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October 10, 1984

STATEWENT OF OR, DAYID W, MAFEMEISTER

Subcommitter on Energy Developrent and Applications, end
Subcommittes on Energy Resesrch end Prodection,
Committes on Sclence and Technology
House of Repressntatives

REGUARD ! NG THF NEED TO CONYERT DOMESTIC RESEAACH REACTORS
FROM HIGHLY ENRICMED TO LOW-ENRICHED URNAIUM FUELS

B10GRAPHY BRIEF

| em 8 Professor of Physlics at the Catifornie Polytechnlc
University. My curricoive vitee Is attached, From 1962 to 1966, |
vsed research reactors at the University of 11linois end at the Los
Alemos Scientific Laborstory to carry ow! experiments in nuclear end
sciid stete physics. From 1973 to 1977, | was Science Advisor to
Senator John Glenn, who was the Ad-Hoc Chalrmen of the Governmentel
Attairs Committee on Nonprol!feration matters., From 1977-79 | was
Special Assistant end Exper! Consultant to Under Secretery of State
Lucy Benson and Deputy Under Secretary Joseph Nye, working primerily
on nonproliferation matters., Among ofther responsiblilities, | was the
lead Stete Departmen! delegets to Working Group 8 (Advenced Fue! Cycle
end Reactor Concepts) of the International Fyel Cycle Eveluetion
(INFCE) which was haid at the Internalonsl Atomic Energy Agency (I1AEA)
In Yienna., Subgroup € of INIe Working CGroup hed as Its sole tesk the
assessment of methods of reducing proliferation risks assocleted with
resesrch rerctors. | also wet & memboer of the literagency Subgroup on
Kuviwar ktxports (SNEC),

CONCLUS ION

It is my opinion *hat research reactors In the U.S. should be
required to convert from high-enriched wrenium fusis (HEU) to
low-enriched uranium fuels (LEU), The lower flux resctors can convert
fo the presently aveilable uranium-aluminem fuels, and the higher flux
reactors can conver? Yo the wrenium=-sitlicon fuels shich will be
aveileble In & few yenrs, Exceptions to this conversion showld be
eallowed only upon = finding *hat the nev fueis would not be feasibie.
This conclusion Is besed on (1) requiremants for adequete physical
security, (2) conslistency with the national pollcy on
nonproliferation, end (3) technicel avellasbility of the new LEU fuels.
If the NRC's proposed rule requiring conversion to non-wespons grade
fuel does not go forward as plenned, which | think would be & mistake,
strictiy

incressed. The strictly incressed curlty would be far more
expensive than conversion, It wvould be scademically Intrusive, and It
would be fer less sffective in reducing risks of thett of
wespons-useble aaterial, Fallure to go forwerd with domestic
conversion would throw & ssjor obstical In the way of our long
standing foreign pollcy goal! of conversion of forelign resctors and
reduction in the internations! commerce of MNEU.

WEAPONS IMPLICATIONS

There Is genera! agresment that highly~enriched urenium Is
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dangerous in that nvclear woapons cen be febriceted from this
material. The proliferation risk assoclieted sith NIU is thet it cen
be wsed directiy to make nuclesr wespons, uniike the low-enriched
grenium used, for exsmplie, In power resctors. No further enrichment,
generally very costly and difficult, would be necessery in order
utilize the meterici in @ clendestine fission explosive, thus making
It & potentially attractive terget for theft or diversion, For this
and related ressons, It has been the policy, both nationally and
internationlly, to ettempt to minimze the emount of HEU in use.

The Americen Nucleer Soclety acknowiedges this prodiem. In @
recent study (C, Starr, Science 224, 952 (1984)), the Americean Nuclesr
Society stated that,

"There are now sbout 330 reseearch resctors in sbout 30
countries, of which 25 ere developing countries. Many of
these resctors are too smell tc produce signficent amounts
of pivtoniem. However, most of them have been supplied with
highly enriched uranium fuel, which, In principle, might be
eccumuleted to meke & single nuclear device. This

possibl ity is now being precluded by conversion to lower
enrichment (less then 20 percent) designs.”

HEU WEAPONS

Since MEU cen bo wused directliy to fashion a clendestine fission
explosive by elther & stete or & terrorist group, the use of HEU
should be minimized, and when HEU is used it mus? be under asdeauste
physice! security. LEU is considerably less effective as & nucleer
oxploston since (1) it roquires about 1% times wore LIU eranium than
HEU wreonium (with reflectors), (2) sbout 3 times more U-235, and ()
it Is much more difficult to develop end deliver & nucliesr wespon thet
consists of hundreds of hilograms of urenium,

HISTORICAL PERSPECTIVE

The indien device of 1974 hightened concerns in the U.S., the
Congress, end the Executive Branch. Shortly efter this event, about
one-half dozen contracts were signed to export enrichment end
reprocessing plents to smeller nations, meny of which did not have an
economic need for such fecilities. In response to these events, fthe
Congress commissioned @ atudy by the Office of Technology Assessment.
The OTA report (1977) ecknowledged thet solutions to nucleer
nonprol iferstion sre not simplie by steting thet:

*1t is not too lete to conteln proliferation et & lev. |
which cen be assimileted by the internstional politicel
system, However, there are no single or alli-purpose
solutionsy no shortecuts. A vieble nonproliferstion policy
will require the coordinated, plenned use of & wide veriety
of messures."

THE RESPONSE OF THE CONGRESS

The U.S. Congress (essentiaily wunanimousiy) responded to this
situstion by passing the Nuclear Nonproliferation Act of 1978 (NNPA)
end the Glenn-Symington Amendment. As a result of these and other
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the U.S, polley Is to minimize 1ha uee of HEU In the worlid,
:::':?;f .ovorn-oa: has sot sxported HEU for lower=flux voo:f:::; :::
11 hes esked for conversion to higher denyity fuels In 0::‘.:". 3
higher=flex resctors. This progrem, known a3 the Reduce Ay e
Research and Test Resctor Program (RERTR), represants the o."‘.-..'.
policy of the United States aimed af stterpling to reduce &

of resesrch reactor fusls and thus the amount of MEU In wee.

INTEANAT IONAL RESTONSE

tional Nucleasr Fusl Cycle

The summary report of the Interns

Evalustion (1980) has stated that It Is 'aos:blo to -:rn::l!.::tcco

th nium enrichment of s grest sajority of research r
ln:c:r:ac:rsol the conversion of HEU fueled ressarch reactors to lower

enr lchment,
WEU EXPORTY LICENSES

The U.S. no longar wii| sccept now commitments to sxpor?t ?:u :T'
foreign reseerch resctors, New research reactors are baing so .o y
with LEU fusis, A few comsiteants for :tu'Oo;.::zh;:l::';7::¢r:'.n‘..

tors are beling carrind out on an inferim v
;:::o:: and Jo.un, but, e have asked them to convert to Ll:.’on:;‘lo
| undarstand it, they have agreed to do so. Recently, Oh: .';
export 0.9 kg of HEU to the snadian=bult? SLOW POKE resctor 3
Jemalce, but the Canadiany have stated they will not request any
HEU tor their research reasctors,

MEU AND THE APPLICATION OF THE GLEMN-SYMINGTON AMENDMENT

1é to those

This smendmant denies allitery and aconomic ®

non-nuclesr weapons states that (a) explode a nuclear device, or (b)

build enrichment snd reprocessing taciiities outside of an R

international framework,. On Apriy 6, 1979, this sanction :. .:p

10 Pakistan since It was concluded ?‘.0 Paklistan wes bulld n.'... s

snrichment plent to produce -ccpon.-1v000 wraniue. Tbl: :nnc. >

iater remove¢ becsuse of the Soviet nvaslon of Afganista .’ 2

intimetely involved with this smendment while working with : .

Glenn (joining him in the House-Senate Conference where 020' ous

sccepted the Serate language), end while working In the Ste 0' o

Departeent (debating Its aerits before 0:0 2::001 :::::::r:.: .‘o".;
+ings, writing testimony, etc. LI L

::02::0.::|lo=0.ln the gougrolo. The Congrass wes, and is, concerned

ebout WEU.

MEU IN THE TRAQ! REACTOR

by Isreel In 1981,
This HEU-fusled reasesrch reactor was destroyed

Frence no longer will expor! MEU to Ireq, but they will export LEU to
iraq.

COMSISTENCY IN FOREIGN POLICY

The professions! stalfs concerned with .on’;o;l;ornoio: ::"oro
od that 1t would de helpful 'o conver - N i
::::5:::'7: order to ba consistent with the French, Ceanadion, oa"
American positions. Interagency meatings at OMB might iry to soften

—————— —— —————————— ——"
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this position, but | know of no serious nonproliferation siall sember
vho would disagree with the conversion requirement. As we have seen
from the exsmples of Pekistan and Ireq, nonprollferstion can be
compromised by other foreign pollicy concerns. It is true that the
cerrying out of & sanction egainst one nation, mey wel!l cost us in our
diplomatic standing with thet nation, end that larger events (such es
the Soviet invesion of Afganisten) cen push nonprol iferetion policy
the other way, towesrds Ignoring the probles. The beasuty of the HFU
conversion proposal Is thet, for at most §19 eiliton, the U. 5. can
schisve conalistency betwesn what we demend of others and what we
demend of ocurselves, | have found out from personal experience when
deeling with nuclear officiels of other nations that "moral
feedership® quite often does not work in foreign policy, but most of
us would egree that being inconsistent by fevoring our university
resctors with HEU will certainiy meke the politicel climate abroed for
the HEU to LEU conversions sll the more difficult. In the erea of
nonprol'terstion policy, the 3'3 million tigure is reietively minor,
es compared to other costs in this areas.

INTERNATIONAL RAMIFICATIONS |F THE DOMESTIC RULE IS REVERSED

Domestic HEU conversion would be consistent with U.S. policy of
protecting against the very worrisome prospect of lerge quentities of
NEU without sdequate safeguards. Failure to teke this precaution In
the U.S5. would demnge U.S. foreign policy Interests by undercutting
our government's attempts to reduce international commerce in WEU end
convince other nations of the need to reduce their HEU hoidings. !
know from perscnal experience in representing the State Depertment in
Intersctions with nuclear officials from other countries thet it will
be much more difficult for the U.S5. 1o succood In itu policy of
reduced enrichments end HEU ho!dings abroad it the policy is not
vigoriously pursod at homo. This inconsistency would not bo lost on
the nations we are frying to inflwence.

PHYSICAL SECURITY

It should be steted that ¥ is both national end internationsl
pollcy that kilogram quentities of HEU must be safegusrded. while
timely warning, after the fact, of theft or diversion is & %ey element
in such sefeguerds, post-loss reporting is not sufficient protection
end falls to minimize the possibliites for unsuthorized remov~l os
such material. The removal of kilogram quanities of 938 enriched
U-23% would have extreordinarily serious pctential conseguences.

Sectlion 10 CFR 73.67(e)(1) states that

"Eeach Iicensee ... shall esteblish and meintain a physicel
proctection system that wiil schieve the following
objectives)

(i) Minimize the possibillites for unsuthorized removel of
speciel nuclear materiel consistent with the potential
consequences of such sctions: and

(i1) Facili*ate the iocetion and recovery of missing specisl
nucleer moteriol,.*
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frst of all, | would 1ike to sdéress the word “consaquences® In .
he consequences of obtainiag HEU could be the develcpment of »
ycloar device which cou'd destabilize our internationsl fremeverk of
ations. This extremely serious event might will thousends of pecple
nd could be 8 precurser %o an internstional confilct, WNext | wouid
1k fo sddress the word "coasistent” In (i), To minimize the
ossibillites of unauthorired resoval In & way which is consistent
.11% the serlousnsss of the potential conssquences of ssch @ removal
overy techniques

wans that very stringent physicel security and r
43t be aveilable. The (hypothetical) Intrusion must be

ite-speciflc. Is the facility really securel The time |ine of
ossible recovery must ba considerad. How long would it teke for »
ecovery tesm to srrivel W¥ouid the signal be Orlg!oru by the

ime delays before
‘hs penefration of the secondary barriers? Ffrom where would recovery
tasm come? Would the detection devices be sppilicable for fuel thet
«ns not yery rediosctivel Moy far cen s vehicle trevel during this
ties to get aswey with the fusil What s scen rete of the eircratt?
re kiloma'ers par hour, thon this would imply & radlus
3¢ 4.7 km (3 wiles). Tha =inisum velocity of the escepe vehicle would

jenatration into the building, snd would there be

1f 1% Is 70 sque

nevae fto be

Y (wPH) = 3/7

vhare T is the arrival tima in hours of the moniforing alreratt after
the tirst signatl. |t 11 tock ons hour sfter detecting the first
stanal of the vicistion *o obtain @ scennirg sircraft sbove the

rasctor, the minimum veloslty of the vehicle would be 3 MPH.

d1tticult 1o Imagine any vehicle baing siow snough to get casught under

inls clrcumstancean. In ATher o&8Fda, Ond ZKARAT COATATH "o -
post=-thef! detectlon since the funl would he gone.

RADIATION BARRIER

As | understand it, *he radiation level of @ bundle of fuel froe

s typical 100 k¥ reector would drop to only about 10 REM/hour

tunshielded at 3 feet) in stout 7 deys after shutdown. Since this
level would not deter thaft, it vould be necessary to protect the HEU

with strict physical security mensures.

CONCLUSIONS

Resesrch reactors In *he U.S. should bs required to convert from
MEU %o LEU. The lower=flux resctors should do this within the near
term, and the higher-fluw resctors should corvert to LEU when the U-3i
fuels sre aveilable. Exceptions should be parmitted only for the very
rare case where It can be shoun thet this conversion Is Inteasible.
If the reactors are not coaverted to LEU, then the reactors should be
oparated so that the fue! bundies will have strict physicel securlity
to protect them. Our tong standing efforts to reduce HEU would be

soverely domaged It the proposed rule did rot go into effect.
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David ¥, “afeselster

Professional Qualifications

1. Mucation.

b,
..

Bachelor of Sclence degres in Pechanical Engineering fros
Korthwestern University, 1957
¥3. and Ph.D. in Physics, University of Illinols, 199, 1564
Post-Doctoral Fellowshipss
los Alasos Sctentific Laboratory (1964-66)
Amecican Associstion for the Advancement of Science
Congressional Fellowship (1975-1976)

2, Dsoloyzent

..
®.
c.
d.

..
f.

K.
h.

Fechanical Sngineer, Argonne Natfonal lab (1957-58)

Thysicist, los Alapos Jelentific lLaboratory (196ue£4)

Assistant Profesaor of Fhyaics, farnegie-¥ellow University (1966-%9)
Aasociate Professor of Physics 81969-72)

Profeascr of Phyzica (1972~

California Polytechnic University, San Luls Otispe, CA

Visiting Professor of Fhysics

University of Croningen, The Netherlands (1972, 19€0)

Legislative \ssistant and Sclence Advisar to Senator Johr Clenn

U.9. Senate (1975-77)

Special Asals'ant to Under Jecretary of State Lucy Jenson and
Deputy-Untar “acralary Joseph Nys, U.7. Department of Jtate (1977-1979)
Visiting Sclentist, Mass. Instit. of Technology (1983-4)

3. Bxperience with Fuclen: Non-Prol'feration Matters
s. U.9. Senate: After the detonation by Indla of » nuclear device

in 1974, the Committee on Governmental Affairs of the U.5. Semate
held extens've hearings on ths “Expart Reorganization Act of 15757
which dealt withh nuclear nonproliferation. It was my job to be
the full-time staffperson to the Ad-hoc Chalrman of the Cormittee,
Senator Sler=, on hearings and mark-up of the act. 1 was Senator
Clenn's main advisor on nuclear non-proliferation ratters.

Department of States In 1977, I was appointed as one of two
Jpecial Assistant on the issue of nuclear nonproliferation te
Under Secretary Benson and Deputy-Under Secretary Nye. Dr. lye
had the lead role for nuclear non-proliferation in the Executive
Branch and at the London Nuclear Supplier Negotiations,

During this time, I was intizately iavolved with the drafting ard
pessage of the Kuclear Non-Proliferation Act of 1978, participating
in the Departsent of Pnergy's Yo proliferation Allernative Systers
Assensmant Program (usum ani dealing as a representative of the
Under Secretary with officials of other nations’ nuclear prograss.
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In adédition, T was the lead ttats Departeent delogate te
Vorking Group 8 (Alvanced Pual Oycle and Reactor Corcepts)

of the Internatioral Fusl Cycle Bvaluation (IMFCE) which

was held at the Intermatloral Atontc Energy Agency (IAEA)

in Yienna Subdgroup € oF this Verking Group had ae its sole
tank m.zu:-x;mn\ e(":!thdl of n‘aln !'".;QTI:SM riskn
ssociated with reson 3 er of intleragen
BiB5rous on Nuciear Lrpores im) -

a. Puclear Non-Proliferatiom:

1, “Nonproliferantion and Alternative Nucloar Technologles®,
Technology Review 81, $2 (Decenier 1978).

11, “Science and 3ocliety Teat ¥, Nuclear Norgr-1ifemtion®,
Ame=tean Jacwsal of Phrales 88, 112 (1920

141, prire author/editor of 'he Prestiiential Pepert to the Cor ess
on the environmental Impacls associated with nuclear exy  abroed (1980)

iv, co-author/editor of the Jupglerent M%LW
Beport bctjvities to 70K 1912 (V.. Wuclear Activities),
Septesber 1979,

b Solid State and Muclear Phyalcsy ;

20 articles) four bosk ahaplere) one book

¢, Energy Technology and Folley: .|
15 articles, co-edited 2 books
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