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FXECUTIVE SUMMARY

The Accountability Technologv Exchange (ATEX) Working Group was
established in Octcber 1986 bv the 1U,S. Department of Fnergy's (DOF)
Materials Management Executive Committee (MMEC) to identifv nuclear
materials accountability measurement reeds within the DOE plutonium
community and to recommend potential improvements. ATFX membership
comprises personnel within the DOE plutonium community representing
nuclear materials maragement, production, nondestructive assay (NDA),
analvtical chemistry, and safeguards. Participating contractor sites
include Lawrence Livermore National Laboratory, Los Alamos National
Laboratory, Rocky Flats Plant, Savannah River Laboratorv and Plant,
Westinghouse Hanford Companv, and Westinghouse Idaho Nuclear Companv,

The purpose of this first ATEX report is to identifv the twenty most
vital NDA accountability measuremert needs in the DOE plutonium community
to DUE and to contractor safeguards R&D managers 1in nrder to promote
resolution of these needs. During 1987, ATEX 1identified sixty NDA
accountability measurement problems, many of whi~h were commen to each of
the DOE sites considered. These sixtv problema were combined 1into twenty
NDA accountahbility measurement needs that exist within five mafor areas:

@ NDA 'standards" representing various nuclear materials and
matrix compositions;

@ TImpure nuclear materials compounds, residues, and wastesn;
® Product-grade nuclear materials;

® Nuclear materials process holdup and {n-process inventory;
and

e Nuclear materials {tem control and verifiration.

The twenty NDA accountahilitv measurement needs were then ranked
using efight weighted criteria, and summarv scorea were tahbulated. Oui of
the group of twenty, the "all-site" top five NDA accountahil{ity measurement
needs are:

(1) NDA standards representing various nuclear materlals and
matrix compositions;

(?) Better NDA measurement technology for Impure and often
het erogeneoun Pu oxider and fluorlden;

() NBetter NDA measurement technology for procegs equipment
holdup and In-process Inventorv;

(4)  Better NDA measurement technalogy for heterogeneous
pluronfum/uranfum mixed oxidesa; and

(%) RBetter NPA measurement technology for heterogencoun low-

level and TR aonlfd wastea tn contalner sfzeq ranging from
Lepallon "patnt"” cana to Y9-gallon drama,



The top five site-specific NDA accountahility measurement needs at
each of the TOE sites considered are 1listed below iIn ranked nrder.
Clearly, these highest ranking site-specific needs reflect the most
important process or product concerns at each respective site. For
comparison, numbers in parenthesers represent the all-site mean rankings for
thes: measurement needs.

Lawrence Livermore National Laboratory

(1) NDA standards representing wvarious nuclear mateiials and matrix
componsitions

(4) Heterogeneous Pu/U mixed oxides

(16) Holdup and in-process inventory measurements involving isotopic
variations

(19) Special isotope separatinn (SIS) procesr residues and solid wastes

(3) Holdup and in-process inventory measurements for process equipment

Los Alamos National Laboratory

(1) NDA standards representing various nuclear materials and matr'x
compositions

(10) Impure and heterogeneous pyrochemical salt residues

(2) 1Impure and often heterogeneous Pu oxides and fluorides

(3) Holdup and in-process inventory meacsurements for process equipment

(4) Heterogeneous Pu/U mixed oxides

Rockv Flats Plant

(1) NDA standards representing various nuclear materials and matrix
compositions

(10) TImpure and heterogeneous pyrochemical salt residuea

(2) TImpure and nften heterngeneous Pu oxides and fluorides

(4) Heterogeneous Pu/U mixed oxides

{3) Holdup and in-process inventory measurements for process equipment

Savannah River Laboratory and Plant

(1) NDA standards representing various nuclear materials and
matrix compositions

(2) Impure and often heterogeneous Pu oxides and fluoridesn

(4) Heterogeneaus Pu/U mixed oxiden

(3) Holdup and in-process inventory meamurements {or procesa
equipment

(13) TImpure and heterogeneous scrub alloy and salt atrip buttona

Westinghouse Hanford Company

(1) NDA standarda repreaenting varfous nuclear materials and matrix
compositions

(?) Tmpure and often heterogeneous Pu oxides and flunridens

(1) Holdup and fn-process Inventory measuremrnta for procesdsn equipment

(11) Holdup and in-procemrn inventory mearurementr for glovehoxes and
ranyon {loora

(9) Weptunium (Np) analyuls



Hestingﬂggse Idaho Nuclear Company

Because their primarv concern has heen with uranium, their experience
with plutonium accountability measurements 1s limited. Their future
plutonium measurement concerns center around the SIS process, and hence are
reflected by Livermore's needs.

The results of this ATEX study represent a consensus view among major
sites within the DOE plutonium communitv with respect to NDA accountability
measurement needs. We believe the needs identified and ranked within this
report should receive the highast ronsideration 1n appropriations for
safeguards R&D funding at the earliest possible time. Further, ATEX
believes 1in the value and importance of the "user forum" approach we took
to ldentify and rank NDA accountability measurement needa, and we believe
that this approach may be useful in improving other areas of safeguards.
Finally, the ATEX multi-site, multidisciplinary user forum developed a list
of eight recommendations, which when implemented, can lead to considerable
improvements 1in the NDA terhnology usmed to perform nuclear materials
control and accountahilitv measurements. Two of the more significant ATEX
recommendations are:

e MMEC should immediatelv appoint a multi-site, multi-
disciplinarv tark force to develop and recommend a
program plan for providing the NDA working standards
necessarv to perform better accountability measurements
within the DOE plutonium comnunity.

. MMF(C chould pursue witk appropriate DOFE Offices the means
tc provide adequate funding of R&D efforts that address
the higheat prioritv NDA accountabilitv measurement needs
as {dent{fied in thia report.



I. INTRODUCTION

The Accountabilitvy Technonlogy Exchange (ATEX) Working Group was
established 1in October 1986 by the U.S. Department of Energy's (DOE)
Materials Management Executive Committee (MMEC). Tts charter (Appendix A)
is to identifv nuclear materials accountabilitv measurement needs within
the DOE plutonium communitv and to recommend potential improvements.

ATEX Working Group membership (Appendix B) 1includes experts 1n
nuclear materials management, production, nondestructive assav (NDA),
analvtical chemistry, and safeguards. These experts represent
Lawrence Livermore National Ilaboratory (LLNL), Los Alamos National
Laboratory (1.ANL), Rocky Flats Plant (RFP), Savannah River
Laboratory/Plant (SRL/P), Westinghouse Hanford Companvy (WHC),
Westinghouse Idaho Nuclear Companv (WINCO), and DOE-Albuquerque. ATEX
provides a multi-site, multidisciplinary forum for evaluating and
recommending both existing and emerging nuclear materiala accountability
measurement technologies for implementacion at DOE plutonium facilities.

During 1987, ATEX {dentified sixtv NDA accountability measurement
problems, many of which were common to each of the DOE sites considered.
These sixty problems were combined into twenty NDA accountability measure-
ment needs, which are discussed in Sec. ITI, and were categorized into five
major areas and ranked (Appendix C). The five areas of KDA measurement
needs are:

e NDA "standards" vepresenting various nuclear materials and
matrix compositions;

e Impure nuclear materials compounds, residues, and wastes;
o Product-grade nuclear materials;

e Nuclear materials process holdun and in-process {nventorv;
and

e Nuclear materials item control and verification,.

The reeds {dentified within each of these areas were evaluated and
ranked (Appendix D) using eight weighted criterin . These criteria and the
assnciated evaluation methondnlagv are discursed in Sec. TT,

1T. EVALUATION METHODOLOGY
The NDA accountability measurement needs demcrihed in this report

were ranked using a weighted-criteria wathodology. Application of this
methodology Involved the following sequence:

1. Dafi={ng evaluarion criterin;
7. Asalgning a welghting factor of one to ten to each criterfong
Y. Seoring each meanurement need from one to ten for the

estimated Impact that fmproved technology would have on each
of these criteriag
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4. Multiplying the measurement need scores by their respective
criteria weights; and

5. Summing the weighted scores over all criteria to determine
the ranking for each measurement need.

Each site individually scored the twenty NDA needs and their results are
tabulated in Appendix D, The individual scores for all sites were then
averaged to determine the overall, all-site ranking ot the twanty NDA
accountability measurement needs within the DOE plutonium community
(Appendix C). The individual criteria and weights that were appiied in
this evaluation are defined in the paragraphs below.

CRITICALITY AND RADIATION SAFETY: Accountability measurements are
frequently used as the basis for determining compliance with criticality
safety limits. Improved technology for measuring fissile materials 1is
essential for safety. Also, properly designed, fast and reliabie account-
ability measurement equipment frequently results in reduced radiation

exposure to measurement personnel., This criterion was assigned a weight of
10.

INVENTORY DIFFERENCE (ID) AND LIMIT OF ERROR FOR INVENTORY DIFFERENCE
(LEID): Accountability measurements clearly impact both the artual ID and
the uncertainty propagated about the ID, i.e., the LEID. An improved LEID
provides greater sensitivity for diversion detectjon. This criterion was
assigned a weight of 10.

SHIPPER/RECEIVZR DIFFERENCE: DOE orders require nuclear materials
measurements by both the shipper and receiver, and evaluation of the
resulting measurement differences. Significant resources are expended by
all sites 1n resolving shipper/receiver differences that occur for
difficult to measure materials. Improvements in this area will assist in
minimizing shirzcr/receiver differences and provide earlier detection of
diversion. This criterion was assigned a weight of 10.

COMMONALITY: When evaluating measurement technology needs,
commorality of existing problems among the DOE sites must be a key
consideration 1in the decision-making process, This promotes efficient
allocation of available resources for system improvements that will benefit
the largest number of sites. This criterion was assigned a weight of 9.

TECHNICAI. FEASIRILITY/COST FEFFECTIVENESS: Practical solutions to
accountability measurement problems require either that technology exists
or that {t has the potentlial to he developed in a timely and cost-effective
manner, This criterion was assigned a weight of 8,

PROCESS BENEFTT: Process operations can frequently henefit from
Improvements in measurement technology. NDA measurements can preclude the
need to sample, they can he used for product certification, and they can
agsist In evaluating and assuring process performance. This criterion was
asaigned n weight of 6.

VYOLITTCAL SENSITIiVITY: Nuclear material accountability measurement

data are [mportant !n inftiating activities that may be sensitive such as
the inveatigation of significant Ts or the resolution of major shipper/
recefver differences. This criterion was assigned a weight of '.



PRESENT VS FUTURE NEED: This criterion was used to assign a higher
priority to present measurement needs as opposed to anticipated needs for
emerging process technologies. This criterion was assigned a weight of 3.

III. CURRENT NDA MEASUREMENT NEEDS

The ATEX Working Group's review of current nuclear materials
accountahility measurement problems and practices within the DOE plutonium
community revealed twenty distinct NDA measurement needs, These needs were
evaluated and ranked using the methodolecgv discussed in Sec. II. The
following paragraphs describe each of these NDA measurement needs in theilr
ranked order.

RANK (1): NDA standards representing various nuclear materials and
matrix compositions. Suitable NDA standards representing plutonium-bearing
scrap and waste are generally lacking at the major DOE plutonium-handling
facilities. This lack of suitable NDA standards 1s a serious problem that
needs proper definition and resolution. Simply stated, a wide range of
physical, elemental, and 1isotopic matrix compositions and sample geometries
exist for plutonium scrap and waste that are routinely generated, packaged,
and measured nondestructivelv. However, individual facilities have been
unable to command the necessary resources required to generate the scrap
and waste standards and standards validation (i.e., destructive analysis)
programs needed to quantity and reduce bias in NDA to acceptable levels.
Instead, to calibrate NDA instruments used to measure scrap and waste
materials, facilities have often used non-representative homogeneous
reference materials (e.g., plutonium dioxide), or generated "working
standards" by assaying actual production samples with methods judged to be
"relativelv" bias free (typically calorimetry and gamma-~ray 1sotopics).
Biases incurred during measurement of scrap and waste using instrumentation
calibrated by these methods can be small, but frequently are large relative
to accountable units of nuclear material. As a result, biased scrap and
waste measurements can generate 1inter- and 1intra-facility 1inventory
differences and shipper/receiver prohlems. If these bilases are not
corrected, facilities may be placed in the position of not being able to
agssess thelr 1inventory uncertainty with confidence. The provision of
site-suitahle NDA standards should be addressed by a multi-site,
multidisciplinary task force.

RANK (2): 1Impure and often heterogeneous Pu oxldes and fluorides.
Quantification of plutonium bv NDA 1s difficult for {incinerator ash and
glovebox/cabinet sweepings, which can contain varylng ratios of plutonium
oxides and fluorides mixed with virtually every element in the periodic
table. Also, slag and crucible residues from PuF, thermite reduction are
difficult to assay. These have a CaF_/Ca metal matrix (and up to a few wt7
CaI7) with MgG crucible shards, “and generally have (1) a highly
heterogeneous Jdistribution of Pu (0-lkg) as shtot, (2) small quantities of
Pu0, (from {nitial incomplete oxide-to-fluoride conversion), and (3) trace
amounts of PuF,. The matrix densities, moisture content, and plutonium
i{sotopic ratios can vary from container to container.

RANK (1): Holdup and In-procesgs inventory measurements for process
equipment. Process equipment design often makea reliable measurement of
nuclear materials holdup or In-process Inventory difficult, [f not
imposaible. Fxamples of such equipment include (1) rotary calciners and
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hydrofluorinators (current semiannual inventory 'tear-downs" cause large
production losses and excessive personnel radiation exposures), (2) fluid-
ized-bed incinerator system components, tilt-pour electrorefining furnaces,
and horizontal and vertical tanks (some with post-precipitation), (3)
process lines, and (4) emerging complex equipment for plutonium special
isotope separation proyrams. Often the measurement environment is compli-
cated further bv relatively high background radiation, inaccessibility, and
high ambient temperatures.

RANK (4): Heterogeneous Pu/U mixed oxides. Quantification of
plutonium and uranium in mixed-oxide powders depends on mechanical mixing
efficlency and particle densities, sizes, size distributions, and size
ratios. Verification o¢f homogeneity 1s difficule. Also, these mixed
oxides can contain virtuallv every element in the periodic table and can
span a wide range of molsture content, bulk density, and Pu-to-U ratio.

RANK (5): Heterogeneous low-level and TRU solid wastes in volumes up
through 55-gallon dvums. Quantification of nuclear materials in various
waste packages, e.g., l- and 5-gallon paint cans and 30- and 55-gallon
drums, 1s extremely difficult because they typically contain highly
heterogeneous materials with diverse matrix and isotopic compositions and
widely varying matrix densities.

RANK (6): Pu solution sampling techniques. There 18 a lack of
capability for reliable solution sampling. For gamma-ray-based NDA, the
primary sources of variable systematic error (bilas) are: the sampling
procedures and sample characteristics (e.g., heterogeneitvy and non-
representativeness), sample vial and f:ll-height variability, sample
positioning variability with respect to the assay detector, wide plutonium
concentration range (beyond calibration), isotopic non-equilibrium, and
solution density and acid normality changes due to sample evaporatjon, etc.

RANK (7): Nuclear materials item control and verification. Item
identification data recorded in a facility's accountability records mav
include item name, account, material type, seal number, nuclear materials
content, and item weight. To meet today's stringent safeguards and safety
requirements, it 1s important that this information, both 1In the account-
abilicy data base and on the item label, be "error free'. Improvements
needed to reduce the manual transcription-error frequency include automated
reading and writing equipment.

Improvements are also needed 1in current confirmation methods that
compare item accountability data-base information with the item label and
weight 1aformation determined during phvsical d{inventory. 1In particular,
periodic weight-confirmation measurements of vault 1tems can cause
accountability concerns when weight gains or losses are observed, even for
those items for which 1t 1s known that significant moisture sorption and
desorption are occurring.

To assure that personnel radiaticn exposures remain as low as
reasonably achievable and tc minimize personnel access to nuclear
materials, techniques developed to provide "error-free'" measurements, lahel
generation, and accountability records mavy require increased remote and
automated operation.



RANK (8): Pu bulk solution assav, Problems associated with
properly sampling flow lines and tanks could be substantially reduced if
total bulk solution assay were possible. In addition, nuclear materials
transfers could be confirmed by difference (i.e., bulk solution assav
before and after solution transfer at both the sending and receiving
tanks).

RANK (9): Neptunium analysis. Improved methods for analysis of Np
ir solids and solutions are needed for both accountability and process
control. Solution process streams can include (1) low Np concentrations
(v100 ppm) with irradiated uranium (~3 g/1), fission products, and Pu-238
{v3 g/1); (2) moderate Np concentvations (.03 g/1) with irradiated uranium
(5 g/l1), fission products, and low levels of Pu; or (3) high Np
concentrations (*1.5 to 50 g/!) with verv low levels of U, Pu, and fission
products. Current off-line assay methods include solvent extraction/alpha
counting (10-15Z precision) and 1ion exchange/DC argon plasma emission
spectrophotometry (1-2%7 precision). Both methods are hard to control and
labor intensive.

RANK (10): Impure and heterogeneous pyrochemical salt residues.
This includes spent electrorefining (ER) salts and molten salt extraction
(MSE) salts resulting from plutonium metal purification. ER salts have a
NaCl/KCl matrix containing Pu shot, PuCl., and AmCl.,, with (1) the Pu and
Am distributions mutually heterogeneous, ?2) the Pu riominally divided 50/50
between the chloride and shot, and (3) the Am:Pu ratio ~1200-12,000 ppm at
~100-500g Pu. MSE salts are very similar to ER salts, except the Pu shot
size 1s typically smaller, and nominally they may contain up to 30 wt?
MgCl,, ~50-500g Pu, and ~1200-100,000 ppm Am. There are seveiral sources of
bias” in gamma-rav solids isctopics assay of pyrochemical =salt and metai
(e.g., spent ER anode) residues. These include: Am summing interferences,
isotopic heterogeneitv, non-Pu interferences (e.g., U, Np, Am, and Cm), and
heterogeneous distributions of Pu and Am, The vast majority of
pyrochemical residues have heterogeneous distributicms of Pu, Am, and,
sometimes, U, Np, and Cm, with Pu ranging from 0-lkg and Am ranging up to
several percent.

RANK (11): Holdup and 1in-process inventory measurements for
gloveboxes and canyon floors. Though typically at a low level,
accumulation of nuclear materials on glovebox and canyon floors can
significantly 1impact materials balance calculations. Dusting from
solids-handling operations and leakage from pipe connections during routine
processing and equipment changeout contribute to 1inventory differences.
Methodology to measure or estimate nuclear materials quantitiea of varylng
{sotopics distributed over large surface areas would represent a
substantial benefit to inventory reconciliation/verification practices in
plutonium processing facilities acrosa the DOE complex.

RANK (12): Real-time assay of Pu solution waate streams. This
Includes solution waste gtreams assoclated with gpent fuel reprocessing
that nominally contain small amounts of plutonium. Nondestructive assay
tect.niques potentially offer great benefits over current tims-consuming
sample handling and analytical chemistry procedures for assuring that
plutonium losges are acceptably small. However, a fast, reliable, and
accurate pgamma-ray-based nondestructive solution assay technique Is
unavailable.




RANK (13): Impure and heterogeneous scrub alloy and salt strip
buttons. Scrub alloy (Pu/Am/Mg/Al) and salt strip (Pu/Am) metal buttons
result from Ca metal reduction of MSE salts. These buttons typically have
a heterogeneous distribution of Pu and Am and high radiation levele
prohibiting routine "hands-on" movement of these contalners for assav.

RANK (14): Holdup and 1in-process 1inventory measurements 1in high
radiation environments, In spent-fuel reprocessing plants nuclear
materials holdup measurements are complicated by the presence of high
levels of beta/garma radiation. The presence of fission products rules out
the use of Nal, the most commonly used decector type for holdup measure-
ments. Also, some processes involve large quantities of fluoride and other
elements that can yield alpha-induced neutrons which complicate passive
neutron mcasurements.

RANK (15): Pu-238 solids isotopics assay. There is a need for NDA
capability to verify the Pu-238 isotopic percent in scrap heat-source oxide
shipments and receipts, Currently, the amount of Pu-238 packaged 1in the
standard EP-61 containers 1s confirmed by high-wattage calorimetry.
Shippers' values are used for the Pu 1isotopics until the material 1is
dissolved. Typically, the Pu-238 is between 80-85%, with Pu-239 about 14%
and the other Pu isotopes <1X. A gamma-ray spectrometric method is needed
to allow total Pu accountability soon after receipt.

RANK (16): Holdup and in-process inventory measurements involving
isotopic variations. Plutonium hcldup determination generally employs a
measured Pu-239 signal and a nominal isotopic distribution to deduce the
total plutonium. This procedure may not be valid with the developing
special 1isotope separation processes that achieve variable plutonium
isotopic enrichment distributions.

RAMK (17): Impure and heterogeneous electrorefining (ER) heels.
Quantification of plutonium bv NDA 1is difficult for spernt metal anodes,
which nominally contain 1-3kg Pu and essentially all of the elemental
impurities i1introduced via the metal feed 1ingots to the electrorefining
process cell, These sgpent anodes can have heterogsneous distributions of
Th, U, Np, Pu, Am, and Cm, and a stratified laver, or upper 'skin", of
metallic impurities high in Am.

RANK (18): Heterogeneous low-level and TRU solid wastes in volumes
greater than 55-gallon drums. Ouantification of nuclear materials 1in
various waste packages larger than 55-gallon drums, e.g., 4' x 4' x 7'
plvwood boxes, 1s extremely difficult because thev typicallv contain highly
heterngeneous materials with diverse matrix and 1sntopic compositions and
widely varying matrix densities.

RANK (19): Special 1isotope separation process regidues and snlid
wastes, Improved NDA techniques arvre essential for quantifying the
plutonium in items having heterogeneous and diverse plutonium {sotoplics as
anticipated for the emerging sapecial 1sotope separation processes,
Particularly challenging will be the develapment of accurate iIn-line
gamma-ray analysis of highlv heterogeneous solids 1isotopics.

RANK  (20): Highly radioactive spent-fuel dlissolver solutlons.
Spent~fuel dissolver solutions, which nominally have small quantities of




undissolved solids, are highly radioactive, containing U, Pu, and virtuallv
all of the fission products, Isotopic-dilution mass spectrometry 1is
generally employed for accurate and precise Pu determinations, but this
technique 18 highly labor intensive and requires strict sample handling. A
tast, reliable., and accurate gamma-ray-based nondestructive solution assav
technique is desirable, but unavailable. The primarv sources of variable
systematic error (hias) for solution NDA are the sampling procedures and
sample characteristics.

IV, DISCUSSION OF RESULTS

Figure 1 summarizes the ATEX ranking of the twenty most vital NDA
accountability measurement needs within the DOE plutonium communitv. The
data plotted are taken directly from Appendix C. Vertical bars 1indicate
the cumulative site-specific scores for each measurement need in descending
order. For reference, the twenty NDA accountability measurement needs are
listed below the bar chart.

Figure 2 1includes five plots, one for each of the DOE saites
considered, to display thc site-specific scores for the tuenty ranked NDA
accountability measurement needs relative to the all-site means. The
aimilarity of the measurement~-need distributions between the sites
illustrates asite-wide commonality of the needs and their relative
importance. The few gignificant deviations between 1individual site-
specific scores and all-site means reflect particular process nr product
concerns at those rites. These deviations are discussed below.

For LANL, three NDA needs (#10, 16, and 17) scored substantially
higher than the respective all-site means. This results because of LANL's
pyrochemical production support program and, until recently, 1its special
isotope separation program. Some LANL needs scored below the all-site
means because of the absence of spent-fuel reprocessing and the associated
measurements of highly radioactive solutions and canyon-floor holdup.

For LLNIL, three NDA needs (#15, 16, and 19) scored substantially
higher than the raspective all-site means. This reflects the measurement
needs of {LNL's special isotope separation program. Some LINL needr scored
below the all!-site means because of LLNL's minimal aqueous and pyrochemical
production support activities and asmociated measurements of 1in-process
inventory and holdup, residues and wastes, and highly radiocactive
golutions.

For RFP, two NDA needs (#10 and 17) scored substantially higher than
the reapective all-msite meana. l.ike LANL, this results hecause of RFP's
major pyrochemical production program. Two of RFP's NDA needs (#15 and 16)
scored aubstantially below the all-site meana because of the absence of
high concentrations of the Pu-"18 {motope, and the relatively constant
{antopic concentrations in weapons-grade plutonium streams,

For SRL/P, two NDA needs (#13 and !5) scored suhstantially higher
than the respective all-site means. This reflects SRP'A need to (1) verfty
the plutonfum contont in sacrub allov shipmenta from RFP prior to thelr
disaolutfon and conversaion te plutenium metal; and (?2) verify the Pu-?78
isotopic percent In serap  heat-gource oxide shipments and processing,
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ATEX Ranking of NM Accountability Measurement Needs
Within the DOE Plutonium Comsunity
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(1) NDA standards representing various nuclear materials and matrix compositions

(2) Impure and often heterogermous Pu oxides and fluorides

(3) Holdup and In-process inventory msasuremsnts for process equ!pment

(4) Heterogeneous Pu/U mlxed oxlides

(5) Heterogeneous low-level and TRU sollid wastes !n volumes up through 53-galion drums
(6) Pu solution sampling techniques

(7> Nuclear naterlials Item control and verlflication

(8) Pu bulk solutlon assay

(9) Neptunium (Np) anaiysls

(10) Impure and heterogenecus pyrochemical salt residues

(11) Holdup and In-piocess Inventory measi.. ements for gloveboxes and canyon floors

(12) Real-time assay of Pu solution waste streams

(13) Impure and heterogeneous scrub alloy and sa!t strip buttons

(14) Holdup and In-process Inventory msasurements In high radiatlion ernvironment«

(15) Pu-238 sollds Isotoplics assay

(16) Holdup and In-process Inventory measurements |nvolving lsotoplc varlations

(17) lmpure and heterogeneous electrorefining (ER) heels

(18) Heterogeneous low-level and TRU solid wastes 'n volumes greater than 55-gallon drums
(19) Special Isotope separation (515) process residues and solld wastes

(20) Highty radioactive spent-fusl dissolver solutlons

Fig. 1. ATEX ranking ot the twenty NDA accountabllity mearurement
needn within the DOE Pu community.
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Fig. 2. DOK site-specific scoras for the twenty MDA accountabiltty
wasuremsnt naeds relative to the all-site msans.



Three of SRL/P's NDA reeds (#10, 16, and 17) scored substantially helow rhe
all-site means bhecause of the absence of pvrochemical production activity
and, like RFP, the rerlatively constant 1isotopic concentrations in
weapons-grade plutonium streams.

For WHC, four NDA needs (#9, 11, 12, and 20) scored substantially
higher than the respective all-site means, This reflects WHC's maior
spent-fuel reprocessing program, which 1includes highly radinactive
dissolver solutions, actinide separation and purification via aolvent
extraction, and liquid waste streams. Also, measuring attendant plutonium
releases on production canyon floors 1is difficult, disruptive, time
consuming, and labor 1intensive. Finally, manv WHC  needs scored
substantially below the all-site means hecause of the absence of
pyrochemical and Pu-?58 production activitv, and the relativelv constant
isotopic concentraticns ia weapona-grade plutonium atrers...

V. SUMMARY AND RECOMMENDATIONS

The ATFEX Working Group was established 1n October 1986 bv DOE's
Materials Management Executive Cormittee to i{dentify nuclear materials
accountability measurement needs within the DOE plutonium community and to
recommend potential 1improvements. During 1987, the mult{-site, multi-
dimsciplinary ATEX "user forum" diacussed bhoth site-rpecific and communitv-
wide accountability measurement problens, availahle aolutions, and
technology needs. Following theae discussions, each ATEX member mought and
identified their 1individual =site measurement neceds,. We examined this
multiplicity of needs and found commonality among many of rYem. All of
these were combined into a list of twentv NDA accountability measurement
needs. We then develnoped a set of criteria and weighta that each site used
to "score" 1its own meamrurement needs. A summary of these weighted dcores
resulted 1in a consenaus ranking that repreasents the most pressing NDA
accountahiiity measurement needa within the DOFE plutonfum community,

The NDA accountabilitv measurement needs {dentified hy ATEX uapan n
wide range of problema. The top {ve needa l{ated in derrending order of
importance {nclude:

(1Y NDA atandards represent ing varfous nuclear mater{als and
matrix comporitionn;

7)Y  Retter NDA measurement technology for impure and oftoen
heterogeneous Pu oxfdeas and fiuvoriden;

(1) HBetter NDA meadurement technonlogy for proceds equfpment
holdup and {n-procens Inventory;

(4)  RBRetter NDA meaqarement technology for heteropencoun
plutonfum/uranfum mixed oxtden; and

(%) Botter NDA meanurement technology for heterogeneoun low-
level and TRU golid wanten {n contalner afzea ranging 1vom
T-pallon "patnt” cana to "i-gallon dromn,



The results of this ATFEX studv represent ¢ consensus view among the
maior sites within the DOE plutonium community with respect to NDA account-
abilicv measurement needs. We believe that tho neads 1dentified and ranked
within this report should receive the highest consideration iIn appropria-
tions for safeguards R&D funding at the earliest possible time. Further,
ATEX believes in the value and 1importance onf the "user forum" approach
taken to 1identifvy and rank NDA accountabhility measurement needs and
believes that this approach may be useful in improving other areas of safe-
guards, Finally, the ATEX multi-site, multidisciplinary wuser forum
develnped the following list of recommendations, which when implemented,
can lead to considerable improvements in the NDA technology used tc perform
nuclear materials control and accountahility measurements.

e ATEX should present the results contained in this report
to the DOFE MMEC,

° ATEX should make similar presentations to the DOE Office
of Safeguards and Security R&D Council and tn nther safe-
guards and product{ion management personnel within the DOE
plutonium community.

° ATFX should submit a paper representing the results af
thin studv to the .Journal of the Institute of Nuclear
Materials Management.

e ATEX should continue tn amssess nccountabilitv measure-
ment needs within the DOE pluton.um community and
communicate these as necesmary.

) ATEX should pursue additional means to enhance exchange
of mearurement technology and experience between riten.

. MMEC should consider eatabhlishing working groups aimflar
to ATEX to addresn measurement needs for nuclear materfals
other than plutonfium.

) MMFEC mhould immediatelvy appoint a multi-sfte, mult{-
disciplinary task force to develop and recommend a
program plan for providing the NDA working standardu
neceaunry to perform better accountab{l ity mensurementy
within the DOF plutonfum community,

. MMEC should pursue with appropriate DOE Offices the meann
to provide adequate funding of R&D effortn that addreun
the highest priorfty NDA aceountabillty measurement neadn
an [dent{ffed In thin repore,

A



APPENDIX A

DOE/MMEC ACCOUNTABILITY TECHNOLOGY EXCHANGE (ATFX)
WORKING GROUP CHARTER

Assegss the state of nuclear materia.s accountability measuremept
practices at DOE/DP plutonium facilities, 1including their effect
on process efficienciea, and recommend {mprovements that help
assure compliance with DOE safeguards reguvlations;

Interact with other DOE/DP MMEC technical working groups and
recommend a methodnlogvy for 1{integrating state-of-the-art nuclear
materials accountabilitv measurement practices 1into existing aud
emerging process designs;

Open and mafntain effective communications with DOF/0SS nperson-
nel: and

Promcte effect{ve 1{integration of safeguarda research and develop-
ment with operational activities.



APPENDIX B

DOE/MMEC ACCOUNTABILITY TFCHNOLOGY EXCHANGE (ATEX)
WORKING GROUP MEMBERSHIP

Carl A. Ostenak a.
Los Alamos National Laboratory

P. 0. Box 1663, MST-10, MS ES13

Los Alamoa, NM 87545

Charles R. Hactcher 9.
Losa Alamos National Laboratory

P. 0. Box 1663, N-1, MS E540

Los Alamos, NM 87545

Robert §. Marshall 10.
L.os Alamos National Laboratory

P. 0. Box 1663, 0S-2, MS ES5N8

Loa Alamos, NM 87545

Marilvn S. Bange
DOF-Albuquerque
P. 0. Box 5400
Albuquerque, NM

87115

David A. Camp 12,
l.Lawrence l.ivermore National lLaboratory

P. 0. Box 808, 1.-232

LLivermore, CA 94550

David A. Dodd 17.
Westinghouse Hanford

P. 0. Box 1970
Richland, WA

99152

Garv P. Kodman
Weat {nghouse Hanford
P. 0, Box 1970
Richland, WA 991457

John G, Fleissner
Rockwell Internarional
Rocky Flats Plant

P. 0. Box 464, MS B8]
Golden, CO B0402

R. D. (Duane) Mullet
Rockwell International
Rockv Flats Plant

P. 0. Rox 464

Golden, CO R0O40D2

J. R. (Bob) Sheets
Rockwell International
Rockv Flats Plant,
P. 0, Rox 464
Golden, CO B0402

Ray A. Newberry

Savannah River Tahoratorv

T 771 B

Rldg. 733-A
Aiken, SC 29R0R

Ken W. MacMurdo
Savannah River Plant
Bldg. 772-F
Alken, SC

79808

Chria A, Dahl
West inghouse Tdaho
Nuclear Company, Tnc,
Rox 4000

Tdaho Falls, 1D

R3407



APPENDIX C

SUMMARY OF
NDA ACCOUNTABILITY MEASUREMENT NEEDS
WITHIN THE DOE PLUTONIUM COMMUNITY

Problem Site-Specific Normalized Scores (100 Max.) Cumulative Scores
Rank (Area)* LANL  LLNL  RFP SRL/P  WHC SUM Mean
1 (D) 100 100 100 100 100 500 100
2 (11) 84 74 80 83 86 407 81
3 (1V) 75 75 75 75 78 378 76
4 (1I) 68 83 77 81 34 343 69
5 (11) 64 71 56 70 66 327 65
6 (I11; 68 68 64 54 57 311 62
7 ) 58 41 70 48 66 283 57
8 (111) 55 55 55 55 60 280 56
9 (T1) 51 41 51 56 69 268 54
10 (1T1) 85 46 85 18 19 253 51
11 (V) 41 41 40 49 71 242 48
12 (11) 51 35 45 45 65 241 48
13 (11) 52 17 37 72 21 239 48
14 (V) 41 41 40 46 57 225 45
15 (I11) 53 70 17 66 17 223 45
16 (1v) 63 3 17 17 27 207 4]
17 (1o 66 42 61 17 19 205 41
18 (1rn) 35 44 40 20 27 166 11
19 (Im 39 81 14 14 14 164 11
20 (17) 16 16 16 23 56 127 25

*Problem Area Definit{ons:

I NDA "mtandards' representing various auclear materials and matrix
comporitionn

11 Impure nuclear materials compounda, ren!{duer, and wnutes
I Preduct-grade nuclear materinlna
v Nuclaar materinln procean holdup and {n-procemna {nventory

v Nucloear materianln {tem control and verifiention

17-
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APPENDIX D

WICLEAR MATFRIALS WDA ACCOUNTABILITY MVASURYMFNT NFFDS

WITHIN THE DOE PLUTONIIIM COMMUNITY

Criterion: Crit./Rad. ID & S/m Common- Tech. Pean. Process Political Present Site
Safetw LXID DAfF. ality & Cost Eff. Benefit Sensitivity vs. Future Totals
(Wel~ht) - (100 (10) (10) (9) (8) (6) {5) (1)
{Prob. WDA 1-10 ue'd 1-10 We'd 1-10 We'd 1-10 We'd 1-10 Wt'd 1-10 we'd 1-10 We'd 1-10 Wt'd Wt'd Wormal
Rank Area): Reed Site Score Score Score Score Score Score Scove Score Score Score Score Score Score Scove Score Score Score Score
1(1):NDA scendards LANT, 610 100
representing v Tiouw LLNL 610 100
muclear matsriala gnd RPP (ALL STTES SCORED RTGHEST POSSIBLF) 610 190
mstvix comporitions SKL/P - 610 100
WAC 610 100
2001) : Tmpgre and LANL [ 60 10 100 10 100 10 90 9 72 4 24 7 35 10 30 511 B4
often hetercgenecus LY ] 30 9 90 9 30 10 90 9 72 3 18 ] 30 10 30 450 T4
Pa oxides snd Rrr [] 60 10 100 Q 90 10 90 e 72 3 18 6 30 10 30 490 80
flourides. SRL/P 6 60 9 90 10 100 10 90 9 72 4 24 8 40 10 30 306 83
WHC ] 80 9 90 9 90 10 90 9 72 5 30 9 45 10 30 527 86
3(I¥):Roldup and inm— LANL 9 90 L] 90 1 10 10 90 S 40 10 60 10 50 10 30 460 75
process imventnry LLAL 9 o 9 90 1 10 10 90 b) %0 10 60 10 50 i0 30 460 75
measureme-nts Rre 9 90 9 90 1 10 10 S0 b} 40 10 60 10 50 10 32 460 75
for process SRL/P 9 90 9 %0 1 10 10 90 b 40 10 60 10 50 10 30 480 75
equipment. WRC 9 90 " 100 1 10 10 90 6 A8 10 60 10 50 10 30 478 78
4(IT1):Reterogenecus LANL [] 60 6 60 ] 80 10 90 & 32 7 42 7 35 6 18 417 68
Pu/U mixed oxides. LLNL 7 70 [] 80 9 90 10 9N 7 56 a L1 9 45 9 27 506 83
nrr 7 10 [ 60 a 90 10 90 [ 48 8 48 7 35 10 30 471 77
SRL/P Y 70 8 L] 9 0 10 90 6 48 9 54 7 35 .0 30 497 81
wnC 4 40 3 30 1 10 10 90 1 8 1 (] 1 5 ) 18 207 4
5({11) :Reterogenecun LANL ? 70 9 90 1 iC 10 30 S 40 7 42 6 30 7 21 193 6k
low-level and TRU LiNL 6 60 8 8Gc 2 20 10 %0 L] 64 L] S4 7 25 10 30 433 71
solid wantea in RFP 6 60 7 70 1 10 mn %0 5 40 ? 42 3 15 5 15 342 56
volemes up through L1 a4 7 70 S 90 1 10 10 %0 [] 64 7 42 ? 35 8 24 425 70
55-gallon drums. WHC 6 60 8 an 2 20 10 90 7 56 6 36 7 35 8 24 401 66
6(I1I):Mu soluttion LANL 3 30 10 100 1 10 i L ) 9 72 6 36 9 45 10 30 413 68
sampling techniques. LLNL 3 30 10 100 1 10 10 90 9 712 [ 36 9 43 10 30 413 6A
RFP 3 30 8 8n 1 10 10 %0 9 72 ) 36 9 [3] mn 3o 393 64
SRL/P 3 30 4 40 1 10 10 90 9 72 6 36 L} 20 10 n 328 54
WRC ]l 30 b 50 1 10 io %0 9 72 6 36 [] 30 10 30 348 57
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NUCLEAR MATERIALS NDA ACTCOUNTARILITY MEASURPMPNT NEEDS
VITHIN THE DOE PLUTORILM COMMUNITY

Criterion: Cric./Rad. Ip & S/r Common- Tech. Peas. Process Political Present Site
Safet~ LEID DIff. alicy & Coer Eff. Benefit Sensitivity ve. Future Totaln
(Vaight): (19) (10) (10) 9 (8) (6) (%) (3)
(Prob. ) T-10 we'd 1-10 We'd 1-10 we'd 1-10 ¥We'd 1-10 Wr'd 1-10 We'd 1-10 We'd 1-10 Wt'd We'c Normal
Rank Areal: Need 3ite Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Scor: Score
V) :Waclrar LANL [] 60 1 10 1 10 10 90 7 56 10 60 7 33 10 130 351 58
saterials 1tem LLNL 2 20 2 20 1 10 10 90 3 24 2 12 9 45 10 130 251 &1
control snd [ 344 6 60 10 100 1 10 19 90 3 24 10 60 10 50 10 30 424 70
werification. SRL /P ) S0 1 10 { 10 10 90 3 24 7 &2 7 35 10 130 291 48
wRC 6 6C 8 80 1 10 10 90 6 48 8 48 7 35 10 30 401 66
817D :Pu bulk LANL 3 30 10 100 1 12 10 90 1 ] 10 60 1 5 10 30 333 S5
nolugtion assay. 1.LNL k| 3o 10 100 1 10 10 90 1 L] 10 60 1 5 1 30 333 55
nre 3 30 io 100 1 10 10 90 1 8 19 60 1 5 10 30 333 55
SRL/P 3 30 10 100 1 10 10 90 1 8 10 60 1 b 10 30 kkk} 55
WRC 5 50 10 100 | 10 10 90 2 16 10 60 2 10 10 30 366 60
(1) :Reptuni' n LANL 1 10 5 50 ] 50 10 90 9 72 2 12 2 10 6 e az 5.
analyais. LLKL i 10 ] 0 3 30 1C 90 7 5¢ 2 12 2 10 3 18 253 41
RFP ! 10 b) 50 5 50 10 90 9 72 ? 12 ? 10 5 15 3069 5t
SRL/P 1 10 10 10G 5 50 10 90 b 40 2 12 3 3] < 27 364 58
WHC 1 i0 9 90 9 90 10 90 5 40 6 36 \] 40 8 2& 420 69y
10°117) : Iwoure and LANL 8 a0 10 100 10 1ce 6 >4 7 56 9 54 9 45 10 30 519 (4]
heterogenecun pv—o— LI 3 30 3 n 3 30 6 54 6 48 7 42 3 15 10 1 a7¢ 46
chemical salt (144 L] 80 10 120 10 104 [] 54« 7 56 9 54 9 45 10 30 519 85
residues. SRL/P 1 10 1 10 1 10 6 54 1 ] 1 6 1 5 3 9 112 18
WRC 1 10 1 10 1 10 6 54 1 [ ] 1 ] 1 5 L} 12 16 19
11(1V¥) :Rcldup and LANL 2 20 2 20 1 10 10 90 7 56 2 12 k 15 10 K[} 253 &l
{1-precess inventorv LIkl 2 20 2 v 1 10 10 90 ? 56 2 12 3 15 10 30 253 &1
measurements for nFP 2 2C 2 20 1 10 10 90 5 40 3 18 k) 15 10 30 243 40
gloveboxen and SRL/P 5 50 6 60 1 10 10 90 3 24 3 18 3 15 10 30 297 49
canyon floownm. WHC 8 80 9 90 1 10 10 90 ] 32 9 54 9 &5 10 jo 431 71
12017 *Real-time LANL 7 70 1 10 1 10 10 90 b 40 9 54 H 10 10 30 314 51
nnaegy of Pu LLNL 3 30 1 10 1 10 10 90 3 24 2 12 2 10 10 30 216 35
woclution waste RFP 3 30 1 10 1 10 10 90 b Y] 9 5& ? 10 10 30 274 45
stream=. SRL/P 3 30 1 10 1 10 10 90 S 40 9 54 2 10 10 30 274 45
WHC 5 50 8 80 1 10 10 90 8 64 8 48 5 25 10 30 397 65
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WICLEAR MATERTALS NDA ACCINTABTILITY MEASURFMENT NEEDS

WITHIN THE DOF PLUTONIUM COMMUNITY

Criterion: “rit./Rad. m & S/r Cosmon - Tech. Feas. Process Political Preasnt Site
Sa‘:ty LEID Diff. alicy & Cost Eff. BRaenefit Sensitivity ves. Future Tocals
(W ,ghe): (10) (10) (10) (9) (8) (6) (5) 3)

(Prob. WDA T-T0 wt'd 1-10 we'd 1-10 wt'd 1-10 we'd 1-10 we'd 1-10 Wwe'd 1-10 we'd 1-10 We'd Wr'd Zormal

Rank Ares): Mecd Site Score Score Score Score Score Score Score Score S:ore 3core Score Score Score Score Score Scors Score Score
13(11): Tmmure snd LANL 3 30 10 100 i 10 8 72 5 40 3 13 3 15 10 30 315 52
heterogeneous LLNL 3 3 1 10 1 10 8 72 S 40 3 18 3 15 10 30 22% 3
ncrub alloy and nre 3 30 1 10 10 100 8 72 S 40 a 18 10 S0 10 30 350 57
nalt ncrip SRL/P 3 30 10 100 10 100 8 72 b 40 k) 18 10 50 10 30 440 72
buttons. wiC 1 1o 1 10 1 10 8 72 1 [ ] 1 [ 1 5 3 9 130 21
[4(1V):Roldup and in- LANL 2 20 3 39 1 10 10 90 4 32 4 24 3 15 10 30 251 41
proceas inventory LLNL 2 20 k] Jo 1 10 10 90 ] 32 4 24 3 15 10 30 251 41
weagsuremants in high L0 2 20 2 20 1 10 10 9C 4 32 & 24 3 15 10 30 241 40
radiation environ- SRL/P 5 50 4 40 1 10 10 90 3 24 4 24 3 15 10 30 283 &6
ments. WRC b] 50 6 60 1 10 10 90 6 48 6 36 5 25 10 30 349 57
1S(117):Pu-236 LANL 1 10 k] 30 10 I00 6 54 9 72 1 [ [ 30 8 24 326 53
sclida isotopics LI 3l 30 ] 80 8 80 6 S [] 64 8 48 8 40 10 30 426 70
anacy. | 344 1 10 1 10 1 10 6 54 1 8 1 6 1 5 1 3 106 17
SRL/P 1 10 L] 90 10 100 [ S4& 9 72 3 18 6 30 9 27 401 66
WRC 1 10 1 10 1 10 ] 54 1 8 1 6 1 5 1 3 106 17
1A(T¥) :Roldup 2nd 1n— LANL 9 90 10 100 1 10 6 54 2 16 10 60 7 35 7 21 6 €3
proceas inventory LLNL 9 90 10 100 8 80 6 54 7 56 9 S4& 9 &5 10 30 509 83
measuTements RFP 1 10 | 10 1 10 6 S4 1 8 1 6 1 5 1 3 106 17
{nvolving fantopic SRL/P 1 10 1 10 1 0 [ 1 54 1 8 1 $ 1 5 1 k) 106 17
variatirna, WwRC 1 10 3 3o 1 10 6 54 2 16 2 12 2 10 8 24 166 27
17(11) : Imomere and LARL 3 30 ] 80 10 100 6 54 7 56 3 18 7 35 10 30 403 66
heterogeneoun LLNL 2 20 3 30 3 30 6 S4 6 1] 2 12 6 30 10 30 254 42
electrorefining RFP 3 30 5 50 10 100 6 54 7 56 3 18 7 35 10 30 373 61
heels. SRL/P 1 10 1 10 1 10 6 54 1 8 i 6 ! 5 1 k] 106 17
WHC 1 10 1 10 1 10 6 54 1 8 1 6 1 5 4 12 115 19
[Z(11) :ReterOgenecua LANL 3 30 2 20 1 10 8 72 & 32 1 6 5 25 ? 21 216 35
low-leve! and TRU Limt 3 30 5 50 2 20 ] 72 4 32 2 12 b 25 10 30 271 (1)
soltd wastes in RFP 1 n 4 1 1 10 8 72 4 32 1 6 5 25 10 30 245 40
volumes greater rhamn SRL/P 1 10 1 10 1 10 8 72 ] ] 1 6 1 5 1 ] 124 20
SS5—xallon drums. WRC 3 30 2 20 1 10 ] 72 1 8 1 6 2 10 2 6 162 27




WCLEAR MATFRIALS NDA ACCOUNTABILITY MEASURFMPNT NEFDS
WITRIN TRE DOE PLUTONIUM COFMUNITY

Criterion: Crit./Rad. D & S/R Common- Tech. Pean. Process Political Prement S1te
Safety LEID Diff. ality & Cost Rff. Benefit Sensitivity wva. Future Totals
(Ueight) : (10) (1) (10) (9) (8) (6) (5) (3)
(Prob. NDA T-10 w='d T-10 wt'd ~i1-10 we'd 1-10 we'd I-10 we'd 1-10 we'd 1-10 we'd T-10 Wwe'd We'd Normal
Rank Area): Reed Site

Score Score Score Score Score Score Score Scores Score Score Score Score Score Sccre Score Score Score Score

_lz_

N TRYAINZA VAR L
) oncidd jial

A

19(11):Special isntope LANI, 5 50 3 30 1 10 & 36 3 24 10 60 2 10 5 15 235 39
separation procean LLNL L] 80 9 90 9 90 4 36 9 72 10 60 10 S0 10 30 508 83
residuen and nolid | 344 1 10 1 10 i 10 [} 36 1 8 1 6 1 5 1 3 1] 14
wastes. SRL/P 1 10 1 10 1 10 « 36 1 8 1 6 [} S 1 k] 88 14

wnC I 10 1 10 1 10 4 36 1 ] 1 [ 1 5 1 3 1] 14
20(11) :Aighly radio- LANL 1 10 1 10 1 10 5 43 1 8 1 6 1 5 1 3 97 16
active spent-fuel LLNL 1 10 1 10 1 10 S a5 1 8 1 6 1 5 1 k) 97 16
dissolver solutinas. .14 4 1 10 1 10 1 10 5 45 1 8 1 6 1 5 1 k) 37 16

SRL/P 2 20 1 10 1 10 5 45 k} 24 4 24 1 5 1 3 141 23

WRC 5 50 9 90 1 10 5 45 8 64 8 48 2 10 3 27 44 56

V.



