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I. Introduction

Tre gquestion of whether and how nuclear waste can (2
iisposed of safe.; has confronted American sociecy since the
dawn of the atomic age in the early 1940s, and the nuclear
industry since the early 1950s. An orphan of the perceived
need for nuclear weapons and the fal:e hope for an energy
utopia through commercial nuclear power, the issue of radio-
active nuclear waste was largely ignored for many years and
only recently has become the object of fitful efforts to
find an answer that will protect the public health and
safety. Previous effcrts in the area of radiocactive wastes,
such as the S-3 and GESMO proceedings, have touched only
peripherally on these fundamental issues.

At long last, and only after it was ordered tc do so by
the United States Court of Appeals for the District of
Columbia Circuit, the NRC must answer the basic gquestion:

When and how, i€ at all, can the problem of highly radiocactive

nuclear waste be solved? The immediate gquestion is whether

a permanent disposal solution can be found within approximately

the next thirty years, and if it cannot, whether spent fuel

can be stored safely beyond that time. Lurking behind those

questions, however, is the ultimate issue of whether it will

aver be possible to protect the public health and safety

from the radic:-tive wastes generated by the nuclear industry.
In this case, if the NRC finds that high-level wastes

can be disposed of safely, the development of nuclear power
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will continue, probably to the detriment of efforts to
develop alternative sources of electricity. We will not
know for decades whether the NRC was right in reaching that
conclusion. If it turns out that the NRC was wrong, the
costs will have been enormous -- massive commitments to an
unsafe technolegy and the growth throughout the country of a
huge inventory of highly radiocactive wastes that will con-
taminace the human environment for thousands of years.

The New Enéland Coalition on Nuclear Pollution (NECNP)
submits the comments in this Statement of Position in an
effort to assure that the record on which the NRC bases this
crucial decision is as complete as possible. NECNP will
demonstrate that the NRC cannot, given the current state of
knowledge, find a reasonable assurance either that a waste
disposal solution will be found before existing orerating
licenses expire or that spent fuel can be stored safely at
reactor sites or anywhere else past the expiration of those
licenses.

In submitting these comments, however, NECNP must note
at the outset that the record of this proceeding will be
incomplete, unbalanced, and wecefully inadequate unless the
NRC takes affirmative steps to assure that the £full range of
expertise is brought to bear. Due to0 its limited rasources,
NECNP has been able to obtain the assistance of only cne
recognized expert, Dale G. Bridenbaugh, ¢f MHB Technical

Asscciates. We understand that some of the experts identified



by the Natural Resources Defense Council in its Supplemental
Filing of December 7, 1979, may provide information through
cther parties to this proceeding, but it appears that most
of them will rnot. 7The inevitable result will be a biased
record in which the vast resources of those whose responsi-
bility is the promotion of nuclear power -- the industry and
the Department of Energy -- simply overwhelm the record wica
self-serving assertions. The NRC must not permit this pro-
ce2eding to become an "industry forum." The safety of hundreds
of generations depends on the validity of the NRC's decision,
and it should act affirmatively to ensure that the Nation's
foremost authorities are consulted.

After describing its own experience and positicn with
respect tc nuclear waste, NECNP addresses three major points.
First, what is the standard for determining wheth=r a showing
of "reasonable assurance" has been made? This gquestion has
been ignored by the Department of Energy, but it must be
answered by the NRC before the great mass of technical
information to be submitted in this proceeding will have any
rmeaning. Second, the DOE Statement of Position or its face
fails to provide a basis for a finding of "reasonable assur-
ance" that waste disposal will be possible before the expiration
of existing operating licenses. Third, the available information,
including the UOE Statement, cannot support a finding of
"reasonable assurance" that spent fuel can be stored safely

at - eactor sites or in away-from-reactor (AFR) facilities for
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an indefinite period beyond the expiration of existing
licenses. This analysis has been prepared for NLCNP by Dale
G. Bridenbaugh.

The c¢cnly conclusion that the NRC can reach is that the
information availavle today is not suffic.ent to provide any
confidence that high-level nuclear wastes can be handled
safely for an indefinite period. As a result, the NRC must
immediately halt the producticn of radicactive wastes until
it can be assured that those wastes will not threaten the
public health and safety. The NRC may not issue any new
licenses for nuclear reactors or for expansion of spent fuel
storage at existing reactors, and it must order existing
reactors shut down so that the producticn of commercial

high-level wastes dces not continue.
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IT. Background and Perspective of the New England Coalition
on Nuclear Pollution

The New England Ccalition 2n Nuclear Pcllution (NECNP)
has been actively involved in the issues of nuclear power
and the proceedings of the Nuclear Regulatory Commission for
more than a decade. It has, for example, been involved in
every licensing pruceeding related to the Vermont Yankee
Nuclear Power Plant sinc. the application was filed for an
operating license. Only recently, NECNP prasented argument
and evid> nce directly to the Commission on the guestion of
seismic hazards at the Seabrook site. NECNP is thoroughly
familiar not only with the range of issues inveolved in
nuclear power, but also with the history of both the industry
snd the Nuclear Regulatory Commissicr.

While NECNP has provided evidence to the NRC on critical
Questions ranging from emergjency planning to financial
qualifications and technical issues of reactor safety, one
of its consistent and major cqncerns has been the fact that
the NRC has permitted the production of high-level nuclear
wastes with no assurance that those wastes could be effectively
disposed of in the future. Nearly four years ago, NECNP
predicted what has now come to pass at Vermont Yankee:

Thus Vermont Yankee is already on the verge of
an involuntary shutdown because it has not
solved the very problem -- waste disposal --
which the Tourt found the NRC had errcneocusly
excluded from consideration in the hearing.
Absent an off-site solution to the spent fuel
storage prcblem, Vermont Yankee will have to

retain the highly toxic wastes on site for a
substantially longer period than originally



-6-

claimed in the FSAR. 1In fact, with the fate

of reprocessing completely open and no avail-~

able off-site spent fuel storage available, it

car only be concluded that by necessity, and

not by design, Vernon, Vermont has become the

permanent w.ste disposal site for Vermont Yankee

wastes.
Memorandum in support of Suspension of Vermont Yankee Operating
License (Docket No. 50-271, filed October 6, 1976).

Unfortunately, the proceeding in which that memorandum

was filed never resulted in a serious examination of the fact
that Vernon, Vermont, was indeed becoming a permanent waste
dispcsal site. Rather, the NRC waited until NECNP once again
raised that issue in the licensing proceedings involving
Vermont Yankee's application fur permiss.on to expand the
amount of spent fuel stored at the reactor site. Again, NECNP
pleaded that the NRC recognize that in failing to confront
the issue cf waste disposal, it was effectively adopting a

policy of requiring expanded and per.aps permanent on-site

storage. Petition for Leave to Intervene and Brief on Excep-

tions to Initial Decision at 5, Vermont Yankee Nuclear Power

Corporation (Vermont Yankee Nuclear Power Station), Docket

No. 50-271 Amendment (Increase Spent Fuel Storage Capacity)
(1977).

Again the NRC ignored NECNP's plea. With no recognized
basis in fact, the NRC relied on its opinion -- its "policy" =--
that it had a reasonable assurarce that the waste problem

would be solved.
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NECNP then sued the NRC to force it tc support its bald
statement of policy with factua! findings arrived at in a
manner consistent with due process and administrative proce-

dure. In State of Minnesota v. NRC, 602 F. 24 412 (D.cC.

Ci;. 1972), the D.C. Circuit agreed that the NRC must squarely
address the waste disposal and storage issues and could nc
longer simply hope or assume that a solution would _e found
atter the waste had already accumulated. Tn reaching that
decision, the Court gquoted the concurring opinion of Judge

Tamm in NRDC v, NRC, 547 F. 28 633 (D.C. Cir. 1976), which

clearly expresses the concern tha® has motivated NECNP from
the outset and that must set the tone for this proceeding:

NEPA requires the Commission fully to assure
itself that safe and adeguate storage methods
are technulogically and economically feasible.
It forbids reckless decisions to mortgage the
future for the present, glibly assuring critics
that technological cdvaprcement can be counted
upon to save us from the conseguences of cur
decisions.

602 F. 24 at 417, n. 6, citing 547 F. 24 at 658. (Emphasis
supplied).

NECNP has argued, and the D.C. Circuit has agreed, that
Judge Tamm's reasoning applies as well tc the requirements
of the Atomic Energy Act. At long last, the NRC must address
the question of whether high-level wastes being produced
today threaten the health and safety of future generations.
If it does 30 honestly and prudently, on the basis of the
factual record, it must find that there is no -easonable

assurance that waste disposal will be possible before existing
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licenses expire or that spent fuel can he stored indefinitely

on-site or in AFR facilities.
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IITI. The NRC Must Establish Criteria Tc Govern The Degree

0f Assurance Or Confidence Reguired For A Finding Of
"Reasonable Assurance.”

Pursuant to the mandate of the D.C. Circuit in State of

Minnesota v. U.S.N.R.C., supra, and its own Notice of Proposed

Rulemaking, 44 FR 61372 (October 23, 1979), the Commission
must determine whether there is a "reascnable assurance"
that high-level radiocactive wastes can be disposed of
before the expiration of existing operating licenses, and if
they cannot, whether there is a "reasonable assurance" that
the wastes can be stored safely at reactor sites for an
indefinite period until an off-site solution is found.
Unfortunately, neither the Court's opinion nor the Commission's
Notice provide any guidance concerning the criteria that
must be considered in reaching this decision.

Although the courts have definitively upheld the Cocmmis-
sion's use of the "reasonab.2 assurance" standard in various

situations, e.g., Power Reactor Development Co. v. Electrical

Workers International, 367 JUS 396 (196l), Nader v. NRC 513

F. 24 1045 (D.C. Cir. 1975), North Anna “nvironmental Coalition

v, U.S.N.R.C., 533 F. 24 655 (D.C. Cir. 1976), they have

never explored in any depth the gquestion of what factors tne
Commission must consider in dec .ding whether "resasonable
assurance” exists in a particular case. The closest that

any of them have come to grappling with this issue is in Nader

v. NRC, supra, in which the Commission's new emergency core

coolint system criteria were upheld on the basis of what the
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Court referred to as "a formidable record." which included a
"substantial showinc scientific and engineerin¢ support.”
Id. at 1049, 10fFJ.  srtainly that is the least that is
required, yet it provides little guidance here, where there
is no historical or operuting experience to support scientific
or chqineorinq judgments, as there was in Nader.

Faced with the need to base a "reasonable assurance”
decision on events that must be projected decades and cen-
turies in the future, the Commission must consider carefully
how to apply the basic concept of "reasonable assurance” in
the context of tl. s case. Ultimatelv, it is a matter of
Commission judgment based on the record. Before that judg--
ment can be made, however, the Commission must establish and
understand the criteria by which it will be governed.

In his concurring opinion in NRDC v. NRC, 547 F. 24 at

658, Judge Tanm suggested an analogy that provides nearly
perfect guidance to the Commission in this proceeding. He
referred to the National Environmental Policy Act as for-
bidding "reckless decisions to mortgage the future for the
present ., . ."I" effect, the question here is whether the
Commission will act as a prudent banker in deciding whether to
lend the health and safety of future generations to the
nuclear industry and the Department of Energy on the basis
of their promises of future performance.

In this circumstance, a prué«nt lender would consider

two basic typ s of information. First, what has been the
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historical performance of the prospective borrower? If he
has be_.rowed £5.00 twenty tiras and repaid it each time as
agreed, history offers an i‘ndication tha: another $5.00 loan
would be a good risk. On the other hand, if he has borrowed
$5.00 many times over the y@ars and has made only fitrul
and, to date, unsuccessfu. efforts at paying off any of the
debt, history indicates that he is an unacceptable risk.
Second, what does current infcrmation indicate about
the prospective borrower? In particular, is it strong
enough to support a finding of reasonable assurance that a
new loan would be repaid despite poor historical performance?
Someone with a full savings account, a high-level, secure
civil s.rvice position, and no existing debts would be an
excellent risk, probably even in spite of some past poor
performance. On the other hand, someone with no job and no
savings would likely be a bad risk even with good historical
performance. In between the two is the person with an
unsalaried job that pays only on commission, or the person
who has only the prumise of a iob sometime in the future.
For these people, past performance ‘s crucial. 1If£ the man
on commission has a past performance of high earnings in a
similar job and of paying his debts, he appears toc be a good
risk. But the company that has consistently operated at a
loss and that has accumulated an enormous debt will not be
given a loan simply because it believes it might obtain

several small contracts, but is not sure of any of them.
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As the NRC approaches the question of "reasonable
assurance,” it must consider how the historical performance
and current information criteria apply to its prospective
borrowers, the nuclear industry and the Department of Energy.
The record of this proceeding will demconstrate that these
Lorrowers have come to the bank with massive unpaid debts,
consistent failures to secure permanent emp.oyment, and
present pcsitions that are at best comparable to the man on
crommission with no experience in sales. The NRC must demand
greater assurance than that before it lends the future to
the nuclear industry.

NECNP understands tha* the Natural Resources Defense
Council and others will address the sorry history of fits
and starts that has characterized the industry's 2nd the
government's half-hearted attempts to address thi2 nuclear
waste issue seriously for more than thirty years. NECNP
will touch on that point to some degree in its d.scussion of
spent fuel storage issues (Part V). However, the bulk of
NECNP's comments will be addressed to the "current informa-
tion" question with respect to these "borrowers." Taken
tcgether, Lhis record will estabiish that the nuclear indust:y
and the Department of Energy are not worthy of the loan that
they are requesting.

Lest the lending analco¢y be allowed to trivialize the
grave .ssues involved in this proceeding, NECNP emphasizes

that the consequences of an error by the NRC here are far
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more serious than the consequences of any improvidently
granted loan. They demand a conservative approach on the
part of the NRC that is at least the equal of the most
hidebousd and prudent banker. In effect, the nuclear indus-
try and the Department of Energy have come to the NRC as the
Chrysler Corporation went to its bankers -- bankrupt on the
issue of nuclear waste. Chrysler's bankers refused to take
the risk without a federal guarantee enacted by Congress.
The NRC, facing a risk to public health and safety far more
profound than the mere financial risks involved in the
Chrysler case, must reach the same conclusion as the bankers --
the lcan must be denied.

As did Chrysler, the nuclear industry and its supporters
will undoubtedly attempt to paint a picture of dire economic
and social consequences if the NRC finds that there is no
"reasonable assurance" that wastes can be safely disposed of
or stored for indefinite periods. Those arguments ar2 not
relevant to the NRC's decision, which must be based solely
on whether the public health and safety can be protected
from high-level radiocactive wastes. Even assuming predicticus
of adverse econcmic consequences to be correct, which is highly
questionable, an NRC finding of no "reasonable assurance"
will not inevitably cause the predictions to be realized.

It will then be up to Congress to consider whether ecscnomic

arguments outweigh public health and safety considerations.



I7. The DOE Statement Of Position Fails To Estab..sh
"Reasonable Assurance" Of Waste Disposal At Any
Foreuz2eable Date

More than anythiny else, the DOE Statement of Position is
remarkable in the number of times that it states, restatcs,
and summarizes what the Department has to say. The Department
appears to believe that if it says something often enough in
what appears to be a logical sequence, scmeone will believe
its conclusions. As one reads through the Statement of Position,
it is easy to be misled by this apprcach. After all, DOE has
said it so many times in so many pages and with such conviction
that it must be true, particularly since DOE seems to have
met all of the "objectives" that it has chosen to govern the
final decision.

In fact, the opposite is true with respect to cthe likeli-
hocd of waste disposal. As 1s often the case, masses of
words, and particularly repcetition of arguments or discussions,
mask a lack of findamental subst-nce in DOE's pcsition.

Careful 2nalysis of DOE's 3tatement demonstrates that the
factual underginnings for its conclusions are extremely
weak.

Since DOE .cues to the NRC with a poor history of efforts
to resolve the waste disposal issue (See NRDC Comments), it
must rely on solid curvent information to establish that the
¥RC should take the substantial risk involved in approving
its position. That information falls into twe basic areas:

(L) the availability and adequacy of basic data on which to

base a decision, and (2) the availability and adegquacy of
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methods by which to evaluate the data. In addit. n, DOE must
show that its underlying assumptions are valid and that it
has adequately considered all of the relevant issues.

On its face, DOE's Statement fails to meet these stan-
dards. It demons+trates that existing data are inadequate to
determine whether any site exists that would be safe for a
spent fuel disposal facility. It even admits that many of
the methods that will be needed to determine whether a
facility is safe have not vet been developed. Given these
fundamental weaknesses, it is forced to adopt unsubstantiated
and invalid assumptions in order to argue its case. Finally,
even if the Statement dealt adegquately with the technical
issues, it fails to address in any serious way the political,
social, and institutional questions that will have to be
resolved before a waste disposal facility can be devel _ed.

A. Existing Data Are Inadequate To Support A "Reasonable
Assurance” Finding.

As with any responsible effort at predicting tne future,
DOE must begin with the present. In effe<t, it can only
assert that it has so much knowledge about existing conditions
and how those con'’itions will be influenced by man or nature
in the future that there is a "reasonable assurance" that its
vision of the future will come to pass. In the terms used by
DOE, it must have such complete data and such an accurate model
in which to use the data that the NRC can rely on the results
as assuring the protection of fulure generations.

Although DOE .itself has admitted this obligation, DCE

Statement at I-7, its Statement is replete with admissions
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that there are serious inadequacies in the existing data which
necessarily preclude any assurance of safe waste management.
Data are lacking with raspect to general issues involved in
waste disposal and with respect to site specific information
that will be needed to determine whether any sites are suitable
¢r can be made suitable for.waste disposal.

l. General Data I. adequacies

Perhaps the most telli~g statement in DOE's position
document concerning whether the NRC can be confident in DOE's
assertions is the following quotation frca the Draft Environ-
mental Impact Statement on Management of Commercially Generated
Radicactive Waste:

3. Adecquacy orf Data Base =-- Further research
18 required to resolve some deficiencies

in the data base before repository perfor-
mance can be confide tly predicted.

DOE Statement at II-30. If even DOE believes that confident
prediction is not yet possible, how can the NRC be =zxpected
to have a reascnable assurance that predictions will show that
waste disposal can be done safely? If the NRC cannot be
confident in current predictions, it cannot »2 confident that
later predictions based on more compleate data will show the
same things as today's admittedly premature predictions.

Before pursuing its mined geologic disposal reference
planning strategy, NOE briefly discusses nine other possible
approaches to handling high-level wastes. DOE Statemeint a2t
II-32-4l. In each came, major uncertainties exist, and DOE
nakes no pretense that any of these approaches wculd be

feasible within the next sevevral decades. Clearly DOE is
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relying sclely on the mined geologic disposal cption as the
basis for any demonstration of "reascnable assurance" that
waste dispcsal will be availiable Ly the year 2006.

Although the vulnerabilit: of DOE's position becomes
clearer when site specific data inadeqguacies are considered
the lack :f data with respect to major generic waste disposal
issues eliminates any basis for a "reasonable zssurance”
finding. In the area of examining natural systems, one of
tiie most disturbing points is DOE's admission that

. « . present measurement technigues for

hydraulic conductivity in nearly impermeable

rocks may be in error by up to a few orders

of magnitude . . .
DOE Statement II-95-96. While this is couched in language
that seeks to avoid the problem by arguing that the use of
conservative val ies results in accepcable readings, the NRC
cannot ignore the gross inaccuracy of available measurement
technigues. This is of great concern with respect to hydrol-
ogy in particular because, as DOE acknowledges,

Knowledge of ground water hydrology is perhaps

the most important requirment for understanding

the long-term behavicr of a mined geologic re-

pository. The transport of radionuclides away

from the waste-emplacement zone by moving ground

water is by far the most likely mechanizm by

which radionuclides might migrate from a reposi-

tory to the biosphere.
DOE Statement at II-76. The Commission ~annot £ind a “"reason-
able assurance" where data gathering in such a critical area
may be in error by several orders of magnitude.

While it appears that the problem of inadequate data is

not as great with respect to the man-maie waste packace system
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as with respect ¢ the surrounding natural system, it also
appears that the available data and infcrmation are not suffi-
cient to support a finding of "reasonable assurance"” that an
acceptable waste package will be available by the year 2006.
For example, referring to extensive testing and development
studies being performed on the waste package, DOE states,

Most of these studies are not complete, but the
data and results cenerated during the past few
years do indicate that components of the waste
package system can prevent or minimize r=lease
nf ruzdionuclides to the natural system by func-
tioning as effective chemical and physical
barriers.

DOE Statement at II-137 (Emphasis supplied). In other words,
things loock good 130 far, but we cannot kncw yet how well the
waste package systems will perform because we have not
completed most of the tests. Despite DOE's kland assurance,
there is simply no factual basis for confidence that the
ultimate outcome of the tests will show that the waste package
will be acceptable within just over twenty years.
Basically the same situation is true with respect to

tests of metals that might be used in the waste package sys-
tems. DOE Statement at II-145. The situation is worse,
however, with respect to the technology for sealing repcsitories
after they have been filled with waste. Reccgnizing that exist-
ing information concerning repository sealing has been developed
in guch areas as oil and gas production and mining operations,
DOE admits that,

The experience accumulated to date must be

supplemented with further research and

development, because repository seals must

retain their integrity for much lorger periods

of time than those considered in previcus
applications.
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DOE Statement at II-JS3. In effect, DOE has only begun to
investigate repository seals and is forced to rely on a
promise of "significant advances in sealing technology. . .
before final sealing during repository decommissioning is
required." That promise has no basis in fact. DOE
Statement at II-18S. |

DOE makes a similar admission with respect to the
approaches required to protect future generations from being
endangered by accidentally intruding upon a waste repository.
Although DOE admits as a basic premise of its argument that
it is responsible for protecting future societies from the
waste that we create today, it finds that

considerable additional study is required to

fully develop methods to protect against the

occurrence of human-induced releases.
DOE Statement at II-199. Accordingly, DOE cannot argue in
favor a finding of "reasonable assurance" that a waste repcosi-
tory will be available in the near future without violating
its basic premise.

In making its argument that the performance of waste
dispcsal systems can be adeguately evaluated today such that
a "reasonable assurarce" finding can be made, DOE relies
alrost exclusively on the use of mathematical models, which
in turn rely entirely or the adequacy of available data. The
flaws in the data that have been discussed and that will be
addrassed below raise serious guesticns concerning the validity
of DOr's use of these models. A striking example of this
problem is illustrated by DOE's discussion of mcdeling of

the thermo-dynamic properties of certain materials:
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The dat. needed for Jescribing the basic

thermodynamic properties of some actinides,

fission nroducts, and ainerals of crystal-

line rocks have been identified. Some of

these data are being obtained in NWTC-sponsored

programs.
DOE Statement at II-222. If DCE has only identified the
data that it needs, and only some of them are being obtained,
it cannot hope to suggest that the NRC cen make a "reasonakle
assuran:e" findirg before the data are accumulated. DOE and
."@ NRC are simply unable to evaluate those materials and to
support a "reasonable assurance" finding until the data are
available.

2. Site Specific Data Inadeguacies

The failure of DOE's program %o reach a stage at
which it can be the basis for any finding of "reasonable
assurance" of waste disposal in the next few decades is con-
clusively demonstrated by an examination of the data that it
has obtained and that it needs with respect to potential
repository sites, By admittiny that its data base is seriously
delicient in several critical areas, DOE also admits that it
is assuming that facts will be found which support its conclu-
sions. This type of predetermined decisionmaking in the absence
of factual support is clearly improper and must be rejected by
the NRC.

In its discussion of factors iafluencing the choice of
a natural system in which to site a waste repository, DCE
Statement at II-70-80, DOE identifies four categories of
factors that must be considered: geologic, hydrologic, tectonic,
and resource factors. In each case, DOE is forced to acknow-

ledge that it lacks site-specific information necessarv for
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an understanding of how to judge the factors. For example,
DOE notes th-t thermal and mechanical properties, which are
among the geo. “‘gic factors, are "measured by various tech-
niques on rock samples collected at the site." DOE Statement
at II-75. Similarly, with respect to hydrclogic factors,
The effects of fracture systems on flow condi-
tions at individual sites must therefore be
assessed in relation to the containment and
isolation capabilities of the site.
DOE Statement a+ II-77. Therefore, based on DOE's analysis,
it is essential to examine particular sites in detuil in order
to know wh..ther any of them will be acceptable. It is,
therefore, not possible to generalize from experience else-

where to =stablisk that a parcicular site is acceptable.

Geologic Data

DOE also admits that the data regarding geologic fa: :tors

are incomplate:

The knowledge th*t must still be gathered per-

tains to site specific factors, and the tech-

nigques for gathering it are presently available.
DOE Statement at II-87. Although couching its problem in
optimistic terws, DOE is unable to hide the underlying
reality that current data are incomplete and that, therefore,
DOE cannot judge the adequacy of potential sites. In this
connection, it should be noted that even if DOE had the
data, DOE also admits that

Interpr~tations of the resulting data are often

difficult and are best made in conjunction with

other geophysical surveys.

DOE Statement at II-24. Since the data do nct even exist vet,

and eventual interpra2tation will be difficult, the NRC can
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have no confidence that fundamental geologic quescions will be
resolved before the expiration of existing operating licenses.
Hydrologic Data
DOE has the same problem with respect to hydrologic
factors. The best that it can -ay is that
Although the development of a cetailed, accurate
hydrologic model for each site will require con-
siderable t: e, bounding assumptions about hydro~
lugic parameters car be applied during the
screeing process to assess the general gualitv of
hydrologic systems and to identify areas requiring
better definition.
DOE Statement at II-98. 1In other words, DOE is able to develop
a vague idea of the hvdrologic characteristics of the various
sites, but it is una! » to determine the specific performance
©Of hydrologic svystems in a manner that will allow a conclusion
that a site is qualified for a waste repositery. All that DOE
can do at this point is identify the gquestions that mus. be
asked. It cannot provide the answers essential to any finding
of "reasonable assurance" that a waste dispecsal facility will

be in place by the year 2006.

Data on Specific Sites

The glaring lack of data and inability to resolve site
specific issues is graphically illustrated in DCE's discussion
of sites that have beei examined thus far. DOE Statement at
II-103-126 and Appendix B. The first set ~f potential sites
is the Gulf Interior Region Salt Domes, which encompasses seven
salt domes currently under consideration. 1In each case, to
use DOE's words,

data are insufficient for a guantitative
snbsurface hydrologic characterization.



=23

See DOE Statement at B-10, 11, 12, 14, 15, 16, and 18. Although
the question of groundwater water movement is crucial to
potential use of any salt-based repository, DOE does not know
today how the hydrologic systems operate 1t any of these domes.
Therefore, none of them can be considered as providing any
support to DOE's "reasonable assurance" argument.

Substantially more disturbing than the lack <f data with
respect to these domes is the fact that an eighth dome, once
under consideration, was dropped as recently as last year
because it was apparently discovered to be dissolving, causing
surface sollapses that eventually came to DOE's attenticn.

DOE Statement at II-106. Nothing that NECNF cculd say would
speak as eloguently as the recent rejection of the Palestines

dome in support of the proposition that a "reasonable assurance”
findiny cannot be made until DOE has =zll of the information that
is needed to evaluate potential sites. If the NRC does not know
how many potential sites will meet the same fate as the Palestine
dome, for whatever reasons, it cannot have any assurance that

any other sites will ultimately avoid that fate.

A review of the remaining potential sites establishes that
they all suffar to a significant degree from a lack of important
data or information necessary to evaluate them. "Existing
information on the Paradox basin is not vet sufficient for assess-
ing the suitability of individual parts of the region for a
repository.” DOE Statement at II-109. Da:a for the Palc Duroc
and Dalhart Basins in the Permian Basin are only "preliminary,"

DOE Statement at IZ-112, and serious unresolved resource conflicts
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exist wvith respect to the Los Mudanos site. DOE Statement

at II-1l1l2 and B-4l. No “ield investigations have been
carried out by DOE in the Salina Basin, detailed geological
screening has not been done, and potential resource conflicts
are severe in the area. DOE Statement at II-1ll7. Questions
about the location and movement of the water in the inter-
beds and interflows of Wanapum and Grande Ronde Basalts at
the Basalt Waste Isolation rroject have not yet been answered
and will not be for two or three years. DOE Statement at
II-118. Data on tectonic phenorena at the 'levada Test Site
are only preliminary, and more data are needed to characterize
ground water “'.iocities in the area. DOE Statement at II-121
and B-70.

DOE's knowledge is seriously incomplate with respect to
all of the potential sites, in some cases more than in
others. 1In only a few cases, perhaps the Los Medanos and
Basalt Waste Isolation Project si“es, dces it appear that
full information ;ill be available within the next few
years. Since that rew information could disqualify any of
the potential sites, as it did at the Palestine docme, there
is, as vet, no basis for a "reasonable assurance" that an
acceptable site will be available for a waste repository in
the time period at issue herc.

Repository Performance, Mcdeling, and Laboratory
Validation

Just as site specific information is needed to evaluate
the sites themselves, so it is needed to evaluate the perfor-

mance of the proposed repository system, to provide data for
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the mathematical models, and to validate laboratory experi-
ments. In each area, data are lacking tc such an extent that
confident predictions cannot be made.

With respect to repository performance, for example, the
design and performance nf the repository seal depend er.iely
on site specific factors. However, tests havz only just
begun, and results cannot be considered conclusive. Indeed,
DOE is specifically relying on technological advances in the
futuras to solve this problem. DOE Statement at II-180-18S5.
Reliance on future technological developments cannot form the
hasis for a present NRC finding of "reasorable assurance.”

Since the validity of any mathematical model depends upon
the quality of the data on which it is based, those data must
be complete. In particular, as DOE admits, site specific data
are necessary because “unequivocal statements about the safety
of mined repositories will be possible only for specific
sites.” DOE Statement at Ii-225. Accordingly, to the extent
that site specific data are not available, as has been shown
to be the case, DOE cannot evaluate the safety of mined reposi-
tories at the sites now under consideration.

DOE also discusses a series of in situ tests that are
beiny undertaken around the world in an effort to lend validity
to its models and its labcratory test results. DOE Statement at
II-248-270. For the most part, it suffices to note that most
of those test have only just begun and have not yet provided
results on which a finding of "reasonable assurance" can now

be based. To a large de¢gree these tests have simply confirmed
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the need for more extensive investisation, and in one impur-
tant case, the C.iimax test in granite, the test has not even
begun. DOE Statement at II-261.
Finally, in a candid conclusion that shatters any confi-
dence in DOE': projectea time table, DOE states,
Of the many factors that can intfluence con-
struction schedules, the majority are associated
with specific site conditions and envircnment,
and are, therefore, resolvable as the site
selection processes evolve.
DOE Statement at III-6l. The assumption that factors are
"resolvable" has no basis in fact 2d is anoth#r example of
DOE's biased, predetermined approach. However, even if DOE
‘s correct on that pcint, it has provided nc basis for its
conclusion that presently unknown sice~-related issues c-an be
resolved within the time frame that it has proposed. If the
details of the site are not known, the ve can be no basis for
DOE's optimism that problems can be resolved within a specific
period of time.
B. The Lack Of Methods And Criteria For Resolving

Issues Is A Fatal Flaw In DOE's Presentaticn On
Waste Disposal

If the only problem that DOE's mined ¢20logic disposal
program faced were a lack of data, at least the NRC rould know
that within a relatively short time, two or three years perhaps,
all of the data wouid be available, and it would ve able to
evaluate the potential for successful waste dispoal at that
time. Unfortunate.y, matters are not that simple. 1In additicn
to laéking erucial data, DOE admits that it has not even
develcped methods or criteria necessary to evaluate many aspects

of the waste disposal issue.
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Remarkably, DOE highlights just this issue in its

performance chjective 6, which states,
Acceptable performance should be based on aethods
reasona’ .y available and should nct depend upon
continr«d maintenance or surveillance for unreason=-
able times in the future.
DUE Statement at I-14. An examination of DOE's Statement of
Position establishes that it has siolated its own criterion
by arguing for a finding of "reascnable assurance, " while
admitting that many methcds and criteria for evaluating
waste disposal performance have not yet been developed.

For example, with respect .~ the effects of fractures on
rock properties, DOE states tha: "apwropriate subsurface
characterization and testing methods may need to be developed
at each site before final decisions on suitability can be
made." DOE Statement at II-73. Similarly, knowledge of
sorption proparties of rocks is only at a state-of-che-ars
sta;e of development and is heavily reliant on ongoing
studies for the development of accurite models. DOE State-
ment at II-74.

Stumbling once again over the problem of inadequate site
specific information, DOCE notes that

More quantitative criteria will be developed

for each study lccation to guide site-specific

decisiomson suitability.
DOE Statement at II-81. 1If these basic criteria have not yet
been develcped, how can the NRC have any idea whether any
sites will be suitable?

The lack of existing methcds and technigues also cripples

DOE's position with raspect to hydrologic studies, which it



agrees are probably the most important to assuring long-term
safety of a respository. DOE Statement at II-76. Referring
to the field data and test results that must be obtained, DJE
status,

The techniques for obtaining mest of them are

currently avai. ible; cothers, including irproved

techniques for ground water dating, fracture-

flow modeling, and permeability determinations

for low permeability rocks, need develcpment.
DOE Statement at II-97. If essential techniques have not even
been developed, there can be nc confidence that a waste dis-
posal repository will be in place in the forseeable future.

With respect to the development of models; on which DOE

ultimately relies for its projections, DOE admits that a comblete
modé2l for a waste disposal system will not be available until
1983, DOE Staiemen: at II-203, that important models involving
waste-rock interactions will not be verified and availaile
until 1985, DOE Statement »t II-222, aund that rodels of thermo-
mechancial impacts on ground water will not be verified until
the end of FY 1987. DOE Statement at II-250. Finally, as it
must, DOE is forced to admit that long-term mocdels cannot be
directly verified because the time scale is simply too long,
DCE S:tatement at II-250. The most that :the NRC can take from
this is that models may be adegquate by the mid-1980s to provide
the information that would be needed to support a finding of
"reasonable assuran-2" that a waste disposal repcsitory can be
in place by the year 2006. There is nc suppeort for such a

finding today.



C. DCE's Reliance On Unsupported Assumptions I'revents
A "Reasor able Assurance" Finding By The IRC

DOE's Statemer: of Position is rife with unsupported

assumptions that may well ultimately appear as fatal flaws in
its program. A simple example illustrates this prcblem. 1In
referring to resource factors at the Richion salt dome, DOE
notes that oil sand in the 2rea “was shown to be noncommerical
by extensive testing."” DOE Statement at B-15. This bald
statement is highly questicnable in light of recent experience
with potential sources of oil that had Leen abandcned or had
been considered not develop 'ble. With permanently tichtening
0il supply and skyrocketing prices, virtually any ol resource
may soon becoma commercially feasible. DOE must support its
assumption with a demonstration that such likely developments
will not render it invalid. Before it can have any degree

of assurance on the basis of DOE's Statement of Position,

tre NRC must identify and demand support for all such gquestion-
. able assumptions.

Far more important than unsupported assumptions on narrow
factual issues is a fundamental fallacy that permeates DOE's
entire Statement of Position. Giver the inadequacy of available
data and methods to evaluate its proposed waste disposal
system, DOE is forcad to fall back on the assumption that if it
simply keeps working un the problem, it w#ill cne day find a
sclution. Indeed, DOE assumes that it will somehow £ind a solu-
tion within the relatively short time that is required to
permit a waste disposal repository to be in full cperaticn

by the year 2006.



This assumption is refle-ted in DOE's summari s of the
status of knowledge of na*ural systems and of t“e waste pack-
age:

6. The diversity of media under evaluation,
the large number of potentially suitable
sites contained in the areas and regions
being studied, and the NWTS Program's
ability to successfully screen for sites
using criteria (II.D.3) and the available
performance assessment technigues (II.F.1l)
will result in identifying, qualifying,
and licensing repository sites.

DOE Statement at II-128.
From this discussion it is obvious that
much remains to be learned about indiwvidual
waste package components and their inter-
actions within the waste repository environ-
ment. Nevertheless, a large body of
information is available and it continually
is growing. The large numker c¢i options
oper to the NWTS Program due to the diversity
of the studies described provides a large
measure of confidence that several acceptable
waste package combinations will be identified.
Based on currently availalbe knowledge, it is
expected tha*t the waste package systea will
meet the stated criteria.

DCL Statement at II-159-160.

In effect, DOF is saying that it is studving so many things
in so many places that there must be an answer. In taking this
approach to waste disposal, DOE is gambling with tie future.
Clearly, the NRC cannot adopt this irrational, dangerous theory.

While some degree of uncertainty in this area is inevit-
abl¢, the NRC must make its prediction of future events on the
basis of the factual record. To the minimal extenc that DOE
has a record on which the NRC can judge its ability to deal with
the high~level waste issue, it is an abysmal one of fits and

starts and failures. The only clear result of DOE's experience
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has been its recent loss of the Palestine dome. Surely, this
failure cannot form the basis for confidence in DOE's future
performance.

D. DOE Completely Fails To Address Political, Social,
And Institutional Obstacles To Waste Disposal

In explaining the requirements that it must meet in order
to show that the Commission can make a "reasonable assurance”
firding with respect to waste disposal, DCE states that it
must show that i+ is able

(i) to understand ard address in its program

the technical, social, pclitical, and
instituticnal aspects of waste management....

DOE Statement at I-7. (Emphasis suppliied). However, its
Statment of Posit >n is virtually devoid of any serious dis-
cussion of the obstacles pcsed by sccial, political, and
institutional aspects of waste management or of how those
obstacles can be overcome.

The social, political, and institutioncl obstacles to
waste management have always been substantial and have grown
considerably in recent years. For example, since 1976, approxi-
mately nineteen states have ens :ted some type of ban or
moratorium on the siting of a waste repository within their
borders. Countliess local governments have done so as well, and
both state and local governments have enacted severe restrictions
on the transportation ¢f nuclear wastes. Even the stcrage of
low-level wastes is now uncertain with th» recent closing or
limiting of facilities in Nevada, South Carolina, and Washington.

In addition, public acceptance of government and industry
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zssurances is at a low ebb, and the publi ; has virtually no
confidence in the ability or credibility of the Depar*ment of
Energy, the NRC, or the nuclear industry. Given the gresent
situation, it is likely that more, rather than less, legisla-
tive action will be taken by state and local governments to
res+*wict the options for waste ranagement.

The lack of public confidence in D0E and the NRC and the
unwillingness of the public to be saddled with the wastes of
tiie nuclear industry pose major threat: o DOE's ability *o
establish a waste repository and to the safety of that repository
once it begins operating. DOE will have to obtain licenses or
permissions at various levels, rot the least of which should be
an NRC license. With stiff public opposition likely, any public
proceedings are likelv to last for years. Eventually, DOE will
probably be forced to take legal action to impose waste reposi-
tories on unwilling states and localities through Federal pre-
emption. The result will be the imposition of a repesitory on
an angry nopulace whose actions wil. be almost entiraly unpre-
dictable.

DOE has not seriously addressed any cof these issues in its
Statement of Position. Giving DOE the benefit of the doubt,
its Statement contains less than ten pages on these points, DCE
Statement at II-296, III-24-31, and III-87. Most of those con-
sist of a discussion of how DOE hopes to communicate with state
and local governments while the waste repcsitory is being
developed. DCE Statemeni at III-24-31. DOE simply assumes that

state and public involvement will go well, and that its grogram
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will stay on track. DCE Statement at 31. DOE provides no
basis for +hat optimism.
DOE concludes its treatment of sociopolitical issues with
the following bland assurance:
Because sc>ial ccncerns are less e¢asily predicted,
less confidence cin be placed in assessment of
their impacts on the repository program. Nonethe-
less, there is growing public recognition that
nuclear waste manager2nt is a national problem and
that solution of the problem should not be post-
poned for future generations.
DOE Z*-atement of Position at III-87. That is nothing more than
a convenient, self-serviry assumption that the rublic will act
as DOE would like. 1In fact, there is also a growing public
resistance to th: storage of nuclear wastgs. Even those who
support nuclear power do not want the wastes in their own back
yard. It is quite possible that the Achilles heel of the
nuclear waste progr.m is public rejection rather than the tech-
nical issues that DOEZ discusses as such great length. DCE has
shown nczhing that provides any degree of confidence that

political, social, and ins*%itutional problems can be cvercome

at all, much less in the time pericd at issue.
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V. There Is dNo . .#1s For A Fi.ding Of "Reasonable Assurance"
Ti.>* Spent [ .21 Can Be Stored safely On-:.ite Or Elsewhere
For An Indefini & Pericd Beyond Expiration Of Existing

Operating Licenses.
NECNP .as chtained the services of Dale G. Bridenbaugh, of

MHB Technical Associates, to address the guestion of lorg-term
on-sit2 spent fuel. storage. His prepared statement, which is
sponsored jointly by NECNP and the State of Illinois, consti-
tutues this sectioﬁ of NECNP's Statement of Position. Mr.
Bridenbaugh concludes, as the evidence dictates he must, that
there is no basis for a present findirg of "reascnable assurance"
that spent fuel can be stored safelv at the reac’ or sites or
elsewhere for an indefinite period beyond the expiration of the
existing operating licenses.

Since Mr. Bridenbaugh'gc statement was prepared as a single
piece, NECNP hes included all of it with its references and
attachments in this part of NECNP's Statment of Position. All
oI the pages have beer numbered to be in sequence with the
rest of NECNP's statcment. Mr. Briderc-baugh's page numbers are
shown 1in parentheses.

By way of introduction, NECUP enmphasizes the fundamental
reason that the NRC cannot make = "reasonable assurance" find-
ing on this .ssue -- the existing data and experience simply
are not adequate to do so. DOE itself practically concedes
this point when it states, with respect to its Draft FIS on
waste management, that

The data base for spent fuel's long-term
stability is lirited but is under development.

DOE Statement at II-31. 1If the data base is limited, long-term
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stability cannot be judged, and there is no basis for a "reason-

able assurance" finding.
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SAFETY OF SPENT FUEL MANAGEMENT

AND THE ADEQUACY OF
U.S. DEPARTMENT OF ENERGY WASTE PROGEAMS

Statement of Position
of

DALE G. BRIDENBAUGH

SECTION 1
INTRODUCTION

1 1:  CUALIFICATIONS

I am a Professional Nuclear Engineer, technical consultant,
and a fcunder and partner of MHB Technical Associates, technical
consultants on enevgy and environment, with offices at 1723 Hamilton
Averiue, Suite II, San Jose, ~aliformia. I have particirated as an
expert witness in licensing proceedings before the U.S. Nuclear
Regulatory Commission (NRC) ; have served as a consultant t©o the
NRC; have testified at the request of the Advisory Committee on
Reactor Safeguards; have appeared before various committ2es of
the U.S. Congress and testified in various stace licersing and
regulatory proceedings, as is further discussed below. Additional
details of my experience and qualifications are= containea 1in

Attachment A

(=1-)
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1.2: PURPOSE

The purpose of this statement is to provide input to
the Waste Confidence Rulemaking proceeding on behalf of the New
England Coaliticn on Suclcar Pollution (Coalition). My positionm,
similar to that expressed by members of the Coalition, is that
there is not at this time, base: on past experience and the record
of the responsible federal agencies, adequate assurance that safe
waste disposal methcds will be available between the years of 1997
and 2006, and, that on-site or interim storage can not be demon-
strated to be suitably safe for the period of time that may be
required before such :afe ultimate disposal methods may become
available. Lack of such assurance gives rise to concerm over
continued operation of commercial nuclear plants with licenses
that may terminate before suitable disposal capability is avail-
able.

In general, this statement will be primarily limited to
comments on those portions of the high-level waste program related
to the hardling and storing of spent fuel at reactor plants and/or
at away-from-reactor or independent spent fuel storage facilities.
However, since the time periods that may be involved at such
"interim" facilities are strongly deper ient on the schedule for
the beginning of operaticn at the proposed National Waste Terminal
Storage facilizy, input is also provided on the likelihood of
NWTS schedule slippage, ard its impact on the interim program

is also provided.

(=2=)
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SECTION 2
BACKGROUND OF WASTE DISPOSAL ISSUE

2.3 HISTORY

Until 1974, it ws: intended within the nuclear industry
that spent fuel discharged from nuclear reactors would be commer-
cially reprocessed in privately-owned reprocessing facilities.
This we? to have been a step in the ultimate disposal of the
high-level radicactive waste,with the high-level waste product
from the reporcessing plants to be turned over to the federal
government within five years after separation. In 1977, the U.S.
Government ruled that reprccessing of spent fuel would not be in
the best interest of the' United States due to the weapons prolifera-
tion hazard and declared a halt to a.l commercial reprocessing
activities until further notice.

Subsequent to the cessation of reprocessing planning, in
the fall of 1977, the U.S. Department of Energy (DOE) announced
that a spent fuel disposal program would be offered to U.S. and
foreign utilities. This program was to make available to the
utiliries on a full-cost recovery basis, a method for disposal
of all fuel that had becen discharged from operating reactors for
five or more years. In the initial program, the DOE expected to
build away-from-reactor (AFR) storage facilities to take care
of the storage requirements until permanent disposal reposi-

tories had been developed, licensed, and placed in operation.

(=3=)



As of today, no federal AFR's have yet been built, or started,
and the date for ever beginning to work on permanent disposal
facilities has not yet been determined.

The ability to manage and properly iispose of the high,
intermediate, and low-level radicac:ive waste produced as a by-
product of nuclear plant operation is a critical factor in
assuring the safety and operating reliabilicty of a nuclear plant.
It must be recognized that govermmental agencies other than
federal may have vital stakes and influence on such matters. In
one current licensing proceeding, the Shoreham plant being builct
by the Long Island Lighting Company, che transport of high-level
waste from the Shoreham plant, located on Leng Island, through
the city of New York is an issue of vital concern to the city
and the state. In recent actions by the respective govarnors,
both the states of Nevada and Washington closed their borders tc
further transport of radiocactive waste o the Beatty and Hanford
storage facilities located within the states and cthey further
have called for a drastic reduction of the amount of out-of-state
generated waste that will be permitted to be "imported" in the

1
fucure. z/

Such actions vividly demonstrate the problems asso-
ciated with the resolution of the multi-jurisdictional nuc.ear
waste problem, and strongly indicate that early resclution cannot

be expected with confidence.

(=&=)
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The absence of permanent high-lavel and low-level waste
 disposal capabilities has caused difficult problems for the

planners and overators of the nation's commercial nuclear power
plants. The potential disruption of the power supply to the
n=rion's industry could cause vast losses, and backup supply
plans are presently stymied. As a result of the lack of develop-
ment of AFR storage facilities, almost all currently operating
reactors are find.ng a need tc expand the on-site storage
capabilities.

Some currently operating plants are expected to fill all
available on-site storage capability as early as 1983. Many will
be short of spent fuel storage space by 1985. The NRC's Drafc
GEIS on Handling and Storage of Spent LWR Reactor Fuel 2/ estimates
th.t even if fuel storage is compacted at all plants by a factor
of 2.5, and if plants only operate a: a 607% capacity factor, the
following plants will lose storage and full core discharge capa-
city as indicated in Table 2-1.

Away-from-reactor facilities have still not been authorized,
although the DOE Statement describes the expected schedule and
details of project management. 2/ 1t is essential for both
reliability and safety reasons that full core Jischarge capability
be maintained for all operating reactors. Consequently, if no
facilities are available by 1983-85, some of the operating plants

listed in Table 2-1 may have to derate or shutdown in order to

(=5-)
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TABLE 2-1
PROJECTED LOSS OF FULL CORE DISCHARGE
CAPACITY FOR U.S. PLANTS

YEAR PLANT STATE

1576 Point 3each-l & 2% Wisconsin
1980 Maine Yankee Maine

1980 Prairie Island-1l&2 Minnesota
1980 San Onofre-1l%* California
1981 Oconee-1, 2, & 3 So. Carolina
1981 Robinson-2 So. Carolina
1982 .La Crosse Wisconsin
1982 Conn Yankee Connecticut
1982 Turkey Point-3 Florida

1983 ¢ Fort Calhoun Nebraska
1983 Indian Point-1 New York
1983 Calvert Cliffs-1 & 2 Maryland
1983 Kewaunee Wisconsin
1983 Palisades Michigen
1983 Surry-1l & 2 Virginia
1984 Turkey Point-4 Florida

1984 Indf{an Point-2 New York

* Some of the immediate pressure was relieved on these
plants by shipment in 1978 and 1979 of some svent fuel
to GE's Morris, Illinois Fuel Storage Facili:y. Future
shipments are limited by the current small storage
capacity of that facility.

(=6-)
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ease the problem of Jisposal of spent fuel. The ,~essure to
continue operation even though spent fuel storage is inadequate
~ay ultimately lead to less conservative operationms and an
increased risk to the general public. as well as t~ persons
working within the plants and storage facilities. It is there-
fore essential that adequat: consideration be given to all aspects
of the national waste storage progrcm and the implications of

delays and mismanagement on public health and safety.

(=7-)
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SECTION 3
COMMENTS ON COE'S STATEMENT OF POSITION

)
'—4

INTRODUCTION

The position of the U.S. Department of Energy regarding
the likelihood that high-level commercial nuclear waste can be
safely stored and disposed of is presented in the April 13, 1980
Statement of Position of the U.S. DCE. 4/ Tnis docuzent comtains
an extensive description of past, current, and expected future
programs to be conducted by the DOE and other government agencies
necessar- to resolve the scientific, techrical, and institutioral
lssues needed to safety manage, store, and permanently dispose of
spenc.fuel from commercial reactors. A review of the DCE state-
ment was made to determine areas of technical or programatic
weakness that might give evidence of a lack of confidence that
the problem can be safely resolved by the time period of 1997
throush 2006 as specified in the Proposed Rulemaking Order.

This section (Section 3) of this statementc summarizes
co-aments developed during our review of the DOE Statement. The
comments are summarized in the following four categories:

1. Inadequacies of Evaluation Criteria and

Regulations (Section 3.2)

2. 1Inadequacies in Consideration of Safery
Issues (Section 3.3)

3. Technical Uncertainties (Section 3.4)

4. Schedule and Cost Uncertainties (Sectien 3.3)

(=8-)
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As might be expected, a number of the issues overlap
and are considered more than once for purposes of completeness.

The following discussicn addresses these issues:

3.2: INADEQUACIES OF EVALUATION CRITERIA AND REGULATIONS

The basis of the scope of the DOE Statement of Positicen
is described on page I-2 of the DOE Statement. 2/ DOE's inte:z-
pretation of the february 1, 1980 Order 6/ and, for that matter,
the wording of the Order itself, appears to have resulted in an
extremely narrow scope of consideration which causes the DOE
Statement to be a less than adequate discussion of the issues.

The key scope instructions contained in the February 1l Order were:

e That the proceedings should Jeal only with the

disposal of spent fuel. 7/

e That the proceeding is concerned solely with
high-ievel waste. 8/

o That reracking of spent fuel pools in wvarious
nuclear reactors is beyond the scope of the
proceeding. 9/
e That the safety of transportation of spent
nuclear fuel is beyond the scope of the
proceeding. 10/
While it could be argued that placing these restrictions
on the scope of the proceeding will make the evaluation narrow
and incomplete, such hrgument is beyond the scope of this technical

discuss‘on. It must be recognized, however, that the aforementioned

{ssues are real, are controversial in many cases, and could lead
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«o substantial delay in the fiual implementation of permanent

spent fuel disposal, and that these issues can impact heavily

on the "timely" achievement o:r the d.<ired objective. For

examrle:

In the issue of spent fuel versus reprocessing,

it is precisely that issue which caused the
current five to ten-year disruption to the high-
level waste disposal program that began about 1974,
At that time, the commercial viability of spenc
fuel reprocessing began to be heavily questioned,
causing a serious disruption to the planning for
high-level waste disposal as a result of the

ultimate change in natiomal policy.

Low-level waste disposal has recently ererged as
a point of major conflict between the various
agencies at the federal and state levels and
provides indication that similar problems may
occur when attempts are made to move high-level

]
waste accross state boundaries. 1L/

Spent fuel pool reracking has been defined as
beyond the scope of this proceeding. It must oe
recognized that reracking of fuel pools at existing

power plants has been an issue of contention at a
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number of plant sites with state governments
taking a role in deliberating these issues in

at least three different states. 12/

Interim
storage of spent fuel, as proposed by the DOE
Spent Fuel Management Plan, calls for approxi-

mately 90% of the spent fuel to be stored in
At-Reactor (AR) facilities up until the year

1995. 1If reracking cannot be achieved in a
timely fashion, this will interfare signifi-
can*ly with DOE's plan and schedule.

Transport safety has been identified as being
be.ond the scope of this proceeding. However,
DOE does include in thie DOE Statement a fairly
extensive discussion of transportation consi-
dera:ions.Ll/ and it is recognized (a: least
by DOE) that successful transportation must
play a major role in achieving the interim
Away-F m-Reactor (AFR) storage objectives.
Considering the halt to licensing and exten-
sive re-evaluation of objectives caused by
the Three Mile Island accident, it is not
difficult to imagine that a serious transpor-
tation accident in a major population center

could cause a complete re-evaluation and
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re-thinking of the high-level waste trans-

portation plan.

It is therefore our opinion that the proceeding’s scope
limitarions imposed by the Presiding Officer of the Waste Confi-
dence Rulemaking should be re-evaluated by DCE and other partici-
pants and that additional infc mation and consideration be given
concerning the impact that substantive changes in these four areas
could makz on the achievement of successrful and permanent waste
disposal in a timely fashion. This requirement is, in face,

. :cognized in the DOE Statewent on page I-5, wherein DOE states:
"In considering whether or not individual licensing
proceedings should address the possibility that spent
fuel might have to be retained at reactors beyond the
expiration of their operating licenses, it is necessary
for the Commission to determine whether or not off-site

facilities for the disposal or storaje of spent fuels
will be avzilable on a timelv basis.” (emphasis added) 14/

Additionally on that page:

"The Department does not attempt to prove that safe
disposal of these radioactive wastes, with the required
approval of the appropriate regulatory authorities, can
be achi:ved today. Rather, the Department shows that
such disposal can be achieved within reasonable times
(which are specified) upon completion Of i.s current
research and development and site exploration programs."
(emphasis added) 15/

It is disconcerting to see that the re-institution of
consicderation of reprocessing has emerged as a serious possi-

bility as recently as mid-June (1980). The House Interstate
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and Foreicn Commerce Committee voted to amend the NRC's fiscal
year-8l Authorization Bilflgg mandate the resumption cf the
GESMO proceeding. While this is only an indication of a posgsit_.e
change in national policy, it certainly demonstrates that the
path to disposal of spent fuel as high-level waste is not a
clear oae,

In addition to problems with inadequacies in the DOE
Statement evaluation criteria, the DCE Statement also suffers
from serious deficiencies stemming from in~omplate assessment

of major programs. Foilowing are examples of some of the more

serious defec:; found:

e Licensability

On page II-1, it is stated that the DOE's National
Waste Terminal Storage program (NWTS) is designed
#o "develop licensable High-Level Waste (HLW) dis-
posal systems during this century.” 1In a footnote,
licensable is defined to mean "comsistent with
regulatory requirements set forth by the Nuclear
Regulatory Commission and the Eavironmental Pro-
tection Agency." While these are certainly regu-
latory requirements that must be met, they are by
no means the oualy requirements that must 2 met.
In fact, on that same page, it is found that the

President's statement of February 12, 1980 conclucea
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"vhe technical programs must meet all re.evant
radiological protaction criteria as well as all
other applicable regulatory requirements.” 17/
The DOE's ce-statement and re-definition of
licensable, limiting it to rean only those regu-
latory requirements of the NRC and EPA, could
lead one to believe that the NWIS program may

not be considering all possible roadblocks.

Quanc:ification of Containment

On page II-9 of the DC: Statement, DOE indicates
that a portion of one objective is requiring .con-
tainment systems be resistant €O catastrophic
failure. This requirement is further defined as:
"any losses of containment would result in

low release rates over long periods of

cime." 18/
The problem with this statement is that there
appears to be no quantified requirement for the
definirion of a "low release race over long periocds

of time." Subsequent discussion in the DOE State-
ment could lead ome to believe that low release
rates may be quantifiable by the ALARA standard
used in licensing nuclear plants. However, dis-

cussion at other places in the DOE Statement
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.mplies that release rate requirements for perma-
nen* waste disposal facilities must be more

stringent than those for operating nuclear plancs.lg/
This vague definition of ccntainment is a defect that

must be corrected.

Cost Benefit Analysis

Objective 4 as discussed by the DOE Statement on
page II-16 implies that decisioms regarding the
environmental impacts associated with waste disposal
systems must be shown to be reascnable corsidering
the "costs and benefits associated with potential
mitigative measures and reasonable alternative
courses of action." - Throughout the remainder

of the DOE Statement, discussion of costs and
alternatives appear sporadically but nowhere in

the Statement are details of how the cost benefit
analysis is to be nerformed or when it will he
per’ormed. Certainly, the cursory discussion of
disposal altermatives contained in DOE's Statement
(pages II-27 through I1-42)2 rces not provide detail
to perform a cost benefit analysis nor indicate that
such an analysis is expecred to be possible in the

foreseeable future.
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An additional category of concern in the DOE Statement
has to do with findings of confidence of crnducting thn high-
level waste disposal program in accordance with appropriate
standards and regulations. DOE seems convinced that this
represents no problem, but readily admits that standards and

regulations do not yet exist. For example:

e On page II-4, DOE finds that "although specific
technical criteria from NRC and EPA wou.d be useful
at this time in directing the NWTS progv-am, they
will not be critical to the conduct of the program
unti. detailed waste disposal systeu designs are
being developed." 22/ A primary tenet of the
NRC's quality sssurance criteria is that quality
cannot be legislated, it must be designed in from
the beginning. Taking such a cavalier approach
to lack of standards from EPA and NRC seems tanta-

mount to s=tting the system up for failure.

¢ Delinearion of DOE's "pertinent points' considered
in structuring objectives as listed on page 1I-6,
is generalily useful but in some cases the po'nts are so
rudimentarv as to be of little value in eva'uating
confidence. 23/ For exzuple, the fact that "the
environment must be pir-tected" seems hardly to be

a revolutionary concept.
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o Information as to when the EPA will issue numerical

standards concerning long-term releases is not yet
availatle. For example, the DOE Statement indicates that
the EPA numerical standards, to be designated 40 CFR
191, are not yet proposcd.%ﬁj General guidelines
concerning comparison of releases to the impact of
background radiation are contained in the Statement

but agreement on establishmenc of universally-accepted
standards will require considerable time, particularly
e'nce they deal with countless future generations who
may receive no benefit to counterbalance the risk
imposed. Some of the alrernatives to mined geologic
disposal would seem to incompass near-impossible
regulatory or jurisdictional resolution. For example,
jubseabed dispcsal of high-level waste is reported to

be in violation of the U.S. Merine Protection, Research
and Sancturarv Act of 1972 and similarly, is probably

{n violation of intermaticnal 1aws.;i—/ This fact

alone may remove it from the status of a viable con-

tender for the period of time in questiom.

The DOE Statement contains centflicting discussion of
the probable requirements of waste disposal facilities.
On page IV-4 it is indicated that:

i
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"1£f adopted as presently written, the guideline
value of 10 CFR 72.67(b) will impose a substantially
more conservative requirement on independent spent
fuel storage installations than is imposed on
reactor and fuel .eprocessing facilities." 28/

However, on page IV-23, DOE states that:

"Nore of these regulations (10 CFR 30, 10 CFR 40,
10 CFR 50, and 10 CFR 70) is completely applicable
to licensing of spent fuel storage facilities when
they are separate from either reprocessing plants
or nuclear power plants, for several reasons. The
prospective duration of storage activity at an AFR
is comparable to that at power reactors, but the

requirements of 10 CFR 50 are unnecessarily strin-

gent for an inder ~7ent "aIllity storing aged Ifuel.

(emphasis added] >

To summarize our comments on evaluation criteria and

regulations, our review leads us to believe that the state of
development has not proceeded to the point that the confidence
has been demonstrated tha: safe waste disposal will be achieved
by the year 2006. Substantial additional safety, technical, and
schedule uncertainty addiiionally exists and will be discussed
in subsequent sections of this report. However, it seems unlikely
that a finding of confidence can be demonstrated when the basic
elements for evaluating compliance and adequacy have not yet been

devised.

3.3 SAFETY ISSUES

Review of the DOE Statement has identified a number of
safety issues related to the management and handling of spent

fuel where DOE has presented incomplete or inadequate informaticn
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to permit a finding of "ccafidence." Follewing is a discussicr

of some of those ccasidered to be more significant:

e Incomplete Safetv Analysis

The DOE Position Statement does not include a
complete safety analysis of the integrated
operation of the storage and disposal systems.
The basic reason for tuis deficiency is that

it is not known a:t this time what will make up
the integrated system. DOE reports, for axz ple,

that:

"studies to optimize the integrated system
have not been completed." 28/

and:
"Operational pnase risks can be partially

assessed in terms of those Commission

requirements which appear relevant." 29/
The DOE Position Statement does contain a discussion
of example safety analyses and commitments tO perform
safety analyses as system designs are completed. 30/
This does not, howeve:, assure that appropriate

action or design changes will be accomplished to

correct any shortcomings.
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e Inadegquate Consideration of Retrieval
The DOE Statement of Position contains a des-
cription of waste implacement and retrieval

3L/ Three recrieval cases have

considerations.
been considered. The most difficult retrieval

case considers the retrieval of waste and aban-
donment of the repository that could be required

if tests and acquired data show that a sufficient
degree of confidence (of long-term acceptability)
could not be provided.éz/

Unfortunately, this retrieval case is assumed to
occur near the end of the repository operational
phase and thus is not the worst case since all of
the reposito:ry would not have been backfilled and
facilities and experienced personnel would still

be in place. DOE should evaluate retrieval from

a completely filled repository after a sufficient
period of time that temperature and exact location
would make retrieval and handling of the fuel a

more uncertain operation. This would then be
followed by surface handling of the fuel, presumably

in water-filled storage pools, trans-shipment, etc.
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Higher Exposure Fuel

The DOE Position Statement discusses to some extent
safety considerations for the storage of fuel that
developed defects in reactor and for handling <f
fuel damaged during storage and/or shipment.ég/ Sub-
ject_ve predictions were made that past experience
with handling of fuel indicates rhis will present no
problem in the future. However, little experience
has been developed to date with the handling and
storage of aged or defective fuel with the high
burnups now anticipated for future fuel design.

This should not be an insurmountable problem but

is ore that does impose some uncertainty on the

safety of extended interim storage and handling of

fuel.

Emergency Unloading of Pools

It is quite likely that extended interim storage
of spent fuel at reactor sites will be required.
DOE anticipates that AR storage facilities will
contain 90% or more of the spent fuel at least
through 1995.13/ No consideration appears to
have been giver in the DOE Statement of Position
concerning the possible emergency requirement to

unload spent fuel storage poois. Possible scenarios
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for this requirement are discussec in testimony
presented before the california Energy Commission.-ézf
Selected portions of this testimony are attached as
Appendix B. Evaluation of this possible action should

he included by DOE in their Statew=nt.

Inadequate Assessment of Regulatorv Change Impact

Continual re-evaluation of regulatory requirements
concerning operating nuclear plants has beccme a

fast of life and will undoubtedly be true regarding
interim AR. AFR, and IFSF facilities. In most cases,
modifications can be made to reactors and primary
systems at nuclear p’ants because it is possible to
unload reactor fuel into on-site storage pools and
perform necessary modifications. Should storage

pool regulations change, modifications are much more
difficult since there is in general no convenient
redundant storage facility into which the spent fuel
can be discharged. This could be overcome by modular
design of pools at AFR's, but such a requirement has
not been imposed on existing facilities. Accordingly,
+he DOE Position Statement should be expanded te con-

sider the potential impact of such backfit requirements.
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Lack of Design Requirement: con Existing
Storage Pools

The DOE Position Statement contains an extensive
section entitled, "Achieving Safe and Environ-
mentally Acceptable Water Pool Storage.” 38/ This
section contains a number of misleading statements
concerning spent fuel storage pool design. Following

are some of th2 more significant omiIssions.

- Multiple Containment Systems
The statement is made on page IV-30 that:
“"Multiple containment systems are a feature
of the design of spent fuel storage faci-
lities."”
Included in the multiple barriers are the
ceranmic fuel pellet, the fuel cladding, and
the storage pool and water purification system.
While it is true that these three factors inhi-
bit the release of radiocactive material to the
environment, these features are in no way pro-
vided to uniquely improve the design of the
spent fuel storage facility. They are a design
requirement for reactor cperation and provide,

as a side benefit, some benefi. for long-term

or interim fuel storage.
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- Fuel Unloading Fnols
Page IV-31 describes the design of the fuel

storage pool to prevent leakage and discusses
features prcvided to prevent damage to the
pool through the dropping of a fuel shipping
cask or tipping of same. {t should be_poinred
out that "Control of Heavy Loads Near Spent
Fuel" continues to be identified by the NRC

as one of the "Unresolved Safety Issues.” 37/

Most‘existing operating reactors which.will

contain most of the spent fuel in their storage
pools through the year 2006 were not originally
designed with the storage pools in compliance

with the generic criteria that are to be developed.
Since very little fuel has been shipped from opera-
ting reactors, rapid implementation of plant modi-
fications has not been considered essential. It
should be recognized as a potential problem at most

existing AR pools.

- Critica.ity Prevention

The DOE Position Statement indicates on page
IV-33 that proposed regulation 10 CFR 72 weould
require use of a "'double contingency principle"
to assure subcriticality at all times during

fuel handling and storage activities. It
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again must be emphasized that regulation
10 CFR 72:
a. does not yet exist,

b. will not apply to AR pools, at
reactor plants, and

¢. may not be aoplicable (in a
practical sense) at the AR
pools that will contain more
than 90% of the spent fuel
for the next 15-20 years.

e Other Design Requirements

The DOE Position Statement specifies on page IV-35
that proposed 10 CFR 72 will:

a. Require design basis earthquake to have a
peak horizontal ground acceleration of 0.25g
with a recurrence interval or at lLeast 500
years.

b. A design basis tormado with a maximum wind
speed of 360 mph.

¢. Require that vent stacks be so designed and

located so that collapse or fall of a stack
would not result in damage.

Additional requirements are delineated in Table
IV-6.§§/ It again must be emphasizec that proposed
10 CFR 72 does not yet exist, it will not apply to
AR storage pools, and that .he 70 to 100 reactor
facilities and associated storage pools now in
operation or under comstruction will not iikely

comply with the requirements specified.
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3.4: TECHNICAL UNCERTAINTIES

Our review of the DOE Statement of Position has dis-
closed a number of technical areas where uncertainty erists
as to the adequacy of knowledge corcerning the long-term perfor-
mance of materials and systems to ensure safe, fully contained
waste storage. Many of these problem areas were previously
identified in the MHB Spent Fuel Disposal Costs Report. 39/ a
copy of Section 2 of that report is provided in Appendix C for
ready reference. These uncertainties generally do not represent
potential causes of "catastrophic accidents," but are technical
problems requiring résolution before confidence in the program
will exist. They are, by their nature, problems that require
years of investigation or testing as opposed to technological
breakthroughs. This fact is demonstrated by the DOE Objective
stating that disposal should not depend upon "scientific break-
throughs." 40/

The DOE program does discuss the rneed for ongoing
research and investigation. The remainder of this section will

highlight where the DOE Position Statement is dependent upon

the timely resolution of certain technical issues.

e Fuel Integrity During Handling and Pool Storaze

The major techuical concern during the uncertain
interim storage period is whether or not the dis-
charged spent fuel bundles will maintain integrity

and adequately contain the radiocactive materials
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isolated within the rods. Scatements in the DOE
Position indicate that experience with water pool
storage of spent fuel typical of today's design and
burnup is limited to 20 years for Zircaloy-clad fuel
and 12 years for Stainless steel-clad fuel. However,
DOE speculates that the studies of corrosion rates
indicate "no obvious degradation mechanisms" which
would be expected to cause failures before 50 years
or longer. 41/

Details o:i spent fuel storage experience are found
ir. the DOE Statement with both burnup and storage
time experience found on pages IV-50 through 62.
Some rathcr high exposure fuel is reported (62,000
MWd/MTu) but these were only high burnup demonstra-
tion rods and do not represen: bulk commercial fuel.
It must be recognized that the burnups and storage
times indicated in the DOE Statement do not repre-
sent exhaustive experience with significant quanti-
ties of commercial fuel. One of the key documents
referenced on experience by DOE is a report by A.B.
Johnson, Jr., of Battelle Northwest. 42/

Dr. Johnson appeared as a witness on corrosion of
fuel and metals in the Zicn Reracking Hearing. 43/

Under cross-examination, Johnson stated that most of

information in his study came from third parties
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and that most of the data upon which he based his
Zion assessment of long-term integrity fuel claading
was acquired through visual inspections, inspections
which can detect only advanced stages ¢ clacdding
dcqradation.ii/ Additional information on technical
uncertainties was uncovered 1n the Zion case Cross-
examination of expert witnesses. Although the
Atomic Safety and Licensing Board ultimately ruled
against the State of Illinois 1in tnat case, portions
of the State's Proposed Findings of Fact and Conclu-
sions of Law in this case are attached as appenaix
D. for background information on the state of tech-
nical uncertainties concerning long-term speunt fuel
storage. These were prepared and verified by my
partner, Gregory C. Minor, as an accurate reflection
of the record.

Storage Facility Problems

Some uncertainty exists as to the long-term perform-
ance of materials and systems making up the water
pool storage facility. OCne of the major conée:ns
affecting the technical uncertainty of storage
facility life 1s the fact tnat the majority of the

AR facilities were not designed with long-term
storage in mind. This has been aiscussed previously
in Section 3.2. The DOE Pcsition s5tatement 1ndicates
generally that no problems are to be expected as the
technology i3 fairly standara and no problems cof

rapid degradation or failure are
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expected. This is geuerally true, but the concern
still exists that fuel storage has only exi::zed for
approximately 30 years and there is no assurance that
it will not be required for substantiallv longer
periods of time. Corrective action could be difficulc
if problems develop since few alternate storage
facilities are available. Potential problems that
could jeopardize the ongoing operability of pool

storage facilities are:

- Material Failures in the Pocl Liner
and Cooling Circuits

An example of such failures are those identified
the NRC's I&E Bulletin No. 79-17, which reported
a generic problem with pipe cracks in stagnanc,
borated systems at PWR plants.éi/ These problems
are continuing to be investigated and provide

some degree of uncertainty that long-term interim
storage can be safely accomplished without modifi-

cations and fuel shuffling.

- Maintenance of 'lultiple-Barrier Svstem

One of the key points made in the DCE Statement
is that spent fuel storage has the Yenefit of
mulciple barriers inhibiting the accidental release

of radioactive materials. There are points of
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weakness in the design however, and current
material failures seen in BWR's and PWR's gives
evidence of potential failures that could acei-
dentally release radiocactive liquids to the
evironment. For example, at the Morris Operation
Fuel Storage Facility in Illinois, the spent fuel
storage pool cooling is accomplished by an externally
located water-to-air fin-fan cooler. Pool water is
pumped directly through this cooler for removal of
decay heat. Several years ago, the fin-fan cooler
experienced a freeze failure during unusually cold
winter weather and subsequently leaked contaminated

4
water to the envi:onmen:.-ﬁ/

Structural Integrity of Racks and Neutrca
Absorbers

Almost all existing AR pools are being medified

to provide for high-density fuel storage. In some

cases, this requires the addition of neutron-absor-

bing materials in the racks. Boral plate is the

most commonly used material. Problems have been
experienced with boral swelling due to hydrogen
generation as a result of the aluminum-water reaction 41/

The fix proposed for this problem in some cases has

been to provide gas vent holes in the stainless
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steel sheath surrounding the boral, but this then
gives rise to questions concerning the long-term
corrosion rate of boral in stagnant high oxygen
water. Testimony on these problems was provided

in the Zion case by a Dr. Draley. Under cross-
examination, Draley acknowledged that boral corrosion
testing has been limited and that little long-term

48/

experience is available. Additional information

on this subject is found in the attached Appendix D.

Assurance of Continuing Programs

The DOE Statement contains information regarding the
proposed on-going programs to investigate and evaluate

integrity of spent fuel during storage. At

It must
be recognized that these programs are very modest in
scope and could be easily terminated from year to
year through budget limitations imposed by the U.S.
Congress on DOE and NRC. To give some idea of the
scope of the programs, Dr. Johnson acknowledged under
cross-examination in the Zion hearing that the data
base for physical testing of spent fuel cited con-
sisted of a total nine spent fuel rods, tested in
Great Britain. 39/ Hopefully, the on-going program

will be more extensive than that, but there is no

assurance that that will be the case.
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In summary, a number of rechnical uncertainties exist
that must be considered when evaluating the confidence that long-
rerm interim storage of spent fuel can be accomplished safely.
(See also Appendix C.) Until several years ago, little artention
was given to this subject since long-term storage was not contem-
plated and no research programs were in place to consider the
impact of long-term storage. Uncertainties exist in understanding
the long-term corrosion rates of fuel and storage pool materials
under conditions of high oxygen and stagnant water. Catastrophic-
type failures are not expected, but a slow degradation of all
materials, coupled yich inability to establish a viable facility
for the terminal disposal of spent fuel could result in uncon-

trolled leakage of radioactive materials to the environment.

3.3t SCHEDULE AND COST UNCERTAINTY

One of the most certain factors in the U.S. nuclezr progr.m
is that schedules and cost estimates are almost always under-
predicted. Design and construction time factors are presented in
some detail in the DOE Statement. ine reference schedule for
activities leading to a geologic repository operation shows earliesc
repository cperation in 1997. 23/ We find no fault with the logic
underlying the assumptions of rask times presented on the network
schedule but history has seldom demonstrated that schedules for
complex projects of this nature are achieved. It would appear that

the following aspects have been omitted or underestimated:
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e The reference schedule shows a "public interaction”
function as a non-critical path activity culminating
in site acceptance in 1987 and repository acceptance
ir 1997. In an undertaking of this nature with the
incention of licensing to be conducted in compliance
with NEPA requirements, it is likely that substantial
delays will be experienced in the hearing process. It
is not uncommon today for the design, licensing, and
construction of a relatively standard nuclear power
plant to take as long as 15 years, so it is not likely
that the complex assortment of tasks involved in the
establishment of the NWTS could be accomplished in the

same time.

e No time appears to be specifically designated on the
aetwork as '"contingency" time, time to reorient project
direction in case of changing national policy, etc.
While the text of the DOE Position Statement implies
that appropriate time has been included in the tasks
for such activities, it would be a more conservative

approach to specifically identify such possible delays.

As to schedules for the establishment of Away-From-Reactor
storage facilities, ~he DOE Statement readily admits that only the

conversion of existing facilities (Morris, Barnwell, and/or West
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Valley) would provide the possibility fo- the establishment of
AFR's near term. 32/ wNear term" is de:.zed as within the next

8 to 9 years. Recognizing that the _onversion of these facilities
to long-term interim storage capacity will likely be contested by
local sitizens and their respective state govermments, it is quite
likely that the 8 to 9 years may be an optimistic schedule even
for existing facilities. This illustrates what has been, and is
likely to be, the greatest difficulty in achieving resolution of
high-level spent fuel storage. The institutional problem of
decision-making with the various and overlap;ing governmental
bodies is near impossible to overcome. This is recognized as

a problem and discussed to some degree in the DOE Statement under
"Cooperation With States." 33/ Given the difficulty of esti-
mating the impact of such ins.itutional problems, it does not
appear that a suitable basis for confidence that schedules will

be met has been demonstrated.

Cost escimates are also briefly z idressed in the DOE
C.atement. The estimates seem to be limited to those involved
only with the physical design and comstruction of waste facili-
ties and tharefore seem to greatly underestimate the total cost
of ultimate waste disposal. The section of the DOE Statement
summarizing the total away-From-Reactor storage and geologic
disposal costs of spent fuel is less than 2 pages long.éﬁl No

mentisn is ....e of R&D costs, and the primary references cited
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are a preliminary estimate published in 1978 by DOE 22/ and

citation of general conclusions reached by the International
Nuclear Fuel Cycle Evaluation Study. 38/ tmile it is recognized
that the purpose of the UCE Statement in this proceeding was not

to accurately quantify the total cost of the program, it woulc
appear that a much more extensive financial discussion of the

total prograr, including expected level of R&D costs, commitment

of manpower, etc. should be developed to fully describe the program

ur. lerway.

( =35-)



71~

SECTION &
OPERATING EXPERIENCE AND OTHER RELEVANT INFORMATION

4.1: INTRCDUCTION

The DOE Statement of Position has taken the nuclear
industry's general position that the interim storage of spent
fuel is technologically a non-demanding task and that poci
storage represents a benign activity. This attitude undoubtedly
stems from the fact that comparing the demands of operating the
at-reactor pool storage facility to the demand of operating a
reactor safely for one year could easily lead to the conclusion
that pool storage is no concern. There are, however, a number
of issues associated with the storage of spent fuel that can
impact on nlant safety and on the possibility cf accidental
release of radiocactivity to the environment. These additional
concerns should be evaluarted thoroughly and included in the

consideration of the adequacy of the DOE Statement of Position.

&.22 IMPACT OF EXTENDED ITERIM FUEL STORAGE AT
REACTOR SITES

One aspect of the waste storage program not completely
considered in the DOEL Position Statement is the potential impact
that expanded and extended at-reactor storage of spent fuel on
plant operations. The storage of spent fuel at reactor sites

has very little effect during normal operation, but substantial
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interaction can occur during periods of shutdowns or unuisual
maintenance activities. Several of these interrelationships
are discussed in Appendix B, but will be repeated here because
of their importance in this issue.

At the present time, there is no requirement specified
by the NRC that oparating reactors should maintain full core
discharge capability. The basis for the NRC's position in this
regard is that full core discharge capability is not a safety
consideraticn but is rather, desirable from an operating flex-
ability standpoint. Before allowing pools at reactors sites to
£111 up with large quantities of spent fuel, this position should
be re-evaluated. It is not uncomaon for failures of one kind or
another to require that reactor cores be fully discharged so that
radiation levels can be reduced or water levels be lowered in
reactor vessels in order to accomplish special maintenance activi-

ties Examples of such activities are:

- Repair of BWR feedwater spargers.
- Repair of BWR feedwater nozzle cracks.

- Removal of fuel for inspection of lower
vessel su- faces.

- Draining of complete primary system for

repair of non-isolatable piping systems,
etc.

It is possible to pc.tulate certain sequences of events

where a relatively rapid unloaZ.ng of the reactor vessel could
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be required. Similar scenarios can be developed for the need

to unload spent fuel storage pools. For example, Commonwealth
Edison testified in the Ziom reracking case that accidents are
conceivable that could cause complete draining of the spent fuel
storage pool in a matter of approximately cne day.zl/ Also, as
outlined in Appendix B, almost all spent fuel storage pools leak.
Fuel handling activitiss continually impose the risk of liner
ruptures and the need to drain and clean the spent fuel storage
pool for repair or modificatioms is a real possibility that must
be considered.

In evaluating the risk imposed by the increased at-reactor
storage of spent fuel, a different perspective must De taken. Extended
storage is not directly comparable to the risk of operating a
nuclear plant. If a problem develops with an operating plant,
mulciple ¢ stems are provided to bring about achievement of safe
shutdown of the nuclear reaction. Safe shutdown of a spent fuel
storage pool requires the remova. to another secure place of the
radiocactive material it contains.

Additicnally, the potential requirements of future regu-
lations or the dictates of future experience must be considered
before judging that the buildup of spent fuel at reactor sites
can be managed with confidence. Consideraticn of the possible
need for a plant design upgrade program which would bring spent
fuel pool standards up to those alluded to in DOE's Position

Statement under consideratiom for 10 CFR 72 should be studied. 38/
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The difficulty that suéh modifications may impcse in the future,
along with the likely reduction of occupational exposure stan-
dards must be evaluated. It is essential that the political
expedient of "resolving" the high-level waste disposal problem
in the United States does not serve to foreclose options that
may become necéssary or environmentally desirable in the future.
Room for maneuvering and sps for re-evaluating direction must

be provided in order to avoid the nuclear equivalent of a Love

Canal.
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SECTION 5
CONCLUSIONS & RECOMMENDATIONS

- % ¥ CONCLUSIONS

The conclusion reached from review of the DOE Position
Statement and from re-c¢valuation of the associated plans and
supporting documentation are that a great deal of uncertainty
still exists in the U.S. Govermment's Program to develop safe
high-level vaste disposal no later than 2006. Much of the
scientific/technical uncertainty resides in the selecticn and
verification of the geologic (or alternmate disposal method)
medium. Much uncertainty exists in the institutional and
decision prccesses involving the numerous local, state, national,
and in some cases, international bodies. The total of these
two uncertainty categories introduces substantial uncertainty
into the overall waste dispcsal schedule and makes the task
of planning for and managing the interim storage and handling
program very difficulc. Following is a summary list of the major
points of concern leading to a lack of confidence that the

program will produce the desired outcome:

e There is a lack of confidence that U.S. Policy will
continue to call for spent fuel (as discharged from
commercial reactors) to be the ultimate waste form

for disposal.
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The length of time that At-Reactor (AR), Away-
From Reactor (AFR), or Independent Fuel Storage
Facilities (1FSF) may be required to function

is uncertain.

The quantity of fuel that will need to be

handled in AR's, AFR's, and [FSF's is uncertain.

Management and financial responsibility for the
AR's and for privately-owned AFR's and IFSF's,
if the interim time period becomes substantively

extended, has not been clearly defined.

Technical and safety problems associusted with
extended time periods at AR's and AFR's have not
been carefully assessed. These problems include
possible logistic interactions with operating
reactors, long-term corrosion problems, and

storage pool leakage problems.

The need to impose more stringent standards and
regulations on the large num er of already existing

AR facilities has not been assessed.

Alternative emergency action plans, such as would
fulfill the need to rapidly unload a filled AR

storage pool, have not been developed.
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e The potential impact of more restrictive occu-
pational exposure or environmental release
standards have not been cons: lered in assessing

the confidence of safe waste disposal.

3.3: RECCMMENDATIONS

Before a finding of confidence can be made, the

following is the minimum additional work that should be com-

pleted to assure the safety of (extended) interim management

and storage of spent fuel:

e Appropriate guiding standards and regulations

must be developed and enacted.

e A program of re-evaluation of all existing
and in-construction facilities to determine
compliance with the new standards should

be developed.

e Detailed emergency action plans, designed to
mitigate the effects of conceivable events
and policy and program changes should be

developed.

e Firm commitments should be made to fund and
complete necessary R&D programs, and to

institure new programs as needs are determined.
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e Evaluation of the waste disposal programs
commi tment to nuclear Quality Assurance
requirements should be conducted and an

overall Quality Plan developed.

e A complete safety assessment of che total
integrated waste disposal program, including
all expected or projection variations should
be conducted. The assessment should be up-ated

and publicly reviewed periodically.

2

DALE G. BRIDENBAUGH

JUNE 27, 1980
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APPENDIX A

EXPERIENCE AND QUALIFICATIONS
oF
DALE G. BRIDENBAUGH

I am a graduate engineer thoroughly familiar with the
design, construction, and operation of nuclear generating plants,
including the operational aspects of equipment and system failures,
fuel supply, handling, and waste disposal, and other problems that
could lead to adverse safety and reliability consequences. I
received a B.S. in Mechanical Engineering fror the South Dakota
School of Mines and Technology in 1953, and have since been regis-
tered in the state of California as a Professional Nuclear E£ngineer.

For approximatelr twenty-two years, until February 1976,

I worked as an engineer and manager with the General Electric
Company on a wide variety of most aspects of power generation
equipment design, manufacture, installaticn, and operaticn. During
the last ten of those twenty-two years, I held management positions
in the aresa of construction, operation, maintenance, and evalua-
tion of nuclear power plants. My responsibilities included the
development of cost estimates, schedules, and plans assc-:iated

with the operation of those plants, and subsrantial effort was
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s;int 0. resolution of problems 2ffecting plant peiriormance
including primary system, containment, fuel, fuel storage pool
leaks, fuel handling problems, and other portions of the plant
and equipment.

Since the fal® of 1976, I have been a partner and
consultant with MHB Technical Associates. In this capacity f
have analyzed reactor safety as a consultant to the Union of
Concerned Scientists in a study of the Nuclear Regulatory
Commission's Reactor Safety Study, WASH-1400 (the "Rasmussen
Report'). Following completion of this study, my firm was
engaged by the Swedish Energy Commission to perform a detailed
risk analysis of the Barsebdck Swedish nucleas plant. This
study was completed and presented to the Government of Sweden
in April, 1978.

In 1978, I was retained as a consultant by the U.S.
Nuclear Regulatory Commission to review the Light Water Reactor
(LWR) Safety Improvement Plan. In 1979, I performed, along
with my two partners, a major study for the U.S. Department of
Energy, through the Sandia Corporatiom, to furcther define safety
improvement programs for light water reactors.

In 1977, I testified before the New York State Public
Service Commission considering approval of the Jamesport Nuclear
Plant proposed by the Long Island Lighting Company, concerning

the financial and power generating reliability aspects of
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unresolved safety issues of the proposed plant.

During the past two years, I have been a consultant
to the state of New Jersey on three different projects. The
first was a review of the proposed flcating nuclear plant to
be located off the coast near Atlantic City. The issue of
concern to the state was the potential impact such a plant may .
have on the tourism and fising industries. The second project
was to provide technical advice on the U.S RC hearing con-
cerning the proposed ex ansion of the fuel storage facilities
at the Salem nuclear plant. The third project curreutly underway
is to evaluate the causes of the extension of the Salem-1 1979
refueling and maintenance outage.

In 1978, I presented test’uony before the Oregon Siting
Council in the case of Portland General Electric's proposed
Pebble Springs plant to be located in Oregon. The issues
addressed in this testimony were the probable impact of the
continued lack of resolution of high-level waste disposal on
the reliabilicy of the plant.

In 1378, I presented testimony before the Louisiana
Public Service Commission in the case of the Gulf Scates Utilicy's
River Bend Plant. Tssues addressed .n this study and tescti-
mony were the potential cost of unresolved safety issues, waste
disposal, and decommissioning on the partially-completed plant
which is scheculed for operation in 1985. The essence of this

testimony was that the various unresolved problems zonfronting
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nuclear power could result in substantially increased costs
to the consumer and in loss of generating capabilicy due to a
possible early shutdown of the plant.

In 1977, 1 was retained by the California Energy Com-
mission to prepare and present information concerning the po-
rential costs of decommissioning of nuclear power plants to be
presented in the Sundesert case. The essence ¢ my testimony
was that decommissioning costs have not been carefully estimated
nor have necessary provisions been made and that an amount equal
to approximately 10% of the initial capital cost of the plant
should be accrued for evach plant and retained, with appropriate
escalatisn provisions, to ensure that funds are available for
future decommissioning.

In ‘978, and ccatinuing thrdugh tc the present, I have
served as a consultant to the Attorney General of the state of
Illinois. Most of the work performed in that capacity has been
involved with the assessment of environmental and public health
risk imposed to the state by the presence of the General Electric
Company's Morris Operation fuel scorage facility located near
Morris, Illinois.

In 1977 and 1978, I per formed ¢ study of the expected
cost of spent fuel disposal for tae Nacural Resources Defense
Council, based on tihe proposed Spent Fuel Policy announced by

the Department of Energy in 1977. This study was described
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in an August, 1978 report entitled Spent Fuel Disposal Costs.

The study determined that much uncertainty exists in cost cal-
culating but that disposal cost could add an increment of from
1.2 to 8.0 mills/KW-hour to the cost of electrical generation.
Additional details of my education, experience, and
testimony and publications are summarized in my resume which

follows.
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DALE

RZS UME

¢. BRIDENBAUGH

1723 Bamilton Avenue
Suite K

San Jose, CA 95125
(408) 266=-2716

EXPERTENCE:

1976

1976

1973

- PRESENT

Partner, MHB Technical Associates, San Jose, California

Co-founder and partner of technical consulting firm. Specialists
in energy consulting to governmental and other grou;» interestad
in evaluation of nuclear plant safety and licemsing. Consultant
in this capanity to state agencies ir California, New York, Illi-
nois, New Jersey, Pennsylvania, Oklahoma and Minnesota and to the
Norwegian Nuclear Power Committee, Swedish Nuclear Inspectorate,
and var.ous other organizations and environmental groups. Per-
formed extensive safety analysis for Swedish Energy Commission
and contribute¢d to the Union of Concerned Scientist's Review of
WASH-1400. Consultant to the U.S. NRC - LWR Safety Improvement
Program, performed Cost Analyasis of Spent Fuel Disposal for the
Natural Resources Defense Council, and contributed to the Depart-
ment of Energy LWR Safety Improvement Program for Sandia Labora-
tories. Served as expert witness in NRC and state utilicy
commission hearings.

- (FEBRUARY =~ AUGUST)

Consultant, Project Survival, Palo Alto, California.

Volunteer work on Nuclezr Safeguards Iniciative campaigns in
California, Oregon, Washington, Arizona, and Colorado. Numerous
presentations on nuclear power and alternative energy options to
civsic, government, and college groups. Also resource person for
public service presentations on radio and television.

- 1976

Manager, Performance Evaluation and Improvement, General Electr.c

Company -~ Nuclear Enmergy Division, San Jose, Califormia.

Managed seventeen technical and seven clerical personnel with
responsibility for escablishment and management of systems to
monitor and measure Boiling Watear Reactor equipment and system
operational performance. Integrated General Electric resources
{n customer plan” modiiications, coordinzted correction of causes
of forced outag: ¢« and of efforts %o improve reliability and per-
formance ~f BWR systems.



1973

1972

1968

1266

1963

- 1976 (Contd)

Responsible for development of Division Master Performance
laprovement Plan as well as for numerous Staff special assign-
ments on long-range studies. Was on special assigament for the
management of two different ad hoc projects formed to resolve
unique technical problems.

- 1973

Manager, Product Service, General Electric Company - Nuclear
Energy Division, San Jose, California.

Managed groun of twenty-one technical and four clerical personnel.
Prime responsibility was to direct interface and liaison personnel
involved in corrective actions required uander contract warranties.
Also in charge of refueling and service planning, performance
analysis, and service communication functions supporting all com-
pleted commercial nuclear power reactors supplied by General
Electric, both domes=ic and overseas (Spain, Germany, Italy, Japanm,
India, and Switzerland).

- 1972

Manager, Product Service, General Electric Company - Nuclear Energvy
Division, San Josa2, California.

Managed sixteen technical and six clerical personnel with the
responsibiliry for all customer contact, planning and execution
of work required after the customer 4cceptance of department-
supplied plants and/or equipment. This included quotation, sale
and delivery of spare and renewal parts. Sales volume of parts
increased from 51,000,000 in 1968 to over $3,000,000 in 1972.

- 1568

Manager, Complaint and Warranty Service, General! Electric Company -
Nuclear Energy Division, San Jose, California.

Managed group of sir persons with the responsibility for custome:
contacts, planning and execution of work required after customer
acceptance of department-supplied plants and/or equipment~~both
domestic and overseas.

- 1966

Field Engineering Supervisor, Ceneral Electric Company, Installation
and Service Engineering Department, Los Angelss, California.

fupervised approximately eight field representatives with responsi-
bility for General Electric steam and gas turbine installation and
maintenance work in Southern Califorania, Acrizona, and Southern
Nevada. During this period was responsible for the installatiocn of
eight different central station stean turbine generator units, plus
much maintenance activity. Work included customer contact, prepa-
ration of quotations, and contract negotiatioans.
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1956 - 1963

Fileld Eangineer, General Ele:tric Compan Installation and Service

Engineering Department, Chicago, Illinois.

Supervised installatiocon and maintenance of steam turbines of all
sizes. Supervised crews of from tem to more than one hundred men,
depending on the job. Worked primarily with large utilities but
had significant work with steel, petroleum and cther process
{ndustries. Had four years of experience at coustructiom, startup,
trouble~shooting and refueling of the first large-scale commercial
nuclear power unit.

1955 - 1936

Engineering Training Program, Genmeral Electric Company, Erie,
Pennsylvania, and Schenectady, New Ycrk.

Training assignments in plaat facilities design and in steam
turbine testing at two Gemeral Electric Factory locatioms.

1953 - 19535
United States Armv - Ordnance School, Aberdeen, Maryland.
Instructor - Heavy Artillery Repair. Taught classroom and shop
disassenmbly of aitillery pieces.

1953

Engincctin;ﬁttaining Progsam, General Electric Company, “vendale,
Ohio.

Training assignment with Aircraft Gas Turbine Department.

EDUCATION & AFFILIATIONS:

BSME - 1953, South Dakota School of Mines and Technology,
Rapid City, South Dakota, Upper % of class.

Professional Nuclear Engineer -~ Califormia. Certificate No. 0973.
Member -~ American Nuclear Society.
Various Company Training Courses during career including Profes-

sional Business Management, Kepner Tregoe Decision Making, Effective
Presentation, and numerous techmical seminars.
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HONORS & AWARDS:
Sigma Tau - Honorary Engineering Fraternicty.

General Managers Award, Geceral Electric Compauy.

PERSONAL DATA:

Born November 20, 1931, Miller, South Dakota.

Married, three zhildren

6'2", 190 1lbs., health - excellent

Honorable discharge from United States Army

Hobbies: Skiiing, hiking, work with Cub and Boy
Scout Groups.

PUBLICATIONS & TESTIMONY:

l. Operating and Maintenance Experience, presented at Twelfth
Annual Seminar for Electric Utility Executives, Pebble Beach,
California, October 1972, published in General Electric NEDC-
10697, December 1972,

2. Maintenance and In-Service Inspection, presented at IAEA
Symposium on Experience From Operating and Fueling of Nuclear
Power Plants, Bridenbaugh, Lloyd & Turnmer, Vienna, Austria,
October, 1973.

3. Operating and Maintenance Experience, presented at Thirteeath
Annual Seminar for Electric Utility Executives, Pebble Beach,
California, November, 1973, published in General Electric
NEDO-20222, January. 1974,

4. Improving Plan® Availability, presented at Thirteenth Annual
Seminar for Electric Jtility Executives, Pebble Beach, Cali-
fornia, Novembe:r 1973, published in General Electric NEDO-
20222, January, 1974,

5. Application of Plant Outage Experience to Improve Plant Per-
formance, 3ridenbaugh and Burdsall, American Power Conference,
Chicago, Illinois, April 14, 1974,

/« Nuclezr Valve Testing Cuts Zost. Time, Electrical World,
October, 15, 1974,

7. The Risks of Nuclear Power Reactors: A Review of the NRC
Reactor Safety Study WASH-1400, Kendall, Hubbard, Minor &
Bridenbaugh, et al, for the Union of Concerned Scientists,
August, 1977,
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10.

12.

13.

14.

15.

16.

17.

Swedish Reactor Safet

Barsebidck Risk Assessment,
MBB Tecbnical Asscciates, January, 1978, (Published by the
Swedish Depazrtment of Industry as Document DsI 1978:1)

Testimony of D.G. Bridenbaagh, R.3. Hubbazd, G.C. Minor tno
the California State Assembly Committee on Resources, Land
Use, and Energy, “arch 8, 1976.

Testimony of D.G. Bridenbaugh, R.3. Bubbard, and r.C. Minor
before the United States Congress, Joint Comaittees om Atomic
Energy, February 18, 1976, Washingtom, DC (Published by the
Union of Concerned Scientists, Cambridge, Massachusetts.)

Testimony by D.G. Bridenbaugh before the California Energy
Commission, entitled, Initiation of Catastrophic Accidents
at Diablo Canyon, Hearings on tmergency rlanning, Aavilia
Beach, California, November 4, 1976.

Testimony by D.G. Bridenbaugh before the U.S. Nuclear Regula-
tory Commission, subject: Diablo Canyon Nuclear Plant Perfor-
mance, Atomic Safety and Licensing Board Hearings, December,
1976.

Testimony by D.G. Bridenbaugh ‘'efore the California Energy
Commission, subject: Interim Spent Fuel Storage Cecnsideraticns,
March 10, 1977.

Testimony by D.G. Bridenbaugh before the New York State Pupnlic
Service Commission Siting Board Hearings concerning the James-
port Nuclear Power Station, subject: Effect of Technical and
Safety Deficiencies on Nuclear Plant Cost and Reliability,
April, 1977. >

Testimony by D.G. Bridenbaugh before the California State
Energy Commission, subject: Decommissioning of Pressurized
Water Resctors, Sundesert Nuclear Plant Hearings, June 9,
1977.

Testimony by D.G. Bridenbaugh before the California State
Enerpy Commission, subject: Economic Relatiomships of
Decommissioning, Sundesert Nuclear Plant, for the Natural
Resources Defense Council, July 15, 19877.

Testimony by D.G. 3ridenbaugh Lefore the Vermont State Board
of Health, subject: Operation of Vermont Yankee Nuclear Plant
and Its Impact on Public Health and Safety, October 6, 1977.

Testimony by D.G. Bridenbaugh before the U.S. Nuclear Regula-
tory Commission, Atomic Safety and Licensing Board, subject:
Deficiencies in Safety Evaluation of Non-Seismic Issues, Lack
of a Definitive Finding of Safetv, Diablo Canyon Nuclear Units
October 13, 1977, Avila Beach, California.
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19.

20.

21.

22.

23.

24,

26.

30'
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Testimony by D.G. Bridembaugh before the Norweglan Commission

on Nuclear Power, subject: Reactor Safety/Risk, October 26,
1877,

Testimony by D.G. B3ridenbaugh before the Louisiana State
Legislature Committee on Natural Resources, subje t: Nuclear
Pover Plant Deficiencies Impactin: on Safety & Reliability,
Baton Rouge, Lcuisiana, February 13, 1978,

Spent Fuel Disposal Costs, report prepared by D.G. Bridenbaugh
for the Natural Resources Defense Council (NRDC), August 31,
1978.

Testimony by D.G. Brideabaugh, G.C. Minor, and R.B., Hubbard
before the Atomic Safety and Licensing Bocard, In the matter
of the Black Fox Nuclear Power Statiom Comstruction Permit
Fearings, September 25, 1978, Tul:a, Oklahoma.

Testimony of D.G. Bridenbaugh and R.3. Hubbard before the
Louisiana Public Service Commission, Nuclear Plant and Power
Generation Costs, November 19, 1978, Baton Rouge, Louisiana.

Testimony by D.G. Brideabaugh before the City Council and
Electric Ltility Commission of Austin, Texas, Design, Con=-
struction, and Operating Experience of Nuclear Cenerating
Facilities, December S5, 1978, Austin, Texas.

Testimony by D.G. Bridenbaugh for the Commonwealth of
Massachusetts, Department of Public Utilities, Impact of
Unresolved Safety Issues, Ceneric Deficiencies, and Three

Mile Island-Initiated Modifications on Power Generation Cost

at the Proposed Pilgrim-2 Nuclear Plant, June 8, 1973.

Improving the Safety of LWR Power Plants, MH: Technizal
Ass ciates, prepared for JU.S. Dept. of Energy, Sandia
Laboratories, September 28, 1979.

BWR Pipe and Nozzle Cracks, MH3 Technical Associates, for

the Swedish Nuclear Power Inspa.torate (SKI), October, 1579.

Testimouy of D.G. Bridenbaugh and G.C. Minor before the
Atomic Safaty and Li unsing Board, in the matter of
Sacramento Municipal Utilicty District, Rancho Seco Nuclear
+«nerating Station following TMI-2 accident, subject:
Operator Training and Human Factors Engireering, for the

California Energy Commission, Februar; 11, 1980.

Italian Reactor Safety Study: Caorso Risk Assessment, MH3

Technical Associates, for Friends of the Earth, Italy,
March, 1980.

Decontamination of Krvoton-85 fror Three dile Island Nuclear

Plant, H. Kandall, R. Pollard, & D.G. Bridembaugh, et al,

The Unicn of Concerned Scientists,delivared to the Governcr
of Pennsylvania, May 15, 1980.
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APPENDIX B

EMERGENCY UNLOADING AND POTENTIAL ACCIDENTS
AT REALCTORS AND AT-REACTOR FUEL POOLS




EMERGENCY UNLOADING OF
REACTORS AND/OR SPENT FUEL POOLS

The following discussion of implications of expanded
at-reactor storage of spent fuel was extracted from a:

STATEMENT BY DALE BRIDENBAUGH

on
INTERIM SPENT FUEL STORAGE CONSIDERATIONS
PRESENTED BEFORE THE CALIFORNIA ERCDC "
MARCH 10, 1977

Regulatory Guide 1.13 requires that seismic Class I care
be given to the structural dasign, that accidental criticality
be considered, that adequat:.. cooling be provided and that
mechanical damage will considered. No requirements are
spelled out as to spent fuel stor‘'ee capacity. The Standard
Review Plan states that most pools will be sized to hold one .and
one-third to one and two-thirds full core load equivalent fuel
batch shipments of discharged fuel would be made after the
nominal cooldown period and, therefore, the requirement would
be that the pcol be sized large enough to hold a discharged
batch of fuel plus maintaining storage space adequate to unload
the total core in the event that failures or other circumstances

might require rapid unloading of the total reactor core. In
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my ten years in management positions for the Ceneral Electric

Company's Nuclear Energy Division, I have known a number of

Cmmssnies @ge@s 'where complete core unload was required in order to make

repairs or modifications. The fact that a number of plants
in the United States cannot now unload because of inadequate
spent fuel storage space i 1 serious deficiency that may
affect the continued operation of those plants. It is also
possible to develop accident scenarios that result from the
inability to rapidly unload reactors. For example, I
personally know of &: least one occasion at Tarapur Atomic
Power Station in India where control rod drive maintenance
operations in the lower head of the reactor vessel resulted
in leakage of reactor primary coolant in such l=rge quantities
that the lower section of the containment was beginning to
flood. It was only by a near super-human efiort that the
maintenance personnel were able tc insert the contrel rod drive
and bolt up the flange and prevent i severe accident whexre
recovery would be extremely difficult. Had thcy been forced
to abandon th-.r rapidly flooding quarters only a few minutes
before they were able to stop the leak, they would have
suffered a LOCA. Such situations are not restricted to
boiling water reactors with bottom entry control rod drives.
Many pressurized water reactors contain atta. 'ed piping
systems which often times do nct have isclation valves

between the steam generators and the reactor vessel or which
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may require maintenance on the first isolation valve. This
presents the plant operator with a difficult maintenance
operation. I am aware that such a situation existed at the
San Onofre Unit I plant several years ago. The decision was
made to isolate the line with a "freeze plug’ using liquid
nitrogen to freeze the water in the pipe thus isolating the first
valve from the reactor vessel. After an effective plug is
frozen into the line, the valve bonnet is removed and the
necessary maintenace work is performed. This is an accepted
procedure for small lines, but one can easily see that, if the
freeze plug is lost with the down stream valve open or the
pipe cut for repair,  one can postulate an accident sequence
that might requ.-2 the relatively rapid unloading of the fuel
to be able to recover from such an event. In my view O
insure maintainabilicty and reliability of the plant, it is
essential that full core unloading capability be retained at
all plants.

The current plans at existing operating reactors seem tO indi-
care that high density fuel storage is planned for most plaﬁés.- fﬁis
/silL increase the storage capability of the fuel pools by a factor
of 2 to 5. A: an example, th. t = uni Brunswick plant in Nerth
Carolina, has submitted a p.oposec ame dment which would permit
them to not only increase the storage capacity of their fuel
storage pools for fuel procuced in rhat plant, but also enable

them to store fuel discharged from H.B. Robinson a PWR in
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their system. Therefore, it is entirely possi-

bla and probable that relatively large inventories of spen

fuel and the associated radioactive material inventory will be
built up and maintained at operating reactors over the next

ten to twenty years. The concern, therefore, that must be
considered ir what is the probability and consequence of accident
modes that could release substantial fractions of that inventory
into the environment in an uncontrolled manner. Following is
brief summary of the accident modes should be considered. There
are perhaps other scenarios that will be developed at a future
date; unfortunately, in the nuclear business the 2vent thac .
turns out to pe a problem is one that was not considered in

the original safety analysis. ( For example the Browns Ferry

candle ).

1. Missile Strikes - During the plant licensing evaluation

the applicant and NRC are required tc consider the probability
of missiles striking the spent fuel and causing the rupture

of fuel elements,releasing gaseous fission products or further
dispersion of the radioactive material. Such missiles may

range from aircraft and torn:sdo prcpelled objects to high energy
impacts that could result from the burst of a operating or
overspeeding turbine rotor. For the most part the accident
evaluations done in the past on missiles have concludec that

the probability is very low and that the consequence of such an

(B=4)



accident would probably be no greater than a fuel bundle drop
<ind of event and, therefore, the accident is of no concerm.
For example, WASH-1400, the RSS, comes up with numbers in the

10-7 to 10'9 range and says that major accidents due to missiles

striking the fuel storage pool are basically impossible.

2. Loss of Coolant Accidents - The Applicant is required to

design and build the spent fuel storage pool in such a manner
that the probability of Loss of Coolant Accidents are minimized.
This includes making sure that no graviity drains are available

to provide for accidental draining of the pool, that structural

integrity of the pool is such that it will withstand the events
that may be expected such as seismic or tornmado induced missiles,
and that adequate fuel pool cooling systems are provided so’ that a
loss of coolant accident through the mode of boil off will be
avoided . Another event that is now being considered is the
spent fuel shipping cask drop that could rupture the spent

fuel storage pool. All such possibilities,with the exception

of the spent fuel shipping cask drop,have been considered in
initial reactcr design analysis and these same factors are
reevaluated when  fuel storage pools are expanded by the modifi-
cationrofr"high density rack additions. However, it is common
practice to provide for the additional burden of additional

spent fuel storage by eating into the original design margin

that was provided. For example, high density storage racks are being
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added at mwast plants currently and few, if any, changes are
being made to the structural or fuel pool cooling aspects of
these plants. While, the individuzl analyses may judge this to
be not a safety problem, it should be recognized that there has
been in each case a degradation of safety margin. The cask drop
accident is another matter in most existing plants. When these
plants were desigred little information was available on the
size to be expected for shipping casks and a complete analysis
on the effect of a cask drop accident was not initially made.
Subsequent to this hRC has issued orders to nuclear plant opera-
tors advising them of their concern over the cask drcp acci-
dent. This is a particular prublem for those plants with eleva-
ted fuel storage pools where cask drops could rupture the pool
and caus~ a catastrophic loss of coolant. Most plants have

been 2valuating this accident and have been considering

the addition of redundant crane features, cask drop mitigat-

ing elevators or energy absorbing materials on the bottom of - the
ool and of structureal guides to preclude a cask accident

from damaging the fuel stored in the pool. This is an ongoing
effort which has not been completed in many plants since no
immediate shipments of fuel were expected.

3. Accidental Criticality - NU REG 75/087 states that spent

fuel storage pools will be designed in such a way so that
accidental criticality is precluded. This is generally accom-

plished by geometry or structural element shielding and in most
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pressurized water reactors the fuel pool water is further borated
to provide some additional criticality safety margins. Criticalicy
could come about either by insufficient care in the original de-
sign, errors in handling and placement of fuel in non-authorized
spaces or througt the event of structural failure of the racks
resulting in a recoanfiguration of the fuel elements. As in the
case of spent fuel pcol cooling systems in the newer high density
storage systems.criticility is reanalyzed,but it i~ apparent

that some degradation of s:fety margin results, since you are
compacting more fuel which has the radiocactivity to attain

criticality into less space.

4. Loss of Pool Integrity - This is a class of accident which

is generally discussed in the preceding paragraph on loss of
coolant accidents. Hcwever, the long-term storage concept has
implications that should be given further considerations. For
example, most onsite storage pools will be unavailable for
detailed inspection and maintenance because they will contain
fuel that it will be essentially impossible to remove for periods
of time of ten or more years. There are no tight requirements
for what is an allowable leakage fate through the stainless
steel liners. In the »ast the general r.le that has been
£5llowed is that, if the leakage can be handled by the plant
radicactive waste facility, it is of little concern. In my
former capacity with General Electric I was Involved with

several fuel pool leakage problems on a wa-ranty basis anc
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I am reasonably confident that this is the common industry

practice. Most pool liners are made of one-eighth or less

thick stainless steel material. GE's original practice was to
use one-eighth thick welded stainless plate. A reduction ‘n
plate thickness was made at the Millstone plant as a material
cost savings and a three-thirty/seconds mateiial was used
there. During installation, however, this material was found
to be hard to weld and serious leakage problems were discovered
when the pool was later begun to be filled for the first re-
fueling operation. General Electric spent, through contractors,
a number of months and hundreds of thousands of dollars
attempting to repair this liner. A study was made, under my
direction, to determine what would be done if irradiated fuel
was loaded into the pool and excessive leakage developed. It
was not extensive, but it indicated that serious problems
would be encountered. For example, the availability of casks
and lack of alternate storage space would probably mean that

it would take six months to a year or more to get the pool
unloaded for repairs.

This same potential condition exists at almos: every reactor
plant and will be further complicated by the fact that substan-
tially more fuel will be in storage at those plants. Surge.
storage space may be at a premium since the problem is common
to the industry. This then means that there is potentially

a problem in the industry in terms of long-term integrity of
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the fuel storage pools. We have, of course, one report of a
leaking pool that has been quite evident in the press in the
past year; that is the Turkey Point plant in Florida which
has announced leaks that are uncontrolled that have developed
over the past several years. Undoubtedly there are others that
have not been reported since they are able to divert their
leaks through their normal floor drain systems into the radio-

active waste treatment facilities.

5. Sabotage - The increased inventory of radicactive material
in the storage pool aﬁd.in many cases.the pool's location outside
the reactor building irn relatively easily penetrable building
construction make it a potential target for determined and
skillful saboteurs. Testimony has been presented at previous
hearings about the General Electric's study of spent fuel

pool sabotage consequences. This was based, . of course, on

the General Electric Midwest Fuel Recovery Plant configuration
which has considerable structural difference from the typical
nuclear power plant storage pool configuration. Also, it should
be remembered that Witness Robert Bermaro of the NRC Fuel Repro-
cessing Branch indicated that General Electric's request to the
NRC that security requirements be waved were denied by the NRC.
In addition to that, the Australian Enviro~mental Inquiry,
commonly known as the Fox Commission, evaluated the probability
and consequence of acts of sabotage to spent fuel storage

facilities. They concluded that substantial damage €O the
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general health and safety could result from such acts and
posed a warning in their first environmental report on such
matters. There is obviously some additional risk to the

public and to the operability of the plant if sabotage attempts
are made on targetswith higher destructive capability

then this additicnal risk must be raken intc consideration.

6. Fuel Cladding and Structural Integrity for Long-Term Stor-

age - An unresolved question regarding the safety and environ-
mental effects of long-term storage of spent irradiated fuel

has to do with the life to be expected ‘rom the fuel structural
material (cladding and castings)to ensure that fuel
rod integrity is maintained for periods of ten years or more.

A few fuel bundles have been in storage for periods of ten years
or more but very few of these have been operated to the expected
design burnup of in excess of 30,000 MWD per T. Fuel pool

water chemistry impurities are not as closely monitored or
controlled and it is possible that long-term storage will re-
sult in clad perforations,crack of the end plug welds and/or
other means by which the gaseous fission products could be released
and other solid fission products leached cut of the fuel rods.

Recomuenuations:
1. Safety Evaluations

The existing operating plant license evaluations were
conducted on the basis that the spent fuel storage
pool would contain at the most approximately 1% core

load of fuel. It is obvious that using these same



-104~

pools to store, for long periods of time,up to & or

€ core loads of fuel,resulrs in some jeopardy to the

design safety margin. It is recommended that the

Nuclear Regulatory Commission be requested to evaluate in
detail the extent of this degradation and to justify the conm-
tinued operation on nuclear plants. This could require
improved szfety feature:z or procedures to insure that

the original safety of the plant is maintained.

2. Surveillance Requirements

At the present time ASME Boiler Code Secrica XI
requires a periodic inspection of pressure contain-
ing boundary and other safety related primary system
equipment. No such requirement exists for periodic )

surveillance or testing of the integrity of fuel

pool structures, liners or storage racks. In view of

the changed nature of the use of the storage pool,
it is recommended that on-going surveillance re-
quirements be developed an: enforced by the NKC.

3. Emergency Core Unloading

It is recommended that all operating plants maiﬂtain
the storage capacity required tc permit the "emer-
gency" unloading of the core should conditions
require chat. This currently is not a requiremant,
and is quite lilely to be not provided in view of the

lack of adequate storage space that industry is
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facing. 1In additi a, it it recommended that a study
be done concerning cask availability and alternate
storage space availability to determine how long it
would take to unload fuel storage pools on an emer-
gency basis should the structural damage occur either
by accident or seismi: event to determine what the
risk may be of the new storage requirements tha. are
being considered.

4. Fuel Failure Mechanigms

It is not apparent at this time that the high burm-up
design objectives that are currently being planned fox
fuel will be achieved on an industry-wide basis. it
is recommended that a study be conducted on the impact
of a new fuel failiure mechanism developing resulting
in higher spent fuel storage capabilities.

5 Plant Modifications

1. is recommended that individual plant reviews be
made as to their specific provisions to mitigate cask
drop accidents, fuel drop accidents, fuel pool cooling
accidents, and seismic design margins to insure that
all possible action has been considered to reduce

the risk to the health of the general public, and to
evaluate the viability of continued plant operation
for the benefit of the public. Modification commit-
ments and schedules should be required for each

operating plant.
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SECTION 2

WASTE MANAGEMENT UNCERTAINTIES

This section describes the main areas of technical uncer-
tainty facing the radicactive waste disposal program in general,
and more specifically, the spent fuel disposal program covered
by this study. The technical uncertaintier are considered in
the selection of cost ranges in Section 5, but it must be empha-
:ized that there is a substantial amount of judgment in the
quantification. References to various reports and sources ad-
dress the uncertainty in greater detail.

Uncertainties can be groupe: into five separate categories:
waste form, engineered barriers, geclogic factors, monitoring,
and regulatory/inscitutional/financial. Each of these areas is

addressed in greater detail in the foilowing sub-sections.

2.1 WASTE FORM

There has been a substantial amount of debate in the planning
for high level radiocactive waste disposal as to the form in which
the waste raterial will be prepared for insertion intoc the final
repository. Appendix F of 10 CFR Part 50 requires that high-level
waste, as defined in that section, must ultimately be solidified
for final disposal. Current federal reports indicate that spent
fuel, in the form as discharged from the reactor, should be con-
csidered as high-level waste. This seems to be a logical step

since it is for the most part in solid form, and encased by a
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metallic ~-ladding. There are, however, some unanswered questions
as to the acceptability of spent fuel as the waste form for dis-

posal. The uncertainties include the followirg:

a. Zircalov or other fuel cladding corrosion rate.

The basic design criteria for fuel clad have been
developed for the relatively brief performance of
that material in the reactor core. At least two
reports 1) (z)reviewed refer to the lack of know-
ledge concerning long-term performance of zircaloy
in the environment of water storage. Rapid deterio-
ration may not occur in view of the rather mild
environmental conditions when compared to the
operating condition for which the materials are
designed, but the BNWL report by Johnson(l) does
recommend that corrosion rates and corrosion
mechanisms need further evaluation for justification

of extended fuel storage.

b. Handling of gasecus material.

Even though the majority of fission products and
radicactive waste materials are contained within
the fuel rods in solid form, a significant fraction
does exist in the gas plenum and fuel rod gap as a
gas. No specific criteria have been developed to
specify whether or not such gaseous material must
be removed from the rods and if it were to be re-

moved, what further prccesses would be required.
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EPA standards have been under formulation to
address éhcse issues in consideration for gaseous
releases at spent fuel reprocessing plants. 1f
spent fuel is to be the form of the high-leve.

waste for permanent disposal, the question must

be resolved.

Geometrical configuration.

Some consideration has been given in the past to

the disassembly of fuel bundles and the reconfigu-
ration of the disassembled rods into canisters or
other containers for more efficient handling. Should
this prove to be desirable for one or more reasoms,
substantive quastions regarding heat transfer, that
is, the method by which decay heat is removed from
the more closely compacted rods, and of guarding
against accidental criticality, arise. In fact,
criticality control remains a nagging problem through-
out the hundreds or thousands of years following
geologic disposal. Disruption of the repository
configuration by geological shifts or massive ex-
ternal forces, could presumably initiate an uncon-
trolled and accidenr-. criticality. The possibility
must be faced that physical modification of the waste

form may be ~equired to preclude this possibility.
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2.2 ENGINEERED BARRIERS

A standard design practice of the nuclear industry is to
follow the "single failure criteria.” (3 Sirngle failure cri-
teria requires all critical systems be designed in such a way
that the consequences cf a single failure in any component oOT
system will not result in l~ss of the capability of the safety
system to perform its safety functions. As a result of these
concepts, a common design practice i{s to use mulciple systems
or barriers to guard against release of radioactive materials
to the environment. In an operating nuclear plant the multiple
barriers consist of fabricating the fuel material itself into
ceramic form, enclosing it with a metallic cladding, containing
the fuel in a pressure vessel, which in tumm is enclosed in the
reactor protective containment.

The multiple, or engineered barrier concept, can be uti-
lized for a portion of the high-level waste disposal cycle. There
is a difference, however, between waste disposal and operation of
nuclear power plants. The multiple barrier concept at operating
nuclear plants must depend ultimately upon some overt human action
sometime after the single failure to restore control over the
malfunctioning process. In high-level waste dispvosal, overt
human action can be counted upon during the early years of the
disposal action, but at some point it must be assumed that the
human or social structure has changed so radically that the proper
action cannot be assumed. It is for this reason that geologic
isolation currently is the disposal method that must ultimately
provide the absolute barrier between the radioactive material and
the biosphere.
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Waste disposal system engineered barriers are, however,
required to provide multiple barrier protection against acci-
dental release of the material during that portion of the
disposal cycle prior to achieving absolute geological centdin-
ment. Since the disposal of spent fuel as high-level waste
is a relatively new concept, and because little research and
development of proof-testing has been devoted to this concept,
uncertainties do exist on the effectiveness of the engineered
barriers. Followirg are some of the major areas of concern

or uncertainty:

a. Stability of fuel material.

Spent fuel as discharged from the reactor is
assumed to be still in a stable, ceramic com-
dition and the major portion of th fission
gases are assumed to be captured within the
confines of the ceramic pellet. The effective-
ness of this barrier over long periods of time

has not bezen demonstrated.

b. Fuel cladding.

The clad of the fuel bundle itself is considered
to be a second barrier to guard against release.
As described in Section 2.1, the corrosicn resis-
tance of the fuel clad itself for long periods of

storage has some uncertainty.
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Encapsulation.
A significant portion of the fuel as discharged

from reactors can be assumed to have clad perfora-
tions. In addition, the integrity of the clad
cannot be assured for long periods of time, so

it is most likely that the fuel assemblies them-
selves will be required to be eucapsulated prior
to emplacement in the genlogic repository. This
would probably be required for protection during
the handling process alone, and, if retrievability
of the material is a requirement, it would surely
be required. At this point in time, however, no
decision Fas been made as to how long retrieva-
bility must be considered and no firm design cri-
teria have been developed for design of the encap-
sulation. Simila: concerns have recently tzen
expressed in a report by Dr. Greogry J. McCarthy
and associates at Pennsylvania State Univarsity.(a)
McCarthy's study has re-evaluated the effect of
ground water on radiocactive waste stored in the
glass or calcine solid form. This re-evaluation
finds that radiocactive material leaching is of
licrtle concern if the ground wster is 259C or less
and at atmospheric pressure. However, since the
water is likely o be at elevated pressures and

terperatures Secause of the radicactive decay heat,
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extensive leaching could occur if the water

penetrates the waste containers.

d. Repository closure.

The geologic repository is assumed to be a deep..
underground mining-type operation. Once all
wastes have been emplaced in the repository, the
drifts and shafts must be backfilled and sealed.
The effectiveness of the backfilling and sealing
to prevent the intrusion of surface water or the
extrusion of gaseous or liquid effluents from the
waste material is unproven. Geologic stability
of penetrated deposits has not been demonstrated
for the time periods irvolved with high-level

waste disposal.

2.3 GEOLOGIC UNCERTAINTIES

As indicated in Section 2.2, the ultimate barrier must be

considered to be the geologic isolation of the waste material

from the biosphere. To quote a recent article (see Appendix H)

(s),

from Science

"For more than 20 years, deep geologic disposal
has been reguarded as the leading technical op-
tion for getting rid of the most dangerous and
troublesom: forms of nuclear wastes, with salt
formations generally viewed as the most promising
of the geologic media considered. Moreover, an
assertion often made by government officials,
scientists, and engineers associated with the
waste management program, has been that the
feasibility of the geologic disposal concept is
not in doubt. For instance, in late 1976 a top
official of the Energy Research and Development
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Administration declared that fulfillment of
ERDA's plans to establish six deep geologic
repositories, with the first (in salt) to be
available bg 1985, would require only 'straight-
forward gechnology and engineering development.'
It comes as a surprise, therefore, to discover

now that there seems to be an emergin consensus
among earth sScientists Tamiliar with waste dis-
gosa? grosIems that the old sense of certitude

was misplaced. mphasis added)

The uncertainty involved with the effectiveness of geologic
disposal has to do with the extreme difficulty of proving the
.long-t&rm effectiveness of this method. This uncertainty is fur-
ther confirmed in the Science article,(a) wherein it is reported
in a study performed for the Environmental Protection Agency by
Raymond Siever of Harvard, and Bruno Giletti of Brown University,

that: .

"We are surprised and dismayed to discover how
few relevant data are available on most of the
candidate rock types even thirty years after
waste began to accumulate from weapons develop-
ment. These rocks include granite-types, basalts
and shales. Furthermore, we are only just now
learning about the problem of watel in salt beds,
and the need for careful measurements of water
in (salt) domes."

The need for additional work in this area has apparently been
recognized at the federal level. As reported in the May 4, 1978

Nucleonics Week,(G) the Department of Energy and the U.S. Geo-

logical Survey have proposed a significant increase in geologic
research to attempt to avoid whi: the U.S.G.S. has ideantified as
"significant potential stumbling blocks." The proposed program
would more than double the current level of geologic research

in fiscal r=ar 1979.
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Numerous reports exist on geéologic concerns facing re-
pository development efforts, but the most recent and complete
single report is the U.S.G.S. Circular 779.(7) This report

identifies the following major geologic uncercainties:

a. Behavior of rock salt.

The major question involves rock salt's high
solubility and the possibility cthat relatively
small amounts of brine could cause changes in
the media mechanical strength and possible
movement of waste during relatively short

periods of time.

b. Investigation of media other than salt.

The disadvantages of salt seem to indicate other
geologic mecdia may be preferable. As quoted
from the Science article, (3) relatively little
work has been done in evaluation of alternatives

to salt storage.

¢. Ground water transport system characterization.

The flow of gro'nd water is considered to be the
most likely method by which geologically disposed
radioactive waste material could be transported
to the biosphere. Data on water flow through
fractured geologic media and on the chemistry of
the radiocactive materials in the water flow neeas

to be more thoroughly understco. .
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d. Development of repository evaluation methods.

Additional work is needed to devise methods of
dating ground water and performing volumetric

examination of rocks around proposed repositories.

e. Effect of repository on the geologic environment.

Additional research is needed to further define

the short and long-term effects of repository <om-
struction and of the waste and associated ’.eat load
on the rock and the geologic environment of che

repository.

£. Geologic prediction.

There is a great deal of uncertainty involved in
the predictions of behavior for geologic-type time
spans Srientists can determine which sites have

been stable in the rast but they ''cannot guarantee

future stabilitv." (Emphasis added)

2.4 MONITORING

Almost without exception, all recommendations on spent
fuel geologic disposal concepts include a period of time during
which retrievability would be assured so that repository conditions
couid be monitored to letermine if unforeseen failure modes may be
developing. Subsequent to repository closure, monitoring is alsc
planned to forewarn of any potential release of radioactive
materials to the environment. The problem with developing ar

effective monitoring system is twofold. First, it is not clear

\2‘10 )



-117-

what condition or phenomena §hou1d be monitored, sinée for the
most part, if a detectable condition exists, by definition it
is almost too late to take preventive measures. Second, moni-
toring must be, in effect, passive and non-destructive.in
nature. This being the case, inscrumentation must be perma-
nently implaced and function essentially forever, since
penetration of the repository for monitoring purposes negates
the condition that is being attempted to be maintained. These
two principles, therefore, lead to the following major uncer-

tainties in developing an effective monitoring system:

a. What to moniter?

Since the failure mode or transport mechanism

is unxnown, it is not clear what parameter OT ,
what substance must be monitored to provide
advance warning of an early failure. Should

the monitoring system detect gross physical
movement, deterioration of the canister, trans-
port of radiocactive materials beyond certain
boundaries, increasing environmental radiation
levels at the repository surface, radicactive
gases, temperatures Or pressures, combinations

of all of the above or other factors unlisted?

b. Instrumentation system,

Once it is decided what parameters to2 mMONitoT,
a decision must be made as to the design life

of the monitoring system. Should it be
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multi-channel to minimize the possibility of
loss of a critical system? Must it be func-
tional effectively forever? Must it be em-
placed so as to be reparable without disruption

of the geologic containment?

Inspection.

What frequency of physical inspection should be
scheduled? If access for physical inspection
is designed into the repository, accidental
release iﬁitiated by human error is not safe-
guarded. Additionally, if access is not engi-
neered into the repository, future access as
required to verify that the material is being
contained in a safe condition would jecpardize
the integrity of the geologic confinement. Non-
destructive inspection methods are essential

but unavailable at this time.

Time.

Cne central issue of high-level radiocactive waste
storage is time. How long must the waste material
be safeguarded? How long must a monitcwing system
remain functional? If no movement has occurred
within five years, can the emplacement be assumed
to be safe? 1If not five, what about 50?7 5007

500C?
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2.5 REGULATORY, INSTITUTIONAL, AND FINANCIAL UNCERTAINTIZS

Regulatory uncertainties facing the rcpent fuel disposal
program today are substantial and varied. rollowing are listed
some of the major unresolved issues that could significantly
affect the scope, complexity, and eventual cost of implementing

the spent fuel policy.

a. Lack of goals and standards.

No federal regulations exist on which to base the
licensing of a spent fuel repository or interim
storage facility. The NRC has indicated that regu-
lations (10 CFR Part 72) are currently being written,
but it is highly unlikely that they can be properly
developed without benefi. of established national
goals for guidance of the waste disposal program.
Development of Envircnmental Protection Agency

standards faces this same uncertainty.

b. Gascous releasec

No federal regulations yet exist descriiing the
requirements for handling of "leaker" fuel assemblies;
no decision has been made as to whether or not de-
gasification of the fuel will be required nor what
disposal requirements might be issued to goverm

disposal of the gas thus collected.
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Occggacional exposure.

Substantial discussion has recently been heard
regarding the adequacy of the occupational radiation
exposure limits. It appears quite possible that ex-
posure limits will be reduced by a factor of 10, if
not immediately, at least at a time in the future

that wculd impact significantly on spent fuel
disposal. Additionally, low-level radiation effects
may well dictate changes to the requirements governing
releases and exposure of the general public. Such
changes could materially affect the spent fuel

disposal program.

Commercial viability.

It is not clear that the federal government will
require that all utilities make an early decision

to transfer their spent fuel to a federal AFR or
repository for permanent disposal. Such regulations
could be issued, but the current policy announcement
seems to make optional the reactor owners decision to
turn fuel over to the government. The decision of
whether or not to consider spent fuel as high-level
waste will quite likely not totally be made until a
final decision is made on the U.S. breeder reactor
program. Accordingly, it seems likely that utilities
will make "non-decisior decisions" and the federal

spent fuel facility costs will be allocated to only

(2-14
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a small percentage of the available spent fuel.

1f this s:tuation develops, it is then quite likely

that an indequate transport system will be built,
making it impossible to handle the backlog of fuel

when a decision finally is made.

Financial forecast factors.

The long-range trends of financial factors employed
.n leng-range forecasts are subject to a high degree
of uncertfinty. All of the faccors that impact upon
the direction of change of interest rates or construc-
tion costs over time are difficulc to identify. 1In
addition, fluctuations due to major econcmic events,
such as war or depression, cannot be forecast with

any degree of reliability. Therefore, it is necessary
to employ historical data in order to estimate the
trend and general behavior of interest rates and
construction costs.

The use of histcrical data imply that the past is in
some way indicative of the future. To some degree

the hypothesis is correct. Historical data indicate
that interest rares tend to exhibit long-run cyclical
behavior. Historical data also appear to indicate a
long~-run trend of increase in costs as measured in
dollars. However, since the systematic collection of

economic data is largely an event of this century,

@-13)
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behavior trends cover very long periods of time are
based upon data that lacks reliability.

The specific historical data selected for this
study were selected because they are comparable a;
to type with the future costs and Interest rates
that are being forecast ard because the data are
generally reliable for forecasting purpcses. How-
ever, since the data are from relatively current
periods, they do not exhibit all of the long-term
characteristics that one would desire for a long-
term forecast. See Appendix D for more details on

the quantification of financial uncertainty.

2.6 QUANTIFICATION OF UNCERTAINTY

The foregoing sections on uncertainties facing the spent
fuel disposal program seem to indicate that the magnitude of the
technical uncertainty is extremely large. The largest total um-
certainty resides in the acceptability of the geologic media for
isolation of the material for geologic time periods. Determination
of the unsuitability of salt and other selected geologic media at
some time in the future might require mining out of material pre-
viously buried and moving it to a repository alternmative of, as
of now, undefined design. Performing this material shift, while
complying with as yet undefined regulaticns and standards, could
cause orders of magnitude changes to anticipated disposal costs.
An attempt has been made to quantify the potential cost impact

of these uncertainties in Section 5.

(2-16 )
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D. Accidents
l. Drop of Heavy Objects

Contention 2(£f) states:

There has been insufficient development of credible
accident scenarics. For example:

(17 There is insufficient documentaticn to establish
the methods by which the Applicant will positively
prevent the movement of heavy objects, such as
shipping casks or empty fuel racks over the
pool during mocdification; thus accidental droppings
of such heavy objects, which could lead to un-
acceptable damage to spent fuel or the pool
liner and conseguent releas: of radionuclides,
has not precluded.

(2) There is insufficient information regarding
the metheds by which accidental damage to
stored spent fuel assemblies will be
prevented during the installation of the
new poisconed spent fuel storage racks.
14. Applicant's witness, Mr. John P. Leider, former
plant superintendent at Zion, described how the prorcsed rack
replacement was being develcped. He stated that no racks

would be carried over the spenc fuel (Leider, prepared

testimony at 3, %r. 758).
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15. Scme of the rack movement will be controlled by
crane interlocks which prevent locads from moving cver the pocl.
At cther times, to allow movement over the pool, the interlocks
will be bypassed. At that time written procedures are planned
to prevent movement of the racks over spent fuel (Id.) Reliance
is placed on administrative controls because it is difficult to
design a scheme of mechanical interlocks to handle crane movement

in many directions (Leider, Tr. 1390-31)

16. The written procedures for rack installation and
the written procedures which will set forth the administrative
controls had not been developed at the time of the evidentiary

hearing (Leider, Tr. 19u0-1902)

17. Applicant cestified that thers would De no casks
carried over the pool as there are no casks in the plant and there

are no plans to bring any into the plant (Tramm, Tr. 1903).

18. The NRC Staff testified that it plans to restrict

the mcvement of heavy loads over the stored spent fuel. During the
propcsed modification the Scaff weould require nctification of plans

to handle heavy locads in the vicinity of the spent fuel pool. The
Applicant has committed to notify the NRC as reguested. (Staff, Ex.
1A § 2.3). There was no specific testimeny as to what NRC action would
be taken upon notification that a heavy locad would be lifted in the
pocl area, although Mr. Kohler, resident NRC inspector at Z:ien d&id

state that commitments can be enforced (Xohler, Tr. 1972) and that
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he would stop the iob if he detected a heavy lcad being abcve the

core. (Xohler, Tr. 1975).

19. The Staff intends to issue a technical specif%cation
which will preclude handling loads of greater weight than a single
fuel assembly plus the spent fuel handling tool over stored spent
fuel. (Staff Ex. 1A, § 3.2). The technical specification is in
draft form. It is intended to be included in any license amendment

issued for the proposed rack replacement.

20. Applicant's contractor, Nuclear Services Ccrporation
has analyzed the consequences of dropping a single fuel assembly onto
a rack. The analysis génerally addresses the conseguences in terms of
criticality. (Hossain, prepared testimony,K Tr. 1700; Ap. Ex. 4 §3.4.3.5
ané 3.4.4). The assembly is hypothesized to drcp from a height of 24
inches because that is the maximum height a fuel assembly can be carriec

over the pool when the crane interlocks are on. (Hossain, prepared

testimony, Attachment B, Tr. 1700).

21. When there are no interlocks on the crane it will be
possible to lift loads higter than 24 inches ahove the pool. Leider,

Tr. 1899-1900).

22. Applicant's witness Leider testified that if a rack
fell into the pool, the greater the height from which .t fell the

larger the impact on the pcel would be (Id.)
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23. Administrative controls have been proposed to
control lifting heavy loads more than 24 inches above the pool,

but no technical specifications were envisioned by Applicanc to

»e part of those controls (Leider, Tr. 1907).

24. Although Administrative controls were proposed as
the means by which certain loads would ke precluded from being
carried over the pool, neither the procedures describing the
rack placement, nor the controls had been develored at the time

of the hearing *(Leider, Tr. 1900-1902).

25. It is credible that a dropped rack could tear

the stainless steel pocol liner (Tramm, Tr. 1903, Zudans Tr. 1970).

26. Although Staff and Applicant have made assertions
that a rack drop would not cause major damage nc analysis was made

of this accident.

27. Should a heavy drop causs the stainless steel pcol
liner to be torn water could leak from the pool at 288 gallons per
minute and the pool could drain in 23 hours. (Tramm,prepared testimony

at 10-11,Tr. S564; Tramm ,Tr. 1917).

28. Leakage would érain from the pool through six 1 1/3
inch drain lines (Tramm,Tr. 1304, 1912). There are nc valves on those
drain lines. Either the drainage pipes would have to be crimped
mechanically or the lesk would have to be plugged with metal or
plastic sheeting to cut off the flow. (Tramm,prepared testimony

8t 11, Tr. 564),
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29, Based on the foreccing, the Board £finds that
all credible drop accidents associated with the propcsed rack
replacement have not received sufficient attention to assure
the public healtih and safety. The major concern would appear
to be the drop of a rack onto stored spent fuel we find that
the administra-ive controls and Technical Specification described
by the Licensee and the Staff, are likely to be less positive.and
less predictable than the mechanical schemes normally employed. We
expect the Licensee's manacement and the NRC's OCff.ce of lnspection
and Enforcement to devdte sufficient attention to the rack replacement
cperation to confirm that the administrative controls and Technical
Specification are follcwed during the rack replacement. However, we
also find it desirable to have the Applicant devise a scheme for
mechanically interlocking the crane movement during installation,

tc prevent movement of the racks over spent fuel.
ii. Pool Boiling
Contention 2(g) states:

The Applicant's discussion of spent fuel boiling

is inadequate in that (1) there is no consideration
given to the possibility that the pool might boil,
and (2) there is no discussion of possible damage
to fuel cladding or of the conseguent release of
radionuclides under such conditions; therefore,
there is no assurance that public health and

safety will not be endangered.
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In addition, the heat removal capacity of the spent

fuel cooling system has not been shown to be adeguate to

sugport the expanded pocol capacity.

30. Intervenor accepts the Applicant's propcsed
finding 84 as it described the Zion spent fuel pcol cooling
system and rejects all other proposed findings on this issue,
numbers 83 and 85 to 108 and in their place cffers the following

proposed findings.

31. Applicant utilized two computer programs to
compute pocl heat and cooling: POOLHT, which analyzed maximum
culk pool temperatures,.(Licensee Exhibit 4) and CIRCUS, which

calculated natural circulation flecw rates within the peool (Id.)

32. For the purpcses of its POOLHT calculations, the
Applicant's assumption was that the temperature cf the compcnent
cooling system water at the inlet to the spent fuel heat exchangers
is 80°F. O©On cruss examination the Apnlicant's witness admitted
that the corresponding temperature assumed in the FSAR is 93°F.
(Tramm, Tr. l1454-5). Tramm testified that if the Apgplicant had
used a base of 90° instead of 80° for the ccmponent cooling water
temperature that the pool temperatures would have been calculated

at about 15°F higher (Tramm, Tr. 1459-60).
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33. The Bcard £finds the discrepancy between the L:mperatures

assumed by the codes PCOLHET and CIRCUS and the FSAR creates
scme doubt as tc the accuracy of the Applicant's calculations

regarding pocl boiling.

34. Acco:xding to Licensee's witness, Mr. Tramm, the periorm-

ance of the spent fuel pool cooling system is related scmewhat to the
ther heat loads which are transfarred by the component ccoling system
in that such performance is a function of the temperature of che
component cooling system water. Posculated plant upset conditions
such as a leoss of coplant accident ("LOCA") could increase the tempe- ~
ratures in the component cooling system and therefore possibly cause

a temporary reduction in spent fuel pecel cooling (Tramm, prepared
testimony at 29, Tr. 564, Tr. 1460-1). Neither POOLHT nor CIRCUS
calculated the temgerature of the ccmponent cooling system during a
LOCA, reor was there an analysis of the effect of a LOCA in the reactor

cn the spent fuel pool cooling system (Tramm, Tr. 1464-66).

35. Intervenor's witness Dr. Marvin Resnikoff testified
tha: the computer programs used to calculate pccl heat are based on
asssumptions that are not sufficient to forecast effects of LOCA in the
spent fuel pool. (Resnikoff, Tr. 1574). Resnikoff agreed with Tramm's
testimony that a malfuncticn of the component cooling system could lead

to lcss of zool cecoling (Resnikoff prepared testimony at 5, Tr. 1528).
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36. Tramm testified that single failure in the spent
f.oel poul cooling system could cause both cocling trains to malfunction
{Tramm ,Tr. 1441). Both Staff and Applicant concede that a single failu:
cf the inlet pipe which returns water from the sﬁent fuel cooling systern

to the pool is a credible event. (Lantz , Tr. 1677; Tramm, Tr. 13514).

37. The failure of both cooling trains to operate would
cause the pool to boil in 6-12 hours, depending on the temperature
at the point of LOCA in the spent fuel pcol, unless sufficient cold
water was added to pool. (Tramm, prepared test at 20-21,Tr. 564;
Lobel et al, prepared ;estimouy at 8,Tr. 1632; Resnik. f prepared

testimony at 2, TR. 1528).

38. Resnikoff testified that localized boiling could
take place where a full core discharge follcwed a refueling discharge
by 10 days or less and only one cooling trair was cperative. Localized
boiling can also be caused by blockage of the hole in each storage
tube which allows entry of cooling water. (Resnikofflp:epdred testimony

at 9=10, Tr. 1548).

39. On cross erxaminaticn Dr. Resnikcff agreed that the
question cf pool boiling would be negated if thera was a guarantee
of a continuing source or readily availalble makeup water for the
Zion spent fuel pool, (Resnikoff , Tr. 1556) but Resnikoff guestioned
whether the sufficient quantities of makeup water would always be
readily available. Resnikofi raised gquestions about mech nical
failures which could prevent the makeup systems from cperating

(Resnikoff,Tr. 1557. If those events cccured i+ would beccme
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necessary to use scme method such as cross ties or pumping water
from the Lake, which necessitate human intervention (Resnikoff 7r,
1557-8). Resnikoff guesticned whether it would always e possible

for manval sethods of supplying makeup water to be used. (Id.)

40. One possible event that could preclude the entrance
of workers into the pcol room to provide makeup water would be the
presence of radicactive steam or condensates in the spent fuel
pocl area. Staff witnesses testified that if boiling were to cccur,
some non-violatile radicactivity normally present in the pool water
could be entrained in water droplets in the air above the pcol.
(Lobel et al,prepared testimony at 6, Tr 1632). These droplets
could also condense out on surfaces on the fuel building (Id.) The
Staff opined that workers would be able to enter the pocl area.
Lebel et al,Tr. 1652). But on cross examination it was shown this
opinion was based on mere speculation as no calculaticns had been per-
formed (Lcbel et al, TE 1651-2). The Staff witnesses did state that

access to the area could have to be contrclled should such an event

occur.

41. In the event that boilinc continued for a pericd of
time access to the pool area would beccme even mora difficult
because high humidity would disable the prefilters and HEPA filters
in the building's filter system, thus the addiciconal radicactivity

would not be removed from the environment of the pool building

(Donahew, T¢. 1678-82).
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42. Staff witnesses testified that boiling in the pool

would be in the nucleate mode (Lobel et EE’ presared testimony at 1,
=z, 1632), Dr. Resnikoff testified that localized boiling and bulk
pecl boiling could both occur in a pool where cooling were net availabl
[Resnikoff prepared testimony at 5, Tr.,(528, Resnikoff Tr. 1569).
Resnikoff testified that the effecﬁs of unchecked bulk pool boiling
would lead to uncreased hydrcg=n in the fuel building. Potentially

a hydrogen explosion could occur and the effects of such an explosicn
could .nclude release of radicactivity into the environment surrounding

the station. .

43. Resnikoff hypothesized that a zirconium/steamexslcsion
cr other major accident in the nuclear facility could prevent workers
€rom getting to the pool in order to supply makeup water. He there-
fore recommended total automation of all makeup water systems to
assure that the pcol heat would be maintained below the boiling

level (Resnikoff ,Tr. 1570-71).

44. The Board requested information about the location
of valves which would make water available in case of overheating.
The Staff's witness Lantz testified that valves could be reached
without going past the pool by entering the fuel building on the
ground level. The valves are located cn the lower level of the same

building that houses the pcol. (Lantz, T’z 1688).
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45. Resnikoff reiterated his concern that workers

would not be able to enter the building a: all under certain

extreme circumstances such as a LOCA cccurring in the r.actor.

46. NRC Stass and Applicant's witnesses
cestified that -'nder certain conditions the temperatures in
the spent fuel pcol could rise sharply, ye: would remain below
the Boiling point. Staff witnesses estimated that the pool could
heat to 170° with one ccoling train out (Lobel, e+ al., prepared
testimony 8-9, Tr. 1632). Tramm estimated the pool coulé reach
187° with one cooling‘train out (Tramm prepared testimcny at 18,
Tr. S64). These temperé:u:es correspond tec those cited by Draley
in his recitation of cénditions that would lead to accelerated

corrosion in Boral. (see § E infra).

47. The Staff testified that sumulative spent fuel

pool experience has shown that no commercial water reactor fuel has
vet been observed to develop defects while stored in spent fuel pcols
under normal spent tuel pool conditions. (Lobel et al <repared testimc
at 2, Tr 1632) No evidence was put forth about the reaction of fuel
stored under abnormal boiling or post-boiling conditicns, or at condit:
such as those hypothesized in the Zion pecl when one cooling train
becomes inoperative. MNor was there any testimony regarding t7e histon

of 2c-al tubes stored in any spent fuel pecol.
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48. The effects of Boiling on the corrosicn of the Poral
was alluded to in the testimony of Dr. Dralsy and Almeter (See § E
infra). Accelerated evazmoration would tend to concentrate boric
acid in the peool and lower pH (Lantz, Tr.l664). This condition
combined with temperatures cf 170° and higher can lead to accelerated

corrosion of the aluminum matrix and clad of the Boral. (See § E,

infra).

49, Applicant's witness did not calcu’ate time it would

take for all water to boil off, or the consecuences of pool boiling

in terms release of radiocactivity or the pcssibility of exothermic
reactions. The staff and Mr. Tramm all testified that it was not
necessary to do such calculaticns because in their judgment the
events were not credible (Staff,Tr.1655) (Tramm,1655) Tr. 1436-7)
However the Staff testified that the rate of boil off could be 1/2

1/hr and it would take 80 hours for the pool to beil dry (Tantz, Tr.lé4.

S0. In response to a question from the 3card, the Staff
testified that boiling would have no effect whataver on the neutren
absorbing material Bofal present in the prupcsed storuge racks
(Lantz, Tr. 1683-4). Boiling would tend to increase the concentraticn
of boron present in solution in the pool water, since the water weould
boil away, b. = the boron would remain (Lantz, T/ . 1664). Licensee's
expert witness, Dr. Draley testified that if higher concentrations

of boric acid were continued for periocds of at least two weeks, they
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could have any possible effect on corrosion ¢f the metuls within

the storage tubes (Draley, Tr. 1324-1327). Accordingly, boiling
probably will not increase the risk of criticality in the spent
fuel pool; unless, possibly, there is sufficient heat to cause
overheating, fuel clad failure and possible reconfiguration of the

fissicrable material.

§1. The Bcard believes Intervenor ﬁas raised a valid
concern that the pool boiling/loss of water accident represents
an accidenc with possibly seriou. consegquences which has not yet
teen analyzed by the ipplicant and staff. According to Dr.
Resnikoff, there wculd.?e a critical period of three to six days
to add water to the pool to prevent this occurrence. Although

the supplies of makeup water at the Station are adegquate for this

purpose, Dr. Resnikxoff has raised a question whethar human intervent.

to add makeup water would be pecssible under all circumstances. The

Licensee and the Staff have tes:ified that such interventicon would

n

always be pcssible, but have not conducted the analysis to prove their

assertions. Thus, the Board reguises that the Applicant conduct an
analysis of the speat fuel pocl loss of water accident and append it

to their application.
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Corresion

Interveror's contention 2(e) (3) and (4) state:

The amendment reguest and supporting docu-
mentaticn do not adeguately discuss monitor-
ing procedures. In the light of the propcsed
modificaticon and lcng term storage of nuclear
spent fuel the Applicant should clarify the
following:

(3) Methods for detectirg the loss of
neutron absorber material and/or
swelling of stainless steel tubes
in storage racks.

(4) Details of a corrosicn test progr:m
to monitor performancs of materials
used in the construction of racks.

Interv‘nor's contention 2(h) states:

The amendment reguest and supgporting docu-
mentation have not analyzed the long term
(including storage during the operating
lifetime of the reactor) electrolytic corrogion
effects of using dissimilar alloys for the

pool liners, pipes, storage racks and storage
rack bases, such as the galvanic cerrosien
between unanodized aluminum as is used in
8rooks and Perkins storage racks, and the
stainless steel pool liner.

Intervenor's contenticon 2 (i) states:

The Applicant has not discussed whether the
propo<ed modification and long term storage
may cause the following effects on the stored
fuel: acclerated correosion, micrec-structural
changes, alterations in mechanical ygoperties,
stress corrosisn, cracking, intergranular
corrosion, and hydrogen absorptioc . and precip-
itation by the zircenium alloys.

Intervenor's contention 2(j) states:

The amendment recquest and suprorting documen=-
tation do not give sufficient data to fully

assess the durability and performance of the
Boral-stainless steel tubes which form the spent
fuel storage racks:
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(1) there is inadeguate analysis of the
corrosicn rate of the tubes.

(2) there is no calculation of the effsct
of water chemistry on the Boral within
the stainless steel.

(3) there is no mention of the possible
swelling of Boral within the stain-
less steel tubes, a condition which
could effect, among other things, re-
moval of fuel assemblies from the racks.

intervencr's contenticn 2(k) states:

The amendment request and supporting docu-
mentation 40 not cor¢ . 2r possible degener-
ation of the Boral density due either to
generic defects or to mechanical failure
which would diminish the effectiveness of
Boral as neutrcn absorber, thus leading to
criticality in the spent fuel pcol.
Intervedbr adopts Applicants £finding Mo. 1l1l0.
Intervencr's reject the remainder of the Appli-
cants Proposed Findings of Fact cn the issue

of corrosion, Nos. 109 and 111-133 and sets
forth its own findings on this issue.

Arplicants presented Dr. A. B. Johnson, Jr., as a witness
on corrosion of fuel and metals in the spent fuel pool, and effects
of vented racks on any corrosion. Dr Joseph E. Draley testified to
corrosion of the Boral and the corrosion test program. NRC staif

testified on all the contenticns regarding corrosion.

2. Dr. Johnscn is known as an 2xpert in the z.navior of spent
fuel in storage pools, primarily because he has authored 2 articles in

the area. (Johnscn prepared test.mony, Tr.l057). On cross examination
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Cr. Johnson admitted that most of the informaticn in his studies came

from third parties, nct from perscnal knowledge (Johnson.Tr. 1074-5,
1081-2, 1088-9). Dr.Jochnson also admitted that most of the data
upon which he has based his assessments of long term integrity of
fuel cladding was acquired through visual inspections, and visual
inspecticn can detect aly advanced stages of cladding degradation

(Jciansen, prepared testimony, Attachment B at 167, Tr.1057;Tr.1072-1078).

53. The data base for all physical testing of spent fuel cited
by Dr. Johnson, consists of a total of 9 spent fuel rods, testec in
reat Britain. No other data on spent fuel rcdsare yet available
(Johnson, Tr.1077-8). The data cited for rates of fuel failure and
embrittlement are speculative based cn develcping experience, not

road previous experience. (Johnscn, Tr. 1089).

54. No tests or observations have involved fuel stored in

Brooks and Perkins racks, vented or unvented.

55. Although Dr. Johnson concludes tha“ there is 2n acdequate
basis at this time to proceed with long-ter.: storage of spent fuel
in a pool environment, he expressed concern that surveillance should
continue to be provided for the spent fuel over whatever time pericd
the spent fuel will be stored (Cohnson, Tr. 1113,1117). The NRC Staff
is in agreement with Dr. Johnson (Almeter and Lantz, prepared testimony

at 9-11, Tr. 1141, 1149).
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56. The Scard finds, therefore, that the State's
Contention 2(i) has been answered sufficiently to permit the
addition of a greater volume of zirconium=-claéd fuel to the Zion
spent fuel pool without undue concern for cladding corrosion
and degradation effects over the short term, less than forty
years. However, the Board finds that there is insufficient
data to substantiate any claims regarding fuel stored in
Brooks and Perkins boral tubes for a pericd of forty or more
years; therefore, licensing should be limited to the shorter
period of forty years or the life of the reactor.

§7. In its "Order following Prehearing Conference"”
dated January 19, 1959, and again at the hearing, the Beoard
recuested information regarding the éffects cf vented racks
on the storage of spent fuel. (Tr. 1100).

58. On cross examination Dr. Jechnson testified that
damaged fuel cculd give off helium as well as other gases.
Wishout analysis one cannot determine whether the gas bubbles
were helium from leaking fuel or hydrogen from a rack. (Johnsen,
T-. 1084-85). Jchnson testified that krypton-85 is among the
gases that can be released by leaking fuel. Kryptcn-8S5 is
difficult to moritor. (Johnsecn, Tr. 1l1lis). Applicant's
witness Nestel, testifying in respconse to Contention 2(e),
stated that noble gases, such as xrypten-85, could only be
detected by the final effluent monitor. g&rypton-8S5 would

not be detected in.the spent fuel aresa partly because it would be
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difficult to get an air grab sample that cou’d accurately indicate
the scurce of the leaking gas. It would not be possible to cdeter-
mine, at the final monitoring point, whather the gas came ficn defec-
tive spent fual or from ancther source, such as the reactor.

59, Neither Applicant nor staff presented evidence an.hQwzthe
vented rack desigz would effect corrosion of fuel and racks. Witness
Johnson was unprepared to answer a guesticn relating tc changes in the
rack édesign and corrosicen. Althoﬁgh he saiéd he could not see the
relaticnship, he admitted he had not studied the guer.ion (Johnson,

Tr. 1099).

60. The Board finds that the use of vented racks, which
exhibit bubbling activity, combined with the lack of monitors and the
inability to sample air for noble gases in the spent fuel pool area
may lead to a masking of the existence of defective fuel leaking

radicactive materials.

6l. Dr. Draley was called by Applicant to testify about
corrosien in the Boral. Dr. Draley stated in his testimony that he
has done scme short term experiments on corrosion of Beoral in the
early 1960's. Tha tests lasted cnly a few weeks andé many cf the

€ the results

(8]

details were lost. No official report was ever made
cf these experiments. These experiments wer2 never folleowed up.
Craley has dcne no rasearch on Boral since those early tests. Since

10

o

2 re has had no other involvement with 3c¢ral, or with the inter-
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ac=ion bet.een Boral and stainless steel except for preparing feor

this hearing (Draley, Tr. 1292-1296). Draley has done no researc:
specifically into the behavior of materials in spent fuel pools

(I4. at 1296).

62. The Board finds that Dr. Draley's expertise in the
area of aluminum corrosion may be helpful in assessing some of the
contentions at issue in this hearing, but his expertise in the area
of Boral daterioration is mors limited both by lack of available data

and lack of personal research experience.

63. pr. Almeter was presented by the NRC to re an expert on
corrosion generally. On cross examination he stated that he had no
personal experience with Zirconiun and that he had done no corresicn
work with Boral. (Almeter, Tr. 1146-7). He has done neither destruc-
tive or non-dest-uctive examinatiocn of sgent fuel (Almeter, Tr. 1148-9).
Almeter stated most of his knowledge of the spent fuel corrosion field
came from literature searclie® and previcus research work on materials
he thought were similar to those used in the fuel anéd in the Boral
racks (Almeter, Tr. 1146). Almeter's written testimony is based in
large part on his reading of reports by Draley and Huddle. These
studies were done 10-25 years ago (Almeter prepared testimony, Tr. 11l41;
Almeter Tr. 1201, 1203, 1204). The Huddle report was "theoretical";
based on no actual experiments or statistical sample. (Almater, Tr.1208)
Although Almeter is supposed “o be an expert iri the spent fuel area
he has had this NRC assignme for just over one year and he admits
h§ has not visited all the pcols he has teen "inveolved with"” in his

capacity as NRC evaluator (Almeter, Tr. 1147).
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64. Based on his knowledge of spent fuel pools Almeter

testified that he found no cbjection to Dr. Jchansca's testimony.

65. The Board finds that as Dr.Almeter's knocwledge of
corrosion in speint fuel pools is based primarily on reading reports
of others, his experience in this area is neither extensive encugh
ncr specific enough to give weight to the opinions presanted in his
testimony regarding corrosion ofziycalloy or Boral in the spent fuel

pool.

66. Galvanic corrosion will occur between the stainless steel
and the Aluminum in the Boral racks (Almeter/Lantz prepared testimony
at 8, Tr. 1ll4l; Almeter, T=Z. 1145; Draley, prepared testimony at 5-7,
Tz. 1290). Dr. Almeter stated that thereis a major difference In
electric potential between aluminum and stainless sft2el and therefore
galvanic corrosion will occur between the aluminum cladding in the Boral
and the stainless steel tubes which encapsulate the Boral. (Almeter
ard Lantz, prepared testimony at pp. 3-9, Tr. 114l1l). Dr. Draley

agrees on this point. (Draley, prepared test.meny at 5-7, 9, Tr. 1290).

67. General corrosion of the Aluminum in the 3¢cral will pro-
bably take place within the first 5 days of immersion (Almeter, Ti.
1202-3, 1239-40, 1250). Dr. Draley states that one can expect scme
pitting of the e ges of the Boral plate and perhaps the 1100 aluminum

cladding which forms the outside laver of the Boral where the electrical
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eantact with the stainless steel tube is gocd. (Draley, prepared

cestimenv at 5-6, 10, Tr. 129C).

68.. Although Dra’ sy and Almeter tended to minimize the
serious conseguences of pitting in the Boral, the State of Illino.s
introduced into the record evidence of testing which indicates that
the pitting problem may not be fully understoced. During an in camera
session Intervenor questioned Dr. Draley abcut several proprietary re-
ports describing galvanic sorrosion experiments conducted by Brcoks
and Perkins, Inc., the Qanufacturer of Soral, and by Battelle, Columbus
Laboratories for Brooks énd Perkins (Intervenor's In Camera Exhibits

1 ard 2). The Brocoks and Perkins report (Intervencr's In Camera

Evhibit 1) contains a ccnclusion that maintaining a significant 2Xxygen
concentraticn in the water surrounding the Boral could lead %0 unacceg-
«alsle corrosicn tehavior. Probably on the basis of this research the
Licensee chanced its rack design so that the vent hcles throuch the
stainless steel tubes are located only at the top of the tubes. This
change will limit the amount of oxygen bearing water in the tube.
(Draley, In Camera Tr. 1242-3). On.cross examination Intervenor also
guesticned Dr. Draley on the Battelle, Columbus report ( Intervenor's
In Camera Exhibit 2) which repcrts experiments in which a high rate

of galvanic attack of Boral in a concentrated beric acid solution was
observed. Dr. Draley testified that this experiment did not influence
nis testimony very strongly because the boric acid solution invelved
in the experirénvas guite a bit more aggressive than th conditions

in the 2Zicn spent fuel pool. Therefore Dr. Oraley testified that th

(44

. -
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vesul=s in the BSastelle Columbus report do not apply to

(Draley, In Camera Tr 1345-439)
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69. Dr. Lraley did not deny that the results of the 3rooks
and Perkins and Battelle-Columbis tests wers accurate. In fact
his cwn experi 2its showed similar results. Of these Draley testi-
fied that it was his recollection that Boral subjected to high tempera-=
tures (about 300° C) would swell, blister andultimately disintegrate
because a protective film of corrosion would be unable to form.
Draley alsc testified that an aluminium claé would not stop disinte-

gration of the type described. (Draley, Tr. 1293-4).

70. 1In formulating his opinion as to the relationship between
the high corrosion rates.seen in the recent tests anéd the performance
of Boral racks in the Zion spent fuel pool Draley did not ccnsider
abnormal conditiens that could credibly occur in the pcool. NRC Staff
and Applicant ‘ave both testified that the lcss of one c¢20ling train
could boost pcol temperature to 170° - 180°: (See §D(1i) supra).

I+ has also been calculated that a loss of coolant accident could lead
to pecol boiling and consegquent evaporation of water and concentraticn

of the boron to create the higher temperature and lower pH solution

which would lead to accelerated corrosi.on (See §D(ii), }nfra).

71. Another means by which pH could be raised was suggested
by Applicant's witness,Mr. Tramm, who stated that in the event of an
i-=rease in ““e current leakage rate frocm the pcol it might Dbeccne

necessary to lower the level of the pool water.
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Cr. Draley “estified that lowering poeol water would increase concen=

craticn of Boren in peol, but unless the pH in the Boron tubes were
lowered there probably wouléd nct be a great effect 2ver a short pericd

of time. However,when asked if the lower pH in the pool wculd have

no effect on the metals in the tube,Craley admitted that given a

"long enocugh time" there would be an effect. (Draley, Tr. 1325-6).

Dralay hypothesized that a weei would be too short a tizme for accelerated
corrosion; bué within a month a significant difference in concentration
would beccme observal:lz.

Although ca cross examination Dr. Draley testified that he had
never seen a pH of 4 for the Zion spent fuel pool, the basis of this
answer was a series of pH values recorded in the past 3 Qears at Zion.
In that time the Zion poél has not lost an excessive amcunt of water
through boiling, leakage or evaprration which has not been promptly

replaced. ( Draley, Tr. 1332 ).

& Drziey stated that he had considered the coaclusien of

~he Battelle-Columbus test that béth the average and localized rates

of attack are probabl§ too high t2 guarantee a 40 year life for the'
Soral. But it &id not strongly influence his testimony. Draley
indicated that he had discussed both the Brocoks and Perkins and the
Battelle results with Commonwealth Ediscn. Although he did not
recommend clesing the racks, Ccmmenwealth Edison decided to change

the rack design after the Brocks and Perkins tests and reccmmendations
to close the racks had been reviewed ( Draley, Tr. 1343, 1350; Almeter,

e 2233).
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73, Dr. Almetar, when guesticned about his opinion on the

design change was unable to state a conclusion. (Almeter, Tr. 1234).

74. Several other pieces of evidence brought the guestion
of pitting to the attention of the Board. Dr. Draley aprended to
his prepared testimony an article by Weeks entitled "Cerrosion
Considerations in the Use of Boral in SpentFuel Storacge Pool Racks".
(Draley prepared testimcny, Reference 4, Tr. 1290). Weeks cites
exceriments which yieldeé pitting of depths u~ to 45 mils at pH of 35,
at 100°C in 1 1/2 years (Gaton Lake Panama) and 30-40 mils in 1 1/2 -
2 years ( Potomac R., Washington). The pitting was due to galvanic
corrosion between Aluminum ;nd Stainless Steel. The general corrosicn
of this alloy was negligible in both environments.

Weeks recommends a surveillance program wihlch would
include couples of aluminum and stainless steel to be installed in
spent fuel pcols where boral cavities are vented because venting
which is used to eliminate swel ling due to hydrogen may produce
pitting corrosion of the Boral (Id., at 6).

Additisnally Weeks recommends that there shouldé be no

contact between Aluminwa and Zircalloy because that could lead

to hydriding of Zircalloy cladding.

75. Dr. Almeter testified about tests done by Ixxon (See
Draley, prepared testimcny, Reference 6, Tr. 1290). This study
clearly showed that where pitting was begun the areas of pitting

caepened in one year. (Almeter, Tr. 1210).
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Almeter testified that in an affidavit in support of moticen for

su-nary dipesiticn filed January 31, 1979 he cited rates cf cocrro-
simn for Boral which, when extrapolated over to 40 years, indicated
tctal corrocsicn ¢f the Alumi-um clad on the foral. These coriginal
figures were based on the Exxon stucdy and an additlsaal report not
in evidence in this proceeding.

No figures were listed in the testimony filed by Almeter
prior to Hearing in May. Almeter admitted that the figures which
cited ccmplete deterioraticn of the Beoral Clad were correct as they

applied to pitting. (Almeter, Tr. 1217, 1218).

76.

Almeter's prepared testimony, p 4, states that acclera-
tien in corrcsion will occur with either increase in agueous: tempera-

ture, change in electrical pocential differential, change in ienic

0

cncentraticn of the agueous environment, or coupling of dissimilar
metals where cne is nobler than another. On cross, A Imeter testified
that Stainless Steel is nobler than Aluminum and therefcre galvanic
cerrosion can occur, in the Zion pool that temperature will increase
in the pool at certain times, for instance when fuel from reactor is
placed in pool, and that the ionic concentraticn in the pool is sub-
ject to change, e.g. when there is not a continuous clean up of pcol
(Almeter, Tr.ll44).

Almeter stated that the entire surface of the Beral would
nt hkole

be subject to pitting with the initial attack arcund the top ven 2

(Almeter, Tr. 1212-1213).
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Based on the testimony, the Board finds that Inﬁer-
vencr's co ntention 2(h) has raised valid concerns about corresion
5f aluminum and stainless steel in a spent fuel environment. Based
en the testimony, the Board finds that additicnal testing and
analysis is needed to predict the cocrrosion effects on Beral in
proximity to stainless steel in an oxygen-saturated boric acid
solution (i.e., the spent fuel pool water). The Board also £inds
trhat the continued integrity of the 3Scral within the tubes is of

sufficient concern to merit a corrosicon surveillance progran.

78.
Additicnally ‘Almeter s:ated =h® Exxon study show S
that in cases where there were defects in the matrix and/or beonding
of the Boral, bulging could be expected. (Almeter, Tr. 1223-1226).
He indicated that ﬁe did not expect to see such bulging in the Zion
pool, but it "would depend on the quality centrol formulation of the
Boral plates the particle size of the boron carbcn, and the uniform
mixing of the alurinum bonder the boren carbeon in the formulaticn of

these plates”.

719.

Applicant's witness Mr. Shewski, testified that Brooks
and Perkins guality control had ceen deficient and some boral tubes
that did not correspond to specifications nad been shipped tc Leckenby

(See § F, infra).
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Dr. Dralev testified that he expected that there coulcd
Lbe measuratle suell‘;g of the Boral itself within a vented tube.
The degree of swelling is expected to be from .1 to .234 inches. The
cause of this swelling would be the replacement of the aluminum in the
Soral matrix with corrosion products. (Draley, Tr. ¥319. 1Ia his
cpinion the swelling wculd be greater in an unvented tube that leaked

than in a vented tube, but the amcunt of additional swelling was not

estimated (Draley, Tr. 1318).

8l.

Dr. Draley testified that another kind of 3oral swellin
which might occur would Be related to local corrosion or pitting which
might be induced by galvanic interaction between the aluminum in the
Esral ané the stainless steel tubes where the two plates are pressed
toc;ether. The sclid corrosicn product has a greater volume than that
of the corroded metal, and local swelling could result.

Using the density of the predominent aluninum corrosicn
product, Bayersite, Dr. Draley calculated that the corrosicn product
will occupy a veclume scme 3.2 times that of the aluminum from which
it is formed. Draley estimated that even if a Boral plate in a
zion storage tube corroded all the way through cladding ané core
material the maximum swelling produced by the corrcsion product
would be .234 inch. (Draley, prepared testimeny at pg. 12-13, Te. 1316~

1318).

ot

This tvpe of swelling is found in the Boral itself, no

LA

s-a s+tainless st2el tube. There was no astimate made for the degree C

swelling that cculd be anticipated in a tube or shroud if scme of the
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gas sroduced by the correosicn of «he EBoral becare entra
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Br. Remick asked witness Almetar ZIor inlor=

mlistering in 3cral Cecntrol 2cds. Almeter tastified that 3coral nad

o

seen used in control rods in a research rsactor. Wi

slistering problems. Almeter stated =ha+t he thought the cause C= the
alistering was helium cas generated by the ZcrIcn figsion from neutrons.
t

xnow if the rcds were subseguently venzad.

Having reviswed the testimony of Agslicant and St £s on
t-e scssible corresion rates of the storage tudes and on tlhe
affac= of water chemistry on the 3cral, the 3card Iinds that swelling
sain the storage =:bes mus:t still e considered 2 pessilility.
~~erefora, =he 3card finds that an adecguate test and surveillance pro-

gram =must te Zevelcped to detect such swelling.
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83. Dr. Craley testified about tie suiiiciency of the
Cosmonwealth Edison neutron attenuation test slan. (Draley, prepared
testimony, Attachment 4, TR 1250;). On cross examination Dr. Daley
adaitted he had not grepared the plan or its grecdecessor whigh was
susmitted to the NRC in respcnse to a guestion asking for a propcsed
surve'llance program for beron. ( Draley, TR. 1293-9, 13C3). Draley
was unable to state whether neutron attenuation tests would be performe
prior to installaticn of the racks and wes unable to testify as to the
sensitivity needed in the tzst. (Draley, TR. 1301) The witness did
testify that a neutron attenuation test conducted under water wC..iw be
less sensitive than a test conducted prior to installation éf the racks
(Dralay, TR. 1302). This testimony was corrcborated %Yy NRC witness
rLancz who testified that underwater test results would give

"o -

ufficlcnt accuracy" (Lantz, TR. 1237). Draley stated that tle

v

plan as presented in his testimonv was "adeguate" but he would nact

make a statament that it was "complete" except if ccmplete werse

-

defined as describing the "current commitment of the ccmpany" to

carry out the plan as written. (Dralev, TR. 1302).

§5. Both Draley and Lantz testified about testing for

8-10 content at the Zion statiosn. Lantz tastified that Commonwealth

¥dison 4i& nct have the accuracy ©to determine the 3-10 contzat of
te Boral that haé been fabricated into racks. Given that afequate
testing for 3-10 would be available, Draley stated that he did not

-
-

“now what measures would be taken in the event that neutron abscrkie
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tes=s detect the 3-10 conten: of the samples f€1l below .02.

On cross e:xaminaticn by Mr, Miller, !r. lLantz gave
an cpinion that Commonwealth Edison's existing license might
require a repeort to NRC of an unanticipated loss of'neutron.
abscrbing capacity or scme structural deficiency in the absorber
plate. No provisions of the license were placed in evidence. (Lantz,

TR. 1237).

86. Lantz testified that the NRC has nc: developed
any criteria to menitpr Boral content, nor dces the NRC staff

plan to issue Technical Specificaticns in this area (Lantz, TR. 1238).

£7. The Board finds that the accumulated evidence shcws
tha* the peossible degeneraticn of Boral density due to mechanical
failure or boron depletion in the pool is unlikely, accerdingly we
£ind the risk of criticality from loss of Boral after installation
is small. However, there is a greater probability that deficiencies
in manufacture and/cr gquality control will lead to inadeguate concen-
trations of 3-10 in the Boral matrix or failure to properly encapsulate
Soral sheezs in all racks, therefore we find an adeguate program to
test €-r neutron absorber capacity should be implementec at the Zicn

s-ation before rack installaticen.



88. Azplicant and Staff witnesses testified about the

in pool corrosion testing program. (Dralev, prepared testimenvy,
Atsachment 4, TR. 1290; TR. 1297-1321). Draley testified that

the ccupons would provide data on corrosion ané loss of boren.

He stated that visual inspections would be used to menitor swelling
(Draley, TR. 1305). Draley testified that there were no plans to
monitor generation of gas in the Boral tubes, and that there

were noc plans to monitnr the creaticn of corrosion products in
racks being used to stcre fuel, and that there were no glans ©o

chserve accumulations of corrosion products arouné the vent hole.

(Draley, TR. 1308-131.0).

89, Lantz testified that the coupcn telting program
would be usnpful in detecting whether cor not boron would be lost
but that it would not be useful in detecting swelling. (Lantz,
m=. 1158). Lantz also testified that at time of hearing there
were no plans or procecures developed to cdeal with any swelling
that might occir, or were there any plans or procedures develored
to deal with fusl that was damaged cr otherwise affected by swelling
or racks (Lantz, TR. 1242-1243). According to Lantz the only effective
means of determining whether & rack had beccme swollen is to insert a
fuel assemoly into the rack thus to insure that any specific rack was
~ot swollen before placing actual fuel in it, it would be a "good idea"

to test it with a dummy fuel assembly. (Lantz, TR. 1158=9).
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90. Almeter testified that t the rime c? the hearing
the X®C haé not set standards for the corrosion monitoring progranm
ané it was not known if any reports of monitoring or of unanticipated
events would be regquired by NRC unless it was so specified in the
license amendment as issued (Almeter, TR. 1244-6). Neither Almeter
or Lantz was able to testify to whether NRC planned to oversee the
surveillance program or if I & E would check the accuracy of the

testing devices and procedures(Almeter/Lantz, TR. 1241).

91. In response to a question by Chairman Wolf, witnesses
Almeter and Lantz agreed that monitoring ané event reports generally
should be required by the NRC but the requirement would have to be
articulated in a techniéal specification or written into the license

arenédment (Almeter, Lantz, TR. 1245-6).

92. The Board finds tae surveillance program described bv

the Applicant is, in general, adegquaia to protect the public health
and safety, however several revisions are reguired to assure a
complete program. Pre-installaticn neutron attenuation tests are
more significant and can achieve the intent of assuring proper neutron
absorber capacity. Surveillance of swelling by visual means is not

ccurate, therefore dumry fuel tests of each installed rack are
necessary to aveid the insertion of fuel intc swollen racks. The
Bcard finds that the NRC has a responsibility to oversee the monitoring
program. Finally, the Board alsc finds that there is a need for the
the documentation of Licensee's acceptance criteria for the surveillance

test samples in corder to specifically establish conditions under which

fursher actions will be necessary. .
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Contention 2X:

The azendment request and supperting docu-
mentation do not consider possible cegener-
ation of the Boral density due either to
generic defects or t~2 mechanical failure
which would diminish the effectiveness of
Boral as neutron absorber, thus leading

to criticality in the spent fuel pool.
Contention 2L:

The Applicant has not described the proce-
dures it intends to employ to prevent the

installation and use of damaged and defec-
tive racks.

The State adopts Licensee's Proposed Findings No. 134,
135, 137 and 142. s

3. Licensee has rerained Nuclear Services Corporaticn
(""NSC'") to perform independent inspections cof Brooks and Perkins’
£faSricarion of the beral tubes to be used in the new racks.

(Shewski, Tr. 719). NSC has been to Brooks anc Perkins several

times to do inspections. (Shewski, Tr. 719). During its inspections
NSC reviews Brooks and Perkins documencation on a random basis.
(Shewski, Tr. 720).

94. The Licensee has also done three of its own audits of
3rooks and Perkins: in March, April and early June 1979. (Shewski,
Tr. 720, 721). During its audits the Licensee looks at some of the
inspection, data, audit, and surveillance reports kept as part of
Brooks and Perkins's quality control and qualicy assurance pPrograms.

(Shewski, Tr. 723).

95. 3Brooks and Perkins is required to assure that the
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boron-10 loading in the tubes be a minimum of .0200 grams per square
centizerer. (Shewski, Tr. 724, 753). On March 14 and 23, 1979, WSC
released iive boral tubes from Brooks and Perkins that had boren-10
loadings of less than 0.02 g/cmz. (Shewski, Tr. 725, 726). 'This
deficiency was first discovered by Brooks and Perkins on May 4 and
11, 1979, in the course of a review of previous shipments precipitated
by two May shipments of apparently non-conforming tubes (Shewski, Tr.
738, 739, Intervenor Exhibit 3). Licensee was not aware of the March
shipments of non-conforming tubes until Monday, June 11, 1979, when
Mr. Shewski received Intervenor's Exhibit 3. (Shewski, T 735).
icensee did not discover the non-conforming shipments during its

April 1979 audit of Brooks snd Perkins (Shewski, Tr. 737).

96. Licensee first ordered the boral tubes from Brooks and
Perkins for the new Zionm racks in July 1978. The original purchase
order did not specify thar the fabrication of the tubes was "safetv-
related," so that Brooks and Perkin's quality assurance program was
not required to conform to LU C.F.R. Part 50, Appendix 3. (Shewski,
Tr. 737). Licensee subsequently reversed its decisicn and in November
1978 required that the tube fabrication be safety related. (Shewski,
Tr. 738). Licensce has not required that the suppliars of the com-
ponent parts of the tubes have quality assurance programs conforming
to 10 C.F.R part 50, Appendix B. (Shewski, Tr. 739).

97. According to Licensee's plan, the new dense racks
would be installed in the spent fuel rool this vear. Scme
of the racks will sit in the pool for a period of years before
svent fuel assemblies are placed in them. Yet no dummyv fuel
asserbly tests will be performed at any cime afcer .ne racks

zre installed in the spent fuel pool to detarmine whather they
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s=iil conform to their orizinal shape. (Leider, Tr. 763).
98. The in-pool neutron attenuation test will not
b2 performed cn every tube. Licensee has not established
the number of tubes that will be tested. (Tramm, Tr.1942-43).
Mr. Tramm could not quantify the contribution of the boric
azid in solution in the pool to the neutron attenuaticn
measured by this test. (Tramm, Tz. 1943-44). If these
tests reveal that horal plates are missing in the sample
tubes, Licern:z2e plans to subject every tube tc a neutren
actenuation test. Any tube that is missing a boral plate
will be piugged to prevent inserticn of a fuel assembly.
(Tramm, Tr. 1947-48, 19350).

99. Dr. Olsen testified on »ehalf of the Licensee
that if one boral plate was missing cut of every four tudes,
and there was an extra fuel assembly ac the side oI the
rack, the K-effective, or criticality coefficient, would
exceed .95. (Olsen, Tr.l1738). On the basis of the X-
effsctive calculaticns that NSC performed in the Licensing
Report (Licensee Exhibit 4), Dr. Olsen stated that it is
very important to know whether missing boral places would
be permitted in the racks because it is not likely that
the missing plates would be uniformly distributed. If
t=e plates were locally all missing from a series of
tubes in one spot, and all the rest 0f the racks were as
designed, it would create a problem. (Olsen, Tr. 1740).

10G. The Licensee has not sustzined its burden of

iamcmstrazing chat its quality assurance and testing pTo
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are adequate to protect against the inst 1lation and use of
tubes containing insufficient neutrcn absorption material.
Routine prccedures implementing the quality assurance
program failed to prevent or detect the shipuent of non-
conforming tubes to the rack fabricator. The presence‘of
five ronconforming tubes in cre shipment illustrates that
deficient tubes are not likely to be distributed uniformly.
Licensee proposes in situ neutron attenuation testing, but
has not specified the number of tubes o be sampled.

The Board finds that Licensee's assurances are too vague
to form the basis fér the conclusion that its program is
adequate. Accordingly, the Board finds that Licensee's
testing and Quality Assurance procedures must be augmented
by a neutron attenuaticn test of every boral tube i each
rack before installation in the spent fuel pool. Licensee
must, in addition, perform a dummy fuel assembly test cn
each tube in the pool shor<ly before a spent fuel assembly

is inserted in it.
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Changes i: Accidents Postulated in Previous
Licensing Reviews

Board Questions 4(c), 4(&), §(2) and 4(f) state:

(¢! What postulated accidents, which might
affect the safety cof plant operating
personnel in the spent fuel storage
building or which might result in the
release of radiation or radicactive
materials from the spent fuel storage
building, were specifically analvzed
in the FSAR, SER, ER and FES utilized
in the CP and OL licensing reviews
of Zicn Units 1 and 2?

(d) Which, if any, of the postulated accidents
in (c), above, will be increased in pro-
bability, magnitude or conseguence (to
personnel, to the general public o=
to the environment) if the proposed
spent: fuel pool modification are carried
out?

(e) What previsions havs been made or procecdures
develc~ed to protect the workmen and/or plant
mersonnel from the consegquences of such pos~-
tulated accidents during the pericd when the
proposed spent fuel pool modificaticns are
being performed?

(€) Which, if any, of the postulated accidents
in (¢), above, will be increased in proba-
bility, magnitude or conseguence (to personnel,
to the general public or to the envircnment)
as a result of the completion of the proposed
epent fuel pool modifications ané the proposed
subsequent usage of the increased spent fuel
storage capacity.

Intervencr adopts Applicant's proposed findings of fact
rimbered 163, 167, and 169 and rejects the remaining findings numbered

170 and 174, in place of which the following findings of fact are prope
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101. The Board finds that NRC concern aktout the

radiological effacts cof dropping a shipping cask Is such that
casks shoulé nct be permitted within the pool area until any
wodification activity that might occur has been fully carried

out.

132. with respect to Board guestions 4(d) and 4(f),

Mr. Tramm stated that since the proposed modification will
nccessitate additional fuel moves, the likelihood, and corres-
ponéding risk of a fuel drop accident will increase slightly.
The incremental risk will however be minimal since the number
of fuel moves necessary to accomplish the modification will add
less than 1% to the tot;l number of fuel mcves which will be
accomplished during the plants lifetime. (Tramm, prepared
testimony at p. 27, TR. 364). The Staff testified that since the
fuel which will be moved during the modification will have decayed

¢ least one month prior to being moved, this will be a decrease
bv a factor of 10 in the magnitude or coasequences of a €uel handling
accident postulated %o occur immediately after shutdown because of

radicactive decay of the gaseous fission products contained in the

fuel.

103.The Beard finds the risk of additional prokability of
accidental dropping must be balanced against the potential conseguences

of a drop in determining ultimate risk.
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Pool Liner Leak

Board guestion 4(h) states:

The Applicant and Staff are asked to provide a
history of the apparent leak in the liner of

the scent fuel pool. Specifically, the following
should be addressed: ’
(1)Has the leak intensified with time?

(2)What is being done with the water leaking
from the pool?

(3)why has the leak not been repaired?
(4)How will possible future leaks be lccated

and repaired if the proposed increase in storage
capacity is permitted?

Intervencr adopts the Applicant's proposed findings
of fact numbered 181-188,.and in addition proposes the fcllowing.

]04. The Board finds that at the present rate of leakage there is

no danger that water loss will lead tc a deficiency of cecoling or
shielding potential in the spent fuel pool. Alsc, as it is impractical
to measure leaks of less than .005 gal/min. cnere is no acdeguate
measure of leakage available. However, iﬁ the interest of public
safety it is desirable to maintain leaks to a minimal amount,therefore
the Board finds that the Applicant has a responsibility to measure

the leak pericdizally. If it is found that the leak has increased

to 10 cal./day measures must be taken to repair the leak. If the
leakage rises to 20 gal./day, no additional sprent fuel will be

allowed to be placed in the pecol until the leak is repaired.
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Componeat Ccoling Svstem Leak

Rna-d Questicn 4(i) states:

The Applicant and Staff are asked to
address the contention made during the
limited appearance statements that the
compenent cooling system has had a
number of leaks which have not been
repaired.

Intervenor adopts the Applicants proposed findings =f
fact numbered 189 ané 19%0. Intervenocr rejects findings 191 and 192

and in their place propcse findings of fact as follows.

105. Applicant's witness, Tom Tramm has stated in his testimony

there is an inte:relaiionshvp between the component ccoling
system and the spent fuel pool cooling s?stem, in that the cooling
of the spent fuel is a function of the temperature of the com-
psonent system water. Postulated plant upset conditions which
affect the component cocling system therelore could affect the

spent fuel pool cooling system.

106. The Board finds that as there is an interrelationship be-
tween the component cooling system and the spent fuel pcol cooling
svstem the leaks in the component ~ooling system could possibly
cause an adverse effect on the spent fuel pool. Therefore the
Board finds that as a condition prececdent to the grant of a
license amendment authorizing mcdification of the racks in the
Zion pool Applicant must cofrect the existing leaks in the

component cooling system.
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Fuel Buildinz and Groundwater Monitoring

Contzation 2(e)(l), (2), and (5):

{a) The zmendment request and supporting
documentation do not adequately discuss
monitoring procecdures. In the light
cf the proposed modification and
long term storage of nuclear spent fuel
the Applicant should clarify the following:

(1) The menitoring egu;pment that is used
and the ranges of sensitivicy;

(2) The method by which incremental air-
borne radicactive emissions created
by the spent fuel pool expansion will
be measured;

(5) Procecdures to monitor groundwater move-
ment in the vicinity of the plant to
detect leakage from the spent fuel pool.

The State adopcs.Applicant's Proposed Findings Nos.
198 through 21l. and in addition proposes the following.
107. Mr. Jack Leider also testified for the Appli-
cant on the demineralizer system that processes spent fuel
pool water and on air monitoring in the spent fuel poocl

building..

103. In response to Ms. Little's questions regarding the
demineralizer system for the spent fuel pool, Mr. Leider testified
rhat the two demineralizers for the pool also process the cavity
water during refucling and the refueling water storage tank water
prior to refueling. The demineralizaticn of the spent fuel pool
water is intermittent, not continuous. (Leider, Tzr. 771).

109 Grab sampling of pool water is the only method used

o determine whether the capacity of the demineralizing bed resi:n
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~as been exhausted. (Leider, Tr. 771, 772). The cemineralizer
syscex does not have available for it a device chat autcmatically
indicates when the resin capacity is exhausted, unlike the majority
of commercially available demineralizer systems. (Leider, Tr. 772).
Licensee has no hard exact schedule for taking these grab samples.
110. Licensee uses the clarity of the spent fuel pool water

&3 an .ndication whether the demineralizer is operating properly
(Leider, Tr. 772). The removal of the particulate material that con-
tributes to turbidity does not, however, indicate that all of the sol-
uable radiocactivity h;; been removed. (Leider, Tr. 772, 773). The
controls for operation of the demineralizer system are located in the
fuel handling building,.not in the contrcl room (Leider, Tr. 776).
111. There are two area radiation menitors in the spent
fuel pool building and a continuous air mcnitor in the exhaust venti-
lation system. (Leider, Tr. 776, 777). The ventila:zion system monitor
is the more sensitive and accurate of the two. The station usually
runs the exhaust ven;ilation system, tut when it is not running only

the area monitors could detect gaseous effluent frem the fuel in

the pool. (Leider, Tr. 779).

112. toolicant samples water at the Zion Station intake
and discharge structures in Lake Michigan, which are 2500 feet and
700 feet from the shore, respectively. (Golden, Tr. 1013). The
closest public water supply intake monitored by the Applicant is
the Lake County Public Water Supply intake, which is abcut one
=ile north of the Station. (Golden, Tr. 1012, 101.).

313, The area immediately surrounding the Zicn Station

i3 a gpermanent recreaticn area. (Golden. Tr. 1021).
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114, Thae Board finds that the Applicant's program
for monitoring the spent fuel pool building and Lake
Michigan is generally sufficientc tJ protect public healch
and safety and the environment, hcwever, it fails to
protect the health and safety of the public using the
Lake in the recreation area immediately adjacent to the
Station. In addition, no surveillance of groundwater
down-gradient of the Station is done to signal leakage
from the spent fuel pool into the soil. Therefore, the
Board finds that :he Applicant should be reguired to
install at least wo groundwater monitoring statioms
betw~veen the spent f&el pool building and Lake Michigan.
Tack station should consist of two wells, one each to sam-

ple the deep and shallow aquifers.



VI. Conclusion

Thirty years age, nuclear power seemed the answer to a

nation's dreams. Relying on man's apparently unlimited capacity

for technological progress, we would have a nearly inexhaust-
able supply of clean power that would cost virtually nothing.
Even the wastes would not be a problem. Socme of them could
be reused, and surely we would soon discover what to do with
the remainder. Cartainly there was no reason to solve all of
the possible problems immediately; we were solving them so
guickly that they would soon be behind us.

That vision is a cruel joke in the cold light of interven-
ing decades. None of it was true. We do not have an unlimited
capacity for technological progress -- at least not within
thirty years' time. We now know that uranium is far from
inexhaustible, ani there is no longer any gquestion that
nuclear power requires capital in amounts unheard of until
very recently. And high~level radiocactive wastes in the
form of thousands of spent fuel bundles now languish in
temporary storage pocls across the country in numbers beyond
those for which the pools were designed, with no £inal
disposal facility in sight for well over a decade, e /an
under DOE's most optimistic projections.

It is in this context that the NRC must exam.ne the cues-
tion of whether it can find a "reasonable assurance" that a
waste disposal facility will be available zeforea the expiration
of existing operating licenses or that spent fuel can be stored

safely at reactor sites for an indefinite period.
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Historical experiznce offers no basis for confidence in
the ability of DOE or the nuclear industry to achieve these
goals. Their efforts to date have been fitful, inconsistent,
and half-hearted at best. NECNP has demcnstrated here that
presently available information alsc cffers no basis for a2
"reasonable assurance" finding on either issue. Data are
seriously incomplete, mathods o measurement and evaluation
are lacking, and the experience with spent fuel storage tech-
nology simply does not justify long-term projections of assurad
safe storage.

For these reasons, NECNP submits that the NRC has no
choice but to £find that there can be ro reasonable assurance
either th2t a waste disposal solution will be in operaticn by
the time existing operating licenses expire or that spent fuel
can be stored safely in spent fuel storage pools for an
indefinite period of time.

Respectfully submitted,
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