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17yF.~IJTTV~ Sl~qARY

The Accountability Technol.ogv ExchanRe (ATEX) %rking Croup Was
established in Octcber 1986 bv the IJ.S. Department of J%erRy’s (DOE)
Materials Management Executive Committee (MMEC) to identifv nuc lear
materfals accountability measurement reeds within the DOE plutonium
communitv and to recommend potential improvements. ATEX membership
comprises personnel within the DOE plutonium communitv representing
nuclear materials mafinRement, production, nondestructive assay (JTDA),
analytical chemistrv, and safeguards . Partictpattng contractor sites
include Lawrence Livermore National Laboratory, Los Alamo~ National
Laboratory, Rockv Flats Plant, Savannah River Lahoratnrv and Plant,
Westinghouse Hanford Companv, and Westinghouse Idaho Nuclear Comnanv.

The purpose of thin first ATEX report is to identtfv the tw~ntv most
vital NDA accountability inea~urement needs in the DOE plutonium communitv
to DOE and to contractor safeguards R&l) managers in order to prr)moce
resolution of the~e needs . During 19R7, ATEX id~ntifi~d sixty NDA
accountabllitv measurement problems, many of which were cmmncn to each of
the DOI? sites considered. Thes~ sixtv problems were combfned into twenty
NDA accountahilitv measurement needs that exist within five malor ar~as:

● NDA “standards” representing various nuclear materials and
matrix compositions;

● Impure nuclear mn:erials compounds, residues, and wantps;

● Prodllr.t-Rrade nuclear materials;

● Nuclear materials proce.?s holdup and fn-process inv~ntorv;
;1nd

● Nuclear mnrerfals {tern rnntrnl and veriffratlon.

The twcntv NI’)A itrcnuntabtlitv mpnsurernent needs were th~n rnnked
using el~ht welghtpd crit~rla, find summarv Hi(lrf!q were tfihulnted. Out (If
the Rroup of twenty, the “nil-site” top ffv~ NJ)A acrountnhil~tv men~urernent
ne~dn are:
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The top five site-specific NLA accountability measurement needs at
each of the r(?E sites considered are listed below in 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 parentheses r~present the all-site mean rankings for
thesu measurement needs.

Lawrence Livennore National Laboratory

(1) NDA standards representing -~arious nuclear mate~ials and matr?.x
compositions

(4) Heterogeneous Pu/U mixed oxides
(16) Holdup and in-process inventory measurement involving isotopic

variation
(19) Special isotope separation (S1S) process residues and solid wastes

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

Log Alamos National Laboratory

(1)

(10)
(2)
(3)
(4)

NDA standards rep]mesenting various nuclear materials and matr4.x
compositions
Impure and heterogeneous pyrochemical salt residues
Impure and often heterogeneous Pu oxides and fluorides
Holdup and in-proce~s inventory meaeurementa for proces~ equipment
Heterogeneous Pu/U mixed oxide~

Rockv Flats Plant—

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

(lo) Impure and heterop,eneous pyrochemical salt residues
(2) Impure and often heterogeneous Pu oxides and fluoridem
(4) Heterogeneous Pu/U mixed oxides
:3) Holdup and In-procems inventory measurements for procen~ equipment

Savannah River Laboratnrv and Plant

(1) NDA standmrds repre~enting vnrjous nuclear materialR nnd
matrix cnmpo~itions

(2j impure and often heterngeneoum t% oxfd~s and flunriden
(~) Heterngene?un Pu/U mixed nxfdcn
(3) Holdup find in-prnces~ {nventory measurements fnr proces~

equipment
(13) TrnpUre nn(l het~rngenenun ~CrIlb nlln~ and ~nlt mtrfp huttnnn

Westlnghoune Hanfnrd Cnmpanv

cnmpnf41

(2) lmpurp
(3) Holdup

(11) Ilnl[lllp
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Westinghouse Idaho Nuclear Com~y-.—— .. ——— ———- ... .. ..

Because their primarv concern has been with Ilranlum, their experience
with plutonium accountability measurements is limited. Their Future
plutonium measurement cc)ncern~ center around the S1S process, and hence are
reFlected bv Livermor~’s needs.

The results of this ATEX stuclv represent a consensus view among malor
sites wl.thin the DOE plutonium crmnnunitv w:th re~pect to NDA accountability
measurement needs. We believe the needm identified and ranked within thi~
report mhould receive the hiRht?st consideration in appropriatlona for
safeguards R&D funding at the earnest possible time. Further, ATEX
believes In the value and importanc~ of the “uner forum” approach we took
Lo ldentifv and rank NT)A accountability measurement need~, nnrl ve belfeve
that this approach may be useful in improving other areas of safeguards.
Finally, the ATEX multi-~ite, multidisciplinary user forum developed a list
of eight recnmmend~tionsr which when implemented, can lead to con~iderahle
improvements In the NDA teehnologv used to perform nuclear materials
control and accountahilitv measurements. Two of the morp siRnifirant ATEX
recr)mm~ndatinns are:

● VFH?C~holllti Immedlatelv appoint a multl-sfte, mult~-

rlisciplinarv tnsk fnrce to devel.>p and recommend a
program plan for providinu t-he N13Aworking ntandardn
ner~ssarv to perform better nccnuntnhility me~~urement.q
within the DOE plutonium cnmmunitv.

● MFWC ~h,)ulrl pursue wftk npprnprlate I’Mll?offices tll~ means

tr provide adpquate rund{ng of R&l) efforts thnt nddr~ss
the Illuhest prioritv NI)A ~rrnuntnhflity meanur~ment ne~rl~
,Is idt!ntfFied in thi~ report.
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I. INTRODUCTION

The Accountahilitv TechnnloRv Exch%nge (ATl?X) WorkinE Group was
established in October 1QR6 by the IJ.S. Department of EnerRv’s (DOE)
Materials Management Executive Committee (l@fEC). Tts charter (App@ndix A)
is to identifv nuclear materials accountability measurement needs within
the DOE plutonium communitv and to recommend potenttal improvements.

ATEX Wnrking Group membership (Appendix B) includes experts in
nuclear materials management, production, nondestructive assav (NDA),
analytical chemistry, and safeguards. These experts represent
Lawrence Livermore National l.aboratnry (LLNL) , Los Alamos National
Laboratory (1.ANL), Rocky Flats Plant (RFP) , Savannah River
Laboratory/Plant (SRL/P), Westinghouse Vanfnrd Companv (WHc) ,
We~tinRhnuse Idaho NucLear Companv (WINCO), and DOE-Albuquerque. ATEX
provideB a multi-~ite, multidisciplinary forum for evaluating and
recommending both existi~g and emerginR nuclear materials accnuntabilitv
measuremmt technologies for Implement.lcion at DOE plutonium facilities.

T)uring 1987, ATEX identified slxtv N’DA accountability measurement
problems, manv of which were common to each of the DOE aite~ considered.
These sixty problems were combined into twenty NDA accountability measure-
ment need~, which are di~cua~ed in Sec. 111, and were cat~qnrized into five
malor area~ and ranked (Appendix C). The five areas of hDA measurement
needfi are:

● NPA “standards” representing varioun nuclear materials and
matrix compnsttion~;

● Tmpure nuclear materials compounds, residues, and wastes;

o Product-Erade nuclear materials:

● Nuclear mnterials process holdun and fn-proces~ I.nventorv;
and

● Nl]cl,ear mntertnlR item control and verlflciltlnn,

tT. KVAI,IIATION METI{ODOI.OGY”

1. ll#~fl-lnR evnlll:lrlon rr[rerin:
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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 scoreg for all sites were then
averaged to determine the overall, all-gite ranking ot the twenty NDA
accountability measurement needs within the EOE plutonium community
(Appendix C). The individual criteria and weights that were applied in
this evaluation are defined in the paragraphs below.

CRITICALITY AND RADIATION SAFETY: Accountability measurements are
frequently used as the basia for determining compliance with criticality
safecv limits. Improved technology for measu~ing fissile materials is
essential for safety. Also, properly desiqned, fast and reliabie account-
ability measurement equipment frequently results in reduced radiation
expo3ure 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 actual ID and
the uncertainty propagated about the ID, i.e., the LEID. An improved LEID
provides greater sensitivity for diversion detection. This criterion was
assigned a weight of 10.

SHiPPF.R/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 in resolving shipper/receiver differences that occur for
difficult to measure materials. Improvements in this area will assist in
minimizing shiy~er/receiver difference~ and provide earlier detection of
diver~ion. This criterion was assigned a weight of 10.

COMMONALITY: When @valuatinR mea~urement technology needs ,
commonality of existing problem~ among the DOE sites must be a key
consi~’eratfon {n the decision-making process, This promotes efficient
allocation of available resource~ for system improvements that will benefit
the largest number of sites. This criterion was assigned n weiRht of 9.

TECHNTCA1, Fl?ASIRI1.ITY/COST EFFECTIVENESS: Practical, solutions to
at-rnuntnhility measurement problems require either that technology exists
or that [t has the pot~ntla]. to he clevel.oped in a timely and cr)st-effcctiv~
manner. This criterion was assigned a weight of 8.

PROCESS RENEFTT: Prnces~ operatinn~ can frequently benefit frnm
[mprnvements in measurement technology. NI)A measurement~ cari preclude the
need tn ~ample, thev ran he u~ed for prnriuct certification, and thev can
assist In evaluntlng :ind a~suring process performance. This criterion was
aSRi~llPd n weight of 6.
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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 a.;signed a weight of 3.

III. C[JRRENT NDA MEASUREMENT NEEDS

The ATEX Working Group’s review of current nuclear matertals
accountability measurement problems and practices within the DOE plutonium
cormnunlty revealed twenty distinct NDA measurement need.q. These needs were
evaluated and ranked u~ing the methodology discussed in Sec. 11. The
following paragraphs describe each of these NDA measurement needs in their
ranked order.

RANK (l): NDA standards representing various nuclear materials and
matrix compositions. Suitable NDA standards representing plutonium-bearing
scrap and waste are generally lacking at the malor DOE plutonium-handling
facilities. This lack of suitable NDA standards is a serious problem that
needs proper definition and resolution. Simply stated, a wide range of
physical, elemental, and isotopic matrix compositions and sample Reon:etr~.es
exist for plutonium scrap and waste that are routinely generated, packaged,
and measured nondestructively. Howeverp individual facilities have been
unable to contmand 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 mebaure scrap and waste
materials, faci?.ities 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
“relativeIv” bias free (typicallv calorimetry and gamma-ray isotopic).
Biases incurred during measurement of scrap and waste usfn~ instrumentation
calibrated bv 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 inter- and intra-facility inventory
differences and shipperlreceiver problem.s. Tf these biases are not
corrected , facilities may he placed in the position of not being able to
assess their inventory uncertainty with confidence. The provinion of
site-suitable NDA standards should be addressed bv a multi-site,
multidisciplinary task force.

RANK (2): Impure and often heterogeneous Pu oxides and fluorides.
Quantification of plutonium bv NDA is difficult for incinerator ash and
gloveboxfcahinet sweepings, which can contain varying ratios of plutonium
oxtr!es and fluorides mixed with virtually every element in the periodic
table. Also, slaR and crucible residues from PuF Lherrnite reduction are
difficult to assay. These have a CaF2/Ca metal mafrlx (and up to a few wt%
ca17) with MgG crucible shards, and Renerally have (1) a highly
het6rogeneo~ls distribution of Pu (rl-lkR) as sltot, (?) small quantities nf
Puf)o (from Initial {ncnmplete oxide-to-fluoride conversion) , and (3) trace
amounts of PuF, . The matrix densities, moisture content, and plutonium
isotopic rnttos4ran varv from contaln~r to container.

RANK (l): Holdup an[i ln-proress Inventorv measurements for process

C!WPK!_t. “ Prnress equ~prnent dest~n often makes
—.——

r~linble measurement of
nllrlear matt’rlals hnld(]p or [n-~ror~sfl inventory difficult, [f nnt
imposqi!~l~. Ex~mplrs of s{lrh ~q[lfpment include (1] rot(ary calclners and
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hydroflu~rinators (current semiannual. inventory “tear-downs” cause larg~
production losses and excessive personnel radiation exposures), (2) fluid-
ized-bed incinerator system components, tilt-pour electrorefining furnaces,
and ho~izontal and vertical tanks (some with post-precipitation), (3)
process lines, and (4) emerging complex equipment for plutonium special
isotope separation proprams. Often the measurement environment is compli-
cated further by relatively high background radiation, inacces~ibilitv, and
high ambient temperatures.

m (4): Heterogeneous Pu/U ❑ixed oxides. Quantification of
plutonium and uranium in mixed-oxide vowders de~ends on mechanical mixing

efficiency and particle densities,
.

sizes, size distributions, and sfze
ratios. Verification of homogeneity is difficult. Also , these mixed
oxides can contain virtually every element In the periodic table and can
spal a wide range of moisture content, bulk density, and Pu-to-U ratio.

RANK (5): Heterogeneous low-level and TRU solid wastes in volumes Up

through 55-gallon drums. Quantification of nuclear materials in various
waste packages, e.g., 1- and 5-gallon paint cnns and 30- and 55-gallon
drums, is 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 iu a lack of
capability for reliable solution samplinR. For ~amma-ray-based NDA, the
primary sources of variable systematic error (bias) are: the sampling
procedures and sample characteristics (e.g., heterogeneity and non-
representativene9s) , sample vial and fill-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 evaporation, etc.

RANK (7): Nuclear materials item control and verification. Item
identification data recorded in a facility’s accountability records may
include item name, account, material tvpe, seal number, nuclear materials
content, and item weight. To meet today’a 8trinRent safeguards and oafety
requirements, it is important that this information, both in the account-
abili<:y data base and on the item label, be “error free”. Improvements
needed to reduce the msnual traflscription-error frequency include automated
reading and writing equipment.

Improvements are also needed in current confirmation methods that
compare item accountability data-base information with the item label and

weight i.lformation determined during phvsical inventory. In particular,
periodic weight-confirmation measurements of vault items can cause
accountability concerns when weiRht gains or losses are observed, even for
those items for which it is known that significant moistul-e sorption and
resorption are occurrinR.

To as~ure that personnel radiaticn expoRurl?R remain as low as
reasonably achievable and tc minimize personnel access to nuclear

materials, techniques developed to provide “error-free” measurement, ]ah~l
generatl(ln, and accountah~lity recordR mav require increased remote and
automated operation.

-7-



RANK (8): F% bulk ~olution assav.
properly sampling flow lines and tanks could
total bulk solution assay were possible. In
tran~fers could be confirmed by difference
before and after solution transfer at both
tanks) .

Problem9 associated with
be substantially reduced if
addition, nuclear materials

(i.e., bulk solution assay
the sendinE and recefving

}?ANK (9): Neptuntum analv:is. Improved methods for analysis of Np
irI solids and solutions are nec=d for both accountability and process
control. Solution process streams can include (1) 10V Np concentrations
(~100 ppm) with irradiated uranium (%3 g/1), fission products, and PU-238
(’L3 g/l); (2) moderate Np concentrations (~.03 g/1) with irradiated uranium
(%5 R/l), fission products, and low levels of Pu; or (3) high Np
concentration (%1.5 to 50 R/1~ with verv 10V levels of U, Pu, and fission
products. Current off-line asscy methods include eolvent extractionlalpha
counting (10-15% precision) and ion exchange/DC argon plasma emission
spectrophotometry (l-2% 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
(HSE) salts resulting from plutonium metal purification. ER salts have a
NaC1/KCl matrix containing Pu shot, PuC1 , and AmC13, with (1) the Pu and
Am distributions mutually heterogeneous, ?2) the Punomlnallv divided 50/50
between the chloride and shot, and (3) the Am:Pu ratio ~1200-12,000 ppm at
~lo@-5oog Pu. MSE salts are very similar to ER salts, except the Pu shot
size is typically smaller, and nominally they may contain up to 30 wt%
MgC12, %50-500g Pu, and ~1200-100,000 ppm Am. There are several sourceu of
bias in gamma-ray solids Isc,topics assay of pyrochemical salt and metai
(e.g., spent ER anode) residues. These include: Am summing interferences,
isotopic heterogeneity, non-Pu interferences (e.g., U, Np, Am, and Cm), and
heterogeneous distributions of ?U and Am. The vaat majo’iity of
pyrochemical residues have heterogeneous distributims of PUP Am, and,
sometimes, U, Np, and Cm, with Pu ranging from O-lkg and Am ranging up to
several percent.

RANK (11): Holdup and Ln-process inventory measurements for
Bloveboxes anti cnnyon floors. Though typically at a low level,
accumulation of nuclear materials on glovebox and canyon floors can
3igniflcantly impact materials balance calculations. Dusting from

nolids-handling operations and leakaRe from pipe connectionfi during routine
processing and equipment ch.sngeouc contribute to Inventory differences.
Methodology to measure or estimate nuclear materials quantities of varvlnR
Isotopics riistributcd over 1arge surface areas would represent a
substantial benefit to inventory reconciliation/verification practiceg in
plutonium processing facilities across the DOE complex.

RANK, (12): Real-time a~~ay of Pu Bolution wa~te streams. Thfs
includes solution waste streams associated with spent fuel reproces~lng
that nominally contain nmall amounta of plutonium. Nondestructive aa~av
tect.niques potentially offer great benef,ts over current time-consuminfi
sample hnndling and analytical chemistry procedures fnr assuring that
plutonium Iosges are acceptahlv small. However, a (ast, reliable, and

accurate gamma-ray-based nnnde~trurtive Rolut~on asflav technique Is

unavallahle.
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RANK (13): Impure and heterogeneous ~crub 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 level~
prohibiting routine “hands-on” movement of these containers for assav.

RANK (14): Holdup and in-process inventory measurements in high
radiation environments. In spent-fuel reprocessing plants nuclear
materials holdup measurements are complicated bv the presence of high
levels of betalgamma radiation. The presence of fission products rules out
the use of NaI, the most commonly used detector 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 mca9urements.

RANK (15): Pu-238 solids isotopics assay. There is a need for NDA
capability to verify the Pu-23U Inotopic percent in scrap heat-source oxide
shipments and receipts. Currently, the amount of Pu-238 packaged in the
standard EP-61 containers is confirmed by hiuh-wattage calorimetry.
Shippers’ values are used for the Pu Isotopics until the material is
dissolved. Tvpically, the Pu-238 is between 80-85%, with Pu-239 about 14%
and the other Pu isotopes <1%. A Ramma-ray spectrometric method is needed
to allow total Pu accountability soon after receipt.

RANK (16): Holdup and in-proress inventory measurements involvin~
isotopic variation. Plutonium h~ldup 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 isotope separation processes that achieve variable plutonium
isotopic enrichment distributions.

RA~lK (17): Impure and heteroRenenus electrorefining (TZR) heels.
Quantification of plutonium bv NDA IS difficult for sper.t metal anoden,
which nominally cont~in l-3kg Pu and essentially all of the elemental
impurities introduced via the metal feed ingots to the electrorefining
process cell. These spent anodes can have heterogeneous dist~ibutlr)nR of
Th , U, Np, PUP Am, and Cm, and a stratified Iaver, or upp~r “skin”, of
metallic impurities htgh in h.

RANK (18): Heterogeneous low-level and TRU solid wastes in vnlume~
~reater than 55-gallon drums. Quantification of nuclear materials in
various waste packaRes IarK@r than 55–Rallon drums, e.R., 4’ x 4’ x 7’
plywood boxes, is extremely difficult because thev typicallv contain highl.v
Ileterngeneous materials with diverse matrix and i~ntopic composition~ and
widely varying matrix densities.

RANK (19): Special isotope separation procesR re~idueu and solid
wastes. Improved NDA technique~ are essential for quantifying the
plutonium in ltf?FR having heterogeneou~ and diverse plutonium Isotoplcs au
anticipated for the emerRing Rpecial isotope separation proce~senm
Particularly challenging will he the develrjpment of accurate in-line

Ramma-ray analvsis of highlv h~teroReneous ~olids fsotr)pics.

RANK (20): Highly radioactive spent-fuel cilssolver !3nllJt1(lns.

Spent-fuel dissolver sf)llJtinns, which nnmtnallv have small quantities nf
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undissolved solids, are hiflhlv radioactive, containing U, Pu, and virtuallv
all of the flsaion products. Isotopic-dilution mass spectrometry is
Eenerallv ~mployed for accurate and precise Pu determinations, but this
technique is highly labor intensive and requires strict sample handling. A
fa9t, reliable, and accurate gamma-ray-based nondestructive solution assay
technique is desirable, but unavailable. The primarv sources of variable
systematic error (bias) for solution NDA are the sampling procedures and
sample characteristics.

Iv. DISCUSSION OF ‘AESUT.TS

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

Figure ? includes five plots, one for each of the DOE nite.~
considered, to displav the site-specific scores for the tventy ranked NDA
accountability measurement needs relative to the all-~ite means. The
similarity of the measurement-need di~tributions between the site9
illustrate mite-wide commonality of the needs and their relative
importance. The few ~ignificant deviations between individual slte-
specific scores and all-site means reflect particular process nr product
concerns at those sites. Thene deviatior,s are rli~cu~med below.

For LANL, three NDA needs (#10, 16, and 17) scored substanti.allv
hiRher than the respective all-site means. This remults because of LANL’s
pyrochemical production support program and, until recently, its special
isotope separation program. Some LANL needs scored below the all-site
we~ns because of the absence of npent-fuel reprocessing and the a~nociat~d
measurements. of highly radioactive solutionm and canyon-floor holdup.

Frir LLNL, three NT)A needs (#IS, 16, and 19) scored suhscnntinlly
higher than the respective all-site means. Tills reflect~ the measurement
needs of lLN1,’s speci~l isotope separation program. Som~ 1.l,N1, needR scor~d
below t}ieall-site meane because of 1.LNT,’s minimal aqueous and pyrochemical
production support activities nnd associ~ted measurements of in-process
inv~ntory and holdup , re~idues and ‘wa~tes, and hiRhlv radioactiv~
solutions.

-1(1-
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THE TUENTY DOE PU COFMJ’hIIT NDA aWOUNTABILITY ~S~=NT -S

W stadards reprasentlng various wlaar nntorlals and nwtrlx c~sltlcms
[npure and oftan bteroganocws Fu oxldos and flmrldos
bld~lp O* In-process Inventory tmasuramn~s for process aqulpmnt
Heterogeneous Pt~/U mixed oxldas
Heterogeneous I-1ev.1 and TRU solld nestos In VOI~= up through 55-gallcm d-

t% solutlm W1’Ollrlg Lachnlqws
Wclear nmtorlals Itan cmtrol and varlflcatlcn

Pu bulk mlutlcm assay

Nedullun (ND) ana;vsls
lmre and h&rogenwus pyrochanlcal salt raslduas

Holdup md In-pi>ocess Inventory mam..mts for glovatmxes and cmyon flmrs
Real-tltrm assay of 1% solutlon wasto stremm
Impure and heterogariaotm scrb alloy and sa!t strip buttmm

I-bldup and In–wocoss Inventory rreasurarents In high radlatlon e[,~lr~nt:
W-236 sollds Isotmlcs assay
Fbldup and In-process Inventory mawrmwnts Involvlng lsoto~lc varlatl(ms
Impuro and hetsroganmw electroreflnlng (ER) ha.ls

Heterogeneous lW-lOVOl and TRU solld wast.os In ~I~S greater than 55-gal l(m drwe

suaclal isotopewparatlon (S1S) Drocess resldum aml wild Wastes
Highly radioactive s~nt-fual cils~lver solutlons
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Thrpe nf SRL/pFg ~A p~p~q (#If)r 16, ~nd 17) scored substantl.a]lv h~lnw th~

all-site means hel:ause of the abs~nce of pvrochemical productlrm activitv
and, like RFP , the r~lativelv constant isotopic concentratfon~ in

weapons-grade plutonium streams.

For WC, four NDA need~ (49, 11, 1?, and 20) scored substnntlally
higher than the re~pectlve all-site m~ans. Thi~ r~flects WHC’S malor
~pent-fuel reprncestiing pro~ramn which includen highly radioactive

dissolver Solutinlls , actinide s~paration and purification vtn solvent
extraction, and liquid wante qtreams. Also, mea~urln~ attend~nt pl[ltonium
releasen nn production canyon flodrs i~ difficult, di~ruptfve, tlm~
consuming, and labor int~nnive. Finallv, manv WHc needs scr)~ed
substantially b~low the nll-~ite means hecaus~ of the absence nf
pyrochemical and Pu-?3R production artlvitv, and the relatively cnnstant
Isotopic concentrations ill weapons-Rrade plutonium qtren,,:,.

v. SUMMARYAND RI?C(3MMENT)ATrf)NS

The ATZX Working Croup was e~tnhlished In fktoh~r 19FlfI hv I’)C)E’S
Materials Management Ex@cutlve Committee to identify nucl,ear materinls
accountability mt?nsurement needs within the DOE plutonium community and to
recommend pntentlal improvements. r)urln~ 1987, the multl-~lte, mu] ti-
di~r.iplinary ATEX “uner forum” discu~spd both sit--~peciflc nnd communftv-
Wfdl? accountability measurement problemn, nvaflahle Rolutionn, nnd
technnl.ogy needs. FollowfnR thene di~cunnfons, en(h ATEX member nnuRht and

identified th~ir Individual site memsurernent nced~. WP examined this

multiplir:itv ,~f needn nnd found commnn~lfty amr)nR manv of r’l~m. All of
th~se were combined fnto a list nf tw~ntv NDA nccountahllltv mon~ur~mpnt
ne~dg . WP then rlevelnped a Ret of crft~rla nnd weights that PHrh ~lte (lMPrl
to “qrnr~” fts nwn mea~urernent nPFdR. A ‘{ummnrv of rhp~~ WfJfRht@d qrorps

r-sult~d In n cnnsensus rankfng thnt rrpr~s~~nt~ thi~ mn~t pr~qslnR NflA
nrrnllnt,nhf ; ftv mea~tlromrnt nepds wfthfn th~ DOE plutonium rnmmunfrv.

-.11



The results of th~s ATl?X ~tudv r~present P cr)nsennus view amnne the

malor sites within the D(ll? plutonium community with respect to NDA accrmnt-
abilitv men~urement needs. We believe that thti needs identified and ranked
within this report should receive the highes~ consideration in appropria-
tions for safeguards R&ll fundinR at the earliest possible time. Furth~r,
ATEX believes in the valuI? and importance of the “user forum” app70ach
taken to identifv and rank NDA accnuntahilitv measurement n~edq and
believes that this approach may be useful in improving other area~ of saf@-
Euards. FinalIv, the ATl?X multi-site, multidisciplinary u~er forum

developed the following liRt of recommendations, which when implemented,
can l~ad to con~id~rable f.mprovem~nt~ In the NI)A t~thnologv used tc nerform
nucl~ar materlala control and accountability measur~ments.



APPENDIX A

DOE/FfMEC ACCOUNTABILITY TECHNOLOGYEXCHANGE (ATEX)
WORKING GROUP CHARTER

● As~eaR the state of nuclear Mat@.TtIILS accountability measuremt?llt
nractlcen at T)OE/l)P plutonium facilities, including th~ir effect
on process efficiencies , and recommend {improvements that help
assure compliance with DOE safeguards regc~lntions;

● Tnt~ract with other l)OE/DP MMEC technlc~l working grnups and
r~crnmmenrl n m~thodnlogv for integrating stnte-of-the-art nuclear
materials accountability measur~ment practlce~ into existing al,d
emerging process rleHiRn.9:

● Open and mafntain Pffecttve communtcatlonq with DOF/OSS nersnn-
n~l: and

● Promcte effpcriv~ int~grntfnn of ~afeRuards r~s~nrch and rlelvelnp-
menr with operatlonnl nctlvltien.

1 ‘)



APPENDIX R

DOl?/MMEC ACCOUNTABILITY TECHNO1,OGYEXCHANGE (ATEX)
WORKING GROUP MEKRERSHIP

I. Carl A. Ostenak 8. .lohn C. Fleissner
Los Alamos National T.aboratory Rockwell International
P. 0. Box 1663, MST-10, MS F,513 Rocky Flnts Plant
Los Alamr)s, NM 87545 P. 0. Rox 464, MS R81

Golden, CO 80402

2. Charles R. Hatcher
l.ns Alamos National l.abor~torv

P. 0. ~OX 1663, N-1, MS E540
Los Alamo~, NM 87545

9. R. D. (Duane) MulLet
Rockwell International
Rockv Flats Plant
P. (-). Box 464

(%lden, CO R0402

3. Robert S. Mar~hall 10. .1. R. (Bob) Sheet~

Los Alamos National I.ahoratory Rockwell International

P. 0. Box 1661, “OS-2, MS E5011 Rnckv Flats Plant, T 771 B

I,os Alnmos, NM 87545 P. n. Rox 464

Cold~n, CO 80402

4. Mari]vn S. ~anu~ II. Rav A. llewberrv

DOl?-Albuquerque Sav~nnnh River T.ahr)rat[)rv
m. Rox 5Jor)– ~ldR. 733-A

Albuquerque, NM f17115 Aik;n, SC 29Rf)R

5. Dnv[d A. Camp 17. K@n W. MacMurrlo
I,awrenre l,iv~rmore Nntinnnl I,ahnratorv Snvannah River Plant

P. 0. Uox R08, ~-7?2
—

Rldg. 772-F

l,{v~rmore, CA 96550 Atken, SC ?qROR

6. I)nvirl A. Ilndd 1-1. Chrfn A. Dnhl
W~stfnqh.)us~ Hnnford Westinghouse Tdnllo.—
r. 0. Rnx l~7fl

—.
~lear Compnnv, Tnr,

Klrhl;lnrl, WA 99352
—

Box 4000

lrlahn FrIlln, 11) R3401
7. (:nrv P. Kodrnnn

W~~t[nHhou~~ llnnford—— . . .
P .-” 0. Hox 197(I
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Problem
rank (Area)*

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Ill

19

20

(1)

(II)

(Iv)

(11)

(11)

(IIIj

(v)

(III)

(TI)

(11)

(TV)

(11)

(11)

(Iv)

(ITI)

(TV)

(1[)

(11)

(11)

(TT)

APPENDIX C

SUMMARYOF
NDA ACCOUNTABILITY MEASUREMENTNEEDS

WITHIN THE DOE PLUTONIUM COMMUNITY

Site-Specific Normalized Scores (100 Max.~
LANL LLNL RFP SRL/P WNc——

100

84

75

68

64

68

58

55

51

r35

41

51

52

41

53

63

66

35

39

16

100

74

75

83

71

68

41

55

41

46

41

35

17

41

70

83

42

44

83

16

100

80

75

77

56

64

70

55

51

85

40

45

;7

40

17

17

61

40

14

16

100 100

83 86

75 78

81 34

70 66

54 57

48 66

55 60

56 69

18 19

49 71

45 65

72 21

46 57

66 17

17 27

17 19

20 27

14 14

23 56

Cumulative Scoren
SUM Mean

500 100

407 81

378 76

343 69

327 65

311 62

283 57

280 56

2!M 54

253 51

242 48

241 48

239 48

225 45

223 45

207 41

205 41

166 31

164 ‘1-!

127 25

-1 ]..
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Crit. /Rad. ID k s h c-3- Tech. ?ean. Procasm Political Prement site
s~f@tw LPID Diff. ●lic T k coot f!ff. Bmmfit Sensitivity VE. ~uture Totalo

( 10’1 (lo) (lo) (9) (B) (6) (5) (3)
I-In Uc’d =0 Ut’d I-10 Ut’d ~~ 1-10 Ut’d l-in Ut’d I-10 Ut’d 1-10 Vt’d Vt’d kmal
Score Score Scnre score Score score Sco-e Score Score Scor. Score Score Score Scow ScOra Score Score Score——

610 Im

610 IIM
610 190
610 100
610 IIM

2(i1):Iqr. d UK 960 10 Im 10 lm 10 90 9 72 4 24 7 35 10 30
often bterqemeam .LLTL 33n 9 90 9 +0

511 B4
10 90 9 72 3 Ig 6

PE oxides S+

30 10 30 450 74
!lPP 660 Iolma’m 10909 72 3 10 6 30

fiuorides. SSL/F 66il 9 W3 10 100
1(3 30 490 00

10 90 9 72 4 24 8 40 10 30 506 S3
WC am 990990 Ill 90 9 72 5 30 9 45 10 30 527 86

3(IJ):n01&p d in- mm 990 990110 10 90 5 40 10 60 10 50 10 30 46a 75
prcce.= imwnr~m L~ 993 9 90 I in 10 90 5 60 10 60 10 50 10 30 460 75
Wamr-ntc RPP 990
for pr~~-s

9 M I 10 10 90 5 40 10 60 10 50 10 x! 460 75
SRL1P 993 9’W3110 10 90 5 40 10 60 10 50 10 30 460

eqvlmnr.
75

Uu 990 !~ la I 10 10 W 6 48 10 60 10 50 10 30 478 78

4(111 :netPrqefbPmn m 660 660 8 80 10 90 4 32 7 42 7 35
Pun ■ixed oxides. LLaL 7

6 18 417 68
70 0 ~ 9 Ml ;0 90 7 56 @ 4E 9 45 9 27 506 83

mm 7 70 660 * 90 10 90 6 48
SRL/P

8 48 7 35
8 M i 90 10 90 6 48

10 30
7 70 9

471 77
54 7 35 :0 30

w 440 330
497 81

1 10 In m I 8 I 6 1 5 6 la 207 34

5( II):ikcrr~aam W 7 70 9 90 1 lC 10 90 s 40 7 42 630 1 21
1*1*-1 ad mu Ka 6 60 8

393 64
8G 1 20 10 90 5 64 9 54 7 ?5

-lid umfltmm in
10 30 433 71

aFP 6 60 7 701101 C905 40? 42 3 15 5 15 342 56
wol~~ Up c~r~ SE. ‘L 7 70 9 90[ iO 10 90 II 64 7 42 7 35 8
5%alloa a-.

24 425 70
WC 6 60 8 W 2 20 10 90 7 56 6 36 7 35 8 24 401 66

6( II I); HJ COIUtt~ lAXL 3 30 10 Im I 10 iO 90 9 72 6
n~linE cechn!qwa. LLKL

36 9 45 10 30 413 68
3 30 101~ 1101090 972 6 36 9 45 10 30 413 6n

Rm 3 30 8 8011010909 726 36 Q &s !n 30
Su /P 3 30

393 64
4 40110 !0909 72 6 36 4 20 10 3n 328 56

w 3 30 5 50 1 10 10 90 ? 72 6 36 630 10 30 348 57



Crirerion:

(Uaight) :
(Prob. MM

Rank Ar-a} : wed Sirr

Crit. Irled. In 6 S/R ~- Tech. P@ao. Procoso
saf~t?

Political Prenent s~~.
L3!1D Di?f. ●licy k cot? I!ff. Sen.fit Sensirivit~ vs. Future Totmlm

(10) (lo) (lo) (9) (8) (6) (5) (3)
I-10 WCT I-In wr”d I-10 Ut’d 1-10 Wt’d 1-10 Ut’d 1-10 Ut(d I-10 Ut’d l-lb Gt’d ui’i’c norul

Scars Scor= Score score SCOrQscore score ScOr@ Score Score Scora Score Score Score Score Score Scor? Score—. .—

6 65 I 10 1 10 10 90 7 56 10 60 7 35 10 30
2

351 50
20 2 20 1 10 1090324 2 12 9 45 10 30 251 41

6 643 10 100 I 10 19 90 3 24 10 60 10 50 10 30 424 70
5 50 10 [ 10 10 90 3 24 7 42 7 35 10 30 291 48

6 6C ; S0 1 10 10 90 6 48 0 4R 7 35 10 30 401 66

—

O’??I):RI bulk MPL 1 30 10 Im I 1.5 109nl B 10 60 1 5 10 30 333 55
mOlurim a9say. 1.LUL 3 30 10 IWl I 10 10 90 1 a 10 60 I 5 10 30 333 55

WP 3 30 so Ion I 10 10’901 e 19 60 1 5 10 30 333 55
SRL/P 3 Jo If-1 100 I 10 10 90 1 B 10 60 I 5 10 30 333 55
WC 5 5n In Ion I 10 1090216 10 60 2 10 10 30 366 6CI

9(r I):kptuni. m IAnL 1 10 5 50 5 50 1090972 2 12 2 10 6 In Jli 5;
4na17mis. LLKL i lo 3 w 3 30 lC w 7 56 2 i2 2 itl 5 15 253 41

Pm 10 5 50 5 50 1090972 ? 12 7 10 5 15 3G9 51
SRL/P ; 10 10 llw 550 10 90 5 40 i 12 3 15 9 27
w 1 iO

344 $5
990990 1090540 6 36 n 40 8 24 420 69

lo’ II): Ire?@ and IAnL a do 10 lm 10 ICC! 6 34 7 56 9 54 9 45 10 30 519 ?5

tketer~dm pw_3- LIM. 3 M 330 3 30 6 54 6 48 7 42 3 [~ 10 y-J ~?? 46

Chical Mlc @w s so 10 Im 10 1w. 6 5* 7 56 9 54 9 45 10 30 519 85
r- id~m SIL /? I 10 1 10 1 10 6 54 1 a 1 6 1 5 3 9

w 1 10 I 10 1
112 18

10 6 54 1 R 1 6 I 5 4 12 !16 19

ll(IV):Haldup mmd Mm 2 20 2 20 1 1010907 56 2 12 3 15 10 30
la-prncenh inwntow

253 41
LT.hl 2 20 2 2(, I 1010907 56 2 12 3 15 10 30 253 41

emwr-cm for mFP ~ 2C 2 70 1 10 10 90 5 40 3 la 3 15 10 30 243 40
Elmebaxe- ●m’1 SELf P 5 50 660 1 1010903 24 3 18 3 15 10 30 297 49
caqm fim”m. m 8 80 990 1 10 10 90 4 32 9 54 9 65 10 30 431 71

—

lz(l,’:nea!-ci~ m 7 70 I 10 1 10 10905 40 9 54 2 10 10 30 314 51
“E-47 of ?0 LIRL 3 30 1 10 I 10 10 90 3 24 2 12 2 10 10 30 216 35
=olur ion wast Q R3rP 3 30 1 10 1 10 10905 40 9 54 ? 10 10 30 274 45
~trem. SRL 1P 3 30 I 10 I 10 10905 40 9 54 2 10 10 30 274 45

w 5 50 8 80 1 10 10908 64 8 40 5 25 10 30 397 65



Criterion: Cric. /Rad. ro& s/R comon- Tech. Peas. ProceFs Political Premsnt Sic@
*’ !Cy LE1D Dlff. ●lity k Coat Eff. Ranefit Senmitirity *o. ~ucura Totals

(W.gtlt) : (10) (10) (10) (9) (8) (6) (5) (3)
(Prob. m I-In w’d I-10 ut’d 1-10 ut’d rl~ 1-1o Ut’d 1-)0 Uc’d I-10 Ut’d i-lo Ut’d Wt’d XorMf

bmk Area) : Reed sit- Scorr Score Scare Storm Store Score Scorn Score S:ore 5tor._ ScOr* Score Score Score Score Scor* Scora Score

13(II~:Imre md M 3 30 10 Icm i 10 8 72 5 40 3 13 3 15 10 30 315 5?

kterog~wcua LUL 3 w I 10 1 10 8 72 5 40 3 18 3 15 10 30 225 27

■cmb all= ●d mm 3 30 1 10 10 Iw 8 72 5 60 7 la 10 50 10 30 350 51
nalt mtrip Su 1P 3 30 10 100 in IIXJ a 72 5 40 3 18 10 50 10 30 440 72

!suctm9 . Wc 1 10 1 10 [ 10 a 72 1 n 1 6 1 5 39 130 21

[4rIv):Raldup and in- w 2 20 3 30 1 10 10 90 4 32 4 24 3 15 10 30 251 41
prn.r**m imntnq LLBL 2 20 3 30 1 10 10 90 4 32 4 26

usaormnt~ in hlfi RF?

3 15 10 30 251 41
2 20 2 20 I 10 109C4 32 b 24 3 15 10 30

radiation ●frvirrm - SRL tP 5 50 & 4(3
2bl 40

1 10 10 w 3 24 4 24 3 15 IO 30 283 46
rent*. w 5 50 6 da 1 10 10906 68 6 36 5 25 10 30 349 57

L.. 15( II T’r:PO-236 LAaL 1 10 3 30 10 100 6 54 9 72 1 G 6 30 a 24 326 53
= acllda iml3COPtC- URL 3 30 a 80 8s0 6 54 n 64 8 48 8 40 10 30 426 70
I

●nuv. Rn I 10 I 10 1 10 6 54 1 8 16 1 5 13 106 17
SIL/P 1 10 9 90 10 ICm 6 54 9 72 3 18 6 30 9 27 401 66
w 1 10 1 10 1 !0 6 54 1 e I 6 1 5 13 106 [7

$1

._
—.

—

.:
/

<2
--,. —i—-— ..

. ..- -. . .—
~..

‘---
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<

16( W): Fleldq Ed in- W 9 90 10 100 1 10 6 54 2 16 10 60 7 35 7 21 3B6 63
pr=-mn imento~ IJxL 9 w 10 100 8s0 6 54 7 56 9 54 9 45 10 30 509 03
-aulr-tm mw 1 10 1 10 1 10 6 56 1 8 1 6 1 5 1 3 106 17
lWWOIWIW In. tnpic sm. IP 10 1 10 1 !0 6 54 1 a 1 6 1 5 1 3 106 17
variacimm. ;w 10 3 30 1 10 6 54 2 16 2 12 2 10 8 24 166 27

17( Il):Iqr* and IAKL 3 30 a60101m 6 54 7 56 3 la 7 35 !0 30 403 66
hecerqmemm LLRL 2 20 330 3 30 6 54 6 4R 2 12 630 10 30 254 42
●l~ccrorcflnlw R?P 3 30 5 50 !0 100 6 54 7 56 3 la 7 35 10 30 173 61
heeln. SRL /P 1 10 I 10 1 10 6 54 1 8 i 6 15 I 3 106 17

WC 1 10 1 10 1 10 6 54 1 8 1 6 15 4 12 115 19

1S(11) :Wt~rqemma LAWL 3 30 2 20 1 10 8 72 4 32 1 6 5 25 7 21 216 35
l(w-le. e! and TRU LUl 3 30 5 50 2 20 8 72 4 32 2 12 5 25 10 30 271 44
s.a[!d uasc@~ ?n RIT 1 30 4 41? I 10 8 72 4 32 I 6 5 25 In 30 245 40
v.71w9 greater rham SRLIP I 10 1 In 1 !0 8 72 1 8 1 6 15 1 3 124 20
55-Kmllm d~. Wlc 3 30 2 20 1 10 n 72 I 8 1 6 2 10 2 6 162 27



PCLEAR MATERIAL!! WDAAC~A81LIlT KEASi7R_ REEDS
UTITIIH TW’SCOl? PLOTt3HIOM ~ITP

Criterion: Crlt. /hd.

snfRty
(klnhc) : [ID)

(Prob. NDA 1-1o *=
Rank Araa) : hd site Score Score

19(11) :Sprinl iMtOpQ MM. 5 w
●qmratiml prmemm LLRL @ 80
re~lduen ●nd molid RPP I to
wm-tes. SRL/P I 10

w 1 10

ID& sn ~- Tach. P-am. rrocems Pollticml Premcnt Sttm
LI!ID Diff . ality k CoatEf f. Bancf it Senolti~ity Va. Future ?Otalm
(10) (10) (9) (a) (6) (5) (3)

1-1o Wt’d 1-10 ut’d 1-10 ut’d 1-1o He’d— I-10 We’d 1-10 tic’d I-10 ut’d ~d No-f
Scnra Score Score Score Score ScOr* Score Scor* Score Score Score Scrre Score Score Score Score

330 1 10 k 36 3 26 iO 60 2 to 5 15 235 39
990 990 4 36 9 72 10 60 to 50 10 30 508 83
I 10 1 10 6 36 1 8 i 6 15 13 80 16
1 10 1 ltI-36i 8 i 6 15 i3 88 14
1 10 1 10 ;361 8 1 6 15 13 88 14

20(11) :Hifily radio- M I 10 1 10 1 10 5 45 1 8 i 6 i 513 97 16
●cclwe qwlt-fmel LLUL 1 10 1 10 I 10 5 ●5 I 8 1 6 1 5 13
dimml=r ~oluclrms.

97 16
RPP 1 10 1 10 1 10 5 45 1 8 1 6 I 5 13 97 16
SRLfP ? 20 1 10 1 10 5 45 3 24 4 24 1 5 13
m 5 50 9W

141 23
1 10 5 45 8 64 8 48 2 10 9 27 344 56
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