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The Industrial Hygiene of Uranium Refining

& EMIL CHRISTOFANO, B.S., Ch.E., and WILLIAM B. HARRIS, B.S., Ch.E., M

From the time of the organization of the

Atomic Energy Commission until 1954,

health protection at all uranium refining

operations was supervised by the Health

and Safety ILaboratory (HASL). Since

that time the Laboratory has played an

ever-decreasing role in this supervision,

acting primarily as a consultant. During

the 10-year period 1948 through 1958 HAST.

conducted 60 complete evaluations of oc-

; cupational health hazards in seven uranium
o refining plants.

All of the original plants were activated
by the Manhattan Engineering District.

Submitted for publication June 9, 1960.

Health and Safety Laboratory, U.S. Atomic
Energy Commission.

.S. Ind. Hyg., New York

Under pressure to produce

as contractors those firms experienced in

handling some particular chemical procedure 48
to conduct that portion of the process which

involved the use of that type of procedure

No one organization was experienced in alj

of the chemical techniques utilized in
uranium production. Therefore, the pro-
duction sequence was broken into many
segments with portions assigned to different
chemical firms. This system of producing
materials stepwise in various locations:
throughout the country resulted in adminis-
trative, transportation, and health problems,
The intermediate packaging of material for
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purpose of evaluating existing hazards and
providing information and recommendation
for their control. '
Since 1940, uranium production has in-
creased steadily; at present, U.S. purchases °

. of raw material amount to a rate of appro:
~mately 30,000 tons of metal per year. In

addition to the two integrated units which
were mentioned previously, a third refinery,
privately financed and operated, has recently
been brought into production.

The first process of choice was one in
which the digested raw material was brought
to an extreme degree of purity by means of
solvent extraction. The purified uranium -
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nitrate was then thermally decomposed to
UO3, reduced by hydrogen to UOs, and
reacted with HF to form UF, Here a
bifurcation in the process stream permitted
(a) thermite reduction to metal or (b)
fluorination to UFg which could be passed
through a gaseous diffusion plant for
isotopic separation. Figure 3 presents a
simplified flow diagram of the various
operations involved in uranium refining. For
purposes of organizing the presentation of
. dust-exposure data, the refining process will
be considered in nine basic steps: (1) ore
handling and sampling; (2) digestion and
gangue removal; (3) solvent extraction and
stripping; (4) boildown and denitration;
(5) oxide reduction; (6) hydrofluorination;
(7) fluorination; (8) metal reduction and
purification, and (9) scrap recovery. For
similar operations conducted at more than

. one installation, the exposure information

for all is averaged, but where there is a
major change in an operating step, the
occupational exposures are discussed sepa-
- rately. '

In 1948, an intensive study was made of
all of the operations in the various plants
to evaluate the basic problems of continuing
operation in the existing facilities, The
report resulting from this investigation,
dated 1949, comments: “The fact that no
definite clinical evidence of persistent dam-
age has been discovered to date in personnel
with high uranium dust exposures cannot
be taken as evidence that such damage has
not been produced or will not occur. We
therefore believe that the operating level of
exposures to uranium dust which should be
used in producing plants for the present
should be quite conservative.” Since that
time only minor clinical evidence of damage
has been uncovered, despite a very close
medical supervision in all plants. Prior to
1948, permissible levels for exposure to
uranium dust in air had been established at
500pug/cu. m. for insoluble salts and
150ug/cu. m. for soluble salts. y-Radiation
levels -up to 700 milliroentgens per week
were acceptable. The meager records show
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that even these liberal levels were sometimes
exceeded.

In about 1948 the University of
Rochester published its documentation of
the toxicity of uranium in experimental
animals. This was probably the most ex-
tensive toxicity study ever conducted. As
a result of it, uranium was classified as
a chemical toxin affecting the kidney, not
dangerous by any mode of entry other tha
inhalation. Calculations for human exposure
based on the animal studies suggested that
the permissible dust-exposure level be

of 8 hours a day for a working lifetime
For normal uranium this level was inters
preted by HASL to be equal to 70 a-disin-
tegrations per minute per cubic meter o
air. The maximum permissible concentration
published in Title 10 of CFR, Part 20;
which is based on NBS Handbook Ne¢. 5%
sets an industrial exposure level
5.1X10~Yuc/ml,, which is equivalent
approximately 110 eo-disintegrations p
minute per cubic meter. Handbook No. @
uses a value of 6X 10~ uc/ml., but ascribes
to the natural uranium curie 4.5X710~

d/min/curie. This yields an MPL of 27(8

d/min/cu. m.

As a result of initial plant studies, ex-
tensive changes were made in many of the
operations. However, it was determined
that in many cases sufficient dust contro

to meet current standards would not beg

possible without complete process revisio
As a result of this decision and mounti
pressure from manufacturing personnel
increase production rates, the decision w
made between 1948 and 1950 to begin
complete replacement of existing facil
with improved process equipment which
would permit the higher production rates
while maintaining air concentrations am
radiation levels within acceptable limits.

Method of Study

In evaluating the degree of exposure of pla
operators to uranium dust, the following
types of air dust samples were collected: (
general air samples, collected in every norma
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occupied area of the plant and (2) breathing zone

. samples, obtained in the breathing zone of a worker

during the performance of a particular task and
usually for the duration of the task. Combining

these samples, the average concentration in an area

and the peak exposures encountered in particular

jobs may be evaluated. In each case, replicate

samples were drawn. Dust samples, collected on

14 in. disks of Whatman No. 41 filter paper,

were returned to the laboratory for analysis by
a-scintillation techniques. (Normal uranium decay
produces about 1.5 d/min. for each pg. present.)

The collected air concentrations are weighted by
the time spent at each operation or area to com-
pute an average weighted exposure for the working
day. Protection. afferded. - by dust respirators has
been ignored. The 60 surveys reviewed in this
report involved the analysis of more than 20,000
individual air dust samples.

In substantially every case, the first survey
conducted at any plant disclosed the highest ex-
posures and the most recent measurements were
lowest. In reporting occupational dust exposures,
" we have presented the range of exposures and
also the numerical average of all such evaluations
- made during the 10 years from 1948 through 1957.
-Occupational exposure to uranium-bearing dust
"~ was studied more thoroughly than other health
hazards in the plant, but it should not be inferred
" that other hazards were insignificant. Some other
occupational hazards encountered in the uranium
refinery are penetrating radiation, radon gas, acid
mists and acid vapors, explosive atmosphere, solvent
vapors, and noise. )

Presentation

Ore Handling.—Sampling of uranium-
bearing (feed) raw material is carried out
to determine an assay on which quality con-
trol procedures, accountability requirements,
and purchase price may be based. Feed
material for the refinery was of two general
types: high-grade pitchblende of 20% to
50% U3O0s content (hot ore) or a product
.from a concentrating mill where ore con-
_taining approximately 0.25% UsOs has been
pgraded to 70% to 90% UsOs by chemical
‘purification. In this purification the radium
"is removed. Because of the extremely long
alf-life of parent
“years) uranium, no appreciable quantity of
- radium is built up before this concentrate
_is further purified at the refinery. Concen-
- trate material therefore presents no signifi-
cant hazard from penetrating radiation or

Christofano—Harris

(approximately 10° -

from the accumulation of radon gas, al-
though the first two B-emitting daughters
of uranium, UX; and UXa, are present in
substantially equilibrium ~quantities. Ore
material was received at the sampling plant
in steel drums welded shut except for a
small hole which permitted the escape of
radon gas. Enclosed areas for the storage
of this material required ventilation to pre-
vent excessive accumulation of radon.

In the very earliest days of ore sampling
the only ventilation provided was the air
which was drawn through a rotary drying
kiln and an exhaust system which removed
air from enclosures around the crushers,
screens, and elevators. Each of these sys-
tems was inadequately designed, both from
a standpoint of aerodynamic handling and
of air-cleaning equipment. Dryer air was
passed first through a multiclone, then
through an electrostatic precipitator; yet
sampling of the effluent air indicated a loss
of approximately 70 pounds of uranium
per day during the time of operation of
this equipment. The screen exhaust equip-
ment was sefiously out of balance, and, as a
result, many main exhaust duct lines were
found to be as much as three-fourths full of

powdered ore.

The ore material, after drying, crushing,
and screening, was passed through a me-
chanical sampler to obtain a one-drum sam-
ple of approximately 1,000 pounds from -
each lot of ore. In some cases the contents
of this drum was further reduced in size
by manual coning and quartering in the
middle of the sampling plant floor. Over
the course of several years of operation of
this plant, additional ventilation controls
were provided. However, since the output
of the plant increased with each successive
year, there was no noticeable improvement
in the airborne dust concentration.

On the basis of the experience gained in
this plant, the integrated facility to be built -
at Fernald was designed to provide com-
pletely automatic ore handling. The drums
were to be automatically delidded, dumped
by means of a skip hoist into a closed sys-
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tem where the ore material was crushed and
handled with automatic conveying equip-
ment, and finally deposited in a storage bin.
The output from the storage bin was me-
chanically transferred to the digestion plant
where it would be fed directly into the
digest equipment. For various reasons of
equipment failure and vendor problems, this
plant has rarely been used and manual pipe
sampling of this material is still performed.
Concentrate materials exhibit little -
radiation when shipped from the concentrat-
ing mill. Radium bearing “hot” ores, on
- the other hand, contain radioactive equilib-
" rium amounts of all the decay products of
the uranium series. These include radium,
radon, and the radon daughters. As a
result of this dissimilarity in the two dif-
ferent types of refinery feed material, two
_procéss streams were provided in the re-
fineries. However, substantially all feed
material is concentrate at the present time.
Enclosure of raw ore in process tanks or
bins sometimes provides adequate shielding,
but more frequently a wall between the
operator and the source of radiation is
necessary to reduce occupational y-expostire
o permissible levels. Such a shield requires
‘that operations such as drum opening and
dumping be performed remotely. Because
of this remote handling and the distance
from the operator to the material together
- with ventilation on the enclosures, the opera-
tor is not only protected from penetrating
radiation but also from a-dust, Exposures

TABLE 1.—Dust Concentrations n
Ore Sampling d/m/M?

Range Average

BZ * Unload drums to hopper
BZ  Clean dust collectors
BZ Clean ore drums
'BZ Remove or replace drum lid
GA t Ore room
Daily weighted average manual
sampling
Daily weighted average automatic
sampling

220- 2,500 1,300
5,000-36,000 20,000
370-64,000 30,000
92- 1,300
90- 2,600 1,000

140- 3,000 800

90- 190 140

... * BZ-Breathing Zone samples.
" " $ GA-General Air samples.
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TABLE 2—Dust Concentrations-Concentrate
Sampling a/m/ M’

BZ Dumping concentrate 700-4,800
BZ Delidding drum 180-1,300
BZ Lidding drum 90-1,300
BZ Pipe sampling 60-1,900
GA Sampling room 10- 200
Daily average exposure 90- 190

to dust at ore sampling operations are given

in Table 1.

The sampling of concentrates has been

conducted at three installations; two of

which are in current use, with the third ‘

plant in standby.

Average weighted occupational exposures
to uranium-bearing dust from the sampling
of concentrate materials are summarized in
Table 2.

Lidding and delidding of open head drums
contributed the major portion of the opera-

tors’ exposures, Cleaning the sampling:

equipment between ore lots and emptying

the ventilation system dust collectors at the:
end of each shift also contributed to the
over-all exposure at the sampling station:]

Radiation measurements in the vicinity of

high-grade ore storage indicated y-radiation
in the order of 10 to 100 milliroentgens per.
hour at a distance of 10 feet from the"

drums. This dosage limits occupation of

such areas to between 3 and 30 hours per:

week, depending on the actual levels pres
ent. This does not constitute a severe
restriction for a storage facility, but it doe
restrict the methods by which these ma
terials may be transported. For example,
when it was necessary to transport high
active ore by motor trucks the ore was
loaded so that no drum of ore was closer
to the driver than 8 feet. Had this pres
caution not been taken, the drivers would
have accumulated their weekly permissib

radiation dose in less than the 6 hours
necessary for one trip.

Radon gas, a decay product of radiun;
can be a serious hazard if permitted to;
accumulate; however, the open character o
ore-handling facilities usually is sufficient
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Fig. 4—Uranium ore shipping car showing forced ventilation,

mit the accumulation of excessive quanti-
es of this material. During transportation
y rail in closed box cars some ventilation
as applied during car loading and un-
ading of “hot” ore. A typical car for
is purpose is illustrated in Figure 4. In
ractice, portable electric fans were fitted to
ach end of the car. They were operated
or a few minutes before the car doors were
pened, and entry was prohibited until the
ns had been running for 20 minutes to
e hour. Radon concentrations in ore cars
were as high as 10-7 to 108 ¢/1, or 100
1o 1,000 times the MAC.
Digestion.—The first of the many refin-
ng steps is the nitric acid digestion of raw
haterial to bring the uranium values into

8 solution. Raw ore is fed to the digestion

ats or hot concentrated nitric acid as a
20 mesh powder. Other feed materials
vere fed directly without prior processing.
klp hoists, bucket elevators, vibratory and

hristofano—Harris

screw feeders were used in the slow, careful
feeding of the raw material to the reaction
vessels. The feed material had to be added
to the digest liquor at such a rate that the
reaction would proceed without unusual .
v1olence If the feed device permits “slug- -
ging” of the material, the reaction may ; be
violent, with subsequent flooding of the
area with uranium-laden nitric fumes. The
reaction vessels are maintained under a
slight negative pressure by water-sealed
vacuum pumps which take the collected
dust, mist, and nitric oxide fume from the
reaction through a nitric acid recovery
system. This system can be balanced with
reasonable accuracy against the rate of
fume evolution caused by the rate of raw
material feed.

In the plant designed to handle both
pitchblende ore and concentrated materials,
the sampling, digestion, and solvent extrac-
tion sections were duplicated in parallel
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URANIUM
. TABLE 3.—Digestion sonnel was
radiation «
Ore d/m/_M' Concentrate d/m/Ms forts were
Range Average Range Average the refiner
BZ reaming ore chute 350-8,000 1,000 The_ an
BZ drum dumping the digest;
Uncontrolled 2,600 1,000-6,000 2,400 H
Ventilated o 220 % durmg th‘?
Remote 6 4 30 contained i
BZ lidding & delidding drums 600-1,700 1,200
GA digest area 6 330 160 o 75 30 _In some
GA ore room 90-2,600 1,000 digesters v
Average daily exposure 7- 350 110 17- 100 40 the content
, trate throuy
process streams, the “hot” stream requiring  rial had been collected in the overhead proc- tanks. Dus
shielding and some remote operation. As ess piping as an interior coating to produce breathing z
shielding was added to the early pitchblende radiation levels exceeding 300 milliroent d/min/cu.
refinery operations, it was found that it gens per week in the operating areas, Mod- ditions. W
was not possible to reduce the radiation ification of the refinery to reduce radiation constructed
level below a certain minimum, It was

to acceptable levels was considered uneco-
nomical. For thig reason, rotation of per-
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sonnel was used as a temporary control of
radiation exposures while engineering ef-
forts were directed toward a redesign of
- the refinery.

The average exposures encountered in
the  digestion of refinery feed materials
. during the years from 1948 to 1956 are

contained in Table 3.

E  In some of the temporary plants, the
. digesters were fed manually by dumping
the contents of open top drums of concen-
trate through a hole in the floor above the
tanks. Dust concentrations at the operator’s
breathing zone ranged from 1,000 to 6,000
d/min/cu. m. for these uncontrolled con-
ditions. When a ventilated enclosure was
B constructed around this drum dumping sta-
tion (Fig. 5) the breathing zone concentra-
tion was reduced to 100 to 300 d/min/cu. m.
and the operator’s exposure averaged about
100 d/min/cu. m. With the introduction of
remote automatic drum dumping into hop-
pers, which in turn led to the digestion
nks, the operator’s exposure was reduced
o about 10 to 30 d/min/cu. m.

- When ground ore was fed from a hopper
by automatic conveyor to the digesters,
bridging of the ore occasionally interrupted
the flow. The operator would then ream the
ute with a rod and be exposed to high
roncentrations of dust. This bridging
could be prevented by thoroughly drying
the ore. Other operators whose duties were
allied to digestion were exposed as follows:

d/m/M?
Range Average
Weighted exposure
nitric acid recovery 10-240 75
Weighted exposure E
- silica filtration 6-800 220

Ventilation in the acid recovery areas is
flected in the relatively low average expo-
res. Separation of uranium solution from
e silica gangue led to the highest dust
d y-exposures of all operations associated
ith digestion. A string discharge filter was
sed in the early installation for sand re-
oval. Any operation associated with main-
tenance of this string filter resulted in high
ternal y-radiation dose of the operator.
At the newer facilities it has been possible

hristofano—Harris

to run a slurry containing all of the gangue *
material directly through the solvent extrac-
tion. This modification has precluded the
necessity for prior filtration of the silica
with the high radiation doses which accom-
panied it.

During the early years of AEC interest,
only the uranium content of the ore was
purchased. All of the other mineral values
remained the property of the vendor, Each
lot of ore was therefore processed sepa-
rately and all residues were collected and
repackaged for storage and eventual dispo-
sition at the discretion of the vendor. These
residues were made up of two basic mate-
rials: (1) the radium cake which was a
barium sulfate coprecipitation of the ra-
dium materials and (2) the raffinite mate-
rial which was the residuum after solvent

.extraction. The radium cake was the most-.

concentrated y-emitter in the refinery. Con-
siderable care was necessary to insure ade-
quate limitation of y-radiation dosage from
this material. At the surface of a 55-gallon
steel drum of radium cake, radiation levels
ran approximately 100 to 300 milliroent-
gens per hour. Measurements taken 10 feet
from a stacked tier of drums showed levels
from 50 to 100 milliroentgens per hour.

The only ventilation which was provided:

for these operations was arourid a centri-

fuge which was used to separate the radium
cake. Here the centrifuge was enclosed in
a booth from which air was drawn prima-
rily for the removal of radon gas. Radon
concentrations in this area were approxi-
mately at the maximum permissible level
of 1071 curies Rn/1.

Solvent Extraction—The early methods
of solvent extraction utilized ethyl ether for
the selective extraction of uranium values;
more recently, tributyl phosphate in kero-
sene has been used. In either case the ura-
nium-bearing aqueous material was fed to
the top of extraction columns while the or-
ganic solvent, which forms the continuous
phase, is let into the bottom. During the
extraction of slurry the columns are me-
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chanically pulsed to improve contact be-
tween phases.

Columns, similar to those used in extrac-
tion, are utilized in scrubbing the organic
extract with hot demineralized water. In
solvent extraction, solutions or slurries are
handled in what is an essentially sealed
system. Because of the possible fire hazard
in using ether, the extraction and stripping
section were isolated from the remainder
of the refinery. This isolation limits the
possibility of cross contamination from
major dust-producing operations. Since the
system is continuous, sealed, and utilizes
only liquid material, the occupational expo-
sure to uranium is minimal. The extraction
operations led to average exposures which
ranged from 7% to 50% of current permis-
sible levels. The solvent extraction areas

- represent the lowest air contamination
levels found in any refining operation,

The potential fire hazards associated with
ether extraction far outweigh any dust-
inhalation hazards. In fact, because of the
possibility of initiating an explosion with a
" spark from their pumps, the HASL survey

teams at no time obtained samples from the

ether solvent extraction areas. Whenever
- the contractor collected air samples from
this area, by use of explosion proof equip-
ment, the ether content was below the ex-
~ plosive limits and the uranium-bearing dust
was well below permissible levels,

One serious explosion resulted from this
use of large quantities of ether solvent, It
was attributed to an inadvertent mixing of

~ concentrated nitric acid and ethyl ether.

In no instance over the 10-year period was

a fire caused by accidental ignition of ether

vapor.

After contacting the digest solution with
the organic solvent, the material remaining
in the aqueous phase contains nitrates of all
of the undesirable metals, including the
UX, and UX, radioactive components. The
liquor may either be concentrated and
calcined to recover nitric acid or it may be
discarded directly. This concentrate mate-
rial is called raffinate and presents a prob-
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reduces the purity of the product, Tk
dilute solution of highly purified uran;
nitrate is concentrated in multiple-effe
¢vaporators and boildown tanks to a solty
tion of uranyl nitrate hexahydrate ( UNH)
When the final product is to be metal
batchwise denitration in gas-fired pots j
the routine method of reduction to UO4
The conditions of the reaction are indicateg
by the temperature and the rate of r

~of the temperature during heating of the 5

contents. As heat is added, first water va;
is evolved, then oxides of nitrogen a
i to be collected in the acid b
covery system). The mass is continttous
agitated until all the material has beg
converted to uranium trioxide,
product, dry, lumpy, and very dusty,
removed from the denitration pots fr
above. At one time orange oxide*
scraped and shoveled from the pots; a lat
innovation (F: ig. 6) incorporated a pneu
matic conveying device called a gulping t
to transport this material to a packagin,
station or to the next step in the process
Before pneumatic conveying was intro-

emptying the denitration pots.
matic conveying this has been
an average of 560 d/min/cu. m,

With pne
reduced 1

perature and possibly oth
physical and chemical factors,

mass, sticking to the sides and the agitatg
blades. In this case it m

kiln denitration equipF
ment has been used where the product i
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raffinate material
1d stored on the
storage lagoons.
n.—The product
the purest form
From this point
ocess equipment

product. This
wurified uranium
1 multiple-effect
tanks to a solu-
tydrate (UNH).
is to be metal,
ras-fired pots is
Juction to UO,,
ion are indicated
he rate of rise
eating of the pot
first water vapor
of nitrogen are
| in the acid re-
s is continuously
terial has been
xide. The final
very dusty, is
ition pots from
inge oxide was
the pots; a later
porated a pneu-
ed a gulping tool
to a packaging
> in the process.
ring was intro-
ures were 30,000
or scraping and
ots. 'With pneu-
been reduced to
. m.

rroduct are very
1d possibly other
ors. For reasons
e product some-
to a hard, lumpy
and the agitator
st be chopped out

ir concentrations
mentioned above.

enitration equip-

‘e the product i5_
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URANIUM
to be converted to UF s, but for some reason

t and reactiv:
too contaminated to be converted efficiently e ———— g zperations
this product is unsufficiently reactive and " air data arc
to metal. Here too, a packaging step is : ' of personn
incorporated to facilitate accountability of  GA denitration area

: C
. - GA UO packaging area 15- 160 - Sy stems.,
UO; and to permit transport to the suc- y

BZ serape and shovel UQ 5 from pots  29,000-82,000 stallations
ceeding facility for further processing. D% pneumatically empty U0, pot 70- 1,800

i BZ pour UNH liquor into pots 45 63 | clude not «
An operation auxiliary to denitration 15 Average weighted exposure up to '

, b ventilation
the recovery of vapors evolved in the de- A;Z::ge weighted exposure since 4200-82,000  enclosures
composition of uranyl nitrate. In only one 194 31 234 which in t
survey was the dustiness found to be exces- ‘ use of pne
sive. This was probably the result of cross Table 4 summarizes the denitration pof: ~ the beds, i
contamination from adjacent areas. Later

operators’ exposures, : - concentratt
surveys failed to detect concentrations itrati . maximum
above 100 d/min/cu. m. The operators of ; ; . trol proc.e(
nitric acid recovery units were exposed to b.e eﬁ’ecgv«
an average concentration of 67 d/min/cu. m, - Ridge. The product from this continuous oar re-splra'
with a range from 20 to 240 d/min/cu. m.  operation is not as uniform in composition + Oxide R
tween solic
essary ‘to «
the solid ¢
reaction tc
reduction,
solid urar

Fig. 8 —Loading lump
UsOs into crusher., :
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140
63
48,000

g 8 288
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ration pot

performed
reactor at
and Oak
continuous
omposition

ading lump
sher.
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and reactivity as that produced in the batch
perations conducted in gas-fired pots. No
air data are presented on the dust exposure
personnel at the continuous denitration
gystems. Control of these most recent in-
stallations of moving denitration beds in-
plude not only large quantities of general
E ventilation from the bedroom area but also
closures around the individual beds,
which in turn are exhausted. Despite the
se of pneumatic unloading equipment for
e beds, it has been difficult to maintain
Ploncentrations in the remote areas at the
maximum permissible level. The only con-
trol procedures which have been found to
effective in this area have been supplied
r respirators and rotation of personnel.
Oxide Reduction—In most reactions be-
E tween solid and gaseous materials it is nec-
essary to change the contacting surface of
the solid continuously in order to drive the
action toward completion. In the oxide
reduction, hydrogen is utilized to reduce
lid uranium trioxide to solid uranium

Fig. 9—Bank of horizontal reactors, UOs to UF.

dioxide with the evolution of water. When
the UOj; is removed from the denitration
pots as a hard, lumpy material, it is first
necessary to pulverize the orange oxide
product. An early method of performing
this operation is illustrated in Figure 8.
The operator dumped a drum of UOj; into
a mill in which it was comminuted to a fine
powder. ‘

Three methods have been used in the
reduction step. In the first, shallow nickel
trays were filled to about 1 in. depth with
UO; and then introduced to a furnace. H»
was caused to flow over the trays. In the
second method, oxide was introduced to a
multiple hearth furnace in which rakes con-
tinuously agitated the solid reactants. Upon
heating, gaseous hydrogen reduced the tri-
oxide to a dioxide. Water vapor and excess
hydrogen from the reaction were led to an
area where combustible gases could be safe- . -
ly burned. Finely divided UO, formed by
each of these methods was packaged for
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transportation to the succeeding facility for
further processing.

A later innovation in this step provided
a continuous process stream by the use of
horizontal reactors sm.nlar to helical screw TABLE 5—Dust Concentrations—Oside Reduets
conveyors. Screw flites moved trioxide N (UO—U0,) R
countercurrent to the hydrogen stream with
continuous feed and discharge. A series of

- dumping oper
4 exposed to br
I high as 100,
 times the pre
" the advent of
aging Of UcC
- mittently whe
- oxide as a o

In converting from batch to continug
Operation the operators’ average €xXposur
were reduced by approximately two orde
of magnitude. In "packaging and fe

d/m/M O

these reactors is illustrated in F: igure 9. Range | vers  did no.t meet
Purified hydrogen necessary for this reac- : : ¢ During the
tion is obtained from the decomposition of 1 poud gg:;ﬁ:onm rositor o ol 20000 . posures, the |
pure anhydrous ammonia, since ammonia BZ Load UO rmultiple hearth - o b in effect was
can be handled more safely and at lower = fmace 160- 2700 1,400 . respirators us
pressures than hydrogen alone., Again, the BZ Unload U0, from trays 4,000-125,000 60,000 More recentl:
off-gases are burned. In this system ‘there P2 Packsge UO, trom trays 25,000-115,000 30,000

. been complete
I Hydrofluor,
. tion convertin
ride, a gaseot
solid, produci
again the pro
surface of the
ing with anh;
one time the

¢ s . - BZ Package UO, from multiple )
1s a significant evolution of uranium salts  hesrs ‘ 16,500- 35,000 23,000

as fine hot dust. These salts must be filtered , Tray furnace area 830 1a00
from the burned hydrogen stream. Similar aa Multiple hearth furnace aren 245 449 340
ye . . G A Horizontal reactor a; ea 3 1

reactors are utilized in the ensuing steps z e b 1 “
for the production of UF, and UF,. A bpwa Tray furnace operations 9,800- 32,000 20,000 -

£ - 1 duri DWA Multiple heart operations 31- 4,200 700
Summary o Occupatlona €Xposures dur g DWA Horizontal reactor operations 46- 234 140
oxide reduction is contained in Table 5.

Fig. 10—Ventilated manual tray loading, UQO, to UF,,

At first the
. U0, to UF,
F formed in the
table (Fig. 1C
dumped from
P into steel dn
Sugar scoops
out of the Iz
trays., The n
this operatior

Weighted
UO s lot
Furnace
UF.pa

Breathing
Loading
Unload
Interch:
Package

- Ch ristofano—H

Vol. 5, Nov., 1960




AL HEALTYH ;ARANIUM REFINING

jumping operations the operators had been
Ixposed to breathing zone concentrations as
figh as 100,000 d/min/cu. m. or 1,000
fimes the present permissible levels. Since
fhie advent of continuous operation, pack-
foing of UO. was conducted only inter-
hittently when there was a need for brown
Bxide as a ceramic or when the material

0 continuous -
ge exposures
y two orders
7 and feed- -

xide Reduction

Ym/M: 75 . . .
" Pe— Bid not meet purity specifications.
> During the period of extremely high ex-
Lo 2,000 gosures, the primary dust control measure
effect was the provision of half-face
2700 1400 espirators used at the operator’s discretion.
15,000 60,000 More recently, processing equipment has
18,000 80,000 geen completely enclosed and ventilated.
15,000 23,000 Hoydrofluorination.—Again, in the reac-
330 1s0 JEon converting UO; to uranium tetrafluo-
:;g 333 ; e, a gaseous material is reacted with a
plid, producing a solid and water vapor;
200 2000 foin the problem is to renew the reacting
‘B4 . 10 ace of the solid continually while bath-

with anhydrous hydrogen fluoride. At
time the solid was spread in shallow
s over which HF was passed at ele-
kted temperatures. Water vapor and ex-
pss HF were collected in acid recovery

s.
t first the loading and unloading of the
2 to UF, conversion trays was per-
ed in the open; later on a perforated
ble (Fig. 10). The green salt (UF,) was
imped from the trays and permitted to fall

steel drums located below the table.
ar scoops were used to scoop the UF,
of the larger drums and to load the
The most effective dust control for
operation was the enclosure of this

TABLE 6.—Hydrofluorination

grated table to form a hood and the
exhausting of air from this hood. This re-
sulted in a reduction in airborne concentra-
tion by about a factor of 7, from a weighted
average exposture of about 10,000 d/min/
cu. m. to 1,500 d/min/cu. m.

Presently this operation is carried out
inside sealed horizontal reactor tubes iden-
tical to those used in preparing UO;. It is
possible to prepare UF, from UOjz con-
tinuously by utilizing a series of such hori-
zontal spiral flite reactors in a vertical
stacked array. Uranium trioxide, fed to
the uppermost reactor, is transported coun-
tercurrent to a hydrogen atmosphere by
slowly rotating helical screw flites. As the
dry powdered reactant is moved to the end
of a reactor it is permitted to drop to the
next lower one through a rotary valve
which effectively seals one reactor from the
next. At the completion of the reduction
of UO; to UO; the solid reactant is next
contacted with HF in a similar series of
reactors located directly below those used
in the reduction. Provision is made for
packaging either of UO; or UF,. During
normal operation of these reactors the dust
levels in the vicinity are negligible. During
maintenance on the flites and the bearings
which support them, however, the long
helicies present a serious dust hazard to the
maintenance mechanics.. The long screws
are withdrawn slowly into a long cylinder
called a “coffin.” The salt is removed from
the reactor tube and the flite by vacuuming
as the flite is withdrawn. This has been

done by use of respiratory protection. The

d/m/M * Trays

d/m/M s Reactor

Range

Weighted average exposures

U0 s loaders 260- 8,900

Furnace operator 50- 1,200

UF « package 110- 4,400
Breathing Zone operations

Loading U0, 730- 15,000

Unload UF. 400- 53,000

Interchanging trays 70- 3,300

Package UF 4 500-115,000

Range Average

Average

3,300
500
1,300

5,000 -
14,000 .- -
1,000

hris tofeno—Harris

. 5, Nov., 1960

87/451




summarized in Table 6,

Since uranium tetrafluoride may be uti-
lized as a raw material for reduction to
metal or for conversion to hexaﬂuoride,
most frequently it is packaged as tetraflyo-

ride at the discharge of the hydrofluorina-
tion reactor.

It might be worth while at this point to
discuss the packaging of uranium powders,
This operation has resulted in high occupa-
tional exposures whenever it has been per-
formed, and a great deal of effort has been

“put into the design of suitable engineering
control equipment to minimize these expo-
sures. The most successful of these has
been the provision of a circular exhaust
hood which makes an effective shield with
the chime of the container and goes around
the lip of the container into which the ma-
terial is being poured. High—velocity ex-
haust air is drawn from outside and at the
same time across the top of the drum. In
addition to this local exhaust hood, the
entire operation was placed inside of a com-
Plete enclosure with swinging door en-
trance and exit. Thjs enclosure in turn
was also ventilated. The drum traveled
“ through the enclosure on a roller conveyor
in which a section attached to a weighing
device permitted the operator to achieve
full weight without the necessity for view-
ing the level, Despite these Precautions,
€xcessive airborne concentrations have fre-
quently been found in the breathing zone
of the operator. Typical exposures encoun-
tered during drumming operations are listed
in Table 7.

Whenever materials are transported from
location to location in drums, the empty
drum creates an intense source of airborne
activity.  Most modern uranium  drum
dumping stations are provided with auto-
matic can washing and drying equipment
which removes substantially all of the ura-
nium salt contamination,

Reduction to M etal —Metal is produced
by thermite reduction of halide salt with
magnesium  in refractory lined stee]
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TABLE 7—Dyst Concentrations
at Drum Transfer Operations

d/m/Ms

Range Averags
BZ Fill uranyl nitrate drum 300- 2,000 1,100 -
BZ Fill UO, drums from pots 31- 29,000 600 -
BZ Fill UvO, drums-manual 170- 20,000 10,000
BZ Fil vO, drums-remote 26- 950 220
BZ Fill U0, cartong 1,000-175,000 36,000
BZ Empty U0, cartons-manual 3,800~ 40,000 21,000
BZ Empty vo, cartons-remote 120- 980 400
BZ Open UO, cartons for remote
dump 3,300-31,000 11,000
Package UF,
BZ Weigh and seal full drum 110-115,000 21,000
BZ Adjust final drumweight 100- 6,400 1,600
GA Packaging area before 1950 10- 960 500
GA Packaging area since 1950 1- 180 43

“bombs.”  Uranjum tetrafluoride is mixe
with magnesium chips in the appropriaty
proportions and blended. Refractory linin
of the bombs is prepared by introducing
mandrel into a steel cylinder, then tamping &
. the annulus between mandrel and cylinder
with a powdered refractory lining (Fig, 1
The mandrel is withdrawn and the space
occupied by it is filled with the prepare
charge (Fig. 12). More lining is the
placed over the charge, and finally the r
duction bomb is sealed by bolting a lid ;

ause of its high
specific gravity, the uranium collects at the

bottom of the bomb, with MgF slag floating
to the top. Upon completion of the reaction.
the bomb is permitted to cool; it is opened
and the charge is broken out. It is not po:

sible to dislodge the uranium from the Jin. re(fﬁiof-—fll
ing, slag, and unreacted components withou with UF.-M,
breaking the lining. This breakout is th

primary dust-
reduction.

producing operation in metal:
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nirations
erations
_—

d/m/M s

—_—
ange Average

0- 2,000 1,100
1- 29,000 600

0- 20,000 10,000
6- 950 220

2-175,000 36,000
J- 40,000 21,000
> 980 400

)- 31,000 11,000

F115,000 21,000

+ 6,400 1,600 Fig. 11—Loading re-
+ 960 500

3 » duction furnace shell with
- 180 43 ’ refractory liner.

iride is mixed
he appropriate
fractory lining

introducing a
, then tamping
I and cylinder
ning (Fig. 11).
and the space
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finally the re-
olting a lid in-
ite the highly
vhich the tem-
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ise of its high
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; it is opened,
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filled with the uranium fluoride, magnesium
mixture. About 1950, it became evident
that the magnesium fluoride slag which was
produced by the reaction could probably be
processed to form a perfectly acceptable
liner material. If this could be done, yield
would be improved and the product con-
tamination reduced. This, however, intro-
duced an additional hazard, in that the slag
material contained significant quantities of
radioactive impurities. The equipment
which was used for. « jolting” the bomb liners
was reasonably well ventilated for removing
the relatively innocuous dolamite but not
satisfactorily for the new type of material.
Therefore, exposures increased when the
slag liner was used. With the construction
of the new plants, adequate ventilation
around the top of the bomb was provided
and exposures again were reduced to per-
missible levels.

From the early days of the thermite re-

action, tamping of the uranium fluoride

magnesium mixture into the lined reduction
container had been considered to be a fine
art. The degree of densification of this
mixture in the refractory determined the
yield of the melt. A significant design ef-
fort went into devising a completely me-
- .chanical system to duplicate the “feel” of
the operator. The uranium tetrafluoride
is loaded into a double cone blender with
the appropriate amount of magnesium.
After blending, the charge is placed in a
retractable chute which goes to the bottom
of the lined bomb. The chute moves slowly
up and down as it is raised, providing the
necessary degree of compaction. This ma-
chine is all enclosed in a ventilated booth
which maintains air concentrations within
- permissible levels under most circumstances.

After the reduction, the uranium break-
out from the steel bomb is accomplished
inside an enclosure equipped with a grill-
work floor. Downdraft ventilation serves
to remove fine particulate matter from the
operator’s breathing zone while broken slag
and liner is permitted to fal] through the
grill where it is. collected for reprocessing.
Thé ‘rénaining uranium “derby” is a short
90/454

Impurities and slag are removed by chi
ping the surface of the reduced metal derby
with a pneumatic chisel. The derbies ar
then stacked in a crucible and vacuum
remelted to form :
size and shape for fabrication purpose
Recasting is conducted under vacuum
prevent oxidation of the metal and also to
remove volatile impurities. A fter recasting;
the graphite crucible from which the ing
is poured is burned out with a gas flam
producing large. quantities of fine fum
The “burnout” operation and rebuildin
operation are all carried out in an enclosur,
with remote handling.

By a technique developed in 1953, muck
larger reductions of tetrafluoride and mag
nesium produced massive meta] ingots o
approximately 3,300 pounds,
ration is similar to that described for de;

Reduction is similarly batchwise in a lined
steel bomb. Breakout of the bomb resul

in a massive ingot in which the impurities:
are concentrated in the periphery. Purific
tion, therefore, does not require vacuu 3
recasting. Instead, the ingot is scalped on'
a lathe to remove the surface impuritie

and the resulting billet is suitable for meta
fabrication.

For industrial hygiene control purpose:
metal reduction may be considered in three
phases: (1) bomb preparation, (2) thermit
reduction, and (3) bomb breakout.

When bomb preparation was condiscted
during 1948 and 1949, the operators’ daily
average exposures varied from 15,000
d/min/cu. m. to 40,000 d/min/cu. m., with
peak breathing zone €xposures in excess of
400,000 d/min/cu. m. All of the bomb
preparation was conducted with hand tools
and little, if any, ventilation (Fig. 11).
Half-face respirators provided the primary,
control for operator protection. Reduction
furnace operators and bomb breakout oper-"
ators were not exposed to such high levels.

Vol. 5, Nov., 1960
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TasLe 8—Dust Concentrations During Metal Reduction—d/min/cu. m.

Before Modification

Remote Handiing

Operations Range

Bomb Preparation

BZ Load bomb 700-320,000
BZ Jolting 12,000-110,000
GA Preparstion area 80- 5,900
‘Weighted average exposure 300- 2,300

Reduction Operations
BZ Change bombs

GA Reduction furnace area
Weighted average exposure

300-
80-

2,700
2,200
970

Bomb Breakout

BZ Clean and unload shell 370- 5,000
BZ Chipping derby 400- 6,000
GA Breskout area 26- 2,100

Average Range Average
90,000 1-220 45
50,000 10-200 36

2,650 1-311 21
875 7-130 30

0-144 27

2

1,600 0-146 43
2,000 0-300 70
530 0-75 25

In the construction of newer facilities for
panded production, remote handling tech-
ques have been incorporated and the dusty
perations have been conducted inside ven-
ated hoods. Since 1951, when these newer
cilities went on stream, no operations
ave resulted in average weighted exposures
excess of 110 d/min/cu. m. Exposures
pr metal reduction and derby handling are
ven in Table 8.
Recasting.—Metallic uranium produced
{by thermite reduction contiins contamina-
on which makes it unsuitable for reactor
el. This contamination is mostly confined
o the outer surface of the cast metal. As a
nethod of altering the shape and of purify-
gng the metal, derbies are vacuum cast into
gots of suitable size and shape. Vacuum
sting from graphite crucibles removes
latile contamination and permits the less
latile materials to float to-the surface of
e uranium. After air cooling, each ingot
§ separated from its mold. The top of the
got is sawed off to remove lighter metal
tamination, whereupon the billet is suit-
le for rolling or extruding.

zed during the vacuum remelting are the
emitting daughter products of uranium.
ese collect, with metallic magnesium, on
e furnace lid and surfaces, resulting in
bccasional fires and  strong  B-radiation
loses. The ‘newest furnaces are made so

L hristofano—Harris

Included in the volatile products vapor- |

that the lids dre cleaned remotely, with con-
sequent reduction in B-radiation and air-
borne dust levels.

Operations auxiliary to recasting include
crucible preparation and cleaning for reuse.
With the exception of the period prior to
1951, no operators have been exposed to
excessive amounts of dust as a result of
normal crucible handling. In destroying
discarded crucibles, however, the operators
are occasionally exposed to concentrations
as high as 28,000 d/min/cu. m.

Upon opening the vacuum furnace to
remove the casting, occasionally the mag-
nestum burns with a flash, producing a

cloud of magnesium oxide and some UX; ==

and UX,. Ventilation is necessary to re-
move this fume from the operator’s breath-
ing zone,

Fluorination—Separation of U8 from
lighter isotopes is carried out by controlled
diffusion of gaseous uranium hexafluoride
through multiple porous plates. Some data
are presented here on the preparation of
hexafluoride from uranium tetrafluoride by
reacting it with anhydrous fluorine. In the
case of fluorination of UF, to produce UFg,
however, agitation or any other means of
renewing reacting surface is not necessary.
By removing the hexafluoride product as
it is formed, the chemical reaction can be
driven to completion. UFg is easily con-
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Fig. 13—Unventilated manual loading of UF. prior to fluorination to UF..

densed to a liquid which may be redistilled
to purify the product.

In early industrial practice, green salt
(UF4) was spread in shallow trays (Fig.
13), sealed in reaction tubes, and placed in
a reactor furnace. Fluorine was introduced
at elevated temperatures. This reaction pro-
duces gaseous UFg which is then condensed
to a liquid inside water-cooled cylinders,
Since the reaction is rather selective for
uranium, impurities in the tetrafluoride tend
to remain in the trays. Decay products of
uranium also remain behind and can pre-
sent a considerable beta radiation problem.

The UX; and UX, daughters which re-
main in the trays have been removed by
brushing and vacuuming the ash into 2
collector drum. 8- and v-Radiation in the
vicinity of the collector approaches 1 roent-
gen per hour, but by quickly sealing the

92/456

drum and storing the contents for s
months before further handling, it is pos

sible to maintain workers’ exposures at

permissible levels. Tt must be mentioned,
however, that radiation exposures as meas<
ured by personnel monitoring film badges
have been recorded at 4 to 12 roentgens per
month over extended periods for those
operators who manually scraped the reactor

trays. Later a vacuum and brushing sys-

tem (Fig. 14) was installed in 2 ventilate
enclosure and radiation exposure at this

operation was reduced to between 100 and-

200 milliroentgens per week. In modern
equipment the UFg is formed in a vertical
continuous reactor, and the ash which col-
lects in an ash pit at the bottom may be
removed automatically.

HASL airdust data for hexafluoride pro-
duction is limited to one plant and extends
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conversion,

Fig. 14—Ventilated loading of UF, tray prior to UFs

TarLE 9.—Dust Concentrations During Recasting—d/min/cu. m.

Before 1951 After 1951
Operation Range Average Range Average
BZ Load crucible 28- 2,700 1,050 ) 84- 870 250
GA Crucible loading area 6 77 25 5 87 32
‘Weighted average—crucible loading 26- 77 b1 15- 86 36

BZ Open furnaee and clean furnace 20-77,000 32,000 130-4,600 2,100
BZ Remove crucible 6,600-10,000 8,400 800-1,700 1,300
GA Recasting furnace area ’ " 11- 3,400 580 0- 200 3
‘Weighted average—recasting 110- 4,100 1,100 11- 83 47

0- 250 32
7- 360 70

GA Crucible burnout area 17- 140 85
Weighted average—crucible burnout 25~ 100 50

BZ Billet removal 1,200- 3,800 2,700 78 310 180
BZ Clean billet with chisel 4,900- 6,300 5,600 - -
BZ Degrease and weigh billet 46 70 59 45-1,200 130
‘Weighted average—billet cleaning 14- 80 47 14- 49 28

BZ Assemble crucible

BZ Clean crucible parts 160-— 360 250 92-1,000 320
GA Crucible assembly area 17- 140 80 13- 280 81
Weighted average—crucible assembly 100- 540 360 31- 81 55

Christofano—Harris 93/457
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: . . . ‘ - peri of
Tave 10—Dust Concentrations During only to 1951, During these three yea perlod;. h
U1 et . A . ies whic
Fluorination—d/min/cu. m every operator concerned with hexafluori thhS lation c
. - inhalation
production was exposed to average corce §
Range Average _ L 2. early days
trations greater than the permissible lev, . ident:
Hex Loaders : y - {0 accident:
: of 1 1 . m.
BZ Romero ssh L0140 5800 f 110 d/min/cu m ’?he operators’ ex  osed to for
BZ Loading tubes into furnace 40026000 8,200 sures are summarized in Table 10. PO ns cot
BZ Connect line to recefver 1,000-35,000 2,100 Fi ; ; : perso:
DWA Hetogos 6707300 s Figure 15 1l!ustrates the cylinders il HF poisoni
4 which hexafluoride was condensed. The ' Fecti
Fluorination Operators : : Ineffectiv
GA Cell room and steam room 0 9 55 werfe connected to.the reaction fuf'nace by i Jant permi
GA Fluorination area 210- 7,500 1,500 flexible metal tubing fastened with flar plant p
DWA Fluorination operators 150- 5,600 1,100 nuts. The copper tubing plugged frequentl, the wo.rk at
Redistillation Operators and had to be disconnected and poked o - centrations
BZ Make or break line : : : : - conducted
connections 35 2,000 530 Occaswn.ally the fjlttmgs leaked. UFG. W3 - © 750
BZ Remove recelvers 55 450 - 190 evolved in both circumstances. In F igur . 190 to 7,
GA Distillation area 66- 1,300 450 : . M ' tent of -
DWA Still operators 6. 910 350 15 a leaking connection may be seen at th eXi q
’ second furnace from the left. Upon deco figures ga
Central Loaders e . . . Th
eys. e
BZ Dump UF to central hopper 1,006 6,300 4,400 position in  moist air the UFg produc vey ;
BZ Vacuum ash from tray 1,200- 1,400 - 1,350 UO.F; which is particulate and HF g cfm of gen
BZ Load UF  at central loading 190- 370 240 : : . . au
GA Central loading room 100 430 2 which is, of course, highly corrosive. U. these exh
DWA Central loaders 220- 1,000 550

was almost continually being evolved, forns
ing clouds of smoke which frequently we
S0 severe as to obscure vision in the plan
The fuming was most noticeable duri
Fig. 15—1IF\-UF, ventilated conversion furnace ;

. loss of abon
| reduced to
L provement
 stallation o
. UFg was
_collecting ¢
by warming
ing the rect
again leakis
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were instrt
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: eriods of high humidity. The only fatali-
fies which have been reported as due to
; alation of uranium occurred in the very
Barly days of production. These were due
o accidental spills of UF, which decom-
Bosed to form dense clouds of UO;F;. The

bersons concerned exhibited symptoms of
IF poisoning.

ese three years ;
vith hexafluoride 4
average concen-
permissible leve]
operators’ expo-
‘able 10.
1e cylinders in S
mdensed. They
tion furnace by f Ineffective ventilation in the hexafluoride
ned with flare pant permitted the escape of this dust into
igged frequently pe work area, resulting in general air con-
and poked out. fentrations which during the seven surveys

tked. UFg was §bnducted of this operation varied from
ces. In Figure $90 to 7,500 d/min/cu. m. An idea of the
7 be seen at the pxtent of this leakage may be had from
. Upon decom- fgures gathered during air pollution sur-
UFs produces ys. The plant was exhausted by 75,000
* and HF gas of general exhaust.  Stack samples of

corrosive. UF,
evolved, form-
‘requently were
m in the plant.
ticeable during

se exhausts yielded an estimated monthly
s of about 2,500 pounds. This was later
ced to about 500 pounds by the im-

ovement of local ventilation and the in-
fallation of collection equipment.

Fg was differentially distilled from the
ecting cylinders into transport cylinders
warming the pots with steam and cool-
the receivers with cooling water. Here
leaking connections resulted in high
lst concentrations. The general air in
b vicinity of redistillation pots averaged
d/min/cu. m. over the four-year period

1948 to 1951. Simple ventilated hoods
re instrumental in confining contamina-
to the immediate vicinity.

odern design has this operation per-
ed as a continuous process. There is
ally insignificant air contamination
ed by this process, but line plugs and
aks in the system can result in tempo-

flooding of the area with extremely
h concentrations.

{enser.

crap Recovery—Recovery of scrap in-
es a procedure for concentrating the
ium values to a form which can be
d as refinery feed, usually as a uranate
E.as uranium oxide. In the first recovery
» scrap is dried and calcined in trays or
tiple hearth furnaces. Any metallic ura-
flm present is burned to the oxide with

"5, Nov., 1960 ristofano—Harris

the evolution of fume. The calcining opera-
tion contributed the majority of the high
exposures in scrap recovery, with individual
breathing zone concentrations as high as
140,000 d/min/cu. m.

It must be recognized that in scrap
recovery the extreme variability of compo-
sition and physical form of the uranium-
bearing materials lead to variable airdust
concentrations. Scrap as it enters the recov-
ery plant might be high-purity metal
(99%), low-grade ore, slag and dross from
remelting operations, or thermite-reduction
bomb lining. Each of these materials pre-
sents somewhat different handling prob-
lems, but, in general, a furnace converts
metals and easily oxidized compounds to
U3Os. The following steps are then used.
First, scrap is calcined in a furnace to con-
vert metals and easily oxidized compounds
to U3Os. The oxidized material is pulver-
ized, digested with acids, filtered, then

treated with hydroxide to precipitate ura-

nium. This is separated from the liquor
and then purified and concentrated to form
a diuranate salt which can be processed in
the refinery.

Scrap has been calcined to oxide in open
trays and in multiple hearth calcining fur-
naces. Both methods led to similar occupa-
tional exposures of about 1,000 d/min/
cu. m. Scrap concentration and purification
operations, such as filtration, digestion, and
precipitation, were maintained at dust con-

centrations between 10 and 50 d/min/cu. m. "

A summary of the dust levels encountered

in the scrap recovery plants is contained in
Table 11,

Summary

The total number of refinery operating
personnel has risen from about 400 in 1948
to 500 in 1954 and to about 3,000 in 1960.
During the years from 1948 to 1956 the
average refinery operating force of 400 men
was broken down as follows: ore sampling,
25 men; refining, 225 men; reduction and
recasting, 150 men.
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TaBLE 11.—Scrap Recovery—d/min/cu. m,

Trays Calciner

Furnace operators’ average exposures

up to 1952 3,000
Furnace operators’ average exposures

since 1952 300 1,000
GA furnace area 900 200
BZ dump secrap into furnace 28,000 135,000
BZ rake charge 2,600 2,000
BZ remove material from furnace 7,600 4,000
Digest operator average exposure 28
Filtration operator average exposure 10

Figure 16 represents a compilation of all
our survey information on refinery workers’
occupational exposure to a-emitting  dust.
Operators’ exposures are plotted on the
ordinate and time in years on the abscissa..

100,000

ARCHIVES OF ENVIRONMENTAL HEALT}

It is apparent that in 1948 almost all thy
workers were exposed to greater than th
present permissible airdust level. In a ve
few years, this had changed so that abo
half the workers were excessively exposed
By 1955 only two operations led to occup
tional exposures in excess of the presen
permissible levels,

By 1948 and 1949 men were exposed
as much as 400 times the present acceptab
levels; by 1955 the maximum occupatiors

376 Hudson St (14),

OCCUPATIONAL EXPOSURES TO
ALPHA EMITTING DUST

10,000
— .
— ®
[ o .
"0 — . *
g o
S [
™
. ° ° 4
Fig. 16—Average ex- » e ® .
re w!,000F—
posure to e-emitting dusts 2 — 2 . e ° .
for all occupations year @ [ e ¢ .
[e) [ .. [ ]
by year. o : . . .
ﬁ | o0 o ] [ L4
8 I e . : )
®
= “o P o ’:.
~ QS |00 - LK X o o X
w — Y * *
E3 — °« s ° .
[— ° . °® .
- . % o PRI e ®
— o ’..'.. o @ .o .:
. e ° e
[~ ° o.'.. .
oo o o [ ]
1o— oo e e oo
4a|4slso|5:I52153]54f55[56[

96/460

YEAR

in the texi

Health
illu:

The
those wi
written
to be of
The «
portional
data des
However
source o
The .
chapter i
problems
neutron ¢

This 1
to the ph:
discussior,
non-occug

The ir
and inclw
of the sig
of the p:
with an e
since the
Moeschlin
of our kr
chapter or
important

The b
can read '

Contribut
City

by D

An int
immediate]
of the ins
sumtnaries
body of tt
of venere
gerontology
survey, inc
descriptions
The to:




