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DEVELOPMENTOF AN ENRICNKENTHONITOR FOR TNE PORTSMOUTHCCEP~

R. B. STRITTUATTER, L. A. STOVALL, ●nd J. K. SPRINKLE, JR.
Los Ahmom National Laboratory

Los Alamoa, NM 87545
(505) 667-6141

ABSTRACT

We have developed ● gas-phaee UF6 enrichment
monitor for uae by the International Atomic Fn-
ergy Agency ●t the Portsmouth Gae Centrifuge
Enr~chment Plant. The cnrichmer,t monftor~ng
nyrntem provides a method for effective nuclear
materimlc accountability verification while re-
ducing the effort for both the facility opera~or
tnd the Inspector. The experience with an in-
plent prototype monitor, the fscility ●nd opera-
tional conetraintfi, end the constra~ntm related
to internet~onal nafeguardo inspection ●re de-
●cribed in t?rm[ of the impact on the monitor
design.

1. INTRODUCTION

The Portsmouth Can Centrifuge Enrichm,!nt
P16nt (CCEP) hee been #elected by the Interna-
tional Atomic Energy Agency (IAEA) for ~nterna-
tlonal aafeguarda lnspect~on. An enrichment
monltorln,g system, which is InteSral to ● pro-
poned IAEA nuclear materiels ●ccot~ntablllty vQr-
lflcat~on plan for CCEP, 10 to be lnetallttd ●t
GCEP to provide the IAEA wtth cont~nuous, veri-
fiable, ●ttributes measurements of the ga!-phane
feed, product, and te~le UF6 ●trnams, Th C

enrichment monft >re denignad for GCEP are bsned
on prcv~oum in-plant experience with a prototype
monitor, on CCEP op@ratlonal aad facility des~gn
conrntre~nte, and on conntratnte rel~ted to IAEA
~nt~rnatlonnl tnnpection. The enrlchmorit mon~-
tot’lns system provldas a mathod for ~ffectlve

nucl~ar materiala ●ccountability varificatiou,
whll~ r~ducing thp effort for both th~ fac~lity
operat~~r end th* lAEA fnnpeetfir. Thm ●Xpmrfence
gained during teat ●nd evaluet~on of the proto-

type gaa-phscc enrichment monitor tnctalled in
the Paducnh-product f?ed otatiop of the Oak
R{dge C#a@nua h~ffunfon Pl#nt (flRGl)P) ●nd ●pecf-
flc CCEP rrporattonttl end facility dmaign con-
atrainta are dtncuased in terms of the impact
on tha CCEP enrfchmerrt monitor deeign.

a~nrk ●upported in P*rt by the !ts ~~partmartt of
En@rBy, Offtc. ‘If SafoB~arde and t$~rurity.

II. ASSAY HETNOD

The gae-phsse ●nr~chment io determtoed by

::::t::;::re;t133f 235U and ‘Otal ‘rani”mU concentration io de-
termined from a measurement of the 195.7-keV
ganms raye emitted from the decay of 23%, ●nd
the total uranium concentration le determined by
meanurlnfj the tranomlaelon throuiil the UF

of 60-keV gemma raya from an ext=inal ikf;:

●cwrce.

Accuracy of the measurement technique waa
f~rat demonmt~. ted timing ● laboratory prototype
ayatem baaed on an NaI(Tlj detector ●nd static
UFb ●flmplea.z The laboratory prototype produced
reaulta with ●n ●otay ●ccuracy of bettrr than 1X
over tha ran~a of UF6 enrfchmente of 0.72-5.4
●t.% and over ● range ?f UF~ preaaurea from

5.33 x ld to 1.076 x 10~ Pa (7.7-15 paia]. For
l.OX-enriched UF6 ●t 9.31 x 104 Pa (13.5 pnia),
● 0.39% ralative precision wna meaaured fur ●

l-h counting time. Aa a raault of thaea meas-
ur~menta, ●n in-line gac-phnrna enrichment mon!-
tot desfgned for ~n-plent u-e was ~nrtalled in
the Paducah-product feed l~ne of ORGDP for fiel.!
teat ~nd evaluation.

At t4e Peducah-product feed etfitfon, UF6
from the Paducah Gaeeoue Dlffuaion Flant havjng
●nrlchmrnnte near 0.9% ~a j~d into the Oak Rtdge
plent. The UF6 prasaure ●t the monitor location
variea betwaen 6.89 x 104 ●nd 1.11 x 105 Pa (10
and 16 pa~a) with flow rataa of 0,057-0.1?6 kg
U16/e (450-1000 lb UF’6/h). TIMI meet important
aapect of the t~at waa the ohar vation of high
Ievele of g~mms-ray continuum h~l.kgr~l,lnd ~?acIci-
●t~d with hlRII conc?ntratione of 23% dnu.ght.r
producte. tlecnuur these background l@vale wer~
unacr~ptably high for tlm d~olred aeaay ●ccuracy
of 1X ualng an Nal(Tl) d~twtor, a h!gh-purity
Uermnniurn (llPGa) detector wae !natallod ~n the
monitor.

Suha*quant moanur~rnenta In e*vcr@l oporat-
~ns enr!cllment facllitiea hav$ ●huwn thet under
rnnditiona of hlsh UP

1’
flow rat~m, a trnnaport

and plating on pipe wa la of nnovolat.1~ thorlurn
compounds can b. ●xpactett. Tho roncontratft~na



of theee 238U daughter productn strongly depend

on the operating condition ●nd design detailc
of the facility.

In the current prototype at ORGDP, gamma
ray- ●re detected using standsrd high-resolution
gmma-ray spectroscopy technique bamed on a
HPGe detector. The enrichment I lo related to
the meeeured count rate of 185.7-keV gamma reye
R by

I = ft/(C * Ln T60) , (1)

where R is corrected for deadtime looces ●nd at-
tenuation in the gee, T60 ie the tranamiseion
of 60-keV gamme rays through the UF6, ●nd C ie
the calibration conetant. Determination of the
enrichment from Eq. (1) 10 compoted of two
perta: meeeurement of R, yielding the 235U

concentration in the aemple chnmber, ●nd meee-
urement of T(O, yielding the tote] uraniur. con-
centration in the ●mmple chamber. Beceuee the
meeaurement ●ccounto for vrnriations in UF6

density, the meesured aeeey la independent of
UF6 pr~osure:

Uein,g the germnnium-detector-based monitor,
●aeey accuracies of ~1% heve been ●chieved for
flowing UF6 ●t en ●nrichment of 0.9% in the
operati<lg pl-nt environment. A compmrioon of

enrichment determined by the monitor to tag ●n-
rlchmants determined from gam mane opectroecopy
is praeentad on ● cylinder bssi~ in Ttble I.
The ●nrichment monitor vslueo ●re the ●verasee
of all measurements made during the feeding of
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the respective cylindexs. Hess epectroecopy re-
eulte are baeed on gae ●amplec withdrawn down-

●treum from the enrichment monitor ●nd are rep-
resentative of the ●ntire contents of the homog-
●nized feed cylinderH. The average bias of 14
cylinder meaeurementa performed over thr ?-wY
period waa 0.2%, end the relative stand.srd devi-
ation of the sample population wan 1.3%. Thr
●xpected precision f,~r ●n average cylinder aaaay
baaed on the monito~ counting atatietica la
0.5%. Slight fluctuations of the detector posi-
tion probably were responsible for the larger
standard deviation ahown in Table I.

111. DESIGN CONSIDERATIONS

During the design phaae of the enrichment
monitoring system for CCEP, it waa realized that
enrichment monitors designed for measuring liq-
uid UF6, like those uned routinely at the
Portsmouth Caaeoua Diffusion Plant, could not
be umed at GCEP becauae of a lack of ain&le-
phaae liquid flow sit the product-withdrawal sta-
tio,l.3,4 Nigh flow ratea easociated wit!r batch
dumping of product desublimrtion cold-traps
create n t.wo-phsrie flow of UF6 to the wit’ lrawal
cylindere, and ❑ethodo to remove a airrgle-pl,ase
liquid flow for measurement purposes were not
practical because of facility operational ●nd
denign constraint. Also, becaune of apnce lim-
itation ici the feed and withdrawal building and
● desire to ●ep-rate the IAEA dee.ign and con-
struction ●ctivities from the ongoing proc~a~
dcaign activities, jt wan decided to put the en-
richment monitors in a t3epnrntr IAEA illSpCCLO~

fmcility.

In the inspector facility adjncent to the
feed-atld-~’!!lldrawal buildlng, four enrichment
monitorn ● la connected to ttw intrrconrrecting
protean pipewny (IPP). One monto, Is conn~rtrd
to ●ach of the feed, prnduct, tai,h, rindupisre
tailo lin~n compoalnR the IPP ‘,. lPP 1 provi(lrll
th~ wo conrrrctlon hetwecn the fevd-nnd-wlth-
drawnl huildlnn and procesw huildingn 1 and 2,
BPCIIUB? tlw annay ●ccuracy roqwired hy the pro-
poned IAEA riilcl~ar-mtitrr{nl[-1>~ lnnre verfflcn-
11OII plan cannot be achlev~d at the LIF(, Ran
prrnnures in th~ IPP, a nnrnpllng llne incorpo -
rntlnR r[~mpreasor pumpn hnn l>orIn derntgnod tn
provide a gas premnurp of 4.3 x 104 Pa ((1 pain)
at the monitor. F1oW raton tn tho sample J(nen
Will fw in th* ?00- to 1][)().-nlfllltl~tr{l-cm3/mll\
range.

I)UII of i,, -plmnt inntr~lmentatlnn f(tr IAEA
innpectlon artlvitles plac~n uniqu~ at~d ●trln-
gent rmqitirpmenta on the inntriimetltat ion .lPnIgII.
A p,imnry cnnr.arn of chm IAKA ig I)ISI mClP@IIItI.-
mrnt rraults h Vertffahlc, that in, *lf inmper-
tor must ho ablo to ●u[twntirnto tile aaml)le,
aana$l prwvdula, and nrnrnay data trat\nmi*mlt)n,



Aloo, the inspector ie ●xpected c: be ● t the
facility for ●ccountancy v*.ificatiOn 12-15
times ● year for 2- to 3-day intervals. Conse-
quently, tt,e inrntrurnentation muet operate relia-
bly, tn ● n unattended mode, end must be ●aey to
operate ●nd maintain.

Iv. MONITORDESIGN DFTAILS

Detailed layout of the monitor la -hour. in
Fig. 1. The instrument electronics @re in the
front cabinet, vhi:h ●loo houtdo the detector

dewar, line-power conditioner, ●nd interface
junction boxes. The rwer cabinet 1$ heated and
houaec the measurement chamber, gamoe-ray
shielding, radioactive sou.rcee, ❑ easurement don-
trol shutter devices, UF6 piping, flow meter,

●nd hester elements. An Inouirted port in the
heated enclosure accepts the ietecfor enout,

l-i,’ .

whjch is kept Pt room temperature. The two ceb-
Inets ● re thermally isolettd from each other to
keep the electronics ● t foom temperature ●nd the
heeted enclooure ●bove 60”C.

The n~,.clear electronic provide the power,
high-voltage biee, ●nd SigMI procesolng re-
quired for high-resolution gamma-ray spectros-
copy . All nuclear electronic used III the Moni.
tor are ntandard commercial NIM modules, The
use of modulzr electron!ca S11OWE on-site main-
tenance to be performed by the replacement of
defective mmluleo.

Th.t rtetector iu n S1-m-diam, ls-~-thick,
HPCe planar type with ● n integrally mou;lted
3.5-cm-thick lead back shield. Cooling for the
detector, reouired during operetlon but not dur-
ing ●torage, ie eupplied by li~uid nitrogen
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Fig. 1. IXXP ~am-phao~ ltp~ anrtchaent monitor. Th?
front rabltwt hOUamn ih~ Inlciaer ●lactro.~i,:o, date
●cquiaitiou dovico, lino-pouqr conditioner, dotoctor
dower, end inlorfece junction boxao, Thm rear ceblnat
is h~etod to 60”C ●nd contefrra the W() plplnB. mcet-
uram?nt rhaah~r, ●hlcld!ng, radioectiva •ourr~e, ● oeo-
urcmcnt control ●huttgr dovfcae, ●nd flow ❑ eter.



contained in a 30-k dew,~r. The liquid nitrogen
level 1s meintelned by ●n automatic supply ●ys-
tem. The detector hig!r-voltage biae eupply ie
coupled to a low-level liquid nitrogen sensor
that protecte the detector electronic by ●hut-
ting off the bien if the liquid nitrogen level
drope too low.

Signals from the detector are f:ret condi-
tioned by a preamplifier integrally mounted to
tht detector, The apectroecopy amplifier pro-
ceeees the preamplifier nignal before the analog
signal 16 converted to ● digital signal by the
analog-to-digital converter.

The programmable data acquisition and con-
trol (PDAC) ❑odule provides for automated data
acquiriition, data analyuia, control, and data
tranamiaaion functions. The data acquisition
system includes a commercial analog-to-digital
converter and digital stabilizer. The digital
stabilizer corrects for drifta in the ayatem
gain by tracking the location of ●n 88-keV

109Cd ●nd ●djusting thegamma-ray peak from
digital signal before it io received by the
PDAC.

A flow met~r 1s included in the monitor to
provide ● n indication to the IAEA inspector
that flow through the monitor la continuous.
It 18 therefore used aa a flow switch ●rd high
accuracy is not required. The I1OW meter ia ●

commercial maas flow meter using ● heated tube
thermal design. A flange connection of the flow
meter to the UF~ piping will he used to facili-
tate ❑aintenance of the flow meter.

The chamber la conatructad of 6-in., achad-
Ule 10, mon~l pip.. To ●now for ● raaaonable
tr~nnmiaeion of 60-keV gamma rays thlough the
chamber walla, the chamber vail thickneaa ia
reduced

~tl
1.5 mm adjacent to the rlrtactor and

to the Am oource. Thla denign doe~ not com-
compror.iae the Qyatem ~#i8n pre~s,,re rang~ of
full vacuum to 2.0 x 10- Pa (29.7 paia) at 74*C.
The remainin~ piping in conetructad with l-in.,
nchedule 10, monel pipe.

‘WO 2-poaltlon nhut(ar devicas ● ra used for

meanulement control and calihratlrrn. One ❑hut-
ter dcvic~ rontairim ● ura;,]urn chsck courcc that
1s crrntrollcd automatically by thp PI)AC daily.
The uranium source shutter IR located between
the meanur,ment chamber and the dc,tector face.
The uranium mource 1s put in the d~tector’a \lew
●nd ● n ●asay lo performed. ThQ result of the
measurement in then compar~d with ● n rxpmcted
value stored in the Pf)AC m~mory. f)UrillR normal
●eaaya the uranium tourre is •lli~ldmd f:om the
detector. Th@ s~cond shutter devlc~ is a ahteld

,,
that can be inserted in front of th~ 241AM

source for background meas(,rementa. The shield
ahutter la controlled on dtmand from the PDAC
iront-penel k$ypad. Tha ahleld ahutter and
uranium source ahutter are constructed of 0.635-
and 0.965-cm tungsten platea, raapectively,
Each ahutter ia positioned by ● n ●ir-driven
piston. The poaiticns of the shutter devices
are monitored by the PDAC.

The main structural frame, major compo-
nents, connections, and foundation anchorage uf
the ●nrichment monitors are designed for struc-
tural integrity and stability considering iat-
eral earthquake fo-ces for 6eiamic clasa 11 com-
ponent~.

Ynterfacea between the monitors, the facil-
ity, and the enrichment ❑onitoring system are
closely controlled by design basia documents and
interface control drawings, which were gen.-rtic~d
na a cooperative ●ffort between the facility
archJtect engineer and the developme,~t communi-
ty. : n the caae of the enrichment monitors, a
~drt~aj list of these interfaces includes the
UF6 proceaa piping, electrical power, liquid
nitrogen Ir,let ●nd vent, irr:trument air, elec-
tri,.al signala, physical location, and the fa-
cility ●nvironment specifications.

Operation of the enrichment monitor is con-
trolled by FORTRANand assembly lnnguage pro-
grams stored in the PDAC read-only memory, Tt)e
software p,ovidefi all functions necessary to
automnticnlly scquire, analyze, and report data.
The procedures for operating the monitor are de-
signed to be ● s simple as ?os.sJble under normal
operation, yet prot~ioe the flexibility to per-
form iunctinns necentrary for calibration or di-
agnoaticoo Aft~r powering up or reb~oting the
nystem, the normal :Issoy procedure in initiated
aulomatlcrrlly. All ptrrameterri required to per-
form the aasay are retrfeved from memory, and no
user action or input Q ?eceasary,

Op@ruting and maintenance procedures, which
require ● n Interfacp with the CCEI) proc, ME nyu-
tem, will b~ thp renponsihiltty of CCEf’ nperatnr
pareonnel, Oth@r thal} tl,ose procodur-n required
for normnl oprrat ion and mn{ntrnnnre of the
nlipntr*am loop ●nd d~livpry 0: ut!iitles,
theme prorcdures ● re lintted to calihratjon,
met-up, and mnintcnnncr activitlen for the moni-
tnra, whtch will h~ cr~ntro]l~d by or portorrned
by an IAF.A innpectrrr or by an oul}]ortted IAEA
replr.jrtltativa. When ● n interfare w(tll the GCEI’
pror-on ●yotem in required, it will he performed
I,y CCEP nporntvr ~~erwonnel under the ohn~rvation
of the innpector or hin authoric~d rapr@a@ntn-
tiva.



Calibration procedures will include valving
off of the monitors from tt,e elipotresm ueing
manual block valves. The process gaa will be
removed uraing a portable purge ●nd ●’~acuation
cart and * UF6 sample will be put into the
measurement chamber. The UF6 sample will be
contained in ● standard 2S or smaller approved
cyllnder attached to an evacuation connection
located downstream from the meaouremenc chamber.

A warm water bath or aimi?.ar heating mechaniam
will be applied to the sample c llnder to raach

1?a nominal preaallre of 4.1 x 10 Pa (6 paia) in
the chamber. An aaaay will be performed ●nd the
sample gaa will be removed from the chamber.
This procedure may be performed eeveral times
to cover the anticipated range of UF6 aaaeye.
Meaaurementa will alao be per~orm, d on the evac-
unted chamber with the monitor shutters in vari-
ous po6j.tiona to determine gamma-ray bck-
grcunda. After final evacuation of the chamber,
the manual block valvea ● re reopened and the
monitor ia returned to normal operation. Sam-
pling of proceaa UT6 may alao be used to verify
the monitor calibration. Samplea can be with-
drawn using a pinch-tube eystem, or gaa camplea
❑ay be collected in 2S or smaller ●pproved cyl-
inders attached to the same evacuation connat-
ion used to introd~ce UF6 aamplea. Calibra-
tion procedures are expected to be performed one
to fo,lr ttme~ a year.

Nu iwintenance on the measurement chamber
la anticipated, and mnlnt*nance of the iJF6
process int~fface should be limited to that re-
quired for t3c fl~w meter.

v. SUMMARY

Evolution of the gaa-phaou enrichment moni-
tors--from demonclration of the meanurrment
technique in ● laboratory environment throuph
evaluation of ● prototype instrument in s ptiu-
dtlction facility to the final CCEP ●nrichment
m.nitor design for IAEA safegurirdc--hns illuo-
tra!ed the otagas involved in transforming ●

maatturt.mvnt concept to en operational installa-

tion. The import~nce of testing measurement
techniques in operating facllltiec became evi-
dent during thie experience. Also, an effective
●afeguarda ●yatem must be more than ● n effective
measurement techtr[que. It must be designad to
●atiafy the operatto.al and facility conatrainta
specific to the i[,tended uee. This design proc-
● ss involves a cooperative effort ●mong plant
deaignera, plant operators, and instrument de-
velopers. Through this proceaa an effective
enrichment monitoring eystem haa been designed
for the Portmnouth GCEP.
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