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Pursuant to 1 FR 2,749 s Ord " July 26, 1982,
.ommittee to Bridge the Caj G, ully mo he Atomic Safety
Licensing Board for summary disposition as to Contention XIII or, in
alternative, partial summary disposition thereof.

In support of its Motion, CBGC s numerous items of documentary
evidence as well as the declaration of Dr, David Hafemeister, an expert in
nuclear non-proliferation matters as they relate to the use of Highly
Err iched Uranium (HEU) by research reactors. These materials attest
the incontrovertible material facts set forth herein, to wit: that the
amount and enrichment of 3pecial Nuclear Materials requested by UCLA in

license application are excessive, that the proposed license
be performed with far lower amounts and enrichment, and that
license in the amounts and enrichment requested would entail unnecessary risks
to public health and safety and the common defense and security. In addition,

be demonstrated that the 10 genulne dispute about the failure

cant to include in
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by 10 CFR 70,22(a)(7) and (8) and 10 CFR 70.24(a)(1), (2) and (3),
particularly with rugards criticality accident protection, mitigation,

monitoring, and response.,
On the basis of the material facts attested to herein, and

the admissions of the other parties, included in their answers to
interrogatories and related documents, CBC is entitled as a matter of law
to a ruling in its favor on Contention XIII, as no genuine dispute exists
which would necessitate a hearing, Should the Board determine that certain
residual matters as to the overall Contention remain in dispute, CBEG
respectfully requests that the Board grant partial summary disposition

as to those material facts not in dispute.

II. THE CONTENTION

A, Background

The Applicants in this proceeding, the Regents of the University
of California, have applied for a license to operate their research reactor
for an additional twenty year period. Included in that Part 50 application
for a facility license was a Part 70 request for a license for Special Nuclear
Material l/ to be used in conjunction with the reactor, At page 5 of
the application for renewal of the facility license, Applicant states:

"Other licenses applied for in connection with this facility:
2) 4700 gms U-235 (fresh)

(3) Pu=239 as a 2 Curie, Pu-Be
neutron source”

3pecial Nuclear Materiali glg 4700 gms U-235 Sirradiated)

;/ 3pecial Nuclear Materials, or 3NM, are defined primarily as plutonium
and as uranium enriched in either the isotope 233 or 235. These are the
primary materials capable of a sustained fission chain rsaction. See

10 CFR 70,70,4(m) and Section 1l,aa. of the Atomic Encrgy Act of 19%%,
as amended,
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The 9400 grams of Uranium-235 are to be in the form of metallic uranium
of 93% enrichment, The 2 Curie Plutonium-Beryllium neutron source
represents approximately 32 grams of Plutonium-239,

Among the matters to be decided by the Atomic Safety and
Licensing Board which has been established to rule on UCIA's application,
in addition to whether to grant an operating license for the requested
period, is whether the Applicant has adequately demonstrated that the
requested license for nearly 10 kilograms of highly enriched uranium
and over 30 grams of plutonium should be granted. Paramount in this
decision i3 a determination whether the proposed license can be granted
without undue risk to public health and safety and the common defense
and security., For, as the Congress of the United States found
in mandating that the Commission regulate these materials:

The processing and utilization of source, byproduct, and

special nuclear material must be regulated in the

national interest and in order tc provide for the

common defense and security and to protect the health and
safety of the public.

Section 2.d, of the Atomic Energy Act of 1954,
as amended, 42 U,3.C, sec, 2012

This is especially essential with regards Special Nuclear Materials,
due to their unique hazards if misused.

It is perhaps the chief irony of this age that the special
materials which, when fissioned in a controlled fashion inside a nuclear
reactor, can produce such useful power as well as research and thereapeutic
application, can also be used to make a nuclear weapon. While the fuel generally
used in nuclear power plants cannot, without considerable enrichment or
reprocessing, be used directly in a nuclear weapon, that is not, as shall
be discussed infra, the case for the kind of highly enriched SNM requested
by UCLA, The threat to common defense and security, as well as public

safety, consequent to such material falling into the wrong hands is obvious.
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An additional hazard attendant to use of 3NM is that,
in addition to being able to go "eritical®™ (that is, sustain a chain
reaction) in a controlled situation inside a nuclear reactor or explosively
in a nuclear weapon, 3NM can, if accidentally placed in the right configuration,
go eritical in unintended settings. Incidents such as these are called
"eriticality accidents,” involve small unintentional nuclear explosions
resulting in intense localized radiation, and require special procedures
and care to prevent, Approximately thirty such “criticality accidents”
have occurred in the United 3tates, roughly one per year of the nuclear era,
resulting in six deaths and numerous other radiation injuries, as will be
discussed below. For this reason, the Commission's regulations require
applicants who wish to possess more than a relatively snll/ é&r::::;' :fmnN;lzoo moe)
to provide detailed information as to how they intend to prevent and deal
with criticality accidents,

Finally, the 3SNM itself poses a hazard due to its radioactive
nature as opposed to its capability of fissioning., In particular, Plutonium=239
is one of the most toxic materials known (about 20,000 times more toxic by
weight than cotra venom or potassium cyanidcy } permissible levels are measured
in billionths of billionths of Curies, ) Release of such material in the
form of an aerosol of finely divided particles (as in a fire or through
theft of the material for a radiological weapon) could have extremely serious
public health consequences, consequences which would be envircnmentally of
great longevity, given the 24,400 year half life of Pu-239, Therefore,
the material 1s regulated carefully; the Commission is not to permit its
use unless an applicant can demonstrate that its use of the material will

‘_‘/
not be inimical to public heal th and safety.

2/ See, c.g., Theodore B, Taylor arnd Mason Willrich, Nuclear Theft:
Risks and 3afeguards, a Report to the Energy Policy Projoct of the Ford Foundation,
Ballinger Publishing Company, Cambridge, Maes., 1974
See 10 CFR 20, ndix B
4/ 10 cFRr 70, 23(.)(p§°am (4)
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In sum, the Atomic Safety and Licensing Board has before 1it,
in addition to UCLA's request to be permitted to operate its 22-year-old
reactor until the turn of the century, a related request to be permitted
to possess and use approximately 10 kilcgransj/or 22 pounds of weapons-
grade uranium (93% enriched) and approximately 32 grams of Plutonium-239,
The ASLB must determine whether the Applicant has provided reascnable
assurance that grant of the requested materials will not be inimical
to common defense and security and public health and safety, C3C has
placed that matter at issue in this proceeding. Contention XIII, subject
of the instant motion, focuses directly on the SNM License Application,
asserting that it faills to provide the information required by the regulations
and, more importantly, that the amount and enrichment of SNM requested
pose unnecessary proliferation and health and safety risks, Other
concerns raised in other CBG contentions (for example, that the security
plan to protect the requested material is inadequate) would be, at least in scme
measure, mooted by a Board determination that the amount and enrichment
of 3NM requested by UCIA are in excess of that reasonably needed to

perform the proposed licensed activities, Contention XIII is described below.

B, Contention XIII
The Contention as admitted states as follows:

The information which Applicant has provided regarding

the special nuclear materials license is inadequate to meet

the requirements of 10 CFR 70,22(a)(7) and (a)?B) and
70.24(a)(1),(2), and (3). Furthermore, the enrichment level
requested and the quantity requested of SNM are excessive

and thus pose an unnecessary threat to public health and safety,

5/ UCLA has actually requested slightly over 10,000 grams of 93% enriched
uranium, of which 9400 grams is therefore to be U-235.
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The first part of the contention alleges that important information,
required by the regulations and necessary for a favorable decision to grant
the requested license, is missing from the application, particularly with
regards procedures and equipment to prevent, mitigate, monitor and respond
to criticality accidents, Absent such information and, more importantly,
absent adequate procedures and equipment, reasonable assurance cannct be
given that grant of the requested license would not be inimical to public
health and safety due to a criticality accident.

The second part of the contention alleges that the U-235 and
Pu-239 requests are excessive, that UCLA doesn't need the amounts and
enrichments asked for, and that because of the unique hazards assoclated
with plutonium and weapons-grade uranium, the applicatiogrihould not be
granted in the amounts and enrichment requested. The threats to public
health and safety from detonation of a clandestine fission explosive
produced with uranium that could be diverted or stolen from the UCLA facility
are extraordinarily grave; the increased radiological dangers assoclated
with increased criticality accident risks and hazard from accidental or
intentional release of plutonium are also of concu'n.é/ These hazards
would be substantially reduced or eliminated if UCLA were to perform
its desired activities with less potentially dangerous SNM levels,
As UCLA has reduced its 3NM holdings to roughly half the quantity it
requests in its application, and since UCLA has for many years used a
Radium=Beryllium neutron startup source for the reactor as opposed to
the requested Plutonium-Beryllium source identified in the application,

grant of suamary disposition on those portions of the contention would

6/ By "unnecessary threat to public health and safety” in Contention XIII,
CBG refers to the range of threats from harm from detonation of a clandestine
fission explosion to the lower order threats-<though still worrisome--

from criticality accidents and dispersion of Plutonium by accident or intent,
For purposes of clarity in this motion, those separate threats to the public
will be discussed separately.
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merely tring the application into conformance with the status quo at the
facility.

The aspects of the Contention discussed in this Motion will

be in the following order: (1) eriticality accident information,
(2) the need for 32 grams of Plutonium, (3) the need for 9400 grams of
U-235, and (4) the need for 93% enriched uranium, By so doing, it should
not be inferred that these matters are of equal importance, While real
public health and safety concerns exist as to all four aspects, the
nuclear weapons proliferation threat occasioned by unnecessarily large

quantities of weapons-grade uranium by far predominates,

ITII. CRITICALITY ACCIDENT PREVENTION
INFORMATION

A, What is Meant by the Term "Criticality Accident”

3pecial Nuclear Materials are unique in their ability to release

enormously large quantities of energy in astonishingly small periods of
time. This 1s due to the fact that the nuclear chain-reaction can increase
in magnitude exponentially, all in an exceedingly small part of a second.
For example, in an atomic bomb, energy equivalent to hundreds of tons of
high explosives can be released in a period measured in millionths of a
second if just a few kilograms of highly enriched uranium are rapidly
brought together or imploded and if one neutron is present at the start
to begin the reaction.

The amount of 3NM necessary to just barely sustain a chain
reaction 1s the critical mass. If more than one critical mass is
assembled under the right conditions, the reaction goes "super-critical",
i.e. power increases exponentially until something--intervention of control

rods in a normally operating reactor or explosive disassembly of the device
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in a bomb--makes the assembly go subcritical again. In the interval,
laating perhaps only milliseconds, considerable energy can be released.

It 1s thus obvious that unintended supercriticality is strongly to be avoided.

Unintended supercriticality is often called a "ecriticality
accident.” It occurs when two or more subcritical masses of SNM are
accidentally brought together in the right configuration and with the
right conditions (moderation, reflection, etc.) so that a chain reaction
occurs where none was planned,

These accidents can be very dangerous because they are often
associated with intense neutron and gamma radiation bursts and even
on occasion small explosions, There have been at least six immediate
deaths from such accidents and scores of serious radiation injuries from
doses in the hundreds of rads, causing the Hiroshima-type acute radiation
syndrome.

Criticality accidents can occur inside a reactor or outside.
Because of the capability of nuclear reactions to increase in power
exporentially in times considerably shorter than a person can respond,
nuclear reactions must be carefully controlled if they are to be used
safely in peaceful applications., In a reactor this is done by "reactivity"
controls (reactivity is essentially that which makes a reactor react,
something like how much horsepower one has "under the hood") such as
neutron-absorbing control rods. These devices keep the nuclear reaction
from getting out of control, something similar to brakes on a car except
that the reactor "goes"™ by letting up on the brakes rather than stepping
on the gas, Occasionally the brakes fall or someone makes a mistake and

lets up on them at the wrong time and the fission process runs wild,
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power goes from zero to millions of watts faster than you can blink your
eye, and anyone unfortunate enough to be in the same room at the time
gets a sizeable radiation dose capable of causing radiation sickness or
death within a few hours or days. Such in-reactor criticality accidents
occurred in 1952 at Argonne National labs, 1961 at Idaho Falls, and 1958
at Vinca, Yugoslavia and resulted in some tragic deaths and injuries from
the intense radiation flelds generated.:/

3uch accidents can also occur outside reactors, and have,
Whenever INM of greater than a certain enrichment and quantity is handled,
special procedures and equipment must be employed to avold accidentally
bringing enough 3NM into a proper configuration that causes it to go
super-critical, Two fatalities occurred at Los Alamos within a year of
each other whenj in one case the individual dropped a a reflector brick and
in the cther a screw driver used as a wedge to hold up part of an assembly
slipped. In both cases a characteristic "blue glow” was observed and the
victims died within a month from the intense radiation exposure.

Because of the dangers of criticality accidents attendant whenever
more than a few hurivred grams of 3NM are handled, the Commission requires
applicants for such materials to demonstrate that they can and will take
the necessary precautions to prevent such accidents occurring and will

be able to respond appropriately if they do occur.

B. The legal Requirements

10 CFR 70.22(a)(7) and (8) require an applicant for an SNM license
to include in their applications "description of equipment and facilities
which will be used by the applicant to protect health and minimize danger
to 1ife or property (such as handling devices, working areas, shields...

criticality accident alarm systems, etc, )" and '[§;7}oposed procedures to

j/ 3ee, for more detalls about criticality accidents, WASH 1192,
Operational Accidents and Radiation Exposure Experience Within the USAEC,
portions of which are attached.
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protect health and minimize danger to life or property (such as procedures
to avoid accidental criticality., . .post-criticality accident emergency
procedures, etc.)®. And 10 CFR 70,24(a) requires all licensees authorized
to possess more than 700 grams of U-235 of greater than 4% enrichment
to have a criticality monitoring and alarm system meeting the specifications
set out therein, as well as emergency procedures for each area in which
such 3NM is handled or stored for response to a criticality accident.

These requirements are matters of law; they are especially
important for the Applicant in this case to obey, given the fact that
it has far more than 700 grams of U-235 and far higher enrichment than
4%, and given the existence of considerable quantities of moderating and
reflecting materials in rooms where 3NM is stored and used (e.g. heavy

water and graphite), Yet the information is lacking from the application,

The Required Information is lacking
In interrogatories dated April 20, 1981, CBGC asked the Applicant

the following question (interrogatory 3 as to Contention XIII):

Precisely on what pages of the Application does Applicant provide
Em; 1nforlzn‘t)’.ion required by 10 CFR 70.22(a)(7) and (a)(8) and 70.24(a)(1),
2), and (3)?

The Applicant responded on May 20, 1981, (page 135) as follows:
10 Cry. 77,22 (a)(7)s Appendices II and V, for examples plg.s 111/5-15,
V/3-4, 10 CFR 70,22(a)(8)s Appendix V, for examples, page V/3-8,
and Appendix IV, 10 CFR 70.24(a)(1), (2), and ('3 None.

Applicant thus admits than none of the information identified
in 10 CFR 70.24 (a)(1), (2), and (3) is found in the application. Furthermore,
the page cited by Applicant with regards the 70.22 information, III/5-15,
merely says that fuel loading is directed by a reactor operator=--not what

procedures and equipment are employed to prevent accidental criticality.
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Page V/34 deals with general reactor room monitors; no mention is made
of ecriticality monitors, nor of coverage of areas other than the reactor
room, Information necessary to judge compliance of the monitors with
10 CFR 70,24 is not provided, as Applicant itself admits,
Page V/3-8 simply describes the fuel loading, Appendix IV formerly
mentioned procedures for dealing with radlation accident cases, without
specific mention of criticality cases, but after NRC Staff questioned
tha assertion in the original Appendix IV (page C-1l) that “the individual
who has received whole or partial body radiation and may have received
a lethal dose of radiation, but is no hazard to attendants, other patients
or the environment,” even that minimal reference to victims of direct
radiation was removed. (The Staff rightly pointed out that a victim of
neutron radiation, as in a criticality accider®, would be radiocactive
himself, due to activation of sodium in the blood, gold fillings, and the
like, and could be a hazard to attendants, etc.) No reference whatsoever
to means for coping with criticality accidents is found in the revised
Emergency Plan, the new Appendix IV.

In response to CBC interrogatory number 5 of the set identified
above, which asks "What specific means are employed by Applicant for
moni toring for accidental criticality of irradiated fuel?” the response
was simply, *“None,”

Given Applicant’s admission in interrogatory responses that
none of the information regarding 70,24 criticality monitoring and response
is in the application, and the admission that no means are employed for
monitoring for aceidental criticality of irradiated fuel (of which the
requested license is for 4700 grams, far in excess of the 70,24 threshhold
of 700 grams), there appears no dispute as to the material facts and
CBG 1s entitled as a matter of law to a favorable ruling on that part of

the contention that the identified and required information is lacking,
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That this result is warranted is further supported by Staff's
answers to interrogatories 231-233 by CBC as to the Safety Evaluation
Report (found at page 14 of Mr, Bernard's affidavit answering the
interrogatories), These three questions asked for various information
about the potential for and means of preventing accidental criticality
in the storage cabinet in which the fresh fuel is kept. 3taff's
one word answer in each case was: “Unknown,”

Complete information about criticality protection at the
UCLA facility is not in possession of Staff, it is not included in
the Application, and in absence of that information being fully provided
in the 3NM license request, reasonable assurance that adequate protection,

detection, and response measures will be taken is impossible,

IV, PLUTONIUM SOURCE UNNECESSARY
On October 3, 1960, the Atomic Energy Commission granted
UCIA's request for a license to possess 3.350 kilograms of U-235 and
32 grams of Plutonium-239, the latter for use as a neutron startup source
for the reactor. In early 1961, UCLA requested the Commission amend its
license to replace the Plutonium source with a far smaller (and less hazardous)
Radium source, As the AEC Hazards Analysis of June 28, 1961, described
the proposed amendment:
The applicant proposes to replace the 2 curie Pu-Be source with
a 10 millicurie Ra-Be source. The present Pu-Be source has
been determined to give a much stronger indication than required
for safe startup., Both types of sources have been utilized
successfully in research reactors; we anticipate that no additional
hazard will result from the replacement of Pu-Be source with
the Ra-Be source,
Despite the fact that the amendment was granted, and UCLA has used Radium
startup sources ever since, it has continued to carry on its license for the reactor

the authority to possess up to 32 grams of Pu-239 as a neutron source,
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Note that the same application which at page 5 requests 2 Curies of
Plutonium as a startup source indicates at page III/6-5 that the
facility now uses a 6,6 milliCurie Radium source instead. The Radium
source in use currently is many, many orders of magnitude less hazardous
than the requested Plutonium source which it appears the reactor does
not need; in fact, the above-cited AEC analysis would appear to indicate
that reactor operations themselves are safer without the very strong
indication provided by the Pu-Be, which 1s why UCLA discontinued using
such a source in the first place.

UCLA may have in mind use of a Plutonium source for some purpose
other than use related to the reactor and the activities licensed under
reactor licensc¢ R-71, In fact, UCLA has at various times had Special
Nuclear Materials licenses that permitted use of Plutonium sources for
uses other than the reactor. But these were granted on SNM licenses
separate from the reactor's license. The 3NM license for the reactor
is for SNM for the reactor. A Plutonium source is no longer used for
the reactor, hasn't been used for years, is not needed, and would be an
unnecessary public heal th and safety hazard, If the University 1s
attempting to hold onto a Plutonium source, or at least license for such
a source, when it is no longer used for the purpose for which the license
was granted and for which the renewal application has been made, then
the University is being less than frank with the Commission.

In 1light of UCLA's own request to the Commission in 1961
to be able to use a radium source as its reactor's neutron source,
the Commission's concurrence at the time that the radium source was preferable,

and twenty years' operating history with the radium source, and in light
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of the undisputable hazards associated with use 6f plutonium, and
in absence of any compelling reason why the radium source should cease
to be used in favor of a return to plutonium, CBGC respectfully suggests
that there are no material facts in dispute about its contention that
the requested license for 32 grams of Plutoniumis an unnecessary threat
to public health and safety and should, as a matter of law, be denied.

V. AMOUNT OF U-235 REQUESTED IS5 EXCESSIVE

A, History
On May 30, 1959, UCLA applied to the Atomic Energy Commission

for a construction permit for a training reactor facility.é/ That Application
included a request for 4,0 kg of 90% U-235 and 2 Curies of Pu-239 as
a startup source. UCLA indicated that 4 kg was 660 grams more than it
needed and would return the excess after fuel fabrication on or about
December 30, 1959.2/ The application, furthermore, provided an estimated
schedule by years for =subsequent receipts, consumption and transfer of 3NM,
consisting of needing no additional fuel until 1964, at which time it would
need an additional 10 grams, and would not need an addition 10 grams
again until 1969.§/

For the next decade UCLA opcrated with less than 3.5 kg of U=235
total on site, After the first year of operation it discoverad it did
not need the Plutonium source for startup, as mentioned above, and received
Amendment 2 to its license permitting it to use a radium source instead.

After a decade of operation with 3.5 kg, UCLA requested

6/ Construction permit application, 5/30/59, attached hereto.
Z/ id., at page 7
8/ ud.
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"an additional 4.3 kg of Uranium=235 for the purpose of refueling.” 2/

This request, made June 3, 1970, indicated that refueling was to be done

during the summer of 1971, and that therafore they would btriefly have 7.8 kg

on site, and "after refueling and shipment of the old fuel bundles approximately
4,3 kg." UCLA thus asked for permission to temporarily have on site 7.8

kg during refueling,

The AEC responded on June 24, 1970,1—0/by reminding UCLA that
its current possession limit was 4.0 kg, not 3.5 as UCLA thought (because
for the previous decade that was all it had had on site), and thus asked
UCLA whether it wanted the new license limit to be 7.8 or 8.3 kg.

The University responded on. July 9, saying “we would like the new limit
to be 8,3 kilograms,"” and indicating that plans were for refueling in June
of 1971.B/

Two months later UCLA asked that the limit be altered further,
this time to 10 kg, because the fuel manufacturer assertedly needed extra
melt stock, scrap from which would be returned to UCIA.lg/

On October 26, 1970, just six weeks thereafter, the AEC published
notice that it wms amending UCIA's license from a limit of 4,0 kg to 10
kg, a 250% increase. The notice of issuance of facility license amendment 8;2/
stated that the purpose for the amendment was that

The additional material is required for the fabrication
of fuel elements which will be used to replace those now
in the reactor.
However, refueling never took place, the original fuel is still in the
reactor, and the spare core loading and additional extra bundles and

the scrap remained on site for a decade, unneeded and largely unprotected.lﬁ/

3 / Letter, 3 June 1970, from Thomas Hicks, NEL Director, to Dr. Peter Morris,
Division of Reactor Licensing, USAEC, attached,

10/ Letter, 24 June 1970, from Donald J, Skovholt, Assistant Director for
Reactor Operations, Division of Reactor Licensing, USAEC, to Dr. Hicks, NEL
11/ Letter, 9 July 1970, from Dr. Hicks, NEL, to Donald Skovholt, USAEE

12/ Letter, 10 September 1970, from Dr, Hicks, NEL, to Dr. Morris, USAEE

%54 Notice of Issuance of facility License Amendment, 26 October 1970

1

The matter of the extraordinarily lax attitude towards protecting this
t Contention XX.
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During the same period that UCLA was requesting amondmontslj/
to its license to increase U-235 possession limits to 10 kg, it was
writing technical specifications as part of a relicensing request,
Included in the latter request was a request for a 15-fold increase in
its plutonium holdings, to 500 grams, and receipt in addition of 250
grams of U-233, as well as increase in authorized power level to 500 kw,
or 50 tines the level for which the reactor was initially designed.,
(Neither the plutonium nor the U=233, obviously, were to be used in
the power increase. UCLA had already increased pover to 100 kw a few years
earlier. )

On August 31, 1970, the AEC, following a preliminary review
of the above application, asked for the following additional information;é/
to complete their evaluation:

1. A description of the physical form of the 250 grams of

uranium=-233 and the additional 467 grams of plutonium

requested and a description of the proposed use of this
material,

2. A supplemental safety analysis report, as described in
Jection 50.34 of 10 CFR Part 50, in support of your request
to increase the power level to 500 kwt,
The University responded on October 7, withdrawing the request for the
250 grams of U-233, the 467 grams of Plutonium, and the increased power
level.lZ/
As will be indicated in CBG's brief on the issue of which
set of security regulations (10 CFR 73.60 or 67) applies to this license
request, having nearly 10 kg of highly enriched uranium on site during

the 1970s became quite a compliance problem for UCLA and the Commission,

15/ letter, Febtruary 20, 1970, from David 3axon, UCLA Vice Chancellor, to
Donald Skovholt, Assistant Director for Reactor Operations, USAEC

16/ Letter, Skovholt to H,V, Brown, UCLA, August 31, 1970

17/ letter, NEL Director Hicks to Dr. Peter. Morris, USAEC, 7 October 1970
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First, the AEC rejected UCLA's security plan because, even with the exemption
for irradiated fuel, UCLA had a ”formnla"lg/quantity of 3SNM on site with
a security plan, then as now, not sufficient to protect that quantity.lgE/
UCIA promised to ship out just enough fuel to get it under the formula limit
in order to avoid threatened enforcement action by the AEC.lg/ A few years
later an NRC inspection discovered UCLA still had more than a formula
quantitys; as NEL Director Catton put it, "We are presently in technical
violation of our SNM possession 1limit, and further delay /in reducing inventory/
could invite a Notice of Violation by the Nuclear Regulatory Conmission.“gg/
The delay lasted an addition year and a half, with the shipment finally
occurring in June of 1980, with disastrous results.gl/ CEG contested UCIA's
license renewal request, in part contending the 3NM amounts were still excessive;
an NRC site visit then confirmed this assertion, determining once again
that UCIA had a formula quantity of SNM and had to take measures to
better protect it or to reduce the inventory.w And just six weeks ago,
in the midst of the Board hearing argument on whether UCLA had a formula
quantity and therefore had to meet a higher standard of security protection
for the HEU, the University notified the Board that it had shipped off just
enough fuel to get below the 5.0 1limit (i.e., UCLA claims to now have 4,92,
though it appears to have forgotten about the Plutonium saurce, which according to
the 3NM formula, trings it once again over the formula level), There
has been no confirmation of the actual amount currently on site; available
records appear to contradict the 4,92 assertion, indicating the actual amount

about half a kilogram higher., (Letter of October 28, 1972, fram UCLA's Ashbaugh

18/7a "formula" quantity of 3NM is essenilally that quantity defined by NRC
as sufficient to make a boab from without need of additional 3NM, The formula quantity,
as in 10 CFR 73.60, is grams SNM enriched over 20% + 2.5 (grams U-233 + grams
Plutonium) = 5000 grams or more.
18a/ 18 November 1974 letter AEC George Lear to UCLA's Hicks
27 November 1974 letter, Charles Ashbaugh (UCIA) to AEC's Goller
20/ 1 March 1979 letter, UCLA's Catton, to DOE's Berger
g;/ This was the shipment that took the wrong route, apparently so the driver

could pick up his girlfriend and take her with him to las Vegas, where the truck
uas parked overnight in a casino parki lot, and later fo to be highly contaminated.
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to AEC's Goller, indicates that after shipping out the scrap UCILA was to

have a total inventory of 9.047 kg, Records provided by UCLA's Neill Ostrander,
transmitted by cover letter of William Cormier on August 26, 1982§2/ indicate
only two shipments took place thereafter, one of 730 grams and one of

2360 grams, which would leave the University still with about 5350 grams.)

In short, there are two periods in the history of the UCLA
reactor's handling of HEU, For the reactor's first decade, the facility
operated with less than 3.5 kg and was able to perform all its necessary
functions. For the second decade, the University had on site nearly three
times that amount, and was in constant violation of NRC security regulations
because the amount or site was repeatedly found to be excessive. And further,
the additional 3NM never was used for the purpose requested, full core
reiueling, and the old core was thus never shipped off site, as promised,
s0 what started out as a request to have 7.8 kg on site temporarily during
refueling became an almost permanent period with nearly 10 kg, which was
neither used nor needed, And now UCLA has shipped offsite some of the excess,
but is refusing to amend its license or license application down to the

level its security system can handle and the level it really has a need for.

B, UCLA Does Not Need a License for 9400 grams of U=-235

The reactor can only opem te on about 3,5 kg.gy Burnup is
extremely small, approximately one gram per ycar.gj/ The maximum burnup
that could take place in the requested license period is less than 40 grams

total.gé/ Even taking into account potentially clumsy fuel handlers who might

23/ in response to agreement between Applicant and CBG, Applicant clarified
iﬁ; interrogatory responses through a submission on August 26, 1982

24/ 1id

25/ see Hafemeister declaration; also Ostrander memorandum, cited above
26/ Hafemeister declaration




-1~

damage fuel during loading or unloading, a maximum of 700 grams, including
burnup, can be expected to be needed during the next twenty years, based

on the reactor's operating hﬁstory.QZ/ Given the current core arrangement

and maximum burnup, the facility needs only 3600 grams through the year 2000,
the requested license period. Counting in clumsy fuel handlers brings a
total of 4300 grams--on the assumption that the full twenty years®' spare
supply should be kept on site all the time rather than shipped on when needed,
as was the original arrangement with the AEC when UCLA first was licensed.gg/

But the UCLA reactor can perform its intended function on even
less than that, The Battelle studyzg/ cites the minimum critical mass for
the Argonaut as 1.9 kg with one-slab geometry, and as 2.2 kg kg with
slightly increased spacing of the fuel elements (the Argonaut is undermoderated,
so increasing the spacing increases the volume of water between plates,
and hence the moderation,) These figures are btased on experience with
different core configurations in the original Argonaut at Argonne National
Labs, which used 20% enriched fusl.zg/

Thus it is indisputible that the UCLA Argonaut reactor can perfoim
its licensed functions with a far smaller inventory of 3SNM. It is
indisputible because for a decade UCLA did precisely that, because UCLA
asserts it currentlpossesses about half of the amount of SNM it has requested
in its license application, and with some relatively minor modifications to
the geometry of the core, it can operate on roughly one fifth the requested
amount, How far below 9400 grams UCLA should be required to go is perhaps
disputable; there can be no dispute that 9400 grams is too much, That is close

to enough for two atom bombs, if diverted or stolen, When the core only

holds 3550 and burnup is a gram a year, 9400 grams is excessive and an unnecessary

Environmental Impact Appraisal, page 5

see Appendix A to original Facility License

NUREG/CR=-2079, page 23,

Argonaut Reactor Databook by Sturm and Daavettila, ANL-6285, January 1961;
Summary Report on the Hazards of the Argonaut Reactor, Lennox and Kelber,
ANL-5647, December 1956

S
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risk to public health and safety and the common defense and security,

VI. THE REQUESTED ENRICHMENT IS EXCESSIVE AND UNNECESSARY
A, History

In the 1950s and 1960s, low power research reactors were built
in many countries, including the U,3,, which utilized flat plate MTR-
type fuel containing 20% or less enriched uranium, a value chosen because
it was considered to be a limit for weapon usable material.zl/ Highly
Enriched Uranium (HEU) came into demand for high power research reactors,
and eventually many low power reactors for which Low Enriched Uranium (LEU)
would have sufficed were using HEU 1nstead.1g/ In the 1970s, however,
particularly after India exploded a nuclear weapon using nuclear material
obtained through a research reactor, concern grew once again about the use
of HEU in research reactors (as well as very low enriched uranium in
which Plutonium can bo generated). This concern led to a national policy
of attempting to reduce enrichments of research reactor fuels and reduce
the amount of HEU in use.zz/

The Argonaut reactor has a similar history. The original Argonaut
at Argonne National Labs used 20% enriched fuel 39-/(1:1 fact, the uranium
was in oxide form, which has other useful safety and non-proliferation
properties), The first Argonaut used 20% fuel for many years, from the
time 1t first went critical, in February of 1957, through the time
of most recent reporting, October of 1962}jy(the original Argonaut was

dismantled and no longer exists).

2;/’ See IAEA-TECDOC-233, "Research Reactor Core Conversion from the Use of
Highly Enrichei lranium to the Use of Low Enriched Uranium Fuels Guidebook",

a Technical Document issues by the International Atomic Energy Agency, Vienna,
1980, p. 1, attached.

32/ 1d
%g; Jummary Report on the Hazards of the Argonaut Reactor, ANL~-5647, by

Lennox and Kelber, December 1956

IAEA Directory of Nuclear Reactors, Volum 1V. 1964; also, Argonaut Reactor
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The first commercially-available Argonaut in the U.3., built by
AMF for the University of Florida, likewise used 20% enriched fual.zé/
In fact, the University of Florida continued to use 20% fuel until 1970,
wheri 1t replaced its original core.ﬂ/ Now, because of the new policy of
reduced enrichments for research reactors and the heightened concern about
HEU, the University of Florida is involved with a program with DOE to
use 4,8% enriched 3IPERT fuol.la/ The policy of reducing both the quantity
of HEU in use and the enrichment of research reactors has been official
U.3. policy since 197722/ 3 the policy "has been fully supported by NRC
since its 1nception.ﬂg/ NRC itself has issued a formal statement of policy
declaring that in exercising its licensing responsibility for domestic use
and export abroad of 3NM, the NRC is interested in reducing, "to the maximum
extent possible,” the use of HEU in domestic and foreign research ructors.“—l/
One of the 1ssues before the Atomic Safety and Licensing Board is how
to reconcile UCLA's request for 9400 grams of 93% enriched HEU with the
Commission's policy of reducing, "to the maximum extent possible,” the use
of HEU in domestic and foreign research reactors. As we shall see, that
reconciliation is relatively easy: UCLA doesn't need HEU in order to

perform its intended activities,

B, UCLA Doesn't Need HEU

™.2s L2 no dispute about the material facts: Argonaut reactors
like UCLA's can ran on LEU, They can because they do, In addition to
the original Argonaut and the University of Florida Argonaut, the following

Argonaut-type reactors are listed in the IAEA Directory of Research Reactorsy—z/

36/ University of Florida Training Reactor Hazards 3ummary Report, A Report to

the USAEC from the Department of Nuclear Engineering at the University of Florida, 195¢E
NRC 3taff Answer to Interrogatory 89 as to the 3afety Evaluation Report (3/17/82)

}_/ Letter, October 10, 1978, to Robert Reid, USNRC, from N,J. Diagz, University of
Florida
3ee Hafemeister declaration

40/ USNRC aement of Policy: *“Use of High-Enriched Uranium in Research Reactors”
41/ 1d, 47 FR 37007, August 24, 1982
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as having 20% enriched fuel: 3iemens Argonaut Reactor No. 1 (Germany),
diemens Argonaut Reactor Karlsruhe (Germany), AEG Prufreaktor PR-10 (Germany),
Reattore Argonaut AGIP-NUCLEARE (Bologna), 3iemens Argonaut Reactor Graz (Graz).

As indicated in the Hafemeister declaration and the Congressional
testimony by DOE officials cited therein, LEU fuels are currently available,
using avalilable technologies and core designs, for low power research reactors
such as UCLA's, It appears to be only the few, very high power research reactors
who might need to await the commercialization of higher density fuels;
even that seems avallable very shortly, DOE's annual reports &2/
give targets of 1982 and 1984 for demonstration of the fuels being completed.
TAEA has publ ‘shed a detailed handbook on how to make the conversion, and
other assistance is available., General Atomics, for example, currently
has availatle TRIGA low-enriched zirconium hydride fuel for use in converting
and upgrading existing MTR plate-type relctors.ﬂﬁ/ In addition to significantly
reducing proliferation concerns, the TRIGA fuel would immeasurably add to
the safety of this particular reactor at UCLA because of its marked ability
to prevent reactivity accidents because of the instantaneous negative temperature
coefficient.gj/

In response to CBG interrogatory XIII/1l of 4/20/81, UCLA
stated that it knew of no reason why the reactor couldn't function if the
enrichnent level were reduced from 93% to 20%, In light of the overwhelming
evidence that Argonauts can function on LEU, have and do function on it,
and that LEU is available, and in the face of Applicant's knowing of no
reason why ‘he enrichment shouldn't be lowered to 20%, and given the NRC's
policy in this regard, CBG is entitled as a matter of law to a favorable

determination on its contention that the requested enrichment is excessive.

E}/’DOE/RE-OOI. Nuclear Proliferation and Civilian Nuclear Power: Report

of the Nonproliferation Alternative 3ystems Assessment Progran, USDOE, June 1980
25/ IAEA Conversion Handbook, page B=2

45/ Because the moderator is part of the fuel, fuel heat-up immediately heats up
the moderator, causing power to drop and preventing destructive excursions
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VII. Legal Argument

In connection with its Part 50 Application to be licensed to
operate its nuclear reactor, UCLA has requested a license for SNM.
In order to issue a license for the possession of 3NM, the Licensing
Board must determine that the application meets the requirements of the
regulations and that such issuance would not be inimical to the common
defense and would not constitute an unreasonable risk to the health and
safety of the putlic, 10 CFR 70,31.
Risk is defined as probability times consequences. The
consequences of theft of 9400 grams of 93% enriched uranium can be
it while
immense, As the Commission put./ proposing stricter safeguards for 3NM,
the consequences of the successful detonation of a clandestine weapon
would be “disastrous“.ﬂé/ Thus, anything which would tend to increase
the probability of theft or diversion of HEU, even by a small fraction,
would vastly increase risk, For this reason, the Commission states in
its recent Statement of Policy on the .ub.joct‘-qju
In an effort to allay concerns of proliferation risks,
efforts were made to reduce HEU inventories, on the assumption
that any reduction in the potential for access to these
inventories would constitute a reduction in the proliferation
risk.
The Commission argues further:
The widespread * 9 of HEU fuel, which involved a large number
of domestic arx nternational fuel shipments, increases the
risks of prolifuration through theft or diversion of this material.
In contrast to HEU, the we o£ el with lower enrichments
reduces proliferation risks.,
The 3tatement of Policy makes clear that it is the Commission's policy
to both reduce the amount of HEU available through its licensing responsibiliiy

and the enrichment of 3SNM permitted.

§§7 Proposed Rulemaking, Physical Protection of Plants and Materials, 43 FR 35323
g Jtatement of Policy: Use of High-Enriched Uranium in Research Reactors; 47FR37007

__/ UClA's HEU shipment parked overnight in a casino parking lot underscores this poin
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10 CFR 70.31 prohibits a Licensing Board from granting a requested
license for 3NM if the Board cannot determine that issuance of the license
will not be inimical to common defense and security. In addition, the
Board must determine that grant of the liceuse would nat result in unreasonable
risk to public health and safety., As has been demonstrated above, the
Commission is on record as recognizing that HEU increases the risks and ;
LEU lowers risks; and that reducing th- amount of HEU available for its
theft or diversion reduces the risks associated thereto.
The risks assoclated with a license request for HEU are no% ‘
unreasonable, in 10 CFR 70,31 terms, if there are no alternatives to

its us2e in the amounts and enrichments requested and if the benefits outweigh

The Applicant in this case clearly does not meet that standard,

|
the risks.
because the requested license is in excess of need. Therefore the request

poses an unreasonable risk and must, as a matter of law, be denied.

(1) The Request for 32 Grams of Plutonium Must be Denied. UCLA

used the Plutonium-Beryllium start-up source for its intended use for only
a year before requestirg the Commission amend its license to permit use of
a less hazardous Radium source and hasn't used the Pu-Be source for reactor
operations in the twenty years since, Applicant thus doesn't need the
requested Plutonium, and therefore grant of the license would pose an
unreasonable risk and must be denied.

|
|
(2) The Request for 9400 grams of iTU l'ust be Denied. The core
\
|
|
|
|
|
|
|

can only hold 3600 grams; the facility operated without difficulty for
operated
ten years with 3500 grams; the facilitx/uith difficulty in terms of compliance

with Commission safeguards regulations during the subsequent ten years
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while it had nearly ten kilograms; the Applicant is unwilling--and due to
the technical difficulties involved with keeping the fuel at self-protecting
levels discussed in CBG's 73,60 trief--incapable of safeguarding the amount
of material requested; the reactor can run on about two kilecgrams; it
burns up only 1 gram per year; and simply has no need nor even use for
9400 grams,

(3) The Request for 93% Enriched Uranium Must be Denied.

The material requested is weapons grade and in excess of the quantity
necessary for constructing a clandestine fission explosive; it is NRC policy
to reduce enrichments, including through its licensing authority; the reactor
can (and other Argonauts have) run on LEU; the risks associated with

grant of the requested license are greater if HEU is granted than if LEU

is granted; the consequences are so disastrous that any small increase in
risk is unrmasonable unless no alternatives exist and benefits outweigh

the risks; alternatives do exist and the benefits in no way outweigh

the risks; therefore 93% HEU is not needed, poses an unreasonable risk,

and mst be denied,

There is another requirement that an applicant-must meet before
a Board can be permitted to issue the requested license: that is, the
application must meet the regulatory requirements. In this case, UCLA
has requested a license for nearly 10 kg of 3NM but failed to provide
the information required by the regulations (10 CFR 70.22 and ,2) with
regards how Applicant will protect against criticality accidents, The law
prohibits grant of the application if the application violates the provisions

of those regulations, The reason is simple: a licensing board cannot
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possibly determine that grant of the proposed license will not pose an
unreasonable risk to public health and safety 1f the Applicant refuses to
provide the required information for Board review as to how Applicant
inteis to protect public health and safety should the license issue.
Criticality accidents are no trivial matter; ask the families of Louis
3lotin, the Woods River Junction victim, and the scores o. others who have
been seriously injured in the thirty or so accidents to date. But the

bottom line is that the law prohibits grant of the license without the

required information.

lastly, summary disposition should be granted as a matter of
law because no genuine dispute exists as to the material facts and the
facts are such as to require such a ruling,

The University, by its recant reduction in 3NM inventory,
has admitted that the 9.4 kg it has requested is both excessive and
unnecessary, By its arguments against the applicability of 10 CFR 73.60
and its repeated violations of safeguards regulations applicable to the

amounts possessed during the last decade, the Applicant has indicated

it i1s both unable and unwilling to protect the quantity of material requested.

he license therefore cannot issue,

The 3taff, in formal submission to the Commissioners, has
committed itself to amending UCLA's license to reduce possession authorization
below a formula quantity. Memo, 3ECY-81-376, "PHYSICAL SECURITY REQUIREMENTS
FOR NONPOWER REACTOR LICENSEES POSSESSING A FORMULA QUANTITY OF SSNM™, from
William J, Dircks, Executive Director for Operations, to the Commissioners,

iated June 12, 1981 states as follows:
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In SECY 79-187B, 22 nonpower reacior licensees were listed as

having licenses to possess a formula quantity or rmore of SSNM.

Of these 22, seven have taken or are taking action to reduce

their holdings to less than a formula quantity of SSNM and the

NRC will take action to amend their licenses to reduce possession

authorization below a formula quantity,
UCLA is listed as one of the seven, confirming what CEC has alles ~~ all
along, that UCLA is licensed to possess more than a formula quantity of
35NM and should reduce its holding, And the above memo commits the NRC
to taking the action recommended by CHG's contention: reducing possession
authorization to at least below a formula quantity,

CBC believes the reduction should be below 4,92 kg, as UCLA
claims, perhaps erroneously, it now possesses (but is unwilling to be
licensed for). As the Commission stated in amending Part 73: "it can be
preperly argued that a.4,9 formula kilogram quantity of 3NM is about
as important a quantity as 5,0 kilograms.,” 44 FR 43281, July 24, 1979,
And as Dr. Hafemelster points out in his declaration, 4,9 kilograms of 93%
enriched uranium is nearly three times more dangerous from a nuclear proliferation
standpoint that 5,0 kilograms of 20% enriched, because the critical mass
for the 93% is one third as much as for 20% (i.e., one needs only a third

as much 93% uranium to make a bomb),

VII. CONCLUSION
CBG has demonstrated through indisputible evidence that the
amount and enrichment of 3NM requested are excessive and thus pose an
unreasonable risk as prohibited by 10 CFR 70.31. CBG has further
demonstrated that there is no dispute that certain information required
by the regulations to be provided in an application before approval can

be granted 1s not in fact included. As a matter of law, CBG is entitled
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to a decision in its favor on Contention XIII, No more important matter
will be before this Board than the prevention of an unnecessary increase
in the protability that a clandestine fission explosive might be acquired
and detonated. The consequences of such an occurrence would indeed be, as
the Commission has said, "disastrous.” This Board can reduce those risks,
and the law requires that it do so,

Daniel Hirsch
President
COMMITTEE TO BRIDGE THE GAP



STATEMENT OF MATERIAL FACTS AS TO WHICH NO GENUINE DISPUTE EXISTS

1. The full information as to equipment and procedures designed to prevent,
mitigate, detect, and respond to criticality accidents required by 10 CFR
70,22(a)(7) and (a)(8) and 70,24(a)(1),(2), and (3) has not been provided
in the Application,

2. The UCLA reactor can operate with less than 9.4 kg U-235 on site.

3. The UCLA reactor operated with approximately 3.5 kg of U=235 on site
for ten years.

4, The UCLA reactor did not use more than 4,3 kg of U=235 during its
entire lifetime to date.

S5« The UCIA reactor urns up on the average approximately 1 gram of U=235
per year,

6. Total fuel damaged or burnt-up in the last twenty-two years is less
than 750 grams,

7. 93% enriched uraaium is weapons-grade uranium,
8, 97 enriched uranium is Highly Enriched Uranium (HEU).

9. Low BEnriched Uranium (LEU) that is not so low enriched as to produce
sizeable plutonium generation reduces prolieration risks,

10, It is official U.S. policy to reduce the enrichment of research reactor
fuels,

hl. Reduced enrichment fuels are currently available on which the UCLA
raactor can run,

12, The original Argonaut reactor ran on 20% fuel,
13. The University of Florida reactor ran until 1970 on 20% fuel,
14, Other Argonaut reactors have opera ad on 20% fuel,

15, Advanced reduced enrichment fuels of higher Uranium loading will soon
be available.on which all but the highest power research reactors can run,

16, The UCLA reactor does not use a Plutonium-Beryllium neutron startup source,
17. The UCLA reactor uses a Radium-Beryllium startup source,

18, Two curies of Plv4onium-239 are more hazardous if released to the
environment than 6,6 millicuries of Radium,

19, UCIA does not have a security plan and safeguards contingency plan
that meets the requirements of 10 CFR 73.60 for rormula quantities of 3NN,

2u, The amount of 3NM requested in the license, if all were on site,
would be a formula quantity of 3NM,

21, UCLA has recently reduced its 3SNM inventory.

22, The NRC has committed itself to reducing UCLA's license authority
to below a formula quantity,
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(Proposed Renewal of Facility
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License)

(UCLA Research Reactor)

D RATION OF DAVID W, ! MET3TE:

T, David W, Hafemelster, declare as follows:

I an presently Professor of Physics at the California Folytechnic
Univere*'*y in 3an Luls Cbispo, California, My professional qual ifications
are attached,

2, During the period 1975-1979, I was intimately involved with the
development and administration of this nation's nuclear non-prcliferation
policy, both in the U,3, Senate and in the U,3, 3tate Department,

This work included domestic and foreign policy matters related to the
use of High Enriched Uranium (HEU) in research reactors and methods
to reduce the associated proliferation risks,

3. The proliferation risk assoclated with HEU is that it can be used directly
to make nuclear weapons, unlike the low enriched uranium used, for example,
in power reactorna, No further enrichment, generally very costly and
difficult, would be necessary in order to utilize the material in a
clandestine fission explosive, thus making it a potentially attractive
target for theft or diversion., For this and related reasons, it has
been the policy, both nationally and internationally, to attempt to
minimize the amount of HEU in use,

4, 937 enriched uranium in flat plate Aluminum-Uranium fuel would clearly
fit within the category of Highly Enriched Uranium, In fact, 93% would
be near the upper 1limit of HEU norsally used in reactors, and is clearly
"weapons-grade.,” That is, it could be used directly to fashion a
clandestine fission explosive., Furthermore, bYecause the critical mass
goes down as enrichment goes up, one would need significantly less
U=235 if 937 enriched than, say, 20%, for which the critical mass of U=235
is roughly three times as large., Thus, 937 enriched uranium poses
significant proliferatior risks and requires significant safeguards
if its use is essential,
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The prevention of nuclear proliferation is a matter which has long
been recognized as essential to U,3. interests and the common defense
and security. The solutions to nuclear nonproliferation are not
simple: The office of Technclogy Assessment report on Nuclear
Proliferation (1677) says that:

It is not too late to contain proliferation at a level which
can be assimilated by the international political system,
However, there are no single or all-purpose sclutions; no
short=-cuts, A viable nonproliferation policy will require
the coordinated, planned use of a wide variety of measures,-.

In recognition of the threat to common defense and security
€osed by nuclear weapons proliferation, the Congress passed
virtually unanimously) the Nuclear Nonproliferation Act of 1978,
Ard, beginning in 1977, the United States Covernment established
a policy designed to reduce the threat of proliferation by
attempting to reduce the risk of theft or diversion of HEU, in
part by attempting to reduce the amount of HEU in use throughout
the world, particularly for research reactors. This pclicy of
reducing the threat of theft or diversion by reducing the amount
of HEU available for theft or diversion has had as a concommitant
element the attempt to reduce the enrichment of research reactor
fuels, This program, known as the Reduced=-Enrichment Research
ard Test Reactor Program (RERTR), represents the official policy
of the United States in attempting to reduce enrichments of
research reactcr fuels and thus the amount of HEU in use,

The summary report of the International Nuclear Fuel Uycle Zvaluation
(1980) has stated that it is feasible to markedly reduce the uraniunm
enrichment of a great majority of research reactorss INFCE endorsed
the conversion of HEU fueled research reactors to lower enrichment,
As C, Worthington 2ateman, Acting Under Secretary of Energy in 19€0,
testified to the Congress that with fuel fabrication techrology
presently available in the U,3, and Burope enrichment reduction

is possible for a great many reactors. And John X, Deutch, then-
Director of Znergy Research at DCE, told Congress in 1979 that fuel
fabrication and core technology currently available in the U,3, and
Zurope permiis emrichment reduction from ¢0«93 percent to below 20
percent in mest reactors. lr, Bateman indicated in his testimony
that the easlest reactors to nmake use of reduced enrichzent fuels

are low power reactors., The Department of Inergy's NA3ZAT Freogranm
stated in 1980 that for those reactors where conversion using current
technology might be difficult, substitution of higher uwranium density
fuels with lower enrichment should be possitle, In this way the
density (g/cc) of U=237 would remain essertially 2 constant,

but the additional U-23€ atoms would dilute the U«23¢ so that it would
be less useable as a material for nuclear weapons,

Glven the offieclal U.S. policy of reducing the amount of MHEZU in use

ic that absolutely essential, and the policy of reducirg research

reactor fuel enrichments, it is my opiniorn ‘hat UCLA's request for
-

a license for 927 enriched fuel =hould not be grznted unles- the
applicant can show definitely that it cannot adequately operate the
reactor without HEU of that enrichment,
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.

Likewise, UCLA's request for a license to possess, as I understarnd

it, 9400 grams of U=235 at G3% enrichment seems tu me to necessitate
a very substantlal showing on the Applicanti's part why such a very
large amount of such sersi‘ive raterial could ever te needed on site,

If it 1s true that the core loading is about 360C grams, it seems to
me an unnrecessary risk for the facility tc be permitted tc have on

3ite much more than a few hundred grams beyond that, Zurnup would
appear to be minimal, The rule of thumb is that 1 gram of flssionatle
raterial 1s burned up per IWD of heat produced; given a maximum pcwer
level of 100 kwth and a restriction to °% of the year operating factor,
which I am told the reactor is restricted to, in 20 years a maximum

of about 36 MWD of therral energy could be produced, If this is seo,

a maximum of less than 40 grams of U=235 will be consumed through
burr-up, a far cry from the thousands of grams requested ir the licerse.

I understand that the Environmental Tmpact Appraisal for this reactor
indicates that a total of about 700 grams of U=235 have been "used"
in the past twenty years., If this is true, and assuming that part
of that 7CC grams constitutes damaged fuel as opposed to burnup,
operating experience would indicate approximately 700 grams spare
fuel would be sufficient, and even then, there is no reascn of which
T am aware that a full twenty years' supply needs to be on site

all the time or at any one time, In my opinion, more than 4300-4500
grans U=235 permitted on site and granted through a license would be
excessive, absent a substantial showing of need, and would pose an
urnecessary threat to common défense and security through risk of
diversion or theft,

I have reviewed a July 1982 calculation by Neill C, Cstrander of

the 'uclear EPnergy laboratory entitled "Fuel 3elf Protection Calculation.®
If he is correct that after seven days of shutdown the radiation

dose at four feet from the core center without intervening shielding

is 142 Rew/hour, then each individual fuel bundle (of which I urderstand
there are twenty-four, ez >h containing eleven fuel plates) would

be about 10 Rerm/hour at ¢ ree feet (unshielded), Thus it would appear
necessary to ralse these radiation levels by more frequent (short-term)
operation of the reactor to approach the 100 Rem/hour level for

each fuel bundle and would appear prudent to do so if the radiation
level of the fuel is being relied upon as a deterrent to theft,

¥y conclusions are that the Aprlicant, in order to ottain a license,

should: (a) reduce the total amount of U=235 permitted on site to about 4 ke,
(b) lower the enrichment of U=23¢ significantly unless the Applicant

can clear dermonstrate that this is infeasible, and (¢) institute an
operation schedule which would raise the radiation level of the fuel bundles,
In addition, the security measures taken to protect what material is
permitted on site need to be substantial, particularly if the above

measures are not taken., 9700 grams of 937 enriched uranium are by

no means de minimus; nor for that matter are 4900 grams, Theft or

diversion of such material could have grave effects for our common

defense and security, as well as putlic health and safety,
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13, The above suggestions wculd be ccnsistent with U,3, policy and
prudent in terms of protecting against the very worrisome prospect
of an unnecessarily large quantity and unnecessarily high enrichment
of uranium without adequate safeguards being stolen or diverted for
use in a clandestine fission explosive, Furthermore, however,
failure to take the above precautions, without substantial showing
of good cause not to, would damage U.3. foreign policy interests by
undercutting our government's attempts tc reduce international
commerce in HEU and convince other nations of the need to reduce
their HEU holdings and the emrichment of their research reactor fuels,
I know from persocnal experience in representing the 3tate Department
in such interactions with Chilean nuclear officials and.representatives
of Atomic Energy Commissions of other nations that it will be much
more difficult for the U.,S, to succeed in its policy of reduced enrichments
and HEU holdings abroad if the policy is not vigorously pursued at home,
The inconsistency of the U3, or the one hand, denying HEU to foreign
research reactors while, at the same time, oversuprlying research reactors
at home with HEU that is not properly safeguarded, would not be l1ost
on the nations we are trying to influence.

14, lastly, it should be stated that it is both national amd international
policy that kilogram quantities of HEU must be safeguarded. While
timely warning, after the fact, of theft or diversion is a key element
in such safeguards, post-loss reporting is nct sufficient protection
and, in my opinion, fails to meet the standard of taking measures to
ninimize the possibilities for unauthorized removal of such material
consistent with the consequences of such remcval, The removal of
OL00 grams of 937 enriched U-235 would have extraordimarily serious
potential consequences; the removal of 4900 grams of such material
would have potential consequences many, many times greater than removal
of 1000 grams of 207 enriched uranium, But even 1000 grams of such
material, given the werld situation with regards pressures for nuclear
weapons proliferation, is not de minimus,

-~

I, Davi? W, Vafemeister, swear uncer penalty of perjury undisr the laws of the U,3.
that the foregoing is true and correct to the best of my knowledge and belief,

. ™\
Executed on August 25, 1982, 22 () ” 4/M
at Sarta Cruz, California

~ Tavid W, HafemeiMter, Ph,D.
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k goal is rejected
) Although a safeguards system that would

itical dissidents. A second position treats
feguards as an acceptable extension of exist-
clearance programs and blackmail threat
nses in other fields of high security. A
ition believes safeguards could be in-
without doing serious damage to civil

is adopted and a zero-

extremely respectful of civil liberties can be

designed, three potential dangers exist:

1. A gradual erosion of civil liberties as the
safeguards system is “strengthened,”

2. A shunting aside of civil liberties during
a recovery operation if weapons material
were diverted and a convincing threat
received; and

3. A public demand for Draconian
safeguards in the future, even at the ex-
pense of civil liberties, if a diversion
followed by a convincing threat or an ac-
tual act of destruction occurred.

Measures can be envisaged that would

reduce the probability of the above three oc-
currences. Continued public monitoring of
safeguards systems for civil liberties infrac-
tions, new technologies or configurations
(eg., coprecipitation or colocation), and
response planning integrated at the local,
State, regional, and Federal levels with
" authority clearly delineated could reduce the
! probability of civil liberties infractions in a
strong safeguards system.

The Control

Issue 15

What is the Outlook for Control of
Proliferation?

Findings

It is not too late to contain proliferation at a
level which can be assimilated by the interna-
tional political system. However, there are no
single or all-purpose solutions; no short cuts.
A viable nonproliferation policy will require
the coordinated, planned use of a wide variety

of measures: (a) political, economic, institu-
tional, technological: (b) unilateral, biiateral,
multilateral, international; and (c) executive
and legislative

Components of a nonproliferation policy
would include: (a) Steps designed to tip the
balan-e of political incentives and disincen-
tives regarding the acquisition of weapons in
favor of disincentives; (t) A comprehensive
safeguards regime to prevent the diversion of
nuclear material from civilian energy
programs to weapons use; (c) Controls over
exports, particularly with regard to enrich-
ment and reprocessing capabilities, in con-
junction with arrangements for the ret: of
spent fuel to the supplier or any international
repository; (d) A broad range of domestic and
foreign policy supporting actions, including
steps to upgrade physical security measures to
prevent theft of nuclear materials, expansion
of reactor-grade uranium production to obvi-
ate the need for reprocessing, and arms con-
trol negotiations; and (e) Steps to assure that
other countries can meet their energy require-
ments without resorting to enrichment and/or
reprocessing national facilities.

Moreover, because each Nth country is to
some degree unique, policy must be tailored to
fit particular national circumstances. This is
especially true because of the potential for
serious conflict between nonproliferation and
other foreign policy objectives. The nature
and severity of that conflict will vary from one
Nth country to another, a fact which policy
must take carefully into account. (Chapters 11l
and IV))

Issue 16

What Influence Can the United States
Exert Upon Potential Weapons States?

Findings

In the long run two generai rules apply: (a)
Solutions to the proliferation problem will
have to be found primarily, though not ex-
clusively, through multilateral actions, and
(b) The extent of US. influence will vary from
country to country.

~ As American preeminence in the interna-
tional market for nuclear fuel, facilities, and
technology has been allowed to erode, the
ability of the United States to unilaterally
determine the ground rules of international
nuclear cooperation has diminished With the
entrance of other suppliers into the market
importers have the option to turn to non-US.
sources. If the United States were to remove it -
self from the global market entirely, other
suppliers could quickly replace the withdrawn
capacity. As a consequence American actions
will tend to be most effective in a multilateral
context—particularly in conjunction with
other suppliers. The effectiveness of this ap-
proach has been demonstrated in the negotia-
tions which led to the NPT, and more recently
in the Suppliers’ Conference '

There remains. however, significant scope
for the unilateral assertion of US. influence—
both in terms of positive inducements and
negative sanctions. The recent successful U S
effort inducing South Korea to abandon plans
for purchasing a French reprocessing facility
1s an instance of the effective use of unilateral
mﬂymrc. Some of the more obvious levers
available to Washington include

* security guarantees,

¢ assistance to civilan nuclear energy
programs.

¢ foreign economic aid (including US. in-
ﬂuem'e in international lending institu-
tions);

. miljtgry assistance programs;
pulitical pressures and diplomatic per-
suasion;

. medutio_n of international disputes
with proliferation implications.

¢ controls on the export of sensitive
nuclear technology;

* assistance concerning non-nuclear
energy sources; and

. dom_esh( policy initiatives (eg. con-
cerning reprocessing) which might
enhance the credibility of US. efforts to
persuade other countries to take similar
steps

The single most effective instrument of US
influence would be the capability to guarantee
adequate low-enriched uranium exports to
meet the needs of overseas users while, at the

same time. providing for the collection a
return of spent fuel

An effective effort to assert US influer
will combine the carrot and the stick, wi
principal reliance on the former for the long
term. Such an effort will also take into accon
!h'e wide variation in leverage available
Washington when dealing with one N
country or another. Thus US. influence w1
nations dependent upon American military
economic assistance (e g, South Korea) is ve
substantial but where such dependence
lacking (eg. Argentina) US
declines

influen

Issue 17

What Influence Can the United
States
Exert Upon Other Supplier States?

Findings

Efforts by the United Staces inducing othe
supplier states to pursue policies supportive «
nonproliferation will generally be most effe
tive if they are formulated in a multilater.
c‘nnle-t and emphasize positive inducement:
Possible measures include

* political-diplomatic persuasion (eg.. th
Suppliers’ Conference), ‘
tie-in agreements guaranteeing U ¢
enrichment services at nondiscrimina
tory prices to reactor customers of othe
suppliers,
¢ joint-venture enrichment and/o
reprocessing facilities,
market sharing agreements,
multinational enrichment and/o:
reprocessing facilities
- ;r:;rnalmnal fuel storage repositories
* a multilateral study of alternatives
reprocessing

The problem of reprocessing is extremely
difficult for two reasons. First. other su ler
states (such as Germany) have already m';':ie a
basic national decision in favor of reprocess
ing and the breeder. They regard this policy as
a vital element in their efforts to assure ade
quate energy in the future. Furopean breeder
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CHAPTER 4

RESEARCH REACTORS: SUBGROUP 8C

4.1. INTRODUCTION

Subgroup C of Working Group B of INFCE i{s concerned with
research reactors. The objective of this Subgroup 1is to review
and report on the contributions' on this subject submitted by
the various participating countries and organizations.

The term "research reactor’ is used here for thermal-neutron
reactors that are designed, built and used as neutron and gamma-
ray sources for fundamental research material irradiations
isotope production, fuel element and reactor safety tests '
training etc. (Appendix 1). Over 150 research reactors oé
significant power (between 10 kW and 250 MW) are in operation
with highly enriched uranium in more than 35 countries with,?
total power in excess of 1700 MW. The overall annual 5 1 ‘
requirement of these reactors is more than 1200 kg of SSU.

The number of operating research reactors in the world
does not appear to be increasing because the construction of
new reactors is being offset by the decommissioning of older
reactors. To satisfy cost-benefit considerations, new reactors
are built only on well defined requirements and when excess
capacity of existing reactors cannot be used effectively.

The proliferation aspect of the widely distributed highly
enriched uranium and of the production of fissile .aterials
in research reactors make these reactors of concern to INFCE.
Subgroup C has, on the bas!s of a limited number of contrib-
uted studies, considered steps that might be taken to reduce
proliferation risks without jeopardizing the function of
research reactors.

In this report, the non-proliferation considerations are
discussed in general terms in section 4.2. In particular
studies of possible enrichment reduction in research rcac;ors to
improve proliferation resistance are presented in section 4.3,
which includes discussions on general criteria and considerations
(section 4.3.1). Since the enrichment reduction potential
depends on the fuel technology, this is also discussed (section
4.3.2). A short review of individual case studies is given in

'Reference numbers are shown in brackets and are listed at the
end of the chapter.

section 4.3.3, and their summaries as contributed to INFCE are
included in Appendix 2. These summaries are the responsibility
of the individual contributors and therefore, do not represent
consensus of Working Group 8. Section 4.4 briefly discusses the
research and development requirements associated with enrichment
reduction. Section 4.5 presents the special needs of developing

countries.

4.2. NON-PROLIFERATION CONSIDERATIONS

To maximize neutron flux per unit power and/or to minimize
capital and fuel cycle costs many research and test reactors
were designed or ssgver!ed to utilize uranium enriched up to
more than 902 in U. On the other hand, a number of research
reactors have also been designed for operation with very low
enriched or natural uranium fuel.

r—- Concerns over the use of highly enriched uranium in research
reactors arise from the fact that feedstock materials, fresh and
spent fuels containing highly enriched uranium represent a
potential source of wveapons-usable materials. A decrease to
below 20% enrichment 1s internationally recognized to be a fully
adequate isotopic barrier to weapons usability [2]. Therefore,
although it may not be technically possible in some research
reactors, decreasing the enrichment from the 90X range as far

as reasonable toward 20% would be a worthwhile improvement in

L' proliferation resistance of research reactor fuels.

The plutonium in spent fuels is also of concern, although
attainment of weapons-usable material would require spent fuel
reprocessing. The annual plutonium production is rou!sby
proportional to the power level and to the amount of U in
the reactor and therefore decreases with increasing enrichment.
Decreasing the annual plutonium production would have non-
proliferation benefits. However the use of research reactors
for fissile 1terials production is not prevented by changing
fuel enrichm:nts and, therefore, appropriate safeguarding of
the reactor is still required.

In an overall assessment of the proliferation risks of a
particular research reactor, {1t is necessary to consider both
the enriched uranium as well as the plutonium produced, and
adequate safeguards must be provided. Note that fissile
materials are much less accessible in spent fuel because
of their high radiation levels.
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The Office of Nonproliferation under the Director of Energy Re-
cearch plays an important policy and technical coordinating role
across & wide range of nonproliferation programs and issues.

The Office of Defense programs administers the safeguards and
gsecurity program and export controls.

These oflices have all given crucial support to DOE’s involvement
in our nonproliferation efforts. Their continued support will obviously
be necessary for DOE to achieve its nonproliferation objectives.

You asked what changes have been made since Under Secretary
Deutch left the Government. Basically the assignment of responsi-
bilities that I have just described continues with the arrangement that
prevailed during Dr. Deuteh’s tenure.

In addition we have assigned to the Assistant Secretary for Nuclear
Energy responsibility for coordinating the flow of paper and depart-
mental positions, responses, and reactions on specific issues. That work
is coordinated through my office and more generally through the Office
of the Secretary.

This arrangement reflects more realistically the ability of the dif-
ferent stafls to carry out responsibilities in this area.

Dr. Deuteh assumed a leadership role in this area through many
different jobs that he held in the Department of Energy. He hlmsglf
recognized, prior to his departure, that his direct and continuing n-
volvement was to some extent out of sync with his responsibilities as
Under Secretary. Dr. Deutch moved immediately prior to his depar-
ture, to change that arrangement in a way which 1 think is a workable
one and which he felt more accurately reflected the degree that the
Under Secretary could be involved in these matters.

I think it is clear that there is no intent to diminish the coordination
process, and certainly it is not intended to reflect any diminution of

the role of the Under Secretary in these matters.
"It simply reflects the range of activities that the Under Secretary
8 res\mnsihle for and the need to have day to day staff support as-
gigned and delegated elsew’iere.

With that let me say a few words about the specific programs which
the Department of Energy is responsible for that support U.S. non-
proliferation efforts.

First. 1 would like to mention the reduced enrichment research and
test renctor program. The objective of this program is to develop and
demonstrate technology that ean use Jow enriched uranium fuels in re-
senreh renctors now using HEU fuel. This is & move which has heen
supported by INFCE and NASAP. Foreign acceptance of this pro-
gram is also widespread. Japan, France and the FRG all have
R. & D. programs in this area. This is something we are committed to.

The current budget proposal is for §3 million which is somewhat
Jower than we may have liked but in the fact of very severe fiscal con-
straints and cutbacks we think this is a program which is viable. It
emphasizes short-term and near-term resurts and basically puts usin a
streteh-ont mode with respeet to some of the more advanced fuel de-
velopment activities.

The LWR improvement program is also a very important one to
us. It is clear we can realize very significant economies in uranium re-
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source consumption by backfitting existing reactors. We are comnit

ted to earrying through this program. There is tremendous interest on
the part of utilities and fuel vendors in cooperating with us in moving
this forward.

We are proposing & budget of about $21 million in this area for fis-
cal vear 1981,

The international energy development program was initiated in
1977 by President Carter. Two assessments have been completed n
Egypt and Peru. The reception these studies have received 1s encour-
aging. We currently have studies underway in three other countries;
Argentina, South Korea, and Portugal. We have high expectations
for a similar response in those areas.

In the safeguards and security progran, we are proposing a fisenl
year 1981 budget of $50.4 million. l.\iost of this money is for domestic
safeguards and security but a significant part of the program does
suQL)ort international safeguard activities.

Ve are supporting R. & D. for physical protection hardware under
bilateral agreements. Systems are being developed for possible apph-
cation of safeguards for facilities such as enrichment plants and spent
fuel storage. International training courses are given as required by
the NNPA. Additional direct technieal support to the IAEA is heing
provided through programs funded by the Department of State under
the Foreign Assistance Act but managed by the DOE Oflice of Safe-
guards and Securnty.

The NURE program, which is administered by the Assistant Secre
tary for Resource Applications is continuing. The data collection,
evaluation and assessment of U.S. uranium resources effort is heing
reduced in light of lower projections of nuclear capacity and nuclear
demand. '

We expect to complete the NURE program work by 1990, In fiseal
year 1981 we propose a budget of approximately £30 million.

Mr. Chairman, that summarizes some of the high points of my testi-
mony. 1 will not try to describe each program in the same detail.
I would be happy to try to answer any questions you may have.

Mr. Bixenam. Thank you, Dr. Bateman. )

[Mr. Bateman's prepared statement follows ]

PREPARED STATEMENT oF (. WortHINGTON RATEMAN, Actinag Usors Seowrrany
or Exeray .

1 am pleased to appear before you today to discuss the Department of Energy
(DOB) programs and nctivities In support of US. nonproliferation poliey The
Department, in close cooperation with the Department of State (DOX; and the
Arms Control and Disarmament Agency (AODA), has piayed a major role In 7S
nonproliferation efforts, and continues to attach a high priority to the develop
ment of nuclear fuel cycle approaches, both domestically and internationaliy. thet
minimize the risks that ecivillan nuclear power systems and research reactors
might contribute to the spread of nuclear weajpons

We are at an important juncture in the ponproliferation efforts lnitiated bs the
Carter Administration three years ago. The exteusive studies performed by
INFCE and NASAP have been completed, although the full implications of their



findings must still be assessed In the months ahead, we will be working Inten-
alvely with our allles and other cooperating partners on measures to atrengthen
the International nonproliferation regime and to resolve a number of iasues held
in abeyance during INFCE.

As world events have reminded us repeatedly during the last three years,
nuclear proliferation remalns an urgent prohlem of International security. It
seema unllkely that the problem will diminish In the years immediately ahead.
Proliferation I8, n8 we all know, a complex and difficult {ssue. It requires a whole
range of political, strategic, and technleal approaches, no one of which, by itself,
can be expected to offer a “fix.”

The present Administration, while not neglectful of the other dimensions of
the problem, has sought to draw attention to the potential proliferation risks
posed by widespread movement toward reprocessing, commerce In plutonium
fuels, and the spread of sensitive nuclear facliities. It was the perception of these
risks, among other reagons, that prompted the United States to revise ita domentie
nuclear atrategy and to urge other nations to exerclise restraint in premature
moves toward plutonium fuel cycles and the export of sensitive technologies. The
United States also took the Initlative in proposing the INFCE study to explore
the economic, technical, and Inatitutlonal aspects of fuel cycle atrategies in the
light of nonproliferntion and nuc.ear energy objectives. Domestically, the DOE's
NASAP studies examined similer questions with particular reference to U.B.
nuclear program cholcen.

The results of these siul'es, as well as recent world events, have confirmed
that nuclear fuel cycle Cevelopu,. ~te ean affe~t roilferation risks and that this
fact must be given adeq ate welght in national and international nuciear energy
planning. The INFCE results are indeterminate on many important Issues. They
were arrived at through a process of technical consensus and are not fully sup-
portive of any one strategy or national position. Still, it Is a sign of growing
international reallsm, to which INFCE made a key contribution, that although
the civillan nuclear fuel cycle s not the only path to nuclear weapons develop-
ment, ite relevance to proliferation is more widely recognized. Therefore, though
there are many questions that remain to be settled in the post-INFCE world, a
return to “business as usual’ without due conslderation to nonproliferation
taanes 18 Rimply not an option.

As I mentioned, we are still assessing the INFCE and NASAP results in terms
of thelr specific implications for DOE program cholces. However, before pro-
ceeding to a discusslon of the program you have asked about, I would like to
mention briefly some of the key results which we belleve are encouraging the
U8 hopes for restraint and caution in moves toward widespread use of plu-
tonfum and other genaitive nuclear activities.

INFCE's generally positive findings with regard to the fast breeder reactor
have recelved conslderable attention. The report of the breeder working group
expresses enthusinam about the hireeder's long-term potential to realize signifl-
eant uranium savings over eurrent once-through systems. This has never been in
dispute. Tlowever, it 1a inaccurate to any that INFOE endorsed rapid deployment
of the breeder or “legitimized” reprocessing.

INFOP was conservative in Ita overall assesament of the breeder. It acknowl-
edged that breeders require o major economie Investment, that they mny make
sense only in countries with heavy deployment of nuclear power, and that thelir
timing and nead are highly dependent on the specifica of uranium sopply snd
nuclear power demand In individual countries. Similarly, although INFOE rec-
ognized the Interest of gome countries In reprocessing, it also reached a number
of significant statements about the benefits, costs, and risks of this sensitive
technology. Although some conuntries see reprocessing as a positive econtribution
to fuel supply, it was concluded that plutonium recycle In existing reactors is
not likely to have large economle advantages.

INFOBE also found that safe management of nuclear wastes does not require
the reprocessing of spent fuel. The long-term storage and terminal diaposal of
spent fuel as such, without the separation of plutoninm, s technleally feasible
and would only require the adoption of existing technology.

Finally, it should be noted that, Inter alla, INFCE explicitly recognized and
endorsed the conversion of HEU.-fueled research reactors to lower enrichments,
the potential for considerable improvements in LWR fuel utilization efMiciencies,
the need for fmproved International safeguards, the evolution to new forms of
{nstitutional cooperation, and a need for increased uranium exploration. Mr.
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Chalrman, these lssues are £ll {ssues which you raleed in your letter to Secretar
Duncan. These are areas where the Department of Energy has healthy, ongoing
programs, and it {s with pleasure that 1 have this opportunity to discuss thess
programs with you

First, In addressing your general request for a review of those parts of the

DOB budget which have relevance to U.S sonproliferation efforts, I would point
out that proliferation responsibilities fn DOE are gpread across g number of
offices. Programs concerned with R. & D). on proliferation-resigtant fuel cycle
technologles are primarily conducted by the Office of Nuclear Energy The NURE
program 18 in the Office of Resourve Applications, which is also respounsibie for
uranium enrichment services, Technlcal safeguards lssues, physical securits,
export controls, and nonproliferation intelligence are centered In our Office of
Defense Programs. The Office of Nuclear Affairs, in International Affairs, coop-
erates closely with State and ACDA on nonproliferation policy matters and has
important delegated responsibilities in Implementing the Nuclear Nonprolifera
tion Act (NNPA). These responsibilities include tasks such as negotiating nuclear
agreements for cooperation and processing “subsequent armngements ” The Office
of Nuclear Nonproliferation, under the Director of Energy Research. pinys an
fmportant policy and technieal eoordinating role across a wide range of non-
proliferation programs and lssues, and administers several programs dealing
with nonproiiferation.

Due to the fundamental lmportans - of the DOE programmatic and pmlicy sup
port for the Administration’s non, coliferation efforts, these offices are not only
necessary but crucial in order for us to properiy fulfili our siguificant obligntione
in this most important area. [ found their support to be invaluable in the role |
have played in coordinating DOE's nonproiiferation efforts

REDUCED ENRICHMENT RESEARCIH AND TEST REACTORR PROGRAM

As I previously noted, INFUE studles recognized and endorsed the conversion l

of HEU fueled research reactors to lower enrichments. The DOE fiscal yenr 1981
budget request for the Advaneed Reactor System program I8 $3 million in budeet
authority, directed to support Reduced Entichment Research nnd Test Renctor
(RBRTR) program activities. The objective of the RERTR program Is to de
velop and demonstrate technology for reducing urnnium enrichment in research
and test reactor fuels, and to facllitate internationnl nse of such reduced «n
richment fuels. The attalnment of these objectives would, therefore, reduce the
assoclated risks of weapons usable materials for resenrch reactors by affecting a
reduction In related HEU luventories at home nind abroad

The specific near-term objective of the program is to achieve the lowes: fen<
ble fuel enrichment for research reactor fuel using current technology . Fuoel fah
rieation technology presently avallable in the U.S. and in Enrope would permif en
richment reduction from % to 04 pereent to 20 to 45 pereent In many reactors
and to 20 percent or below in others, without significant reduction in desirabie
reactor performance eriterin.

The Jong-term objective of the program Is to develop high-neanium density fuel
technology which would permnlt enrichment reductions to below 20 jwreent in
almost all resenrch and test renetors. An addittonnl and equally tmportant Tong
term objective 18 to provide the technlenl support necessary to make the high
uranium-density fuels commercinlly nvatinble,

Presently, the nnmerons offers from reactor operntors and fuel fabricators
to participate in the RERTR program activities and the creatlon of shuline
RD&D programs tn Japan, France, and West Germnny, Indieate much interest
and forelgn acceptance of the reduced enrichment fuel conecept. Compnvrcind fuel
fabricators have alrendy demonstrated that significant Increases in the uraniom
density of MTR-type fuels can be achleved by minlmal modifieations to carrent
fabrication procedures. Thus, most low power-density research reactors conld
successfully convert to low-enrichment uranlum (LEU) fuel, once such opera
tions have been rellcensed

In fireal year 1981, DOE Is continning © (1) the development of advanced fuels
with Increased urnninm content, thereby facilitating further reduction of urn
nlum enrichment reguirements: (2) implementatioy of frradiation demonstra.
tion of reduced enrichment fuels in selected research and test reactors: amd (3)
assigtance to reactor operators involved in conversion of thelr reactors to reduce
enrichment fuels.
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a wide range between the low demand estimates and the high demand
estimates and the same thing is true worldwide.

What you ultimately decide is going to be the figures that you hang
your hat on is a matter of judgment. I think people come to different
conclusions on that. INFCE is a case where you have a lot of different
ideas about what the world is going to look like in the long run. 1
think the way that subgroup proceeded reflected a consensus about
what that world would look liLv.

I think it is different than our own projections. Ttds is a consensus
process of technical representatives. T think it is not unlikely that you
nre{going to find significant differences in those outlooks.

Mr. Nosexzo. I might add to that, that these estimates were 1968
estimates and as you know the key contributors to those estimates were
the IEA countries, the OECD-TEA ecountries. The estimates that were
used in INFCE were in fact the TEA estimates,

I do not know if you know how these estimates are formulated. TEA
countries fill out questionnaires giving their nuclear projections and
submit them to the TEA secretariat. They then go through a very
careful scrubbing. The IEA secretariat reviews each one and asks vari-
ous questions of each country to get the best possible estimate, recog-
nizing that country's projections really represent their goals rather
than what they will realize.

If you were to make these estimates right now based on the current
TEA projections, you would get a much lower value. To characterize
it as a U.S. projection compared to an INFCE projection isn't really
accurate. I think it is more characteristic of what the global projection
would be today versus what it was in 1978

RERTR PROGRAM

Mr. Worre. Let me switch to a discussion on the reduced enrich-
ment research and test reactor program. I understand Iraq is import-
ing a large scale research reactor as well as the highly enriched ura-
nium which is necessary to fuel it. This is obviously a worrisome devel-
opment for the security of that region.

Could you tell us whether the fuel being developed under the
RERTR program would eventually help to reduce concerns such as
those posed by a case like Iraq where highly enriched fuel must be
sent because no alternative fuel form is availablef

Mr. Bateman. That certainly is the intent. The question is over what
period you can accomplish this. It is clear that the types of LEU fuel
which are nearest to deployment are for low power reactors and the
ubility to develop that fuel and to make it commercially available
probably will take place over the next 3 years, say sometime in 1983
or at least in that range.

For 1ow-pu7or reactors I think the picture is fairly clear and T |

think optimistic. For the higher power reactors and the more advanced
fuel technologies you are really talking about a longer range picture
perhaps a 10-year period at the outside. )

I think it depends on what kind of reactors you are talking about
and what kind of near term or advanced fuel development technology
18 involved.

Mr. Worre. Nevertheless the Iraqi example would fit the goal of the
program ?

Mr. Bareman. Yes.

37

BUDGET CUT

Mr. Worre. I understand the administration's 85 million nseal yer:
1951 request for this program bas been reduced to £3 miilion. Con
any of you gentlemen indicate how it is possible to justify a cut of thy.
sort in a small but vitally importan* security-orientad research effo:t
when there are so many hundreds of millions of dollars left untouched
in hroader fuel eyele research t

Mr. Bateman. The intent throughout in terms of the budget cutting
exercise was not to make any long-range programmatic cuts in thes
budgets. We are talking about euts which affect only 1981, in an
attempt to balance the budget in that Vear.

It is not correct to read the £5 million to £3 million cut as a changs
in our long-range programmatic goals. We helieve the %3 million |
consistent with meeting our near-term objectives with an acceptah!.
schedule slippage in the yvears bevond 1981 ; we think that it wi‘l per
mit meeting our long-range programmatic objectives, in terms of de-
veloping these advanced fuel types.

I just want to stress that the budget cutback is not intended in this
program or the others to reflect changes in long-nnga programmatie
gonls of the administration. We are committed to this program as we
have been.

Mr. Worre. In the short range could you indicate specifically wha
will be the impact of the proposed cut on DOE efforts to develop safer
research reactor fuels?

Mr. Batemax. In the long run I think the impact will be an exten-
sion of the program by about 1 year. In the short run it will etar,
fuel development activities and will delay work on the development of
advanced fuel types for 1 year or so.

Mr. Woree. T E:nk YO,

Mr. Bisanas. Mr. Gilman.

Mr. Givax. Thank vou, Mr. Chairman.

I would like to pursue this issue & little further on reduced enrich
ment research. If additional funding were made available, how coul..
it be utilized to make this program more effect ive§

Mr. Bateman. Basically on work having to do with advanced fue
technology development for these larger research reactors and on ex-
pediting the stretched out R. & . activities currently planned.

Mr. Giuman. Do you have some specific programs that you would
utilize it within that broad range

Mr. Bateman. Yes, sir.

Mr. Gusax. When it was reduced from £5 million to £3 million.
did you take part in that reduction recommendation

Mr. Batemax. No, sir.

. M]ri Giuman. How would the additional $2 million have been uti-
1zec

Mr. Bateman. On advanced fuel technology development activities

Mr. GiLmas. Are there some projects right now that are underway
with regard to advanced technologies

Mr. Bateman. Yes and those would be stretched out for at least a
vear along with stretchout of near-term fuels development activities
under this revised budget.
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PROGRESS IN U.S. AND INTERNATIONAL
: NONPROLIFERATION EFFORTS

MONDAY, MARCH 12, 1878

Houvse oF REPRESENTATIVES,
CoMmirTee o8N ForReioN AFFAIRS,
SUBCOMMITTEES ON INTERNATIONAL SECURITY AND
SCIENTIFIO AFFAIRS AND ON
InTERNATIONAL Ecoxomic Porrcy axp Trave,
. Washington, D.C.

The subcommittees met at 3 p.m. in room 2200, Rayburn House
Office Building, Hon. Clement J. Zablocki (chairman of the com-
mittee) presiding.

Chairman Zasrockr. The subcommittees will please come to order.
We meet today to consider technologies and programs that can help
make the nuclear tuel cycle and the U.S. nuclear exports more
safeguardable and secure. As Dr. Van Doren kindly notes n
his prepared statement, this cominittee has been in the forefront of
those trying to assure timely warning of any diversion of nuclear
materials well in advance of the time it would take to transform such
material into nuclear explosive devices.

1 wish to commend the representatives of the Departments of State
and Energy and ACDA for their work in pursuit of this goal and
for the efforts they have already taken to restructure nuclear research
and development along more. proliferation-resistant lines. Despite
much initial skepticisin, these labors have already begun to bear fruit
as demonstrated by our success today in reducing the enrichment of
research reactor fuels. As for future nlternatives, we are of course
uncertain. But the technologies you are promoting today are clearly
important in that they help to buy time, time in which safeguards
and research can continue; new designs explored; economic and rve-
source uncertainties further narrowed; and most importantly. tune
during which the international communty can prepare to deal with
security problems for which no immediate answers exist.

At least now, for the first time. the question of how to reduce
proliferation da. «ers is being considered, before, not after, nuclear
technologiss are un ~rtaken. !i"his is an important step.

This is a joint conmunittee meeting of the Subcommittee on Inter-
national Security and Seientific Affairs and the Subcommittee on In-
ternational Economie Policy and Trade. 1 call upon the chairman
of the latter subconunittee to welcome you, gentlemen.

Mr. Bingham.

Mr. Binauas. Thank you, Mr, Chatrman. T would simply note that
just about a year has passed since the President, with the strong sup-
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port of Congress, sot in motion the Nuclear Nou-Proliferation Act of
1978, During that time the United States has raised international
awaveness of the inherent security risks posed by the commercial
nuclear fuel cyele. Conerete steps have been taken to mitigate these
risks, including decisions by West Germany and France to join the
United States in suspending further exports of nuclear reprocessing
“quipment. Over 50 nations are participating in the internationa
nuclear fuel eyele evaluation, INFCE, and we are particularly
anxious to hear about that teday. Together we are reviewing all
aspects of the nuclear fuel eyele, with specific focus on technological
and institutional means of reducing proliferation.

This is the first of a number of planned hearings this year on
l'r":.'n«s m international and 7.8, nonproliferation efforts, and we
ook forward to hearing the three agenies represeuted here today.

Thank you, Mr. Chairman.

Chairman Zamtorkr, Ambassador Pickering, Mr. Deutch, and
Mvr. Van Doren, we welcome vou back to the committee. We are
pleased. once agnin, to have the benefit of your judgment on these im-
portant matters, We have prepared statements that you have filed with
tho seheommittees. You may either read the entire statement or sum-
mavize it as you wish. Your entire statement will be made part of
the record.

Ambassador Pickering, would vou begin? .

Mr. Pickering. Mr. Chairman, since the basic focus is technieal
measures and some institutional measures, T wonder if we could begin
avith Mr. Deuteh. )

Chairman Zasrookr. T understand further that you have a time
problem. '

STATEMENT OF HON. JOHN M. DEUTCH, DIRECTOR OF ENERGY
RESEARCH, DEPARTMENT OF ENERGY

Mr. Devren. Mr. Chairman, T am pleased to be here. Thank yon
very much.

With your permission. sir. T will present my prepared statement for
the record, including answers to specific questions raised in the letter
sent to the Department inviting us to appear, and just summarize my
remnrks, if that is agreeable with vou, sir.

Chairman Zamoexkr. Withont objection, vour prepared statement
of (ha answera to the questions that were supplied will be made part
of the record. )

Mr. Deorer. Thank vou. T am very pleased to appear here this
nfternoon to disenss the status of the international nuclear fuel eyele
evaluation and. more partienlarly, the Department of Fnerey tech-
nieal programs, broadly in snpport of the U.S. nonproliferation
poliey.

T <hould like to mention that T am personally committed to the sue-

cess of that poliev. heeanse T regard it as heing mqtiu! for the na-
tional seenrity of the United States, and world seevrity in general. T
Lelieve that the Department of Energy in all its different places, and
forms and organizations is working deliberately to strengthen our
nonproliferation policy.

“

It has been my observation that experts come to the problem with
different points ‘of view. Lawyers and diplomats look for techniral
solutions, while technologsts look for mstitutional solutions, | think
we all recogize that there is not going to be a single monent wiei
there will be a magie sct of arrungements, whether they are teennieal
or mstitutional, that will lead to an ultimate resolution of ths prob-
lem. It is something we will have to work at witl great ingenuty and
perserverance, using both technical and institutional measares i onder
to make progress,

DUE ORGANIZATION

I would like to descrile briefly for you the organization of the De-
partment of Energy in support of the international nuclear fuel
cycle evaluation. As was mentioned by Chairmen Binglam. thers
are 53 nations and 4 international organizations imvelved in the
mternational fuel cyele evaluation. The leadership for our Nation's
participation in this important setivity comes under the Department
of State through Ambassador ( werard Smith and Assistant Seeretary
Pickering. There 1s a Hanagement committee which is composed of
representatives of the different conecerned agencies, including two
members of the Department of Energy, who work together to formu-
late a joint 1S, position.

We are about at the midpoint of the international nuclear fuel
cyele evaluation. By the end of this fiscal vear the Teclmical Co-
ordinating Committee. which is charged with integrrating results of
the international nuclear fuel cvele evaluation, will be taking re-
ports of eight different working groups and bringing them together
for consideration by the plenary body.

The Department of Encrey's support to the international nuclear
fuel cycle evaluation comes in a variety of forms. We have an in-
ternational nuclear fuel eyele coordinating office at the Department
of Energy. That office is responsible to the Director of Energy Ie-
search—that i< me—and it is headed by Mr. Erie Beekjord. e is the
principal point of contact between the Depuartnient of Energy and
the Department of State on these matters,

We have over 40 professionals in the Department of Energy. tech-
nical experts of one type or another. that are participating in the
preparation of papers or in the deliberations of the eieht different
working groups that are ongoing in the internationnl nueclenr foel
cvele evaluation studv, Our support. our financial suppori for the
1TS. participation in this technieal work and in the work of
these meetines is not enrmarked specifieally in the Devnrtment of
Energy budget. Rather, it comes from our nouproliferation alterna-
tive systems assessment proeram. which supports a variety of 7.8
studies designed not only for nse in the international nuclear fuel
cvele evalustion but in addition. to determine onr own reactor de-
velonment strategy in this country. That proeram in fiseal year 1970
will be spending $6.9 million. The total estimated cost of the program
is expected to be in the range of $24 million through fiseal year 19¢0,

Tt is important beeanse it provides a common analvtic hacic on
which to evaluate fuel eveles and renctor systems, and the relative
proliferation risks that they may entail.
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FECHNICAL RESULTS OF INFCE

Next I would like to speak about the preliminary technical results
that are emerging from the international nuclear fuel cycle evalua-
tion program. We all ¢ ee that there will be no magical technical
fix, and we also all note that it is premature to speak about all the
results that mmay emerge from our M}orts since we are only at the half-
way point in the study. However, I would like to highhght a few of
the major technical thrusts that appear to be getting widespread
support.

I'he first is the once-through light water reactor system. We can
improve its fuel utilization. It is the correct baseline to use for assess-
ment of proliferation resistance. This once-through light water re-
actor system is at the present time, in our judgment, the most prolifer-
ation-resistant fuel cycle we know. We may discover that the risks in
alternative fuel cycles can be minimized, can be changed, can be re-
duced. However, we must recognize that the standard of measurement
is the once-through hght water reactor systemn.

Second, we have recognized that there have been in international
commerce & large number of research reactors which have been fueled
by highly enriched uranium, Indeed, there are approximately 5 metric
tons of this fuel in the cores of research reactors in the free world, in-
cluding the United States. The general conclusion emerging from
INFCE after initial questioning is the desirability of developing alter-
native fuels which will permit the same physics to be done in these
research reactors, in as safe a3 possible a way, while reducing envich-
ment to, hopefully, 20 percent but at least 45 percent. At the end of a
program of conversion we believe there would be no more than five or
so reactors in the world which would be required to still use highly
enriched uranium. .

Finally, speaking of the preliminary resuits coming out of INFCE,
we do recognize, and it was broadly recognized in other participating
countries, the importance of at Jeast examining alternate fuel cycles
and alternate breeder concepts. While I would not wish ta give you
the impression that all nations are immediately agreeing that 5\ere are
hetter fuel cycles than the plutonium purex reprocessing system, or
that there are breeders which might be more proliferation resistant
than liquid metal fast breeders, we do believe there was general agree-
ment on the need to examine alternate fuel eycles and alternate breeder
concepts. Furthermore, we need to examine certain measures that wounld
mitigate the proliferation risk of the present or alternate fuel cycles
that are under examination,

Your letter, Mr. Chairman, requested information on precise, quanti-
tative proliferation criteria. I might note that within INFCE, five
countries—the United States, the United Kingdom, West Germany,
France, and Indin—have provided papers on proliferation-resistance
criteria. 1 think that vou must all recognize that there will not be
simple quantitative criteria available, agreed to by all, by which to
judge prolifecation resistance. ;1

THREE CATEGORIES OF CRITERIA

However, there has been general agreement that there are at least
three eategories of criterin that vequire examination. The first is re-

source requirements for anhfurannu. These resource requirenienis are
of three types: Dollars, that is, the amount of money that it woulkd tane
to misuse the fuel cyele; people, the number of tramined technical peojile
and total people that are required to misuse the fuel eyele: and hnaily,
technological complexities. how complicated 1s 1t for a certain nation,
given 1ts scientific infrastincture, to nususe an nstallation or a fuel
cycle.

The second proliferation eriterion that has gained wide ncceptance
concerns the time needed to acquire strategic nuclear matenials. I must
say that T have personally been pleased to see that technicnl people
from & wide range of different countries not only agree that the ques-
tion of time to diversion of certain kinds of technology and certain
kind of plant is of importance, but beyond that, to see that their cal-
culations of time closely agree in given circumstances.

The third proliferation eritenia which is of great importance con-
ceins detectability, both of covert operations and of diversion from
safeguarded facilities.

1 would like to next turn to the central programs that the Depart-
ment of Energy has underway which I believe strongly support our
nonproliferation policy. 1t should come as no surprise that t‘w core of
theso programs has to do with improving and extending the hietime
of our light water reactor system in the United States. This, we leheve,
is extremely unportant to our nonproliferation objectives, as well as
to the questions of energy supply in this Nation.

There are a variety of programs that 1 would like to touch on that
bear on this effort. First 1s our new program this vear for light water
reactor improvements. In this program we have four dilferent efforts,
all of which are aimed at making light water reactors a stronger and
more extended option for the United States. We have efforts going on
in reactor safety; in the reliability of reactors, that is, keeping their
capacity factor high; and in reducing the radiation which people
w ho work around reastors are exposed to. *

IMPROVING URANIUM EFFICIENCY

Finally, the fourth major effort in our light water reactor HUpProve-
ment prograin is an aggressive effort to mprove the efficiency of reac-
tors in their consumption of uranium. We believe that muproved fuel
managementand higher burmup can lead to a 15-percent increase m the
cconomy of reactor uranium usage of tha existing generation of
reactors.

In addition, we believe that there is a 10-pereent to 15-pereent addi-
tional improvement that may be possible, and | would hike to empha-
size here that good intentions are not enough, One must run »
technieal program to assure that this additional amount of ellicieney
is possible, sometimes retrofittable in an existing generation of reactors
and sometimes not. But there will be an additional 10 percent to 15
percent for uraninm efliciency for our light water reactors,

Of course, this is of paramount importance beenuse if we can reduce
the lifetime uranium requirements of a reactor to produce a certam
wimount of power, it perinits tie existing ore base to cover a longer life-
time of a reactor inventory, or more resctors operating for a given
period of time without the need to enter a plutonium economy.

46-351 —T79—2
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f DOMESTIC KESEARCII REACTORS

‘There nre two types of dowmestic vesearch reactors in this country :
There are domestic research reactors that ave basically run by the
Departiment of Energy or by universities under Department of Energy
contract. The Office of Encrgy Reseaich, of which T am the Director,
is 1 the business of buying fuels for sucl veactors, The pace and the
cost at which we convert these reacters, in particular those reactors
which contain more than lor 2 kilograus of highly enriched vranium,
isone that will have to be decided onin the future.

We will be, during fiseal 1979, laying out a specific program for the
deployiment of the technology that will be finally available at the end
of fiscal 1082, ) )

The second class of domestic reactors concerns those which are in
the hands of private industry. The methods that we use to encourage
their conversion is something we will also have to be paying attention
to during fiscal 1979,

CONVERSION OF FOREMGN HRESEARCIHI REACTORS

Finally, we hiave the question of our encouraging conversion of for-
cign research reactors, We will be working closely with the Depart-
mient of State and the Arms Control and Disarmament Agency to de-
cide what 15 the best strategy for employing these reduced enrichment
fuels. T want to say to you that I am extremenly optimistic and have
fornd a great deal of interest in other countries. Both Germany and
France, for exnmple. arve not only fabricating such fuels themselves,
but also assisting in their deployment ir. the world today.

We in the Department of Energy strongly favor the objectives of
this program. It is our responsibility to undertake the technology de-
velopment and demonstration in a timely and effective way, and we are
s0 proceeding. ) )

Mr. Chairman, that is a brief overview of the major programs under-
way among our nuclear programs to support nonproliferation objec-
tives. and the International Nuelear Fuel Cycle efforts in particular.

With that I would like to close and apologize for perhaps having
gone on too long. Thank you very much, Mr. Chairman. :

Chairman Zaseockt. No; it is a very technical subject, and you can’t
do it in just a few paragraphs or a few pages. T think you did very
well, not only in your prepared transeript. I must say, you did remark-
ably well. '

Mr. Devren, Thank you, sir.

[ Mr. Deutel's prepared statement follows :]

Prerarin Stavemesy ofF Hos Jons M. Devred, IMRector oF ENERGY RESEARCH,
DEPARTMENT OF ENERGY

Messre Chalrmen and members of the subcommittee: I am very pleased to ap-
penr before yon this afternoon to discuss the status of the International Fuel
Cycle Evaluation (INFCE) stady and the Department of Energy's technical
programs in support of U S nouproliferation policy. As you know, an important
purt of that poliey Is the effort to develop nuclear fuel eycle approaches that are
as proliferationresistant as possible. This goal is and must remain a central con-
sideration as we plan our own nuclear energy strategy and as we work with other
nations to develop a consensus for a safer global reglne for nuclear energy de-

)

velepinent. At the same time, however, it is lmportant to view these technosloguosi
efforts in a larger coutext of nonproliferation poliey geverally and to nvogalze
that there are no “technologieal fxes™ that in thewselves can guaranies us a
risk-free nuclenr future.

My observatiou is that the experis come to the problem with differsut polnts
of view : lawyers and diplomats ook for technlenl solutlons, while techualogist<
Iook for iustitational solutions. In fact, U8 ponproliferation polivy ds, as it
must be, a blend of different approaches, including day to day diplomatic as well
as longer term, institutional, econmule, and technical elements. Moreover, we
have recognized that many of the buasic Ilncentives towards developing uuclear
weapons necessarily ean be dealt with only at n political level whether a nation
takes the final step is heavily dependent on its sense of politicnl aud willitary
security, and its techoical and economic capabilities.

Having sald this, however, we have recognized that there is a strong techni-
cal component to the problem. The risks of proliferation could be seriously ag-
gravated by the uncontrolled spread of sensitive materials and facilities or by
a situation in which our institutional safegusrds and controls are not Judged
to be fully adequate to Genl with the quantities of weapons-usable materials that
luay be readily accessible in the fuel cyele. Factors such as these have proupted
the United States, in the past, to push vigorously for the widespresd scoeptance
of the Nonproliferation Treaty and the stengthening of IAEA safeguards< Iu
nddition, however, these considerations prompted the Carter Administration to
take a substantially harder look at the proliferation issne from the techuical
standpoint.

We believe that the technological innovations can broaden our choices, not ouly
technically but also politically and institutionally, in a way that strengthens the
profiferntion resistance of nuclenr energy development. This is not only teoe for
the long-term as we deveiop follow-on gystems to our current generation of nu-
clear power. The improvemeuts we can make in the near- aud mid-term in exist-
ing resctor systews can extend the resource base and hence the lifetine of the
relatively proliferation-resistant Light Water Resctor (LWR) once througi
excle. Thls in turn can buy us time before any irrevocable commitiments to more
sensitive fuel cycles are necessiry, fmproving the chanees for developing needed
diplomatic sud institutional frameworks in the interim. In this way, technologionl
Huprovements lend crucial support to the evolutionary approach to nuclear de-
velopment that we have advocated.

In recognition that the United States could not embark on Wajor new pon-
proliferation initiatives alone, we called for the inauguration of a HELOT new
Internationnl Nuclear Fuel Cycle Evaluation (INFCE). The purpose was to
enable the nations of the worid to pause and systematically consider the prinei-
pal options that might be most supportive of nanproliferation objectives. The
United States entered the annlysis without fixed preconceptions but with a deter-
mination to explore approaches thet might minimize the presence of weapons-
usable muterials while assuring the orderly growth of nuclear power.

INFCE

The INFCE Organizing Conference held in October 1977, in which 40 coun-
tries participuted, set the purpose of INFCE in the following terms

“The purticipauts in the Organlzing Conference of the Internationnl Nu Ivur
Fuel Cycle Fvaluation are conscions of the urgent need (0 meet the workl's ener ¥
requirements and that nuciear energy for peaceful purposes should be made wide
Iy svailable to that end. They are nlso convineed tat eMective measures can wild
should e tuken at the nations! level and through interuational agrevinent to
winimize the danger of the proliferstion of nuciear weapons without jeopurdiz-
fug enercy supplies or the development of nuclear energy for peaceful purposes

INFOCE'Ss work in fisenl year 1978 was foensed on scoplng eforts, wimd on col-
lecting, organizing and annlyzing dita and informntion nevded for the ey bt ton
To dute, over 200 internationnl pupers have been produced. Severnl of the eight
working groups are now well advanced iu drafting sections of the Husl working
Broup reports,

By the end of fiseal year 1079, it is expected that ench of 1) o eroups will have
completed reports for cousideration by the tinal Technical Ceordinating Commit-
tee (TCC) und Plennry weetings. In addition, the TCC is prejaring 4 suioimars
ducament on the working group studies and providing an ov rview of the INFUR
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work. The overnil work of INFCE is procecding on schiedule towards completion
In Febroary 19580

The Unlted States contritnations to nud participation in INFCE are coordinated
Among the concerued agencies in the Executive Branch by the Office of Am-
hassndor Gerard Smith, Specinl U.S. Representative for Nou-Proliferation Mat-
ters. There are three principal agencles supporting our Involvement: the
Department of State, the Department of Energy and the Arms Control and Dis-
ariament Agency. Severul olher agencies coutribute expertise as appropriate in-
clnding the Nuclenr Hegulatery Commission, the Euvironmental ['rotection
Ageney, and Connell on Enviroomentsl Quality. Representatives of the United
Stutes are actively involved in all INFCE meetings.

The Department of Energy provides most of the technical data used in the
1S contributions to INFCE drawing upou resources asailable, mainly frowm its
Olfice of Energy Technology and also from International Affairs, Resource Appli-
cations, Energy Research, Environment, Defense Programs, Energy Information
Agency, and Policy and Esvaluation. More than 40 professionals from these orga-
wizntions have been workiug on a part-time basis as active participants in eight
V.8 support groups and several crossent groups. Three full time DOE pro-
fesslonnls mnke up the INFCE Coordinator's Office. Two DOE people serve on
an INFCE Management Committee.

In addition to those professionals providing direct support to INFCE activities,
abont 7 professionals support the Non-Proliferation Alternative Systems Assess-
suent Program (NASAP) which is . @ sou™ ¢ of most techuical data and analysis
used by the United States in INFCE u ~.vities, The overall goal of NASAP is to
recommend strategy options for implementing civilian nuaclear systems which,
when deployed in the Tnited States and internationally, offer increased resistance
to proliferation. while mAintaining the benefits of uuelear energy over the long-
term. This includes the screening of all eandidate nuclear power systems and the
wolection for detalled analysis of the most promising options, lht_u is. those that
offer high proliferation resistance, are techuleally lngl economically feasible have
high promise for commercial introduction, bave high expectation for efficient
resonree utillzation, and bave accepiable public health and safety and environ-

] aracteristics. .
"“l'f\"'l‘—‘ll‘rl-".\ nrs :nrh has no line item in the budgzet. but rather draws npon vATIONS
DOE budgets, including NASAP. Fiscal year 1978 hudget authority for the NASAP
progeam. which is expected to be completed in December 1978, Is $6.9 million.
The total estimated cost of the program is £24 2 million.

In addition to the NASAP program, other angoing U.S. nnc'lnr program activi-
ties have beeu providing applienble data and analyses for INFCE. Thege include
programs for development of thermnl reactors, breeder reactors, advanced re-
actars, fuel cycle technology, enrichment, and waste management.

Rince INFOE and NASAP are not yet complete, research and Asvelopment pro-
gram recommendations hased on their conclusions would be premature. nnwever'.
some preliminary findings are lomlor:'r:n; which are helping to shape our view o

rog . these Incinde : . N
n“:-rplr‘x::\':i:\':;:. Ptr‘a?e’ otw:ts:t. there is no pure technieal or institntionnl “fix
which, applied alone, will eliminate the risk of proliferation. PP

The once through fuel eycle is the most proliferation resistant of system

m"ll“l‘\:dlt‘\‘\”l:rnn the once-through cycie with Improved fuel utilization is the

ie Or.
‘"::2-5:":.34.'-?.::»'.1 ':em::srdo«lgm to use highly enriched nrfu:lmn m'v:m
fl;l l;o redesigned to use medium or Jow enriched uranium (MEU or LEL \‘
These preliminary findings have led to the program m'ﬂ;‘l‘h n: «‘1““::!::::
light water reactor fuel atilization and the development o mv' 2 r:nr -
enrlehed Jesearch reactor fuel, In addition. alternate fast hireede 'r' i o
eveles which produce excess denatured fuels for use in thermal reactors - |';:«
of the research and development program. Means of making n|m‘:: R
vulnerable to proliferation, -m«-'hl ns marmfx:; !I:l;::u-(mw ‘;«mdmlnns 8.
& D program and sre possii e enndi . § recom 3
“‘I“!‘wl n:ifu‘ﬁxml technteal alternatives heing advanced by the l,Yn“«:nﬁ:al‘:swl'r:
INVOE juchude fuel ntilization lmprovements in light water rear :tv;r ~esed
enrichment fuels for research reactors and alternnte fast t.roe‘dn ren o S
and fuel excles, The Department bollftn that these alternat z?«::nmim >
wleally feasihle and potentially attractive from the standpoint -
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sonrce atilization and safety and euvivonm: atal mpacts. However, research
and developuwent is necessary to prove out thet vabdity.

When the INFUE report is complete, aud N ASAP stodies are finishedd, the DOE
Wil be prepared to make specifle program rescanmendations,

In regard to establishment of weanmngfal avd widely accepted criteria for
proliferation resistance, progress has beca made in INFCE in sensitizing the
ternational community o the nrgency of this problem. Five countries (United
States. United Kingdem, the Federal ite public of Germany, France and Judia)
have submitted papers on either proloeration risk assessmenl or criteria 0
INFCE, largely as a result of U.S. initistives. Although it is too soon to say that
a consensus has emerged, the TCC has requested that the working groups perform
an nssessment of proliferation risk for each elemeut of the nuclear fuel cycle.
The results will be inclinled in the working groups’ reports and overview.

The U.S initiatives which stimulnted this response suggested three criteria for
proliferation risk assessment of a fuel eycle activity. These are:

(1) the resources required to extract fissile material from the fuel cycle which
conld be used for the purpose of making weapous, i e, manpower, technology and
investment

(2} the time needed ta complete the job. from eommencement of the activity
until the production of sufficient material for vne or more weapons. and

(3) the detectability of the aetivity, that is to say, the means sl degree of
ditfienlty by which the international community could becmne avware of the
specifie activity.

Much discussion hag taken place ou this general subjoct, and also on specific
fuel cycle activities. One method that has been considered is to take a yun
titative approach, determining specific measures for the varions parts of the
activity, and concluding a value for the risk. Another method is to examine
activities on & case-by-case basis to render a qualitative conclusion on prolifer-
ation risk. The predoniinant view is that o qualitative approach is required, and
that quantitative assessinents are mislendivg nad Hkely (o bevome outdated us
technology aud skilis improve amd become more widely dispersed in the Mmare

I would now like to turn to a review of our LWR, advanced systems awd
research reactor comnversion programs. In doelng <o T will attempt 1o hichlizht
for you the relevance of each program to our nonproliferation ohjectives,

LWR FUEL UTILIZATION AND FUEL CYCLE ENHANCEMENTS

Light water reactors (LWRS) operating on n once-thirough foel cxele appoar
ta be the hest resctor system for meeting projected near-term nuclear growth
with neceptable prodferation characteristies. If LWRs are to play the sieniti-
cant role expected of them, it is essentinl that adequate nraninm be availabie
1o fuel thei To belp assure this, DOE has two technology efforts and one infor-
neition effort underway : the Uraninm Utilization Program which will improve
efficieney of nraninm use in once-through LWRs: the Advanced [sotope Sepa-
ration Technology (AIST) P'rogram to extract more fissionable uraninm from
nraninm mined : and the National Uraninm Research Evaluation (NURE) pro-
gram to determine and possibly extend the uraninm resonrce base.

Taken together, the Uraninm Uthlization and AIST programs conld poten-
tinlly result in a safe, reliable nuclear energy supply using from G0 to 65 per-
cont of the amount of uranium enrrently consumed hy present svstems por
megawatt of power generated. If our program results fn techuologios that nee
economically attractive, the inpact of the evolution of a fuel-eflicicut LWR ones
through fael eycle will be substantinl, not only on the preservation of a viables
nuclear energy option, but also on proliferation concerns. First, It ean lessen
the perceived need for thermal recyele of plutoniom and delay or avorl the
resuiting “plutoninm economy.” Second, it will reduce demnnd for nranium <o .
plies, relieving the pressure on esealating wraninm prices Theed, it will proy bs
more time for the orderly establishient of hreeder reactor progriins 1o hondie
the long-range fiel supply problems and minimized attendant profiferation risks

It shonld nlso be noted hat LWRs can assame a larger share of our enwrey
production by forther incvensing their relinbility and ecahancing their jmbibie
neceptence. Therefore. In addition to fmproving the uraninm ntilization erli-
ciency of 1 WRs, we are proposing a complementary objective «f LWHR aperating
performance and safety improvement. Sueeessful completion of thus progream
will assure that LWR plants will deliver their full potentinl of energy generation,
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Gurstion £ W.at cns be @/ne to enhance the infernationai intecest in aud
pecvptance of Us ‘b water reactor efficiensy ~ork?

Answer, We have o *ady stimvinted & high degree of international interest
fi our progruia to lmgiooe the ceantmm eliciener of light water reactors. This
havs heen dane thiough preseniations of oir program in international forums
(the 10-natton, Noruegion-based linlklen project group, INFUE Working Group
x. Interuationaily attended American Nuelear Society technicnl meetings) snd
la pumeobs discusslons with foreign visitors i the 11.8. We have been ap-
propehed by seteral forelgn and domestic groups seeking to estnblish multilateral
Inters ntional cooperative reseerch and development projects in techuologies
whieh will eontritmte to lmproved uranium efliviency in LWits The first of these
projects, to investigate fission has release from high burnup fuel, is just getting
started ut Batteiw-Northwest Laboratories in Richland, Washington. Three
erlier multilateral projects are known to be usder consideration, under British,
Swedish sl Danish leadership. Very preliminary diseussions for information
yxehmnge and/or bilateral cooperative resenrch projects have taken place with
kev individeals of four nations. The DOE intends to pursue vigorously each of
these leads and to continue to stimulate foreign interest in fmproved uranium
utilization through presentations and personal contacts.

Chairman Zasrocks. Mr. Pickering.

STATEMENT OF HON. THOMAS R. PICKERING, ASSISTANT SECRE-
TARY, BUREAU OF OCEANS AND INTERNATIONAL ENVIRON-
MENTAL AND SCIENTIFIC AFFAIRS, DEPARTMENT OF STATE

\r. Picgerivg. Thank you, Mr. Chairman, and Chairman
Bingham.

Clairman Zamockt. Mr. Pickering is the Assistant Secretary for
the Burean of Oceans and International Environmental and Scientific
Afiairs, Departinent of State.

[ failed to wdentify Mr. John M. Deuteh, but lie needs no trodue-
tion, e is the Director of the Office of Energy Research at the De-
partment of Knergy. And Mr. Van Doren is the Assistant Director
of Nonproliferation at the Burean of Arms Control and Disarma-
ment Ageney. So we have the Department of Energy, the Department
of Stute, and the Arms Control and Disarmament Agency. | am sure
there is close coordination between all of vou, the three agencies.

Mr. Pickening.

A, Pregrrina, Let me begin by yeemphasizing your remarks. There
is indeed very close coordinntion hetween the ﬁm-«r of us. You have
already received n great deal of information from Dr. Denteh, and the
Jdetailed nature of the technical programs related to proiiferation ve-
cistance of nuclear fuel eycles. 1 will try to make my comments brief
and to address manly the relations of these programs to our interna-
tional fuel cycle evaluation and nonproliferation efforts. The non-
proliferntion effort is a cornerstone of our foreign policy and of our
averall hapes to establish a stable and peaceful internstional climate.

Our nonproliferation effort consists of a wide array of political,
institutional, and technical measures. It includes as a basic element
support for the NPT, and is related to our efforts to reduce regional
tensions and increase seenrity of states. Today I understand the dis-
enssion will foeus primanly on the technieal programs related to the

nuclear fuel eyele, but we should keep in mind that significance of

these technical areas can extend mto much broader areas of the over-
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all edori. The techment eftoris can have n major yupact on shoee

of political and nstitutionn] measures. I will give sewe exarnples wd
this sat of relationship.

INFCE was proposed as an open evaluation of various fuel vvele
questons, It is not a negotiation, and 1o agreements as sueh will Tw
reached. Tt 1= Lheavily dependent on technical and anaiytic inpot, In
lavnehing INFCE, we were asking the international community 1o
revpen and reexamine modes of fuel cytle development, and ass -
tinas as to fuctnal backgrouad.

M. Deutely has reviewed some of the specific Departmait of Frergy
programs of nterest. These include work on improved hght » ater
reactors, advanced and fast reactors, the NASAP program, and the
work on reduced enrvichment in research reactors. Development of
spent fuel storage capacity and waste management are also relevant.

The Ad lloe Interagency Group on Non-Proliferation has con-
ducted detailed reviews, and has determined with DOE that ats over-
all R. & D. strategy to promote improvements in the light-water
reactor, LWWR, for the near and medium terin and to develop breeder
and possibly other advanced technology with the most proliferation-
resistant_characteristics possible as insurance for the long tevm 1=
technieally and economically sound. We believe it is the appropriate
strategy, which takes into account both energy security and noupro-
liferation concerns and objectives.

INFCE

_The DOE, as Dr. Deutch has pointed out. is the major source of
U.S. technical participation in INFCE. The State Department etfort
on INFCE is led by Ambassador Gerard Smith, who is the oversil
policy leader for U.S. participation. The operational direction of the
US.INFCE effort is carned out by & management comuittee,
chuived by Ambassador Smith's deputy, and which includes DOF,
State, and ACDA mewbers. My Bureau for the State Departinent
provides the major stail mvolvement. Approximately five Depart
ment oflicials devote a large fraction of their efforts to INFCE sl
closely related nonproliferation matters. In addition, funding for
attendance of some key UL.S. participants at INFCE meetings i:ptn-
vided by the International Organizations Burean. 5

Of central importance in INFCE is to provide a balaneed analyvtie
product which can be useful to national Awisiomnakers as they eou-
sider the future role of nuclear power and plan fuel eyele activities
In doing this, we hope to convey the point that national situations
differ, and that it need not be assumed that all countries should wove
m'mmlmwly into reprocessing and breeder development progras
We also hope mxrm-ulv a balaneed indication of the economic. non-
proliferation, and resource implications of thermal recycle We fecl
these implications will lead to the conclusion that thermal recvele is
not advantageons, either from an economic or nonproliferation point
of view. In providing U.8. contributions to sach an analytic awl
f::(‘tIm! base, several ULS. programs ave of particular ilu|-mll'|;u1'
These include work on international uranium resource evaluation, de-
velopment of means to improve uranium utilization in present thermal
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implementati ic disposal
renctors and development and implementation of geologic «
of spent fuel, should that be ]uv.lge(l desirable. All of these inputs con-
tribute to a realistic undeistanding of fuel cycle op_u_onspvuluble. over
time, to countries now in the early stages of utilization of nuclear

power.
BASIS FOR COOPERATION

1 should also mention U.S. programs on breeder technology and on
1TGR's which Dr. Deutch discussed in some detail. These programs
provide the United States, internat ionally, wn‘th a basis for cooperation
with similar programs in other countries. Such cooperation is both
a vehiele for mutually advantageous exchanges, and a means for the
United States to convey our work and views on proliferation resistance
considerations: for example, avoidance in the fuel cycle of presence
of 11EU or pure plutonium. It also provides a joint involvement in
energy programns and some consequent nicasure of influence on f?el
eyele directions in other countries through this involvement. For
example, we see the HTGR program with Germany as an example of
mutual interest to the United States and several other advanced coun-
tries, and we see cooperation as onc means of conveying our interest
in avoidance of HEU fuel. INFCE has been, in addition to a vehicle
for making our views known, a means for us to increase our undm"-
standing of the perceptions and assessments of other countrics. We
Lave now a clearer understanding of the major role some of these coun-
tries hope fast reactors will play in their energy futnre. A continuing
172 involvement in this area, as provided by our own programs, 18
clearly desirable. )

Fetablishing a eatisfactory factual and analytic basis for nuclear
program decisions in Yarions countries also implies a proper perspec-
tive on the role of nuelear power itself in relation to other options. In
that connection, onr program of cooperative bilateral assessments of
energy program options for developing countries is extremely valuable.
We plan to engage in several hilah‘rnrnch&ﬁnujlns in the coming year.
oth, our partners and we, gain understanding fr wm such detailed
PeViews, ‘

You have raised come specifie questions, many of which hava been
wildressed in D, Dentels testimony. Sonie others will be addvessed in
nne.

With reard to eriterin, gpecifie, numerical eriteria for quantities of
Luaterial. times. or difficulties mav be neither desirable nor aceeptable
to the international commmaity. Snch eriteria might either be so tight
as to effectively rile ont some fuel evele activities even in those cases
where they may be clearly advantageous on resource and economie
erounds, or alternatively, to be so loose as to be inaﬂoct_ivg'. l[()wover,
I lelieve we are in fact achieving major progress in gaining interna-
tional acceptance of some fundamental points related to eriteria.

Firet and most generally, it is now widely accepted that proliferation
implications must be a substantial consideration in making fuel cycle
decrcions. Second. it is commonly accepted that presence of weapons-
weable material, either ceparated plutonium or highly enriched ura-
nium. HET, chould be mimimized or avaoided to the greatest extent
practicable. This is not a quantitative re<ult, but it is elear and demon-
strable progress,

i

In your letter, you specifically mentioned the question of timelr
detection. A closely related factor has been one major component of
our own assessment of fuel eycles. We have proposed wm the INFCE
Technieal Coordinating Comunittee general assessient factors to be
used by the working groups, These factors, in their simplest deserip-
tion, are resources required, tine required, and detectability of diver-
<ion activities based on the fuel cyele or facility in question. These
fuctors are increasingly used in contributions gf other states to INFCE.
We will undoubtedly not agree an specific nnmbers, but we are ganing
acceptance on the basis of such factors of the need to minimze presence
of material which is rendily convertible to weapons use or to provide
some additional institutional measures to decrease risks of diversion,

I would like to conclude my statement here and thank yvou agnin for
the opportunity to appear on behalf of the Department of State.

Chairman Zaswockt, Awbassador Pickering, your prepared state-
nient will be made a part of thas record.

[Mr. Pickering’s prepared statement follows :]

PrsraRed STATEMENT of lloN Tnomas R PICKERING, ASSISTANT SECRETARY,
BUREAU OF OCEANS ASD JINTERNATIONAL EXVIRONMENTAL AND SCIENTIFIC
AFFAIRS, DEPARTMENT OF STATE

Mr. Chairman, I appreciate the opportunity to address the fmportant matters
raised in your letier. Yon have received information from . Denteh on the
detailed nature of technical programs related to proliferation resistance of
nuclear fuel cycles. Therefore, 1 will make my comments brief, and will adidress
mainly the relation of these programs to our INFCE and nou-proliferation eflorts.

As the Committees are aware, the non-prolifezation offort is n key element of
1.8 foreign polier and of our averall hopes to establish a stabie and peaceful
international climate. Our non-proliferation eMort consists of a wide array of
political institutional, and technieal measures. It ineludes as a basic element
support for the NPT, and is related (o our efforts to reduce regional tensions and
incrense security of states. Today we will disenss primarily the technical pro-
grams related to the nuclear fuel excle. but we shonld keep in wind that sigoih-
cance of these technical aveas can extend into much broader areas of the oversll
effort. The technical efforts can have a mwajor hupact on snecess of palitieal and
Institutional measures. I will give gome exnmplies of this sort of relationship.

INFCE was proposed ns an open evaluation of varions foel exele questions It
is not & negotintion, and no ngreements as snch will he reached. It is heavily
dependent on techulenl aud analytic input. In launching INFCE, we were asking
the international community to reopen And re-examine modes of fuel evele de-
velopment, and psswmuptions as to factunl aekzround. This s never an easy kiud
of thing to do. We were niso accepting as a hasie appronch that ways mnst be
found by whieh henelits of nuclenr power nre widely avatlable, withont nnacoppin-
ble proliferation rvisks. This appronch mnst be credible to assure the continued
vinbility of the NI*F The United States bears the primary barden of proof that
this proposition aud the relnted technieal questions are legitinnte and answernhle
from an operational perspective Thus, onr related programe and snpport work
are of consideralie significance in supporting the evaluation and demonstrating
the seriousness of onr concern. Mr. Deuteh has reviewed the speecific DOE pro-
grams of interest ; these inclinde work on improved light water reactors. advanced
and fast reactors, the NASADP program, and the work on reduced enrichment in
recearch reactors. Development of spent fuel storage eapacity aml waste manage-
ment are aleo relevant.

The Ad Tloe Interagency Gronp on Non-Proliferation has eonducted detailed
reviews and has determined with DOFE that its overall R. & 1) strategy to pro-
mote improvements in the Light Water Reactor (LWR) for the near amd medinm
term and to develop hreeder and possibly othier advanced techinalogy with the
most proliferation resistant characteristics possible ne Insurance for the long
term is technically and economically sound. We believe it is the ApOprinte
strategy, which takes into account both energy security ardl non proliferation
concerns and objectives.
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The DOFE Is the major source of U8, technical participation in INFCE. Their
effort hus been wajor and of high quadity. The Ntate Department effort on INFCE
is led by Ambassador Gerard Smith, who is the overall policy leader for U.N,
petrticlpution. The operational direction of the U8, INFCE effort is carried out
by a Munsgement Counnittee, chnired by Ambassador Smith’s Deputy, and inciud-
fne DO, State, and ACDA members. The OES Burenu, for the State Depart-
went, provides the major staff ivelvement. Approximately five Department
officials devote g large fraction of their efforts to INFCE and closely related mnt-
ters i nddition, tending for attendance of some key U8, participants at INFCE
wieet ings Is provided by the loternationsl Organizations Burenun.

Of central Duportance in INFCE is to provide a balanced analytic product
which ean be nsaful to national decision makers as they consider the future role
of nuclear power and plan foel eycle activities In doing this, we hope to convey
the polnt that national situations differ, aud that it need not be assumed thut
all countries should move immedintely into reprocessing and breeder development
programs. We ulso hope to provide a balanced indication of the econamie, non-
protiferation, and resource implications of thermal recycie We feel these impli-
entions lend to the conclusion that thermal reeyele is not advautageous. In pro-
viding 1.8 contributions to snch analytic and fuctunl buse, several U.S. progruws
are of particular importance. These iuclude work on international uranium
resource evaluation, development of means to hwprove uranium utilization in
present thermal reactors and development and implementation of geologic dis-
posal of spent fuel, should that be jndged desirable. All of these inputs contribute
to a realistic understanding of fuel cycle options available, over time, to coun-
trics now In the early stages of utilization of nuclear power.

I shonld nlso mention 1.8, programs on hireeder techinology and on HTGRs.
These programs provide the United States, internationally, with a basis for co-
operation with similur programs in other countries. Such cooperation is both a ve-
hicie for mutually sdvantugeous exchanges, and a means for the United States to
convey our work sud views on proliferation resistance copsiderations (for exam-
ple, avoldanee in the fuel eycle of presence of HEU or pure plutonium). It also
provides a joint lnvolvenent in energy programs and some consequent measure of
fnduence on fuel eycie directions through this involvement. For example, we
gee the HTGR program as an option of mutual interest to the United States and
geversl other advaneed countries, and we see cooperation as one means of con-
vering onr interest in avoidance of HEU fuel. INFCE bas been, in addition to a
vehicle for mnking our views known, u means for us to increase our understand-
fng of the perceptions and nssessments of other countries. We have now a clearer
nnderstanding of the major role some of these countries hope fast reactors will
play in thelr energy future. A continuing U.S. fuvolvement in this area, as pro-
vided by our own programs, is clearly desirable.

Estublishing as good s possible factual and analytic basis for nuclear program
decistons in yvarions countries nlso implies a proper perspective on the role of
pnclear power Hself 1o celation to other options. In that connection, our prozram
of cooperntive bitnterul assessments of energy program options for developing
countries is extremely valuable. We plan to engnge in several bilateral assess-
ments in the coming yeur. Both our partners amd we gnin understanding from
such detulled reviews

You have raised some specific questions about the program to promote the use
of lower enrichments in research reactors. Yon have also raised the gquestion of
progress on eriterin to be used in evaluating proliferation resistance. 1 would like
to relate these two points.

With regnrd to eriteria, specific, numerical eriteria for quantities of material,
times, or difficulties may be neither desirable nor acceptable to the international
eommupity. Such eriteria might elther be so tight as to eifectively rule out some
fuel cycle netivities even in those enses where they may be clearly advantageons
on resource nnd economic grounds, or he 8o loose as to be ineffective. However,
1 belleve we are in fact sehieving major progress in gaining intersational accept-
ance of some tundamental points related to “eriteria.”

First armd wost generaily, it is now widely aceepted that proliferation im-
plications st be a substantinl consideration in fuel eycle decisions.

Second, 1t s commonly aceepted that presence of weapons-usable material-—
either separated plutoniun or highly enriched uraninm (HEU ) —should be mini-
wilzed or nveuded to the extent pricticable

This I8 nol quantitative, but it is clear ané demonstrable progress. These points
had not beon universally factored into fuel eycle decisions in the past. In order
to sustaln polnts sncl os this, we must moake a credible cnse that these points are
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not only desirable, but achievable without major pegative impact on the uses of
nuclear energy. o particnlar, our specific technical program on resluced enrich-
ment In research reactors provides credilility that we can in fact avoid use of
HEU. This program involves direct involvement with foreign fuel mannfacturers
and resctor operators to produce hizh censity, lowered enriclunent fuel. and to
do operational tests on that fuel. Without this program we would have little
chance to gain international neceptance of the need to avold the use of HEU

In your letter, you speciticnlly mentioned the guestion of timely detection. A
closely related factor has heen one major component of our own assessment of
fuel eycles. We have proposed, in the INFCE TUC, general assessment fuctors
to be used by the Working Groups, ‘These factors, in their simplest description,
are . Resources required, tine required, and detectability of diversion activities
bused on the fuel eycle or facllity in question. These factors nre increasingly
used in contributions of other states to INFCE We will undoultedly not agree
o specific mumbers, Lt we are gnining acceptance, on the basis of soch fetors,
of the veed to minimize presence of material which is readily couvertible to
weapous use or to provide som sdditional institutional measures to decresse
risks of diversion.

Chairman Zam ocki. Thank you very much.
M:. Van Doven.

STATEMENT OF HON. CHARLES N. VAN DOREN, ASSISTANT DI-
RECTOR, BUREAU OF NON-PROLIFERATION, US. ARMY CONTROL
AND DISARMAMENT AGENCY

Mr. Vax Dores. Mre. Chairman, it is an honor for me to appear
before this committee to discuss the role of alternative nuclear tech-
nologies in minimizing the proliferation dangers of the nuclear fuel
cycle, and it 1s of particular pleasure to note that one of the greatest
satisfctions of working on this subject in this eurrent administration
is thae the three departments represented heie are working in such
cloce coordination, all in the same divection. That is a very construe-
tive development.

Chairman Zwiocki. You don’t have any obstruction from OMB
in the process, do vou?

Mr. Vax Doxex. Each of us hias our own responsibilities, One of
theirs is to keep the budget down.,

ACDA comsiders the mvestigation of such alternatives to be an im-
portant aspect of U.S. domestie and mternational policy. In that re-
gard, the United States has been saecessful in launching the wterna-
tional nuclenr fuel cyele evaluation [INFCE] an unprecedented
effort by the international community to investigate the nuclear fuel
evele and its proliferation implieations. Dowestically, a major effort to
investigate alternative fuel eveles is eurvently being undertaken by the
Departinent of Fnergy, under the nonproliferation alteruative sys-
tems assessmient progewm | NASADP ] Beecause of our strong anter-
est, ACDA has also undertaken a modest but productive research pro-
gram in this field.

But first, let wie try to put this effort in perspective. The nuclear pro-
liferation problem is an enormously complex one, to which no single
approach 1s adequate. Local, pohtical, and imstitutional approaches
are of enormons nportance, and every case has unique features. Thus
we are under no illusion that any technical fix can solve the prolifera-
tion problem by itself.

We are also aware that there are routes to weapons capability that
do not involve the connmercial fuel cycle. But we are convinced that
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minimizing the proliferation risks and the sulmational threat involved
in such cycles 1s essential to eflective management of the overall
problem.

Your committees have been in the forefront of those calling for
efforts to insure that the United States will have timely warning of
any diversion of nuclear materials well in advance of the time at which
a State could transform the diverted material into a nuclear explosive
device.

IMPROVING SAFEGUARDS

We have approached this problem from two angles: Improvement of

safeguards ngainst diversion and examination of ways of increasing
sroliferation resistance while still meeting nuclear energy needs.
Vhile the latter approach is the focus of these lhearings, I would like
to note the relevance of some current ACDA research to the first ap-
proach : Our largest safeguards research project is the design, develop-
ment., and demonstration of a system to provide nearly instantaneous
information to the Internatioal Atomic Energy Agency on the status
of sensors at safegnard facilities. For example, it should enable the
TAEA to check at any time on the status of seals placed on equipment
or on stocks of nuelear material and thus materially help provide time-
ly warning of any diversion.

Our efforts on the other approach have been focused on support for
the international fuel cyele evaluation and the search for prolifera-
tion resistant fuel eycles.

Let me first describe briefly the resources that ACDA is devoting to
this aspect of the problem, which is one of the major responsibilities
of ACDA’s Non “rolif«-ration Bureau. My deputy, Dr. Rochlin, devotes
virtually all of his time to this subject, nm{’is a member of the U.S.
INFCE Management Committee, The eight professionals in our Nu-
clear Energy Division, headed by Dr. Sheaks, are also engaged full-
time in support of this effort, through in-house research and analysis,
supervision of relevant external research projects, and active partici-
pation bath in the eight INFCE working groups and in preparation
of U.S. input to those groups. Our external research on this aspect of
the problem, which complements that of the Department of Energy, is
at & level of about $1 million per year, and we have also been able to
call on antstanding consultants to aid in these studies.

Mr. Chairman, I respectfully request permission to insert in the
record at this point a paper describing some ACDA initintives related
to nonproliferation assessments and providing more specific details
as to the relevant portion of our external research program for fiscal
years 1978, 1079, nnd 1980,

Me. Zantock Without obijection, it is so ordered.

[ The material veferred to follows )

SomE ACDA ISITIATIVES RETATING TO NONPROLIFERATION ALTERNATIVE
ABSUSSMENT

[Suppited by the Aris Control and Disarmament Agency]

ACTIA was among the first to identify the need to take due account of prolif-
erntion resistance in making niclear fuel eycle decisions and the need for inten-
sive exmininntlon of alternative fuel eyeles.

Jte first fuitiative was suggestion of the go-called “tanden” fuel cycle, de-
signed to recover the residunl fuel valne feom the spent fuel from light water
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reactors throuch its use~—without reprocessing in CANDU (e, heavy wiahe
reactors. Further examinntion of this fuel cycle was later included in the I
partment of Energy NASAP program. While the prognosis for adoption of this
particular system does not currently Jook bright, It catalyzed lnvestigation 4
other jdeas having similar goals

A secaond arvean in which an ACDA initiative was subsequently pursued by the
Departnient of Energy was the development of densified lower enriched substl
tutes for the weapous grade uraninm enrrently belng used in many research
reactors. We also instituted work on the conversion of research reactors using
natiral neaninm to the use of fuels of medium enrichment, to reduce the amount
of plutoninm produced

More recently, we have initinted a number of studies of improved once-throuzh
gystems-—which conserve uranium resources (and enrichment) sithout reproc-
essing. One example is a conirice sily being done on a modification of the light
water hreeder reactor 1o permiit ennunced fuel savings in a once-through meds,
This modification would entail neither the use of highly enriched uraniam wer
the separation of plutoniwm. Similarly, we bave sponsored projects on the vse
of urnnioim fucl of lower enriclouents in ligh temperature gas coaled renctor:
on which the United States plans to do cooperative studies with the Fedderad
Republic of Germany.

ACDA bas also initiated studies on the use of thorium as fuel in light water
reactors—nnil a8 blanket material in fast bhreeder reactors, with a view to reducs
fng the quantities of plutoninm produced and fostering the use of denntured fuel
(that could not be uged for wenpons without isolopic separation).

ACDA lins aiso been in the forefront of those seeking to develop and sy
proliferntion resistance eriterin for nse in INFOE and in subsequent fuel cxvole
decisions ; stimulated studies on by-product and Jow grade wranini resoures
promoted comparative econorie analysis of niternative fuel eyeles; amd bezun
investigation of incentives needed to prompt industry to adopt alternative el
cycles.

y\\'uh respect to fuel eyeles involving heavy water reactors, ACDA initiated 2
study of how to safeguard heavy water praduction facilities

Attached is more specific information on ACDA’s external research prozram
on alternative systeins assessments. With three exceptions (liseal yvar 10T
projects 1s, 3s and Os) this list does not include our research on internationai
safeguards techiigues, jnstrumentation and jlmplementation, which is addres<ed
in other questions.

Fiscal year 1978 (including supplemental)

Proaaram
1. Evaluation of methods of improving fuel. 1A, Utilization for once- amnnnt
through el eFeles oo ccacasmecmcmas sommamm e = < e L. o7 $66, S

2. A concept for optimizing thoriut wtilization in LWR'S in a ouce
thirough el CFele oo cccsmmsosammam o oms e ama se s mm s m e O LAY
3. NASAP-INFCE summer StUAdy Eronup. oo Iy I T A5 e
5 Study on unproliferation features of HTGR's and GCER's - .- UL
6. Alternative nuclenr LOCRNONIOKICS o e e e emmm e mm e o e T e
7. Cost nunlysis of PEOlTETAtION e mmem e oo e R LLL

& Beonomie and evaluantion comparison  ef prulilouﬂnnqelnml
COCRBOMRION. - oo it o e S S e S =M P e St LS L
0. Nouproliferation veritiention of Inser isotope separntion. ... I M LLUNLLL
10. Utility /fuel vendor incentives for denntured fucled cores. ... L UUR L LY

12. A characterization of the internntional reactor deployment
S et e RS TR VINSS e P 10, 1wy

14. Depletion benehmnrk and ireadiation performance evaluntion for
PWR thovia urania foels. oo~ i e e e e O S 40, 0
15. Low-grade GPARIMN POSONFCES oo —oomm-mmmm=ms e =qee. te I A
17. Cost analysis of alternative breeder fuel eveles. . oo T0. 000

18. An evaluation of the international safeguards for niternative
mclenr fuel eyeles e mm e s e —- e JoA0 1)

8s. Impact of proliferation resistant fuel forms on international
sufegnards - oo e e i o X - 12 (wWy

68. The design of heavy water production plants to facilitore the wp-
plication of internntional snfeguurds oo 130 (e
DR <o oo e i S S e e 0 2 B e S e o ity



Fiscal ycar 1979
Program
amount

§i. Improvements in once-through fuel eycles. . . . ... . §210, 0
. Utility/fuel vendor tucentives for denntured fuel cores phase 11.. 65, (k)
T Thothmmbastd  S0el - CTEMRN. o - <o v nsisoramns s ain s russarssrnnaas DTk R
Economic and evaluative analysis for nonproliferation 362, 0O

. Quick response anulysis that relate to breeder and once-through
srsteins , 113, 00

An analysis of international nuclear fuel cycle facility materials
Inventories b v i S Al SR W S Ko, ()
Gutek response studies on alternate nuclear fuel cycle > 10, 000
lutervational nuclear fuel eycle data and analysis 10, 000

1, 020, 000

Fiacal year 1980 program
Funding
level

ITmprovements in once-through fuel cycles

Thorium fuel eyeles . ... e T e
. Beonomles and proliferation resistance assessment
. Nuclenr fuel cycle data aud Inventories

Mr. Van Doren. Let me now briefly deseribe three lines of research
in thus field that we consider especially promising.

iirst, improved once-through eyeles. The principal argument used
for the reeyvele of reprocesed fuel in light-water reactors was that it
would result in saving uranium and enrichiment services, 1f similar
fucl savings ean be achieved without reprocessing, the cost of reproe-
eesing and the ineremental cost of mixed oxide fuel fabrication could
be caved. And we would reap the significant nonproliferation ad-
vantage of avoiding the separation and widespread circulation of
plutonium. Moreover, the longer we can rely on suflicient uraninm,
the longer we have to find the optimum solution to choosing the next
generntion of nuclear reactors,

Die. Deatel has deseribed the Department of Energy programs on
nuproved uwrnniion utilization, which we strongly support. The DOE
vesearch has developed neav-term fuel improvements which can lead
to wranimm savings in the neighborhood of 15 pereent. We have been
imvestigmting along with DOE possible longer term improvements in
LWR fuel use that might vesuit in an additional 23-percent saving.
(1 note that Dr. Deuteh cites the figure 10 to 15 percent additional
savings; I think we need a lot more work before we can fix per-
eentnges.) We are also examining modification of the light water
breeder reactor design that eould result in even more dramatic re-
source savings operating in a once-through mode.

While we respect the reasons why DOE has not concentrated its
efforts on heavy water renctors, it must be recognized that a number of
other countries have purchased such reactors. We have seen utility
i exploring the possibilities of improvements in such reactors from
proliferation-resistance and resource points of view. One such possi-
bility would be the use of 1 percent enviched uraninm in such reac-
tors. whiclo would greatly deerease their uraninm requirements and
male reprocessing for recvele in such reactors even less attractive than
it now is. We have also done considerable work with Canada and the
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International Atomic Energy Agency on improved safeguards for
such reactors,
THORIUM-BASED FUEL CYCLES

The second of the three fuel evele alternatives that T would Hike to
address brietly 18 the thorinm-based fuel eveie, The substitution of
thorium for fertile isotope urnnium-238 in nuclear resctors—hath
thermal and breeder reactors—could have nonproliferation advan-
tages if combimed with new institutional arrangements, such as secure
multinational energy centers and enhanced TAEA safeguards. The
prunary advantage stems from the fact that the fissile material pro-
duced 1 the reactor is the isotope uraninm-233 which ean be dena-
tured—mixed with 47" —and thus rendered unusable for nuelear
weapons withont isotopie separation. Such enrichment technologies
are likely to remain beyond the capaecity of terrorist and subnational
groups forever, and beyvond the eapacity of many nations for decades,
Wa consider this advantage sigmificant even thongh it is not a ecom-
plete techinological fix. Tn the second place, the production of 1777 s
always associated with another uraninm sotope, U2 a contannnant
whose decay mvolves very strong ganunn radintion, wlieh comphieates
the separation and handling of the fissile materinl. "This is an indns
trial disadvantage of the thorimm evele, but a valuable nouprolifera-
tion advantage. Finally, although irradiation of “denatured neaninn-
thorinm™ fuels does not eliminate the production of plutonivm, it docs
greatly reduce it.

We believe these denatured fuel eveles may be of particular inter-
national interest with respect to the development of svinbolie rela-
tionships between breeder and thermal converter reactors. And we
have been promoting this in INFFCE. ( We have not gotten widespread
endorsement from the world community on this idea, but we have not
given up hope of dong <o.)

It 1s well known that thermal reactors using U as a fuel lune
significantly tmproved conversion ratios, approaching unity for sone
advanced converter types, Those national programs which inelude
plans for thermal reactors condd, at least for the balance of this cen-
tury, benefit from reduced veamum fuel requirements,

The DO is developing technical information on LW RS TITGR -
and HWR's operating on the thorium fuel eyele and has a subsiani o]
program of fast renctor thorim utilization. ACDA reseavel in thos
area ncludes examination of incentives for the developiment of d-
vanced converters operating on the denaturved thorium cycle and for
the mmplementation of thoriuwm blanketed breeders,

REDUCED ENRICIIMENTS

The third and Jast development T would like to tonch on today as
Ihehilight is the use of redueed envichments i research reactors, of
which Dr. Deateh has alvemdy spoken.

There has alveady been manjor proziess in the investiaation, devel-
opment, and commerciniization of fuels of lower envicliment for ve-
scarch and test veactors. There are many such reactors operating
worldwide which now operate on weapons-grade uraninm. Such Ligh-
ly enriched uranium—ITEU—poses potential nonproliferation and nu-
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clenr terrovist dangers at least as great, or greater, than those posedq

by plutonvim, Although this problem can be mitigated by safeguards
and enhanced physical security, with substantial quantities of HEU
movine i international commerce, drastic measures were needed, in-
cluding a search for alternatives to HEU.

In April of 1977 the President announced plans to minimize HEU
nees by requiring, among other things, a careful economic and tech-
nieal justification for its use, by minimizing HEU inventories, and
by seeking to convert existing research reactors to the use of lower
enrichments as quickly as possible.

CONVERTING TO LOWER ENRICHMENTS

The Department of Energy has an excellent program, which Dr.
Deutch deseribed, underway at the Argonne Natienal Laboratory to
develop and test new high-density fuels which will permit a signifi-
cant reduction of enrichment level in both new and existing reactors.
‘This program is receiving considerable international interest and co-
aperation at the TAFA, at INFCE, and at a special meeting hosted
late Jast vear by the United States at Argonne National Laboratory.
We are obtaining the active cooperation of foreign governments and
fucel fabrieators. :

In addition, the General Atomic Co., working in conjunction
with the Department of Energy, has already developed and be-
gun marketing alternative low-enriched—20-percent enrichment—
fucls [LEU] for its line of TRIGA reactors, and has announced that
it is discontinuing HEU fuel fabrication for research reactors. We
wlso expect that Earopean fuel fabricators will begin making LEU
and reduced-envichment fuels—45 percent—commercially available
within the next 2 years. Even further reductions may be possible
through the research program that Dr. Deutch described.

As n result of these efforts, we are confident a substantial number
of the world's research reactors ean be converted to lower enrich-
ments within the next few years. We consider this to be very bene-
ficial from a nonproliferation perspective, and a highly cost-effective
and timely payofl of mvestigating alternative teclmolomqs.

Of course, encournging countries to actuplly convert their reactors
will require suitable incentives, The executive branch has proposed to
the Congress that the United States provide incentives to countries
which wish to convert research reactors to lower enrichments. Such
conntries will necessarily face additional costs, which could pose a
problem, partieularly for developing countries. To offset these costs,
the executive branch lias proposed a program that would provide
wranium enriched to 20 percent primarily to developing countries,
with preference given to ‘k’l‘T parties. A companion program would
offset incremental costs of fuel fabrication and would be offered to
countries using HEU fuel in research reactors with special emphasis
on developing countries. By making these offers, we would be com-
plementing our technical program of reduced enrichments with pro-
grams that wonld provide real incentives to countries which possess
TIELT fuel and resenreh reactors using HEU to return such fuel and
to convert the reactors to lower enrichments.

ACDA has been involved in all aspects of this effort to reduce the

11 l‘:l' e shlem,

=i

Finally, Mr. Chairman, while it is still too early to judge how
these developments may be reflected in the tinal outcome of INFUE,
we believe they are making an important contribution to that study,
and helping to focus the attention of other nations on more pro-
Liferation-resistant alternatives to the fuel cyeles that were long
assumed to be the inevitable next step in nuclear power development.

Thank you, Mr. Chairman.

LOCATION OF REACTORS

Chairman Zasrockr. Thank you, gentlemen.

One question, Dr. Deateh. I almost wanted to interrupt you when
you were giving your statement. You mentioned that a number of
countries have research reactors and that there are five sucl reactors
that are likely to be particularly havd to convert to nucle. ¢ fuel of
20 percent or less enrichment of uraninn-235. Where are these 5 reac-
tors located ?

Mr. Devrcir. The five reactors inclnde the BR-2 reactor in Bel-
gium, the HFR reactor in Grenoble, France, and the advanced test
reactor, the high flux irradiation reactor and the General Electrie
test reactor in the United States.

Chairman Zaswockr. What ave the problems 1

Mr. Devren. Excuse me, Mr. Chaieman. There is a reactor at Oak
Ridge. There is a reactor at Idaho which we eurrvently fuel with
highly enriched uranium which wonld not be possible to convert,

Chairman Zasrockt. Why would it be impossible? What would
make the conversion so difficult ?

Mr. Devren. My understanding is that the uses of this reactor are
for particularly lngh neutron fluxes for particular experiments. The
one in Idaho is used for the Naval reactor program, and we need to
get those neutron fluxes. Let me present it for the record, Mr.
Chairman,

Chairman Zaprockr. Are these in the area of research?

My, Drorern. Yes.

Chairman Zaprockr. Is this research worth the risk if they are so
difficult ]

Mr. Deorcn. That judgment can always be considered at a later
date if they are, but it is mv instinet that with proper safeguards weo
could quite happily live with that number of renctors, We would have
lowered the amonunt of highly enriched wranium in general com-
merce significantly by just limiting ourselves to 5 in contrast to
‘the present 141. Tt would be quite an achievement, and T think it
conld be done. Perhaps we conld make those five operate down to 45
percent enrichment which would be a step forward, maybe not gt
them all the way down to 20 percent.

_](;hairmnn Zapsrockr. You can amplify that for the record, if you
will.

Mr. Deurerr. Yes, Mr. Chairman, T will be happy to do so.

[The following was subsequently provided :]

ENRICHMENT RFEDUCTIONS

{Supplied by the Department of Energy]

These reactors are very high performnnee reaetors which have pushed exist-
ing fuel technology to the limit. The uranium densities currently approach what
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Pacific Basin Spent Fuel Storage

During 1979, DOE participated in discussions with
Japan concerning the concept of an interim spent
nuclear fuel storage capacity for the Pacific Basin
area and made some preliminary conceptual studies
of the possibilities for establishing such a facility.
No decision to build one is anticipated in the near
future. A primary consideration in determining
whether to proceed with the effort will be the
results of thorough study and evaluation of health,
safety, environmental, political, social, and cul-
tural factors. The relevant committees of Congress
were informed during the year of the status of the
discussions with Japan and the nature and extent
of the preliminary studies. Those committees will
be kept informed of further developments.

With respect to cooperation with India, DOE pro-
vided technical advice toward the reracking of the
spent fuel storage pools of the Tarapur reactors.
The Department of State arranged for the loan of
equipment and the provision of consultant services
for pool cleanout.

Views and Recommendations

The United States should continue actions to pro-
mote international cooperation in the storage of
spent power reactor fuel. The Natioa should also
establish, as soon as feasible, a domestic program
of away-from-reactor spent fuel storage with pro-
vision to accept limited quantities of foreign spent
power reactor fuel when such action advances U.S.
rion-proliferation interests. This was proposed by
the President in October 1977 and reaffirmed in
February 1980.

Development of
Proliferation-
Resistant Fuel Cycle
Technologies

Introduction

As part of its non-proliferation responsibilities,
DOE has been examining a variety of fuel cycles
and nuclear systems to determine if the prolifera-
tion risks of existing technologies might be reduced.

The results of the Non-Proliferation Alternative
Systems Assessment Program were published in
June 1980.2

Reduction of Enrichment in Fuel for
Research Reactors

In April 1977, the Administration decided to
work toward minimizing the use and distribution
of high-enriched uranium fuel. One element in
the policy, a program known as the Reduced-
Enrichment Research and Test Reactor Program
(RERTR), is aimed at developing and encouraging
the use of reduced-enrichment fuel in research
reactors on a worldwide basis when such changes
do not diminish reactor performance and do not
affect safety standards.

Progress was made in several areas of the RERTR
Program during 1979. Foreign and domestic manu-
facturers were encouraged to develop and apply
the technology required to produce reduced-
enrichment fuels. General Atomic (United States),
NUKEM (Federal Republic of Germany), CERCA
(France), CNEA (Argentina), and possibly others
are participating in fuel fabrication and in the
development of the required technology. France is
also conducting a reduced-enrichment fuel program
for research reactors. During INFCE, Germany
announced the start of a similar program. Exten-
sive cooperation exists between the United States
and various country programs, and international
meetings are held periodically to discuss the prog-
ress in the development of research reactor fuel
utilizing uranium of lower enrichments. Coopera-
tion between domestic and foreign programs is
being discussed. As a result of a U.S. initiative,
beginning in 1980 international technical expert
teams and fellowships for personnel are offered
through the IAEA. They are structurad to provide
the staff and technical resources to thnse research
reactor operators who lack sufficient capabilities
to undertake independent conversion nrograms.

It is expected that prototype assembiies containing
low-enriched uranium fuel (enriched to less than
20 percent U-235) for TRIGA re:ictors will be

2U.S. Department of Energy, Nuclear “roliferation and
Civilian Nuclear Power: Report of the Non-Proliferation
Alternative Systems Assessment Prograr:. Executive Sum-
mary plus nine volumes, Washington, D C., June 19580:
DOE/HE-0001/1-9.



introduced into the 14-megawatt electric TRIGA
research reactor in Romania under the low-enriched
uranium fuel procurement assistance program an-
nounced by the United States at the 1978 U.N.
General Assembiy Special Session on Disarmament
and discussed on page 3 of this report. The United
States was the 50st of an information meeting on
reduced-enrichrent fuel for research reactors in
November 1950,

Views and Recommendations

General international acceptance of the use of low-
enriched fuels in research reactors in place of high-
enriched fuels would represent a highly valuable
contribution to reducing the risk of proliferation
associated witn nuclear research and development
activities. INFCE has erdorsed the use of such
fuels. As indicated above, a number of nations are
taking steps to develop and to use such fuels in
their research reactors. In the light of these facts,
the United States should continue programs de-
signed to encourage the wider use of reduced-
enrichment research reactor fuels.

The International Nuclear
Fuel Cycle Evaluation

At an organizing conference in Washington, D.C.,
in October 1977, the United States joined more
than 50 nations and 4 international organizations
in one of the most comprehensive examinations of
the nuclear fuel cycle yet undertaken. This Interna-
tional Nuclear Fuel Cycle Evaluation continued for
more than 2 years, concluding its work at its
second and final plenary session, held in Vienna,
February 25-28, 1980.

A final evaluation of INFCE will not be possible
for some time. This is because much of its value
will depend on the degree to which participating
states consider INFCE’s findings in relation to their
respective nuclear programs and the degree to
which pending issues become the subject of techni-
cal studies ard negotiations leading to new arrange-
ments for the fuel cycle

As reported in 1978, INFCE functioned through
eight working groups covering all aspects of the
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fuel cycle. The reports of these eight groups,
together with a summary and overview prepared
by the Technical Coordinating Committee, were
referred to governments for use in planning and
executing their respective nuclear programs. The
conference communique stated that the findings
of INFCE have strengthened the view that:

1. Nuclear energy is expected to increase its
role in meeting world energy needs and
should be widely available for that purpose.

2. Effective measures can and should be taken
to meet the specific needs of developing
countries in the peaceful uses of nuclear
energy.

3. Effective measures can and should be taken

to minimize the danger of proliferation of
nuclear weapons without jeopardizing energy
supplies or the development of nuclear
energy for peaceful purposes.

From the U.S. perspective, INFCE was successful
in many respects. All participants now more widely
share the view that substantial risks are associated
with the use of weapons-usable materials in the
fuel cycle and the technology required to produce
them. The collective acceptance of this premise
should now help to steer nuclear power in safer
directions.

DOE will be involved in the continuing efforts of
the U.S. Government to implement new protective
measures associated with the next steps in the nu-
clear fuel cycle, including technical changes, insti-
tutional arrangements, and improved safeguards.

Views and Recommendations

Now that INFCE has concluded, the United States
should be prepared to pursue areas of agreement
through appropriate post-INFCE fora leading to
new institutional arrangements and technical deci-
sions regarding the fuel cycle. DOE should also be
prepared to support these efforts with an appro-
priate capability to undertake studies, provide for
technical exchange, and implement such steps as
spent fuel storage cooperation.
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a fast, once-through, breeder reactor, it offers a
number of prolifzration-resistant features that
include no recovery or use of plutonium except
on an in situ basis. The reactor concept offers an
increase in uranium fuel utilization by approx-
imately a factor of 15 over the conventional
LWR without reprocessing and recycle. Disad-
vantages are very long fuel residence times and
the need for reactor materials to withstand very
high burnups—materials not yet available to-
day. The FMRS concept, which would basically
draw upon existing LMFBR or GCFR
technology, is currently being studied by DOE.

This discussicn has identified some of the alter-
native systems being considered in NASAP and
other parts c¢f DOE, and has tentatively in-
dicated some of the features that may affect pro-
liferation resistance. Further understanding of
the effects of these features and identification of
others will be an important function of the
studies being conducted in NASAP.

Research Reactors

Numerous research and test reactors now in
operation or planned were designed to utilize 90
to 93 percent enriched uranium to maximize
flux performance per unit power and/or to
minimize fuel cycle costs. Fabrication,
t ansport, and storage of fuel for these reactors,
particularly in the un-irradiated form, are of
concern from a proliferation point of view. The
larger fuel inventories associated with high-
power test reactors increase the potential cone -
quences of diversion. Elimination or substar.al
reduction of the trade in highly-enriched fuel
elements for research and test reactors by
substitution of reduced-enrichment fuel
elements would lower the potential for using
research and test reactor fuel as a source of
material for nuclear explosives.

A program is underway in the United States to
make feasible the fueling of most research and
test reactors with uranium of less than 20 per-
cent enrichment while maintaining the reactor
performance. A small number of high-power,
high-performance reactors needed for important
work that cannot be reasonably accomplished in
reactors with lower performance might have to
continue to use high-enriched uranium. It is
recognized, however, that for research and test
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reactors of power greater than a few megawatts,
fuel technology does not currently exist that
would permit enrichment reductions to below 20
percent without severe reactor performance
reductions (flux per unit power), expensive reac-
tor modifications, and/or fuel cycle cost in-
creases relative to highly enriched designs us-
ing 90 to 93 percent enriched uranium. The pro-
gram now beginning in the United States is
designed to develop the necessary fuel
technology. Several years of work will be need-

Currently proven fuel technology is capable of
accommodating enrichment reductions to the 45
percent range (from 90 to 93 percent) without
significant performance degradation or fuel cy-
cle cost increase for many reactors in the 1 to 50
megawatt range (some reactors can be converted
to less than 20 percent enrichment). According-
ly, as an immediate interim step, the United
States is proposing to convert existing research
and test reactors (and new designs) from the use
of highly enriched fuel to the use of either 45
percent enriched fuel or 20 percent enriched fuel
wherever this can be done without unacceptable
reactor performance degradation. It appears
this can be achieved without significant cost in-
crease.

Proliferation Resistance

HEU Research Reactors: The removal of HEU
from a research reactor to obtain sufficient
material to build a nuclear explosive would re-
quire removal on a scale comparable to the an-
nual fuel element requirement for & typical large
research reactor. For instance, a 20 megawatt
(thermal) research reactor may have about 200
grams of HEU in each fuel element. About sixty
fuel elements are needed as replacements each
year. For this example, more than an annual
supply of fuel elements would have to be
diverted to build a nuclear explosive. However,
the fabrication of fuel elements for a given
research reactor is normally performed on a
special order basis and may involve con-
siderable leadtimes. Thus, in the absence of
measures to minimize HEU inventories, typical
procurements of fresh fuel elements would
otherwise be available and stored at the reactor
site. Significantly large quantities of HEU are
also present at the fuel fabrication facilities.



Moreover, large quantities of irradiated HEU
can build up at research reactors, even ones of
substantially lower power (e.g. 1 to 5 megawatts
(thermal)).

LEU or Natural Uranium Reactors: Natural
uranium-fueled research reactors produce
plutonium at the approximate rate of 1 gram per
megawatt (thermal) per day of operation. A
typical natural uranium fueled 20 MWt research
reactor would therefore produce about 5
kilograms of plutonium per year. The amount of
plutonium produced is reduced as the enrich-
ment level is increased. A 20 MWt research reac-
tor using 10 to 20 percent enriched uranium
would generate about 0.5 kilograms of
plutonium per year.

The proliferation resistance of spent fuel from
research reactors would be similar te that from
nuclear powerplants with the following excep-
tions:

1. The amount of radioactivity from
research reactor spent fuel can be as
small as one fiftieth that of fuel from a
commercial power reactor, so shielding
problems may be less difficult to deal
with,

2. There are several different chemical
forms that are typical'y used for research
reactor fuel elements, so that the steps in-
volved in the chemical reprocessing
would be altered.

Efforts to Improve the Proliferation
Resistance of Research Reactors

The U.S. development program for enrichment
reduction in research and test reactor designs
currently using 90 to 93 percent enriched
uranium is based on the practical criterion that

enrichment reduction should not cause signifi-
cant flux performance (flux per unit power) or
burnup performance degradation relative to the
unmodified reactor design. To first order, this
implies the requirement that the U-235 density
in the reduced-enrichment case be the same as
the U-235 density in the 90 to 93 percent enrich-
ed case. This can be accomplished by substitu-
tion of higher uranium density fuel technology
for currently used fuel technology. Enrichment
reduction potential is set in proportion to the
available uranium density increase. It is
recognized that, for research and test reactors of
power greater than a few megawatts, fuel
technology does not currently exist that would
permit enrichment reductions to below 20 per-
cent. As already indicated, a program is now
beginning in the United States to develop the
necessary fuel technology. The program is ex-
pected to last for several years.

Improved international safeguards and a more
universal commitment to full scope safeguards
would also be important for increasing the pro-
liferation resistance of research reactors.
Safeguards procedures need to accommodate
the necessary flexibility of research reactor
operations.

A long-term goal would be the achievement of a
level of enrichment of between 3 and 20 percent.
Enrichments in this range would maximize
research reactor proliferation resistance. In-
creasing the enrichment of natural uranium
research reactors to about 3 percent would
substantially reduce their plutonium produc-
tion and hence the availability of weapons-
usable material in the spent fuel. Efforts to
make existing technologies available on a com-
mercial basis could make a significant contribu-
tion toward meeting this goal.
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TABLE 1.
PROGRAM

Light-Water Reactor Fuel-Utilization Improvements:
® High curnup, and operational and fuel-management
changes
® Addizional high bumup and other fuel-design
chanzes
® Longer-term nonretrofittable improvements

Reduced fnrichment of Research Reactor Fuel

Liquid-Mz:ai Fast Breeder Reactor

Advanced [sotope Separation

Light-Water Breeder Reactor

Proliferation-Resistance Engineering of Reprocessing

High-Temperature Gas-Cooled Reactor

Fast Mixed-Spectrum Reactor

National Uranium Resource Evaluation

Technology Support for IAEA Safeguards on:
Enrichment plants
Interim spent-fuel storage
Spent-fuel disposal repository
Rzprocessing plants

lutonium storage
Mixed-oxide fabrication plants
Transportation

RESEARCH AND DEVELOPMENT PROGRAM RECOMMENDATIONS

TARGET

Commercial implementation by 1990
Commercial implementation by 2000

Identify initial attractive candidates by mid-1980;
commercial capability after 2000

Demonstrate 20-45% enriched fuel by 1982; demon-
strate <20% enriched fuel by 1984

Continue development so that it could be commercially
available if and when needed (possibly 2010-2020)

Demonstrate technical and economic performance of a
process by 1990-1995

Continue development and complete proof of breeding
demonstration in Shippingport Atomic Power Station by
1985 or 1986

Demonstrate in breeder program pilot fuel-cycle facil-
ities

Assess unique markets, such as those for process heat
and usability at water-poor sites

Investigate higk-burnup fuel technology

Complete program by 1985. Continue research and
development in discovery and extraction methods

Contirved improvement in surveillance, containment,
and material accountancy
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BILLUING COOE TI90-0 V-8

Use of High-Enriched Uranium (HEU) in
Research Reactors, Policy Statement

AGENCY: US. Nuclear Regulatory
Commission.
AcTioN: Statement of policy.

summary: The Nuclear Regulat
Commission (NRC) has licensing
responsibilily Jor domestic use and for

export abroad of Special Nuclear
Maferial, includin -

reducing 1o the maximum exlent
possible, the use of HEUIn domestic

weapons. Particular concerns were
expressed with respect to the
proliferation risks associated with
inventories of HEU for research and test
reactors abroad. The widespread use of
HEU fuel, which involved a large
number of domestic and international
fuel shipments, (ncreases the risks of
proliferation through theft or diversion
of this material. In contrast to HEU, the
use of fuel with lower enrichments
reduces proliferation risks.

In an effort to allay concerns of

rolleration risks, eflorts were made to
reduce HEU inveniories, E E
assumption that any reduction in the
potertial Tor access {o these inveniories

end foreign research reaciors. The NRC
{s pleased To nofe (hal the current U.S.
Administration continues to support the
Reduced Enrichment for Research and
Test Reactcrs program and that to date
the U S. Congress has approved
adequate funding for this program. In
this connection, the NRC has prepared
the following policy statement.

FOR FURTHER INFORMATION CONTACT:
James V. Zimmerman, Assistant
Director, Office of International
Programs, U.S. Nuclear Regulatory
Commission, Washington, DC 20555,
(301) 492-7868.

SUPPLEMENTARY INFORMATION:

In the 1950's the U.S. entered into
several short-term agreements for
cooperation (5-10 years) allowing for the
export of research reactors and fuel
under the “Atoms for Peace"” program.
In subsequent years the US. hu{een a
major supplier of high-enriched uranium
(HEU) for use abroad. primarily in
research and test reactors. Such reactors
produce radioisotopes for use in such
areas as medicine, agriculture,
desalination. research in biological
effects of radiation, etc. Materials test
reactors are also used to train future
operators of commercial power reactors
and 1o test new materials and fuels.

In the mid 1870's, particularly
following India's detonation of a nuclear
exp'osive device in 1874, nuclear
proliferation concerns began to Increase.
Expanded efforts were undertaken to
prevent nuclear power programs from

would constitufe a reduction in the
proliferation risk. These concerns
eventually Ted to the establishment of
the reduced enrichment for research and
test reactors (RERTR) program. This
program was established to develop and
demonstrate the technology that will
facilitate the use of reduced-enrichment
uranium fuels {n research and test
reactors. If successful, this could lead to
a significant reduction of HEU
inventories abroad, and thereby
increase the proliferation resistance of
related fuel cycles.

The objective of the RERTR program
is 1o develop research and test reactor
fuels which will allow substitution of
uwranium of low enrichment (LEU, less
than 20%) for HEU and which will not
significantly affect reactor performance
characteristics or fuel cycle cosis. On an
interim basis, some reactors may utilize
{ntermediate enrichment fuels (45%),
while the LEU fuel development
program is in progress. It should be
noted. however, that no U.S. effort will
‘be made to develop fuels with
enrichments significantly below 20%,
because of the increasing magnitude of

lutonjum production in fuels with very
ow or no enrichment.

To date, DOE has initiated a
development and test program managed
by the Argonne National Laboratory
(ANL) to prove the feasibility of the new
lower enrichment fuels. Many foreign
countries are cooperating with the US.
in this effort, and, within the past year,

for reduced-enrichment uranium to be
fabricated into test elements for foreign
and domestic research reactors.

Assuming RERTR program success.
most of the performance testing of LEU
aluminide and oxide fuels with high
wranium densities for use in pla.e-type
reactors will be completed by the end of
1984. The irradiation of pin-
girconium hydride fuel with
uwranium density for use in Triga-type,
and possibly plate-type, reactors will be
completed in 1983. Assuming licensing
approvals, these fuels could then enter
into full scale use in appropriate
reactors. Silicide fuels with very high
uranium densities are also being
developed and tested by the RERTR
program. These fuels may be needed for
conversion of high power reactors.

As part of the overall RERTR
program, Argonne conducts for DOE a
technical and economic evalustion of
each significent HEU export license
application including the potential of the
reactor for conversion to reduced-
enrichment fuel within the planned
availabilities of appropriate reduced-
enrichment fuels. Nearly all potential
conversion candidates have been
evaluated. Technical conversion
schedules are being planned by reactor
operators based on demonstration and
licensability of the fuel. Based on the
technical and economic evaluation by
ANL, a coordinated Executive Branch
recommendation on the license
application is developed by the
Department of State and is submitted to
the NRC.

The objectives of the RERTR am
have been Fully supported by ﬁﬁs since

its inception. The Commission has also
utilized ’Eionne'o analyses in support
of its reviews of proposed interim
exports of HEU, particularly with
respect to determining the dates when
conversion to lower-enriched fuels can
be anticipated. The Commission is
pleased to note that the current
Administration continues to support the
RERTR program and that Congress has
approved adequate funding for the
program.
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The Commission also notes that
several types of LEU fuel are currently
being tested in DOE's RERTR program.
As soon as all the necessary tests are
completed, the Commission is prepared
to act expeditiously to review the use of
the new fuel in domestic research and
tes! reactore licensed by NRC.

With respect to future export license
applications for HEU, bearing in mind
the Commission’s respomibdity to make
an overall finding that each export
would not be inimical to the cammon
defense and security of the U.S., the
Commission intends to continue its
current practice of careful scrutiny to
verify that additional interim HEU
exports are justified. The Commission
plans to continue to monitor the
progress of the RERTR program so that
it can understand what would be
appropriate conversion schedules, and
to encourage that actions be taken to
eliminate U.S.-supplied inventories of
HEU to the maximum degree possible.

The Commission notes that US.
research reactor operators have shown
Little interest in converting to lower
ennichment fuel. As part of a policy to
strongly encourage conversion by
foreign operators, the Commission will
take steps ' to encourage similar action
by U.S. research reacior operators.

Dated st Washington, D.C. this 17th day of
August, 1082,

For the Commission.

Samuel | Chilk,

Secretary of the Commission.
(PR Doc 82-23081 Plled 5-23-42 843 am)
LLING COOR 590074

Abnormal Occurrence Report; Section
208 Report Submitted To the Congress

Notice is hereby given that pursuant
to the requirements of Section 208 of the
Energy Reorganization Act of 1974, as
amended, the Nuclear Regulatory
Commission (NRC) has published and
issued the periodic report to Congress
on abnormal occurrences (NUREG-0090,
Vol 8. No. 1).

Under the Energy Reorganization Act
of 1974, which created the NRC, an
abnormal occurrence is defined as “an
unscheduled incident or event which the
Commission (NRC) determines is
significant from the standpoint of public
health or safety.” The NRC has made a
deciermination, based on criteria
published in the Federal Register (42 FR
10950] on February 24, 1977, that events
involving an actual loss or significant

"Becacse the “steps” relerred 10 1o the above
sentence have not been detaled or discuseed,
Commissioner Roberts does not agree to the

senfence since it implies that & specific course of
action will be followed by the NRC.

reduction in the degree of protection
against radioactive properties of source,
special nuclear, and byproduct materials
are abnormal occurrences. .

This report to Congress is for the first
calendar quarter of 1982. The report
identifies the occwrences or events that
the Commission determined to be
significant and reportable; the remedial
actions that were undertaken are also
described. The report states that there
were four abnormal occurrences at the
puclear power plants licensed to
operate. The first involved diesel
generalor engine cooling system failures.
The second involved pressure transients
during shutdown. The third involved
major deficiencies in management
controls. The fourth involved a steam
generator tube rupture. There were no
abnormal occurences for the other NRC
licensees during the report period. The
Agreement States reported no aboormal
occwrences to the NRC.

The report to Congress also contains
information updating some previously
reported abnormal occurrences.

Interested persons may review the
report ut the NRC's Public Document
Room. 1717 H Street, NW, Washington
D.C. or at any of the nuclear power plant
Local Public Document Rooms
throughout the country. Single copies of
the report, designated NUREG-0090,
Vol. 5, No. 1, may be purchased from the
National I‘S.cch.m'cd Information Service,
Springfield, Virginia 22181,

A year's subscription to the NUREGC-
0090 series publication, which consists
of four issues, is available from the
NRC-GPO Sales Program, Division of
Technical Information and Document
Control, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20858.
Microfiche of single copies of the
publication are also available from this
source.

Dated at Washington, D.C. this 16tb day of
August 1982,

For the Nuclear Regulatory Commission.
Samuel |. Chilk,
Secretary of the Commission.
[FR Doe 822305 Plled 8- &6 am)
BILUING COOE T590-0-48
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[DScket No. 50-373)

Commonweaith Edison Co; Issuance

. of Amendment to Facllity Operating

Ucense

On April 17, 1982, the U.S. Noclear
Regulatory Commission (the
Commission) issued Facility Operatin
License No. NPF-11, to Commonweal
Edison Company (licensee) authorizing
operation of the La Salle County Station,
Unit 1 (the facility), at reactor care

power levels not in excess of 168
megawatls thermal (5 percent power] in
accordance with the provisions of the
license, the Technical Specifications and
the Environmental Protection Plan.

The Commission has now issned
Amendment No. 4 to Facility Operating
License No. NPF-11, which authorizes
operation of the La Salle County Station,
Unit 1, at reactor core power levels not
in excess of 3323 megawatts thermal
(100 percent power) in accordance with
the provisions of the amended licanse.
In addition. the Amendment makes
administrative modifications dealing
with omissions. an addition and changes
fn the areas of exemption, reporting to
the Commissior. and completion date of
equipment qualification: requires
confirmation of vacuum breakers to
withstand pool swell forces; and a
license condition regarding HVAC
systems with respect o operation above
5% and 50% power,

La Salle County Station. Unit1isa
boiling water nuclear reactor located in
Brookfield Township, La Salle County,
[linois. The amendment is effective as
of the date of isguance.

The application for the amendment
complies with the standards and
requirements of the Atomic Energy Act
of 1954, as amended (the Act), and the
coCommjuion’; ngulndum The

mmission has made appropriate
findings as required by the Act and the
Commission's regulations in 10 CFR
Chapter L which are set forth in the
amended license. Prior public notice of
the overall action involving the '
Eroposed issuance of an operating

icense was published in the Federal
Register on June 9, 1977 (42 FR 29578~
28577). The increase in power level
authorized by this Amendment is
encompassed by that prior public notice.
Prior public notice of the administrative
changes authorized by this Amendment
was not required since these changes do
not involve a significant hazards
consideration.

The Commission has determined that
the issuance of this amendment will not
result in any significant environmental
impacts other than those evaluated in
the Final Eavironmental Statement, fts
Addendum, and assessment of the effect
40 year license from issuance of this
amendment since the activity authorized
by the license is encompassed by the
overall action evaluated in the Final
Environmental Statement, its
Addendum, and assessment of license
duration. Further, with respect to the
administrative changes in the
Amendment. the Commission has
determined that the issuance of this
Amendment will not result in any

PR
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The Commissioners 2

reactor problem and actions being taken to determine the apprepriate
physical protection requirements for these facilities. The interim
status report was published on December 19, 1979, as SECY 79-187C.

The four issues identified in SECY 79-187C and addressed in this
paper are the determination of:

1.  What radiation dose rate levels are needed for exemption
purposes, (review the 100 rem/hr at 3 feet standard),

2. What safeguards credit should be given for fuel type and
reactor design,

3. What constitutes "contiguous site" based on reasonable applica=
tion of 10 CFR 73.60,

4. What safeguards credit should be given for intermediate
enrichments of fuel.

Nonpower Reactor Status Report

\\ In SECY 79-1878B, 22 nonpower reactor lTicensees were listed as

' having licensas to possess a formula quantity or more of SSNM. Of
those 22, seven have taken or are taking action to reduce their
holdings to less than a formula quantity of SSNM and the NRC will
take action to amend their licenses to reduce possession authoriza-
tion below a formula quantity. These seven licensees are:

Babcock and Wilcox, Lynchburg, Virginia
Pennsylvania State University
University of Missouri (Rolla)
University of Washington

Rensselear Polytechnical Institute
Westinghouse, Zion, I1linois

University of California (Los Angeles)

Oo0oocoooo

The remaining fifteen nonpower reactor licensees will continue to
possess 5 kgs or more of highly enriched uranium (HEU) onsite and
the determination of the appropriate safeguards category for each
of these reactors is contingent upon the resalution of the issues
addressed in this paper. These fifteen nonpower reactors are:

General Electric, Vallecitos, California
Georgia Tech

Massachusetts Institute of Technology
Union Carbide, Tuxedo, New York

Rhode Island AEC

University of Michigan

University of Virginia

CocCoo0obooo
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CEPARTMENT OF NUCLEAR ENGINEERING SCIENCES - Z: - Cé }

October 10, 1378

Mr. Robert A. Reid, Chief
Operating Reactors 3ranch #4
Division of Operating Reactors
Nuclear Regulatory Commission
Washington, D.C. 20853

RE: Renewal of Facility Operating License No. R-36
Oear Sir:

We are in the process of compiling all necessary and required infor-
mation associated with the license renewal of the UFTR. A significant
part of a new Safety Analysis Report and Technical Specifications has
peen done.

Presently, a parallel effort is being made, with Department of Energy
support (Contract No. EY-76-5-05-4014), to change the UFTR fuel to 4.8%
enriched in U235, U0, pellets in stainless steel cladding. This change

will directly affect portions of the SAR. We respectfully request that
only one license renewal with the new fuel be submitted and cocnsidered for
re-1icensing, rather than two consecutive and different applications.

Portions of the required additional information not affected by the
change of fuel will be submitted earlier for review.

We expect that our studies on the new core performance and the safety
evaluation be finisned by the end of March, 1373 with final submission to
the NRC by June, 1979.

The UFTR is an operating reactor, with almost 20 years of safe operating
record. The studies and changes will further improve the operational capa-
pilities and safety of the reactor.

g |
q02 —~
4101 2T~

FLORIOA'S CENTER FOR ENGINEERING EDUCATICON AND RESEARCH

VAL EMPLSYMENT ORPORTUNITY AFFIRMATIVE ACTION EMPLSYER ‘ \



Mr. Robert W. Reid, Chief
Page 2
Octoper 10, 1978

Please let us know if further information is required.

Sincerely yours,

A 3
3 .q7$\’{F;AJAJ

W) X

~:({’1. Xid2

Associate Profes %
Director of Nuclear Facilities

NJD/jed

APPROVED:

M.J. Ohanian, Chairman

cc: L. Akers (DCE)
G.R. Dalton (UFTR Subcommittee)
C.E. Roessler (Rad. Control Committee, UF)
Steve Ramos (NRC)
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APPLICATION FOR A CLASS 104 LICENSE
FOR A RESEARCH REACTOR FACILITY

Based on

Code of Federal Regulations, Title 10, Part 50

to

U.S. Nuclear Regulatory Commission

R. R. 0'Neill, Dean
School of Engineering and Applied Science
University of California
Los Angeles
February 1980

AMENDED: April 1982

Title Page

M~

- 4-30-82



(i1i1) Foreign Relationships: The applicant is in no way
owned, controlled, or dominated by an alien, a
foreign corporation, or foreign government.

(4) Agent: The applicant is not acting as the agent or
representative of another in filing this application.
The applicant is the principal party.
Class of license applied for:
Class 104 License.
Use to which the facility will be put:

The reactor and its supporting laboratories will be used for

the education of senior undergraduate and graduate students

in nuclear engineering and related sciences. In addition to
formal courses and demonstrations, the reactor will be used
to support research at the M.S. and Ph.D. levels.

Period of time for which license is requested:

Twenty (20) years, or until March 30, 2000.

Other licenses applied for in connection with this facility:

Special Nuclear Material: (1) 4700 gms U-235 (irradiated),

%%) 4700 gms U-235 (fresh),
(3) Pu-239 as a 2 Curie, Pu-Be
neutron source.
Financial qualifications of the applicant:
This item is treated in Appendix I "Financial Qualifications".
Deleted
Not applicable
Not applicable
No restricted data or defense i=formation is contained in

this application or in any material offered in support of
this anplication.
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(TID-4500, l6th Ed.)
AEC Research and
Development Report

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois

ARGONAUT REACTOR CATABOCK

A compilation of experimental and theoretical results of
work done with, or related to, the Argonaut Reactor
to July 1960
by

W. J. Sturm and D. A. Daavettila

January 1961

Operated by The University of Chicago
under
Contract W-31-109-eng-38
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Section A

CHARACTERISTICS OF THE ARGONAUT

The Argonaut Reactor was designed for training in both nuclear
engineering and research, and the experience of nearly four years of opzra-
tion has proved the design to be practical. The reactor, because it is simple
to operate and extremely safe, is well suited for training people without
previous reactor experience. Safety is a primary design feature. As a re-
search tool, the usefulness of the reactor is enhanced by the fact that the
core is readily accessible and that the core geometry is flexible. A graph-
ite thermal column and a Jarge water tank are integral parts of the reactor,
and numerous types of experiments can be done in these media.

The 10-kw maximum operating power of the reactor prohibits certain
types of experiments, but this disadvantage is far outweighed by the fact that
fuel does not become a serious radiation hazard. For all the experiments
whose results are presented in this compilation, the operating power was
less than 100 watts and for most less than 10 watts.

This section lists some general nuclear and engineering data of the
Argonaut Reactor in order to present the basic design. The data cover
only the main points of a broad area, but this will be expanded in later sec-
tions. The nuclear data given in this section are the result of the first
theoretical calculations and preliminary critical studies.



A.l.

A.2.

A. 3

General (Ref. 1-7)
Type:
Design power:
Normal operating power:
Normal operating schedule:

Principal uses of reactor:

Fuel

Nominal fresh loading:

Total fuel inventory:
Fuel element shape:

Fuel mixture:

Fuel dimensions:
Cladding thickness:
Cladding material:
Type of subassembly:

No. of elements per
subassembly:

Subassembly dimensions:

Normal number of
subassemblies in core:

Normal arrangements of
subassemblies:

Normal lifetime of standard
subassemtlies:

Reactor

Overall active core dimensions:

Training reactor

10 kw

~ 100 watts

8 hours a day, 5 days a week

Education and training

| slab: 2.0 kg U**®
2 slabs: 3.6 kg U%®
3-in. annular: 4.0 kg U®*®
6 kg U*

24 x 2.84 x 0.098-in. plates

39 w/o Al, 7.8 w/o U3®0Q,, 31.2 w/o
U%%0,; Al matrix.

24 x 2.84 x 0.094 in.
0.002 in. (avg)
Aluminum

Stacked parallel plates

iy

6x 3 x 24 in.

1 slab: 6-9 subassemblies
2 slabs: 12 subassemblies

3-in. annular: 24 subassemblies

1 slab, 2 slabs, or full circle in
cylindrical annulus.

Indefinite

l slab: Annular sector - 30 in.CD,
24 in. ID, 24 in. high, sub-
tending a 90° angle.

2 slabs: 2 of above, diametrically
opposed.



Zxhilit N
UNIVERSITY OF CALIFORNIA, LOS ANGELES - UCLA

v =)
REKARIEY PDAVES © CRVINE ¢ LOS ANGELES © RIVERSIDE  « SAN DHFEGO « SAN FHANC MO -\ ! vurt O SANTA BAKBARA © SANTA CHUZ

oS o T A ! v ¥

OFFICE OF THE CHANCELLOR
LOS ANGELES, CALIFORNIA 90024

August 26, 1982

Mr. John H. Bay, Esq.

# Embarcadero Center
Twenty-Third Floor

San Francisco, California 94111

Dear Mr. Bay:

In response to our agreement reached over the
telephone on August 18, 1982 and recorded in your letter
to me of the same date, I have enclosed the following
information:

- a table reoresenting the fuel inventory
by various category at the UCLA facility
since 1970 contained in memo, Ostrander
to Cormier; and

- answers to the written guestions on the
“"Fuel Self-Protection Calculations" which
you had hand-deliverea to my office on
August 23rd; these questions were
essentially follow-up questions to our
interrogatory responses of August Sth.

I trust that you will find our responses to your
discovery requests both complete and timely.

Very truly yours,
« 4 ""I".‘.,_‘.,_
;’}‘A LT A // v (,‘u,s A

William H. Cormier
UCLA Representative

-

Enclosure

cc: Service List
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MEMORANDUM
25 August 1982

T0: W. Cormier
2241 Murphy

FROM: N. Ostrander
2567 Boelter Hall

SUBJ: NEL Fuel Inventory Since '970

I have constructed the attached inventory record for your response L0

Mr. Bay's request of August 18, 1982. Inventorial practices have changed
over the several AEC-ERDA-NRC administrations and even within the lTifetime
of the NRC. The general trend has been to add detaii by distributing
inventory into an increasing number of categories. Descriptive words have
been replaced by a three symbol code. There have been several generations
of such codes, and no assurance that thcy are one-fcr-one translatable,
For example, one can translate “encapsulated, enriched, unirradiated,
uranium-alloy scrap" intc the category "uranium" Dut the inverse
transformation is not possible.

A11 of this goes to say that I have made & Lest effort to provide a
complete record, but I have had to make some interpretations based upon
continuity of category by continuity of numbers. [ cannot attest to the
absolute accuracy of the record. I think it is a reasonable, but not
necessarily unique interpretation of the available records.

| INVENTORY OF U-235 ISOTOPE IN FUEL, kg

| Irradiated Fuel Fresh fuel
| DATE T TOTAL
l In-Core | In Pits Useful | Scrap
3-31-70 3.50 . ; 0.02 3.52
' 6-30-71 3.50 . 2.53 | 0.02 6.05
12-31-71 3.56 | 0.73 3.74 | 0.94 8.07
12-21-74 3.55 0.73 3.74 0.60 8.67
\ $-30-80 3.53 . 3.74 0.60 7.87
} 9-30-8] 3.53 . 3,75 . 7.28
; 8-25-82 3.3 | - .39 | - 4.92
‘ 2

Except for the Eméll burr-up (~ 1 am per year)l the inventories are
constant over any interval between adjacent dates. E.q., from 12-31-74
to 9-30-80, the total inventory was approximately 8.62 kilograms.  The
dates are inventorial record dates and not the actual dates of the

material transfer.

UNIVERSITY OF CALIFORNIA - «{)etterhead for interdepartmental use)

L R R R R N R I3y | W T R s 1N S RN -
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October 28, 1974

kKarl R, Coller

Assistant Director for
Operating Keactors
Directorate of Licensing
USAEC

wWashington, D. C. 90545

Dear Sir:

Due to the gensitive nature of the contents of this letter, we request
that this documsent be withheld from public disclesure pursuant to Section
2,790 of 10 CFR Part 2.

Upon redoing our calculations on the Special Nuclear Material inventory,

we found that our scrap quoted to you was the total uraniunm content, not

the U-235 content., Therefore, we have at our facility a total SIM inventory
of 9.287 kg. Of this, 4.293 kg. are exenpt and 5.094 kg. are non-exempt,

In order to comply with the 5 kg. limit and approval of our security system,
ve request permission to ship 340 grams of U-235 to Oak Ridge - Y-12
factlity. This vould bring our non-exeapt SNM inventory down to 4.754 kg.
and our total SNM inventory down to 9.047 kg.

Forms OR-650C and Forus OR-653A have been sent to:
Joe lMahler
Product Division

USALC
Oak Ridpe Operations Office
P. 0. Box “"L"

Qak Ridge, leuneasee 37831

Sincerely,

Charles . augh IIX
Reactor Sup. ; .gor
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UNIVERSITY OF FLORIDA TRAINING REACTOR
HAZARDS SUMMARY REFORT

Prepared by

J. M. Duncan

i

$5. 00 per copy

A Report to
The United States Atomic Energy Commission
Division of Civilian Application

From the
Department of Nuclear Engineering
College of Engineering
University of Florida
Gainesville, Florida
QOctober, 1958




[he biological shield is made of casts
in-place concrete with sections of barytes
concrete carefully located to reduce the
averall shield thickness, Access to the ends
and top of the reactor is provided by removal
of ordinary concrete blocks cast to fit the
openings.

These blocks, weighing up to 4500 lb,,
each, have pick-up plugs so that they may
pe handled by means of the overhead crane,
The concrete is thick enough to reduce the
radiation leaking from the reactor to 0.7
mr/hr at the full operating power of 10 kw,

The nuclear characteristics of this re-
actor, given in Table 4,5A, are similar to
those of othe r water-moderated reactors
using similar fuel plates such as the LITR,
MTR, BSTF, Borax [, II, and IIl, and

Argonaut,

4.5,1 Reactor Core

The reactor core consists of 24 bundles
of fuel plates and 12 single fuel plates con-
tained in six water-filled aluminum boxes
surrounded by reactor-grade graphite, Four
cadmium control blades, protected by mag-
nesium shrouds, move between the fuel boxes,

The fuel plates are in the form of the
MTR type (Figure 4,5F). A sheet of 0.040-
in, - thick 20 per cent enriched uranium-
aluminum alloy is completely clad with
0,015-in., thickness >f alwoinum, Theze
plates are 25 5/8 in. long, 2 7/$ in, wide,
and have a total thickness of 0,070 in, Each
plate contains approximately 14,5 grams of
These plates are bolted into
bundles of eleven plates each, spaced on
0.207-in. centers, leaving 0,137-in, channels
between plates, In each fuel box there is
space for four fuel bundles and two single
When fully loaded in this manner the
six fuel boxes contain 276 plates with a total

yranium-235,

plates,

of approximately four kilograms of uranium-
235,

Phe calculated cold clean critical mass
f the reactor is 3,5 kilograms of U-235,

“Summarcy Report on the Hazards of
Argenaut Reactor," D. H.
ANL-5647,

Lennox and

. Kelber,

- 27 =

Exhibit ¢
Page 2 of 2

In order to adjust the fuel loading to achieve
the specific excess k desired for operation
of the reactor, aluminum dumriies may be
substituted for fuel plates in assembling the
fuel bundles, An estimate of the worth of a
single plate lies between 0,1 and 0,2 per
cent k, which should allow sufficient flexi-
bility so that no special or partial plates
will be required initially for adjusting re-
activity,

Since heat-transfer considerations are
of minor importance for this reactor, a
number of different fuel elements could be
considered, It is desirable, however, to
ase a structure which closely resembles
those used in the Borax reactors, since the
behavior of Borax reactors during power
excursions has been experimentally demon-
strated, The use of metallic fuel plates of
high the rmal conductivity minimizes the
extrapolation of these data so that there is
a greater degree of confidence in the calcu-
lations of the results in the unlikely event of
an excursion,

Plates of Z0per cent enriched uranium-
aluminum alloy jacketed in aluminum have
been selected for the initial loading because
(1) less stringent security requirements
are associated withthis enrichment, (2) nu-
clear characteristics are satisfactory for
the purpose, and (3) proven fuel plates of

this enrichment are available, -

The six type-1100 aluminum fuel plate
boxes have inside dimensions of 5 in. by 6
in, by 48 in, high (Figure.4.5G). The
plates rest on a supportiag raember, 1'% ir,
above the bottom of the box, which centers
the fuel vertically in the reactor and pro-
vides for a water reflector above and below
the plates, The aluminum boxes are con-
nected at the bottom by means of an aluminum
header through which the cooling water is
supplied, The tops of the boxes are con-
nected by aluminum overflow and vent pipes,
Each box rests in a rectangular hole in the
graphite prism and, if desired, can be
removed by first unloading the fuel plates -
then, disengaging four nuts from studs on
the bottom flange with a long-handled wrench.

The top of each box is closed by a plug
which extends upward through ;he graphite
which forms the base for the vertical ther-
mal column, The upper part of the plug

emphasis added
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ARGONNE NATIONAL LABORATORY
P, O, Box 299
Lemont, I[llinois

UMMARY REPORT ON THE HAZARDS
OF THE ARGONAUT REACTOR

D, H. Lennox and C, N. Kelber

Including work done by: R. H. Armstrong

W. L. Kolb
Andrew Selep
B. I. Spinrad

Reactor Engineering Division
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5. Graphite Core Pieces |

The core contains 24 graphite wedges, each li-zn. at the ‘
base, £ in. thick, 24 in. high, tapering to a blunt point. [t also contains
twelve graphite dummy blocks (3 x 6 x 24 in.).

When water is admitted to the fuel region the graphite filler
pieces become submerged and hence must be waterproofed. As an inexpen-
sive substitute for aluminum cladding, an aluminum-Krylon plastic spray-
coat is used. Irradiation in CP-5 comparable to several years of operation |
of Argonaut caused no degradation of the coating.

0. Fuel Elements

Each complete fuel ass~mbly box contains 17 aluminum-
clad plates (Fig. 7). The over-all dimensions are 6 in. x 3 in. x 24 in. long.
The plates are assembled with aluminum bolts at top and bottom. Dummy
aluminum plates or graphite slabs can be substituted for fuel plates to vary
the quantity of fuel per box. Spacing between plates is maintained by two
Teflon washers (1/4 in. thick) attached to each end of the individual plates.
This separation gives a metal to H,0 volume ratio of 0.4.

An inexpensive fabrication technique for making fuel plates
containing 35 wt-7 of 20% enriched U;O4 was developed by the Argonne I
Metallurgy Division. A hot extrusion of a mixture of U;O4 and 2S aluminum |
powder gives plates with negligible void volume and over-all dimensions of
0.098 in. thick by 24 in. long and 2.84 in. wide. !

Aluminum powder and U;O4 in the proper ratio were placed
in a 3}¥-in. diameter vented aluminum can, heated to 483C, sealed and then
extruded in a 400-ton horizontal press. The resulting fuel sheet, approxi-

1

mately 17 ft long, was cut into sections 2 ft long. A clad averaging 2 mils
-

thick covered the piate excent on the ends at the point of cutoff and at some
scratch points along the surface. Exposed portions of the fuel matrix pre-
sent no corrosion aroblems; however, a plastic spray is applied to stop

iission recoils

The uranium oxide content of each plate varies; those cut
from the ends of the extrusion contain somewhat less U;Oq4 than the average.
The composition of each plate i1s:

u 19.6 gm T 10%
U}O; 14 gm
Al 248 gm
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ll1. Start-up Source

An antimony-beryllium-photoneutron source is used to pro-
vide neutrons for start-up and multiplication measurements. The source
is motor driven from a loading port outside the concrete shield in a trench
under the reactor tank.

The antimony in the source is removable from the beryl-
lium to permit rejuvenation in CP-5. An activity of ~5 x 10® neutrons,
second is obtained from a solid cylinder of antimony I in. OD x 1} in. long.
The antimony 1s clad with aluminum, irradiated for 5 days in CP=-5, and
inserted in a 3-inch cube of beryllium.

12. Handling Equipment

A jib-type crane is installed in the floor within the reactor
shield so that the jib arc reaches all blocks. The rated capacity is 1//?. ton
at the end of the boom and 4700 pounds at a point 6 ft from the mast, cor-
responding to a position directly over the top shield plug. A portable lead
coffin is used for transferring either fuel elements or antimony from the
start-up source.

Top Shield Plug

A steel-clad, barytes concrete-filled slab (61§ in. x
614 in. x | ft thick) shields the top of the active region (see illustration).

Trd e
ndaex Aey

‘ndex 3ot

Access to Fuel and Four R
Experimental Holes

Central Experimental Port
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D. Experimental Facilities

Space and structural strength is provided for exponential ex-
periments laid on top of the core region. Removal of the upper shield plug
leaves a five-foot square distributed neutron source, which may be shaped
by addition of a graphite pedestal. Performance of such experiments tem-
porarily precludes any access to the core.

A tunnel (4 x 5 ft) penetrates one side of the shield and is served
with a movable cart. Initially, a water-filled tank will be mounted on the
cart, plugging the tunnel. The tank may be used for (1) shielding studies;

\2) water-moderated exponential measurements; or (3) solid materials
may be located on the cart for migration measurements. Interlocks re-
quiring both that the cart be completely forward and that the biological
shielding be adequate before start-up can proceed ensure that cart motions
cannot add reactivity to the system and that loss of water in the tank cannot
lead to over-exposure of personnel.

The internal reflector has five removable vertical stringers at
varying radii. Access to the stringers is through ports in the top shield
plug. When these stringers are removed, samples or experimental liners
must be in place before operation is permitted. Electrical interlocks en-
sure this condition.

Two holes (4 x 4 in.), provided by removal of concrete-graphite
plugs, penetrate the shield and reflector at the active lattice midplane. The
holes extend to the outer reactor tank at points 90 degrees from the external
thermal column and the irradiation cart.

The external thermal column has fifteen removable stringers.

Complete removal of the internal tank is possible when the fuel
annuius i3 unioaded. This leaves a three-foot diameter, jrachite-reflected
tank in which multiplication experiments mayv oe performed; or critical ex-
periments may be performed there:in after an additional hazards review.
Such review 15 also required for performance of internal 2xponential axe-
periments, which require removal of the .nner tank before replacement of
the inner thermal column. The inner thermal column cannot, by its design,
be unloaded while the inner tank is in the reactor.

E. Fuel Storage

< vv, 1 * T 1 -
The total inventory of U® in the reactor building is 5.3 kg con-

tained in fuel plates. Approximately 3.75 kg are normally contained in the
. : . " = 5 3 3
reactor; the remainder are locked in a four-drawer, cacn‘.;um-l:nec,

combination-locked file. All storage criteria have been checked to ensure
against achieving criticality by flooding or other accident.
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In each case the remaining annular region is hilled
with graphite filler blocks

(USA) ARGONAUT
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ARGONNE NUCLEAR ASSEMBLY
FOR UNIVERSITY TRAINING

DATE OF INFORMATION : October 1962
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T = =
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- e — —— ]
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A |
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- m . o = B e e e padiaias
Neutron besm source, exponentisl expeniments 7. Present status In operstion
3. Purpose shieiging studies, migrstion messurements. fuel & construction Stant of construction 1956
studies, vTadiation studies, 1eactor kinetics studies sshadult fResctor critical Feb. 1957 |
genersl ieacior properties
|
4. Location Argonne Nationa! Laborstory |
Lemont, Ihinow, USA
_—- - — ——— SO —.
REACTOR PHYSICS
8 Neutron snergy Thermal At 10 kW {
\ 11 ]
and hifetime Lifetime sbout 1.8 x 104 sec 10. Neutron flux Thermal av. 147 x 10!} n/em? see
Thermal max. 169 x 101! n/em? sec
‘ — Fast max 1.35 x 1019 njcmi sec
I 9 Core paramaters One slab core ‘
n=208 e=10
t=080 p=098 - I ——
k, =160 L‘"-i()\."_’) 1 3 —— I - o i — -']
L1=3820cm? t=613cm?! B2=0008cm-? 11. Reactivity Max built in (cold, clean): 0.5%, used for experi- |
Thermal leakage factor 097 balance ments l
age factor 065 ' {
|
|
CORE
12 Cylindrical snnulus. 36 in od, 24 in id. 24 in_ high 18. Average power Normal 14 W/ier (one slab core, 100 W)
dimensions Vanous core configurations possible, consisting of density in core Design max. 1.4 kW/hue (one siab core, 10 kW)
6 10 24 subasseamblies L

19. Bu nup

Negligible

20. Fuel loading
and unloading

Under norme! conditions fuel is manually transferred
iwithout need of shweiding. For extreme cases a
ub-type crane and lead coffing with means for

21 lrradiated fuel
storage

) 7'c,;.;\dry‘ sl holes, 8 " ’dum lnaillnidnp n |

mderng end grappling may be used.

cedmium-lined concrete
Normal loading of 6 subassemblies. but it is possible
10 store up 10 18 subassemblies.

22. Moderator

23 Blanket gas

200 gal light water, cooled for operation above
1 kW 10 room temperstute

None

FUEL ELEMENT

13 No. of channels Room for 24 subassemblies in annulus
& subassemblies One slab core ~ 6 subessembiies in & 90° saction
of annulus
Two lab core — two such 80" sections diemaetri-
cally opposed
Annular cote - every position loaded. but only
the inner 3 10 wath fuel
14 Lattice 24 posiions spaced equelly on 8 cucle of 8 radius
of 15n
15. “ritical mass One sisb core 1.9 kg U
Two slab core 34 kg U
Annular core 41 kg U
16. Core loading at One siab core 1985 kg UIN
rated power Two sisb core 35 kg U
Annular core 42 kg Ui
17. Aversge specific - . 2 .
power in fuel Normal 50 Wike U1 fone slab core, 100 W)
Demgn max. 5 kW/kg Ui (one slad core. 10 kW)
24 Form and

mposition

Rectanguiar plates

sles vers 8 x £ 8 n
Enrichment 20% Swt % U0, n alumiruum
powder maltrix ot extruded

25. Cladding

Alumimium, bonded 10 meat by sintenng
Finel cladding thickness is 0 002 in, except 8t end
points of cutoff which sre epoxy resin costed

26. Subassemblies

17 paraliel plates, spaced 0 25 in. apant, form o fuel
subsassembly, 6 =3 ~ 24 in. oversll

Dummy sluminium pilates or graphite slabs may be
used to vary fuel load per subasssembly
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PURPOSE Research and Training
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1. Resctor type | Lght water moGenated SAG COOWd QraDNME rehectaC operstor AG. Exeng ;
2. Nomunasl reector 1 kW tThermal continuous 6 Uesconer and c Coft AG, Eriangen —1'
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HAZARDS ANALYSIS BY THE TEST & POWER REACTOR SAFETY BRANCH

DIVISION OF LICENSING AND REGULATION

IN THE MATTER OF

THE UNIVERSITY OF CALIFORNIA (UCLA)

DOCKET NO. 50-142

8y application amendments dated February 23, 1961 and April 15, 1961, The
University of California (UCLA) has requested AEC authorization to make
several minor modifications to their 10 Kw training reactor. These modi-
fications are discussed below:

NDi{scussion of Proposed Modifications

Low Temperature Inhibit Condition

Rod withdrawal is currently inhibited i{f the moderator temperature is below
A09F; this condition was considered necessary at the design stage of the
UCLA reactor as calculations indicated a positive temperature coefficient
below this point. Recent measurements have indicated that the coefficient
is actually negative below this temperature (-8.5 x 10°3 delta k per centi-
grade degree over the range 329F to 120°F). The applicant has therefore
proposed to eliminate this {nhibit condition.

Short Period Inhibit Condition

Rod withdrawal is currently inhibited in the event of a reactor period less
than 10 seconds. The applicant proposes to change this set point from 10
seconds to 6 seconds in order to avoid spurious period indications that have
become an operational inconvenience. This modification will not affect the
period scram set point which will remain at a setting of 3 seconds.

Low Count Rate Inhibit

Rod withdrawal is currently inhibited if the neutron count level is below
10 counts per second. The applicant proposes to change this inhibit con-
dition to 1.5 counts per second in order to allow withdrawal of the BF3
startup counter o a lower flux yegion. The value of 1.5 counts per second
{s consistent with values specified for other research reactors; e.g., the
University of Florida reactor, an essent.ally similar type, requires a
minimum of 2 counts per second.

Change of Source

The applicant proposes to replace the 2 curie Pu-Be source with a 10
millicurte Ra-Be source. The present Pu-Be source has been determined
to give a much stronger indication than required for safe startup. Both

tvpes of sources have been utilized successfully in research reactors; we
anticipate that no additi{onal hazard will result from the replacement of

Pu-3e source with the Ra-Be source.
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ae have examined the safety aspects of each of the modifications described
above. In our opinion, these modifications all represent minor changes andwill
not ' adversely affect the safe operation of the UCLA reactor,.

By further application amendment dated March 21, 1961, the University has
requested authorization to perform a number of experiments., The Staff con-
sidered it advisable at the time of issuance of the operating license to

limit the performance of experiments as there were essentially no experimental
procedures described in the original applicetion, and proposed experiments
other than those in the initial testing program were not specifically described.
We believe that sufficient information now Nes been submitted in support of the
experiments requested by the March 21 application to enable us to make a safety
evaluation, The experiments requested by this application are described below:

Discussion of Proposed Experiments

Neutron Beam Experiments

These experiments will allow the applicant to extract a beam of neutrons from
the reactor core upon removal of shield plugs and stringers associated with the
beam ports, access holes, or thermal column. Adequate shielding will prevent
over exposure of personnel. Experiments of this type are very common for

~ University research reactors.

Operatibn With Shield Blocks Removed

The applicant proposes to operate at power levels below one watt with the
portable central shield blocks removed and to bypass the interlock which
inhibits withdrawal of the control rods {f the reactor closures are not in
place. Radiation levels at power levels below one watt will be sufficiently
low to allow removal of the blocks; radiation surveys and personnel monitoring
will be employed to detect any possible radiation hazards.

lrradtation of Special Nuclear or Source Materials

The applicant proposes to irradiate up to 250 grams of fissionable material !n
double sealed containers for periods less than four hours at full power. This
material will be irradiated at the outer face of the thermal column. Calcu-
lat{ons and experiments {ndicate that the i{ntroduction of fissionable materials
at this point (48 {nches from the core fuel) will not consitute an {ncrease

of reactivity for the reactor itself. The limitation to less than 250 grams
insures that the material {rradiated cannot assume a critical configuration,

We concur with the applicant as to the reactivity coupling and eriticality
effects; we believe no safety problems will be created by the {rradiation

of this material,

Control Rod Positions

j) The applicant proposes to operate the reactor with the three safety rods
partially inserted to varying depths so as to make flux distribution s;u?:ei
POssidble., The regulating rod will be on its down limit during 8"?135”‘??'
lation of a safety rod and the reactor will Se brought to criticality only
through witidrawal of the regulating rod., The experiment will not involve
a0y charre in the allowable excess reassiv{sy (0,.£% delta k/k).



Irradiation of Other Material

The applicant proposes to irradiate absorbing material in the core, reflector,
shield, thermal column, or shield tank of the reactor. Only material resulting
in negative reactivity wiil be involved and no change of fuel loading will be
permitted, Since the reactor will be loaded to a maximum of 0.67% delta k/k,

no serious insertions of reactivity would result upon inadvertent removal or
failure of experiments, Irradiation of absorbing material is very common in
University research reactors.

Reactor Oscilliation

The applicant proposes to perform reactor oscillation experiments, utilizing
a rotor-stator type pile oscillator. No changes in fuel loading will be
permitted and the magnitude of the oscillation will be adjusted so as to
result in a power variation of no more than plus or minus five per cent.
Similar experiments have been performed in other research reactors; we
anticipate no new safety problems will result from the use of the pile
oscillator in the UCLA reactor.

Water Level Variations

The applicant proposes to operate the reactor at powers up to one watt with
the reactor core water below its normal operating level and with zero coolant
flow. To accomplish these experiments, the core water level, primary coolant
pump, and water flow safety interlocks will be bypassed. The written pro-
cedures employed during normal startup will be followed at each new water
level; the rods will be reinserted before any change in water level is made.
Reactivity effects will be negative upon lowering the water level and in no
experiment will the excess reactivity be permitted to exceed 0.6% delta k/k.
Undesirable temperature rises will be avoided by operating the reactor at low
power levels; an alarm light and an alarm horn will be actuated in even: of

a high moderator temperature, It is our opinion that these experiments can
be performed as proposed without presenting any hazard.

Temperature Variations

The applicant proposes to perform experiments involving reactivit changes
{nduced by varying the core coolent temperature over the range 33°F o 120°F.
Reactivity changes will be introduced by successively bypassing the primary
pump and coolant flow safety interlocks, stopping the primery coolant flow,
establishing a different coolant temperature, and then restoring the coolant
flow. The maximum reactivity insertion possible is about 0,47 delta k/k,
which corresponds to a period of about 5 seconds. The 3 second scram will

be operative during these experiments. The coolant flow will be interrupted
only when the reactor is at power levels below one watt. We believe that
experiments of this type can be conducted safely in the manner proposed.

It is pertinent to note that the experiments described above will be coa-
ducted under the direct supervision of the Reactor Supervisor or his licensed
deputy in accordance with written procedures approved by the UCLA Reactor
Hazards Comaittee, We are satisfied that performance of the proposed
experiments will not present undue hazard to the public or operating

personnel.,




UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON 25, D. C.

THE REGENTS OF THE UNIVERSITY OF CALIFCRNIA

DOCKET NO, 50-142
LICENSE

License No, R-71

1. This licenee applies to the Argonaut-type nuclear reactor (hereinafter
referred to as "the reactor") designed for 10 kilowatt (thermal) operation
which is owned by The Regents of The University of California and located
on the University of California camprus in Los Angeles, California, and
described in the application dated June 24, 1959, and amendments thereto
dated Jaruary 4, 1960, and June 23, 1960, (hereinafter collectively
referred to as "the application"),

2. Pursuant to the Atomic Energy Act of 1954, as amended, (hereinafter referred
to as "the Act") and having considered the record in this matter, the Atomic
) Energy Commission (hereinafter referred to as "the Commission") finds that:

A. The reactor has been constructed in conformity with Construction
Permit No, CPRR-42 issued to The Recents of The University of
California and will operate in conformity with the application and
in conformity with the Act and with the rules and regulations of the
Commission;

B. There i{s reascnable assurance that the reactor can be operated at the
designated location without endangering the health and safety of the public;

C. University of California is technically and financially qualified to
operate the reactor, to assume financial responsibility for payment
of Commission charges for special nuclear material and to undertake
and carry out the proposed use of such material for a reascnable
period of time, and to encage in the proposed activities in accordance
with the Commission's regulations;

D. The possession and operation of the reactor and the receipt, possession
and use of the special nuclear material in the manner proposed in the
application will not be inimical to the common defense and security or
to the health and safety of the public; and
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APPENDIX "A"

¢ o

UNIVERSITY OF CALIFORNIA

FACILITY LICENSE NO. R-

Estimated Schedule of Transfers of Special Nuclear Material from the Commission to

the University and to the Commission from the University:

(1)

Date of

Transfer
(Fimcal

Year)

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

(2) (3) (L) (5)
Net Yearly Cumulative
Transfers Distribution Distribution
from AEC Returns by the University Including Including
to the to AEC Kgs. U-235 Cumulative Cumulative
University Recoverable Spent Losses Losaes
Kgs. U-235 Cold Scrap Hot Fuel Kgs. U=235 Kga. U-235
h.wo 0.&0 - 3.3“0 3031‘0
- - - - 303&0
- - - = 303!40
- - - - 303130
- - s - 3-3h0
00010 - 0.m5 Ocms 303h5
- » - - 3-3’45
- — - - 303b5
-~ — - - -~ 303245
- - — - 303&5
0.010 - 0.00% 0.005 3.350
3e3L0% (3.3L0) 010w
L.020 0.660 3.350 0.010%s

# Inventory to be returned

*# Burnup losses

-
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(1ii) Foreign Relationships: The applicant is in no way owned,
controlled, or dominated by an alien, a foreign corporation,
or foreign government,

(L) Agent: The applicant is not acting as the agent or represent-
ative of another person in filing this application. The
applicant is the principal party.

@, Class of licence applied for:

Construction Permit only. In August of this year we will
ask that the Construction Permit be converted to a Class 104
License.

Use to which the facility will be put:

The reactor and its supporting laboratories will be used for
the training and education of senior undergraduate and
graduate students in nuclear engineering and related sciences.
In addition to formal ccurses and demonstrations, the reactor
will be u=d to support research at the Master's and ?Ph.D.
level,

Period of time for which license is requested:

At the time the Class 1C4 License is applied for, in a
supplement to this document, we will ask that the license
run for ten (10) years, or until November 30, 1969.

Jther licenses applied for in connection with this facility:

Special Nuclear Material - (1) L.CO Kg 0% enriched U235
(2) Pu=239 as 2 curie Pu-Be neutron source, An allocation
of Special Nuclear Material is requested in this application.

f. Financial qualifications of the applicanct:

The College of Cpgineering is a part of the University of
California, Los Angeles, which is part of the combined
University of California -- a state university and land
grant college., Its financial support is primarily from
appropriations of the Cazlifornia State Legislature, Additioral
income is derived from fees, grants, and contracts. The fiscal
1959 budget of the 'niversity is aporoximately 3200,000,0C0, of
which approximately $2,000,0C0 is budgeted for the College of
Engineering, Los Angeles. The budget request for operatiocn of
the reactor facility in 1960-61 is $97,0C0, JSufficient funds
are available to operate the reactor facility on a continuing
basis for the duration of its license,.#

R e L
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application and future supplements, The following
§ provided as required under this section,

l. The applicants financial qualifications are discussed in
Section 50,33 paragraph f,

2, 3, and L. Estimated date for receipt of first shipment of
special nuclear material: It is desired that L Kg of U=235
as 70% enriched fuel be received in Los Angeles, California
approximately October 1, 1959, Approximately 660 grams
contingency allowance will be returned to AEC on or abteut
December 30, 1959.

Prior to shipment to Los Angeles this fuel is to be fabricated
into fuel plates as specified by AMF Atomics, the reactor

fabricator., An allowance of 10% excess fuel should allocated
for waste in fabrication,

ed that the 2 curie Pu~-Pe source containing 30 gms,
received in Los Angeles on or absut August 15, 1959,

Estimated schedule by years for subsequent receipts, consumotion

and transfer:

Transfer Pu
Year Receipt by UCLA Consumption to Commission Production
1960 None 0,975 gm, 235  None 0. 0.05me
1961 None 0.975 gn. 235 None 0,08 gm.
1962 None 0.975 gm., 235 None ‘ 0.05 gm.
19643 None 0.975 gm. 235 Yone 003 .
196k 10 gme. 235 0,975 gm. 235  O8m 25CQImg Pu 0.05 gm.
1965 None 0.975 gm. 235 KNS 0.0§ g
1566 None 0.975 gm, 235  Nene o
1567 Nene 0975 gm. 235 %one O.Ug g
1968 None 0.975 gm. 235 None O'?é iy
1969 10 gme. 235 0.975 gm. 235  8m235 Q7mg Pu 0,05 gm.

”, fhe

e is based on the assumption that reactivity will
d by adding one replacement fuel plate containing
t five-year intervals,

This schedul
te replenishe
10 gm U-235 a

that there will be no return of the entire core
sion due to cerrgsion or obsclescence during the
od for which this schedule applies,

Since no fabrication or reprocessing will be done by the
university, there will be no operating losses of special nuclear
material,

Supportine date for atove estimates:

*

a, r UCLA training reactor $
i

§
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3 June 1970

Dr. Peter A. Morris, Director
Divisien of Reactor Licensing

U. S. Atomic Energy Commission
Washington, D. C. 20543

Dear Dr. Morris:

We wish to request permission to have on site in the Nucleer Energy
Laboratory on additional 4.3 Kg of Uranium=-233 for the purpe.: -4
refueling. Money has been grented us by the Division of Nucleor
Education and Training for ¢ new fuel loading consisting of 24 bundles
for o complete core change and 5 spore bundies for low sower experi-
mentation. Our current license permits us to have only 3.5 Kg of U-233
in the Nuclear Energy Laboratory at any one time. However,

guring the actua) refueling, we woulc have cpproximately 7.€ Kg of
=225 anc after refueling anc shipment of the cld fuel buncles
sporeximately 4.3 Kg.

- ) gpe
“ur sresent olens cre to refuel the reccter curing the summer of 1971.

e ks

Thomes E."Ricks, Director
Nuclear Energy Laborctery

OCrind 3
—
JUNB 1870 PG
/o -

FIULATORY 1/
TN

o0CKET CLERN

ZLEAR ENERGY LABORATORY THOMAS £ HICKS. 2 ; Director
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DRL Reading

Branch Reading

JUN 241970 y//Docket File

J. Skovholt

Schroeder

D.
R. H. Vollmer
F.
H.

K. Shapar, OGC
D. L, Ziemann

E. R. Fleury
University of California at R. Diggs
Los Angeles PDR
Sehnol of Engineering and
Applied Science
Los A~peles, California 90024

Attention: Dr. Thomas E. Hicks, Director
Nuclear Energy Laboratory

Gentlemen:

Your letter dated June 3, 1970, requested an {ncrease of 4.3 kilo-
crams (from 3.5 xilograms to 7.8 kilograms’ in tre quantity of
uranium 235 which the University may possess at any one time under
Facility License No. Re71, to accommodate the refueling of vour
Argonaut-type research reactor wnich is planned for the surmer of
1971. However, the license currently authorizes the University to
receive, possess, and use &4 kilograms of uranium 235 which, when
{ncreased by 4.3 kilograms, {s & total of 8.3, Please advise us
whether you wish the new 14mit to pe £.3 kilograms or 7.8 kilograns

1f vou do not plan te receive the additional quantity of material
for refueling prior to the summer of 1971, we will take action on
this request at the same time we corsider vour application dated
Tenruary 20, 1970, for renewal of License No. R=71 and the {ocor-
poration of Technical Specificaticns. Please {ndicate vour plans
in this regard.

Your request will necessitate an amendment to your license, Please
note that Section 50.30(b) of 10 CFR part 50 requires that applica-
t{ons for amendments be filed under oath or affirmation with three
st ned oricinals and nineteen addirional copies. Therefore, your
response to tnis letter should de filed in accerdance with Section
50.30(:’ and incorporate DY ceference the letter cdated June 3, 1970

Sincerely,

drgnal fignet ¥
3. 5. Swemet
Donald .. Skovholt

Assistant Director for Reactor (perations

e | P Division of Reactor Licensine
4 <,

IR e

-
<
o S
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\ Y24
9 July 1970 b p

Donald J. Skovholt
Assistant Director of Reactor Operations
Divisien of Reactor Licensing
$. Aromic Energy Commission

Weshington, D. C. 20545

Dear Mr. Skevholt:

In reference to your |etter of 24 June 1970, the amount of ocditional
fuel we expect to receive will be 4.3 k:loorcrrs Therefere we would like

(' the new limit to be 8.2 kilogrems of uranium=-223.

Cur present plans call for refueling ir, June cf 1971, We would orefer to

have the renewc! of License R-7) aparovec rather *han writ mc an amendment
= our current license. The oroposea |icense which we rent wi ith our

Technicol Specifications inciudes the provision of up to 6 kilogroms of fue

Ao Sl

Thomes icks, Director
Nuclear Energy Lsborcrory

l

in storage for refueling (paregrapr SB).

—

CWIAR INERCY LABORATORY THOMAS £. HICKS. Proresscr and Direttor
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Dr. Peter A. Morris

Division of Reactor Licensing

U. S. Atomic Energy Commission
Washington, D, C, 20545

Dear Dr, Morris:

Previous requests for permission to possess edditional 93% enriched U-235 in the
form of ¢ new fuel loading for our recctor were based on the proposec final
composition of tne fuel elements,

We have now been advised that in crder to process these fuel elements, it wiil be
necessary to provide the manufocturer with 6 kilograms of melt stock. Any matericl
remaining (over cnd above thet contained in the finished plates, less cn estimcted
2% loss during manufaciure) would be deliverec to UCLA witn the fuel elements.

Bated or *he above we need to possess o total of 10 kilograms of 3% enrichec
J-225 (.0 kilogrems now coverec by our R=71 license slus £.0 kilogrems requirec
to fabricate our new loading).

Gur reguest for Technical Specifications contcins provision for pessession of 10
| kilograms of $3% enriched U-235, However, delays in negoticting tnese Technicel
Specifications =~.ake it necessary that we now csk for an cmencment to our existing

license in orger to expedite fabrication of these fuel elements.

NUZLEAR ENERGY LABORATORY THOMAS E. HICKS, Professor an2 Directze



Dr, Peter A, Morris 15 September 1970
Division of Reactor Licensing Page Two

Enclosed are three official copies of the Application for Amendment to the Facility
Licerse R-71 and nineteen additiona! copies, If there cre any cuestions regarding
this request, please contact Mr, D, N, Jones, Leborercry Mencger (213) 825-2187.

Very truly yours,

/\(ch:\ Z“'s'*-“‘

Thomes £, Hicks
Director, Nuclecr Energy Leboratory

TEM:en

Enclosure: 22 copies of application



APPLICATION FOR AMENDMENT

to the

Fecility License R=71)

for the
UCLA Training Reccter

Amencment Reguest “_moer £




We wish to amend sub-parcgraph 3B to read:
38, Pursuont to the Act and Title 10 CFR Chopter |, Part 70, Specicl
Nuclear Material, to receive, possess and use up to 4 kilograms of
contained U-235, 32 grems of piutonium in ¢ Pu=Be source, ancd one grem
of slutonium in the form of foils or wires for the purpose of meking flux

distribution measurements, plus 6 kilograms of 93% U=233, required for

fobrication of a new fuel loading (24 bundles and 3 spare bundles; a totel

of 219 pletes assembled), all for use in connection with the reactor; . . . .

Nore: Underlined portion represents the change reguestec,
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Proposed License

UCLA-] Research Reccter

1. Applicebility:

This license supersedes end recleces License R-71 ond' its ainencments and
chenges. It is gpplicable to the ULLA Argoneutr -type resecrch recctor
(hereinafter referrec to gs "UCLA-1") wnich is owned by the Regents of the
University of Californic, and is locoted on the cempus ot Los Angeles,
Celifornia, (hereinafter called "ihe University").

2. Demecnstrated Performance:

. . . 1 . . '
By its record in construciing the resctor end opercting it scfely for @
ocerics of 10 years, the University hos cemonstreted iis teehnice! ang finonciel
;

l.. CoriC 1$ TC O &ldle ne £alic in QCCOICS CE N * ne U VITES S‘c es
~

mic Energy Commissien's regulctions, (hereinofter called the "Cemmission"),
in o monner consistert with the health ond sefety of the puplic. -

€
v

.00

-~
a
-
~
o)

n

0

Therefore, for the purpose of this license 1ene~cl, the University's

cuerating record will be occepted oo sotisiying the rejuirements of section 50.32
of Part 50, of the Commission’s reguictions, except for the resirictions spelled
ou! in this license.

Subject to the conditions end regquirements incerporales nereir, fhe
[ até e haraby ra ae¥e 'L Cis=am et 1om ¢+ 13 e B w g ekl
U Sfsily Neresy QU SEis TNREe LU 10N 1o 11CCNSC &8 IQHICNS
.~ ' 4 i A s ¥
v - - £ s P - par's £ z
A. Pursuent to Section 104z of the Atemic Enargy Act of 193 enc
3 - ] + 3 ~ 0y P ¢ ¥ 3
Title 10, CFR, Chapter 1, Pert 30, "Licensing et Frocuction
L . . kg
ond Utilization Facilities", to pozsess end cpoercte ULLA=] o

-4 € X3 3 | ' ) [ - H - .‘ -~ —-' -
a utilizetion fazility of the designeted locotion in Lo Angsles,
Colifornie, in gesardsacs with tha sracersures ond limitetions

lifornie, | sordLacs s =tacerures s 4 $
descrines in the gppiizsiicn end sece;

B = & & = I a4 T le \ ¥ @l & &P = b ot )

B. Pursuent o the Agt and Title 10, CFX, Craoster 1, Port /C
" o Ladt N3 ] P . P F - - .
Special Nucleer Meterial”, to receive, powsass onr wie ug

B Lottt - ha wmmpd sy - ve £ O ~é £ .o
10.0 kilogrems (4.0 kg in the reacier ens ¢ 10 £.0 g 7 fudi In
bncmmn e rafuelins) ef uranium 235 800 araet of ciutenium
storo2e 10T reivsimng) G UGaiv hvw; wwvwe X'e ST SIS, ,

d % &8 £ & - o heai iR 3 o oy - . - o P :
and 250 grems of uranium 232 for use in conneciion wirnh operetion &
the reacror or other ressorch projects;

PR - P P
New Pursugnt 12 the ACr o vl L, Sl i C2 G St S,
P imame men ol By armsl mi Lo ataste R o
wieTie - e I - i j e =< - - - v sSew =
2
such Bysradusr moteriais o8 moy o6 presusad by C.efeiicn o Tna reLs
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The Regents of the University

of California

(]

™e above i{nformation should be filed as an amendment to your appli-
cation with three signed and notarized origiral copies and nineteen

additional copies.

In addition, your letter of July 9, 1970, which

requests an increase in the quantity of uranium 235 which the University
may possess under Facility Licemse No. R-71 to 8.3 kilograms, should be
incorporated in the amendment by reference.

1f you desire further informatiom or clarificatiorn of these requests,
please contact Messrs. Dennis L. Ziemaan or James W. Shapaker.

Eaclosures:
. 10 CFR Part 50

.

-
~
-

Sincerely,

Origica! Signet
3 L St
Donald J.

Assistant
Reacter

Skovholt
Director for
Operaticas

Division of Reactor Licensing
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SCHOCQL OF ENCINEERING AND APPLIED SCIENCE
LOS ANCELES, CALIFORNIA 90024

7 October 1970

Dr, Peter A, Morris

Division of Reccter Licensing

U. S. Atomic Energy Commission
Weshington, D, C. 20545

Docket No, 30-142 A" o
Reguiatory Fiie “y-.

Dear Dr. Morris:

Enclosed is o revised cpplication for renewal of license R=71. In cccordance
with the letter received from Doncld J. Skovholt, Assistent Director for Reacror
Operations, datec 31 August 1970, we have revisec our license and technical
specifications to include the additional information required.

Our request for 230 grams of uranium 233 nes been deletec. The recuest for 467
srams of plutonium hes ceen revised to 33 groms of plutonium, as outlined in

‘he license. We hove not included the suzplementc! scfety anclysis suggestec in
the letter of 31 August 1970, es we hove omittec tne request 1o increcse the power
level to 500 kilowatts.

The technical specifications (Appendix A) have been revisec to conform to the
form and content of the technical specificctions crepcrec for the University ot
Floride Argoncut=type research reccror,

The license anc technical specificstions nove ceen revieweg Gnz Sporevec oy
-he Radigtion Use Committee enc the Recicrion Sefety Committee, —
,',_-\\ .
23
- M, O R
" ’_‘/

(USLIAFR INERGY LABORATORY THOMAS E. HICKS, Professer and Direc:sr




Dr. Peter A. Morris Page two
Division of Reactor Licensing 7 October 1970

We would appreciate your prompt attention to our reguest for cpprovel of

the enclosed license and technical specifications and look forwerd to your reply.

If there are further questions, please contect Mr, D. N. Jones, Leoorctory
Meanoger, (213) 825-2187.

Very truly yours,

| leoventa £ :})(.LCALA

Thomas E. Hicks, Director
Nuclear Energy Loboretery

TEH:ch
Enclosure: license cpplication
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SCHOOL OF ENCINEERING AND APPLIED SCIENCE
108 ANCYLES, CALIFORNIA QuO24

Boelter Hall 2967
%arch 1, 1979

r. C. A. Berger, Contracts 3ranch
U.S. Oepartiwent of Energy

€an Francisco Cperations Uffice
1333 Broadway

Nzkland, California 94612

Re: Contract EY-76-03-034, P.A. 192
Cear Mr. Berger:

By copy of our letter of Movermber 9, 1978 to Or. Rogosa; you
were advised of our request to DOE for support of the cost of
shipping some excess irradiated fuel to the Idaho Chiemical Repro-
cessing Plant. The estimated cost of the operation is approximately
$4000, and support was sought under the subject contract.

Mr. D. G. McIntosh (DOE/SAN) has been helpful in arranging for
the physical transfer and shipment. These plans are going forward.

Paragraph 3 of our letter to Dr. Rcgosa outlined the basis of =
our request. We have not yet received a response. lle are presently |
in technical violation of our SHM possession limit, and further
delay could invite a Notice of Violation by the Nuciear Regulatory
Commission. Your immediate action is now requested. Please call
us if you have any questions.

Sincerely,

o
v 4

Hardy Dhiljon = Ivan Catton, Professor and Director
Contract and Grant Officer Nuclear Energy Laboratory
(213) 825-0695 (213) 825-2040
1C/ 14
cc: D. G. McIntosh, DOE/SAN
vG. L. Rogosa, DOE, Division of Nuclear Physics

R. R. 0'Neill, Dean, UCLA/SEAS

C. €. Ashbaugh, UCLA/SEAS/NEL

R. H. Engelken, USNRC, Region V

NICTFAR FNFRGY LARORATORY ~ IVAN CATTON, Duector
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SBSUSY

This Guidebook has been prepared to assist resctor operators and phvuicists
in determining both the feasibility of conwerting their specific reactors irom
HEU to LEU fuel and the optious available for implementation. A wide variety of
informetion is presented onm the physics, thermal-hydraulics, and fuels of light
vater moderated and cooled research and test reactors. Most of the methods
discussed in this Guidebook can also be directly applied to the analysis of
research reactors containing heavy water as woderator and/or coolant. However,
in consideration of the special features of heavy water reactors, an addendum
to this Guidebook is planned to add-ess the feasibility of comverting these
reactors to LEU fuel and "he options available for implementation.

The following is a brief ocutline of how the results were obtained, and
how this Cuidebook can be used most ef fectively.

1. Actions Needed Por Conversion From HEU® Fuels to LEU* Fuels

Section 1.5 gives a summary of the type of studies that are needed to
prepare for core conversion.

It is possible for these studies to be performed by the reactor operators/
physicists themselwes, or with the aid of laboratories which have of fered
technical assistance. Appendix C lists the typical data needed for enrichment
reduction conversion studies. Section 1.4.2, Chapter 3, and Appendix H contain
{nformation on the current statuc, development potential, and commercial svaila-
bili*y of fuels with high uranium densities. Appendix [ analyses the main
sconomic aspects of core conversions to LEU fuel.

- 8 Generic Studies

Calculations have been performed by different laboratories for two generic
{TR-tvpe reactors with power levels of 2 MW and 10 MW to determine their potential
for conversion. The results are summarized in Section 2 and include the uranium
densities that would e required with different fuels and fuel element designs, the
corresponding thermal-hydraulic safety margins, and the performance that would be
expected from the converted core. Detailed informatiom on the methods and procedures
used and the results obtained for the various core conversion options are presented
in Appendices A through D.

3. Specific Studies

The methods and results of core conversion studies for two specific
reactors with power levels of 3.5 MW and 50 MW, respectively, are provided in

Appendix E.




-, Banchmark Calculations

In order to compare the accuracy of calculation sethods used in the
different research centers, benchmark problems were defined and calculated with
the different methods. The main core calculations using 93%, 452 and 202
enrichment ave based on an idealized 6 x 3 element, plate-type core with a power
of 10 MW reflected by single graphite rows om two sides, and surrounded by
water. Rerults of the calculations, including croes section dats, and descrip~
tions of various burnup conditions are susmarized in Section 2.4 and described
in detail In Appendix F. As & first step in core conversion, it is recommended
that reactor operators/physicists use their own methods and codes to calculate
this banchmark problem, and to compare the results.

s LAEA Assistance

The [AEA can be contacted, through official channels, to provide assistance
tor the core conversion of specific reactors. The IAZA can offer coordinating
Assistance between reactor organizations and those laboratories in the USA, the
FRC, and France which have of fered technical aseistance (Section 1.3). If
necassary, the [AEA can clso provide fellowships to visit those laborstories for
vint studies on core conversions. The preparation of s second guidebook

addressiug safety and licensing issues related to core cooversions is planned
under the suspices of the [ARA.

*ror simplicity, the following definitions have baen adopted for this publication:

HEU =~ Highly Enriched Uranium (270 wtl %)

MIU - Medius Enriched Uranium ( 45 wel 1V3v)

LEU - Low Enriched Uranium (<20 wel 23%)

REU - Reduced Enrichel Uranium (includes MEU and LEU)
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1. MAJOR CONSIDERATIONS IN REACTOR CONVERSIONS

1.1 INTRODUCTION

In the 19508 and 1960s, low power research reactors were built around

‘he world which utilized MTR-type fuel elements containing <202 enriched uranium
(LEU). This value was chosen because it was considered to be a limit for weapon
usable material. However, the demand for higher specific power created a need
for greater 235y concentrations and led to the substitution of highly enriched
uranium (HEU) in place of the LEU fuel previously utilized. HEU also yielded
orher benefits including longer core residence time, higher specific reactivity,
and somewhat lower cost. HEU then became readily available and vas used for high
power reactors as well as low power reactors where LEU would have sufficed. The
trend toward higher and higher specific power also led to the development of the
dispersion type fuels which utilized HEU with a density of about 1.6 - 1.7 ;/cn3.

In the 19708, however, concerns were again raised about the proliferation—
resistance of fuels and fuel cycles, and since enrichment reduction to less than
201 is internationally recognized to be a fulily adequate isotopic barrier to
weapons usability certain Member States have moved to minimize the international
trade in highl, enriched uranium and have established Reduced Enrichment Research
and Test Reactor (RERTR) Programs. The goal of these programs is to develop the
technical means, such as deeign modificaticns and development of new fuels,
to assist in implementing reactor conversions to LEU fuels with minisum penalties.
These programs have been established in the U.S., France, the Federal Republic
of Germany, and Japan. It is anticipated that through the continued efforts of
these programs, and with [AEA coordination, many reactors currently utilizing
fuel element materials and lesigns less advanced than currently feasible may
soon be converted to the use of LEU fuel. For other reactors, whose conversion
to the use of LEU fuel may be feasible only after significant fuel development,

a temporary decrease of the enrichment to an intermediate range of 451 (MEU)
would be a worthwhile improvement in proliferation resistance.

Concern has also been expressed about the presence of plutonium in spent
fuel, especially when the fuel is {rradisted in reactors utilizing very low
enrichment and/or operating at high powers, and it is necessary to cousider both
the plutonium produced and the enriched uranium in the overall assessment of the

;roliferation potential of a particular reactor.

1.2 REASONS FOR REACTOR CONVERSIONS TO LEU

Operators Jf research and test reactors that use highly enriched uranium
may consider converting their reactors to the use of low enriched uranium fuels
for several closely related reasons. One could be the desire to reduce the
proliferation potential of research reactor fuels. A second reason could be a
desire to increase the assurance of continued fuel availability in the face of
probable restrictions on the supply of highly enriched uraniua. A third reason
could be the possible reduction in requirements for physical security measures
dvring fabrication, transportation, storage, and use. All these reasons are
connected with each other and cannot be considered individually.



The Reduced Enrichment Program of the United States

The U.S. Reduced Enrichesent Research and Test Reactor (RERTR) Programs
/e six {nteracting technical elements. These are illustrated in Fig. 1=l
iescribed bSelow.

3.4,]1 Evaluation of HEU Export Requests

This activity provides the U.S. Executive Branch with a technical evalua-
" of every significant request for expert of highly enriched uranjum (HEU).

The technical and economic justification of need for HEU submitted vith
v " Export License Application i3 reviewed by the Argonne National Laboratory (ANL)
ind 4 short lead-time technical evaluation is perfomed for the specific reactor(s)
r which the application is wade. Cach evaluation addresses the porential of
the reactor(s) for coaversion to reduced-enricheent fuel and provides the
“xecutive Branch with a technical analysis of the tradeoffs asong experiment
vrformance, core lifetime, economics and licensing lssues.

l.3.%.2 Ceneric Reactor Analysis and Design

This activity provides generic core analysis and design (physics, safety,
thermsl~hydraulics, structures and fuels) and reactor-faci.ity analysis and
tesign (heat rejection, hydraulics) studies of the major types (U, Uj0g, or
Aly H20, U-ZrH/H20, UO2/H20, and U-A1/D20) of research aud test reactors vith
redired enrichment. Performance and fuel cycle cost implications, and the
;robhleas assoclated with plutonium production and fuel supply, are cddressed.
#or each reactor type, in-depth redesign studies are undertsken for represanta-~
tive existing reactors to evaluate the potential for coaverting thes from the
ise of highly=-enriched uranium fuel tec the use of reduced uranium enrichment.
In-depth design studies are periormed also for new research and test reactors in
the design phase, to evaluate reduced-enrichment fuel alternatives. Collabora- ,
tive studies with personnel from the reactor projects involved arc carried out :
as appropriate.

1.3.4,5 Specific Reactor Technical Support

This aztivity (s structured to expedite application of reduced enrich-
me t replacement fuel to specific foreign and domestic reactors by providing
technical support to the fuel elemeant enginsering design, component design,
procurement specification preparation, and safety snalysis revisions necessary
to initiate fuel procurement. Wherever possible, the support work is carried
nut in close cooperation with the affected reactor operaring organization and /
tuel wanufacturers. If appropriate and contributory to expediting priority \J
applications, drawings and other documante supporting the procurement specifica-
tions may also be provided by ANL to the reactor operating ocvganization. |
Technical support during procurement nagotiations and fuel fabrication are !
srovided by ANL, 1{f necessary.

1.3.64.4 Fual Development

This activity is a long-term fuel development effort intended tc yield
fabrication techniques for research and test reactor fuels of high uranium
tensity. The fuel development activity consists of four parallel fuel develop-
sent efforts. Three of these efforts are concerned with development of plate-
type UAI =Al fuel elements, plate-type LU3)0g~-Al fuel elements, and rod-type
~ZrHy (TRICA) fuel elements with uranium loadings such greater than those

trently available. These three efforts are further developments of fuels that
ite now utilized in research and test reactors. The fourth effort is the

ipve lopment of new research and test reactor fuels (such as UjSi, U-Mo, U03)
‘it accommodate very high uranium loadings beyond the deve lopment potentlial of

rrent fuels.
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1.3.4.5 Fuel Demonstration

The objective of this activity is to demonstrate to the users and operators
of research ana test reactors that the operaticn of such reactors with reduced
sranium enrichment fuels meets all the required criteria of reliability,
perfornance, safety, core lifetime, and economica. The fuel demonstrai.ion activity
jnciudes three types of tests. The first test type consists in irradiating in a
high=flux facility some elements of each relevant fuel type beyond their normal
life burnup limit, and in verifying the ability of the fuel to stand such a test
4ith acceptable metallurgical performance. The second test type consists of a
whole-core demonstration in a r=2actor in which detailed physics measurements can
be made to assess any change in the physics and safety characteristics of the
core. The third test type consists of a whole-corc demonstration in a reactor
in which the burnup rate is sufficient to adequately study the physics/safety
characteristics of the core throughout the entire fuel cycle. The fuel demonstra-
tion activity includes the planning of the tests, the procurement of the fuel
elements/cores for the tests, the performance of the irradiations and cvperi-
ments, post irradiation eraminations, and analysis of data.

1.3,4.6 Fuel Commercializatinn

This activity is to provide the technical support to ensure that the fuel
needed for the operation of all research and ®e*st reactors which can operate
vith reduced-enrichment fuel can become commercially available, on a worldwide
basis, and without the need for significant government financial support. This
part of the program includes: (1) identification of the potential commercial
domestic and foreign suppliers of reduced-enrichment fuel for research and test
reactors, (2) evaluation of their fabrication processes and capabilities, and
(3) technical support and implementation for the transfer of technologies,
wherever such transfer is appropriate and may contribute to the commercialization
goal.

1.4 MAIN OPTIONS AVAILABLE FOR CONVERSION

l.4.1 General Technical Basis to Achieve Conversions Meeting Desired Criter.s

In assessing the practical feasibility of utilizing lower enriched fuel
{n existing research reactors, the agreed criteria are that the safety margins
and fuel reliability should not be lower than for the current design based on
highly enriched uranium, major reactor modifications should not be required, and
that preferatl; neither any loss in the overall reactor performance (e.g.,
flux-per-unit power) nor any increase in operation costs should be more than
marginal. It is also recognized that the feasibility of reduced-enrichment use
{n each specific reactor must be objectively assessed on an individual hasis
taking into account all technical, prograsmatic, economic and licensing factors.
However, it should be noted that there are specific applications requiring high
flux reactor operation that can only be met with high enrichment fuel.

Enrichment reduction by simple substitution of lower enriched uranium in
existing fuel designs has the immediate effect of reducing core performance and
cannot meet the above criteria. Core reactivity is decreased, and therefore
fuel burnup capability is decreased and fuel costs are increased, and/or core
size is increased and therefore flux-per-unit power performance is decreased.

Enrichment reductions are feasible for most research and test veactor
designs when the 235y content in the fuel elewent can be kept approximately
the same while the enrichment is decreased, or when it is increased, so that the
reactivity loss due to the greater 238y content is compensated to provide

adequate lifetime.



Matching 235 content (i.e., maintaining the same 235y weight in
each fuel element) would result in in-core flux-per-unit-power perforrance
comparable to that of the unmodified reactor but, because of the poisoning
effect of 238y, would generally result in lower resctivity and reduced burnup
potential. Burnup potential can be matched to that of the urmodified reactor by
increasing the 23 content in the reduced-enrichment core by some amount over
that of rhe 93 enriched case at the expense of some decrease in in-core thermal-
flux-per-unit~power performance. The importance of these flux effects is dependent
on the particular reactor, the type of application, and conversion scheme
adopted. 7or exasple, thermal flux decreases in the reflector and in flux traps
are generally much less than ifu-core. Another possibility is to reduce costs by
increasing the fuel cycle length. This could be accomplished by further increas-
ing the 235y content.

The increase of the overall uranium content per fuel element can be
achieved by increasing the volume fraction of the fuel meat and/or by increasing
the uranium concentration in the fuel seat.

Increasing the volume fractiun of the fuel meat normally requires rede=ign
of the fuel element. Three options are open: decreasing the clad thicknese,
decreasing the coolant voluwe fraction and/or decreasing the number of plates
per element. The achievable reduction in the clad thickness may be limited by
the minimum thicikness needed for fission product retention. The achievable
reduction in the coolant voi:ee fraction may be limited by the need to avoid
excessiv. pressure drop in the core and by the need to adequately moderate the
neutron flux in the core. Otherwise the excess reactivity and cycle length
would be significantly reduced. The reduction in the number of plates may be
limited by the minimum heat transfer surface nesded to prevent onset of nucleate
boiling at a given reactor power.

These limitations may make it difficult to significantly increase the
fuel meat volume fraction in some high-performance reactors that are designed
very close to their thermal-hydraulic limit. In a majority of the research and
test reactors in oprration however, and especially in those of low power, the
volume fraction of vie fuel meat can be increased above current values. Some-
times, a practicable way seems to consist in increasing the fuel meat thicknese
and coolant channel width by the same fraction, thereby reducing the number of
fuel plates correspondingly. This is {llustrated in Section 2 in more detail.

Increasing the uranium concentraction in the fuel meat without changing
the meat thickness has only negligible effects on the thermal-hydraulics pro~
perties of the core, and, therefore, it does not normally require redesign of
the fuel element. (Only in some very rare cases might it be desirable to
increase the coolant vulume fraction to balance the hardening of the neutron

p.ct. um caused by the increased uranium content). The only limitation to this
approach {s posed by the highest uranium councentration feasible with the most
advanced fuel fabrication technology. This approach can be immediately applied
to all those research and test reactors in which the uranium density in the fuel
weat is less than currently qualified technology allows. Its application in
reactors which already use the most advaiced currently quslified fuel fabrica-
tion technology requires development of new fabrication techniques yi=lding even
greater uranium densities in the fuel meat. Development of the new fabrication
techniques {8 currently underway in the U.S. RERTR Program, in the French
Reduced Enrichment Program, in the Reduced Enrichment Program of the Federal
Republic of Germany, and also at the CNEA in Argentina, but it i{s anticipated that
the desired fuel properties will be achieved only after several years.

For the rod-type UZrHy, fuel, enrichment reduction is achieved by an

increase in the uranium concentration in UZrH; alloy. The geometry of the fuel
elements remain identical to the highly enriched version replaced.

0



The main properties cf the currently qualified fuels and the status and
development potential of thz new fuels are summarized in the next section. More
detaiied information on the fuel development programs is provided in Section 3.

1.4.2 Status of Current, Near-Term, and Long-Term Fuel Technologies
Fuel meat materials currently qualified for use in research reactors are:

(1) U=Al Alloy, with uranium densities up to l.l g/c-3.
(2) UAly~Al Dispersions, with uranium densities up to 1.7 |/c-3.

(3) U40g=Al Dispersions, with uraniue densities up to 1.7 ./c-J.
(4) U-ZrHg, with uranius dersities up to 1.3 g/cad.

Excellent burnup experience has been acquired on these fuels, albeit
with uranium enrichment frequently greater than 20I. . ‘e enrichment
is nct expected to affect in auy significant manner metallurgical
performance of the fuel, and tests already in progress are anticipated
to prove conclusively that the experience gathered with these fuels
does not depend on the fuel enrichment.

(5) U0 with density of %.1 g U/cm? is currently used with rod cluster
geometry. This fuel is quaiified with plate~type geometry (Caramel) in low
and medium power range and is under demonstration for high power reactors.

v

A high potential exists for increasing the maximum loading of many of
these fuel types significantly above currently qualified values. In addition,
greater uranium loadings can be achieved through the development of new fuel
types, such as U3S{i and U-Mo. An ovarview of the development potential of the
various fuel types is provided in Table 1-1, and the anticipated dates of commercial
availability of suitably-qualified fuels are given in Table 1-2.

1.5 MAIN ACTIVITIES NE®DED IN PREPARATION FOR A TYPICAL CONVERSION

Several technical activities msust be accomplished before a reactor
conversion from the use of HEU fiel to the use of LEU fuel can he physically
implemented. Because of their nature, a few of these activities are the exclu-
sive responsibility of the organization to which the reactor to be converted
belongs. Most of the activities may be shared, however, to a greater or lesser
extent, with other organizations equipped with the needed expertise, resources,
and willingness to assist in the conversion process. It is especially in this
connection that the various national reduced enrichment proerams can provide
conversion assistance to the research and test reactor community, through IAEA
coordination.

1.5.1 Characterization of Present Performance

Identification of key characteristics of reactor perrormance with the
fuels currently utilized must be made. This, of course, must be responaibility
of the reactor organization. This information {s nceded to identify any unigue
characteristics and special requirements of the reactur, and to establish a
reference against which calculations with reduced enrichment may be compared.
Needed information would include, for instance, the power distribution in the
core. the neutron spectrum, the temperature coefficients of reactivity, the
centrol rod worths, the thermal-hydraulic margins, the core lifetime, etc. Much
of this information may be already available; however, collection and organiza-
tion of the data {n a torm suitable for the intended purpose may be needed. In
addition, experimental determinations may be needed in those cases in which the
data are not available. Appendix C summarizes the reactor data normally neede?
as a basis for reduced enrichment conversion scudies.




Table 1-2. Anticipated Dates of Commercial Availabili:v
of Suitably=Qualified REU Fuels

Uranium . nsity Meat Thickness Date of

Fuel System lc-’ - Availability
UAI"AI 2.6 005 - l.s 19‘3
U)OQ-AI 3.0 0.5 - los l’.)
3.2 - 3.5 0.5 - 1.5 1985
U0y-plates 9.1 2L.4 1980
4.5 1.2 1583
U03-rods 9.1 s.2" 1980
U-ZrH, 3.7 13.7* 1980
UySi=Al 4 -8 0.5 - 0.8 1986

*Rod Diameter.

1.5.2 Performance Calculations with MEU and LEU

Before the conversion to reduced enrichment is studied in detail, the
priority of design criteria for the conversion has to be specified. Possibi. -
ties include: minimum reactor core modification, minimua changes in operational
characteristics and neutron flux values, minimum licensing problems, sinimum
fuel cycle coste, reoptimization for highest performance under certain boundary
conditions (given maximum flow or power).

When the target is sneciiied, the different options available should be
compared which allow enrichment reduction to 202 or less. If no option satisfies
the requirements, 451 enrichment would be considered.

This study will generally require calculations of the neutronic and
thermal-hydraulic performance of the reactor with some parameter variations.
The reactor data discussed in Section 1.5.]1 must be calculated for the design
variations considered tc accompany the fuel enrichmeant change. Neutronics
considerations include composition and thickness nf the fuel meat, clad thickness,
number of plater or rods per element, core size, fuel menagement strategy, etc.

il



THE STATUS AND DEVELOPMENT POTENTIAL OF RESEARCH AND TEST REACTOR FUELS

The concern about the proliferation potential of HEU fuels and about

anticipated restrictions on HEU supplies has stimlated development programs

on

fuels with higher uranium content which would allow the use of uranium of lower
enrichment. Fuel development programs are underway {n the U.S., Canada, France,

the Federal Republic of Germany, Japan, and Argentina.

The fundamental objective of these fuel development programs is to

deve lop existing and new research and test reactor fuels of both plate-type and

rod-type to their maximum feasille uranius loading, with the intent of iaproving

the performance of reduced-enrichment reactors.

H.1 PLATE-TYPE FUELS

A variety of fuel element materials are under development for plate-type

fuels. Some of these materials correspond to extensions of materials which are
in current use, while others are entirely new. The enrichment reductjion poten™

tial of the current and new fuels are shown in Table Hl. It is evident frou the

table that extensions of currently utilized fuels will permit enrichment reduc~

tions to <20% enriched fuel in low and high power rese.rch and test reactors, but

that only the new fuels will permit such reductions for very high power reactors.
It is also evident from the table that enrichment reduction to <20 for low power

reactors fuels could be accomplished with existing technology.

In the fellowf=e rections, the presently utilized fuels and the now
fuels are charucteriz » uranium content and performance, and the limits

of uranium loading © _ fuels for plate-type reactors are estimsted.

Table ¥, Uranium Density snd Carichment Reduction Potential of Candidate
Fuels for Ressars) and Teat Reactors vwith Plate-Type Fuels

current  Mear-Ters Long-Term Current/Rear-Term/Long-"ers

Uranium Uranius Uranive Earichment Reductiom Potential, X
Loading, Loading, Loading, Powsr High-Power Very High-Power
Fuel Type g/cwd g/’ g/end Raectors Reactors Reactors
U-Al Alloy 1.1 1.3 ~1.6 20 T0/45/45 9
UAL,-Al 1.7 2.2-2.6 2.6~2.% Qo A5'20/20 93/45/45
Uy0g-al 1.7 2.2-3.) 3.3-3.8 Qo 45/20/29 $3/45/45
U0, Caramel 9.18 - - <0 20 Qv
UyS1-Al - 4.2-9.9 7.0-8.0 Q20 93/20/20 93/45/20
Uysi (bulk) £ - ~11 a0 93/93/20 93/93/20

8g.7 {f :he zircaloy spacs’s are smasred withis tho fiel meat. The decsiiy of the

v0; s 10.3 g/ew.
bror we:y high-power resctors, V0; would have te be fabricated is wery this

secticns to provida proper beat removal.
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INTROGUCT | ON

General Atomic Company has develoged shrouded 4-rod and 16-rod clusters
utilizing the TRIGA low-enriched uranium zirconium hydride (UZrW) fuel for
use in converting and upgrading existing MTR plate-type reactors and also for
fueling new TRIGA reactors. The use of low-enriched uranium is in keeping
with non-proliferation policies and is readily exportable. The k-rod cluster
is designed to operate at power levels up to 3 MW and the 16-rod cluster is
designed for power levels up to 10 MW in existing reactor core structures.

Both types of clusters use fuel-moderator rods which contain the well proven
UZrH fuel in an Incoloy cladding. The rod diameter in the d-rod cluster

(3.26 cm) is only slightly smaller than that used in standard TRIGA fuel for
more than 20 years. The 16-rod cluster uses a rod of 1.295 cm diameter and

is identica! in design to the fuel rods used in the |4 MW TRIGA now in operation
at the Romanian Institute for Nuclear Technology. The fuel alloy used in the
4-rod cluster contains 20 wt=-3 uranium and in the 16-rod cluster 45 wt-3
uranium. This provides a very high U-235 content with low enrichmer., boils s
LhO grams U-235 in the d-rod cluster and 880 grams U-235 in the 156-rod cluster.
A small amount of erbium is included as a burnable pcison and is a major
contributor to the prompt negative temperature coefficient, the dominant safety
feature of the TRIGA fuel. The high uranium loading combined with the burnable
poison result in @ very long burnup lifetime and favorable fuel cycle economics.

This Appendix is divided irto two parts: 8.1, which describes a 2 MW reactor
using the d-rod cluster and 8.2, which describes a 10 MW reactor using the
16-rod cluster.
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4.5 PROMPT NEGATIVE TEMPERATURE COEFFICIENT

The basic parameter which provides the great degree of safety in the
orzration of a TRIGA reactor system is the prompt negative temperature
coefficient., This temperature coefficient @) allows great freedom in
steady~state operation, since the effect of accidental reactivity changes
occurring from experimental devices in the core Is minimized.

The prompt negative temperature coefficient for the TRIGA-LEU core
1> LuiiZ on the same core spectrum hardening characteristic that occurs
in a standard* TRIGA core. The spectrum hardening is caused by heating of
the fuel-moderator elements. The rise in temperature of the hydride
increases the probabllity that a thermal neutron in the fuel element will
gain energy from an ercited state of an oscillating hydrogen atom in the
lattice., As the neutrons gain energy from the IrH, the thermal neutron
spectrum in the fuel element shifts to a higher average energy (the spectrum
is hardened), and the mean free path for neutrons in the element Is in=
creased appreciably, For a standard TRIGA element, the average chord
length is comparable to a mean free path, and the probability of escape
from the eiement before bel..,g captured is significantly Increasad as the
fuel temperature is rai<ed. In the water the neutrons are rapidly re-
thermalized so that ihe capture and escape probabilities are relatively
insensitive to the energy with which the neutron enters the water. The
heating of the ~oderator mixed with the fuel in a standard TRIGA element
thur 2-lies the spectrum to harden more in the fuel than In the water. As
a result, there Is & temperature-dependent disadvantage factor for the unit
cell in which the ratio of absorptions In the fuel to total cell ab-
sorptions decreases as fuel element temperature Is increased. This brings
about a shift in the core neutron balance, giving a loss of reactivity.

In the b=rod cluster TRIGA-LEU fuel, the temperature-hardened spectrum
is used to decrease reactivity through its interaction with a low-energy
resonance material. Thus, erbium, with its double resonance at 0.5 eV,
is used in the TRIGA-LEU fuel both as a burnable poision and as a material
to enhance the prompt negative temperature coefficient. The ratio of the
absorption probability to the neutron leakage probability is inzreased for
the b=rod cluster TRIGA-LEU fuel relative to the standard TRIGA fuel because
the U=235 density in the fuel rod Is about 2.5 times greater and also
because of the use of erbium., When the fuel-moderator material is heated,
the neutron spectrum is hardened, and the neutrons have an increasing
probability of being captured by the low-energy resonances in erbium,

This increased parasitic absorption with temperature causes the reactivity
to decrease as the fuel temperature increases. The neutron spectrum shift,
pushing more of the thermal neutrons into the Er=167 resonance as the fuel
temperature increases, is illustrated in Fig. 3 where cold and hot neutron
spectra are plotted along with the energy dependent 2bsorption cross section
for ER<167. As with a standard TRIGA core, the temperature coefficient Is
prompt because the fuel is intimately mixed with a large portion of the
moderator; thus, fuel and solid moderator temperatures rise sumultaneously,
producing the tempzrature-dependent spectrum shife.

7A standard TRIGA core contalins U=ZrH fuel with no erbium, The uranium
enrichment is 203, and the fuel element (rod) diameter is about 3.8 em (1,5
in.) with a core water volume fraction of about 0.33.



