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Introduction

|lly and report on the feagibility of detecting and locati
wr isctope separation facilities which might be undec
\rmament agreement or which could have been constructed
clasthdestinely to avoid detection. A preliminary report was
1sgfied (CRRL 59-12-76). Dr. R. J. Brouns of Hanford Atomic

&h appeared as an attachment to an AEC staff paper 1ssued |
« A revision of this attachment was submitted March 30,

on the basis of present techniques of sample collection
rminations.,

ctly at gathering information through clandestine sample

Because this report reveals the precise location and ini
installations and some details of processes, it is
itricted Data". Because it reveals techniques vhich can 1

Statement of Problem

Under the presumed international agreement, there would
uction of fissionable or fusible material for weapons fal
stockpiles would be retained and reworking of weapons wou
modernization, modification, etc. The problem is then,
wed facilities for production of enriched wranium, the f¢
e¢pents for reactor usage, the reprocessing of irradiated ex

prial to increase the weapons stockpile. The portion of %
th this report applies is the detection of any production

Irts as might be built clandestinely either before or after

{11ties in an N® country which might undertake the produc
on|{& clandestine basis,

The Atomic Energy Commission, on December 16, 1959, reqiested a special

uranium and
ed under a

ard operated

repared and
roducts Operation

ctors, irradiated fuel processing sites and metal fabrication plants,

February 29,

|1960, as
60-3=115. This present report is intended to be a f:lml report on

la.nd laboratory

The techniques that have been developed have, in general, been aimed

collection.

errelationship
lassified

e applied to
ble for release

be a cessation of
rication, Exlst-
1d be permitted

briefly, to monitor

brication of fuel
riched fuel

(iversion of

his problem to
facilities which
to detect such
the agreement.,

procedures deve&oped would apply equally well to detectign of production

tion of weapons

o
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The following definitions are given for the purpose of the discussion:

UNDECLARED FLANTS: 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 had been operated in a normal manner not
intended to avoid detection. They are assumed 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 ingpection systems agreed to in the treaty. It appears
more likely that such facilities would bave been constructed between
the time of disarmament negotiations and the actual institution of in-
spection or control. They might thus have been built, tested, and held
ready for operation when needed later. The construction of a complex
isotope separation facility would be susceptible to detection by the
conventional intelligence techniques and thus would become more expensive
in the presence of an inspectorate.

Assumptions

The problem of detectlon of the two classes of facilities ~ undeclared and

clandestine - will be discussed against the background of the following assumpt]

1. It will be assumed that certain rights will be granted under a dis-
armament treaty which will permit environmental 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 nuclear 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 indicate the detection possibilitie: '

at favorable and unfavorable access distances.

2. It 1s assumed that the details of the inspection methods will be
known. One must, therefare, 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 aveilable to the inspection operation. The
rights of over-flight for aerial photography will be carefully de-
fined in any agreement. The results of such survey would be of
perticular use to a ground survey system and the availability of
this information upon at least a limited basis is assumed.

L. The magnitude and complexity of a nuclear energy operation, aimed
at the production of even a limited number of weapons, are suf-
ficlently great that the complicity of at least a large portion of
the forelgn govermment must be assumed. Thus, the resources and
facilities for support of evasion may be great.

“8ECRET-RD




5. It will be assumed that there is no inspection of mining operations
or of primary chemical concentration of ores. Feed material of normel

isotopic composition for a clandestine operation would thus be avall
able, '

Bagis for Detection and Location

All atomic energy establishments emit effluents which are to a great

ent characteristic of the operation. Considerations of health hazards and
tHe unit cost of the materisls being handled are the factors which determine
the degree to which these effluents are controlled. Normal uranium, for
irjftance, offers a comparatively minor health hazard and is not a particularly
valluable material when compared to enriched uranium of product level. The
cciitrol of uranium losses from a plant bandling normal or near normal material
11 thus, under normal operating conditions, be less stringent than would be
case in an operation involving product level uranium. Plutonium, the
gnsuranics in general, and U-233 will be mich more stringently comntained
ause of thelr extreme health hazard. :

The effluents may be gaseous or fine particulate materials and will be
~transported for great distances, or may be water soluble or carried in
duid effluent in finely divided form. Much more is known at the present time
atidut air-borne materials than about 1liquid effluents. The fate of uranium in
iver system has not been thoroughly investigated. If, as is the case with
8( materials, it 1s possible to find & type of vegetation or other environ-
meljtal sample in which the effluent is concentrated or accumulated, then the
defection and characterization of the operation is possible at comperatively
glidat distances. ’

The detection capabilities are obviously determined by the type of
offdration, the amount of material being bandled - since losses will be ex-
pedted to be proportional to the size of the operation - the type of sample,
arld to the sensitivity of the method. The technigues which have been applied

generally extensions of the commonly used methods of health physics en-
onmental surveys but increased in sensitivity by some orders of magnitude
most cases. The detection of uranium may be made exceedingly sensitive
highly specialized mass spectrometric measurements, and to the determination
gross uranium is added the additional tool of meesurement of isotopic

operation that is being detected or monitored.

Contaimment of iodine from a dissolver operation on ilrradiated_ fuel is
ed principally at the short half-1ife isotope. The long-lived 1129 wiil
be detected by a monitoring system aimed at comtrolling 1135, Tmis
tope has been found to cumuilate in vegetation and it is readlly detected
h high sensitivity by neutron activation method. It does not occur in
ure and exists because of being a fission product. A plant whieh is
solving irradiated fuel elements is thus quite readily detected on the
is of this one effluent. This detection scheme will be covered in detail

a report by R. J. Brouns of HAPO, and will not be further discussed in the
1lowing write-up.

o




RECRETRD

Other materials of importance to the operation of a weapons progran
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 a 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 assoclated with a chemical process involving normally dangerous
materials. Contalnment will thus not be critical and effluents may be

expected to be abundant., The detection capabilities 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 techbniques is germane to the purpcse of this report. Individual
processes will be outlined in some detall and the source and magnitude of uf
the effluents indicated. In the case of processes tbat are potentially
useful but which have not been constructed and operated, 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 DIFFUSIORN:

1. Feed Preparation.

The process gas for the diffusion plant is uranium hexafluoride. This ||
is the only uranium compound which is sufficiently stable and which has high
enough vapor pressure at ordinary temperatures to be useable in the process. ’
Since fluorine has no stable isotopes, the only mess difference between 1sotprpic
molecules is that of the uranium isotopes. The preparation of the feed gams
has generally been done at the site of the diffusion plant. There is not,
therefore, in the USAEC complex any case of a diffusion plant per se. A
portion (approximately 15%) of the feed for the U. 8. diffusion plant complej
is now being prepared by the Allied Chemical Corporation plant at Metropolis
Illinols. This plant is situated just across the Ohio River from Paducah, r
Kentucky, and is thus not geographicelly remote.

Raw uranium feed 1s generally supplied in the form of UOx to the plant
producing uranium hexaflucride. It i1s produced in this form the ore
refinery or the plant processing reactor irradiated uranium by the denitra.t:pﬁn
of uranyl nitrate. If the oxide produced is Uz08, then a further chemical
operation i1s required to prepare UO3 before the feed plant can process it
to hexafluoride. The direct fluorination process is reported to prepare
‘UFg from Uz08 by reaction with elemental fluorine in a fluidized bed carry
a fluorination catalyst. The general outline of the feed preparatiom proce
is given in Figure 1.

The raw oxide is reduced with hydrogen to UOp and this is reacted with
anhydrous HF to produce the tetrafluoride (green salt). The tetrafluoride
then reacted with elemental fluorine produced by electrolytic generators at
the site. The hexafluoride is volatile, is collected in cold traps, and they
transferred into cylinders for shipment to the cascade or for storage until |}
needed.

SBORELRD




U=0g, UO
Sk
reactor "tails”

UFy,
(From Fernald)

a
Lg

ORNL~-LR-IMG. 57208

Us0g + 2Hy— U0, + 2H 0
U0y + Hy —— U0y + HyO

UP, 1inders
U0y + WHF—UF), + 2H0 6 (e3 e )

UF, + F2 — UFg to cascade .

~o
HF + elect—9F2 + 112

Ll

Dilute HF "Ash", contains

(mexrket) UX,, UX,, Fp,
trace of fission
products

Characteristic Effluents
Dust: Uraniuvm compounds
Gaseous: UFg, Fp, HF

Aqueous: Uranium, fluoride

FIGURE 1

Feed Preparation
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The major inputs to the processing plant are electric power and anhydrons
hydrogen fluoride. The HF is used both for the preparation of "green salt"
and for electrolyte in the fluorine cells. Other components of the electrolyte
are potessium and lithium fluorides, but these are not consumed in the
electrolysis. Materials of construction are gemerally nickel, monel, or othey
high nickel content alloy because of the extremely corrosive nature of hydroeﬁn

fluoride and elemental fluorine.

The reactors in which the bydrogen reduction and the fluorination are
carried out have been vibrating trays or screw reasctors, in which contacting
of the solid particles with the gaseous phase has been produced by mechanical
means. More recently, the "fluidized bed" reactor has been introduced. 1In
this device the powder is fed at the bottom of & 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 another type of reactor.

In all of these devices, there 1s the prcblem of removing entrained

and finely divided solid from the effluent gas stream. Bag type filters have
been used extensively.: Containment of micron and submicron particles is not
necessarily good, and the bags are reported to be subject to unpredictable
failure when the material being trapped is a fluoride and the gas stream
contains hydrogen fluoride. Fine pored metallic filters are now awailable
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 type.

The entire process involves potentially dusty handling operations.

When the uranium is only normal in isotopilec 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 ther
will be dictated by housekeeping and the cost of the materiasl being handled.
Typically, & feed plant is characterized by comparatively significant amount
of material lost to the environment. The feeding of a diffusion plant complex
involves preparation of many tons of hexafluoride per day, so the loss of eveq
a very small percentage of the material is sufficlent to provide a readily
detectable effluent.

N

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 standpoint,
but can provide an indication of the operation by environmental sampling.
The molecular UFg doubtless immedistely hydrolyzes with atmospheric moisture
and the resultant UOoF, may remain 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, and|
its 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 is fluoride inorganic material
observed to be above the normally rather high background.




U. S. economy, resold to industry. This acid will carry trace uranium

Spent hydrogen fluoride that has become diluted with water is, under
t
witch is characteristic of the material handled in the feed plant.

The "ash" from the fluorination reaction is now conventionally recycled
|l does not appear as an "e uent”. This residue will contein UX; and UXp
lch are the daughters of u23°, 18 may be necessary to allow these to decay
the ash becomes unduly "hot"., When reactor processed uranium is being fed,
» ash will contain a s jqﬂiﬁ’:!.cam: amount of neptunium and may be processed

~ the recovery of Np The detection of this isotope 1n the vieinity of
blant would indicate that reactor processed uranium was beirg handled.
rever, the observation of U230 ‘gives the same indication and its detection
somewhat more sensitive and simpler.

The same effluents which are air-borne will also be water transported
soluble or particulate material. This may be washed from the surroundings
| my emerge from the plant through sewerage because of washing and cleaning

srations. In this case, again, the significant and diagnostic effluent will
uranium.

Because of the nature of the process, the large tonnage of material handled,
the relatively minor health hazard of normal and near normal uranium, a feed
int is a comparatively dirty and dusty operation. It 1s readily detected in

mposition. The level of enrichment of the wranium can be determined, and
» handling of reactor processed uranium is indicated by the presence of
56. Detection of abnormally high fluoride is possible within one or two
.|es. Np237 mey possibly be cbeerved to indicate reactor origin of the

2, The Diffusion Cascade.

Characteristics of the Process

The gaseocus diffusion cascade 1s characterized by the large physical
sl|ze of installation and very high power consumption because of the large
mihber of separation stages necessary. That this must be so 1s readlly seen
the simple relationship that the sepearation is inversely proportional

mdlecules, Thus, the maximum local separation that can be produced by a single
e is - yv352 /, /349 = 1.00b43.

The whole effect rests upon the fact that at the same temperature, the
etic energies of the molecules ara identical, but the slight difference
weight means that the molecule containing the U235 isctope will be moving

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




process is illustrated 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 an:
pressure. Flow through the pores must involve mainly collisions with ths
valls, rather than intermolecular impacts. The back of the membrane is maijge
tained at some pressure P, which is lower than the pressure P, at which the
feed is introduced. The Pagter and lighter molecules that colttaip the wantidd
isotope U235 will pass more rapidly through the membrane, resulting in a thin
layer on the high pressure side of the membrane. which is denleted in the || ?nf

)

'L )

—3eht_isotope. |

| - DELETED Two streams thus
" emergé Irom the separation cell, one which is slightly dSpleted in the lig
. 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 intid
twvo equal streams. .

—
-

In order to recreate the pregsure differential in the next stage (and
the pressure gradient is the driving force in the process), the product
stream must be recompressed and caombined with the reject stream from the
next stage higher in the cascade to maintain material balance. The heat of
coampression must be removed by a heat exchanger which may follow. or precede
the compressor. Thus, each stage of the process will involve a "converter"
vwhich contains the separative membrane or "barrier", a compressor, and a
exchanger. The power input to the process appears, then, principally as 1
level heat that must eventually be dissipated to atmosphere or to a river.

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

stream which enters the compressor feeding stage A = 1. This staging e=
ment is valid only for a "cut"of 50%. Control valves are necessary to l :
equalize flows and to prevent g in L

. _ogitted from the diagram,
Do
: - DELETED RYOY
Ven|

It 15 TATURFELLY Very IRporvant -vmsifis’
“mocondensation of UFg oceur, 1eé‘b'"é‘fﬁi;§%;ty be exceeded in the section df
the cascade where the enrichment of the is high. A balance is made of
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Basic Gaseous Diffusion Process
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Gaseous Diffusion Cascade Staging




the desirable results of ralsing temperatures against increased reactivity
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 plant is generally below atmospheric, so that le

is invard. Moisture must be avoided because of the reaction with UFg which||

causes the deposition of UOpFp and the formation of HF, which may Bave seve
corrosive effects. Compressor shaft seals are maintained in an atmosphere
dry nitrogen so that there is always an appreciable amount of this gas tha.tT
must be purged from the :cascade. There are portions of the cascade whose
function is to separate UFg from lighter gases apd to yent. the

DELETED

United States technology has employed two different types of fluoro-
carbons, These compounds ars hydrocarbons in which the hydrogen has been
replaced by fluorine. They are extremely inert chemically and so produce
no undesirable reactions if they leak into the cascade. Originally, a high
boiling perflucrinated compound of the general formula CgFyg was used. Thi
was circulated through the heat exchangers to remove the heat of compressiof
and was then used to transfer heat to water. This system avolds the possib:

ity

of a water leak developing inside the cascade. More recently, a lighter flw)ro-

chloro-campound - trichloro-heptaflucro butane (Freon 114) - 1s used as an
evaporative coolant. This compound boils in the heat exchanger and ylelds
its heat to water when it is recondensed. Other technology is reported to-

be to use heat exchange directly to water without the fluoroearbon '.lntermed:Lrte.

Materials of construction for the gasecus diffusion process must be
inert to active fluorinating agents and particularly to UFg. Nickel is
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 amounts. Aluminum has proven to be remarkably resistant to attack
has 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 it. DELETED

o Fluorocarbons 11 Bolid form - e.8., Teflon, Fluorothens - are use
for valve seats, gaskets, etc. Fluorocarbon oils have been used for lubri-
cation of moving parts and pumps. The use of fluorocarbons for heat transf
media has been mentioned ebove, Thus, a well-developed fluorine technology
is necessary to support a diffusion plant.

{ QE‘GZL")




14

The entire plant must be very tight against a.fmoapper:lc in-leakage
vanced "vacuum” technology is required. Precision machine shop skills

ie8s. Thorough instrumentation of the entire process is required for
opetation. The ORGDP complex is operated entirely from a central control

maititenance of equipment. Construction, on the other hand, could require a

L]

All in all, construction of a clandestine plant under an inspection
would appear to be an undertaking of such magnitude that it would

e seriously considerdd. It would be too readily susceptible to

etion by conventional intelligence methods because of the large construc=~

forces, the umusual and specislized materials or machinery, and the

of persomnel required. :

One can swmarize the characteristics of the process as involving the
fol ng:

1. Very high power consumption, released as low-level heat,
2.  large physical size.

3 Specialized equipment and instrumentation.
Dod

4, _Extensive use of nickel or high nickel a].'l.gzs} PR, ('0.3
DELETED
5. Well developed fluorine technology.

6. Highly specialized personnel. ,

The Cascade Operation L

An outline of the various inputs and withdrawals that may occur in a
typllkal cascade is given in Figure 4, The tapering of the cascade is
indjpated, both toward product and reject. The input UFg is introduced at
the| [feed point, which is the "widest"'portion of the cascade. It 1s usually
hanfiied in steel cylinders which may typically weigh ten tons. The cylinders
are| heated in water baths to melt and volatilize the UFg. There is the
pos|iibility of some occasional loss at this point. At various places in

the| kascade there are purges to atmosphere by which light gases are separated
fro nl;’UFs. Effluents from these will be fluorine, hydrogen fluoride, fluoro-

cerbpns (if used), and probably a very small amount of UPg. Because of the
valyir of the product, the purge at the upper end of the cascade is probably
m carefully monitored than one lower dowm.
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Purge

--——-—-)UF6 Product

Side stream

Intermediate
Assay
!
Cascade
UF6 Feed ———
Possible
Refeed
Tails
(Depieted)
Storage UF6
UFg + H,=>UF), + 2HF [—HF, recycle or sell
* . Stor}ge UF),
Characteristic Effluents:
~ Particulate: Uranium (depleted) from reduction
Gaseous: UFg, Fa, HF, fluorocarbons
FIGURE L
c Gaseoug Diffusion Cascade
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Product is withdrawn by freezing into a trap or by pumping into a
cyllinder in vhich the UFg is liguefied under pressure and subsequently
adifies on cooling. “Alwaya safe" geometry of contalner must be used
enrichments. Withdrawal may be continuous, or intermittent.

»streams may be withdrawn at intermediate enrichment for use in
tors or in soms types of weapons. . il Cac

The waste withdrawal must be on a large scale. This is more likely
be done by compressing the UFg and filling the cylinders with ligqpid.
bulk is, of course, that of the feed material since the volume or

Ué35 removed as product iy‘a small portion of the feed. Waste,
deplleted in the light isctope to a greater or lesser extent, is stored in

increased unit cost, it may be economical to re-feed. If this is done
he normel feed point, then there will be a re-establishment of the
rade gradient., -

Waste that bas been depleted to the economical maximm is reacted
wi T hydrogen to reduce it to solid UF), which is stored as a dry powder,

anll| the recovered HF is used in feed preparation or is resold on the open
majlket. This operation will be somewhat dusty and losses will tend to be
bilth because of the large amount of material handled and its low economic
valne.

Feed to the cascade may be matural uranium or uranium that has been
sain swhat depleted by irradiation in a pluton:l’gm producing reactor. Effluent
friin a cascade, if detectable, will carry 2% 1f irradiated uwranium is
belhg used as feed. Slightly enriched uranium which was used as fuel in a
regptor, e.g., in the 1-2% range, may be re-fed; as may be recovered
urphium from salvage operations of any kind. High level irradiated
urhjiivm recovered from spent reactor cores from high flux reactors or
polr reactors (e.g., from submarines) is not at present likely to be
refifed to a cascade, but will be blended with product produced at enocugh
hijther asaay to meke blending to specification possible. This will also
tyhleally carry comparatively large amounts of the 2%6 isctope. Losses:
frpjh re-feeding of enriched materials can be expected to be very slight.

‘The auxiliary processes that are necessary for a cascade operation
)| shown schematically in Figure 5. ' ) &

DELETED | ¢ Ya)

m‘mrmmmx. Equipment may aiso
be |flecontamimated by chemical means, usually by nitric acid spray or baths.
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Gaseous Diffusion Auxiliary Processes
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FIGURE 5
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Urdfiium of various enrichment levels is recovered by both of these processes
will eventually be refluorinated and fed again to the cascade at an
topriate point, Junked equipment or scrap may be sufficlently decontaminated

ard |not favorable, From these operations, there is the possibllity of liguid
{luents which will typically contain isotopicelly altered uranium at the

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

In United States technology, the three existing cascades are operated

ntially as a single unit. Paducah serves as a "feed" plant for Ports-

;h and for the Oak Ridge Geseous Diffusion Plamt. While variations

, depending upon economics and the type of feed material avallable,

general operation is that all uranium hexsfluoride is prepared at «
wcah. Then, whether normal or reactor tails (slightly impoverished),

}s fed to the Paducah cascade. Product - at perhaps 2-3% U235 - ig then

1 aped to Oak Ridge or to Portsmouth where it is fed to the cascades there. ’
s from these two cascades are returned to Paducah for further enrichment.

eted, may be reduced with hydrogen and stored as dry UFj.
Such an arrangement is quite feasible in an economy where rail, water,

{iments. It permits spreading the extremely high power load over different
idons of the country, as well as providing the advantage of dispersal of
rtant 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 1s a very likely arrangement
e the final product i1s not bulky and no great amount of shipping space
equired. Shipment by alr would be very feasible.

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

12l survey. The large size of the plant, the extremely large power
redquirements, and the evolution of great amounts of waste low level heat

4 be readily detectable. Construction of a clandestine diffusion plant

14 appear to be most unattractive. A diffusion plant must be large to
geful.

No criterion exists for the estimation of the capability of detection
diffusion plant per se. UBAEC plants have, or have had, feed plants
lated with them and, as pointed out above, the preparation of UF,
uranium oxide is an operation that is high in uranium loss compared to
tions of other types. Surveys around the Portsmouth plant in the early
of operation showed that the environmental contamination was very low.
e was no feed plant operating there at that time,

IR Dl




Because of the small losses from purge, some water-borne losses from
salvage and decontamination operations, and occasional 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 a diffusion plant tha;
had been operating for same time., The detection capability would be much lwawer
than for a feed preparation operation or - as will be seen later in this
report - for an enriched metal fabrication shop.

T

Nickel may be found to be above background in the immediate vicinity
of a plant, particularly if barrier manufacture is carried on there. High
fluoride is typical, but detectable only within two miles at the most.  No
good method now exists for the detectlon of fluorocarbon vapors, and the use
of these compounds in large quantity is not necessary for cascade opera:l'.:[onr

GAS CENTRIFUGE:

The gas centrifuge has, from the theoretical standpoint, been a very
appealing method of isotope separation because the separative aeffect 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 welght at mass 350 would be as effective as separation of,
for instance, something 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 order of 300 meters per second has, until
recently, prevented application of this separation scheme. Development
work has proceeded in Russia, 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 isotope separation which
would enable even small nations to become nuclear powers.

The fact 1s that, at the present time, there is no known cascade
operating with this process and applications to uranium hexafluoride have
been on & limited experimental basis. For the purposes of this report and
the clandestine plant potentialities of this method, it must be given very
serious 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 meke detection and location of such a plant
difficult.

The gas centrifuge is typically a length of high strength tublng with
end closures to form a drum which mey conveniently be 10 cm. radiug with a
length of,100 cm. By proper choice of materials of comstruction,.a periphe
speed of 300 meters per second is possible and this can probably be increas
as the technology of high strength materials progresses.




A bearing at the bottom must support the weight of the drum, unless
rtion of the load is removed by magnetic suspension at the top., The
il spins in an evacuated chamber and is driven by a synchronous motor
iehed at the top or bottom, These design points are crudely indicated
i- gure 6. The method of imtroduction of feed gas and of removel of
Auct and waste will vary with design of the equipment,  The feed, how-

4, 1s introduced on the axis and the waste end product may be removed NG 5

frof| the top and bottom at the perinherv by "scoops™, as M_in the &~ )
““‘ bd DELETED . ¢z~
' A circulation is produced in the drum as indicated by the_fdasz. —
aﬂLLv and_ephances the effect of the cemtrifugal separation,/ ot
. 4,2:(%)
DELETED '
According to the simplified theory the separative work depends upon
the||fourth power of the peripheral speed, the inverse squars of the absolute
temperature, and the firat power of the axial length. The radius and the
prespure do not appear explicitly in the mthemtics. There is cbvious
advantage in increasing the peripheral speed. ' N 2
. hb,b(")
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The following table g:lves ‘the relative estimated characteristics of

) s constructed for two suggested types of centrifuges, 300 mejer
per|pecond is _assumed.tn exist (sub-critical) and to have been dmonﬁai

mwible  as ,
\ DELETED Both plants are calcuh%l to

prodiice 50 kg. of weapons grade (U239y 90%) uranium per year. This would
reqeire the feeding of 25 tons of uranium hexafluoride per year.®

Number of ‘ Nuzber of

Type Centrifuges Power Input Stages
300 m./sec. 2400 200 kw

g - -

DELETED

i “centrifuges would be necessary in parallel in the plant operating

at the higher periphersl velocity, and controls for gp.a ﬂow wvould thereby
be ¥hduced in complexity.

- ' ;
; ¥OJ| [662 (Seerst), R. A. Levin, D. E. Hatch, and E. Van Halle, o)
2 Felltuary 26, 1960.

'Z(w)
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FIGURE 6

Gas Ultracentrifuge
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One suggested type of structure for the plants would be a four-
stc*ﬂry building with & ground area of 24,000 feet2 for the slow speed

plefit and & three-story building with 12,000 feet® on grade for the high
spe izd plant. A single, or two=story building, with basement, cculd
eqiilly well be used, but would call for somewhat more process piping.
It |Is apparent, however, from these suggested sizes that a building of
quile modest size would serve to comtain the centrifuge cascade.

el generators. Furthermore, the cascade could be broken into sections
th could be operated in different buildings or even in different parts
of 1{; country if clandestine operation were being achieved.

{ The relatively modest power requirements could be supplied by
)

A plant of this type, if built before a disarmement agreement was

'hed and if constructed with a view to clandestine operation, would be

r difficult to detect and locate. Construction in the presence of an
pectorate under conditions where conventional intelligence techniques

ht lead to the knowledge of construction of cemtrifuge components could
fiore difficult. Detection under these conditions would depend to a

re extent upon the complexity of the centrifuges being built, particularly
:oncerns the bearings which may require machine 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
genbrator that will drive the synchronous motors on the individual
cellfrifuges. 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 a well developed industrial potential.

It is not known how complex a system of controls would be needed to
opdjmte a centrifuge cascade. Some opinions are that such a system would
be [felatively well self-adjusting and would not require any extensive system

of |lms flow control valves to prevent surging and to permit parallel operation
of |centrifuges.

The outstanding characteristics of this type of plant then, in marked
cotlitrast to the gaseous diffusion, would be the followlng:

1. High separation per stage.

2. Low power consuvmption.

3. Small inventory.

4, Small physical plant,

5. Capable of being operated in dispersed units.

6. No large scale heat dissipation.

lll SECRET-RL




Like the diffusion cascade, the centrifuge system would operste under
" reduced pressure and leakage would be into the cascade. Purging, because

of the smaller volume of gas being handled, would be much simpler, Cold-
trapping to remove hexafluoride from vented gases would probably de all
that would be necessary. The centrifuge drums would have to be contained
machanically for safety reasons and the container would ba evecuated during
operation. This system would provide perfect protection sgainst lose of
uranium to atmosphere in case of a drum failure. The only lose

o
surroundings would come about as a result of severe malfunction or accident

DELETED

e fine pores are

plugsed by ccn'rosion productn, the \problems of corrosion would es

gentially
disappear and much less stringent requirements would be placed upm

of construction. Alumimm and plated steeMniekel,
contalning Ligh peygeutages of that metal.’

DELETED

The cascade auxiliary system would be similar to that outlined for
the gaseocus diffusion process (Cf. Figure 5). Decontamimation of equipment

would be necessary befcre repeir, particularly if the centrifuges were from|

the upper part of the cascade where the alpha activity of the uranium is
high. This cleaning operation would be on a comparatively small scale,

be entirely recovered by evaporative concentration or ion exchange to preve
_ any detectable loss to sewer. The comparatively small amounts of enriched
* uranium recovered could be stored and per:lodica.uy refluorinated for re-
feeding if warranted.

the surfaces being cleaned would be relatively small and the solutions voulg‘

- For maximum concealment of this type.of plant ‘1t would seem desirable
to divert feed from same cther operation; rather than to have a process for
the preparation of uranium hexaflucride :ln the same location. Diwversion of
hexafluoride in these comparatively small ammmtu would appear feasible,
Alternatively, diversion of green salt (m) and its fluorinetion at the
site in a "flame reactor" whose effluent conld be comparatively easily
contained would be attractive. This problem and the problem of coamplete
concqa.lmerrb of the plant would best be accomplished by locating the plant -

in the immediate vicinity of a facility which was engaged in ths large. acalﬁ
production of normal uranium metal slugs for reactors. A plant of tha type||.
of that opersted by National Lead Campany at Fernald, Ohio would, because of)’

its comparatively high loss of uranium to the enviromment, provide perfect
and ccmplete masking of the centrifugs operstiorn.

The bulk of the final product would be small and it could readily be

transported on a clandestine basis toc ancther location for reduction to utT.p.
03

snd fabrication of weapons parts. It must be remembered, however, that 1

eyt
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the| amounts considered for this plant described, this operation can be

carilied on in a comparatively small laboratory. Concealment of effluents

is |

radily possible by application of the type of technigues used 1ln the

profluction of metallic plutonium. Glove boxes and stringent control of all
effllients meke the detection of plutonium fabrication operatione practically
imp%si‘ble.

It is apparent that the chances of locating a centrifuge plant are very

poojy if the facility was constructed with the intention of clandestine
opelation.

SITROMAGRETIC PROCESS:

ric
wit
eno!
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The electromagnetic process was used to produce the first highly en- .
d uranium in quantity, and the first bomb used in warfare was loaded '

weapons grade y235 produced by this process. The method is not appealing l

to be seriously considered a3 a means of producing appreciable amounuts

5 for weapons purposas under present technology. The number of people

iired, the size of the equipment, and the very low process efficiency of

nethod all are against its application. The chief utility at present is

she production of research quantities of separated isotopes of most of

stable elements and for the preparation of highly purified separated

spes of uranium, plutonium, and eventually of other transuranic elements.

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

whifh can be heated in the ion source to provide a vepor which is then ionized

h arc discharge. The ions are accelerated to a final energy of 35 KV,

2d pockets., Arc ionization seldom reaches an efficiency greater than

so that 904 of the charge material must be recovered from the interior

he vacuum chamber if it is valuable or scarce. Since the process must

serated in two stages in order that the final enrichment be greater than

an enriched "recycle" is required. The Y~12 operation during the war

l"Alpha" stage units with 48-inch radius to attain an enrichment +o

15% and this material was then used in "Beta" stage units with 24-inch ’
be to attain the final product.

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

L Roughly, 1 milliampere of current per day is equivalent to 1 millimole.
current of 138 miliiamperes total is obtained with normal uranium, then
d{lliampere ig the current from the U235 beam. One millimole per day is

3P grams and even 1f this were of the wanted enrichment, the production
is very snmcl.

|| This process will not be considered 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 wranium hexa-

fluoride. The increase in concentration was small and the power consumptiqr

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

No successful separation of uranium isotopes has been demonstrxrated by

processes of ion exchange, distillation, fractiocnal crystallizatior, or
chemical exchange.

Metal Production Plants

A scmewhat arbitrary distinction has been dravm between metal
preduction plants, which in the USAEC camplex are typified by the Fernald
operaticn near Cincinnati and the Y-12 weapons fabrication plamt, and
plants which prcduce feed for a gaseous diffusion or centrifuge cascade,

of plants and feed preparation could weil be carried on in the same locati
where metal is produced. The distinction between Fernald and Y=12 is made

principelly because of the difference in level of enrichment of the uraniur
handled.

Many of the same manufacturing operations are conducted in the two ca.tegoriﬂu

l. Fernald Operation.

The Fernald plamt, operated by the National Lead Company of Ohio,
bandles principally normal or near normel uranium. The source of raw
meterial may be uranyl 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 somewhat below normal concentration and the intent

will be to prepare UF), (green salt) or uranium hexafluoride for shipment tc
a gaseous diffusion cascade for enrichment,

The various chemical processes which will be conducted in the plant
ar3 outlined in Figure 7. If the raw materisl is in the form of wranyl
nitrate as a result of extractior of uranium by a solvent process, an
* inltial denitration step 1s required. The salt is roasted and uranium
trioxide is produced. Large amounts of cxides of nitrogen ere released.
The effluent gases may be scrubbed to reduce atmospheric contamination but,
in any case, nltrate will appear either:in the air or in aquecuvs sffluent.

Uranium trioxide from this operation or from & denltration step at
sourc® 1s then reduced with hydrogen to UOp. If the form in which the

uwraoium was recelved was Uz08, the ssme hydrogen reduction is reguired to |
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FIGURE T

"Fernald" Type Metal Plant
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'plant. Currently, the slugs for Hanford Operations are clad with aluminum

AP

gecure tha desired form for fluorination. Reactions which involve the
contacting of a solid with a gas are dusty and filtration of the efflusnt
gases 1s required. Whare the health are smll, as they are with
uranium of near normal concentration in s the econcmica of the
cperation will dictate the contaimment.

The uranium dioxide is fluorinated with hydrogen flucride gas (BP).
This may be dons in screw reactors, vibrating trays, or in "fluidizea®
bed reactors, but in each case the cperation is dusty. The gaseous
reactant must be in excess and trapping of the effluent mixture of gas
and powder is required. Bag filters are subject to failure and to
rupture, particularly When the effluent gas i1s HP, and losses to ths
environment are comparatively high. Losses of very fine particles will,
in any cage, occur and these may be'airborns for considors'ble distances

. and be detectable in envirommental samples. -

DELETED

The primary purpose of the metal production is to mamufacture slugs
for fueling plutonium producing reactors or for power reactors of the
gas cycle type (EGCR) which utilize normal or near normal urenium,
Various extrusion and machining cperations may be conducted to prepare
tha shapes needed and "canning™ of the slugs may be done at the sama

at the site, rather than at Fernald. Machining and extruding result in
chips and wastes of various forms which ultimately have to be reworked
or discarded. Economiec considerations will dictate the degree to which
salvage of this type of waste is conducted.

If metal somewhat emriched in U235 ig desired, the feed will come
from a separaticns plant and may be in the form of UFg. In this case
it is reacted with water to produce UO2F2 or reduced with hydrogen to
give UF), directly, es outlined in the discussion of waste hsn@*gg undex
the gaseocus diffusion process. At low enrichments, circa 2%
criticality considerations still permit comparatively large scale
cperations and the same remarks made above about losses will apply. -
Containment would be samewhat more stringent because of the higher
economic valus of the material,




The charscteristics of such a plant which are of interest for the
predent discussion are as follows:

a, The operation is "dirty". Losses of wrenium to the envircmment
are high,

b. Effluents, other than uranium, are niirste or ridltrogen oxides
and fluoride.

c. An operation of this kind cap mask very effectively sffluents
from another type of uranium handling installation in the vicinity.

d, The amount of wranium bandled is lerge and control of diversion,
ag for feed for a centrifuge plant of modest prodiuctivity, may
be difficult. ;

2, Weapons Parts Fabrication.

The Y-12 metal production plant 1s an example of this type of
operiation. Most of the reactions discussed under the Fernuzld plant are
e

t

Jucted in this facility. The feed will, in general, be received in
form of uranium hexaflucride (UFg) in "always safe" containers from

thel [diffusion cascades. The U2J7 content 1s 93% or better and criticality
reqiiirements make it necessary to conduct the nperations under a batch

s. The UFg is "krocked out™ in water in the preeence of a sufflcient
corndentretion of aluminmum salt to complex the fluoride, the uranium

preh ipitated, filtered, and processed to UFy. This salt is then reduced
tel in bombs with metallic megnesium or calecium. Tha vaste MgF; or
are leached to recover uranium 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 material is kigh at this en~
t. A furjher consideration is that the US* isotope has heen erariched
with the U=7- and the alpha activity is rmuch higher than normal
Hium. Tha health hazard is accordingly much greater. Containment
utions are not as stringent as for plutonium and losses are readily
4 in the enviroument. The high quality filters on exhausts still

+t the passage of very small perticles which accurulate arnd are
table on vegetatlion,.

| The Y=12 weapons plant also handles large amcunts of depleted vranium
1 1s used in metallic form for the fabricaticn of "tamper" Zor weapons.
material is comparatively carelessly handled and it tends to cover the
hed material in envirommental samples., This provides ap example of
"masking" possible by an effluesnt which would override one present in
ler amount,

R
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A plant bandling highly enriched wanium 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
uranium from power resctor fuel elements and blend it with more highly
enriched material before reprocessing into new cores. If, in addition,
reprocessing of weapons parts for modernization were permitted under the
disarmament agreement, the problem of "in-plant” imspection and control
to prevent diversion would be complex., This problem is outside the scope

of this report and there exist reports written to deal specifically with
this phase of the ingpection problem.

A further complication of the picture around a plant which makes h:Lgh:H1
enriched U2J? into reactor fuel elements could be the presence Of thorium (
and of U233 recovered from thorium containing fuels and frcm thorium blankei
on breeder reactors. The latter isotope is highly radiocactive, being an T
alpha pariticle emitter with a helf life on the order of that of uedhk,
Handling precautions would bave to be stringent. The presence of thie
isotope in envirommental samples 1s, however, gquite readily detected and

it should not interferewith the primary diagnosis of the presence of urani
enriched in U235, “ﬂ

The characteristics of a weapons parits shop, or one menufacturing
power reactor fuel elements are:

a, Moderate but ggtectable loss of enriched wranium. This 1s

enriched in U22% and will carry if diffusion plant feed
bhas been reactor processed uranium.

b. Highly depleted uranium will be observed readily if uranium
tampers have been manufactured. '

¢, No way of distinguishing, by mea,né of effluents, between weapons
parts manufacture and fabrication of reactor cores.

Non-Fissionable Nuclides
A nmumber of isotopes of otber elements are of importance to a weapons

prograum. Dr. R. J. Brouns bas discussed those which are reactor produced
erd which ara used in initiators.* These nuclides are radlcactive and the

#'Studies of Imspection and Conmtrol Systems, Number II", HW-53000 {Secret
Limited), R. J. Brouas, Jume 1, 1960,

“FEORERD
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ivinity of detection at least exists from that standpoint, although
1ium may, because of high background from heavy water-moderated reactors,
prefient difficulties. Two other meterials which are non-radicective deserve

Highly enriched ]:.1.6 is used in thermonuclear weapons, usually as the
deride (LiD). -This isctope captures a neutron, and tritium and helium
are |[producedy (Li° (n,e€.) The capture cross section of the other isotope
of jifthiue i very small and highly enriched Li' is of potential utility as
quid metal heat tranafer medium for resctors. Lithium fluoride is @
camjjonent of the fuel melt for proposed fused salt reactors. For both

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

eperate 117 and it would be necessary to insure that it was not operated
rodtiee L1i® in high purity.

los

Plants to produce heavy water are a normal part of an atomic energy
omilex because of the impartance of deuterium cxide (DpO) as a moderator.

e tonnage of heavy water required for such operations makes the diversion
gufficient deuterium for production of thermonuclesr wespons very easy.

Deuterium Production

The chemical and physical properties of hydrogen and deuterium differ
sufffficiently because of the large mass difference that a variety of sepsration
mettiods have been used to produce heavy water., The natural abundance of the
isotope is sbout 0.015% in water. Multistage electrolysis of water

was| jconducted in Norwey and at Trails, B. C. during the wer., This process
is 1ing only when there is an excess of cheap power available. The
elelitrolytic process was supplanted by large scale distillation of water

ed out under somewhat reduced pressure. The difference in the vapor
prefdsures of H30 and DgO 1s sufficient to make this separation process
effictive, The deuterium containing molecule is the less volatile. The
‘ concentration by distilistion was followed by electrolysis as &

Distillation has, in turm, been supplented by a cheaper and more
afificient separation scheme which involves the “dual temperature® exchange
.41-1!-,4 : water and hydrogen sulfide, HgS. If these two materials are in
thac t, an equilibrium exists

0

|
|
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and the deuterium is shared between the two compounds. The equilibrium is

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

The feed water 1s contacted cold with bydrogen sulfide gas and the
vater transfers part of its deuterium content to the gas. The slightly
depleted water i1s then rejected and the hydrogen sulfide pumped to a second
column reactor in which the water is heated. In this columm, the deuterium
iz stripped from the gas and the water leaving this stage is somewhat enriclﬁj

in deuterium. This process is continued by pumping the emriched water to tl
next stage where it is cooled before contacting HoS. The hydrogen sulfide
serves only as a transfer medium for the deuterium and is reused. After a
sufficient number of stages, the deuterium conten® has been raised to about
. 2% in the water. Further concentration is then accomplished by electrolysiy
or by distillation. The latter procedure is now favored and is used at Savghrah
River for preparation and for repurification of moderator.

Hydrogen sulfide would not appeer as an effluent from such a plant, buf
would be burned to sulfur dioxide before release. Hydrogen sulfide is so
toxic that this precaution would be necessary. Sulfur dicxide is a coamon
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 identify
such a plant. The deuterium content of natural waters is so variable that spch
a method would have very low sensitivity.

Furthermore, there would seem to be no reason for not declaring a heavyl
wvater plant. The production of such a plant for legitimate purposes is so
great that the diversion of the relatively small amounts required for a
thermonuclear weapons program would offer no difficulty. A specific gravity
measurement, refractive index, or same other physical test would be req_uire?,u
to prove that the container held heavy water and not ordinary water.

Lithium Isotope Separation

Numerous methods of enriching L:I.6 have been investigated. Tue most
successful process and the one which is used in the United States involves
an isotopic exchange between lithium hydroxide in aqueous solution and
lithiun metal dissolved in mercury. The equipment used is not highly
specialized and the process can be operated on a small or lsrge scale, as
desired, It can be operated to produce very high enrichment of Ii%,

starting with 7.5% in normal material, or may be adapted also to production
of very pure LiT,
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The process is outlined in Figwe 8. Lithiun feed 1s supplied in the

of LiCH.Ex0. The initial purification step is to ‘slectrolyze the lithium
mereury in a tray. At this point the small amounts of other alkali metals
impurities are wasted to sewer. The amalgam is thsn decomposed by con=
ing with water and an appropriate catalyst to provide very pure lithium

- oxide feed for the cascads, This feed is introduced in the colum at 7 5
an ate point, the pc;-tion above the feed point being ths "enrichar®, f 2 & y

DELETED ,
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At the product end, the amelgsm 1s decomposed in the ‘
er” by contacting with water in the presence of carbon =3 a catalyst. N
of the hydroxide is recycled and another portion 1s relnoveﬁ, neutralized

evelloration, dried, and fed to the electrolysis cells, TFused lithium chloride
omposed by electric current to produce chlorine and lithium metal
‘'emriched in the 1light isotope. The metal is reacted with deuterium

ed by the electrolytic decomposition of heavy water to prepare lithium
ide. -

DELETED Db"g@

. A portion of the reject stream is withirawn, evaporated,
LICH.BEo0 filtered off, This "tails” material is sold on the merket and

s time, at least, commanded a premium in the lithium chemical trade because
ks very high chemical purity. It typically contains sbout half the normal

LY

sium, ru'b:l.di\m, and cesium.” | Efflhent wvater may be unusually high in the
of these elements, Waste from the mercury scrubber may cerry enriched
will certainly be high in mercury. The major loss 1s at the talls
Ling poin% where filter blankets and filter presses sre washed and vhere a

The handling of lithium salts offers no more than the noriml hazards of

cal operation snd only the economics of the operstion will dictate the
e of housekeeping and of recovery of material, The emriched material is,
mrse, handled with greater care because of its increased intrinsic value.
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FIGURE 8
Lithium Isotope Separation Cascade
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The airborne effluents are dust from lithium hydroxide handling and

merdpry vapor, Lithium salts are water soluble and accumilation in the
envil-onment would be significent only in an arid region. Mercury vapor mey

be dptected by accumulation in vegetation for some miles arcund a large
opexhtion. This in itself is not diagnostic because mercury may be usged in

gk emounts in cther processes, such as the production of sodium and potassium
phxides where the "mercury cell™ for the eiectrolysis is a standard item,

Aqueous effluents provide a ready method of detecting such a plant,
went from the U, S. plant is typically lithium which is depleted in the
light isotope and, as such, may be detected many miles down river from the

ins ation. A plant like that of Foote Mineral Company at Sunbright,
Virg a, which processes ore to produce lithium salts, contributes lithium
to

2 river in that vicinlty which, although normal in isotopie compositionm,
gnificantly higher in concentration than normal river water.

Detection Capablility

In the discussion above of irndividual types of facilities which handle
wranjum for processing to a different chemlcal form, for preparation of metel
or hich enrich U235, it has been indicated that the effluent common to these
operations 4is uranium, This may be airborme as particles or may be emitted
in dijueous wastes, Other effluents will be of a less characteristic nature

and (hight well be those which would be fournd in the vicinity of wvarioue chemical
mamifacturing operations.

The utilization of this characteristic effluent to locate and possibly
entify the type of facility requires a comprehenslve scheme of sampling.
Thij| may well be the use of environmental samples in which uranium has
accujmlated or been preferentially concentrated. Soll, grass, deciduous or
everiireen leaves, tree bark, silt, etc., may be sample sources. In addition,
Jpspection scheme would necessarily meke use of deliberately taken air
fi14pr samples. Highly specialized laboratory facilities are required %o
make| successful implementation of such a program possible.

il No detalled discussion of the proposed detection scheme will be given,
The [reader is referred to pages 70-116 of the report by R. J. Brouns (op cit.)
wvhid¢h gives a detailed discussion of the proposed sampling scheme, the personmel
reqy|red, and the time necessary to implement such a program. The objective

118 discussion here will be rather to indicate what such a sampling
proglam can tell about uwranium bandling facilities and to estinmte the
posgbility of detectipn and location of undeclared and clandestine plants.

The following pleces of information can be obtained from envirommental
uranium sampling:




l, Total uranium above scme background,

2. Alteration in U258/‘U255 ratic indicating enrictment or
impoverishment.

3. Abnormalities in the UPD¥ comtent.

L, Presence or absence of 11236.

5. Pregence of U253.

U236 is not naturally occurring but is produced in reactors by the
nen=fission capture of a neutron by U235, It is enriched in a separetion
scheme along with e and U235, 1% may be very high--seversl percente-
in yranium recovered from enriched reactor cares which have hed high burn~uj
U3 1s produced by irradiation of Th>2 introduced either as a fuel elemen

utility, therefore, for weapons components and for power reactor fuel eleme

component or as a blanket in a "breeder reactor™. It is fissionable and ha.:{lt
8.

It 1s an active alpha emitter and must be handled with greater care than eny

riched uranium, althcugh probably not with the same contalmment required fo
plutonium, :

The fcllowing cases are likely to be bbserved in the environment of
plants handling urenium:

Case 1. Normel uranium, no U25°, concentration higher than background:

Iandicates ore processing, separations plant feed preparation,
reactor fuel element preparation.

Case 2, U235 (and U23'*) enriched, no 0256: Indicates separations plant

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

_Case 3. U3 (amd u23Y4) gepleted, no 1236; Indicates separations plant
"tails" and mey be separations plant or weapons "tamper” fabricati

Case i, Ual"6 present: Indicates handling of reactor processed uranium.
Applies to Cuses 2 and 3. May indlcate, 1if U230 1p depleted (case
3) » preparation of separations plant feed from reactor "tails".

Case 5, u235 normal, 02311- enriched, 0236 present: Indicates mixture of
emriched and impoverished material, from separations plant or
weapons plant,

Case 6. U233 detected: Indicates processing of thorium besrirg fuel
elements, of thorium blanket from breeder or fabrication of
weapons parts or reactor fuel elements.




It is evident that 1t 1s possible to determine the general class of

ium being handled, but there are, in every case, alternative interpretations
idence is based solely upon the detection of uranium and determination of
isotopic composition., Additiomal evidence from other effluents may narrow
choices somewhat., High fluoride in the immediate vicinity of a facility
indicate a separations cascade, a feed preparation operation, or it might

loclated ip the same industrial complex. ' Unless unlimited right of entry l1s
ed, then recourse must be bad to other means of collecting informetion.
ials entering and leaving the plant mugst be monitored, power input

ned, etc.

Two methods of evading inspection and detection are evident, A facllity
could be comstructed or modified with the objective of attainlng such complete
corliaimment that no uranium could be detected in gaseous or liquid effluent.
It ls a corollary to this that the amount of material handled would have to
be Sma.ll Large scale filtration of air will not be perfect and containment
of very small particles will not be possible., Any losses of uranium as
hexafluoride in trace amounts would be difficult to prevent on large scale
opeations. Aquecus wastes would be more readily controlled. Such wastes
coyld be pumped into underground storage or into underground water channels.
Tor| |exchange resin treatment of wastes which has first been scmewhat
condentrated would also probably be very effective,

It would probably be more feasible to meke a separations plant using
cenirifuges effluent free, than to prevent detectable losses from feed
preflaration or metal fabrication on anything but a very small scale, By
far|] the most attractive and more easily attained situation would be to put
thel |clandestine facility in or near to a large scale operation handling
urak/ium. This would be the more difficult case to detect., There is no
applirent means of detecting the difference between a weapons parts fabrication
and|the construction of reactor cores from highly enriched uranium by environ-
mential studies.

The following table will give the best estimate which can presently be
madf for detecting and lceating undeclared facilitles operated in what would
be plonsidered a normal manner and clandestine facilities operated with maximum
attenticn given to conceslment, The distance limitation is arbitrary. The
clotler one can get to a facllity, the better the chance of positive detecticnm.




Py - gy

DETECTION CAPABILITIES FOR HIDDEN PLARTS

A
Norma1{l) Clandestine(2) :
Type of Pliant Close Listant Close Distant Means of Detection
O=5 mi. > 5 mi, 0=5 mi, >5 mi,

Diffusion Cascade Positive Probable Probable Dublous Uranium isotopic comp.
Centrifuge Cescade Probable Dubious Dubious Very unlikely " 'y "
Feed (UFg) Preparation Positive Frobable Probable Dubious g 7 L
Metal Prep. (Near Pogitive Probable Probsble Dubious ” ¥ u

Normal Conc,)
Metal Prep. (High Positive Probable Dubious Very unlikely p by 12

Enrichment)
Deuterium Enrickment Dukious Impossible Impossible Impossible Deuterium
Lithium Isotope Positive Positive Probable Very unlikely Altered isotopic comp. of

Separation

lithiwn in aqueous effluent.

(1) A normal Facillity isc defined es having been constructed and operated in ordirary fashion for at least

a year before inspectior begins.

&

It is essumed to te of large size.

(2) A clandestire famcility 1s cne which was constructed or modified to avoid detection. It is anticipated
that it wili be of smaller size and may be located in the vicinity of & "normal" operation, which would I

provide masking for effluemts if containment is not perfect.
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