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NONDESTRUCTIVE ASSAY SYSTEM DEVELOPMENT
FOR A PLUTONIUM SCRAP RECOVERY FACILITY

8. =T. Hsue end M. P. Baker
Los Alamos National Laboretory
Los Alamos, NM 87545

Abetrect

A plutonium screp recovery facility ie being
constructed et the Sevannah River Plent (SRP). The
sefeguards groups of the Los Alamos Netional labore-
tory bave been working since the eerly design stege
of the facility with SRP end other national lebore-
torise to develop & stete—of-the-art eesey systea for
this nev fecility. Not only will the most current
essey techuniques be incorporeted iuto the eystem, but
elso the verioue nondestructive essey (NDA) instru-
ments ere to be integrated with en Instrument Control
Computer (1CC). Thie underteking is both challsnging
end ambitious; en entire assey system of this type has
aever besn done before in & workiug fecility. 7This
peper will describe, in perticuler, the effort of the
Los Alanos Sefeguards Ass’y Group in this endeevor.
Our effort in this project cen be roughly divided iato
three phases: NDA development, eystem integrstion,
end integrel testing.

DA Development

1o the NDA development cetegory, fo.r instruments
ere being desigued end febriceted for this facility:

(1) PFeed Coincidence Counter (PFCC)

(2) Low Solutlion Asssy Instrument (LOSAI)
(3) Nal Monitors (Nal)

(4) Werte Coincidence Counter (WCC)

The FCC is designed to esssy the feed plutoniua
before it enters the process. Although ths FCC ie not
es eccurete as s celorimeter, eech sssay requires only
1000 s. Tha combination of the FCC end trs celori-
meters provides seversl poesible messurement strete-
gies enadbling the operetor to optimise either the
eccuvecy or the messurement throughput, or both,
Severel improvements will be incorporetsd into the
FCC in contrsst to the treditional neutron coincidence
counter. Firet of ell, Amptek fest electronics will
be ueed to refuce the coincidence deedtima by e fector
of roughly 4. [1] This will enabls the FCC to ersey
sssples with much higher counting retes (for exauwpls,
high ensicium ssmples). Sample self-multiplication
correction will be incorporeted into ths softwere.
Dicgnostic checks (2} will eleo be performed in the
FCC. he checks will include the totel-to-sccidantels
test, tha totele t~a’, and the coincidence test.
Similsr checks lik: these have been in use et the
International Atomic Enargy Agency for vome time ee o
pasrt of the meesurement control procedure. (2]

After the dissolution, e portion of the meteriel
is pessed through enion exchange colivuns to separste
ths plutonium from the other impuritiee, mainly am-
ericium ond 237y, The effluents from these zolumas
aorinally contsin the majority of the impurities, end
some low residual levels of plutonium. There are two
ponsibilities of esesying the low plutoniua concen-
tretious in these solutions: -onxt.oﬂeg tha pessive
L & reys, ov monitoring the Ald-kay Pu gamma reys.
The pessive L-x-rey techuiqus [3} would require &
chemical seperstiou vhen the smericiwe/plutoniuva
vweight retio exceede 0.3, which {s often the ceee with

thess solutions. Although the plutonium has higher
intensity gamma reys et lower energies, the presence
of lerge quantitien of 237U, wuich emits en intense
208-keV gamms rey, precludes the usefulness of these
gamma riys for essey purposss. We selected the
4l4-keV gamms rey es the sesay peek. Although the
brenching intensity of 4l4-kcV gammo reys is rele-
tively low (3.4 x 10" photous/e/g), this cen be
compenseted to some extent by using e higher effi-
ciency detector (25X efficiency), by reducieg the
relative distence becween the sample ‘end thn detector,
end by incrseeing the solution volume to be viewsd by
the detector. Thie method is more eccurste than tha
L-x-rey method, beceuss the higher energy photons ere
not effected er much by ettenuation in veriedble solu-
tion matriz, We plan to correct for pulse pileups
that result from the summing of the 208-kaV gamma
reys. The dasign basis of the LOSAI is % 25X rela-
tive stenderd devietion (for e 2000 s asney) of e
20-mg Pu/L sample.

1n the procees eree, two types of NDA instruments
ere being febriceted. The wastee genarsted in the
process ere to be measured witl the WCC to be in-
stelled in the eolid weste handling cebinet. This
instrument is designed to determine vhetbar the waste
cen be dispoeed or vhether it should be recovered,
depending on the eeseyed velue. The recycle level is
set ot 1 g of plutonium., The WCC is very much like
the FCC, elthough some of the diegnostic checks will
not be performed beceuse of the go/nv-go nature of
this inetrumont.

The second instrument in the procase erea con-
siets of thirteen Nal detectors. These detactors will
be instelled to view the diesolver tenks, the chemicel
trestment tenks, the enion exchange columns, snd cther
miscellensous tenks end pipes. These detectore ere
designed to perform sevarel functione. ¥Yhen the sep-
erstion process is in progress, tha Nel detectore cen
provide process informetion on what nuclest species
ere being sepsreted vhen the tenks ere being filled
or the columus are being losded. This information has
the potentiel of improving the seperetiovn process.

At the end of e batch vhen the various tenks end col-
umne have been emptied, the dets from the Nal detec-
tors cen be used to estimete the plutonium holdup in
the verious process vessels. In eddition, the Nel
detectors will elso perform criticelity elsrm fume-
tions, in that, when preset elsrm levels ere excesded,
the fecility process control system will be informed
ismedietely. These softwvere slsrms will be comple-
mented vith singls channel enalysers end elerm rete
meters oo that the criticslity elerme will be func-
tional even vhen the computer end/or the multichannel
enalyser ere not operetional.

Systes lntugrstion

For the verious MDA instruments to work cohe-
sively es an integreted system end not solely es
stand-slone instruments, it ie importent that severel
items be etenderdised:

(1) Communicetion protocol between NDA instru-
wents end ICC,
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(2) hessurement control (MC), end

(3) Operetor-instrument interection.

Most of these ere based on wbat we have previously
developed or simple axtrepoletions thersof.

The communicetion protocol between the verious
NDA instruments end the 1CC is based on the PFAST meu-
tron interrogetor that we have instelled et ths Ideho
Chemical Processing Plant (1CPP) complex et Idsho
¥alls. [4] All communicetions ere to be initieted by
the NDA inetrumente. Except when ecknowledging re-
0ipt of information or eendiug requested information,
the centrel computer ie ready to receive messasges.
Severel festures sra incorporeted into the protccol
for chacking the correctness of meessges. BRach mas-
sage conteins e byte ccunt (to check the meesage
length) end & checksum (to check the longitudinal sum
of the meesage charecters) so that the integrity of
the communicetion meesage cen be verified. All in-
formation is treneferred in ASCII charectere so that
e nonintelligent terminal cen be used for debugging.

To essure the velidity of the NDA sesey results,
it is cruciel to have e wall-designad MC progrems.

The NC for the verious instruments is based on what
hes been developed for the Los Alamos Plutonium Facil-
ity. [S3] This MC program has been in oparetion et
Loe Alamos for the lasst five yeers end substantiel
peretional experience has bsen sccumuleted. The meee-
urement controls cen be divided into two levels.

Lavel 1 MC is performed et the individual NDA instru-
sente vhere e fev simple stetisticel checks ere per-
formed. These checks include biee check, precision
check, end backgrounds check performed et reguler
intervels. 1In eddition to the stetisticel checks,
disgnostic checks [6] will elec be incorporeted. For
gampa-rTey eystems, tha diegnostic checks coneist of
detector resolution check end sern end gsin stabiliser
chacks. PFor nsutron coincidence systems, the disg-
ncstic chacks would include totsls-to-sccidentels
test, totele teet, end coincidence test. The dieg-
nostics chacks will be performed for avery esesy.
lavel 2 NC ie pertormed et the ICC level. At this
leval, control charts will be mainteined for ell the
NDA vyetems to monitor the trends of the bisa check
end precisiou check dete. Beeides performing more
extensive ststisticel checcks, ell the MC dets will be
archived et the ICC end cen be retrieved to study
individuel inetrumant performence.

Baceuse the verious NDA inetrumette ere to be
provided by seversl national leboretories, it is im-
portent to stenderdise the operetor-instrument inter-
ectione. Tha sten'erdization not only will reduce
operetor training, but elso will reduce potentiel
confusion since the same operetor msy be essigned to
Tun severel instruments. The oparstor-instrument
intevection ie based on our expericnce in instelling
inetrumente et the Loe Alemos Plutonium Pecility
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for the pest five years. During this period, the
operetor-instrument interaction has been constently
improved for each nev instrument instelled in the
fecility so that the inetrument is mors ueer
friendly.

Integrel Testing

The final phase of the project ie the integrel
testing. PYor thie test, ell the NDA instruments will
be shipped to Los Alamoes where ell systems will be
opereted end exercised together with their communice-
tione to Lhe ICC. It is enticipeted that “"bugs” will
be diecovered during this testing period end the op-
eretion etreemlined eo that the eyetem delivered to
ORP will perform reliebly.

References
(1] J. E. Swansen, "Deedtime Reduction in Thermal
Neutron Coincidence Counter,” Los Alemos letional
laboretory report LA-9936-MS (March 1984).

[2] M. 8. Krick end H., O. Menlove, "The High-Lavel
Neutron Coincidence C.unter (HLNCC): Ueers’
Menual,” Los Alemos Netional Laborstory report
LA=7779-M (18P0-53) (June 1979), pp. 39-45.

(3] 8. -T. Hsue, 8. F. Marsh, end T. Marks, "Hybrid
Chemicel end Nondeetructive Analysie Technique,”
Pifth Annuel Symposium on Sefeguards end Nucleer
Materiel Managemen:, Verseilles, Frence (April
1983), pp. 209-212.

(4) G. W, Eccleston, 8. 8. Johnson, E. O. Menlove,
T. VenlLyssel, D, Bleck, B. Carlson, L. Deckar,
end M. W, Bcho, “FAST Pecility Spent-Fuel end
Weste Assey lnetrument,” Americen Nucleer Soci-
ety, Conference on Sefeguurds Technology: The
Process-Sefeguards Interfece, Hilton Heed
Ielend, South Carolina, Hovember 28-December 2,
1983,

(S] W. R. Severe end C. C. Thomes, Jr., "Messurement
Control Progrem for ln~Line NDA lnetruments,”
20th Annuel Meating of the Institute of Nuclesr
Materiel Management, Albuquerque, New Mexico,
July 16-18, 1979; Nuclesr Materiels VI1i,
620-633 (1979).

(6] 8. =T. Heus end T. Marke, "Messurement Control
Prograp for NDA Instruments,” Americsn Nuclaer
Society, Conference on 8sfeguards Technology:
The Process-Sefeguards Interfece, Hilton Heed
lelend, South Carolina, November 28-Deceaber 2,
1983,

This report wes prepared as an sccount of work sponsored by an agency of the United Stetes
Government. Neithet the United States Cluvernmunt nor eny egency thereof, nor any of tuelr
amployess, makes sny warrsnty, express or impiied, or sssumes cny iogal liability or responai-
dhity for the sccuracy, completeness, or usefulness of any information, spparstus, product, or
process disciosed, or represents thet its use would not infringe privetely owned rights. Refer.
anos herein o eny apecific commercial product, process, or service by trede name, trademark,
maulscturor, or otheewise does not necemasrily constitute or imply ita endorsement, recom.
mendation, or fevoring by the United Stetes (lovernment or sny agency thereol. The views
snd opinions of euthors expiessed herein du not necesserily slate or reflect those of the

United States Cinovernment or any sgency thereof.



