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UNITED STATES OF AMERICA p28 MO 52
\ NUCLEAR REGULATORY COMMISSION® '

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

-

In the Matter of

ARMED FORCES RADIOBRIOLOGY Docket No. 50-170
RESEARCH INSTITUTE
(Renewal of Facility
(TRIGA-Type Research Reactor) License No. R-84)

LICENSEE'S MOTION FOR PARTIAL SUMMARY DISPOSITION

The Licensee submits this motior ursuant to 10 C.F.R.
2.749 and urges the Atomic Safety ~ad Licensing Board
to determine that, at least as to some of the issues being
litigated in this proceeding, there is no longer any genuine
dispute as to the material facts involved and that as
a consequence there can be no genuine issue remaining
to be heard.

As is indicated in the Board's Memorandum and Order
of January 28, 1983, there are ten general areas in dispute.
Those ten general areas consist in some instances of several
factual issues each of which involve several more subissues.
This motion, except as will be indicated shortly, discusses
those issues in the same order (and with the same titles)
as they appear in the Appendix to the Board's January
28, 1983, Order. One exception to this procedure is the

need to depart (very slightly) from the titling approach

-

since some of the subparts of the ten general areas of

dispute require treatment at some length. A second exception
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to this approach relates to Contention 3, Emergency Plan.
The Board has previously indicated that motions concerning
the Emergency Plan would not be entertaired prior to publica-
tion by the NRC Staff of its evaluation of the Emergency
Plan. Hence, consideration of issues associated with
the Emergency Plan must be deferred for the present.

Each of the contentions discussed will be addressed
in summary fashion in the body of the motion. That is,
the issue(s) raised by the contentions will be restated
SO ac to focus the Board's attention on the precise areas
of disagreement. This will be followed by a synopsis
of the facts pertinent to the issue and Licensee's analysis
of their significance. In addition, as to each conveniently
segregable set of issues identified in the body of the
or.ef, there is appended to the brief a fuller discussion
(to the extent necessary) of the logic associated with
the Licensee's analysis of the significance of the issue.l
Stated another way, the body of the motion presents an
executive summary of those matters treated at length in
the attachments.

CONTENTION 1 - ACCIDENTS I

This contention deals with the "Fuel element clad
failure accident DBA." 1Intervenor contends that Licensee's
analysis of this Design Basis Accident is erroneous because

Licensee assumes that such clad failure would occur at

1/ Attachment 1 contains information concerning the profes-
sional credentials of Licensee's principal Affiant.

)
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a peak fuel element temperature of less than 170°c. Inter-
venor contends that such clad failure would be more likely
to occur at fuel temperatures greater than 400°C and thus
result in a greater gap activity and fission product release
than the HSR (or more correctly) Safety Analysis Report
(SAR)2 postulates.

As the issue is now framed, there can really be no
genuine dispute about what peak fuel element temperature
was used in the preparation of the Safety Analysis Report
(SAR) . This temperature, while not identified in the
SAR in degrees, can r2adily be derived from the percentage
of gap activity. This derivation is articulated in detail
in Attachment 2. The SAR (at page 6-12) clearly reflects
that a fractional release of 0.1% was used. This gap
activity is associated with a fuel temperature greater
than or approximately equal to 600°C. Since Intervenor's
concern is with respect to clad failures at fuel temperatures
in excess of 400°C and with realistic gap activities and
releases for a fuel element clad failure accident DBA,
all of which the Licensee has appropriately considered,
this contention must be summarily dismissed.

CONTENTION 2 - ACCIDENTS II(l) =

Fuel Element Storage Rack Failure

This contention deals with a single fuel element

storage rack failure assumed to be fully-loaded with 12

2/ The language of the contentions refers to the HSR
(Hazard Summary Report) which was filed with the license
application. This document was all that was available
at the time the contentions were drafted. Since that
time, the Safety Analysis Report has been prepared and
filed. The SAR replaces in terms of significance, at
least, the HSR. References in the motion to the SAR are
thus understood to be synonymous with the less comprehensive
and older HSR mentioned in the contentions. CNRS has
indicated that this point of clarification is correct.
See Dr. Stillman's December 18, 1982, Deposit:tion at pp.
17 line 16 through 18 line 1.
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stainless~steel clad TRIGA fuel elements. Intervenor
contends that the SAR does not provide reasonable assurance
that such an accident cannot occur because: 1) no criticality
calculations for a twelve element configuration are provided
and, 2) no statement of experience is cited to indicate/support
the Licensee's claim that it takes approximately 67 stainless-
steel clad TRIGA fuel elements to achieve criticality.
In addicion, the Intervenor coritends that a storage rack
failure accident is of a different kind and a greater
severity than accidents treated in the SAR and ghould
oe categorized as a DBA.

While there may have been some doubt at the time
that this contention was drafted concerning whethe. or
not twelve elements in a worst case neutronic configuration
could achieve criticality and while the Intervenor may
not have been aware at that time of the calculations which
demonstrate the number of elements of the type used at
AFRRI needed to achieve criticality, the record is now
complete. The unrebutted evidence of record (as a result
of Licensee's answers to Intervenor's interrogatories)
demonstrates that a fully-loaded storage rack (containing
12 fuel elements) cannot under any circumstances achieve
criticality. Moreover, the record now contains ample
data demonstrating that approximately 69 stainless-steel
clad TRIGA fuel elements are necessary to achieve criticality.

The data in juestion is summarized in Attachment 3.



In light of the facts now of record, it is obvious
that it is incredible that an unrestrained criticai or
supercritical configuration of stainless-steel clad TRIGA
elements in the reactor pool could be achieved as a result
of storage rack(s) failure. What's more, even if criticality
were somehow achieved, it would be at the bottom of the
reactor pool. There would thus be no deleterious consequences
for the reactor staff or the public.

Licensee submits that Intervenor's contention expresses
specific concerns that have been adequately addressed
by the Licensee. Specifically, the calculations, analysis,
and supporting documentation, the absence of which cites
as a basis for its contention, have been presented and
do, in fact, provide adequate assurances. Further, Inter-
venor's claim that such incid'nts represent accidents
of a different kind and greater severity than those treated
in the Licensee's Safety Analysis Report (SAR) is totally
without support in fact. Therefore, based on the undisputed
evidence of record, this contention must be summarily
dismissed.

CONTENTION 2 - ACCIDENTS II(2) -

Failure of an Experiment

This contention deals with an experiment failure
concurrent with a malfunction of confinement safeguards.
Intervenor contends that such an accident could occur
with releases potentially in excess of regulatory limits
and submits that such accidents are of a different kind

and greater severity than those treated in the AFRRI SAR
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and, therefore should be more properly designated as DBAs.

There never was any significant factual dispute regarding
this contention. In preparing this contention the Intervenor
obviously consulted NRC Docket 50-170 and recorded what
it believed to be the essential facts surrounding past
occurrences at AFRRI. Each of the eleven inconsequential
malfunctions occurred. Not one of them, however, is as
significant as the Intervenor would have the Board believe.
The critical point that must be understood in connection
with this contention is that the Intervenor has failed
to make the connection between occurrences such as these
and releases to the environment. The hurdle which the
Intervenor has failed to pass is one of causation as is
amply addressed in Attachment 4 (which discusses each
of the malfunctions cited by the Intervenor).

The Licensee has illustrated the extreme unlikelihood,
and often inappropriateness, of the Intervenor's cited
malfunctions with respect to their relationship or importance
to confinement isolation, source term generation, and
environmental release. Licensee submits that malfunctions
and failures can occur but that they are extremely unlikely.
If one considers multiple, independent, and concurrent
events--which are, even by the Intervenor's own admission,
necessary for environmental releases to actually occur,

they become incredible. Licensee further submits that



its own history of safe, reliable operation over the last
21 years is evidence more convincing than anyone could

ever present or postulate--particularly in comparison

with a new licensing action for a similar facility  Moreover,
Licensee has demonstrated its in-place system of reviewing,
approving, and limiting experiments and irradiations of
materials with a view towards limiting the consequences

of a release, should one occur. And finally, Licensee

has addressed a worst-case experiment failure with an
assumed total release to the unrestricted environment

from the standpoint of assessing worst-case consequences;
and these conseguences are insignificant by themselves

and certainly miniscule with respect to other accidents
that are also treated in the AFRRI SAR.

In short, Licensee submits that it has adequately
addressed experiment failures with an assumed total release
to the unrestricted environment. Further, Licensee submits
that Intervenor's claim that such accidents are of a different
kind and greater severity than those accidents treated
in the AFRRI SAR is totally without support in fact.

Moreover, Licensee has demonstrated working (and proven)
systems or mechanisms to: 1) adequately identify malfunctions
and failures in a timely fashion; 2) adequately provide

backup systems to protect single malfunctions/failures

from having an impact; 3) limit the probability of single



malfunctions/failures to a reasonable level; 4) make multiple
concurrent malfunctions/failures extremely unlikely; and

5) ensure adequate review and limitation of materials

to be irradiated, illustrating that the consequences of

a release, should one occur, have been adequately evaluated
and have minimal impact on the unrestricted environment

and the general public. Therefore, based on the undisputed
evidence of record, this contention must be dismissed.

CONTENTION 2 - ACCIDENTS II(3) -

Negative Temperature Coefficient

The Intervenor contends that Licensee has failed
to demonstrate that the TRIGA reactor's negative temperature
coefficient of reactivity remains negative when hydrogen
is presumed lost from damaged TRIGA fuel elements. This
must be so, since the Intervenor claims that Licensees
has railed to demonstrate that the negative temperature
coefficient will automatically shut down the reactor;
the only way in which this could occur is if the temperature
coefficient of reactivity somehow becomes zero or positive
with a presumed loss of hydrogen from damaged TRIGA fuel
elements.

The Intervenor has expanded (somewhat) upon its theories
in response to interrogatories and in answers to questions
posed during Dr. Stillman's deposition. As is evident
from the Affidavit of Joseph A. Sholtis included in Attachment
5, the evidentiary basis for this contention is only partly

present. That is, there are a total of three independent



scientific contributors (each of which is negative) associated
with the TRIGA reactor's inherent negative temperature
coefficient of reactivity which acts as an effective reactor
safeguard. Dr. Stillman has addressed only one of those
three contributors. While the Licensee cannot fully agree
that Dr. Stillman's analysis is correct as to the one
contributor in this area that he attempts to answer (since
his postulated loss of hydrogen introduces negative reactivity),
we will assume for purposes of discussion that he is.
Given that assumption, there is no real disagreement concerning
the scientific facts involved. That is, the Licensee
has previously provided (in response to CNRS's Interrogatory
6) evidence which addresses all three major scientific
contributors. This prior submission coupled with the
affidavit in Attachment 5 provides ample basis upon which
to permit the Board to decide.

In summary, Licensee has demonstrated that the TRIGA
reactor's temperature coefficient of reactivity will always
be negative and inherent, regardless of whether the TRIGA
fuel is damaged and hydrogen is presumed lost or not.
Licensee has also illustrated the extreme unlikelihood
and difficulty in removing hydrogen from TRIGA fuel which,
even if it were presumed to occur, would still not force
the TRIGA reactor's overall temperature coefficient of
reactivity to a zero or pcsitive value. Licensee has
also demonstrated that each TRIGA fuel element in the

core, which is presumed damaged with an associated loss



of hydrogen, will contribute less and less (with increasing
hydrogen loss) to the core's neutron population, power

level, and fis=ion density. Thus, each will have a suppressed
neutron population, power level, fission density, and

fuel temperature (in comparison with the other undamaged

TRIGA elemerits in core), which will be suppressed more

and more with increasing hydrogen loss. Thus, the consequences
of accidents stemming from damaged TRIGA fuel where hydrogen
is presumed lost cimply cannot become more severe since
conditions are not aggravated but actually reduced in

these damaged elements. Finally, failed TRIGA fuel accidents
are not of a different kind than those accidents that

are treated in the AFRRI SAR, since clad failures are
explicitly treated in the AFRRI SAR. Therefore, Licensee
submits that Intervenor's contention is totally without
support and must be dismissed.

CONTENTION 2 - ACCIDENTS II(4) -

Multiple Cladding Failure Accidents

This contention deals with multiple fuel element
clad failures occurring concurrently in time. Intervenor
contends that concurrent, multiple clad failures have
not been considered in the SAR, and further contends.that
such an accident could result from cladding material defects,
an uncontrolled power excursion, a LOCA, sabotage, aircraft
collision, or a natural "Act-of-God" accident. The Interveno:
also contends that a concurrent multiple clad failure

accident is of a different kind and greater severity than
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those accidents that are treated in the Ar2™I SAR and
should be more properly designated as a DBA. In essence,
therefore, the Intervenor contends that concurrent multiple
clad failures due to their postulated causal mechanisms
are in fact credible.

This entire contention constitutes an attack on Licensee's
SAR and NRC's judgment as expressed in its Safety Evaluation
Report (SER) without basis in fact. This contention is
built entirely upon conjecture for which supporting evidence
in fact has never been provided. The Intervenor claims
that concurrent multiple clad failure events can result,
for example, from clad defects, yet the Intervencr has
characterized such an occurrence as "very unlikely."
(See page 108 lines 19 through 25, inclusive of the transcript
of Dr. Stillman's deposition in New York on 18 Dec 82.)
Moreover, when the Intervenor was asked by the Licensee
in its first-round interrogatory #24b, "Have there been
any prior multiple fuel element cladding failure accidents
in any TRIGA reactor?", regardless of the cause, the Inter-
venor stated, "Not that we know of." The fact of the
matter is that there has never been a concurrent multiple
clad failure accident in the entire history of TRIGA reactors
from any cause. Moreover, concurrent multiple clad failure
accidents are not viewed (by Licensee or the NRC) as being
credible events in a TRIGA reactor and, therefore, designation

of them as DBAs would be absurd.
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In short, the evidence is not, to the extent that
it sts, really in dispute. The Licensee recognizes
the remote theoretical possibility that multiple cladding
failures can occur (see Attachment 6). The Intervenor
suggests but never demonstrates that a number of mechanisme
can in fact produce multiple cladding failures. What
is missing is some sort of credible causal connection
between a postulated initiator and multiple cladding failures.
The Licensee submits that this causal connection is critical
to this contention and in its absence the contention must
be dismissed.

CONTENTION 4 - ROUTINE EMISSIONS I

This contention attempts to show that radioactive
materials produced from TRIGA operations are released
to the environment in violation of federal (10 C.F.R.

20) guidelines. Several examples purport to show that
these guidelines are exceeded because either the equipment,
methods, or reporting systems are not adequate to detect
violations or that limits are, in spite of procedures

used, exceeded.

The Intervenor alleges that AFRRI has "not demonstrated
that airborne and waterborne radioactive emissions from
routine operations and disposal of solid wastes will be
maintained within the limits of 10 C.F.R. 20." 1In support
of this claim the Intervenor states that environmental

monitoring is inadequate to determine radiation doses
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to the publis due to inhalétion or injestion because (a)
film dosimetry detects only external gamma radiation,
(b) the particulate radioactivity monitor for airborne
effluents (a pancake - probe GM counter) is not isokinetic
and therefore cannot be used for meaningful evaluations,
(c) a beta self absorption factor was omitted from calcula-
tions or environmental analysis and (d) a model used to
derive its dose assessments to the environment is not
realistic. These statements, however, fail to show inadequate
environmental monitoring. The succeeding paragraphs will
delineate the errors associated with each of these allegations.
AFRRI does not use film dosimetry for environmental
monitoring. The Intervenor's answer to Licensee's interroga-
tory number 27a.l states: "The use of film to detect
external gamma radiation is a technique that is much inferior
to the use of thermoluminescent dosimeters, whose sensitivity
is much greater and far more reliable.” AFRRI has used
thermoluminescent dosimeters for years and is in fact
pleased that Intervenor's expert witness, Dr. Ernest Sternglass,
agrees that the system in use is a more sensitive, reliable
system.
The air particulate monitoring system is iscokinetic.
The Licensee's answer to Intervenor's Interrogatory 28

shows that the particulate monitoring system is in fact
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isokinetic and is therefore reliable for particulate sampling;
it is used even though it is not required by the license.
Indeed, use of an isokinetic particulate air sampling
system provides for "meaningful evaluation" of air being
exhausted from the reactor facility and generates the
"better data" which the Intervenor says should be available.
AFRRI does in fact continuously sample air downstream
from the high efficiency particulate air filters through
an isokinetic sampling system and in several years of
sampling has not recorded a single instance of escaped
particulate isotopes exceeding 10 C.F.R. 20 limits. This
sampling history includes, of course, "the small amounts
of particulate material mixed with the larger amounts
of Argon" that the Intervenor feels is of concern.

The Intervenor cites an NRC-cited calculational omission
concerning a beta self-absorption factor. In addition,
the Intervenor suggests that its lack of information on
how quarterly environmental samples of water, soil, and
vegetation are prepared and analyzed proves AFRRI's environ-
mental monitoring is inadequate. The NRC did discover
that measurements were made without the use of a beta
self-absorption correction factor. However, even with
the correction factor applied, all releases were well
below all regulatory requirements. There was at no time
a significant possibility of exceeding regulatory limits

since the standard procedure requires specific radionuclide
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analysis if gross concentrations exceed one tenth of the
regulatory limits for unspecified nuclides. As far as
environmental sampling methods are c~ucerned, contrary
to the implications in the stated contention, no items
of non-compliance were found by the NRC during inspections
regarding the methods for preparing and analyzing samples
or the instrumentation used for these purposes.

The concentric cylinder set model, despite the statement
made in this contention by the Intervenor, is not used
to "derive its dose assessments to the environment and
from which it concludes its effluents are within regulatory
limits.” In fact, the entire statement is incorrect.
The concentric cylinder set model only supplements environ-
mental TLD's--it is not itself used to determine compliance
with any regulatory limits. In addition, no responsible
organization including the NRC, has found the model to
be unrealistic and the Intervenor has yet to describe
what it finds to be unrealistic about the mcdel. (See
NUREG-0851, "Nomograms for Evaluation of Doses from Finite
Noble Gas Clouds," W. J. Pasciak, USNRC, January, 1983,
pp. 227-240.)

This contention also expresses great concern about
a small water escape line from the original AFRRI stack.
The line, which contained a water trap, allowed rain water

entering the old stack to drain away. The line led from

15



the base of the stack access, across an equipment area
and through a wall to the outside. When a new, larger
stack was installed, the old stack was rerouted so that
rain no longer entered this section of the stack. The
line, which then became unnecessary, was removed and the
exit point from the stack base was capped. Incidentally,
an analysis (conducted upon discovery of this "problem")
of the air flow in the stack and at the location of the
exit (more than 3 feet below the normal air flow path)
shows that it is not "highly probable" that releases in
excess of 10 C.F.R. 20 Appendix B occurred. In fact,
just the opposite is true. It is highly improbable that
any releases occurred much less any that would have exceeded
10 C.F.R. 20.

In further support of its allegation that the Licensee's
environmental protections are inadequate, the Intervenor
states that airborne release reports for 1962, 1963, and
1964 show that releases from the AFRRI stack exceeded
the MPC concentrations for unrestricted areas. A summary
report prepared from available data in 1972 failed to
show any releases that could violate NRC restrictions.
(This documented evidence has been reviewed during many
subsequent NRC inspections and would surely have resulted
in a Notice of Violation from the NRC had such a violation
actually occurred.) How a letter sent (6 Oct 1961) 8 months
before the AFRRI reactor first went critical can show

evidence of isotopic release to the environment greater
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than that allowed by federal guidelines is certainly curious.
The fact that the Intervenor continues to express concern
with twenty year old data suggests that AFRRI is succeeding
in maintaining its environmental releases at commendable,

not reprehensible, levels. Even in the "worst" of times
(1963 and 1964), the evidence of record demonstrates compli-
ance with 10 C.F.R. Part 20 limits (not noncompliance

as suggested by the Intervenor in its statement that whole
body doses in unrestricted areas exceeded 0.5 rem) .

In summary, the evidence before the Board clearly
demonstrates that the Licensee's environmental monitoring
methods, equipment, and (most importantly) results are
fully in accord with the regulatory requirements of the
Commission. Hence, the Licensee submits that this contention
must be dismissed.

CONTENTION 5 - NEPA I

CONTENTION 6 - NEPA II

These two contentions are directed principally to
the attention of the NRC Staff. Both contentions allege
defective compliance by the Staff with the provisions
of the National Environmental Policy Act (NEPA) found
at 42 U.S.C. 4321 et seq. The statute requires an evaluation
of some sort in connection with "... major Federal actions
significantly affecting the quality of the human environment
«++" (42 U.S.C. 4332(2)(c)). The NRC has, by regulation
(10 C.F.R. Part 51), established a scheme by which it

decides what level of evaluation is required in a particular
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licensing proceeding. The NRC Staff accomplished (in
January of 1982) an "environmental impact appraisal" (EIA)
in which it documented its basis for a "negative declaration."
That is, based on the EIA, the Staff determined that an
"environmental impact statement"™ (EIS), which is a detailed
statement prepared by the NRC to comply with the provision
of NEPA cited above, is not requiired prior to renewal
of this license. 1In making this d»termination, the NRC
Staff had before it, among other things, the "environmental
report"” submitted by the Licensee as part of its application
for license renewal as well as a twenty year historical
record on this particular facility.

The Staff then properly applied 10 C.F.R. 51.5 to
the relevant environmental facts. That section identifies
eleven instances in which an EIS is required. All of
the specifically identified instances are clearly of far
greater significance than the renewal of a license for
a comparatively small research reactor. The twelfth instance
is a "catch-all" instance in which actions not specifically
identified may be subjected to the detailed analysis of
an EIS. The Staff evidently determined that this action
was not of such a magnitude to require an EIS.

The .ntervenor asserts that, based on an inadequately
prepared EIA, the Staff erroneously concluded that an
EIS was not required. It should be recognized that these
contentions were both prepared well before the Staff had

prepared and published its EIA. The Licensee submits
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that, with the publication of the EIA, the NRC Staff has
properly discharged its duties under NEPA. Hence, Contention
6 (NEPA II) should be dismissed. Contention 7 (NEPA I)
should likewise be dismissed since it relies for its analysis
of the requirement for an EIS (presumably under 10 C.F.R.
51.5(a) (12)) on the totality of the Intervenor's other
contentions, which as is evident from this motion, should
also be dismissed.

CONTENTION 7 - SECURITY

This contention suggests that, for two categories
of reasons, physical security at AFRRI is so inadequate
that the reactcr license should not be renewed. First,
the Intervenor asserts that the Physical Security Plan
is inadequate.3 Second, the Intervenor asserts (citing
examples) that the Licensee's "history of security violations"

demonstrates that the "controlled access areas" are ineffec-

tively protected.
As the Board noted in its Order of August 31, 1981,
at page 13, the security issues were to be restricted

to the building at AFRRI (Building #42) in which the reactor

3/ This portion of the contention may well have been
dropped by the Interveno-. The Physical Security Plan
prepared by the Licensee and subsequently approved by

the NRC is protected, for obvious reasons, from disclosure
to the general public (10 C.F.R. 2.790(d)). As of the
present, despite offers by the Licensee to have a properly
qualified physical security expert review the plan, no

such review has occurred. Moreover, none of the allegations
of inadequacy have addressed the supposed shortcomings

of the Physical Security Plan.
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is located. None of the five examples cited by the Intervenor
relate specifically to the reactor facility in Building
#42, and thus are of little consequence. Indeed, the
reactor facility and its controlled access area were not
questioned by the Defense Audit Service (DAS) in what
is still a "draft" audit report as being deficient in
physical security or having been mismanaged.

The physical security protection standards required
of licensees who possess special nuclear material of moderate
or low strategic significance (AFRRI's is low) relate
principally to detection of breaches of physical security.
As is indicated in 10 C.F.R. 73.67(a) (2) (i)-(iv) a physical
protection system providing for "early detection and assess-
ment of unauthorized access or activities by an external
adversary;" "early detection of removal of special nuclear
material;" and nctification to NRC and "appropriate response
forces of its removal in order to facilitate its recovery"
suffices for facilities such as AFRRI's. None of the
examples cited by the Intervenor demonstrate that the
regulatory standards alluded to above are not being met
at AFRRI. In other words, the Intervenor has shown nothing
that would indicate that the NRC's approval of AFRRI's
Physical Security Plan was erroneous. Indeed, the first
two of Intervenor's examples communicate the fact that
mechanisms exist by which access can be "controlled" in

a manner which assures AFRRI's ability to achieve early
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detection. In summary, the evidence of record demonstrates
clearly that the regulatory requirements have been met
and thus this contention must be dismissed.

CONTENTION 8 - ACCIDENTS III

This contention deals with multiple clad failures
postulated to be caused by either a power excursion or
a LOCA such that sudden elevated temperatures occur in
turn causing multiple clad failures followed by either
an explosive zirconium-steam interaction or an explosive
zirconium-air interaction, respectively, depending on
the accident initiator being either a power excursion
or a LOCA. The Intervenor contends that such accidents
constitute "maximum credible accidents beyond the design
basis of the reactor (class 9 accidents)" but that they
nevertheless can be expected to occur at the AFRRI reactor.
Even though the Licensee has demonstrated that multiple
clad failures due to a power excursion or a LOCA are not
credible elsewhere in this Motion on contentions 9. Accidents

IV, and 2. Accidents II.4, and although the Licensee has

also demonstrated that it is extremely unlikely that signifi-
cant amounts of hydrogen can be driven out of failed TRIGA

fuel contention 2. Accidents II.3, the impossibility of

explosive zirconium-steam or zirconium-air interactions
occurring even at elevated temperatures in TRIGA fuel
must still be discussed. The Intervenors have pointed

this out as their primary area of concern.
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First, before beginning the discussion of zirconium-
steam and zirconium-air interactions in TRIGA fuel, one
very interesting point should be made. That is, the Inter-
venor's own wording of this contention classifies thecse
events as "maximum credible accidents beyond the design
basis of the reactor (class 9 accidents)" and yet also
submits that these postulated "maximum credible accidents
beyond the design basis of the reactor (class 9 accidents)"
can nevertheless be expected to occur at the AFRRI reactor.
Licensee is at an obvious loss in trying to resolve this
clear contradiction. That is, how can accidents which
are admittedly "beyond the design basis" possibly be "expected
to occur"? The Intervenor seems to suffer from the same
problem. When the Licensee asked the Intervenor's technical
consultant, Dr. Irving Stillman, "Can accidents which
are, by your own admission and contention, which are beyond
the design basis, actually be expected to occur?", Dr.
Stillman replied "Yes." Further, when Licensee followed
up on this line of questioning during the deposition of
Dr. Stillman in New York on 18 Dec 1982, by asking Dr.
Stillman, "You feel that it could happen over the lifetime
of the facility?", Dr. Stillman replied, "Yes, obviously."
And yet when Licensee continued by asking Dr. Stillman,
"Has it ever occurred at any TRIGA reactor facility that
you are aware?" Dr. Stillman replied, "No, not that we

know of ." (S-e page 131 lines 9 through 25, inclusive,
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of the transcript of Dr. Sfillman's deposition taken in
New York on 18 Dec 82.) Moreover, when the Licensee asked
Dr. Stillman to put a qualitative estimate of likelihood
on whether explosive zirconium-steam or zirconium-air
interactions would occur at AFRRI if clad failures and
elevated temperatures were presumed to exist, Dr. Stillman
characterized such interactions as being "Unlikely."
(See page 132 lines 1 through 24, inclusive, of the transcript
of Dr. Stillman's deposition in New York on 18 Dec 1982.)
The Licensee submits that multiple clad failures alone
are not credible. Even if multiple clad failures did
occur, along with elevated temperatures, the explosive
7irconium-steam and zirconium-air interactions are simply
not possible. (See General Atomics Report #GA-Al5384,
"TRIGA Low-Enriched Uranium Fuel Quench Tests," by J.R.
Biddlecome, et al., GA Project No. 4314, July 1980. See
also, "Fuel Elements for Pulsed TRIGA Research Reactors,"
by M. T. Simnad, et al., Nuclear Technology, Vol 28, January
1976, pp. 31-56 at page 37. Both of these documents are
contained in Attachment 7.

Very simply stated explosive zirconium-steam and
zirconium-air interactions simply cannot occur for TRIGA
fuel at AFRRI. This statement is based on actual experiments
performed by General Atomics. 1In one of these experiments,
unclad U-ZrHx fuel slugs were heated inductively up to
1200°C and then imrediately quenched in water. No zirconium-

steam interaction resulted even though hydrogen was driven
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off. 1In fact, only minor surface slug cracking resulted.
For the other experiment series, again unclad U-ZrHx fuel
slugs were inductively heated up to a temperature of 850°¢
and then air was introduced into the chamber. Here also,
no explosive zirconium-air interaction occurred. These
experiments are detailed in the reports in Attachment
7.

It is extremely noteworthy that during the deposition
of Dr. Irving Stillman that when Licensee asked Dr. Stillman:
"Do you have any documentation that shows that explosive
zirconium-steam and/or zirconium-air interacticns do or
can occur for TRIGA fuel?" Dr. Stillman replied, "No,
not for TRIGA fuel I don't." (See page 132 line 25 through
page 133 line 2, inclusive, of the transcript of Dr. Stillman's
deposition taken in New York on 18 Dec 1982.)

It is also noteworthy that the Intervenors are aware
of the General Atomics experiments which refute the possibility
that explosive zirconium-steam and zirconium-air interactions
can occur in TRIGA fuel and yet "poo-poo" these results
and try to disclaim them. (See Intervenor's response
to NRC Staff request for admissions #9 where Intervenors
state, "Tests of chemical reactivity (such as those described
in your assertion) were performed with TRIGA fuel elements
at the General Atomic Corp. Laboratories. To have complete
confidence in their results would be comparable to asking

the tobacco industry to determine the effect of cigarette
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smoking on the incidence of lung cancer. In other words,
General Atomic is the manufacturer of both the TRIGA-reactor
and its fuel elements, hardly an impartial scientific
study is to be expected.") On the other hand, though,
when the Intervenor supplemented its responses to Licensee's
first round interrogatories #35g and 35i, the Intervenor
stated in both responses, "To the best of our knowledge,
General Atomic Company has not attempted such experiments
even though they are ideally set up to perform them."
The Licensee submits that the Intervenor is, at best,
confused or, at worst, will only accept that information
which is agreeable to itself.

In summary, the Licensee has demonstrated elsewhere
in this Motion that multiple clad failures are not credible
for power excursions or a LOCA since conditions for causing
such clad failures cannot be attained. Licensee has also
demonstrated, elsewhere in this Motion, the extreme difficulty
and, thus, extreme unlikelihood of driving significant
amounts of hydrogen from failed TRIGA fuel. Moreover,
the Licensee has demonstrated for its reactor that even
if multiple clad failures and elevated temperatures are
presumed, explosive zirconium-steam or zirconium-air inter-
actions will not occur. The Licensee submits that the
experiments performed by General Atomics on such chemical
reactions serve as proof to substantiate this claim of

impossibility. The Licensee submits that the Intervenor's
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clains under this contention are totally without support.
Therefore, based on the discussion provided herein and
the results of the cited General Atomics experiments,
this contention must be summarily dismissed.

CONTENTION 9 - ACCIDENTS IV

This contention deals with a presumed LOCA, where
the core becomes uncovered. The Intervenor contends that
if core uncovering occurs concurrently with pulsing operation,
that multiple clad failures could result.

There is no real disagreement among the parties that
the multiple cladding failures postulated by the Intervenor
can only be achieved after elevating the fuel temperature
drastically over a substantial time interval. Part of
this increase in fuel temperature, according to the Intervenor's
hypothesis, comes from the "loss of cooling and shielding
water"™ (or LOCA). The other part comes from the repeated
continuation of pulsing operation during the LOCA. Indeed,
the scenario advanced by the Intervenor demands a LOCA
coupled with repetitive pulsing. The heart of the disagree-
ment is whether or not all of these conditions can occur
simultaneously (if at all).

The Licensee has demonstrated (in Attachment 8 hereto)
that numerous safeguards must fail (extremely unlikely)
and gross operator error must be assumed to permit the
selective and fast repetitive firing out of the transient

control rod during a LOCA. However, even if this incredible
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series of events and malfunctions were nevertheless presumed
to occur, the Licensee has still demonstrated that actual
repetitive pulses cannot occur at a frequency greater
than about one every 10 seconds by which time fuel temperatures
will have basically recovered to ambient conditions
The Licensee, morecver, has demonstrated that uncovered
fuel regions cannot effectively contribute to fission,
and, thus, fuel temperatures in such uncovered regions
cannct become aggravated any further, i.e., beyond the
conditions that are posed as a result of the LNCaA by itself.
The Licensee submits, therefors, that the Intervenor's
claims under this contention are totally without support.
Licensee further submits that its LOCA analyses within
the AFRRI SAR together with a Fformer LOCA analysis submitted
under Docket 50-170 in 1964-65 as part of a previous license
amendment are true, realistic, and, in fact, conservative
and provide reascnable assurance that no clad failures
are expected in conjunction with a LOCA at AFRRI.

CONTENTION 10 - ROUTINE EMISSIONS II

This contention was originally part of what is now
Contention 4 - Routine Emissions I. In essence, the Inter-
venor alleges in Contention 10 additional examples of
historical events at AFRRI that supposedly demonstrate
that radiation monitoring methods are inadequate and that
prior violations of regulatory limits did result fron

routine reactor operations.
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The Intervenor argues that annual doses to the general
rblic have previously exceeded 0.5 rem. In support of
this argument, the Intervenor identifies three AFRR1 Environ-
mental Release Data and Perimeter Monitoring Reports (dated
5/27/66, $/20/66, and 12/14/714) and an Autumn, 1979,
written communication from AFRRI to Mr. Joe Miller, a
member of CNRS

Licensee submits that there is no material issue
of fact that remains as to this contention. AFRRI's reports
to the AEC/NRC speak for themselves. Properly understood,
these reports demonstrate that the conclusion reached
in other documents in Docket 50-170 are correct. For
example, the NRC Staff concludes at section 12.9 of its
SER that:

The results of the environmental radiation dosimeters

(£ilm or TLD) located on the NNMC grounds have

averaged less than 3 mrems/yr for the last 10

years. The average of the highest individual

readings for the last 10 years is less than

15 mrems/yr.
In addition, the NRC Staff dealt with and adequately explained
(at SER Section 12.9) the significance of 1-5 mrems/hour
dose rate and the high environmental monitoring station
reading reported or 12/14/71 as follows:

During the 1960's AFRRI operated an x-ray facility

in support of its research program, and a nearby
perimeter monitoring station cogsisteqtly gave

4/ Wwhile this date is given as 12/14/77, Licensee
suggests that 1971 is the year intended by the
Intervenor.
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a reading much higher than any other, or the

average of the others, in the perimeter monitoring

set. Both because of the proximity of the x-

ray lab and because there is no credible way

the reactor airborne effluents could always

flow toward the station, it is concluded that

readings at that detector station were not related

tc the reactor or other NRC-licensed operations.

In short, it is clear from an examination and proper
interpretation of the evidence of record that no material
disagreement of fact remains and that this contention
must be dismissed.

CONCLUSION

As is clear from this motion and its attachments,
the vast majority of the issues before the Board in this
preoceeding are no longer the subject of a jenuine dispute
from a factual point of view. While there was clearly
a great deal at issue at the time the contentions involved
were admitted, the discovery process has provided data
which narrows the focus of this dispute considerably.

The Licensee therefore requests that the Board dismiss
Contentions 1, 2, 4, 5, 6, 7, 8, 9 and 10. The Licensee
further suggests that a suitable schedule for the disposition

of Contention 3 be established.

Respectfully submitted,

%‘) Cc RI%EARD
Deputy General Counsel

Defense Nuclear Agency
Counsel for Licensee

29



ATTACHMENT 1




1970

1977

1977 -

1980

1975

1978

1968
1972

1973

1973

1975
1976

1976

1977

Oualifications/Resume

JOSEPH A, SHOLTIS, JR., MAJOR, USAF

Armed Forces Radiobiology Research Institute (AFRR])
Radiation Sciences Nepartment (RSD)
Radiation Sources Nivision (RSRS)

Naval Medical Command, National Capital Pegion
Bethesda, Maryland 20814

PROFESSIONAL CIVILIAN FNUCATION

B.S. Nuclear Engineering, The Pennsylvania State l/niversity, University Park,
PA. (Nistinguished Military Graduate). GPA: 2.9

M.S. Nuclear Engineering, The University of New Mexico, Albuquerque, NM.
GPA: 4.0
Ph.D. Course work, Nuclear Engineering, The University of New Mexico,

Albuquerque, NM. GPA:4.0

PROFESSIONAL MILITARY ENUCATION

USAF Squadron Officer School, Maxwell AFB, AL. (via correspondence).

LUSAF Air Command and Staff College, Maxwell AFB, AL. (via non-resident
seminar at Kirtland AFR, NM).

CIVILIAN & MILITARY COURSES/TRAINING

Log.: & Event Tree Ana'ysis, California State College, California, PA.

Advanced Nuclear Power Plant Technology, Georgia Institute of Technology,
Atlanta, GA.

Essentials of Fluid Mechanics: Statics and NDynamics of Fluid Flow, Air Force
Institute of Technology, Wright-Patterson AFB, OH.

Nu~lear Weapons Effects, Air Force inctitute of Technology, Wright-Patterson
AFB, OH,

USAF Laboratory Management of R&D Procurement, Kirtland AFR, Nv.
USAF Nuclear Accident Nisaster Preparedness, Kirtland AFR, NM,

Environmental Impact Statements for the NoD, General Services Administration,
Dallas, TX.

Nuclear Criticality Safety short course and laboratory work shop, !'niversity of
New Mexico and Los Alamos Scientific Laboratory, Los Alamos, NM and Taos,
NM,



1981

1982

1983

1982 -
Present

198] -
1982

1980 -
1981

1978 -
1980

1974 -
1978

1971 -
1974

1968 -
1971

Medical Effects of Nuclear Weapons, Armed Forces Radiohiology Research
Institute, Rethesda, \N.

Nuclear Weapons (advanced course), Interservice Nuclear Weapons Scacol,
Kirtland AFR, NM,

Balli: :ic Missile Staff Course, ''SAF Air |Iniversity, Vandenberg AFR, CA.

PROFESSIONAL EXPERIENCE

Chief, Radiation Sources Division and Reactor Physicist-In-Charge, Armed
Forces Radiobiology Research Institute, Rethesda, MDN.

Reactor PRranch Chief and Peactor Physicist-In-Charge, Armed Forces
Radiobiology Research Institute, Rethesda, D,

Research Reactor Operations Officer, Armed Forces Radiobiology Research
Institute, Bethesda, MN.

UISAF laboratory Associate and DoD Member of the Technical Staff, Advanced
Reactor Safety Division, Sandia National Laboratories, Albuquerque, NM,

Chief, Space Nuclear Systems Safety Section, Air Force Weapons Laboratory,
Kirtland AFB, NM,

Foreign Aerospace Nuclear Power Systems Analyst, Foreign Technology Division,
Wright-Patterson AFR, OH.

Mine Safety Analyst/Statistician, 11.S. Bureau of Mines, Pittsburgh, PA,

COMMITTEES, CONSULTANTSHIPS, AND SPECIFIC PROJFCT EXPERIENCF

1971 -
1974

1971 -

1974

1974 -
1976

Identified, Evaluated and Characterized the Nesign Performance Capabilities of
Foreign Ground and Aerospace “uclear Power Systems, including the Soviet
"Romashka" and "Topaz" Space Reactors, Foreign Technology Division, Wright-
Patterson AFR, OH.

Briefer: "The Soviet Technological Challenge," Foreign Technology Division,
Wright-Patterson AFB, OH.

Project Officer, Feasibility and Safety Analysis and Component Testing of
Nuclear Propulsion and Power Systems for the [/SAF, Air Force Weapons Lab,
Kirtland AFR, NM,



1974 -
1978

1974 -
1978

1975 -
1976

1976 -
1978

1976 -
1978

1976 -
1978

1976 -
1977

1976 -
1978

1976 -
1978

1976 -
1978

1978

1978 -
1980

197% -
1980

Project Officer, Nuclear Safety/Risk Assessments for the Launch of U.S. Space
Nuclear Power Systems, Air Force Weapons Lab, Kirtland AFR, NM,

Technical Advisor, Interagency Nuclear Safety Review Panels for the the Viking
A & B, Lincoln Experimental Satellites 8/9, Pioneer 10 & 11, and Voyager ! & 1l
Launches; Air Force Weapons Lab, Kirtland AFR, NM, HO, UUSAF, Washington,
N.C., HO Air Force Systems Command, Andrews AFR, MD, NASA-Kennedy
Space Center, and NASA-Houston Space Center.

Member, NoN Tri-Service Working Group on Nuclear Power for the Nol.

Technical Advisor, Blue Ribbon Pane! on Advanced Space Power Systems for the
NoD in the 1989's and Reyond, HQ, USAF, Washington, N.C.

Project Officer, AFSATCOM I/l Nuclear Safetv/Risk Fvaluation ana
Environmen:al Impact Statement, Air Force Weapons Lab, Kirtland AFB, NM,

Member, New Mexico Governor's Panel (New Mexico Erergy Resource Registry)
on Fnergy and Scientific Manpower Resources, Santa Fe, NM,

Evaluation Team Member, Procurement of Kilowatt Isotopic Power System
(KIPS) for DoN/DoF/NASA Space Use, Germantown, MD.

Inspector, Kirtland AFR Nuclear Nisaster Preparedness
Inspection/Implementation Team, Kirtland AFR, N'A,

Member, Vlark 12/12A Reentry Vehicle Test Launch Search and Recovery Team,
Enewetak Atoll.

Lead Project Officer, Safety Fvaluation of the Space Shuttle Launch Vehicle, Air
Force Weapons Laboratory, Kirtland AFB, NM,

Member, Nuclear Weapons Stockpile INRAD Survey Team, Air Force Weapons
Laboratory, Kirtland AFB, N\,

Technical Advisor, PoE/NRC Probabilistic Risk Assessment Review Group.

Technical Advisor, Reactor Safety Committee, Sandia National Laboratories,
Albuquerque, N\,



1978 -
1980

1978 -
1980

1978 -
1980

1979 -
1980

1981 -
Present

198] -
Present

1981

1983 -
Present

1980
1981

Member
Member
Member
Member
Member

Member

Principal Investigator, Accident Initiation and Engineered Safety Systems:
LMFBR Accident Delineation Study, Sandia National !aboratories, Albuquerque,
NM.

Project Officer, Characterization of Sandia Lab's Annular Core Research
Reactor (ACRR) Performance Characteristics, Sandia National Laboratories,
Albuquerque, NM,

Project Officer, Evaluation of LMFBR Transient Overpower (TOP) Accidents and
Their Initiators & Proposal of In-Plle Fxperimentation to Study TOP Accident
Progression and Phenomenology, Sandia National Laboratories, Albuquerque, NM.

Lecturer, The Three-Mile Island Unit 2 Accident, Albuquerque, NM,

Member, AFRRI Reactor and Radiation Facility Safety Committee, Armed
Forces Radiobiology Research Institute, Rethesda, MN.

Instructor: "Principles of lonizing Radiation" and "Electromagnetic Pulse" units
of Medical Effects of Nuclear Weapons Course, Armed Forces Radiobiology
Reserach Institute, Bethesda, D).

Member, Cobalt-60 Recovery Team: Project HERMAN, Armed Forces
Radiobiology Research Institute, Bethesda, MD.

Invited Lecturer: "Principles of lonizing Radiation" w¢nit of Military Applied
Physiology Course, Uniformed Services University of the Health Sciences, Naval
Medical Command, National Capital Region, Bethesda, MD.

CERTIFICATION

USNRC Reactor Operator, License No. OP5363
USNRC Senior Reactor Operator, License No. SOP3942

PROFESSIONAL AFFILIATIONS

: American Nuclear Society (ANS)

: TRIGA Reactor Owners/Users/Operators Group

: Test, Research, and Training Reactors (TRTR) Organization

: American Association for the Advancement of Science (AAAS)
: New York Academy of Sciences (NYAS)

: The Planetary Society



Member: Americans for Rational Energy Alter: atives (ARFA)
Member: Scientists and Fngineers for Safe Secure Energy (SF-2)
Member: Society of American Military Engineers (SAME)

Associate
Member (NomineeBAmerican Society of Mechanical Fngineers (ASMF)

PUBLICATIONS

Sholtis J A, Jr. "The Dissociating Gas Power Cycle (U))," Foreign Technology Division
Bulletin, Foreign Technology Division, Wright-Patterson AFB, OH, 16 Apr 1974,
(SECRET/NOFORN).

Sholtis J A, JR. Title Classified, Foreign Technology Division Bulletin, TCS-384491/74,
SAO/FTD-SP-13-01/06-74, Foreign Technology Division, Wright-Patterson AFB, OH,
14 May 1974, (TOP SECRET). -

Sholtis J A, JR. "Soviet Aerospace Nuclear Reactor Technology (1')," Contribution to
Defense Intelligence Agency Task T70-02-01R, "Soviet Nuclear Power Technology
(U)," Foreign Technology Division, Wright-Patterson AFB, OH, 3! Oct 1972,
(SECRET/NFM),

Sholtis J A, Jr. "Aerospace Nuclear Reactor Technology - Western Europe (U),"
Contribution to Defense Intelligence Agency Task T74-02-09, "Nuclear Power
Technology - Western Europe (U))," Foreign Technology Division, Wright-Patterson
AFB, OH, 31 Oct 1973 (SECRET/NFD/NDA).

Sholtis J A, Jr. "Radial and Axial Neutron Flux Profiling for Small Heterogeneous
Reactor Cores by Redistribution of Fuel," AFWL-TR-75-246, Air Force Weapons
Laboratory, Kirtland AFB, NM, Mar 1976.

Sholtis J A, Jr. "Empirical Correlation Describing the Impact Response of Two-Foot
Niameter Spheres with Internal Fnergy Absorbing Material Simulating an Airborne
Reactor Containment System," AFWL-TR-76-93 (Rev.), Air Force Weapons
Laboratory, Kirtland AFR, NM Aug 1976.

Sholtis J A, Jr. "Description and Analysis of Kilowatt Isotope Power Systems (KIPS)
Under Developinent for Space Application in the 1980's, "AFWL-TR-76-207, Air
Force Weapons Laboratory, Kirtland AFB, NIM, Feb 1977.

Holtzscheiter E W, Kelleher N, Mitchell G, Crawford M L, and Sholtis J A, Ir. "Safety
Methodology for Space Nuclear Systems," AFWL-TR.77-104, Air Force Weapons
Laboratory, Kirtland AFB, NM, Oct 1977,

Sholtis J A, Jr. "Preliminary Safety and Environmental Assessment (PSEA) of a Nuclear-
Powered Strategic Satellite System (SSS)," Internal Air Force Weapons

Laboratory/DYVS Report, Air Force Weapons Laboratory/DYVS, Kirtland AFR, NAf,
1 Jul 1978,

Sholtis J A, Jr. "Synchronous Satellite/Spacecraft Collision Probabilities,” Internal Air
Force Wegapons Laboratory/NSQO Technical Peport, Air Force Weapons
Laboratory/NSQ, Kirtland AFB, NM, 8 Oct 1976.



Sholtis J A, Jr. "Economic Impact to the U.S. of No Breeder Reactor Program (LMFRR)
and No Reprocessing of Spent Nuclear Fuel Over the next Thirty Years," paper
presented at the First DoF Nuclear Nata Conference, Albuquarque, NM, Oct 1977.

Sholtis J A, Ir. "Environmental Impact Statements for 1!.S. NoD Space Nuclear Systemi;,"
USAF Nuclear Surety Information, Vol 12, No. 45, Jul-Sep 1978,

Sholtis J A, Jr. and Crawford M L. "Preorbital Risk Assessments for the Launch of 11.S.
Space Nuclear Systems," Internal Air Force Weapons laboratory/PNY VS Report, Air
Force Weapons Lab/NYVS, Kir:.and AFB, NM, Oct 1978.

Sholtis J A, Jr. "Simulated Response of an Airborne Reactor “ontainment System to
Impact," paper presented at the American Nuclear Society 1977 Western Regional
Student Conference, 23-2 Mar 1977, Oregon State University, Corvallis, OR.

Shoilis J A, Jr. "Mission, Nesign, and Safety Considerations of Aircraft Nuclear Propulsion
for the DoD, "Independent M.S. Study PReport, University of New Mexico,
Nepartment of Chemical and Nuclear Fngineering, Albuquerque, NM, Jun 1977,

Sholtis J A, Ir. "Impact Testing and Analysis of Airborne Reactor Centainment Vessels,"
paper presented at the University of New Mexico, Chemical and Nuclear
Fngineering Seminar, Albuquerque, NM, 22 Mar 1977,

Williams D C, Sholtis J A, Jr., Rios M, Varela D W, Worledge N H, Conrad P W, and
Pickard P S. "LMFBR Accident Nelineation Study: Approach and Preliminary
Results," Sandia National Laboratories, Albuquerque, NM, paper presented at the
ANS/ENS International Meeting on First Reactor Safety Technology, Seattle, WA,
19-23 Aug 79.

Varela D W, Sholtis J A, Jr., and Worledge D H. "Justification for Low-Ramp Transient
Overpower (TOP) Experiments,” Sandia National Laboratories Technical Report to
J.E. Powell and the Nuclear Regulatory Commission Office of Advanced Reactor
Safety Research, Sandia National Laboratories, Albuquerque, NM, 26 Mar 1979.

Williams D C, Varela N W, Worledge D H, and Sholtis J A, Jr. "Delineation of LMFBR 'n-
Core Accident Phenomenology,” SANN79.0113A, Sandia National Laboratories,
Albuquerque, NM, Aug 1979.

Sholtis J A, Jr., Rios M, Worledge N H, Conrad P W, Williams N C, Varela N W, and
Pickard P S, "LMFBR Accident Delineation Study, FY 79 Interim Report," SANN79-
0100A, Sandia National Laboratories, Albuauerque, NM, Aug 1979,

Sholtis J A, Jr. "Analysis of the COSMQS 954 Reentry (U)," Internal Air Force Weapons
Laboratory/NSCM Report, Air Force Weapons Lab/NSCM, Kirtland AFR, NM, (ConSideitial ).

Rios M, Sholtis J A, Jr., Williams D C, Conrad P W, and Pickard P S. "LMFRR Accident
Delineation Study, Phase IA Final Report, Sandia National Laboratories,
Albuquerque, NM, | Oct 1978,

Williams D C, Sholtis J A, Jr.,, Conrad P W, and Pickard P S. "LMFBR Accident
Delineation Study, Phase I Final Report," NIJREG/CR-1507, SANNR0-1267, Sandia
National Laboratories, Albuqueraue, NM, 15 Nov 1980,



Sholtis J A, Jr. "LMFRR Accident Nelineation: Nevelopment of the Methodology and its
Aoplication to Transient Overpower (TOP) Accidents, SANNS80-1413, NIIREG/CR-
1550, Sandia National Laboratories, Albuquerque, NM, 1980,

Williams D C, Sholtis J A, Jr., and Sciacca F W. "LMFRR Accident Nelineation and the
Evaluation of Research Priorities," SANDR0-1634A, TANSAO-35-1-676 (1980), Vol
35, Sandia National Laboratories, Albuquerque, NM, paper prosented at the 1980
ANS/ENS International Conference on Fast Reactor Safety, 16-21 “ov 1980,
Washington, N.C.

Sciacca F W, Sholtis J A, Jr., and Williams D C, "LMFRR Accident Melineation Study:
Assessment of Post-Acrident Phenomenology,” TANSAO-35-1-676 (1980), Vol 35,
ISSN: 0003-018X, pp. 386-387, Sandia National Laboratories, Albuquerque, NM,
paper presented at the 1980 ANS/ENS International Conference on Fast Reactor
Safety, 16-21 Nov 1980, Washington, N.C.

Sholtis J A, Jr. "Nuclear Criticality Safety Analysis of Hypothetical AFRRI-TRIGA Fuel
Element Storage Rack Accidents," Internal Armed Forces Radiobiology Research
Institute/SSD  Memorandum for Record, Armed Forces Radiobiology Research
Institute/SSD, Rethesda, MN, 19 Jan 19%1.

Sholtis J A, Jr. and Moore M L. "Reactor Facilitv, Armed Forces Radiobiology Research
Institute," AFRRI-TR2].2, Armed Forces Radiobiology Research Institute,
Bethesda, \1D, May 1981.

Sholtis J A, Jr. "Analysis of Cocked Fuel Flements in the AFRRI-TRIGA Mark-F
Reactor," Armed Forces Radiobiology Research Institute, Bethesda, MD, paper
presented at the 8th TRIGA User's Conference, 8-10 Mar 1982, Idaho Falls, ID.

Moore M L and Sholtis J A, Jr. "AFRRI Reactor Relicensing Effort,” Armed Forces
Radiobiology Research Institute, Bethesda, MM, paper presented at the 8th TRIGA
User's Conference, 8-10 Mar 82, Idaho Falls, ID.

Sholtis J A, Jr. "Analysis of the Consequences of a Hypothetical Worst-Case Reactivity
Excursion (i.e., Inadvertent Pulse) While Operating the AFPRI-TRIGA Reactor in
the Steady-State Mode at Full Power (1.0 Mwt), "Internal Armed Forces
Radiobiology Research Institute/SSD Memorandum for Record, Armed Forces
Radiobiology Research Institute/SSN, Rehtesda, MDN, 5 Feb 22,

Sholtis J A, IJr. "Xenon PBRuildup and Associated Negative Reactivity Worth
Neterminations over Time during AFRR] Reactor Power Operations as well as after
Scram," Internal Armed Forces Radiobiology Research Institute/RSRS-Reactor
Technical/Operational DNata Report, Armed Forces Radiobiclogy Research
Institute/RSR S-Reactor, Bethesda, MN, 1982,

Sholtis J A, Jr. "AFRRI Emergency Evacuation and Fire Plan,” Armed Forces
Radiobiology Research Institute Instruction 3020.2G, Armed Forces Radiobiology
Research ['stitute, Rethesda, MDD, 30 Sep 82.

Sholtis J A, Ir. Responses to NRC Staff Ouestions concerning the "AFRR| Reactor
Facility Safety Analysis Peport (SAR)," Facility License R-84, Nocket No. 50-170,
incorporated as an addendum to the AFRRI SAR dated Jun %1, Rethesda, M, 9 Oct
g1.



Sholtis J A, Jr. "Emergency PLan for the AFRRI-TRIGA Reactor Facility," License R-84,
Nocket No. 50-170, Armed Forces Radiobiology Research Institute, Rethesda, MN,
Oct 1982,

Smoker R R and Sholtis J A, Jr. "AFRR] Radiation Sources Nivision Instructions RSD 5-1
through 5-9 inclusive,” Armed Forces Radiobiclogy Research Institute/RSRS,
Bethesda, MD, dates on individual RSD Instructions vary from 1980 through 1981.

Numerous responses to intervenor (CNRS) interrogatories under the contested AFRRI
Reactor license renewal proceeding before USNRC.

Numerous one-time and recurrent monthly, quarterly, and annual technical progress
reports and project status reports over the last twelve years.

HONORS, AWARDS, AND ACCOLANES

1965 Elected to National Honor Society

1965 Selected for Washington County, PA, Gifted Student Program at California State
College, California, PA

1966 Honor Graduate, Monongahela High School, Monongahela, PA
1969 Vice-Commandant's Award, AFROTC Field Training, Plattsburgh AFB, NY

1970 Commissioned 2Lt, 1'SAF, Distinguished Military Gradua*e, The Pennsylvania
State University, University Park, PA

1971 National Nefense Service Medal

1972 Junior Officer of the Quarter, Foreign Technology Division, Wright-Patterson

AFB, OH
1972 Air Force Systems Command, Certificate of Merit
1974 Air Force Commendation Medal

1975 USAF Outstanding ''nit Award

1576 Air Force Commendation Medal, Ist Oak Leaf Cluster

1977 LUSAF Qutstanding 1/nit Award, Ist Oak Leaf Cluster

1977 American Nuclear Society, Conference Session Best Paper Award
1978 USAF Certificate of Appreciation

1978 Tendered Regular Commission, 'SAF

1980 Air Force Commendation Medal, 2nd Oak Leaf Cluster

1980 Sandia National Laboratories, Honorary Staff Award

1981 US Army Reactor Shift Superintendent's Radge



1981 Defense Nuclear Agency, Certificate of Aciiievement
1983 US Army Reactor Commander's Badge

1983 Charter Nominee to First (1983) Fdition of "Who's Who in Frontier Science and
Technology"

SECURITY CLEARANCES

1971 -
Present Top Secret (Do)

1978 -
Present O-clearance (MoF)

RFLFVANT EXPERIFNCE SUMMARY

Twelve years experience in the design, evaluation, characterization, analysis,
safety, development, procurement, use, operation, and risk assessment of thermal and fast
nuclear reactor systems and radioisotopic power systems for both ground and aerospace
applications.

Two years experience planning, coordinating, conducting, and assessing in-pile
reactor experiments in support of the !/.S. Advanced Reactor Nevelopment and Safety
Analysis Program administered by USNRC,

Seven vyears experience with the design, safety, operation, maintenance
evaluation, administration, and use of research reactors; five years of which specifically
involved TRIGA Reactors.

LUSNRC-Licensed Senior Reactor Operator and Physicist-in-Charge for the
AFRR]I TRIGA Reactor Facility.

Twelve years active commissioned service as a Nuclear Research Officer, |'SAF.

Nine years managerial/supervisory experience involving technical nuclear
projects and personnel.

Chief, Radiation Sources DNivision at AFRRI with direct control over five
radiation source facilities and nine technical staff personnel.

Three years direct experience and participation on established TRIGA Reactor
Facility Safety Committees.
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AFFIDAVIT
oF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

The Intervenor's contention centers around the fuel temperature assumed to exist and

utilized by the Licensee in analyzing this clad failure accident DBA.

The Licensee clearly states in its SAR, page 6-12, last paragraph that, "Although the
measured amount of radioactive noble gases for the operating conditions in the AFRRI
reactor fuel would indicate a gap activity percentage of less than 0.01 percent, the
theoretical limit of 0.1 percent gap activity for fission product gases of noble gases and
iodines, as stated in reference 2, will be used in the consequence analysis for the Design
Basis Accidents (Section 6.3.4)." (See also attached affidavit of Mr. Frederic D. Anderson.)

Reference 2 cited above is a General Atomic Company Report titled, The U-ZrH xAlloy: Its

Properties and Use in TRIGA Fuel, by M.T. Simnad, dated February 1980, and characterized

as GA Project No. 4314, GA Report No. E-117-833. A copy of Figure 5-1 froin page 5-3 of
this GA Report is provided below and graphically shows that a fractional release of 0.1% (or
10-3), which Licensee uses in its analysis of this DBA, is associated with a fuel temperature
of approximately 600°C, if the theoretical maximum curve is utilized, or a fuel temperature
of approximately 800-1000°C, if the actual experimental data points are utilized. This
figure proves that the Licensee did not assume in its analysis of the fuel element clad
failure accident DBA that clad failure would occur at a fuel temperature of "less than
1000C" as the Intervenors contend. Instead, it shows that the Licensee utilizes a

conservative release fraction associated with a minimum fuel temperature of approximately



600°C. In fact, Dr. Irving Stillman during his depcsition on 18 Dec 82 tied the 0.1% release
fraction that the Licensee uses to a fuel temperature of approximately 500-600°C. (See
Transcript of Deposition of Dr. Irving Stillman on 18 Dec 82, page 71 line 8 through page 72

line 3.)

This is borne out in Licensee's answer tc Intervenor's first-round interrogatory number 1 as
well as in Licensee's answers to NRC Staff's questions on the AFRRI SAR, specifically
Licensee's response to NRC Staff question #67 concerning the AFRRI SAR. It should be
noted that these NRC Staff questions on the AFRRI SAR together with the responses

provided have been incorporated into the AFRRI SAR as an attachment or addendum.

It should also be pointed out that the release fraction for accident conditions is associated
with the normal operating temperature, not the temperature during accident conditions.
This is because the fission products released as a result of a fuel clad failure are those that
have collected in the fuel-clad gap during normal operation. (See last paragraph, labeled 3.,

on page 5-4 of GA Report E-117-833, a copy of which is provided below.)

Therefore, the Licensee uses in its analysis of the fuel element clad failure accident DBA a
release fraction of 0.1% which is associated with a fuel temperature greater than or
approximately equal to 600°C. Moreover, the 0.1% release fraction utilized by the Licensee
is conservative since it is characteristic of a normal operating fuel temperature greater
than or approximately equal to 600°C -- fuel temperatures at which the Licensee's reactor

does not normally operate.

Intervenor has stated in its answers to Licensee's first-round interrogatories as well as

during the deposition of Dr. Irving Stillman that they (the Intervenors) base their contention



statement that the Licensee utilizes a fuel temperature of "less than 100°C" in its analysis
of the fuel element clad failure accident DBA on the 0.2% radioiodine release fraction cited
in Licensee's SAR. Here also the Intervenor has misinterpreted the facts of the matter
since the Intervenors believe that only 0.2% of the radioiodines contained in the gap get out
of the element for a c!~d failure event. (See Transcript of Deposition of Dr. Irving Stillman
on 18 Dec 1982 on page 72 lines 7 through 23 inclusive.) In fact, however, what the Licensee
actually assumes is that all of the radioiodine contained in the gap at the time of a clad
failure gets out and into the reactor pool water, which has a bulk temperature of
approximately 25-30°C, while conservatively 0.2% of the radioiodine that gets into the
reactor pool water is assumed to come out of solution and gets into the reactor room air.
This point is quite clearly stated in the AFRRI SAR on page 6-13, last paragraph, as well as

in Licensee's response to NRC staff's question #43 on the AFRRI SAR.

In summary, therefore, on both counts the Intervenor is incorrect and no evidence exists to
indicate that Licensee uses a fuel temperature of "less than 100°C" in analyzing the fuel
element clad failure accident DBA. On the contrary, Licensee utilizes a release fraction
which is associated with a fuel temperature greater than or approximately equal to 6000C

and which has been shown by actual experiments to be conservative.

Sworn to and subscribed bgfore
me on this _2 ¢day of £.i- , 1983.
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Affidavit of Fredric D. Anderson

I, Fredric D. Anderson, being duly sworn, dc state as follows:

1. I was employed as a nuclear safety consultant to Dames & Moore
to perform the safety analysis for the Armed Forces Radiobiology
Research Institute's TRIGA research reactor (Docket No. 50-170?
I am currently employed by the Nuclear Regulatory Commission as
a Senior Reactor Engineer in the Division of Licensing.

2. This affidavit addresses the contention that the source term used
in the safety analysis for the design basis accident of a fuel
element cladding failure was non-conservative.

3. I have reviewed Section 6.0, "Safety Analysis", of the AFRRI Reactor
Facility Sufety Analysis Report in its entirety and, subject to the
supplemental information which follows for clarification, do hereby
adopt the portion discussing fuel element cladding failure (Section
6.3.2) as true and correct to the best of my knowiedge and belief.
To respond to the above-statei contention, additional information is
presented in my affidavit.

Source Term Used in AFRRI Safety Analysis of Fuel Element Cladding Failure

As stated in the Safety Analysis (Section 6.3.2), I used a source term of
0.1 percent of the steady-state fission product inventory for the noble
gases and radioiodines present in the gap of a fuel element. This source
terT would be available for release in the event of a fuel element cladding
failure.

The value of this source term for gaseous fission products was selected on

the basis of General Atomics experimental data and theoretical analysis given
in GA Report No. E-117-833 (GA Project No. 4314) for various fuel temperatures
and irradiation times. For the AFRRI reactor operating conditions of a fue!l
temperature of 600°C and assuming infinite operation, a fractional release
from the fuel material to the fuel element gap of 0.1 percent of the gaseous
fission products was theoretically possible. From a 1966 experiment under

the AFRRI reactor operating conditions, a measured value of 0.01 percent

of the gaseous fission products was obtained for the release fraction to

the fuel element gap. Therefore, the source term used in the safety analysis
for a fuel element cladding failure (0.1 percent) is a factor of 10 more
conservative than the measured value (0.01 percent). In order for the

assumed source term of 0,1 percent for a fuel element cladding failure accident
in the AFRRI research reactor to be consistent with the GA experimental data,
the operating fuel temperature would have to be 1000°C or a margin of 400°C
from actual operating fuel temperatures.



.2-

Based on the above analyses and data, I firmly believe that the source term
for gaseous fission products used in the AFRRI safety analysis for a fuel

element cladding failure is appropriate and conservative.

s Ao dinind

redric D, Anderson

Subscribed and sworn to before
me this Z2% day of December, 1982.

%;tary ?ubigc
My Commission expires %_L_LQ@_Q_



E‘l;akes‘. from: GA Report No. E-117-833, GA Project No. 4314 The U-ZrH, Alloy: Its
Properties and Use in TRIGA Fuel, by M.T. Simnad, February, 1980.3
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Fig. 5-1. Fractional release of gaseous fission products from TRIGA
fuel showing theoretical maximum, and experimental values
above 400°C corrected to infinite irradiation (from Ref. 10)
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"L:T_aken from: GA Report No. E-117-823, GA Proj
; « E- : ject No. 4314 The U-ZrH 3
Properties and Use in TRIGA Fuel, by M.T. Simnad, Februarf,rrﬁ'fﬁox =

The curve in Fig. 5-1 applies to a fuel element which has been
irradiated for a time sufficiently long that all fission product

activity is at equilibrium and the release fraction is at its theoreti-

cal maximum. ?;hure 5-1 shows that the measured values of fractional

releases fall well below the curve. Therefore, for safety considera-

tions, this curve gives very comservative values for the high-tempera-

e ————

ture release from TRIGA fuel.

_ﬁ&gg_zg:f&z_gf_gote are the follawing conclusions from the TRIGA

1. Because the s mples were unclad, the high-temperature
measurements were made on essentially dehydrided U-Zr.
Post-irradiation annealing m:asurements indicate that
the dehydriding process did not significantly affect

the release rate.

2. Part of the 1971 experiments was the measurement of the
release from a post-irradiation anneal of a sample of
fuel that had been irradiated to a burnup of v5.52 of
the U-235 (or 1.1% of the total uranium atoms). The
results of this part of the experiment indicated that
the effects of long-term irradiation of the fuel on
fission product release are small, at least for total

burnup equivalen: of the maximum that has been achieved.

3. The release fraction for accident conditions is character-

istic of the normal opetacing cemperature, not the tempera-

o ——

ture during : accident condicions. This is because the

fission products released as a result of a fuel clad

failure are those that have collected in the fuel-clad

8ap during normal operacion.
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AFFIDAVIT
OF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

In a prior Memorandum for Record dated 19 January 1981, | presented conservative
criticality calculations for a hypothetical AFRRI fue! storage rack accident that prove that
a twelve element configuration of stainless-steel clad TRIGA fuel elements cannot achieve
criticality under any circumstances. (A copy of this 19 Jan 81 AFRRI Memorandum for
Record is provided as an attachment tc this affidavit and was previously provided in
response to Intervenor's Interrogatory Number 2.) In fact, Intervenor has stated in its
supplemental response to Licensee's first-round Interrogatory #9e that the calculations
provided in Licensee's 19 Jan 81 Memorandum do (in Intervenor's view) provide reasonable
assurance that twelve stainless-steel clad TRIGA fuel elements cannot achieve criticality

under any circumstances.

This same 19 Jan 81 Memorandum also cited a source of experience for Licensee's statement
that it takes approximately 69 stainless-steel clad TRIGA fuel elements to achieve
criticality. A source supporting Licensee's statement of experience that it takes
approximately 69 stainless-steel clad TRIGA fuel elements to achieve criticality was also
referenced in Licensee's answer to Intervenor's first-round interrogatory #3; a copy of this
response is also attached to this affidavit together with a copy of AFRRI's internal
Radiation Sources Division Instruction, RSD 5-8, "Reactor Core Loading and Unloading
Procedures," dated 27 March 1981. In summary, these documents identify and illustrate the
actual results of the initial stainless-steel clad TRIGA fuel element core loading at AFRRI

in 1965, using the standard 1/M approach-to-critical loading technique.



Licens=e is at a loss in trying to understand why Intervenor contends that a fuel element
storage =<\ accident, that is assumed to result in a criticality excursion, can be considered
an accident of a "different kind" since criticality excursions are explicitly treated in the

AFRRI SAR in sections 6.2.2, 6.2.3, and 6.2.5.

Licensee is also at a loss in trying to understand how a fuel element storage rack accident
that is assumed to result in a criticality excursion, regardless of its credibility or likelihood,
can constitute an accident with an associated "greater severity" than accidents, like reactor
power transients and clad failures, which are treated in the AFRRI SAR. This is because
such an event, incredible as it appears, would occur at the bottom of the reactor pool under
approximately 19.5 feet of water where adequate shielding is provided. In addition, any
associated inadvertent power excursion or transient would be automatically terminated by
the negative temperature coefficient of reactivity together with expansion action which
would render the initially critical configuration, which is unrestrained, permanently
subcritical. That is, the pool was designed to accomodate criticality, regardless of whether
it occurs normally in the core or in an unplanned critical configuration of unrestrained
TRIGA fuel elements, and the same intrinsic mechanisms that terminate a planned pulse
would also act to terminate an uplanned excursion, except that, in addition, for the
unrestiained configuration, expansion of the system during the excursion would also tend to
move the elements away from one another and thus render the resultant configuration
permanently subcritical. Therefore, there would be no deleterious consequences of such an

event -- even if it were presumed to somehow occur.

In summary, Licensee |) has provided conservative calculations which Intervenor even
accepts as adequate assurance that a twelve element configuration of stainless-steel clad

TRIGA fuel elements cannot achieve criticality, 2) has provided actual historical data for an



AFRRI core loading to support its claim that it takes approximately 69 stainless-steel clad
TRIGA fuel elements to achieve criticality, ) has, in its 19 Jan 81 Memorandum, implicitly
provided an indication of the extreme difficulty required, and thus the extreme unlikelihood,
of establishing an unrestrained critical or supercritical configuration of stainless-steel clad
TRIGA fuel elements in the reactor pool, and 4) submits reasons and justificution why a fuel
element storage rack accident, that somehow manages to result in a criticality excursion at
the bottom of the reactor pool, would have no deleterious consequences to the staff or the

public.

Sworn to and subscnbed before
me on this 2 g day of ﬁ 1983.

_7'1/? - - J/'VV‘
(‘*fM_ ?/ /7 &4

g
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SCIENTIFIC SU:YPORT DEPARTMENT
MEMORANDUM FOR RECORD: 19 January 1981

SUBJECT: Nuclear Criticality Safety Analysii of Hypothetical AFRRI TRIGA
Fuel Element Storage Rack Accidents

l. An analysis was performed to substantiate that a criticality excursion

would not result in the unlikely event that a fully-loaded AFRRI fuel element

storage rack were to fail.

2. For the purposes of analysis, it is conservatively assumed that when the
storage rack fails, all twelve fuel elements contained in the rack escape and
fall to the bottom of the pool. In addition, it is conservatively assumed
that the twelve fuel elements come to rest at the bottom of the pool in the
most reactive neutronic configuration possible. Moreover, it is con-
servatively assumed that the optimum configuration of fuel elements at the
bottom of tre reacter tank is fully reflected by water over a complete solid
angle of 3w steradians even though only 27 steradian water reflection would
actually exist.

3. Fuel elements used in the AFRRI reactor are standard stainless-steel clad
TRIGA elements containing U-Zx'HL7 with 8.5 weight percent uranium at a
nominal 0235 enrichment of 20 percent (See Figure 1). Each fuel element
contains a nominal maximum 38 grams of 0235.

U, Figure 2, reproduced from TID-7028 (1), is based on experimental and
analytical data and indicates that the minimum critical mass, Bopit,’
heterogeneous, 20% enriched, fully water reflected 0235 system in its most
reactive confisuration,. is 1.1 kg of 0235. Since our assumed twelve element
configuration contains a total of (12 fuel elements) X (38 grams Uzsslfuel
element) = 456 grams 0235, it would have a mass fraction critical, m/m

less than or equal to 0.455 kg 3511 kg 1235 op 0.415.

for a

erit.’

@
For our assumed system, this conservative assumption not only takes into

consideration an optimum reactive geometry but also neglects parasitic
neutron capture in the stainless-steel clad, Sm-Al burnable poison wafers,
etc. and assumes that the graphite end reflectors are replaced by water - a

more effective neutron reflector.

()
L9
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Usings « z m/ncrit. . (2)
indicates tﬁ‘t our assumed system would have a k of

with the application of the most conservative assumptions, our assumed sys-
tem would still not achieve criticality. In fact, if our assumed system had
- kerf = 0.746, then it would be subcritical by more than $36.00 (assumes
ﬂeff = 0.007). e
-~ Based on the minimum critical mass, Bopit, ? value of 1.1 kg U“”” obtained
from Figure 2, and a 0235 fuel loading per element of 38 gm 0235, a minimum of
29 AFRRI TRIGA fuel elements arranged in an optimum neutrconic configuration
would be required for a criticality excursion (*$ .09) to occur.
5. Verification of the conservatism of tl.is analysis is provided by data in
RSD 5-8(3). That is, experience has shown that, during actual AFRRI core
loading, ~ 69 stainless-steel TRIGA fuel elements (v2630 grams U-235) are
required to achieve criticality. Therefore, since the AFRRI core lattice
arrangement is very close to the optimal neutronic geometry for TRIGA fuel
elements, the results of this criticality analysis are conservative by a

¢ < 0.746. Therefore, even

factor of #2.4 on a fuel element as well as a U-235 mass basis for
criticality.

6. In summary, a hypothetical AFRRI fuel element storage rack failure is
analyzed from a nuclear criticality safety standpoint. Conservative
assumptions are applied wherever pcssible; yet kett and m/mcrit. for the
system are found to be no greater than 0.746 and 0.415, respectively. As a
result, there is no possibility of a criticality excursion in the unlikely
event that a fully-loaded fuel storage rack were to fail in the AFRRI TRIGA

reactor facility.

3 Encls

1« Fig. 1

2. Fig. 2 Research Reactor Operations Officer
3 References Radiation Sources Division

Scientific Support Department
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Figure 1.
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LLxcensee's response to Intervenor's First-Round Interrogatory #3.:[

3. State the source(s) you relied on for your statement in the HSR that it takes
approximately 57 closely packed fuel elements to achieve criticality.

Answer to Question 3.

Answered by: Sholtis, Moore, Smoker

A. This reference of experience is contained within AFRRI's internal Radiation
Sources Division Instruction, RSD 5-8, "Reactor Core Loacing and Unloading Procedures”
and states that, "AFRRI-TRIGA Core II (stainless steel clad elements) attained criticality
with 69 fuel elements, 2630 grams Uranium-235." This statement is based cn actual core
loading experience at AFRRI using the standard 1/M approach to critical procedure. The
actual number of AFRRI-TRIGA fuel elements required to achieve eriticality in the core
may vary slightly (i.e.~1 to 2 fuel elements) depending on the loading order ac‘ually used.

B. RSD 5-8, Reactor Core Loading and Unloading Procedures,” AFRRI/SSRS, 27
March 1981. A copy of this document is on file with the USNRC, Region I Field Office.

C. See general statement.

D. See general statement.

E. See general statement.



RADIATTON SOURCES DIVISION 27 March 1981
INSTRUCTION NUMBER 5-8

REACTOR CORE LOADING AND
UNLOADING PROCEDURES

1. Purpose. To set forth the procedures to be followed by the Reactor Branch
staff in the complete loading and unloading of the AFRRI-TRIGA reactor core.

2. Applicability. The provisions of this instruction are applicable to the
Resctor Branch staff, and the Health Physies Division staff.

3. Cancellation. RSD Instruction 5-8 dated 14 December 1976 is hereby cancelled.

4. General.

a. The reactor core loading and unloading procedures contained herein apply
to the preparation phase as well as the actual loading and unloading phases.
These procedures are based on two (2) separate core loadings and one core
unloading of the AFRRI-TRIGA reactor. Bmwphasis is placed on following the
procedures specified herein to insure continuity of operation and retention of
experience within the Reactor Branch.

b. All activities associated with eitlier the loading or unloading of the
reactor core will pe recorded in the Reactor Operations Logbook.

¢. The minimum number of personnel that will be required is (1)
Physicist-in-Charge (PIC) or his designee, (2) Chief Supervisory Operator (CSO),
(3) One NRC licensed reactor operator, and (4) Health Physies Division representa-
tive.

d. A daily Startup Checklist will be campleted prior to the movament of any
fuel elements.

e. An approved Special Work Permit wil} be initiated orior to the movement of
any fuel elements, 1¥ and as required.

f. If any new fuel elements are td be used, each element must be inspected
when received at AFRRI. Each element will be removed fram its shipping container,
cleaned, and inspected for visual defects. Length and bow measurements must also
be made and recorded. Smears of the element cladding for alpha contamination must
be performed by the Health Physies Division representative prior to being handled
by Reactor Branch personnel.

g. If any new thermmocouple elements are to be used, a thermocouple calibra-
tion will be performed. The fuel element will be placed in a water bath, and BEmf
readings will be recorded over ‘*he range 20-100 degrees Centrigade.

h. At no time will more than six (6) new fuel elanents be out of their
shipping containers and on the reactor roan floor level.

i. The Physicist-In-Charge or his designee must directly supervise all
sequences of loading and unloading the reactor core.



RADIATION SOURCES DIVISION 27 March 1981
INSTRUCTION NUMBER 5-8

j- An NRC licensed reactor operator will continuously observe the nuclear
instrumentation at the control console during all movements of control rods and
fuel eiements.

k. No fuel element which has experienced burnup in the core shall be removed
fran the reactor pool unless at least two (2) weeks have transpired since its use
in the core.

5. Nuclear Instrumentation.

a. The following nuclear instrumentation is the minimum required for a
reactor core loading:

(1) Two ionization chambers will be located outside the core shroud,
along the core centerline, and adjacent to core positions F-4 and F-12, respec-
tively. The readouts for these chambers will be picoammeters, or equivalent.

(2, One BF3 or fission chamber will be located outside the core shroud,
along the core centerline, and adjacent to core position F-8. The readout for
this chamber will be a scaler unit.

b. The minimum nuclear instrumentation required for the unloading of the
reactor core is:

(1) One BF3 or fission chamber will be located outside the core shroud,

along the core centerline, and adjacent to core position F-8. The readout for
this chamber will be a scaler unit.

¢. An operational check of the channels will be made as follows prior to the
movement of any fuel element.

(1) A neutron source (3-5 curies) will be placed in the neutron source
holder, and an increase in the readings will be observed on all channels.

(2) The neutron source will be removed fram the neutron source holder
and the readings will be taken and recorded.

(3) Replace the neutron source in the neutron source holder, and then
generate a bias curve for the startup channel identified in 5.a.(2) or 5.b. above
as appropriate. Record all channel readings with the source. These measurements
will be performed several times in order to obtain reasonable reproducibility.
These readings will be the basis for future calculations of source multiplication
only in the loading of a reactor core. The neutron source reading will be the

difference between the readings with and without the neutron source in place in
the reactor core.

Page 2 of 7
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RADIATION SOURCES DIVISION 27 March 1981
INSTRUCTION NUMBER 5-8

d. The nuclear instrunentation will be turned on and allowed to stabilize prior to
the movement of any fue! elements, or making measurements of source effect.

8. Conre Loading.

a. A I/M curve is obtained by plotting the inverse multiplication vs the amount of
fuel added (total amount in the core). The inverse muitiplication is the ratio of the source
reading to the reading with the fuel added. The loading curve will seldom be a straight
line but may be either concave or convex dependent upon the geometry (source-detector
distance). Hence, a number of different channels will yield different predictions of
criticality. Since not all channels will agree, a conservative approach will be taken and
the smallest number of estimated fuel elements required for eriticality will be used to
dictate future steps.

b. The fuel elements will be loaded in accordance with Table 1.
TABLE 1
FUEL LOADING SCHEDULE

STEP # # ELEMENTS REMARKS
ADDED TOTAL
1 - 4 Load four thermocouple elements, 2 in the
B ring and 2 in the C ring.
2 14 18 Complete loading of B and C rings.
3 15 33 Load D ring.
B 15 48 Load E ring positions 1, 2, 4, 6, 8, 9, 10, 12,

14, 16, 17, 18, 20, 22 and 24. This loading
is designed to complete a compact array
around the control rods as well as to fill

water gaps.
5 9 57 Complete loading of E ring.
8 9 66 Load F ring in positions 1, 5, 9, 13, 17, 21,

22, 23, and 27.
¢. After each step of the fuel loading, perform the following:
(1) Record readings.
(2) Withdraw control rods 50%.

(3) Record readings.

Page 3 of 7



RADIATION SOURCES DIVISICN 27 March 1981
INSTRUCTION NUMBER 5-8

(4) Withdraw control rods 100%.
(5) Record readings.
(6) Calculate M, 1/M for the step.
(7) Plot 1/M vs # fuel elements.
(8) Plot 1/M vs weight of uranium-235.
(9) Plot 1/M vs control rod position (50% and 100%).
(10) Predict eritical loadings.
(11) Estimate worth of the control rods.
(12) INSERT CONTROL RODS TO FULL "IN" POSITION.
d. AFRRI-TRIGA Core I (aluminum clad elements) attained criticality with 72 fuel
elements, 2811.33 grams uranium-235. AFRRI-TRIGA Core II (stainless steel clad
elements) attained criticality with 69 fuel elements, 2630 grams nranium-235.

e. Continue the loading sequence as detailed below until eriticality is obtained, and
until the excess reactivity is 40-50 cents:

TABLE I (Continued)

FUEL LOADING SCHEDULE

STEP # # ELEMENTS REMARKS
ADDED TOTAL
| 2 68 Load F ring positions 19 and 25.
8 2 70 Load F ring positions 3 and 11.

f. Prior to loading the core to an operational configuration, the following measure-
ments will be made:

(1) Control rod calibrations using the rod drop techniques.

(2) The worth of fuel elements in the remaining vacancies (E and F ring) vs
water, taken one at a time.

(3) Estimate the core configuration for an excess reactivity of approximately
$3.20.

g. The loading sequence will continue in order to attain a critical configuration
with the transient rod in the DOWN position. This is the basis for the excess reactivity
estimate of approximately $3.20.

Page 4 of 7



RADIATION SOURCES DIVISION 27 March 1981
INSTRUCTION NUMBER 5-8

TABLE 1 (Continued)

FUEL LOADING SCHEDULE

STEP # # ELEMENTS REVARKS
ADDED  TOTAL N
9 2 72 Load F ring positions 7 and 15.
10 B 76 Load F ring positions 2, 14, 18, and 29.

Record critical rod BanK position;
Calibrate the lower portion of the
transient rod (0-25%) via the
positive-period technique.

11 4 80 Load F ring positions 8, 10, 24, and 30.
Calibrate the middle portion of the
transient rod (25-75%) via the positive-
period method.

12 2 82 Load F ring positions 16 and 20, and this
should camplete the operational
configuration as stated above.

h. Calibrate the four control rods via the positive-period method, and then
campute the excess reactivity in the reactor core (K-excess must not exceed
$5.00).

i. Camplete the core loading, insuring that the K-excess does not exceed
$5.00.

TABLE I (“ontinued)

FUEL LOADING SCHEDULE

STEP # # ELEMENTS REMARKS
ADDED — TOTAL
13 5 87 Load F ring positions 4, 6, 12, 26, and 28.

j. Recalibrate the four control rods via the positive-period method, and
then compute the K-excess reactivity in the reactor core.

7. Core Unloading

a. The reactor core will be unloaded starting with the F ring and ending
with the B ring.

b. The fuel elements will be individually removed fram the reactor core,
identified by serial number, and placed either in the fuel storage racks or a
shipping cask.

e¢. If the fuel elements are to be loaded into a shipping cask, the follow-
ing actions will be taken in preparing the shipping casks for loading:
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RADIATION SOURCES DIVISION 27 March 1981
INSTRUCTION NUMBER 5-8

(1) A radiological survey will be made of the shipping cask vpon arrival and
before it will be removed from the truck.

(2) The cask will be moved from the truck to the Prep Area.

(3) The hatches, which provide access from the Prep Area to the Reactor
Room, will be opened and the lifting hook to the power hoist lowsred to the Prep Area.

(4) The power hoist will be operated in accordance with RSD Instruction 5-5.

(5) The lifting yoke will be attached to the cask and the cask lifted to the
Reactor Room.

(6) The lid to the eask will be removed. The cask wil' be monitored bv the
Health Physies Division representative while the lid is being removed, to insure that no
radioactive material is inside the cask.

(7) The inside of the cask will be smeared for gross alpha and beta
contamination.

(8) The inside of the cask will be vacuumed. The inside and outside of the cask
will be washed down. The water drain line on the cask will be checked tc insure that it is
not blocked. Also verify the operability of the pressure relief valve and the temperature
sensing thermocouple.

(9) If more than seven elements are to be loaded into the cask, it will be
necessary to verify that a thermal neutron poison is present in the cask to prevent the
loading of a eritical mass.

(10) Move the cask by crane from the reactor deck and position the cask in the
reactor pool.

d. Load the cask with up to as many fuel elements as allowed by the license for the
cask. If grid index markings are present in the cask, record which fuel element is placed
in which grid position.

e. Lower the lid to the cask into the pool, place the lid nn the cask, and secure the
lid.

f. Raise the cask from the pool, drain the water from the cask into the pool, and
then dry the cask off. The cask will be monitored while being removed from the pool to
insure that no radiation hazard exists as a result of a weakness in the shielding in the
cask. The cask will be smeared for gross alpha and beta contamination.

g. An air sample will be taken from the cask to measure the activity of the air.
The data from all radiological surveys will be recorded.

h. After the air sample has been taken, observe the temperature and pressure inside
the cask until the temperature and pressure reach an equilibrium.
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RADIATION SOURCES DIVISION 27 March 1981
INSTRUCTION NIMBER 5-8

i. Label the cask accordingly and camplete the appropriate paperwork either
for temporary storage or for transporting.

j. Move the cask to either a temporary storage area or to the truck for

transporting. If the cask is to be placed in t rary storage, a criticality
monitor must be available in accordance with uﬁom.

o, . .
.y, _/'ﬁb/z/ e .
_— _/~JOSEPH, [
~
e CAPT,
L L, Reactor Branch Chief anc Physicist-In-Charge

(eftective 13 Oct 1981)

A Aol

KNALDR m
MAJ, EN, USA

Chief, Radiation Sources Division
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AFFIDAVIT
OF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

First, it should be pointed out that experiment failures with an assumed concurrent
malfunction of confinement safeguards are explicitly addressed in the AFRRI SAR on pages
6-8 and 6-9, section 6.2.5. (A copy of this SAR analysis section is provided as an attachment
to this affidavit.) Therefore, such an accident is not of a "different kind" than those that
are treated in the AFRRI SAR. This analysis considers the worst-case experiment failure
at AFRRI which involves the irradiation of 20 liters of Argon gas at a steady state power
level of 1.0 Mw(t) for | hour, and results in the production of 5.6 Curies of Ar-4] gas -- all
of which is presumed to be released to the unrestricted area as a result of the experiment
failure concurrent with a presumed total failure of confinement isolation system safeguards.
At this point no probability estimates for such an event were even considered nor were any
mechanistic ways of achieving such a series of events considered. That is, the worst
experiment failure with total release to the environment was simply assumed to occur
without regard to how or with what probability. The associated consequences to the public
for this hypothetical worst-case experiment failure with complete release to the
unrestricted environment involves a total whole-body dose of 2.7 mrad to an individual at or
beyond 25 meters from the AFRRI Facility, i.e. at or beyond the AFRRI site boundary. This
is hardly an accident having "greater severity" than the designated DBAs for the AFRRI

reactor facility which are treated in the AFRRI SAR.

Licensee agrees wholeheartedly with the Intervenors that experiment failures can indeed

occur and that malfunctions also can occur, but not necessarily concurrently with any



credible probability. However, we would be remiss by not trying to reduce their likelihood
of occurrence, particurlarly for concurrent failures. We would similarly be remiss by not
trying to limit the consequences of such a series of events, should they nevertheless occur
and result in a release to the environment. AFRRI has, in place, an extensive surveillance,
testing, and preventive maintenance program to detect equipment malfunctions and failures;
in most cases, prior to reactor power operations taking place. As an example, numerous
component, subsystem, and system preoperational functional surveillance checks,
specifically designed to verify proper system functionality to ensure safe reliable operation,
are required and must be performed and checked daily before any reactor power operations
are permitted. AFRRI also has, in place, additional surveillance checks and preventive
maintenance tasks that must be performed weekly, monthly, quarterly, semi-annually, and
annually. In general, these are all identified and required within the AFRRI Reactor
Technical Specifications. Such a system of surveillance, testing, and preventive
maintenance does not preclude even single equipment failures or malfunctions but it does
reduce their likelihood and provides reasonable assurance that such failures will be detected

in a timely fashion.

Almost all of the malfunctions cited by the Intervenor under this contention were detected
by an operator during the normal reactor preoperational start-up checkout procedure and,
thus, before any power operation actually took place. In addition, almost all of the
malfunctions cited by the Intervenors in this contention have nothing whatsoever to do with
the generation of a source term, the operability of confinement isolation safeguards, or a
release to the environment. These specifics will be addressed in more detail below where

each malfunction cited by the Intervenor under this contention is discussed individually.

Also from an accident probability minimization viewpoint, redundant and independent "back-

up" systems are often provided such that all must fail before functionality is actually lost.



This is the case for several of the system malfunctions which Intervenor cites in this
contention. This point will also be appropriately discussed in more detail when each of the

Intervenor's cited malfunctions are addressed individually below.

From the standpoint of limiting the consequences of 2 release to the environment, should
one occur, for example, as a result of an experiment failure with an assumed concurrent
total failure of the confinement isolation safeguards, AFRRI has, in place, a system
involving a body of experts for reviewing, approving, and limiting irradiations of various
materials on a case-by-case basis for each material or experiment. This reviewing and
approving body is the AFRRI Reactor and Radiation Facility Safety Committee (RRFSC),
which is required under the AFRRI Technical Specifications, is composed of technical
experts from within and outside of AFRRI. Prior to any experiment utilizing the AFRRI
Reactor, the experiment and experimental protocol must be presented before the RRFSC
for review and approval. The AFRRI RRFSC subsequently must issue approved "special" or
"routine” authorizations for the intended reactor use. These authorizations establish limits
on the quantities of materials which can be irradiated, based on the safety and radiolcgical
implications of each, should an experiment failure occur together with a failure of
corfinement isolation such that the entire inventory of activated materials is releasad to
the environment. In addition, these authorizations also establish limits on the use of the

various experimental apparatuses and exposure facilities that exist or are proposed for use.

Intervenor has admitted that multiple failures or malfunctions are generally required to
achieve conditions for a release to the unrestricted environment. (See transcript of NRC
Staff's deposition of Dr. Irving Stillman on 18 Dec 1982 in New York on page 83 line 4
through page 84 line 15, inclusive, and also on page 85 lines 7 through 24, inclusive.) Further,

the Intervenor has admitted that such multiple failures are successive and independent and



must occur concurrently in time. (See page 83 lines 1l through 13, inclusive, of the
transcript of Dr. Stillman's Depositon on 18 Dec 82 in New York.) Moreover, the Intervenor
has indicated that it has not gone through the thought process to postulate a scenario of
events involving malfunctions that would ultimately lead to a release to the unrestricted
environment. (See page 79 line 7 through page 85 line 24, inclusive, of the transcript of Dr.
Stillman's Deposition on 18 Dec 82 in New York.) Intervenor has repeatedly failed to
supply information to the Licensee upon request showing the relationship between each of
the Intervenor's cited malfunctions under this contention and the generation of a source
term, their relationship to confinement safeguards, and their relationship to a release to the
environment -- given that each cited malfunction is presumed to occur. (See, for example,
Licensee's Motion to Compel served |5 Jan 1982 and as supplemented 24 Feb 1982.) In fact,
to this day, Intervenor has still not provided this information even though Dr. Stillman
promised to provide it when asked during his deposition in New York on 18 Dec 1982. (See

page 78 line 7 through page 85 line 24, inclusive, of the transcript of the deposition of Dr.

Irving Stillman on 18 Dec 82 in New York.)

Licensee submits that single independent failures can occur but their probability is reduced
by virtue of performing routine scheduled preventive maintenance, and their impact is
considerably reduced by virtue of having redundant and independent "back-up" systems and
by performing routine recurrent surveillance checks and tests. The probability of single
independent failures is admitedly low but nevertheless they are expected, but the probability
of multiple independent failures is certainly well below that for single failures which makes
them extremely unlikely events, particularly if they are to occur concurrently in time. Stil!,

if they should occur and an environmental release results, limitations set-down by the

RRFSC would limit the available release source term and, therefore, also limit the




consequences of such extremely remote sequences of failures leading to an environmental
release. More importantly, releases due to experiment failure together with confinement

isolation failure have been addressed in the AFRRI SAR.

Next, we will focus on each of the malfunctions which Intervenor cites as supporting
evidence in this contention. The first of these is a breach of containment caused by missing
rubber gasket sealing material on the double doors to the corridor behind the reactor control
room in 1978. This oversight did constitute a violatian of Licensee's Technical
Specifications and a notice of violation was issued. However, Licensee was in the process of
installing the gasket material when the condition was noted by NRC, and the reactor room
was still capable of establishing and maintaining a negative pressure even without the gasket
material in place so long as the doors were closed and the reactor room was isolated by
closing of the ventilation dampers. Therefore, although this condition did represent a literal
violation of the Technical Specifications, it did not in actuality significantly negate the
capability of the confinement isolation safeguards. Also, if one assumes that confinement
isolation was in fact compromised at this internal doorway point, a second set of doors to
corridor 3106, also behind the reactor control room, would have confined any airborne
source term to the reactor facility confines since this second set of doors did and does still
have gasket sealing material installed in place. Nevertheless, any Technical Specification
violation, particularly a condition involving missing rubber gaskets on confinement area
doors or any other potential compromise to the confinement isolation boundary, is viewed by
the Licensee as a valid concern. In this regard, steps have been taken to remedy such
situations and ensure they will not occur again in the future. (See NRC Inspection reports

on the AFRRI reactor facility under Docket 50-170 since 1978.)

The second malfunction Intervenors cite under this contention is a failure, on 26 August



1975, of the reactor room ventilation dampers to close when the Continuous Air Monitor was
alarmed. This malfunction has no relationship with the generation of a source term. The
reactor room ventilation dampers are designed to close (by a fail-safe air-actuated solenoid)
automatically upon receipt of a high-level alarm of the reactor room Continuous Air
Monitor (CAM) or upon receipt of a manually-initiated signal by an operator in the reactor
control room. Part of the normal daily preoperational reactor startup checkout procedure
irvolves manually initiating a high-level CAM alarm (artificially) to check the operability of
the CAM as well as the closure of the reactor room ventilation dampers. On this particular
day, 26 August 1975, the operator performed this preoperational checkout item, but the
dampers failed to close. As a result of this failure, reactor power operations did not occur
and were not permitted to take place until repair was effected. This is a prime example of
exactly why we have such preoperational checks. As a result, this failure could not have
contributed to a release to the environment, since it was detected and no operations to
produce a potential source tc m were performed. Even if it had not been detected and
power operations did occur and a source term somehow were generated, numerous other
radiation monitoring devices are available, with audio and visual alarms, to detect the event
and alert the operator so that manual damper closure could be effected. This is true since
the operability of the dampers was unaffected by this malfunction; the only effect of this

malfunction was the loss of an automatic signal to the ventilation dampers for closure.

The third malfunction which Intervenor cites is a failure of the in-pool lead shielding doors
to stop opening at the fully opened position in August 1976. This malfunction has no
relationship to confinement isolation safeguards, the generation of a source term, or a
release to the environment. The purpose of the in-pool lead shielding doors, when closed, is
to provide adequate gamma photon attenuation or shielding such that one exposure room can

be safely occupied for experiment set-up while the reactor is operating at power at the



other exposure room at the opposite end of the tank. Since there is a potential for physical
contact between the core and the lead shieliing doors in certain regions of the pool,
microswitches, interlocks, slip clutches, a core shroud, a TV monitor, and administrative
controls have been installed/established to either preclude such contact or, in the extremely
unlikely event that contact nevertheless does occur, to minimize fuel element damage. The
malfunction cited by the Intervenor in this case precludes operation of the reactor at power
duz to an additional and separate interlock that prevents the supplying of current to the
standard control rod drives and prevents supplying air to the transient control rod drive
unless the lead shielding doors are either fully open or fully closed. In addition, this
malfunction precludes moving the core dolly into the mid-pool region where physical contact
might occur since an additional interlock system only permits core dolly travel into the mid-
pool region when the lead shielding doors are fully open. As a result, there was no potential
for a source term or release to the environment by virtue of this malfunction. It should also
be pointed out that this malfunction was immediately detected by the operator and repairs

were effected before operations were permitted to resume.

The fourth malfunction cited by the Intervenors in this contention involved a reactor core
position safety interlock malfunction on Feb 1, 1973. This malfunction, like the third
discussed above, has no relationship with confinement isolation safeguards, the generation of
a source term, or a release to the unrestricted environment. This malfunction also was
detected immediately by the operator and repairs were effected before operations were
permitted to resume. This malfunction could have resulted in the core shroud physically
contacting the lead shield doors near the center of the pool if operator error had
additionally been involved. However, the core dolly drive slip clutch, which was operational,
and the core shroud would have minimized any impact damage and not permitted the fuel

elements to have been contacted at all. Even if a clad failure were assumed to result from



such a ma.function and operator error, a source term would have been generated but no
pathway to the environment would have been provided since the confinement isolation
system was unaffected, and even if it too were presumed to fail, a clad failure event has
been addressed in the AFRRI SAR and its consequences are minimal. While one can never
rule out such a release, its likelihood is made extremely remote by virtue of the protective
systems and design features provided. Nevertheless, the ultimate consequences of a release

are analyzed within the AFRRI SAR.

The fifth malfunction that the Intervenor cites in this contention involved a malfunction of
High Flux Safety Channel #1 to initiate a scram signal on March 15, 1980. Regardless of
what the Intervenor actually says in this contention, this malfunction was detected by an
AFRRI reactor operator, not an NRC inspector, and the detection occurred during a normal
daily preoperational startup checkout. (See Intervenor's initial and supplemental response to
Licensee's first-round interrogatory #16e.) As a result of preoperational detection of this
malfunction by an operator, power operation did not take place and, therefore, no potential
for an experiment failure or the generation of any other source term existed. Just as in the
third and fourth malfunctions discussed above, this malfunction also has no relationship to
confinement isolation safeguards, the generation of a source term, or a release to the
environment. The purpose of high flux safety channels one and two, which are redundant
and independent, :s to provide redundant readouts of reactor power level and to intiate a
reactor scram if a l.1 MW(t) steady state power level is attained. Each day that reactor
power operations are planned, the reactor operator is required to first perform a
preoperational startup checkout procedure which involves, in part, placing test signals on
safety channels one and two separately to simulate a power increase and to check that a
scram signal is generated by each channel at or below a 1.1 MW(t) indicated power level. [t

was during just such a preoperational check that this malfunction was detected. Even if it



had not been detected and power operations had been conducted and a power level of
1.1MW(t) was attained by virtue of operator error, high f!'.x safety channel #2 would still
have generated a scram at 1.1 MW(t) or, if it too somehow were presumed to fail, two
independent and redundant tuel temperature channels wouid still have heen available to
scram the reactor upon attainment of 500°C fuel temperatures and, even if they too were
somehow assumed to be malfunctioning, the maximum steady-state power attainable with
the AFRRI reactor is only approximately 1.4 MW(t) which has an associated fuel
temperature of less than 600°C and, tnerefore, no damage, source term, or release would
be expected. And even if a release to the reactor room did somehow occur, confinement
isolation was still available, and even if it too were assumed to fail, the consequences have
been determined in the AFRRI SAR and they are minimal. This represents an incredible

series of events.

The sixth malfunction that Intervenor cites in this contention involved a reactor exhaust
system malfunction on August 9, 1979 caused by an electrical fire in the EF-1 cubicle of the
motor control center, in turn caused by a power surge due to a faulty transformer. ~ his
mal!function, like numbers 3, 4, and 5 above has nothing whatsoever to do with confinement
isolation integrity, the generation of a source term, or a release to the environment. This
event simply involved a minor electrical fire (not associated with the reactor or its safety
systems) and a resultant loss in ability to draw air from the reactor room through high-
efficiency particulate air filters and out the AFRRI stack. It had no impact on the ability of
the confinement isolation dampers to close nor can it contribute to an experiment failure or
the generation of any other source term. This particular malfunction occurred while the
reactor was not operating, but if it had been operating, stack flow audio-visual alarms would
have alerted the operator that no stack flow was being provided and the operator would have
been forced to manually scram the reactor under existing procedures. Even if the operator

failed to scram the reactor in the face of both audio and visual alarms, no potential for a



source term exists, and even if one was presumed to somehow occur, the confinement
isolation system was still operational, and if it too somehow managed to fail, the
consequences of the release have been determined and they are minimal -- another

incredible series of events.

The seventh malfunction Intervenors cite in this contention involved a malfunction of the
fuel element temperature sensing circuit #2 caused by a floating signal ground on August |,
1979. In order to simplify the discussion from here on, only major pertinent points will be
identified henceforth. This malfunction:
1) was detected by an operator during a normal preoperational checkout so that
power operation did not take place.
2) is protected by a redundant and independent fuel temperature sensing channel
#1 and other available safety channels.
3) does not have anything to do with confinement isolation, generation of a

source term, or a release to the environment.

The eighth malfunction that the Intervenors cite under this contention, involved a
malfunction, in Jul; 1979, of the pool water level sensing float switch caused by wear on
the jacketing around the wires leading to the switch. This malfunction:
1) was detected by an operator during a normal surveillance check; power
operations were curtailed until repairs were effected
2) s protected by numerous radiation monitoring devices that would also
indicate, via shine, any substantial loss of pool water should that occur
3) has nothing whatsoever to do with confinement isolation, generation of a

source term, or a release to the environment.



The ninth malfunction that Intervenor cites in this contention involved a malfunction of the

Reactor Room CAM to initiate a signal for closing the reactor room ventilation dampers on

26 August 1975. This malfunction is the same malfunction that Intervenor cites earlier and

which is discussed above as the second malfunction. This malfunction:

1)

2)

3)

was detected by an operator during a normal preoperational checkout so that
reactor power operations did not take place

is protected by numerous other available radiation monitoring and detection
devices, with audio-visual alarms, and by the capability for an operator to
manuzlly initiate damper closure

has nothing whatsoever to do with generating a potential source term or

negating the physical operability and integrity of confinement safeguards.

The tenth malfunction that the Intervenor cites under this contention involved a malfunction

of the fuel temperature automatic scram system on January 29, 1974 caused by a build-up of

high resistance material on the mechanical contacts of the T2 output meter. This

malfunction:

1)

2)

3)

4)

was detected by an operator during a normal preoperational checkout; no
operations were permitted until repair was effected

is protected by the redundant and independent fuel temperature sensing
channel #1 and other available safety channels

can no longer occur with i1".e existing new console design

has nothing whatsoever to do with confinement isolation, the generation of

a source term, or a release to the environment.

The eleventh and last malfunction that the Intervenor cites under this contention involved a

malfunction of the reactor core position safety interlock system on February 1, 1973 caused



by a faulty de-energizing relay. This malfunction is the same malfunction that Intervenor
cites earlier and which is discussed above as the fourth malfunction. This malfunction:
1) was detected immediately by the operator; no operations were permitted until
repair was effected
2) is protected by the core dolly drive slip clutch, the core shroud, TV
monitoring, operator action, interlocks, and administrative controls
3) has nothing whatsoever to do with confinement isolation, the generation of a
source term, or a release to the environment.
This discussion points out the designed protective features and redundancies provided for the
reactor facility. It also demonstrates the extreme improbability, and often impossibility, of
actually getting a release to the unrestricted environment. Moreover, it illustrates the
limitations Licensee imposes on its own irradiations of materials to restrict the

consequences of a release should one occur.

Sworn to and subscribed before
me on this 25— -day of Zr4 , 1983.
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Bection 6.2.5, pp. 6-8 and 6-9 from AFRRI Reactor Safety Analysis Report (SAR), dated
June 1981.]

6.2.5 ExEriments

All experiments performed as part of the TRIGA reactor operations are
reviewed by the Reactor and Radiation Facility Safety Committee and must be
authorized prior to their performance. The technical specifications contain
requirements that must bDe met before uch experiments can be performed using
the AFRRI-TRIGA reactor. Experiments are always supervised by trained,
licensed, supervisory personnel. However, faiiure of an experiment is possible and
worst-case conditions can be calculated to determine the postulated conseguences.

The two worst-case conditions for failure of an experiment could reswt in
instantaneous insertion of reactivity or the release of radicactive material from an
experiment undergoing activation in the reactor. For an experiment failure in
which reactivity could be added, the worst possible case would be the prompt
addition of less than 0.36% A k/k in either Exposure Room | or 2. As discussed for
the case of improper fuel'lcading (Section 6.2.3), the addition of 0.36% A k/k would
be within the range of an improper fuel loading condition. Such an addition would
not result in any damage to the reactor or the fuel.

For an experiment failure in which radioactive material could be released
from the experiment, i.e., activation products, the worst case would be the prompt
release of *he radicactive material to the atmosphere. An authorized experiment
involves the irradiation of 20 liters of argon gas for | hour at a power |evel of
| MW. The resuiting activation would resuit in a total Ar-4l| activity of 5.6 Ci in
the sealed container. [f the container should fail and release all of the Ar-4|
activity, the resulting total whole body dose would be less than 2.7 mrad to an



individual more than 25 meters from the AFRRI facility (Equation 3,
Section 6.3.4.1). The failure of this authorized experiment represents the worst
case for radiological consequences from an experiment failure in the AFRRI-
TRIGA reactor. Such a wholie body exposure would not represent an undue risk to
the health and safety of the general public.
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AFFIDAVIT
OF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

A negative temperature coefficient of reactivity simply means that as the temperature
increases, negative reactivity is inserted which acts tc reduce/shutdown the fission process.
Every reactor designed and operated in this country must have a negative temperature
coefficient of reactivity; TRIGA reactors are no exception. For stainless-steel clad TRIGA
fuel elements containing a fuel-moderator mixture of U-ZrH|,7, which is the fuel used in
the AFRRI reactor, the prompt negative temperature coefficient of reactivity has a value
of -1.26 X 104 AKk/k/OC or -1.8¢/9C. This value is contributed to, in a cumulative fashion,
by three major separate and independent factors. They are, in order of their importance:
1.) The ZrHy or cell factor, 2) the Doppler broadening factor, and 3.) the density decrease or
leakage factor - each of which is in and of itself negative with increasing temperature. (See
the attached General Atomics Information shezt.) If we define or designate the overall
TRIGA reactor's temperature coefficient of reactivity aso{T, then we can write an equation

for & which shows its constituent parts or terms as:

d‘r:ongx*- G(Doppler*‘ °(Density

wheres °<Zer is the ZrHy (or cell) effect term
"(Doppler is the Doppler broadening effect term, and

‘Qensity is the dens.ty decrease (or leakage) effect term.



Both the Doppler broadening factor and the density decrease (or leakage) factor will
individually always be negative with increasing temperatures, regardless of whether the fuc!
is damaged and hydrogen is presurned lost or not. The Noppler broadening factor is negative
and inherent to any thermal reactor system fueled with uranium, which includes TRIGA
reactors. Uranium, particularly the uranium-238 isotope, has numerous high value resonance
capture peaks in its absorption cross-section at epithermal energies. These resonance
capture peaks broaden with increasing temperature, such that fast fission neutrons
undergoing moderation toward thermal energies have a lesser chance (as temperature
increases) of actually reaching thermal energies (where fission predominantly occurs),
without being captured parasitically (via radiative capture) by one of these broadened
resonance capture peaks in the uranium. In essence, Doppler broadening acts to reduce the
resonance escape probability, p, which is one of the six factors in the six factor formula for
k-effective, and thus, introduces negative reactivity in a thermal reactor fueled with
uranium as the fuel temperature increases. This factor, which is discussed in detail in
numerous nuclear engineering texts, will aiways be negative, inherent, and unalterable in
TRIGA fuel so long as uranium is present. Therefore, this contributing factor to the TRIGA
reactor's negative temperature coefficient of reactivity, would be unaffected by the
Intervenor's postulated loss of hydrogen from damaged TRIGA fuel and, thus, would always
remain negative. This factor alone would ensure automatic reactor shutdown during pulse
operations since it by itself is negative and the two remaining factors can be made no larger
than zero at best - and even this last postulate would require a negation of the laws of

nature.

The density decrease (or leakage) factor similarly will always be negative, inherent, and
unalterable with increasing temperatures in TRIGA-fueled cores (regardless of whether the

fuel is damaged and hydrogen is presurned lost or not), so long as nature continues to ensure



that material densities decrease as tempera.ures increase. This factor not only involves
density decr2asec in the fuel and the interstitial water between the fuel elements during
heatup but also includes expansion effects of the fuel and the fuel elements (and thus the
overall core) with increasing temperatures which results in an overall volumetric core
increase and the displacement of some of the interstitial water moderator from between the
fuel elements, by virtue of individual fuel element expansion, with heatup. These effects,
taken collectively, not only act to reduce the effective moderation of neutrons toward
thermal energy (i.e. 25 for the moderator decreases with heatup) but also decrease the
macroscopic fission crosc-section, 2{, in the fuel (and thus decrease material buckling, Bm)
and also increase the likelihood that neutrons will leak from the core without contributing to
fission by virtue of the core volumetric increase with heatup which, in turn causes an
increase in the geometric buckling, Bg. Each of these individual effects is negative so that,
overall, the density decrease (or leakage) factor must always be negative with increasing
temperature, regardless of whether hydrogen is presumed lost from damaged TRIGA fuel or
not. Just as in the case of the Doppler broadening fac’or, the density decrease (or leakage)
factor is also sufficient, by itself, to ensur» automatic reactor shutdown during pulsing,
regardless of whether the fuel is damaged and hydrogen is presumed lost or not, since it
(°(Density) is always negative, inherent, and unalterable, and the other two factors cannot
ever become positive. Morever, as we have demonstrated above, both the Doppler
broadening and the Density decrease factors will always each be negative, regardless of
whether the TRIGA fuel is damaged and hydrogen is presumed lost or not, so that
collectively they are cumulative in a negative sense, making the TRIGA reactor's
temperature coefficient of reactivity even stronger in a negative sense even if the ZrHy (or
cell) effect factor is presumed to somehow be forced to its maximum theoretical value of

zero.



The zirconium-hydride, ZrHy, (or cell) effect term theoretically could be forced to a
maximum value of zerc (but no larger) by somehow removing or driving out all of the
hydrogen from all of the TRIGA fuel loaded in core, but even this action would in no way
alter the negativeness of the Doppler broadening factor or the density decrease (or leakage)
factor, and so the TRIGA reactor's overall temperature coefficient of reactivity would still
remain negative regardless of whether hydrogen is presumed lost from damaged TRIGA fuel
or not. However, the removal of hydrogen from a TRIGA fuel element will understandably
reduce effective moderation of neutrons to the thermal energy region (where fission
predominantly occurs) and this would, in and of itself, constitute a negative reactivity
effect, albeit not associated with a temperature change. In fact, if all of the hydrogen was
somehow assumed to be lost or driven from the TRIGA fuel elements in the core, it would be
impossible to even attain criticality. This indicates that the hydrogen contained in the
TRIGA fuel elements contributes to effective neutron moderation and, therefore, is an
integrally important (actually required) moderator in a TRIGA reactor core. Therefore, a
presumed total loss of hydrogen from all of the TRIGA fuel elements in core, although it
would zero out the ZrHy (or cell) effect term or contribution to the TRIGA reactor's overall
negative temperature coefficient of reactivity, would in and of itself constitute a constant
and large negative reactivity effect, and even this car not make the overall temperature
coefficient of reactivity in a TRIGA reactor ever become zero or positive. Moreover, a
presumed loss of hydrogen from TRIGA fuel would not permit fission to effectively occur in

those elements in which hydrogen was presumed lost.

Up to this point, wholesale hydrogen loss from TRIGA fuel has simply been presumed and
nothing has been said about the feasibility of driving hydrogen completely out of all the fuel
elements in core (i.e., not just damaged TRIGA fuel elements), even though this is exactly

what is necessary to force the ZrHy (or cell) effect term to zero in the TRIGA reactor's



overall temperature coefficient of reactivity equation. Let's look at the feasibility of
driving hydrogen out of TRIGA fuel on a per-element basis. If, from a worst-case point of
view, it was assumed that the stainless-steel clad on a TRIGA fuel element loaded in core
were magically removed in total and the reactor was operated such that fuel temperatures
in this unclad element were maintained at 600°C (the fuel temperature scram point for the
AFRRI reactor), only a small fraction of the hydrogen within this unclad element would
actually be lost. This statement is based on the hydrogen equilibrium pressure within TRIGA
fuel as a function of temperature. (See Figure 2-9, attached, which is from GA Report # E-
117-833, "The U-ZrHy Alloy: Its Properties and Use in TRIGA Fuel," by M.T. Simnad, page
2-13, February 1980.) This attached Figure indicates that at 6C0°C, the egquilibrium
hydrogen pressure is only approximately 1 psi. (Note also from this Figure that you would
have to go to a temperature of approximately 775°C before a | atm equilibrium hydrogen
pressure is reached.) Since the core is submerged under approximately 14-18 foet of water,
where the pressure exe:ted by the water on the surface of the fuei at this depth is greater
than | atmosphere (approximately 1.4 atm), there would be no driving force (except for
normal thermal diffusion) to remove significant amounts of hydrogen from a failed TRIGA
element. Within a TRIGA element hydrogen tends to migrate from hot to cooler regions and
then recombine with free zirconium during power operation. Therefore, since radial and
axial temperature gradients are established within individual TRIGA fuel elements during
power operation and since the water pressure exerted on an element is greater than the
equilibrium hydrogen pressure within an element up to approximately 775-800°9C (See
attached Figure 2-9), it is expected that hydrogen would simply redistribute within an
element (to some extent) from hot to cooler regions, but loss of hydrogen from a failed
TRIGA element would be very small since it would be due to thermal diffusion only. This
certainly does not constitute a way of driving or removing hydrogen from a failed TRIGA

fuel element in a wholesale fashion. It is, therefore, extremely unlikely that hydrogen could



be removed from failed TRIGA fuel in a gross way. This in turn, indicates that it would be
extremely unlikely (and difficult) to even force the ZrHy (or cell) effect term, in the TRIGA
reactor's overall temperature coefficient of reactivity equation, to zero -- which, even if it
were presumed to occur, would still not force the TRIGA reactor's overall temperature
coefficient of reactivity to a zero or positive value, i.e., overall, 0(1- would stil' remain
negative, even if the ZrHy term were presumed to go to its theoretical maximum value of

zero.

Intervenor has admitted that if all the hydrogen contained in the TRIGA ccre's fuel elements
were presumed lost, criticality could not be achieved. (See page 90 lines 2-5. inclusive, and
page 91 lines 4 through 16, inclusive, of the transcript of Dr. Irving Stillman's deposition on
18 Dec 1982 in New York.) This statement alone by Intervenor indicates the importance of
the hydrogen contained in the TRIGA fuel as a moderator and, in fact, the requirement of
this hydrogen contained within TRIGA fuel for the reactor tc operate (via fission).
Intervenor has also admitted that this gross effect (i.e. total loss of hydrogen from the
TRIGA fuel in core and the associated inability, by virtue of its large negative reactivity
effect, to achieve criticality via fission) is contributed to by each TRIGA fuel element
assurned to be damaged in which hydrogen is presumed to be lost. (See page 91 line 17
through page 92 line 10, inclusive, of the transcript of Dr. Irving Stillman's deposition on 18
Dec 1982 in New York.) Moreover, Intervenor further has admitted that each damaged
TRIGA fuel element, which is presumed to have lost all or part of its hydrogen, contributes
to the overall large corewide negative reactivity effect that total hydrogen loss from the
entire core's TRIGA fuel elements would introduce. (See page 92 line 11 through page 93
line 8, inclusive, of the transcript of Dr. Stillman's deposition taken in New York on 18 Dec
1982.) These admissions by the Intervenor indicate that any damaged TRIGA fuel element

loaded in core which is presumed to have lost part (or all) of its hydrogen, will be less and



less effective (with increasing hydrogen loss) in contributing to the core's neutron
populaticn, power level, and fission density. This indicates that any damaged TRIGA fuel
element loaded in core, which is presumed to have lost some (or all) of its hydrogen, will
have a decreased neutron population, power contribution, fission density, and thus fuel
temperature, which becomes further and further reduced as hydrogen loss increases, in
comparison with normal undamaged TRIGA fuel elements in core. This, in turn, indicates
that locally within the core wherever a damaged TRIGA fuel element (with presumed
hydrogen loss) exists, a constant negative reactivity effect also exists, i.e., this local
negative rea. tivity effect is not temperature dependent. Therefore, overall you would not
only have a negative reactivity temperature feedback effect (via the ZrHy or cell effect) as
long as some (i.e. any) hydrogen exists within any of the core's TRIGA fuel, but you would
also have a negative reactivity temperature feedback effect via the Doppler broadening and
density decrease (or leakage) effects, and further you would also have a constant negative
reactivity effect in each TRIGA element that is presumed to have lost a significant portion
of its hydrogen. Licensee is, thus, at a loss to see how the Intervenor can possibly contend
that the TRIGA reactor's negative temperature coefficient of reactivity could ever become

zero or positive and, thus, ever fail to shutdown the reactor automatically during a pulse.

One last peint should be made. If a TRIGA element were to fail (i.e. a clad failure occurs)
and hydrogen were presumed to be driven out or iost from the failed element, fission gases
would also be released to the pool water. These would be detected via the activation of
radiation alarms. Under such a scenario, it is hard te believe that any subsequent reactor
power operations would be permitted, i.e. with obviously damaged fuel. And finally, such

accidents involving clad failure are treated in the AFRRI SAR and, therefore, can not be



considered to be of a different kind or greater severity than those that are treated in the

AFRRI SAR.

Sworn to and subscribed before
me on this

2 5§ ™day of Fui~, 1983

i*:z:
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APPENDIX C

A BRIEF DISCUSSION OF THE
TRIGA PROMPT NEGATIVE TEMPERATURE COEFFICIENT OF REACTIVITY

Reactors fueled with TRIGA U-ZrH fuel-moderator elements exhibit a strong
srompt negative temperature coefficient of reactivity. For the stainless steel
clad U-ZrH; 7 fuel, the temperature coefficient is -1,26 x 107 &k/k per "%
There 2-2 several factors contributing to the prompt coefficient as noted below:

RELATIVE MACNITUDE OF CONTRIBUTING COMFONENTS
OF THE PROMPT NEGATIVE TEMPERATURE COEFFICIENT
OF TRIGA REACTORS

U-ZrH, o, Al Clad U-ZrH) 4, SS Clad
(%) (Ta)

L. Cell increased disadvantage factor
witz increased fuel temperature
leading to a decrease in neutron
ecozomy 40 60

2, Irregularities in the fuel lattice due
to control rod positions—essentially
sarme eifect as | above 10 10

3. Doozler broadening of U238 resonances—
increased resonance capture with
incr=ased fuel temperature 20 15

4, Leakage—increased loss of thermal
g neutrons from the core when the fuel
is heated 2 30 _ 15

2 The low-hydride core is assumed to be reflected by graphite radially,

whereas the high hydride core is water reflected radially. The graphite reflector
gives ~307 more negative contribution to the leakage component for either core.

1]



l_?akun fron: Ceneral Atomics Report . E~-117-837,°The U-Irk Alloy: It
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AFFIDAVIT
OF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

The Licensee does analyze reactivity transients and a LOCA within sections 6.2.2 and 6.3.3,
respectively, of the AFRRI SAR and fails to obtain conditions necessary to achieve even a
single fuel element clad failure. In fact, Intervenor has stated in its response to Licensee's
interrogatory #24f that clad failures are not expected during a LOCA unless pulsing
operation also takes place concurrently. Moreover, the AFRRI SAR explicitly addresses and
conservatively analyses the consequences of a fuel element clad failure accident and
specifically designates such an accident as a DBA. (See sections 6.3.2 and 6.3.4.2 of the
AFRRI SAR.) Although concurrent multiple clad failures are not explicitly addressed in the
AFRRI SAR, due to their extremely low (non-credible) probability, they are nevertheless

addressed within section 4.3 of the AFRRI Rea<tor Facility Emergency Plan, and the

consequences of such multiple clad failure events can readily be obtained simply by
multiplying the consequences of a single element failure, trom the AFRRI SAR, by the

number of elements presumed involved in the multiple failure event.

Each of the Intervenor's postulated causal mechanisms for a concurrent multiple clad failure
accident under this contention is listed below with a brief discussion of why each is

considered not credible.

a. Material Defects: Not credible due to extremely low probability for concurrent
failure. Individual clad failures cue to material defect are generally considered to

occur as random stochastic failures, therefore, two or more such occurrences



concurrently in time are viewed as being norn-credible. No concurrent multiple clad
failure accident due to material defect has ever occurred in the entire history of
TRIGA reactors, and even if such an event were to occur, its consequences would be
limited since individual clad failures due to material defect have always occurred early
in an element's life so that burnup and the accumulation of fission products within such
an element would be limited but certainly well beiow the equilibrium saturation activity

utilized for a single clad failure accident in the AFRRI SAR.

b. Uncontrolled Power Excursion: Not credible since fuel temperatures and pressures
necessary to breach the cladding cannot be attained either via steady-state or pulse
operations. Note: The AFRRI reactor is incapable of firing pulses in rapid succession
as Intervenor claims (see Motion for Summary Dispostion relating to Contention 9
Accidents 1V.) The TRIGA reactor's inherent negative temperature coefficient of
reactivity will ensure automatic reactor shutdown before fuel damage results. Even if
all of Licensee's authorized K-excess of $5.00 were available and inserted in a step
fashion, fuel temperatures and pressures would still remain well below the point where

clad failure might be expected. (See section 6.2.2 of the AFRRI SAR.)

c. LOCA: Not credible since fuel temperatures and pressures necessary to breach the
clad cannot be attained. (See Licensee's Application for Amendment to License R-84 in
1964-65, Docket 50-170, where conservative calculations for a LOCA are provided.)
Even if it is postulated that pulsing must occur concurrent with a LOCA, clad failure is
not credible since pulsing (single or repetitive) cannot be performed during a LOCA.
(See Motion for Summary Dispostion and my affidavit concerning contention 9.

Accidents [V.) (See also section 6.3.3 of the AFRRI SAR.)



d. Sabotage: Not credible due to extiemely low probability. The AFRRI Reactor

Physical Security Plan, which is protected from public disclosure, provides information

and data to illustrate the protection afforded to detect and respond to sabotage and
which, thus, makes such an event non-credible from the standpoint of probability. (See

AFRRI Reactor Facility Physical Security Plan.)

e. Aircraft Collision: Not credible due to extreme remoteness of such an event.
AFRRI is not beneath any scheduled air traffic route. The vast majority of aircraft
crashes occur upon take-off and landing (within a few miles of the airport). AFRRI is
not near enough to either National Airport or Dulles Airport to be considered in a high
risk area for aircraft crashes. Even if the incredible should occur, any consequent
release would be insignificant with respect to the normal consequences of an aircraft
crash, such as petroleum fuel fires, structural damage, etc. (See NRC Staff's Safety

Evaluation Report on the AFRRI Reactor.)

f. Natural Act-of-God Accidents: Not credible due to extreme remoteness of such an
event. Just as for the case of aircraft collision, an Act-of-God event which is adequate
to cause multiple clad failures would also produce extensive concurrent colateral
damage which would far exceed the consequences of a release. (See NRC Staff's Safety

Evaluation Report on the AFRRI Reactor.)

In summary, Licensee submits that multiple clad failures due to the Intervenors postulated
causal mechanisms are either not possible of yielding clad failures or are not likely enough
to be considered credible. Licensee has provided, in it's SAR and its application for

relicense, adequate assurance that multiple clad failures are not credible events and the



NRC Staff has agreed with the Licensee in this area. (See SER as well as page 53, lines 2
through 9, inclusive, of the transcript of Dr. Stillman's deposition in New York on 18 Dec

1982.)

Sworn to and subscribed before
me on this 2 £ = day of F 4 5 1983,



.m.m; ke

ed L 'Mr" -
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1. SUMMARY

mh tests were performed on TRICA low-enriched uranium (LEU) fuel
samples from temperatures ranging from B00° to 1200°C. Fuel mamples
quenched from B00®, 1000°, 1100°, and 1200°C showed remarkably benign
response to the test conditions. Minor cracking occurréd in some samples;
volume shrinkage, loss of hydrogen, and apparent surface oxidation occurred
in all mamples. Test results on samples quenched from approximately 1100°C
were varisble; these variationa were at first believed to have been caused
by differences in the fuel homogeneity. The results on some samples wore
benign (minor cracking, volume shrinkage, loss of hydrogen, and surface
oxidation), while localized melting occurred on other samples when heated
to a measured temperature of 1050°C. The localized melting was caunes by
eutectica formed from reaction of the Inconel-600 thermocouple sheath
with the fuel sample. Samples quenched from 1200°C show variable behavior
only because one sample contacted and reacted with the tantalum susceptor
originally used. The second sample showed very satisfactory benign
behavior.




e
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2. INTRODUCTION

Quench teata from temperatures ranging from 800° to 1200°C were per-
formed on 20Z-enriched 450-53Zr-1Er-1H* TRIGA LEU fuel samples to simulate
conditions when water ingress occurs upon rupture of the cladding in a
tuel rod. The tests were similar to those performed for the same purpose
in 1958 on 20%-enriched BU-91Zr-1H TRIGA fuel samples and rods. Only
minor cracking and surface oxidation occurred in these earlier tests,
yod the current tosts were performed to determine Lf the change to the
new fue)l composition would significantly - influence fuerl behavior under

the quench test conditions.

-
45 wt-% uranium, 53 wt-% zirconium, | wt-% erbium, 1 wt-2 hydrogen.

3. DESCRIPTION OF SAMPLES, EXPERIMENT, AND EQUIPMENT/APPARATUS

The samples used in the quench tests were cut from TRIGA LEU fuel rods
in pleces 12,9 mm in diameter and ranging from 12 to 18 mm in length. A
hole was drilled into each fuel sample to allow insertion of the 1, 6-mm-
0.d., Inconel-600-sheathed, MgO-insulated, Chromel-Alumel thermocoupie.
For the fuel teats at B00® and 1000°C, the sheathed thermcouple was in-
serted directly in contact with the hole surfaces. When it was found
that fuel melting and fuel-thermocouple reactions occurred in tests per-
formed at approximately 1100°C and Ligher temperatures, a molybdenum cup
was inserted in the fuel hole to prevent reaction between the fuel sample
and the Inconel 600 thermocouple sheath,

The experimental equipment used is shown schematically in Fig. |. and
in the Fig. 2 photograph. The equipment consists of a vacuu~'inert
atmosphere quartz tube furnace in which a molybdenum (initially tantalum)
susceptor is induction-heated by a Tocco 30-kW motor-generator induction
unit. (The susceptor material was changed because the tantalum hydrided
when the samples released hydrogen; molybdenum does not absorb hydrogen.)

The susceptor radiant heats the fuel sample. The aystem is twice
evacuated to w" torr and back-filled to atmospheric pressure with com-
mercial argon prior to heating the sample. When the sample is heated to
the desired temperature, valve 2 (Fig. 1) is opened momentarily while the
sample is dropped by pushing the sample holder r: 4 through the aliding
seal. Typical time at temperature for the sample f= 3 min.

The thermocouple was lnert“ direct!y into test samples 1 through S,
and an attempt was made to drop the sample. The thermocouples inserted

-
All figures and tables are at the bueck of this repart.




In samples 6 and B, which were not quenched, were heated aimultaneously
with samples 7 and 9, respectively, which were quenched. This was done
to allow temperature to he measured in sibling camples, yet avold having

the thermcouple fnterfere with the quenching opevration.

lmmediately after the sample {s dropped into the quench chamber
hottom, valve 2 ts closed to minimize alr ingress into the furnace chamber.
The atmosphere in the quench water chamber is exhausted through an
elephant trunk to an absolute filter hood. Since the fuel sample cools
quickly, the experimenter immediately unfastens the quick-connect flange,

reaches (nto the water chamber, and retrieves ic.

The furnace and thermocouples were checked using a 12.9-mm-diameter
by 12,9 -mm-long 31688 cylinder as the test specimen (Fig. 2). The thermo-
couple junctions were inserted in holes 3.175 and 6.35 mm (axial center
of 12,9-mm-diameter sample) from the surface. The type 31685 cylinder
was used to minimize effects of possible thermocouple/sample reactions
during the checkout.

In the {iret calibration trial, thermocouple 1 was inserted in the
V. 175-mm-deep hole, and thermocouple 2 was inserted in the 6.35-mm-deep
hole. For the aecond calibration trial, the positions of the thermo-
ouples were reversed. The results upon heating in the test apparatus

are glven {a Table 1,

The two thermoccuples behaved similarly. Upon heating to approxi-
mately 1000°C, the temperature difference between the sample 3.175 mm
from the surface and that in the center of the cylinder (6.35 mm from
the surface) was approximately 20°C. This outcome indicates that the
nctval surface temperature 1m 1020°C when the thermocouple 3,175 mm from
the surface showa 1000°C,

4. CHARACTERIZATION OF TRIGA FUEL SAMPLES PRIOR TO AND AFTER TESTING

The experimenter characterized the fuel samples prior to and after .
testing by photographing their external appearance (Figs. 3 through 20),
performing dimensional measurements and weighing them. The dimensional
and weight data before and after testing are given in Table 2. The net
changes are also listed. Test resuit details are discussed {n Section 5.
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S. TEST RESULTS

Ouench testing at 800°C (sample 1) and 1000°C (sample 2) weat as

expected with no unusual occurences. However, initial tests attempted

s 1050°C and higher temperatures (samples 3, 4, and 5), where the
(nconel-sheathed thermocouple was in direct contact with the fuel,

veulted in localized fuel melting. Samples 3 and & were from fuel rod
\SIRIN, whereas sample 5 and later samples were from fuel rod EASIRIL,
vemaiiniog tests from sample 6 onward (all from E4SIRIL) did not result

in localized melt.ng. These observations would indicate that the localized
melting was the result of fuel reactions with the Inconel 600 thermocouple
“heath, rather than inhomogeneities in the fuel. The major constituents of
tnconel 600 are nickel, chromium, and irom (72N1-14- " 7Cr~6-10Fe). Low-
welting eutectics between uranium and the Inconel 600 constituents occur

v follows: nlckel 740°C, chromium 859°C, and irom 725°C. (See Appendices
A, B, and C.) The melting points of the eutectirs between zirconium and
(he Inconel 600 constituents are as follows: nickel 961°C, chromium
1100°C, and tron 934°C. (See Appendices D, E, and F.)

1. 800°C FUEL SAMPLE QUENCE TEST RESULTS

The R00°C fuel quench test (sample 1) resulted in a weight loss of
0.115 g from a total weight of 19.9152 g. This constitutes a 0.57 wt X
loss. There appeared to be very little test-related surface oxidation
w the sample, so it may be assumed that the weight loss was due to
rolosne of hydrogen. The fuel initially contained 0.88 wt T hydrogen.
fence, 0.57/0.88 wt % or 64.8% of the initial hydrogen present in the
cample was lost doring the teat. The sample showed only a minor radial
crack and volume shrinkage (approximately 1% differential colume/volume)

that conld be attributable to the loss in hydrogen.

Some positive pressure change, i.e., 13,788 kPa, typle.'l occurred
{n the furnace atmosphere during the treatment of the samples, indicating
outgassing and release of hydrogen. The pressure change was slightly
larger for the samples subsequently heated to higher temperatures. Some

1

of the pressure change was btedly also due to temperature Increase

of the argon atmosphere In the furnace.

§.2. 1000°C FUEL SAMPLE QUENCH TEST RESULTS

The 1000°C fuel quench test (sample 2) resulted in a weight loss of
0.0714 g from a total weight of 15.954 g. This constitutes a 0,45 wt X
loss. Some surface oxidatlon appears to have occurred, with a weight
gain from oxidation offseting some of the hydrogen weight loss. Neo
post-test visual surface cracks were found on the sample. The volume
shrinkage, approximately 4.6%, appears to indicate more hydrogen loss and
sintering than found in the sample quenched from 800°C, even though the

overall fractional weight loss was less.

5.3. 1100°C FUEL SAMPLE QUENCH TEST RESULTS

The 1100°C quench fuel test (sample 7) resulted in a weight loss of
0.7764 g from a total initial weight of 18,3849 g. This constitutes a
4.23 wt % loss. Since the original sample contained only 0.88 wt I
hydrogen, even if all of the hydrogen in the samples were removed during
heating to 1100°C, an additfonal 3.35 wt T o1 loss could possibly be
attributed to other constituents having been removed, possibly as oxides.
However, since the sample quenched from 1200°C showed a lower weight losa,
this ts not highly probable (see Section 5.4). Although the sample had
developed a radial crack on one end, there was very minimal evidence of
chipping or other removal of solid material resulting from heating to
1100°C or from dropping into the quench chamber.




G4, 1200°C FUEL, SAMPLE QUENCK TEST RESULTS

The 1200°C fuel quench test (sample 9) resulted in a weight loss of
A.0600 g from a total initial weight of 13.9545 g. This constitutes a
0,375 wt T loss. Since the origiaal sample contained 0.88% hydrogen, and
it 1s expected that virtually ajl of the hydrogen would have been released
upon heating to 1200°C, the hydropen weight loss was compensated in part
by a welght galn due to sample surface oxidation. Other than minor
surface oxtdation, the sample showed only minor markings where the sample
wan supported with a molybdenum wire and no other adverse effects in
appearance.  The volume shrinkage of 5.2%1 is comparable to that observed
on sample 2, which was quenched from 1000°C.

5.5. MICROPPOBE ANALYSES

Microprobe analysis Indicated that the localized melting on sample
4 surfaces, vhich occurred wherever the Inconel 600 thermocouple was in
direct contact with the fuel at 1150°C, had the following characteristics:

1. The oncr-molten beads or blisters were of a bigh uranium content
and {n some cases were nearly pure uranfum. ‘(he pits or pockets
near the once-molten beads or blisters had a high uranium con-
tent, while the matrix surrounding them had a high zirconium
content, These results appear to indicate general high uranfum
content microinhomogen ities with a 10 to 150 ym* size range In
the fuel, probably increased by the formation of eutectice with
the thermocouple sheath, as described in No. 3 beiow.

2. In reglons near the thermocouple location, in what appeared to be
th» reaction zone between the Inconel 600 sheath and the fuel,
uranfum-chromfum plate cryatals were found, and iron and mag-
nesium were also present. These results indicate that low-
melting eutertica formed between the ur-nh-Ain the fuel and
the constituents of the Inconel 600 sheath of the thermocouple
and the MgO insulation between the sheath and the thermocouple.

- -
ym = micrometer = 10 . meters = | micron.

% 1t appears that the low-melting eutectics {nitiated the
localized melting by general surface molting of the - mples,
In surface regions distant from the source of chromium, from,
and nickel (the Inconel 600 thermocouple sheath) melting also
occurred, but the high vapor pressure of these constituents would
have caused them to disappear by vaporizatlion during hoating,
leaving only the high uranfum content to be detected by the
microprobe analysis. The grain size in the fuel {s signifi-
cantly larger throughout the fuel rod where low melting tom-
perature eutectics have formed versus where no uranium melting
has occurred. The higher uranium content regions are due to the
mizroinhomogeneities which are smaller than the grain size in
the fuel as fabricated (grain size = "40 to 120 um). Studies by
lcan. have shown that microinhomogeneities are characterized
by uranium-rich grain boundaries surrounding grains with rela-
tively uniform uranium and zirconium content. This type of
uranium distribution provides a beneficial effect on fission gas
relenre rates (release rates are lower by one to two orders of
magnitude) as compared to fuel feo which the uranium s distri-
buted uniformly as a finer dispersion. In the regions vhere
melting occurred, the microinhomogeneities were found within the
grains as well as in the grain boundaries. The grain size ranged
up to V150 ym as compared to an as-fabricated grain size of 40
to 120 pm,

Sample 3, which had been heated to 1200°C in contact with a thermo-
ctouple, was sectioned longitudinally so that materfal away from the sur-
face could be anlyzed. Microprobe snalyses showed that, in regions away
from the fuel surface and the zone of reaction between the fuel and the
thermocouple sheath, the primary constftuents were uranium and zirconium,
a8 expected. The concentration of vranium varied locally (6 to 80%), but

»
Gencral Atomic private communication.
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ft was generaliy from about 40 wt T to as high as 80 wt I uranfum (the
nominal average composition s 45 wt ¥ uranfum). The microprobe electron
beam wize employed was 5 by 50 ym, while single grains in this sample
were as large. as 150 ym in diameter. Therefore, the variation in compo-
wition observed was very local and {s classified as microinhomogeneities
tather than peneral inhomogeneities. Away from the reaction zone in the
sample, the uranium to zirconfum ratio was approximately unity. Stlicon
from an unknown source was found on the surfaces of the hole in which the
thermocouple was located, and this sflicon reacted with the fuel.

TRICA Fabrication reports that the fuel specimen was sectioned with
m alumina (M,O‘) abrasive wheel. 1Tt s difficult to understand why
«ilfcon rather than aluminum was found on the surfaces of the hole {f the
cutting wheel wan the source of the .lileo-.

Microprobe analyses were petformed on the surfaces of the above
“ampies In reglons away from where the thermocouple reactions occurred.
Microprobe analyses were aiso performed on the surfaces of several samples
fn which little or no melting occurred during heating prior to quenching,
4% well as on two archive samples which represent the fuel in the as-
fabricated condition. The microprobe results for the surfaces of all

«f the samples analyzed are swmarized in Table 3.

The amounts of uranium and zirconfum shown do not add up to 1002
hecanse (1) the microprobe analyses average the uranium and zirconium
content over a 50-um-diameter spot, and (2) the correction factor for
the X-ray absorption by the matrix has not been applied (the absorption
factor was calibrated for 50 aranium, 50X zirconium, but varies con-
slderably with varying amounts of uranfum and zircouium). (The details
of microprobe analyses are given in Appendices G and H). .

-

5.6, WYDROGEN AMALYSES

Hydrogen analyses were performed on samples 1 through 5, 7, and 9
fter quench or heating to test temperature and on two as-fabricated
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control samples EASIRIL and EASTRIH. The analyses were performed by the
vacuum fusion method. The analyses accuracy {s estimated to be #15% by
M. Hiatt, who performed the testa. The results are given in Table 4,

5.7. METALLOGRAPHIC EXAMINATION

5.7.1. As-Fabricated Control Specimens

The fuel rods were fabricated by casting, zone melting, and hydriding
the 45 wt T U-Zr alloy. The microstructures of the apecimens are typical
of hydrided dendritic structures. There are variations in composition and
grain aize on a microscopic scale, both axially and radially. The arrays
of fine pores at grain boundaries and within grains and the general festures
of the microstructures may be related to the recrystallization, phase
changes, and grain boundary segregation during hydriding. The phases that
are present include uranium, zircontum hydride, and zirconium and uranium
carbides. Variations in rates of solidification and of hydriding govern
the types of microstructural features that are observed. (See Figa.. 21
and 22.)

5.7.2. Specimens Quenched From 800°C

There 1s little change in the microstructure of the specimens quenched
from 800°C compared to that of the as-fabricated specimens. A slight
difference in structure in the surface area may be related to oxidation
and some loss of hydrogen from the surface region. (See Fig. 23.)

5.7.3. Specimens Quenched From 1000°C

The effects are similar to those obaerved in the specimens quenched
from 800°C. (See Fig. 24.)




5.7.4. Specimens Quenched Froa 1050°C

There {s some enhancement of the changes 1. microstructure obaerved
At BOO® and 1000°C, particularly in the homogenization and in the number
of fine volds which may be associated with increased loss of hydrogen.
(See Fig. 25.) The houogcnlunot; referred to here is related to the
composition or local uranfum and zirconium content. Upon heating at
temperatures “800°C, the diffusion of the constituents will tend to re-
move concentration gradients snd composition differences in the fuel.
Also, long-term heating at high temperatures will tend to promote grain
srowth, and a grain size larger than that in the as-fabricated condition

will reault.

%.7.5. Specimens Quenched From 1100°C

Ihe effecta are similar to those observed in the 1050°C quench with
further enhancement of the homogenization proceas. (See Fig. 26.)

5.7 K. Specimens Quenched From 1150°C

There is markedly increaned homogenization, although the grain
houndarles conatsting of fine arrays of voids are still in evidence.

Reaction of the fuel with the Inconel-600 thermocouple sheath resulted in

the formation of eutectics. (See Fig. 27.)

5.7.7. Specimens Quenched From 1200°¢C

Fipure /8 ahows the microstructures of specimens which reacted with
the Inconel-600 thermocouple sheath with the formation of eutectics.
Plgure 29 ahows the microatructures oi specimens which were {solated from
the thermocouple sheath by of molybd foll cups. The eutectic
evidently penetrated rapidly along grain boundaries in the specimens which

were in contact with the Inconel-600 thermocouple sheatha. The specisens

which were protected from the thermocouple sheath have a significantly
more homogeneous microstructure, although the grain boundaries with .rr-y-A
of fine voids are still in evidence. There has been a large loss of
hydrogen, particularly from the suviace reglons where small volo;o are

_visible in the grains. Surface oxidation is also evident, with an oxide

film approximately 6 microns thick.
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6. YONCLUSIONS

The following conclusions can be drawn from quench tests on TRIGA LEU

tuel samples from temperatures ranging from B0O* to 1200°C.

1.

All samples in which there was no contact with the Inconel 600
thermocouple sheath survived the tests in excellent condition.
All samples quenched from BOO® and 1100°C had minor cracking.

For those samples in which the fuel was in contact with the
Inconel 600 thermocouple sheath, no obvious reactions occurred
te 1000°C. Above approximately 1050°C, eutectics of uranium
with nickel, chromium with fron, and possibly zirconium with
nickel and fron formed, which resulted in localized melting of
the surface of the fuel sample. These results indicate satis-
factory behavior of TRIGA fuel for temperatures to at least
1200°C.  tpder conditions where the clad temperature can approach
the fuel temperature for several minutes (which may allow forma-
tion of eutectics with the clad), the results indicate satis-
factory hehavior to about 1050°C. This is still about 50° to
100°C higher than the temperature at which internal hydrogen
pressure ia expected to rupture the clad, should the clad tem-

perature approach that of the fuel.

Inconel sheathed thermocouples are used to monitor temperatures
In both atandard and TRIGA LEU fuel. No problems have been
ohaerved from thelr presence. The lowest temperature eutectic
tn the system is fron with uranium, which occurs at 725°C. At
temperatures <725°C, the diffusion rates are very low and no
eutectics form  For pulsing reactors whe +in the fuel is pulsed
ta “1050°C, the time at temperature is very short, a small

14

fraction of a second. The time is so short that there will not
be sufficient diffusion to cause eutectics to form bhetween the
fuel and the Inconel sheath, lUnder design operating conditions,
the presence of the Inconel-sheathed thermocouples in the TRICA
fuel has been and 18 expected to continue to b= satisfactory.
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operation. The basic characteristics of the TRIGA
research reactors are:

1. The use of homogeneous U-Zr hydride solid
fuel-moderator elements with a large
prompt negative temperature coeificient of
reactivity.

2. Light-water open-pool design, with natural
convection cooling up to 2 MW and forced
cooling above this level.

L]

. Power pulsing capability, licensed to pulse
routmely up to a reactivity insertion of
3.2% 8k/k (34.60) and peak power level of
6500 MW, providing an integrated neutron
flux of ¢p to ~10" n/em? per pulse. A
special annular core pulsing (ACPR) TRIGA
reactor at Sandia Corporation achieves a
peak pulse of 12 000 MW (Refs. 4, 5, and 6).
The ACPR has a large central irradiation
space for pulse-testing reactor fuels, ma-
terials, and equipment.

A typical ACPR
shown in Fig. 1.
and 1.4 in.

fuel-moderator element is
The active section is 15 in. long
in diameter and contains ~12 wt%
in *®yu. aili
-diam hole is drxlled

uranium enriched to 20%
hydridin

pletg. Graphite cylinders ~2. . long and 1.4 ig.
in diameter act as top and Lot.om reflectors.

The active fuel section and the top and boitom
graphite cylinders are co tai ned in a 0.02-in.-
thick stainless-steel clad. (The clad is provided
with internal dimpies that act spacers to en-
sure a thermal gap of --0.010 in tween the fuel
meat and the clad.] The stainless-steel cladding

pnd £

-
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convection cooling-water flow upward through the
grid. The bottom end filting, which is also {luted
to provide water f{low passages, rests and is
centered on the chamfered hole in the bottom grid
plate. The bottom grid plate supports the weight
of the element, which is 7.5 lb, and the *®U
content is ~54 g.

Ihe standard TRIGA fuelhas a cold zap of only .
1or i1 tween the fuel a 1ad, is slip-{it

togeth wt’ urani a

ydrogen dissociation pessure is governed by the ‘
composition and temperature. For Zr
equjlibri i

ingle = de composition eli 4
nates the iy ta¥es associated
wit thermal diffusion of the

The recently develope-dE e

FLIP) fuel contains up to
3.0% erbium as a burnable poison to increase the
core lifetime in the higher power (1- to 14-

MW) TRIGA reactors.”® [Cores with steady-slale

The calculated core lifetime with FLIP fuel in the
2-MW TRIGA is ~9 MW-yr. Over 2

General i i o - <

Zeaching peaks ol = 1150°C
TRIGA fuel wa y

of uﬁgggn; safely, A [ i ht

that had a large ature

coe tivit if all vail-
tivity w dde i injo

the

minate bef re s Ex-

periments then in progress demonstrated that
zirconium hydride possesses a basic mechanism
to produce the desired characteristic. Additiona’
advantages included the facts that ZrH has a good |
heat capacity, that it results in relatively small
core sizes and high flux values due to the high
hydrogen content, and that it can be used ef-
fectively in a rugged fuel element size. {

Current routine power levels for TRIGA re-;
actors (1 to 2 MW} require operational excess:
reactivities that cannot be instantanecusly in-:
serted into the core with complete safety. How-
ever, the safety of these systems has not beer
compromised because no single control rod or
experiment is worth the reactivity necessary (¢

reach an unsafe level. The ACPR, which
sptimized for maximum pulsing performance, re-
quires the precise timing of the removal of 3 to !

pulse rods to produce the operational pulse per-
formance.
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The characteristics of the fuel and the design
.nd operational experience with pulsed TRIGA
-cactors are described in this paper.

:wASE SYSTEMS AND DISSOCIATION PRESSURES

The ZrH and U-ZrH systems are essentially
3 9 :

* . ple eutectoids,” containing at least four sep-
-rate hydride phases in addition to the zirconium
:nd uranium allotropes (Fig. 2). The hydride
shases consist of the following:

! 1. Alpha phase—a low-temperature terminal
¥ solid solution of hydrogen in the hexagona!
close-packed alpha-zirconium lattice.

2. Beta phase~a solid solution of hydrogen
dissolved in the high-temperature body-
cer.ered cubic zirconium phase.

g

(=)

. Delta phase—an fce hydride phase (a delta-
prime phase has also been reported, formed
below 240°C from the delta).

4. Epsilon phase—a face-centered tetragonal
" (fet) hydride phase with the ratio ¢c/a < 1,
extending beyond the delta phase to ZrH,.
The epsilon phase is not a true equilibrium
phase and forms from the delta by a mar-
tensitic reaction. It appears as a banded
twin structure.

When uramuum is present, it appears to be
nartially rejected from solution during the hy-
“riding process. The uranium rejected is present
s 2 fine uniform dispersion. The effect of the
<ranium addition on the ZrH system is to shift all
the phase boundaries of the ZrH diagram to
slightly lower temperatures. For example, the
cutectoid temperature is lowered from 547 to
*41°C. No new phases and no uranium hydride
"ave been detected.'® At rather high uranium con-
‘ents (25 to 50 wt%), the behavior with hydrogen
s found to be a breakdown of the intermetallic
tloy. The zirconium reacted with the hydrogen,
Ziving polyphase regions of uranium, zirconium,
4nd zirconium hydride phases, mainly the cubic
“elta hydride. The phase boundaries of the ZrH
‘iagram were relatively unaffected in the region
Migh hydrogen content, but the alpha and beta

74a%es were markedly shifted. The main effect of
¢ =€ addition of uranium in the low hydrogen con-

“% re

f

n was (o considerably increase the range
Pha phase. Uranium hydride phases were
¢ !observed.

[ 3 ‘nera 5 1
; e is no generaliy

accepted theoretical
2 o I

~ Y o sk r ebal selend ol il
z #Hon of the structure of metal hydrides.

.....
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band of the metal structure, and as being precent
in the lattice as /#*. This theory describes the
transition metal hydrides as metallic or as alloys.
The alternative theory considers that the hydrogen
atom acquires an electron from the conduction
band and is present as H~. The depleted conduc-
tion band remains to give residual metallic bond-
ing in the hydrice and to account for the metallic
properties. This theory describes the hydrides as
ionic. T is possible that covalent bonding could be
introduced into either theory, althcugh- few at-
tempts have been made to do so. In any case, the
small hydrogen atom would be expected to enter
the tetrahedral sites in the usually clcse-packed
metal structure. Nevertheless, most hydrides do
not have their metal atoms in the same positions
as in the parent metal. The solubility of hydrogen
in zirconium above the eutectoid temperature was
found to be increased by the presence of beta-
stabilizing elements and decreased by alpha-
stabilizers.

The rates of hydriding and dehydriding of
zirconium are markedly influenced (reduced) by
the presence of surface oxide or nitride films.
The surface films will, therefore, affect the
measured hydrogen dissociation pressures unless
precautions are taken to eliminate these films.

The hydrogen dissociation pressures of zir-
conium hydrides and of U-ZrH have been mea-
sured.” The concentration of hydrogen is
generally reported in terms of either weight
percent or atoms of hydrogen per cm’ of fuel
(Ny). The equilibrium dissociation pressures in
the ZrH system are given in Fig. 3. In the delta
region,” the dissociation pressure equilibria of
the zirconium-hydrogen binary can be expressed
in terms of composition and temperature by the
relation

K, x 10°

logP =Kl:b-—?—— ’

where
K, = -3.8415 + 38.6433X - 34.2639X" + 9.2821x°
K, = -31.2982 + 23.5741X - 6.0280Xx*
- P-= pressure, atm
T = temperature, K
X = hydrogen-to-zirconium atom ratio.

The heat of solution of hydrogen in the delta
hydrided phase decreases with incre Ing s
concentration, from -46.3K cal/mole, in deita of
composition ZrH, ,, to -37.7K cal/mole, in epsilon
(Ref. 12). It is significant

s~ ey o me els il bl - Cssmmbimem 3 3
that no discontinuity in the function is in

N - iS4
of composition ZrH,.,
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Fig. 2. Zirconium-hydrogen phase relationships {from Ref. 3).
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Fig. 3. Dissociation pressure isochores of zirconium hydride (expressed as H/Zr atom ratios) (from Ref. 9).

~1.4to 1.9. This is compatible with the transition
from fec-delta to fct-epsilon, involving a con-
tinuous anisotropic expansion of the cubic phase.
The isochores of the delta-epsilon regions of the
ZrH system exhibit a progressively increasing
change in spacing with increasing hydrogen con-
centration. Any deviation from this type of pro-
zression is attributed to significant contamination
of the binary with oxygen, nitrogen, carbon, etc.,
to form a ternary or higher-order alloy system.
s w : \
are_sinegle- tz or epsilon) and are
subject to thermal tion or ¢

cucline. For a composition of about ZiH inadlie
equilihrium hydrogen di it S

1 atm at ~b This 2allows considerable varia-
ion in fuel central temperatures without building

:0 hich internal gas prassures in the fuel element.
.he abesence of a2 cpenrnd phaca in the higher her o
irides eiiminates the problem of large volume
C—— e s+ T

AU eS assoclaleq wiih phase transiormations at

—

material of stainless-steel or nickel alloys will
provide a.satisfactory diffusion barrier to hydro-

‘gen at long-term (several years) sustained clad-

ding temperatures below ~300°C in a water or
steam environment.

The equilibrium dissociation pressures in the
H/Zr composition range of 1.4 to 1.7 at tempera-
tures up to 1300°C have been measured.” The
results for an H/Zr range of 1.55 to 1.7 agree
closely with the values obtained from extrapola-
tion of the reported data that extend to 950°C.
However, the data for an H/Zr range of 1.4to 1.5
indicate that the hydrogen dissociation pressures
for these compositions are considerably lower
than the values extrapolated from the tempera-
tures below 950°C, probably as a result of phase
changes at the elevated temperatures. For ex-
ample, at the H/Zr ratio of 1.5, the measured
dissociation pressure at 1100°C is 7.7 atm versus
the extrapolated value of 25.2 atm, and at 1200°C
is 11.5 atm measured versus 70 atm extrapolated.

. Yo by | . .r N [~ -~ : 11 ! ~ : 3 3
s0°C in the lower hvdride comnosif:ons, Simi- The influence of carbon on the dissociation
riy_cthe cbesnce of sienificant thermal diffucion pressures of hvdrozen in carbon-modified U-ZrHE
3 ' i . % s T.15% e 3
- L ¢ gher hvdr orecludes con-  fuels has been measured. ' The dissociation
s ——— ee and cracking pressures were found to Dde predictably higher
T ! ot
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s than the dissociation pressures of the carbon-free
hydrides. The hydrogen dissociation pressures
are expressed -as a function of temperature and
composition:

P = K exp(-AH,/RT) ,

where the value of K is governed by composition.
The carbon associates with zirconium on a 1-to-1
ratio,

All available evidence indicates that the adai-
tion of erbium to the U-ZrH introduces no de-
leterious effects to the fuel. Erbium has a high
boiling point and a relatively low vapor pressure
so that it can be melted into the uranium-
zirconium uniformly. The erbium is incorporated
into the fuel during the melting process. All the
analyses that have been made on the alloy show
that the erbium is dispersed uniformly, as is the
uranium. Erbium is a metal and forms a metallic
solution with the uranium-zirconium; thus there is
no reason to believe that therc will be any segre-
gation of the erbium. Erbium forms a stable
hydride (as stable as zirconium hydride), which
also indicates that the erbium will remain uni-
formly dispersed through the alloy. Also, since
neutron capture in erbium is an n-y reaction,
there are no recoil products.

The erbium cannot migrate or segregate in the
fuel at the temperatures and times involved since
the diffusion rales are much too low. Inter-
metallic diffusion rates follow an exponential
relationship with temperature and are extremely
! low at the operating temperatures for this type of

alloy. Thus, with a conservative diffusion coeffi-

cient of 10" c¢m?/sec at 800°C, the diffusion
b distance would be ~0.1 mm/yr. Hence, there
could not be any significant migration during the
{ lifetime of the fuel.

gneration in a -eacto' is n

isothermal. apnd hydrogen migrates ¢
. peratur recions {rom hlgh-'e"',ggﬂ;g;g ;gg;qag
1he eguilibrium dissociation pressure obtained
Xhen the ioution is_complete is lower than

regaisir

en is. |
or cpsilon-

been described.'

tribution was observed in the dnl‘a-

phase hvdrides. In the lower
e
m hvdride have

temperature range of 650 to 800°C (Ref. 15) _‘nn_

IO orption follows a_par:

and the rate constant is proportional to the con-

centration difference and to the square root of the

diffusion constant. The temperature dependence

of diffusion is given by

D =0.25 exp|(-17 800/RT )]

The diffusi £ badeo ol . hedrid

© WIS ind

PHYSICAL, MECHANICAL, AND
CORRQOSION PROPERTIES

The densi% of U-ZrH decreases with an_io-
crease 1n the hydrogen content, as shown in Fig. 4
(lte!. 187, The aensxi! change is quite high (15

changes little with further increases in hvdrogen.
been made over a range of temperatures.'® A
problem in carrying out these measurements by
conventional methods is the disturbing effect of

hydrogen migration under the thermal gradients .
imposed on the specimens during the experiments.

This has been minimized by using a short pulse-

heating technique to determine the thermal dif-

fusivity, and hence permitting calculation of the

thermal conductivity. A value of 0.042 + 1.79 X

10™* T cal/sec-cm-°C s used Tor th ¢
T T T e e e & lohia

8 moashansipa 5.

Sellto measure becouse ol Lo anileganis
ow at e ratures it exhibits z

significant _ductility and creep deformation, The

creep strength is markedly influenced by the
structure, as shown in Fig. 5 (Refs. 18 and 19).
The beta phase has a_much lower creep streacth

than the delta phase  This tant factor

in_the polstively creater jrradjation stability o

By e

the dissocio*ion cressure before redistribution. Ita phase at high temperatures,
1he dimeneional chanzes of fuel rods due to The hydride fuel has excellent corrosiop re-
nvarozen migrziigo are of mllor importance in  sistance in _water, Bare fuel specimens have beern
the ¢ 12 ond Smlemmnasss. In the ENAP-10A subjected tn 2 nreccurized wates—savi=sament 3t
T ctor, the smail amount of hvdrogen _redistribu- 570°F apd 1270 oei durire 2 400-h neriod in an
ign in the high hvdride was found to be de- autoclaye ®® The averace corrncinn rate umc 250
Warmioed py temgerature pgradients within the mg/em”-month weight cain, accompanied he 2
" ante rFOANYErCION \( the curinpa lavem Af the hudrids 10
K3 (o111 ¢ f
The results of studies at Ceneral Atomic on an adherent oxide film, The maximum extent
erma, migration of hydrogen in U-ZrH fuel have corrosion penetration after 400 h o+ £ <2 mil

—
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7.4

7.2

DENSITY (g/em’)

6.0~ 4 BouNDARY
AT EUTECTOID

BECK (LAR 10)

CALCULATED DENSITIES

KCRST (NAA-SR-6880)

TOY, VETRANO [NAA-SR-4244(23-7)]
AVERAGE OF 68 SER FUEL RODS (93-7)
NAA 116=1, =2 EXPERIMENTS

O TAYLOR, AMBROSE (NAA-SR-9782)

»PH>ROOO

80 Zr - 20V

‘SJZP-7U
N
S r~50
2

TEMPERATURE s Siss
5.8 & BOUNDARY AT :gtzg;:;w BOUNDARIES
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| TEMPERATURE \ 100 2r
- . Q0
5.6 b TP \ — N,
| 1 L ] L 1 TR b i Ei
. 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
H/1r
‘U £ M Fig. 4. Density diagram (from Ref. 16).
M .

3 ) i ive i diation ¢t i SNA =
show 5 L ram have led to empirical correlations between
rel vity in ai swelung unger sfeaSy-state operation and  the

X important variables of temperature, fue gommﬁi-
tion. burnup, neutron flux, and fluence. The
oifset grow pri r i t
at.’o burnup) is ascribed to the va - on-

IRRADIATION EFFECTS

sation-type growth phenomengp. Future develgn-
ments in the pulsing U-Zr hydride fuels will

The U.S. Atomic Ener s _ctat . ; i
set a limit o wwdor mulei Aits
srowth of fuel elements for all pulsing reactors. Instrumented pulsing fuel elements have been
Mrevorihelece fuel elements baue goerated iptact fabricated to determine the temperature distribu-

"r long periods in TRIGA reactors with cladding tions ‘n the fuels and claddings and to record the

Toneations of up to .6 Dun (yugoslavia, non- gas pressures inthe fuel elements.

sulsing TRIGA). A_mechanical ratchetine _moch.- In the ACPR fuel elements a small gas gap
anism cansed these ppueual] elonoations  which 22D 375 um, 0.015 in.), prc "ided by menns of dimples
liminatod by suitable fuel element desicn. ir laddine, introduces a thermal resistance to
T S #- T e $ o ¢ . ¢ 33
Burnups of un to ~0.52 total metal at.e (750 ¢ rates from the fuel immediately
the *=11) have been attained successfully aR ion and to prevent {ilm boiling."
TRICA fue] elamente. The results of exten- y can be ruised to temperatures
- ~ - L etests -
. e aas w7
- e
e —— TR T R AT T LAl e
42 " o - o Qf ot R Ry -
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5 :i E ZrH, at 4000 psi (P)
-
- . ZrH, at 3000 psi (B) (Ref, 18)
| 1074
: E o |
!
z
| .
# & F
i
i B 105
} < ~
i - 4 o
i = -
i & L
| s
; L (Ref, 19)
2rH, , at 4000 psi (o)
i 1076 ta
i —
i - ZrH, 4, at LOOO psi (6 « ¢ )
; o 7Lt 1 |
! 1000 1100 1200 1300 1400 150
i TEMPERATURL (°F) =]
Fig. 5. Creep properties of zirconium hydride; com-
parison of 8 with § and § + ¢ phase material
(from Ref. 17).
|
>1150°C without din afe level of the
int ydroge ]

_.mm.L_x_
hot spots of ~117
~ to

wth a.nd migrati
2 hot -

" In gtandard nongapped TRIGA fuel the gieady
state power tempera ure levels increase after
' el and

Sladding, The eap f mation is caused bv the
t

An in-pile high-temperature King furnace®
provides a2 means to investigute the behavior of

reactor fuels in high-temperature transients [e.g.,
high-temperature gas- -cooled reactor (HTGR)
coated {uel particl cs‘ under transient heating
onditions by neutron pul:ing to over 3010°C.

A rhodium self-powersd neutron flux detector
has been installed in the Sandia Corporation
TRIGA-ACPR f{uel elements to determine the

7/

paase fuel (H/Zr = 1.6 to 1.9) under the sa:

neutron fluxes undcr pulsing and steady-s:
power conditions.??

Much information on’ irradiation effects
hydride fuels has been generated in the SN.
reactor program.” The swelling of the U
hydride fuels at high burm.,‘f. is governed by t-
basic mechanisms:

1. The accommodation of solid fission proc:
resulting from fission of *®*U. This lec
an early estimated growth of ~1.2% to ¢
AV/V per metal at.% burnup. This me
anism is relatively temperature insensit:

. The agglomeration of fission gases at ¢
vated temperatures (above 1300°F). 7T
takes place by diffusion of the xenon :
krypton to form gas bubbles.

. A saturable cavity nucleation phenome:
that results from the nucleation and gro
of irradiation-formed vacancies into vc
over a certain range of temperatures wh¢
the voids are stable. The saturation
, growth by this mechanism was termed off
- swelling. It was deduced from the “ra;
- decrease in fuel-to-cladding AT experien
during the early part of the irradiation.
saturation was reached in ~1500 h.

The highest swelling occurs in the beta ph:
at elevated (emperatures by means of the fis:
gas agglomeration, because the low creep stren
of the beta phase cannot accommodate the fiss:
gas pressurcs in the gas bubbles. Sweeping
fission gases can occur by phase boundary mot.
if the beta phase forms in the irradiated fue
For example, beta-phase fuel specimens (H/Z:
1.2 and 1.4) were postirradiation-annealed af
low-temperature (700°F) irradiation. Annea!
for 211 h at 1300°F produced small amounts
shrinkage, whereas annealing for 75 h at 1€0¢
produced 15 to 25% swelling. Annealing del.

conditions produced smail amounts of shrink:
or swelling—~<1.5% in all cases.’* The shrink:
of the fuel on postirradiation annealing is ascri:
to recovery of the matrix from damage cause-
temperatures lower than those employed dur
annealing. Anomalous shrinkage can also be

tributed to hydrogen loss.

The samples exhibiting large decrease:
density showed cracks and voids that suc
fission gas agglomeration.’' The void cluste:
high-hydride samples were correlated with «
lon-phase banding, ch led tec the ccnclus:::
some damage mechanism ohe' than f{i

aggzlomeration) takes place based on an apg:
.":‘:1 -epsilon-phase buundary qu:’Z- phen
non.”® The epsilon-phase irradiation data ir-

NUCLEAR TECHNOLOGY VOL. 28 JANUARSY



+¢ presence of stress-related fuel growth phe-
! sena since he.growibois higllz cadial oLl
<4 ** An important consideration in integrating
..’;e‘—--adxatxon results is the presence of thermal

sy —— - —— .

1Cent

ests ;pd in capsule tests, which closely simulated
.~¢.SNAP reactor operating conditions and ther-
:.;'. gradients, showed a different temperature-

weiling relationship compared to the other

ns.ue fuel experiments where the fuel tempera-
ures were more aniform.’

i aumber of attempts have been made to

’ ~nrrelate the measured swelling of SNAP-reactor
‘.els with burnup, temperature, and hydregen con-
ent. Large uncertainties in each of these param-

oters have made it necessary to use a statistical
:ample” based on clusters of points rather than
o ;.-.dmdual datum points.
l The observed dimensional changes indicate
cariations in the ratio of volumetric change to
iiameter change large enough to establish the lm-
*or'ance of diameter as an engmeermg varxable.
-‘\‘x iy Onl

v to aD/D is 3. wa

tween

"-md 3 and in the a

..—--LS& — TW
- chocens 28 203 2nd for the sisilonohase
c~18 40

'n the swelling correlations used for the SNAP-
-eactor fuels, the bulk average temperature is
“)nsidered to be identical to the arithmetic av-
urage of “the peak centerhne temperature anu the
surface temperature The time-variation of this
rmperature was calculated from the beginning-
‘-.ife (BOL) temperature, based on the cladding
‘hermocouple readings, the measured end-of -life
FOL) fuel AD/D, and the following fuel swelling

mudel®:

l

AV/V =3B +exp(-K/T) ,
vhere

= burnup, metal at. %

W = econstant (~30 000)

. T = bulk
R).

average fuel temperature (in degrees

el th ~ ~% t
arlier, the greatest

success has

}
»
H chieved hy using the offset, or equilib-
. % average fuel temperature that the fuel
: fter offset swelling has- been com-

s SWAP

Simnad et al TRIGA RESEARCH REACTORS
tests, except for the NAA-121 capsule test in
which the temperature profiles were sumlar and
the data correlate well with the SSDR data.’

A model of swelling based on burnup and
temperature led to the relatmnshxp for volumetric
growth of**

%27 =aB+pep-NT)

where

a, ﬂ -9 4D AD AL
¥ i
B = burnup, metal at.%
T = bulk average fuel temperature

a, B, and A = constants.

The fuel swelling data are usually plotted as
log (corrected volume growth) versus 1/7. The
corrected volume growth for offset swelling has
been given variously by

- 2.768

évl’ -2.88

and more recently

AV
g

(the Bonzer-Swenson correlation).

The S8DR data tend to show a greater tempera-
ture sensitivity than that shown by the Bonzer-
Swenson correlation, but the bulk of the data does
fall within the Bonzer-Swenson scatter band and
indicates a higher temperature sensitivity only if
considered as a separate data set.’’ The S8DR
data show a correlation of [(aV/V) - 3B)] of 0.8% at
1250°F, 0.4% at 1200°F, and 0.2% at 1150°F. The
total correlation is as follows:

5V _4p)- (5,35 exp[ 215 (1880 . )
(—7-- 3b)-5.5 exp<-<t2.3b exp[ 5 < - 1]

+21.5 1—8-6—0-1>>

where

b = burnup, metal at.%

b= burnup rate, burnup/ 10 000-h operaticn

wod

-

e 7w i
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PULSE HEATING

The U-ZrH fuel elements used in the TRIG
reactor are capable of operation under conditions
of transient experiments for delivery of high-
intensity bursts of neutrons. For these exper-
iments, the reactor is equipped with a special
coatrol rod mechanism that provides a method
of obtaining a step reactivity change of pre-
determined magnitude in the reactor. Ruring the

noclear Eulse. nearly all the energy is stored as
thermal energy in the fuel material. 1S results
{}an almost inStantaneous rise in the temperature
of the fuel body. These fuel elements have oper-
ated repeafeafy in the Advanced TRIGA Prototype
Reactor (ATPR) to peak power levels of over
8000 MW, providing a neutron fluence per pulse of
~10* n/em?.

The ATPE {uegl elements have been subjscted.to

thou The
nuclear safety stems (rom the large promptnega-
3 - tivi
uranium-zi j i

ter] The inherent prompt 2

of TRIGA reactors has been dem -
con These tests in-
volved step insertions of reactivity of up to

33% 6k/k. An in-pile test has been performed on

fuel elements of a_modified design (gapped) for

high performance in the TRIGA ACPR. As ex-

pected, there was satisfactory fuel body per-

formance after 400 pulses at temperatures up to

the design point of 1000°C (Ref. 2). There was no
- Py y TS 3, 1510 ressure in t

en the fuel and the clad was measured

N4 _QDeax DLE yer guna

he oulse, and Dez) :
S40 psia—well below the upper boupd.implicd

Sx.tbe couiliprium pressure data, As testing,
!!at hiEher temperatures continued,  there _was,
! | same evidence at _hot-spot regions, where

3 ber of
hyrd - ressure in.smo- 'Lbubbles that gucleated
in _the hot spats (=100, L llaZzl sael) and
iorme ray

Th hae anse of fuel-hody dictres 4+

|
ore than 200 pulses apoears to be local over-

| possible mechamsms were considere
| been tentatively rejected on the basis of evidenc
' obtained in the postexperiment analys :s.

v

D e can permit an increase in bubble size ov¢
a period of ti + this w i
_disruptive hil 2

o roducino .
anded fuel that constitutes the gray patch. Othe
but ha:

There was no indication that exctssive hen
transfer rates contributed to cladding distortio
Cladding material cut from the fuel elemen
appeared to be straight and true. When the initi
longitudinal cut was made, the cladding spra
open slightly to a uniform gap of ~,—’.-in., as wou
be expected from the residual stress remaini
due to the action of the die in the final drawis
operation during fabrication. The thermal-stre
distortion due to excess heat flux would hay
tended to produce residual stress in the opposi
direction. Additionally, the external surface di:
coloration was far less than for a normal eleme
after either normal maximum steady-state
pulsed operation.

Internal ga nre o __-uo ae -
negligible compared h the vield nnin ~
iagdine, The pressure-transducer calibratic

was rechecked and found satisfactory after t
test. In addition, a pressure-instrumented el
ment (identified as 2E) was pressurized to 50 p
after the test and maintained pressure overnigh
which verified that there was no measurable le
in the element. Note that gas chromatography

performed for gas extracted from element 2E.

this test no hydrogen gas was detected, althoug
the instrument has a high sensitivity for hydroge

The mechanisms of nucleation, growth,

migration of gas bubhbles in solids have be
studied extensivcly in recent years, mainly

connection with fission gas formation and swellis
in nuclear reactor fuels and helium formation t
nuclear transmutation in alloys. This informatic
is most useful in elucidating the damage mec
anism. Barnes and Nelson,” Nichols,” and Lav
ton et al.™ have presented reviews of this subjec
The conclusions reached from the results of r¢
cent studies can be summarized as follows: T!
behavior of the gas bubbles determines how mu
gas is released and how much swelling is pr
duced by the gas retained. The QJubbles c-
migrate bodily under the _jgfluepnce of vario

haatine of the fuel bodv as a resuilt of thermal,

drivine forces and by various mechanisms.

-
nevtrar {lux neakine in 2 umater.canhine channel

most _cases, the DbDubbles miorate g2 dire

adizgent to the fully enriched special test sles licn determined by temperature gradients stre:

ments, The mechanism by which this apparently rnd mavino diclrastina lirse ar ow

g 3 ) ure . 1™ iy Do ’ m~ray 5 s iveie s : - - e
curs is as follows: If the internal temperature i Apalvsis indigcates that spall boh

and hvdrocen concentrations are suiilCicii re dominated bv the behavior of dislgaation lin

sroduce buhbies ol AVArocen Cas. DIastIC OF creen o - a *h r size i1ncrenses the *omraorar:

OEEN £aS, DiasStiC or o3 Y r.as their size increases th

vieldine of the fyel marpnria T -5 - LT sohaein rocient cecomes mpore imngmont  Models bas

A T
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»n the behavior of dislocation lines and grain
soundaries are appropriate when the temperature
sradients are small; little gas escapes and swell-
:ng is then the main consequence.

On the other hand, mmmm_hw

steep tempera

's more complex. di o | ing reguj
ior each tem ] At high lemperatirzes
¢ cradient can drae bubbles from dislecarions
—oi the bubbles mizrale up (he lemperalure 2o -
iients, becoming trapped on grain boundaries
where gas 1S Barnes and

Neicon™® have postulated that bubbles migrate
predominantly by a surfr e diffusion mechanism,

while the aram .ers determining fhe Rg-

havior of the bubbles are temperature gradient

ubble radius, surface Qgillusion, vapor pressure
of the sohai and suriace tension,, T the material

1S stressed, the moving dislocations will drag the

Sl
These observations are in line with the con-
clusions of the present authors regarding the
mechanism of formation of the distressed area in
the hot spots in the pulsed special test fuel. This
area evidently was subjected to a temperature
range and to cycles of thermal gradieats and
stress gradients such as to favor the nucleation,
migration, and growth of hydrogen bubbles toward
the surface.
hvdro L : 3
he fupl maoteix which conseguently aradunlly

|
|

~.-x_.~ce.mmmmm.u.mdv gontact with the
ardins. ;;n Subseguent pulses hg gladdine
1 i d to make provision [or (ue
swelli jite A ] .
cladding will deformed by swellj s {
body _at temEeratures below those where crecp ov
hydrog essure ap idine t

M This phenomenon follows from the fact

that in a pulse, the rapidly heated fuel cxpands

thermally more than the cladding and thereby

forces the cladding to expand once the initial gap

has been bridged by swelling of the fuel body.

Zhis_accounts_rather well for the fact that the
re coverned by 2 i ‘

nnt tak

From the resulte of those tecis it canhe

luded that 11.7r1 fuel elements can be safely

AarAd A

urine a few pulses.

elele

i

'lll.c(,‘l'i sven toQ verw Wik ""’l_:_e_ﬂ‘”:'""""ﬁ.s \'Q"

intil aiter mare than AN0 nplepe tn fuel tempera-

'ures in excess of 1100°C did measurements _shay
-

two nf the five test elements exceeded the

eryatiy al tolerances. In the first

s external evidence of

[ th e special t elements

— ——
. . -
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fold. First, small power reactors using U-ZrH
fuel can safely sustain accidental power excur-
sions to high fuel temperature. Second, and per-
haps more significant, high-level pulsing reactors
(fluences of 10" n/cm?®) can be operated with
U-2ZrH fuel with a reasonable fuel lifetime. Fug-
thermore, with regard to standard types of TRICS
fuel temperatur re conseryati

The results of rapid dehydriding tests indicate
that the endothermic nature of hydrogen loss
slows down the rate of temperature rise. When
the hydride specimens are rapidly heated to ele-
vated temperatures in a dynamic vacuum system,
large-scale internal cracking takes place, where-
as when a backpressure of hydrogen is maintained
(as in a clad fuel element), the hydride fuel body
contains relatively small bubbles that are associ-
ated with the grain structure and substructure of
the material.

In the SNAPTRAN (Ref. 32), TREAT (Ref. 33),
and KIWI-TNT (Ref. 34) tests, high-hydride modi-
fied U-Zr hydrides have been pulse-heated to
destruction. In these specimens the hydrogen
content (1.82 wt%) was very high, and the temper-
atures were high enough to rupture or granulate
the fuel. In the KIWI-TNT transient tests, the
specimens were exposed toa .arge nuclear tran-
sient under the following conditions™

1. in containers designed to withstand internal
pressures of 120 000 psi

2. in chambers sealed with prestressed rup-
ture disks calibrated to burst within 5% of
specific pressure values

3. in a container in which the hydrogen gas
released from the fuel acted on a free piston
that impacted a copper anvil and produced
an indentation calibrated to give a measure
of the gas pressure as a function of time.

In type 3 tests, extensive cracking of the fuel
took place since large void space was availacle.
Much less fracture occurred in type 1 and type 2
tests since the internal gas pressure was bal-
anced. In some of the TREAT tests, the fuel
irradiation temperatures were high enough to melt
the fuel (~1800°C).

Measurements and calculations have béen re-

ported of hydrogen loss from hydrided 10 wi%
U-Zr {uel elements (1.25 in. diam X 1.0 in. long)
that were rapidly heat c:; by induction to e'“"e a-
tures near the mel - 1 €
that within ~75 sec
nonoxidizing atmos

e alvy  mi

-

——— o ——
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parallel with the cylindrical axis. with strong out-
gassing rates, and the temperarure dropped.. After
a few seconds the temperature zgain began to rise
and outgassing continued. After ~3 min at surface
temperatures of 2010 to 2020°F ., the specimen was
cooled. Subsequent analysis showed large amounts
of residua’ hydrogen. In ancther series , tempera-
tures up to 3400°F were reached before power was
shut off. In these, almost all the hydrogen was
driven off. The volume of the sample was found to
have decreased, and the surface cracks visibly
healed as the temperature rose above 2000°F.

FISSION-PRODUCT RETENTION

These experiments
were conducted over a period of 11 yr and under a

variety of conditions. Resul'= prove t 1
s = A
{ ¢ in=-s -

T {rom
ir A ~10°?
(Ref. 36). The experiments on fission-product

release include:

1. 1960—the measurement :{ the quantity of a
single fission-product isc:cpe released from
a full-size TRIGA elexent during irradia-
tion.

2. 1966—~the measurement of the fractional re-
lease of several isctopes ‘rom small speci-
mens of TRIGA fuel mzterial during and
after irradiation at tempemtures ranging
from ~25 to 1100°C.

3. 1971~the measurement cf the quantities of
several [ission-product isotopes released
from a full-size TRIGA #:el element during
irradiation in a duphcanc.. of the 1960 ex-
periment.

Postirradxatxon-anneal..-:g measurements
of the release from srall fuel samples
heated to 400°C.

Postirradiation-annealizz release mea-
surements from a small previously irradi-
ated fuel sample that hzd experienced fuel
burnup to ~5.5% of the **{.

4. SNAP~—measurements mzcde as part of the
Space Nuclear Auxiliarv Po=er reactor pro-
gram.

The cvrarimanse cheraus +thas Soere arp  fvon
mechanisms involved in the relezse of fissinn
ETCOUCSS LZOr = - vhich pre-

minates or Aiffavran - e re ranca.
- - . - oy o8 {Hesmime s orrr omt

LRSS g

: ntures up t

~_$400 AMW
Mmmwu
Mmuﬂ.nmuﬂtur Ahm_m_&be

cont
T fuel is { -
i » 3 £y
fuel surface-to-volume r:
tion, and the isoto =l
The resuits of the TRIGA experiments and
Ineasurements by others of fxssxon-product re- |
lease from SNAP {uel have been compared and
found to be in good agreement.
tion [ o, of fission-product
gases into the ga
full-size standard TRIGA fuel element is given oy

w=15x LQ-’
+3.6 x 10" expl-1.34 x 10*/(T + 273)]

the t i &
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unetion is a constant for low_{oInDelolill.2R - in steadv-state operation, as the effect of _acgi-
sase: the second term i the hich-temperature dental reaciiily shanoes Accurrine {rom experi-
sortion. “Mmental devices in the core is greatly reduced,

i ! The basic physical processes that occur when
the fuel-mcierator elements are heated can be
described as follows: W
the hydri incr the ability t ther-
E The curve ip Fic S.aoalies to 2 fusl elemen. ma neutr in ¢t £ element will gai
= that_has besn *rnﬂLd for 2 txmew Trom an excited state of an oscillating hydrogen

: atom in the '3t cs: W
j i the ir mearn-free-
- maxjmun]. Figgre 8 shows that the measuzed agoreciablg. This _is shown gualignxg;x in Fig.7

d wines {ra a] releases T3 e for a standard TRICA cell, Since the averags
£y8. There{ore, for safety ggn_w & ‘ W

o 0w

.

w o

- .rve rivee vorv conservatiye values { hich. with a mean-fre
a g ) : from the fuel element bef apture is increased.
¥ Also worthy of note are e following con- In the waigr (where the temperature remains
clusions from the TRIGA f{ission-product release relatively constant), the neutrons are rapidly re-
experiments: thermalized so that the capt 2 -
. . abilities are relatively insensit the ener
1. Becguse the samples were unclad, the high- : —
; with which the neutron eoters the yater. The
& remne=atupe meacurements were made on essen- WWM
S ’ :’ogm L ;gri;;g; a;mgg;mg :
: Lauses UMt den more in the {
thap in the water. As a result, there is a temper-
_
o " is vant faprt + i
| 2. Part of the 1971 experiments was the mea- ¢ in at the ratio of
| surement of the release from a postirradiation _absorptions io.s luel to total-cell absOrotions 23

to a burnup of ~5.5% of the **U (or 1.1% of the * change in disadvaniage-tactor bringsahould shill

i anneal of a sample of fuel that had been irradiated the fuel elcw This.
I total u-amum atoms) ts of this part of ig _the

th ong - ctiyj apd js t
term irradial {yo iesion-produ The prompt negative temperature coefficient
releace are small, least for total burnup for the TRIGA-FLIP core is based on the same

aonivalent of .er“avxmur" 'gpt has been acnieved. core spectrum hardening characteristic that oc-
' curs in a standard TRIGA core. However, for a

3. Zhe releasc (raction for acsidsnl jtions = ;

=S ] ‘- .,A
baractericiic of the oocmal e REattnar Badt e TRIQA FLIP (70% enrxcljed) fuel element, the
merature  nat  the tomoeraty Ty ;r;xrg:\m l‘oadmgt is ~d3.5tht‘1mes that ottha stanc:ard
PPRETTY p ie hecause the fission roducts element, an 1S causes e npeutron

mean-{ree-path in the FLIP element to be much
shorter. For this reascn, the escape probability

| released as _a_cesult SYEENE ST EY- MR IRT J-S -N
vhrep that have paollected | the.fu ""M

| Zose — .

‘ Aurine normal gneration.

‘ : 4, f ince the funl temperature distyiby utiog is v.oof
| 1ot isgthermal it is pecessary to_integrale the & 1 ,
\ | tem by “ b (3 ¥ y 5480" - ‘
! 3 2 2 i halt: |
| | temperaturs dictribution in 3 fuel element, - | \
O
za 80 .
| Joos \ /
4 i PROMPT NEGATIVE TEMPERATURE COEFFICIENT z3,, ). ¥
¢ OwdW+- /
i ol - / /
! The basic parameter that 2llgiy 2= &
- | or system to operate safely g //f,
ool ~
0 = - r transi ~ ~A c ///
- TS P PR atant ol 0 o0 e 0

- - 3 | T T - T T T——— P T A By P T R TN T T R T T Y Y S

- S i - - - o



P L e—

POR—

Simnadetal. TRIGA RESEARCH REACTORS
100 r 10¢
FUEL TEMPERATURE = 23°C g, 'YER :
[wuen TEMPERATURE = 23°C ]
2 L /”- s\ - =
| -
< ol 4 '\ Jio &
= 10 -
g °F . ) 1L
rd - Kd
- 7 \ -]
w P \ <
s s e
L FUEL TEMPERATURE = 700°C X
WATER TEMPERATURE = 23°C \

10 [ 4 P ik " A 10¢
0.001 0.01 01 1.0
ENERGY (eV)

Fig. 8. Thermal-neutron spectra versus fuel tempeu-

ture relative to o, versus energy for *'Er.

for nggt;ons n the fuel is not p‘eatly enhanced as
at In _the
TRIGA -ELIP fuel, the temperature hardened spece -
trum is uysed to decrease reactivity through its
i i low energy resonance material.
Thus erbium, with its double resonance at
~0.5 eV, is used in the TRIGA-FLIP fuel both as a
burnable poison and as a material to enhance
the prompt negative temperature coefficient. The
neutron spectrum shift, pushing more of Lhe
thermal neutrons into the '"Er resonance as
the fuel temperature increases, is illustrated in
Fig. 8, where the cold and hot core spectra are
plotted along with the energy-dependent absorption
cross section for '"Er. As with a standard
TRIGA core,the temperature coefficient is prompt
because the fuel is intimately mixed with a large
portion of the moderator, and thus fuel and
solid moderator temperatures rise simultaneous-
ly, producing the temperature-dependent spectrum
shift.
r th
of 5

ha

_IRICA core comes (rom.the.lemperaty - des

endent 4

_zg =a:h ‘::m DEEEIE: hliiidﬁniiz i: :h: :Jln
Jesopances and. tempezatureedecendent leakage
from the core  These.elfocts produce 2 tempera-

ture coefficient of ~9.5 x 10™*/°C, which is rather
COonslant wiin ter.pera n the other hand, for
a TRIGA-FLIP core, the eﬂ'ect of cell structure
on the temperature coefficient is small. Almost
the entire coefficient comes {rom temperature-
dependent changes in nf within the core, and ~80%
of this effect is independent of the cell structure.

The calculated BOL temperature coefficient is
shown in Fig. 3 for 70% enriched TRIGA-FLIP
4 es rapid as a {unction of furl
cause of the steadily increasing
rmal neutrons being pushed into

the ""Er resonance.

The temperature-depende

TRIGA-FLIP core is advantageous in that a mir
imum reactivity loss is incurred in reachir
normal operating_temperatures, but any sizab
increases in the average core temperature resu
in_a sizably increased prompt negative temper:
ture coefficient to act as a shutdown mechanisn
Calculations show the temperature coefficient °
be insensitive to the change in configuration fro
a compact core to the operational core with fou
flux traps containing either water or typical ex
periments. Burnup calculations indicate that afte
3000 MWd of operation, the *®U concentratic
averaged over the core is ~67% and the '"Er con
centration is ~33% of the BOL values. Tempera
ture coefficient calculaticns for the burned-u
core, including fission products, zave results 2
shown in Fig. 9. The EOL coefficient is les
temperature dependent than the BOL coefficier
because of the sizable loss of '"Er and the result
ing increased transparency of the ~0.5-eV resc
nance region to thermal neutrons.

The t{emperature coefficient, therefore, de
pends on spatial variations of the thermal-neutro
spectrum over distances of the order of a mean
free-path with large changes of meap-free-pat
occurring because of the energy change in
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single collision. A quantitative description of
hese processes requires a knowledge of the
iifferential slow-neutron energy transfer cross

section in water and zirconium hydride, the en-

ergy dependence of the transport cross section of
nydrogen as bound in water and zirconium hy-
4ride, the energy dependence of the capture and
fission cross sections of all relevant materials,
and a multigroup transport theory reactor de-
scription that allows for the coupling of grouj . by
speeding up as we'l as by slowing down.

Qualitatively, the scattering of slow neutrons
ny zirconium hydride can be described by a model
in which the hydrogen atom motion is treated
as an isotropic ‘harmonic oscillator with energy
transfer quantized in multiples of ~0.14 eV. More
precisely, the SUMMIT (Ref. 37) mcdel uses a
{requency spectrum with two branches, one for the
optical modes for energy transfer with the bound
proton, and the other for the acoustical modes for
energy transfer with the lattice as a whole. The
optical modes are_ represented as_a_broad._ f{re-
quency band centered at 0.14 eV, and witt the
width adjusted to fit the cross-section data of
Woods et al.® The low-frequency acoustical
modes are assumed to have a Debye spectrum
with a cutoff of 0.02_eV and a_weight determined
by an effective mass of 360.

This structure allows 2 neutron to thermalize
by losing energy in units of ~0.14 eV as long as
its energy is above 0.14 eV. Below 0.14 eV the
neutron can still lose energy by the inefficient
process of exciting acoustic Debye-type modes in
which the hydrogen atoms move in phase with the
zirconium atoms, which in turn move in phase
with one another. These modes therefore cor-
respond to the motion of a group of atoms having a
mass much greater than that of hydrogen, and
indeed even greater than the mass of zirconium.
Because of the large effective mass, these modes
are very inefficient for thermalizing neutrons, but
for neutron energies below 0.14 eV, they provide
the only mechanism for neutron slowing down. (In
a2 TRIGA core, the water provides for ampie
neutron thermalization below 0.14 eV.) In addi-
tion, it is possible for a neutron in the ZrH to gain
one or more energy units of ~0.14 eV in one or
several scatterings from excited Einstein oscil-
Giors. Since the number of excited oscillators
present ina ZrH lattice increases with tempera-
this preocess of ncutron speeding up is
strongly temperature depondent and plays an im-

rtant role in the behavior of ZrH-moderated

reactors
Trwm P P ~f ¢hH e . .

r calculations of the prompt negative tems-
TR sriinbis . -l) NI Tl ~ ' H
ire coefficient, all neutron cross sections

- % bona | Taa— a1 ~1 ne 1
1es above thermal >1.120 eV) werce

P - " R e o = ) » e e £
asing the GCC-5 code, vhere fine~-
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group (~100 groups) cross sections, stored on
tape for all commonly used isotopes, are averaged
over a spatially independent flux derived by solu-
tion of the B-1 equations for each discrete reactor
region composition. This code and its related
cross-section library predict the age of each of
the common moderating materials to within a few
percent of the experimentally determined values.
The resonance integral method of Adler et al.* is
used to generate cross sections for resonance
materials.

The core thermal cross sections were gen-
erated using the multigroup cross-section GTF
code.* GTF computas the spatially dependent
thermal spectra at each mesh point in the cell,
using the discrete ordinates method and the fine-
group (58-point) cross-section data contained in
the thermal portion cf the GGC-5 code. A

Cell-averaged broad-group cross sections are
those obtained by averaging the 58-point cross
sections over the space-dependent spertrum. In
the past, cell-averaged thermal-group cross sec-
tions have been generated by first obtaining
broad-group cross sections averaged over a 58-
point spectrum for the homogenized (space-inde-
pendent) cell. Using these cross sections, a
separate cell calculation was then done to obtain
broad-group disadvantage factors for each of the
regions in the cell. The broad-group disadvantige
factors were then used in a space-independent
spectrum ealculation to generate the cell-averaged
cross sections. The use of 58 thermal-group
cross sections in the GTF code versus the broad-
group cell method just described, results in a
more accurate ratio of o,('"E.)/2,(*®U) for the
cell-averaged broad groups in the erbium reso-
nance range. This ratio can affect the calculated
reactivity of the core, but more important is ils
effect on the calculated lite of the core. Cross
sections calculated with GTF have a smaller ratio
of 0,('Er)/c,(*®U) than those from a standard
broad-group cell calculation. This smaller ratio
gives a shorter calculated lifetime f{or the core.

Scattering kernels were used to describe the
interactions of the neutrons with the chemically
bound moderator atoms. The bound hydrogen
kernels for hydrogen in water were generated by
the THERMIDOR code,'? while those for hydrogen
in zirconium hydride were generated by SUMMIT.
These scattering models have been used to ade-
quately predict the water and hydride (tempera-
ture-depencent) spectra as measured at the
General Atomic linear accelerator.*®'* Figure 10
illustrates the agreerient between calculations and
experiments for thermal-neutron sp:ctra in ZrH.

TRICA temperature coefficients have been de-
termined numerically by calculating the change
in reactivity associated with a uniform heating of

45
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Fig. 10. Experimental and theoretical neutron spectra
from ZrHi.7s showing the cffect of temperature
variation calculations done with the SUMMIT
code.

the fuel-moderator elements, with the core water
and reflector materials assumed to remain at
23°C. The effects of variation from a uniform
temperature for both the cell and the entire core
have been investigated with the results that the
cell effect is reduced by ~5%, but this decrease is
offset by an increase in the core leakage contribu-
tion to the prompt negative temperature coeffi-
cient of ~10% when zones of different temperature
are incorporated in the cell and reactor calcula-
tions.

OTHER PULSING PARAMETERS

To perform kinetics calculations and interpret
experiments, calculations have been made to de-
termine both the effective delayed neutron frac-
tion, Ber., and the prompt neutron lifetime, I.
Calculuted values are shown in Table I, where it

is seen that the effective delaved neutron fracticn
wvas found to he insensitive to the reflector
material. .

-~
<6

The Bey¢ values were derived from react
calculations where the reactivity was first con
puted with the prompt fission spectrum alone a
then recalculated with the fission spectrum a
counting for both prompt and delayed neutron
The two ke values thus obtained, k, and &, , we
used in the relationship

ﬁc“’k(lb" BO) -1 ’

»

where 5, is the actual delayed neutron fractic
(0.0065).

The prompt neutron lifetime was calculated t
the 1/v absorber method, where a very sma
amount of boron is homogeneously distribute
throughout the system, and the resulting change
reactivity is related to the neutron lifetime
follows:

l.-&i
w

where w is related to the boron atomic density
Nooren = —= = 6.024 X 10™%(x 10™) x w
boron To Vo » ’

and

Ny = boron atomic density

w = integer

v = 220 000 cm/sec

0, = 755 b (2200 m/sec boron cross section)

and Sk is the difference in reactivity between

pair of calculations—one in which the system co

tains no boron and one in which it does. Th
calculation was found to be insensitive to chang

in w between 1 and 100. '

The enthalpy of TRIGA fuel material as
function of temperature has been determined fro
data and fundamental considerations given in
paper by Douglas,'® which lends itself fair!
readily to different conditions of somposition.

Douglas measured the heat content of differer
samples of zirconium hydride ranging, in hydcc
gen atomic percent, from 0 to 55.5 (Refs. 46, 4
and 48). From the results of these measure
ments, and knowing the compositions at the phas
boundaries, one can extrapolate the Douglas dat
to values of x (hydrogen atoms per zirconiu:
atom) >1.25 (the highest value of the sample
studied,. This was done to derive an expressir
{or the heat content (above 25°C) of the 5 phas

rd,, which is approximated well by the followi
relationship:
NUCLEAR TECHNOLOGY
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actor TABLE I
com- Calculated Values of ! and Feg
: and
1 ac- Reflector
rons.
were Fuel Element Water Graphite
Stainless-steel clad Betf = 0.0070 Beit = 0.0070
’#
3 ¢+ 8 wth U-ZrHie 1=39 x 10" ° sec 1=43%x10""°
(20% eariched U)
Aluminum clad Bett = 0.0073 Beit = 0.0073
askian 8 wi% U-ZrHu.o 1=45x 107" sec I=60 x 107* sec
20% enriched U
od by ( )
small Stainless~-steel clad Bett = 0.0073
ibuted =8
- 12 wt% U~ZrHis 1 =32x10 " sec
e - (20% exriched U)
A ACPR
Stainless~steel clad Bett = 0.0071
1.6 m% Er, 3 1 =16 x 10" sec (BOL)
8.5 wt% U-ZrHi.e 20 x 10" ® sec (EOL)
; (70% enriched U) \
ity by TRIGA-FLIP
(H = Has) g, = 0.03488 T* For the 385-cm’(15-in.-high) fueled portion of
+[34.446 + 14.8071(x - 1.65)]T a TRIGA fuel elemer.t, one obtains
i - 882.95 - 370.18(x - 1.65) J/mole . Cp =825 + 1.61(T - 25°C) W-sec/°C element
1}
3 The temperature is in °C. (from 25°C)
a The enthalpy of uranium metal was derived
on) ’ {rom the specific heat data given by Etherington®
g and is given by :
reen 3 | (H - Hag)U = (0.6525 x 10 *T* .
n con=- 5 ! Luel-
. The +0.10047 - 2.776)/g . <L IRIGA reactor ogecatioa..This lmit siems.
\ - m the R
e Using the expression and the Su nt stress
as a 3 n ! e
Fin B Pz, = 8.49 - 0.55 H/Zr g/em®
; t
I & & where H/Zr < 1.6 and pgy < 1.6 =pg5, ., 2 fit on the | Lluel lemperalile 1
fairly density of 5.610 g/cm’ was computed for “the ‘
& ZrH,.s Using 18.9 g/cm’ for the uranium metal
‘.'c'arent ; “cnbxty the density of the 8.5 wt% U-ZrH,., is
;‘-drci— . 50768 em’. Then the volumetric heat content of
16, 47, = S wt% (I-?IrH.__, ulloy is calculated to be
1sure- i
phise % i - H,(8.5U - ZrH,,) =2.08 x 10°°T? + 2.047
s data F {
mium j: - 52.2 'v‘v'-sec,"cm’ 3 atinn. and ficeinn-nraduct-induced fuel grawth and
mples 3 ... . 1 focmmation  This is a time- and temperature-
ssion ' “ the volumetric specific heat is deperdent fuel growth as discussed earhe" A
hoe o . - _— = -1 -~ 2 mavimuum’ fomnosatae ~ ~ene - c " nea
: Cp=2.04+417x107"T W-sec/cm” °C e ——— 4.2

{
(from 0C) paeiilbing  Gsrmea o
{rom - ;
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insignific rowth from tempera-
ture-dependent irradiation effects.

Wheres =

The dissociati s i jum -
hydrogen svstem is the i :
the fue ™ i 5
atue e~ BN elow ~ tra air
a - t i
diiuiors o heolernol Drosaiza. At equilibrium

conditj thi i strong { i

onlyg rat
zirconi atoms and the carbon content
Jnatesial Th

- - - i . : ,

d5.l.f. The carbon content is currently ~0.2%
(2000 ppm). The equilibrium hydrogen pressure
as a function of temperature for the fuel is shown
in Fig. 11. Figure 12 shows the temperature-
dependent strength curves currently used for
stainless steel in TRIGA design work.

For the ACPR fuel, optimized for pulsing with
a built-in thermal barrier (0.01-in. gap) between
the fuel and clad, the clad temperature does not

"
v
»

-
r"_!_ —rr— '—'—"’T_‘—Y_—\—‘"' —_—TTTY Y
|

EQUILIBRIUM HYDROGEN PRESSURE (psi)
8

ULTIMATE TENSILE

0.2% YIELD

|
0 , J
i
!
\

STRESS (psi)
&

10! l l
400 S00 600

TEMPERATURE ('C)

Fig. 12. Strength of Type 304 stainless steel as a fur.
tion of temperature.

exceed 280°F (138°C). At 250°F (138°C) the yic
strength of Type 304L stainless steel is 38 000 p
and the ultimate strength is 68 000 psi (Ref. 30
The stress imposed on the clad S by the intern
pressure is

S’;“PA ' ' (‘
S ————————

where |
r 7. = clad radj ‘
L / . = clad thickness (in the same Snilsasr)
/ P, = hydrogen pressure. ‘
0= /
’/,/ For the dimensions of the clad. the maxin: i
"/ allowable hydrogen pressure is |
38 000
P. & gt i )
- P ® S popm— 1028 psi |
& —— |
to nroduce vield and
©30 E0  S00 1000 1100 1300 1700 1400 52 000
- ¢ CU o -
2:M TEMPERATURE 1'C i = e A . 340 Psi ‘
— === |
Fig rium roge ressyre pture the clad, From Fig. 11 it can be
2 r mperature r U-2Zr « the fuel (EMpCTalUreS that |
48 /
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oroduce these pressures. under equilibrjum cog- whe i ‘ t ir-
4itions, are 2 conium hxdride temgeratu;g 1. Ve ol

The egquilibrium condition defined above neve quation |( escribes the escape of gas from a
».,gww - eylinder through diffusion until some final concen-
constant_temparatura ouec.the whole volume. tration is achieved. Actually, in the closed sys-
wwmmug tem considered here, not only does the hydrogen

.
T

»
-

LARVAJLE b2 RAS-R S

~ugh loner thanthesquilinoium alues cajculated | diffuse into the fuel/iuel-clad gap, but it also
. B ootk ’ . As hydrogen is diffuses back intc the fuel in the regions of lower

released from the hot fuel regions, it is taken up fuel temperature. When the diffusion rates are
in the cooler regions, and the equilibrium that is equal, an equilibrium condition will exist. To
obtained is characteristic of some temperature account for this, Eq. (6) was modified by substi-
lower than the maximum. To evaluate this re- tuting for the concentration ratios the ratio of the
duced pressure, diffusion theory is used to calcu- hydrogen pressure in the gap P, to the equilibrium
\ate the rate at which hydrogen is evolved and hydrogen pressure P,. Thus, Eg. 562 is rewritten

IR

reabsorbed at the fuel surface. as
5 " s1 . P
Ordinary diffusion theory” provides an expres- (Z/c) P
sion for describing the time-dependent loss of gas d(c/c, - K
N from a cylinder: i) = - ek (1-1 s(‘)/P.]#' (9)
T-¢ = 4 £ Dt (4) vhere the hydrogen pressure P (¢) is now a func-
=3, —exp-|—1] tion of tme an s_the eouilibrium_Bvdrozen
Ci=Cs n=l e. Y s . — . :
where funcli
The rate of chapge of the internal hudrogen
C. ¢, ¢, =average, initial, and final gas con- ressure, i i _inside the fuel element claddi
centration in the cylinder, respec- _iS__
2t tively ;
1100 dP, 14.7f(t)n, [22.4\/T + 273
= roots of the equation Jy(x) =0 —_ 10)
o - " ° at  6.02x 100\ v, /\ 273 SN
{ D = diffusion coefficient for the gas in -
ane= the cylinder where
i ) o+
3 t =time L=number of molecyles in Ho in the fuel
rield 4 7, = radius of the cylinder. T = gas temperature
’s%s)l 4§ Setting the term on the right side of Eq. (4) equal f(#) = fractional locs rate from Eg,(9)
Tk § to k, one can rewrite Eq. (4) as
B _ V, =(ree volume inside the fuglclad jg liters.
g c/e; =cfe; +(1=¢/cdx (5)
- As the atom density of h drogen in ZrH,.e is
(1 1 and the derivative in time is given by ~5.60 x 10" atoms/em® and the fuel volume is
: . 366 cm’, 7, is ~1.02 x 10" molecules (H;). The
d(t/c;) “(1-c/ ‘)ﬁ (g) €3p volume is assumed to conmsist of a 10-mil
dl Gl g annulus 15 in. long plus a cylindrical volume, at
; o . the top of the element, § in. high with a diameter
B tLquati
) : qu?“‘on (6) represents thle fractional release rate .1 428 in., for a total of 14.36 em’. Also, the
3 of hydrogen from the cylinder, f(¢). The deriva- - :
- e wl SON o . 2 temperature of the hydrogen in the gap was
1 ive of the series in the right side of Eq. (6) was .
4 approximated by assumed to be the temperature of the clad. The
nem o effect of changing these two assumptions was
4 : ) tested by calculations in which the gap volume was
" 77 = -7.320 exp(-8.34¢) + 29.88 exp(-249¢)|de/dt , decreased by 90%, and the temperature of the
« 7 1 hydrogen in the gap was set equal to the maximum
: {fuel temperature. Neither of these changes re-
i | £ b/ 75 sulted in maximum pressures different from those
3 <h ion coctlicient for hvdrogen in zirs based on the original assumptions although the
bl 0 n which the Zr ratin Jse initial rate of pressure increase was greater.
en ht Far these - e
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The fuel temperature used in Eq. (8) to eval-
uate the d;ffusion coefficient is expressed as
T(z) =T; t<0
T(z) = To + (T, - To)cos[2.4504(z - 0.5)]; t=0
(12)
where
T. = peak fuel temperature, °C
T, = clad temperature, °C

z = axial distance expressed as a fraction of
the fuel length

¢ = time after step increase in power.

¥ w e 4 1 *

rariz sl The hydrogen pressure
over the zirconium-hydride surface when equilib-
rium prevails is strongly temperature dependent,
as shown in Fig. 11, and for ZrH,.es can be ex-
pressed by

P, = 2.59 x 10°exp(-1.997 x 10%/(T+ 273)] . (13)

! The coefficients have been derived from the
: data developed by Johnson.'’ The rate at which
hydrogen is released (or reabsorbed) takes the

form
P.(2) - B(1) ‘
g(t,z) ={—W]f“'2) . (14)
where

fl¢,z) =derivative given in Cg. (9) with respect
to time evaluated at the axial position 2z

P,(t) = hydrogen pressure in the gap at time ¢

P,(z) ='equilibrium hydrogen pressure at the
ZrH temperature at position z.

The internal hydrogen pressure is then

uilibrium hyd
ressure in Zr i i, The calculation
indicates, however, that the internal pressure
increases for ~0.3 sec at which time the pressure
is ~420 psi, or ~20% of the equilibrium value.
After this time, the pressure slowly decreases as
the hydrogen continues to be redistributed along
the length of the element from the hot regions to
the cooler regions. Calculations were also made
for step increases in power to the peak fue!
temperatures of 1250 and 1350°C. Over this range
the time to the peak pressure and the fraction of
the equilibrium pressure value achieved were
approximately the same as for the 1150°C case.
Thus, if the clad remains below ~138°C, the maxi-
mum internal pressure that would produce the
yield stress in the clad is 1025 psi [see Eq. (2)},
and the corresponding equilibrium hydrogen pres-
sure could be 5 times greater, or ~5000 psi.
rom Eq. (14) (or Fig. 11) this pre -
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pulsing fuel elements, the clad temperature during
heac flow from a pulse is greater than the 138%C
ACPR value but normally <500°C.

Measurements of hydrogen pressure in TRIGA
fuel elements during steady-state operation have
not been made. However, measurements have

¥ - S
P,(t) = 1.408 x 10°(To + 273) [ ['g(,2)dzat é :
(15) @
- /‘—"\’\
This equation was approximated by 5 0.1- * S
P,(t,) = 1.406 x 10°( To + 273) E ;
-
2
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~een made during transient operations and com-
sared with the results of an analysis similar to

‘hat described here. These megsurements indi-

cated

that lse in which the maximum
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An instantaneous increase in fuel temperature
vill produce the most severe pressure con-
sitions. When a peak fuel temperature of 1150°C
.s reached by increasing the power over a finite
period of time, the resulting pressure will be no
sreater than that for the step change in power
wnalyzed above. As the temperature rise times
necome long compared with the diffusion time of
nvdrogen, the pressure will become increasingly
oss than for the case of a step change in power.
The reason for this is that the pressure in the
clad element results from the hot fuel dehydriding
taster than the cooler fuel rehydrides (takes up
‘he excess hydrogen to reach an equilibrium with
‘ne hydrogen over-pressure in the can). The
slower the rise to peak temperature, the lower the
pressure because of the additional time available
for rehydriding.

An assessment of the effect of some of the
\ssumptions used in this analysis is given below:

1. It was assuaed that the peak fuel tempera-
‘ure was constant with radius for evaluating the
hvdrogen diffusion coefficient. This aoverestimates
‘he average fuel temperature by ~15%. As the
liffusion rate is very temperature sensitive, this
issumption provides a degree of conservatism
-onsiderably in excess of 15%.

2. The diffusion model used does not rigor-
usly account for the changing boundary condition
'mposed by the hydrogen confined to the fuel-clad
:2p. The modification to the model to account for
diffusion back into the fuel is an approximation
that is reasonable as long as the total fraction of
'he hydrogen lost from the fuel is small. At the
‘ime of the maximum hydrogen pressure, this
raction was caleulated to be ~6 x 107, From
15 it is concluded that the model should be valid

1 calculations of maximum pressure.
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condition indicates that at a fuel and clad tempers
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wnich tne cilad .emperature was nl
fuel,

he same argument about the redistribution of
the hydrogen within the fuel presented earlier is
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temperatures the clad becomes permeable to
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The use of the ultimate strength of the clad
material in the establishment of the safety limit
under these conditions is justified because of the
transient nature of such accidents.

CHARACTERISTIC PERFORMANCE VALUES
FOR A TRIGA ACPR

The core characteristics projected for the
performance of the TRIGA ACPR containing fuel
optimized for pulsing operation are given in
Table II.

The standard experiment used for the analysis
of the system, with other than air inthe irradia-
tion region, consisted of a mixture of 37.5 vol%
CH,, 12.5 vol% stainless steel, and 50 vol% void,
which was homogenized to fill the volume of the
test cavity. This standard exgcriment was con-
venient in that it had a ~alculated reactivity worth
(~85.50) in the range of interest as the design
upper limit for routine experiments. The final

s f [ 3 - » far 3 <1 - Sars e 3 1
¢ foreroing analysis gives a_strong J0CiC3~ recommended reactivity worth upper limit for
o ' - o ¢ % ot in >on L " e ‘ I —-
ot the clad will not be ruptured dffugle routine experiment set equal to the reactivity
ks rhe A never creatpr than inthe rance  insertion necessary 1o aroduce a 1000°C maximum

- 1700°"  nrovidics thaclad temperature fuel temperature.
However, a conservative safetv limit Note from Table II thatt he reactivity insertion
haen chosen jor this condition, As a necessar oroduce a 1000°C maximum temper-
- - —— S — " = o
; - ve the neece. atu ther an experime
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TABLE I
Pulse Performance and Parameters for ACPR

Parameter

Value

Fuel material
Critical mass

Operational loading (~$10 excess
reactivity) -

Worth of pulse rods
Worth of hank rods

Effective delayed neutron fraction
(Bets)

Prompt neutron lifetime ()

Prompt temp coefficient (a)
(average between 23 and 700'(;)

Air in irradiation hole, 6 bank
rods half in, pulse rods out

Standard experiment in irradia-
tion hole, all rods out

12 wt% U-ZrHi.e (U is 20% enriched)

117 elements, includes 6 fueled followers,
6.20 kg *®vu

154 fuel clements, 6 fucled followers,
up to 5 alumim-.n-.’ullogved pulse rods

$4.80 (min)
$8.15 (min)

0.0073
32 usec

-9.6 x 10”* sk/AT

-9.3 x 10”% sk/AT

Irradiation Region Contents

are calculated to be about the same because, even
though the temperature coefficient is somewhat
reduced with the standard experiment in the
irradiation region (actually a result of the bank
rods being withdrawn to compensate for the stan-
dard experiment worth), there is a compensating
change in the peak-to-average power generation in
the core.

Figures 14 through 17 present the values of an
nalysis for a $4.20 reactivity insertion followed

ar
by 2 scram. The total reactivity is added within
0.085 see, with the rate at each point in time
52 -

reflecting the acceleration of the rod. The scram
occurs 1 sec after the pulse begins.

Figure 14 shows the reactor power an¢ energy
release as a function of time after the initiation o
the pulse. The maximum power is 20 000 MW
the prompt burst energy release (~0.1 sec) is
~100 MW-sec, and, within 1 sec, 106 -MW-sec
energy has been released.

Figure 15 illustrates the maximum fuel tem-
perature in the fuel element in which the powe
density is greatest, the maximum clad tempera-
ture, the coolant velocity, and the maximum hea:
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|
Air Standard Experiment i
B/P |
Axial =3 1.25 1.25
Radial (power in Tipay ceil/P core) 1.07 0.98
Cell 1.76 1.76
Total 2.35 2.16 '
Performance :
Peak adiabatic fuel temp (*C) 1 000 1 000 i
Average adiabatic core temp (*C) 555 590 '
&k ($) 4.80 4.30
Core energy release (1 sec) (MW-sec) 106 11§
n/c_m’ >10 keV in hole (175 MeV/ . !
fission) 1.20 x 10** -—- i
Peak power (MW) 20 000 22 000 {
Min periocd (msec) 1.2 1.3 L
- |
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flux. The peak fuel temperature of ~1000°C oc-
curs 0.1 sec after the beginning of the pulse and
quickly falls off to 880°C within 1.0 sec. The clad
temperature does not begin to increase signifi-
cantly until 0.5 sec after pulse initiation, at which
time it begins to increase to its maximum value of
180°C at ~10 sec. This also corresponds to the
time of the maximum heat flux, 12.5 W/cm’, and
maximum coolant velocity, 220 kg/h.

Figure 16 shows the temperature at.the ther-
mocouple location as a function of time after the

1000-— —
| : .
.8 800~ r—__—/\ .
w | |
g 600+ | 4
% | |
; ONr ! ’
| |
@ 200 J
}
o 0" 10° 0" 10¢

TIME FROM BEGINNING OF ROD MQTION (sec)

Fig. 16. Standard pulse thermocouple temperature for
maximum power cell versus time from first

versus time from first rod motion. rod motion. -
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Fig. 17. Standard pulse radial temperature distribution
in a fuel rod at core edge at various times from
first rod motion.

beginning of the pulse. It rises rapidly as the
prompt energy is deposited in the fuel and in-
creases to its peak value (845°C) at ~15 sec.

The redistribution of the energy within the fuel
is shown in Fig. 17. Here the temperature is
plotted as a function of radial position (at the axial
centerline) for several times after the pulse
initiation. At 0.097 sec, the temperature distribu-
tion reflects, essentially, the adiabatic energy
deposition in the pulse. By 0.29 sec, a significant
amount of heat has flowed toward the clad and the
fuel center (particularly the unheated zirconium
rod). Within 40 sec, the initial distribution has
been erased and conductivn to the coolant domi-
nates.

Comparisons of calculated performance, using
parameters equivalent to those in this analysis,
with experimental values from the Sandia Labora-
tories ACPR have generally shown agreement
within ~5%, with the calculated values always
being larger, and with the calculated peak power
larger than the experimental value. The
manner in which the kinetics parameters are
ld indicate that no single calcu-
different from the real

value. They can all be at varying, relatively
small differences from the rtal values, but the
combination of errors for the quantities as they
are related to influence the pulsing performance
is within a reasonable accuracy {or the measure-. .
ments of the puising performance.

For a comparison of flux in the experimenta]
cavity, Sandia quotes 1.55 x 10" n/ecm?® (310 keV)
for a $4.40 pulse. Using a 100-MW-sec energy
release, to include cnergy beyond 10 sec that
could be measured by the detectors, the f{lux-watt
(>10 keV) is 1.55 x 10". This compares to the
computed value of ~1.1 x 10"/W, The calculated
flux value assumes an energy release during fis-
sion of 190 MeV/fission. If the delayed energy
from fission is not included, as would be the case !
during pulsing, the caliculated neutron fluence
value could increase by as much as 10%.
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AFFIDAVIT
OF
JOSEPH A. SHOLTIS, JR.

Joseph A. Sholtis, Jr., being duly sworn according to law, deposes and says:

The Intervenor has on several occasions stated that repetitive pulsing during a LCCA is
necessary to achieve Intervenor's postuilated sudden temperature elevation such that
multiple -lad failures would result. (See page 128 lines 2 through 9, inclusive and page 115
lines 2 through 11, inclusive, of the transcript of Dr. Stillman's deposition in New York on 18
Dec 1982; see also Intervenor's responses to Licensees first-round interrogatories 33b, 24d,
and 24e.; also see Intervenor's response to Licensee's first-round interrogatory #24f where
Intervenor states, "If the | MW TRIGA reactor was not capable of the pulsing operation, it is
unlikely that cladding failures would result from a LOCA involving that reactor.") It should
be noted that this last statement by Intervenor has important implications to Contention 2,

Accidents 1.4 as well as this subject contention.

The important question is whether repetitive pulses can indeed be fired frequently enough

during a LOCA and result in adequate temperature elevation for clad failures to occur.
Licensee submits that pulsing auring a LOCA, particulariy repetitive pulsing with a
frequency between pulses of a fraction of a second (the frequency which Intervenor has
stipulated during Dr. Stiliman's deposition in New York on 18 Dec 1982 -- see page 74 lines
I1 through 14, inclusive, of the transcript of Dr. Stillman's deposition in New York on 18
Dec 1982), simply is not possible in the AFRRI reactor. First, the only way in which the
core could possibly become uncovered with water is if a rupture of the tank occurs at an
elevation below the top of the core. (Note: Because of the higher elevation of all plumbing

associated with the primary coolant system, the core physically cannot become uncovered




via drainage or pumping through breaches in primary coolant lines.) Upon loss of
approximately 4-6 inches of water from the normal pool water level, a scram signal will be
automatically initiated by actuation of the pool water level float switch. This action would
terminate any power operation that happened to be in progress already and would also
preclude any subsequent reactor power operations from taking place. Therefore, operation
of the reactor during a pool water loss situation would require a total malfunction of the
pool water level float switch such that a scram signal is not generated. Even if this
malfunction were presumed to occur during a pool water loss situation and reactor power
operation was also presumed to occur during the water loss, radiation alarms would alert the
operator to an off-normal situation well before the core actually becomes uncovered since
less and less water shielding would be available as the water loss progresses and direct
gamma shine from the core would become evident. At this point, to recapitulate the
scenario, water is being lost from the pool at a maximum rate of 250 gals/min (the rate
which Intervenor stipulates in its response to Licensee's first-round interrogatory #33a and
which is reiterated on page 45 lines 3 through 10, inclusive, of the transcript of Dr.
Stillman's deposition in New York on 18 Dec 1982) which equates to a water level drop rate
of approximately 4 inches/minute, the pool water level float switch has been presumed to
fail such that no scram signal is generated, reactor power operations are presumed to take
place during the water loss, and numerous audio-visual radiation alarms sound due to direct
gamma shine before the core actually becomes uncovered. It is hard to believe that an
operator would continue reactor power operations in the face of numerous radiation alarms
sounding, or conversely, that the radiation detection system would fail totally and not
provide alarms during a pooi water loss situation. Nevertheless, we will still assume that
reactor power operations continue to be performed as the water loss progresses toward
ultimate core uncover'. At this point, a discussion of how pulses are fired at AFRRI is

necessary before continuing.



First, pulses are fired from a low power steady state condition, usually at approximately 15
watts but certainly never above | kilowatt. In fact, the AFRRI reactor has a built-in
interlock system which prevents firing the transient control rod out of core if the power
level is greater than or equal to | kilowatt. Therefore, in addition to the already mentioned
safeguards which must be presumed to fail in order to operate, this | kilowatt interlock
must also be assumed to be non-operational in order to permit the firing of successive
repetitive pulses. This is so because the power level of the reactor immediately after a
pulse is fired and continuing for about ten minutes thereafter will always be greater than |
kilowatt because of delayed neutrons produced from the pulse which ultimately die away on
a negative 80 second period. Next, let's assume that the operator has attained a steady
state power level of 15 watts by virtue of having manually withdrawn the three standard
con‘rol rods. Typically to attain a 15 watt steady state power level at AFRRI the "shim"
and "safety" control rods must be fully withdrawn while the "regulating" control rod is
withdrawn approximately 80%. At this point, the transient control rod anvil is raised
(without any air supply to the transient rod drive) to the desired withdrawal point, the range
select switch is turned to the "3 MW-puise" setting and the mode select switch is turned to
the "pulse-hi" or "pulse-lo" setting (at which point, the "pulse-fire" button will light up if the
1 KW interiock is satisfied; then, by depressing the "pulse-fire" button a pulse can be fired).
Upon depressing the lit "pulse-fire" button, a pulse timer, which is normally set at 0.5
seconds, begins counting as the transient control rod is driven upward (to meet the anvil
stop) which initiates the pulse. It takes approximately 100 msec for the transient control
rod to reach its upper limit of travel when the lit "pulse-fire" hutton is depressed and it
takes an additional 100 msec (maximum) for the pulse to occur and shut itself off via the
action of the negative temperature coefficient of reactivity. When the pulse timer finally
reaches 0.5 seconds or 500 msec after pushing the lit "pulse-fire" button (i.e. approximately

300 msec, minimum, after the pulse is already over), a signal is generated automatically



which scrams all the control rods which consequently fall back into the core. Once the
sta..dard control rods are back in the core (i.e. after approximately 500 msec after the pulse
timer initiates the scram signal), the standard control rod drives begin driving "down"
automatically to meet the already inserted control rods and this automatic lowering action,
in and of itself, takes approximately 30 seconds. Once the standard control rod drives are
fully "down" and again in contact with the standard control rods, then and only then can the
standard control rods be manually withdrawn again in preparation for a second pulse. It
takes approximateiy 3 minutes to manually drive these control rods back out of core to
reestablish a steady state power condition. What ali this means is that if the pulse timer is
operational, it is impossible to fire successive pulses at a frequency faster than about one
every 4 to 5 minutes and this relatively quick pulse repetition rate can only b2 achieved if
the | kilowatt interlock is non-operational and operator error is also assumed. I order to
fire repetitive pulses faster than one every 4 to 5 minutes, the | kilowatt interlock must
fail, the pulse timer must also fail to scram the control rods and gross operator «-ror must
additionally be involved. And even for this incredible series of events, the pulse r« patition
rate could be no faster than one every 600 msec. That is, it takes physically about 500 msec
for the transient control rod to drop back into core aiter the first pulse is initiated and an
additional 100 msec to drive it back out for the second pulse. This raises an interesting
question. If the pulse timer must fail to inititate a scram signal in order to be able to fire
successive pulses every 600 msec, then how does the transient control rod get back into the
core for firing it out the second time. This demands not only a malfunction of tte pulse
timer but a selective and particular malfunction of the pulse timer which somehow leaves
the ctandard control rods remaining withdrawn but nevertheless scrams the transient control
rod so that it can be redriven out of core for the second and subsequent pulses. All of this
actually becomes rhetorical anyway since the second and subsequent pulses will not occur

even if the transient control rod could be driven selectively in and out of core at will at a




very fast rate. The reason subsequent pulses will, in fact, not occur is due to the extremely
large amount of negative reactivity that is introduced as a normal matter of course as a
result of the first pulse and its associated fuel temperature increase; this temperature
increase occurs and persists for several to tens of seconds. Therefore, even though it might
be possible to selectively drive the transient control rod in and out of the core at will at a
very high repetitive rate, the core will still be well subcritical (many dollars subcritical) as a
result of the first pulse and the temperature heat-up which occurs and persists. Therefore,
the transient control rod worth will be insufficient to overcome the core's large
subcriticality to even attain criticality (let alone fire a second pulse) even if the transient

control rod could indeed be selectively driven out again immediately after the first pulse.

Let's assume AFRRI fires a $3.28 pulse. Such a pulse will result in a peak power of about
2500 MW(t) and a fuel temperature rise of approximately 5509C. The pulse will have a
width at its half-maximum power level of approximately 10 msec and the temperature
increase will decrease with time but persist at significant levels for approximately 10
seconds or longer. Such a pulse would introduce $9.90 of negative reactivity, since the
prompt negative temperature coefficient of reactivity has a value of -1.8¢ for every 19C of
temperature rise. Therefore, since the transient control rod must be presumed to
selectively scram immediately after the pulse (in order to permit subsequent rapid
withdrawal of the transient control rod), the core would be $9.90 below the delayed critical
state at the time the 550°C fuel temperature rise actually was attained and would decrease
slowly to a zero value over the following approximately 10 second or longer time interval.
Since AFRRI's transient control rod total integral reactivity worth is only $3.35, even if it
could be driven out of core totally and immediately after the first pulse, the core would still
be $6.55 below the delayed critical state. This means that even though safeguards and the
operator might fail and permit selective and frequent repetitive transient rod firing in and

out of core, successive pulses could not actually be fired more rapidly than about one every



ten seconds (but certainly not on the timeframe of fractions of a second as intevenor has
stated) and at these limited rates, the fuel temperatures would hLave (and, in fact, must

have) recovered to near ambient conditions.

Up to this point, nothing has been said about the feasibility of firing a single or multiple
series of pulses with the core partially or completely uncovered as a result of the presumed
pool water loss. Intervenor has admitted that criticality cannot even be attained if the core
is completely devoid of water. (See page 115 line |5 through page 116 line 3, inclusive of
the transcript of Dr. Stillman's deposition tuken in New York on 18 December 1982.)
Further, when asked by Licensee, "Can you give us some feeling about how much water must
be in the core to still be able to attain criticality and fire a pulse?", Dr. Stillman indicated
that Intervenor had performed such a calculation, viewed it as an essential point, and that
this information would be forthcoming. (See page 116 lines 4 though 14, inclusive, of the
transcript of Dr. Stillman's deposition taken in New York on 18 Dec 1982.) To date, this
vital information has not yet been provided to the Licensee. Without this information,
Licensee is at a loss as to how criticality could be attained and a pulse could be fired when
the core is uncovered to any extent. Licensee must therefore imagine on its own the
arguments which substantiate Intervenor's claim that criticality and pulsing can occur during

a LOCA without benefit of any "insight" from the Intervenor.

First, it should be recalled that a low power steady state condition is first established by the
manual withdrawal of the standard control rods in preparing to fire a pulse. It was also
pointed out that to attain an approximate 15 watt steady state power level in anticipation of
firing a pulse the "safety" and "shim" control rods had to be fully withdrawn while the
"regulating" rod had to be withdrawn approximately 80%. This leaves only the upper 20% of

the regulating rod (or about 30¢ of reactivity) which could be used to overcome any negative



reactivity as a result of a water void in the core and still pe~mit the firing of a pulse from
the steady-state condition. This is true since the transient control rod must be fully "down"
to intiate a pulse. This 30¢ of reactivity available in the regulating rod would be completely
used up if only approximately 3-5% of the core water was missing. We might, therefore,
only fire a pulse (any pulse) when the core is provided with 95% (or more) of its total normal

water inventory.

However, even this limit is open to question. The interstitial water between the fuel
elements in core is necessary as a moderator to ensure that neutrons, in fact, reach thermal -
energy (where fission predominantly occurs) effectively. When water is removed, neutrons
cannot reach thermal energy and this is true wherever water is presumed to be missing.
Therefore, if we assume, for example, that some fraction of the upper portion of the active
core region were devoid of water, then the uncovered fueled region of each fuel element
that is devoid of water has no input of thermal neutrons to initiate fission. This means that
all uncovered fuel element regions will be largely incapable of effectively contributing to
fission, power, neutron population, fission density, and thus even a fuel temperature increase
since inadequate neutron moderation is provided to such uncovered regions. This indicates
that locally within the core wherever water is not provided, conditions cannot be aggravated
beyond those conditions already in existence because of the water loss or LOCA by itself. It
should also be pointed out that each fueled region of the core which is presumed to be
devoid of water will have an associated higher than normal fuel temperature because of the
missing water together with the internal source of heat being generated by virtue of the in-
place fission products that are undergoing natural radioactive decay, and this increased fuel
temperature locally will automatically introduce negative reactivity (also locally) which

would also act to suppress effective fission in those uncovered regions.



This discussion indicates that attainment of criticality, by itself, would be seriously in
question even for relatively small or minor watar void fractions. And certainly if criticality
is not possible then pulsing (even the firing of a singie pulse) would be totally out of the

question.

In summary, Licensee has demonstrated that numerous safeguards must fail (extremely
unlikely) and gross operator error must be assumed to permit the transient control rod to be
selectively fired repetitively out of core during a LOCA. Even if all of this were presumed
to occur, actual successive pulses could not, in fact, occur at a frequency faster than one
approximately every 10 seconds, i.e., until fuel temperatures have basically recovered to
ambient conditions. Licensee furtiier has demonstrated that uncovered fuel regions cannot
effectively contribute to fission. Thus, fuel temperatures in these uncovered regions cannot
become aggravated beyond those conditions which already exist by virtue of the water loss
alone. Licensee submits, therefore, that multiple or even single clad failures during a LOCA
are not expected since conditions necessary for clad failure cannot be attained. The record
amassed to date, particularly the analyses of the LOCA as provided in the AFRRI SAR and
as formerly provided in the 1965 license amendment LOCA analysis, are valid and provide a
true, realistic, and, in fact, conservative picture of such an occurence (i.e., a presumed

LOCA at AFRRI).

Sworn to and subscrlbed before

me on this 1< T day of J.4, 1983.

‘/M ”M,‘,w_@ AL .
J?‘ Al &, 1Y P '/ML

-
//k”“"‘” P \7 m‘



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

ARMED FORCES RADIOBIOLOGY
RESEARCH INSTITUTE

(TRIGA-Type Research Reactor)

Docket No. 50-170

(Renewal of Facility
License No. R-84)

CERTIFICATE OF SERVICE OF DUPLICATE SIGNED

COPIES OF 25 FEBRUARY

1983 FILING

I hereby certify that true and correct copies of the
foregoing "LICENSEE'S MOTION FOR PARTIAL SUMMARY DISPOSITION"
were mailed this 25th day of February, 1983, by United

States Mail, First Class, to the following:

Judge Helen Hoyt

Atomic Safety and Licensing Board Panel

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Ernest E. Hill
Administrative Judge

Lawrence Livermore Laboratory
University of California

P.O. Box 808, L-123
Livermore, CA 94550

Dr. David R. Schink
Administrative Judge
Department of Oceanography
Texas A&M University
College Station, TX 77840

Mr. Richard G. Bachmann, Esq.
Counsel for NRC Staff

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555



—~

P

Elizabeth B. Entwisle, Esqg.
237 Hunt Road
Pittsburgh, PA 15215

Atomic Safe-y and Licensing Board Panel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Secretary (3)

U.S. Nuclear Regulatory Commission
ATTN: Chief, Docketing and Service Section

Washington, D.C. 20555
) 7
VID C.

Counsel for Licensee

RI

ARD



