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S Plesification Cancelled #
Thls memorandum reports the £indings OR-ettwirwtrayrattitrlth-tlaraes =
USAEC end G & GCC parsonnel 4n Osk Ridge who are concermad with v materisd
accounting at the gasoous diffusion plant, ZThe purposs of mﬁ}m&mﬂ@zgm
bng 28,

&Mw%a__mmymmqmmn, Wg@
and the dogree of fuprovement in them which cen reasonshly be expested.

eats)]

The stuly has been restricted to the cmscede U235 material bslancs,
the most importent contributor to uncertainty in ths unexplsined losg of Uw=235
from the E=25 aress Tims did not pormit etudy of the cascads urandum balance,
or U=235 material scoounting procedures in verious other operations of the Ke25
area (laboratery, dscomtemination, ete.).

An opinfen 13 given concerning the pregent situation ss regards wnexe
plained losses of Ue235 and the limit of error in estimeting thesa lesses, Means
of reduaing thege quantities are suggested,

It is recommended that the fellowing objectives o set for the usx-
plained lossss of U«235 from ths gassous diffusion plant, which nay wtinately be
attained:

(1) In no ons year should the wnoxplained U-235 loss exceed 30 kgm.

(2) Over a period of years, the oupulative umexplained loss, together
with 4ts upper limit of errer ewaimnated for the full peried of
time, should not excoed a valus fudged by the Commission to rep-
regent a potentinlly intolerable hazerd,

Attalmmant of the first objeative canmot reasonmably be expsated for at least another
yoor, and may be fwrthor delayed unless there is seme ssorifice of produstien in
favor of matorisl assounting reifability,

H4

The ¢hieative of uponium materisl ascounting 1s to provide gge
surence that % quantities of valusble, dangercus, highly enrdched Gw235
have not been divertad from the plant,

Uhaxplained lssses of U=235 should be a couras of raal concern teo the
Commission bocausa 6f the possibility that gush lesses may represent astus) thoft
of fissionable material by fndivi who intend to uss 1t ths intorents
of tho United Statops Thoe magnituls of wnsxpladnsd lassea 3 sot tho intenaity
of effiert to determing thely asuse.

A judgment of the probeble magnituds of the unexplabyind- Jusiila® B35
mwomim&uabmrv&?mésm &Y
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Significance T
12 x materinl acotg, Curyent obe B Dy Dy sta,
doficienay for month, perved anmual

rote of cone

sunption plus

thafts.
Hateriel aoctyg, dofi Currvent;, estimate E’j'_ Eé Ei eto.
clency for preceeding yr, of ammal rate of

: sonsunmption plus
regular thefta,

from pest material

accounting,
Celaulated anmal rate of Egtimats of sumual ﬁ;’ E; E;' eta,
consumption for eurreént rate’ of consumption '
operating conditions, fgﬁa‘ congumption tes%

Entries for total uranium lossos, average U235 assay of lost materisl, ste, couldd be
edded, Other tables for different time intervals could T:#lse carpied, Rulep could
be established for the oxtont to which diserepencdes betwesh Yalues n rowa ), 2, and 3,
and in cumlative syerages, should Jesd to gdditional effort to locate ths unexplained
losses which they indicste. Theme rules should teks into account the two types of
error which could be made in in ting unexpleinsd losseg, end which the Commission
wishes o avoddr (1) the oumidntive averags value of the maxplaimd losses (or the
losses forapwtiwlar;mar}maybejuﬂgadhigherthantm tolerence 14mit set by the
Oommission when astuslly wo {1legitdmats lossas bave ocourred, and effurdt end exponse
nay be demtedtodatemﬂmng‘bhacausaatmmntlcms} {2) ths ayerege un-
exploined losges may bo judged not significantly different froem sgore whon $1lsgitinate
1csges have ootually ocowrred, A4 balsnos botween the axponse of lasatdng sn wnexplaine
osa end the expense of the hazard remuiting from such e loss s negessary bofure it
vill e pocxibla to tgzmlah g statintisn) mathods, consistent mllss Lo the mogper
aotion folloving the myaiﬁiig_* Whexpls losses.

A mmmmmymm mrmwm ghorild b mhd
eut ty &t statistician, MM ' &% ‘
- vosommwidationg of thils mewmorandusy \




‘~E1

.mmmmmmmulm
&p'_.maﬂmwhm”a&Mp-

g :unw eI T '. W g
Be225 Yoat atpht ¢ wmmmammﬁwmmmnm. From
D muat o aubbragisd on estimate of the loglitinmats, explainable ammal U235 loasses
guch a8 ¢ 1) B 8, to obtain a value for the wnsxplained anmal losses of

d "’.20

Judgments concorning the tude of the axal lagitimate U235 lossges, E,
may come from one of two sourcos, s 80 long as fdant opepating conditions are
standy,. valusg of the matorisl balanse daficiency D £or peevicus operating periods
vids an catdmats of B for amurrent oparations. obltain this esiimats there must
oongidarables gaceifise in operating floxibility to achiave long periods of ste
operating conditions, This eatdmate of B 1a subjeod to twd macertaintiss, to widch
statistienl weights ganmot be ssaignad:  the poasibls existance of & rogular bies in
the valus of B deused by a source of errer unthought of by the matorisl escounting
staff, or posaibles rogular thofts of U=235 by a clover perssn who I8 sware that ire
regularitdes in tho value of D may call attention to his astivities, A second judge , "
ment of consumption losses B, not subject to those unsortain #3,0an be obtained Az%_
from asotual consumption test date on plant equipmenty stages may bte periodically re=
moved from the plant and imspected for uranium content, or stages msy be operated in ='¢%
isolation from the rest of the plant and the dacling in visible uwranium observed. ?j{iv“

. Mowfr
Inazivenyear, a valuo of the wmexplained anmual loss L greater than its
lmit of error f,, should be regarded as improbable, snd as & signal for effort to low
cate the resson, Over a period of years, the aversge unexplained losses of U=-235,
Y, should atebdlise to a valus conside lags than ths upper limit of errorf, for
a single year's oporation, (The 1limit of error of the average is 30 /fmmber of years.)
The eversge wwexpleined anmual losses, L, may result frem bisges in obssrvations en-
tering the uranium bslance, actusl lossos which gre unknown 1o the materlal accounting
staff end henge not insluded in its estimate of B, or diversion., IfL is larger then
a valus Sudged to represent a potentially intolorsble hazard, effort should be ex-
nded to locats snd dotermins the wnknown bisssisor unknown legitimate sowress of loss,
any, which contriluts to thoss unaxplained lospos.

Vont wigments of ths need for edditional effort to locats unknown biasses
or sources of %”c&nbgfmdifmmgal acoomiing is put on a quality control

:Z.ais. Ths following schematic procsdure is offered only ss an example of what might
dong,e
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mate, A notable example of this is the introduction of & . iin Apeid

1947, end change in locatdon of _ _)in October 1947 and March 1948, -
_Jshould not be changed again. Such experimenting with the operation of the -

plent pay increase produstion, but it is certain to confuse interpretation: of

materisl balance records,

The barrier replecement progrem plsmmed for 1948 will have a aimiler edvorss
effoct on reliability of knowledge of U«235 losses for 1948, Uncertainties will ree
gult from the dnitdal takeeup of UFg on the fresh metel swrfeces ang from the changes
4n plent pressures and casceds Ue23 soncentration gradient which will ocowr whon the
nsw barrier is put into oporation. For thése ressons, it must be expected that the
material acsomnting record for 1948 will havé s limit of error much larger than the
wltimate target recommended in this report.

Changes in operation should be mede only when it is ostablished that an ine
crease in production will result end that this inocrease will more than compensate :for
the lossifin control of Ue235 ascountebility,

3,3 Need for Criteris to Judge Relative Importance
of Produstion end Agcounting Comtwol

e lack of information regarding consumption and the frequant changes in
plant operation is partly a consequence of the emphasis placed in current K=25
operations on ths meximm possible U=235 produstion, without the slightest sacrifice
of production for the measurement of consumption or for improving the precision ef the
material belsnce. Carbide needs and wants oriteris which will ensble them fo Judge
the relative importancd 6f maintsining U=235 produstion on the ono hand, and of rew
ducing the unexpleined loss of U=235 on the other. Among the recommendations of
Seatlon J of this report are listed specific operating changss for redusing unsxplsined
1ogges at the sacrifice of small smownts of produstion, which aould be developed by the
Commission into definite eriteria of the type Carbide noeds.

Tho U=235 materiel balance daficionay of the Ke25 cagscade for the yoar 1947
was 100 kgm. Mnm%m.daﬁmmmmdbymum{orthem
axperimnteny detarminad U=235 content of fead (0711 ¥t.%), instead of the
Yegs reliehble rominal value (0,705 wbeZle Tt {5 possible that s lower figure vill
beremrbadinmmyeamaémsmnpﬁonisradm&d, but in sotting o target for the
wnexplained logs it is aspumed that the 100 kg, enmual deficlency will continus,

A L3, AL & Pk 1481 . 5 FLIL% ! -

with oporaﬁonai gnd material sccounting tecimiques presently in at Ke25,
the 1init of error in the amual U«235 matericl balance defiolenay ia am&;ga‘-fym
stat&aticalmalyaisofmaeaotvaﬁamo:m&alwmefwmﬂm iy

" stepta on plant instrumonts, and rolatively minoy changas in eporating fo whish

at the 95% probebility lovel. : eyl
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3.6 Egtimate of Iosses of U=235 by Congumption

No reliable data on consumption ere now availsble.- Measuremént of the
uraniym content of ten convertors from the section of the K-~25 ocasedde handling material
nesr normel ursnium in isotopic assay suggests that if uranium has been consumed at a
uniform rate since the plant was put into operation, the rate of U=235 loss in the
entire cascade would be of the order of 150 kgme/yr. at the level of product purity in
effect since Jamuary 1, 1947, This estimate is extremely mreliable, Much more data
on consumption are needed before an estimate with lmown limit of error can bé glven,

367 Pregent Estimate of U235 Iosgeg for 1947

Subjectively, it seems probasble that the entire material balance deficiency
of 100 kgm./yre reported in 1947 is attributable to consumption, but this point will
not have been established wntil a much larger number of convertors snd other cell equip-
ment have been out out of the cagcade and analyzed for uranium than has yet been done,

3.8 Plans for Msasurement of Consumption

In the barrier replacemsnt program plammsd by Carbide for 1948 elmost all
of the convertors in Plant ITI will be removed for retubing, It is estimated that
about three-quarters of 811 the U=235 lost by consumption has been deposited in the
stages of Plent III, By deconteminating a sufficient frastion of these convertors and
other components of thege stages, and sampling stages from other sections of the plant,
it should be possible to obtain as reliable a measure of consumption from the time the
plant went into operation to the time the stage was opened as one would wish, By
making plausible sssumptiens sbout the distribution of these losses with time, it should
be possible to estimate the consumption for the year 1947 with a limit of error of

t 25 kgm, U-235/yr.
3.9 Ultimate Estimate of Unexplained Loss for 1947

When this retubing and decontemination program has been complsied (which
ghowld taks place in 1949), 1t is expected that the wnexplained loss of U235 during
1947 will have been reduced to a smell fraction of the 100 kegm, materisl balance de-
ficiency for that yesr, The limit of error for the unexplained loss for this peried
will Be £ 40 kgmo, %:30rkgm, for the materisl balence deficiency itself and X 25 kgm.
for consumption lossese

Aftor this barrier replacement program has been completed it will be important
to contime to remove a sufficlent mumber of representative stoges for dscontamination
and uranium enalysis to permit en estimats of eurrent consumption with whatever re-
14ebility the Commissionm specifiese A limit of error on consumption of *'25 kgm, U-235
por year seems attainsble without serious ascrifice of productiom, but af some cost for
meintensnce and materisls, This, combined with the 14mit of error in ‘the materiel
belanag_deficiency £ 20 kem, U=235 per yeer deemed ultimately atteinablay.leaves. alimit
of error of & 380{@' w235 per year in the wnexpleined lgsses as an ult{mate goal,

4eBegommendntiong o
4ol Topget for Unexploined U=235 logg o

 iits 14 of ersse 44 tts  basta for recommending the:folloiine taveetefany
unexplained U«235 losat . R




(1) In no one year should the unexplained U=-235 loss excsod 30 kgm.

(2) Over a period of yesra, the cumilative wunexplained less, together -
with {ta upper limit of error ovaluated for the full period of tdmas,
‘ghould not exoeed e velus judged by the Commission to reprogent a
potentielly intslersble hazard,

Corbide should inmtituts end mointein a systematic quality control program
on the U235 materiel balange deficiency end on measuremsnta of consumption and other
process 1losges.

Itappemthatthaommesentlylmamwayofmamingﬁ-zﬁemmpﬁon
with a 1imt of error of % 25 kgm. per yesr is by removing parts of a representative
ssmple of a humber of stages on a regulsr scheduls, end dascontaminating tham to determine
the emowmt of uraniwm deposited in them. The grester the mmber of stages removed per
yaarthslowarwinbathern.m.toferrgrmoonmmptm,tmtthepeateruﬂlbethe-
cost and tha interforence with produstion. After such e program has boen instituted
S2 W11 bo posgible to ntate from the variebility of results on indtvidusl stsges-what
thelimitofemrintheestmaboofaonmﬁanwﬂlbeasamn'ctionofthecostand
ths lozs in produstion, The barrier replscemsnt program now under way will provids
evidence of the verisbllity of consumptiom smong steges, end will give the Cormission
a conorete cass for developing a criterion of the relative importancs of U-235 asoount-
ebility compared with cost end produstion rates When ths resulta of decontaminagtion
of convertors removed in the present barrier replacement progrem become availeble, it is
recommended thet the Commission determine the mpiber of convertors to be removed annually,
gnd request Carbide to fnstitute a systematio program of measuring consumption by regue
lar removal and deconteminatien of stege parts.

Anotherposas.blemthadofmaasm'ingtheoongmpﬁonrate 1s to valve off
uﬂsorbdldhgsmmcmadauimwymmthmfwmmﬁng
andmagmthemteotlosaotmnlmmthevisibheangasm:;gry. Up to ths

t fogtors contributing to wucertainty of the intere

' Aenay is the impossibility of localising U235

‘ . It is thus impoasible to t411 at
place, exsept for sush indirect evidence es is
rate materiel balanss could bo made on

“How mmoh U235 hed been lost at conssntrations
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' materisl balance on Plent IIT impomsible. However, if the junction between Plents IX
and ITI wore altered to permit the overlsap of ome or more bulldings, es done in cone
nacting the K-25 snd K-27 cascades, these flow rates could be reduced to 500 lba./day,
& manageeble quantity, and an independent material belence on Flant TIT might become
possible,. It is egtimated that redustion’of the interplant flow to “thls extent would
radugs the product purity around 1% without effeating the U=235 produstion rats, or re-
diica the produstion rate around 27 without affecting the produst purity.

It is recommended that ths Commission request Carbide to study the cost and
foasibility of altering the commections betwesn Plants IT and IIX fn this way, and to
estimats the redustion 4n ocutput and the increass in precision of materiel sscounting
which might be obteined from various mumbers of buildings overlspped. Such a study
would provids the Commission with asnother consrete case for developing a criterion of
tha relative importance of produstion va. ascomntability, —

Ample evidence has been obtained at the Ee25 Works and Research Laboratories
to catablish that the Uw235 content of pressnt plant feed is 0,711 wh.$ when the assay
ig made by the sams methods ussd for the waste end product stresms, instead of 0,705 wte%,
the valus now speoified by tho Commission, Even if thore is some doubt as to the "true®
velus of this esssy, it is recommonded that Carbide bo sllowed to use their meesured
valus in U235 matorisl balsrces, to éliminate blas in the feed astaye

46 Dodly Anelvets of Food

It is remotely possible that en ocoasional lot of UFg from Hershaw mey have
been oonteminated with en isoctople content different from normal feed. To guard agsinst
this possibility, it is redommondsd that either

(1) & coupdsitesamprle of foed be taken esch day at the Ke25 plant end
enslyssd by comparison with standerd (0,711%) uranium, or

(2) A sample te tsken from each lot of Harshew's produetion and sent
to Ee25 for anslysis as under (1)e

447 Lm,. £441 Consubption

One {mportent soures of imcertainty in future consumption estimates will be
the abnormally high sonsumption rete which will ocour when a convertor not previously
exposed to Uy 19 £411ed with this gas. For exampls, & high unexplained lass will
be observed In 1948ihsckise of ixataliatfon of nev barrier, wiless the high initdal
mmtimwwamismamdmmruumﬁngmmm&
1oas, It ahould be pomsible to meamme the inttiel consmmpticn by £43ling a esll oone

nev barrier mwéormmmmmmutﬁm.mmm
(instesd of from edjscent odlls of the oandeds as is ususlly done) il rermal
operating aonditions have boon estsblishads The differenco belwgen tle weight of UF
oharged and the osll Iriventory computed s dons in tho wrsniuwa materisl balanocs will
give the effagtive tnitial conmmptfon, It is recommendad that Garbids te asied to
dovelop a procedure of this fyps to memire initia) censmption, {f this Is not done
G waplatind 235 oases for 1948 WLl b Wigh, probilly outclde of the target

ealings g
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- fts use will adverasly afféct wrenfun ascounting wnless it fs keph steady, Tt is
47 recommonded that the pregent| —Jtechnique bo contimied without change, .
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plent is much more diffSeult than in

-

U235 materisl sccounting at the
conventionsl chemiesl plants bessuses

(1) The cascade inventory 1o many times greater then the dally
production rate,

(2) The camoads Anventory 1s containod .in a piping network of quite
uprecedentod icomplexity and extont, at widely varishls tome
peratures, préssures and UF6 eoncentrations, .

(3) The cesseds cantains many dsadesndsd wolumes whose isotopde esssy
nay differ frem the main stresms,

(4) Ocncentration of UF, by plant surfeses procesds et an imperfectly
lmown and varishle Qate.

(5) E han@aﬁ,fﬂ—Z%andU-Z% adually takes place-botwo and
cxdenaeﬁ(aolid or-adsorbed) phases, ° o e

(6) The UP, inventory in contact with metel surfaces $s greater than
predioged bty the gas laws because of adsorption,

(7) Isotopic enalysis is less scourate then chemical enalysis.,

(8) Acoidentel loasges may occur at a great variety of points from so
complex a plant,

For these reasons, atteimment of satisfactorily low wnexplainad U235 lossos
vill be s diffioult and ooa%ly undertaling, Heverthaless, given encouragement by the
Commission and diligence on tha part of Carbids, it is belfeved that the wnexplained
loss of U=235 can be twought and kept below 30 kgm, par year by 1949,




