on estimates given for another similar reactor facility,
it is essential to compare the ancillary facilities carefully, since these
facilities can contribute a significant fraction of the total decommissioning cost.

For both of the reference R&T reactors studied, the safety impacts of the
decommissioning operations on the public are found to be small, with the princi-
pal impact on the public being the radiation dose resulting from the transport
of radioactive materials to a disposal site.

Facilitation of Decommissioning. The primary objective of facilitating
the decommissioning of nuclear R&T reactor facilities is to reduce the radi-
ation dose received by decommissioning workers. This radiation dose exists
because the decommissioning process necessarily places the worker in proximity
to radioactive material in order that the material may be removed or isolated
effectively from the environment of man. Secondary objectives are: 1) to
reduce the cost of decommissioning, 2) to reduce the volume of radioactive
wastes, and 3) to reduce any radiation dose received by the public. The costs
of decommissioning a nuclear facility e.̂ e larger than the costs of decommission-
ing an equivalent non-nuclear facility because the radiation dose rates present
in the nuclear facility at the time of decommissioning often require remote
operations, contamination control, radiological surveillance, and radiological
protection; because inefficiencies arise in using decommissioning personnel
due to the radiation dose rates; because the radioactive wastes require special
handling, packaging, and disposal; and because radioactive vteel and concrete
structures often require special dismantling techniques.

Experience has shown that steps can be taken to facilitate decommissioning.
Some of the steps must be taken early in the design of a nuclear facility,
while others may be taken during its operating lifetime or later during decom-
missioning. To be effective, a facilitation technique should reduce the
radiation dose and/or the volume of radioactive waste at a reasonable cost.
Ideally, an effective technique will provide similar benefits during the fac-
ility's operating years, as well as during decommissioning. Strategic decom-
missioning facilitation planning requires careful consideration to determine
if a facilitation alternative will also facilitate maintenance.
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It is quite probable that the most effective deconmissioning facilitation
techniques that can be applied to existing R&T reactors are electropolishing,
vibratory finishing, and incineration. Portable units of all three kinds can
be brought to the facility. Electropolishing and vibratory finishing will be
particularly effective if many small components are to be decontaminated and
either made available for reuse in another test facility or recycled for other
industrial uses. Incinceration will be effective if there are particularly
large volumes of combustible radwastes that must be removed.

In addition, increased use of modular-constructed shield walls and roof
slabs would allow for more effective removal of contaminated equipment during
decommissioning. Also, it is suggested that a standard decommissioning close-
out data sheet be required to be completed about the same time as the final
radiation survey. The proposed standard format should include decommissioning
data in sufficient detail to be of subsequent benefit to other R&T reactor
licensees whose facilities may be similar in part or in whole. Thus, it
would provide the framework for an information data base upon which confident
planning and preparation for future R&T reactor decommissionings could be
accomplished.
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UTILITY PLANNING FOR DECOMMISSIONING

Daniel H. Williams, P.E.
Arkansas Power & Light Company
Little Rock, Arkansas, U.S.A.

ABSTRACT

Though the biggest impact on a utility of nuclear power plant
decommissioning may occur many years from now, procrastination
of efforts to be prepared for that time is unwarranted. Foresight
put into action through planning can significantly affect that
impact. Financial planning can assure the recovery of decommis-
sioning costs in a manner equitable to customers. Decision-
making planning can minimize adverse affects of current decisions
on later decommissioning impacts and prepare a utility to be
equipped to make later decommissioning decisions. Technological
knowledge base planning can support all other planning aspects
for decommissioning and prepare a utility for decommissioning
decisions. Informed project planning can ward off potentially
significant pitfalls during decommissioning and optimize the
effectiveness of the actual decommissioning efforts.
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INTRODUCTION

Very little has been done on the topic of utility planning for nuclear
power plant decommissioning. Though the technology associated with the
decommissioning of research, test and demonstration reactors is largely
applicable to commercial sized nuclear power plants there are many aspects of
decommissioning planning that are unique to a utility who operates a nuclear
power plant. This paper concentrates on those areas and discusses what they
are, when the planning should start and why a utility should do such planning.

WHAT

There are four basic areas of utility planning for decommissioning a
nuclear power plant:

(1) Financial planning
(2) Decision-making planning
(3) Technological knowledge base planning
(4) Project planning

Though these four are interrelated in several aspects, for simplicity this
paper discusses each separately.

The financial planning for a utility involves more than just assuring the
money is available when needed. In fact that aspect of the financial planning
may be the least consequential since the annual revenue requirements during the
actual immediate dismantling (highest single year cost) are not unique among
utility unplanned capital requirements. For example, storm damage costs from
ice and wind in a single year have been known to exceed annual revenue
requirements projected to occur during an immediate dismantling project. The
more consequential aspect of financial planning is in the rate area. The
importance of this aspect will be covered in the "WHY" section of this paper.
The planning in the rate area involves four steps in addition to getting
approval of the rate regulators. These are:

(1) Selection of method and date
(2) Cost estimate
(3) Fund disposition
(4) Collection method design

The selection of the decommissioning method and date should be nonbinding
and only for the purpose of rate design. Insufficient information is available
early in the plant life to permit a decision in this area wise enough to be
binding. The cost estimate needs to be updated every 3-5 years to reflect
technological, economic and regulatory changes.1 Literature to keep abreast of
these changes as they impact decommissioning costs and to educate personnel in
decommissioning cost estimate methods continues to improve and be readily
available.2>3'4*5'6 Determination of what to do with the funds collected
between the time they are collected and the time they are needed may ultimately
be regulated by the Nuclear Regulatory Commission though their jurisdiction to
do so has been questioned.7 Until it is, the utility must work out with its
rate regulators whether it will be able to use the collected funds now for
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other purposes (in effect borrowing from itself) or it will be required to
place these funds elsewhere and if so where. Tax considerations are a
significant factor in planning the fund disposition.8 Designing the collection
method properly ensures the optimum distribution of the decommissioning cost
over the customers who use electricity from the plant before decommissioning.
Such design should treat decommissioning cost as close as practical to the same
as plant capital cost.13

The financial planning area is currently being addressed by many
utilities. On the other hand, very little work in the decision-making planning
area is being done.

Decision-making planning in the decommissioning area can be divided into
two categories.

1) Using decommissioning considerations intelligently in making
decisions today that will affect decommissioning later; and

2) Identifying the data necessary to make intelligent decommissioning
decisions in the future and taking steps to see that such data is
available when needed.

Several have suggested that one set of the decisions falling into category
one is the decisions made during design and construction of the plant.9'10 At
least one person10 has suggested that a decommissioning optimization planner be
retained by a utility and that one of his responsibilities be to input
decommissioning considerations into design changes and facility modifications.
While facility design can impact decommissioning, it is suggested that the
relative cost impacts of initial designs and design changes generally
overshadow the cost impact of the decommissioning considerations. It would be
a rare case when decommissioning considerations would properly modify a design
decision made on conventional bases. However, cognizance of decommissioning
issues among the personnel on a utility staff would appear to be a cost
effective way of considering decommissioning issues in fie design process
simply by raising their cognizance level.

The area in category one of probably the biggest consequence is the
regulatory area. For the last 5 years and especially the last 3 years, both
federal and state regulations in this area have been proposed and promulgated
with increasing frequency.11'12 To the extent that utilities have any
influence on the regulatory decisions, their efforts would be well invested.
The impact of many of the proposed regulations are potentially significant.
Recognition of this fact was a factor in the formation of at least two forums
for utility activity relating to the regulatory area in decommissioning; the
Atomic Industrial Forum Decommissioning Subcommittee and the Utility
Decommissioning Group.

A note is in order here regarding impact in the other direction, i.e.,
impact of decommissioning planning on current decisions. Especially for
operating nuclear plants, economic analyses of design and design change
alternatives can frequently hinge on an assumed date for decommissioning.
Temporary repairs that are expected to be required only once more may be more
economical than replacement whereas that might not be the case if the repairs
are expected to be required three more times. The impact of this factor on
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economic analyses will grow more and more as the assumed date nears. As the
impact grows, the importance of the realism may depend on the availability of
adequate data to set the date. The identification of that data falls into
category two.

Since all facilities will eventually have to be decommissioned, the
decision of whether or not to do so is not one a utility faces. However, a
utility will certainly face a decision on whether or not to do so at a
particular time. The need to make this decision may be brought about by
expiration of an operating license or by imposition of new regulatory
requirements.14 That decision will require data for its bases. Some of the
data is already available regardless of decommissioning planning, e.g.,
replacement energy and replacement capacity cost. Other data may be harder to
assimilate. How many utilities can reasonably estimate the end of the economic
life of their plant based on maintenance and repair trends for major equipment
and systems? A good maintenance management system, which has value outside of
decommissioning considerations, should generate data regarding repair frequency
and extent. Methods are available and are being improved which can extrapolate
such data to useful lifetime. By selecting some key components and systems to
monitor it is suggested that, methods can be developed to translate key
component and system lifetimes into plant economic lifetime. Selection of the
key items should be based primarily on cost of replacement and include factors
such as accessibility for removal and installation and price of the replacement
item. Major refurbishment should be included as an alternative to replacement.
The key component and system list will vary from plant to plant although a few
items such as reactor vessel and reactor coolant pumps will be common to most.
Previous decision analyses for decommissioning have found it "important to have
confidence in the assessment [of] plant life."14 Other parameters found
to be important were fuel escalation rate and future capacity factors. Some
data needed for proper decision making may remain elusive. Reference 14 found
the cost of future regulatory backfits to be the deciding factor and one of the
least certain. In fact, if the cost of future regulatory backfits was based on
input from one utility department the decision was clearly to decommission. If
it was based on input from another department in the same utility the decision
was clearly not to decommission. Proper planning could also uncover innovative
alternatives such as one that has been suggested15 involving national security
considerations. In time of war the availability of backup power generation
capability may be vital to the national security. An evaluation of the value
of old power plants to national security in this context may lead to purchase
by the military and a contract with the selling utility to maintain the plant
in a state of adequate readiness. Such an arrangement would, of course, also
require some advance work and would need to be investigated prior to
decommissioning decision-making time.

The technical knowledge base planning involves a small investment in a
utility's personnel. A recognition of the potential future impact of ignorance
in the decommissioning field should lead a utility to call on one or two key
employees at an early date to become and stay familiar with decommissioning
issues. They should attend selected conferences on decommissioning, get on
distribution lists for decommissioning literature and devote some time to
becoming familiar with the contents of that literature. They should coordinate
company input into regulatory decisions from the various replacement parts of
the company Crates, insurance, legal, etc.) and implement measures to obtain
and maintain an adequately high cognizance level of decommissioning issues with
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company personnel involved in making decisions that may impact those issues.
They should become familiar enough with industry people in this area to
intelligently select services at decommissioning time and familiar enough with
the technology to intelligently determine whether or not to contract for
services and to adequately monitor those services contracted for. While this
may sould like a lot of manhours, personal experience of the author has
indicated that early in the life of the plant these responsibilities should
demand only about 10% of one person's time. However, the value (though it be
long term) of the availability of this technological knowledge base could
justify considerably more manhours if needed. In fact, a utility potentially
facing decommissioning within the next 15 years should consider loaning an
employee for assignment on the Shippingport decommissioning project being
administered by the Department of Energy.

The project planning area is a more conventional one and one which
involves only a limited (less than 5 years) time period just before the end of
plant life. However, some good record keeping earlier can aid in this
planning. Records regarding radioactive spills, reinforcing bar densities,
concrete surface finishes (affecting depth of contamination penetration) etc.
enable a project planner to better estimate scopes of effort and disposal
volumes and to better sequence activities. Records regarding equipment
operating history, sizes and materials will assist in planning decontamination
techniques, disposal volumes and material salvaging. Conventional scheduling
techniques and management methods will apply to the actual project planning and
execution. Health Physics considerations will be paramount and radioactive
inventory and distribution information will be required for these
considerations. The biggest problem that a project planner may face is waste
disposal. Early agreements reserving disposal capacity (and maybe even
creating disposal capacity) will be needed, especially for immediate
dismantlement. Adequate estimation of waste volumes at the planning stage will
be, therefore, important not only for costing purposes but for waste disposal
planning. Cleanup criteria need to be established at the planning stage to
answer questions that will arise during the decommissioning. Setting of these
criteria needs to take into account measuring techniques for comparing against
the criteria. From a utility planning standpoint, future use of the land needs
to be established for input to the selection of the decommissioning alternative
and for input to the cleanup criteria. Some special equipment (arc saws,
scarifiers, bristar compound, water cannons, etc.) may have availability
limitations and early manufacturing agreements may need to be executed. Of
course, regulatory restrictions will dictate much of the project and must be
intelligently factored into the planning. Source materials for project
planning in general are numerous but currently the best source for nuclear
plant decommissioning project planning is reference 5.

(It should be noted that most of the above identification of planning
areas is also applicable to the decommissioning of non-nuclear power plants
especially with the increasing number of industrial materials being classified
as toxic or hazardous.)

WHEN

The answer to the question of when this planning should begin should be
more obvious by now. For some areas the planning should begin to a limited
degree when the decision Is made to build a nuclear power plant. The scope and
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definition of all areas of the planning will grow as the time for
decommissioning and decommissioning decisions grows nearer. The financial
planning should be included as part of the economic analyses that goes into the
decision to build a nuclear power plant. The advertised costs associated with
the nuclear decision should include the decommissioning costs because they are
a real part of the plant costs. The decommissioning costs should be
incorporated into the utility's rate structure at the same time that the plant
is.

Cognizance of decommissioning issues should be available at the plant
design stage and maintained through the plant life for design changes and
modifications.

Data collection need not begin at initial operation for all data. Data on
operating history and plant design (volumes, materials, etc.) should be
collected from the beginning and, the more difficult part, need to be kept up
to date during the plant life. With the lead times for power plants from
decision to build to commercial operation going generally 7 to 14 years,
decisions regarding decommissioning timing need to be scheduled 10-12 years in
advance of the time to implement the decision to permit timely capacity
replacement decisions. Ten to fifteen years of data from a good maintenance
management system is usually necessary to develop good enough trending data to
determine expected plant life as described above. As a result, the taking of
this data should begin at least 20-27 years in advance of the time to implement
a decommissioning decision. Recent changes in NRC practices on issuing
operating licenses16 means that the latest such data taking should begin is
13-20 years after operating license issuance. Time to design and successfully
implement a program or system to accumulate such data will shorten that time by
another year or two.

Technological knowledge base planning should begin with the decision to
build a nuclear plant since some technological knowledge will be required for
input to the cost estimates that input to the utilities rates. The scope of
this knowledge base should be planned so that it steadily grows at a rate that
will be adequate for decommissioning needs during plant life. It needs to
support data system design and personnel cognizance. By the time project
planning begins the knowledge base should be quite high.

Early project planning should begin when a decommissioning decision is
made. The early planning may consist only of a schedule for mobilizing the
project. The project planning should begin escalating at least tiiree years
before the project mobilizes. Recent experience with the Dresden I
decontamination project indicate the possibility that an environmental impact
statement may have to be filed for a decommissioning project.17 Such a
requirement coupled with any federal approval requirements (none currently
exist) could increase the lead time between planning and mobilization. The
knowledge base planning needs to be used to schedule this and the other
planning areas. The knowledge base will be particularly useful in scheduling
activities related to disposal capacity reservations/creation and special
equipment lead times.
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WHY

Why would a utility like Arkansas Power & Light whose oldest nuclear
unit's license expires in 26 years (maybe 32 years if an extension under recent
NRC practices is requested and granted16) even let something like
decommissioning cross their mind, much less do any planning in that area at
this point in time? It is hoped that by now the answers are fairly obvious.
The basic answer is foresight, the basic ingredient upon which all planning is
initiated.

One reason for financial planning is equitable rate distribution among
customers. Since decommissioning cost is a basic part of the plant cost, those
customers using the plant should pay for it just as they are paying for the
construction cost of the plant. It would be unfair to wait until time to
decommission and then collect funds from current customers to cover the cost of
decommissioning a plant they are not benefiting from and will not benefit
from.13 In fact, it might be so unfair that the rate regulators would not
permit it. Possibly, if decommissioning costs can ever be recovered, they may
have to be recovered during the plant life.

Regulatory decisions made today can significantly affect the consequences
of decommissioning in the future. For example, it has been shown that a
requirement to eliminate utility internal use of funds collected for
decommissioning could more than triple the decommissioning revenue requirements
in a rate structure.8 Elimination of entombment as a decommissioning option by
regulation could significantly increase decommissioning cost on a site slated
for permanent power plant usage. These regulatory issues and others deserve
attention now by utilities.

The rapidly increasing cost of replacement facilities makes the option of
extended life on a power plant more and more economically attractive.18

Decisions regarding extended life versus decommissioning requires historical
data, not just data that can be obtained when the time for decision comes.
Getting the necessary data ahead of time requires planning. Past decision
analyses14 have already demonstrated that the critical parameter of length of
remaining plant life can have estimates varying by 60% when left to opinion.
Proper maintenance management system data could conceivably multiply plant
lifetimes instead of just adding to them. In such case, improper decisions to
decommission could be quite costly. Properly setting a decommissioning date
can also affect plant investment decisions. For example, replacement of steam
generators in a PWR could be a disastrous financial decision in a plant with a
very short remaining lifetime but failure to replace them could be a big
mistake if the real remaining plant lifetime is quite long.

All of this planning, if done properly, requires a technological knowledge
base. Otherwise a utility will find itself either not planning, planning
improperly or relying completely on consultants and consultants to consultants.
Little needs to be said about the value of having personnel capable of making
accurate decisions on matters of importance. In this area, the level of
importance is easy to overlook, especially since the effect of neglecting to
build this knowledge base has its biggest impact many years later. Some
foresight will reveal that the relatively small costs of developing a knowledge
base now can reap relatively large benefits in the future. The risks
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associated with employee turnover are limited by the small size of the
investment and the effect that being assigned this responsibility may have on a
valued employee since it demonstrates great confidence in that employee.

CONCLUSION

In conclusion, utility planning for decommissioning has been a neglected area
and does not deserve to be so. Planning now makes planning later easier and
better and there is definitely planning to be done now. Hopefully, a few
utilities will not have to get hurt in decommissioning experiences before the
level of attention which this area deserves is recognized. Communication
between utilities in the decommissioning planning area should also be taken
advantage of to facilitate the effectiveness of their planning efforts.
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CHARACTERIZATION OF NUCLEAR FUEL CYCLE FACILITIES
REQUIRING DECOMMISSIONING AND DECONTAMINATION

David E. Bernhardt, Arthur A. Sutherland,
Michael W. Grant and David C. Rich

Rogers and Associates Engineering Corporation
Salt Lake City, Utah

INTRODUCTION

The Environmental Protection Agency (EPA) is developing environmental
protection standards for the disposal of radioactive waste and federal
radiation protection guidance on residual activity for planning and
implementing decommissioning and decontamination (D&D) of nuclear
facilities. In developing the guidance, technical assessments are being
conducted to identify problems and risks, assess D&D methods, and identify
and characterize contaminated facilities which will require D&D. This
paper, based on a contract report prepared for the U.S. Environmental
Protection Agency (Be82), summarizes the information on nuclear fuel cycle
facilities, other than reactors. Government related facilities have been
covered in Be82a.

The following categories of fuel cycle facilities are assessed in this
report:

• Uranium mines • Uranium enrichment
• Uranium mills (active) • Fuel fabrication
• Uranium hexafluoride conversion • Fuel reprocessing

The purpose of the parent report (Be82) was to assemble in a single
document lists of fuel cycle facilities that will require D&D and to esti-
mate the amounts and kinds of wastes D&D activities will generate.
Although this document does not list all of the facilities, the primary
facilities and number of facilities are given. The identified facilities
included not only those in the commercial light water reactor fuel cycle,
but also similar government facilities.

The facilities in each category were identified based on an extensive
literature survey and personal contacts. Existing contamination was
estimated, including the nuclides that are major sources of contamination
and the quantities of the waste. Major emphasis was placed on long-lived
nuclides (greater than 30 year half life).
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Reference facilities have been used to characterize several classes of
facilities. Parameters of the generic facilities are then extrapolated to
other, similar establishments by scaling according to capacity, physical
size, duration of operation, etc. Because of the limited amount of
available information and differences between individual facilities there
is considerable uncertainty in the waste estimates.

There are many possible choices of decontamination methods and degrees
of cleanup to be accomplished, as well as many possible options for final
site decommissioning. The term "D&D" is used to identify activities taken
at a contaminated facility to prepare it for its projected disposal and
release for unrestricted use. Because of the long half lives (thousands of
years) of most of the radionuclides involved at the subject facilities, the
waste estimates are generally predicated on decontamination of facilities
to allow their unrestricted use. In most instances, it is assumed that
structural facilities are left in place for future use. The intent is not
to prejudge the selection of D&D alternatives, but rather to assess the
total amount of wastes from reasonable D&D efforts. Furthermore, an
underlying philosophy of minimizing the number of long term waste reposi-
tories (areas with restricted use) has been used. Therefore, based on the
definitions of D&D alternatives given by Ca81, most of the estimates are
based on DECON. DECON requires immediate expediture of funds, but allows
release of the site for uncontrolled use and saves the expense of continued
security and surveillance. SAFSTOR delays the need for most expenditures
and also allows for use of a standby status and possible reuse of the faci-
lity. However, for the long half-life radionuclides that are of primary
interest in this study, SAFSTOR will entail costs of surveillance and even-
tually the same efforts for DECON as immediate DECON. It is difficult to
envision the ENTOMB alternative being adequately implemented for most of
these facilities, given the long half lives of the contaminating materials.

Criteria for Levels of Residual Activity

A number of criteria for guidance on allowable levels of radioactivity
after D&D have been promulgated or proposed by federal agencies or by stan-
dards organizations. They include the Surgeon General's Criteria used in
the Grand Junction, Colorado, Remedial Action Program (PHS70, PL72);
"Interim Cleanup Standards for Inactive Uranium Processing Sites" (EPA8O,
EPA81); Draft American National Standard "Control of Radioactive Surface
Contamination on Materials, Equipment, and Facilities to be Released for
Uncontrolled Use" (ANSI78); "Proposed Federal Radiation Protection Guidance
For Persons Exposed to Transuranic Elements in the Environment" (EPA77);
and "Guidelines for Decontamination of Facilities end Equipment Prior to
Release for Unrestricted Use or Termination of Licenses for Byproduct,
Source or, Special Nuclear Material" (NRC76). The NRC has also published a
draft generic environmental impact statement on decommissioning of nuclear
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facilities (NRC81), and guidance on uranium mill D&D is provided in NRC80.
The NRC has inacted standards on mill operation and D&D of mills (NRC80).

While cleanup criteria may play a role in estimating the volumes of
waste from D&D, information about existing radioactivity at facilities
requiring cleanup is usually not available in sufficient detail to observe
the effects of different standards.

However, two of the criteria for radionuclides in soil, EPA's recom-
mendations of 0.2 microcuries/nr of transuranics in soil (surface con-
tamination to a depth of one centimeter which approximates 15 pCi/g)
(EPA77) and 5 pCi/g of radium-226 in the top 5 cm of soil (EPA80) have been
used to estimate volumes of soil that may be included in D&D wastes.

Characterization of Contamination and D&D Wastes

The following items summarize information from Be82 on the existing
contamination and projected D&D wastes.

Uranium Mining - To date about 90 percent of the uranium ore produced
in the U.S. (15 million metric tons as of 1980) has come from underground
or surface (open pit) mining (D0E81). In January 1981, D0E81a reported
there were 303 underground mines and 52 surface uranium mines. Uranium is
also produced from heap leaching of mine wastes and low grade ores, solu-
tion or in-situ mining, and as a by-product from mining and milling of
other ores. These operations are classified with uranium mills.

The existing contamination and projected D&D wastes from mines are
primarily due to overburden or waste, subore. and contaminated land (e.g.,
stockpile area and general surface contamination).

Reference mines were developed to assess the existing contamination
and projected D&D wastes. The reference surface mine is based on studies
by Ni79 and Th82. The reference underground mine is based on Ja80. These
reference mines, which are based on relatively new large mines, were then
scaled to the average actiye mine using the annual production data from
D0E81. The reference inactive mines from EPA82 were adopted.

The parameters for the reference mines and the projected D&D wastes
are summarized in Table 1. The reference surface mine is based on total
production of 7.1x10^ MT of 0.11 percent U3O8 ore during a period of 17
years (based on Ni79, Th82). The reference underground mine produces
1.6x105 MT/year of 0.15 percent ore for a period of 30 years (J&80).

The concentrations for activity in the materials are given in terms of
grade of U3O8, where 0.01 percent is equivalent to 28 pCi/g of U-238 and
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its progeny. Although most of the material, including much of the surface
contamination, will exceed the standards which EPA has proposed for inac-
tive mills (EPA80, EPA81), the proposed EPA standards are not dirertly
applicable to the mine wastes.

The projected D&D wastes from mining are almost solely composed of the
mine waste (including subore and overburden) and surface contamination.
Most equipment is salvaged for reuse, and in any case would not make a
significant contribution to the total volume of wastes.

Uranium mills process ore to recover uranium. Since almost all U.S.
ores contain less than 0.5 percent U3O8, most of the ore is waste and is
discharged to tailings (includes the Th-230, Ra-226, etc). Primary atten-
tion is given to conventional mills; however, heap-leach, by-product reco-
very, and solution mining operations are also included.

In conventional mills uranium is leached from the ore in an acid leach
(sulfuric acid) or alkaline leach circuit and the uranium is purified and
recovered as uranium concentrate, generally ammonium diuranate, which is
often called yellowcake. The actual uranium product varies from ammonium
diuranate where uranium is in the hexavalent state to UO2 or U3O6 where the
uranium is in the valence four state (four and six for U3O8). The solubi-
lities of these products vary considerably. The uranium concentrate con-
tains about 0.1 and 1 percent of the radium and thorium, respectively
(F08O, Mo79).

The tailings pile constitutes essentially all of the residual con-
tamination and D&D wastes. Much of the mi 11 equipment can be salvaged for
reuse, but in any case represents a small volume compared to the mill.
Surface contamination around the tailings pile and mill yard and from the
ore storage pads is projected to be less than 10 percent of the volume of
mill tailings (Be82).

In early 1980 there were 22 operating conventional mills with an
average capacity of 1800 MT of ore per day. The reference mill, based on
NRC80, processes 1800 MT of ore (0.1 percent U3O8, based on average grade
to the year 2000) per day for 17 years. Parameters for the reference mill
are given in Table 2. The estimates of total D&D wastes are based on a
combination of scaling from the reference mill and extrapolating the pre-
sent accumulated tailings already at the sites. The reference facility
could not be used to project D&D wastes for all of the mills, because
several of them (e.g., Uravan and Canon City, in Colorado; Anaconda,
Kerr-McGee, and Homestake Partners in New Mexico; Atlas in Utah; and
several mills in Wyoming) have operated longer than the projected operating
lifetime. Also, some of the mills have been upgraded to larger capacities
and have been shut down for short periods of time.
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Solution mining is used to recover uranium from low grade ores that
are not economically recoverable by conventional mining and milling tech-
niques. A lixiviant, a salt solution containing ions that will form stable
aqueous complexes with uranium, is circulated through the geological medium
through use of a specially designed well field. Uranium, as well as other
trace materials, is brought to the surface and processed through a circuit
similar to a conventional mill. The solid wastes are much less than from
conventional mining and irriiing.

Parameters for the reference solution mining facility (EPA8?) and the
D&D wastes are given in Table 2. Although the volume of wastes is only
about one-thousandth of the wastes estimated for a similar size uranium
mill, the radium concentration is about 2000 to 4000 pCi/g. However, the
volume of wastes is small enough that the preferred D&D alternative is
DECON with removal of the wastes to a conventional mill for reprocessing or
direct disposal in the tailings.

Most mills are not designed to process ore with less than 0.4 percent
U3O8 (NRC80). Therefore, low grade ores from some mines are leached on
site to recover uranium. The leach solution may either be processed on
site or transported to a mill.

The D&D wastes, given in Table 2, are primarily comprised of the leach
pile. The waste material would probably have remained as mine waste if it
had not been processed.

Uranium is recovered as a by-product from milling operations for
phosphate in Florida and Louisiana, copper in Arizona and Utah, and
beryllium in Utah (NRC80, D0E81). D&D wastes are not estimated for these
operations since the milling material existed because of the parent opera-
tion and the by-product operation only contributes a small additional
amount of process equipment.

Uranium hexafiuoride conversion facilities process uranium concentrate
from uranium mills to remove impurities and convert the uranium to uranium
hexafluoride, the feed material for the gaseous enrichment plants.

There are two operating commercial facilities, a small government
facility at the Portsmouth Gaseous Diffusion Plant, a commercial facility
at Apollo, PA, that is shut down, and five government facilities that have
been shut down. The operating commercial facilities are the Kerr-McGee
Plant in Sequoyah County, Gore, OK, and the Allied Chemical Plant in
Metropolis, IL. The Kerr-McGee facility, with a capacity of 9000 MTU/year,
uses the conventional wet solvent extraction process to purify the uranium
at the head end of the system. Metallic impurities, including radium and
thorium, are removed by solvent extraction and discharged to on-site
lagoons. Based on estimates of Th-230 and Ra-226 carry over to uranium
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concentrate (F08O and Mo7?), the waste lagoons for the reference facility
will contain about 30,000 pCi/g of Th-230 and 3,000 pCi/g of Ra-226.

The Allied Chemical Plant has a capacity of 14,000 MTU/year and uses
the dry hydrofluorination process. In the dry process the purification
takes place at the end of the system and solid waste is produced.

The reference facility is based on E181. The facility capacity is
10,000 MTU/year using the wet solvent extraction process. The facility,
which is similar to the Kerr-McGee 9,000 MTU/year plant, includes process
floor space of 11,000 m2. The 105,000 kg of uranium inventory at shutdown,
is reduced by inventory cleanout (a normal operational process which remo-
ves about 56,000 Kg), initial chemical decontamination, and decon-
tamination during the D&D process to about 40,000 kg. The uranium and
material from these processes are treated in the on site waste facilities
and result in minimal D&D wastes. The breakdown of this inventory and the
volumes of D&D wastes are given *n Table 3. Host of the waste (volume and
activity) is due tc the material in the waste lagoons.

The total D&D wastes from the two active commercial facilities are
projected to be twice the values for the reference facility in Table 3.
The uncertainties in specific facility designs and operating procedures
over shadow the differences in plant size. The Allied plant probably has
much smaller volumes of material and activity in waste lagoons, because of
its process. Estimates are not made for the inactive facility and the
small government facility at Portsmouth.

Uranium Enrichment - The three government gaseous diffusion plants are
included with the fuel cycle facilities since a large amount of their
capacity is used to support power reactors. The sites are locateo at Oak
Ridge, TN, Portsmouth, OH, and Paducah, KY. Since very little information
is available on the size and characteristics of the process equipment and
facilities, D&D wastes have been projected by sc?ling from the available
information (Vi79, Be81, ERDA77) and using waste to process area ratios for
the fue7 fabrication facilities.

Based on the reported sizes of enrichment stages and the average
number of stages per plant (Vi79, Be81), the process area in the plants,
estimated surface contamination of 2 g/m^ (E180), and waste to process area
ratios derived from E180 (0.014 kg U per square meter, and 0.08 m 3 LLW and
0.5 m3 unrestricted waste per m^ of plar.t process area) the following D&D
estimates are given for each diffusion plant:

Uranium Inventory 5,000 k
Low-Level Waste 30,000 m
Unrestricted Waste 190,000 m 3
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Because of the classified nature of the facilities, it is possible
that most of the unrestricted material may also be handled as a fcrm of
restricted waste.

The above estimates do not include waste materials buried on site or
disposed of in waste lagoons. These wa§t;es, which may be permanently
disposed of on site represent, about lO11 rrw, thousands of kilograms of ura-
nium, and possibly tens of curies of Tc-99.

Fuel fabrication facilities convert fissile material from the
hexafluoride or oxide form to reactor fuel assemblies. There are fabrica-
tion plants for low-enrichment (5 percent) light water reactor (LWR) fuel,
high-enriched (up to 90 percent or more) naval and test reactor fuel, mixed
oxide (uranium and plutonium) fuel, and fuel containing thorium. There are
about 13 facilities operating in the U.S. At least six mixed oxide (MOX)
plants have operated, but are now shut down or on standby. Many of the MOX
and some of the other plants are at .sites where there are several
facilities. Therefore, because of the overlap and changing status of
facilities it is hard to give a precise count.

Several of the facilities operate in concert. One facility produces
UO2 and the other facility fabricates fuel assemblies from the UO2 (e.g.,
Combustion Engineering facilities at Windsor, CT, and Hematite, MO, and"
Babcock and Wilcox facilities at Lynchburg, VA, and Apollo, PA).

The reference facility from E180 is used to estimate D&D wastes for
uranium facilities and a small facility from je79 (based on Kerr-McGee,
Cimarron, Oklahoma) for the MOX facilities. In general the process equip-
ment and processes from uranium fuel fabrication allow for easier decon-
tamination and reel liming equipment then the processes from hexafluoride
conversion. However, because of the toxicity of plutonium, a smaller pro-
portion of the equipment is reclaimed from a MOX plant.

The D&D wastes for the eight facilities that produce uranium LWR fuel
are given in Table 4. The scaling factors are based on the facility pro-
duction capacities and processes (two Combustion Engineering and two B&W
plants function together). The wastes are based on inventory cleanout,
decontamination, and processing of the associated wastes as described for
conversion plants.

The D&D wastes for the MOX facilities are given in Table 5. Waste
estimates are not given for the nine other uranium fuel fabrication plants
since they do not product fuel for the LWR fuel cycle. These include high
enrichment plants at Lynchburg, VAS and Leechburg, PA, (B&W plants), and
the Nuclear Fuel Services Facility at Erwin, TN, for Naval reactor fuel.
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Three commercial fuel reprocessing facilities have been built in the
U.S; however, only the Nuclear Fuel Services Western New York Nuclear
Services plant in West Valley, NY, has been operated. The Midwest Fuel
Recovery Plant at Morris, IL (Midwest), and the Barnwell Fuel Plant at
Barnwell, SC (Barnwell), have not been operated, and may never be operated
(Be81, RE82). The Midwest facility is being used for spent fuel storage
(GE75). Attempts were also made to process unirradiated fuel (Be81). The
contamination of process areas from these operations is expected to be
minor. Therefore, although D&D waste estimates for postulated con-
tamination cf Midwest and Barnwell are given by Be82, the estimates in this
paper wili be limited to the West Valley plant.

West Valley processed 640 MT of spent fuel between startup in 1566 and
1972 (D0E78). Upgrading and expansion of the facility was initiated in
1969, and little if any fuel was processed between 1972 and 1976 when the
plant was shut down.

The normal uncertainties in making estimates of D&D wastes are com-
pounded at the West Valley site by the initiation of a DOE sponsored high-
level waste (HLW) demonstration project by Westinghouse Electric
Corporation for solidification and removal of the HLW (D0E81a, NN82). The
impact of this project on eventual D&D wastes is not known.

D&D waste estimates for the West Valley site are given in Table 6.
These estimates are based on present site conditions as described by D0E78,
but assume removal of the HLw by Westinghouse (no D&D wastes from
Westinghouse project), and exclude the spent fuel stored on the site.
However, they do include D&D of the HLW tanks. The D&D wastes from the
process equipment and facilities (excluding tank farm) are estimated to
contain 1.3 kCi of activity. Decontamination solutions from the HLW tanks
are assumed to contain 1,840 kCi and it is assumed there will be 186 kCi
remaining in the tanks after the final chemical decontamination associated
with the final D&D of the tanks. The predominant radionuclides include
Sr-90, Cs-137, Sm-151, Eti-154, Tc-99, Pu-239, Pu-241, and Cm-244.

SUMMARY

This paper presents information to characterize the D&D wastes from
uranium fuel cycle facilities (excluding reactors). The categories of
facilities are covered and a summary of the waste volumes and activities
associated with D&D are listed in Table 7. Lists of the individual
facilities are givers by Be82 and are summarized in this paper. Both active
and inactive facilities are covered, but the only inactive facilities
included in Table 7 are inactive mines.
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The largest volumes of wastes are associated with uranium mines (i.e.,
over 109 m 3 ) . There has been minimal D&D of mines and there are no
official classifications or standards for mine wastes. Although there is
some question regarding the proper classification of the mine wastes (they
are not covered by the Uranium Mill Tailings Radiation Control Act) (PL78),
the concentrations of radionuclides in mine waste generally exceed the
standards that are being developed for uranium mill tailings (EPA80, EPA8I,
NRC80a). The amounts of uranium or other radionuclides associated with the
mine wastes are not given in the table because of the wide range of values.
However, based on an average concentration of 50 pCi/g of U-238, the total
wastes are estimated to contain l.lxlO5 Ci of U-238 (3.4xlO5 MT) and each
of the associated U-238 decay products (e.g., Th-230 and Ra-226).

The greatest amount of activity—about 2 million curies—and the
highest specific activities are associated with the wastes from fuel repro-
cessing. The fuel reprocessing estimates in the table are only for the
Nuclear Fuel Services West Valley plant in New York. Estimates for
postulated D&D of Barnwell (assuming it was operated), which has not
operated, are greater (Be82).

The most common contaminant at fuel cycle facilities is uranium. It
is the primary contaminant for conversion plants, enrichment plants, and
fuel fabrication plants. Uranium is also present in the mine, mill and
reprocessing plant wastes but its health significance is generally secon-
dary to the other radior.ucTides which are present (e.g., Th-230, Ra-226,
Rn-222, long-lived fission products, and transuranics).

For several of the facility categories listed in the table, wastes and
sediments from lagoons are listed separately. The volumes and sometimes
the activities in the lagoon wastes are considerably greater than the D&D
wastes from the processing facilities. The lagoon wastes are listed
separately so that the process wastes can be identified. Also, the lagoon
wastes may contain economically recoverable quantities of uranium (and
possibly some chemicals). Therefore, the lagoon wastes may represent reco-
verable material. However, whether they are reprocessed will depend on
actual concentrations and market conditions at the time of plant shutdown
and D&D.

The activity and volume estimates for D&D wastes from many of the
facilities (e.g., uranium conversion, fuel fabrication, and enrichment)
assume that most of the decontamination solutions and materials are pro-
cessed through the normal plant systems to recover the uranium and reduce
the volume. The validity of this assumption depends on the market con-
ditions and cost of waste disposal at the time when plant shutdown and D&D
takes place.

The estimates of contamination and wastes have generally been based on
a process of scaling from reference facilities. Differences between faci-
lities, lack of information on facility process capacities, differences in
waste management and housekeeping practices, etc., may cause large
variations from the estimates of wastes.
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Mine Type/
Number cf Mines

Active Mines

Surface (52}

Underground (303)

TABLE I
PROJECTED D&D WASTES FOR URANIUM

Reference Mines

Volume of Grade of
Type of Materiala Material
Material (10&m3) (%U3Og)

Subore 3.9 0.023b

Overburden
(From 1 of
19 pits) 12 0.0028c

MINES

Scaling
Factor

0.43e

0.43e

Actual Mines

Volume for
All Mines
(106m3)

87

270

Contaminated
Surface
Area

(IOV)

100

Waste 0.33 0.031 12 21

Inactive Mines

Surface (1246) Waste

Underground (2031) Waste

Total for Active Mines

Total for Inactive Mines

0.60

0.0048

1

1

750

10

370

760

750

8

120

760

a Values were converted from MT to cubic meters using a density of 2 MT/m . This density
may be high for some overburden.

b Subore is the material just below the ore cutoff grade (0.03 percent) wnich is stock-
piled. The context is that this ore will be processed at some future time.

c The present trend for open-pit mining is to place the overburden from new pits into
mined-out pits. At the end of the operations the subore and overburden from a single
pit are left on the surface. The overburden from all 19 pits (5.1 x 109m3) provides
an upper-boundary estimate. The overburden to ore ratio is 65 (Th82).

d Multiplier is used to scale the reference mines to the average mine,

e Based on 1980 ore production divided by number of mines (D0E81).

f The scaling factor of 0.12 is based on 1980 ore production divided by the number of
mines (D0E81).

g This area includes the area of the ore stockpile and contaminated area around the
waste piles. It is based on measurements of contamination around inactive mills(Do75).
The area can be converted to a volume by assuming a cleanup depth of 10 cm. However,
there are presently no standards requiring cleanup.
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TABLE 2

D&D WASTES FROM URANIUH HILLING

REFERENCE FACILITY

Facility

Conventional
Mill

Heap-Leach

In-Situ

Total

Capacity
Ore/U,Ofl

(MT/year)

Ore Grade

. no I
{% UJVQ)

Projected
Operating
Lifetime
(years)

Volume
of
Wastes
(m3)

Act iv i ty 8

in Wastes

(Ci of Ra-226)

600,000
(ore) 0.1

110,000 (ore) 0.04D
40 (U308)

230 (U30g)
c 0.06

15

15

10

6.0 x 10° 2,300

8.4 x 103

3.4 x 10J

190

20u

OPERATIMG FACILITY

Number Volume
of of DSD
Facilities Wastes

(m3)

24e

2

11

,81.8 x 10'

3.4 x 106

4.0 x 10

1.8 x 108

a An equal amount of Th-230 and other uranium decay products are also present.

b Heap-leached ore is generally less than 0.04 percent. Therefore, these are upper level values.

c This is equivalent to recovering 80 percent of the uranium from 470,000 HT of the subject ore
(0.06%) per year.

d There will also be about 19 Ci (58 HT of uranium) of U-238 present in the calcite.

e The Edgemont, SO, mill is under license, but has been shut down for several years. There is
one mill under construction. Several of the mills that were operating in 1981 are now on
standby.

TABLE 3

SUMMARY OF WASTES FROM REFERENCE URANIUM HEXAFLUORIDE CONVERSION FACILITY

Source Of
Wastes

Process Equipment

Facil i t ies (Buildings)

Recycled Equipment*

Waste Lagoons

Solvent Extraction Wastes

Unrestricted
Wastes
(m3)

920

470

-

Restricted
Radioactivity
Wastes. LLW

Volume
(•*)

930

350

-

21.600

Radioactivity
(kq U or Ci)

2,700 leg U

—

-

34.400 kq U

Fluoride

Subtotal of Wastes from
Process Equipment &
Facilities

Total Wastes

1400

1400 29,000

1,000 Ci Th-230
100 Ci Ra-226

2.500 kg U

2,700 kg U

40,000 Kg U
1,000 Ci Th-230
100 Ci Ra-226

a Recycled items include a forklift and shelving from the sampling area
(35m3); uranium scanners and packaging equipment from the incinerator
(7m'); equipment from the laboratory; instrumentation, shelves, and tables
from the decontamination, laundry, and change room* (roughly 20 m3); and
test equipment, parts, benches, etc. from the instrument repair shop
(about 25 m 3 ) .
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TABLE 4

TOTAL D&D WASTES FOR ALL LWR FUEL FABRICATION FACILITIES

Material for Fac-Mities

Waste Parameter

U Inventory at Shutdown

U Inventory After Inventory Clean-out

U Inventory After Initial Decontamination

Wastes and Materials from D&D

Final OSD Inventory Uranium

LLU

Unrestricted Waste (excludes recyclable
material

Recyclable Material (Scrap and
Usable Equipment)

Fluoride Lagoon Sediments

Scaling
Factor

5.4

5.4

5.4

5.4

5.4

5.4

5.4

5.1

Activity
(kq of Uranium)

4,300

1,500

760

540

-

-

-

390

Volume
(ifl3)

-

-

-

4,300

17,000

12,000

150,000

a Total for all the facilities listed

TABLE 5

060 WASTES FOR MOX FUEL FABRICATION FACILITIES

Parameter

Inventory After Initial Decontamination

Plutonim (kg)
Uranium (kg)

O&O Wastes
From Reference
MOX Facility

11
37

D&D Wastes
From Six

MOX Facilities

66
220

Wastes

LLW
TRU

270
160

1,600
960

Sewage Lagoon 2,930 18,000

TABLE 6

WEST VALLEY M O WASTE FOR THE OECON MODE

Volume of Wastes

Source

Main Process Building, Fuel Storage,
and Receiving

LLW Treatment System

Tank Farm

Trash and Solidified Decontamination
Solutions

TOTALS

Low-Level

700

1,700

1,000

1.100

Transuranic

140

—

—

Hiqh-Level

16

..

57

19

4,500 140 92
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TABLE 7

SUMMARY OF OtO WASTES FROM URAHIUN FYEL CYCLE FACILITIES

Wastes Associated Mith fl&D

Facility Cateqory

Uranium Mines

Active Mines
Surface
Underground

Inactive Mines
Surface
Underground

Uranium Mills

Conventional Mills

Solution Mining

Heap-Leach Mining

Uranium Conversion

Plant Facilities
Waste Lagoons

Number of
Facilities

52
303

1246
2031

24

Zl

2

2

Inventory of
Radioactivity

Uranium
(kg)

(a)

5,400
74,000

Other
(Ci)

(a)

140
{Ra-226)°

0.2
(Ra-226)b

0.8
(Ra-226)''

2
(Th-230)

0.2
(Ra-226)

Volume of Waste (Ifl3 n&)

Radioactive Unrestricted

LLM TR'J

360,0009
12,0009

750,000=
10,000a

180,000

40

3,400

2.6 2.3
54

Uranium Enrichment

(West Valley only)

15,000 90C

Fuel Fabrication

LHR Fuel

Plant Facilities
Fluoride Lagoon

Sediment

Mixed Oxide Fuel*

Plant Facilities
Sewage Lagoons

Fuel Reprocessinq

3

6

1

540
390

220

(66 kg Pu)

2xlO6

4.3
150

1.6

188

4.5

57OC

29

c
d

8
f

Does not include contaminated surface area around ore stockpiles or ore
waste piles. The total area involved is estimated to be 880 km2, most
of which is at inactive surface mine (open-pit) sites (see Table 3-11).
The concentrations of U-238 and its decay products are expected to
average about 50 pCi/g.
Equal activities of Th-230 and the appropriate decay products of Sa-226
are also present for the conventional mills and heap-leach facilities.
Some uranium is also present, but at lower concentrations.
This does not include waste buried on site and in waste lagoons.
Most of the mass of radioactive material in an MOX plant is uranium, but
most of the activity and the limiting contaminant is piutonium.
The sludge contains 0.5 g of plutonium.
There is also 92 m3 of high-level waste.
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DECOMMISSIONING STUDY FOR THE BEZNAU
NUCLEAR POWER PLANT (2 x 350 KW)
• THE SWISS APPROACH

E. Hess, R. Veya
Nordostschweizerische Kraftwerke AG
Baden, Switzerland

Abstract

DECOMMISSIONING STUDY FOR THE BEZNAU NUCLEAR POWER PLANT (2 x 350 MW)
- THE SWISS APPROACH.

On request of the Swiss Nuclear Regulatory Authority a comprehensive de-
commissioning study for the Beznau nuclear power plant was worked out in 1980.
The purpose of the study was to demonstrate the feasability of decommissio-
ning and dismantling and to elaborate sound estimates for the amount and type
of nuclear waste, the total collective dose, the cost and dismantling schedule.
Two alternatives were studied, one starting the dismantling work two years
after the final plant shutdown, the other starting the dismantling activi-
ties after a "mothballing" period of 30 years.

The results confirmed, that present technology offers adequate dismant-
ling techniques and that the work can be performed in accordance with the
Swiss atomic law and regulations. Furthermore it can be concluded that nei-
ther the collective dose nor the cost of decommissioning are such as to jeo-
pardize the over all benefits of commercial nuclear power in Switzerland.

The conclusions are confirmed by the Swiss Nuclear Regulatory Authority's
assessment of the decommissioning study, issued in spring 1982. The study con-
tributed to establish a clear position of the authority and the operators on
the so far controversial issue of decommissioning in the nuclear debate.

The study also helped to convince the authority that there is no incen-
tive today to advocate one or the other decommissioning alternative. The
choice has to be made for each specific case weighing all aspects involved
at the time of final shutdown.

1. INTRODUCTION

In the last seventies also in Switzerland the feasibility of decommissio-
ning and dismantling was an important topic of the nuclear debate. In Oc-
tober 1978 the Parliament adopted an amendment to the atomic law requiring
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all nuclear plant owners holding an operating license to make the necessary
annual financial provisions in the corporate balance sheet in order to co-
ver the expected decommissioning cost. Moreover, these annual financial pro-
visions have to be transferred to the "federal decommissioning fund" under
governmental jurisdiction.

In order to establish a sound technical basis for dealing with the va-
rious facets of decommissioning, the Swiss Nuclear Regulatory Body (Autho-
rity) requested each plant owner holding an operating or construction li-
cense to submit a comprehensive decommissioning study by the end of 1980
in order to demonstrate the technical feasibility and to give sound esti-
mates for the following aspects:
- amounts and types of nuclear waste
- collective dose
- decommissioning cost including transport and cost of ultimate storage of
waste

- amounts and types of nuclear waste
- dismantling schedule

While the authorities did leave open the alternatives for decommissio-
ning to be investigated, the owner's group decided on two alternatives, one
starting the dismantling work as soon as feasible after final shutdown, the
other with a 30 year "mothballing" period.

Since the owners group in West-Germany (VDEW) had initiated shortly be-
fore a similar study mandated to the Nuklear-Ingenieur-Service GmbH in Frank-
furt (NIS), the Swiss owners group was given the opportunity to participate
in that comprehensive feasibility study. That German study became a basic
part of the Beznau study and was also filed with the Swiss Authority at
the end of 1980.

The decommissioning study undertaken by Nordostschweizerische Kraftwerke
(NOK) for its twin Beznau power station (2 x 350 MW) with start up dates
1969 and 1971 respectively is based on the following assumptions:
- complete dismantling and removal of all debris from the si te . No interme-

diate storage of waste at the site and reuse of the site for other purpo-
ses

- treatment and packing of radioactive waste according to the tentative accep-
tance criteria issued for this purpose by the National Cooperative for the
Storage of Radioactive Waste (cask forms, weights, waste conditioning)

- packing of waste and transport off-site according to the International Re-
gulations for Transport of Nuclear materials.

While the safety authorities are mainly interested in the nuclear aspects
(accumulated dose, waste) the owner has a keen interest in having the cost
properly estimated in order to avoid unexpected financial exposures in later
years. That means that the critical items and phases had to be thoroughly in-
vestigated, which justified the intervention of specialized subcontractors.
The points of particular interest to the owner are:
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- structure and sensitivity of cost
- val idity of the "mothballing" alternative with respect to s i te reuse and

owners l i ab i l i t y
- engineering requirements and overall schedule

2. BASES OF THE STUDY

2.1 Plant Design Features

The Beznau nuclear power plant is a twin station with a net electrical
output of 2 x 350 MW. Each unit is equipped with a two loop pressurized
water reactor of the Westinghouse design, operated by the Nordostschweize-
rische Kraftwerke A6 (NOK).

Beznau unit I started i ts commercial operation in 1969 followed by
unit I I in 1971. The site view is shown in FIG. 1.

4 JW*%.NUCLEAR POWER PLANT
• •&k 2*35OMW

0 100 200m
I . I . I

FIG. 1 BEZNAU SITE
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2.2 Assumptions And Boundary Conditions

- The study has been worked out for the Beznau unit I (KKB I), that
means all numbers and figures relate to decommissioning of one unit of the
twin station.

- The assumed plant life time before final shutdown is 40 years with a
load factor of 0,8.

- No major accident leading to activity release during operating time
is assumed.

- When dismantling activities at unit I begin, unit II will be in the
final shutdown mode.

- Current decommissioning technology and techniques are used.

- The dismantling includes removal of all debris off the site, no inter-
mediate storage of waste at the site and reuse of the site for other purpo-
ses.

- Decommissioning and radiation protection philosophies applied have to
conform to the principle of keeping occupational radiation doses as low as
reasonably achievable (ALARA).

- During a preparation time of two years between final shutdown and
starting decommissioning or the mothballing period, all fuel elements, con-
trol rods, neutron sources and the entire waste from the operating phase are
removed off site. In addition,the fluid systems are flushed and the engi-
neering work and licensing steps are implemented.

- The study is considering two alternatives, one starting physical dis-
mantling of the plant after this two year period mentioned (alternative CR2),
the other after a "mothballing" period of 30 years (alternative CR3O).

- All structures and buildings are removed down to two meters below ground
level, while radioactive parts are removed down to full depth (FIG. 2).
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Turbine building

FIG-2 BEZNAU NUCLEAR POWER PLANT
CROSS-SECT/ON

2.3 Limits For Unrestricted Release Of Solid Waste

The study is based on the Swiss Rules for Radiation Protection and on
additional regulations of the Safety Authority.

<f-emitters, the following l imits are given.
. Surface contamination 1.10~4yu Ci cm~̂
. Specific act iv i ty 20 n Ci g -1
. Surface radiation level * 10 yu R h - 1

••'•• after deduction of the background radiation level.

In addition, i t must be shown that the material released for unrestricted
use cannot lead to an unallowed annual exposure to the public.

2.4 Final Storage Of Waste

For the purpose of the decommissioning studies of the NAGRA plant operators
the National Cooperative for the Storage of Radioactive Waste issued tentative
acceptance cr i ter ia for decommissioning waste transferred to repositories.
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The tentative conditions and c r i te r ia pertain t o :
- waste form (matrix)
- cask types

i .e . 55 gallon drum
55 gallon drum, concrete shielded
concrete container 19 m3, weight l i m i t 60 Mg.

- nuclide specif ic concentrations of radioact ivi ty as separation c r i t e r i a
for two types of repository (near surface or deep geological storage)

- cost per cask type for both types of repository

3. RADIOACTIVE INVENTORY

Planning and implementation of decommissioning work requires thorough
knowledge of the whole inventory in the plant. Therefore calculations of
volume and mass of buildings, structures, systems and components, radio-
ac t iv i ty inventories, mass of activated and contaminated material and for
unrestricted release are needed.

Most of the radioactivity.about 99 %, remaining in the plant af ter f i -
nal shutdown and removal of the fuel element,is concentrated in the reactor
vessel internals. To the rest (about 1 %) are contributing the pressure
vessel, the concrete shield and the contaminated material.

3.1 Radioactivity In Neutron-Activated Components

The degree of material activation has been analyzed by the Federal In -
s t i tu te of Reactor Research (EIR) in Switzerland, based on knowledge of the
neutron f lux and the chemical composition of the materials involved.

Beside of the already existing dates for Beznau about the f lux d i s t r i -
bution, a special task has been undertaken by EIR in order to measure the
actual si tuat ion in this area. FIG. 3 shows the f lux d ist r ibut ion around
the Beznau core, which has been used for calculations purposes.

The tota l activation inventory result ing from this comprehensive ana-
lyses is given in TAB. 1.

TAB. 1 Total neutron-activated radioact iv i ty

Decay time Internals Vessel Concrete Shield
(a) (&) (V) (Ci)

2 1.107 2.105 800
30 7.6.105 1.7.103 36
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FIG. 3 BEZNAU NUCLEAR POWER PLANT
THERMAL FLUX (cnT* s*' )

3.2 Contamination

Outside the neutron field, the radioactive contamination is governing
Ihe radiation levels which are ar; important factor for the staff involved
in the decommissioning work.

To verify the calculations of contamination levels by using radia-
tion surveillance measuring, a sampling program was performed by Brown
Boveri & Cie. as subcontractor. With a special method polishing samples
have been taken and analyzed at different points of the systems.

Expecting an increasing contamination level over the remaining operating
years, an average contamination level of 30>u Cicm-2 for the reactor coolant
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system was assumed. The contamination of all other systems is assumed to
vary between 5.10"1 and 10~4>u Cicm-2,whereby Co-60 is the dominant iso-
tope.

The total expected radioactivity inventory due to contamination is about
2200 Ci two years after shutdown and about 100 Ci 30 years later.

3.3 Volume Of Radioactive Haste

The volume of wasta from the controlled area to be removed during decom-
missioning can be divided into activated material, contaminated material,
decontaminated material for unrestricted release as well as non radioactive
material requiring no special treatment.

Using the limits mentioned in Chapter 2, the boundaries between unre-
stricted and restricted release for the internals, the reactor vessel and
the concrete shield have been calculated. They are shown in FIG. 3.

Independent of such boundaries and for practical reasons, taking
into account also the contaminations a conservative approach was chosen assu-
ming that the total mass of the internals, the vessel and the concrete shield
is considered as radioactive waste. Only after 30 years, the outer parts of
the concrete shield were considered nonradioactive waste.

Decontamination efforts are intended for two different purposes. One is
to reduce radiation levels for dismantling operations, the other being to
reach the level for unrestricted release of the materials.

In the Beznau study, a chemical decontamination procedure for the pri-
mary coolant system was investigated by Kraftwerk Union AG, Frankfurt, with
the' result of a decontamination factor of about 3.

Based on own experience, it is generally possible to reach declassification
by decontamination on relatively smooth surfaces wich a contamination level
up to about 7O-3^u Cicm~2. Normally this is the case with systems or compo-
nents which have been in contact with air, cold water or steam. Valves, heat
exchangers, pumps, concrete surfaces, paintings and systems which have been
in contact with radioactive fluids are not considered to yield high
decontamination factors permitting declassification of the material.

Following these critera, the masses of the waste have been calculated
and are shown in TAB. II.
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Tab. II Summary of the amount and the waste categories
out of the controlled area

type of
waste

concrete

Steel con-
struction

Components

Total

amount
total
(M9)

62200

1870

3090

67160

unrestricted use
CR2 CR30
(Mg) (Mg)

59190

1870

1280

62340

60600

1870

1634

64104

radioactive
CR2
(Mg)

3010

1810

4820

waste
CR30
(Mg)

1600

1456

3056

4. DISMANTLING PROCEDURE

4.1 Planning And Engineering

Before starting dismantling work, a detailed engineering effort for all
critical phases must be performed. Some important points are:
Radiation monitoring program, sampling program, contamination measuring pro-
gram, evaluation of various dismantling methods, selection of special tools
and equipment, decision on decontamination methods, planning of the internal
transport system, estimation of the required manpower, detailed working pro-
cedure, organization of the radiation protection program, shielding concept,
waste handling program, documentation, licensing procedure for dismantling,
conditioning, transportation and transfer to the repository.

The most important goal of the planning work is finding optimal solutions
with regard to safety, accumulated doses, waste volume, costs and time.

4.2 Dismantling Of The Primary Coolant System

This is one of the most critical portion of the whole dismantling proce-
dure. The big and heavy components together with high radiation fields do
require very careful work. For the Beznau study, Kraftwerk Union AG, Frank-
furt, was in charge of this particular part of the study. Higlights of the
dismantling procedures are:
- Underwater dismantling for reactor internals, pressure vessel* pressu-

rizer
- Combined method (component under water, cutting part dry, just above water-

surface) for steamgenerator, pressure vessel head and pressure vessel bot-
tom

- Dry cutting for the loops

Segmenting processes are: plasma arc cutting, oxygen burning, powder flame
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cutting, arc saw, metal cutting, mecanical nibbler.

Total dismantling time for the primary coolant system is 20 months,
working on 2 shifts.

4.3 Dismantling Of The Concrete Shield

The biological shield consists of reinforced concrete and because of
its activation there is even after removal of the pressure vessel the bio-
logical shield yields a radiation field of around 120 R t H (2 years
after shutdown).

Several reasons, such as working space, radiation, contamination, maximum
dimensions of waste pieces did lead to the decision of using the slit boring
method for the vertical and the slit grinding method for the horizontal cuts.
Depending on the radiation level the cuts are performed either underwater or
dry. FIG. 4 shows the cutting machine and the three different working phases.
This solution was proposed by AG Conrad Zschokke, Zurich, a civil contractor
in charge of this portion of the study. Because of the mass and the relative
slow progress of the chosen method, dismantling of the concrete shield would
take three years by vorking around the clock at CR2. It is obvious, that this
conservatively estimated long duration can be shortened, especially by using
more efficient methods for phase 3.

4.4 Haste Conditioning And Preparation For Offsite Transportation

Shielding, conditioning, internal transport and cleaning are important
factors and continous duties during the dismantling period.

Transportation regulations and the acceptance criteria for repositories
are determining the type (lead, concrete) and thickness of shielding.

The size and weight of die container was also given with the tentative
criteria by NAGRA (FIG. 5).

5. DISMANTLING TIME

The dismantling of the primary coolant system, the concrete shield and the
complete demolition of the buildings and structures are the most important
phases in the relatively long dismantling time. For the alternativ CR2, 9
years have been determined between starting of actual work in the plant and
handing over of the site for other uses.

No detailed schedule is given for the CR30 alternative. A considerable
time reduction is estimated especially for the concrete shield dismantling
phase. Comparisons with other studies lead to an estimated time reduction of
at least 10 % compared with CR2.
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FIG.5 BEZNAU NUCLEAR POWER PLANT

CONTAINER FOR DECOMMISSIONING WASTE

Type B-Version

6. TRANSPORTATION AND FINAL STORAGE OF RADIOACTIVE WASTE

For packing and conditioning of the primary radioactive waste, the pro-
posed large 19 m3-container was used. I t allows maximum size of waste pieces,
which in turn means minimum accumulated doses fo r the working s ta f f . The se-
condary waste was packed in 55 gallon drums with the ex is t ing plant waste
treatment equipment. For s imp l i f i ca t ion of the transport and storage opera-
t i o n , the drums were also put in the 19 m3-container.

In to ta l for CR2, 450 casks with primary waste and 90 casks f i l l e d with
secondary waste were estimated, fo r CR30 there would s t i l l resul t 390 casks.

In order to comply with transport regulat ions, the reactor internals and
parts of the pressure- vessel would need addit ional lead shielding wi th in the
concrete containers (about 100 for CR2 and 45 fo r CR30). They are included in
the to ta l number stated above.

The whole radiactive waste for the BeznaU I uni t including containers
would require a f i na l storage volume of about 11'000 m3 for CR2 and about
8'000 m3 fo r CR30. That meens a cube with a side length of 23' and 20 m resp.

Interpret ing the tentat ive separation c r i t e r i a of the National Coopera-
t i ve for the Storage of Radioactive Waste 80 % o f the containers would be
allowed fo r near surface storage ; while the rest would require deep geolo-
gic formations.
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7. ACCUMULATED DECOMMISSIONING DOSES

An estimate of the accumulated doses of personnel involved i s d i f f i c u l t
due co lack of experience and the rather complexe connections with other
factors. I t is assumed, that the scope of shielding e f f o r t s , remote con-
t r o l s , roboters and other frontt ime sav ing- fac i l i t i es would be i n l ine wi th
the ALARA pr inc ip le .

Quite obvious,the dismantling operations of the primary system are con-
t r ibu t ing most heavily to the to ta l dose.

TAB I I I summarizes the contributions of a l l dismantling phases to the
to ta l accumulated dosis.

TAB I I I Total Accumulated Doses At CR2

Dismantling Total doses
Decontamination (man rem)
Conditioning

Primary system 785
A ux i 1 I a ry sys terns 135
Other ins ta l la t ions 102
Concrete shield 72
Decontamination 50
Structures, buildings 6

Total 1150

Off s i t e transportation 10

An estimation of the accumulated dose for CR30 is necessarily more
inaccurate than for CR2. The study did indicate a f igure fo r Beznau I of
around 400 man rem which is in l ine with f igures given in studies done by
others.

8. DECOMMISSIONING COSTS

The decommissioning cost estimate has been worked out on the basis of
actual costing e f for ts done by NQK, NIS and specialized subcontractors per
1980. The main cost items are given in TAB IV. The f igures are mainly de-
pendent on escalation of wages.
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TAB IV Summary Of Estimated Decommissioning Costs (Cost Base: 1980)

Item CR2 CR30
6 106$*

Engineering and Preparation
Site and System Operation
Dismantling work
Waste management, transport and final

storage
Mothball ing

9.7
6.2

39.6
19.5

0

9
6.2

33.3
12.5
12.0

Total (controlled area) 75.0 73.0

* 1 $ equal 2 SFR

For dismantling the conventional part of the plant (turbine and electri-
cal systems and buildings, etc.)t additional costs of around 2,5.10** S must
be added.

9. DISCUSSION OF THE RESULTS

9.1 Discussion Of The Overall Cost

It is quite obvious that a cost estimate derived from a feasibility study
of this kind is rather conservative since it does not reflect the beneficial
effects on cost and schedule resulting from integration and optimization of
the various dismantling steps.

With regard to the future*further cost reductions can be expected from
technological progress in dismantling techniques. Therefore the cost estimate
for CR2 is representing a cost ceiling. The figures given for CR30 are affec-
ted with a higher degree of uncertainty since the main cost item is pushed
far in the future and is influenced by the absence of knowledgable personnel,
the requirement of additional auxiliary systems to be installed and by possi-
ble changes of rules by tne authorities with regard to "mothballing".

Moreover the CR30 alternative is exposing the plant owner to additional
risks such as extension of nuclear liability, political risks, technical risks
due to plant degradation like leakage of the ground water barrier.

This means that the comparison between CR2 ana "R30 cannot be made or?
technical or cost reasons alone. The plant owner wi"1 have to consider all
elements involved and last not least the question of having the site available
for other purposes.
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9.2 Discussion Of Total Accumulated Dose

As for total cost, the same reasons lead to the conclusion that the
given total dose is a ceiling figure. In comparison with annual doses for
operation of the Beznau plant, the CR2 total dose corresponds to about
5 years of normal operation.

The major portion.or 70 % of total dose are stemming from the rather
complex disassembling operation of the primary system. It became clear that
an overall reduction of the dismantling dose does require thorough enginee-
ring and optimization efforts. For instance in the field of shielding where
the positive effects of further shielding measures must be weighed against
tha "shielding installation dose". The same is true for decontamination
efforts where the positive ' rfects must be compared with the additional
"cleaning dose" and the "secondary waste dose".

The estimated total dose for the CR30 alternative is based on the assump-
tion that the same shielding measures and dismantling tools are used as for
CR2.

9.3 Discussion Of The Dismantling Time

The dismantling times for the main phases have been determined by quali-
fied contractors. But a scheduling effort to integrate all dismantling steps
has not been made and is indicated only in the bidding phase of an actual
dismantling job. The estimated overall dismantling time of 9 years for CR2
is therefore overconservative.

9.4 The Economic Effects Of Successive Dismantling Of Two Indentical Units

As already mentioned, the scope of the study was basically the decommis-
sioning of the Beznau unit I. As in the construction phase,there are strong
economic reasons to dismantle both units of a twin station successively with
an optimum timelag.

A number of positiv effects are obvious, like commom engineering and
licensing,organizational integration, reuse of special tools and equipment,
learning effect, better use of manpower, etc.

The total cost for dismantling of both units Beznau I and II for the CR2
alternative are estimated to be in the range of 130.106 $. That means, approx.
65.106 $ for each unit or a saving of around 16 %.

For the same reasons the overall dismantling time for both units could be
reduced to 10 to 12 years.
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10. THE AUTHORITIES' EVALUATION OF THE DECOMMISSIONING STUDY

In its position paper assessing the submitted decommissioning study,
issued in spring 1982, the competent Swiss Authorities reached the conclu-
sion that the study answers all pertinent questions. It confirms, that pre-
sently available technology would permit dismantling of a nuclear station,
that the regulations regarding radiation protection can be respected and
that, existing uncertainties do not jeopardize this overall positive con-
clusion.

Furthermore the Authorities followed the line of thinking of the plant
operators, that there is no incentive today to favor one or the other dis-
mantling alternative. Such a decision should reasonably be taken at the time
of actual plant shutdown and considering all circumstances.
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DECOMMISSIONING OF INDEPENDENT
SPENT FUEL STORAGE INSTALLATIONS

•J. D. Ludwick and E. B. Moore
Pacific Northwest Laboratory
Richiand, Washington, USA

ABSTRACT

Safety and cost information is developed for the conceptual decommission-
ing of five different types of independent spent fuel storage installations
(ISFSIs), each of which is being given consideration for long-term storage of
spent nuclear fuel in the United States. These include one water basin-type
ISFSI (wet) and four dry ISFSIs (drywell, silo, vault, and cask). Three decom-
missioning alternatives are studied to obtain comparisons between costs (in
1981 dollars), occupational radiation doses, and potential radiation doses to
the public. The alternatives considered are: DECON (immediate decontamination),
SAFSTOR (safe storage followed by deferred decontamination, and ENTOMB (entomb-
ment).

The effects of storage size, colocation at a reactor site and elimination
of fuel encapsulation upon decontamination are examined to provide potential
owners with information applicable to most proposed ISFSIs.
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INTRODUCTION

The results of this study sponsored by the U.S. Nuclear Regulatory Com-
mission (NRC) to conceptually decommission representative licensed independent
spent fuel storage installations (ISFSIs) are summarized in this report. The
purpose of the study is to provide information on the available technology, the
safety considerations, and the probable costs of decommissioning licensed ISFSIs
at the end of their useful operating lifetimes, and is intended to provide
background information for use in the development of regulations pertaining to
decommissioning. It is also intended for use by ISFSI licensees in planning for
the decommissioning of their facilities. The focus of this study is on five
different types of fuel storage facilities and their sites, each of which are
under serious consideration for long-term storage of spent nuclear fuel in the
United States. These include four dry ISFSIs (drywell, silo, vault, and cask)
and one water basin ISFSI (wet). Three of the facilities (drywell, silo, and
vault are rationally divided into component parts and these parts ara treated
separately.

Three approaches to decommissioning are considered for this study: DECON,
SAFSTOR, and ENTOMB.

- DECON is the immediate removal of all radioactive material down to resid-
ual levels that are acceptable for release of the property for unrestrict-
ed use.

- SAFSTOR means to fix and maintain the property so that risk to public
safety is acceptable for a period of storage followed by decontamination
to levels that permit release of the facility for unrestricted use.

- ENTOMB is the entombment of radioactive ;naterials in a strong and struc-
turally long-lived material (e.g., concrete) to assure retention until
all radioactivity decays to levels that permit release of the property for
unrestricted use.

Not every decommissioning alternative is considered for each of the different
types of ISFSIs in this study.

Study Approach

This study utilizes, in so far as possible, examples from existing nuclear
spent fuel storage facilities and current technology. Focus is directed on
those types of facilities that are uniquely designed and built for long-term
storage of spent nuclear fuel. The examples chosen for study are described in
the next Section and encompass the components and operational methods typical
of all the various postulated designs. Certain major components common to
several types of ISFSIs are treated as separate reference entities. In this
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way, the study provides estimates of the requirements and costs to decommission
the reference facilities and provides data that will provide a basis to make
estimates for those other facilities that can be divided into rationally similar
components. The sensitivity of the study results to plant specifics, such as
size, is examined to provide guidance in the application of these results to
other planned ISFSIs. To facilitate such comparisons, a modular design concept
is used in the fuel storage area at each ISFSI. This provides an efficient
method for expansion of spent fuel storage capacity and a convenient method of
estimating the cost and radiation doses from the addition of subsequent modules.

The principal study bases are:

- The study is conducted within the framework of the existing regulations
and regulatory guidance.

- The study evaluates existing and conceptually designed facilities.

- The study is based on a 40-year operating lifetime.

- The estimated radiation dose rates throughout the reference ISFSIs are
based on measured data from the reference wet ISFSI.

- Current and proven decommissioning technology and techniques are used.

- A nuclear waste disposal facility is in operation.

- All materials whose radioactivity exceeds unrestricted release levels are
removed from the site before the site is released for unrestricted use,
and the study conforms to ALARA exposure philosophies.

- The costs are in 1981 dollars.

- Fuel is encapsulated at the reference drywell, silo, and vault ISFSI. The
assumptions for estimating the spread of contamination in each fuel stor-
age location with the added barrier of encapsulated fuel are as follows:

1) In 100% of the fuel storage positions, contamination would either pene-
trate the fuel cladding or be physically transferred from the cladding
surface to the interior of the canister that is u^ed for encapsulation.

2) The driving force of heat would spread this contamination through pinholes
and welding cracks in thra canister onto the inner walls of the storage
location. The number of such locations becoming contaminated is postu-
lated to be an order of magnitude lower than the number of fuel storage
positions in which canister contamination existed (10%).
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3) Variances from the 10% estimate in the previous assumption are justifiable
because of different temperature expectations at the fuel locations at
the drywell, silo, and vault ISFSIs. The drywell storage temperatures
would be hottest and the vault coolest. Therefore, estimates of 15%, 10%,
and 5%, respectively, are used for the number of contaminated storage
locations at the reference drywell, silo, and vault ISFSIs.

Reference Facilities and Site

The reference ISFSIs and their common generic site are described in the
following sections.

Reference Wet ISFSI. The spent nuclear fuel storage installations at the
General Electric Company's Morris, Illinois, plant is used as the basis for
the reference wet ISFSI of this study. Selected plant systems end/or compo-
nents are different, reflecting more current technology. The reference facility
has a maximum capacity of 2000 metric tons (MT) of light water reactor (LWR)
fuel to reflect the minimum anticipated future needs at the wet ISFSI. Approx-
imately 40% of the available storage positions are allocated to PWR fuel, with
the remaining positions allocated to BWR fuel. The facility is a below-ground,
open-pool, four-secticn water basin for receiving and storing spent nuclear fuel.

Reference Drywell ISFSI. The drywell (caisson) storage concept for spent
fuel uses the physical properties of soil to provide both thermal conductivity
and radiation shielding while the spent fuel is stored in underground drywells.
Spent fuel is sealed in canisters that are placed in the drywells. The triple
barriers of the fuel cladding, the canisters, and the dryt'ell provide assurance
of radionuclide containment.

The reference drywell ISFSI consists of three major components: a hot
cell facility for receiving, inspecting, and packaging spent fuel; an onsite
transporter; and the fuel storage area, which holds an appropriate number of
underground drywells. An array 16 ha in area will accommodate 4900 drywells
holding 2000 MT or more of spent fuel. The drywells within the fuel storage
area are laid out on a grid that allows the necessary heat dissipation and
free movement of the onsite transporter. If enough land area is originally
set aside, as nany fuel storage arrays (modules) as desired may be added.

Reference Silo ISFSI. The reference silo ISFSI consists of three major
components: a hot cell facility for receiving, inspecting and packaging spent
fuel; an onsite transporter; and a fuel storage area that holds an appropriate
number of silos. An array 12 ha in area will accommodate 1200 silos holding
2000 MT of spent fuel. If enough land area is originally set aside, as many
fuel storage arrays as desired may be added. The silos within the fuel storage
area are laid out on a grid that allows the necessary heat dissipation and free
movement of the onsite transporter.

The silo concpet for spent fuel storage depends upon a massive thickness
of concrete for radiation shielding and upon natural convection currents of
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air for heat dissipation. Vertical convection-current air channels in the
interior of the silo provide for heat dissipation. Individually packaged spent
fuel assemblies are placed in baskets containing either four PWR assemblies or
nine BWR assemblies are stored within cylindrical above-ground concrete silos.

Reference Vault ISFSI. The reference vault ISFSI features above-ground
fuel storage, canyon-type construction, encapsulated fuel, and natural convec-
tive air circulation. The reference vr;lt has a maximum capacity of 2000 MT
of LWR fuel.

Much of the detailed facility information is based on a modified version
of the irradiated fuel storage facility at the Idaho National Engineering
Laboratory (INEL). An important design criteria included in the reference
facility is a modular concept for the fuel storage area to allow for expansion,
as necessary, to satisfy future user needs. The facility size and design is
modified to accommodate the reference quantity (2000 MT) of LWR fuel used in
this study for all ISFSIs.

Reference Cask ISFSI. A cask ISFSI is a collection of specially shielded
and sealed containers (casks) located in a security area on the site selected
for the purpose of maintaining storage for 40 years.

The concept of interim storage of spent nuclear fuel in casks that are
also utilized as transportation containers has been adopted for general use in
the Federal Republic of Germany. A similar concept, funded by the Department
of Energy, is in the design and construction phase in the United States. The
German cask design is utilized as a fundamental component of the reference
cask ISFSI. The reference facility has a maximum capacity of approximately
2000 MT of LWR fuel. Expansion of the reference size to any desired size is
readily accomplished by appropriately enlarging the cask storage area and the
security area, thereby providing storage space for additional casks.

Reference Hot Cell. The reference hot cell is a facility component that
may be adapted to any of the reference storage facilities. The purpose of the
hot cell is to package spent fuel in leak-proof containers and provide a means
for transfer of these containers to the fuel storage location at the ISFSIs.
The hot cell facility includes an area to receive spent fuel, an area to receive
containers that are to be filled with spent fuel, an operating floor for
packaging the spent fuel, a room for equipment maintenance, up to three under-
ground transfer tunnels, a control room, and a waste handling facility. The
walls of the hot cell are constructed of reinforced concrete and are at least
1.2 m thick to provide radiation protection.

Reference Transporter. The reference transporter is a 150-MT-capacity,
self-propelled gantry crane. It must be capable of lifting a 100-MT concrete
silo out of the exit transfer tunnel, a vertical distance of 11 meters, and
transporting the silo to its place on a pad in the silo storage area.

The transfer cask itself must have an additional winch and motor to lift
the basket containing spent fuel from the transfer tunnel into the cask and
to lower the fuel basket into the drywell. Opening and closing the bottom of
the cask and removing arx! replacing the drywell step plug can be accomplished
by apparatus in the shield collar at the tunnel and at the drywell.
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Generic Site Description. The generic site chosen fcr the reference ISFSIs
is located in the eastern United States to be within reasonable transport dis-
tance of the reactors that it serves. (Over 80% of the operating commercial
reactors in the United States are located along or east of the Mississippi
River). The climate is continental with hot humid summers and cool or cold
winters. Rainfall averages 91 cm annually and snowfall can be heavy at times.
Violent storms including hurricanes and/or tornadoes are possible; therefore,
the facility is constructed accordingly. No river flows through the site, but
access to water is required. The generic site is not in a river flood plain
but rather in an elevated area with good surface drainage and a low water
table. The site is in an area of low seismic activity and is not near any
major faults.

The reference quantity of spent fuel (2000 MT) is least densely stored
in the reference drywell ISFSI, requiring about 13 ha. To accommodate all
installations, the 40-ha site (800 m by 500 m) contains a fenced cleared area
of 16 ha. The minimum distance from the fence to the site perimeter is 100 m.

DECOMMISSIONING OF ISFSIs

This section contains description of the preparatory activities and the
actual hands-on activities as well as the total costs and doses accrued during
decommissioning at each ISFSI.

Planning and Preparation Activities

The following activities are included in planning and preparations for all
ISFSIs and are accomplished during the year preceding decommissioning:

- satisfying regulatory requirements
- gathering and analyzing data
- developing detailed work plans and procedures

- designing, procuring, and testing special equipment
- selecting and training staff
- selecting specialty contractors

- essential systems and services

Decommissioning Activities

The activities and requirements for decommissioning the reference ISFSIs
include decontamination and disassembly and disposal. Other related activities
include quality assurance, environmental surveillance, and the use of specialty
contractors. Storage and sealing activities are also necessary for SAFSTOR
and ENTOMB.

Decontamination. A comprehensive radiation survey is conducted to iden-
tify areas in need of decontamination and to determine the magnitude of the
contamination levels to be dealt with. It is anticipated that external radi-
ation doses to workers will be low and that all decommissioning operations,
including decontamination tasks, will be efficient, hands-on activities. In
general, chemical decontamination and water-jet decontamination are used to
clean the major portions of the facilities. For specific situations, electro-
polishing, spall ing and physical cleaning are also used.
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Disassembly and Disposal. Disassembly of the reference ISFSIs is started
after the spent fuel is removed. When possible, items that contribute signifi-
cantly to the general level of exposure in the work area are either removed
first or are temporarily shielded while the work goes on. Systems are unbolted
at flanges, when possible, and cut into manageable sections, using an appro-
priate cutting device (plasma-arc torch, oxyacetylene torch, or power hacksaw).
Piping is cut into lengths compatible with standard shipping boxes. Similarly,
tanks and the pool liners are cut into segments of appropriate size. In this
study, most of the stainless-steel liner materials are assumed to be decontam-
inable to unrestricted-use levels, thereby allowing salvage or disposal in a
public landfill. Contaminated concrete is removed using a concrete spailer,
which is assumed to remove a surface layer about 5 cm thick. The rubble is
packaged in standard shipping boxes for disposal. Shipping of packaged contam-
inated materials from the facility to a waste burial site is accomplished using
a trucking company that specializes in transporting radioactive materials.

Costs and P iiation Doses During Decoinmissioning

A summary of costs for the decommissioning alternatives considered at each
of the ISFSIs is presented in Table I. These cost totals are calculated as the
sum of a number of individual costs including:

- Managerial and support staff costs for the entire project, including the
planning and preparation phase, the actual decommissioning phase, and
when appropriate, the deferred decommissioning phase.

- Total dedicated staff and associated costs during actual decommissioning
for the alternative chosen. These include: a) disposal of radioactive
materials, b) supplies, c) insurance, d) dedicated staff labor, e) licenses,
f) energy and, g) equipment.

- Decommissioning costs for all of the individual components that are neces-
sary to make up a complete ISFSI.

TABLE I. Total Costs of Various Decommissioning Alternatives

Type of
ISFSI

Wet

Drywe11

Silo

Vault

Cask

at the

DECON

3.99

9.15

2.83

2.66

1.71

Reference ISFSIs

10 yr

5.88

10.43

4.06

a. 32

Costs ($ millions)
SAFSTOR

Time A f t e r
30 y r

6.54

12.18

5.81
5.62

(a,b)

Plant Shutdown
50_yjr

7.43

13.94

7.57
6.02

100 yr

10.69

18.33

12.96
10.63

ENTOMB

__(c)

—

—

2.09
mm tm>

(1T}1981 dollars.
(b) Individually rounded to the nearest $10,000.
(c) Indicates alternative not considered in this study.
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The task duration for each of the decommissioning alternatives is summa-
rized in Table II. For the DECON and ENTOMB alternatives, thp time indicated
includes one year planning and the time necessary to complete decommissioning
activities. For SAFSTOR, the time shown includes one year of planning as well
as the time necessary to prepare the facility for safe storage and the time
required to accomplish the deferred decommissioning tasks, but does not include
the safe storage period. Support staff costs accrue for each decommissioning
project during the time intervals shown in Table II.

TABLE IX- Estimates Duration of Support Staff Meeds
for Decommissioning Alternatives at the
Reference ISFSIs

type of
ISFSI DECONva' SAFSTORva'uy ENTOMBDECON^

2.08

2.92

1.79

1.83

1.50

Time (years)

SAFSTOR(a'b)

2.75

3.17

1.96

2.33
• —

Wet
Drywel1
Silo
Vault 1.83 2.33 1.67
Cask

(IT'lncludes one year of planning.
(b) Includes preparations for safe storage and deferred decontamination,

but not the safe storage period.
(c) "Indicates alternatives not considered in this study.

A summary of the radiation doses that are accumulated by workers during
decommissioning is presented in Table III. Estimates of occupational radiation
doses are based on the postulated radiation dose rates in various areas of the
reference facilities and on analysis of the task to determine the dedicated
staff labor required to complete the decommissioning work.

DISCUSSION OF STUDY RESULTS

Because of the diversity in design of the ISFSIs selected for study in
this report, the level of effort and the resulting costs and radiation doses
accrued during their decommissionings will vary considerably. Two decommis-
sioning tasks and a related item impact heavily upon costs and doses. These
are:

- The major decommissioning task at each ISFSI is that of decommissioning
the portion of each facility dedicated to actual fuel storage. In this
respect, ISFSIs can be divided into two types: 1) those with fuel
storage in one central building, where decommissioning tasks are per-
formed as rapidly as possible (i.e., wet, vault, and cask ISFSIs),and
2) those where decommissioning each fuel storage position is a separate
field task and, in comparison, is more time consumina (i.e., drywell and
silo ISFSIs).
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TABLE III. Estimated Occupational Radiation Doses Accrued
During Various Decommissioning Alternatives at
the Reference ISFSIs

Type of
ISFSI

Wet

Orywel1

Silo

Vault

Cask

DECON
(man-rem)

53.4

120.0

116.0
155.2

12.5

Time
10 yr

35.1

62.3

60.4

86.5

SAFSTOR
After P

30 yr

28.0

33.3

32.5

50.5

(man-rem)
lant Shutdown

27.6

2H.7

24.3

41.9

100 yr

27.6

16.6
16.4
34.2

ENTOMB
(man-rem)

_Ja)
—
—

45.5

(a) Indicates alternative not considered in this study.

- Another major decommissioning task, common only to the reference drywell,
silo, and vault ISFSI, is that of decommissioning a hot cell component.
Those ISFSIs that are impacted by time-consuming tasks and/or an added
component (i.e., hot cell) will have higher decommissioning costs than
one might judge from their basic design.

- The number of fuel storage locations at each ISFSI that are postulated to
require decontamination (i.e., 1120 at the wet ISFSI, 705 at the drywell
ISFSI, 112 at the silo ISFSI, 56 at the vault ISFSI and 464 at the cask
ISFSI).

The cost for DECON at each ISFSI is representative of the relative mag-
nitude of the decommissioning task. Clearly, the $9 million decommissioning
cost estimate at the drywell ISFSI (see Table I) is the most expensive and
reflects the impacts of the major tasks described in the preceding paragraphs,
as well as the fact that there are more field storage locations than at any other
ISFSI (4705) needed to store the reference quantity of fuel (2000 MT). DECON
at t!-2 reference cask ISFSI is the least expensive decommissioning alternative
considered in this report. Decommissioning tasks here are not impacted adversely
by the tasks or item discussed. After decontamination of 464 cask interiors,
only a few low-cost activities remain to be done. Decommissioning at the refer-
ence wet ISFSI is somewhat different from that at any other ISFSI. Here, con-
tamination is distributed throughout the storage area during operations and
all 1120 storage locations require decontamination after facility shutdown.
This results in somewhat higher decommissioning costs than those estimated for
most of the dry ISFSIs.

A comparison of costs and doses, presented in Tables I and III, shows
the decommissioning advantage found at the cask ISFSI, since both the lowest
costs and the lowest radiation dose accrue at this facility. Differences in
dose between the drywell, silo, and vault are not considered particularly
significant. These differences would probably not influence potential owners
on their selection of type of ISFSI that they would build.
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Data in these tables indicate that for the vault ISFSI, ENTOMB is the
least expensive of the three decommissioning alternatives. The vault is
the only one of the ISFSI concepts examined that is particularly suited to
entombment. In general, DECON is less expensive than SAFSTOR but results
in a larger radiation dose than SAFSTOR.

The estimated cost of decommissioning the reference ISFSIs in this study
are rather small in comparison with similar estimates made in studies of the
commercial power reactors they serve. To put the cost of decommissioning in
perspective, it is useful to compare all of the estimated costs concerning
ISFSI ownership. These costs, including capital, operating, life-cycle, and
decommissioning, are presented in Table IV. It is apparent that decommissioning
costs are relatively small in comparison with other expected ownership costs
at ISFSIs.

Facilitation of Decommissioning

A number of techniques for facilitating decommissioning are Dresented and
examined for their impact on cost and occupational radiation dose during decom-
missioning as well as their effect on construction and plant operation. These
techniques are divided into three parts:

- those general techniques that are applicable to all ISFSIs (volume
reduction, surface treatment for efficient decontamination, improved
documentation).

- specific techniques that are useful to facilitate decommissioning at
each ISFSI (fuel basket design, optimization of fuel storage capacity,
improved accessways).

- built-in facilitation techniques from design concepts incorporated into
each reference ISFSI. (Material selection, design parameters for ship-
ment, fuel encapsulation).

It is concluded that significant decommissioning cost savings would
accrue due to facilitation. However, the potential for similar reductions
in radiation dose is small.

Impacts of Alternate Study Assumptions

The sensitivity of decommissioning cost and radiation dose to several
factors were developed. They include:

- spent fuel storage capacity

- colocation of the ISFSI at a reactor site

- elimination of fuel encapsulation at the ISFSIs.

Spent Fuel Storage Capacity Increases

Each ISFSI was designed to facilitate the modular addition of fuel storage
capacity. The effectiveness of this methodology is demonstrated by the
results of the cost and dose analysis conducted at all ISFSIs for the DECON
alternative. Decommissioning costs at the reference wet ISFSI, which total
near $4 million are estimated to increase only 49% to $5.9 million if the fuel
storage capacity is doubled by constructing an add-on module. A similar
analysis at all ISFSIs, summarized in Table V, indicates that doubling storage
capacity will increase decommissioning costs from ?6 to 64%.
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TABLE IV. Summary of Estimated Costs for a 3000-MT-Capacity ISFSI

Cost Category

C a p i t a l ^

Operating* '

L i f e -Cyc le^

Decommissioning (DECON)(c)

Wet

827.0
1625.0

2452.0
5.0

(Cost

Dry we 11

628.0
1222,0

1850.0
12.2

$ millions)^
Storage Type

Silo

608.0
1225.0
1833.0

3.4

Vault

665.0

1239.0
1904.0

3.0

Cask

669.0

803.0

1472.C
1.9

V (a) 1981 dollars.
1̂ (b) Based upon the 38-year operating costs calculated in the Pacific Basin Joint Feasibility
10 Study, Boeing Construction Engineers, Tukwila, Washington.

(c) Calculated from the costs in Table I for a 2000-MT plant and scaled up based on cost
estimates derived for increasing storage capacity



The bases of the arguments presented for colocation at the wet ISFSI
appear to be equally applicable to every ISFSI considered in this report- For
example, the same joint snaring of facilities and some proportionate support
staff savings can be rationalized at each ISFSI located at a reactor site-
Therefore, it is justifiable to conclude that similar relative savings will
be possible at all ISFSIs considered in this report.

Colocation can contribute to other savings in cost and dose, depending
upon the decommissioning alternative- selected. For example, the continuing
security and environmental surveillance programs necess.y during portions of
SAFSTOR and ENTOMB could be accomplished with little or no cost impact on
the operating reactor, where these programs are already a necessary require-
ment for operation. During the safe storage period at the reference wet ISFSI,
cost savings of over $14,000 per year are possible from these shared efforts.
This represents 20% of the continuing care costs.

Elimination of Fuel Encapsulation at ISFSIs

Fuel encapsulation is postulated, as a precautionary measure to minimize
the spread of radioactive contamination from fuel assemblies in their storage
positions during the lifetime of the facility. The reference designs of three
ISFSIs utilize fuel encapsulation: the drywell, the silo, and the vault. Each
of these facilities incorporates a hot cell as a necessary component part of
the complete ISFSI. Fuel handling and encapsulation take place within the hot
cell.

Elimination of fuel encapsulation at the ISFSIs introduces two different
scenarios for consideration in assessing impacts on decommissioning cost and
dose:

Scenario 1. Fuel Encapsulation Takes Place Elsewhere. Except for the
receiving area, the cask handling equipment, and the transfer pit, the hot
cell can be eliminated along with the costs and doses estimated to result
from tasks associated with decommissioning of the hot cell component. The
impact of eliminating the hot cell on the original decommissioning cost and
dose is shown in Table VI.

Scenario ?.. Fuel Assemblies Are Stored Directly Into the Storage Chambers
of the Drywell, Silo, and Vault ISFSIs. The storage of unencapsulated fuel
results in the need for a .̂ luch larger decommissioning effort due to the wide-
spread dispersion of radioactive contamination anticipated at each fuel storage
position.

Eased upon the first assumption concerning fuel encapsulation, presented
in the Study Approach, it is apparent that without encapsulation, all fuel
storage locations will require decontamination. Relatively large decommis-
sioning costs and doses are associated with activities in the fuel storage
areas at each ISFSI. From an analysis of the added decommissioning tasks,
the cost and radiation dose at the reference drywell, silo, and vault ISFSIs.
are presented in Table VII.

The major costs incurred in decommissioning the drywell and silo ISFSIs
are from decontamination activities associated with each field storage position.
For Scenario 2, the necessity of decontaminating the remaining drywells (85';

of the original total of 4705) and silos (90S of the original"total of 1120)
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Cost

49

65
32

17

26

Dose

82

7
4

20

59

Since most of the radiation dose accumulated by decommissioning workers
occurs when conducting tasks associated with the fuel storage area in each
location, little dose savings result when both the original and an add-on
module require decommissioning. The addition of a second fuel storage module
to double the storage capacity of the reference wet ISFSI will result in 82%
more radiation dose than the original plant during decommissioning (53.4 man-
rem versus 97.1 man-rem). Similar results were obtained at the cask ISFSI. At
the drywell, silo, and vault ISFSI, a considerable savings in dose is realized
since a second hot cell is not needed when storage capacity is doubled. A
summary of radiation dose increases from doubling the storage capacity at each
ISFSI is also shown in Table V.

TABLE V. Sensitivity of DECON Costs and Radiation
Dose to Doubling the Storage Capacity
at the Reference ISFSIs

Type of Percent Increase
ISFSI

Wet

Drywe!1

Silo

Vault

Cask

Colocation of the ISFSI at a Reactor Site

Many cost and radiation dose benefits can be derived during ISfSI decom-
missioning by the presence of an operating reactor facility on the site.

These include benefits from task elimination because of:

- a common plant stack

- a common waste handling facility

- common "\aur\dry and laboratory facilities

- common cask receiving area and cask handling equipment

- a common site.

Other cost benefits are derived from the better availability of decommissioning
equipment at the larger facility and the presence of support staff that can
share their reactor-oriented activities with some of those support staff
activities needed during spent fuel storage facility decommissioning.

The total estimated cost savings realized by colocation of the wet ISFSI
is $512,000, which represents about 13% of the original decommissioning project
cost. Based upon similar assumptions, the total estimated radiation dose
savings by colocation is 3.85 man-rem, or about 7% of the total dedicated
worker dose.
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results in increasing the drywell and silo DECON cost approximately seven and
ten fold, respectively. In both cases, the cost savings due to elimination
of the hot cell are small in comparison with the very large decommissioning
cost increase. Some net reduction in radiation dose is possible at the drywell
and silo ISFSIs by elimination of the large dose contribution from hot cell
decommissioning- Although the relative dose reductions are significant, as
seen in Table VII, the magnitude of the radiation dose accrued during ISFSI
decommissioning is small and the trade-off in cost is not considered beneficial,

At the vault ISFSI, costs saved by elimination of the net cell are
reasonably balanced by the added cost of decontaminating widespread contami-
nation at this facility. However, significant amounts of radiation dose
accrue as the direct result of these trade-offs.
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TABLE VII. Summary of Estimated Cost and Dose Changes for DECON for
Scenario 2 at the Reference ISFSIs

Added Decommissioning
Task Burden Hot Cell Elimination Net Change

f Cost(a) 29.73 (0.43) 29.30
Drywell | _ (b)

Dose* ; 44.6 (111.8) (67.2)

Cost(a) 5.37 (0.43) 4.94

Dose(b) 35.1 (111.8) (76.7)
oo

( Cost;a; 0.63 (0.43) 0.20
Vault < /hX

I DoseVD; 122.0 (111.8) 10.2

Silo <

Cost in $ millions.
* ' Dose in man-rem.



TABLE VI. Comparisons of Decommissioning Cost and Dose with those
Estimated Utilizing Scenario 1

Study Bases

Drywel1

Si lo

Vault

Cost

Dose

Cost

Dose

Cost

Dose

( C )

UECON

9.2

120.0

2.8

116.0

2.7

155.2

SAFSTOITb) ENTOMB

13.9

24.7

7.6

24.3

6.0

41.9

<d)

2.1

45.5

DECON

8.7

8.2

2.4

4.2

2.2

43.4

Scenario
SAFSTOR

11.2

0.9

4.9

0.5

5.5

18.1

(b) ENTOMB

—

—

—

—

2.0

32.7

' '

* '

Decommissioning costs without the hot cel l

Decommissioning costs include 50 years of safe storage

Cost in $ mil l ions

Decommissioning alternative not considered in this report



EVALUATION OF NUCLEAR FACILITY DECOMMISSIONING PROJtCTS PROGRAM

R. L. Miller, P.E.
UNC Nuclear Industries
Richland, Washington, USA

ABSTRACT

Major studies have been undertaken in recent years by the U. S. Nuclear
Regulatory Commission (NRC) and others on the technology, safety, and costs
associated with decommissioning nuclt»ar facilities. The program described in
this presentation is being undertaker by the NRC to compile and evaluate the
activities of ongoing decommissioning projects. Assessment and evaluation of
the methods, impacts, and costs will provide bases for evaluating licensee's
decommissioning proposals and for future decommissioning direction and
regulation.

Program participants include the I). S. Nuc ar Regulatory Commission
(NRC) through the Office of Regulatory Research, UNC Nuclear Industries (UNC)
through the Office of Surplus Facilities Management, and nuclear facility
licensees.

The Evaluation of Nuclear Facility Decommissioning Projects (ENFDP)
Program has been separated into the following tasks:

Program Management
Identification of facilities
Collection of data
Analysis and reporting of field data
Summary comparisons and evaluations

A computerized data collection system, has been developed for data
accumulation. This computer program incorporates information related to the
following:

• Facility classification, including design, configuration, construc-
tor, operator, and operating history

• Predecommissioning engineering
• Predecornmissioning radionuclide inventory and dose assessment
• ALARA efforts
• Waste disposition, for both contaminated and noncontaminated

materials, including packaging, transportation, and disposal site
• Decommissioning technology with data to be accumulated on:

- Costs
- Radiation exposure
- Standard and special techniques
- Special tooling
- Evaluation of decontamination efforts
- Termination survey data

• Lessons learned

VII-185



A summary report will be issued to provide the complete decommissioning
project history and activities statistics. The format will be standardized
for all facilities to permit later comparisons and evaluations.

INTRODUCTION AND OBJECTIVES

Major studies have been undertaken in recent years by the U. S. Nuclear
Regulatory Commission (NRC) and others on the technology, safety, and costs
associated with decommissioning nuclear facilities. The program described in
this presentation is being undertaken by the NRC to compile and evaluate the
activities of ongoing decommissioning projects. Assessment and evaluation of
the methods, impacts, and costs will provide bases for evaluating licensee's
decommissioning proposals and for future decommissioning direction and
regulation.

UNC Nuclear Industries' (UNC) major objective for the program is to
provide the NRC licensing staff with comparative data from decommissioning
projects that will allow a technical assessment of decommissioning alterna-
tives for regulatory and ALARA implementation and of future licensee
decommissioning proposals.

PROGRAM FUNCTIONS

The prime tasks to achieve the objective include the following:
Identify candidate projects for evaluation
Establish working agreements with licensees
Develop a site specific reporting format
Prepare progress reports of activities
Prepare summary reports of activities
Compare data with decommissioning NUREGs
Evaluate the facility's decommissioning techniques
Compare similar projects

The efforts of each licensee in meeting ALARA objectives will be
observed and evaluated both during preplanning and actual decommissioning,
as practicable.

PROGRAM ADMINISTRATION

Program participants include the U. S. Nuclear Regulatory Commission
(NRC) through the Office of Regulatory Research, UNC Nuclear Industries (UNC)
through the Office of Surplus Facilities Management, and nuclear facility
licensees. The overall program organization is shown in Figure 1.
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The NRC Office of Nuclear Regulatory Research (RES), see Figure 2, is
responsible for providing overall direction, guidance, and support to the
program including:

• Serving as the principal liaison between RES and other program
participants
Establishing the initial contact between UNC and licensees
Supporting and justifying program funding requests
Approving the Program Plan
Providing reviews and conments on program documents
Providing reviews and comments on program schedules and cost
estimates

• Scheduling quarterly program reviews as required

The UNC Office of Surplus Facilities Management (OSFM) is responsible
for the technical direction of the program to assure that the end product
meets the technical requirements of information for the NRC staff. Figure 3
shows the UNC organization relevant to the program. Specifically, OSFM is
responsible for the following functions:

Providing staffing for the program
Preparing the Program Plan document
Developing an information system data base
Preparing "Statement of Work" for licensees to support this program
Executing and administering subcontracts with licensees
Preparing monthly reports
Providing quarterly reviews
Requesting funds from NRC, as required
Controlling expenditures within authorized funds
Maintaining all pertinent collected data
Evaluating each project and preparing a summary report of results
Conducting summary comparisons and studies of evaluated projects

The success of the program is dependent on the participation of the
licensees for facilities undergoing decommissioning. As candidate facilities
are identified, they will be solicited for participcation in the program. If
they agree to participate they will have the responsibility to:

• Interface with NRC and OSFM particpants as required
• Maintain and submit decommissioning data

PROGRAM EXECUTION

The Evaluation of Nuclear Facility Decommissioning Projects (ENFDP)
Program has been separated into the following tasks:

Program Management
Identification of facilities
Collection of data
Analysis end reporting of field data
Summary comparisons and avaluations

The program management task includes preparing a Program Plan and all
routine management and program control.
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The selection of facilities to provide meaningful data for the ENFDP
Program is based upon the following criteria:

• Mode of decommissioning, i.e. SAFSTOR, DECON, or ENTOMB
• Availability of decommissioning data
0 Willingness of facility owner or managing agency to cooperate in

program
• Applicability and comparability of data for future decommissioning

project use

The collection of data during the field evaluations of decommissioning
projects will provide a complete as practicable chronology of the facility's
decommissioning. Data accumulation will start at the earliest feasible time
and will include engineering, ALARA review and other efforts preliminary to
the actual decommissioning.

Three principal end results will govern the type and extent of data
collection during actual decommissioning. These are: 1) how actual decom-
missioning costs, methods, and radiation exposure usage compare to those
assumed in the Battelle-PNL and ORNL NUREGs on decommissioning, 2) how
responsive the decommissioning activities are Lo ALARA objectives, and (3)
the lessons learned.

A computerized data collection system, has ber;n developed for data
accumulation. This computer program incorporates information related to the
following:

• Facility classification, including design, configuration, construc-
tor, operator, and operating history

• Predecommissioning engineering
• Predecommissioning radionuclide inventory and dose assessment
• ALARA efforts
• Waste disposition, for both contaminated and noncontaminated

materials, including packaging, transportation, and disposal site
• Decommissioning technology with data to be accumulated on:

- Costs
- Radiation exposure
- Standard and special techniques
- Special tooling
- Evaluation of decontamination efforts
- Termination survey data

« Lessons learned

A summary report will be issued to provide the complete decommissioning
project history and activities statistics. The format will be standardized
for all facilities to permit later comparisons and evaluations.

As part of the evaluation of completed decommissioning projects, the
technology and costs of the efforts will be compared to the methods and
results obtained at like facilities. For major decommissioning projects it
is anticipated that it will be several years before such comparisons can be
made.
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DECOMMISSIONING OF MULTIPLE^REACTOR STATIONS: FACILITATION BY
SEQUENTIAL DECOMMISSIONING

E. B. Moore, R. I. Smith, and N. G. Wittenbrock
Pacific Northwest Laboratory
Richland, Washington, U.S.A.

ABSTRACT

Reductions in cost and radiation dose can be achieved for decommissionings
at multiple reactor stations because of factors not necessarily present at a
single reactor station: reactors of similar design, the opportunity for sequen-
tial decommissioning, a site dedicated to nuclear power generation, and the
option of either interim or permanent low-level radioactive waste storage
facilities onsite. The cost and radiation dose reductions occur because
comprehensive decommissioning planning need only be done once, because the
labor force is stable and need only be trained once, because there is less
handling of radioactive wastes, and because central stores, equipjnent, and
facilities may be used. The cost and radiation dose reductions are sensitive
to the number and types of reactors on the site, and to the alternatives
selected for decommissioning.

INTRODUCTION

The projected rate of growth in demand for electric power in the United
States has slowed from an annual rate of approximately 7 percent in the early
1970s to slightly more than 2 percent at the present time. This rapid decrease
has resulted in a virtual stagnation of construction of new large power plants,
both nuclear and coal-fired. Yet the population of the United States continues
to increase (203.3 million in 1970, 226.5 million in 1980) and the per capita
use of electricity continues to increase (7,600 kWh per person in 1970,
10,200 kWh per person in 1980). In addition5 production of petroleum in the
United States continues to decline (23 quads in 1970, 20 quads in 1980), while
consumption of petroleum continues to increase (30 quads in 1970, 34 quads
in 1980). The latter facts about petroleum are important because electricity
generated from primary fuels other than petroleum can be used to substitute
for some end uses of petroleum. Continuation of these trends, along with the
eventual retirement of older generating units, will require resumption of con-
struction of new power plants.

Some authors argue that a balanced combination of new coal-fired and
nuclear power plants is an appropriate strategy.(1) If new nuclear plants are
to be built, questions immediately arise as to what sites might be best. A
recent study at Oak Ridge(2) and a recent report by the General Accounting
0ffice(3) suggest that colocation of new nuclear plants on the sites of exist-
ing plants might be appropriate. Earlier studies have examined power parks.(4,5)
Some of these studies mention decommissioning as a factor to be considered in
siting, but do not examine decommissioning quantitatively. In the rest of this
paper we present results from recent studies at Battelle^6'7) on the decom-
missioning of reactors at multiple reactor sites. These quantitative studies
lend strength to the argument that colocation of reactors is desireable.
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MULTIPLE REACTOR SITES AND CONSTRUCTION SEQUENCE

Multiple reactor sites range from sites containing a pair or quarter
(quad) of nuclear reactors to very large sites of 48,000 acres, contemplated
in Reference 4, that would contain 40 1200-MWe reactors and associated
facilities. The usual siting criteria would apply:

relative isolation from population centers,
ample transmission line capability,
ample water for evaporative cooling,
adequate reactor spacing for heat dissipation,
transportation access for heavy components, and
skilled labor supply.

Important to decommissioning would be:

• sequential construction and
• onsite waste disposal capability.

Sequential construction is a precursor to sequential decommissioning,
which could result in substantial reductions in decommissioning costs and
radiation doses. Similarly, onsite radioactive waste storage and/or disposal
capabilities could lead to decommissioning cost and radiation dose reductions.
In the following section we compare the decommissioning of a reactor at a
multiple reactor site with the decommissioning of the same reactor at a
single reactor site. (7)

DECOMMISSIONING AT MULTIPLE REACTOR SITES

Reductions in cost and radiation dose can be achieved for decommission-
ings at multiple reactor stations because of factors not necessarily present
at a single reactor station: reactors of similar design, the opportunity
for sequential decommissioning, a site dedicated to nuclear power generation,
and the option of either interim or permanent low-level radioactive waste
storage facilities onsite. The cost and radiation dose reductions occur
because comprehensive decommissioning planning need only be done once,
because the labor force is stable and need only be trained once, because
there is less handling of radioactive wastes, and because central stores,
equipment, and facilities may be used. The cost and radiation dose reduc-
tions are sensitive to the number and types of reactors on the site, and
to the alternatives selected for decommissioning.

NUREG/CR-1755, "Technology, Safety and Costs of Decommissioning Nuclear
Reactors at Multiple-Reactor Stations", (7) examines several scenarios in
depth for decommissioning a reactor at a multiple-reactor station, and com-
pares the safety and cost of decommissioning an individual reactor at a
multiple-reactor station with the safety and cost of decommissioning the
same reactor at a single-reactor station. (8,9) Both pressurized water
reactors (PWRs) and boiling water reactors (BWRs) are included. Three
decommissioning alternatives are compared for each scenario: immediate
dismantlement (DECON), safe storage followed by deferred dismantlement
(SAFSTOR), and entombment (ENTOMB).
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Scenarios considered are 4 identical PWRs on one s i te ; 4 identical BWRs
on one si te; and 10 LWRs on one site (5 PWRs and 5 BWRs) with three combina-
tions of retirement intervals, waste management options, and central fac i l i t ies
for the 10-reactor si te. Three decommissioning alternatives and three different
time periods of reactor safe storage are considered for each scenario. To
simplify the presentation here and to make the results of the strategies more
apparent, we l imi t our discussion to PWRs and EWRs at a 10-reactor station and to
50 years of reactor safe storage.

Shown in Table I are the estimated occupational radiation doses for
decommissioning an individual 1175-MWe PWR: 1) at a single reactor station;
2) at a 10-reactor station with sequential decommissioning, offsite low-level
radwaste disposal, and no central fac i l i t ies ; and 3) at a 10-reactor station
with sequential decommissioning, onsite low-level radwaste disposal, and
central fac i l i t ies . Shown in Table I I are the relative costs of decommissioning
an individual 1175-MWe PWR for the same scenarios. The costs are normalized
to 100 for DECON at a single reactor station. Radiation doses and costs are
shown for DECON, 50 years of SAFSTOR, and ENTOMB for a l l three scenarios.

TABLE I . Estimated Occupational Radiation Doses for Decommissioning
an Individual 1175-MWe PWR at Single and Multiple-Reactor
Stations (man-rem)

Decommissioning
Alternatives

DECON

50-Year SAFSTOR

ENTOMB

Single
Reactor
Station

1324

456

992

TABLE II. Estimated Rel
1175-MWe PWR

Decommissioning
Alternatives

DECON

50-Year SAFSTOR

ENTOMB

Single
Reactor
Station

100 (a)

115

96

10-Reactor Station, Se-
quential Decommissioning,

Offsite LLWBG,
No Central Facilities

1239

427

860

10 Reactor Station, Se-
quential Decommissioning,

Onsite LLWBG
Central Facilities

1145

403

833

1175-MWe PWR at Single and Multiple Reactor Stations

10-Reactor Station, Se- 10 Reactor Station, Se-
quential Decommissioning, quential Decommissioning,

Offsite LLWBG, Onsite LLWBG
No Central Facilities Central Facilities

97

110

93

76

93

76

(a) Costs are normalized to $43.6 million in 1981 dollars (100) at a single
reactor si te.
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Shown in Tables I I I and IV are similar information for BWRs.

TABLE I I I . Estimated Occupational Radiation Doses for Decommissioning
an Individual 1155-We BUR at Single and Multiple-Reactor
Stations (man-rem)

Single
Decommissioning Reactor
Alternati ve

DECON

50-Year SAFSTOR

ENTOMB

1954

429

1756

10-Reactor Station,
Sequential Decom-
missioning
Offsite LLWBG

Station No Central Facilities

1825

403

1638

10-Reactor Station,
Sequential Decom-
missioning
Onsite LLWBG

Central Fac i l i t ies

1719

362

1566

TABLE IV. Estimated Relative Costs for Decommissioning an Individual
1155-l^ie BWR at Single and Multiple Reactor Stations

Single
Decommissioning Reactor
Alternatives Station

DECON 100(a)

50-Year SAFSTOR 118

ENTOMB 105

10-Reactor Station,
Sequential Decom-
missioning
Offsite LLWBG

No Central Facilities

96

108

100

10-Reactor Station
Sequential Decom-
missioning
Onsite LLWBG
Central Facilities

75

89

82

(a) Costs are normalized to $64.6 million in 1981 dollars (100) for DECON
at a single reactor station.

FACILITATION

Facilitation is the application of planning and techniques to
decommissioning to reduce occupational and public radiation doses, to
improve safety, to reduce costs, and to reduce the volume of radioactive
waste.

Facilitation techniques applicable to reactors at single reactor stations^ '
are also applicable to reactors at multiple reactor stations:

improved documentation,
substitution and purification of materials subject to activation,
design of the biological shield for easy removal,
improved protection and/or removal of concrete,
special shielded maintenance shop,
improved shielding for maintenance and decommissioning, and
remote maintenance and decommissioning capabilities.
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Decommissioning of reactors at multiple-reactor stations is facilitated
by:

optimized planning effort,
sequential decommissioning,
stable labor force,
improved worker productivity,
more efficient handling of radioactive waste, and
centralized services.

In addition, features of multiple-reactor stations such as site dedication,
standard reactor design, onsite waste storage or disposal, and provision
of centralized services are decommissioning facilitation options in and
of themselves.

CONCLUSIONS

Decommissioning of reactors at a multiple reactor station will, with
adequate planning, be less costly and will result in lower occupational
and public radiation doses than decommissioning of similar reactors at
single-reactor stations. This lends support to the other arguments for
colocstion of reactors on multiple reactor sites.
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POST-ACCIDENT CLEANUP AND DECOMMISSIONING
OF A REFERENCE PRESSURIZED WATER REACTOR

E. S. Murphy
6. M. Holter

Pacific Northwest Laboratory*
Richland, Washington 99352 U.S.A.

ABSTRACT

This paper summarizes the results of a conceptual study to evaluate
the technical requirements, costs, and safety impacts of the cleanup and
decommissioning of a large pressurized water reactor (PWR) involved in an
accident. The costs and occupational doses for post-accident cleanup and
decommissioning are estimated to be substantially higher than those for
decommissioning following the orderly shutdown of a reactor. A major factor
in these cost and occupational dose increases is the high radiation
environment that exists in the containment building following an accident
which restricts worker access and increases the difficulty of performing
certain tasks. Other factors which influence accident cleanup and decom-
missioning costs are requirements for the design and construction of special
tools and equipment, increased requirements for regulatory approvals, and
special waste management needs. Radiation doses to the public from routine
accident cleanup and decommissioning operations are estimated to be below
permissible radiation dose levels in unrestricted areas and within the range
of annual doses from normal background.

INTRODUCTION

Although the cleanup and decommissioning of a nuclear power reactor
that has been in an accident involves considerations that are similar to
those for decommissioning following normal shutdown, there are important
differences in some specific requirements. This paper summarizes information
on the technical requirements, costs, and safety impacts of decommissioning
a large pressurized water reactor (PWR) involved in a serious accident to
provide a basis for comparison with decommissioning following normal shutdown.
The information is from a conceptual study(l) performed for the U.S. Nuclear
Regulatory Commission (NRC) by the Pacific Northwest Laboratory (PNL). The
primary purpose of the study was to provide background data on post-accident
decommissioning requirements to provide a basis for the modification of
existing regulations and the development of new regulations pertaining to
decommissioning activities.

The sequence of post-operations activities leading to decommissioning
and release of a reactor facility following normal shutdown and following

* Operated by Battelle Memorial Institute for the Department of Energy
under contract No. DE-AC06-76RL0 1830.
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an accident is shown in Figure 1. Post-accident activities include stabili-
zation of the facility and accident cleanup as well as the active decommis-
sioning. Stabilization is the period during which the accident is brought
under control, the reactor is returned to a stabilized condition, and
essential systems and services are restored. Once the situation is stabilized,
accident cleanup can begin. Accident cleanup includes defueling of the
reactor, cleanup of contamination, and processing and disposal of wastes
generated by the accident. As shewn in Figure 1, accident cleanup can
either be followed by recovery of the facility for restart or by
decommissioning. If it is desired to retire the facility from service,
decommissioning activities are considered to begin following the completion
of accident cleanup. In this paper only the requirements for accident
cleanup and decommissioning are analyzed. Details of the stabilization
period or. recovery of the reactor for restart are not analyzed.

The manpower and cost estimates reported here are engineering estimates
assuming efficient performance of the work. The estimates include allowances
for the performance of work in high radiation areas. They do not include
allowances for work delays or additional costs resulting from uncertainties
in post-accident plant conditions, from regulatory delays, or from delays
caused by social and political concerns.

NUCLEAR FACILITY

NORMAL ACTIONS POST-ACCIDENT ACTIONS

STOP OPERATIONS
ACTIVITIES

STABILISE
THE PLAMT

F

ACCIDENT
CLEANUP

ACTIVITIES

DECOMMISSIONING

T

t

DECOMMISSIONING

3OIN1

\ f

RECOVERY
FOR

REUSE

RELEASE FACILITY
FOR UNRESTRICTED USE

(TERMINATE LICENSE)

RELEASE FACILITY
FOR UNRESTRICTED USE

(TERMINATE LICENSE)

FIGURE 1. Post-Operations Activities Flow Sheet
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STUDY APPROACH

The reference PWR used for this conceptual analysis of post-accident
cleanup and decommissioning is the Trojan nuclear plant at Rainier, Oregon,
operated by the Portland General Electric Company. The use of Trojan as
the reference reactor is not intended to imply anything about the reliability
and/or safety of this reactor relative to other PWRs. Its use as the
reference reactor is made to facilitate comparisons between the requirements
and costs of post-accident cleanup and decommissioning reported here and
the requirements and costs reported in an earlier conceptual study of PWR
decommissioning following normal shutdown.(2)

Requirements for post-accident decommissioning and for accident
cleanup that precedes the decommissioning are analyzed for three accident
scenarios defined in terms of their consequences (e.g., radioactive
contamination levels, radiation exposure rates, damage to the nuclear fuel
core, and damage to buildings and equipment). The reference accidents
include:

1. An accident which results in 10% fuel cladding failure, no
fuel melting, moderate contamination of the containment
building, and no significant physical damage to buildings
and equipment.

2. An accident which results in 50% fuel cladding failure,
some fuel melting, extensive radioactive contamination of
the containment building, moderate contamination of the
auxiliary and fuel buildings, and only minor physical
damage to buildings and equipment.

3. An accident which results in 100% fuel cladding failure,
significant fuel melting and core damage, severe radio-
active contamination of the containment building, moderate
contamination of the auxiliary and fuel buildings, and
major physical damage to structures and equipment.

Sets of work plans are developed for the conceptual accident cleanup
of the reference PWR and for decommissioning via the DECON, SAFSTOR, and
ENTOMB alternatives.(3) From these work plans, estimates are made of
manpower requirements, major resource and equipment needs, volumes of
contaminated material packaged for disposal, costs of accomplishing the
work, and exposure of workers to radiation as a result of the accident
cleanup and decommissioning efforts. These work plans and estimates of
airborne releases of radioactive materials are used to evaluate the safety
impacts of accident cleanup and decommissioning operations on the general
public. The results of this analysis in terms of time and manpower
requirements, costs, and occupational and public safety impacts are
discussed in the following sections.

TECHNICAL REQUIREMENTS FOR ACCIDENT CLEANUP AND FOR DECOMMISSIONING

The first step in the conceptual analysis of post-accident cleanup
and decommissioning is to describe the technical requirements for
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completion of these activities. These technical descriptions provide
the bases for determining work sequences and manpower requirements and
for estimating costs and safety impacts.

Accident Cleanup Activities

Accident cleanup is designed to 1) reduce the initial high levels of
radioactive contamination present in the facility, thereby reducing the
radiation dose received by cleanup and decommissioning workers, 2) process
the contaminated water generated by the accident to reduce the amount of
readily dispersible radioactivity present in the plant, and 3) safely
defuel the reactor.

Accident cleanup is preceded by a period of planning and preparation
during which activities are completed to ensure the proper performance and
success of the cleanup effort. Preparations activities include:

• venting of radioactive gases (e.g., 85|(r)
• containment entry and data acquisition
• preparation of documentation for regulatory agencies
• design, fabrication, and installation of special equipment
• development of detailed work plans and procedures.
• selection and training of accident cleanup staff.

Time requirements for preparations for eccident cleanup depend on
several factors including accident severity; time needed to design,
fabricate, and test special equipment and facilities; and time required
to secure regulatory approvals to proceed with specific cleanup tasks.
For this analysis, preparations for accident cleanup are estimated to
require 1.5 years following a scenario 1 accident, 2.5 years following
a scenario 2 accident, and 3.0 years following a scenario 3 accident.
Manpower requirements include plant operations and site support personnel
as well as the personnel engaged in actual planning and preparations
activities. Estimated manpower requireir-nts for preparations for cleanup
of the reference PWR are about 400 man-years following a scenario 1
accident, about 790 man-years following a scenario 2 accident, and about
1160 man-years following a scenario 3 accident.

The auxiliary and fuel buildings contain the spent fuel storage pool,
fuel handling equipment, and many components of safety-related systems
required to maintain the reactor in a safe shutdown condition until it is
defueled and to allow the defueling to be accomplished safely and efficiently.
Accident cleanup of these buildings is necessary following the scenario 2
and scenario 3 accidents to permit routine access by plant personnel to
perform required operational and maintenance tasks without the need for
major protective equipment.

The tasks postulated for accident cleanup in these buildings include:

• decontaminate building surfaces and equipment
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• flush contaminated tanks and pipes and process contaminated
liquid through a filter/demineraiizer system

• replace contaminated filters and ion exchange resins
• perform maintenance and repair of systems needed for

decontamination of the containment building and
defueling of the reactor.

Accident cleanup in the auxiliary and fuel buildings is estimated to
require about 2.2 years and to involve 330 man-years of cleanup worker
effort.

Accident cleanup in the PUR containment building is postulated to
include the following tasks:

• processing of contaminated liquids
• initial decontamination of the containment building
• defueling of the reactor
• cleanup of the primary coolant system
• treatment and disposal of wastes from cleanup operations.

Contaminated liquids that must be processed include accident water
(contaminated water that is released during the accident) and water-based
and chemical decontamination solutions. Contaminated water is treated
by use of the demineralizer system installed in the spent fuel pool during
accident cleanup in the fuel building. Chemical decontamination solutions
are treated in an evaporator/solidification facility.

Initial decontamination of the containment building is designed to
reduce surface contamination levels and resulting radiation exposure
rates to permit reasonable occupancy times for workers engaged in reactor
defueling and reactor coolant system cleanup operations. Decontamination
procedures include the use of high-pressure hose wash techniques for
sewi-remote decontamination, hands-on decontamination of selected areas,
and local shielding of "hot spots".

The difficulty of the reactor defueling operation is determined by
the extent of damage to the fuel core and to the reactor vessel during
the accident. Special tools and procedures are required for the removal
of damaged fuel elements. Damaged elements are overpacked in specially
designed canisters prior to temporary storage in the spent fuel pool.

Decontamination of the primary coolant system involves the removal
of fuel debris and the removal of fission product plateout. To dissolve
the fuel debris, an oxalic-peroxide-gluconic (0P6) solution is assumed
to be used. To remove fission product plateout from internal surfaces
of coolant system components, ethylenediaminetetraacetic acid (EDTA) is
used in combination with citric and oxalic acid in a weak (5%) solution
at controlled pH.
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Estimated time and manpower requirements for accident cleanup in the
containment building are summarized in Table I. Time requirements include
";]Iy the time for actual cleanup operations and not the time for prepara-
tions for cleanup discussed previously. Manpower requirements include
plant operations, site support, and engineering support personnel as well
as cleanup staff.

TABLE I. Summary of Estimated Time and Manpower Needs
for Accident Cleanup in the Containment
Building of the Reference PWR

T i m e ^ (Years)

Manpower (Man-Years)
Management and Support Staff
Plant Operations
Engineering Support Staff
Cleanup Operations Staff

TOTAL MANPOWER

Value

Scenario 1
Accident

1.5

170
132
15

148

465

Scenario 2
Accident

2.8

361
291
56

615

1323

Scenario 3
Accident

5.0

795
540
150

2079

3564

* ' Times do not include the time required for preparations for accident
cleanup, estimated to be approximately 1.5 years following the
scenario 1 accident, 2.5 years following the scenario 2 accident,
and 3.0 years following the scenario 3 accident.

Decommissioning Activities

The actual decommissioning of an accident-damaged PWR begins following
the completion of accident cleanup activities. During the accident cleanup
campaign, some tasks that would be part of normal decommissioning are
completed and other tasks are partially completed. Examples of tasks that
are completed during cleanup include defueling the reactor, decontamination
of the reactor coolant system, and a comprehensive radiation survey of the
plant. Examples of tasks that are partially completed include the decon-
tamination of building surfaces in the containment building and the removal
and segmentation of reactor vessel internals.

Accident cleanup also results in some new tasks that must be completed
during decommissioning. These new tasks include the removal of new
equipment installed to process accident water and the decommissioning of
temporary onsite waste storage structures specially constructed for the
interim storage of accident cleanup wastes.

Many decommissioning tasks are common to both post-accident and normal-
shutdown decommissioning. However, changes in the physical and radiological
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• disassembly and disposal of neutron activated components including
the reactor vessel and vessel internals

• disassembly and disposal of contaminated equipment including ductwork,
piping, and pool liners

• removal of contaminated concrete
• packaging and shipment of radioactive wastes to a waste disposal site

• a final radiation survey.

Some of these activities are initiated during accident cleanup. However, the
bulk of this work is carried out during DECON, particularly the removal of
large equipment components and of contaminated structural material. Accident-
generated contamination results in a somewhat greater level of effort and
greater volume of radioactive waste material for post-accident DECON than for
DECON following normal shutdown.

SAFSTQR. Post-accident SAFSTOR includes preparations for safe storage
of the accident-damaged facility, continuing care for a specified period
during which the radioactivity within the plant is allowed to decay, and
eventual deffered decontamination of the facility. An advantage of SAFSTOR
is that it satisfies the requirements for protection of the public while
minimizing initial commitments of time, money, occupational radiation dose,
and offsite waste disposal space. Disadvantages of SAFSTOR include the need
to maintain the nuclear license during a period of safe storage and the absence
of personnel familiar with the plant and the accident to assist in deferred
decontamination.

Post-accident SAFSTOR activities are similar to those for SAFSTOR following
normal shutdown of a reactor, described in Reference 2. However, occupational
doses to decommissioning workers will be significantly higher during post-
accident SAFSTOR because of the higher radiation exposure levels within the
plant. Decommissioning worker requirements during post-accident defferred
decontamination are controlled by radiation dose rates based on the decay of
137cs (the controlling radionuclide in the post-accident radionuclide inventory
with a 30-year half-lif->) rathern than by 60Co with a 5.27-year half-life.

ENTOMB. Activity for post-accident ENTOMB are similar to ENTOMB activi-
ties following norrp>; iutdown, described in Reference 2. Entombment is
assumed to take plac^ m the lower portion of the containment building inside
the shielded structures that house the steam generators, the pressurizer, and
the reactor vessel, and below the operating floor. Prior to entombment, the
reactor vessel internals containing long-lived activation products (e.g., $%i,
94fjb) are removed and shipped to a waste repository. After emplacement of the
waste to be entombed, all penetrations through the entombment structure exteri-
or are sealed. The portions of the plant remaining outside of the entombment
structure, including the fuel and auziliary buildings and the upper portion of
the containment building, are decontaminated in the same manner as for DECON.
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The use of ENTOMB following a serious accident is unlikely because of
the presence of significant quantities of long-lived (i.e., 30-year half-
life) radionuclides that could require several hundred years to decay to
release levels. If it becomes desirable to terminate the nuclear license
prior to the decay of the entombed radioactive material to unrestricted
release levels, dismantlement of the entombment structure would be required.
This represents a task that is much more difficult than dismantlement of
the unentombed facility, since the entombment structure is built to endure
for a long period of time.

COSTS OF ACCIDENT CLEANUP AND OF DECOMMISSIONING

The estimated costs of accident cleanup and decommissioning for the
reference PWR are based on the technical requirements for accident cleanup
and decommissioning summarized in the previous section. Costs are in
early-1981 dollars and include a 25% contingency.

Costs of Accident Cleanup

The estimated costs of accident cleanup in the reference PWR following
the postulated accidents are shown in Table III.

Preparations for accident cleanup account for about 26% to 43% of the
total accident cleanup costs depending on accident scenario. For a given
accident scenario, preparations-for-cleanup costs increase almost linearly
with the time required to prepare for accident cleanup activities. An
increase of one year in the preparations time requirement is estimated to
add about $22 million to $33 million to the total cost of accident cleanup,
depending on accident severity.

The major cost item for accident cleanup is labor. Labor costs account
for from 53% to 67% of total accident cleanup costs, depending on accident
scenario. Labor includes management and support staff, plant operations
staff, and contracted engineering support personnel as well as those persons
directly involved in accident cleanup activities.

Waste management costs account for about B% of the total costs of
accident cleanup. Waste management costs include container costs, trans-
portation, and disposal costs. Most of the wastes from accident cleanup
can be disposed of by shallow-land burial. The NRC proposes to add to
its rules in Title 10 of the Code of Federal Regulations (10CFR) a new
Part 6lC5) to provide criteria for the near-surface burial of radioactive
mstes. The technical requirements on waste form imposed by Part 61 may
result in some accident cleanup and decommissioning wastes being deemed
not suitable for near-surface burial. Accordingly, certain of the post-
accident and decommissioning wastes would have to be carefully evaluated
on a case-by-case basis to determine if they can be disposed of at a
commercial burial ground. The process solids (e.g., the filters, ion
exchange resins, and evaporator bottoms) from the processing of accident
liquids are estimated to have a radioactivity content and/or waste form
that prevents their disposal by shallow-land burial. These wastes are
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TABLE III. Summary of the Estimated Costs of Accident
Cleanup for the Reference PWR

Cost Category

Preparations for Accident Cleanup
Labor
Waste Management
Other Costs(bJ

Subtotals

Accident Cleanup in the Auxiliary
and Fuel Buildings(c)

Labor
Waste Management
Other Costs(b)

Subtotals

Accident Cleanup in the
Containment Building

Labor
Waste Management(d)
Disposal of Fuel from
Reactor Defueling

Other Costs(b)

Subtotals

Total Accident Cleanup Costs

Cost ($ Millions)

Scenario 1
Accident

19.8
0.2
13.8
33.8

22.1
1.8
4.6

16.6
45.1

78.9

Scenario 2
Accident

43.0
0.5
23.8

67.3

14,1
1.6
3.8

19.5

64.0
3.6
12.5

33.3
113.4

200.2

(a)

Scenario 3
Accident

66.3
0.6
31.1
98.0

14.1
1.6
3.8

19.5

173.5
11.5
13.0

62.7
260.7

378.2

(b)

(c)

(d)

Costs are in early-1981 dollars and include 25% contingency.
Other costs include energy, special tools and equipment, miscellaneous
supplies, engineering contractors, other specialty contractors, and
nuclear insurance and license fees.
Accident cleanup in the auxiliary and fuel buildings is postulated
following the scenario 2 and scenario 3 accidents and is assumed to
be accomplished during preparations for cleanup in the containment
building. Management and support staff costs and other incidental
costs are included in the costs of preparations for cleanup.

Cost for disposal of fuel are shown separately from other waste
management costs.
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postulated to be shipped to a federal repository for storage or disposal.
The damaged fuel core from reactor defueling is also postulated to be
shipped to a federal repository.

Costs of Decommissioning

The estimated costs of decommissioning the reference PWR following
accident cleanup are shown in Table IV.

The major cost items for DECON are staff labor and waste management.
For the scenario 2 accident, about 50% of the total DECON costs are for
staff labor and about 30% of these costs are for waste management. The
major factor in the increase in decommissioning costs with increasing
accident severity is the increased labor cost. Differences between labor
costs for the various accident scenarios are attributable almost entirely
to the increased number of decommissioning workers required to perform the
decommissioning tasks in compliance with radiation dose limitations for
individual workers.

Deferred decontamination accounts for the majority of the costs of
SAFSTOR, while preparations for safe storage account for between 20% and
25% of the total. Staff labor is the major cost item for both prepara-
tions for safe storage and deferred decontamination.

Costs of the entombment phase or ENTOMB are estimated to be slightly
less than the costs of DECON but significantly greater than the costs of
preparations for safe storage. If required, deferred decontamination at
the end of the continuing care period of ENTOMB is estimated to cost
approximately the same as deferred decontamination at the end of the
corresponding continuing care period for SAFSTOR.

Comparisons of the estimated costs of post-accident decommissioning
of the reference PWR with the costs of decommissioning following normal
shutdown are presented in a later section.

SAFETY IMPACTS OF ACCIDENT CLEANUP AND OF DECOMMISSIONING

Safety impacts from accident cleanup and decommissioning include:
1) radiation doses to the public from routine or accidental atmospheric
releases of radioactivity during accident cleanup and decommissioning,
2) radiation doses to and industrial accidents involving workers performing
the cleanup and decommissioning tasks, and 3) radiation doses to and
accidents involving transportation workers and the public during shipment
of radioactive materials from the site.

Safety Impacts of Accident Cleanup

The results of the safety evaluation of accident cleanup activities
at the reference PWR are summarized in Table V. The principal source of
radiation dose to the public is the atmospheric release of radionuclides
from the facility during normal activities. Radiation doses to the public
from routine accident cleanup operations at the reference PWR are estimated
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TABLE IV. Summary of Estimated Costs of Decommissioning the
Reference PWR Following Accident Cleanup

Cost Category

DECON

U t i l i t y Staff Labor
Waste Management
Other Costs(b)

Total DECON Costs

SAFSTOR with 100 Years Safe
Storage

Preparations for Safe Storage
U t i l i t y Staff Labor
Waste Management
Other Costs(b)

Total Preparations for
Safe Storage Costs

Continuing Care(c)
Deferred Decontamination

Total SAFSTOR Costs

ENTOMB )̂

Entombment Phase
U t i l i t y Staff Labor
Waste Management
Other Costs(b)

Total Entombment Phase
Costs

Annual Continuing Care
Costs

Cost (S Millions)(a>
Scenario 1
Accident

16.4
19.4
13.5
49.3

7.1
1.0
6.7

14.8

11.0
32.5
58.3

16.2
9.0

13-4
38.6

0.055

Scenario 2
Accident

33.4
20.3
13.9
67.6

8.6
1.1
6.9

16.6

11.0
44.6
72.2

28.8
9.8

13.8
52.4

0.055

Scenario 3
Accident

72.0
19.4
14.4

105.3

13.1
1.3
7.1

21.5

11.0
69.8

102.3

56-4
8.8

14.1

79.3

0.055

(c)

Costs are in early-1981 dollars and include 25% contingency.
Other costs include energy, special tools and equipment, miscellaneous
supplies, specialty contractors, and nuclear insurance and license fees.
The total continuing care cost is based on an annual cost of $110,000
in early-1981 dollars.
If required, deferred decontamination at the end of the continuing care
period for ENTOMB is estimated to cost about the same as deferred
decontamination at the end of the corresponding continuing care period
for SAFSTOR.
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condition of the plant resulting from an accident can result in substantial
changes in the time and manpower required for post-accident decommissioning.
Radiation doses to workers during post-accident decommissioning are higher than
those following normal shutdown because of increased contamination of equipment
and building surfaces. Physical damage to the plant may compromise some sys-
tems and equipment needed for the performance of decommissioning tasks, thus
necessitating repairs or substitutions and increasing the time and cost of de-
commissioning.

Decommissioning is analyzed in detail only for the scenario 2 accident.
Estimated time and manpower requirements for decommissioning of the reference
PWR following accident cleanup of the scenario 2 accident are summarized in
Table II for the DECON, SAFSTOR and ENTOMB alternatives.

TABLE II. Summary of Estimated Time and Manpower Needs
for Decommissioning of the Reference PWR
Following the Scenario 2 Accident

Parameter

DECON
Time
Manpower

SAFSTOR

Preparations for Safe Storage
Time
Manpower

Annual Continuing Care Manpower
Deferred Decontamination
Time
Manpower

ENTOMB
Time
Manpower

Value

2.7 years
790 man-years

1.4 years
19Q man-years

2 man-years

2.7 years
320 man-years

2.7 years
680 man-years

DECON. DECON is the decommissioning alternative that leads to the
earliest release of the facility and site for unrestricted use and to the
earliest termination of the facility's nuclear license. Compared to the
other two decommissioning alternatives, DECON results in a greater occupa-
tional radiation dose and a greater cost in the first few years after the
completion of accident cleanup.

The decontamination and dismantlement activities during post-accident
DECON at the reference PWR are similar to activities during DECON following
normal shutdown, described in Reference 2. These activities include:

• decontamination of the surfaces of process systems and equipment
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similar factor for decommissioning following a scenario 1 accident- Compari-
sons of estimated occupational radiation doses for post-accident decommissioning
of the reference PWR with occupational doses for decommissioning following
normal shutdown are presented in the following section.

TABLE VI

Type of
Safety Concern

. Summary of Safety Analysis for Decommissioning of the
Reference PWR Following a Scenario 2 Accident

Source of
Safety Concern

Public Safety(a)

Radiation Dose Decommissioning Activit ies
Transportation**"'
Continuing Care

Occupational Safety
Serious Lost-Time

Injuries

Fatalities

Radiation Dose

Decommissioning Activit ies

Transportation

Continuing Care

Decommissioning Activit ies
Transportation

Continuing Care

Decommissioning Activit ies

Transportation
Continuing Care

Units

man-rem

man-rein
man-rem

total no.

total no.

total no.

total no.
total no.

total no.

man-rem

man-rem

man-rem

OECON

'0.001

19

—

0.79

2.2

—

0.0046

0.13

—

3063

200

SAFSTOR wi th Deferred
Decontamination a f ter

100 Years

<0.001

1.ZW>

neg.<e>

0.92

2.2

neg.

0.0052

0.13

neg.

729

13 ( d )

225

EHTC*

<0.001

8.4

neg.

0.78

1.0

neg.

0.0045

0.060

neg.

2518

90

neg.

(a) Radiation doses from postulated industrial accidents are not included.
(b) 50-yr committed dose equivalent to the bone, for the total population within 80 km of the site.
(c) 50-yr committed dose equivalent to the total body, for the population along the transport route.
(d) Includes only preparations for safe storage.
(e) neg. = negligible. Impacts of continuing care expected to be negligible compared to those of

decommissioning activities.

COMPARISON OF POST-ACCIDENT AND NORMAL-SHUTDOWN DECOMMISSIONING

A comparison of estimated costs and occupational doses for post-accident
cleanup and decommissioning with costs and doses for normal shutdown
decommissioning of the reference PWR is shown in Table VII. The scenario 2
accident is chosen as the basis for defining the requirements for post-
accident cleanup and decommissioning. Costs and occupational doses for
decommissioning following normal shutdown are summarized from Reference 2.
For ease of comparison, decommissioning costs shown in Reference 2 have been
converted to the early-1981 cost base.

The total costs of accident cleanup and decommissioning following the
scenario 2 accident are estimated to be greater than the costs of normal
shutdown decommissioning by factors of about 3 to 5, depending on the
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to be below permissible radiation dose levels in unrestricted areas^ '
and within the range of annual radiation doses from normal background.

The magnitude of the estimated radiation doses to decommissioning
workers emphasizes the importance of utilizing measures to reduce occupa-
tional exposures whenever possible. Measures which can be employed
include remote and semiremote techniques for initial decontamination of
surfaces and equipment, temporary shielding to protect workers from
"hot spots", and the careful planning and rehearsal of operations to
minimize the time spent in high radiation areas.

TABLE V. Summary of Safety Analysis for Accident
Cleanup of the Reference PWR

Type of Source of Accident Accident Accident
Safety Concern Safety Concern I'nits Scenario 1 Scenario 2 Scenario 3

Public Safety») . , ...
Radiation Dose Accident Cleanup Activitiesl0) man-rem 6 20 40l«J

Transportation^) «an-rem 1.6 3.2 9.6

Occupational Safety
Serious Lost-Time Accident Cleanup Activities total no. 0.30 0.72 2.1

Injuries Transportation total nn. 0.17 0.34 1.1

Fatalities Accident Cleanup Activities total no. 0.0023 0.0051 0.015
Transportation total no. 0.010 0.021 0.066

Radiation Dose Accident Cleanup Activities man-rem 670 2 967 12 103
Transportation man-rem 17 31 99

(a) Radiation doses from atmospheric releases during normal cleanup activities. Doses resulting
from industrial accidents are not included.

(b) 50-yr coirmitted dose equivalent to the bone, for the total population within 80 km of the site.
(c) 50-yr committed dose equivalent to the total body, for the population along the transport

route.
(d) Doses from activities in auxiliary and fuel buildings nol calculated, expected to be negligible

compared to those shown.

As shown in Table V, few lost-time injuries are expected to result from
industrial-type accidents during accident cleanup operations. Essentially
no fatalities from industrial-type accidents are predicted to occur during
accident cleanup.

Safety Impacts of Decommissioning

The results of the safety evaluation of decommissioning following accident
cleanup of a scenario 2 accident at the reference PWR are summarized in
Table VI. The principal source of radiation dose to the public during
decommissioning is the transport of radioactive materials from the reactor
station to disposal facilities. Estimated doses to the public from routine
onsite decommissioning tasks are estimated to be small by comparison to the
range of annual radiation doses to an individual from natural background in
the United States and several orders of magnitude below the permissible
levels of radiation in unrestricted areas. (6)

Most of the occupational radiation doses from decommissioning result
from activities in the containment building. The occupational doses shown
in Table VI are estimated to be increased by about a factor of 2 or 3 for
decommissioning following a scenario 3 accident and to be reduced by a
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decommissioning alternative chosen. Most of the additional cost is associated
with accident cleanup. However, it should be recognized that accident
cleanup includes some activities, such as cleanup of the reactor coolant
system, that are part of the normal decommissioning effort described in
Reference 2.

TABLE VII. Comparisons of Costs and Occupational Doses for Post-
Accident Cleanup and Decommissioning with those for
Normal-Shutdown Decommissioning of the Reference PWR

Costs (Hillions of 1981 Dollars Occupational Dose (Man-Rein)

DECON
Scenario 2 Accident
Normal Shutdown*0'

SAFSTOR
Scenario 2 Accident
Normal Shutdown'0'

ENTOMB
Scenario 2 Accident
Normal Shutdown'0'

Accident
.Cleanup

200

200

200

Decommissioning

68
51

72

65

102
86

Total

268

51

272

65

302
86

Accident
Cleanup

3000

3000

3M0

Decommissioning '

3100

1200

1000

400

2900
1000

Total

6100

1200

Hu\J\J

400

B9C0
1000

'a' Decommissioning costs for the SAFSTOR and ENTOMB alternatives include the costs of the initial preparations
phase, 100 years of continuing care, and deferred decontamination.

'b' Occupational doses for the SAFSTOR and ENTOMB alternatives include worker doses during the initial
preparations phase, 100 yea^s of continuing care, and deferred decontamination.

' Costs and occupational doses for decommissioning following normal shutdown are summarized from
Reference 2.

Occupational doses for post-accident cleanup and decommissioning
following a scenario 2 accident are estimated to exceed those for normal
shutdown decommissioning by factors of about 5 to 10, depending on the
decommissioning alternative chosen. Occupational doses related only to
decommissioning are estimated to be higher by about a factor of 2.5 for post-
accident decommissioning.

Several factors contribute to the increased costs and occupational doses
for post-accident cleanup and decommissioning, including:

• a high radiation environment inside the containment which restricts
worker access in certaih locations and which results in high
occupational radiation dcses

• an increase in the difficulty of performing some tasks because of the
high radiation environment and the physical damage to reactor
components and equipment

• special requirements for the design and construction of facilities
and equipment needed for cleanup and decommissioning tasks
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• increased requirements for regulatory approvals prior to proceeding
with specific cleanup and decommissioning tasks

• special waste management needs for damaged reactor fuel and for
process wastes from the cleanup of accident liquids.

SAFSTOR appears to be much less attractive as an alternative for limiting
occupational exposure during post-accident decommissioning because of the
slower decay of the post-accident radionuclide inventory, which is controlled
by 90sr and 137cs (with 30-year half-lives) rather than by 6°Co (with a
5.27-year half-life).

The public safety impacts of post-accident cleanup and decommissioning
are estimated to be greater than the corresponding impacts of hor/nal-shutdown
decommissioning. However, radiation doses to the public from routine post-
accident cleanup and decommissioning operations at the reference PWR are
estimated to be below permissible radiation dose levels in unrestricted
areas and within the range of annual radiation doses from normal background.
The primary contribution to public dose is the airborne release of particulate
radioactivity during accident cleanup.
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DECOMMISSIONING ENGINEERING
WITHIN THE FRAMEWORK

OF THE FRENCH NUCLEAR STRUCTURE

S. RODRIGUES
TECHNICATOME
SACLAY - FRANCE

1 - SURVEY OF NUCLEAR ORGANIZATION IN FRANCE

The French state is the owner of most of the nuclear facilities, through
the Companies and agencies listed below.

- French Commissariat for Atomic Energy (CEA) in the area of research and
development of nuclear science and technology.

Subsidiaries of the CEA Group such as the Company for Nuclear Materials
(COGEMA) involved in mining and processing of ore, fuel fabrication and
further reprocessing.

- National Agency for Radwaste Processing (ANDRA) for waste storage.

- French Electricity Board (EDF) for generating electric power of nuclear
origin.

- Universities for teaching.

- Health Ministry for the use of nuclear energy in the medical field.

Private agencies are allowed to own only sources for industrial processing
by irradiation and radiography of materials.

The above agencies are also entrusted with the operation of nuclear facili-
ties. Such agencies and utilities are known as Nuclear Operators legally liable
for their activities.

Nuclear Safety comes under the Ministry of Industry through the Central
Service for Safety of Nuclear Facilities (SCSIN). Such service is especially
assigned to progressing the dockets, to handling the authorization procedures
relating to nuclear facilities and to overseeing the implementation of the
prescribed regulations.

The SCSIN relies on the technical facilities of the French Institut for
Nuclear Protection and Safety (IPSN) which is one of the outstanding units in
the CEA.

Protection comes under the responsibility of the Health Ministry, to which
belongs the Central Department for Protection against Ionizing Radiation
(SCPRI).
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The authorizations for the construction then operation of nuclear plants
are granted by means of a ministerial decree following a procedure covering the
collection of advice from all the ministries involved leading to a public investi-
gation. The Interministerial Commission for the Basic Nuclear Facilities (CIINB)
gives advice relevant to the presentation of the authorization decree for signa-
ture by the Prime Minister.

Modification of a nuclear plant and its decommissioning are covered by the
framework of this procedure which results in :

- either Issuing a new decree

— or cancelling the previous decree

The nuclear operator manages the decommissioning procedure in accordance
with his own time schedules and deadlines.

Since the relevant work cannot be considered as routine covered by operating
authorizations, the implementation of the decommissioning procedure is subject
to the prior agreement of the safety authorities.

Such agreement is obtained for each successive project phase with prior
preparation of the required dockets. The dockets prepared by the engineering
staff involve the following :

1 - Basic docket taking stock of the status of the facility prior to starting-
up the decommissioning procedure.

2 - Selection docket.

3 - Safety docket.

4 - Technical construction docket.

5 - Construction completion docket or final status report covering the works
completed.

2 - BASIC DOCKET FOR DECOMMISSIONING STUDIES

The commissioning of a nuclear facility usually involves dismounting proce-
dures in an active environment. With regard to the high potential hazards, such
operations are often long and costly. They thus require exhaustive preparation
for minimizing hazards and costs.

The preparation involves being thoroughly acquainted with the facility. The
bulk of knowledge required for this purpose is gathered from the following
documents :

2.1 - Safety Report on Operating Facilities

This document specifies and analyses the basic data of the facility, the poten-
tial hazards, the fundamental regulations and instructions.
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2.2 - Technical Description and Detailed Drawings of the Facility

Such documents constitute the "picture" of the facility.In some cases, they
may include photographs and mock-ups.

It is necessary that the "picture" be as faithful 1 as possible and take
into account all the modifications made to the facility since its beginning.

2.3 - History of Operating Incidents

It records and explains the contamination incidents and cladding failures
which may occur during the running of the facility. The quantity of fissile
material or fissian products released is known. In a reactor, such substances
are usually gathered at individual points of the primary cooling circuit, e.g.
low point blowdowns and expansion bellows. During repairs, these individual
points represent hot points with high exposure hazards which require either
quick elimination of the same or adequate protection.

2.4 - Report on final shutdown operations

This document takes stocks of the following :

- nuclear materials to be eliminated or kept in place. The substances kept in
place are those which cannot be eliminated using available means and proce-
dures well proven during the operation of the facility.

- draining of circuits and draining procedures used (simple drainage or
followed by hot air drying or vacuum drying for the water circuit).

- decontaminations completed and relevant results. This allows anticipating
for dismounting operations, whether decontamination should be performed or
stopped.

- cleansing operations in premises : evacuation of unuseful laboratory equip-
ment and tooling as well as noxious chemicals (acids, solvents, etc.).

- difficulties encountered during operations of Final Shutdown due for example
to shortage in some utilities of the safety, which could foreshadow simular
or more severe difficulties during the dismantling operations.

2.5 - Radiological Status of Facility

This is one of the essential elements governing the dismantling policy.
Table 1 for example shows the balance of activity of the EL3 Reactor Block.
Taking into account the high activities, it is advisable to maintain a waiting
time prior to dismantling the reactor block. At present, the EL3 decommissioning
will then consist in containing the Reactor Block and dismantling the reactor
primary and auxiliary circuits, to minimize the hazards of release and contamina-
tion.
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2.6 - Status of Preservation of Equipment

The dismantling operation require the following utilities and general
services :

hoisting means : cranes, teleraanipulators, etc.

- waste disposal systems : baskets, blocking, covers, hoods, casks, etc.

- specific equipment and tooling for rush action, developed during the opera-
tion of the facility : underwater handling pole for pool reactor, health
physics apparatus, etc.

- conventional utilities : electric power, fluids, telecommunication means,
ventilation, etc.

monitoring and surveillance systems : radioprot^ction channels, fire detec-
tion devices, surveillance of access points, etc...

2.7 - Instruction for Shutdown Operation

The dismantling operation must comply with the operating instructions laid
down on the basis of the shutdown operating instructions, suited to the actual
situation of the dismantling jobsite. The purpose is to obviate the following
hazards :

- hazards specific to the facility : e.g. release of tritium in EL3 reactors.

- hazards of contamination spread out which requires :
maintaining of the integrity of the containment barriers or their
reconstitution prior to rupture,
maintaining negative pressure and ventilation.

. fixing the contamination.

- other hazards such as fire, flood, etc.

3 - OPTIONS FILE

The options file specifies possible alternates for decommissioning in
accordance with the IAAE provisions.

The solutions are further analysed to justify the measures finally taken.
The analysis is based on engineering studies covering several phases.

3.1 - Safety

Several aspects relating to safety are to be taken into account :

characteristics of radionuclides, nature, half life to be considered in
selecting the final solution.

- safety of the proposed containment barriers. The several possible solutions
involve distinct containment modes which are analysed and compared with
each other.
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3.2 - Technical Aspect

The technical aspects of the options file are manifold. The essential
points are as follows :

future of the facility : the partial or total reuse of the facility is
decisive in the final status sought for.

operationnal procedures and techniques available during interventions
leading to decommissioning.

- future for the waste produced .

specific features of the facility : e.g. accessibility of some premises
which sometimes determine the intervention techniques and the projected
final status.

3.3 - Costs

Costs are likewise an outstanding element in selecting the purpose to
attain. To this effect, the techniques should be optimized.

These studies are based on the expertise gained in engineering and take
into consideration the following aspects :

- payroll expenses,

- subcontracting costs,

- cost of transport, packaging and storage of wastes produced,

- costs of equipment procurement,

- insurance and tax.

Other components have sometimes to be considered such as :

- resale costs of some reused equipment,

- residual value of buildings.

4 - SAFETY FILE

A safety file is submitted to the competent authorities for approval before
starting the decommissioning operations. The file should enable one to appraise
the following :

the security of the proposed operations

- the quality of the final status projected.
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In this connection particular attention is paid to the following :

the containment barriers compatible with the hazards prevailing after
decommissioning

- the means of monitoring the proper preservation of the barriers

- the proposed control and surveillance procedures.
This mainly relate to radiological surveillance which must remain effective
in the event of partial dismantling.

The safety authorities may impose modifications on the planned measures.

The safety file also acts as support for the information of the local
authorities and the public.

5 - TECHNICAL CONSTRUCTION FILE

Once the main alternates have been defined and approved, it is up to the
engineering to programme and organize the decommissioning work.

The following will have to be taken Into account :

5.1 - Minimum Integration in Dose Equivalent of Working^ Personnel

Several techniques are available to meet this fundamental rule

decontamination prior to or during the dismantling operations by rinsing
with water or with agressive solutions taking care not to redisperse the
contamination settled in a few specific points, or decontamination by
mechanical means (brushing, sanding, microshot blasting, peelable paint,
etc.)

- The rinsing process used at Workshop ATI of the "fast fuel" reprocessing
plant at La Hague has resulted in lowering the ambient radioactivity of
certain cells by a factor of 10.

prior elimination of hot points to reduce the ambient dose rates.

optional rapid dismounting and cutting procedures requiring suitable tooling
(saws, shears, plasma torches, fragillzation cutting, e t c . ) , or specific
cutting techniques such as by explosives ;

biological protections lowering the doses for the working crews :

The protections may consists of :

- existing protective walls in the facility such as those of hot cells. In
such cases, operations are performed by means of master-slave types of
teleraanipulators either mechanical (wall type) or electrical or by means of
heavy telemanipulators, or by special machines currently being developped
by the CEA (designated PIAHE).
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Note : PIADE is an electrically controlled master-slave type of telemanipulator
using grip feedback and with telescopic carrier. The device comprises :

one automatic system displaying the grippers of the slaved arms based on an
optical viewing system slaved to the movements of the slaved arms,

- one containment system,

- one backup and maintenance system,

movable protections such as partitions, lead bags, water panels, etc.,

a water screen obtained by filling the facility. This is possible in certain
cases such as pool reactors or certain cells.

The work is then done remotely as was the case with PEGASE pool reactor, or
using a telemanipulator or again in specific cases by skindivers.

5.2 - Maximum Contamination Containment

This requires :

- maintaining the barriers :

Any rupture of the containment barrier (through cutting a pipe or the liner
of a hot cell or glove box) cannot be performed until another barrier is
constructed to replace the first ; this rule is not specific to dismantling
but also applies to normal operation, when a vinyl tent is put up for
instance. Dismantling operations longer than simple maintenance operations
3all for safer means. For this purpose, the CEA is developping workshops
made up of dismountable steel panels reusable after decontamination.

Figure 1 shows an example. The workshops are equipped with :

personnel airlocks,

equipment airlocks,

high air renewal rate ventilation system to limit internal contamina-
tion and also putting the workshop under negative pressure providing a
dynamic seal in the event of barrier failure.

emergency exit system for the working crews.

utilities : tool lighting, telecommunications, viewing and feeding
devices.

The necessity to maintain the barriers intact calls for particular care in
designing the ventilation system. This is normally designed for operating
the facility and not for dismantling the latter which often severely inter-
feres with the distribution of the ventilation in the various rooms. A very
precise analysis of the operating modifications and/or additions to the
existing installations. By way of example, ventilation filters will be
added to the inlets and outlets of cells of the ATI workshop mentioned
earlier.
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Figure 2 shows typical modifications to ATI

- containing contamination closer to its source of emission :

As a rule, workshops occupy a minimum volume while equipment will
be the least possible exposed to contamination.

- fixing the contamination :

Suitable paint will be used to fix the contamination and limit
its resuspension during operations of cutting and waste disposal.
The CEA has developped specific procedures or techniques as for
instance a telemanipulable electrostatic gun working in the hot
cells and used for dismantling the ELAN IIB (CS 137 source produc-
tion workshop at La Hague).

5.3 - Safety and Security of the Operations

Analyses of incidents are performed. Measures are taken to restrict the
consequences of the same, such as :

the emergency exit system of the workshop comprising a tight panic door
equipped with leaktight evacuation airlock for contaminated
personnel, which is inflatable for quick utilization.

- the portholes equipping the workshop for surveillance of the working crew.

- the duplicate circuit equipping a shear, thereby avoiding contamination ot the
hydraulic sets located in the non contaminated zone.

the preference for mechanical cutting instead of heat cutting which entails
fire hazards.

5.4 - Waste Future

Provisions are made for meeting the following requirements :

- limitation of waste produced : the waste production is limited to a minimum
quantity compatible with subsequent processing.

- conformity with the available means of waste processing : the liquid
chlorinated wastes are for instance prohibited due to the resulting corro-
sion risks in the processing facilities.

- regulations relating to the transport of radioactive materials.

regulations relating to waste storage, which are set forth by ANDRA in
France.

The selected packaging procedure depends on the potential hazards of the
produced wastes and on the prevailing regulations.

Suitable techniques have been developped such as coating la concrete and
more recently coating in thermosetting resins, which has been used for the
wastes produced in the ELAN II B facility In La Hague. This technique complies
specially with the leaching limits in respect of C 137.
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5.5 - Summery

The engineering studies leading to the preparation of the technical cons-
truction docket are performed by expertised and specialized teams. It is advisa-
ble that the operating staff of the concerned facility might closely participate
In the engineering studies and assist the specilized engineering team, as it is
well acquainted with the facility to be dismantled.

The technical file specifies :

- the techniques to be implemented ensuring their mu:ual compatibility.

the strict organization of operations from the standpoint of feasibility
and schedule.

- the allocation of work segments of such operations.

- the works supply contracts and limits of liability of the contractors
involved.

- the required equipment procurements (e.g. robots).

The engineering studies are further used for the construction studies to be
completed by the selected contractors.

6 - CONSTRUCTION COMPLETION DOCKET

This file compiles the various decommissioning operations and defines the
administrative status of the facility.

It mainly comprises :

updated drawings of the facility after completing the decommissioning
operations accompanied with work acceptance certificates detailing the
acceptance procedure and the results obtained.

- background and chronology of operations mentioning the distinct stages with

results.

summary of the integrated dose rates by working personnel,

balance of released wastes (liquid and solid wastes).

balance of the possible residual activity.
- inventory of the control, surveillance and maintenance provisions which may

be required.

- inventory of the possible subsequent rush action means.

- information relating to the administrative status of the facility.
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T A B L E I

ACTIVITY (IKCI) OF THE MAIN CONSTITUTIVE ELEMENTS OF EL 3 REACTOR BLOCK

Constituent and

mass

Reactor vessel +

bottom plate ? tons

Tubular block
35 tons

Graphite 52 tons

Cast iron 130 tons

D_0 primary

circuit

Bellevile rings
82 Kg

Irradiated concrete

15 tons/2500 tons

Channels (thimbles +
sleeves)

Total activity

Decay time (years)

a

3

P

6

0

a

6

a

a

3

g

«

a

8

j

J.l.lu"'

7000

1 730

230

9600

6(0

t,

3,1.10"'

2.io"'

i«"0

JO

i.7O

010

:M.I<i ''

i

..MO"'

3100

960

210

6500

2.4

1.7

3.1.10"'

1,3.lo"'

1310

1".

4j<)

1.3.10 4

SO

i.I.IO"'

1340

605

165

3400

2,4. IO"4

1.5

3,i.lO~'

5.IO"2

660

II

240

3.1.10"'

6420

!<1

3,1.1'.)"'

26

150

65

250

-

1.3

3,1.10"'

2..O"3

49

3,h

3.7

.1.10"'

550

loo

3.1.10"'

io"2

61

20

2,6.IO~2

-

9.10~'

3,1.10"'

7.I0"5

5..O"3

8.IO"2

3..O"5

3,1.10"'

BO

Main elements involved

and half-life

6 0 C Q 5.J years

60 5.3 years
63jj? 80 years

151 93 years
I52^n 13 years
154^" 16 years

60Co 5 3

210po 13S "ears

I08m 127 years
H0t£B 290 days
125 2 2.4 years

V - Pu

60 3.3 years
90^" IS years
137 £. 30 years

6"^ 5.3 years

60 5.3 years
152^ 13 years
154 1'» vears

*°(-o '•i years
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DECONTAMINATION RESEARCH IN THE COMMISSION OF EUROPEAN
COMMUNITIES' PROGRAMME ON DECOMMISSIONING OF NUCLEAR

POWER PLANTS

K. H. Schaller
Commission of the European Communities
Brussels, Belgium

ABSTRACT

An important part of the European Commissions' indirect research pro-
gramme (1979 - 1983) on Decommissioning of Nuclear Power Plants is concerned
with research and development of procedures and methods in the field of
decontamination for decommissioning purposes.

Research work in progress, with Commission funding up to 50%, is per-
formed actually by eight organisations on research subjects chosen from an
important number of proposals.

As a preparation for the initial invitations to submit research pro-
posals, information on decontamination work done in the various types of
reactors in operation in the Community had been gathered, and a careful
analysis of information allowed to define areas, where further research was
needed.

A description of the main results of this analysis is given. Based on
this work the following five subjects were specified in the call for pro-
posals: estimation of contamination, decontamination of systems, vigorous
decontamination of metallic objects, decontamination of building surfaces, and
overall studies in order to assess the reasonable decontamination effort in
decommissioning.

INTRODUCTION

The first indirect research programme on "Decommissioning of Nuclear
Power Plants" (1979 - 1983) of the Commission of the European Communities
includes activities on decontamination.

The objective of the research project on "Decontamination for Decom-
missioning Purposes" is to determine whether decontamination is indicated for
the various structures of a nuclear power station and, if so, what are the
best means of achieving it.

Decontamination in the context of plant decommissioning differs from the
usual decontamination procedures in the following ways:
- it has the advantage that heavy damage of the material or of a group of

materials is permissible, since they are not being returned to service;
- it entails the problem that it is not sufficient merely to achieve a

level of decontamination consistent with limited access; the deconta-
mination should preferably allow unrestricted release.
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Experience with the levels of decontamination achieved in service has not
always been encouraging; and other more aggressive procedures must be sought
than those currently employed. Moreover, many procedures will produce large
volumes of secondary waste. To improve existing knowledge and further the
development of cheap but effective methods producing little secondary waste,
the Commission of the European Communities supports research in this field.

As a preparation for the initial invitations to submit research pro-
posals, information on decontamination work done in the various types of
reactors in operation in the Community had been gathered, and careful analysis
of information allowed to define areas, where further research was needed.

ANALYSIS TO DEFINE RESEARCH AREAS

Limitations and Definitions

This study will be confined to power reactors of the types constructed in
the European Community. It will be assumed that, at the most, the reactors
remain in operation up to the usual design limit of 300,000 hours under normal
operating conditions (which corresponds to an actual service life of 40 to 45
years). It will further be assumed that no incident or accident involving
partial melting of the fuel has occurred during the life of the plant, and
that accordingly only activation and possibly fission products are present on
the surfaces to be decontaminated. Nevertheless this last assumption has to be
verified by measurements.

Decontamination after an accident involving contamination by actinides is
a separate subject.

In defining the zones of contaminated surfaces, the contaminated and
activated surfaces and volumes will be excluded (it may be that deconta-
mination of a whole loop, including the activated zones, is easier and more
economical than physical separation of the volumes followed by separate
treatment).

Zone A. Surfaces in regular contact with the primary coolant and
subjected to the operation pressure and temperature of the reactor (surfaces
of the primary circuit together with the primary side surface of the heat
exchangers and the steam or turbine generators, including the gas or steam
phase surfaces of the liquid in the volumes traversed by the coolant under
normal service conditions).

Zone B. Surfaces in regular contact with the primary coolant or its
blanket gas at a pressure and temperature below the operating values (e.g.
pressure regulating lines and volumes, sampling and measuring lines) or
surfaces occasionally in contact with the coolant at a pressure and tempera-
ture equal to, or less than, the nominal conditions (auxiliary circuits,
bypass, safety circuits).

Zone C. Surfaces moistened by a liquid in which quantities of radioactive
solids or liquids are stored or carried at atmospheric pressure or near
atmospheric pressure and at moderate temperatures (max. 200°C) - (volumes for
the transport arid storage of fuel elements, for the treatment of the primary
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coolant or for the treatment of radioactive waste).
Zone D. Gas surfaces and volumes around the installations in zones A, B

and C, which are subjected to deposits of steam, gas or dust containing radio-
activity and to occasional contamination by radioactive liquid owing to valve
leaks, handling errors, etc. (surfaces and volumes of "active" buildings).

Zone E. Surfaces in non-active zones which are contaminated by an inci-
dent or an accident (not counting accidents associated with the reactor
core). In principle, zone E contamination is removed after the incident; if
the decontamination is not total, these surfaces can be assimilated with zones
C or D, and sometimes with zone B (e.g. if there is prolonged operation with a
slight leak between the primary and secondary circuits). Hence zone E will not
be dealt with specifically.

Zone F. Ground surrounding the station and exposed to emissions from the
chimney and to any incidental contamination.

The following decay times after final shutdown of the reactor will be
considered:

Time 1. Commencement of final decontamination operations after one year
(one to two years must be allowed for the unloading, preparation for transport
and final removal of the fuel elements, control rods and neutron shields
before dismantling can begin).

Time 30. Dismantling after thirty years in safe storage (once thirty
years have passed, the gain in terms of reduction, of radioactivity is slight
since the rate of decay is determined by the Ni in the activated steel,
which has a half-life of 100 years).

Time 100. Dismantling after 100 years in safe storage.
It is clear that, depending on the decommissioning option adopted and the

reactor type, certain sections will be decontaminated and removed fairly early
(after one or two years), even if the central part is in safe storage.

Contaminations

The known and published information has been collected with a view to
pinpointing the gaps in knowledge. The sources drawn upon are given in the
list of references.

Zone A (primary loop). The contamination mechanism in the primary circuit
is very complex. There are theoretical works, calculation programmes and some
measurements describing these phenomena as a function of the corrosion pro-
ducts carried in the liquid, the surrounding materials, the velocities and
velocity gradients, the temperature and temperature gradients and the coolant
chemistry.

As a general rule, two layers are observed to form on the metal:
- an external layer, rather porous, often in the form of scales;
- an internal layer, fairly dense, with mechanical properties comparable to

those of the basic materials.
The external layer is sometimes absent or indiscernible. Usually, there

is seen to be a heavy deposit of radioactivity in the cold sections (steam
generators, exchanger, etc.). Schematically, the activity fluctuates above and
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below a coefficient 10 compared with the average activity per unit of surface.
Most information is available for pressurised water reactors.
The depth of the contaminated layers is important for the choice of the

decontamination procedure. Research on non-active steel has shown an initial
period of 200 to 300 hours in which a layer of 50 to 60 nm is formed, followed
by linear growth at the rate of 3 to 3.5 nm/100 hours. The few observations on
samples that have remained for about two years in the reactor (Obrigheim) do
not contradict that result. Assuming that there is no upper limit, this would
result in a contaminated layer 0.015 mm in thickness at the end of service
life.

The few available analyses,of radionuclides as a function of depth seem
to show that it is mainly the Co that migrates or diffuses rapidly in the
internal layer, and that the other nuclides are located in the outer 1 to 3 inn
of the corroded layer.

Measurements on samples or on secondary waste after decontamination
relate to components that have been in the reactor from one to five years.
Below a list of isotopes produced by activation or fission is given, which are
expected either on the walls or in the water. It is assumed that isotopes that
have exceeded ten times their half-life can be disregarded. Table I indicates
for each isotope: T . = half-life; X = important for the decay time; 0 = not
important; M = measured; N = not measured. ( H or C, which may diffuse in
the walls, are disregarded).

This rather qualitative table shows that ofqthe isotopes that are-impor-
tant for Time 30 C^Ni, ouCo, 0JNi, yuSr, yJMo-, Nb,,and "'cs) only 0UCo and
J^Cs have been measured; for Time 100 ( Ni, Ni, Mo, Nb and Cs) only

Cs has been confirmed in a reactor.
Measurements -taken in the Be2nau-II, Chooz and Ardennes reactors have

been extrapolated (Table II). Measurements taken in the,, Turkey Point stearj
generators are extrapolated (Table III). In a study , measurements of
2.0x10 to 8.0x10 Ci/p are given for the Obrigheim reactor after five years
of operation due to _Co. This is regarded as unrealistic, and a margin of
£Q,000 to 100,000 Ci/m is believed to be more likely at the end of life. With
Co alone, and taking into account the equilibrium achieved, the approximate

figures given in Table IV are obtained.
For boiling water reactors the measurements published relate to periods

of up to ten years operation (Lingen). The results are comparable wLtL those
shown in Table I. To complement this Table, it is confirmed that Ce is
present in a number of reactors. The only very long-life isotope measured is

Cs in the Garigliano and KRB-1 reactors. No extrapolations towards end of
life have been found.

Concerning gas-cooled, graphite-moderated reactors, the.substance^mainly
found in. the _AGR Windscale heat exchangers are Co, Cs and Cs. As
well as 24(9O» H a n d C» t*ie Chinon I graphite cores contain actinides
( Pu, Pu and traces of others). Hence the presence of actinides on the
walls of the primary circuit cannot be ruled out. According to calculations
GGR-type reactors might contain, the .following isotopes in addition to those
already mentioned in Table I: Eu, u Agm and Ho .
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Isotope

54Mn
55Fe
57Co
58Co
59Fe
59Ni

Co
63Ni
65Zn
75Se
89Sr
90Sr
91Y
93
Mo

94Nb
95Zr
103_

Ru
106_,

Ru

"V
124Sb
125Tem

134Cs
137Cs
144Ce

T1/2(days)

300

986

272

72

45

29,200,000

1924

33,600

245

120

53

10512

59

3,650,000

7,300,000

65

40

370

260

60

58

750

11000

280

Time 1

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

Time 30

0

0

0

0

0

X

X

X

0

0

0

X

0

X

X

0

0

0

0

0

0

0

X

0

Time 100

0

0

0

0

0

X

0

X

0

0

0

0

0

X

X

0

0

0

o
0

0

0

X

0

Measured

M(always,slight)

N

M(always,slight)

M(always,heavy)

M(always,slight)

N

M(always,heavy)

N

M(2 reactors)

M(TRIN0 VERC.)

N

N

N

N

N

M(3 reactors)

M(2 reactors)

N

M(TRIN0 VERC.)

M(2 reactors)

N

N

M(TURKEY POINT)

N

Table I; Important nuclides at different decay-times for pressurised
water reactors.
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Product
60 55,,

Corrosion: Co, Fe
59H. 63... 54MNi, Ni, Mn

Fission

Actinides

Sum

Time 1

2.5xI06

l.OxlO6

5.0xl04

3.6xl06

Time 30

6.2xl05

8.0xI04

1.2xlO4

7.1xlO5

Time 100

3.9xl05

1.6xlO4

2.4x103

4.1xlO5

Table II: Extrapolation of contamination values in uCi/m to different
decay times from three reactors.

Isotope

54Mn
58Co
60Co

95Zr
103DRu
137.,

Cs

Sum

Time 1

3442

2979

62252

180

11

254

69118

Time 30

_

-

1374

—

_

130

1504

Time 100

-

-

—

—

26

26

Table III: Extrapolation of contamination values in yuCi/m to different
decay times for the Turkey Point steam generators.

Extrapolation

Meas. min.

Meas. max.

Estim. min.

Estim. max.

Time 1

4.2xl06

16.8xlO6

8.8xlO3

8.8xlO4

Time 30

9.3xlO4

3.7xlO5

170

1700

Time 100

9

37

0

0

Table IV; Extrapolation of contamination values in uCi/m to different
decay times for the Obrigheim station.
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For sodium-cooled fast-breeder reactors research has been done on the
transport of material from a hot source to a cold source in a non-active
environment. On the cold side there is found to be an overall reduction of Cr
and Ni on the surface, a slight reduction of Mo and Mn at 5tim, but a steep
increase of Mn and a less marked increase of Cr in the first urn of the sur-
face. On the hot side, the modifications reach to 30tim in the 10,000 hour
tests. There are few measurements available. In the intermediate heat
exchangers of the Jtepsodie reactor, a highly actjge layer^-of Ipn is found,
containing mainly Mn and traces of Na, Cs, Co and Zr.

Zones B,C,D and where appropriate, E. Very little is known about the
contamination of surfaces in these zones, or, if any extensive measurements do
exist, they have not been published. It is known, for instance, that in a PWR
about 10 kg of primary water disappear every hour, and that its activity is
bound to turn up somewhere. Assuming that there is a, leakage of 1 litre of
primary water a day, which spreads over 6 m , 3.75x10 liCi/m would be found
at shutdown of the reactor. On this hypothesis, and supposing there are no
actinides, the values shown in table V are obtained.

Isotope
54Mn
55Fe
59Fe
58Co
6°Co
90Sr
90Y
134Cs
137Cs

Sum

Time 1

23

658

1

8

2484

15

15

3212

27689

34105

Time 30

-

_

_

-

55

7

7

-

14212

14281

Time 100

—

_

_

-

-

-

—

-

2841

2841

Table V: Assumed contamination of surfaces in the reactor building in
uCi/m as a function of decay time.

Two cases are to be distinguished: surfaces covered with layers that
prevent penetration into the concrete or the ground (steel liners and coat-
ings), and penetrable materials. In both cases it is the coolant containing
activation products that gives rise to the contamination. Other sources of
contamination are secondary waste from decontamination exercises and the
treatment and transport of spent fuel and neutron absorbers.
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The degree of contamination depends greatly on the type of power plants,
the handling procedures and the operating history of the reactors. Systematic
measurements on reactors with a long period of operation behind them will
yield information.

Zone F. The need for decontamination of Zone F (the ground around the
power station) will depend partly on the radioactivity deposited after dis-
charge from the chimney, and partly on the purpose for which the site is
ultimately intended (construction of another reactor, parking facilities,
agricultural use). Measurements will need to be taken on existing sites and
compared with the allowable limits for various uses.

Conclusions and research in progress

The areas of activity in which further investigation and research seem to
be necessary are the following:
- additional measurements of the quantity, composition and distribution of

radioactive isotopes, especially long-life isotopes in all zones (taking
into account the distribution in depth) in each type of reactor with a
long history of operation;

- extrapolation of the measurements for the whole life of the reactors, and
estimation of the quantities of radioactivity present after decay periods
of 1 to 100 years;

- determination of the decontamination costs (per unit of surface and
volume removed) for the various conceivable methods of decontamination,
including the cost of treatment, transport and storage of the secondary
waste produced;

- technological development of the most economic decontamination proce-
dures, and application of these to radioactive samples;

- assessment per component of the advantage of decontamination in terms of
financial cost and man-rems, as compared with the segmenting, transport
and storage of undecontaminated components (or parts of components).
Based on this analysis, the following five subjects were specified as

areas for future research: estimation of contamination, decontamination of
systems, vigorous decontamination of metallic objects, decontamination of
building surfaces, and overall studies in order to assess the reasonable
decontamination effort in decommissioning.

Research work in progress, with Commission funding up to 50%, is per-
formed actually by eight organisations on research subjects chosen from an
important number of proposals; some essential features of the research in
progress are:
- detailed measurements of contamination layers are done on three reactors

with an operational history of 10 or more years;
- new decontamination techniques are being assessed (erosion by cavitation

on metal surfaces, flame-scarfing on concrete walls);
- vigorous decontamination techniques (chemically aggressive liquids and

gel-based decontaminants, electrochemical technique, high-pressure
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waterlance) are developed with a view to treatment of the secondary waste
and to cost;

- an economic assessment of decontamination for unrestricted release is
made for the components inside the active zones.
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COSTS OF DECOMMISSIONING NUCLEAR POWER PLANTS AS REPORTED
TO THE PUBLIC TO DATE

Professor John D. Strasma
Department of Agricultural Economics

University of Wisconsin
Madison, Wisconsin, USA 53706

ABSTRACT

This paper attempts to determine what information has been
available to the public, in the United States, concerning the cost of
decommissioning nuclear power plants. The search was conducted in the
Television News Index & Abstracts, in the annual indexes to The Reader's
Digest, and in two computer-based bibliographic retrieval systems,
Lockheed's DIALOG "Magazine Index" and the New York Times Information
Bank. Fewer than ten articles appeared in widely-read places, with none
at all in The Reader's Digest and none on the evening TV news, froM 1974
to date. The cost of decommissioning nuclear power plants was reported
in various ways, with a wide range of estimates and relatively little
actual experience. Costs were given in dollars of different years, in
percentages of construction costs, in cost per KWH as per month to the
consumer, etc., making the range of reported costs seem even wider than
it really was. It is not surprising that the public fears that
decommissioning costs will be alarmingly high. The public debate on
energy policy might be more rational with better information on
decommissioning costs.
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INTRODUCTION

A series of mishaps end errors, of which the highly-publicized
events at Three Mile Island in March, 1979, were but the best-known* has
given the nuclear power industry a new credibility problem. Skeptics
now question the economics as well as the safety of all stages of
nuclear power generation, from uranium mining (and mine and tailings
pond reclamation) through the construction, operation and eventual
decommissioning of power plants and the permanent disposal of spent
fuel. A Congressional subcommittee has questioned whether nuclear power
is cheaper than that obtained from alternative energy sources, if all of
these costs are taken into account. Even part of the business and
financial press has raised pointed questions, and proponents of nuclear
power cannot write off these new questioners as "anti-growth" or
"un-American."

Neither skeptics nor backers of nuclear power have had a clear set
of cost figures from which to argue until recently, and this Symposium
should help narrow the differences further. The present modest effort
attempts to determine what cost information, if any, has been readily
available to the U.S. public, particularly before TMI, about the "back
end" expenses involved in decommissioning and dismantling nuclear power
plants. This paper focuses strictly en economics, and does not go into
media accounts of public health or safety elements of either nuclear
power or the coal and solar alternatives.

STUDY APPROACH

Limits on the time and resources available made it necessary to
sample, non-randomly, in this initial exploration, As a proxy for "the
public," therefore, we have taken four sets of citizens, overlapping, as
follows:

A. Persons watching the evening TV news on ABC, CBS and NBC.

B. Persons reading The Reader's Digest.

C. Persons reading any of the general circulation magazines
covered by File 47, The Magazine Index, of DIALOG, a computer-
assisted bibliographic retrieval service available through the
University Libraries, University of Wisconsin, and many other
libraries.

D. Persons reading some 50 major newspapers and magazines indexed
in the Information Bank of the New York Times. While these
periodicals range from Foreign Affairs and the Atlantic
Monthly to the Economist of London and Sports Illustrated,
most are business and financial periodicals or daily
newspapers from major U»S. cities.

Television News.

Vanderbiit University has recorded the major network evening news
television programs, and publishes an Index to them. A search of
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that Index from late 1974, when it begins, to the end of 1981 found no
mention at all of planned decommissioning. There were of course many
stories on Three Mile Island and other unplanned shutdowns, delays in
start-ups, or similar unscheduled problems. Even in these cases* the
stories usually reported only the costs for short-term "coping" with an
immediate real or perceived hazard.

Many TV news accounts also stated that the delay or shutdown
required the purchase of electricity from other sources. These were
invariably said to be considerably more expensive than the nuclear power
would have been, but no documentation was given. We were unable to find
any TV evening news reporting on the cost or the financing of regular,
predictable, planned decommissioning of power plants at the end of their
economic life. The TV news accounts did mention, in stories of January
2, 1981 and January 12, 1982, that the U.S. Navy dumps nuclear waste or
spent fuel into the ocean.

The Reader's Digest

My assistant, Mr. Dino Testolin, scanned the annual indexes for
each volume of The Reader's Digest from 1974 to date, with much the same
result. While there were a number of articles on nuclear or atomic
power, none dealt specifically with the costs entailed in the eventual
decommissioning of these facilities. The articles appeared to be about
evenly balanced between those authors clearly regarding nuclear power as
safe, clean and cheap, and those stressing the mishaps, errors, and
unexpected incidents that have plagued the industry. Since this is the
general monthly magazine of widest circulation among the American
public, we may tentatively conclude that the public has been no better
informed on this issue by this magazine than by television news.

The Magazine Index

The most surprising search result was the finding from a general
file of magazine articles maintained by Lockheed Information Systens
(DIALOG). "The Magazine Index" database was searched for any
"identifiers" or titles including three key concepts: "Nuclear power" or
"atomic power"; "Decommission," "close," "tear down," "discard" or
"dismantle"; and "Cost", "pay", "fund", "finance", "consumer", or
"ratepayer." In each case, plurals and other grammatical forms were
also accepted. For the period 1977 (its inception) to September 1982,
only one article appeared, and that was in a specialized magazine seldom
read by the general public: Electrical World.

In the July 15, 1978, issue of Electrical World, a headline stated
that "Regulatory bodies are ready for N-plant Retirements." Inspection
of the article itself, ailed by hindsight, suggests that the regulations
were not actually "ready," and the headline writer was using what I have
baptized as the "Present Prospective" tense. (You won't find it in
English grammar books.) The Regulatory Commissions were not in fact
ready; only six out of 50 or them were even thinking about getting
ready. At most, two or three states had actually made provision for
decommissioning costs in a few individual rate cases.
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In any case, the article (by Lewis Iwler) did contain a few cos;:
estimates (see below). The paucity of articles obtained by a search of
the Lockheed Index, even in the three years since the events at Three
Nile Island, makes me uncertain that the retrieval system was working
properly. I intend to repeat the search in such a way that, if working,
it should retrieve articles already known to me on related topics such
as the disposal of spent fuel. Nonetheless, tentatively we must
conclude that a wide assortment of popular magazines of general
circulation appears not tc bave treated the subject of decommissioning
or dismantling nuclear power plants, at lease from 1977 through
September 1982.

The New York Times Information Bank

This source was considerably more productive when searched with the
same key words. From 1974 through 1978, it yielded 34 citations, and
four more appeared in the first two months of 1979. (Because each
abstract costs about 34c, and this expense was paid out of my own
pocket, I was unable to search the flood of stories precipitated by the
events at Three Mile Island in March, 1979 and thereafter.) Review of
the abstracts found that most of the stories had to do with delays in
the construction or approval of new plants, or disputes between
contractors, builders and utility owners of plants.

Several news stories were based on a report by the Subcommittee of
the House Committee on Government Operations questioning whether nuclear
power was actually cheaper than coal or solar power if allowance was
made for dismantling and for spent fuel disposal. However, clearly
the most significant items unearthed by this search were a pair of
articles by Tom Wicker in The New York Times,"* a "Special Report" in
the Dec. 25, 1978 issue of Business Week, and a survey of the cost of
all major energy sources, by Milton Copulos, published just a month
before Three Mile Island burst into the news. The Copulos article
appeared in the National Review, which at least reaches a wider public
than Electrical World, although nowhere near the political, business and
professional readership of Business Week or The New York Times. Each of
these articles, which appear to represent the only significant, relevant
information reaching the general public before Three Mile Island events,
is summarized below.

FINDINGS

During the last decade, technical studies have been published on
the technology and costs of decommissioning nuclear power
plants—prominent among them being the Battelle Pacific Northwest Labs
reports to the NRC. However, such cost estimates only reach the
general public when someone studies them, distills the essence, and
writes a short, pithy account which is actually used by newspapers,
magazines or television news.

Several rate cases before state regulatory commissions have also
addressed the decommissioning cost issue recently. Again, the public is
only privy to the cost studies if they are somehow incorporated in mere
popular writing. One effort to brief journalists, regulatory
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commissions, and others interested in the subject is a recent booklet by
Accountants for the Public Interest (API), entitled "An Analysis of
Decommissioning and Premature Shutdown Costs of Nuclear Power
Plants."

The API report is a helpful source for a few cost figures used in
earlier rate cases before various state regulatory commissions. API
also includes some cost estimates that have appeared in a German study
cited in Nuclear Engineering International, and in reports by the Atomic
Industrial Forum.

Apart from the booklet by Accountants for the Public Interest, this
search uncovered only four articles that presented decommissioning cost
information to the reader, based on other more technical sources
available to the journalist. These are the previously-mentioned
articleJ by Copulos, Iwler, Wicker, and Business Week.

Milton Copulos, National Review, 197Q

The Copulos article identifies the author as being "with the
Heritage Foundation," and is unabashedly upbeat about nuclear energy.
Copulos concludes that oil and solar energy are "too expensive,"
hydroelectric power is out because "dams defer to fish," and "that
leaves coal (cheap) and nuclear power (cheaper)." His article attempts
to sort out the various subsidies and penalties affecting both nuclear
and coal power.

Copulos concludes that in spite of uncertainty as to the cost of
nuclear waste disposal and decommissioning, "there are a number of
plausible solutions, no one of which would affect nuclear power's
competitive advantage." He indicates that the cost of waste disposal
ranges from 0.28 mills/kwh to 1.37 mills/kwh, "according to the House
Committee on Government Operations." He reports that many utilities now
provide 0.5 mills/kwh on their books as a provision for eventual spent
fuel disposal.

As to decommissioning, Copulos discusses entombment, raothballing
and dismantling separately. Attributing estimates to the Department of
Energy, he reports a cost range for these procedures from $2.3 million
for motbballing a pressurized-water reactor to $31.2 million for
dismantling a boiling-water reactor; he sees this as a range of $0.00032
to $0.00069 mills per kwh, depending on which option is chosen. His
conclusion is trenchant:

"As in the case of waste disposal, none of the (decommissioning)
options currently under consideration would significantly change
the current cost relationship between nuclear power and the other
options for generating electricity." (p. 158)

Louis Iwler, 1978

In his July 15, 1978 Electrical World article, Iwler says that some
15 small R&D reactors have been decommissioned to date (1978). The last
were Detroit Fermin (65MW), tnothballed in 1975, and Philadelphia
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Peachbottom I (90MW), retired in 1974. No funds were set aside in
advance, but the cost was presumably a deductible expense for the
utility in the year paid or incurred, under IRS Regulation 1.167 (A-11D).
Iwler's source is ''Nuclear Power Costs," the 1978 "preliminary
evaluation and study" published by the U.S. House of Representatives
Committee on Government Operations. That study estimated utility costs
as $31-71 million (of 1977) or 3-10 percent of the capital costs
estimated at $1 billion. Even the higher figures don't cover the cost
of perpetual care for rubble containing nickel, that may be hazardous
for 1.5 million years, after being irridiated in a plant that had a life
span of 30-40 years.

Ironically, Iwler also reported that General Public Utilities had
asked for "set asides" for TMI 1 and 2 decommissioning costs. The
Pennsylvania Public Utility Commission allowed only $206,000/year over
30 years for unit 1, 35.9 for II. Iwler also reported that the first
rate case including decommissioning—in Florida in )974-had stated that
this would be less than 0.2 percent on the average consumer bill. And
for Oregon, Pacific G&E, owner of the Trojan plant, stated that
decommissioning cost would be $406 million "with inflation." In any
event, although the Iwler article is an excellent survey of what was
known about decommissioning in 1978, Electrical World is not a magazine
of general circulation to the public. Nor, for that matter, have I
found evidence that any journalist writing in a daily newspaper or more
general magazine, ever read the 1978 Electrical World article.

3
Tom Wicker, New York Times, 1978

The Wicker articles appeared in October and November, 1978, as part
of a longer series on energy. In the first article, Wicker reported a
number of questions raised in recent hearings by the Subcommittee on
Environment, Energy and Natural Resources, of the House Government
Operations Committee. For example, testimony indicated that the NRC had
granted licenses, pernits or "limited work" authorizations for nuclear
plants totaling 120,000 megawatts, slightly more than all known domestic
uranium reserves could fuel. Testimony also stressed "shortages,
breakdowns and poor productivity," with actual production only averaging
55 to 57 percent of full potential, while the uncertainty about waste
disposal and decommissioning costs was given as a reason for going slow
with new plants. Wicker stressed that "none of that is necessarily an
argument for banning further nuclear development...(but) it does raise
the question why the Ame?."ican energy effort has been and continues to be
so heavily concentrated, on a single, costly, controversial, possibly
hazardous and none-too-efficient technology."

In the second article, Wicker reports that the first one drew
"numerous responses from nuclear proponents (who) suggested that the
articles were an effort to 'kill' nuclear power through one-sided
criticism." His response cited the Oyster Creek, N. J. dismantling, at
a cost of $100 million, or more than 150 percent of its original cost,
$65 million, but added that although Jersey Central Power and Light had
provided these figures, that company now planned to "entomb" the plant
at a cost of only $35 million. However, Wicker observed, no standards
had yet been set for decommissioning, and that method might not be
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approved because of its need for continuing monitoring. He also
cited a request by the State of New York for federal help with the $600
million cost of decommissioning the nuclear fuel reprocessing plant at
West Valley. Wicker remained unpursuaded that it was prudent to put so
many federal budget chips into the nuclear energy source at the expense
of solar and other options.

Business Week, 1978

The Business Week Christmas, 1978 issue was probably been the best
source available to a wide public. Besides overall survey pieces on the
"atom's fizzle in an energy-short world," it had specific separate
articles on nuclear waste storage (p. 60) and decommissioning (p. 05).
The latter, generally upbeat, suggests that dismantling a l,00MW reactor
would require $39.3 million, about 4 percent of its $1 biJlion initial
cost. (The source is a Battelle report to the NRC.)

However, Gerald L. Brubakar, of Che Council on Environmental
Quality, is quoted by Business Week as suggesting that $100 million is a
more likely figure. Brubaker asserts that most utilities have not yet
allowed adequately for decommissioning in their financial planning. He
states that most utilities prefer entombment or mothballing, but that
plans must contemplate materials such as niobium 94 and nickel 59,
requiring protection for up to 80,000 years. The Business Week article
is appended, as the most widely-circulated, succinct discussion
available to the public before Three Mile Island.

DECOMMISSIONING COSTS: FURTHER CONFUSION

Before TMI, there were indeed few sources available to the public
as to how much decommissioning would cost. In addition, before TMI and
since, there is no standard way to state cost information. At least
five different methods have turned up so far; no wonder the public is
confused.

1. Dollar cost to do the job:

Atomic Industrial Forum, 1976
Atomic Industrial Forum, 1976
San Francisco Chronicle, 1977
Copulos, Natl. Review, 1977
Business Week, 1978
German study, 1979
PG&E to Cal PUC, 1979
Trojan (Oregon), 1976
TMI HI (to PaPUC), 1978
DOE "F" reactor
Economist, 1978

$13-15mn (Journal of Commerce)
$27-31mn ($ of 1975) (API)'
"tens of millions of dollars"
$2.3-31.2mn (mothballing to dismantling)
$39.3mn (citing Battelle study for NRC) .
$lC0mn (1200 MW PWR, cited Nucl.Eng.Intl.)'
$105 and $88mn for Diablo Canyon I,II
$24mn (API)
$40mn (entombment).
$23-64mn U

$32mn

$117.5mn (dismantling)'

VII-242



2. Percent of the original construction cost
o

Atomic Industrial Forum, 1976 "Less than 2%"
Business Week, 1978 4% „
Tom Wicker, N.Y. Times, 1977 "more than 150%" (ref- Oyster Creek)
Connecticut study, PUC, 1977 102 (for mothballing)
Trojan plant, Oregon 5% -
German study, 1979 10-15Znin real terms
Economist, 1978 4-12%

,,L\J

3. Percent of total cost to design, build, operate and decommission the plant

12
Carbon, Wise. State Journal, 1982 "Less than 1%"

4. Cost per KWH to average customer

Copulos, Natl. Review, 1979 0.32 mills to 0.69 mills/kwh

5. Cost per month to average customer

13
Wisconsin Public Service Commission (1982) press release:

58c for Madison Gas & Electric Co. 40c for Wisconsin Power & Light
38c for Wisconsin Public Service Co. 61c for Wisconsin Electric Power Co.

CONCLUSION

This preliminary search found very little material readily
available to the U.S. public on the subject of decommissioning nuclear
power plants at the end of1their normal economic life of 30-40 years.
More has come out in 1982, and some may have been buried in the
voluminous reporting on the events at Three Mile Island. Hearings have
been completed and a financing plan approved by the regulatory
commissions in several states. However, the earlier image of nuclear
power as the low-cost source of energy has been damaged, and,.questions
are now appearing even in the business and financial press.

Adequate coverage by the media of this Symposium would be a
valuable improvement in the quality and quantity of information reaching
the public on the decommissioning issue, and should help citizens and
policymakers keep things in proper perspective. In turn, this should
improve the likelihood of rational decision making on critical questions
about future energy policies.
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DECOMMISSIONING OF UNIT A OF THE NUCLEAR POWER PLANT

GUNDREMMINGEN AND ITS CONVERSION TO A CONDITION OF

PROTECTIVE STORAGE

G.V.P. Watzel, Rheinisch-Westfalisches
Elektrizitatswerk AG, Essen
Federal Republic of Germany

G. Stang, Kernkraftwerk RWE - Bayernwerk
GmbH, Gundremmingen
Federal Republic of Germany

ABSTRACT

The first German nuclear demonstration power plant, KRB-I
in Gundremmingen, with a boiling water reactor and an electric
capacity of 250 MW has completed 11 years of very successful
commercial operation. In 1980 the decision to decommission the
plant was taken and the necessary planning work initiated. The
present concept provides to transfer the reactor and auxiliary
building into a protective storage and independently of this
to further use the turbine building for other purposes, as e.g.
for storing low-active waste. For this purpose in order to
save space the plant components contained in the turbine build-
ing should be dismantled and to a large extent free-decontaminat-
ed. The present state of the activities will be dealt with.

INTRODUCTION

In 1980 the operator of the nuclear power plant Gund-
remmingen took the decision to decommission plant unit A which
had been operated successfully for 11 years as one of the
nuclear demonstration power plants of the Federal Republic of
Germany. Apart from a brief description of the power plant the
reasons for decommissioning will be explained and then the
present state of the decommissioning planning for the transfer
to a protective storage will be reported.
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SHORT PLANT DESCRIPTION

The nuclear power plant Gundremmingen I with unit A was
constructed in the years 1962 to 1966 as the first of three German
demonstration nuclear power plants - before the construction of
Lingen and Obrigheim. The site is on the river Danube in the
community of Gundremmingen in Bavaria between Ulm (distance
30 km) and Augsburg (60 km). The Kraftwerksgesellschaft (power
plant company) is a foundation of Rheinisch-Westfalische Elek-
trizitatswerke AG with a share of 75% and the Bayernwerke AG
with 25%

It is a boiling water reactor plant of the General Electric
concept, constructed by the AEG company (main contractor) under
licence from GE. The buildings were constructed by Hochtief
company.

The primary system is designed as a dual-cycle system, i.e.
besides the primary steam generated in the reactor and fed to
the turbine hot coolant is fed through circulation pumps via
steam generators where secondary steam with low pressure is
generated and also passed to the turbine. The reactor core com-
prises fuel elements with the dimensions 110 x 110 x 3860 mm
with 36 fuel rods each. There are 89 cruciform control rods in
use. The uranium dioxide used for one core amounts to 52.9
metric tons with an average enrichment of 2.22%. Partly for de-
monstration purposes U-Pu-mixed oxide fuel elements were used.
The thermal capacity of the plant amounted to 801 MWth, the
electric gross capacity amounted to 250 MW. A more detailed des-
cription can be found in [i , 2\ .

OPERATIONAL HISTORY

From 1966 to the beginning of 1977 the nuclear power plant
Gundremmingen has generated as designed 15 billion kilowatt
hours electric power with an average availability of 75%; in in-
dividual years maximum availability rates of more than 90% were
achieved. During the approximately 11 years of operation valuable
experience could be gained for the development of the German
nuclear power technology and thus a contribution for today's high
standard of German nuclear technology was made.

The nuclear power plant has been shut down since an incident
which happened on 13th January 1977 after a short circuit in the
grid, involving subsequential damages to the plant.

In connection with comprehensive investigations it was found
that the required repair and backfitting measures would have
caused a further outage time of several years as well as total
costs of more than 250 million DM.
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Even if these investments would have been carried out, no
definite assurance could be expected that the licensing pre-
requisites for a long-term further operation would have been met.

The shareholders have made the decision in January 198O to
ultimately shut down the plant as they did not consider a back-
fitting on the plant justifiable from an economic point of view.
The generator will continue to operate for the time being and
is used for stabilizing the voltage in the electrical intercon-
nected grid. For this purpose it was disconnected from the tur-
bine.

The decision was made easier for the companies concerned
through the knowledge that the plant has completely fulfilled
its task as demonstration power plant and that the personnel of
the plant which disposes of long years of operating experience
will be made available for the two 13OO MW units B and C under
construction in Gundremmingen.

LICENSING ASPECTS FOR DECOMMISSIONING AND OTHER BOUNDARY CONDI-
TIONS

Although the experience with decommissioning of nuclear
installations is still limited in the Federal Republic and as
particularly no dismantling to a larger extent has been carried
out, there already exist a number of regulations concerning this
subject.

First of all § 7, (3) of the Atomic Act is to be mentioned
which requires, that

"....the decommissioning of a plant according
to paragraph 1 as well as the protective
storage * of the finally decommissioned plants
or the removal of the parts of the plant
necessitate an authorization."

In this connection amongst other items the provision against
damages according to the state of science and technology and the
protection against incidents or other impacts by third parties
has to be guaranteed.

* Protective Storage means a minimum modification of the plant
with respect to enclosure, in American nomenclature often re-
ferred to as "mothballing". The corresponding IAEA-term is
"Stage I of Decommissioning".
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Finally § 9a of the Atomic Act demands, that

"radioactive residual items of dismantled
or removed radioactive plant components"

are either "reused without any damage or orderly disposed of".

This determines that for the decommissioning measures de-
scribed a formal licensing procedure is necessary. The operators
assume that this procedure is handled in an analogous way as the
procedure for the installation and operation and e.g. a special
safety report would be filed for a decommissioning process.

However, the situation has to be viewed in a differentiated
way, depending on the volume of modifications of the plant and
the decommissioning variant aimed for. In case of large modifica-
tions of the plant, i.e. so-called essential modifications, a
participation of the public in connection with the licensing
procedure is inevitable. With only relatively insignificant
modifications, which furthermore involve a reduction of the
danger potential, as this could be the case e.g. with the pre-
paration of a protective storage state with minimum amount of
modifications, a participation of the public in the licensing
procedure would not be required.

Moreover, there are a number of regulations which require
the deconimissioning aspect to be considered already during the
licensing procedure for the construction of a nuclear power
plant. Hotvever, to this we will not refer in more detail.

In this situation the German operators have decided to
treat the subject of decommissioning as consistant and coordinat-
ed as much as possible. This refers e.g. to the mutual prepara-
tion and uniform representation of arguments for the licensing
procedure, proposals with regard to financial law questions as
well as general statements concerning proposals from authorities,
experts or other preparations by third parties.

For this purpose the operators have established already in
1972 within the Vereinigung Deutscher Elektrizitatswerke (VDEW -
Association of German Power Utilities) the working group "de-
commissioning of nuclear power plants", which is subordinated
to the expert committee "nuclear energy" of this organization.
The working group is comprised of members of all German power
utilities operating nuclear power plants. It has regular meetings
and the purpose of these is to exchange firsthand experience
between the operators with regard to all questions of the de-
commissioning, mainly the treatment in connection with licensing
procedures for the plants under construction, however, also with
regard to questions for carrying out the decommissioning work,
in as much as such plants do already exist in Germany.
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Considerable work was involved with the preparation of a
detailed decommissioning study for two reference plants, the
results and assumptions of which were used as a basis for the
procedure with actual decommissioning projects. However, it also
became obvious that in individual cases deviations from this
theoretic model may be more favourable. The study looks at the
immediate total removal, on the other hand at a limited protect-
tive storage with removal at a later date. For this it was assum-
ed that movable activity, cooling medium, fuel elements, control
rods are removed from the plants in connection with the operat-
ing licence, all other modifications to the plant are treated
in connection with a decommissioning licence, replacing the
operating licence. The work for transforming into protective
storage will be kept to a minimum with respect to the intended
removal scheduled for a later date. During the period of pro-
tective storage an annual supervision expense is expected result-
ing in an optimum period with regard to costs. After this period
decommissioning will be carried out, if meantime a final storage
facility for the decommissioning waste is available. The study
has indicated quantitative results concerning time period, suit-
able working steps, personnel requirements, waste quantities,
-types, -activity, -storage units, dose load and costs.*

PLANNING WORK FOR KRB

Following the decision for decommissioning mentioned earlier
preparational work had been taken up immediately. Reference to
this was made in £5j. As a total removal of the plant is not
sensible in the near future due to the lacking final storage
facility in the Federal Republic of Germany the intermediate
solution of a protective storage offers itself.

In connection with an engineering contract placed with the
Engineering Consortium Nuklear Ingenieur Service (NIS - Nuclear
Engineering Service) and Kraftanlagen Heidelberg {KAH - Power
Plant and Equipment Heidelberg) an optimum solution for the
protective storage with regard to costs and safety should be
found and planned in detail in advance. The procedure would be
followed in several stages. First of all a precise plant eval-
uation and documentation would be necessary, including the de-
termination of the type and distribution of the activity inven-
tory. In connection with this, sampling in the plant has been
carried out and the activity was measured. For the documentation
purpose a system has been evaluated, using not only a tabular
recording of all relevant properties of each individual system
component (see Table I) but also incorporating a photo recording
system.

* The results of this study were reported in detail in [3]. A
shorter review is published in £4j.
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Serial No.
Component Designation
System Designation
Documentation Data
(Drawing No.,
Foto Doc. etc.)

Building Designation
Room No.
Dimensions
Weight
Material
Surface Contamination
Specific Activity
Date of Installation
Date of Dismantling
Remarks
Date of Registration

Table I:
Documentation Formate
for Plant Components

Furthermore during a concept-finding phase first of all
with a limited planning depth several conceivable variants of the
protective storage were compared with each other. Essentially
they differ with regard to the size of the remaining exclusion
area. In this connection the idea whether the turbine building
v/ould remain unchanged, be partly or completely cleared is of
main consideration. Subseguently one variant, possibly with
alterations should be selected and planned right through with
all details necessary for its later implementation and the pro-
curing of the licence for its realization.

Concept Finding

For the concept finding of the solution to be realized sev-
eral alternatives were proposed from which an optimum variant
for further detailed planning has to be selected. These differ
from each other mainly in the size of the remaining radiation
control area to be converted into protective storage and in this
respect also in the expense necessary for the preparation. The
essential points to be taken into account for the variant selec-
tion are demonstrated through the example of the minimum and
maximum variant (see Fig.1).

The minimum variant (comprising minimal amount of work) in-
cludes, that the present control area of the plant, essentially
consisting of turbine buildinq, reactor building and auxiliary
plant building is kept and globally transformed into a protective
storage.
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All openings or doors no longer required will be permanent-
ly closed, connections to the outside cut off. Within the area
no particular modifications are planned. This variant therefore
leads to the lowest expense.

If no further points of view need to be considered the
realization with the lowest costs should be decided for, partic-
ularly since the concept evaluation showed that for all variants
taken into account approximately the same running costs for
supervision, guarding, maintenance, etc. have to be assumed for
the period of storage. These are relatively small due to the
taking over of these tasks by the already existing common facil-
ities (entrance, fencing, supervising personnel, etc.) for the
neighbouring units in operation.

A maximum variant may be to more or less dismantle the equip-
ment in the turbine building - with or without turboset. However,
the benefit of this procedure decisively depends on the fact
whether a free-decontamination of the dismantled parts may be
expected. If this is not achieved, the removed parts to be suit-
ably conditioned, packaged as radioactive waste and stored again,
due to the lack of final storage facilities, in the turbine build-
ing which would then remain as control area and also as part of
the protective storage, which altogether surely is not a sensible
procedure. It would be different, however, if a free-decontamina-
tion would allow the unlimited exploitation/scrapping of the
dismantled plant components. In this case only a small amount
of active waste - depending on the decontamination process select-
ed - would remain and the turbine building could be utilized for
other purposes.

In this respect several ideas are conceivable. At present,
consideration is given to the idea to utilize the turbine build-
ing as intermediate storage for low active wastes. The free-
contamination of the building and subsequent abandoning its control
area is also conceivable, which would enable a later, non-nuclear
utilization.

Despite the initially required larger expense a number of
reasons are in favour of the above-mentioned maximum variant. If
one starts out with the idea that finally the plant will have
to be removed, the cost situation in total is more favourable
if one starts with this early. Furthermore it is to be expected
that the licensing situation will be simplified if the remaining
protective storage area is kept as small as possible. The import-
ance to demonstrate to the public the possibility to carry out
the removal and recycling of former active plant components
should not be underestimated. Finally one benefits by the further
utilization of the turbine building - as already mentioned -
and one may gain early experience with new technological pro-
cedures .
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All these reasons resulted in the decision to carry out the
maximum variant. It is anticipated to proceed in individueil steps.

The Next Planning Phases

As already explained it is decisive whether a suitable
process is found to allow the free-decontamination of the largest
part of the installations in a turbine building. We trust that the
electropolishing process is suitable for this. With this process
the produced secondary waste seems to be extremely low. In a
small-scale test a number of contaminated small parts from differ-
ent areas of the plant were processed with full success. During
the following measuring of these parts no additional impulses
above the background radiation of the measuring position, which
is within the control area, were noticed. That means, that the
(even not quantitatively traceable) residual activity is under
the licensing limits determined by the radiation protection
regulation.

In order to obtain an even better evaluation basis for the
process in the next phase a demonstration test will be carries?
out where larger plant parts and components ai:e removed from
the systems and free-decontaminated. The total quantity will be
around 100 tons. In connection with this test together with the
supervising authority the measuring and verification procedure
to be applied for the release will be determined and tested.

In case of a positive result of this demonstration test the
turbine building will be extensively cleared in this way. It is
expected that from the 2OOO tons of contaminated material less
than 10% will be left over, where a free-decontamination is
technically difficult or not economical. This balance will be
intermediately stored on site in a suitable way until an ultimate
storage becomes available.

Previous work has shown that the plant knowledge of the
operating personnel is indispensable and that planning and work
carried out in the plant is considerably more effective, can. be
carried out with less total expense and faster through participa-
tion of this personnel. Therfore the work in the turbine building
described before should be implemented under the responsibility
of the operating personnel.

However, the balance area concerning the detailed planning
of the protective storage will be continued through the contract-
ed planning company. In this connection the linking of the two
areas will have to be considered accordingly, e.g. also in the
licensing procedure. The envisaged proceeding is shown principal-
ly in Fig. 2.
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The final condition aimed for will then comprise on the one
hand the residual confinement (reactor building and auxiliary
plant building) which is accessible via a connecting shannel
from the control area of the new power plant. The measuring tech-
nological supervision and necessary inspection as well as mainten-
ance checks from the outside will be taken over by the personnel
of the new units. On the other hand the cleared turbine building
is separated from the protective storage area, however, still
existing as separate control area and for the time being will be
available for operational purposes of the new power plant units.

The conventional buildings of the power plant will also be
used for other purposes and the plant equipment will be contain-
ed accordingly. These activities will not be explained here any
further as no handling of active material is connected with then.

The decommissioning variant described is to be classified
according to its type into a partial removal with safe residual
or balance inclusion. However, the procedure of a final storage
of radioactive (residual-) material, normally connected with
(partial-) removal is missing. This again is an example illustrat-
ing that sometimes in practice other ways and means prove to be
more favourable than expected in theory initially.

Time Schedule

The time schedule could be the following:
For the licensing of the protective storage condition it is
essential that there are no materials, particularly fuel elements,
left in the plant. According to today's planning this state will
be reached in 1984. At the earliest at this time the protective
storage can be licensed, its arrangement will take approximately
one year. Before this the detailed planning and the licensing
procedure have to be completed. This seems manageable within the
time mentioned. A possible time schedule for these activities is
shown in Fig. 3. Independent of this the work in the turbine
building can be carried out. This can be done very flexible
depending on the available personnel and the capacity of the
handling equipment to be arranged, if required, however, this
could be speeded up through several parallel handling lines. At
present an implementation period can be extended up to five years,
as after this period additional storage requirement for low active
waste from the new power plant units is expected.
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Licensing Aspects for KRB

The statutory administrative procedure for nuclear engineer-
ing facilities in the Federal Republic of Germany differentiates
between licensing procedures and surveillance procedures for
complying with a licence granted. The new installation of nuclear
power plants, essential modifications of a plant or its operation
as well as the decommissioning are subject to the licensing pro-
cedure. Modifications, which are not essential, however, can be
implemented in connection with the surveillance procedure within
a still existing operating licence.

As for the licensing procedure considerably more comprehensive
documents have to be presented, which under certain circumstances
have to be exposed to the public by the authority, the operators
do prefer in any case a surveillance procedure. Under this aspect
one endeavours to subdivide the protective storage of plant KRB,
unit A, into conversion measures with inspectorate agreement and
modification of the operation mode for the converted plant with
statutory licence for nuclear engineering facilities.
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