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§ COMPARISON OF MATERIALS ACCOUNTING IN CONVERSION AND COCONVERSION PROCESSES

Hassan A. Davem
Safeguards Systems
Loa Alamoas Nacional Laboratory
Los Alames, New Mexico

ARSTRACT

Materials Accountinp nveatema performancen
are compared for plutoniur nitrate-te-cxide con-
verrinn TOxalate (111)] and uranium=plutenium en-
converrien (Cnprecal and mwocified Coprecal).
Thear procecces have the sare denipr harin plu-
tonjiur throuphput and achieve thip threrushput in
parallel cperatiny lines, However, the process
line cenfipuratiorna differ, 1In corparing the
materiala loamn detectior menmitivities for the
three procesnen, we find hetter materialn loas
detection aseneitivity for the Oxalate (1I1)
process than for either of the two Coprecal
procerscs, hetter ninple-halance detection aen-
sitivity for the oririnal Ceprecal than for the
modi fied Coprecal, and hetter lonp=termr dntection
eenritivity (» 1<) for the modified Coprecal
than ter the oripinal Coprecal. Sonmitivity
aitfereancen rerult from ditferencer in in-procesr
1nverterier, feoeding arrane mentr, and acrap pen-
eratior.

I. INIRODUCTION

Conceptun: Jdepipne Af near-real-=tire ac-
ceuptatilyte (NRTA) avecems have heen develaned
fer pluterin= nitrate=ta=naxide corverainn  and
urariur=rlutonium nitrate=tn=axide cnconversinn,
Three rrocesame wars pxamired:  plutanium (111)
aualnte, Copreca' s and modifind Caprecal.
Theae etiudjee were perfoarmed 1p asupprrr nf the
Savanna® River Lahnarstnrv's (SRL) Alternative
Fue! Cvcle Technnlngy Propram, Thev inveke ma-
teriale meanuremsnt, contrel, and acceuntahilite
techrolnpy that han heen diemnnatrated ar can he
prevectnd an A time frame consjatent with the
conrtructinn schedule of future fuel-cvcle facil-
itier:. The ntudien were intended tn define ava-
temn concepta, te develop methadr far nvaluating
saleguards rveters and the data thev ryonduce, and
to atimilate further development of the facili-
tier, procenpen, pvatems, and inntrumentstion
nerded for improving nuclear materiala acrcounta-
bilitv.

Thin paper comparen NRTA in these three
proceasena. A bhriel dencription nf the preceases
and a comparinen of process parameters in piven

firnt. NRTA uninp ifdentical urit oprecere ar-
counting arear (UPAA) and measyrementa in pach
procesn are then comnared, The reenlre raine tn
aome process demajprn featurea that imract mate-
rials accountahilitv,

TT. THF REFEREKCE PRACESSES

Each of the three nproacescer converts the
nitrate veceived froem a chericnl seraratinec
facility to an oxide puitahle feor ure ir fuel

fahrication. The deripn  harix  throup! cut
(117 kg of plutenium/day)  in  achinved ir
three parallel operating linees. A ehort

dercription of each procecsn ip pivern helew,
followed by a  compariren of the  operatiry
characterintics,

A Uxalete (I11)

The reference facilitv fer the firer erude
war a concentual desipr af a plutariu~ ritrate-
to=nxide copverninn proaceas develepesd v FURL and
Savannah River Plant (S'?l‘)."-" The prncrre e
haepd nn rrecinitation and calcinaticr af @ 'ute-
nium (1T1) axalate,

Firure 1 ehawe g R'ard dippram nf p eimply
proceas lines ip the Ovalate (1110 pencrae,  1Plae
tonjur=ritrate aclution frem the cheam:in' erpn-
ratione facility ir fed te & yereart ta=', Tie
receint tank ie afr-aparped and peckasicplle
agitated, and an aceruntahility sa=;le jc¢ taen
hefare three A7=1 hatches are mrterrd tn three
differant valence adiuatment tanke nf threar 1n-
Aenendent praceas linee, Thae lave hagrh die=
pensed completelvy emptien the reriript  tank,
Hvdrarine and ancerhie acid are adde! (o eac!
valence adiustment tark te reduce the pluterine
toe ihe trivalent nstate., The adiunted pclutine
fn tranaferred tn a precipitator ard direated
with oxalic acid te produce an onralate rlurrv,
vhich in vacuum=-filtered through eintered=metal
filter hoata. The wet oxalate cake ir then
vashed. The filtrate and cake wvaeh relutien ip
tranaferred tn recoverv operations, The hoat ip
fed into 8 furnace for drvinp and calcininr, and
the calcined nroduct in each hoat in tranaferred
tee a contafiner for sampling and atarage.  The
filter hoat ie flushed and ringe? hefeare heinp
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returred trn a filter etnrien, Tha flpeh and
rinte aclutione are transferre? tr receavery,

R. Correcal

The reference facility for the secand rtyde
wa« a prelirinary dorirn of a copreciritation and
ealcination (Unprecal) pracern develrped hy Gep-
era: Flectric. It war denigned feor the eontinu-
oun ceolrre-ifitatien and calcinatisr of a hlended
urarium- and plutenium-nitrate pelutior.”

Fipure 2 in a bloek diapram of a ringle
procers line. Uranium=pluteniur pelution in re-
crived frar the anlvent-extractine- facilitv and
hiendnd with a natural=uranvi=pitrate sclution
te entain ¢ 10% plutenium eelutiep, Three par-
alle]l feed=hlend tanks are reasired for each
process line to permit Lhe cartinusun procearing
of larpe homepenenus hatchea. One feed=-hlend
tank crrtinucunly feedn the precipitater vhere
amernjure hvdroxide e added tn prod s alurry
of ammeriue diyranate and plutenjum hvdroxide,
The entire alurrv frem the precipitatar ja fed
continucusly tr & fluidipad=had calciwor avatem,
which produces mixned  uranive=plutonium=axide
powder,

The [(nrur calcinarn diacharpe inte A ningple
primarv filter. Powder collected an the filter
in removed hv perindicallv hiowing back portions
of the filter. The powder collertr in the hottom

of the filter chamber and is discharged thre: gh
a valve to @a batch-transfer container. The
batch-transfer container is removed and sent to
& reduction-stahilization atation. Gap from the
calciner primary filter is diacharped through a
secondary filter to an off-par freatment avstem.
The batch=transafer container frem the secendarv
filter is removed onlv once everv operating cam-
paipn. Frem thia point the process line operates
in bateh mode.

The batch-transfer container filled with
mixed U03-Pully powder in transferred from
the primery filter to one of four parallel
redurtion-ntahilizatinn etationa. Gap from the
primary reduction-atahiliration filter is
discharged through a final filter tr the cff-par
treatment aystem, At the corpietior of the
reduction=stabilization cvcle, the hatch=
tranefer container is removed and tranaferred to
the screening statien. The transfer container
on the reduction-stahilization final filter wvill
probahlv be removed at each phyvrical inventerv.

At the acreering natation, the sranilized
powder in removed from the hatch-trancsfer cor-
tainer and passed thraigh a acreen pvater to re-
meve anv foreipr particles and cxide apelomrer-
eten. The powder pareinp thrmph the ecreer it
collectnd in a tared aterape car,  Fher All pow-
der from a tranefer contriner hae herr screered,
material An the acreen ia durped irt~ a acrap
container, which™ is «ent to acrar recovery after
fillinp., The nraduct atearape can ie ramnved,
sarpled, wriphed, aealed, and tranaferied tn &
rtarape vaullt,

C. Mrdifind Coprrenl

Severnl matariale acenurta™ilite and mrnceas
desipr prohlen areac were identifird irn the pre-
limirary (appenl doarpr,  SRL, SRP, ard dulTant
Fnrineering sigrificartlv mndifind t'¢ oririral
Coprreal flow smheet te addreas theae haric defi=
ciencies, Fipure 1 ie & hle v diagram ¢f a pir-
gle procens lane of the mndifrad Crrrecal rree=
ens, The wnet sienificart rrcificaticre fro= a
materiale acceuntability view ore as tellave:

o Addirp 17 aliauct tarke te teed t'e co-
CONVer«ir procees linps,

® Replacing the primarvy  and  secepdary
filters in eack procee line.  In the
erieiral demipr, four calcirers are
manifelded tn & aingle pramare filter
and a ving'e pecondary filter, Ip the
wndifisd & nipn, a primary wsceondarv
filter w e I1ncluded feor o, Alciner,
Faeh nes filter e appravieate'y half
the aire af the aripinal filter.

' Raininy the calciner eappraline Lem-
neratyre from 4ONCC o & vange of
LAnt-anneE,

o Rajninpg the reductinn=atakiliratior
aprerating temperaturs froe a ranps of
AANT=RADCC o an hiph ar ROFC(,
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e Increasing the oxide atorape capacity
from 2-wke Lo 2-months productien.

e Providing for periodie (between daily
and wveekly) acid flushing of the pre-
cipitator.

@ Providing for eary replacement of
plugged slurry lines and nozzles.

D. _ Process Comparisen

The three procesnes have many similarities,
All three convert nitrate solutions to oxide
powders and use precipitation and caleciration
procens atepf. Thev also have the pame desipn-
basis throughput and achieve this throushput in
three parallel operating lines. However, Oxalate
(III) proceases plutonium wvhile Coprecal prac-
eanes uraniur-plutonium (102 Pu): to achieve tha
rare plutenium throushput Coprecal proceeper ten
tiree ar wuch material as Aeren Oxalate (111),
Other procenr differences are deserihed helow,

Feed tanks for the processra are corpared
in Tahkle 1. The pririnal Cerrecal process line
ir fod contiruouelv for “16A.3 dave from a
Jarge tank. The Oxalate (111} and wodified
Coprecal precenarn are hatch fed frar aliaunt
Lanke.

The precipitatore jr the pracesaen are alan
cterated differentiv. 1In the Ceprecal proceears,
a relativelvy pshort precipitater renidence tiwe
it sufficient te produce n finelv divided rlurre,
thus a small precipitater in usmed (40 L, %) ke
ef plutoniur). 1In the Uxalate (111) procemn, the
precapitatar har ¢ relativelv larre werkirr vnl-
ume (90 L, % kg of pluteniur) te previde a
residence tare puificientlvy lnnp te promnte
crvrtal prowth.

The calcanatinr pveteme fny each process
alae differ. In tne pncitied Coprecal proceas,
earh of teur paralie) calcinere djiacharpee con-
timirusly nte a separate falter avater, Ir thr
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original Ceprecal procers, four parallel cal-
ciners in each process line discharge cortinu-
ocuslv into one larpe filter. In the Onalate
(111) process, hatchea are transferred threugh a
ringle tunnel furnace for each procese line.

In all coconversion processesn, reduction and
stabilization are reguired after calcination te
reducs and stahilize the U0y to U0a. These
oextra steps significantlv increase the residence
time of material within the process and the in-
process plutonium inventory.

An ghown in Tahle 11, the Coprecal processen
produce fewver and larper batchea per dav than the
Oxaglate (111) procesa. The Coprecal proceeses
have 21N timer the wmass throughpr:t of the
Oxalate (111) procese for the sare plutoriuw
throughput .,

The Canrecal nreocepnern ars gererallv mare
comnlicated and hgve wmore procese sguipment tnan
the Oxalate (IT1) process (excludinep anv re=
cevele). fpecial {nerrumentatien preahlere aps
alae encountered in Conrecal hecaune nf the pe-
nmetrv and pire nf some nrocepe vepsele, puch ar
the larer calcirver prieary filtera (ameylux
T.h=cr thick, 1.%== a.d., 1.7=m tall), pad the
high nnerating temperatures of the calcire=pn apd
filtern,

111. KEAP=-REAL=-TIME ACCOUNTING

As__Accounting Strategine

In each of the atudies, materiale accourti=e
strateries were spplied independentlv te earh
procenr line. Twn accountire stratefrier Jere
for=~ilated nnd evaluated for the Oxalare (111)
and the modified Coprecal prncenrses. Frur ac-
countine stratepier were formulated and evaluated
for the ariginal Ceprecal nreacenn. 1= eact ac-
courting atratepv, materiala halaniee arr feemed
frer perindic measursmenta nf transfores and ip~
prncene inventrriee,  Tha materiale Salaree fre-
auercy ard the U'FAZ elvveture are dirtated by
nrececr lnpic, The arcon®ing steatepire pve e
f~11men,

:Rﬂ'l!l‘ 111" Prncnre:

Siratepy ‘=mppct proceen Yimge lrom Ve pre
erirt tarke tn the praduct lnpde s atafyan
{= treated ae p eirele I'PAA, VPALA 1,

TARY) 1L
MAMEY DAt M)

(UXT LTS LECHY ST 1
feainge 10 (S ILITH srpeecp:

Batch freaupmeny | pvorvw 1,V b | guge= 0 1 evern 2+

per im
Fu centent (hp) L L L
Tnial mass (hp! HA ok "



Stratepy 2—-each proceas line 1s divided inte
two UPAAs. The first UPAA, UPAA ], is bounded
by the receipt tanka and the filter boat leading
atations; the sacond UPAA, UPAA 2, {s beunded by
the filear boat stations and tha product loadout
station.

Original Copracal Process:

Stratagy 1=-sach process line ia treated as
a single UPAA, UPAA 123,

Strategy 2--each process line ia divided in-
to two UPAAs. The firast UPAA, UPAA 12, in-
cludes the feed receiving and blending,
precipitation, and calcination; the mecond
UPAA, UPAA 3, includepr reduction/stahili=-
zation and screening.

Stratemv 3=-each procese line in divided in-
to twn UPAAs. The firar UPAA, UIPAA 1, in-
clndea  fred yeoenivine pn? hwlendine; the
seceont UPAA, UPASA 21, influden preciritn-
tion, caleinatier, reductior/staniliration,
and prreening.

Stratervy bd==sach: proceer line je divided
intr three UPAAr., The firer UPAA, U'PAA 1,
ircluder feed receivire ard bRlendiap, rthe
secon” UPAA, U A 2, {nclufer preciritatinn
ard caleination, ax! the third UPAA, UPAA
3, Includen reducticon/sta* iliratinn and
RCrecnine.

Medifiee Coprecal Prncene:

Stratcev 1==ench process line, fro= the tend
torkr Lo the screerirp staticor it treated
a* a sinrle UTAA, UPAA 17,

Stratepy 2==aach precenr line {¢ treares’ aa
twer UFAAR In movier; the first UPAA, U'TAA 1,
irchir'ee the preciritestine ap? eplcimatine
rroceagpa and thr encnnd I'PAA, "PAA 2, jr=
cluder  the reduction’etatylizatiern  and
AcrreTine Pracacens,

¥, Vaarsenmenpe

A pu=mary af meprumpmanre sppp{end fay YPTA
ir the reforence procesaen {s piver {r Takle 111,
Fend tranafara ir the Oralare (111) and wadifjed
Crrencal rrocesene ape wmeamnred najng the valuma
ard corcentration nf enach  fond hpateh, Fand
transfere = the nririral Urnrecal pre by flow
weter and A pinple chemi-al amalve{c nf 4o aawple
for ench fapd=-hlend tank hateh. The NDA praduct
weaprementr are required tn cloee the materiale
hWalances in near=real=time and Ao not replace the
nereal veirhl and che=ical analveip af a rarpie.
Therefnre, therr will he eontinuens verification
of the product wmeasurementnr. A1l principal
pProcesn verpelpe are instrumente! uring KDA tech-
niguer tn deterrine their in=procean inventarv.
There mrarurement avatemn have not heen teated
and evaluated an the tvpe of waterials, geometry,
and operating environment that {n planned for
these procenpes,

C. Resultp

Let us first consider NRTA in the original
Coprecal process because the large feed-hlend
tanks presanted a materials accounting problewm,
Each tank contains "&25 kg Pu when full and
“6 kp Pu at 1its process heel. To find the
best loss detection sensitivity that we could
poseibly achieve for these tanks, we asrumed
measuremsnt uncertaintiea of 0.1 (18) for
volume precinion and calibration and 0.2% (In)
for concentratien precision and calibration.
Materials balance standard deviationn (myp)
for UPAAR that inclvde the feed=hlend tankr are
piven in Tahle 1V, Resrults are piver far 2=y
accounting perindes for a full and nearlv emprv
tank. The carpaign materiala balarce rpare 4.8
¢ hepirning when the feed=-hlend tank ie full apnd
ending when the heel vnlume is reached. The
materialr halance rtan“ard  deviatiorr ars
dorinated hv the uncertaintv in deter~inine the
tark Cnntrnte, Thpep Yprea  mrpevrsi-rine
doprade materiple acepr=ting prrefpivies v ke
rreaceas lirse, Tn jen'ate the fand=hlapd tpnbe
fra= the vaet Af the pencere Jimn, a fla- =prey
vie garfdad te rapenve the precinitar v food
flav., 1= pereral, fln papns =pacurcenetc pen
rrrr comppred ta velume mepcvemarts Seoere
vell characrerired tanke, Tre cpude in kel 1
recrmmarded thnt the lerpe feod=Nlemd a0 o L@
huffered fro= the procees linee by pljro s parke,

If vo aseu=p thirt the forc=hiand L=rlr av,
depit with in epmn eatinfacterye pasroe, o= gt
ie veeful te enr=pave (xplate S110Y UPAL 1, it Mp
line) with rririra)l Correcal UPFASA 2° ar  vitw
rrdifand Correcal UFAA 12 (vhpele Timc e, 7 gr =
late further the effecte rf pPrecece Peegpr ard
nperatine lepic., we lareelv iprnre thr oftr-re
of nreeereine 1N pimpe par wuch matpri=' i+ ke
cacrrearainr  pPrecraere pe jr fi e Came, mejpem
rroceee (pae Tak1e 1Y,

The matarinle In-e=derpar’ o ep=e scninges
fae php Y,y Ipve 'Y fre phr prwer e srag
ares er=rares {r Takle V', Ir Fomcasiep fh, A -
tinr epmeivivivier ,Ff ohip maflifipd om - sama ¥
TAprren] precarepe:

1) Tip eimplpah:tanap Jdetrrpj=m rereiviuing
fre the rn'i"ind prernae ie =01 =y pasl
Aae that At tha Arjpimal prereer Vasmyer
the jrepraraer (rupntrey ir dle = Firgal
rreepee e larprs, Th Dasppe nuempaey
reeclte fene the additipom 0 = (iiter
ayrtem for each palciner.

SV Detertian senritivitiee for Accomping
periande praatey thar 1 dpe gpe jepreved
ir the medifind preesag hecppre  the
inpur  teanefer weanursrente are ir-
proved by addine aliaunt tanka,

In examining the deterctinn aeneitivitise,
we find that the detection Renaitivitier fnor
Oxalate (111) are gipnificantiv hotter thar that
of the Caprecal nrocensen for all acrrurting



TABLE 111

NRTA MEASUREMENTS

Oxalate (111) __Oripinal Coprecal Modified Coprecal
Measurement Precision Calibration Precision Calibration Precision Calibratien

Point 2(10) 1(10) Z(l0) 2010) 2(10) 2(1r)

Precipitator feed

Volume 0.2 0.1 0.1 0.1 0.2 0.1

Flow - - 1.% 1 0.3 n.3

Concentration 1 0.3 0.2 0.2 0.5 0.3
Product Cans 1 0.% 1 0.4 1 0.5
et Boat 2 5 - - - -
Liauid Recvcle

Valume 0.2 n.1 - - - -

Concentration 1-1n 2=n.1 - - - -
Bolid Recycle 2 0.5 ? k] < 5
Irecipitator Holdup 2 - 10 - 1 -
Verrel Inventory? - - 10 - 10 -

TThe venxeln are calciners, primarv filters, mecondarv filters, reduction/sta™iliration fi1-
tern, and final filtern.

TABLF 1V

ORI INAL CAPRICAL MATERIALS BALANCE UNCERTAINTIES
IK ACUOURT Ini. STRATEGILS T' oT IKCLUDE FEFD-RLEXD TANKS

Ftraterien 1 A 4 Stratery 2 Straterv |

UPAA | I'PAA 1T UPAA 177
In=Procere inverinre”®
Full @,) a,! Q.1
Hee! n.,n n, s n,ou
2=V Aceounting period
Full
Net tranafer 0.04 0.n? 0.0,
Inventerv change L R,0 N.o
Materiale balance R, K.0 k.o
Herl
Net tranafer 0.04 0.07 0n.04
Inventorv chanpe n.l 0.% eal
Materialn balance n.1 0. 0.41

Campaipn accounting perind
Net tranafer 6.2 |
Inventorvy change 9.1 G,
Materials halance 11.0 9

rA";\;I‘I-I'pl-ﬁulw mearuresent error mode) In umed, Therefonre, the
abanlute error in propartional to the amount of material measured,



TABRLE V

DETECTINK SENSITIVITY COMPARISON--
OXALATE (III), ORIGINAL rOPRECAL, MODIFIED COPRECAL

Oxalate (111) Original Coprecal Modified Coprecal
Average ver Total at Average per Total at Average per Tatal st
Detection Balance (1.3 h) Datection Balance (? h) Detection Balance (4 h) Derection

Tire (ke Pu) (kg Pu) (kg Pu) (xg Pu) kg Pu) (ke ¥bu)

1 balance 0.4 n.& 1.7 1.2 1.4 1.4

1 day 0.02 0.5 n.id 1.6 0.27 1.4

1 week 0.01 1.7 0.04 3.2 0.n? 3.n

! eonth 0.007 3.0 2.03 8.4 0.04 6.1
periods. There are tvo reanens for thie: (1) the ACKROKLEDGMENTS

in-process inventorv in the Oxalate (I11) pree-
ers is smaller; and (2) acrap penerated in the
Oxalate (I11) process in hetter characterired
(Coprecal acrap ceontaine fragmente frem the
fluidirzed hed nf the calcirers) ard in wich lean
than that penerated hy the Coprecal procesasp:
Acrap weanuremerta contrihute mipnificantlv te
the rateriale halance urcerrainty.

IV's CONCLURINNE

The cewparisnne piver jr thie parer ghnuld
not he taken ar an indictment nf the hasie
Coprecr]l prncees ny of cnconvererinn in peneral,
The loan detection eenpitivitiesn calculated in
thie natudv are attrihuted tn the particular
Fracers cenfipuraticn ard operatine  seouence
chnaerrn, The follovirr concluniene mav he drawvn
from this comparienn,

e Generallv, batch operation mav facili=
tate the applicatien of timelv materialn
mearurementn and accountahilitv.

® Materiale trannfern batred or volume
reasureeents maY he of higher aqualitey
than thosr baged nn flow meapurements.

® Larpr inventaries within proceas lines
aheuld he aveided hecaune larse absclute
uncertainties ir reasuring there inven=
torien will derrade tha pracess line
mAteriale accrunting senmitivitv,

® Methndr n~f decreaaine the mmeurt »f
acTap that in penerated ghould be in=
ventigated.

® The pffect an Yore detection nennitivite
ir procesning 10 timen the maer for the
name plutenium throushput pheuld he in-
ventipated.

Thin work wvar suppnarted by the 'S Departrent
of Enerpv/Office nf Safepuardr and Security.

The conpevation and arnintarce of L. A,
Heinrick Af SRL and ). H. Radke ard ', E, Farele
of SRP are pratefullv acknnvledped. Thanlke are
tue ta wv cnlleapuee D, D, Cabh  FE, A, Forr, F.
A. Hak¥{la, D, R, Smith, and J. P. Shiplev fm
their arpintance ir the studiee fre= vhich thiy
cromparifen if dravn,

REFERENCF R

1. H. A. Daver, D, D, Fakh, R. 1, DIiee>, F, A,
Harvila, FE. A. Kerp, J. P. Ehiplev, D, h,
Srith, and D, F. DBnwversnx, "“Crardinates
fRaferuarda for Materiale Maraparp=r jr
Nitrate=rn=Nxide Cronversior Fac{litv," Lee
Alamna Katiena) Lateraterrv reprrt  La-"0])
(Avri) 197R),

- H. A, n‘\'". b D ('ohh. R, J. hil“r. F. A
Hawkila, E. A. Kern, E. P, Kehrlo="a, J. P.
Shiplev, and P, B, Srith, "Corrdinated Fafe=
puarde for Materials Manarerert ir. a lpa-
nivr=Pluteniue Nicrate=to=Nxide Coceorverein
Facilitv: Coprecal," Loe Alamne  Katirpal
Labhoratorv repnrt LA=7%01 (Fehrurre 10740,

3. HN. Ay Daver, FE. A. Fern, and ', P. Fhiplev,
“"Coprecal: Materiale Accountire in  the
Medified Proacean," Lae Alprae  Katinpa®
Lahrratorv report LA=RIAA=ME (Wau 1CGAF S,

4. Bavannth River Lahepatnry deeuwert DPRTE-
LW=TA=t (Rnvewhay 1974),

S. Bavennah River Plant decumeng DPEr=1VP-77a00
(March 1077),

#. FRavarnah River Plant decument DPETL=AFCT-
77=10=T1, {(Navemheyr 1077).



