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Introduction

The Atomic Energy Comtission, on Dacember 16, 1959, requested a apecial
stilly and report on the feasgibility of detecting and locat uranium and

hium isctops separation facilities which might be umdec d tnder a
irmament agrsement or which could have been constructed and operated
wdestinely to avold detection. A preliminary report vms prepared and
iselied (CRNL 59-12-76). Dr. R. J. Brouns of Hanford Atomic roducts Operation
and) the writer alao prepared a condensed report that included the detection
ctors, irradiated fuel processing sites and metal fabrication plants,

*h appeared as an atitachment to an AEC staff paper 1ssued |February 29,

. A revision of this attactment was submitted March 30, 1960, as
60-3=115. This present report is intended to be a fimal report on

thih subject and to include the best estimate of capebility that can be B
mdé on the basis of present techniques of sample collection |and laboratory
rminations,

The techniques that have been developed have, in general, been aimed
ctly at gathering information through clandestine sample |collection.
e they appear to be merely extenslons of rather conventional health
physice envirommental studles, the detection capsbilities are, in most
cefes, gsome orders of magnitude greater. The cbjective bas been not only
dethetion of an operating Pfacility but the acquisition of dldgnostic
yroation. |

Because this report reveals the precise location and interrelationship
T3AFC installations and some details of processes, It is dlaspified
itricted Data", Because it reveals techniques which can Be applied to
.‘L;destine acquisition of intelligence dats, it is not suitdble for release
Foreign Natiomals. ]

Statement of Problem

Under the presumed internationsl agreement, there would be a cessation of

uction of fissicnable or fusible material for weapons fshrication, Exist- .
stockpiles would be retained and reworking of weapons wotjld be permitted
modernization, modification, etc., The problem is then, briefly, to monitor
wed facilitles for production of enriched vranium, the frbriecation of fuel
ehents for reactor usage, the reprocessing of irradiated evriched fuel

. el¢hents, and plutonium production from reactors to prevent diversion of

trial to increase the weapons stockpile., The portion of this problem to

th this report applies is the detection of any production facilities which

+ not declared under the agreement at the cubtoff date and (to detect such

hite as might be built clandestinely either before or after the agreement.
procedures dmg.‘oped would apply equally well to detection of production
{11t1es in an N8 country which might undertake the produdtion of weapons
onia clandestine basims, :
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The followlng definitions are given for the purpose of the discussion:

URDECLARED FLANTS: This category is assumed to consist of productiocn
facilities of a normal type of construction which had been built pricr to
a disarmament agreement and that had been operated in a normel msnner not

intended to avold detection. They are agsumed to be of conventional size
and type and to have relatively high production capability.

CLANDESTTNE PLANTS: Theae are plants or production faciiities
congstructed on a covert basis and purposely designed to avoid detection
by any of the ingpection systems agreed to in the treaty. It appears
more likely that such facllitles would bave been consiructed between
the time of disermament negotiations and the actual institution of in-
spection or control. They might thus have been bullt, tested, and held
ready for operation when needed lster. The consbruction of a complex
isotope separation fecillty would be susceptible to detectlon by the
conventlonal Iintelliigence technigues and thus would become more expensive
in the presence of an inspectorate,

Asgumptlong

The problem of detection of the two classes of facilitles « undeclared and
clandestine = will be discussed against the background of the following assumptions:

1. It wilil be assumed that certain rights will be granted under a dis-
armapent treaty which will permit eovircnmental surveys to be made.
Exelugion areas will be defined and located. The presumption is that
these will be milltary reservations, reglons in which stockpiles of
weapohs exist, and probably other aress in which it will be stated
that no operations of nuclear energy nmature are conducted. Since the
closeness of access cannot be defined at the present time, 1t will be ||
possible in the discussion only to indicate the detection possibilitiey
at favorable and unfavorable access distances,

2. It is assumed that the details of the inspection methods will be
kpnown. One must, therefore, assume that any clandestlne or un-

declared operation will be conducted in a fashion carefully designed
to evade detectiom.

3, It is assumed that informtion from conventional Intelllgence
ocperstions will not be avallable to the ilnspection operation. The
rights of over-flight for serlal photograpby will be carefully de-
fined in any agreement. The results of such survey would be of
particular use to a ground survey system and the availability of
this information upon at least a llimited basis is assumed.

. The magnitude and complexity of a nuclear energy operation, aimed
at the production of even a limited number of weapons, are suf-
Piclently great that the complicity of at least a large portion of
the foreign government must be assumed, Thus, the resources apd
facilities for support of evesion may be great.,

_.




5. It will be asgumed that there is no Iinspection of mining operations
or of primery chemical concentration of ores. Feed material of normal
isotopic composition for a clandestine operation would thus be avall-
able.

Basis for Detecticn and Loeation

All atomlc energy establishments emlt effiuents which are to a great
aextlent cheracteristic of the operation. Considerations of health hazards and
tted unit cost of the materisls being hendled are the factors which determine
tte degree to which these effluents are controlled. Normal uranivm, for
irldtance, offers a comperatively minor health hazard and is not a partlcularly
valuable materiel when compared to enriched uraniuvm of product level. The
ttrol of uranium losses from a plant bandling normal or near normsl material
wi]l thus, under normal operating conditions, be less stringent than would be
}] case in an operation involving product level uranivm. Plutonium, the
31

nsuranics in generel, and U-233 will be mich more stringently contained
ause of thelr extreme health bhazard. v

The effluents may be gaseous or fine particulate materials and will be
ain=trensported for great distences, or may be water soluble or carried in
1dduid effluent in finely divided form. Much more is known at the presemt time
atldut ailr-borne materizls than about liguid effluents. The fate of uranlum In
a [fiver system bas not been thoroughly investigated. If, as 1s the case with
BC materials, it is possible to find e type of vegetation or other environ-
meijtal sample in which the effluent is concentrated or accumlated, then the
delfection and charscterization of the operation is possible at comperatively
gudat distances. ’

The detection capabilities are cbviously determined by the type of
orldration, the amount of material being handled - since loases will be ex-
pedted to be proportional to the size of the operation - the type of sample,
ar to the sensitivity of the method. The techniques which have been applied
generally extensions of the commonly used methods of health physics ene-
jonmental surveys but increased in semsitivity by scme orders of magnitude
most caseg. The detection of uranium may be made exceedingly sensitive
highly specialized mass spectrometric measurements, and to the determination
grosg uranium is added the sdditional toal of meesurement of lsctopic

operation that is being detected or monitored.

Contaimment of iodine from a dissolver operation on lrradiated fuel is
ded principally at the short helf-life isotope. The long-lived T127 wiil
be detected by e monitoring system aimed at controlling I3, This
igjtope has been found to cumilate in vegetation and it is readily detected
wiltlh high sensitivity by neutron sctivation method, It does not oecur in
neffure and exists because of being a fission product. A plant which is
dlgsolving irradiated fusl elements is thus quite resdily detected on the
f1s of this one effluent. This detectlion scheme will be covered in detail

ir} s report by R. J. Brouns of HAPQ, and will not be further discussed in the
fadilowing write-up.
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Other materials of importance to the operation of a Wespons Trogram
sre lithium-6, deuterium, and tritium. The latter is a reactor produced
material and will not be considered in this discussion. The reader is
referred to the ccompanion report by R. J. Brouns for a discussion of the
detection of tritium producing sites. Enrichment of the lithium isotopes
and the production of deuterium involve no hezard to health, other than
being assoclated with a chemiecal process involving normally dapgerous
materials. Containment will thus not be critical and effluents may be

expscted to be abundant, The detectlon ¢apabilities will be discussed
undey individual plants or processes.

In the discussion which follows, there will be no detailed expose’ of
individual analytical procedures simece 1t is not believed that a manual
of labocratory techniques i1s germane to the purpose of this report. Individuﬁl.
processes will be ocutlined in some detall and the sowrce and magnitude of
the effluents indicated. In the case of processes thaet are potentially
ugeful but which have not been constructed and cperated, the magnitude of
losses can only be guessed at. The centrifuge plant for the separation of

uranium isotopes is an example of this situation.
Uranium Isotope Separation Plants
GASEOUS DIFFUSION:

1. Feed Freparation.

The process gas for the diffusion plant is uranium hexafluoride. This :|
is the only uranium compound which is sufficiently stable and which bas high
enough vapor pressures at ardinary temperatures to be useable in the proecess. )
Since fluorine bes no stable lsotopes, the only mass difference between igotppic
molecules is that of the wranium isotopea. The preparation of the feed gas
has generally been done gt the site of the diffusion plant. There ls not,
therefore, in the USARC complex any case of a diffusion plant per se. 4
portion {approximately 15%) of the feed for the U. 8. diffusion plent compley
is now being prepared by the Allled Chemical Corporation plant at Metropolis
Illinols. This plant 1a situvated just across the Oblo River from Paducah,
Kentucky, and is thus not gecgraphleally remote.

Raw uranium feed 1s generally supplied in the form of U0z to the plant
producing uranium bexafluoride. It is produced in this form the ore
refinery or the plant processing reactor irradiated uranium by the denitratipm
of uranyl nitrate. If the cxide produced is Uz08§, then a further chemical
operation 1s reguired to prepare UO3 before the feed plant can procees 1t
to hexafiuoride. The direct fluorination process is reported to prepare
UFg from Usz08 by reaction with elemental fluorine in a fluidized bed carry
a Tluorination catalyst. The general ocutline of the feed preparation procesp
is given in Figure 1.

The raw oxide is reduced with hydrogen to UOp and this is reacted with
snhydrous HF to produce the tetrafliuvoride (green salt)., The tetrafluoride
then reeacted with elemental fluorine produced by electrolytic generators at
the site. The hexaflucride is volatile, 1s collected in cold traps, and the)
transferred into cylirders for shipment to the cascade or for storage until |
needed.

“SECRET-RD
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FIGURE 1

Feed Preparation
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The majJor inputs to the processing plant are electric power and anbydrons
hydrogen fluoride. The HF is used both for the preparation of "green salt”
and for electrolyte in the fluorine cells. Qther components of the electroly
are potaasium and lithium fluorides, but these are not consumed in the
electrolysis. Materials of construction are gemerally nickel, monel, or cthe

high nickel content alloy because of the extremely corrosive nature of kr:y'drosr
fluoride and elemental flucrine.

The reactors In which the hydrogen reduction and the fluorimation are
carried out have bean vibrating trays or screw resctors, in which contacting
of the solid particles with the gaseous phase has been produced by mechanical
means. More recently, the "fluidized bed" reactor bas been introduced. In
this device the powder is fed at the bottom of & vertical eylinder, gas is
passged in at the bottom, and the finely divided powder then acts like a
"fluid". The reacted powder spills over the top and is fed to the next
stage or to another type of reactor.

In all of these devices, there is the problem of removing entrained
and finely divided solid from the effluent gas stream. Bag type fillters have
been used extensively.! Contalnment of micron and submicron particles is not
necessarlly good, and tha bags are reported to be sgubject to unpredictable
failure when the materlal being trapped is a fluoride and the gas stream
containg hydrogen fluoride. Fine pored metallic filters are now awailable

and are being used to contain dust. In use, these filters are perlodically

© "blown-back"” with air to remove accumulated s0lid from the upstream side.

Containment of solids by this type of filter is undoubtedly much better
than with the bag type.

The entire procese involves potentially dusty bandling operations.

When the wranium is only normal in isotopic concentration or slightly de-
pleted, as in the cese of recovered fuel from & plutonium production reactor,
the health hazards are comparatively minor. The containment precautions ther
will be dictated by housekeeping and the cost of the materisl beilng handled.
Typically, & feed plant is characterized by comparatively significant amount.
of materisl lost to the environment. The feeding of a diffusion plant complax
involves preparation of many tons of bexafluoride per dey, so the loss of even
a very small percentage of the material is sufficient 4o provide a readily
detectable effluent.

Scme urenium may potentially be lost as UFg from the final fluorination
step by traneport in the gas stream through the cold trapplng. This loss
may be negligible from the material aceountability or health hazard standpoid
but can provide an indication of the operation by environmental sampling.
The molecular UFg doubtless immedistely hydrolyzes with atmospheric moisture
and the resultant UOsF, mey remain as & very fine aerosol or attach to dust
particles in the atmosphere and be carried for great distances.

Other sir-borne effluents are fluoride, elther as HF or as fluorine, ang
its reaction products with water. This has not proven useful as a detection
device for s plant because vegetatlon appears to dispose of excess fluoride
and only within one or two miles of a plant is fluoride inorganic mterial
cbserved to be above the normally rather high background,

»




Spent hydrogen fluoride that has beccwme diluted with water is, under

U. S. economy, resold to industry. This acld will carry trace uranium
ich is cheracterietic of the material handled in the feed plant.

The "aah"™ from the fluorination reaction is now conventlonally recycled
apll does not appear as an "effluvent”. This residue will contain UXy and UXp
lch are the davghters of U230, 14 may be necessary to allow these to decey
"| the ash becomes unduly "bot". When reactor processed urenium is being fed,
f ash will contain a siFFiﬁcant smount of peptunium and mey be processed

= the recovery of Np The detection of this isotope in the vlieinity of
blant would indicate that reactor processed uranium was being handled.
vever, the chservation of g3 ‘gives the same indication and its detection
scmewhat more sensitive and slimpler.

The same effluents walch sre air-borne wlll also be water transported
soluble or partieculate material. This mey be washed from the surrcundings
may emerge from the plant through sewerage because of washing end cleaning
wrations. In this case, again, the significant and diagnostic effluent will
uranivm.

Because of the nature of the process, the large tonnage of material hendled,
the relatively minor health hazard of normal snd near normal uranium, a feed
\nt is & comparatively dirty and dusty operation. It is readily detected in
s enviromment by isolation of urenium and the establishment of the isoctopic
osition. The level of emrdichment of the uranium can be determined, and
th handling of reactor processed uranium is indicated by the presence of
U6, Detection of abnormally high fluoride is possible within one or two
ml|es. Np237 may possibly be observed to indicate reactor origin of the
feed,

2, The Diffusion Cascade.

Characteristics of the Process

The gaseocus diffusion caseade is characterized by the large physical

s|ze of installation and very high power comsumption because of the large
mijber of separation stages necessary. That this must be so is readlly seen

hm the simple relationship that the separation is inversely proportional

the ratio of the square roots of the meleculsr weightas of the lsotople
lecules., Thus, the maximum locel separation that can be produced by m single

hge 1s - y352 1,300 = 1.00b3.

The whole effect rests upon the fact that at the same temperature, the
tic energlea of the molecules ars idemtical; but the slight difference
welght means that the molecule containing the U235 isctope will be moving

ter, and will pass more rapidly through a porous membrene. The basic




process 1a 1llustrated by the following diagram (Figure 2). The feed .gas
is passed into a chamber that 1s divided into two secticns by a porous
membrane or "barrier”. The holes in the membrane rmst be small in diametex
compared to the mean-free-path of the gas molecules at that temperature an:
pressure. Flow through the pores mst involve mainly collisions with the
walls, rather than intermolecular impacts. The back of the membrane is mai
tainad at some preasure P. which is lower than the pressure P, at which the
foed 1s introduced, The faster and lighter molecules that coltaip the wend
1sotope U235 will pass more rapidly through the membrane, resulting in a tt
layer on the high pressure side of the membrane. which 1a denleted in the |

~—~daght isotope.i

|

- Two streams thus

- DELETED
energd Irom thé separetion cell, one which is slightly dépleted in the ligh
lactope and the cther is slightly enriched, The process is, in general,

operated to give a "cut" of 0.5, so that the incoming feed iz separated 1
two equal streams. :

In oxrder to recreate the pressure differential in the next stage (and
ths pressure gradient is the driving force in the process), the product
stream must be recampressed and combined with the reject stream from the
next stage higher in thas cascade to meintain meterial balance, Tha heat o
compreesion rmst be removed by a heat exchanger which may follow. or precede
the compressor. Thus, each stage of the process will involve a "converter'|
which contains the separative membrane cr “barrier", a compressor, and a
exchanger, The power input to the process appears, then, prinelpally as 1
lavel heat that must eventually be dissipated to atmosphere or to a river,

The cascading arrangement 1s shown in Figure 3. From stage "A", the

' feed is gplit inmto B product stream going to the compressor for stage A + 1|

where it i1s combined with the reject stream from stage A + 2.and a reject

strean which enters the ccupressor feeding stage A « 1. This staging -
ment is valid cnly for a “eut’of 50%, Control valves are necessary to [
equalize flows and to prevent g, in 5

_ogitted from the diagram.

DELETED

It 1o Tty very Inporvanv-uesi
“mocondensation of UFg oceur, lea‘b'"é'fi‘tizﬂgty be exceeded in the section |3

the cascade where the emrichment of the is high. A balance is made of
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Ve



P, 2P
FIGURE 2

Basie Gaseous Diffusion Proceas
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Gaseous Diffusion Cascade Staging
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‘evaporative coolant. This compound boils in the heal exchanger and ylelds
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the desirable results of raising temperatures against increased reactivity
of metallic surfaces and consequent increased corrosion and consumption.
The latter term applies to the deposition of sclid uranium compounds on
surfaces, as contrested with actual chemical sttack, vhich results in the
formation of flucrides of the materials of comstruction.

The pressure in the plant is genarally below atmospheric, so that le
is inwvard. MNoistwre rmuet be avolded because of the reacticn with UFg which
cauges the deposition of UOsFy and the formatlion of HF, which may fave seve
corrosive effects. Compressor shaft seals are maintained in an atmosphers ¢f
dry nitrogen so that there is always an apprecisble amount of this gas that
must be purged fyom the .esscade. There are porticns of the cascade whose
function ia to separate UFg from lighter gases and tq went the

DELETED

United States technology hea employed two different types of fluoro-
carbons. These compounds are hydrocarbons in whieh the hydrogen has been
replaced by flucrine. They are extremely inert chemlcally and so produce
no undesirable reactions if they leak into the cascade. Originally, a high
bolling perflucrinated compound of the general formula CgFpg was used. Thi
was clreulated through the beat exchangers to remove the heat of compresaion
and wags then used to transfer heat to water. This system avoids the possibi}ity
of a water leak developing inside the cascade., More recently, & lighter figpro-
chloro~campound - trichloro-hsptafluoro butane (Freon 114) - is used as an

its heat to water when it is recondensed. Other technology 1s reported to
be to use heat exchange directly to wmter without tha fiuoroecarbon 1ntemd:).rte.

Materials of construction for the gasedus diffusion process must be
inert to active flucrinating agents and particularly to UFg. Nickel 1s
the material that beat resists the attack of fluorine and flucrides; thus,
nickel and alloys containing a high percentage of this element are used in
large smounts, Aluminum has proven to be remarkably resistant to attack
has been used to some extent in compresscrs and piping. For large equipmen
it may be economical to use steel or other appropriate base material and to|

nickel-plate it. DELETED T .DOZL ‘,,)
Fluorocafhons 11 801id form ~ e.g., Tellon, FluorGthens - are usé

for valve seats, gaskets, etc, Fluorocarbon olls have been used for lubri-
cation of moving parts and pumpa. The use of fluorocarbona for beat transfe
madia has been mentioned ebove, Thua, a well-developed fluorine technology
is necessary to support a diffusion plant.
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The entire plant must be very tight against atmospheric in-leakage
vanced "vacuum" technology 1s required. Precision machine shop ekills
jecation of shaft seals and cther specimlized parts mre a must for
guciiess, Thorough instrumentation of the entire process is required for
opejption. The CRGDP complex is operated entirely fyom a central control

mmititenance of equipment. Congtruction, on the other hand, could require a

larys labor force. : 7

All in all, comatruction of a clandestine plant under an inspection
would appear to be an undertaking of such magnitude that 1t would

e seriously considerdd, It would be too readlly suaceptible to

etion by conventlonal Intelligence methods because of the large construc-
forces, the unmueual and specislized materials or machinery, and the

of peracnnel required.

One can summarize the characteristica of the process as involving the
fol] ng:

1. Very high power consumption, released as low-level heat,
2. Large physical size.
B Special:lzad equipment and instrumentation.

Dos
4, Extensive use of nickel or high nickel alloys) (,2.0)

DELETED
5. Well developed flucrine technology.

6. Highly specinlized personnel. i

The Cascade Operation

An outline of the variocus Inputs and withdrawmls that mey oceur in a
typlfral cascade i given in Figure 4, The tapering of the cascade 1a
indfpated, both toward product sund reject. The input UFg is introduced at
the| feed point, which 1ls the "widest" 'portion of the cascade, It 13 usually
haanI.ed in steel cylinders which may typically welgh ten tona. The cylinders
are| heated in water baths to melt and volatilize the UFg. There is the
posplibility of some occaslomal loss at this point. At various places in

the| ascade there are purges to atmosphere by which light gases are separated
froj UFg. Effluents from these will be fluorine, hydrogen fluoride, fluoro=
carbprs (if used), and probably a very smll amount of UFg. Because of the
valii» of the product, the purge at the upper end of the cascade is probebly
m carafully monitored than one lower down.
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Product is vithdrawn by freezing into a trap or by pumping into a
cyllinder in which tbe UFG is liquefied under preasure and subsequently
Hdifies on cooling. “Always safe" geomeiry of contalper must de used

sstreams may be withdrawn at Memdiate enrichment fcr use 1n
tors or in soms types of weapons. .

The waste vithdrawel must be on a large scale. This is more likely
to :e dozm by compressing the UFg and filling the cylinders with 1liqaid.
of course, that of the feed material since the volume or
wel;h'b or U‘é ? removed as product is'a emall portion of the feed. Waste,
Jleted in the light isclope to a greater or lesser extent, is stored 1n
cyliinders. If not depleted to the limit possible in the caacade, then
unflpr conditicns whare normal) feed ies scarce and product is needed even -
{ncreased unit ccst, it may be ecodomical to re-feed. I this is dome
be normel feed poinmt, then there will be a re-establisiment of the
ade gradlent. Y

Waste that has been depleted to the economical maximm is reacted
qz hydrogen to reduce it to sclid UF,, which is stored as a dry powder,

+the recovered HEF is used in feed preparation or is resold on ths open
tet. Thia operation will be somewhat duaty and }losses will tend to be
th because of the large amount of material handled and its low economic
18,

Feed to the cascade may be matural uranium or uranium that btas been
sofirwhat depleted by irradistion in & plutonium producing reactor. Effluent
:I!'r:ln a cascade, if detectable, will carry U2X if irrsdisted wanium is
beljrg used as fasd, 8Slightly enriched wanium vhich was used as fuel ina
regrtor, e.g., in the 1-2% range, ma¥y be re-fed; as my be recovered
urijaium from salvage operations of any kind. EHigh level {rradiated

urhjiivum recovered from spent reactor cores from high flux reactors or

polir reactors (e.g., fram aubmrinea) is not at present likely to be

reffad to a cascade, but will be biended with product produced at enough
higher assay to make blending to specification possible. This will also *
typlleally carry comparatively largs amounts of the 236 isctope. Losses-
frim re-feeding of enriched meterials can be expeacted to be very slight.

The auxiliary processes that are necessary for a cascade operajlon
| shown schematically in F.‘I.g'l.n'e Do bog-

R DELETED | {da)

THE~Urg—mus—protue e T8 FevtTeTed. EquiTwent may =iso
be |fecontamimmted by chemical means, usually by nitric acid spray or baths.
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FIGURE 5

Caseous Diffusion Auxilisry Procegses
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;Jlium of various enrichment levels is recovered by both of these processes
will eventually be refluorinated and fed again to the cascade at an
{ropriate point. Junked equipment or scrap mey be sufficlently decontaminated
le s0ld on the open market, or may be buried if the economics of the market
inot favorsble., From these operatiocns, there is the possibllity of liquid
luents which will typically comtain isctopically altered urapnium at the

1 of parts per million and nickel, alumipum, and fluoride which may, to
extent, be typlecal of the process.

In United States technology, the three existing cascades are operated
ntially as a single unit. Peducah gerves zs a "feed" plant for Porta-

th and for the Oak Ridge Geseous Diffusion Planmt. While variletions

, depending upon economics and the type of feed material avallsble,
general cperation is that all wranium hexaflucride is prepared at

tcah. Then, whether nmormal or reactor tails (alightly impoverished),

|s fed to the Paducah cascade. Product - at perhaps 2-3% U252 = ig then
ppred to O=k Ridge or to Portsmouth where it 1s fed to the cascades there.
s from these two cascades are returned to Peducah for further enrichment.

final waste from Paducah is stored as UFg or, since it is very highly
eted, may be reduced with hydrogen and stored as dry UFy.

Such an arrangement is quite feasibie in an economy where rail, water,
ruck transport is common and where weather does not interfere wilth
{jments. It permits spreading the extremely high power load over different
ilons of the country, as well as providing the advantage of disperssl of
nt targets. Under the United States system, the processing of product
tal and the fabrication of wempons parts or resctor cores tskes place
site other than the diffusion plant. This 1ls a very likely arrangement

e the final product is not bulky and no great amount of shipplng space

equired.

Shipment by alr would be very feasidbie.

Summarizing, then: Detection of an undeclared diffusion plant would be
likely by conventlonal intelligence means which could well Ilnclude

el survey.
irements, and the evolution of great amounts of waste low level heat
|44 be readily detectable, Construction of a clandestine diffusion plant
ﬁd appear to be most umattractive. A diffusion plant must be large to
seful.,

The large size of the plant, the extremely large power

No criterion exists for the estlmation of the capabillity of detection

diffusion plant per se. USAEC plamts have, or bave had, feed plants
iated with them and, as pointed out above, the preparstion of UF,
wranivm oxide 1s an eoperation that is high in uranium loss compared to

tions of

1

other types. Surveys arcund the Portsmouth plant in the early

of cperation showed that the environmerntal contamination was very low.
e wvas no faed plant operating there at that time.




Because of the small losses from purge, some water-borne losses from
salvege and decontamination operations, and occasional losses at feed and

waste withdrawal points, one would expect to be sble to prove the presence

of igsotoplcally altered uranium in the environment of a diffusion plamt thap

had been cperating for some time. The detection capability would be much lpwer

than for a feed preparation operation or « as willl be seen later in this
report - for an enriched metal fabrication shop. '

Nickel may be found to be Bbove background in the immediate viecinity
of a plant, particularly if barrier mapufecture is carried on there. High
fluoride is typical, bubt detectable only within two miles at the most. No
good method now exists for the detection of flucrcearbon vapors, and the us
of theae compounds In large gquantity is not necessary for cascade opera.'l:ionr

GAS CERNTRIFUGE:

The gas centrifuge has, from the theoretical standpoint, been a very
appealing method of isctope separation because tha separative aeffect is a
funetion of the mass difference, rather than the percentage mass difference
Thus, separaticn of the principal uranium isctopes with three mass units
difference in welght et mass 350 would be as effective as separation of,
for ingtance, scmething of mass 7 and 10, The lack of adequate technology
for bullding centrifuge drums capable of withstanding the forces generated
by peripheral speeds on the crder of 300 meters per second has, until
recently, prevented application of this separatlion scheme. Development
work has proceeded in Russila, in Germany, and in the United States and
recent newspaper publicity has led the public to believe that here is,
indeed, a cheap and relatively simple method of 1sctope seperation which
would enable even smell nmations to become puclear powers.

The fact 1s that, at the present time, there is no known cascade
operating with thias process and applications to wranium hexaflucoride have
been on & limited experimental basis. For the purposes of this report and
the clandestine plant potentialities of this method, 1t must be glven very
serious congideration. Calculations indlcate that a cascade is feasible,
that no elaborate controls would be necessary, that the power consumption
would be meager compared to that required for a gerseous diffusion plant,
and the physical size of the plant and its uranium inventory would both be
smll, These factors would 211 make detection and location of such a plant
difficult.

The gas centrifuge 1s typically & length of high strenghbh tubing with
end closures to form & drum which may conveniently be 10 cm. radlug with a
length of ,100 cm. By proper choice of materials of construction, .a periphe
speed of 300 meters per second is posgsible and this can probebly be increas
as the technology of high strength materials progresses.




A bearing et the bottom muat support the weight of the drum, unless
rtion of the load is removed by magnetic suspension at the top. The

M spins in an evacuated chamber and is driven by a synchromous motor

jched at the top or bottom, These 3esign points are crudely indicated

i §. The method of imtroduction of feed gas and of removal of

lict and waste will vary with deaign of the equipment, The feed, how-

t, 1s introduced on the axis and the waste end product my be removed pyﬁ‘
'bha top and bottom at the perivherv by "scoops”, as indigated in tha )
DELETED ’ ¢z~

A cireulation is produced in the drum aa indicated by the.fdew..  —
arr and enhances the effect of the centrifugal sepe:’a‘bion,/ Dot

. 2.(a)
DELETED b

According to the simplified thecry the sepearative work depends upon
the|fourth power of the peripheral speed, the inverse square of the ebsolute
rature, and the firat power of the exlel length. The radius and the

pregiure do not appear expliciily in the mthema.tics, There is cbvioua _
advaptage in inoreasing the peripheral speed. ’ hoo
-b, ‘L-(a)
DELETED

The following table givea the relative estimated characteristies of

s constructed for two suggested types of centrifuges.
per econﬂ is _agsumsd.tn sxist (sub-critical) and to have been dmon%l;

-j.'hl-, as .
DELETED BothH piants are calculaétri to Z r ]
. pro fice 50 kg. of weapons grade (U259y 90%4) uranium per year. This would

require the feeding of 25 tons of uranium hexafluorides per year.®

-

: Fumber of ' " Fumber of
Type Centrifuges Fower I 8 8

. 300 m./sec. 2hoo 2h00 kv — 100 E &'
DELETED {Zéﬁj

e "eentrifuges would be necessary in parailel in the plant operating

at the higher periphersl velocity, and controls for gu ﬂcm would thereby
be Fihduced in complexity.

\’{xm ‘662 (deeret), R. A. lLevin, D. E. Hatch, ani E, Van Halle, o

4.‘. ~ Feljtvary 26, 1960.
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One suggested type of structure for the plants would be a four-
sty building with a ground area of 24,000 feet? for the slow speed
s

it apd a three-story building with 12,000 feet® on grade for the high
:d plant. A single, or twoestory building, with basement, could

slly well be used, but would call for somewbat more process piping.

s apparent, hovever, from these auggested slzes that & building of
\:e modest size would serve to conmtain the centrifuge cascade.

equ
Tt

The relatively modest power requirements could be supplied by

je). generators, Furthermore, the cascade could be broken into sections
th could be operated in different buildings or even in different parts
f country 1f clandestine operation were being achieved.

dte
whi
of

A plant of this type, 1f built before = disarmament sgreement wag

thed and if constructed with a view to clsndestine operation, would be
vertr difficult tou detect end locate. Construction in the presence of an
indbectorate under conditions where conventional imtelligence technigues

ht lead to the knowledge of construction of cenmtrifuge componenta could
|sore difficult. Detection under these conditions would depend to a

re extent upon the complexity of the centrifuges being built, particularly
as | toncerns the bearings which mey require mechine work of high quality.

The requirements for unusual equipment would be the centrifuges
and|bearings, and the power source which must be a variable frequency
genhrator that will drive the synchronous motora on the individual
%{";rimges. The drums, themselves, would be of a high strength alloy

it is of the general type which is developed for other uses, such as
| tanks in rockets. The manufacture of all of these components could
be |[oncealed in a country having & well developed industrial potential.

l T+ 48 not known how complex & system of conmtrols would be needed to
operate a centrifuge cascade., Some cpinions are thet such a system would
be [telatively well self-adjusting and would not require any extensive systen

of |i;es flow control valves to prevent surging and to permit parallel operation
of [centrifuges.

The oubstandirng cheracteristics of this type of plant then, in marked
cotlttrast to the gasecus Qiffusion, would be the followling:

1. High separation per stage.

2. Low power consumpticn.

3. Small inventory.

k., Smell physical plant.

5. Capablz of belng operated in dispersed units.

6. Fo large scale heat dissipation.

“SECRET-RL
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{-mmmm the absence UIf-barriwr Uhose fine pores are

|

* reduced pressurs and leakage would be into the cascade. Purging, because

_ any detectable loss to sewer, The comparatively small amounts of enriched
" uranium recovered could be stored and periodicelly reflucrinated for re-

Like the diffusicn cascade, the centrifuge system would operate wunder

of the smaller volume of gas being handied;, would be much simpler, Cold-
trapping to remove hexafluoride from vented gases would probably be sll
that would he necessary. The centrifuge drums would bhave to bs contained
mechanically for safety reasons and the container would ba evacuated during
cperation. This system would provids perfact protection egsinst lces of
uranium to atmosphere in case of a drum failure. The only loss

swrroundings would came about as a result of severe malfunction or accidenty

—

plugged by corrosion products, the problems of corrosion would es

gentiaily
disappear and much less stringsut requirements would be placed m

of constructicn. Alumirmm and plated steel yould replace nickel
rondalning high parceutages of thet wmetal.’

DELETED

The cascade auxiliary system would be similar to that ocutlined for
the gaseous diffusion procesa (Cf. Figure 5). Deecontamimation of equipment
would be necessary befcre repair, particularly if the centrifuges were fram
the upper part of the cascades where the alpha activity of the uranium is
high, This cleaning cperation would be om a comparatively smmll scale,
the surfaces being cleaned would be relatively smll and ths solutions woul
be euntirely recovered by ewaporative concentration or lon exchange to

feeding if warranted,

For meximm concealment of this type.of plant .'..1.‘; would seem dssirsble
to divert feed from scme other cperation, rather than to have a process for
the preparation of uranium hexsflucride .‘m the same location, Diversion of
bexaflucride in these comparatively small anountn would appear feasible,
Alternatively, diversion of green salt (UF,) and its fluorinetion at the
sites in a "flame reactor' whose effliuens copld he comparatively easily
contained would be atiractive. This problem and the problem of complete
concealment of the plant would best be acoomplished by locating the plant -
in the immediate vicindty of a facility which was engaged in tha large. acalﬂ

production of normal uranium matal slugs for reactors., A plant of the type|l.
of that opersted by Rational Lead Carpany at Fernald, Ohio would, because ofl-

its comparatively high loss of uranium to the enviromment, prav:l.de perfect
and complete masking of the centrifugs cperetion.

The bulk of the final product would be small and it could readily be
transported on a clandestine basis to another location for reduction to
and fabrication of weapons parts. It must be remsmbered, bowever, that ig
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luetion of metallie plutondim,
1

amounts considered for thia plant described, this operation cen be
"led on in s comparatively small laboratory.
P=adily possible by application of the type of technigues used in the
Glove boxes and stringent control of all

pents meke the detection of plutonivm fabrication cperations practlically
maible,

Concealmert of effluents

It 1s apparent that the chances of loeating a centrifuge plant are very

FLE|MROMAGNETIC PROCESS:

whi

by

n arc dlscharge,

4 if the facility wes congtructed with the Intention of clandestine
Fhation.

The electromagnetic proceas was used to produce the first highly en-

d uranfum in quapbtity, and the first bomb used in werfare was louded
weapons grade 123> produced by this process,

The method is not appealing

The method requires the preparation of a volatile "charge"” material

gsepslrated according tc mase in & magnetic field, and collected Iln wmter=-

coolld pockets,

10%
of

be

90%|
use
12=
Tad]

beamn
If 4

1im
0.2

Arec ionization seldom reaches an efficlency greater than

to be seriously considered as a means of producing appreciable amounts l
5 for weapons purposes under present technology.
ired, the size of the equipment, and the very low process efficlency of
pethod all are against its applieation.
die production of resesrch guantities of separated isctopes of most of
stable elements and for the preparation of highly purified separated

[opes of wranium, plutonium, and eventually of other transwranic elements.

The mumber of people

The chief utility at present is

th can ba heated in the lom source to provide & vapor which is then lonized
The ions are accelerated to a final energy of 35 KV,

s0 that G0% of the charge material must be recovered from the interior

az enriched "recycle” is required.

e vacuum chamber if it 1s veluable or acarce.
herated in two stages in order that the final enrichment be greater than

Since the process must

The ¥Y-12 cperation during the war
"Alpha" stage units with LS8-inch radiuvs to attein esn enrichment *o

5% and this material was then used in "Beta” stage units with 24-inch
(28 to attain the final product.

The production rate is determined by the current in the wanted Zon

Roughly, 1 milliampere of current per day is equivelent 4o 1 mililimole.
current of 138 miliiamperes total 1s obtained with normel uranivm, then

 L1iampere iz the curremt from the UYels
ip grame ami even if this were of the wanted enrichment, the production

™

is very am.p..

beam,

One millimole per dey is

This process will not be consldered any further in this report.
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Other Processes

Some small enrichments of uranium 235 were obtained early in the
Manhattan project by a thermal diffusion process in liquid ursnium hexa-
fluoride. The increasse in concentration was small and the power consumpti

wiuB very high. As soon as the gasecus diffusion process became operable,
this thermal diffusion plant was shut down.

No successful separation of uraniv lsotepes has besn demonstrated by

processes of iom exchange, distlllation, fractional crystallization, or
cbenmical exchange.

Metsl Production Plents

A samewbat arbitrary distinction bas been drasm between metal
productlon plants, which in the USABC camplex are typified by the Fermnald
opersticn near Clinelnneti and the Y-12 weapons fabrication plant, and
plants which precduce feed for a gasecus diffusion or centrifuge cascade.

Many of the same manufacturing cperations are conducted in the two ca.tegoriﬁ:
o

of plants and feed preparation could welil be carried on in tha same locatl
where matal is produced. The distinction between Fernald and Y=12 is made

principally because of the difference in level of enrichment of the uraniun
bandled.

l. Fernald Operation.

The Fernald plant, operated by the Hational Lead Company of Ohio,
handles principally normal or hear normel uranium, The source of raw
mterial mey be uranyl nitrate or uranlum oxide from ore refining and from
the recovered wranium from plutonium production sites, 1In the latter case,
the U235 content will be somevhat below normal concentration and the intent

will be to prepare UFj, (green salt) or uranium bexafluoride for shipment tc
e gaseous diffusion casesde for enrichment,

The various chemical proceases which will be conducted im the plant
ara outlined in Figure 7, If the raw materisl is in the form of uranyl
nitrate as a result of extraction of wraalum by & solvernt process, an
initial danitraticn step is required. The salt is rousted ard uranium
trioxide is produced. Large smonnts of cxides of nitrogen are released.
The effluent gases may be scrubbed to reduce atmospheric contamination buk,
in suy case, nltrate will appear either in the air or in aquecvs affluvent.

Uranium trioxide from this opezration or from & denitration step ab
source 1s then reduced with hydrogen to UOp. If the form in which the

uranium wvas received was Uz05, the ssme hydrogen reduction ls reguired to |

i w)
b xd

<5
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] neat
U(}.a,kmj)2 = " 002(1103)2-——»005 + nitrogen
oxides
(nathral or UO3+H2-——3U02+H20
renbtor "teils") U0, + LEF — UF), + 2.0 UF,, Feed Plant
2 L ¥ 2 ys Feed Plant !
UFg 5 IIF5+HE—-}UF,“_+EHF |
“1’1; > | UF, + Mg —>7T {metal) + MgF, U Metal, Reactor

J, Dilute HF

MsFa

Effluents: Alrborne, Particulate Uranium
Oxides of nitrogen

Fluorides
Water Urenium .
Witrate
Fluoride
FIGURE T

"Fernnld” Type Metal Plant
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gecure the desired form for fivorination. Reactions which invoive the
contacting of a aalid vith a gas are dusty and Tiltration of the effluent
gases is required. Whare the health are smll, as they are with
uraniua of pear normal concenmtration in ; tha econcmics of thbe
cperation will dictate the containment.

The uranium dioxide is flucrinated with hydrogen flucride gas (TP).
This may be done in screw reactors, vibtrating trays, cr in *fluldigsd”
bed reactors, but in each case the cperation is dusty. Tha gasacus
reactant must be in excess and trapping of the sffiuent mixture of gas
and powder 1s required. Bag filters are subject to failure and to
rupture, particularly when the effluent gas is HP, and losses ta the
environment are comparatively high. Lossew of very fine particles will,
in any cage, ocour and thess may he'airborna for considerable distances

_ and be detectabls in envircomental samples. -

DELETED

The primary purpcse of the metal production is to mamifactures slugs
for fueling plutonium producing reactors or for power reactors of the
gas cycle type {EGCR) which utilize normal or near normal uranium,
Various sxtrusion and machining cperations may be conducted to prepare
ths shapes needed and "canning™ of the slugs mey be done at the sams

‘plant. Currently, the slugs for Hanford Operations are clad with aluminum

at the site, rather than at Fernald, Machining and extruding result in
chips and wvastes of varicous forms which ultimately have to be reworked
or diacarded. Eeconomie considerations will dictate the degree to which
salvage of this type of wsate Is conducted.

If metal scmewhat enriched in U235 ig desired, the feed will came
from a seperstiouns plapt and may be in the form of UFg. In this cace
it is reacted with water to produce UO2F2 or reduced with hydrogen to
give UFy, directly, es ocutlined in the discussion of waste hng&%?g unde:
the gasecus diffusion process, At lov enrichments, circa 24 A
criticality considerations still permit comparatively large scale
cperations and the same remarks made above about losses will apply. -
Containment would be acmewhat more stringent because of ths higher
econcmic value of the maierdial.

pos
é. ?/aJ



The ctarscteristics of such a plant which are of Interesat for ths
predent discussion are as follows:

a, The cperation is "dirty”. Losses of urenium to the eavircoment
are high.

b. Effluents, other than wranium, are alitrste or nitrogen uxidea
and fluoride.

e, An oparation of this kind ecan mask very effactively effluents
from ancther type of wranium bandling installation ln the viclnity.

d, The emount of wanium bandled Is lerge and control of diversion,
ag for feed for a centrifuge plant of modest productivity, mey
be 4ifficult.

2. Weapons Parls Febriecation.

The Y-12 metal production plant is an example of this type ol
evlation. Most of the reactions dlscussed under the Fernsld plant are
comiuwcted in this facility. The feed will, In general, be recelved in

the| |form of uranium hexafluoride (UFg) in "always gafe” containers from
the| idiffusion cascades. The U235 con'betrb 18 9% or better and criticality
regdirements make it necegssry to conduct the nperations under a bateh

bastis. The UFg is "knocked out” in water in the preeence of a sufflcient

confentretion of alumimm salt to complex the fiuworide, the uranium

prel: ipita'ted, fiitered, and processed to UFy. This salt is then reduced
2. in bombs with metallic magnesiwm or caleium. Tha waste MgFs or

{ axe leachzd to recover wanium and sent to the burial gxround.

The enriched metal is cest, machined, rolled, or extruded as necessary
forming weapons parts. Recovery of the acrap is a necessary part of

: process gince the imtrinsic valua of the ma.tegu sl 14 high at this en=
rictment. her consideration is that the U23* igotope bas been emriched
g with 'I:he Y=/~ and the alpha activity 1s mueh higher than normal

arium. The health hezard is eccordingly much greater. Containment

l- ved in the enviromment., The high quality filters on exhausts a'ti.'!_'l.
pert %+ the passage of very amall perticles which accumulate and are
detictable on vegetation.

The Y=12 wesponz plant also handles largs amounta of depleted vranium
1 is used in metallic form for the fabricaticn of "tapper" for weapons.
materiel is comperatively carelessly handled and it tends to cover the
hed material in envirormmentsal samples. This provides ap example of
masking" possible by an effluent which would override one present in
ler amount,

| - Sttt
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A plant bandling highly enriched wanium for manufacture of power
reactor fuel elements would not differ in effluents from & weepons parts
shop. Sach e plant would, as does the Y-12 installation, receive recovered
uraniun from power resctor fuel elements and blend it with more highly
enriched mwaterinl before reprocessing into new cores. If, in addition,
reprocessing of weapons parts for modermization were permitted under the
disarmament agreement, the problem of "in-plant® imspection and comtrol
to prevent diversion would be complex. This problem is outside the scopa

of this report and thare exist reports writien to derl ppecifically with
this phase of the inapection praoblem,

A furt complication of the picture around a plant which mekes h:l.gb.]qr
enriched U2J7 into reactor fuel elements could be the presence of thorium
and of U233 pecovered from thorium containing fuels and frecm thordium blank
ot bresder reactors. The latter ilsoctope is highly radioactive, beling an ﬂf
alpta pariicle emitter with a half 1ife on the order of that of US3l,
Handling precautions would have to be stringent. The pressuce of this
isotope in envircmmental samples 18, however, guite readily detected and

it should not interferswith the primary diagnosis of the presence of uraal
erriched in U235, uﬂ

The characteristics of a weapons parta shop, cor one menufecturing
power reactor Tuel elements are:

a8, Moderate but gg‘tecta.ble loes of g&;%ched urenlium, This 1s
enriched in U22% and will CEXTY if diffusion plant feed
bas been reactor processed uranium,

b. Highly depleted vranium will be cbserved readily 1f wraniwm
tampers have been manufactured.

¢, No wvay of distinguishing, by means of effluents, between weapons
parts mancfacture snd febrication of reactor cores.

Nen=-Figsiorable Nuelides

A purber of isotopes of other elements are of importance to a weapons
prograu. Dr. R. J. Brouns hag discussed those which are reactor produced
srd which are used in initiators.* These nuclides are radicactive and the

#"Studiss of Inspection and Combrol Syntems, Number IIV, EW-48000 {Secred
Limited), R. J. Brouns, June I, 1960,
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posliibtility of detection at least exists from that standpoint, although
trifiium may, because of high background from hesvy water-moderated resctors,
preli difficulties. Tuo cther materials which sre non-radicectlve deserve
condideration from the atandpoint of imspection and conmtrol.

Highly enrichad I.i.ﬁ is used in thermcmuclear weapons, usually as the
deulleride (GiD). -This isctope captures a neutron, and tritium sazd helium
are |[producedy (1i° (n,ec.) The capture cross section of the other isctope
of [{ithiwen 1= very small sand highly enriched Ii" is of potential utility as
guid metal heat transfer medium for resctors. Lithium flucride is s
ionent of the fuel melt for proposed Pused salt reactors. For both

usajtes the purity of the isctope would have to be very high to reducs neutron
los Thus, there would be legitimate resson for the cperation of a plant

to |leparate IL17 and it would be necessary to insure that it was not opersted
to firodhce Li® in high purity.

Plarts to produce heavy water are s normal part of en atomiz energy
because of the importance of deuterium cxide (Dg0) es & moderator.
"The||Savarmeh River reactors, for instance, are heasvy water-moderated. The
e tonnage of heavy water required for such operatlons mekes the diversion
of gufficient deuterium fer production of thermonuclesr wespons very easy.

Deuterium Production

The chemical and physical properties of hydrogen and deuterium differ
sufficiently because of the large mass difference that a variety of separation
rethods have been used to produce heavy water, The natural abundance of the
isotope is about 0,015% in water. Multistage electrolysis of water
wag| jconducted in Norwvay and at Trells, B. C. during the war., This process
is only when thers is an excess of cheap power avallable. The
elexdtrolytic process was supplasnted by large scale dlstillation of water

ed out under somewhat reduced pressure, The difference im the vapor
prefdswres of H30 and DgO is sufficlent to make this separation process
effdetive., The deuterium containing molecule is the leas volatile. The
' concentration by distillstion was followed by electrolysis as a

"'te#pins" process to give Dg0 with purity greater than 99%.

Distilistion has, in turn, been supplanted by s chesper and more
efiicient separation scheme which involves the dual tempersture™ exchange

water and hydrogen sulfide, HgS, II these two materials are in
con , an equilibriom exists

EDO —_
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and the deuterium 1s shared between the two compounis., The equilibrium is

shifted to the right at low temperatures and to the left at higher
temparatures.,

The feed water is contacted cold with hydrogen sulfide gas ani the
water transfers part of its deuterium conmtent to the gas. The slightly
depleted water 18 then rejected and the hydrogen sulfide pumped o a second
column reactor in which the water is heated, In this colwsn, the deuterium
is stripped from the gas and the water leaving this stege 1s scmewhat enriched
ir deuterium. This proceas is contimied by pumping the enriched watar to tl
next etage where 1% is coocled before cootecting HpS. The hydrogen sulfide
serves only a8 a transfer medium for the deuterium and is reused. After e
sufficient number of stages, the deuterium cootent has been raised to ahout

. 2% in the water. Further concentration is then accmmplished by electrolysiy
or by distillation., The latter procedure is now favored and is used at Savannah
River for prepuration and for repurification of moderator.

Hydrogen sulflde would nobt appeer as an effluent from such a plant, but
would be burned to sulfur dicxide before release, Hydrogen sulfide is aco
toxic that this precauntion would be necessary. Sulfur dlcxide is a common
industrial air pollutant and its presence would not be characteristic of a
beavy water production plant. The depletion of deuterium is so slight in
the exit water that there would be no hope of using this as a tool to laentlffy
such a plant. The deuterium content of natwyral waters 1s so varisble that sjpch
a method would have very low sensitivity.

Furthermore, there would seem %o be no resson for not declaring a heavy
wvater plant. The production of such g plant for legitimate purposes is so
great that the diversion of the relatively small amcunts required for a
thermonuclear weapons program would offer no difficulty., A specific gravity
measurement, refractive index, or some otlier physical test would be require?
to prove that the contalrer held heavy water and not ordinary water.

Lithium Isctope Separation

Numerous methods of emriching L16 have been imvestigated. Tue most
successPul proceas and the one which is ugsed in the United States involves
an isotopile exchange between lithium hydroxide 1n agquaous scolutlon and
1ithium metal dissolved in mercury. The equipment used ls not bighly
speciaiized and the process can be operated on a smsll or lsrge scale, as
desired, It can be operated to produce very high enrichment of I3,
starting with 7.5% in normal aaterial, or may be adapted also to production
of very pure LiT,
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The process is outlined in Figure 8. Lithium feed is supplied in the

of Li0H.Ex0. The initisl purificaticm step 1s to electrolyze the lithium

| mereury in a tray. At this point the smll amounts of other alkall metals

impurities are wasted to sewer. The amalgam is then deccmpcsed by cone

ing with water end an appropriate catalyst to provide very pure lithivm

hyd)ioxide feed foor the cascada, This feed is introduced in the column &t dﬁ
te polnt, the portion above the feed point being the “enricher™. i

it tha *stripper” &£z =l
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At the product end, the amsizam 1§ decomposed in the |

exr” by contacting with water in the presence of carbon a3 & catalyst, |
8 of the hydroxide is recycled and snother portion is removed, neutralized '
wit|| hydrochloric acid to form 1ithium chloride vhich is concentrated by
evelfcration, dried, and fed to ths electrolysis cells, TFused lithium chloride
is omposed by electric current to produce chicrine and lithium metel
hig emriched in the light isctope, The metal is reacted with deuterivm
o ed by the electrolytic decompositicn of heavy water to prepare lithium

ide. '

DELETED DR

A portion of the rsject stream is withirawm, evaporated,

JHgO filtered off, This "tails" material is s0ld on the market and
for|ls time, at least, commanded a premivm in the 1ithium chemical trade because
of jjts very high chemical purity. It typieally contains shout half the normel
amotat of Li0 or about 3.5%. ' ;
Losses of material oceur at lmlra;l' places in the operation. . The wastes
frof| the Initial purification step will comtain the other alkall metals=-sodium, g

sium, rubidium, and cesium. Efffuent water may be unusually high in the
of these elements. Waste from the mercury scrubber may cerry enriched
will certainly be high in mercury. The mjor loss is at the talls
ling poln® where Filier blankets and filter presses are washed and vhere a

larg> scale packaging operatiocn ls carried om.

ae cal operation end only the econamics of the operation will dfctate the
degype of housekeeping and of recovery of material. The enriched material is,
of ¢nurss, baundled with grester care because of its incressed intrinsie value,

The handling of 1ithium salts offers no more than tha noriml hazards of
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FIGURE 8
Lithium Iaotope Separation Casceds
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The airborne effiuents are dust from lithiuve hydroxide handling and

nerd

1y vapor. Lithium salta are water soluble and eccumulation 4in the

env

be {

Jcnment would be significant only in an arid region. Mercury vapor mey
stected by accumiliation in vegetation for some miles arcund a large

oper

tation. This in itself 1s not dlagnostic because mercury may be used in
» amounte in other processes, such as the production of scdium and potassium
bxides where the "mercury cell” for the esectrolysis is a standerd item,

Aguecus effluents provide a ready method of detecting sush a plant,

went from the U, S. plant is typleally lithium which 1s depleted in the
t isotope and, ms such, mey be detected many milea down river from tha
tion. A plant like that of Foote Mineral Company at Sunbright,

inia, which processes cre to produce lithium salts, combributes 1ithium
e river in that vicinity which, although normal in isctople campositiom,
Jgnificantly higher in concentration than normeal river water.

Detection Capablility

In the discussion above of irdividual types of facilities which harndle
fum for procesaing to a different chemical form, for preparation of metael
fitch enrich U235, 1t has been indicated that the effluent common to these
tiong is uwranium, This may be airborme as particles or may be emitted
Jmecus wastea. Other effluents will be of a less characteristic nature

The utilization of this characteristic effluent to locate and possibly
entify the type of facility requires a comprehenslve echeme of sampling.
may well be the use of emvirommental samples in which wranium bas
mlated or been preferentially concentrated. Soil, grass, declduous or
rreen leaves, tree bark, silt, ete,, may be sample sources. In addition,

tisr semples. Highly specialized laboratory freilitles are required Lo

sucecessful implementation of such a program possible.

No detalled discussion of the proposed detection scheme will be given.
peader is referred to pages T0-116 of the report by R. J. Brouna (op cit.)
h gives a detailed discussion of the proposed sampling scheme, the personnel
lred, and the time pecessary to implement such a program. The objectlive

11s discusaion here will be rather to indlecate what such a sampling

'am ¢an tell about uranivm bandling facilities and to estinmte the

111ty of detection and location of undeclared and clandestine plants.

The following pleces of information can be obtained from eavirommental

wraniom sampling:




l, Teotal uranlum sbove scme background,

2., Alteration in U229/U235 ratic indicating enrickment or
impoverishment,

5. Abnormalities in the U2D* comtemt,

ks Pregence or absence of 11336.

5. Presence of Ue53

U236 i1 not naturally cccurring but is produced in reactors by bhe

nep=-fission capture of a neutron by U2, It is enriched in a separetion
scheme elong with Uej"' and U232, It may be wvery high-«several percentm-

in vranium recovered from enriched reactor cores which have hed high burn-up.

U?%> i1g produced by irradiation of Th>2 introduced either mg & fuel elemen|

componert or as a blanket in a "breeder reactor™. It is fissionable and hant
8.

utility, therefore, for weapons components and for power reactor fuel eleme
It 18 mn active alpha emitter and must be handled with greater care than en,
riched wranium, elthough probebly not with the same contalnment reguired fo
plutonium,

s

The following cases are likely to be observed in the enviromment of
plants handling urenium:

Cese 1. Normal wranium, no 0236, concentration higher %*han background:

Indicates ore processing, separations plant feed preparation,
reactor fuel element preparstion.

Case 2. U239 (ang URDH4) enriched, no U236: Indicates separations plant

not using reactor irradiated feed, or metal (weapons) preparation
from enriched material,

_Case 3. U230 (and u234) depleted, no 12%0; Tngisates separations plant
"talls" and mey be separations plant or weapons "tamper” fabricati

Case 4, U0 present: Indicates bendling of reactor procesaed uranium.,
Applies to Cuses 2 and 3. May indicate, if U230 15 Gepleted (case
3), preparation of separetions plant feed from reactor "teils®,

Case 5. ye22 normal, UE}N— enriched, U236 present: Indicates mixture of
enriched and impoverished material, from separations plant or
waspons plant,

Case &, USD detected: Indicates rrocessing of thorium besrirg fuel
elements, of thorium blanket from breeder or fabricatlon of
weapons parts or reactor fuel elements.




It is evident thet it 1s possible to determine the general class of
u:‘nﬂu:m being handled, but there are, in every case, alternative interpretations
1? |evidence is based solaly upon the detecticn of wranium and determinmstion of
1tel |isotople composition., Additionmal evidence from other effluents may nerrow
choices samevhat, High fluoride in the immediate vieinity of a faecility
indicate a separations cascade, a feed preparation operation, or it might
eq'ula_‘ly well indicate an alundnum plant and the fluoride would be from cryolite
, (Na A1F)). Similarly, high nitrate would tend to indicate & denitration
ma.mrl nitrate, but it might well have coms from some other chemicel facility
ted 1n the same industrial complex. Unless unlimited right of entry is
ed, then recourse must be had to other means of collecting information.
ials entering and leaving the plant must be monitored, power input
nad, ete.

™wo methods of eveding inspection and detection are evident, A facility |
d be constructed or modified with the cbjective of attainlng such complete |
airmment that no urenium could be detected in gaseous or liguid efflvent.

be |dmall TLarge scale filtration of air will not be perfect and contairment
small particles will not be possible, Any losses of uranium as

tiona. Aquecus wastes would be more readily controlled. Such wastes
corfléd be pumped into underground storage or into underground water champels.
Tor| |exchange resin treatment of wastes which bes first been scmewhat
comgentrated would mlso probably be very effective,

It would probebly be more feasible to make a separations plant using

cenrifuges effluent free, than to prevent detectable losses from feed

pretaration or metal fabrication on anything but & very small scale. By

farll the moat attractive and more easily attained situation would be to put

thel [clandestine facility in or near to a large scale operation handling

uraljium. This would be the more difflcoult case to detect. 'There 1s no

appiirent means of detecting the difference between a weapons parts fabrication

and| the ceonstruction of reactor cores from highly enmriched uranium by environ- .
me gtudiesn.

The following teble will give the best estimate which can presently be
madH for detecting and lceating undeclared facilitles operated In what would
be {lonsidered a normal manner and clandestine facilities operated with maxiwmm
atitnticn given to conceslment, The distance limitation is erbitrary. The
clovler one can g=t Yo a facllity, the better the chance of positive detection.




P =y

DETFCTION CAPABITIITIES FOR HIDDEN FLARTS

Forma1til) Clandestine(2) :
Type of Plant Close Distant Close Distant Meens of Detection
0=5 mi. > 5mi, 0=5 wi, >5 mi,

Diffusion Cascade Positive Probable Probable Dubious Uranium isotopic comp.
Centrifuge Cascade Probable Dubious Lublous Very unlikely L . 2
Feed (UFg) Preparation Positive Frobable Probable Dubiocus = 7 o
Metal Prep. (Near Pogltive Probable Frobsble Dubilous % . "

Normal Conc, )
Metal Prep, (High Positive Probable Dubious Very unlikely L i i

Enrichment)
Deuterium Enxictment Inkblous TImpoesible Impossible Impossible Deuterium
Lithium Isotope Positive Positive Probable Very unlikely Altered isotople comp. of

Separetion

lithiwn in aqueocus effluent.

(1) A vormal Facility is defined es baving been constructed and operated in ordirary fashicn for at least

a year before inspection beging.
(2) A clandestire fm:ility 1s cne which was constructed or modified %o avold detection,

It is essumed to bte of large size.

It is anticipated

that it wili be of smaller size and may be located in the vicinity of a2 "normml" operstion, which would

provide masking for effluents if containment is not perfect.

=
=
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