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Foreword

This report wdenntios entical experanene Torecast tor 1994- 1999, wineh are bused ob the cancenstis ot
the Expernnent Needs Ideant:eacon Workgroap (ENTWG . Generated by she char ol the wankgtonp, ths
Forecas s consudered o v docament and ol be updited pectodicadiy . 1o wcludes o listie ol the ENTWG
members and thew addeesses: an overview that s specitic snformatian pectanie to prrorty -1 el
ewvpernments, facthties, and progrinnuitie resoarces; and physies crntertr tor benchiaek expernnents

The Forecast has been divided tnto sections, cach wih i separate table uf comtents. Reler 1o ihe Table of
Comcents at the beetmtuny ot the document for mfornuiion on the section you wish to access. Appendix A
conruns it glossary of nuclear cnticahey terms to help you with the nomenclature.
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FORECAST OF CRITICALITY EXPERIMENTS AND EXPERIMENTAL
PROGRAMS NEEDED TO SUPPORT NUCIL.LEAR OPERATIONS
IN THE UNITED STATES OF AMERICA:
1994-1999

by

Debiu Rutherford

ABSTRACT

‘This Forccast is generated by the Chair of the Experintent Needs Hdentification
Workgroup (ENFWG), with input front Department of Fnergy and the nuclear
conmiunity. One of the current concerns uddressed by ENIWG was the Defense
Nnuclear Faeilities Sufety Board’s Recontmendation 93-2. This Recommendaiion
delincated the need for a critical experimental capability, which ineludes (1) a
prograt of generul-prrpose experintents, (2) improving the information base, and
(3) ongoing departmental progrants. The noclear community also recognizes the
importance of eriticality theory, which, as a stepping stone to coniputational analysis
and sufety ende developntent, needs to be benchniarked against well-charaeterized
eritical experiments. A suntniary projection of the Departnient’s needs with respect
to eriticality information includes (1) hands-on training, (2) criticality and nuclear
data, (3) detector systenis, (4) uranium- and plutonium-based reuactors, and
(5) accident analysis. The Workgronp has evaluated, prioritized, and categorized
cach proposed experiment and program. Transportation/Applications is a new
category intended to cover the areas of storage, training, entergency response, and
standards. This category has the highest nuniber ot priority-1 experintents (nine).
Facilities capable of performing experiments include the Los Alamos Critical
kxperiment Facility (LACEF) along with Area V at Sandia National Laboratory.
The LACEF continues to house the niost significant collection of critical assemblies
in the Western Hemisphere. The staff of this facility and Area V are trained and
certified, and documentation is current. ENIWG will eontinue to work with the
nuclear community to identify and prioritize experiments bhecause there is an
overwhelming need for critical experiments to be performed for basic research and
code validation.

Executive Summary

This report identities critieal experiments torecist for 1994-1999, based on the consensus of the
Experiment Needs Identification Workgroup, which is sponsored by the Departinent of Energy’s (DOE)
Nuclear Criticality Technolngy «and Safety Project. This Forecast is generated by the Chair of the
Workgroup. with input from DOE contractors, DOF: program oftices, special groups working in the area of
criticality satety. DOE critical mass laboratortes, and the Nuclear Regulatory Commission.

Lrrodactiton



Forecast of Critivality Experiments: Exccutive Summary

I. The Need for Critical EKxperiments and Fxperimental Programs

Oune of 1he carrent coreerns addressed ts the Defense Nuclear Factlity Salety Board tDNFSBY
Reconmmendation 93-2) which dehueated the need for o entread eapernvental capabibiny . Spesiticaiiny
the Board reconunends that

Lo The Depatrentent ol Faerey shoudd vetinn ats progratt of sencral-parpose cred

CAPCLINCHIS.

2. Fhas program should norawlly be directed along haes that sansty the objectives

ol amproving the mformtion bisc.

3. The results and resourees of the erticality prograny shoald be ased i oneoe
departmental programs where nuclear cnticility would be o important concern,

Criticahity physics and caleniauonal methods being ased far crittcabity analvsie are extreniely
importat as the DO coaplex clumges s muisston, as 1t faces dumerons returns fromy the stockptle.
and as regulatiry comphance along with ensronmential restoratton becotne drene: lerces Critecalny
theory, which ts i stepping stone to compatattonal analysis and code decelopment tes crrtcaly
safety, theretore needs to be henchimarked aganst well-characterized enttcal evpertients Speaae
expernmental wd progranmatic responses to the DNFSB Recormmendatim wae histed m Fable |
Table I: Experunents and expernnental pragrams wdentified by ENWIG that addiess specitic DNESE
Recommendations.

Experiments or Experimental Programs that

DNFSB Recommendation Address the Reconimendation
- maintain a vood base of information for 104, 106, 202, 203, 302, 303, 305, 366, 41)2,
criticality control, covering the phystcal 502¢g. 502h. 504, 406, and 701

situations that will be cncountered in handling
and storing fissionable material . . "

. . . theoretical understanding of neutron 103, 105, 204, 205, 207, 208, 301, 50]. 302,
multiplication processes in critical and 302a. 502d. 502e. 502f, 502i, 303. 305, 601,
subcnitical systems .. 605, 6054, 6009, 702, 703, and 704
“. .. to ensure retaining @ community of All expertments and experimental programs,
individuals competent in practicing the specitically 507 and 508 - training

[criticality! control.”

“. .. experiments targeted at the major sources 101, 102, 304, 606, and 707
of discrepancy between the theory und the
experiments ..

II. The Need for a Critical Facility

The DOE and DNFSB's requirements show the overwhelming need for a critical facilitv. A critical
tacility typically operates with core configurations uat zero power, versatile fuei configurations, little or
no heat removal. and mtnimal tission product controls. These systems lend themselves to the case of
physics data acquisttion and system change. Only DOE's Defense Programs have this breadth of
facility technology 1nd criticality knowledge. The following list is a summary projection ot the
Department’s nceds with respect to nuclear data and criticality intformation:

Lictrred o e
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Forecast of Criticality Experiments: xecutive Summary

1. The Need for a Critical Factlity iconunued)

Voo hoad con ey

20 Croncahiy ad saclear datic on

o ctper pronpt cntwcals and ast conligarations,

b bew toels or space propaldston and wide 1emperitare ranges,

oooaew fissde nusered conliguritions,

J storee aavions,

¢ ransaranes snd actindes tfor spent-lael processimg), and

I oawnhary -poner reactors,
3 betector systers witle newtron and paunmi burstand sieitdy stase test systens,
40 Urnaons and platoman-based reactors,; ad

S0 Acordent analy sas.
I, Criticality FExperiments and Fxperimental Programs

All proposed expernments aml expertmental programs needed to support cur nuclear operations
fuve heen asstened to aue ol seven categories listed w the table below. Rach of these categortes has a
sepittnte section e this report (the paenthencal abbreviations o the tible). Experimental programs
dehwicate general representittons of i broad expenmenial need (ve., dosunetry). Expertments are
more specthic momaare. At the beginnmyg of each expernent and expertmental program fisting, the
fallow g eeneral intornmation s miven: (1) the coutractor requering the expertmental data, (2) the
cyperunent or experniental progriam category; and (3) the application ol the experiment or
cxperinental progrant.

el experiment histed i this document kas o priority listing that s one of the following:
(1) Maxnnn practical attention; (2) Required tor new or ongoing DOE operation; or (3) Less
wrgent thaa priority (2). The status ranking of cach experiment 1s designated as one of the
tollowing: ) Justification Completed, (2) Justification Being Prepared, (3) Experiment Identified,
(4) Antieipated Need, (3) Expeniment iy Progress, or (6) Experiment Complete. Note that status and
priority are different and can differ tor any single experiment and experimental program. However,
every 2tfon should be nuide to bring thent to an equivalent level so that, for wnstance, the highest
priority experiments should also be the ones closest to completion. Tuble 11 lists the 59 experiments
that lueve been identified and prioritized.

Table II: ldentthied and Prioritized Experiments.

Number of Priority
Categories Priority | Priority 2 oty 3

Highly Enriched Urantum tHEU) 2 5 0
fLow-l:nriched Urintum (LEL) 2 5 I
Phitouam (P) 4 | 0
Platonunn/Uranium Fuel (PUF) 0 | 2
Transp: - rauon/Applications (T/A) 9 8 0
Bascline Theoreuical (BT) 6 2 4
Criticality Physics (CP) I | 5 |

Total (39) 24 | 27 8

Ibiradiiciton
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Forecast of Criticality Experiments: FExecutive Summary

111 Criticality Experiinents and Experimental Programs tcontinucd;
\ p Y

Fransportanon/Applcarams s g new subset ot cruicality experunents that s imtended to cover the
areas of storage, transportatton, waste, dosimetry aliarm svstems, trainmg, cmergency respotse,
processig. and regubattons and standieds. Tratnmy s mcladed as part of contivnng capabday

IV. Resources and Status of Faetlities

Los Alamos Crivval Experiment Factliny 11.ACEF). Much ot the oreewal necleie cracality
rescarch wis performed at this site, and the faality contisees 10 honse the ost sizmtcan collection
of crincal assemblies i the Western Heansphere. The combmuton ot the assembles, @ birec
inventory of tisste material, and structural mistertals makes the LACEF one ol the most doveestred
facilities for the stmulation o) nuclear reactors. weapons, and process applications: 1 1s also a resource
tor pertfornung research tor the nuclear commumty. The LACEF statt is trained and certitied and
docunmentation s current.

Arca V', Sandia National Loboraories tSNL). Area 'V oat Sandia Nattonal Laboratories
(Albuguerque. New Mexieo) conprises numerous rescarch and test laboratories whose nuain activies
center upon rescarch work conducted ot versatile reactors and ganuma-ray sonrce tactities. The SNL
staft is trained and certitied and documentation is current.

Other Fucilities. Argonne National Laboratories (West), the location of the Zero Power Physics
Reactor tZPPR). Hantord Laboratories and the Huntord Critical Mass Laboratory. Oitk Ridge
Nator 1l Laboratory tORNL). wnd Rocky Flats are either on stand-by or have been shut down.

V. Conclusions

An evaluation of experimental status and priority indicates the following:
» The majority of Priority -1 expertments and experimental programs (9) are in the
Transportation/Applications category, with the Baseline Theoretical and Plutonium
cutegories having 6 and 4 Priority-1 experiments and experimental programs. respectively.

* Criticality safety training 1s recognized as one of the most important aspects of maintaining
our technical capavility.

* The new priorities for needed experiments reflect the change in the mission of the DOE
and the current thinking in the nuclear community.

Future Directions. There is an overwhelming need for critical expertments to be performed for
basic research and code validation. The Workgroup will continue to work with the changing direction
of the DOE and the nuclear community to identify experiments and prioritize them.

Iitroduction
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The Experiment Needs ldentification Workgroup
and the Evaluation of Proposed Criticality Experiments

D. Rathertord. Los Alamos Nuattonal Laboratory

. Introduction

From July 27 through 28, 1993, the Expenmmental Needs Identitication Workgroup (ENIWG)
held i meetier to discuss the enrrent and projected needs for criticality experiments and facilities,
Sponsored by the Departinent of Energy’s (DOE) Nuclear Criticahlity Technotogy and Safety Pruject
tNCTESP), the ENIWG comprises representatives from the followirg comuwunties: DOE contractors.,
DO program offices, special groups working i the area of criticality safety, NDOL crittzal mass
Liboratories, and the Nuclear Regulatory Connutssion (the map on the tollowing page shows the
focation ol the DOE nuclear facthities tr.olved in the Workgroup) At this meeting, the Workgroup
idemuitied those nuclear criticality experiments that wre necessary to support the DOE's changing
prozruns and diverse production operations. This Forecast 1s generated by the Chair of the
Workgroup, with :iput trom the aforementioned groups.

This document s considered a “hiving” document and will be updated penodically. A glossary
of nuclear criticalite terms and a list of symbols used in this report can be fcund in Appendix A A
list of criticality icronyms can be found at the end of this section, along with a list of ENIWG
participants.

Current Concerns. The Defense Nuclear Facilities Safety Bourd unanitmously approved
Recommendation 93-2 (Appendix B) which deals with “the need lor criticar experiment capability.”
The Board delincated i its Recommendation that a continuing program of general -purpose critical
experiments is necessary to insure safety i the hundling and storing of fissionuble matertal.
Spectfically, the Board recommends that:

I. The Department of Energy should retain its program ot general-purpose critical experiments.

2. This progrum should normally be directed aloug lines that satisfy the objectives of improving
the mform:tion buse, which underlies the prediction of cricality and serves in the education
ot the criticality engineer community.

3. The results and resources of the criticality program should be used in ongoing departmental
programs where nuclear criticality would be an important concern.

Specific experimental and progrummatic responses to the DNFSB Recommendadon are listed in
Tuble 1.

Also, buscd on the previous version of this forecast, several questions were ratsed concerning
criticalizy physics und the calculational methods being used for criticality analysis. These evaluations
and questions become extremely tmportant as the DOE complex changes its mission, faces numerous
weapons returns from the stockpile, and places an ever increasing importance on regulatory
compliance. Because the expertmental facility chosen must conduct their operations based on their
financial and personnel resources, the ENIWG provides the guidance and information that are needed
for the ollocation of resources in the early planning of criticality experiments.

Inroduction
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Forecast of Criticality Expersments: Identifving Experimental Necds

Table 11 Lxpernnents and experunenal programs wdentiticd by ENWIG than address specitic DNIFSB

Recomusendations.

Experimients or Experimental Programs that

DNEFSB Recomntendition Address the Recontmendation
St o cood base of inlarmation tor FO4. 106, 202, 203, 302, 303, 3)S, 306, 302,
crichity contenll coverme the phy sl 302¢, 502k, 304, 406, and 701

sttincezons that wil be encoantecedh my haudlmey
atnd storig Nisstonable materal

- theoretical nnaerstanding al” neatron 103, 103, 204, 205, 207, 208, 30}, s0), 502,
nuthuplicatton processes uy entwetl and 302 502d, 502¢. SO2F, 502 203, 505, 601,
suberigeal systems 003, 6054, 609, 702, 703, and 704

.. ensure retaning o cotmnunity of All experiments and experimental progrims,
idivaduals competent i practicing the specitically 507 and SO8 - traiming
ferttrcality | control”

Seaperioents tarzeted at the nuagor sonrees FOL. 102, 304, 6h6, and 707
ol discrepaney between the theory and the
expernments 7

IL. ENIWG Operations

The functina of the Workaroup is to provide the criticality community with a hterarchy of
experiments aeeded to support U.S. DOFE eontractor operations. At the beginning of a new DOE
progriut or moditication to an existing program that involves fissile matertal, the ENIWG makes an
cvihration to determuae if current critieality benchmarks are adequate. If these benchmarks are tound
to be madequite. a new criticality experiment nuay be necessary for safety and/or econbnuic reasons.
It auech an experiment s mndeed required. then a hsting will appear i this document.

Identifving Experiments and Experimentol Programs. Experimental Programs delincate general
representations of @ hroad expenimental need (te.. dosimetry). Experiments are more specific in
natire.

For each experiment and experimental prograny identified by the Workgroup, the requester or
sponsor provides a justification statement (see form in App. C). This justification information is used
to evaluate the need for the experiment and should (1) discuss existing criticality data (if any) and
whyat is deficient; (2) provide a description of the needed experiments: and (3) list potential benefits.

Al the beginning of cich experiment and experimental program listing the following general
mtornution is given: (1) the DOE contractor who needs the experimental data: (2) the experiment or
experimental program category: and (3) the application of the experiment or experimental program.

Roting Exprruncnts and Experimental Programs. Experiments and experimental programs are .
rated by representatives from the ENIWG who have determined the priority listing for vach entry.
These representatizes also consider the identification of a sponsor and the extent to which such
zxperiments will support programmatic needs or provide basic physics da‘a.

In addition, a subcommittee has been formed of the Weapons Criticality Committee to identify
the needs and priorities of nuclear safety experiments that are nuclear-weapons specific. This effort
will be coordinated with the Workgroup.

Introduciion
7



Forecast of Criticality Experiments: Identifying Experimental Needs

II. ENIWG Operations

Rating Faperin:ents and Expertmental Programs tcontinned ).

Each expernment and experiental prograot fisted 1 the docament has i proortre histig that s
one of the followmg: (1) Maximnn practical attention: (2) Required Tar new or ongome DO
operatton: or (3) Less argent than priovity t2).

The arates ranking of cach expernment and experimental program s destgnated as one of the
toHowiag: t11 Imtial Request, (2) Justtication Completed. (3) Justuttcation Bemg Prepared,
t4) Expertmen Identitied, (3) Antictpated Need, (6) Expertment in Progress, or (7) Experiment
Complete.

Note that sratus and priority e different and can differ tor any single expertiment and
expernnental progrim. However, every eftort should be made to bring thew to an equuvalent level so
that, for instascee, the highest priority experimients should also be the oues clbsest to completion.

Sunvnary Listarg of Experiments and Experimental Programs ond Their Priorities. Table 11 lists
the 39 experiments and experimental programs that have been identified and prioritized. The 21
experiments considered highest priority (maximum practical attention) are hsted m Tuble 1L

Table II: Identified and Prioritized Expertments and Expenimental Programs.

Number of Prinnity
Catevories Privrity | ' Priogity 2 Priority 3
Highly Enriched Uranium (HEU) 2 5 0
Low-Enariched Uranium (i.LEU) 2 5 |
Plutonium (P) 4 | 0
Plutonium/Uranium Fuel (PCF) 0 I 2
Transportation/Applications (T/A) 9 R 4
Baseline Theoretical (BT 6 2 4
Criticality Physics (CP) I 5 I
‘ Total (59) 24| 27 3

New Transportion/Applications Category. This new subset of crittcality experiments is intended
to cover the areas of storage, transportation, waste. dosimetry alarm systems, tratning, emergency
response, processing, and regulations and standards. The material 1s divided into two parts—Programs
and Specific Experiments. The program areas are further subdivided into spectfic experiments where
appropriate.

It is assumed that the physical facilities of the critical mass laboratories are ““User Fucilities.”
These facilities would be maintained to support experimental capability, and are made available to
experimenters. Of course, the permanent facility staff would maintain the capability to conduct
experiments, or to supervise the temporary staff for particular experiments.

Introduction
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Tuble ITE: Hizhest Priotiy Experunients atd Expecnnental Programs.

Cutegory  Faperiment Experimental Program or Experiment ‘Fitle
HEU 104 | Advanced Neatron Source

)6 | TOPAZ-1l Reactor
LEU 2600 Shebir Reactivity Parameteriziation

207 | Sheba Reactivity Voul Coetticwent

p 301 Plutonium Solution in the Concentration Runge from ¥ e/l to 17 »/i.

03 | Effecuveness of o ur Platonnum Storage and Transport Arravs

304 | Plutonn with Exsremely Thick Bervinun Reflection

306 | Arravs ot kg Pa-Metd Cylinders Imimersed i1 Water

T/A 301 | Assessment tor Materals Used to Transport ind Store Discrete Items
and Weapons Compuanents

Program 302 | Waste Processing, Transportation, and Storage

502¢ | Vahdanon of WIPP Hydrogen Generation Cileuiations

302h | Mimnunn Critical Mass of Fisstle-Polyethylene Mixture

202+ | Criticahity Studies that Emphasize Intermediate Energies

Progrian 503 | Validation of Criticaltty Alarms and Accident Dosimetry

Program 304 | Accrdent Stmulation and Validation of Accident Calculations

Program 305 | Evalization of Measurenwents for Suberitical Svstems

308 | Development of a Demonstration Experiment

BT 601 | Crittcal Mass Experiments for Actimides

606 | Plutontum with Extremely Thick Beryllium Reflection

607 | Establishing the Validity of Neutron-Scattering Kernels

008 | Extending the Standard ANSI/ANS 8.7 to Moderated Arrays

609 | I'ission Rate Spectral Index Measurements in Three Assemblies

610 | Validation of Calculational Methodology in the Intermediate Encrgy
Range

cpP 702 | Spent Fuel Safety Experiments (SFSX)

I[I. ENIWG Operations

New Transportation/Applications Cutegory (continued).

Truaining would be included as part of continuing capability. The training is divided into three
parts. Training is provided to those who operate the critical experiments, which is the first part. The
second part is a continuation and expansion of the nuclear-criticality-safety hands-on, 2-, 3-, and
5-day traintng courses that have been provided for several years. The third type of training is an
“intern-in-residence” program to allow personnel an opportunity to gain experience in the day-to-
day operanon of a critical experiment facility. An tmportant adjunct of the training program is
developing a simulator to demonstrate the characteristics of critical systems. We proposed that this
development becomes a “catalog™ item under the auspices of the DOE and that this simulator is
made available to contructors and others at cost.

Introductiun
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Programs and experunens mcluded i this category are wenified w Table 1V,

Table 1V. New Transportatina/ Appheattons Experiments and Expenimentad Programs,

Expertnent St): Assessment for Matenal Used o Transport and Store Priority |
Jiscrete Items and Weapon Conpouents.
Experimental Program 5020 Waste Processing, Traasportation, and Stozage. Poonty |
Expertien: 302 Absorption Properties nf Waste Matriees Priority 2
Expernnent 502b In Siter Dram Stacking Prioriey 2
Iixpertment S02¢ Vilidation of WIPP Hydrogen Generanon Culealations Pl’l():'lt}‘—]T
Experiment 50.2d The In-Tank Precipitatinn (ITP) Process for 2334 Prionits 2
Experiment 502¢ The In-Tank Precipitation Process for 233U + 2Py Priony 2
Experunent 502t The In-Tank Precipitation Process tfor 23YPu I'rionity 2
Experiment 502¢ Determination of Fissionable Material Concentrations Prienty 2
W.aste Materials
Experiment 502h Mimnumum Critical Mass of Fissile-Polycthyvlene Mixtire Phority |
Experiment 502 Crincality Studies That Emphasize Iitermediate Eaergies | Prionity |
Experimental Progrim 503: 1 Validation of Criticality Alanims and Accudent Dosunetry. 1 Pponity |
F S y ) .
Experimental Program 304: | Accident Sinwlation and Validation of Accident Prioruy |
Calculations.

Experimental Program 305 | Evaluation of Measurements for Subcnittcal Systems. Prinaty |
p & y \
Experiment 306: Safe Fissile Mass Thresholds tor an Array of Waste Priority 2

Storage Drums.
Expenimental Progriam S07: | Sunulator Development Puerny 2
g p )
Experiment S08: Development of a Demonstration Experumnent Prioruy |

INL.

Resources and Status of Facilities

The current (1994) status of available critical tacilities and their resources are listed below.
Although several facilities luive been closed. they are listed here tor historical reasons. Included in the
description of each facility are the:

e core technical capabilities (that is, what assemblies, or test cells, and what materials are
available for experiments),

e current documentation (for example, SARs, TSRs, and operating procedures): and

* personnel resources.

A. LACEF

1. Core Technical Capabilities. The mission of the Los Alamos National Laboratory (LANL) is:

“The Los Alamos National Laboratory is dedicated to applying world-class

science and technology to the nation's security and well being. The
Laboratory will continue its special role i defense, particularly in nuclear

weapons technology, ana will increasingly use its multidisciplinary capabilities

to solve problems in the civilian sector.”

- S. Hecker (1993)
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Opcrang s Pajttto Ste ance 194600 1he Los Alios Critteal Experiments Faaliy (EACLEE) hes been
actrvely mmvolved mthis mussion. Much of te: onginal naclear eriticality research was perforoted at
thes aate. and the Factlity contioues w0 hoase the most sigmuttcant collection ol critical assembhies 1 the
Westertt Hemmsphere. The LACEF conststs of three reotely controlled Liborittories, known as kivas,
which are located approxittely one-quarter mule trom the man butldisg that houses the mdi wual
control rooms for cach kv The assemblies 1 the kivas are desenibed below. The combimation of the
assemblies, a Large inventory of fisstle nunertal, and sirecterad matertals nrakes the LACER one of the
most diversitied factlities Tor the simnulanon ol mucleir reactors, weapons, ad process applications;
ts athho o resonree for performing research tor the naclear conmutnity.
Assenthlies. The assemblies that may be operated wt LACEF tsee Table V for those currently

wvatluble)y can be subdivided o tour categories:

F. Benchmurk assemblies are siable, definable configurations continiag precisely known

components. They cin have wterchangeable or adjustable tisstle cores and retlectors.

2. Assembly machines are general-purpose platformms into which tiseale, moderatng,
reflecting, and control cemponents can be loaded for short-ringe study of the neutronee
properties of the niaterials.

3. Solution assemblies are speciticully designed to allow critical onerations with
confignrations contaimng fissile solutions.

4. Experimental reactors are either cooled naturally or by self-contamned heat rejection
svstems and may be operated for i signiticant time at low-power levels.
2. Current Docuntentation and Personnel Resources. The LACEF stalf 1s trained and certified and

documentatidn s current.

Table V. Cnitical Assemblies at the LACEF.

Assembly Type Applications
Big Ten Large. fast-spectrum, steady-state benchmark assembly | 1.2, 3.4
Comet General -purpose. vertical assembly machine (portable) §2.5,06
Flattop Fast-spectrum, steady-state benchmark assembly 1,5.6
Godiva IV Fast-burst assembly (portable) 1.2.4.6,7. 8
Honeycomb | Large, gencral-purpose, horizontal assembly machine  15.9. 10
Mars Large, general-purpose, vertical assembly machine 3.5.6
Planet General -purpose vertical assembly machine 256
Sheba Liquid, steady-state and burst assembly 1.2.4.7.8
Skua Annular-core fast-burst assembly 1.2.7.8
Venus Large. general-purpose machine (used for solutions) 1.4,5.6, 8

Applications [egend

. lrradiation studies 6. Criticality safety training

2. Neutron/gamma transport effects 7. Vulnerability, lethality, and countermeasures (VL&C)
3. Nuclear fuel development 8. Crticality alarm development

4. Detector development studies 9. NEST & START technique development

5. Crical mass and separation studies 1. Weapons sifety study
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[11. Resonrces and Siates at Facilities tcomnuacds
B. Arca V. Sandia Notional Foaboratories (SN

. Core Technical Capabilities. Acea Vot Sandia Natiotal Laboratarzes tAIbugacrijue) conguises
nameroas research and test Liboratagtes whose i activines center upon rescarch werk condacted
versanle reactors and snnni-ta soarce Gicthines The mane components o Arca Ve the Avnhn
Core Reseirch Reactor, the Saandea Palse Reactor 1L the Sadta Pulse Reactor Bl the Cuantna
Irradnaton Facthiy, the Hot Cell Laboraery tGlove Bay Lithorutary ad Analyecal Laborator o aud
the Rinbatton Menrelogy Faboany.

Avanblies.

b, The Annula Coae Resciach Reactor ¢ ACRR S s o pool-iy pe rescarcdt voactor capable ot
steady-stae. pubse, and trlored-transtens operatton. The reactar was dereped to
accommodate a 21.000-cm espermental package wa high-thy, near-umtorm
radine Deld. hn addition, i has two mtecchangeable, fuel-rimzed caternal cavanes, an
untucied external cavity, and two newron radrogriphy Licthities.

2. The Sandia Pulse Reactor IT(SPR-11) s a bare, Tast-burst, unretlected and annoderated-
core reactor capable of pulse and limited steady-state operation. It his a small centeatld
cavity and is useo primaerthy Yor narrow-pulse. ugh-dose-rate testing.

3. The Sundia Pulse Reactor HISPR-HIn s o bare. tast-burst, satenected and
untnoderited-core reactor capable of pabse and hinnted steady-state operatton The
pruniary experiment chamber 1s a Lirge cenral cavay that extends through the core. SPK-
I 1s 2ued tor high-neutron-fluence or pulsed. high-dose testing.

4. The ki~a that houses the SPR reactor has also been used for the CX experiment recently.
Thes crittcal assembly was used to perform experunents in support of the Space Thernid
Propulston program.

2. Current Documentation and Personnel Resources. The SNL statt s trained and certifred ond
documentation s current.

C. Argonne National Laboratories ( VWest)

1. Core Technical Capabilities. The Zero Power Physics Reactor tZPPR) 1 i modern. world-class
critical facility capable of full-scale simulation of fast-spectrum reactors. ZPPR has the tlexihehuy
necessary to accommodate critical assemblies for a wide rang: of reactor types, trom very small space
reactors to the largest, fust reactors. The tacility design makes 1t possible not only to pertorm
measurements. but also to switch rapidly from one reactor to another. ZPPR's inventory of critical
experimental materials is irreplaceable and immense. This is due to the cost of specialized materials
for the facility and nonexistent manufacturing capability.

The ZPPR facility. located at the Iduho site of Argonne National Laboratory (ANL). cousists bt a
reactor cell. a fuel-element loading roont, a control room, a matertals storage building, and
workshops. The reactor cell and loading room are situated under a large carthen mound that provides
a stable experimental environment and effective safeguards.

2. Current Documentation and Personnel Resources. Last active in March of 1992, the ZPPR
facility is presently in nonoperational standby. The documentation is not current. The staff is no
longer certitied and has been reduced to three personnel.

Introduction
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11l. Resources and Stietns of Facilities (continaed).
D. Hantord Laboratortes

The tHamtord Criecal Mass Laboratory was shut down at the end of December 1YRE; 1t 1s no
fonger mncttonal as 2 cniteal tacthity.

The mayonty ot the world™s safety data on cutieality of plutonrata-bearing solutions was tfrom
thes Facihny

1. Oak Ridge Natinnal Laboratory (ORNL)

I. Core Technieal Capabibtitics, Locuated on the South Boundury of Y-12, Building 9213 housed the
critical tacility at ORNI ra ohity. which was operational between 1950-1975, contained three
cells: one was equipped to perfoar solution critical expernments, and the other two were cquipped o
pertorny sl enitical expenments oo sphit tables.

2. Current Documentation and Personnel Resources. The ficility has been shut down. There @ no
trained and cerutied statt and no current documentanion.

F. Rocky Flats

. Core Technical Capabilities. The Rocky Flats Critical Mass Laboratory (CML) is currently in a
standby mode. The facility 1s gradually being defueted, decontaminated, und decommissioned. This
process is not completed.

The CML has one test cell that 1s large and well equipped with versatile handling equipment. It is
thick walled and has a history of a very low leak rate from intentionnl cver pressurization. The
interior atmosphere can be completely isolated during an experiment. These properties m xe the test
cell ideal for the sate pertormance of critical experiments.

Assemblies. This test cell contains four assembly machines, two of which are a vertical split table and
the “liquid-retlector apparatus.™ The former has never been used and cannot be operated without
major repairs: the latter was dismantled in the 1980s, pending rebuilding using 4 more efficient
design. but this has not yet occurred. The other two assemblies «zre still present and fully operational:

* The “horizontal split table™ 1s 4 large assembly capable of being loaded to many tons. lts
separation parameters can also ke precisely controlled and accurately measured.

* The “Solution Base™ is an assembly that is still connected to a uranium solution tank tarm
that contains 560 Kg of high-enriched uranyl nitrate solution in 2700 L of solution. The
solution 1s quite free of impurities and exists at an ideal acid normality. Two concentrations are
housed: one i1s approximately the minimum-critical-volume concentration; the other ts
~120 g/L of uranium. The uranium is enriched to about 93% 235U,

2. Current Documentation and Personnel Resources. Documentation for this facility is not current;
:t has ncither an SAR nor dany procedures. The staff has been reduced to one person who has been a
part of this tucility since its construction in 1964; however, he 1s no longer certified. He is
approaching retirement age but plans to continue living in the area and will be available if needed.

IV. Conclusions

At the July 1993 meeting, there was broad representation from DOE contractors, DO'E program
oftices, rescarch reactor tacilities, and critical mass laboratories.

huroducten
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This groap suceesstully priorttized the set of experuncents, ongomg and aew, that were sabnutted
by the LS. mclear commanities and established the stuns af each proposed experunent

Eperimental Cutegoraes. Evadence presented ar this ety shows the overwlichnig weed for
wrde variety al ertical expersments treler to Table D). Same conclustans that can be deea from the
wforniton preseoted here wehule the tollnwing

! The nutjority of Priorny- 1 experumcents and experumentit progans 19y are i the
Transportation/ Apphcations category, with the Bascline Theareticai aad Plutonnnm
categortes having 6 and 4 Prionty- | oexperiments and expernnental proserams,
respectively.

Naote: Curvently, there are no funded experiments i these three cutecories, Nor
0 there o jacdity thee o carrendds open w Bivk o copable of performing plutoniaun
volution cxpertments.

Yo Crteality safety @nmine s reengmized s one of the most nnportant aspects of
matntnz our techmeal capabiliy,

3. The new priortties tor nceded experiments retlect the change imine messton of the DO
and the carreat thinking 1n the auclear commwnity, as well as continmed experiments that
are recognized as supporting ULS. processing fictlities.

4. A concerted effort has been made to itegrate Physics Crtena for the Benchnark
Crutical Expernments document (see App. D) into this forecast.

5. An important activity that arose from the meeting wits o create an initaal dratt of criterna
tor establishing arcas of applicabthity tsee App. |2

Resources ol Stoms of Facilities, Currently, there 1s only one general-purpose crrtieal tazthey
that remains open: the Los Aliumnos Critical Experiments Facility - Sundia Natonal FLaboritories
(Albuquerque) has rescarch reactors and the capabthity to pertorm small critical experiments 10 therr
kiva; however. there is no capability to perform solution critical expertments.

Rocky Flats CML 1s currently on standby stitus.

Future Directions. There is an overwhelming need for cnitical expertments to be performed tor
basic research and code validation. The Workgroup will continite to work with the changing direction
of the DOE and the nuclear community to identify expertiments and prioritize them.

Imimduction
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Forecast of Criticality Fxperiments

Department Needs for Criticality Rescarch
in Support of Various Programs

R. Walston, DOL/AL/SPD

1. Introduction

The department i~ facuy downsizing. The weapous prograny s bemg downsized. The budget s
bemy downsized. Future techuologies are w their mtancy. The guestion ¢f support for a nuclear
crttcaliey Yacthiey comes ata time when muclear energy. naclear cducation, and nuclear technology ts
on the downswinge o the ULSo prohiferation. nuclear cuergy, and teebnalowical competition are on the
upswinte v other countrtes. Nuclear mutertal mventortes will wcrease signiticantly. Ot necessity, ooe
is Toreed to specalate onthe need, oertt, and natre of futire critical experaments and the need ot
dedieated fucthty wr support of the nations”™ weapons developmeat and navlear techanlogy role,

1. DOL. Critical Factlities

The DOE critical tactlities have historically been a source of critical miss data, cross sechonatl
datia, new core enticals, prompt reactor data, and vital criticality training for the nation. A DOE critical
Licility provided the interaction with the British, Canadian, French, Japanese, Mexican, Russian, and
virtous wmuversity scientists over the years. DOE cntical tacilities have histerically been the most
stmultcant ereators of satety informaiton and sources of nuclear technology tamster. It wall be a DOE
Facthty that muintams the techuplogical core competency for the naton’s nuclear criticality analysis.

DOE nuclear enticality factlities have the unwque abihity to perform classitied and unclassitied
researen by driawing on the support of other DOE tucitlities such as Sandia Nattonal Laboratories
stmuliation facihities, Nevada Test Site, Phenimix at LANL, and other sites. Only DOE facilities sire
allowed to hiave plutoniums, actinides, highly enriched uraninms, and other such materials.

“T'he loss of a nuclear criticality facthty (the remaiming once) would of necessity imply the
relocation of matenial and personnel. Should the need anse tor a nuclear critical experiment, it could
be particulurly difticult th reassemble the equipment and personnel, especially if it were a classitied
expernnent. It could take several years to resume operation, depending on how long the facility had
beenr secured. It may become necessary to purchase our criticality data from the Japanese, for
example.

HI. DOE Neeus for Nuclear Data and Criticality Information

[he following histis a projection of the Department’s needs with respect to n.clear data and
criticality information as °t relates to nuciear safety and the necd for a criticality research fuacility:

A. Safety, Training, and Code Validation

. Hands-on training for the department’s fissile material workers and oversight personnel
wili continue to be needed to assure safe operations at many of the department’s
facilities. This tramning creates constderable nuclear safety inquiry within nuclear
factlities.

2. Nuclear data on super prompt criticals for thermal and fast configurations is important to
the department’s safety database. Considerable amount of new research is needed in this
ared to assure safe operations.

3. Neutron and gumma burst and steady state machines are needed to test and validate
various criticality detector systems within the department.

Introduciton
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HI. DOL Needs for Nuclear Data and Criticaltty Information

A. Safety, Training, and Code Validation (continued)

+.

The nuclear citticahity commuty has many desired expernments to repliace extrapolated
of shetehy data with vahdited experimental data.

Aonal weapons test ban may require alternate methods to vertty refevant naclear data
for satety and rehabthity.

A critecal tacthty wonld sapport emergeney anitbvses for aceident scenartos witha the
department (for exannple weapons, reactor accidents, or NEST-type events). Analysts of
Izast Block matenal storage and handling 1s anticipated. Support tor nuclear
nonproliferation activities must be avatlable.

B. New Frels und Reactor Core Designs

)

New Tuels (for example particle bed-tvpe fuelsy are being coustdered tor space
propulston systems. Dati leading 1o anclear safety must come from modeling and
experitnems with luel configurations i a core, and particle distributions representing
accident-cansed dispersions of particles.

New Tuels and coolants will pperate over temperature ranges from cryogenic
temperatures th possibly several thousand degrees Kelvin in the nuclear propulston
reactor. Basic cross-sectional data for cryogenic hydrogen. for example is not
thoroughly developed but is tmportant in the nuclear safety and design of the core. Very
little physics dati exist on materials at very low temperatures.

Exploration of fissile muterial contigurations, other than configurations “at critical.™ is
necded to achieve nuelear data tor safe design. The dvnamics of solution criticals and
excursions are not well understood and should be explored.

New reactor-core nuclear data will be needed. New reactivity exploration will be needed.
The Oak Ridee “Advanced Neutron Source™ 1s such an example. The most recent
example 1s the CX at Sandia National Laboratories.

Alternate uses of plutonium (plutontum-based reactors) driven by stockpile reductions
and control may require plutontum criticality analyses in support of safety and design of
processing equipment and tuel development.

Nuclear safety data may be needed for compact auxiliary -power reactors used in space
exploration, such as the SNAP type cores. and the accident environments they could be
subjected to as potential plutonium burners.

C. Waste Processing and Storage

The weapon downsizing programs in the U.S. (and the East Block) will produce
unknowns in storage arrays, including the spacing of varicus units in potentially hostile
envirorments (for example, flooding, fire, etc.).

Critical mass data for many of the transuranics and actinides is limited. Some of these
elements have large fission cross sections, some have threshold fission energies, and
others have combinations of both characteristics. Many of these elements will become
abundant and of concern it spent-tfuel processing resumes.
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[1I. DOE Needs tor Nuclear Data and Criticality Information
C. Waste Processing and Storage (contimed)

30 Pressare will exist tor compacting wistes that contiun Isstle matenal, while at the siune
tme preserving nuclear safety. The threshold vilue for econonue recovery will go up,
thus ticrcasig fisstle matersls o naclear wastes. Nuclear eriticality for large arrays iy
not well anderstood.

It 1s anticipated that other eniticality related information will be desired as the country moves
Forward immto space missions, tew reactor conceplts, and new methods tor dealing with safety. In
additton, the departiment mst consider that the “critical facihity concept™ provides an avenue tor a
collectton of materials and experts who will provide inquiry and expertise tor safety issues as they
arse, ond wall be the ceater of Tocus for any nationatly and internationatly related data creation and
¢vchange.

IV. The Need for a Critical Facility

In the past, several critical facility laboratories existed within the departnent to explore fissile
materntl configurations in support of specitic activities, tor example plutontum parts fabrication,
fissile material recovery processes, etc. For most of these facilities, the oniginal mission has been
canceled or moved and the critical facility laboratory has been decommissioned.

A catical facility typically operates with core canfigurations at zero power, versatile tuei
configurations, little or no heat removal, and minimal fission product controls. These systems lend
themselves to the ease of physics data acquisition and system change to accommodate experimental
needs. The techmical satety requirements and safety analysis report typically retlect generic tssues and
lumitations, as opposed to specitic reactors. Independent review, oversight, training, and configuration
control is unique tor these types of facilities. Only DOE’s Defense Programs have this breadth of
tactlity technology and criticality knowledge in the United States.

V. Conclusion

A report was produced in May 1987 "FORECAST OF CRITICALITY EXPERIMENTS
NEEDED TO SUPPORT U.S. DGE CONTRACTOR OPERATIONS 1987-1992" (DOE/NCT-(i3) by
members of the criticality research community. It suggests a variety of critical experiments that would
support enhanced safety or efficiency in operations, transportation, storage, and analysis. However,
they could not have anticipated the massive ¢hanges that would occur in he r rional and
international situation with regard to weapons, nuclear power, or space exploration. A few of the
experiments have been carried out, but most of the fuctlities have been decommissioned.
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Department of Energy Criticality Safety Program:
Qualified Analytical Mcthods and Nuclear Data

R. Westtall, Oak Ridge National Laboratory

I. Recommendation 93-2

In its Recommendation Y3-2 to the Secretary of Energy (Appendix B), the Defense Nucelear
Facilities Safety Board recogntzes as a principal wigredient of nuclear criticality control the
“theorestcal understanding of neutron nwltiphieition processes in catical and subceritical systems,
leading to predictability of the critical state of & system by methods that wse theory benchnurked
against good and well characterized critical experiments.” in this regard. DOE Order 5480.24,
NUCLEAR CRITICALITY SAFETY. incorporates as basis clemenis and control paramcters for its
contractor criticality safety programs the requirements of six AMSIZANS nuclear criticality satety
standards. The principal standard dealing with the use and qualification of analytical micthods is
ANSI/ANS 8.1, "Nuclear Criticality Safety in Operations with Fissionable Materials Outside
Reactors.™

II. Paragraph 4.3

Parugraph 4.3 of this standard admits a wide variety of methods tor predicting effective
multiplication factors or tor deriving subcritical limits. However, 4 common procedure for
establishing the validity of these methods is specified in paragraphs 4.3.1 through 4.3.6. To
implement this. standard, the nuclear criticality safety community, primarily through the DOE Nucleuar
Criticality Technology and Safety Project, has initiated several efforts. Under this project, the Nuclear
Criticality Methods Resource Center has developed and enhanced criticality methods, as well as
provided training in the use of the computational software. The concept of criticality methods
development being performed on a DOE-wide basis his been very useful and cost effective. However,
it should be expanded to include the full range of software required for systems analyses, nuclear
data preparation. and sensitivity analyses. Also, the objective of providing redundant capabilities
developed with independent approaches should be pursued. This objective is consistent with the
Double Contingency Principle employed widely in criticality safety practice.

III. Paragraphs 4.3.1 through 4.3.6

Paragraph 4.3.1 of ANSI/ANS 8.1 deals with establishing analytical biases in the calculation of
effective multiplication factors (keff). The primary tools for calculating keff anc supported by the
Resource Center are the KENO codes, developed at ORNL, and the MCNP codes, developed at
LANL. They both employ the Monte Carl> method to exploit its flexibility in treating complex
matenal-geometry systems. However, the two codes have substantially different geometry treatment.
schemes and neutron kinematics. KENO being an energy multigroup ccde and MCNP being an
energy pointwise code. Thus the pair of codes provide the independent. corroborative capability
required for a successful program. Deterministic neutron transport methods are very useful tor
establishing the analytical bias. Free of the statistical uncertainty associated with Monte Carlo
analyses, these techniques yield closed-form solutions for the neutron flux throughout fissile material
sysiems. The Resource Center has supported the use of deterministic transport methods at ORNL
(XSDRN, DORT/TORT) and LANL (TWODANT/THREEDANT) in the processing of multigroup
cross sections and in studying reaction rates. In the case of second-order accuracies. deterministic
methods must be apphied to determine the contributions to analytical bras. In addition to Keft, several
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il Paragraphs 4.3.1 through 4.3.6

Paragrash 4,31 or ANSIZANS §.1 fcontinued).

reactor physies parameters are usetul tor this purpese. They are histed tn the Physics Criteria for
Benchmurk Critical Expermmeats, Appeadix DL In addition o providing validation for spectfic
apphcattons, entwcal expertments should be performed to provide this basie physies wfornution. The
proposed Lixperanents 2006 aid 208 arc of this nature. Finally. the analvtictt brases are dependent on
both the neutron transport rcthodologies and the cross-section data. Support of neutron processing
software such as the AMPX svstem at ORNL and the NJOY systemat LANL should be put on an

ongorge basis,

Paragrapl 4.3.2 of ANSI/ANS 8.1 addresses the issue of the application range for qualitying
critical experttients destgned w vahidate the analyses ol specific systems. Heretofore, this issue has
been treated primartly by professional judgment. A ruditmentary ettort to define criteria for matching
experiments with fissile systems s included heve as Appendix F. The DOE Criticality Salety Program
shoudd support the testing and refinement of these criteria. An effective set of criteria for establishing
the range of apphicability would be of great vidue 1o the crivicality safety community.

Paragreph 4.3.3 addresses the coacept of the satety nargin, including the analytical bias and
vanous areas of uncertainty. The criticality safety cornmunity ivas generally adopted this concept
rather than always adhering to a single criterion tor subcriticality (ketf € 0.95;. The satety margin
coneept justifies econauunes aud, 10 some instances, provides more effective margins of satety. The
DOE should suppert the development of uncertainty-sensitivity methods for enhancing this process.

Paragraph 4.3.4 addresses the issues of software verification, which is the responsibility of the
developing organization. and software contiguration control, which is the responsibility of the user.
Software verification ts i important tunction performed by the Resource Center. tt would greatly
benetit from more varied and accurate measurements of physics parameters, as discussed above.

Paragraph 4.3.5 of ANSUANS 8.1 stawes that "Nuclear properties such as cross sections should be
consistent with experimental measurements of these properties.” Towards this evd, the DOE Criticality
Satety Program should make more etfective use of the Evaluated Nuclear Data Files developed by the
nuclear data conununity and formally tested by elements of the Cross Section Evalustion Working
Group (CSEWG). Heretofore, CSEWG data testing has been primarily in the areas of fast reactors,
thernmal reactors, and radiation shielding. This data testing should be extended to the broad range of
nuchues and material compositions of interest to nuclear criticality safety. Substantial benefit would
accrue to the DOE Criticality Safety Program from its tnvolvement with CSEWG data testing
procedures, including the use of uncertainty-sensitivity techniques. Results from this activity would
include the justification for lower uncertainties in measured data and, ultimately, niore accurate
crticality analyses and reduced analytical biases.

Paragraph 4.3.6 addresses the elements of validation studies that should be documented.
Documentation of sottware verification and the performauce of cross-section libraries should
continue as important functions of the Resource Center.

IV. SUMMARY

In summary, the DOE Criticality Safety Program, under the Nuclear Criticality Technology and
Safety Project, has made substantial progress in providing both analytical software and measured
data. However, this effort should be expanded to include the full range of software required for
systems analyses, nuclear data preparation, and sensitivity analyses. An overall objective should be the
provision of redundant capabilities developed with independent technical approaches.
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ACRR

AEC

AMPX

ANL
ANSVANS 8.1

ANSI/ANS 8.7

APRFR
AVLIS
B&W

BNFL

BNL

BWR
CAL/DOE-RFO
CML

CMPO

CNPS

CNR

CSEWG

X

DC

DNFSB

DOE
DOE-HQ
DOE-TIC
DOE/AL/SPD

DORT/TORT
EBR-11
EG&G
EM-30

ENCOG
ENIWG
ERDA

Fcrecast of Criticality Experiments

Acronyms

Annuler Core Research Reactor

Atomic Energy Commission

neutron processing software at ORNL

Argonne National Laboratory, University of Chicago

American National Standards Institute/American Nuclear Society Standard
8.1, “"Nuclear Critic:lity Safety in Operations with Fissionable Matertals
Outside Reactors™

ANSI/ANS Standard 8.7, “Guide for Nuclear Criticality Safety in the Storage
of Fisstle Matertals”

Air Force Pulse Reuctor

Advanced Laser Isotope Separation Program

Babcock and Wilcox Company

British Nuclear Fuels, Ltd.

Brookhaven National Laboratory

botling water reactor

M. S. Chew and Associates, Inc./Rocky Flats Operations Office
critical mass laboratory
octylphenyl-N,N-disobutylcarbamethylphosphine oxide
Compact Nuclear Power Source

Center for Neutron Research

Cross Section Evaluation Working Group

Critical experimeni at Sandia National Laboratories

delayed critical

Defense Nuclear Facility Safety Board

Department of Erergy

Department of Energy Headquarters

Department of Energy Technical Information Center
Department of Energy, Albuquerque Operations Office, Special Projects
Diviston

ORNL deterministic transport code for neutron cross sections
Experimental Breeder Reactor Il

Edgerton, Germeshausen, and Grier, Inc.

WTIPP site

Experimental Needs Cocrdinating Group

Experimental Needs Identification Workgroup

Energy Research and Development Agency
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IFAST
FERMCO
FFR
FFTF
FWHM
GDP

HE

HEU
HPRR
icpp
INEL
ITP
KAPL
KENO
LACEF
LACEF/SHEBA

LACEF/SNL

LANL
LET
LEU

LLNL
LWR

LYNER
MCM

MCNP

MIT

MMES

MRS

NCIS
NCT&SP
NE213

NEST

NEST & ARG
NIST

NPR

Forecast of Criticality FExperiments: Acronyms

Fluoninal and Storage

Fernald Environmental Management Co.
Fast Fission Ratio

Fast Flux Test Reactor

full width at halt maximum

gascous diffuston plant

high explosive

hizily enriched uraniutn

Health Physics Reseuarch Reactor

Idaho Chemical Processing Plant

ldaho National Engineering Laboratory, EG&G Inc.
in-tank precipitation

Knol!s Atomic Power Laboratory
Computer code tor keff at ORNL

Los Alamos Critical Experiments Facility

Los Alamos Critical Experiments Facility/Solution High-Energy Burst
Assembly

Los Alamos Critical Experiments Facility/Sandia National Laboratories
- Area 'V

Lcs Alamos National Laboratory, University of California
linear energy transfer

low-enriched uranium

Lawrence Livermore National Laboratory, University of California
Light Water Reactor

Low Yield Nuclear Explosive Research

minimum critical mass

Monte Carlo n-particle (code)

Massachusetts Institute of Technology

Martin Marietta Energy Systems at ORNL

monttored retrieval storage

Nuclear Criticality Information System

Nuclear Criticality Technology and Safety Project

Nuclear Enterprize-213 (detector)

Nuclear Emergency Search Team

Nuclear Emergency Search Team & Accident Response Group
National Institute of Standards Technology

New Production Reactor
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NRC
ORNL
OSTT

PHERMEX

PNC

PNL

PVC

PWR

QA

R

RBE
RCR
RFF CML
RFP
SAR
SESX
SIS
SNAP
SNL
SNM
SPD
SPR-1I
SPR-111
SRL
SRP
SRS
START | & II
TRU
TRUIEX
TSR

TWODANT/
THREEDANT

UKAEA
VL&C
WHC
WINCO
WIPP

Forecast of Criticality Experiments: Acronyms

Nuclear Regutatory Commission

Ouk Ridge National Libosatory, MMES
Office ot Scientitic and Techmcal Information
Pulse High-Energy Machme Emiting X-Ratys, LLANI.
Power Reactor and Nuclear Fuel Development Corporation
Rattelle--Pacific Northwest Laboratiory
polyvinylchloride

pressurized water reactor

quality assurance

roentgett, unit of exposure

relative brological etfectiveness

Relative Conversion Ratio

Rescky Ilats, Critical Mass Laboratory

Rocky IFlats Plam

Satety Analysis Report

Spent Fuel Safety Experiments

spectith 1sotope separation

Systems tor Muclear Auxiliary Power

Sandia National Laboratory

Special Nuelear Material

Satety Programs Division

Sandia Pulse Reactor-11

Sandia Pulse Reactor-111

Savarnuah River Laboratory

Savannah River Plant, Westinghouse Company
Savannah River Site

Strategic Arms Reduction Treaty | and 1l
transuranic waste

Lansariaic extraction

Eohaeal Speahicatinon Requirerbents

LANL deterministic transport code for neutron cross sections and reaction
rates

United Kingdom Atomic Energy Aathotity
vulnerability, lethality, and countermeasures
Westinghouse Hanford Company
Westinghouse Idaho Nuclear Company
Waste Isolation Pilot Plant

Intrbduction
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Forecast of Criticality LExperiments: Acronyms

WMCO Westnghouse Material Conrpany of Ohio
WHPS Wishington Public Power System
WSMR White Sands Missile Range
WSRC Westinghouse Savannah River Company
XSDRN ORNL deterministic transport code for neutron cross sections
Y-12 Plamt Qak Ridge Y-12 Plamt
/PPR Zero Power Physics Reactor
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Forecast of Criticality Experiments

Experiment Needs Identification Workgroup

John Anderson U. S. Department of Encrgy
Savannah River Operattons Office
Salety Division
P.O. Box A
Aiken, SC 29802
(803) 7259716

Courtney Apperson Westinghouse Savannah River Company
Building 773-42A, Rm. {24
P.O. Box 616
Aiken, SC 29892
(803) 725-8215
FAX: (803) 725-4704

J. Blair Briggs INEL
P.O. Box 1625

Idaho Falls, ID 83415-0528
(208) 526-7628
FAX: (208) 526-0528

Blake Brown Private Consultant
20661 Highland Hall Drive
Gaithersburg, MD 20879
(301) 831-1388

C. Les Brown CAI/DOE-RFO
1050 Tantra Park Circle
Boulder, CO 80303
(303) 966-6185
FAX: (303) 966-4763

James Bryson Sandia Nationul Laboratories
P.O. Box 5800
Dept. 6521
Atlbuquerque. NM 87111-5800
(505) 845-3210
FAX: (505) 845-9868

Ken Butterfield Los Alamos National Laboratory
P.O. Box 1663
N-2, MS 1562
Los Alamos, NM 87545
(505) 667-8944
FAX: (505) 665-3657

Roger Carter Mohr & Associates
1440 Agnes
Richiand, WA 99352
(509) 946-0941
FAX: (509) 946-4395
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Experiment Needs ldentification Waorkgroup (continued)

Due Chung Ottice of Engincering und Operations Support
United States Departinent of Energy
DP-62, A-127
Gernuantown. MD 20585
(301) 903-3968
FAX: (301)903-8754

Charlie Crume Jr. Ouk Ridge National Laboriatory
P.O. Box 2008
Oak Ridge, TN 37831.6244
(615) 574-4558
FAX: (615)576-0610

Paul Felsher EG&G/Rocky Flats, Inc.
P.O. Box 464
Bidg. 886
Golden, CO 804C2
(303) 966-8395
" AX: (303) 966-7326

Ivon E. Fergus U.S. DOE
Performance Assessment Division
19901 Germantown Rd., NS-10, E-438
Germantown, MD 20874
(301) 903-6364
FAX: (301)903-7358

Donald Finch Westinghouse Savannah River
P.O. Box 616
Atken, SC 29802-0616
(803) 725-5291
FAX: (803) 725-3272

Denelle IFriar Westinghouse Hanford Company
P.O. Box 1970
MISN R3-01
Richtand, WA 99352
(509) 372-2891
FAX: (509) 372-3522

Adolf Garcta Argonne National Laboratory
P.O. Box 2528
ANL-W, Bidg. 765-A
Idaho Falls, ID 83403-2528
(208) 533-7252
FAX: (208) 533-7403

David Hetnrich Lawrence Livermore National Laboratory
P.O. Box 808
L-390
Livermore, CA 94551-9900
(510) 424-5679
FAX: (510) 423-2854
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Experiment Needs Identification Workgroup (zontinued)

Calvin Hopper

Martin Huebner

Jerry Koelling

Richard Malenfant

Jerry McKamy

James Mecca

James Mincey

Naomi Moon

Ouak Ridge Nationul Laboratory
{13 Cumbertand Drtve

Ouk Ridge. TN 37830-7145
(615) 576-8617

FAX: 1615)576-3513

Argonne National Laboratory
P.O. Box 2528

Idaho Falls, ID 83403-2528
(208) 533-7587

FAX: (208)533-7172

[.os Alamos Natonal Laboratory
P.O. Box 1663

N-DO, MS E561

Los Atamos, NM 87545

(505) 667-5590

FAX: (505) 665-5346

Los Alumos National Laboratory
P.O. Box 1663

N-2 MS J562

Los Alamos, NM 87545

(505) 665-5645

FAX: (505) 665-3657

EG&G/Rocky Flats
P.O. Box 464

Bldg. 886
Golden, CO 80402
(303) 966-4017

FAX: (303) 966-7326

U.S. Department of Energy
Operations and Transition
Richland Operations Office
Richland, WA 99352
(509) 376-947}

FAX: (50) 396-0695

Westinghouse Savannah River
Bidg. 773-22A

P.O. Box 616

Aiken, SC 29802

(803) 725-2718

FAX: (803) 725-8829

U.S. DOE/Rocky Flats
P.O. Box 928

Golden. CO 80402-0928
(303) 966-3498

FAX: (303) 966-4763
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Pxperiment Needs Identification Workgroup (continued)

R. Douglas O'Dell

Cectl Parks

Jeftrey Philbin

Ruymond Reed

Mark Robinson

Robert Rothe

Burton Rothieder

Debra Rutherford
Chair

Los Alsmins Nattonal Laboratory
2.0. Box 1663

HS-6, MS 691

lLos Alamos, NM 87545
(505)667-4614

FAX: (505) 665-4970

Ouk Ridge Nattonal Laboratory
P.0. Box 2008

Bidg. 6011, MS 6370

Ouk Ridge, TN 37831-5280
(615) 574-5280

Sandra National Laboratory
P.O. Box 580)0)

Dept. 6523

Albuquerque, NM 87185-5800
(505) 845-903¢€

FAX: (505) 845-9868

Westinghouse Savannah River
P.O. Box 616

Building 773-42A. Rm. 182
Atken, SC 29802

(803) 725-3468

FAX: (505)725-4074

U.S. DOE/Rocky Flats
P.O. Box 928
Golden, CO 80402-0928
(303) 966-5414

FAX: (303) 966-2256

EG&G/Rocky Flats, Inc.
P.O. Box 464

Building 886

Gotiden, CO 80402
(303) 966-2989

FAX: (303) 966-7326

U.S. DOE

NE-74

19901 Germantown Road
Germantown, MD 20874
(301) 903-3726

FAX: (301)903-8693

Los Atamos National Laboratory
P.O. Box 1663

N-2, MS J562

Los Alamos, NM 87545

(505) 665-5038

FAX: (505) 665-3657
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Experiment Needs ldentification Workgroup (conunued)

Bret Stipkins

John Smuartt

John Tanner

Richard Taylor

Vice Chair

Hans Toffer

Richard Vornehm

Paul Webb

Robert (Mike) Westfall

Battetle Pantex

P.O. Box 30020
Anuetllo, TX 79177
(806) 577-562]

FAX: (806)477-3613

U.S. DOE/Savannih River Site
Safety Division, 703-A

P.O. Box A

Atken, SC 29802

(803) 725-1658

FAX: (803)725-3376

Westinghouse Idaho Nuclear
P.O. Box 4000

MS 5222

Idaho Fulls, ID 83403

(208) 526-9643

FAX: (208) 526-9805

Martin Murietta Energy Systems
Ouk Ridge Y-12 Plant

P.O. Box 2009

Ouk Ridge, TN 37831-8193
(615) 574-3529

FAX: (615)241-2772

Westinghouse Hanford Company
P.O. Box 1970

HO-38

Richland, WA 99352

(509) 376-2894

FAX: (509) 376-1293

Martin Manetta

P.O. Box 2007

Y-12, MS A238

Oak Ridge. TN 37831
(615) 576-2289

FAX: (615)241-2772

M.H. Chew & Associates, Inc.
1424 Concannon Bivd.

Bidg. G

Livermore, CA 94550

(510) 455-3511

FAX: (510) 373-0624

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831-6151
(615) 574-5267

FAX: (615)574-3527
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Experiment 101
U(93) Metal Reflected by Annealing Salts

Contractor Requiring Data  Y-12 Plant tMartin Marietta Energy Systems)

Rating

Description of
operation and
experimental

data needed

Proposed
experimental
facility

Contact

Category Highly enriched uranium
Application  Provide basic satety intormation o enhance the process of nuclear criticality

safety amalysis

Status  Justticatic r completed

Priority  Required for new or ongoing 1DOE vperation

IFor highly enriched uranium mctal working operations  at the Oak Ridge Y-12 1 ant, s
necessary to immerse individual units v a mixture of salts (sbdium carbonate, potassium
carbonate. und lithium carbonate) ai elevated temperature. These salts are also occastonally
present in the process drea as solids. There is an mdication from computational studies that
solid sodium carbonate may be a better retlector than water, hence, the frequent assumption
of a water reflector may not be conservative. Expertments need to be performed to
determine the cffectiveness of the individual salts and salt mixtures used as reflectors about
highly enriched urantum metal. These experiments could be readily combiued with other

proposed experiments.

LACEF

R. Yornehm

Martin Marietta Energy Systems-Y-12
P. O. Box 2007

Knoxville, TN 32830

(615) 574-3529; FAX (615) 241-2772

Highlv Enriched Urantuin
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Experiment 102
Large Array of Small Units

Contractor Requiring Data  Y-12 Plant (Martin Manietta Energy Systems)

Rating

Description of

operation and
experimental
data needed

Proposed
experimental
facility

Category  Highly eariched vrannim

Applieation  Enhunce current DOER operation

Status  Justitication completed

Priority  Reguired for new or pugoing DOE operation

Available experimental data for tughly enriched uramunt Gind platonium) Lave:

(1) individual wits which are relatively massive compared to the actual uns that are
typically stored: (2) much closer spacing between individual units than the spacing
ordianly encountered in stontge; aud (3) considerably fewer units it the experimental
array compared to the number i typical storage arrays. Mante Catlo nuclear criticalicy
safety codes are vilidated by conmpanng the codes with experimental data. Then these codes
are used to caleulate storage arrays that are charactenistically ditfereut frony the
experimental arrays, is described above. There 1s some concera that the neutron coupling n
actual large arrays ot relatively smatl units may be ditferent, hence, less conservative, than
the coupling tound in the expenimental small arrays of relatively large units. This concern
applies to uranium :nd plutonium, ba'h of which will likely require more storage in the

future.

These experiments could also be casily v mbined with other proposed array experiments,

such s studies of interunit moderations.

LACEF, or Rocky Flats (arrays of uraniuny solutions)

lugehly Enriched Uranium
HE-U




Contact J. Tunner E. Elliott

Westinghouse Idaho Nuclear Co. Martin Murtetta Energy Systems
P.O. Box 400; MS5222 Ouk Ridge Y-12 Plant

Idaho Falls, ID 83404 P.O. Box 2007

(208) 526-9643; FAX (208) 526-9805 Oak Ridge. TN 37831-8238

(615) 241-2771. FAX (615) 241-2772
C. Hopper
Martin Marietta E:iergy Systems
Ouak Ridge National Laboratory
P.O. Box 2008
Oak Ridge. TN 37831
(615) 576-8617. FAX (615) 576-3513

Highty Enriched Urantum
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Experiment 103
Slightly Moderated U(93) Oxide Powder

Contractor Reguiring Data  Y-12 Plant (Martin Marietta Energy Systems)
Category Highly enriched uranium
Application  Enhance current DOE operation

Rating Status  Justitication completed
Priority Required for new or ongoing DOFE operation

Description of  Past critical benchmarks have included experimeuts with dry uranium uxide and
operation and experinients with urantuin in solution. However, cnitical benchmark experiments with
experimental uranium oxide at low moderation (for example, H/X = ) are not adequate. Potential
data needed processing conditions at the Y-12 Plant and Rucky Flats could invoive moist uranium oxide.
The criticality safety data for such processes must be provided. Critical expertments that
involve moist uranium oxide are necded as the basis for critical mass data and as the basis
for validating criticality codes for situztions tnvolving moist urantum oxide. Such

experiments can also be applied to undermoderated systems involving uranium oxide.

Proposed [ ACEF
experimental

facility

Contact R. Vornehm
Martin Marietta Energy Systems-Y-12
P. O. Box 2007
Knoxville, TN 32830
(615) 574-3529; FAX (615) 241-2772

Highly Enriched Urantum
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Experiment 104
Advanced Neutron Source

Contractor Requiring Duta Ouk Ridge Natonal Laboratory

Rating

Description of
operation and
experimental

data needcd

Proposed
experimental
facility

Contact

Category  Highly enriched uranium
Application  Support aew DOE program

Status  Justification completed

Priority  Maxunum pracnical attention

The Advanced Neutron Source veactor progras has been authorized by DO This will
become the Largest such facility in the world. The ANS program will develop an ultra-high-
tflux compact reactor concept to provide a high-mtensity, steady-state source of neutrons tor
research on condensed manter. The preliminary core design consists of a D20-cooled and
moderated, highly enriched uranium/silicon/aluminum (U3Si2/Al) fuel in an offset split
core. The D10 retlector tank will have several beam tubes, cold and hot neutron sources.

A critical experiment program will be needed to support tabrication and stibsequent
handhng and statage of the fuel. Measarements of critical contiguration, control rod
calibratiou, fission power denstty, neutron flux per tission, gamma tlux density, temperature
coefficient, and reactivity worth measurements in beam tubes are needed to valibrate design

computer calculations.

LACEF/SNL

D. Selby

ORNL

104 Union Valley Road

P.O. Box 209. MS 8218

Oak Ridge, TN 37830

(615) 574-6161. FAX (none)

Highly Enriched Uniniinm
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Experiment 105
High-Energy Burst Reactor

Contractor Reqniring Data  Los Alamos National Laboratory
Category  Highly enriched aranium
Application  Upgrade basis for high-energy burst reactor

Rating Status  Justtication completed

Priority  Required tor new or ongoing DOE vperatinn

Description of  In the area of neutron fust-burst reactors, the state-of-the-art allows the production of few-
operation and tens of microsecond pulses with energy yields approaching 1017 to 108 fissions. Much
experintental bevond this, uraninm metal and currently used alloys melt or fracture. Current weapon
data nceded technology allows reliable production of low yields in the range of a tew tons of yield.
Presently, there 1s little or no experimental measurements of burst reactor behavior in the
range up to S0 Ibs ol yield. The only available data on these systems at such yields come
tfrom accrdent situations, which were not precisely instrumented. Indeed, there are no cali-

brated computer codes which can calculate the behavior of burst assemblies in this range.

This information i1s important because the design basis accidents for burst reactor facilities
(Godiva-lV, Skua, HPRR, SPR-II, SPR-III, WSMR-Molly-G, and APRFR) is calculated
without adequate verification data in the range of interest (10t8-10!Y fissions). Such
information would serve as a basis for defining the satety envelopes of the high-energy

burst reactor SARs.

Furthermore, the state-of .the-art 1n buzst reactors has reached the limit of current fuel
technology. Production of bursts beyond 2 x 107 will require new fuel materials and

technology currently not in use.

Specifically, we propose a program of high-energy burst reactor experiments (up to 50 Ibs
equivalent HE yield) to be performed within a containment sphere. Here, we define high-

explosive (HE) equivalent yield as:

Fission yield x (Kinetic Energy/ Total Energy) = HE equivalent yield
1017 tissions: 1.4 1b HE x 1% = 0.014 Ib HE equivalent

108 fissions: 14 Ib HE x 5% = 0.7 Ib HE equivalent

1019 fissions: 140 Ib HE x 10% = 14 Ib HE equivalent

{continued)
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Description of
operation and
experimental
data needed

(continuecdt

Proposed
experintental
facitity

Contact

Experiment 105 (continued)

The experiments vould be performed usmg o Godivi-cliss burst assembly thrat would be
icrementatly driven to Iydrody niamie disassembly wah sittable dhagnosies to weasare
vield. intial pertod, FWHM, luel state (dynmamuc pressure and temperatire). bxir cores
from several current or retired buest nuchines might be avatlable for such experunents. The
site for such it test bed could be LACEF (Kiva HI) ot the Nevada Test Sute (Low Yield
Nuclear Explosive Research or LYNER site).

LACEF. or the Nevada Test Site (LYNER site)

R. Paternoster

Los Aluubs National Laboratory
P.O. Box 1663, MS J562

Los Alamos, NM 87545

(505) 667-4728; FAX 665-3657

Highly Enriched Urantum
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Experiment 106
TOPAZ-II Reactor

Contractor Requiring Data  lLos Altmos Nattonal Labornory, Strategic Defense Intttinive Office

Rating

Deseription of
operation and
experimental

data needed

Proposed
experimental
facility

Contact

Category Highly cnriched urantum
Application  To increase the safety of the Russian TOPAZ-11 space reactor, in support of
U.S. Spiace Reactor Program

Status  Justification cowpleted

Priority Maximum practical attention

The Russian TOPAZ-11 space redctor is being modified in the U.S. tn preparation for
flight test. The large ditference in safety philosophy between the two countries necessitates
both moditication ot the reactor and supportive, credible safety analyses. In order to justify
tlight testing in the U.S.. measurement of the reactor component reactivity-worth
measurements are needed for ongoing modifications and safety analyses. By calculation,
the TOPAZ-1I Space Reactor goes critical in water. The modifications (i.e., redesign of
control elements) will alleviate this problem and allow the TOPAZ-Il to be launched in this
country. Worth measurements would be performed in a TOPAZ-II mock-up assembly at an

established critical assembly ‘acility.

LACEF

R. Paternoster

Los Alamos National Laboratory

P. O. Box 1663, MS K551

Los Alamos, NM 87545

(505) 667-4728; FAX (505) 665-3657

Highly Enriched Uranium
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Experimental Program 107
Criticality Evaluations of Space Power & Propulsion Assemblies

Contractor Requiring Data  Suandia National Laboratories
Category Highly enriched uranium
Application  Support new DOE program

Rating Status  Justificatton completed
Priority Required for new or ongoing DOE operation

Description of Pertorm criticality evaluations, control-element reactivity-worth eviluations, and parametrie
operation and studies (cxperiments) to charicterize proposed and refined designs for nuclear-powered
experimental rockets, space power, and propulsion.

data needed

Proposed | ACEF/SNL
experimental
facility

Contact J. Philbin
Sandia National Laboratories
P.O. Box 5800
Dept. 6523
Albuquerque. NM  87185-5800
(505) 845-9036: FAX (505) 845-9868

Highly Enriched Uranium
HEU - |1
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Experimental Program 201
SP-100 Surety Program

Contracior Requiring Data Loy Alamos National Laboratory

Rating

Description of
operation and
cxperimental

data necded

Proposed
experimental
facility

Contact

Category Low-cnriched wanium
Application  Support new DOE prograra

Status  Anticipated need. SP-100 program on hold. This experiment description
his not been updated to reflect program statits.

Priority  Less urgent than prionty (2)

The purpose of the vveraii progrun . to develop a safe, compact, light-weight, durable,
muiti-hundred-kilowatt electric (10 to 1,000 kWe) space reactor (SP-100) and the assoctated
power system technology. The SP-100 reactor core will have 0.33-in.-diam., enriched
uranium nitride fuel rods that are cooled by liguid metal. The uranium enrichment will be
50 - 97 wt% 235U. The SP-100 would make possible a broad class of space missions in the

mid-1990's and into the next century.

Martin Marietta is responsible for the design and development of the SP-100 reactor. LANL
ts fubricating the fuel. Initial reactor measurements were made 1n the ZPPR at the Idaho
National Engineering Laboratory, ldaho Falls. Due to tfunding restrictions and program
redirections, technology Jevelopment has been itmplemented with an evolutionary strategy.
Current program plans do not call for ground testing of the prototypic reactui subsystem.
We anticipated that both cold- and warm-critical testing of the flight system reactor will be
carried out at the Los Alamos Critical Expertment Facility at LANL. The SP-100 program 1s

currently on hold.
Significant mtlestones are:
» Phase-1 Technology Readiness in early 1995.

 Flight Criticals Testing, which will be determined.

LACEF

J. Buksa

Los Alamos National Laboratory

P.O. Box 1663 MS K551

Los Alamos, NM 87545

(505) 665-0534; FAX (505) 665-4938

l.ow Enriched Uranium
1LLEC -3



Experiment 202

Atomic Vapor Laser Isotope Separation (AVLIS)

Contractcs Requiring Data  Advanced Laser Isotope Separation Progriom Project Manager

Category Low-cenniched uranium

Application  Support AVLIS program (The AVLIS program nway be privatized.

Nonetheiess, the need tor experimental criticality benchmarks to support the

program is recognized here.)

Rating

Status  Justification complieted

Priority Required for new or ongoing DOE operation

Description of Criticality safety design criteria and margins of safety for the AVLIS project will be based

operation and on calculational techniques that are tnvalidated, and for uranium enrichments tfor which

experimental there are no experimental data. Without adequate benchmark critical experiments, there will

data needed be a large uncertainty associated with the design criteria parameters. This uncertainty means

the margins of safety cannot be sufficiently quantified tor particular -}>sign . citeria.

Critical experiments are needed for code validation purposes. The experiments involve an

enriched urantum range of 5 to 10%. Three types of experiments are needed to cover the

AVLIS processes:

9

Homogeneous systems: uranyl nitrate and uranyl fluoride solutions, and damp

uranium oxides, at varying H/U atomic ratios, in reflected and unreflected vessels.

. Heterogeneous systems: uranium metal-water mixtures a: various metal-to-water

volume fracttons and with various metal surface-to-volume ratios.

Arrays: arrays of interacting vessels with the above materials and with fixed neutron

poisons.

Proposed LACEF

experimental
facility

Contact R. Vornehm
Oak Ridge Y-12 Plant
P. O. Box 2009
Oak Ridge. TN 3783]-8238
(615) 574-3529: FAX (615) 241-2772

Laow Liaichied Urantum
LEU - 4



Experiment 203
Uranium Fuel Feed Operations

-

Contractor Requiring Data
Category
Application

Fernald E.. aamental Restoration Management Corporation
Low-enriched uranium

Increase operational flexibility

Rating Status
Priority

Justification completed

Required for new or ongoing DOE operation

Description of  Margins of safety in production operations are larger than necessary and unduly restrict

operation and operational tlexibility.

experimental
data needed

A few critical experiments would introduce three major advantages:

I. Safety margins could be established with more confidence,

(4]

2. Storage capacity would be increased signiticantly in some areas, and

. Designs of new equipment could be more thorough and complete, because the nrore

flexible compu:tativnal methods could be used with confidence.

Experimental needs tall into two regions of enrichment and two chemical states. The

uranium enrichments range from depleted to 20% 235U. The criticality characteristics of

uranium enriched to less than 6-7% 235U is different from more highly enriched uranium

in that @ moderator must be mixed with the uranium to produce & critical system. For higher

235U enrichments, material can be made critical without the aid of a moderator, although

substantial quaatities may be required. Two physical states are of interest: water solutions of

urautum compounds, and dry metallic (or oxide) systems.

Solution Experimenis

|. For the lower enrichment region, a true mintimum in critical size or mass exists. Thus,

experiments to determine the critical parumeters for, say. solutions at 3% and 5%

enrichment would be very useful.

2. Given a determination of a critical size at or near tne mintmum, the change in size

(increase) as moderation is increased or decreased is also of interest.

{continued)

I.ow Enriched Uraaium
LEU-5



Description of

operation and
experimental
data needed

(continued)

Proposed
experimental
facility

Contact

Experiment 203 (continued)

Solwtion Experiments (continued)
3. la the enrichment range between 6% and 20%, the critical size of the metal system
ity be smaller than the optimum moderated case. However, the critical size, in the
moderation ranges employed in | and 2 above, should be deternuned for this

enrichment range also.
Urantwm Mctal Experiments

The ¢ritical mass and size ol highly enriched (93.5% 235U) uranium and 30% enriched
urianium are well known, but no critical expertment hiis been pertformied for uranium
enriched to 20%. A critical expertment at or near this enrichment would be very useful for

plant operations.
Urarium Metal Pieces in Water

Dissolution (or digestion) ot metal scrap has been performed on 4 regular basis at
FERMCO. For slightly cenriched uranium, arrangements ol solid rods or pieces can have 4
lower critical mass than the same amount of material as a dissolved compound, or us a
metal-water mixture. Thus, expertments with the same enrichment used 1n A.l., but with
uranium of finite-sized pieces (e.g.. golf ball size) spaced in a regular array is of special

interest.

LACEEF or Rocky Flats CML

T. Brown

FERMCO

P.O. Box 398704
Cincinnati. OH 45239
(513) 738-6682

Low Enriched Uranium
LEU -6



Expcrimental Program 204

Monitored Retrievable Storage (MRS) Facility

Contractor Requiring Data
Category
Application

0:uk Ridge National Laboratory
Low-enriched uranim

Support new DOE program

Rating Status

Priority

Justificatton completed

Required Tor new or ongoing DOE operation

Description of On March 31, 1987, the DOE submitted to Congiess a propesal for a monttored retrievable

operation and storage (MRS) facility. Storuge capacity for 15,000 metric tons of spent, light-water reactor

experimental fuel would be provided. Experiment criticality data us two areas will be needed:

data needed

|. Fuel Rod Consolidation

The MRS wili provide the capubility to disassemble fuel assemblies and consolidate

the fuel rods in storage canisters (for a 2:1 volume reduction). Exper'mental data will

benetit the safety and econontics of this operation.

2. Spent-Fuel Burnup versus Reactivity

DOE Contractors and NRC licensees are interested in obtaining criticality data for

spent LWR fuel to confirm calculations. Operational and storage restrictions can be

significantly reduced if credit could be taken for burnup. The calculations must

account for (1) 235U depletion and fission product formation, which decrease

reactivity, and (2) the formation of plutonium, which increases reactivity.

Proposed LACEF
experimental
facility

Contact C. Brown

CAVDOE-RFO

1050 Tantra Park Circle
Boulder, CO 80303
(303) 966-6185; FAX (303) 966-4763

l.ow Enriched Urantun.
LEU -7




Experimental Program 205
Effect of Interspersed Moderation on an Unmoderated Storage Array

Contractor Requiring Data  Applicable to alt Department of Energy Contractors
Category Low-enriched uraniuin
Application  Applies to storage arrays of plulonum. HEU, and LIEU, where sprinkler

systems can introduce water moderation between units.

Rating Status  Justification being prepared

Priority Required for new or ongoing operation

An experiment is needed to provide an expertmental banchmark and accurately apprasse
Description of . otfect of introducing low-density water (such as spray from a water sprinkler) into a
operation and ¢ 0¢ array of unmoderated units of fissile material. Calculations indicate that the water
experimental 4.1y that produces the highest reactivity depends heavily on the characteristics of the
data needed 5,0 1ar system (for LWR fuel rods in water, for example, the highest reactivity appears to
occur in the water-density range of 3-5%). This experiment could be conducted in

conjunction with another array experiment.

Proposed LACEF

experimental
facility

Contact R. Anderson
Los Alamos National Laboratory
P.O. Box 1663 MS J562
Los Alamos, NM 87545
(505) 667-2821; FAX (505) 665-3657

[.ow bBonichied Uranium
LEU -8



Experiment 206
Sheba Reactivity Parameterization

Contractor Requiring Data  Los Alamos National Luboratory
Category Applicable experimert categories
Application  Enhance current DOE operation

Rating Status Experunent in progress
Priority Maximum practical attention

Description of This experiment makes the required measurements for the first operations of Sheba. It
operation and includes the I/M initial approach to critical, initial DC operations, and measurements of
experitnental temperature coefficients, absolute power calibrutions, ctc.

data needed

Proposed LACEF
experimental
facility

Contact K. Butterfield
Los Alamos National Laboratory
P.O. Box 1663, MS 1562
Los Alamos, NM 87545
(505) 667-8944; FAX (505) 665-3657

Low Enriched Uranium
LEU -9



Experiment 207
Sheba Reactivity Void Coefficient

Contractor Requiring Data Los Alamos National Laboritory

Rating

Description of
operation and
experimental

data needed

Proposed
experimental
facility

Contact

Category Applicable expertment categories

Application  Enhance current DOE operation

Status Expertment tn progress

Priority Maximum practical attention

This experiment will attempt to measure the reactivity vord coetficient tor several regions in

Sheba. The firsi phase is already underway, and conststs of calculations using MCNP.

The primary shutdown mechanism in an excursion in a solution system is the introduction
of voids due to radiolytic gus formation. The net reactivity effect depends upon the Incation
of the void and the displacement of the free surface. Although it is very difticult to calculate
the effects in three dimensions. a better understanding of the reactivity provided by

experiment is necessary to model kinetic behavior.

LACEF

K. Butterfield

Los Alamos National Laboratory

P.O. Box 1663, MS J562

Los Alamos, NM 87545

(505) 667-8944; FAX (505) 665-3657

Low Enriched Uranium
LEU - 10



Experiment 208
Benchmark Measurements

Contractor Requiring Data  All Department of Energy contractors

Rating

- Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category  Applicuble expertment categortes
Application  Enhiance current DOE operation, comphiance with DOE orders to provide
QA tools for criticality software

Status  Experimient in progress
Priority Required for new or ongoing DOE operation

The Physics Criteria for the Benchmarks Working Group has generated a list of neutronics
observables (Appendix D) that can also be calculated. This proposed series of experiments
would try to measure as many of these observables as possible. This effort would help in the

certification of computer codes nsed in criticality safety calculations.

LACEF/SHEBA

K. Buttertield

Los Alamos National Laboratory
P.O. Box 1663, MS J562

Los Alamos, NM 87545

(505) 667-8944; FAX $65-365~

Low Enriched Uranium
LEU - 11
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Experiment 301

Plutonium Solution in the Concentration Range from 8 g/L. to 17 g/L.

Contractor Requiring Data  Westinghouse Hanford Company, Los Alamos National Laboratory,

Rocky Flats Plant
Category Plutontum

Application  Waste handling and storage. low-solution concentration himits

Rating Status  Justification completed
Priority Muximum practical attention
Description of This plutonium concentration ra - is of interest in the current head-end operaticn of

operation and
experimental

data needed

Proposed
experimental
facility

Contact

plutonium processing. These concentration levels are used toutinely at LANL, TA-55. and
at RFP.

Experimental criticality data is considered to be insatficient to cover the concentration
range from 8 tc 17 g/L plutonium at H/Pu ratios from 1200 to 2700. The system
characteristics for a very large volume (sphere. equilateral cylinder, ete.) means that the
location of a reflector outside of this volume becomes vanishingly tnsignificant as the
limiting concentration corresponding to Keo = 1.0 is reached. Data for one large sphere
(4-ft diam) at 9 g/L (H/X=2700) are available, but validation of computer codes at 9 g/L und
above 17 g/L appears to give contradictory results with a computational bias appearing to

become strongly negative below 20 g/L.

Slab experiments in the 10 to 20 g/L range seem to tie the data points together, but this is
not conclusive because of the very different geometries used in the experiment. Cylinder
experiments in this range would provide the needed data. Safety of stored waste and waste
processing for verification also will require-knowledge of criticality in this H/Pu range.

Waste programs may also require extension of data for H/Pu ratios beyond 2700 to 3600).

Criticality experiments to verify calculations in the 1200 to 2200 H/Pu range and above will
have long-range benefits in applications to head-end plutonium processing, waste storage

and processing.

None available at the present time.

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989. FAX (303) 966-7326

Plutonium
Pu-3



Experiment 302
Transuranic Extraction (TRUEX) Process

Contractor Requiring Data Westinghouse Hantord Company

Rating

Deseription of
aperation and
exper‘mental
data needed

Proposed
experimental
facility

Contact

Category  Plutontum
Appliciation  Supp.  criticality safety cvaluations tor the TRUEX process at WHC and

other DOE sites that may use this process.

Status  Anticipated need

Priority Required for new or ongotng operation

A Transuranic Extraction (TRUEX) solvent-cextraction process is being developed to
support waste vitrification pretreatment. The process removes transuranics from plutonium
wiste using tri-butyl phosphate as an organte solvent. To assure criticality safety, it 1y
necessary to know how the minimum critical mass of the plutontum-tri-butyl phosphate-
CMPO system compares to the plutontum/water system. The need for a criticality

experiment is anticipated.

None available at the present time.

D. Friar

Westinghouse Hantord Company

P.O. Box 1970: MS R3-01

Rickland, WA 99352

(509) 372-2891; FAX (509) 372-3522

Plutonium
Pu -4



Experiment 303

Effectiveness of Iron in Plutonium Storage and Transport Arrays

Contractor Requiring Data Westnghouse Hantord Company

Rating

Description of
operation and
experimental

data nceded

Proposed
experimental
facility

Contact

Category Plutonium

Application  Storage and transportation of TRU waste

Status  Jusufication completed

Priority Mauxinmum practical attention

The effectiveness of the neutron absorption by interspersed tron (or pther neution
absorbers) in the container walls 10 an array increases with mcereasig newtron leakage trom
the core fisstle material, with all other things (fisstle mass, H/X, ete.) betng equal. it can
cause i pronounced change tn the reactivity of the array. Since leakage can viry with both
shkape and material density, advantage can be taken of this effect to allow for much larger
arrays, especially for arrays of looszly distributed material such as wastes in 53 -gal drums.
Improper cross section selection/preparation can also result in an unsafe calculation of a
reactivity that is too low. Since there are no experiments to validate the calculations and
since the reactivity effect is so strongly dependent pn the above characteristics, it 1s possible
that an unsate analysis could be made without the analyst realizing how much the accuracy
of the result depended on correctly selecting the proper characteristics. Conversely, overly

conservative limits on array size could be specitied to allow tor these uncertuinties.

To start these measurements, we will perform a subcritical measurement on a single unit
typical of the storage package. and progress to varying concentration, moderation,
absorption, and reflection. Array measurements up to a practical limit can be performed as

a function of spacing on identical simple elements.

I.LACEF

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

Plutonium
Pu-5



Experiment 304
Plutonium with Extremely Thick Beryllium Reflection

Cantractor Reqniring Data Lawrence Livernore Natona! Laboratory

Rating

Deseription of
operation and
experimental

data nceded

Proposed
experimental
facility

Contact

Category Plutonitum
Application  Resolve technical issue

Status  Experiment in progress, part of the experiment is complete

Priority  Maximum practical attention

UCRL-334Y reports critical beryllium retlector thicknesses for various masses of «-
Plutomum. The results for the most extreme Re retlection of 21-cm and 32-cm thicknesses
have long been questioned (and assumed to be tn cerror experimentally) since computations
tremendously underpredict reactivity (nonconservative). A recent LANL experiment with
about 8.3 ¢cm of beryllium reflection has been performed (Rick Anderson, et al.) with
excellent agreement with calculations. Perhaps a source of experimental error could have
been made when the data were corrected to ideal spherical configurations. This possibility
can only be resolved by locating and reviewing the original experimental notebook or
repeating the experiment.

Recommendation: A catalog of experimental notebooks should be compiled for each DOE

critical nmass facility together with a description of the experiments performed.

Justification: The cost of assembling this information should be small compared to the
maintenance and operation of critical facilities. Also, this information would be a

tremendous asset to the criticality safety analyst.

LACEF

D. Heinrich

Lawrence Livermore National Laboratory
P.O. Box 808; MS L-390

Liverrnore, CA 94551-9900

(510) 424-5679; FAX (510) 423-2854

Plutonium
Pu-6



Experimental Program 308§
Arrays of 3-kg Pu-Metal Cylinders Immersed in Water

Contractor Requiring Data  Luwrence Livermore Nattonal Laboratory

Rating

Category Plutonium
Application  linhance current DOE operation

Status  Experiment complete, but not documented

Priority  Mauximurn practical attention

Description of A brict description of these completed experiments has been provided by R. 1% Rothe, A

operation and
experimental
data needed

Proposed
experimental
facility

Contact

Summary of Expertments at the Nuclear Safety Faciliy, 1965-1990." pp 4-6.

These exprriments used the Pu billets trom the LLNL Pu array program. The later
experitnenters (carly 198()s) included critical 3 x 3 x 3 arrays inunersed 1n water. Noue of

the experiments were ever published.

Revommendation: These experiments should be formully documented und published. Two
of the investigators, R. E. Rothe (RFP) und J. S. Pearson (I.LLNL), are still avinlable and

interested in this project.

Justification: These experiments provide important, basic, criticality safety information
regarding moderated Pu arrays. Such data ts quite scarce and is useful for computer code
validation in applications such as (1) transportation of weapon components, (2) weapon

disassembly operations, (3) vault storage, and (4) safe spacing cniterra.

LACEF

D. Heinrich

Lawrence Livermore National Laboratory
P.O. Box 808; MS L-390

Livermore, CA 94551-9900

(510) 424-5679; FAX (510) 423-2854

Plutontuin
Pu-7
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Experiment 401
Advanced Reactor Design for Metal Fuel (Pu-U-Zr)

Contractor Requiring Data Wesimghonse Hantord Company

Rating

Description of
pperation and
experimental

data nceded

Proposed
experintental
facility

Contact

Category  Plitonnm/urianium fuel

Application  Support new DOLE program

Status  Justrficaton completed

Priority  Less urgent iltan priority (2)

The DOE has annomneed plints to coneentrate ther support for advanced reactor designs

that ase wetal fuel. Past designs have nsed mixed-oxide fuels.

The plan calls for a new metal tuel tor the FFTF reactor und EBR 11 Three metal-fuel

compositions that need to be evaluated in the FFTF reactor are:

e 9wt U (25.7) and 10 wt% Zr
e 2wttt U17.5)+ 8 witst Pu+ L) wi% Zr
e 71wt U(4.5) + 19 wt% Pu + |10 wtie Zr.

The EBR 1l test reactor core which 1s currently 95 we% U(52) und 5 wt% nonfissile metal,
will be chunged to 71 wtSec U(60) + 19 wit% Pu + 1) wt% nontissile metal. Criticahity
experiments are needed to benchmark calculations in support of the fabrication, storage,

transportation, and reprocessing of Pu-U metal fuel.

LACEF

A. Garcia

Argonne National Laboratory

P.O. Box 2528

Idaho Falls, ID 83402

(208) 533-7252; FTS (208) 582-7252

Plutontuty/Usantutst Fael
Pu/l - 3



Experiment 402
Mixed Oxides of Pu and U at Low Moderation

Contractor Requiring Data  To be deternuned
Category  Plutonmm/uraninmn fuel

Application  Enhieee current DOLL operatinn

Rating Status  Justification completed

Priority Rcquired tor new o0 ongontng DOE operatinns

Description of For the proposed weapons-grade plutonium burner (LWR version), the following critical
operation and cexpeniments will be required:
experimental

Homaogencous Svstems
data needed

These experiments will vield data vn dry and danp ppwders to deterine critical mass
and volunie as 2 tunction of Pu nr U concentration. This information iv aecded to
reduce uncertainties in critical volumes and misses, and to serve as benchmarks for
validating calculational methods: this intormation will be required if mixed oxide tuel 1s
used in LWRs. The variables include (1) the Pu content in mixed oxides at 3 to 6 wt% of
PuO,, (2) the 24UPu content of Pu at 5% of 249Pu, and (3) the H/Pu moderation ratio in
the range from ()-3.

Heterogencows Svstems
Data on lattices of tuel rods in water are needed to determine the minithum critical
volumes and the etfect of heavier isotopes of Pu on criticality. The vanables are (1) the
fuel-pin diameter, (2) the Pu content in mixed oxides at 3 to 6 wt% of PuQ,, (3) the
231py content of Pu at 5 wt% ot >#VPu, and (4) the H/Pu moderation ratio in the range

* from 0-3.

Proposed LACEF
experimental
facility

Contact bh. Rothleder
U.S. Dept. of Energy., NE-74
19901 Germantown Road
Germantown, MD 20874
(301) 903-326;: FAX (301) 903-8693

Phutonium/Uratitutn Fucel
/U - 4



Minimum Critic

Experiment 403
al Pu Fraction in Pu/Natural-U Mixture

Contractor Requiring Data

Rating

Description of
nperation and
experimental

data needed

Proposed
experimental
facility

Contact

Westinghouse Hantord Coampany
Category Platonium/uramam fue

Application Enhance current DOE uperation

Status Justification completed

Priority Less urgent thun 2

The issee of criticahty potential tn fars:, waste storage tanks contamning TRU could be

showing that the plutonium held up
contaied tn & homogeneous water ~larey

resolved in most cases by with uranium n waste sladges

ts ot more than about 0.6% of the total U+ FPu

The Pu critical fraction would have to b determined as 4 tunction of the H/U ratio tn the

med:a.

LACEF

A. Hess
P.O. Box 1971
Richland, WA 99352

5 PlutoqiunVUranium Fuel
Pu/U -5
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Evaluation of Meisurements for Subcritical Systems..............c..c.......... T/IA - 18
Safe Fissile Mass Tnresholds for an Array of Waste Storage Drums...... T/A - 19
Simulator Development..........ccovciiiiiiiiiiiiiiiiiii T/A - 20
Development of a Demonstration Experiment............cooviieinnn, TIA - 21

Transportatio /Applications
T/ -2



Experiment 501
Assessment for Materials Used to Transport and Store
Discrete Items and Weapons Components

Contractor Requiring Data  All Department of Energy facihities, Pantex, Rocky Flats Plant, Y-12,

Rating

Description of
operation and
experimental
data needeq

Savannah River Plant-Westinghouse Company
Category  Applications
Application  Enhance current DOE pperation

Status  Justification completed

Priority  Maxummn practical attention

Program Applicabilitn: This program is needed for the current and long-terin weitpons-
component storage mission bt the DOE. This pragrim also eludes transport and starage

of discrete items in well-characterized shipping contaners.

Current Calevdationai Pitfalls and Deficiencies: Criticality safety assessments in this area
have an inadequate or nonexistent experimental basis. These assessmets have caused nver-
conservatisms in transport and storage requirements (e.g., the transpopn mdex) and the

calculations are not validated as prescribed in ANSIVANS-K.1.

Potential Benefit in Risk Management: This program will enable the DOLE o take credit for
the neutronics properties of the defined shipping container coufigurations. which wall
reduce conservatisms in calculations. This should permit larger numbers of containers to be
transported and stored in existing fucilities. This program will provide relevant and basic
criticality safety data. quantify safety margins more accurately, reduce calculational
conservatisms, and establish compliance to ANSI/ANS-8.1.

Description of Program: This program wilt use currently avatlable U and Pu components
and materials commonly used in shipping contamers (i.c., iron. stainless-steel, wood,
Celotex, lead. firedike, foamglas, expanded borated polyfoam. polyethylene, plexiglas,
depleted urantum, and other ma:erials). These will be used tn various reflector and
moderator configurations so that a wide range of neutron spectra can be obtained under
critical conditions. A}l selected reflector and moderator conditions will be characterized 1n
this program under actual conditions. Neutron fluxes, spectra, and lifetimes within, between.
and exterior to the components will be measured. This program specifically applies to pits.
weapons components, fuel assemblies, and parts. A specific series of experiments could use
the existing enriched uranium hemishells that are delivered to LACEF from RFP in a water-

moderated array that contains the interstitial material of choice

{conthrued)

Transpontation/Applicattons
TIA -3



Ixperiment 301 (continued)

Proposed |.ACEF
experingental
facility

Contaet J. McKamy
1:G&G Rocky Flats
P.O. Box 464, Bldg. 886
Golden, CO  80402-0464
(303) 966-4017;, FAX (303) 966-7326

Transportation/Appiications
TIA - 4



Experimental Program 502
Waste Processing, Transportation, and Storage

Contractor Requiring Data  Huantord, Westinghouse Savimuah River Company. ldaho Nuttowal
Eugimeenng Laboriatory, Rocky Flats Plant, Ouk Ridge Natonal Laboratory,
Los Alamos National Laboratory
Category  Applications
Application  Enhance curremt DOE operation

Rating Staius  Justificanon completed
Priority Maximum practical attention

Description of As part of defense-waste cleanup and environmental restoration, fissile materials m large
operation and tanks, drums, trenches, and ultinate disposai pptions tor these matertals present spectal
exp.rimental criticality problems. Fissionable muterials, such as Pu and U, are tound mn combmation with
data nceded ather elements. We propose a series of experiments under this program that would evaluate
wranium to plutonium ratios (with both high- and low-enriched uranium) at representative

moderator-to-fissile (for example, H and C) material rattos and different levels of diluents.

The diluents could be thermal (Cl, B, L) or resonance (Fe, Tt) absorbers, low absorption
diluents (Zr, Nu, Mg, Si, Ca), and simulants for fission products. The diluents could also be
in retlectors. Selected combinatipns of the materials will be used to define ranges of
applicability. The measurements could be made using approaches-to-critical or reactivity-
replacement experiments. Alternate subcriticality determination measurements should be

performed concurrently, espectally fer approaches-to-crisical experiments.

The results from the experiments would provide benchmarks and information to validate
computer codes. The validated computer methods should help resolve nuclear criticality
issues that currently penalize the processing, transportation, and storage of waste materials.

Specific experimental details can be found in Experiments 502a ~ 502i.

Proposed LACEF
experimental
facility

Contact H. Toffer
Westinghouse Hanford Company
P.O. Box 1970; M$ HO-38
Richland, WA 99352
(509) 376-2894; FAX (509) 376-1293

T-unsportarton/Applications
T/IA -5



Experiment 502a
Absorption Properties of Waste Matrices

Contractor Requiring Data  Idaho National Engineering Lahoratory

Rating

Description of

operation and
experimental
data needed

Proposed
experintental
facility

Contact

Category  Applicattons
Application  Enhance current DOE operation, R olve technical tssue

Status  Jisufication complered
Priority  Required tor new or ongoing DOE operation

Some of the more iuteresting waste materials are 5104, MgO, graphite, cellulose, CaO5. and
NaCl. With the exception of NaCl, these nuterials are among the more reactive materials that
are present tn waste. The linuting erticul concentration of plutoniutn or uranium in most of
these materials 1s less than the linuting critical concentration in some of the more tradstional
and well -known matertals, water and polyethylene. However, large difterences (greater than
10%y 1n calculated kct-{ values are obtatned for systems that contain significant quantities of
these naterials, simiply by changing cross-section data sets. Therefore, experimental results
are needed to compare with caleulational results so that these differences are resolved and

realistic biases are astablished.

LACEF

J. Briggs

ldaho National Engincering Lab

P.O. Box 1625

Idaho Falls, ID 83415-3890

(208) 526-7628; FAX (208) 526-0528

Transportation/Applications
TIA -6



Experiment 502b
In Situ Drum Stacking

Contractor Requiring Data  EG&G Rocky Flats

Rating

Description of
operation and
experimental
data necded

Proposed
experimental
facility

Contact

Category  Apphcations
Application  Lnhance current DOE aperation

Status  lustification completed

Priority Required tor new or ongoing DOI: operation

Rocky Flats has a large variety of waste drums with a large tisstle content distiibution and i
large vartety ol matrix matertal. A lot of the waste 1s 1n plastic containers. As s practical

matter. these waste drums cannot be individually chariseterized.

One couid stuck the drums many layers deep in a large room. This would be accomplished
by an in site subcritical experiment that directly measures the approach toward criticality.
The objective is not designed to be a scientfic experunent, but it 1s a direct mncans ot getimg
a simple, unique, and specitic contiguration of drums that are stacked all the way to the
ceiling. The stacking will be done safely and will be shown—by direct reciprocal

multiplication measurement—to be well subcritical.

The drums will be left, so stacked, for many yeacs 25 a means of storage until a processing
method has been selected. This approach could prove to be a practical procedure to

enhance drum storage capacity.

The successful application of this technique to the characterization of a lurge array of ill-
characterized elements could provide the basis for the development of u procedure to

ensure safe storage on a general basis.

In situ

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989: FAX (303) 966-7326

Transportatibn/Applicatibn;
TIA -7



Experiment 502¢
Validation of WIPP Hydrogen Generation Calculations

Contrictor Requiring Data EG&G Rocky Ihits
Category  Applications

Application  Lnltance current DOE vperation, resolve techneal and environmental issues

Rating Status  justiftcation compleied

Priority Mauxitnum practical attention

- g—

Description of  Program applicabdity: Packaging containerized --aste tor WIPP.

operation and , - L. C -
p Caleulationat deficiency: Hydrogen-gas generation from radiolytic deccaiposttion has been

experimental : : . . . .
P vyer-conservittively estimated, which araticially limits WIPP shipments and storage.

data nceded
Cast henefit: Results trom thix study will allow shipments with higher wattages that approach

criticality finnts. An ierease w storage capacty decreases total shipments.

Progrum description: Thin uranium sheets or urantum shells inteestitially moderated with
poiycthylene ur PVC will be operated at high-power delayed critical or in burst mode. The
geutron tlux and fission products will praduce hydrogen gas. The experiment will be
performed in a vessel so that H, can be measured. The results will be used to validate the

hydrogen-gus generation models for better estimates of hydrogen-gas generation in waste.

Practicability: The fuel and the moderator are avatlable; the pressure vessel and assocrated

Hz detectors can be fabricated or otherwise obtained.

Proposed LACEF
experimental
facility

Contact J. McKamy
EG&G Rocky Flats
P.O. Box 464, Bldg. 886
Golden, CO  80402-0464
(303) 966-4017; FAX (303) 966-7326

Trunwportution/Applications
A - K



Experiment 502d
The In-Tank Precipitation (ITP) Process for 235U

Contractor Requiring Data  Westinghanse Savanmh River Company
Category Applications
Application  Support new DOE progrum

Rating Status  Justification completed
Priority  Required for new or ongoing DOE bperatinn

Description of This expernment is needed to support defense-waste processing: iy particafiar, the in-tink
operation and precipitation (1TP) process. Currently, there is only one clentent, ttamnm, that we ca ise
experimental for criticatity control. Because there 1s more than the mintiium critical mass, we use
data needed utanium as the absorber that follows the uraniunt through the process. There are no

experiments that use titantum as an absorber to support this apphication,

At present, this is the only way to process high-level waste tn the tanks. The tullowing

bullets highlight the experimental detasls:
«  We will use 235U with titantum as a soluble absorber.
 Our preferred H/233U ratios are 1251, 24071, 325/1, 385/1. 465/1, and 530/1.
e We prefer low-neutron leakage geometry.

* Our application is for high-pH systems but experiments with low pH may be
acceptable if free acid molarity is low.

*  We prefer ut least 65% enriched uranium.
* The titanium should be patural in isotopic content.

The ITP process is key to long-term storage of wastes from Savannah River waste tanks.

Proposed LACEF
experimental
facility

Contact J. Mincey
Westinghouse Savannah River Co.
Building 773-22A
P.O. Box 616
Aiken, SC 29802
(803) 725-2718; FAX (R03) 725-8829

Transportabon/Applicalions
TIA -9



Experiment 502e
The In-Tank Precipitation Process for 235U + 239py

Contractor Requiring Data Westinghouse Savanuah River Company
Category Applications
Application  Support new DOF program

Rating Status  Justification completed
Priority Required for new or ongoing DOE operation

Description of This experiment is needed to support defense-waste processing: in particular, the I'TP
operation and process. Currently, there 1s only one clement, titantum, that we can use tor criticality control.
experimental Because there is more than the mintmum cratical mass, we use titantum as the absorber that
data needed tollows the urunium through the process. There are no experiments that use titanium as an

absorber to support this application.

At present, this is the only way to process high-level waste tn the tanks. The following

bullets highlight the expertmental details:
¢ We will use 235U + 239Pu with titanium as a soluble absorber.

« The maximum uscful moderation range [H/(235U + 239Pu)) will be 50/1 to 000/1,

with values around 500 the most important.

* The maximum useful 235U/23%Py range will be 1/1 to 10/1, with values around 2/1 to

3/1 the most tmportant.

* Our application s for high-pH systems but experiments with low pH may be

acceptable it free acid molarsity s low.
* We prefer low-neutron leakage geometry.

 The desired 240Pu and 24'Pu content is less than 15% total Pu, or greater than 85%
239p,.

o The 235U contenm should be at least 65% enriched.

* The titantium should be natural in isotopic content.

The [TP process is key to long-term storage of wastes from Savannah River waste tanks.

Proposed LACEF
experimental
facility

(continued)

Transportation/ Applications
T/IA - 10



Experiment 502¢ (continned)

Contact J. Mincey
Westinghouse Savatnah River Co.
Butlding 773-22A
P.O. Box 616
Aiken, SC 29802
(803) 725-2718; FAX (803) 725-8829

Transporation/Applications
TIA - 1}



Experiment 502f
The In-Tank Precipitation Process for 239Pu

Contractor Requiring Diata  Wesnuzhouase Savanoith River Company
Category  Apphcations
Application  Support new DOE program

Rating Status  Justitication completed

Priority  Required tor new ur ongoing DOE operation

Desceription of  This experument 15 needed to support detense-waste processing, in particular, the [TP
operation and process. Carrently, there 1s only one element, titaniutn, that we can use tor erticality control.
experintental Because there 1s more than the minimuim crtical mass, we ase titanium as the absorber that
data nceded tollows the uraniim through the process. There are no experiments that use tituntum as an

absorber to support this application.

At present, this s the only way to process high-level waste in the tanks. The following

bullets highlight the experimental detals:
¢ We will use Pu with titanium as a soluble absorber.
o The preferred H/23%Pu ratios will be 225/1, 32571, 385/1. 465/1, and 53C1.
*  We prefer Inw-neutron leakage geometry.

 The 23Pu and 2#tPu content we desire is less than 15% total Py, or greater than 85%

2dipy

e Qur application ‘s for high-pH systems but experiments with low pH may be acceptable

it free acid molarity is low.
* The utantum should be natural in 1sotopic content.

The ITP process is key to long-term storage of wastes from Savannaa River waste tanks.

Proposed LACEF
experimental
fanii:ty

Contact J. Mincey
Westinghouse Savannah River Co.
Building 773-22A
P.O. Box 6i6
Atken, SC 29802
(803) 725-2718; FAX (803) 725-8829

Transportaion/Applications
T/A - 12



Experiment 502g

Determination of Fissionable “Jaterial Concentrations in Waste Materials

Contractor Revuiring Data

Rating

Category
Apptication

Westinghouse Hanford Company
Applications
Support new DOE program

Status
Priority

Justification completed

Required tor new or oneotng DOL operation

Description of |t is tmportant tor criticality and dccountability purposes to know concentrations of

operation and

experimental
data needed

Proposed
experimenrtal
facility

~ Contact

e bl e e tnie e e o e

tissionable elements in waste streams or in waste contaners. These concentratipns may be

too low for subcriticul measurements. However, total quantities 1n containers may be

substantial and, under some upset conditions, concentrations could increase to become a

criticality concern. Knowledge of the total tisstonable material content of tanks or drums 1y

important also for maieri i accountability. Neutron detection methods can be used to

evaluate fissile concentrations, and therefore total tank inventortes. The neutron detection

methods have to be calibrated in a facility where calibration standards can be prepared and

handled.

LACEF

H. Toffer

Westinghotse Hantord Company

P.O. Box 1970; MS HO-38

Richland. WA 99352

(509) 376-2894; FAX (509) 376-1293

Transportation/Applications
Tia - 13



Experiment 502h
Minimum Critical Mass of Fissile-Polyethylene Mixture

Contractor Requiring Data  Savaunah River Site. Rocky Flats Plant, Westinghouse 1anford Company,
Department of Energy/EM-30 (Waste [solation Pilat Plant)
Category  Application
Application  Storage and transportatton ol Pu-polyethy lene wastes tn 55-gal drums;

supercompaction of Pu wastes that contain polyethylene

Rating Status  Justification complec.d
Pricrity Maxumum practical attention

Description of Sume plutonium waste tn 55-gal drums contains polyethylene [(CH2jn}. Calculations
operation and indicate that the minimum critical mass (MCM) for Pu-¢CH3)n mixtures is 36() grams of Pu.
experimental This MCM s 30% lower than the MCM for Pu-water mixtures. Because of the higher

data needed reactivity of Pu-(CHy)n mixtures, the caiticality safety limits for storage drums and waste

carriers are adjusted accordingly.

The higher reacrivity is believed to be -lue to the higher hydrogen density of polyethylene.
However, there are no criticality benchmark measurements to confirm the calculation.

Proposed Experiment: Use Pu or HEU foils layered with polyethylene to obtain a criticality

qeasurement benchmark.

Proposed LACEF
experimental
facility

Contact R. Rothe
EG&G Rocky Flats
P.O. Box 464
Golden, CO 80402-0464
(303) 966-2989; FAX (303) 966-7326

Transportation/Applicatinny
T/A - 14



Experiment 502i
Criticality Studicc That Emphasize Intermediate Energies

Contractor Requiring Data EG&G Rocky Flts Crtical Mass Laboratory
Category Apphications
Application  Enhance current DOE operation

Rating Status  Justification completed

Priority Maxnunum practical attention

Description of Many experiments have been done i the past that conld be used tor some degree ot code

operation and validation for large, chunky metal systems and tor pure and nearly pure splutiim systems.

experimental These experiments were the casiest to do: they were the tost needed when nuclear weapons

data needed were being manufactured. A plant had pieces of metal and the recovery of the fissile

component during subsequent processing leiad to many kinds of tissile solutiuns. The recent
decision to stop manufacturing nuclear weapons changes the nature of the processes
involved in recovery to a large extent. This decision does not make the potentially
dangerous fissile material go away. Instead. the material will be tn a mwch less common
form: relatively lurge quantities of fissile metal will start showing ap 1n recovery plants n

processes not encountered years ago.

This waste will be characterized by a high-hydrogen content due to the paper. plastics.
rubber, and other organic materials used, but they will also have fissile metal crncentrations

in potentially critical concentrations.

We propose to deise a set of critical experiments that purposefully approximate the H/X
ratio of typical waste streams. We intend o extend this study to include cases where the

fisstle cont:.ninants ase not distributed uniformly.

Proposed LACEF
experimental
facility

, Contact R. Rcthe
EG&G Rocky Flats
P.O. Box 464
Golden, CO 80402-0464
(303) 966-2989; FAX (303) 66-7326

Transporiation/Appbcations
T/A - 15



Experimental Program 503

Validation of Criticality Alarms and Accident Dosimetry

Contrictor Requiring Data  Department of Encrgy Complex

Rating

Description of
operation and
experimental

data needed

Proposed
experimental
facility

Ceontact

Category  Applications

Application  Cnncahity safety, radition protectinn tor workers and the public

Satus  Jusutrcation complete

Priority  Maxnmun practical attention

Criticality accident-alanm systems are used to alert personnel in need of evacuation. Risk
~+duction requires that the potential for talse alarms be minimnized. Proper testing and
validation requires the ability to provide exposures that simulaiz accidents for the complete
range of potenttal accident scenarios. Sheba and Godiva can provide this service,

particularly when augmented by the HPRR.

Sheba provides it low-energy spectrum charactertstwe of solution accidents, and Godiva
provides the capability for simulating super-prompt critical excursions. In addition, we
propose to reactivate the HPRR at LACEF. This well-charactenzed reactor was spectfically
developed to evaluate radiatton ¢xposures in i mixed (neutron/gamma-ray) environment. It
was employed for international intercomparisons of accident dostmetry for over 20 years

before its shutdown in 1986.

The data will be used to assure that ANSI and 1SO Standards are correct, and that a proper

level of protection is provided to workers and the public.

ILACEF

R. MalenfanvK. Butterfield

Los Alamos National Laboratory

P.O. Box 1663: MS 1562

Los Alamos, NM 87545

(505) 665-5645; FAX (505) 665-3657

Transporiation/Applications
T/IA - 16



Experimental Program 504

Accident Simulation and Validation of Accident Calculations

Contractor Requiring Data  Departiment of Energy Complex

Rating

Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category  Appheations
Application  Bascline dat

Status Experimental program

Priority Maximum practical attention

Present safety protection standards and SARSs are based on data trons accidents, which by
their very nature, are not well charactertzed due to lack of monitoring equipiment or, 1
many mstances, accident dosimetry. This program will apply tachines such as Godiva,
Sheba, und Silene (French) to the validation of accident calculattons theough the sumulation,

the development, and the validation of dccident models.

ANSI/ANS Standard 8.13 spectfers the minimum accident of concern 1n terms of
detectability. However, in the absence of well-characterized experiments to simulate
accidents, a highly conservative fiss.on yield must be assumed for the SAR. The results of
this assumption are then reflected in overly conservative system design or in reduced

inventories of material.

LACEF

R. Malenfant/K. Butterfield

Los Alamos National Laboratory

P.O. Box 1663; MS 1562

Los Alamos, NM 87545

(505) 665-5645. FAX (505) 665-3657

Transportation/Applications
T/IA - |7



Experimental Program 505
Evaluation of Measurements for Subcritical Systems

Cuntractor Regniring Data  Departiment of Energy Complex
Category  Applications
Application  Crittcality safety. radiation protection tor workers and the public

Rating Status  Justification completed

Priority Maximum practical altention

Description of  This prograny is aimed at developing i meter, or meters, 1o eviluate the degree of
operation and subcrticality inoa systeny or array of fissile material. The need tor such a meter has been
experimental long recognized, but the difficulties involved are apparent: no such instrument has been
data needed developed in the fifty years of work with fissile systems. Techniques that might be
employed tnclude (1) source jerk, (2) cross-correlation techniques, {3) Rossi-alpha,
(4) pulsed neutron, () reciprocal multiplication, and (6) other. Successful development and
validation of a technique will contribute substantially to worker and public safety and

reduce the degree of conservatisn:.

Proposed LACEF

experimental
facility
Contact J. Richter R. Malenfant
Los Alamos National Laboratory Los Alamos National Laboratory
P.O. Box 1663, MS F699 P.O. Box 1663; MS J562
Los Alamos, NM 87545 Los Alamos, NM 87545

(505) 667-1390. FAX (505) 665-7725 (S05) 665-5645. FAX (505) 665-3657

Transportation/Applications
T/IA-18



Experiment 506

Safe Fissile Mass Thresholds for an Array of Waste Storage Drums

Contractor Requiring Data  Sandia Natonal Laboratories

Rating

Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category  Applications

Application  Resolve technmical issues

Status  Justfication completed

Priority  Required for new or ongotng DOLL operatton

The stacking ol {isstle-waste storage drums represents a waste handling, storag.e, and

transportation issue.

We propose to measure neutronic coupling between array components ot S5-gal drums.
The coupling will be mcasured for low-tissile-mass drum loading, which will be
representative of loadings in waste drums. We hope to establish drum Ibadmgs below wlich

infinite arrays are criticality safe.

The purpuse of these experiments will be to define loadings below which it arriys of
touching drums are permissible with no separation between drums required. Conversely,
above this threshold limit, we could specify the safe center-to-center spacing for the drum
arrays and the upper size limit for the array (3x3x3, 4x4x4, ctc.) with a specificd fissile-

mass loading.

In situ

J. Philbin

Sandia National Laboratories

P.O. Box 5800; Dept. 6523
Albuquerque. NM 87185-5800

(505) 845-9036: FAX: (505) 845-9868

TranspartationiApplications
T/IA - 19



Experimental Program 507
Simulator Development

Contractor Requiring Data
Category

Application

Departnrent ot bEnergy Complex
Apphcations
Support new DOLE program, enhance current DOLE operation, resolve

techniead 1ssue, and compliauce with DOE orders

Rating Status
Priority

Justitication completed

Required tor new or ongoing DOE operation

Deseription of  Laboratory training, DOE tratning, and any ther courses that deal with nuclear satety and

operation and cannot be tuteht at LACEF need a criticality sinwlator. The LACEF experience with

experintental computer-driven and hardware-assisted sunulators 1s 4 unique resoure  for criticality

data nceded traimng.

Proposed LACEF
experimental
facility

Contact R. Walston

Department of Energy

Albuquerque Operations Office

SPD

Albuquerque. NM
(505) 846-1323: FAX (505) 845-6437

Transportation/Applications
T/A -20



Experimental Program 508
Development of a Demonstration Experiment

Contractor Requiring Data  Los Alamos Natiouwal Laboratory

Rating

Description of
operation and
experimental
data nceded

Proposed
experimental
facility

Contact

Category Applications
Application  Enhance current DOE operations

Status  Experiment in progress

Priority Maximum practical attention

For several years, nuclear cnticality safety training classes at LANL have utuhized a stack of
HEU foils interspersed between lucite plates to demonstrate experunental procedure i the
characteristics of mubtiplying systems. Present day safety and sceunty requurements severely
complicate this procedure, increastng the number of tnstructors who must be involved. and
place a strain on the secutity systems. It 1s proposed to design and construct an
experimental apparatus employing LEU 1n place of the HEU. This would allow the

experiment to be conducted outside of the high-security area.

LACEF

R. Wilston

Departiment of Energy

Albuquerque Operations Office

SPD

Albuquerque, NM

(505) 846-1323; FAX (505) 845-6437

Transportation/Applications
T/IA - 21
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Experiment 601
Critical Mass Experiments for Actinides

Contractor Requiring Data  Los Alnnos Nanronal Labormnry, Ouak Ridge National Laboratory, Idaho

Rating

Description of
operition and
experimental
data needed

Proposed
experimental
facility

Contact

Cliemical Processing Plant, Savannah River Site
Category  Baseline theoretica,

Application  Processing, transport and storage of special actinide elements

Status  Justification completed

Priority  Maxtmun practical atteution

Crivical 1nass estinutes have been caleulated for some ot the actinide elements usig
reactivitey coetticient measurements in fast-nietal assemblies. This technigue results in large
uncertainties in the minimum critical masses. The nuclides 236U, 237 Np, 241py, 242py,

241 Am exist in the DOE ¢ mplex in quantides exceeding critical masses. However, there
have been no direct measurements of criticality for ary of these spectal actimdes. Therefore,
new measurements are necessary for validating mass itmits to be used in processing,
transport and storage of this material. We can perform some of these measurements to
determine the critical mass for these actiuides and additional, refined worth measurements

tor the actinides with higher atomic numbers.

The results of this program would address known inadequacies in the standard ANSVANS
3.15, "Nuclear Criticality Control of Special Actinide Elements.”

LACEF

R. Sanchez

Los Alamos National Laboratory

P.O. Box 1653; MS J562

Los Alamos, NM 87545

(505) 665-5343; FAX (505) 665-3657

Biseline Theoretical
BT -3



Experiment 602
Neutron Absorber Property of PV(C

Contractor Requiring Data  Applicable 10 most Deparnnent of Energy contractors

Rating

Description of
operation and
cxperimental

data needed

Proposed
experimental
facility

Contact

Category Bascline theoretical
Application  Lunited tnterest for DOE contractors

Status  Expenment completed

Priority  Less urgent than priority (2)

PVC plastic Rascheg rings are used as a fixed neutron patson in tissile materiat sofutions,
simuilar to the use of Pyrex glass Raschig rings. Expertmental eriticality data exists for
chlorinated-PVC (which is similar to PVC), but a critical benchmark 1s still weeded tor PVC
tubes or rings in uranium solution te measure and confirm the neutron-absorption property
of PVC. The neutron absorber in PVC is chlorine. The advantages of PVC over glass ire

(1) corrosion reststance n the presence of tluoride ton, and (2) no breakage as with glass.

LACEF

F. Alcorn

Babcock & Wilcox Company
Research & Development Diviston
P.O. Box 11165

Lynchburg, VA 24506-1165
(804) 522-5157

Baseline Theoreti:al
ET-4



Experiment 603

Effect of Poorly Absorbing, Neutron-Scattering Elements on Critical Size

Contractor Requiring Data Westnziouse Hanford Cotapany

Rating

Description of
operation and
experinental

data necded

Proposed
experimental
facility

Contact

Category  Baschine theoretical

Application  bEnbance current DOE operatibn

Status  Experient th progress

Priorits  Less urgent than priority (2)

W hile 1t can be showa through caleulations that the addition of low-atomic-number
clements, such s oxygen and aluminum, can -eceease the critical mass of reduced-density
systes (compared to simply reducing the densi:, of o solution) and decrease the nut mwm
cntical solution denssty and the nuntruoia critcal areal density, no experimental dara exist
to directly determine the magnitude ot the effect. This is u concern for other sttuattons 1n

which the crtical parameters of fisstle pearing v.asies ace determined.

We propose a criticality experiment to resolve this question.

LACEF

D. Rutherford

Los Alamos Nattonal Lahoratory

P.O. Box 1663; MS J562

Los Alamos, NM 87545

(505) 665-5038; FAX (505) 665-3657

Buscline Theoretical
BT -5




Experiment 604
Unusual Fissile Shapes

Contractor Requiring Data  Apphcable to most Departiment of Encrgy contractors

Rating

Description of

vperation and
experimental

data needed

Proposed
experimental
facility

Contact

Category  Buascline theoretical
Application  Enhance current DOL operation

Status  Justification completed

Priority Less urgent than priority (2)

Geometry description packages have been provided i various Munte Carlo computter codes
to treut unusual shiapes that are not the “standard™ geometries (spheres, oyhinders, and
cuboids). These spectal geometry routines are used trequently 1in cniticality satety analysis.
However, with few exceptions, these spectal geohmetry roatines (e.g., General Geomeltry i
the KENO code and “hole routines™ in the MONK code) are always validated against the
standard shapes because essentuilly no experimental data exist tor nonstandard geometries.
It is proposed that a series of critical experiments be supported that will provide
nonstandard geometries (cones, truncated spheres, hemispheres. annular tanks with

nonuniform annuli, triungular tanks. etc.) to validate the nonstandard geometry calculations.

LACEF

R. Malenfant R. Rothe

Los Alamos National Laboratory EG&G Rocky Flats

P.O. Box 1663, P.O. Box 464

Los Alamos, NM 87545 Golden, CO 80402-0464

(505) 667-4839; FAX (505) 667-3657 (303) 966-2989; FAX (303) 966-7326

Baseline Theoretical
BT -6



Experimental Program 605

Measurement of Delayed-Neutron Parameters and Time-Dependent,
Delayed-Neutron Spectra for 235U, 238U, 237Np, 23%Pu, and 24'A m

Contractor Requiting Data  Applicable to most Department of Faergy contractors

Rating

Description of
operation and
experimental

data needed

Proposed
experimental
facility

Contact

Category  Buasceline theoretical
Application  Use in modeling criticality accideats, reactor Kineties, and suberniticality

tmeasurements

Status  Justification completed

“riority Required for new or ongoing NOE operations

Sys..m-applicable, delayed-neutron parumeters should be measured tor Godiva, Big Ten,
Flattop, Sheba, and for several thermal and fast systems on Honeycomb. The parameters
include the delayed-nicutron yield for each system, the delayed-neutron fraction for each

delay group, and the delayed-neutron spectra as a function of time after fission.

LACEF

C. Goulding

Los Alamos National Laboratory

P.O. Box 1663: MS J562

Los Alamos, NM 87545

(505) 667-0769; FAX (505) 665-3657

Bascline Theoreticas
BT -7



Experiment 605a
Delayed-Neutron Fraction Measurement from 2¥7Np

Contractor Requiring Data L . Alumos Nauonal Laboratory
Category B.ccane theoretical

Applicatior:  Frthauce current BOE operation

Rating Status  Justification completed
Priority Required for new or ongoing DOE operition

Description of Wc propuse to measure delayed-neutron flux spectra trom 2V7Np. A 2350 target will be
operation and used as the reference. A tme domwin of 0.5 sec to 5 see atter tission will b ased. We need
experimental very small self-multplication; a 1-gm sample wilt sutfice. NE213 and Cutler-Shalev
data needed detectors will be used to measure the neutron spectrum over the energy runge 3 keV
5 MeV.

The fissions will be produced using Godiva-1V, and the rarget samples will ve transferred

using the existing pneumatic system that connects the existing counting system in Kiva Ifl.

Proposed LACEF
experimental
facility

Contact C. Goulding
Los Alamos National Laboratory
P.O. Box 1663; MS 1562
Los Alamos, NM 87545
(505) 667-0769; FAX (505) 665-3657

Baseline Theoretical
BT - &



Experiment £0Sb
Measurement of Time-Dependent, Delayed-Neutron Spectra

Contractor Reyuoiring Data Applicable to most Department of Energy ¢ontractors
Category  Bascline theoretical

Appiication  Resplve techmcal issue

Rating Status  Justification completed

Priority  Less nrgent dwan prorty 02)

Description of Some discrepancies need o be reconctled to the vartons measurements and syntheses of
operation and equilibrium dekitved-neutron spectri; it iy be necessary to consuder the time vartation of
experintental  Jdelayed-nentron spectra in List-reactor caleulations. These data would be of interest in the
data needed naclear power mdustey. in critieality safety deternuinations for the production and handling
of nuclear muterials, and in the mvestigation of neutron-rich nucler in the study of nuclear

structufe.

Proposed LACEF
experimental
facility

Contact C. Goulding
Los Alamos National Laboratory
P.Q. Box 1663; MS J562
Los Alamos, NM 87545
(505) 667-0769;: FAX (505) 665-3657

Buscehine Theoreiteul
BT -y



Experiment 606

Establishing the Validity of Neutron-Scattering Kernels

Contractor Requiring Data

Ruting

Desceription of

operation :nd
experimental

data needed

Proposed
experimental
facility

Contact

Cuategory

Applwcable to must Departient ol Energy contractors

Bioeline theoretical

Application  Fissile svsenns controtled by separation witlt moderitting vuterils
Status  Justilicanon completed
Priority  Muxinunn practic.et attention

Slowe down nessirements wade by the Nattonal Iustuaute of Science and Technology

mdicate discrepancies of up to 7% ux thernal fisston activities,

Assessmicat of discrepancies between experiments and caleittations of nentron-scattering

Kernels for :woderating materials, both fissde and nontissile, has indicated a need for basic

physices measurements with varnions compounds such as nuxtures of the elements H, O, and

C wr water, polyethylene, Plexiglas, and other cotpoands.

NIST. LACEF

C. Hopper

(Oak Ridge National Laboratory

P.O. Box 2008

Oak Ridge., TN 37831-6370
(615) 576-8617; FAX (615) 576-3513

Baseline Thevretical
BT - 10



Experiment 607

Extending the Standard ANSI/JANS 8.7 to Moderated Arrays

Contractor Requiring Data  Applicable to most Departimeat of Lnetgy coutractors, Racky Flats Plant,

Rating

Desceription of
operation and
experiniental
data nceded

Proposed
experimental
facility

Contact

Los Aliamos National Laboriaory, Savimnah River Site, Y-12, Ouk Ridge
Natiopal Labaratory, Lawrence Livermore National Luboritory
Category  Buaseline theoretical
Application  Enhance current DOE operiition

Status  Justiticauion completed

Priority Maxumuth practical attentton

This ANSI/ANS standard 8.7, “Guide for Nuclear Criticality Satety in the Storage of Fisstle
Materials,” currently applies to low-moderated and unmoderated fisstle material. A
criticality experimental program will extend this standard to moderated arrays as well. This
standard has a high level of demonstrated uscefulness 1n satety analyses tor tissile material
storage aud transportation. The experiments would vary array unit moderation, array size,

array spacing. and room return on a parametric basis.

LACEF

C. Hopper

Guk Ridge National Laboratory
Building 6011; MS 6370

Oak Ridge, TN 37831-6370

(615) 576-8617. FAX (615) 576-3513

Baseline Theoretical
BT - 11



Experiment 608
Fission Rate Spectral Index Measurements in Three Assemblies

Contractor Requiring Data  Patential use by Depurtment of Energy Cross-Section Working Evaluation
Group
Category Basehine theorelical

Application  Resolve technieul issue

Rating Status  Justtfication completed

Priority  Muaximum practical attention

Description of In 1978, fission rates for the isotopes 235U, 2380, 23Np, and 2Pu were measured w the
operatior; and ncutron spectra at the center of Flattop, with a 93% 233U core, and Big Ten, a 10% 235y
experintental assembly machine. However, these dati are suspect, since the detector developed a leak

data needed during the measurements.

The purpose of this experiment is to repeat the 1978 measurements and provide more
reliable data for use to validate ditferential fission cross sections in ditterent spectral
systems. In addition, other measurements could be made using actinide samples. particularly

the threshold fission actinides 238Pu, 242Py, etc.

Proposed LACEF
experimental
facility

Contact D. Barton/D. Rutherford
Los Alamos Nattonal Laboratory
P.O. Box 1663; MS J562
Los Alamos, NM 87545
(505) 665-5038: FAX (505) 665-3657

Baseline Theoretical
BT - 12



Experiment 609
Validation of Calculational Methodology in the Intermediate Energy Range

Contractor Requiring Data Los Alamas Navonel Laboratary, Ouk Ridge Nationat Laboratory, Rocky
Flats Plant, Savannah River Site, Lawrence Livermore National Laboratory,
Fonched facthiies, cte.
Category  Baschne theoretical

Application  Inittal reguest

Rating Status  Justification completed
Fissile materuil in facilities under remediation and decommissioning are
subject to low-moderatton and generate intermediate energy spectra.

Priority  Maxinum practical attention

Deseription of Crincality calenlations tor systems nvolving relatively thin fissile regions (1- to 3-mm thick
operation and separated by | to 3 ¢cm of hydrogenous material) would depend on the accaracy of cross
experimental scctions pertinent to those systems. A search of the literature fatls to find any critical
data needed cxperiments for which a large fraction of the fissions occur between neutron cnergies of
I eV and 100 KeV. Muny experiments have been done for thermal systems (fissile

solutions) for which nearly all fissions occur at energies below | ¢V,

At the other extreme, many experiments have been done for “fast™ systems (fissile solids)

for which nearly ull fissions occur at energies above 100 KeV and up to 2 MeV.

This situation leaves u very large range of systems which have never been tested
experimentally. For any thermal systems, neutrons must decelerste from fast to thermal.
The neutrons exist and interact 4t many energies between fast and thermal. Furthermore,
this region is often characterized by the “resonance region,” which exhibits wide

fluctuations in cross section.

One does not know if good agreement betwcen theory and experiment for a thermal system

1s the result of:

I. error canceling in the codes that handle neutron deceleration through these energies:

or

2. areal bias in the code that happens to be in opposition to the errors in the code’s

handling of neutron deceleration.

(continued)

Bascline Theoretical
BT - 13



Description of
operation and
experimental
data nceded
{cantinued)

Proposed
experimental
facility

Contact

Experiment 610 (vontinued)

One does not know it an observed bias between theory and experiment tor a thermal system
15 the result of:

I. ¢rrors in the code's hundling of neutron deceleration through these energies, errors

which do not cancel; or

2. a real bias in the code that i1s added to, subtracted from, or unatfecied by the code’s

handling of ncutron deccleration.

These cross sections are detined in the existing cross section data sets, but licle data exist to

verify that these cross sections are correctly represented.

We have designed an experiment to provide such a test.

LACEF

R. Anderson

Los Alamos National Laboratory

P.O. Box 1663; MS 1562

Los Alamos, New Mexico 87545
(505) 667-2821: FAX (505) 665-3657

Baseline Theoretical
BT - 14
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Experimental Program 701
Investigation and Development of Subcritical Measurements

Contractor Requiring Data Los Alamos National Laboratory, Oak Ridge National Laboratory, Rocky
Flats Plant, Lawrence Livermore National Laboratory, Sandia National
Laborztories
Category Cricality physics
Application Handling and stcraee of significant quantities of fissile matenial,

(e.g.. Complex 21)

Rating Status  Justification completed
Priority Required for new or ongoing DOE operation

Description of Measurement of the delayed critical point is relatively easy and commonly done. The
operation and measurement of keyr < 1.0 is more difficult with the situation getting worse as the
experimental measurement is attempted further away from critical.

data needed - . . . -
The availability of a simple reliable measurement of subcritical reactivity would be valuable

for many applications:

e Pertodic checks on the subcriticality of storage areas — checks on the loss of

hydrogen or the leaching of poison from storage vault concrete.

» Measurement of the reactivity of reactor core subassemblies before they are inserted

into the reactor core.

» Measurement of the reactivity of SNM or SNM waste before these materials are
inserted into highly reflecting and moderating well counters and assay chambers.

Developing procedures and investigating the accuracy and ranges of validity for a number
of techniques used in subcritical reactivity measurements would provide valuable results for
much of the DCE community that handles or stores significant quantities of SNM.

Techniques that would be employed include (a) source jerk, (b) cross-correlation
techniques, e.g.. 252Cf noise analysis. (c) Rossi-alpha. (d) pulsed neutron, and (e) reciprocal

multiplication.

(continued)

Criticality Physics
CP-3




Experiment 701 (continued)

Proposed LACEF
experimental

facility

Contact R. Anderson
Los Alamos National Laboratory
P. O. Box 1663; MS 1562
Los Alamos, NM 87545
(505) 667-3346; FAX (505) 665-3657

Criticality Physics
CcP-4
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Experiment 702
Spent Fuel Safety Experimer '~ : X)

Contractor Requiring Data  Sandia Nattonal Laboratories
Category Applicable experiment categories
Application  Applications are throughout the DOE complex for the storage,
transportation, disposal of spent nuclear fuel from DOE reactors as well as
from commercial reactors in support of the Civilian Radioactive Waste
Management Program. Data from these experiments could also be used by

cornmercial reactors and the NRC to evaluate on-site storuge of spent fuel.

Rating Status  Justification completed

Priority Mauximum practical attention

Description of The fotlowing information is required to validate burn-up credit:
operation and I. Fuel Rod Consolidation.

experimental

data needed The MRS may provide the capability to disassemble fuel assemblies and consolidate
the fuel rods in storage canisters. Experimental data will benefit the safety and

economics of this operation.
2. Spent Fuel Burnup Versus Reactivity.

DOE contractors and NRC licensees are interested tn obtaining criticality data for
spent LWR fuel to confirm calculations. Operational and storage restrictions can be
significantly reduced if credit could be taken for burnup. The calculations must
account for: (1) 235U depletion and fission product formation, which decrease
reactivity; and (2) the formation of plutonium, which increases reuctivity.

3. Reactivity Worth of Spent Fuel.

The reactivity worth of spent fuel samples that are from a fully characterized spent
fuel assembly would have to be experimentally verified. This verification would

include chermical assay data.
4. Approach to Critical

An approach to critical would have to be performed for (1) an array of fresh fuel
rods (the lattice should be composed of differing enrichment rods, water rods and
Gd-bearing rods to simulate BWR); (2) central rods replaced with spent fuel that
represent average assembly conditions: and (3) central rods replaced with spent fuel
rods that represent the burnup that is typical of the tips of fued rods and 1s a -
consequence of the axial burnup distribution in PWRs.

(continued)

Criticality Physics
CcP-5



Experiment 702 (continued)

Proposed SNL
experir -ntal
facility

Contact M. Brudy
Sandia National Laboratories
Albuquerque, NM
(505) 845-9099; FAX (505) 844-0244

Criticality Physics
CP-6



Experimental Program 703
Differential Parameter Measurements

Contractor Requiring Data  Rocky Ilats Critical Mass Laboratory, Departiment ot Energy Complex

Rating

Deseription of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category Crinicality physics
Application  Enhance current DOE operaiion

Status  Justification completed

Priority Required for new or ongoing DOE operation

At the present time, all code validation is done by comparing only the one “intecgral™
parameter, namely Keff, between expertment and theoretical calculation. This validation s
done only at delayed criticality, or ket = 1.00. However, computer codes give much more
information than just this single, integral parameter. They give neutron fluaes, or currents in
various regious, and 4 wealth of other data. These might be called “differential duta™
because their absolute value would depend on the instantaneous power level of the critical
contiguration. Still, the relative magnitude of some differential parameter a2t one location
relative to another location would be independent of power fevel. This 'nasnitude would be
another independent test of the code’s ability to estimate the real conditions.

We propose to set up an experimental program to measure these differential parameters in
addition to the integral parameter, keff. Such a study would be designed to assure that an
observed perfect agreement between theory and experiment (zero bias) in u particniar
validation was not just due to the accidental cancellation of opposing errors within the code.
Experiments within this program would be very simple geometrical systems; and the
material compositions would be almost irrelevant. However, the boundaries between one

material and another should be clearly defined at least tn two widely separated locations.

This will promote more effective utilization of all data available such as in Experiments 208
and 608.

LACEF

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989: FAX (303) 966-7326

Criticality Physics
CP-7




Experimental Program 704
Homogeneity versus Heterogeneity

Contractor Requiring Data  Department of Energy Complex

Rating

Description of
operation and
experimental
data needed

Proposcd
experimental
facility

Contact

Category Applicable experimental categories
Application Enhance current DOE operaiion

Status  Justfication completed
Priority Required for new or ongoing DOE operation

Several expertments should be pertormed to illustrate the ditticultes i making simplifyng
assumptions, which are of general interest for developing second-order corrections to
analytical techniques.

For example how small nwust a cell of bne matertal surrounded by another material be

before one can consider that a truly heterogeneous mixture is neutronically homogencous’

One example of this problem would be Raschig-ring-filled tanks containing fissile sotution.
Another example would be a uniform suspension of toreign naterial in an otherwise

homogeneous fissile solution.

The practical issue is this: are we wasting too much time calculating and modeling
heterogeneous systems when not much accuracy would be lost in assuming that the entire
system is homogeneous? Or, conversely, dc we too easily niake the assumption of

homogeneity when we should be modeling a heterogeneous system?

Although these questions are usually answered by calculations, it would be desirable to

validate several of these calculations by a few seiected experiments.

LACEF

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989. FAX (303) 966-7326

Cristcality Physics
Cp-38



Experimeni 705
How to Measure Hydrogen

Contractor Requiring Dauta Rocky Fluts Crrucat Mass Laboratory

Rating

Description of

vperation and
experintental
data needed

Proposed
experimental

facility

Contact

Category  Apphcable expernnental citegories

Applicaticn Lobance cuvremt DOE operation, all hydrogeuoas watertals

Status  Jasttfwcation complete

Priority  Loess nrgent tsan priority (2)

This propusal wouald be o nantissile experiment. It ts designed to devise o new analytical

capabthity to unprove the way  Liboratories measure the properties of fiasile solutions.

In practice, an analyvtical laberatory can measare the fissile metal content of a solution to a
iile better than + 14 The same faboratory cannot measure the hydrogen content of 4
orplex soluttorr- -such as 4 mitiate solution of o metal st—to much better than + 5% The
unpact upon the caiculated Kefy, however, proves to be 3-times more sensitive to
uncertainties tn H concentration than to the measureinent uncertainty in U or Pu
concentration. Thus, a the uncertainty in H concentration contributes about |5-tunes tmore

to errors tn keyy than does the uncertainty in the fissile content

We propose to develop a laboratory method to meusure the hydrogen conient of a true-but-

complex solution to better than + 0.3%.

LACEF

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

Criucality Physpes
CP -



Experiment 706
“Dry Water”

Contractor Requiring Data  Department of Energy Complex

Rating

Description of
operation and
experiinental

data needed

Proposed
experimental

facility

Contact

Category  Applicable experimental categorics
Application  Enhance current DOE operation

Status  Justitication completed

Priority Required for new or ongning DOE operation

We propose to design an experiment to measare the critical parameters of o fissile
“solution™ where hydrogen content 1s accurately meastred. This vould be accomphshed
by ! Aty o "dry” fissile solution composed of powdered. or finely ground, plastic
granules anu the powdered oxide of a fissile metal. Thes mixture should have the same H/X
ratio as an aqgucous solution might have, but it would be better known because the
laboratory analysis of both the metal oxide and the plastic would be accurate tn both cases.
The granular size of the powders would have to be small enough so that the tabricated
“solution™ would neutronically reremble a homogeneous situation in spite ot the obvious

fact that any mixture of plastic and oxide would be truly heterogeneous.

LACEF

R. Rothe

EG&G Rccky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

Criticality Physics
CP - 10



Experiment 707
Anomalous Critical Experimental Results

Contractor Pequiring Data  Department of Energy Complex
Category HEU, Pa, Criticality Physics

Application  Resolve technical issue

Rating Status  Jastification completed

Priority  Required tin new or ongoing DOE operation

Description of  When critical experunenta! results are compared with the results of Monte Carlo
operation and calculations, the cilculated values of keyy are typically within a few percent ot 1.0. There are,
experimental however, several critical experiments tfor which the calculated values of kett are near 0.90.
data needed These calculated kejy factors are quite tir from the expected value of 1.0, and are
nonconservative. These experiments included an array of high-enriched uranyl nitrate slabs
and cylinders, a Pu bali retlected by Be, and others. Several of these experiments should be
repeated 1in order to contirm if the experimental results are incorrect or if the codes are

wrong.

Propesed 1.ACEF
experimental

facility

Contact R. Aaderson
Los Alamos Nattonal Laboratory
P.O. Box 1663;: MS 1562
Los Alamos, NM 87545
(505) 667-2821; FAX (505) 665-3657

Criticality Physios
Cp- 11
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Experiment 801
Fuel-Processing Restoration Project

Contractor Requiring Data  Westinghouse Iditho Nuclear Company
Category Highly enriched uranium
Application  Support new DOE program

Rating Status Experument in progress

Priority Required tor new or ongoing DOE operatinn

Description of The Fuel-Processing Restoration Project is in the final design stage. The criticahity
operation and experiments needed to support design and operation have been identitied and are 1n
experimental progress at the Los Alamos Critical Experiments Facility.

data needed

Proposed LACEF
experimental
facility

Contact J. Tanner
Westinghouse ldaho Nuclear Company
P.O. Box 4000
[daho Falls, ID 83403
(208) 526-1361; FTS (208) 583-1361

Archived Experiments
AX -3



Experiment 802
Fluorinel and Storage (FAST) Facility

Contractor Requiring Data  Westinghouse [ilatho Nuclear Company
Category Highly ennched urantum

Application  Support new DOE program

Rating Status  Expertment complete

Priority Required for new or ongoing DOE operation

Description of The Fiuorinel and Storage (FAST) Facility 1s now in operation. A series of criticality
operation and cxperinients to support this facility were completed in 1986. One additional experiment
experimental remuins to be completed. This is an experimen: to measure the effect of 4 cadmium/boron
data needed poison mixture on the critical size of a cylinder of U(93) uranyl nitrate (see
Experiment 103).

Proposed LACEF
experimental
facility

Contact J. Tanner
Westinghouse Idaho Nuclear Company
P.O. Box 4000
Idaho Falls, ID 83403
(208) 526-1361; FTS (208) 583-1361

Archived Experiments
AX -4



Experiment 803
Mixtures of Soluble Boron and Cadmium

Contractor Requiring Data  Westinghoase Idaho Nuclear Company

Rating

Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category Highly ennicned nranium
Application Enhance current DOE cperation

Status  Justification completed

Priority Mauaximum practical attention

The use of two soluble neutron poisons (boron plus cadimium) 1n a fisstle solation resalts s
two benetits. First, one poison is a backup, chemically. to the other. Second. advantage can
be taken of the broader range of neutron-ubsorption cross sectipns tn the -esbiance region.
Because their high-neutron-absorption cross sections accur at ditferent neutron energies
(even though they overlap). boron and cadmiuim together may be more effective in sone
operations than either one alone. The actual margin of safety with two poisons, however, ts
not known—the synergistic effect has not been measured. A benchmark criticat experiment
is needed to verify this concept. The first application would be the Fluorinel and Storage
(FAST) Facility (see Experiment 102). The Westinghouse Idaho Nuclear Company 1s
anxious that this experiment be performed to provide support for their fluorinel-dissolution

process operations.

LACEF

J. Tanner

Westinghouse Idaho Nuclear Company
P.O. Box 4000

I[daho Falls, ID 83403

(208) 526-1361: FTS (208) 583-1361

Archived Expeniments
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Experiment 804
Glycol-Water/Boron Mixture

Contractor Requiring Data

Rating

Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Y-12 Plant (Martin Murtetta Energy Systems)

Category Highly enriched urantum
Application  Enhance current DOE operation
Status  Justification completed
Priority Required for new or ongoing DOE operation

Personnel at the Y-12 Plant have identified the need for this experiment for highly enriched

235U systems. The glycoi/water mixture is used as a coolant in machining operations. The

boron concentration in glycol/water solutions can be made several times higher than in

water alone before boron precipitation occurs. A criticality measurement of a simple

water/boron system could result in more economical operations.

LACEF

W. Mee, Superintendent

Radiation Safety Department

Martin Marietta Energy Systems, Inc.
P.O.Box Y; M/S 3

Oak Ridge, TN 37831

(615) 574-3534; FTS (615) 624-3534
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Experiment 805
Carbon-Reflected U(93) Plant (MMES)

Contractor Requiring Data  Y-12 Plant (Martin Martetta Energy Systems)
Category Highly enriched urinium
Application Enhance current DOE operation

Rating Status Justitication completed

Priority Required for acw or ongoing DOE operation

Description of Maore refined criticality data on carbon-reflected 93%-eniiched uranium metal could result
operation and in production improvements at the Y-12 Plant.

experimental

data needed

Proposed LACEF
experimental

facility

Contact R. Vomehm
Martin Marietta
P.O. Box 2007
Y-12, MS A238
Oak Ridge, TN 3783l
(615) 576-2289: FAX: (615) 241-2772

Archived Experimen's
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Experiment 806
U(93) Metal Reflected by Refractory Materials

Contractor Requiring Data  Y-12 Plant (Martin Marietta Energy Systems)
Category Highly enriched uranium
Application Enhance current DOE operation

Rating Status Justification completed
Priority Required for new or ongoing DOE operation

Description of No experimentat benchnarks are available for common and specialized refractory
operation and materials. It 1s expected that benefits to the Y-12 Plant and other operations will justify the
experimental experiment.
data needed

Proposed LACEF
experimental

facility

Contact R. Vornchm
Martin Marietta
P.O. Box 2007
Y-12, MS A238
Oak Ridge, TN 37831
(615) 576-2289: FAX: (615) 241-2772

Archived Expetiments
AX -8



Experiment 807

Muiti Megawatt Reactor Program (canceled)

Contractor Requiring Data Idaho National Enginecring Luboratory
Category Highly enriched uranium
Application  Support new DOE program

Rating Status  Justification completed
Priority Required for new or ongoing DOE operation

Description of Planning is in the preliminary stages tor this reactor program. The REPs will be evaluaated in
operation and the fall of 1987. The need for criticality experimems to support this project should be
experimental assessed about January 1988,
data needed

Proposed LACEF
experimental
facility

Contact J. Luke, Manager, Nuclear Engineering
Lus G Idatn, Inc.
Idaho National Engineering Laboratory
P.O. Box 1625
I[daho Falls, ID 83415
(208) 526-7670; FTS (208) 583-9054

Archived Experiments
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Experiment 808
Compact Nuclear Power Source (CNPS)

Contractor Requiring Data  Not yet identitied

Rating

Description of
operation and
experimental
data needed

Proposed
experimental
facility

Contact

Category lLow enriched U

Application  Support new DOE progrim

Status  Experiment complete

Priority  Required for new or ongoing DOE operation

The CNPS will comprise about 492 tuel pins in a graphite matrix, arranged in a
4.775-cm-square lattice. The fuel is 19.9%-enriched 239U in a urantunt-carbon-oxygen
mixture. The fuel ping are 1.245 cm in diameter, and the fuel is 10.65 g/em3. Consideration

1s being given to nuilitary use (United States) and civilian use (Canada) tor the CNPS.

Two phases of criticality experiments to support this program have been identitied as

follows:
Phase 1: Experuiments to support reactor technology.

These experiments are in progress at the LACAF.
Phase 2: Experuments to support criticality safety applications.

Experiments will be needed to support nuclear criticality safety in the areas of fuel

fabrication, storage, transport, and reprocessing.

ILACEF

E. Hansen

Advanced Nuclear Technology
P.O. Box 1663 |
Los Alamos National Laboratory
Los Alamos, NM 87545

Archtved Experiments
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Experiment 809
Refurbishment or Replacement for N-Reactor

Contractor Requiring Data  Westinghouse Hantord Company

Rating

Description of
operation and
experimental

data needed

Proposed
experimental
facility

Contact

Category Low-enriched uranium

Application Support new DO program

Status  Justification completed

Priority Required lor new or ongotng DOE operuiton

If the N-Reactor is replaced and a ditferent tuel type is used in the new reactor, new
criticality experiments will be needed to support this reactor. Requirements will not be
clarified. however. until 1988-1992. Several options currently exist for this project: use of a
WPPS nuclear fuel reactor, currently under construction, or construct 4 new production

reactor.

If the N-Reactor were placed * a tritium production mode, difterent fuel elements will be
used in the reactor. The fuel could use some higher enrichment and be made out of a
special alloy. Critical mass measurements or in situ measurements would be needed to better
define operational critical mass parumeters. The need for such measurements would be
identified in FY 1988 - 1989.

LACEF

H. Toffer

Westinghouse Hanford Company

P.O. Box 1970

Richiand, WA 99352

(509) 376-2894; FTS (509) 444-2894

Archived Experiments
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Experiment 810
Special Isotope Separation (SIS) (canceled)

Contractor Requiving Data Westinghouse tdaho Nuclear Compiny

Rating

Desceription of
operation and
experintental

data neceded

Proposed
experimental
facility

Contact

Category  Plutonium
Applicativon  Support new DOE program

Status  Jusuticanion completed

Priority  Required for new or ongotng DO operation

The Special Isotope Separation (S1S) project will separate 23Pu from plutontum mixtures
high in 240Pu. Experiments necded to support SIS have not been completely defined.

Expected needs are given below:

PaCly Solurions: The SIS facility employs an aqueous process involving PiCl3 solution for
the recovery of plutoniuny from the waste streams of varions pyrochemical processes.
Criticality data on PuCljy solution systeny 1s currently not available: hence, critical
experiments on PuCly solution are needed betore (1) the credit presented by chlorine as a
neutron poison can be properly accounted for i the design, and (2) the calculauonal
methads used in the design can be properly validated. Such criticality data are also
beneficial to other plutonium facilities using hydrochloric acid as a means of plutonium

recovery.

Plutoniwm Hydride: The SIS facility employs a hydriding/dehydriding process for the
recovery of plutonium from the AVLIS system. No criticality data on plutonium-hydride is
currently available, und designing the process or veritying the design parameters based on
criticality data of other forms of plutontum may or may not be conservative. Therefore, a
need for critical experiments with plutontum-hydride is identifted for the design, as well as

tor the validation of the calculational method.

Salt-Reflected/Moderated System: The pyrochemical processes employed by the SIS facility
involves plutonium metal in a salt-reflected/moderated system.

LACEF

W. Jensen, Nuclear Safety Branch

U.S. Department of Energy/Operational Safety Division
785 DOE Place

Idaho Falls, ID 83402

(208) 526-1387; FTS (208) 583-1387

Archived Experimeats
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Experiment 811
Neutron Absorber Property of Pyrex Cylinder Walls

Cuatractor Requiring Data  Applicable to most Departnient ot Energy contriiciors

Rating

" eseription of
operation and
experimental

data needed

Proposed
experimental

facility

Contact

Category  Crwteality Physics
Application  Support new DOE program

Statns  histsfication eompleted

Priority  Less urgent than prionty (2)

The boron 1n Pyrex glass cylinder walls reduces the neutrou interaction between cvlinders.
This saggests that Pyrex glass cylinders in a storage atray could be closer together than
present practice. Before storage operations can take advantage of this reduced spacing,

however, a eriticality expertment is needed to provide venfication data.

Note: The poisoning ettect of Pyrex cylinder walls counld be studied during the neatron

interaction experiments (see kxpertment 601).

LACEF

D. Rutherford

Los Alamos National Laboratory

P.O. “nx 1663

N-2, MS J562

Los Alamos, NM 87545

(505) 665-5038; FAX (505) 665-3657
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Appendix A
Glossary of Nuclear Criticality Terms
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Glossary of Nuelear Criticality Terms

albede, neutron: The probabiiity, under specilted conditions, that a neutron entering mto i regton through a
sarliace will return throagh that surtace.

absorbed dose: The energy mnparted to matter by directly or mdirectly imang radiation per unit mass of
irraduited matenitt at the point of interest: unit of absorbed dose has been the rad and now. in the
hsernational Systen of Units (S is the zray (Gy), 100 rad = | Gy.2-3 Sce rad, gray.

absorption, neutron: A neutron-induced reaction, mcluding tission, in which the neutron disappears as i free
pirsicle. ! The absorption cross sechinn s destgnated 0y, Sce caprure, neutron: cross sevtion, neutron.

alarn: system, criticality accident: A systen capable ol sounding an audible alarm atter detecting neutron or
gammid radiation from a criticality accident. See cnncality accident.

alpha particle: A helium-4 nucleus emitted during a nuclear transformation. !

beta particle: An electron of either positive or negarive charge that has been emitted tn a nuclear
transformation. !

buckling: For our purposes, algebraic expressions that relate critical dimensions of various simple shapes
(sphere, cylinder, or cuboid) of cores of the same composition and stmtlar retlectors. For example, the known
radius of u critical sphere may be used to obtain the ruadius and length of a corresponding critical cylinder.
For a specific definition of buckling, see Ret. 4, pp 7 and 8. See core, reflector.

burst, prompt: Usually refers to the pulse of energy from tissions produced by a prompt burst reactor. Sce
prompt burst reactor, spike (in « prompt power excursion).

capture, neutron: Neutron absorption not leadiag to fission or other neutron production. The capture cross
section s designated o . Sce absorption, neutron: cross section. neutron.

cent: A unit of reactivity equal to one-hundredth of the increment between delayed criticality and prompt
criticality (a dollar).! See dollar, reactivity

chain reaction, fission: A sequence of nuclear fission reactions in which fissions are induced by neutrons
emerging from preceding fissions. Depending on whether the number of fissions directly induced by
neutrons from one fission is on the average less than, equal to, or greater than unity, the chain reaction is,
respectively convergent (subcritical), self-sustaining (critical), or divergent (supercritical). !

core: That part of a fissile system containing most or all of the fissile material, as distinguished from an
external reflector. See fissile system, reflector.

critical infinite cylinder: For specified fissile medium and surrounding reflector, the infinitely long cylinder
with a diameter that would be critical.

critical infinite slab: For specified fisstle medium and reflector on each surface, the slab of infinite lateral
dimensions with a thickness that would be critical.
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Glossary of Nuclear Criticality Terms

criticality accident: The release of energy as u result of accidentally producing a self-sustaining or divergent
fisston chain reaction. !

criticality safety Standards: These Standards desenibe criticality control practices for which there is industry-
wide consensus. Consensuis s established through procedures of the American National Standards Institute.
Chapter 4 of Ret. 3 tists and discusses existing and proposed criticality satety Standards, and explains
capitalization ol the term,

cross section (o). neutron: The proportionality factor that relates the rate of a specified reaction (such as
capture or tission) to the product ot the number of neutrons per second impinging normatly onto i unit area
of a thin target and the number of target nucler per unit area. It may be considered a small area assigned to
cach target nucleus, usually expressed in barns, te., 10-24 em? . See ubsorption. neutron; capture. newtron;
fission, nuclear.

decay, radioactive: A spontancous nuclear transformation 1in which particles or gamma radiation is emitted,
in which x-radiation is emitted tollowing orbital electron capture, or in which the nucleus undergoes

spontancous fission.! See fisston, nuclear; gamme radiation.

delayed eriticality: State of a iissile system such that kg = |, the steady-state condition. See multiplication

Juctor.

delayed neutrons: Neutrons from nuclei produced by beta decay tollowing tission. They follow fission by
mtervils of seconds to munutes. Sce prompt newtrons.

dollar: A unit of reactiviy equal to the increment between delayed criticality and prompt criticality for a
fixed chain-reacting system. See reacrivity.

dose equivalent: The absorbed dose multiplied by the quality factor and other less significant modifying
tactors, so that doses from ditferent ~idiations 1alpha, beta, gamma, siow neutron, fast neutron) can be
smmied to provide un effective total dose at the foint of interest.? The conventional unit of dose equivalent
has been the ren, and now in the International System of Units (SI) is the sievert (Sv), 100 rem = | Sv.5 See
rem, stevert.

dose rate: Absorbed dose delivered per unit time.> See absorbed dose.

excursion, nuclear: An episode during which the fission rate of a supercritical system tncreases, peaks, and
then decreases to a low value.

excursion, prompt-power: A nuclear excursion as the result of a prompt-critical configuration of fissile
material. In generi', a sharp power spike followe by a plateau that may be interrupted by smaller spikes. See
excursion, nuclear; spike (in a prompt power excursion).

excarsion period (T): The reciprocal coefficient of t, where fission power tn a nuclear excursion increases as
eVUT before a quenching mechanism becomes effective. See excursion, nuclear: quenching mechanism.

exponential column: A subcritical block or cylinder of fisstle-bearing material with an independent neutron
source at one end. Under appropriate conditions, the response of a neutron detector decreases expunentially
with distance from the source. From the logarithmic rate of this decrease and lateral dimensions of the
column, critical dimensions of an unreflected assembly of the material may be deduced.
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Glossary of Nuclear Criticality Terms

exposure: A meisure ol the wnization produced i air by x-rays or gammn radistion; the sum of electric
charges on all 1ons of one sign i a smatl vohiiate of air when all electrons liberated by photons are
completely stopped. per unit mass of the arr. Note that exposnre refers to the environment, nat itbsorhimg
matertial. The unit of exposure 1s the rncmgcn.2 See gune radiation, roentgen, Aliermatively, exposare i
the incidence of radiation on hiving or inanumate nuerial. !

favorable geometry: Geometric construint of Pisstle muterial e which subentcality is naintained under
anvcipated condittons. Exomples are limited Gameter of pipes intended to continy fisstle solution, or hiited
volinmes ot solution containers.

fissile nuclide: A nuclide capable of fission by thermul neatrons, provided the effective neutron prodiction
cross section, VGp cexceeds the effective absorption cross section. &. The common fissile nuclides are 2350,

110 5 . , .
239py, and 23U See absarption, nentron; fission, nuclear.

fissile system: A system containing 253U, 239Pu, or 243U (or certain other transuranic) nuclides and capable
of stgnificant neutron multiphication. See fissile nuclide; mudtiplication, subvritical.

fiosin~ ~pelears Neantey: i el 7Y U Pag or heavier) et o Garely more) tasses of
sunttar order of magnitade, accompanied by ot aige tiaca “he eniisston of neutrons. !
Although some fissions take place spontancously, neutron-induced tiose o0 o1 major interest in criticality
safety. The fission cross section is designated oy, and v is the number of 1eutrons emitted per fission. Sce
cross section, neutron.

fission products: Nuclides produced by fission or by the subsequent radioactive: decay of nuclides formed in
this manner.! Sec fission. nuclear: nuclide.

fission yield, excursion: The total number of tissions in 4 nuclear excursion. Sce excursion, nuclear.
fissionable nuclide: A nuclide capable of fission by neutrons of some energy. Fissionable nuclides include
238y, 240py, and others with neutron-energy fission thresholds, in addition to those that are fissile. See fissile

nuclide.

gamma radiation: Short-wavelength electromagnetic radiation emitted in the process of nuclear transition or
particle annihilation. !

gray (Gy): A unit of absorbed dose; | Gy = | J/kg = 100 rads. Adopted in 1976 by the International
Conference on Weights and Mcasures to replace the rad.5 See rad.

hazard: A potential danger. "Potentially hazardous™ is redundant. Note that a hazardous facility is not
necessarily a high-risk facility. See risk..

H/X: Conventionally, the atomic ratio of hydrogen to 235U, 239Pu, or 233U in a solution or hydrogenous
mixture. Where there is more than one fissile species, the ratios must be specified separately.

inhour: A unit of reactivity that, when added to a delayed-critical sy- .cm, wou | produce a period of one
hour; now seldom used.! See reactivity.

Ionizing radiation: Any radiation cousrs iuz of ur otl vrandivectt conv . uriicles, photons, or a mixture
or both. X-rays and the radiations ciitted i1 radioactive decay are examples.! See decay. radioactive.
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Glossary of Nuclear Criticality Terms
Irradiation: Exposure to omzing radiation.! See exposure (alternative definition).

. . .o . . . . 41 = 3
Isotopic code: Combined Iinal digits of atomic number and atoraie weight, such that 235U, and 239Pu are
represented “25.° 49,7 and 23" 4UPu, however, is called “4107; these appear in some documents but now
are seldony ased.

linear encrgy transfer (LET): The average energy lost by an tonizing radiation per unit distance of its travel
tn a mediom. A high LET iy generally assoctated with protons, alpha particles, and neutrons, whereas a low

. . . . I . - . .
LET 15 assoctated with x-riays, electrons, and gamma rays.< See ionising radiation.,
monitor, radiation: A dctector th measure the level of tonizing radiation. A purpose may be to give
mtormation about dose or dose rate.! Se¢ jonizing radiation.

multiplication, suberitical: In a subcrintcal fissile system containing a neutron source, the equilibrium ratio ot
the total number of nentrons resulting trom fission and the source to the total number of ne trons from the
source alone. !

multiplicatien factor (kg): For a chain-reacting system, the mean number of fission neutrons produced by
3 neutron during its life within the system. It follows that k. = 1, if the system is critical; k ¢y < 1, if the
system is suberitical; kg > 1,11 the system is supercritical.

neutron: An clementary particle having no electric charge, a rest mass of 1.67495 x 10-24 g, and a mean life
of about 10 min.!

neutron poison: A nonlissionable neutron absorber. generally used for criticality control. See aubsorption
neuatron: ('aplure. neitron.

ncutrons, epithermal: Ncutrons of kinetic energy greater than that of thermal agitation, often restricted to
energies comparable with those of chemical bonds. !

neutrons, fast: Neutrons of kinetic energy greater than some specified value, often chosen to be 0.1 MeV
(million electron volts). !

neutrons, thermal: Neutrons in thermal equilibrium with the medium in which they exist.! At room
temperature, the mean energy of thermal neutrons s about 0.025 eV (electron volt).

nonfavorable geometry: See favorable geometry.

nuclide: A species of atom characterized by its mass number, atomic number, and a possible, elevated, and
prolonged nuclear energy state.!

oralloy (Oy): Introduced in early Los Alamos documents to mean enriched uranium (Qak Ridge alloy):
now uncommon except to signify highly enriched urantum. See tuballoy.

personnel monitor (radiation): A device for measuring a person’s exposure to radiation. Information on the
dose equivalent of ionizing radiation to biological tissue is derived from exposures recorded by film badges,
ionization chambers, and thermoluminescent devices; from whole-body counting and analysis of biological

specimens; and from area monitoring and special surveys.2
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Glossary of Nuclear Criticality Terms
photon: A guantum of clectromagnetic radiation. !

prompt burst reactor: A device for producing nondestructive super-prompt-critical nuclear 2xcursions. See
burst. promp:; excursion, nuclear.

prompt criticality: State of a fissile system such that the prompt-neutron contributior to k- equals unity.
See multiplication factor.

prompt neutrons: Neutrons emitted immediately during the tission process. See delayed neutrons.

quality factor (QF): The linear cnergy-transter-dependent factor by which absorbed doses are multiplied to
obtain, for radiation-protection purposes, a quantity that expresses on 4 common scale the biological
effectiveness of the absorbed dose derived from various radiation sources.2 Approximately the ratio of dose
equivalent and absorbed dose. See absorbed dose, dose equivalent, linear energy transfer.

quenching mechanism: physical process other than mechanical damage that limits an excursion spike.
Exumples are thermal expansion, or microbubble formation in a solution. See spike (in a prompt power
excursion).

rad: A unit of absorbed dose; | rad = 10-2 J/kg of the medium. In 1976. tke International Conterence on
Weights und Measures adopted the gray (I Gy = | J/kg) as the preferred unit of absorbed dose,? but this unit
has not appeared in the criticality-accident literature, which was essentially complete before that date. See
absorbed dose, gray, and discussion under personnel monitor.

radiation: In context of criticality safety, aipha particles, beta particles, neutrons, gamma rays, and
combinations thereof. See alpha pa.ticle, betu particle, neutron, x-ray.

reactivity: A parameter of a fissile systen. "at is proportional to | - I/k.ge. Thus, it ts zero it the system is
critical, positive it the system is supercritical, negative if the system is subcritical. See dollar, vent, and inhour,
various units of reactivity; multiplication factor.

reflector: Material outside the core of a fisstle system capable of scattering back to the core some neutrons
that would otherwise escape. See core, fissile system.

reflector savirgs: The absolute difference between a dimension of the reflected core of a critical sysiam and
the corresponding dimension of a similar core that would be critical if no reflector were present.! See core.
[issile system, reflector.

relative biological effectiveness (RBE): A factor used to compare the biological effectiveness of absorbed
radiation doses (i1.e., rads or grays) because of different types of tonizing radiation: more specifically, it i: the
experimentally dztermined ratio of an absorbed dose of a radiation in question to the absorbed dose ot a
reference radiation required to produce an identical biological effect in a particular experimental organism
or tissue.3 This term should be used only in radiobiology, not instead of the term “quality factor” in radiation
protection. See quality factor.

rem: A unit of dose equivalent (Roentgen Equivaient, Man), replaced by the sievert, which was adopted in
1980 by the International Conference on Weights and Measures. This unit, however, has not appeared in the
criticality-accident literature. See dose equivalent, sievert.
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Glossary of Nuclear Criticality Terms

rep: An obsolete 1erm tor absorbed dose in human tissue, replaced by rad, Originally derived from Koentgen
Equivatent, Physical.!
risk: The cost of a class of accidents over a given period, usuatly expressed as dollars or tatalities, per year or

during plant lifetnne. Unless established by experience, risk is estimated as the product of the probability of
occurrence and the conscequences of the accident type. Not to be confused with hazard. See hazard.

roentgen (R): A unit of exposure; | R = 2.58 x 10~ C/kg in air, where C is coulombs.3 Strictly, the roentgen
applies to x-rays or gamma radiation, although in one report of a criticulity accident beta “dosages” are
expressed in units of R. See vxpasure.

scram: An alternative term for reactor trip.! Reference 6 gives accounts of the origin of this term.

shutdown mechanism: Quenching mechanism and mechanical damage. if any, that limits a prompt-power
excursion spike. See excursion, prompt power: quenching mechanism; spike.

sievert (Sv): A unit of dose equivalent; | Sv = | J/kg = 100 rem. Adopted in 1980 by the International
Conference on Weights and Measures to replace the rem.d See dose equivalent, rem.

ceike (in a prompt-power excursion): The initial power pulse of a prompt-power excursion, limited by the
shutdown mechanism. See excursion, prompt power: shutdown mechanism.

tuballoy (Tu): A wartime term for natural uranium, originzting in England; now obsolete. See oralloy.

uranium enrichment (enrichment): The weight percentage of 235U in uranium, provided that percentage
exceeds its natural value; if the reference is to enhanced 233U content, "233U enrichment" should be
specified.

x-ray: Electromagnetic radiation of wavelength in the range 1010 cmto 106 cm.7
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v
235y
237Np
238y
239p,
240p,,
241 p
241 py

o-Plutonium
atom%
B
barns
C

Ca
Ca0»
Cl
D20
eV

Fe

Gd

n (eta)

H/23%py

Criticality Symbols

etfective neutron production cross section
effective neutron absorpticn cross section
average number of neutrons produced per fission
1/Muitiplication

inverse of the velocity (sec/meter)
uranium-235

neptunium-237

uranium-238

plutonium-239

plutonium-240

amertcium-24|

plutonium-241

alpha phase plutonium

atom percent

boron

10724 cm?

carbon

calctum

calcium oxide

chlorine

deuterium oxide (heavy water)

electron volt (1.60219 x 10-197)

iron

gadolintum

the number of neutrons produced per thermal neutron
absorption in the fuel
hydrogen/plutonium-239 ratio
hydrogen/plutonium ratio

hydrogen/uranium ratio

hydrogen/nuclide ratio

hydrogen molecule

calculated effective manipulation factor

103 eV

neutrons produced in one generation divided by the
neutrons absorbed in the preceding generation

lithium
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Criticality Symbols (continued)

Mg
MgO
\Y

Na
NaCl
o

Oy
pH

Pu
Pu-(CH2)p
PwU
PuCls
(o)

Ca

Ob

of

Si
1105)
Ti
U(93)
Zr
{(CH2)n}

magnesium

magnesium oxide

number of neutrons emitted per fission
sodiuti

sodium chloride

oxygen

oralloy (highly enriched uranium)
-log{H*]. a measure of sotution acidity
plutontum
plutonium-polyethylene
plutonium/uranium ratio
plutonium chloride

neutron cross section

absorption cross section

capture cross section

fission cross section

stlicon

silicon oxide

titanium

93% enriched uranium

zirconium

polyethylene
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Recommendation 93-2

RECOMMENDATION 93-2 TO THE SECRETARY OF ENERGY
pursuant to 42 US.C. § 2286a(5)
Atomic Energy Act of 1954, as amended.

Dated: March 23, 1993

The end of the tnternational competition in manufacture of nuclear weapons, and the
transition to large scale dismantling of nuclear weapons, have generated strong pressures
to reduce the defense nuclear budget and to close down many defense nuclear facilities
and operations. At the same time, the development of firm plans for a Complex 21 to
serve future nuclear defense needs has siowed. These trends lead to a possibility that
capabilities and functions necessary for current and future needs could be terminated
along with those no longer required. One of these, important for the avoidance of
certain types of accidents, is support of nuclear criticality control.

Because of the importance of avoiding criticality accidents, the Board carefully {ollows
the state of criticality control at DOE's defense nuclear facilities. This interest hos been
evident as Board members and staff have reviewed practices at the Pantex Plant. The
Board believes it is iinportant to maintain a good base of information for criticality
controi, covering the physical situations that will be encountered in handling and storing
fissionable material in the future, and to ensure retaining a community of individuals
competent in practicing thc control.

In the course of retrenchment of its activities in recent years, the Department of Energy
and its predecessor agencies have terminated use of ail but one of its general purpose
facilities for conducting neutron chain-reacting critical experiments with fissionable
material. The research at these facilities had served programmatic purposes of diverse
DOE programs, as well as laying a general experimental basis for practices that ensure
averting criticality accidents. The Board is informed that there is now a su.ong possibility
that the last DOE facility capable of general purpose critical experiments will be shut
down in the near future, due to lack of funding. This possibility arises because no single
program of the Department has an overriding need for this remaining facility at the Los
Alamos National Laboratory, and therefore no single program office is motivated to
provide its financial support in this period of budget stringency. A certain complacency
fed by some years of freedom from criticality accidents seems also to underlie this
possibility.

The Board observes that the art and science of nuclear criticality control have three
principal ingredients. The first is familiarity with factors that contribute to achieving
nuclear criticality, and the physical behavior of systems at and near criticality. This
familiarity is developed in individuals only through working with critical systems. It
cannot be imparted solely through learning theory and using computer codes. The
second is theoretical understanding of neutron muitiplication processes in critical and
subcritical systems, leading to predictability of the critical state of a system by methods
that use theory benchmarked against good and well characterized critical experiments.
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The third is thorough familiarity of nuclear criticality engineers with the first two factors,
obtained through a sound program of training that indoctrinates them in the
expertmental and theoretical aspects.

The Board has reviewed the status of benchmarking the theoretical methods of criticality
control against existing critical expertments and has found that there are notable fattures
of theoretical analysis to account for the results of a number of expertments. It is not
known whether this discrepancy resuits from inadequate nuclear data used in the analysis
or from inadequate care in conducting the experiments and recording their physical
teatures. Both factors could contribute. In addition, it seems that on the average there
may be a small non-conservative bias in wverall predictions of the theory. In spite of
these shortcom:ngs, conservatism tn methods used to develop the limits to be appiied
during handling and storage of fissionabie material seems to have led to adequate safety
in recent years. The Board believes that in the tnterest of continued safety it is
tmportant to clear up the existing discrepancies, which are obstacles to confident
understanding of criticality control. To do so will require conduct of further neutron
chain-reacting critical experiments targeted at the major sources of discrepancy between
the theory and the experiments, as well as careful analysis of the experiments.

Finally, the Board believes that there is no guarantee that the physical circumstances of
handling and storage of fissionable material in the future will always be found in the
realm of benchmarked theory. This point is especially important under circumstances
that will exist for a number of years to come, with increasing amounts of fissionable
matenal to be stored in a variety of chemical and physical forms. This does not appear
to be an appropnate time to eliminate an ability to ensure that such activities will be free
of criticality hazard. For safety purposes it will be necessary to retain the capability to
perform experiments under conditions not foreseen at this time. This capability once lost
would be most difficult to reproduce, and it could be approximated only at great cost and
after substantial time, deterring such development even if it were needed badly.

For all the above reasons, the Board believes that continuation of an experimental
program of genera! purpose critical experiments is necessary for continued safety in
handling and storing fissionable material. It is needed to improve the basis for the
methodology. It is needed as part of the process of properly educating criticality control
engine:rs. It is needed to ensure the capability of answering criticality questions with
new and previously unresearched features.

Therefore the Board recommends that;

1. The Department of Energy should retain its program of general purpose critical
experiments.
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This program should normally be directed along lines satisfying the objectives of
improving the information base underlying prediction of criticality, and serving in
education of the community of criticality engineers.

The results and resources of the criticality program should be used in ongoing
departmental programs where nuclear criticatity would be an important concern.

,./'_/, S oy
/ John T,-Conway, /Cﬁairman
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CRITICALITY EXPERIMENTS WORKGROUP

NUCLEAR CRITICALITY TECHNOLOGY AND SAFETY PROJECT

{Sponsored by DOE OFFICE OF NUCLEAR SAFETY, POLICY, AND STANDARDS)

j REQUEST FOR

.CRITICALITY EXPERIMENTAL
| PROGRAMS OR
CRITICALITY EXPERIMENTS

l
[
\
!
I

Request No. | Tille

Date of This Enlry | Rev. No.

DOE Contractor

Expeniment Calegory
1 Highly Enriched U

Applicalion
1 Support New DOE Program

Stalus of Reques!
Inilial Requesi

1
2 Low En/iched U 2 Enhance Curreni DOE 2 Juslification Completed
3 Plutonlum Operation 3 Jusllfication Being Plepaled
4 Pue+ U 3 Resolve Technlcal tssue 4 Experiment idantified .
5 Transportailon 4 Compilance with DOE Orders 5 Anticlpaied Mleed |
6 Crlticality Physics 5 Environmental lasues 6 Experiment tn Progress I
7 Experiment Complete |
Experiment [:l Experimental Program | I
Comments
!
|
1
Requested by Other Contacls Priority :
1 Maximum Practicsi Attention |
2 Required for New or Ongoing
GOE Operation
3 Less Urgent thar. PRIORITY (2)
|
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April 1950

Appendix D
Physics Criteria for Benchmark Critical Experiments

Workgroup Repont, Nuclear Criticality Technology and Safety Project

Workgroup Chairperson: Nancy Landers; Cochairs: Mike Westtall, Brian Koponen

Subject: Physics Criteria tor Benchnwark Critical Experitnents

Item (1) Define the criteria for acceptiance of critical and subceritical expeniments as benchmarks,

L.

I

1.

Iv.

VL

For acceptance as a benchmark, the method used to determine Keft should be specified.

Consistency atnong experimentally measured parameters is desirable. For example, the
fundamental mode multiplication should be determined by more than one method in
order to insure consistency.

A rigorous and detailed description of the experimental mockup, its mechanical supports,
and its surroundings is necessary. For example, measurements fixing the position of the
experiment within the room should be provided. Accompanying photographs and
drawings are cssential.

A complete specification of the geometry dimenstons and material compositions
including the methods of determination and the known sources of error and their
potential propagation is necessary. Also, for completeness, list unknown but suspected
sources of error.

A series of experiments is desirable in order to demonstrate the reproducibility of the
results. Positive and negative period measurcments provide useful supplementary
information for well-defined near-critical systems.

A description of the experiment and results, containing at least the elements of the 1983
ANS Standard 8.1, shiould appear in a refereed publication.

Item (2) Define neutron physics parameters that may be used to classify benchmark exy:eriments by
measurement technique.

Physics Parameters

I.

Measurements of critical experiments
A. Observation of the multiplication factor of a critical configuration (kefy=1.000)

B. Effective moderator to fisstle atom ratio
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I1. Other than critical measurements

A

B.

J.

Subceritical Kefr measurements by one or more methods

Pulsed neutron measurements tor neutron lifetime and system multiplication and,
through delayed neutron fraction and neutron lifetime, source jerk, rod drop, noise
analysis, etc.

Central worth and replacement measurements

Reuction ratios (activation ratios)

Reactivity worths

Flux traverses—-foil or wire traverses

Leakage spectra measurements

Laplace Transtorms, the relaxation length, etc.

Neutron source meiasurements

l.
2.

W

V. the average number of neutrons per fission

f, the thermal uttlization factor (ratio of thermal neutrons absorbed tn the
fuel/total thermal neutrons absorbed in the system)

7N. the number of neutrons produced per thermal neutron absorption in the fuel
Spectral measurements (slowing down spectral measurements and thermal
scattering kernels)

Slowing down time measurements

Neutron noise method in time/frequency domain

Item (3) Consider the aspects of present-day computations that are not adequately benchmarked by
existing measurements. Detine extensions of expertimemtal techniques that may eliminate theic

deficiencies.

I. Physics parameters that can be calculated (with desired experimental accuracy).

A. Of primary importance and can be calculated directly
Keff (within 25%)

reaction ratios (5%)(ratios of activities)

thermal utilization, 0 (1%)

neutron spectra (5%).

2
3.
4

B. Of secondary importance and can be calculated directly.
lifetime (5%) (requires kinetics codes)

generation time (5%) (requires kinetics codes)
number of neutrons per fission (1%)

reactivity worths (10%).

2.
3.
4.
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C. Parameters of 1nterest requiring extensions of present calculational and/or experimental
capabilities.

flux traverses (extend caleulational capabihities to reduce uncertamities)

leakage spectrnon (extend calcubitional and experimental capability)

slowing down measurements (extend caleulantonal capabilities)

subcritical measurements (develop calenlativnal capabilities and extend experimental

capubilities)

thermal scattering kernels (extend caleulational and experinental capabilities)

6. delayed fission neutron spectra (extend calculational capabilities and enhance
expermental capabtlities)

7. time eigenvalues and the etfect of tune eigen-tunctions

8. complex tluxes from neutron wave experiments.

Fo WY -

(%

Criticality codes can presently caleulate parameters with varying levels of uncertainties that are
related to speciral meuasureraents and certain replacement worth measuremenss. These include:
eigenvalue. time to death, time to birth, ¥ . fission production nuatrix, tluxes, fission densities, the

fission energy spectrum, the leakage energy spectrum aned redaction rate ratios.

Present day Kinetics codes can determine some of the paranieters measured in dynamics
experiments. However, the present methodology is limited to either point kinetics or ditfusion theory.

Item (4) ldentify steps that can be made towards standardizition in the reporting of benchmark
measurements.

The reporting of any cxperiment intended to be considered a benchmark should include. at a
minimum, the relevant portions of the factors listed belcw. Several of the ttems are perhaps beyond
the capability of even today’s relatively sophisticated calculational techniques. However, rather than
again tall into the trap of noting only those factors that can be used in contemporary codes, it is
possibly preferable to err in “over recording™ and “over reporting.”

I. A description of the following factors:

A. Fissile materials
I. Composition
a. Isotopic analysis
b. Concentration and density (usually applicable to solutions. but can apply to
mixtures such as carbon-uranium) as a function of experimental conditions
such as temperature
c. lmpurities: identification, abundance
d. Departure from stochiometric (e.g., excess acid in solution)
2. Dimensions (diagrams can help)

B. Associated materials (diluents, grid plates, suppor: structures, control elements, etc.)
I. Composition
2. Dimensions and location (diagram)

C. Overall environment (particularly for nominally unreflected measurements: diagram)
I. Description and location of other materials, fisstle and not. in the cell; i.e.. tanks,
structures, “stored” components, other experiment setups, etc.
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Iv.

Physics Criteria for Benchmark Critical FExperiments

Y. Location (dtagramy), tniluding but not tunited to location of expertment with
respect to cell walls, floor, ceiling
3. Document problems such as leaky valves, limited fuel inventory, etc.

Programmatic constraints (destrable peripheral information)
Total cost of experiment

S.atf/facility requirements

Total program time and time required per meusurement

wd I -

"Cnitical™: actual determination or extrapolation (include method of extrapolation, curve,

and data)

A. Sensitivity of “control device™ (i.e., table position, liquid height, controi rod(s) near
critical)

B. Experiment conditions, such as temperature, relative humidity, barometric pressure, if
relevant and not included as a part of Item | above
Experimenter estimate of errors, uncertainties

A. Critical Dimensions

B. Compositions—everything, particularly fissile materials and intimately associated
other materials, such as container/support materials

C. Reactivity determinations

D. Reproducibility (independent analyses of material isotopics concentrations, etc.. are
desirable)

E. Preserve samples for analysis as long as practical

F. Estimate perturbation due to the detectors

G. Measured physics parameters should be compared for internal consistency and for
consistency with previously published values
Documentatior of auxiliary measurements (including Item III, above)

A. Flux distribution and spectrum measurements
.. Detector (composition, size, energy, locations, supports)
2. Perturbation to system (method of determining)
3. Treatment of raw data (constder archiving of raw data)

B. Rod drop
I. Geometry of system
2. Composition, dimensions of rod: location if not specified in Item I.B above
3. Data and treatment of data. not simply the “answer™ (consider archiving raw

data)
C. Source jerk

I. Geometry of system

2. Source dimensions. composition, strength

3. Data and treatment of data. not simply the “answer™ (consider archiving raw
data)
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D. Pulse-noise, fixed-source measureinents

I.  Description of setup (detectors, source focations)

2. Description of detectors, source, including dimensions
3. Data and treatment of data (consider urchiving raw dat)

Item (5) Identity modifications to application-spectfic experiments that will permit thent to serve as
benchmarks.

Criticality experiments have always been an important aspect of nuclear enitteality safety. At the
inception of the nuclear mdustry, an expertment could be Iittle more than @ replica of the storage
vessel arrangement to be employed; often, actual plant ttems would be used 0 its construction. This
direct approach is still maintained in some laboratories. Atmost by definition. the results of such
experiments are of limited interest outside the tacility concerned. More recently, the importance of
criticality experiments to code validation has been recognized. Otten the experimental urrangements
continue to be application specific. However, they might also be of interest to the wider criticality
safety, code validation, and nuclear data evaluation commumties. The incorporation of reaction rate
measurements will tncrease their usefulness in ths regard.

An integral quantity is kegf. It is possible for a code 1o calculate kegy correctly tor the wrong
reasons. The code may, tor example, contain canceling errors that may not compensate for one
another under different circumstances. Reaction rate measurement allows the validator to examine
code performance in terms of event balances in different parts of the neutron spectrum. In an
experiment involving low enriched uranium, for example, 1t might be possible to measure the Fast
Fission Ratio (FFR), the ratio of fissions in 238U 1o those in 235U, and the Relative Conversion: Ratio
(RCR) the ratio of capture in 238U to fission in 235U. The measured quantities may be compared with
reaction-rate ratios given by the code, ptoviding a more stringent test of code performance. The
result of such an experiment will provide information that can be included in nuclear cross-section
evaluation. As far as the criticality assessor is concerned, confidence in this method of calculation is
enhanced.

Item (6) What steps can be taken to tnsure that data are archived and available to help researchers
who may need data that weren't included in the original reporting?

This subject has been considered by the DOE Nuclear Criticality Technology Safety Consultants.
To date, little has been accomplished toward this end other than to identify facilities probably having
logbooks available for archival, media for storage, mechanisms for storage, and authority for retrieval,
distribution and funding of such an endeavor. It was judged that such an endeavor should be delayed
for a short time, to permit the currently emerging archival technologies to settle into an accepted and

standardized med:ia.

Though there may be substantial information within the “private sector,” it was concluded that
such information is likely proprietary and not available to a central authority for retrieval, archival
and distribution. As such, hope for such an endeavor was hung on retrieving DOE (ERDA, AEC)
Contractor critical experiments information via the central authority of DOE. Such an effort seems
plausible with proper planning and cooperation of specific critical-experiment, facilities-records
custodians and funding. Adequate planning has not occurred to approach the DOE with a formal
proposal. However, preliminary efforts have identified the following:
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Origin of information

ORNL. LANL. RFP, PNL, UKAEA, BNFL, ANL, KAPL, B&W, SRS, Pratt & Whitney, BNL.
Shippingport. Al, MIT. Westinghouse Astronuclear.

Preparation for wrehival

It was concluded that before information is archived, it should be abstracted and indexed by
the ortgnating facility; otherwise, informatton retrieval will be unwieldy and time consuming.
However, we recognize that in many instances archival may not be practical.

Media of archival

The current customary media for easiest archival, distribution and retrieval is microfiche. A
growing technology for high-resolution storage and rapid retrieval of such documents s the
optical disk memory.

Point of archival

The official archival potnt for all DOE records 1s the Oftice of Scientific and Technical
Information (OSTI) in Oak Ridge, formerly the DOE-TIC. Though the final original archival
record would be required to be stored at OSTI, an infcrmal record could be made available
tor central use through a system like the Nuclear Criticality Information System (NCIS).
Initial distribution of an archived record could be made through OSTI providing the media
of storage is consistent with OSTT's capabilities (currently paper or microfiche or supplied
copies of another media). It was determined that further investigations should be pursued with
people at the LLNL NCIS Project to assure optimum utilization of the NCIS and its users.

Persons wishing to tike an active role in this effort should contact Clint Kolar through the NCIS.
A project has been initiated to locate the information, decide what data to archive, and evaluate
current technology for storage and retrieval of the information.
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Initial Draft of Criteria for Establishing Area of Applicability

This eftort is the result of several days of tfocused discussion by six to cight criicality analysts and
spertalists acting on a volunteer basis. It represents their collective considerations on this topic and 1s offered
as guidance for testing and further development. it should not be constrited to have any procedural
authority. Its intended usefuiness is restricted to the context and purpose described above.

Fxperimental Approach for Code Validation

The criticality safety community has a strong need for critical experiments for multiple purposes. The
most pressing need is to perform a sertes of experiments that would serve as validation for the many
computer codes (KENO, MONK, MCNP, etc.) that are widely used in criticality analyses. Validation of codes
is an issuc that has been debated for some time, but only limited progress has been made. One of the major
roadblocks ts that the term “area ol applicability,” as used in ANSI/ANS-8.1, has not been adequately
defined. The result is that the community has to use existing experiments and has to try to determine it these
experiments can be extended, under “area of applicability,” to serve as validation for a particular analysis
code. Generally, these experiments were not meant to be used for validation. This has been an cxercise with
limited results since key definitions do not exist at this time. This appendix contains an initial draft of criteria
for establishing “uarea of applicability.”

E. P. Elliott

Ouk Ridge Y-12 Plant

Nuclear Criticality Safety Department
Oak Ridge, Tennessee
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Draft of Criteria for Establishing Area of Applicability

There are three conditions which must be satisfied to assure that the calculattons done to analyze or
support a real sttuation tall within the “Area of Applicability™ for the validation of the code being used.
These are: (1) matertals. (2) geometry, and (3) neutron energy spectrum.

1. Materials

A. Matertat Types
I. Fissionable
2. Absorber
3. Moderator
4. Scutterer

B. Criteria (Applicable to alt four)

I. Element

2. Isotopic Composition

3. Physical form (metal, solution, compound)
. Ratio to tisstonable material
5. Temp=rature

4

I1. Geometry

A. Homogenous and Heterogenous
I. Shape
2. Reflection
3. Layering—ordering
4. Relative material thickness

B. Array Criteria
I. Mixed or same type units
2. Number of units
3. Shape of unit
4. Lattice pattern and spacing
5. Interstitial material
6. Reflection
7. Coupling

8. Laycring—ordering

HIL. Neutron Energy Spectrum
A. Neutron density versus energy

1. Leakage
2. Flux
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1. Materials

A. Fissionable (all miterials ot atomic #90 or greater)

Criteria Tolerance
¢ Elcment No Tolerance
* [sotopic

» Composition

(Fisstonable matertals which are present tn quantities of less than
0.5% of total fissile material miy be neglected)

235y, 239py,
g 235y, 241py

Absolute
%

0-2
2-5
5-10
10 -20
20 - 80
80 - 100

(If the experimental data point and the actual case fall in
different zones, the most conservative tolerance applies.)

% 240py (in Pu)

Tolerance

0-32%
Physical form

Density as fissionable matenal

e Density as scatterer

+ 4%
No requirement
No requirement

Atom ratio of scatterer to fissionable material must agree + 5% for
extrapolations, * 20% interpolations

* Temperature 80°K - 273°K * 25°K
273°K - 550°K + 50°K
550°K - 1100°K + 100°K

Moderator Tolerance

e Element No tolerance

Isotopes of atomic number less
than 12 and low absorption
(e.g.. excluded 3He, SLi, !0B,
14N because they are not low
absorbers)

Moderating isotopes which 2ve present individually at less than 0.5
atom percent of the total need not be considered moderator. H
isotopes need not be considered if present at less than 0.05 atom %
of the total moderator.
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Moderator

Tolerance

Isotbpic composition
H

Others
Physical form
Rato to fissionable matertal (in
fuel region)

Density (when present in a
reflector)

Temperature

20% tor interpolation
5% for extrapolation

4+ i+

No restriction

No tolerance (the same chemical composttian and the same phase)
Must be present at the same atom ratto wiath respect to the
fissionable material + 20% for interpolation, 5% tor extrapolation
It the element is present in the experiment or the actual case in
quantities of greater than | w/o, then the experiment and actual case

must agree to £ 3 w/o for an extrapolation or £ 1) w/o tor an
interpolation.

Same as fisstonable materials

Absorber

Tolerance

Element (2 classes)
1/v 3He, B10, Li6)

Others

Isotopic composition
I/v (He3, BIO, Li6)
e Others
Physical form
Ratio to fissionable material

Density in reflector

Temperature

Interchangeable given the same mucroscopic absorption at 2200
m/s.

No tolerance (isotopes with macroscopic absorption cross sections
of less than 10-4 cm-! at any energy and an atom ratio with respect
to the fissile material of less than 10-4 need not be considered.

No additional restriction

Duplicate the isotopic ratio £ 5%

No restriction

Must be present at the same atom ratio with respect to the
fissionable material £ 20% for interpolation, + 5% for extrapolation

If an absotber contributes greater than 1% of the total absorption in
the reflector, then atom ratios of the absorber to scatterer and
absorber to fissionable, if present, must agree + 5% for
extrapolation, + 20% for interpolation, and the total absorptions
due to the element in the experiment must agree with the actual
case to within 15%.

Same as fissionable matertals

Absorbers are nonfissionable, nonmoderative isotopes with microscopic absorption cross sections of greater
than 2 barns at any energy.

o i E
E-5




Drafi of Criteria for Establishing Area of Applicability

Scatterer Tolerance

* Mtterial serving as a reflector Isotbpe must be present in the experiment and actuzl case to within
+ 1) w/n and the physical density of the actual reflector must agree
with the exp. reflector to within £ 25%.

Material within the fuel region The atom ratio of the scatterer to fissionable material niust agree +
5% for extrapolation, £ 20% for interpolation.

* [sotopic

Physical form No requirement
* Temperature Same as fissionable materials

Scatterers include all isptopes which are neither moderators nor absorbers nor fissionuble. For isotopes
present within a region tetther fuel or reflector) ot less than 3 w/o in both the actual case and validation. the
1isotopes need not be considered.

1. Geometry

Homogenous units: Tolerance
Feature

Shape For non-reentrant bodtes, 50% variation on mean cord length
calculated as 4* volume/surface
For internal reentrant bodies, 25% variation on mean cord length
calculated as 4* volume/(internal surfuce)
For external reentrant bodies, no tolerance in shape or size

Retlection Solid angle to within £ 10% Meaun spacing between reflector and
tuel + 10%
Layering/ordering For systems with multiple material layers, the layer sequence in the

experiment and the-actual case must be identical
Relative material thickness Physical thicknesses of all materials must agree to within £ 50%

{homogenou.—au stngle material system or one which combines multiple thin (less than | optical thickness)
material regions in a uniform pattern (a void is considered a material)j

Heterogenous systems: Tolerance
Feature
Shape of single units Same as homogenous
Mixed or same type units For systems which have mixes of material or unit shapes which

would be expected to have strong spectral differences within the
system, a technical defense must be presented justifying the
comparability of the experiment and the actual case

Number of units The number of units is a coupling concern and 1s addressed there
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Heterogenous systems:
Feature

Tolerance

Interstitral mutertals

Retlectibn

Layvering/Ordering
Coupling

Sce layermg/ordering and refatve materal thickness

The diftferential Kegp worth ot the retlector when comparmg the
experitnent ond the actital case s agree wath 154 of the
differcutial K.y, tor systems where the total retlector worth 1s less
than 0.01 Kefy. the retlector cotparison need not be considered
Same as for hanogennus

The sum of all couphings nartahized per wource neutron must
agree to within + 20%

I1L. Neutron Energy Spectra

Feature

Tolerance

Neuiron density versus energy

The normalized ncutroit production rate averaged overall tuel
regions must agree within 0.1% in all 3 cucrgy ranges
The absorption and leakage tor the complete system must agree
withan 1.0% 1n all 3 energy ranges
The 3 energy runges are:

0-1c¢V

leV

100 keV - 20 MeV
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Charter
Experiment Needs ldentification Workgroup

Nuclear Criticality Technology and Safety Project

1. Purpose

The purpose of the Experunent Needs ldentificadon Workgroup is to

e ldentify new cnticality experiments needed to support U. S. nuclear fucilites.
o Serve as the national focal point for experiment requests.
o Publish i list of the experiments identified.

Ii. Scope
The workgroup will wdentity criticality experiments needed to support the fotlowng:

« New U. S. Department of Energy (DOE) programs.
» Modifications 10 existing DOE facilities.

» Resolution of criticality physics problems.

» Advancement of criticality safety technology.

III. Membership

Membesship will be from organizations with a vested interest n nuclear criticality safety,
including, but not limited to:

« DOE Contractors DOE Program Offices, and Criticality Safety Committees. The
Nuclear Regulatory Commisston and Licensees, Critical Mass Laboratories.

IV. Responsibilities

» The Chair coordinates workgroup activities.
» The Vice Chairman serves in the absence of the chairman
» The Secretary prepares and distributes meeting minutes.

Menibers
o Identify cexperiment needs.
e Contribute to the Workgroup report.
» Prepare experiment justification statements.
e Attend Workgroup meetings.
» Suggest experiment strategies for ENIWG.
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V. Report

A report listing identified experiments will be published through the Nuclear Criticility
Information System and updated annually. This report may inciuile mput tfrom the Experitpental
Needs Coordinating Group (ENCOG) regarding expertment priority.
V1. Meetings

The Workgroup will meet annually.
VII. Funding

Participation is voluntary. No funding is provided.

Charter for the EXPERIMENT NEEDS IDENTIFICATION WORKGROUP reviewed and
reaffirmed at workgroup meeting on April 28, 1987.

D. A. Rutherford, Chair
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