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Introduction

g operated
#ghdestinely to avoid detection. A preliminary report was repared and

sped (ORNL 59-12-76). Dr. R. J. Brouns of Hanford Atomic Broducts Operation
the writer also prepared a condensed report that included the detection
eactors, irradiated fuel processing sites and metal fabrication Plants,

h eppeared as an attachment to an ARC staff paper issued [February 29, -

0. A revision of this attachment was submitted March 30,
; 60=3=-115, This present report is intended to be a f1

' ( v : s 4 . . report on
p subject and to include the best estimate of capability

hat can be
ade on the basis of present techniques of sample collection |and lasboratory
terminations, R : ‘

‘Because this report reveals the precise location and interrelationship.
SAFC installations and some details of processes, 1t is dlassified
stricted Data"”, Because it reveals techniques which can He applied to
hdestine acquisition of intelligence data, it 1s not suitdble for relesse
Foreign Nationals, : A A ) o .

Sta'hément of Prcblem

" Under the presumed international agreement, there would [be a cessation of
uction of fissionable or fusible material for weapons fabrication, Exist-
stockpiles would be retained and reworking of weapons would be permitted -
r|modernization, modification, ete. The problem is then, briefly, to monitor
pwed Pacilities for production of enriched uranium, the Pfabirication of fuel .
nts for reactor usage, the reprocessing of irradiated e iched - fuel

nts, and plutonium production from resctors to prevent diversion of
rial to increase the weapons stockpile. The portion of this problem to
h this report applies is the detection of any production |facilities which
‘not declared under the sgreement at the cuboff date and [to detect such

8 as might be built clandestinely either before or afte the agreement.
Procedures developed would apply equally well to detectidn of production

1ities in an K'R country which might undertake the production of weapons
clandestine basis, , . : ' ‘

)
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The following definiticns are given for the Purpose of the discussion:

UNDECLARED PLANTS: This category is assumed to consist of Production
facilities of a normal type of construction which had been built prior to
a disarmament agreement and that bad been operated in a normal manner not
intended to avoid detection. They are essumed to be of conventional size
and type and to have relatively high production capability. :

CLANDESTINE PLANTS: These are plants or production facilities
constructed on a covert basis and purposely designed to avoid detection
by any of the inspection systems agreed to in the treaty. It appears
more likely that such facilities would have been constructed between
the time of disarmement negotiations and.the actual imstitution of in-

v spection or control. They might thus have been built, tested, and held
o - ready for operation when needed later. The construction of a complex
| ‘ isotope separation facility would b'e_susceptible to detection by the

conventional intelligence techniques and ‘thus would become more expensive
in the presence of an inspectorate. T .

As umptions

The problem of detection of the two classes of facilities = undeclared a.nd )
clandestine - will be discussed against the background of the following assumptions;

l. It will be assumed that certain rights will be granted under a dis-
armament treaty which will permit env:!.rbnmenta.J, surveys to be made. . °
Exclusion areas will be defined and located. The presumption is that

© these will be military reservations, regions in which stockpiles of
weapons exist, and probably other areas in which it will. be stated
that no operations of nmuclear energy nature are conducted. Since the
closeness of access cannot be defined at the present time, it will be || -
possible in the discussion only to indieate the detection possiblilitieg
at favorable and unfavorable access. distances, o

|‘ 2. It is assumgd that the details of the inspection methods will be
' known. One must, therefore, assume that any clandestine or un-

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

3. It is assumed that information from conventional intelligence
operations will not be ‘avallable to the inspection operation. The
rights of over-flight for aerial photogrephy 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 1limited basis is agsumed,

4., The magnitude and complexity of a nuclear energy operatlion, aimed
at the production of even a limited mumber of weapons, are suf-
Ticiently great that the complicity of at least a large portion of
: the foreign govermment must be assured. Thus, the resources and
o , facilities for support of evasion may be great. -




‘ 5. It will be assumed that there is no inspection of mining operations
or of primery chemical concentraticn of ores. Feed material of normal
isotopic composition for a clandestine operation would thus be avail-
able, . : :

Basis for Detection and Location

All atomlic energy esteblishments emit effluents which are to a great
ent characteristic of the operation. Considerations of health hazards and
unit cost of the materials being hendled are the factors which determine
degree to which these effluents are controlled. Normel uranium, for
tance, offers a comparatively minor:health hazard and is not a perticularly
uable material when compared to emriched uranivm of product level. The
rol of uranium losses from a plant bandling normal or near normel material
1 thus, under normal operating conditions, be less stringent than would be
case in an operation Involving product level uranium. Plutonium, the
nsuranics in general, and U-233 will be mch more stringently contained
suse of their extreme health bazard, : I

0 e b ok O

o' et

The effluents mey be gaseous or. fine particulate materials and will be
~transported for great distances, or may be water soluble or carvied in
uid effluent in finely divided form. Much more is known at the present time
t air-borne materials than about 1iquid effluents, The fate of uranium in
Iver system has not been. ‘thoroughly investigated. If, ag is the case with

materials, it is possible to find a type of vegetation or other environ-
tal sample in which the effluent is. concentrated or accumlated, then the
ection and characterization of the operation 1s possible at comparatively
at distances. : | ' )

o PP~
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|~ 'The detection capabilities are obviously determined by the type of
ration, ‘the amount of material being handled - gince losses will be ex-
ted to be proportional to the size of the operation -~ the type of sample, ,
to the sensitivity of the meth .: The techniques which have been applied
generally extensions. of the commonly used methods of health physics en=~
gonmental surveys but increamsed in sensitivity by some orders of magnitude
most cases.  The .detection of wranium mey be made exceedingly sensitive
highly speeialized mass spectrometriq.measmments, and to the determination
gross uranium- is added the additional tool of messurement of isctoplc
osition, from which diegnostic information is obtainsble sbout the -type
operation that is being detected or- monitored. '

P 0Y o
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Contaimment of iodine firom a dissolver operation on irradiated.fuel is
d prineipally at the short half-1ife isotope. The long-1ived 1129 wii1
be detected by a monitoring system aimed et controlling 1133, This
ope has been found to cumulate in vegetation and it is readily detected
h high sensitivity. by neutron activation method, It does not occur in
ure and exlsts because of being & fission product. A plant which is
[ digsolving irradiated fuel elements is thus quite readlly detected on the

is of this one effluent. This detection scheme will be covered in detail

‘i3 /a report by R. J. Brouns of HAPO, and will not be further discussed in the
lowing write-up. . i
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. operation is required to prepare 'UO3 before the feed plant can process it

‘UFg from Uz08 by reaction with elemental’ fluorine in a fluidized hed Icarryiﬁ _
€8

grkes

Other materials of importance to the operation of a weapons program.
are 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 companion report by R. J. Brouns for & discussion of the
detection of tritium producing sites. Enrichment of the lithium isotopes
and the production of deuterium involve no hazard to health, other than
being associated with a chemical process involving normally dangerous
materials. Containment will thus not be critical end effluents may be

expected to be abundant., The detection ¢apabilities will be discussed
under individual plants or processes. _ - '

In the discussion which follows » there will be no detailed expose’ of
individual analytical procedures since it is not believed that a manual °
of laboratory techniques is germane to the: purpose of this report. Indiv:?.dug
processes will be ocutlined in scme detall and the source and magnitude of
the effluents indicated. In the case of, processes that are potentially
useful but which have not been constructed and operated, the megnitude of
losses can only be guessed at. The centrifuge plant for the separation of
uranium isotopes is an example of this situation.

. Uranium Isotope Separa ation Plants -
GASEOUS DIFFUSION: ' ‘ :

1. Feeﬁ Preparation.

The process gas for the diffusion rlant is uranium hexafluoride. This ||
is the only uranium compound which is sufficiently stable and which bas high
enough vapor pressure at ordinary temperatures to be useable in the process.|| -
Since fluorine has no stable isotopes, the only mass difference between isotppilc
molecules is that of the wranium isotopes.  The preparation of the feed gas ’
has generally been done at the site of the diffusion plant. There is not,
therefore, in the USABC complex any case of a diffusion plant Der se. A
portion (approximately 156) of the feed for the U. S. diffusion plant comple
is now being prepared by the Allied Chemical Corporation plant at Metropolis
Illinois.  This plant is situated Just across:the Ohio River from Paducah,
Kentucky, and is thus not geographicelly remote. :

bl

Raw uranium feed 1s generally supplied in the form of U0z to the plant
producing uranium hexafluoride. It is produced in this form the ore :
refinery or the plant processing reactor irradiated uranium by the denitratipm
of uranyl nitrate. If the oxide produced is: Uz08, then a further chemical

to hexafluoride. The direct fluorination process is reported to prepavre |

a fluorination catalyst. The general outline of the feed preperation Toc
is glven in Figure 1. - R : . '

The raw oxide is reduced with hydfogen to U0y and this is reacted wi‘bh |
anhydrous HF to produce the tetrafluoride (green salt).. The tetrafluoride:

then reacted with elemental fluorine produced by electrolytic gemerators at }|.

the gite.- The hexafluoride is volatile, is collected in cold traps, and the

transferred into cylinders for shipment to the ‘cascade or for storage until L

needed. - ‘

SRORGLRED
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UM? . Us0g + 2Hy— U0, + 20,0
reactor 'tails_;‘ : U0z + H2 ,an + Hy0
- U0y + hHF—-—)UF,,_ + 2320

UFg (cyliﬁders_)

(h-anUFh 24) . UF!I- + F2 ‘—"UFG i to Faacade : - , .

.
HE + elec'-b->1-"2 + 1-12

e

Dilute HF "Ash",f contains
(market) UX), UX,, Fp,
-~y trace of fission

products

Characteridtic Effluents
Dust: Uranimm compounds
Gaseous: UFg, Fp, HF o ' ' *

Aquéaus: Uranium, fluoride

FIGURE 1 -

Feed tion




The major inputs to the Processing plant are electric bower and anhydr
hydrogen fluoride. The HF is used both for the preparation of "green salt"
and. for electrolyte in the fluorine cells. Other components of the electro
are potassium and lithium fluorides, but these are not consumed in the
electrolysis. Materials of construction are generally nickel, monel, or ot

high nickel content alloy because of the extremely corrosive nature of b&di'oq n

fluoride and elemental fluorine,

The reactors in which the hydrogen reduction end the fluorination are
carried out have been vibrating trays or screw reactors, in which contacting

of the solid particles with the gaseous phase has been produced by mechanical

means.. More recently, the “fluidized bed" resctor bag been introduced. ' In
this device the powder is fed at the bottom of a vertical cylinder, gas is
passed 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 ancther type of reactor. ’ :

In all of these devices, there is thei)roblem of removing entrained .

and finely divided solid from the effluent gas stream. Bag type filters bave

been used extensively.[ Contaimment of micron and submicron particles is not
necessarily good, and the bags are reported to be subject to unprédictable
failure when the material being trapped 1s a fluoride and the gas stream.
contains hydrogen fluoride,. Fine pored metallic filters are now available
and are being used to contain dust. In use, these filters are periodically
"blown~back" with air to remove accumulated solid from the upstream side.

Containment of solids by this type of filter is undoubtedly much better
than with the bag t:y'pe. . : .

" The entire process involves potentially dusty handling operaticns.
When the uranium is only normal in isotopic.concentration or slightly de-

pleted, as in the case of recovered fuel from a plutonium production reactor,
the health hazards are comparatively minor. . The containment precautions then

vill be dictated by housekeeping and the cost. of the material being handled.

of material lost to the enviromment. The Teeding of a diffusion plant compl
involves preparation of many tons of hexafluoride per day, so the loss of ev

© 8 very small percentage of the material is sufficient to provide a readily
detectable effluent. ) : '

Typically, a feed plant. is characterized by comparatively significant amount}

Some uranium may potentially be lost as UFg from the final fluorination
step by transport in the gas stream through the cold trapping. This loss

may be negligible from the material accountability or health hazard standpoin

9

n

but can provide an indication of the operation by environmental sampling. .
The molecular UFg doubtless immediately hydrolyzes with atmospheric moisture
“and the resulta.ng UOoFy mey remein as a very fine aerosol or attach to dust
particles in the atmosphere and be carried for great distances.

Other air-borne effluents are fluoride, either as HF or as fluorine,

© 1t8 reaction products with water. This has not proven useful as a detection
device for a plant because vegetation appears to dispose of excess fluoride
and only within one or two miles of a plant 1s fluoride inorganic material
observed to be above the normally rather high background. :




Spent hydrogen fluoride that has become dilubed with water is, under

:ﬁe U. S. economy, resold to industry. This acid will carry trace uranium
ich is characteristic of the material handled in the feed plant,

The "ash" from the fluorination reactior is now conventionally recycled
does not sppear as an "effluent". This residue will contein UX; and UXp
ch are the daughters of U25°, It 'may be necessary to allow these to decay
the ash becomes unduly "hot". When reactor processed uranium is being fed,

2 ash will contain a g;l(mificant amount of neptunium and mey be processed
the recovery of Np2 » The detection of this isotope in the viclnity of

plant would indicate that reagtor ‘processéd uranium was being handled.

ever, the cbservation of U2 glves the same indication and its detection °

somewhat more sensitive and simpler. : : : ‘

L3

The same effluents which are air-borne will also be water transported .

8 soluble or particulate material.,.This may be washed from the surroundings
may emerge from the plant through seierage because of washing and cleaning .
erations. In this case, again, the significant and diagnostic effluent will

¢| uranium,

Mo

Because of the nature of the process s the large tonnage of material handled,
the relatively minor health bazard of normal and near normal uranium, a feed
ant 1s a comparatively dirty and dusty operation. It is readily detected in -
i- environment by isolatlion of uranium and the establishment of the isotopic
mposition. The level of enrichment of the uranium can be determined, and
p_handling of reactor processed uranium is indicated by the presence of -

U0, Detection of abnormelly high fluoride is possible within one or two

es. Np2oT mey possibly be cbserved to indicate reactor origin of the

2, The'D:lffuaipn Cascade,
Characteristicg of the Proc'ess'

. The gaseocus diffusion cascade is characterized by the large physical N
size of installation and very high power consumption because of the large
er .of separation stages necessary. - That this must be so is readily seen

the simple relationship that the separation is inversely proportional ’ '

Lo the ratio of the square roots of the molecular weights of the isotopic
mglecules. Thgxs, the maximum local separation that can be produced by a single

e is - \/352 / ,/31;9 ‘= 1.0043,

The whole effect rests upon the fact that at the same temperature, the
etic energles of the molecules ars fdentical, but the slight difference
Ilweight means that the molecule containing the 1235 isotope will be moving
ter, and will pass ‘more rapidly through a porous membrane, The basic




| It 3
+ “moeondensation of UFg oceur, lé'é‘ﬁ”é"f‘!‘bigggty b

process is 1llustrated by the following diagram (Figure 2). The feed.gas
is passed into a chamber that is divided into two sections by a porous

membrane or "barrier”, The holes in the membrane must be small in diameter
compared to the mean-free-path of the gas molecules at that temperature and
Pressure., Flow through the pores mst involve mainly collisions with the

tained at scme pressure P, which is lower than the pressure P, at which
feed is introduced., The ter and lighter molecules that contaip the

walls, rather than intermolecular impacts; The back of the membrane is m%ﬂ-
t R
d

isotope U235 will pass more rapidly through.the membrane, resulting in a thin

!

- layer on the h?k;pres_au}'e side of the membrang, which 1s depleted in the
et isotope, '

. o DELETED o streams tEm
emargs T¥Gn. Tha” separaticn céll, oné which 1s slightly dépleted in the 1ig '
isotope and the other is slightly enriched. . The process is, in general,

operated to give a "cut” of 0.5, so that the incoming feed is separated in
tvo equal streams. -y : . V

.~

R
FHEE

In order to recreate the pressure differenmtial in the next stage (and
ths pressure gradient is the driving force in the process), the product
stream must bs recompressed and cambined with the reject stream from the
next stage higher in the cascade to maintain material balance. The heat of
compression must be removed by a heat exchanger. which may follow. or preced
the compressor. - Thus, each stage of the process will involve a "converter

-which contains the separative membrane or "barrier" » 8 compressor, and a hagt

exchanger. The power “input to the process appears, then, principally as lgye-
level heat that must eventually be dissipated to atmosphere or to'a river. ||-

. 'The cascading arrangement 1s shown in Figure 3. . From stage "A",. the
. Peed is split into a product stream going to the compressor. for stage A +
where it is combined with the reject stream from stage A + 2.and a reject

P

.  ) %{«)

stream which enters the compressor feeding stage A =~ 1. This staging arrange=-

ment is valid only for a "cut"of 50%, Control valves are necessary to
equalize flows and to prevent alances. in i ‘ L

. _omitbed from the disgram,/

' _ DELETED

e
42
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e exceeded in the section
is h:lgh‘. A balsance is made of

| .
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the cascade where the enrichment of the
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' corrosive effects. Compressor shaft- seals are maintained in an atmosphere ¢

- must be purged from ‘the /dascada,
[ - function ' o separate UFg frou’

- carbons, These compounds are hydrocarbons in which the hydrogen has been .

 inert to active fluorinating agents and rarticularly to UFg. Nickel 1s

of metallic surfaces and consequent increased corrosion and consumption.

. The latter term applies to the deposition of solid uranium compounds on .
- surfaces, as. contrasted with actual chemical attack, which results in the

formation of fluorides of the materials of construction. '

The ‘pressure in the plm 1s genefally below a'bmospﬁar:le, so 'El‘wb leakay

-1s invard, Moisture must be avoided because of the reaction with UFg which l .

causes the deposition of UOoFp and the formetion of HF, which may bave severs

dry nitrogen so that there is always an appreciable amount.of this gas that
Thers are)portions of the cascade vhose
lightey grses apd +to vent. hege ta atmos

*3 RS DS

DELETED

 United States technalogy has emplojed. two different types of £flucroe

replaced by fluorine, They are extremely inert chemically and so produce

and was then used to transfer heat to water. This system avoids the poesibility
of a water leak developing inside the cascade.. More recently, a lighter flupro-
chloro-compound = trichloro-heptaflucro butane (Freon'lilh) - 1s used as an
evaporative coolant. . This’ cotpound boils ifi the hedt exchanger and yields
its' heat to water when it is recondensed, . Other technology '1s reported to- :
be to uge heat exchange direetly to water without the fluorocarbon intermedipte.

. .. Materials. of construction for the gasecus d1ffusion process must be

the material that best resists the attack of fluorine and fluorides; thus,
nickel and alloys containing a high percentage of this element are used in
large amcunts. Aliminum has proven to be remarkably resistant to attack
bas been used to some extent in compressors and piping. For large equipmen '
it may be economical to use steel or other appropriate base material and to|| - ¢
nickel-plate 1b./ ~ DELETED I y0 ’A’)

Fluorceas!

-

Porm + €585, "Ton,

uor ne - are user

for valve seats, gaskets, etc,: Fluorocarbon clls have been used for lubri~.
cation of moving parts and pumps. The use of fluorocarbons for heat transf
media has been mentioned sbove, Thus, a well-developed fluorine technology

is necessary to support a diffusion plant,. _




1k

':-. P

I

The entire plant must be very tight against atmospheric in-leakage
vanced "vacuum" technology is required. Precision’ machine shop skills
lcation of shaft seals and other specialized parts are a must for

88, Thorough instrumentation of the entire process is required for

tion. The ORGDP complex is operated entirely from a central control
even though 1t spreads over many acres of ground. The operating force

e comparatively small, with the bulk of the persomnel required being for

ernance of equipment. Construction;, on the other hand, could require a
labor force. - - . o S .

All in all, construction of a clandestine plant under an inspection

m would appear $0 be en undertaking of such megnitude that 1t would.

be seriously considerdd. It would.be too readily susceptible to

tion by conventional. intelligence- methods because. of the large construc-

 foreés; the urisual end specialized materials or machinery, and the :

-of personnel required, o S i :

One can summrize the characteristics of the process as imvolving the
ng: . : ' : .

| e

';._ Very high power consumption, released as low-level heai:.
2. Large physicﬂ size, -
5. fSpecializeti eqﬁipni‘eﬁt and :lns'bi'uinentation( _

b Extensive use of nickel or high nickel alloys) @
' DELETED o

‘1{ 5« Well developed fluorine "Iiechg'bldg'.

.f e

6. Highly specialized personﬁel’_.f ' ,

The Cascadé Ops ek

An outline of the various inpits and withdravals that mey oceur in a
cal cascads is given in Figwre 4, The tapering of the cascade is -

pated, both.toward product and reject. The input UFg 1s introduced at
feed point, which is the "widest"™ portion of the cascade. It is usually
led in steel cylinders which may typically welgh ten tons. The cylinders
eated in water baths to melt and volatilize the UFg. There 1s the
ibllity of some occasional loss at'this point. At various places in
pascade there are purges to atmosphere by which light gases are separated
UFg. Effluents frcm these will be :fluorine, hydrogen fluoride, fluoro=
ns (if used), and probably a very small amount of UFg. Because of the -
of the product, the purge at the upper end of the cascade is probably
carefully monitored than one lower down, - '
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' Purge

-.--——-)UF6 Product

Side stream

—2° Intermediate
Ve . Assay
‘ Cascade
UFG Feed ——p.
Possible
Refaed -
Tails
(DepJ[eted)
Storage UF,

UFg + B,~—>UF, + 2HF [—HF, recycle or sell

Characteristic Effiuents:

. Particulate: Uranium (depleted) from reduction -

Gaseous: UFS, F2, HF, fluorocarbons

FIGURE 4

~ Gaseous Diffusion Cascade
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- Product 1s withdrawn by freezing into a trap or by pumping into a
inder in vhich the U?ﬁ is liquefiéd under pressure and subsequently
1difies on cooling. _"Alvays safe” geometry of container must be used
gh_enrichments. Withdrawval may be comtinuous, or intermittent,
festreams may be withdrawn at intermediate enrichment for use in
tors or in some types of weaponms, .. =~ v/ UrUT el wcannoo

The waste withdrawal must be on'a:large scale, This iz more likely
e done by compressing the UFg ahd f£111ing the cylinders with liquid.
® bulk is, of course, that of the feed material since the volume or
ight of w35 removed as product ib'a small portion of the feed. Waste,
depleted in the 1light iscfope to & greater o lesser extent, is: stored in
cylinders, ' If not depleted to.ths 1inih possible in the cascads, then

fbr conditions whers novial feed Ia scarce snd product is meeded even - .

3

. ab|fncreased unit cost, 1t may be econimieal to re-feed. If this is dons -

bhe normal feedpolnt, then thers will be a re-esteblishment of the -
rade- graddent, - T o A

Waste that bas been:depleted to the economical maximum is reacted
bydrogen to reduce it to solid UFy, which is stored as a dry powder,
p the recovered HF is used in feed preparation or ias resold on the open
arket. This operation will be samevhat dusty and losses will tend to be
gh because of the large amount of material bandled and its low econcmic

-

Feed to the cascade may be matural uranium or uranium that has been
what depleted by irradiation in a Plutoniym producing reactor. Effluent
th & cascade, 1f detectable, will carry.U20 1f irradiated uranium is.
ig used-ag" foedy Slighbly enrichied: wranium which wes used as  fuel in a
i tor, e.d., 1in the 1224 range; mey te ré-fed; as mpy be recovered
plum from salvage cperations of any kind. High level irradiated
um recoversd from spent reactor cores from high flux reactors or
e reactors (e.g,, from submardnes) is not at present likely to be .
fed’ to & cascade, but will be biended with product produced at encugh . :
gher assay to make blending to specification possible. This will also T
blieally carry camparatively large amountd of the 236 1sctope. - Losses:
i re-feeding of enriched materialy can beé expected to be very slight.

!‘The amdliéry prqceéses that are'»gecgs,s,ary;m cascade operation =
ghiown schemmtically in Figure 5./ ) ol
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be|flecontamioated by chemical means, usuvally by nitric acid spray or baths.
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will eventually be refluorinated 'and fed again to the cascade at an
ropriate point. Junked equipment or scrap may be sufficiently decontaminated
e sold on the open market, or may be buried if the economics of the merket
not favorable., From these operations, there is the possibllity of liquid
uents which will typiecally contain isctopically altered uranium at the

1 of parts per million and nickel, aluminum, and fluoride which may, to
extent, be typical of the process.: ,

03111m of various enrichment levels is recovered by both of these processes
an
8

In United States technology, the three existing cascades are operated
mtially as a single unit. Paducah serves as a “feed" plant for Ports-
h and for the Ok Ridge Caseous Diffusion Plant. While.varistions:

r, depending upon. economics and the. type of feed materisl availsable,
general operation is that all uranium hexafluoride is prepared at

cah, - Then, whether normal or resctor tails (slightly dmpoverished),

8 fed to the Paducah cascade. Product - at perhaps 2-3% 1235 . 1 then
ped to Oak Ridge or to Portsmouth where it is fed to the eascades there.
& from these two cascades are returned to Paducah for further emrichment.
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 feasible in an economy where rail, water,
or|truck transport is common and where weather does not interfere with
sh nts. It permits spreading. the extremely high power load over different
portions of the country, as well as providing the advantage of dispersal of
prtant targets. Under the United States system, the processing of product
etal and the fabrication of weapons parts or reactor cores takes place
site other than the diffusion.plant. This ‘is & very likely arrangement
e the findl product is not bulky and no great amount of shipping space
equired. Shipment by air would:be very feasible. '

~

Summrizing, then: Detection of an undeclared diffusion plant would be

1likely by conventiomal intelligence means. which cowld well include
survey. The large size of the plant, the extremely large power

quirements, and the evolution of great amounts of waste low level heat
woyld be readily detectable. Construction of a clandestine diffusion plant
wmﬁd appear to be most unattractive. A diffusion plant must be large to

. be [useful . . .

No criterion exists for the estimation of the capability of detection

of |g diffusion plant per se. UBARC plants have, or have bad, feed plants

asgoclated with them and, as pointed out above, the preparation of UT,

from uranium oxide is an operation that s high in wranium loss compered to
tions of other types. Surveys around the Portsmouth plant in the early
of operation showed that the environmental contamination was very low.

There was no feed plant operating there at that time, . '

“Wesas D
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| GaS CENTRIFUGE;

Because of the small losses from purge, scme water=borne losses from
salvage and decontamination operations, and occasionmal losses at feed and
waste withdrawal points, one would expect to be able to prove the presence
of isotopically altered uranium in the enviromment of & diffusion plant the;
bed been operating for scme time., The detection capability would be much 1

than for a feed preparation operation or = 85 wlll be seen later in this
report - for an enriched metal fabrication shop. )

Nickel may be found to be above background in the immediate vieinity
of a plant, particularly if barrier manufacture is carried on there. High
Tluoride is typical, but detectable only within two miles at the most. - No
good method now exists for the detection of fluarocarbon vapors, end the us
of these compounds in large quantity is not necessary for cascade operation

- for instance, something of mass 7 and 10. . The lack of adequate technology

‘indeed, a cheap and relatively simple method of isotope separation which

The ‘gas centrifuge has, from the tﬁeo:i:‘biéal standpoint, been a vei'y
appealing method of isotope separation because the separative effect is a

function of the mass difference, rather than the percentage mass difference

Thus, separation of the principal uranium isotopes with three mass units
difference in weight at mass 350 would be as effective as separation of,

for buillding centrifuge drums capable of withstanding the forces generated
by peripheral speeds on the order of 300 meters per second has, until
recently, prevented application of this separation schenme, " Development
vork bas proceeded in Russia, in Germany, and in the United States and
recent newspaper publicity. has led: the public to believe that here is »

would enable even small nations to become nueclear powers.

The fact is that, at the present time, there is no known cascade
operating with this process and applications to wranium hexafluoride have
been on a limited experimental basis. Far the purposes of this report and
the clandestine plant potentialities of this method, it must be given very
serlous consideration. Calculations indicate 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 ‘gaseous diffusion plant,
and the physical size of the plant and its.uranium inventory would both be

small. These factors would all make detection and location of such a plant
difficult, C : '

The gas. centrifuge is typically a length of high strength tubing with
end closures to form a drum which my conveniently be .10 em. radiug with a .

length of,100 cm. By proper choice of materials of comstruction,.a pe_riphemi'-

speed of 300 meters per second is possible and this can probably be increas
as the technology of high strength materials progresses. :

9
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A bearing at the bottom must support the weight of the drum, unless -
ion of the load is remcved by magnetic suspension at the top. The
spins in an evacuated chamber and is driven by a synchronous motor
hed at the top or bottom, These design points are crudely indicated
gure 6. The method of inmtroduction of feed gas and of removal of

t and waste will vary with degign of the equipment, - The faed, how-

®
by

et e . PR
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produced in the &rum as Tniicated by the.fhax -

—— A T S RO

|| Accordisg ¢6"¢he stupiified theoty the separabive work deponds upon

ourth power of the peripheral speed, the inverse square of the ebsolute
rature, and the first power of the sxisl length. - The radius and the

sure do not appear explicitly in. the methemntics, There is obvious .

tage in increasing the peripheral speed./ -
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The followirg teble gives the rélstive estimited characteristics of

8- congtiucted, for two suggested types of cemtrifuges. The 700 meter. . -
Second 1 mssumedifd eixist (sub~critical) and to have besn demorstrated = -

asihle . '
DELETED HOtH plants are calculateéd tc

ice 50 kg. of weapois grade (UP553 90%) uranium per year, This would

ire the feeding of 25 tons of uraniup hexaflucride. per ysar.#

' ‘ R Funber of
Type Centrifuges - Power . Stages

%00 m./sec. f 21»00 : QIIOO kw. e 100 ‘

4 DELETED
FEver centrifuges would be necessary in parallel in the plant. operating

the higher periphers) velocity, and controls for gas flow would theéreby

duced in complexity. -

}662 (ge€ret), R. A. Levin, D. E. Hatch, and E. Van Halle, .
TUuATY i J 1%00 4 . ' ’ :

and enterices the effect of thie-cemtrifigal severation,’ ot
DELETED , b

y 1s introduced on the axis and the waste end product may be removed paﬁ
he top. end bokbom et the perivherv by "scoops”, as indigated in the | )
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One suggested type of structure for the planmts would be & foure

pel. generators,
th could be operated in different bullding

building with & ground area of 24,000 feet2 for the slow speed
ant end a three-story building with 12,000 feet® on grade for the nigh
ged plant. A single, or two-story building, with basement, cculd

well be used, bubt would call for somewhat more process piping.

8 apparent, however, from these suggested sizes that a building of
te modest size would serve to contain the centrifuge cascade.

The i'elatively modest power requirements could be supplied by
Furthermore, the cascade could be broken into sections

8 or even in different parts
: coun'lj.'ry 1f clandestine operation were being achieved. : .

A plant of this type, if built before a disarmament asgrecment was
detied and if constructed with a view to clandestine operation, would be
ry difficult to detect and locate. Construction in the presence of an
ingbectorate under conditions where conventional imtelligence techniques
might lead to the knowledge of conmstruction of centrifuge components could

nore difficult. Detection under these conditions would depend to a

e extent upon the complexity of the centrifuges being built, particularly
oncerns the bearings which may require mechine work of high quality,

. The requirements for unusual equipment would be the centrifuges -
bearings, and the power source which must be a variable frequency

s flow control valves
rertrifuges.

_ The outstanding characteristics of this
strast to the gaseous diffusion, would be the following:

1.
2.

3.

k.
5.
6.

It is not Tmown how e
ate a centrifuge casca

High separation per stage.

Low power cénspﬁrption. |

Small 1nventory. | )
SmJJ, dphysical plant, A .
Capable of being 6perated in dispersed units.
No large scale .bee.t dissipa‘bion..

erator that will drive the symchroncus motors on the individusl
rifuges. The drums, themselves, would be of a high strength alloy
it is of the general type which is dewveloped for other uses, such as
gl tanks in rockets. The manufacture of all of these components could
oncealed in a country baving a well developed industrial potential.

omplex a system of controls would be needed. to
de. Some opinions are that such a system would -
elatively well self-adjusting and:would not require any extensive system

_'l.'.o prevent: surging and to permit parallel operation

type of plant then, in marked

o




Like the diffusion cascsde, the centrifuge dystem would operate under

- reduced pressure and leakage would be into the cascade.. Purging, because
.of the smaller volume of gas being handled; would be mch simpler, Cold-
trapping to remove hexafluoride from vemted gases would probably be all ,
that would be necessary. The centrifugs drums would have to be contained

mechanically for safety reasons and the container would ba evacuated during|

operation. This system would provide perfect. protection against lose of
uranium to atmosphere in case of a drum failure. The only loss to *
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surroundings would come about as. & result of se » malfunction or acciﬁén‘b L
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" the gasecus diffusion process (Cf. Figure 5), Decontamimaticn of equiment||

would be necessary before repair, particularly if the cenmtrifuges were fr
.the upper part of the cagcade where the alpha activity of the uranium is
high., This cleaning operation would be on a comparatively small scale,

- the surfaces being cleaned would be relatively smill and the solutions m:ulﬂt

be entirely recovered.by neentration

-, any detectable logs to sever.. The caiparatively smali amcunts: of, enriched

 ursnltn recoveréd coulld be stared and periodically reflucrinated for.res- . ||
- ‘feeding if warranted, - - . T T T TR

For meximm conséalnent of this +ype.of plant ‘L. vould seem desirable

. to. divert. feed. from: soms- obhier operation; rather than to have s process for}|"

the: preparation of wranium: hexafliioride- in the: same locations 'Diversion of I

hexaflucride in: these comparatively smaii ;amounts’ vould appear féasible, -

- Alternatively, diversion of green selt (UFy) and its.flucrination st the

site in & "flame remctor whose effivent cowld be comparetively easily .
. coutained would be attractive. This problem and the problem of complete -

concealment of the plant would best be accomplished by locating the plant ‘|

in the imediate vicinity of & facility which vas engaged in the large, scal
production of normel uranium metal slugs for reactors. ' A plant of the typeﬂ
of that opersted by National Lead Company at Fernald, Obkioc would, because o 2

its comparatively high loss of uraniim to She enviroment, provide perfect
and complete mesking of the centrifuge operetion. T '

The bulk of the final product would 'besmll and it could readily be
transported on a clandestine basis to another location for: reduction to
and fabrication of weapons parts. It must be remembered, however, that in-

The cascade auxiliary systen would be similar Yo Vhab owbiined Tor

sporative concentration or ion exchange to prevep
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‘the| bmounts considered for this plant described, this operation can be
carrfied on in a comparatively small laboratory. Concealmert of effluents

is readily possible by epplication of. the type of technigues used in the
proguction of metelliec plutonium. Glove boxes and stringent control of ail
effluents make the detection of plutonivm fabrication operations practically
imppssible, SRR .

It is apperent that the chances of'-lOca;bing a centrifuge plant are very
pooy| if the facility was constructed with the intention of clandestine

.,

ope "Enzipn.
 ELECTROMAGNETTC PROCESS: L

The 'elécti?omgnétic process was iged to produce the first highly en=

ed uranium in quantity, and the first bomb used in warfare was loaded
weapons grade U257 produced by this process. The method is nct appealing
&h to be seriously considered as s means of producing appreciablé smounts .
5 for weapons purposes under present technology. The nmumber of pecple
ed, the size of the equipment, and the very low process efficiency of
“the|method all are against its application. The chief utility at present is

e production of research quantities of separated isotopes of most of
stable elements and for the preparation of highly purified separated

opes of uranium, plutonium, and eventually of other transuranie elements.,

.|| The method requires the preparation of a volatile "charge" meterial
which can be heated in the ion source to provide & vapor which is then ionized
by &an arc discharge. The ions are accelerated to a final energy of 35 Kv,
arated according to mess in a magnetic field, and collected in water-
coolkd pockets. . Are ionization seldom- reaches an efficiency greater than

| 80 that 50% of the charge material must be recovered from the interior
fhe vacuun chember if it is valuable or scarce. Since the process must
be o¢berated in two stages in order that the final enrichment be grester than
90%{| an enriched "recycle" is required, The Y~12 operation during the war
"Alpha" stage units with 48-Inch radius +o attain an enrichment to

EZ and this material was then used'in "Beta" stage units with Sl-inch
to attain the final product. s ' :

The production rate is determined by the current in the wented ion
beam, Roughly, 1 milliampere of current- ver day is equivalent %o 1 millimole,

I a| current of 138 miliiamperes total is obtained with normel. uranium, then
1 milliampere le the current from the US3J beam. ' One millimole per day is
0.2%p grams and even if this were of. the: wmanted enrichment, the produetieon:
raf AR . : .

& 1s very amJ;l.,

‘ This process will not be considered any f‘urtﬁer in this report.
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“-'Other Pryc:'lce.-s;sesﬁw o

Some small enrichments .of uranium 235 were obtained es.fly in the
Menbattan project by a thermal diffusion process in 1iguid uranium hexae
fluoride., The increase in concentration was smell and the power consumpti

was very high. As soon as the gageocus diffusion process became operable,
this thermal diffusion plant vas shut down. . :

No successful separation of wranium isotopes has been demonstrated by

p,i-ocessea of ion exchange, distillation, fractional crystallization, or
chemical exchange. ) s T S

Mets) Produstion Plambs. -
A scmewhat arbitrary distinetion bas: been drawm between metal - i

preduction plants, which in the USAEC complex are typified by the Fernald
L operaticn near Cincinnati and the Y-12 weapons fabrication plant, and

plants which produce feed for g gaseous: diffusion or centrifuge cascade, | _
Many of the same manufacturing operations. are conducted in the two categorigs .
of plants and feed prreparation could well be carried on in the same location

. where metal is produced, The. distinction between Fernald and Y-12 is mads

Principally becsuse of t difference in level of enrichment of the urani.

1. Fernald Operation.

The Fernald plant, operated by the National Lead Company of Ohilo,
bandles principally normal or near normal.: uranium. The source of raw A
mterial may be uwranyl nitrate or uranium oxide from ore refining and from || .
the recovered uranium from plutonium production sites. In the latter case,|| .
the U235 content will -be somevhat below normal concentration and the intent |
will be ¥o prepare UF), (green salt) or uranium hexafluoride for shipment to |
& gaseous diffusion cascade for enrichment,. S

. 1, . ’
o, _ The various chemical prozesses which will be conducted in the plant
, are outlined in Figure 7. If the raw materisl is in the form of uranyl. -
_ nitrate as a result of extraction of wranium by a solvent brocess, an .
. ) © initial Genitraticn step 1s required. The salt is roasted and vranium
B ' trioxide is produced. Large amomnts of cxides of nitrogen are released, -
The effluvent gases may be scrubbed to reduce atmespherie contamination but,
in any case, nltrate will appear either #dn the alr or in aguecus sffluent.

Uraniuwnm trioxide from this operation or from & denitration step at
source ls then reduced with kydrogen to ‘U0p. If the form in which the o
uwranium was received was U308, the seme.hydrogen reduction 1s reguired to

1

o
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gecure the ﬁeaired form ror ﬂuorimt:lon. React:lonl which ‘involve the
contacting of a solid with a gas are. dusty and filtration of the effluent
gases is required. Whare the health hazards are smll, a3 they are with
uraniun of near normsl concentration in 0255 the economics of the
aperat:ton wil]. dictate the coubaiment. .

The uranium dicxide is fluorinated with warogan flucride ‘gas (EF)..
. This may be done in screw reactors, vibrating trays, or in "fluidizea®
bed reactors, but in each case the operation is dusty. The gaseous
' reactant miust be in excess and- trapping of the effluent’ mixture of gas
“and powder is required.. Bag filters are: aubaee'b to failure and to
ruxgture, _rparticulaily vhen Ythe effluent gag: is HP, and lcsses to. the -
. mént are.comparatively. h:lsh. Lossel” of very fine particles will,
. . in amr eage,. occur and these may be' airborna roq.- cona:l.dcrsblo distmes
- _and’ be detectabls in gnviromn:bal sampled. S

DELETED
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. " The primry purpose of “the metal production 18 to manufacture slugs
for fueling plutonium producing reactors o for power reactors of the
gas cycle type (EGCR) which utilize normal or near normal urani
Variaus exbrusion and mchining operaticns may be conducted to prepare,,

~ * of ;the; slugs may be: done at. ths: sams
“plants’ Currently;

at the site, rather than at Fernald. Machining and’ extruding result in

or discarded, - Ecommiq considerations will. d:l.ctate the desreo to wh‘.l.ch
salvage of- this tm of mta is conducted. _"-;

If metal somewha:k enriched 1n U235 '1a. des:lrea, the' feed will com
froi a seperaticns pla.ntandmy'be in the form, of UFg: In this case
R - 3t 13 reactad with water to produce Ucal'g or reduced with hydrogen to

give UF), directly, es outlined in the discussion of waste 1%5 undez
the gaseous diffusion process. A% low enr:lcbmnts, circa 24 ye>!
criticality comsiderationa still permit comparatively large scale o
cperations and tha same remerks made above:about losses will apply. . .
Contaimment would be samewhat mcpe atringent becauss of tha highsyr
econcmic value of the m’ber:!al. : :

~
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kg the ‘slugs: for Hanford Operaticns are clad’ with alumimm |
. chips and- wastes of various forms which ultimately have to be reworked "

pos

7]




The characteristics of such a plant vhich are of i:l.njbere,'b for the
preéenb discussion are as follows: ‘ :

a. The cperation is "dirty". Losses of wrenius to the enmvirorment
are high, o o :

b. Effluents, other than mniﬁm, are aﬁi":,rarbe.cr nitrogen oxidea
and fluoride. : e

c. An operation of this kind. ean mék very effecstively effluents o
from another type of uranium handling installation in the vicinity.

d. The amount of uranium bandled i1s lerge and conmtrol of diversion, ,
ag for feed for a centrifuge plant. of modest productivity, mey .
. be difficult. . G B :
'‘The Y-12 metal production plant is an exsmple of this type o
eyatlon. Most of the resctions discussed under the Ferniald plant are
cted in this facility. The feed will, in general, be received in
form of uranium hexafluoride (UFg) in "always safe” containers from
diffusion cascadess The U5 content is 93% or better and criticallty
iy ments make 1t necessary to conduct the nperations under a bateh
s. The UFg 1s "knocked out" in water in the presence of & sufficient
entrat:l.on of aluminmum salt to complex the fluoride, the uranium
epipitated, flltered, and processed to UFy. This galt is then reduced
metel. in bonbs with metallic megnesium or caleiums The vaste MgFy or
are leached to recover wanivm and sent to the burial ground.

| The enriched metal is cast, machined, rolled, or extruded as necessary

forming weapons parts. ' Recovery of the scrap is a necessary part of

[process since the intrinsic value of the materia _is high at this en«

. richment. A further consideration is that the U3 isctope hes been erriched '
: g with the U23° and the alpha sctivity is much higher than normel. ' g

arfium. The health hazard is accordingly much greater, Containment

autlons are not as stringent es for plutonium end losses are resdily T,
'ved in the enviropment. The high quality filters on exhausts still

'l“. the pessage of very small perticles which aceumilete and are
getable on vegetation, . , :

| The Y=12 weapons plent alsc handles large amounts of depleted urenium

8 1s used in metallic form for the fabriecation of " ex" Por wespons,. ﬁ
1 material 1s comperatively carelessly nandled and it temds to cover the

ched material in envirommenta) samples, This provides an example of

masking" possible by an effluent Jwhich would override ome present in
er amount, ’ '




A plant handling highly enriched wranium for manufacture of power
reactor fuel elements would not differ in effluents from a weepons parts
shop. Such a plant would, as does the Y-12 installation, receive recovered
Juranium from power reactor fusl elements and blend it with more highly - -
enriched material before reprocessing intc new cores. If, in addition,
reprocessing of weapons parts for modernizstion were permitted under the
disarmament agreement, the problem of "ineplant® inspection and control
to prevent diversion would be complex. .This problem is cutside the scope
of this report and there exist reporte written to deal specifically with -
this phase of the inspection problem, :

1
1

A further complication of the pic'bﬂreaa‘.rounﬂ a plant which makes highl; g

enriched U232 into reactor fuel elements could be the presence of thorium

~and of U233 pecovered from thorium containing fuels and from thorium blankets

cn breeder. reactors. -The latter isotope 1§ highly radloactive, being an
alpha pariicle emitter with a half 1ife on the order of that of Ue; .
- Handling precautions would have to ‘be stringent. The presence of thie .

isotope in envirommental samples is, however,. quite readily detected and

. it should not %nterfem wvith the primery die.'gxioais_ of thg,prejsence.qfurahim'

enriched in U235,

. The characteristics of a weapons parts shop, or one manufacturing
power reactor #ueljelemeubs are: o .

2. Moderate but detectable ioss of S&s&ched weniwm. This 1s .
srriched in U3* and will carry USP if aiffusion plant feed - -
has been reactor processed uranium, o ‘

- b. Highly depleted uranium will be cbserved readily if uwrenium.
tampers have been manufactured. : : T

Y
PR

¢, No way of distinguishing, by mean§ ‘of effluents, betveen ﬁea.pons
. parts manufacture end fabrication of reactor cores, . - ‘

. Non~Fissionsble Nuclides
A nuber of :i.sot;opes, of other elements 'lare of iﬁ:portance to & weapons

program. Dr, R. J. Brouns has (discussed those which are reactor produced
sod which are used in initiators.* These nuelides are radloactive and the

#'Studies of Inspection and Control Sysstemé; Number II", EW-68000 {Secret
Limited), R. J. Brouns, June 1, 1960, .

msneeling)
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8ibility of detection at least exists from that standpoint, although
ium mey, because of high background from heavy water-moderated reactors,
Hent difficulties. Two other materials which are non-radicactive deserve
naideration from the standpoint of inspection and econtrol, o

Highly emriched I.:I.6 is used in thermonmuclear weapons, usually as the
deuljeride (LiD). This isat'gpe captures e newtron, and tritium and helium
'areproduced; (]L:!.6 (n,ec) B°) The capture crosq section of the other isotope
of ith:l.\m 1s very small and highly enriched Li' is of potential utility as
quid metel heat transfer medium for reactors. Lithium fluoride is a
onent of the fuel melt for proposed fused salt reactors, For both

geg the purity of the isotope would have to be very high to reduce neutron
He Thus, there would be legitimate reason for the operation of a plant

Heperate L7 and 1t would be necessary to insure that it was nob cpersted .
groduce 119 in high purity. .

‘ ‘Plants to produce heavy water are a normal pert of an atomle energy i
comilex because of the importance of deuterium oxide (D20) as a moderator.

The||Savarmeh River reactors, for instence, ere heavy waber-moderated. The

large tonnege of heavy water required for such operations makes the diversion

gufficlent dewterium for production of thermonuclear weapons very easy.

Deuterium Production

. The chemical and physical properties of hydrogen and deuteriuvm differ )
sufffiiclently because of the large maas difference that a variety of separation
' Hods have been used to produce heavy water, The natural sbundance of the
aMy isotope is about 0.015% in water. Multistage electrolysis of water
conducted in Norway and at ‘I'ra:l.lé;. B. C: during the war, 'This process

is pppealing only when there is an excess of cheap power available. The
rolytic process was supplanted by large scale distillation of water

led out under somewhat reduced pressure, The difference in the vapor

P M,ﬁm? of HoO and D0 is sufficient to make this separaticn mrosess

effe tive, The deuterium containing molecule is the less volstile. The

initdal concentration by distiliation was followed by electrolysis as & : -t
"togping” process to give DpO with purity greater than 99%.

- || pistilletion bas, in turn, been supplanted by a chéaper and more )
effacien:i:_ separation scheme which involves the "dual temperature® exchange

. betheen water and hydrogen sulfide, HpS. I these two materials are in
2o s an equilibrium existe o . K

HDO + HpS o= HDE + Hp0

i
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_ shifted to the right at low temperatures and %o the left at higher .

. coclumn reactor in which the water is heated,s In thigs coluwn, the dewberium
is stripped from the gas and the water. leaving this stage is scmewhat enricgj

- serves only as a transfer medium for the deuterium and 1s reused. After a

‘River for preparation and for repurification of mederator. '

a method would have very low sensitivity.

 great that the diversion of. the relatively small amounts required for a
- thermonuclear weapons program would offer no difficulty. A specific gravit

. desired, It can be operated to produce; very high enrichment of Li

and the deuterium is shared between the two compounds. The equilibrium is
temperatures, .
The feed water is contaéted cold with hydrogen sulfide gas and the

vater transfers part of its deuterium content to the gas, The slightly
depleted water is then rejected and the bydrogen sulfide pumped 4o a seccnd

in deuterium. This process is conbtinued by pumping the enriched water to &
next stage where it 1s cooled before contacting HoS. The hydrogen sulfide

sufficlent mumber of stages, the deuterium: content has beer raised to about ‘
2% in the water., Further concenmtration 1§ then accomplished by electrolysig

or by distillation. The latter procedure is now favored and i used ab Sav*nmh .

Hydrogen sulfide would not appear as-an effluent from suck a plant, bu}
would be burned to sulfur dioxide before releage. Hydrogen sulfide is so
toxie that this precaution would be necessary. ' Sulfur dioxide is a common
industrial air pollutant and its presence would not be characteristic of a
heavy 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 ident
such a plant, The deuterium content of natural waters is so varieble that

Mhémore, 'b‘nére would seem to be no- resson for not deciar'ins a hes
vater plant. The production of such a plant for legitinete purposes is so

measurement, refractive index, or some other physical test would be require
to prove that the container held heavy water and not ordinary water,

. Lithiun Tsotope Separation .
' Kumgrous methods of enriching 116 have been iﬁvestiga.ted. Tae most
successful process and the one which is used in the United States’ involves
an isotopic exchange between lithium hydroxide in aquecus solution and -

1ithium metel dissolved in mercury. The equipment used is not highly
specialized and the proecess can be operated on a small or large scgle, as
H]

starting with 7,5% in normal material, or may be adapted also to preduction
of very pure LiT, S ‘

ach
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The process is outlined in Figupe 8. Lithium feed 1s supplied in the
% of LiOH.H;0. . The initial purification step is o elgctrolyze the lithium

Eoe
]

intd mercury in a tray, A% this poinmt the smail amounts of other alksll meteils.

impurities are wasted to sewer. The amalgam is then decomposed by con=

tacliing with water and an appropriate ‘catalyst to provide. very pure lithium ”

o
' ydrochlorie acid to form lithiuk chloride which 13  concentrated by
oration; dried, and fed to the electrolysis cells, Fused lithium chloride
feccuposed by elsctric current to produce chiorine and 1ithium metel

ly enriched in the light isctops, ‘ .
fuced by the electrolytic decomposition of heavy water to prepare lithium

hy : feed for the cascade, This faed is introduced in the columm at . f&’ﬁ o

priate point, the portion sbove the feed point being the "emricher,
;_tha "o ",,." sz =l

‘3

DELETEp = .. | -

el

P

At B8 product end) the amlginm Is decomposed Ti the — . - |

Fher™ b, Gontacting with: water in'the presence of carbon as & catalyst, . . O

£ the hydroxids is recyeled snd aiother portion 18 removed, neutralized

. The metal-1s reacted with deutérium

. DELETED o %@u\}
A partion OF Thié Tejéct stream 1s withiFavi, evaporated,

100 H0: £1ltered: This "tails’ ‘material . map ;.
8. time; at’ least,. comanded a premivm in the 1lithium chemical trade becsuse
ts very } chemleal purity. It typleally contains about half the normal.

off - THis "tails" ‘material is gold on the market and

v

od bk

Tosses of material cidir at seveial plades in tHs cperation. L The wastes

® the 1ilt{a) purification step will contain the other alkali metalse-godium, . °

s —I{ o

apslim, ribidium, and cesium, | Effiuient vater may be umusualiy high in the

rer of these elements, Waste ‘from the mercury scrubber may cerry enriched |

3 will certainly be high in mercury, The major loss is st the tails : :

. bavdlling potut where £ilter blankets and filter presses sre washed and where s,
large scale packaging operation is cerried on. o

The handling of l;fhimn'. salts offers no ﬁoi-e than the norimal hazards of

cal, operation and only the econcmics of the operstion will dictate the

degree of housekeeping and of recovery of material, The enriched material ig,

e, bandled with greater care because of its increased intrinsic wvalue,
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C Lithiu Isotope Separation Cascade
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The airborne effluents are dust from 1ithium hydroxide handling and

¥ vapor. Lithium salts are water scluble and accumilation in ‘the

ronment would be significant only in an arid regiom.. Mercury vapor may-

tected by accumilation in vegetstion for some miles arcund a large )

tion. This in itself is: not dimgnostic because mercury may be uded in_. -
amounts in other processes, such as the production of sodium and potassium

pxides where the "mercury cell” for the eiectrolysis is a standerd item,

Aqueous effluents provide a ready method of. detecting sush a plant,

jent from the U, 8. plant is typically lithium which is depleted in the

b isotope end, as such, mey be detected many miles down river from the
tion. A plant like that of Foote Mineral Company at Sunbright,

fnia, which processes ore to produce lithium salts, comtributes lithivm

e river in that vicinity which, although normal in isotopie composition,

Lgnificantly higher in - concentration than normal river water, - :

Detection Capsbility

|In the discussion above of individual types of facilities which handle
['m for procegsing toa different chemical form, for preparation of metel
iich enrich U235, 1t hag been indicated that the effluent common to these
‘tions is uranium. This may be airborne as rarticles or may be emitted
uecus wastes, Other effluents will be of a less characteristic mature .
ight well be those which would be fourd in the vieinity of variois chemical
dfacturing operations. . :

The utilizatlon of this characteristic effluent to locate and possibly
fentify the type of facility requires a comprehensive scheme of sampling,
‘may well be the use of environmental semplés in: which uranium has" :
ulated or been preferentially concentrated. Soil, grass, deciduous or

to 1

en leaves, tree bark, silt, etc., may be sample sources.-
spection scheme would necessarily meke use of deliberately
2r samples. Highly specialized iaboratory

-In addition,
taken air

facilities are required o

successful implementation of such & program

»possi'ble. :

No detailled discussion of the prbposeci detect;lon scheme

.will be given,

reader 1s referred to pages 70-116 of the report by R. J. Brouns (op cit.)

b gives -a detalled discussion of the proposed sanpling scheme, the personnel
Ired, and the time necemsery to Implement such a brogram, The cbjective

ils dlscussion here will be rather to indicate what such 8 sempling

Fam can tell about uranium handling facilities and to estiimte the

ibiiity of detection and loecation of undecisred and clandestine plants,

The following
lum sempling:

pieces of information can ba obt;ained from Aenv:!.romnenta,l

aran




1, Tofa.l uranium ebove some 'backgrounﬂ.

2, Alteration in U25B/u235 ratio :i:ndicating enrichment or
impoverishment, e ‘ : , ~

3, Abnormelities in the U2 content,

k. Pfgsence or absence of 02;6 .
5. Presence. of 71255. .

. ;3235 is not naturally occurringuggg is produced in reactors by ‘the
reu~fission capture gﬁ a nantggn by o It is enriched in a separation
scheme elong with U2 and U959, Tt mey Bé'very high--several percemten

in %z-a.nim recovered from enriched reggié'or cares which have bed high burn-u;
'U2;3 is produced by irradiation of The< introduced either as a fuel elemen
- component or &g & blanket in & "breeder reactor'. It is fissionable and
ubility, therefore, for weapone components and for power reactor fuel eleme:

It 15 an active alpha emitter and must be handled with greaster care than eng

riched uranium, although probably not with the same contairment required. foj
plubonium, . - : : ,

The fcllowing cases are likely to be ;:'bsewed in the environment of
* plants bandling uraniums ' S .

Case 1. Normel uranium, mo 33256', concentration higher than background:
. Indicetes ore processing, s ations plant feed Dreparation,
reactor fuel element preparation.. . :
Case 2. U259 (ang 0251_‘) enriched, no 0236 Indicates separations plant -
S not using reactor irradiated feed, or metal (weapons) preparation
from enriched material. _ o

;;Case‘ 3, 35 (and U23%) depleted, no U236, indiéatea separations plant

F

. "alls" and way be separations, plant. or weapons "amper” fabriesti

Case i, ue36 present: Indicates ha.ndling of resctor processed uranium.
Applies to Cases 2 and 3. May indieate, if U259 is depleted (case

3), preparation of separstions plant feed from reactor “talls",

Case 5. U2 noreal, 2t enriched, 0236 present: Indicates mixture of
. enriched and impoverished material; from separations plant or -
weapons plant. . :

Case 6, U°DD detected: Indicates praceésing of ‘thorium bearing fuel
' elements, of thorium blanket from breeder or fabricetion of
weapons parts or reactor fuel elements.




Tt 1s evident that it is possible to determine the general class of ‘ :
8pium being handled, but there are, in every case, alternstive interpretations

' levidence is based solely upon the detection of wranium and determination of-
g | isotopie composition. Additional evidence from other effluents may narrow
8 cholces somewhat. High fluoride in the-immediate vieinity of a- Pacility — -
gkt indicate a separations cascade, a feed preparation operation, or it might
y well indicate an aluminum plant and the fluoride would be from cryolite
Na A1Fy,). Similarly, high nitrate would tend to indicate a denitration
ranyl nitrate, but it might well haye come from some other chemical- facility
ated in the same industrisl complex.:' Unless unlimited right of entry is
gted, then recourse must. be had to-cther means of collecting information.

grials entering and leaving the plant must be monitored, power input
sermined, etes = .. o o :

“Two methods Of evading inspection'and detection are evidemt. A facllity | |

e Large scale filtration of alr will not be perfect and containment
yery small particles will not be possibie. Any losses of uranium as
@fluoride in trace amounts would be difficult to prevent on large scale
opexations. Aquecus wastes would be more readily controlled. Such wastes.
14 be pumped’ into underground storage or into underground water channels.
gthange resin treatment of wastes which has first been scmewhat . '
qentrated would slso probably be very effective, '

[%

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

rifuges effluent free, than to prevent detectable losses from feed

aration or metal fabrication on anything but a very small scale. By

. fax}) the most attractive and more easily attained situation would be to put

+h clandestine, facility in or near to a large scale cperation hendling
afium, This would be the more difficult case to detect, . There is no

apperent means of détecting the difference between a weapons parts fabrication

a’.n he‘.coﬂstme'ﬁion‘of'reaetor‘core}sbjrfrom highly enriched wranium by envircn-

mentlal studles, P :

' The following teble will give the best estimate which can presently be

2 for detecting and lccating undeclared facilities operated in what would
jonsiderad a normal manner and clsndestine facilities operated with maximum
nticn given to conceslment. The distance limitation is arbitrary, The
ser-one can get o a facllity, the better the chance of positive detecticn.

‘ .
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DETECTION CAPABILITIES FOR HIDDEN PLANIS |
o T -
| < Norza1(®) | Ciandsotine(® L
Type of Plant ' Close .Distant Close Distant - Means of Dgtect:lon
Diffusion Cascade Positive "*  Probable ‘ . Probable . Dubicus AUranium :!.soi:;opic coamp,
, Centrifuge Cescade Probable _ Dubious Dubicus Very unlikely LR E
| . Feed (UFg) Preparation Fositive Probable Probeble Dubious - " ] "
Metel Prep. (Near Positive Probable Probable . Dubious I
~ Normal Conc.) : : ‘ i
Metal Prep, (High . Positive Probsble Dubious . _ Very unlikely I
Enrichment) o - R . T e P
Deuterlun Borichment  Dublous Impossible  Impossible  Inpossible - Deuterium |
Lithium Isobope - Posiﬁive - Positive Probable Very unlikely = Altered iso?apic‘: camp. of _
Separation : : : <o . ddthium in'aqueous effluent.

(1) A normad faciliﬁy is defined es baving been constructed and operated ir ordinary fashion for et least
" 8 yeer before ipspection begins. It is assumed to be of large size. . ' . |

(2) A clandestine facility is cne which was constructed or modified %o avoid detection. It is enticipated

&
that 1t will be of smaller size and may be located in the vicinity of & "normal" operation, which yould
.provide masking for effluents if containment is nq't perfect, ’ : i ( ‘

. ) . . o
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