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Dear Mr. Bernero: PROPOSED RULE M,fdﬂo (43FR 10320j

Attached are the comments of the staff of the California Energy Commission
in response to the NRC's recently proposed rulemaking to amend its present
decogmissioning regulations (FR 43 10370-10371, March 13, 1978; FR Doc. 78~
6461).

The California Energy Commission fully supports the holding of such a rule-
making proceeding. Our staff have devoted considerable attention to the
subject of decommissioning as evidenced by a recent report included as
Appendix A of these comments.

The specific questions on which NRC has requested comment are, for the most
part, very timely and appropriate. The questions 1isted in the March 13,
1978, announcement, however, are not complete and, moreover, in some cases
there are fundamental issues which need to be resclved before specific
answers to certain of the questions posed can be answered.

One basic question which appears to have gone unasked is, "What should be
the definition of decoomissioning?" Presently, NRC's Regulatory Guide 1.86
gives four alternative and substantially dissimilar actions which presumably
would a1l be equally acceptable to the NRC. In addition, many variations of
these options have been considered or discussed by others. Questions such

as #5 in your March 13, 1978, announcement focus on the period of delay
between reactor shutdown and complete dismantling. This delay period is the
distinguishing feature of one decommissioning option suggested by an Atomic
Industrial Forum study. It has, however, never been clearly stated, though
perhaps implicitly assumed, that a reactor will at some point in time require
dismantling. Wi11 all reactors or even some reactors under certain specified
conditions require dismantling to remove all structures or at least those
still substantially radiocactive? If dismantling is the eventual or terminal
action, this should be explicitly stated since it is fundamental to other
considerations such as procedures, cost and financing.

A second issue, the resolution of which seems fundamental before any dis-

cussion of the requiring of any particular funding mechanism can be profit-
able, is the clearly expressed intention as to who should pay the costs of
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decommissioning and who should not. There have been many potential funding
schemes and mechanisms proposed for paying the costs of decommissioning and
these mechanisms can be differentiated and an option selected to a large
extent on the basis of the decision as to who should pay, who should not,
and to what degree do we want to ensure that those who should pay will pay.

In addition to the fundamental questions of what should constitute decommis-
sfoning and who should pay for it, there are several other more specific yet
sti11 important questions which were not raised in the NRC announcement of
March 13, 1978. Two topics not covered by your March 13 questions, but which
should be part of any rulemaking discussions, are the experience with and
ability to decommissioning present facilities and cost estimates for per-
forming this work.

1. Experience and Ability to Decommission

Qur staff research indicates that discussion is needed as to the true
extent of our actual experience in decommissioning as well as our ability
to handle future facilities which may be of a larger size or otherwise
structurally different from those facilities with which we have had some
previous experience? Particular questions which mijht be posed include:

What is the extent of our experience with the complete dismantling of
reactors not merely with their mothballing or entombment? 1s much, if
not virtually all, of our reactor decommissioning experience with the
less extensive options of mothballing and entombment which involve
largely surface decontamination rather than the more costly and massive
efforts required to dismantle, remove and dispose of a pressure vessel
or containment structure?

Is it clear that the techniques used previously on small experimental
facilities are in all instances applicable to today's facilities? (e.q.,
While the novel technique of plasma arc cutting was used to remove the
relatively thin pressure vessel of the Elk River reactor, is this tech-
nique directly applicable to the much thicker pressure vessels of large
power reactors of current design?) Should special efforts be made to
gather additienal experience relevant to the dismantling of large
facilities especially their highly radioactive portions?

Some criticisms of past cost estimates have centered on the costs for
demolition and removal of the containment structures. Since containment
structures for today's large reactors are much more massive and constructed
to different standards than earlier containments, should the effort required
for their removal be carefully assessed and verified so that the cost of
this removal, which may be a major factor in determining total reactor
decommissioning cost, can likewise be verified?

2. Cost Estimates

Questions as to the form of any financing requirement and even as to the
necessity for having a financing requirement often hinge upon estimates
of the cost involved in decommissioning. (The greater the potential cost,

the greater the potential financial 1iability of the public and the greater
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the need to ensure that the costs will be paid by the responsible party.)
The 1imits of our previous deconmissioning experience and the accuracy
of extrapolating past costs to cost estimates for future decormissioning
activities are frequently raised issues.

Specific questions for comment might include:

To what extent do recent cost estimates for deconmissioning facilities
reflect actual costs incurred in the past?

For each class of facilities, to what extent can we extrapolate from
past costs for facilities of that class to derive estimates for future
costs of facilities which may be of a different size or of a different
design or structure from those we have actually had experience with?

A number of estimates as to the cost of decommissioning a large light
water reactor are now available and the estimates range considerably
(see Chapter 4 of Appendix A). Do these discrepancies suggest lack of
knowledge, differences of opinion as to what constitutes acceptable
decommissioning, or simply erroneous estimates? In particular, are
there certain key assumptions as to the cost of pressure vessel removal
or containment demolition which are the source of much of this disagree-
ment1ang. if so, what could be done to resolve these apparent inconsis-
tencies

These general comments above are supplemented in our attached specific
comments and our more lengthy discussion of the issues in Appendix A.

Another suggestion we would make regarding any proposed rulemaking proceeding
would be the coordination of such a proceeding with the Battelle report on
PWR decommissioning (NUREG-0395) which we understand is expected out in draft
form shortly. Given that the interest of the California Energy Commission
and presumably those of similar agencies in other states center largely on
reactors among the fuel cycle facilities, it would therefore be extremely
valuable if the draft report NUREG-0395 were expeditiously made available

to all interested participants and discussion of the findings of this report
were permitted to be an integral part of any rulemaking proceeding on
decommissioning reactors.

In closing, 1'd Tike to thank you for extension of the comment period by a
few days to enable us to submit these comments in time for your considera-
tion. We trust that our commenis will be of some value.

Sincerely,

Tt 7 g =

EMILIO E. VARANINI, III
Commissioner
Attachment



SPECIFIC COMMENTS ON THE DECOMMISSIONING QUESTIONS
POSED BY THE NRC IN THEIR
MARCH 13, 1978 FEDERAL PEGISTER ANNOUNCEMENT

Question #1

Is it desirable to develop more definitive decommissioning criteria for
production and utilization facility licensees and byproduct, source, and
special nuclear material licensees? If so, should the criteria be in the
form of: (1) potential exposures to individuals; (2) numerical contamina-
tion 1imits; (3) other? (specify).

Comment

The distinction between decommissioning criteria in Question #1 and the
decommissioning plans of Question #2 is unclear. We will assume that
"criteria” refers to regulations and guidelines that are of a generic
nature. Criteria, therefore, would not be specific for a single facility
design or site but would form 1imits and boundaries and present conditions
with which a site- or facility-specific, detailed, decommissioning plan
must conform to be acceptable.

Using this definition, there does appear to be a need for additional and
more definitive criteria. Additionally, existing criteria might be re-
exanined for their direct applicability to decommissioning, especially
in cases where such criteria were not developed specifically for the
decommissioning of facilities but where they may have been developed for
routine facility operation and have now been extended to decommissioning
activities as well. An example of such "extended" criteria might be
sections of 10 CFR 20.

A particular criterion which presently seems to be lacking and which will
be mentioned again in response to Question #4 would be a standard for
acceptable contamination levels for radioactivity which is not surface
deposited but is deposited initially in depth in non-radioactive material.
Table I of the U.S. NRC's Reg. Guide 1.86 gives contamination levels only
for surface contamination, yet for reactor or accelerator decormissioning,
substantial amounts of the contaminating radicactivity may be the result
of induced radiation and therefore be deposited over some depth in the
contaminated materials. Where the induced radioisotopes are long-lived
and the non-radioactive material surrounding them might be providing some
level of shielding or isolation of these radioisotopes from the environ-
ment, the consequence of these radioisotopes at some point in the future
not being so shielded or isolated needs *> be considered and assessed.

A simple surface count of radioactive Zecay such as would be performed

to satisfy Table I seems inadequate t. 3ssess the long term hazards of
such materials with induced long-lived radioisotopes.

Similarly, for porous material such as the contaminated rock from the reactor
site in Antarctica or concrete that has had radioactive 1iquids spilled on
it, the measurement of radiation at the surface may not adequately determine
the hazard posed by the contaminating isotopes if the shielding and isola-
tion provided by the porous material was not presert.
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The second half of Question #1 requests opinions as to the form such criteria
should take. This may be a premature question to ask before first determin-
ing fully what kinds of criteria are needed. Without more specific informa-
tion as to the particular criteria or standards in question, it is difficult
to determine their form. However, it should be noted that standards expressed
in terms of numerical contamination 1imits as measured in a well-defined
manner and for specific isotopes or classes of isotopes would have obvious
advantages from a monitoring or enforcement standpoint. The residual radia-
tion levels at decontaminated facilities could be directly measured with
available instruments and compliance could be determined with 2 minimum of
work by the enforcing party. On the other hand, asking an agreement state,
for instance, to determine, as an alternative, if a certain portion of a
decontaminated facility will result in less than a prescribed exposure to

the surrounding population may be very difficult, especially for smaller
states which lack the staff capabilities of the NRC.

In developing numerical contamination 1imits, effort should be made, however,
to assess the maximum population exposures expected for a specified level of
contamination. That is, the public should be assured that although a criteria
may specify a numerical value for measured radioactivity, that this numerical
value is founded on the maximum radiation exposure that could result from

this level and that such an exposure would not be unduly hazardous.

Question #2

Should detailed decommissioning plans be required prior to the issuance of
licenses?

Comment

The question of whether or not detailed decommissioning plans should be
required prior to issuing licenses is perhaps somewhat premature. A more
basic license requirement and one which would be a necessary prerequisite
to detailed plans would be the requirement that there exists at least one
set of procedures that could be used to decommission the facility in ques-
tion and which have been demonstrated or validated.

In discussions as to the merit of attempting to regulate facility decommis-
sioning at this relatively early stage in the development of the nuclear
industry, it is often pointed out that our experience with decommissioning
techniques and procedures has just begun since most facilities built have
not yet been decommissioned and that one may reasonably expect advances in
this area in the interval before most present facilities will require decom-
missioning. These postulated advances are expected to result in simplified
Procedures, reduced cost and reduced occupational radiation exposure, If
"detailed plans" are meant to infer facility site and design specific pro-
cedures, then it may well be that such non-generic detailed procedures might
not in all cases be justified before operating licenses are granted. The
requiring of such detailed plans may depend on the type of facility in
question (power reactor vs. small radioisotope handler) and the relative
radiation hazard posed by the facility. They may also depend on the amount
of past experience that exists for decommissioning or decontaninating the
type of facility in question. In the instance where a facility is very



a3

similar to previously decommissioned facilities, there is an increased 1ike-
1ihood that there exists at least one precedure that could be employed for
decommissioning and, therefore, increased confidence that decommissioning
can be readily carried out. It is possible that for the larger and more
potentially hazaracus facilities (e.o., power reactors), that plans may be
required at the start ci operation wh'ch would be based on currently demon-
strated technology and which could be periodically updated to reflect tech-
nological advances.

It is important to note the distinction between the suggested requirement

that at least one, probably gen:ric, approach for decommissioning each type

of facility exist before operation is permitted and the requirement of
detailed, perhaps facility specific, plans. The former requirement provides

a minimum level of assurance to the public that, regardless of cost, some

means exists to adequately deal with the problem of terminating any type of
facility allowed to operate. This minimal guarantee is in contrast to a
detailed plan which might well become obsolete during the operating life of
the facility and which, depending on other factors such as previous experience
and relative hazard, may or may not be desirable prior to operation.

Efforts should be made to ensure that the questions of financial responsi-
bility and minimal generic approaches for each facility type have been dealt
with before proceeding to the question of detailed plans. It is not clear

that we have adequate funding assurances or minimal generic decommissioning
procedures for all present facilities. The AIF study for reactors may be

one example of a generic plan for one type of facility (power reactors).
Perhaps attention should be focused on procedural outlines such as that
proposed in the AIF report and a careful determination made as to the com-
pleteness of the AIF procedures (or anyone else's suggested procedures) and

the demonstrated ability to perform all phases of such procedures on facilities
of the size and type presently being constructed. Perhaps what is needed is

a coordinated, thorough program by the NRC to demonstrate the availability of
all procedures necessary for facility dismantling to the extent necessary to
achieve unrestricted site use, especially the demonstration that remote cutting
techniques and containment demolition techniques previously used on small reactors
can be readily scaled up to today's more massive designs.

Question #3

Should funding or other surety arrangements be required before the issuance
of licenses for all cases? If not, which cases?

Comment

The facilities which the NRC licenses directly or through agreer "t states
form long continua based on several parameters such as the amoun. .f radio-
activity present at deconmissioning, the specific isotopes present, the
physical nature of the contamination (surface deposited vs. depth or induced
radiation), and facility size. These differences arise because the licensed
facilities rarge from educational, medical and research users of small amounts
of radioisotopes in sealed sources to large reactors and reprocessing plants.
Further, these differences between facilities generally translate into dif-
ferences in tte hazard posed to public health by a terminated facility and

the cost to r:move that hazard by decommissioning.
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Requiring the establishment of funding arrangements, even bonding, is
probably not necessary before licenses are issued to all facilities. The
handlers of small amounts of radioisotopes, especially where these isotopes
may be short-lived, not readily transported by the environment, and used as
sealed radiation sources would presumably sit at the lower end of the hazard
and cost continua and may not require financial arrangements as a licensing
precondition.

State-l1icensed users, handlers and packagers of radicactive materials whose
facilities pose a potentially greater hazard for health and have higher
potential decontamination costs may well be expected to provide some sort

of financial assurance to the licensing authority such as the posting of a
bond to cover decontamination costs, The National Conference of Radiaticn
Control Program Directors have made excellent suggestions as to the form

a state authority might take to require bonds of state licensed facilities.
These suggestions could be adopted by the NRC for use with these small state
licensable facilities in states which are not agreement states. Furthermore,
the NRC could require of agreement states that such bonding authority be
obtained from state government by the appropriate state licensing authority
for states desiring the "agreement state" designation,

The larger fuel cycle facilities such as reactors, reprocessing plants, and
fuel fabrication facilities generally form the higher end of the hazard and
cost continua. Hard estimates are needed to establish the hazards and de-
comnissioning costs for such facilities. These values may be forthcoming
from the series of decommissioning studies presently underway at Battelle
for NRC. It appears that the hazards and costs are greatest for large
reactors, reprocessing plants, and for facilities with similar radioactive
inventories. For such facilities, some funding mechanism should be required
as a licensing condition. Chapter 22 of Appendix A presents a more lengthy
discussion of the reasons why such a funding requirement is needed and a
discussion of the advantages and disadvantages of some of the commonly
mentioned forms such a required funding mechanism might take.

Appendix A basically argues that the NRC should seriously consider requirinrg
establishment of some funding mechanism which will ensure that the money
necessary to cover the costs of decommissioning will be available when
needed and will be accumulated by a licensee over the operating 1ife of the
facility in an equitable manner from that segment of the population directly
benefiting from the facility's existence. If the funding mechanism chosen
were of a type that only accumulates the full amount of money needed at the
time of anticipated plant shutdown, a bond could be required in addition.

In the event that premature decommissioning is required, this bond would
provide the difference between the costs and the amount of funds collected
at shutdown 1f the latter were insufficient. Additionally, if the funding
mechanism were of a type that does not actually retain the funds collected
for decommissioning exclusively for this purpose, but rather depends on
future revenue to pay the expenses when incurred {e.g., dapreciation-type
mechanism), it is nossible that unanticipated, insufficient future revenues
may be inadequate to meet the expenses of decoomissionirg. To guard against
any financial 1iability to the public, an additional bond could also be
required which would guarantee the availability of funds at the time of
decommissioning equal to those collected over time for this purpose.
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In summary, facilities vary with respect to the need for required funding
arrangements and can be categorized into groups of facilities which pose
differing degrees of hazard and have differing costs. Facilities which
pose the greatest hazards owing to the amount cf radioactive contamination,
longevity of the hazard, or which involve large decommissioning costs or
requirements for perpetual care are the most important candidates for some
form of required financial arrangements.

Question #4

What are acceptable criteria for residual levels of radioactivity on
materials which can be r2leased for unrestricted use?

Comment

Since material containing radioactivity at levels less than the standard
for residual contamination will presurably be released for uses which may
include close contact with humans and the environment in general, it is
important that such standards be derived only after careful consideration
as to the maximum possible exposure that could result. While we cannot
at this time suggest specific numeric values for such standards, we can
suggest a number of factors which need to be considered in the derivation
of any residual contamination standard.

Such standards should reflect consideration as to the type ¢f radiation
(alpha, beta, gamma) released by the contaminating radionuclides since
this will in turn help define if the potential hazard is greater from
external or internal exposure. The specific isotopes contaminating the
material are also important since long half-1ived isotopes may continue

to pose a hazard for thousands of years resulting in a significant cumu-
lative exposure. Additionally, the cumulative exposure could be increased
if the isotopes and/or the particular chemical form they are released in
resulted in their being particularly active and therefore readily taken

up by humans, resulting in internal exposure or perhaps affecting a series
of organisms as they cycle through the environment.

Also important can be the physical nature of the contamination and the
chemical nature of the contaminated non-radioactive material. If fission
products or induced radioisotopes are deposited beneath the surface of the con-
taminated material and thereby shielded by or bound to the substate material,
their hazard could be increased over time if they were to be leached from
the material or the material were to otherwise fail to shield or contain
them relative to their period for radioactive decay. As a result, a surface
level standard for an in—depth deposited, long-lived, biologically active
radioisotope might underassess the nazird its unrestricted release might
pose if the nuclide were to be freed from the non-radicactive material and
enter the environment,

Present NRC criteria for residual levels of radiocactivity in materials for
unrestricted use appear to rest largely in Table I of NRC's Reg. Guide 1.86.
Table 1 needs to be examined for its adequacy in terms of fully incorporating
the above mentioned factors. While in part its standards are in terms of
specific nuclides and radiation types, the extent Lo which it fully con-
siders the l1ifetime of all contaminatina isotopes likely to be encountered
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and their biological activity is unclear. It does, for instance, single out
certain long-lived biologically active beta emitting isotopes but fails to
specifically mention others such as C-14 and H-3. It is not clear to what
extent the Table I category of "Beta-gamma emitters” adequately encompasses
the risk of such non-specified nuclides.

A more important deficiency of Table I is that it is only for surface con-
tamination and the extent to which it could be used to adequately assess
the hazard of radionuclides not deposited on the surface of materials
deserves serious consideration. Specific standards should be developed
for nuclides deposited in depth as a result of induction by particle
bombardment or abscrption of contaminated liquids by porous material.

Question #5

Proposals have been made to maintain reactors, which have been shutdown, in
protective storage for lengthy periods of time to allow for radioactive decay
prior to dismantlement. From the s*andpoint of determining the impact to
future generations, what is an acceptable length of time, if any, after
facility operation ceases before the facility should be decommissioned?

Comment

The decision as to how long to delay reactor dismantling depends on a number
of factors. The desirability of possibly delaying reactor dismantling for
long periods of time in order to permit the level of radicactive contamination
to subside due to decay has been most prominantly championed by the Atomic
Industrial Forum study on reactor decommissioning alternatives. The basic
premise of delayed dismantling is that a delay period will result in lower
occupational radiation exposure when dismantling is finally performed and

that lower radiation fields inside the reactor will also permit less expen-
s1vi. easier and quicker ways to perform the decontamination and dismantling
work,

These postulated benefits must be weighed against the 1ikelihood that the
funds to pay dismantling costs will be available after a 100 year or greater
delay, that the work will eventually take place, that the security costs to
guard the facility during the delay are not prohibitive, that inflation in
costs during the delay does not pose a problem, and lastly that the reduction
in radiation field strength will be large enough that dismantling can even-
tually be accomplished by methods sufficiently easier and cheaper than
immediate dismantling to justify the delay.

At the present time, it does not appear that we have the answers to all of
these negative factors affecting the desiravility of delayed dismantling,
and NRC should seriously look at the assumptions made by the AIF study
regarding the cost benefits and at the impact which delayed dismantling
would have on the question of providing an assurance of equitable funding
for decoomissioning.

Radiation field decrease. Recent work by Resnikoff and the New York Public
Trterest Research Group on the levels of Nickel-59 in reactor stee] and by
Stevens and Pohl on the Niobium-94 in pressure vessel steel indicate that
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the decrease in radiation in the "hottest" portion of the reactor, the
pressure vessel, may not be as large as the AIF study had assumed. If
trace amounts of the long-lived activation products Ni-59 and Nb-94 keep
radiation fields high, what dces this do to any anticipated cost savings
in pressure vessel dismantling or reductions in occupational exposure
anticipated by proponents of delayed dismantling?

Funding. The desirability of delayed dismantling may alsc be greatly
impacted by the basic policy decisions made regarding the financial
assurance that decommissioning will take place and be paid for by the
appropriate parties. If no funding mechanism is required of reactor
operaters, as is presently the case, the concern that an operator may

fail to fully decommission a reactor at termination of operation with

no 1iability tc government are compounded by the addition of a 100+ year
delay. If a funding mechanism such as depreciation were to be employed

by a utility to collect the costs of dismantling from rate payers during
plant operation, the question arises 2s to how the sum of money collected
at the time of plant shutdown would be adequate for dismantling costs that
will be actually paid only after another 100+ years of inflation (see
Chapter 4, Appendix A).

In summary, the purported advanta$es of delayed dismantling need to be
re-examined and seemingly ex*tornal factors such as the funding requirement
imposed may also play 2 role in determining the advisability of delayed
dismantling.

Question #6

Should decommissioning criteria extend to buildings, structures, and com-
ponents which have not been contaminated with radioactive materials?

Comment

From a radiation health standpoint, decommissioning non-contamirated portions
of a facility is unnecessary to protect public health. Whatever requirements
might be made of a licensee to dismantle or otherwise decommission any non-
contaminated portions would presumably be made on the basis of environmental,
economic or aesthetic considerations. At any rate, for facilities such as
reactors, it would appear that the cost of removing non-contaminated struc-
tures such as a guard building, offices and transmission facilities would

be relatively minor compared to the costs associated with decommissioning
contaminated structures.



APPENDIX A

Appendix A consists of a section (Part V) of a report recently drafted by
the California Energy Commission staff for a State of California Task Force
on Nuclear Energy and Radioactive Materials. Among the charges to this
task force was one requiring an evaluation of the present technologies and
procedures available for decommissioning the range of state and federally
licensed nuclear facilities in California with an assessment of the costs,
financial 1iability and methods necessary to ensure that the work will be
performed.

Since the decommissioning topics covered in Chapters 19 to 23 of this task
force report appear to be highly relevant to the NRC's deliberations regard-
ing the need for improved regulation of decommissioning, these chapters are
being provided as Appendix A of our comments. In this manner, reference can
be made in our shorter specific comments on the NRC March 13 announcement to
sections of these chapters which can provide greater elucidation of particular
concerns of the CERCDC.

The recommendations made in the text of this appendix are, of course, only
draft recommendations of the California Task Force to the State of California.
Many are applicable only to the State of California but many should also he
relevant to the NRC.
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CHAPTER 19: BACKGROUND¥ il |

In the near future an increasing number of facilities in California that use,
handle or produce radiocactive materials will reach the end of their useful
lives. These contaminated facilities cover a broad scale in terms .f size,
form, and purpose and include nuclear reactors, accelerators, packagers and
producers of rgdioisotopes, medical, industrial and research users of radio-

isotopes, waste handlers, and miscella.eous facilities that concentrate or

augment natural radioactivity, such as uranium mines and mills.

These facilities will require some form of decontamination and/or
decommissioning in order .to protect the health of the people of California
from the hazards of any radioactive contamination that may remain. Part V
evaluates the present status of the technologies available to perform this
radiological clean-up, the present federal and state regulatory positions, and
the methods of ensuring that such work, when necessary, will be performed

without becoming a financial liability or health hazard to the people of

California.
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Accelerators

Induced radioactive contamination (explained in Chapter 20 below) in
accelerator structures, biological shielding, and beam dumps make retired

accelerators a potential health hazard. Additionally, where accelerators are

used for target activation, facility contamination from radiochemical

manipulations must also be considered,

Induced radioactivity from operation of accelerators is first an operational

radiation protection problem, most frequently solved by delay in re-entry to

the accelerator cell. This allows short-lived induced radionuclides to decay

away, thus reducing exposure of operating staff. Site restoration following

shutdown of an accelerator facility requires that all significant surface

contamination and induced radioactive material in the facility be removed.

Among the facilities operating under State jurisdiction that might be expected

to produce significant amounts of induced contamination are the Crocker

Nuclear Laboratory and Cyclotron at the University of California at Davis,

Cyclotron Corporation in Berkeley, Medi-Physics, Inc. in Emeryville (which
uses a cyclotron to produce radiopharmaceuticall), and Varian Associates and

Stanford University, which have high-energy 1linear electron accelerators in

Palo Alto.

Medical therapy accelerators are not presently a serious problem because, for

¢linical reasons, scrupulous attention must be given to the avoidance of

production of neutrons (high energy nutrons are a major source of induced

radiation).
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Deuterium:tritium generators have not, in the State's experience, been a
significant problem from the point of view of site restoration. Removal of
the tritium-contaminated vacuum system and checks to confirm the absence of

significant tritium or induced contamination on surfaces have been sufficient.

Department of Energy Prime Contractors

A number of laboratories unde; prime contract to the Department of Energy use
substantial quantities of radioactive material for nuclear weapons research
and production and physics and biomedical research. These prime contractors
include the Lawrence Livermore Laboratory, Lawrence Berkeley Laboratory,

Stanford Linear Accelerator Center, Atomics International in Canoga Park, and

General Atomic in San Diego.

DECOMMISSIONING AND DECONTAMINATION REQUIREMENTS FOR -STATE-LICENSED FACILITIES

State-licensed users of radioactive material must restore facilities and
equipment before their release for uncontrolled use. This restoration
involves removal of any significant radioactive contamination to prevent
exposure of workers or the public in subsequent unrestricted use of facilities
and equipment. The user's restoration of contaminated facilities is confirmed
by a survey conducted by a State regulatory health physicist before release.
Restoration of equipment is reviewed by a regulatory health physicist on a

spot-check basis during routine compliance inspections before and after

release.

Restoration of facilities and equipment where radioactive materials have been

used can be a problem depending on (1) the type of material and physical form,

F'.“
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(2) how it was used, and (3) the half-life of the material. Radioactive
material in.the form of surface contamination can often be cleaned at fairly

low cost by scrubbing and washing with acids and water.

The potential for radioactive contamination is significant if unsealed radio-

active materials are used for manufacturing or research and development. On
the other hund; potential for contamination is quite small if the user was
working only with sealed sources or with radioactive materials with short

half-lives, as is the case for most medical uses.

The need for decontamination as part of facility restoration is usually a
consequence of activities where contamination surveys and decontamination have

been a normal part of the facility's radiation safety program. In many cases,

decontamination will amount to little more than a thorough scrubbing of

exposed surfaces.

Notable exceptions can follow accidental spills or normal operations involving
highly contaminated situations under engineered controls or protective
clothing requirement, where decontamination effects can be time-consuming and

expensive.

A special situation arises in the case of licensees involved in collection of
packaged radioactive waste for transfer to licensed land burial sites outside
California. Such waste is moved to central collection points for accumulation
before transfer to the site, generally Beatty, Nevada. It is conceivable that
a financially pressed col’ector of packaged waste might find himself unable to

discharge his obligation to deliver the waste for burial, thus presenting a

liability to the State.
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PROCESS AUGMENTATION OF NATURAL RADIOACTIVITY

Uranium Milling. While wuranium milling requires a specific radioactive

meterial license from the NRC, and would require environmental review under
the California Environmental Quality Act (CEQA), no significant uranium
milling has yet been undertaken in California. In the early 1950s, a few
hundred tons of uranium-bearing rock was processed through a prototype mill in

5 Nonetheless, because of the

the northwestern Mojave Desert in Kern County.
rising price of wuranium, energy companies are interested in California's
low-grade and marginal uranium deposits. If commitment to nuclear power

continues, California may eventually have significant wuranium milling

associated with mining activities in the State.¥

Phosphate Fertilizer Production. Production of phosphate fertilizer results

in enhancement of the activity of uranium and daughter products contained in
phosphate rock, which are separated and concentrated by the production
processes. This problem is currently under review by the Environmental

Protection Agency.6

Radicactive Byproducts from Non-Nuclear Energy Facilities. Non-nuclear

production of energy produces radicactive byproducts in concentrations and

amounts with potential for occupational and environmental health impact.

*According to Nucleonics Week (March 2, 1978, p. 6), there will be mining
operations near Bakersfield in the fa!l of 1978.
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Significant concentrations of long-lived radon daughters have been identified
in cooling tower sludge from The Geysers geothermal area in Sonoma County.7

There is some reason to believe that these concentrations are not unique to
The Ceysers but are common to all cooling towers as a result of the removal of
natural radioactivity from the air by the scrubbing action of the cooling
water on the huge volumes of air passing through. Cooling tower sludge from
the Geyéera is.currently going to a dump site for hazardous materials (Class
1) because of its noxious chemical constituents. The appropriateness of this
disposal is currently under study by the Department of Health, Pacific GCas &
Electric, and La rence Livermore Laboratory. Furthermore, coal-fired plants
are known to conc ntrate uranium, radium, and daughter products, which occur
as trace elemgnta in fly ash and bottom ash. Finally, at liquifed natural gas
(LNG) facilities, radon's long-lived daughter products, Pb-210, Bi-210, and
Po-210, accumulate as condensates in amounts which require employee

radiation-protection when modifying or dismantling such facilities.

Potential Thorium Mining and Milling. Lastly, increasing discussion has

recently centered on the development of & nuclear fuel cycle based on
thorium=-232, as a substitute for uranium-235. Such a thorium cycle might have
advantages of being resistant to proliferation and in conserving uranium.
Should there be such a switch in nuclear fuels, California has large deposits
of thorium in an unusual and desirable form. The potential exists, therefore,
for a large California thorium mining and milling industry, which would have

decommissioning problems very similar to uranium mining and milling.
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HEALTH HAZARDS IF FACILITIES ARE NOT DECONTAMINATED OR DECOMMISSIONED

The hazards of not decontaminating or decommissioning facilities using, handl-

ing, or producing radiocactive materials are in some cases extremely high.

Facilities that produce, use, or handle radioactive materials can become
contaminated by tge radioactive materials when small amounts are deposited on
facility or equipment surfaces. In facilities where radioisotopes are
packaged or processed fldioisotopen inevitably come in contact with equipment
handling the isotopes. Contamination may also result from failures to contain
the radioisotopes, such as accidental spills and leaking seals on containment

equipment.

Contamination may also occur at accelerators, nuclear reactors, and other
facilities where high-energy particles are produced. 1In this case, the
high-energy particles (e.g., neutrons) may strike atoms in the surrounding
equipment or structures and cause non-radioactive atoms to change into radio-

active isotopes of different elements; this is termed induced radiation.

The danger to health from deposited or induced contamination can vary
tremendously. Because all radioisotopes decay with time, radioactive material
becomes less radiocactive over time. When decaying, different radioisotopes
produce types of radiation that differ in their energy and danger to living
organisms. Consequently, the hazard of contamination can wva-y from a low

level of danger that will, however, continue for thousands oY years, to a high
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degree of danger that might subside in weeks, days, or even minutes. The
degree of hazard and the procedures to mitigate this hazard will depend on the
nature of the radioisotopes involved, the radiation they produce and their
longevity. However, rough perspective may be given on the relative hazards of

different facilities.

Reactors

The components and parts of a large commercial reactor might be contaminated
at shutdown with as much as 15 million curies of radiocactivity (i.e., exclus-
ive of its highly radioactive fuel). Because much of this radioactivity is
from very short-lived isotopes, the level begins to drop immediately after
reactor shutdown,. There are, however, substantial amounts of dangerous
isotopes with medium to long half-lives that would persist as induced and
deposited contamination for at least a few years. This contamination would
pose a possible hazard if no action were taken and any one were to be exposed

directly to the heavily contaminated portions of the reactor.

Among the deposited contaminants, which would be contained principally within
the primary cooling system, would also be a number of intermediate to very
long~lived fission products and activation products such as H-3, Cs-137,
Sr-90, Pu-239, I-129. Induced radiation in the reactor materials themselves
would consist of Co-60, Fe-55, and smaller amounts of long-lived isotopes such
as Ni-59, Nb-94, and C-l4. Reactors, then, contain large amounts of
radioactivity and certain long-lived radionuclides will continue to pose a
hazard to health for thousands of years if reactors are not properly disposed

of after their useful life has ended.
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State~Licensed Facilities

The danger from State-licensed facilities varies widely. Those facilities
handling sealed sources of radiation pose little hazard unless the containment
of a source failed. Facilities using or handling short-lived isotopes, such
as certain medical and research users, also pose little danger if sufficient
time has elapsed for any radiocactive contamination to decay away. Facilities
handling, using, or producing leng-lived isotopes such as plutonium or other
transuranic elements may pose a much greater hazard. State-licensed
facilities would not be expected to handle the extremely large quantities of
radiocactive material that a reactor would, and would not, therefore, De
expected to have a level of contamination approximating that of a commercial
reactor. Nonetheless, they can pose a significant hazard because, in most
cases, the basic structure of these facilities was not designed to contain
these materials to the same extent as reactors. Sﬁall amounts of dangerous
long-lived isotopes in State-licensed facilities would conceivably be a
readier source of exposure to the public over time than might larger anounts

contained in a reactor.

Non-State-Licensed Facilities and Sources

Non-State~licensed process-augmentation facilities and sources of
radioactivity, such as uranium mines, milis, phosphate plants, and geothermal
cooling towers, produce very low levels of radiation, but could remain
hazardous for extremely long periods of time. Generally speaking, the

naturally occurring radioisotopes that these facilities expose and concentrate

are very long-lived, but these sources do not have high levels of

radioactivity and the radiation they produce is very diffuse. Uranium mines _J
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and mills throughout the U. S. may be responsible for roughly half of the
total radiation dose produced by the wuranium fuel cycle.1 These
non-State-licensed sources may, therefore, be important to control but,
because of their low-level long-term nature, control does not need to take

place immediately after use has ended.

HEALTH HAZARDS CREATED BY DECONTAMINATION AND DECOMMISSIONING

While doing nothing to a shutdown contaminated facility may prove unacceptable
from a health standpoint, the decontamination and dismantling of a facility
may also create some health hazards to the public and workers. These hazards
need to be identified and dealt with in the specific decontamination and

decommissioning procedures employed.

Decontamination

The kinds of hazards created during decontamination might include workers'
ingestion of or contact with contaminated particulates released into the air
during the decontamination process. The workers will also receive an

external dose of radiation from their proximity to contaminated surfaces and
solutions. The public might similarly share some risk from airborne
particulates or radioactive liquid spills entering the water system as a

result of decontamination efforts.

Dismantling

Dismantling may involve the cutting of steel or other materials and the

demolition of concrete structures. Workers might be exposed to vaporized
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materials from cutting torches or fine airborne particulates of concrete or

steel from cutting or demolition. Deposited on the skin, ingested, or
cowrponents such as a reactor pressure vessel with high levels of induced

accivity will also contribute substantially to the worker exposure. Public

inhaled, these materials could be a hazard. The external radiation dose from
risk would be primarily from airborne particulates created by the dismantling

proccsses.

Loqgjrerm Hazards

Included in the rationale for decontaminating and decommissioning is the
belief that decontamination solutions and radioactive dismantling materials
disposed of in a licensed waste disposal facility will pose less of a hazard
to public health than simply leaving them in an abandoned facility. It has
been suggested that this may not be a wvalid asl;mption in all instances.

Given present federal waste disposal policies and the present situation with

regard to operating burial grounds (see Part III, Chapter 10), one could argue
that leaving certain isotopes protected within a mothbal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>