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FOREWORD

This dccument sets out a short history of the development of uranium
as an engineering mauterial and includes the current practices of Water-
town Arsenal regarding materials processing, accountability, and health
and safety. During the early development of uranium as a nuclear fuel,
interest wvas directed toward utilizing the metal as an engineering ma-
terial. This interest has led to the development of several high-strength,
high-density uranium alloys for application to Armv materiel,
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CHAPTER I

INTRODUCTTION

Pu:gose

The purpose of this document is to present the multi-varied
experiences of Watertown Arsenal and its Laboratories regarding the
production, fabrication, handling, utilization, control, and safecy
considerations of natural or dep)eted uranium,

Background

Massive uranium 18 a product of the nuclear age., Prior to the
development of the atomic bomb, it was a laboratory curiosity. However,
with the advent of atomic bombs, nuclear reactors, and other atomic
devices, techniques were found to produce uranium in production quan-
tities.

Uranium, in its natural state, is only mildly radiocactive and also
will not support a nuclear chair reaction. It has to be enriched in one
or more of 1its isotopes for use in reactors and atomic weapons., This
document will not discuss highly enriched uraiium, but rather will treat
only the utilization of natural or depletaed uranium (i.e,, uranium from
which the fissionable isotope has been separated),

Because of its several nique properties, uranium has been found to
be particularly suitable for certain applications such as spotting round:
for ordnance and as counterwelights in Army aircraft. Applications are
based primarily on uranium's high density; it 18 almost two and a half
times denser than steel and more than one and a half times denser than
lead. In addition, it can be readily alloyed, worked, and machined.
Heat tre.itment ylelds products of adequate toughness and strength. When
proper and easily applied safety precautions are taken, there are very
few health hazards, Corrosion is a problem, but several methods are
available to overcome it, Accountability of United States Atomic Energy
Commission licensed uranium 1s a necessity, b1t 1t 1s no problem when
gond bookkeeping practice 1is employed.
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CHAPTER II

PROPERTTES OF URANIUM

Section 1 - General

General Properties

Uranium is e typical metal. It is opaque, reasonably malleable,
and a moderately pcnd conductor of heal. and electricity. A freshly
prepared, clean surface of the matal exhibits a silvery-white metallic
luster, but the surface scon starts oxidiz!ng and the surface color
changes from silver-white to arber, dark brown, and finally to blac¥ with
a uranium dioxide (U0p) coating. It has a high density, about 19 grams
per cubic centimeter z0.686 pounds per cubic inch) in wrought material;
this makes it almost as dense as gold and atout 1.7 times denser than
lead. There are three allotropic crystalline modifications of uranium
called the alpha (orthorhombicg phase, the beta (tetragonal) phase, and
the gamma (body-centered cubic) phase. The mechanical properties are
quite structure sensitive., One of the most unusual eccentricities of
uranium is an exaggerated lengthening and twisting of a cast rod, fabri-
cated in the alpha temperature range, upon being alternately heated and
cooled. To prevent this unidirectional growth, it is necessary to avoid
preferred orientation of the grains; this can be accomplished by anneal-
ing the rod, in the beta phase temperature range, thereby causing a
random distribution of the grains. Ti. other words, it is essential for
the fabricator to understand the behavior of uranium in its three modifi-
cations to formulate appropriate working and annealing cycles.

Section 2 - Radiatiori Characteristics of Uranium

General

Natural uranium contains three different kinds of atoms (1aotopee*)
which are almost identical in their physical ard chemical properties;
they differ markedly in their nuclear properties, that is, those that
depend upon the makeup of tha central nucleus of the atom. Table I shows
how these three isotopes differ.

The first stages of the uranium isotope decay series are given in
Table II. Th9 final end products of each of these series is a stable
isotope of lead (Pb). If the starting material is pure, natural, or
depleted uranium, the only decay products that are likely to be encounter-
ed are Th23L (UXy) and Pa23lL (UX2) which are emitters of energetic beta

*An isotope 1s one of several kinds of a single element having the same
number of protons in the nucleil but different numbers of neutrons; hence,
different atomic mass numbers.



TABLE 1

ISOTOPIC COMPOSITION OF NATURAL URANIUM

Isotope Abundance Nuclear Camposition* Half Life
(percent) No. of protons - No. of neutrons (years)
y23 99.3 92 146 4.5 billion
vue3s 0.7 92 143 TOO million
y23k 0.0C5 92 142 240 thousand
#The number of protons (or nuclear charge) glus the nunber of
neutrons equals the atomic mass number, i.e., U235, and U234,

RADIOACTIVITY DECAY SERIES OF URANIUM ISOTOPES
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and gamma radiation, the presence of which is readily observed by merns
of an orddnary survey meter,

The number of protons (the atomic number) for each Isotope 1s the
same, The number of neutrons varies, and as is shown by the half-life
figure, the stabilities of the three isotopic species are quite different.
The half-life i3 the elapsed time for half of the atoms in a sample to
transform into atoms of another kind of chemical element ana to release
energy. The three isotopes also differ in another important property,
namely the ability to fission when bombarded by neutrons. Although the
most abundant isotope, U238 w11l fission, U238 alone cannot be used to
support the multiplying chain reaction required in a nuclear weapon or a
nuclear reactor. U235, on the other hand, is easiiy caused to fission
and is the basis for th: entire atomic energy program.

Radioactivity is a process of spontaneous transmutation exhibited by
many elements., In this process, several kinds of nuclear particles and
energetic gamma- or x-rays are emitted. The so-called daughter elements
may also be radiocactive and the process may continue through several
steps until a stable element is formed. As indicated by their half-lives
(Table II) must of the uranium isotopes are only mildly radicactive;

i.e., they have long half-lives and emit their energy of decay over a

long period of time. Uranium itself is not a serious radiological hagzard
unless it 1s ingested into the body. Some of the daughter products are,
however, highly radioactive and may present genuine hazards. Once the
uranium has been separated from the ore and corverted into the pure metal,
in the form, of barstock, the radioactivity no longer presents a serious
health hazard. Depleted uranium metal nevertheless is almost as radio-
active as pure natural uranium ~lement. In a very few months both
depleted and natural uranium contain daughter products from the decay of
U238 that can readily be detected by sensitive instruments. These do not
present a hazard until they are concentrated, and this cannot happen until
the metal 1s melted. The slag of a uranium melt ..y contain the separated
decay products and be hazardous un]:ss precautions are observed.

Purified uranium metal that has been allowed to stand around for
about six months 1s now in secular equilibrium wit' the only important
daughters, Th23kL and Pa23h, and the radigactivities that are observed are
alpha-particle (a ) emission by both U230 and U234 and the beta-particle
ﬁﬁ ) emissions of both Th23L and Pa?34 and their accompanying weak gamma

vy ) rays. The strongest activity escaping from the surface is the 2,32
Mev bota-particle of Pa23l, The specific disintegration rate of six-
month or older metallic uranium is 1500 alpha particles and 1500 beta
particles per milligram of metal per minute. In terms of surface dose
rate this corresponds to 240 millirads per hour which 1is considerably

above the accepted tolerance dose rate for prolonged exposure (See Chapter V).

Because of the low penetrating power of both alpha and beta particles,
this radioactivity does not present a serious hazard and it is easily
avoided.

\



Classification

Natural uranium (which contains 0.7 percent U235) or concentrated
U235, tha’ has been separated from U238, 1s required to make a nuclear
chain reaction occur. The separation of U235 from the more abundant U238
has been accomplished at the plants of the U, S, Atomic Energy Commission
and elsewhere to supp rt the world-wide atomic energy program. uel
occurs to too small an extent to make its use possible. The separated
isotopes have been given code names to identify and distinguish them from
the natural element which i3 often referred to as TUBALLOY,

ORALLOY 13 uranium material that has a higher U2Bb content than the
natural element. The degree of enrichment is represented by a percentage
figure, indicating the proportion of 0235. So-called highly enriched
ORALLOY, used as fuel in many nuclear reactors contains in excess of
93.5 percent U235, A hare sphere of this material that weighs only 107.8
pounds is a "critical mass" in that it will fission spontaneously with a
release of a tremendous amount of energy. If immersed in water which
serves as a modsrator and enhances the tendency to fission, the weight of
the sphere 1s reduced to about LO pounds; and if the ORALLOY is subdivided
to an optimum size and surrounded by water, only 1.76 pounds are needed
to exceed a critical mass. (reat care must be exercised in handling
ORALIOY to avoid a configuration that produces a critical mass. ORALLOY
also contains up to 2 percent of U23L, that 1s separated with U235 from

the natural uranium,

DEPLETALIOY or D-38, on the other hand, is the uranium residue after
the U235 has ‘been extracted; 1t is U238 that contalns much less than the
original 0.7 percent of U435, Depleted uranium or DEPLETALLOY 1s a by-
product of the atomic energy program. Because the cost of separating the
uranium isotopes is charged primarily to the ORALLOY, depleted uranium
may be obtained for little more than the cost of recovering it from the
plant waste material, and it comes on the market as the least expensive,
high-density material. It is finding industrial and military applications.

Section 3 - Physical and Mechanical Properties of Uranium

(General

Several pertinent physical and mechanical properties of pure uraniwa
metal are given in Tables III and IV. Those of both ORALLOY and DEPLET-
ALLOY are essentially identical with those of the natural element.

Physical Properties

The physical properties of pure uranium metal are given in Table III.
Mechanical Properties

The mechanical properties of pure (alpha phase, unalloyed) uranium
are given in Table IV,

6
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TABLE III
PHYSICAL PROPERTIES OF PURE URANIUM #

Melting Point 1132 + 0.8°C (2070.4 ¢ 1.5°F)

Boiling Point 3818°C (690L4°F)

szatal structure

alpha phase - room temp. to 662°C (1225°F) orthorhcmbic

beta phase - 662 to TTL°C (1225 to 1420°F), tetragonal

garma phase - TT4 tn 1132°C (1420 to 20TO°F), body centered cubic
Density

alpha phase - 19.07 gm/cc at 25°C (0.688 1b/cu in at TT°F)

beta phase - 18.13 gm/cc at T00°C (0.654 1b/cu in at 1328°F)

gamma phase - 17.91 gm/cc at 800°C (0.653 1b/cu in at 1481°P)

Coefficient of hermal Expansion 11.37 (30° to 1,200°F)
)

(1n./1n./°F x 10
Thermal Conductivity 0.0T1 (cal/cm/sec/°C) at room temperature
0.112 at 815°C (1500°F)

#For references see page 95
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TABLE IV

MECHANICAL PROPERTIES OF ALPHA PHASE, UNALLOYED URANIUM

TEMPERATURE
Property Room Temp. 5TO°F(299°C) 93C°F(499°F)
Ultimate tensile strength, ksi 56 - 96 35 11
Yield strength (0.2% offset) ksi 2L - 38 18 S -7
Elongation (total) % 6 - 12 33 - 49 Ly - 61
Modulus of Elasticity 22 - 29 16 14
(106 psi)
Hardness (VHN) 255 104 W5



Section 4§ - Chemical Properties

Qeneral

Metallic urenium is an active metal falling in the electrochemical
series between beryllium and manganese. It is much more reactive 1. a
finely divided condition than when present as massive barstock. It
reacts with a wide variety of elements including oxygen, hydrogen,
fluorine, bromine, chlorine, carbon, sulfur, and nitrogen. It also
reacts with nimerous common compouna chemicals like water, hydrogen
chloride, nitric acid, sulfuric acid, phosphoric acid, perchloric acid,
organic acids, ammonia, alkaline peroxide solutions, silver and copper
salts and silica. Because of i1ts reactions with air and water, particu-
larly, it must be protected from atmospheric corrosion, usually by plating
or by canning it in another metal like aluminum,

One of the more interesting reactions is the formation of the hydride.
If uranium turnings or lum.. are exposed to hydrogen at a temperature
above 250°C (L482°F), a gray to black powder, UH3, readily forms. Both the
hydride and tae metal powder are pyrophoric and hazardous, If it is
heated to higher temperatures in a vacuum or inert atmosphere, it decom-
poses to finely-divided, metallic uranium and hydrogen. This process 1is
used to convert solid barstock to uranium powder for various chemical or
metallurgical purposes. Finely divided uranium is an sxcellent gettering
or scavengering material tc remove impurities from inert gas atmospheres,

Dilute nitric acid will remove the black tarnish from the surface of
uranium, Uranium turnings, on the other hand, may react with exploeive
violence to a more concentrated nitric acid. When more than 5 or 6 grams
of turnings are to be dissolved the metal should be added little by little
to the acid rather than vice versa. The product of the reaction is uranyl
nitrate, U02(NO3)2.6H50,

Uranium can form ccmpounds in various states of oxidation as represented
by its oxides: U0, UOp, U30g, and UOj3. It also forms an orange peroxide,
U0},. 220,

Pyrophoricity

Freshly-cleaned uranium surfaces slowly oxidize at room temperature,
and they assume various colors as follows:

Original condition Shiy, like platinum

After one hour Very thin yellow film

After two hoars Yellow

After one day Golden

After two days Iridescent, steel blue to purple
After three or four days Dark purple, finally black

Turnings burn in air without a flame when ignited; the metal mer
glows as the oxidation progresses rapidiy along the length of the turning,
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The black oxdde, Uq0g, if formed, and it partially flakes off. When
relatively thick turnings are ignited, a core of unburned metal is often
left inside, The coxide fcrmed under such conditions contains as much as
a half parcentof nitrogen. Ccmplete oxidation is atsured only after tne
reaction products are ignited in a muffle furnace at 700 to 1000°C
(1292 to 1832°F) or over a flam- for one hour, and the oxide formed is
nitrogen free, Massive lumps of uranium are slowly oxidized at 500 to

700°C (932 to 1292°F),

Powdered uranium 1s pyrophoric, glowing bright orange while burning.
A study conducted at the Argonne National Laboratory has thown that there
13 a wide variation in the ignition behavior of uranium specimens fron
various sources, and a strong sensitivity to the metallurgical history of
gpecimens from any single source. With respect to beta-quencied uranium,
ags-cast uranium exhibited significantly higher oxddation rates and lower
ignition temperatures thun other forms. This belng the case, precautions
must be taken to avoid spontaneous ignition of turnings and other scrap.
If feasible, all scrap should be burned a3 soon as possible after being
generated, to convert it to U308, the stable oxide. Prior to burning,
scrap may safely be maintained in a dry condition, under a high flash point
oil, or under water.

Section 5 - Alloying of Uranium

General

Pure uranium, like many pure metals, 1s a relatively soft, ductile,
low-atrength material. Tn addition, the pure material has extremely poor
corrosion resistance. It is possible, however, to improve both the
physical properties and the corrosion resistance by alloying. Many of
these alloys can be further imprcved by hot working, heat treatment, or a
combination of both. Typical of these alloys 1s the 8%Mo-1/2%Ti alloy,
which combines good corrosion resistance with sufficient strength and
ductility to make it a useful structural material for application where a

high-density material is desired.

Alloying Characteristics

The alloying characteristics of uranium can be grouped on the basis
of similarities evident in the phase dia-ram.2 One group consists of the
elements that form intermetallic compounds with uranium. Alloys of
uranium with either aluminum, beryllium or carbon are of this type.
Elements which do not form compounds and have limited terminal solubility
make up another group. Alloys of this type include U-Cr, U-Ta, U-W and
U-V. Elements which do not form compounds but do form extensive solid
solutions with uranium can be classified into a third group that includes
U-Mo, U-T1", and U-Zr. Equilibrium d‘agrams are available for a large

*The alloy phase U2Ti has also been found in this system.
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number of uranium alloys3. The isothermal transformation kinetics of a
limited number of alloys have also beer. determined. Reference is made
to these data In establishing heat-treat scheaules and investigating new
alloy compositinng,

Section 6 - Heat Treatment

General

One of the chief aims ¢f alloying and heat-treating uranium is to
achieve a more stable structure. Another important aim is to produce a
stronger and more corrosion-resistant material. (Growth occurring in un-
treated uranium during thermal cycling or as a result of irradiation
causes physical damage to the metal. By eliminating preferred orientation
in the crystal structure it i1s possible to prevent such harmful growth.

This can be accomplished by working the uranium in the alpha region followed
by annealing in the beta region.

The isothermal transformation kinetics of a limited number of alloys
have also been determined. Reference is made to these data in establishing
heat-treat schedules and investigating new alloy compositions.

The U-8%Mo-0.5086T1 and the U-10.5%Mo are high-strength, high-density
alloys. The heat treatments applied to the different classes of alloys
vary depending on the results sought. Grain refinement is produced in
beta stabilized U-Cr alloys by a quench and temper treatment at 500°C
(932°F). - A wide range of properties is achieved by aging svpersaturated
alpha-phase.alloys. Gamma phase alloys of U-Mo and U-Cb often require a
homogenizing treatment as do the alloys based on the intermetallic com-
pound structure.

Table V 1i1sts the mechanical properties of a number of the more
common uranium alloys investigated. Such alloys are normally melted in
induction or arc furnices urder inert atmospheres or vacuum. Crucibles
and molds are prepared from refractory oxide or oxide-coated graphite.
Castings are heated in protective atmospheres or salts for subsequent

processing,
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TABLE V

MEQIANICAL PROPERTIES OF SEVERAL URANTUM ALLOYS

Charpy
Yield Strength Ycungs V-Ilotch
Alloy 0.14 0.2% T. sS. EHEon. m. A. Modulus at -LO°F Density
Carpesition Condition - ksi xs5i (%) (4) (psix100) (£t-1b) (e/cc)
U-93%A18 As rolled --- 19.9  27.9  =--- 6.7 -— --- ---
U-2%310% Quench from 750°C =-- --- 168.8 Lo --- 15.9 --- ---
(1382°F)
U-8.0%10=0.50%T4 P 135 --= 139 15.0 50.0 S~ L.o 172
U=10.5%%00 As extruded 138 --- 139 10.0 23.C -——- 342 B
U=-Unalloyedb Vacuum Annealed
Rolled Stock 20 . L2 10.0 13 .- 1C.0 -——-
U-Alloyedb,¢ As extruded 164 ---  221.0 8.0 16 -——- 6.8 17.2
As quenched 35 --=- 119.0 17.0 22 ——- 16.0 -——-
Quenched and Aged 248 -  26L 3.0 17.2 -—— 2.7 -

®Reactor Handbook, Interscience Pub. 1950

dtmwmﬂﬁocs Arsenal Laboratories Determination

240, 2%Cb, 2%zZr, 0.59¥™



CHAPTER III

FABRICATION AND FINTSHING OF URANIUM

Section 1 - General

General

The appllication of uranium alloys has arisen largely out of a special
need for high density components. For example, in some hallistic pro-
Jectiles, high denulity tse a fundamental requirement for the attainment of
a cuitable balllstic coefficient, and thus uranium alloys are useful as
spotting rounds. Another possiblc application is in armor plate which is
required to perform the dual function of resisting both bhallistic pro-
Jectiles and gamma radiaticn. In this case, the high attenuation for
gamma radiation by uranjum might be utilized. A third possible application
is in high density armor picrcing projectiles. Thus the ever increasing
supply of depleted uranium is of general interest t, the Army.

Property Requirements for Applications

The previously mentioned applications have general mechanical property
requirements as follows: spotting rounds - hLigh density and relatively
hig strength together with asdequate ductility and toughness; armor plate -
very high toughness together with adequate strength; armor piercing pro-
Jectiles --very high hardness and strength together with adequate toughness.
Thus the alloys employed m.st have the capability to respond to known
methods of metallurgical cngineering by which a given set of mechanical
properties may be attained with reasonable accuracy and facility. 1In
particular it 1s desirable that they r:cpond to thermal treatment to the
extent that it is possible to obtain the most tormable or fabricable
condition for manufacture, atter which optimum properties (e.g. strength,
ductility, hardness, and/or toughness) may be achieved by a final thermal
treatment. In addition, a universal requirement is that of corrosion
resictance to the normal ambient storage atmosphere.

Processing Proceduree for Uranium Alloys

Raw Uranium. The raw uraniun used for composing alloyes is the so-
called dingot TT:e. an ingot produced by direct reduction of uranium
tetrafluoride) or derby stock. A derby is a dingot that has been worked,
and is usually smaller than a dingot. The purity of the metal obtained
in this way is at present, acceptable for alloying. ©See Table VI for a
typical analysis. Ore of the principal limitations is the carbon content
which should not exceed 15Cppm tor the retention of ductility. The dingot
(or derby ) as obtained from the primary reduction process, is scalped and
further processed as required. This processing may consist of breakdown
rolling or extrusion tc cbtain stock ot desired size for re-melting, or
the entire dingot (or derby) may be re-melted und alloyed.
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TABLE VI

TYPTCAL ANALYSIS OF DINGOT URANIUM STOCK

Element Content(ppm) Element Content(ppm)
C 100 Ca 20
Fe 15 Mn 2
Ni 30 Co L
Cr 2 Cu 15
v 20 Mg 2
Si 30 L1 0.2
Al 10 Be 0.2
H K B 0.4
N 10 0 20
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Melting of Alloys. Vacuum induction melting is the general technique
employzd. The elemental alloy constituents are charged in a maguesia
crucible, induction melted in vacuum, and then poured in vacuum into a
phosphate-bonded zircon mold. An alternate mold-crucible material is
graphite with a refractory coating. The crucible and mold materials
hare bezn chosen by experience as those that .east contaminate the melt.
The ingot is then scalped and further processed as required.

Breakdown Operations.

(1) The ecalped ingot is generally subjected to mechar tcal
breakdown by either rolling, forging or extruding. ‘The wrought product
ie then the base material from which components are manufactured.

(¢) Extrusion is most commonly used as the breakdown step 1in
producing ordnunce components. For this the ingot 1s sheathed in copper,
either by flame spraying, or conventional canning. In the latter case
the can may or .nay not be evacuated. Extrusion tgkes place in the beta
phase at temperatures of the order of 1650°F (900°C). Conventionai
graphite lubrication is employed at the die opuening. The copper sheathing
serves as an oxiuation protector, a parting material between the uranium
and the die wall, and as a lubricant for extrusion. After extrusion, the
copper subsequently is removed from the uranium, after which normal

manutacture of the component may be accomplis'.ca.

Review of the Physical and Mechanical Metallurgy of Ura.ium Allo,y's

Uranium alloys of general interest to the Department of the Army are
classified in two groups, alpha (orthorhombic structure) and gamma (body
centered cubic structure.) Alloys in the latter group are emphasized
herein since they have shcwn most over-all promise.

The uranium-molybdenum series of alloys have been of greatest
interest to Ordnance Ptecause of their relatively good corrosion resist-
aice, relatively high density, and attractive mechanical properties.
Though alloys of 2 to 12 percent molybdenum content have been considered,
only those containing 8 percent or moie have actually been employed.
Molybdenum additions retard the gamma to alpha phase transformation at
ambient temperature. Under normal circumstances alloys containing more
than approx'mately 7-1/2 percent molybdenum exiest as metastable gamma
phase whereas alloys having less than this amount transform to alpha
phase. Columbiun as an alloying elemeat also retards the gamma to alpha
transformation. The time-temperature-‘ransformation curves for both
1lloying elements are known and may be used as gulides for thermal
ireatments.

The general metallurgicel phenomena which the engineer seeks to
employ for development purposes are solution strengthening, dispersion
strengthening, and martensitic strangthening. As yet, the latter process
has not been detected in urenium alloys. Dispersion strengthening may
take place by nartial transformation of gamma to alpha phase o by the
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appearunce of a third phase {n fire dispersion. Alloying elements associ-
ated with the latter are titanium and alumioum or any other which is known
to form intermetullic compounds wlt) uranium. Solution strengthening takes
pluce by simple substitutional or interstitial alloying with uranium.
Alloving elements associated therewith are molybdenum, columbium, zirconiwunm
urd venadium.  evelopmental efforts have produced several promising alloys,
some of which are listed {n Tables VII, VI'TI, IX, and X. These alloys are
desinated by a reference number and nominal composition. Though in many
cases the data are preliminary {in nature, it is apparent that some uranium
base alloys nromise to afford high strength, high hardness materials which
also may be heat treated to conditions of lower strength but higher
ductility (liee Table X.)

Section 2 - Melting and Casting

General

When heated, uranium reacts with many elements and compounde present
in normal foundry operations; it is therefore necessary to melt it under
either a vacuum or some inert gas and to prevent the molten uranium from
contacting surfaces by which it woul.d be contaminated. Another general
ronsideration is that radioactive "daughter" products segregate during
melting and casting; they are found mostly in crucible residues and on
surfaces of rough castings. This segregation is 8o pronounced that very
real radiation hazards will be found even when melting DEPLETALLOY. It
is the baris for the many precautions in the AOD Uranium Operating Pro-
cedures. .t

Melting

Uranium is ordinarily induction melted in vacuum (See Figure 1) and
either tilt-poured or bottom-poured directly into the molds. In tilt-
pouring, a refractory lining such as magnesium oxide (MgO) 1s most con-
venient and wi'l yield metal of high quality. They can be used with
gaphite molds Sor cerade 1molds® with equal effectiveness. Either
graphite or MgO 1linings can be used in standard steel melting naces;
however, it 1e desirable to keep the melt temperature below 2800 F (1538°C).
The M0 lining will react with uranium above this temperature increasing
the oxygen content, the amount of slag, and also evolving magnesium vapor.
Molten uranium above 28000F will veact strongly with a graphite crucible
and cause erosion of the crucible. I'his results in an increased carbon
content of the melt.

Uranium alloys :2adilly with many other elements; titanium, molybdenum,
columbium, and zirconium all go into solution readily and fnsnace losses
are small. It is standard procedure to heat to 2750 °F (lSlO C) to insure
solution and homogeneitg of the melt, and then cool to the tapping temper-
ature, which 1s 100-200°F (37.8-93 C) above the liquidus of the alloy.

The vacuum melting operation is uniquea in that the daughter products
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TABLE VII

SOME MECHANICAL PROPERTIES OF U-Mn BASE ALLOYS

V-Notch
Charpy
Tensile Properties at Room Temperature Impact
Nominal Composition Y.S. .14 T.S. Elon. R.A. at -LO°F
and Heat Treatment ksi ksi ($) (%) (ft-1b)
U-z%Mo
As Extruded 81.5 166 10 1L.0 L7
Solutionized and
Quenched 89 184 - - 7.3
U-8%Mo
As Cast 125 128 5 12.6 3.0
As Extruded 143 146 1k 53.0 5.9
U=-84Mo-0 . 5%T1
As Extruded 149 165 11 32.8 3.2
U-8%Mo-1%T1
As Extruded 154 156 12.9 38.0 2.8
U=L4%Mo-2%Cb-2%Zr-2%T1
As Extruded 140 171.5 7.3 25.5 4.2
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TABLE VIII

SOME MECHANICAL PROPERTIES OF U-Cb BASE ALLOYS

V=-Notch
Charpy
Tensile Properties at Room Temperature Impact
Nominal Composition Y.5. .1% T.S. Elon. R.A. at -LO°F
and Heat Treatment kei ksi (%) (%) (ft-1b)
U-L4CH
As Extruded 152.5 175 3 5 .7
Solutionized and
Quenched 38.5 169 20 19.1 12.1
U-L4%Cb=-0. 5%T1
As BExtruded 157.5 224 - - L. 4
Solutionized and
Quenched 30 162.6 28.6 32.6 15.5
U-8%Cb
As Extruded 78.9 195 7.9 - 7.3
Solutionized and
Quenched 37 117. 4 28.6 58.1 17.1
U-8%Cb-0.5%T1
As Extruded 78 162 9 L7 5.6
Solutionized and
Quenched 9% 135 12.9 UW6.5 6.4
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TABLE IX

SOME MECHAITICAL PROPERTIES OF U-Zr BASE ALLOYS

V=Notch
Charpy
Tensile Properties at Koom Temperature Immact
Nominal Composition Y.Ss. .14 T.S. Elon. R.A. at -LO°F
and Heat Treatment ksi ksi (%) (%) (rt-1b)
U-bezr-1.759C0
As Exiruded 163 275 9 - 7.3
Solutionized and
Quenched 11k.5 - - - T.3
U-6%2r-1.75%Cb
As Extruded 148.5 263 10 - 5.2
Solutionized and
Quenched 121 218 - - 6.2
U-Ugzr-1.754Cb-1%T1
As Extruded 190 2u4 - - 250

Solutionized and
Quenched T2.5 - - - 12.4

U-6%2r-1.75%Cb=-1%T1

Solutionized and
Quenched 99 196 T.1 8.2 T.5

19



0¢

TAELE X

SOME MECHANICAL PROPERTIES OF ALLOY U-2%Mo-2%Cb-2%Zr-0.5%T1

V-Notch
Tensile Properties at Room Temperature Charpy Impact Hardness
Nominal Camposition and Y.S. 0.1%4 T.S8. Elon. R.A. at -LO°F
Heat Treatment ksi ksi (%) (%) (ft-1b) Re
As Cast 180 200 1 2.6 2.7 -
As Extruded 169.5 234 8 16.2 6.8 -
As IExtruded 188 2Ls 2.1 7.6 L -
Solutionized and Quenched 27.2 134. 2L 2L.7 18.4 10
Solutionized, Quenched and
Aged 148.5 172. T 5la2 5.2 Lo
Solutionized, Quenchea and
Aged 176 191 5 13.4 3.2 43
As Extruded 222.8 301 A5 - 3.2 50
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(lst end 2nd decay step) f uranium are brought to the surface of the
melt and are found in the slag, the surface of the melt, and the lining of
the furnace. Thie radiocactive material must be removed. After pouriug,
the top surface of the ingot is cropped and the sides are machined under
local exhaust ventilation (See Figure 2). Observance of health physics
rules is important in this operation.

Patching of the furnace lining after each melt results in another
health physics problem involving external radiation and air-borne particu-
lute matter. Table XI shows tie average beta radiation measured from
typical melts of uranium. The melters must patch the lining with a re-
fractory material to prevent the uranium from reaching the induction coil.
Experience has shown that if this should happen especially under vacuur
conditions, an explosion may result. Chielding the personnel who perform
this job ls difticult because of the freedom of muvement required for the
operation. Gloves and lead aprons are unsatisfactory. One solution is to
use & movable aluminum shicld which {: placed inside the furnace (See
Fi zure 3). Aluninum wa: chosen since higher atomic number elements produce
bremsstrahlung radiation when expoced to bet:. radiation. The beta radiation
assocliated with the daughter products has an effective range of 1100 centi-
metere (h}j inches). This ie more than enough to penetrate the epidermes
layer of skin and may potentially cause beta burns. However, the aluminum
shield is only open in that quadrant in which the worker is either cleaning
or patcuing the lining. Even with the shield, the worker must be limited
as to the amount of time spent in the furnace. Respirators are required
during the patching operation and in some instances air-supplied units are
provided.

Radioective daughter product waste material is stored in labeled and
seygregated steel barrels as no further bulk reduction or incineration is
required for waste disporal.

All vacuum cleaners used in the melting area should be provided with
absolute filters with efficiency better than 99%.

Casting

Molds are of two hasic types: permanent molds of graphite, and
expendable molds of zircon (zirconium orthosilicate; ZrSiOh). The graphite
molds can be used bare .n some cases, but they do not last because the
uranium does react and stick to them. It is common practice to wash the
molds with & duplex coatirg of zircon and mullite (281oq-m20- ). This
wasch wil) prevent any contact between the molten uranium and tge graphite.
I. also ftacilitates removal of the casting from the mold and increases the
life of the mold. Expendable molds made of sintered zircon are excellent
and very round castings can be obtained in them.

when graphite crucibles are used for casting uranium, they must be
machined after each heat. Considering that the crucible is now contaminated
with radioactive daughter products, the ventilation problem during machininjy
operation requires careful conslderation. Air-borne particulate matter may
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TABLE XI

AVERAGE EETA RADIATION MFASURED FROM TYPICAL URANIUM MELTS

Wot. of Uranium
Melt

-—

Avg. Range Measured

Beta Radiation Dosage

00 1lbs.

500 1lbs.

3000 1bs.

0.5-1.

1-2.

S5 rem

5 rem

5=15 rem

TABLE /11

Avg Measured Beta
Radiation Dosage

l rem
1.75 rem

10 :om

CHEMICAL AND MECHANICnL PROPERTIES OF ROLLED U-8%Mo BARSTOX

Molybdenum (%)
Carbon (ppm)
Iron (ppm)
Oxygen (pom)
liydrogen (ppm)
Nitrogen (ppm)
Density gm/ ce

Yield at 0.1% offset
(Avg. of 2 specimens)ksi

Elongation (%)
(Avg. of 2 specimens)

Reduction of Area (%g
(Avg. of 2 specimens

Charpy (ft-1lbs)
(Avg. of 2 specimens)

7.9
108
105
23
0.8
T8

17.6

130.5

14

5C

6.3

7.98
50
72
3
0.5
51

1'7.5

127

13

°L.9

8.05

135
7
11

Not Detectable
s
17.5

131.9

15

23.2

6.8



SHEET METAL-PLEXIGLASS HOOD USED FOR MACHINING URANIUM
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be tar above the maxi-um acceptuble concentration. A completely enclosed
ventilating system should be used. A hood enclosure of a combination of
cheet. metal and lucite plastic {s satisfactor;.

Air samples taken {n the vacuum casting area a5§bevaluutgg“for both
total alpha activity and total daughter-product (Th and Pa"” ) activity.
Two-stage alr samplers which di fferentiate between the respirable and non-
respirable particies should be used. In addition, a modified cascade
impuctor designed by the New York Operation Office of the U. S. Atomic
Energy Commiss{on Health and Safety Laboratory is preferred. This impactor
ceparates the particles Into five particle slze ranges. The particles are
fi.ed into a pregreased glass slide and evaluated by nuclear counting
techniques. The results are expresged in total activity per particle size
range. These techniques have shown that a fair proportior of the respirable
particulate matter (s from the daughter products.

Heat Treatment of lastings

The heat treatment of cactings naturally depend on the alloying
elements used. As a rule, "as-cast" castings are brittle. However, small
chill cast U-8% Mo alloys can be ductile while small castings of the same
alloy in refracto-y molds are glass brittle. 'These alioys form a brittle
delta phase it they are slowly cooled; in the 8% Mo alloy this phase can
be dissolved by solution treating the castinge at 1500 to 1600°F (816 to
871°C) and oil quenching. After <olution treatment, the castings have
adequate ductility tor most applications.

Section 3 - Hot Working

Rol.ing

T™ere has been extoncive experience and capability developed in the
rolling of U-8% Mo alloy both in round and square bar form. This alloy has
been rolled with a cladding on a square uragium par utilizing flat rolls.

Two temperatures were utilized, 1300 F (704 C) and 1%50°F (788°"). The square
sections were reduced from 1.90 in. square down to 0.50 in. squure.

It has been found pussible co roll cast uranium alloy billets 2.50 in.
diameter x 18 in. long down to 0.925 in. diameter x 150 in. long. These bars
were water quenched after rolling to retain the gamma phase. Straightness
was excell :nt. The rolling mill pass schedules consisted of 9 passes on
cut rolls on a one-high, 24 in. rolling mill. Eight of the pusses were re-
quired tor reduction and the 9th for sizing and straightening. Due to the
relatively low speed of the rollers, the barsto & chilled substantielly
during passec. Consequently, five t8 elght reheats were required. Billets
were hea*ed in neutral calts at 1800°F (9820C).

Material has also been processed rolled from 5.25 in. diameter to 1.25
{in. diameter +ud a Lotul ol seventeen passes were rcequired.  The

25



t'irst rhase of the puss schedule required n1n8 passes to reduce the 5.25

in. diameter billet tc 3 in. diaumeter at 1800 F In one heat. The 3 in.
diameter billet was then allowed to cool and cut to 14 in. Jengths. In

the second phase this 3 in. diameter bar was rolled at 1TOOF to 1.25 in.
diameter in seven passes. This was also performed in one heat. Consequently,
n total of 1T passes were required for this operation.

Table XII shows typical ‘hemical and mechanical properties taken from
sroduction samples. The U-8 Mo alloy barstock was rolled from 2.50 in.
diameter to 0.929 in. diameter.

Forging

Forging of uranium is not as difficult as would be expected from its
chemical reactivity. Molten salt is ured in preheating; it clings to the
uranium and prevents it fromoreacting wt?hosteel tools. Preheating
temperatures of 1650 to 1800 F (899 to .2 C) have been used with equiva-
lent success. The parts heated to the . .°r end of the range usually are
worked more and therefore show ductility equivalent to thosc forged in
the lower part of the range.

The condition of the starting material has a great effect on
forgeability and it has been fourd essential tc start with sound castings.
Large castings with microporosity will break up during forging. However,
a sound, well soaked-out casting may be forged very well. It is desirable
to work the surfaces ot large billets to refine the structure prior to
making large reductions. It is good practice to include dye penetrant
inspecticn for porosity of all cast forging stock.

The U-8% Mo is more resistant to forging reductions than low alloy
steel; for example, a 2,000 1b. hammer is limited to about 2.50 in. diameter
of uranium while it will easily forge 5 in. diameter steel stock. The lower
strength alloys of uranium forge much easier and a low alloy content
approach the workability of brass.

The amount of work necessary to produce optimum ductility and strength
depends on the section slze. However, a reduction of 50% will produce as
good mechanical properties as greater reductions, providing the cast stock
{s of good quality. It is desirable to keep the percent reduction to a
minimum because the surface of the uranium normally cortains a large
numter of seams. These seams propagate {n repetitive working and require
greater stock allowances. As a rule 0.0025 in. to 0.1875 in. excess stock
{s left on all surfaces to insure that all surface defects and contamination
will machine off arter forging.

Health physics precautions are not stringent in press forging because
there is very little airborne contamination. However, molten salt does
splatter about during hammering and airborne contamination is serious
enough to require employees to wear respirators.
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Extruding

The ot extruding of uranium and uranium alloys exhibits no insur-
mountable difficulties if proper processing and billet preparation
procedures are used.

Some extrusion work has been accomplished on a 500 ton extrusion
press shown in Figure 4 and a 1000 ton forging press shown in Figure 5.
Typical solid extrusions are shown in the upper part of Figure 6 (U-8$
Mo-1" dia) and a typical tubular extrusion is shown in Figure 7 (U-8
Mo-0.50% Ti).

The 1000 ton press is capable of backward extruding uranium alloy
cylinders up to 8 in. in diameter and the 500 ton press that is used for
forward extruding can accommodate extrusion billets up to 3.50 in. in
diameter.

The forward extrusions studied consisted mainly of reducing 3.44 in.
diameter extrusion billets to approximately 1.50 in. and 1 in. diameter
extruded bars, (See Figure 8) having extrusion ratios of 5.45:1 and 12.25:1.
All of the extrusion billets were flame sprayed with copper and the
resultant extrusions exhibited acceptable surface condition and dimensional
variations.

Lubrication. A flame sprayed copper lubricant is used on the extrusion
billet. Graphite backup slugs 3.25 in. diameter x 1.50 in. long are also
used to insure good extrusions and aid in lubrication.

Safety Precautions. No special safety precautions are considered
necessary with the exception of conducting proper "clean-up" after
extrusion was completed. The heating of the billets is conducted in
properly vented salt baths.

Extrusion Procedur=zs. The alloys extruded, the billet sizes, die
angles, and the extrusion temperatures used are shown in Table XIII.

Mechanical and Physical Properties.

(1) As-extruded mechanical properties obtained from backward
extrusions processed on a 1000 ton forging press are shown in Table XIV.
The results were obtained from test specimens machined from 6.50 in. OD x
0.625 in. wall x 12 in. long cylinders of U-8%Mo alloy (See Figure 7).

(2) Mechanical properties obtained from extruded bar stock

(See Figure 8) processed on a 500 ton horizontal extrusion press are shown
in Table XV.
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EXTRUGION DATA

Die Gize and Angle Alloy
1" - 20° U=2%Mo=27Cb=25V=0. 5%T1
1" - 20° U=2/0o=2%Cb=2%Zxr=0 . 5%T1
1.5" - 25° U=-10.5%Mo

) U-84Mo-1.75%Ta-0.75%T1
: U-10"Mo=-2%Ta

" U-8530=0.T75%971

Extrusion Temperature

1550°F (899°C)

1" - 25° U-84tio "
1" = hs® U-89Mo "
1.5" - 25° U-2%Zr-25440=-2%C0o-0.5%T1 one at 1650°F & one at

All dies with a round bore.

Container Temperature - 750°F (399°C)

1450°F (788°C)



TABLE XIV

MECHANICAL PROFERTIES OF A URANIUM ALLOY
BACKWARD EXTRUDED ON A 1000 TON FORGING PRESS

V=Notch
Charpy Impact

0.2% Y. S. Flon. R. A. at =LO°F Type of
(ks1) (%) (%) (£t-1b) Test
130 7.5 k.7 3.2 Ten-‘le
135.25 12.0 33.4 3.2 Tensile
134 7.0 11.0 3.2 Tensile
148.5 11.0 3k.0 3.2 Tensile
132.3 - ———— - Compression
133.6 ———— ———— - Carpression
132.1 ———- ————- -—- Compression

129.6 e ———- - Campression



TABLE XV

MECHANICAL PROPERTIES OF URANIUM ALLOYS
EXTRUDED ON A 500 TON HORIZONTAL PRESS

V-Notch
Y. 5. Charpy Impact
0.1% offset TASE at -LO°F
(kei) (ksi) El.% R.A.% (ft-1b)
U-89Mo- .659T1 1Ls 146 16 52 3
U-1-1/4%Ta=1/2%T1 140 * s 10 3
U-2%Mo-2%Cb-2%Zr-1/2%T4 227 29L* 0 0 3
U-2%Mo-2%Cb-2%V-1/2%T1 1,0 * 0 0 2
U-10.5%Mo 152 153 b L3 b
*Broke outside gauge marks
TABLE XVI
AS~SWAGED PROPERTIES OF U-8fMo BARSTOCK
V-Notch
Y. S. Charpy Impact
0.1%offset Density R. A at -LO°F Dia.
(ksi) (g/cc) (%) (ft-1b) (in.)
1255 17.b 5C. 1 7 0.844
127.5 S 52.0 6 "
12L.5 e, o g 5 "
125.0 lr[ 5 2;).‘/ ,5 "
129. 17.4 LALD 5 m
124, 17.5 - 6 "
126 17.6 %9.6 T.h4 "



Section 4 - Cold Working

Swaging

The cold forming or swaging of uranium alloys appears to present very
1l1i.tle difficulty as far as the aclual deformation process is concerned.
Occasionally, cracking ie observed with the U-8%Mo system from improper
processing procedures (suc as repeated heating for annealing purposes
to temperatures above 1800 F (982 C) followed by air cooling instead of
water quenching). A moderate amount of cold swaging has been done using
the equipment shown in Figure 9. The apparatus shown in an Ingersoll-Rand
swaging machine capable of handling stock up to 3 in. in diamcter. In
addition, it is capahle of forming shaped surfaces in the internal diameter
of tubular configuraticns.

The majority of the uranium deformation work performed on this machine
c..asisted of reducing 1 in. ilameter solid round stock of the U-Mo-Ti system
to 0.844 {n. t 0.006 in. diameter swaged bar. The resulting sw'face finish
was appro<imately 32 root mean square (rms). The entire reduction was per-
formed in one operation without any difficulties.

The alloys studied were: U-8%Mo, U-8.5%Mo, U-8%Mo-1%$Ti and approxi-
mately 900 ft. were reduced.

Lubrication. No special lubrication or surface protection was
incorporated in the swaging operation. However, a lubricant was normally
used which consisted of lubricating die-and-cutting oils (8 parts SAE 2075
oil + 1 part proprietary cutting oil. This lubricant, which is used in
most swaging operations, also acted as a cooling agent. Figure 6 shows
the appecarance of a typically swaged bar (0.84L4 in. dia U-Bﬁ). And the
projectiles shown at the bottom w:re machined from this bar.

Safety Precautions. After conducting surveys health physics personnel
indicated that no special measures would be required tor normal swagirgz
operations.

Mechanical and Physical Properties. The as-swaged properties of
U-8Mo barstock are shown in Table XVI In general, ‘he as-swaged
properties vary onl, slightly from the properties prior to swaging
for the particular alloys studied.

Section S - Machining of Uranium

General

Uranium has certain unique machining characteristics. Tool bits give
longer life when machine speeds are reduced and feed increased. H gh-spe=d
tools used initially were replaced by longer lasting carbide throw-away
1tools. At first however, the carbide tool tips fractured abruptly in;tead
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of wearing oul gradually. This behavior was traced to lack of rigidity in
the machine set-up and this problem was solved by tighteniug up the Jibs
and ways on the machine. Excess tool overhang and dellection was one more
factor to be eliminated as this contributed to rapid tool breakdown.
Satisfuctory machining recults were obtained by using carbide tools, by
reducing overhang and by making all set-ups rigid.

Igglin(

Machining of uranium with carbide tools requires rigid machines and a
rigia set-up. "Throw-away' carbide incerts, one of the most economical
types of cutters, are used because of their high productivity. Inserts car
be rotated to expose three or four new cutting edges. Higher rotational
speeds and heavier feeds can be used due to the heavier tool holders
employed, and no time is lost picking up cuts. Grade 883* or equivalent
carvide t'ps perform best on uranium and uranium alloys, both for roughing
cuts and finishing operations. It i{s more economical to purchase new
multi-point carbide inserts than it i{s to retip or regrind the cemented

type.

Uranium is ruccessfuily cut by means of high-speed steel tools, but
speeds and feed are slow, and tools are dulled quickly.

Uranium can be machi:.ied dry, but because of its pyrophoric
characteristic it {s advisable to use a coolant.. A generous supply should
flood botli tool and work piece to prevent fires and to reduce contamination.
Chips or turnings from machine tools should be kept at a minimum under the
tool and work piece. As the material is being machined, the operator should
clean away the chips to prevent fire. The pan under the lathe should be
filled with coolant for the chips to fall into. This can be accomplished
by the addition of an overflow pipe approximatel, 2 in. to 3 in. above
the botton of the pan. The coolant will not drain out until the level of
the pipe is reached. The pan should be cleared out frequently to prevent
any accumulationr of chips. Water soluble solutions are generally used as
the coolant medium.

Milling

Milling is r.o problem if the speed {s slow and the feed heavy. A
guard should be provided to prevent the coolant and chips from spattering
the area. Otubby cutters are used and the support arbor should be as
close to the cutter as possible. All set-ups should be rigid with minimua
overhang. Carbide cutters should be used whenever possible.

*Carbology lepartment of General FElectric Company
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Drilling
Suececess {n drilling urantum 1s obtained by adopting a "keep drilllng"

concept, using machine feeds. The drill ‘s not allowed to "ride", and

low speeds and heavy feeds should be maintained.  The drill should be as

ehort s possible. Carbide drills should be used whenever possible with

& generous amount of coolant.  Clenring the drill to wash out the chips

will relp to prevent work harden'nyg ot the materfal., For deep drilling

the use of drills with coolunt holes is best, because the coolant can

be forced into the cutting urea.

For very small holes un electro-spurk erosion machine can be uced
with ercellent results.

'I‘am)ing

Tapping screw holes can be very troublesome, purticularly in tappling
blind holes where chips can bulld up. 'The largest possible tap drill
should be used. A rigld power set-up {o better than hand tapping. A
mixture of lignt machine ofl and white lead, ac well as molybdenum
disul fide dispersed in a Zrease mixture have been used In the tapping
operation. Commercial compounds such as UCON Lubricant and Rapid Tap
have also been used. All ot these lubricants appear to have a beneficlal
influence in the tapping operation.

Sawing

Urantfum can be sawed using a coarse pitch blade with from two to
six teeth per inch. Blades with high molybdenum content out-perform
general purpose blades. Blade tension shiould be high, a simometer gage
will help set proper blade tension. HKatlier slow epced and relatively
heavy feeds are used; consistent with the cross-sectional area being cut
and the power of the machine.

Accumulation of chips can cuause & t'ire, therefore, the coolant should
be fed with two nozzles to flood the work piece. The operator should rake
away the chips at all times.

Abrasive Cut-Off Muct ‘e

An excellent means of cutting small pleces of uranfum {8 to use a
silicon carbide abrasive cut-off wheel. A conventional mechine can be
used, but a hood must be bullt to completely enclose the mact.ine. Alr
samples should be taken during cutting to check the contamination. The
exhaust vent should be built into the hood, and the door should have

safety glass.

Shagtng

A standard shaper can be used with a slight modification. A stairless
steel.pan should be muade to fit under the vise to collect the chips and
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coolant. The coolant hose {s fastened to the tool post as the work 1
being cut, the coolant is always flooding the work piece at the cutting
area.

Cleening Machines

All machines used for uranium processing should be thoroughly cleanec
at least once a month. Extensive use of a machine, or operations that
would result in heavy concentrations of uranium sludge in the coolant, may
necessitate cleaning at more frequent intervals.

The reasons for frequent cleaning of machines are many. It {s good
housekeeping practice and is also practical from the standpoints of safety
and material accountability. As mentioned previously, an accumu.lation of
fine uranium chips or particle: could result in spontaneous combustion.
This is particularly true if a machine is idle for a weekend, or longer,
and the coolant evaporatesr leaving the uranium residue exposed to the air.
For accountability purposes the coolant should be washed through a 200
mesh screen and the residue collected and stored in suitable containers.
It is permissable to flush J4hat passes through the 200 mesh screen down
an ordinary drain. The sludge is then scooped out. The residue and the
sludge are then weighed and recorded. It is good practice to schedule
cleaning operations to coincide with monthly inventory checks.

Summary of Machining Technlques

(l) Use low ; cpeeds

(2) Maintain high feed rates

(3) Always use a generous flow of coolants

() Use sharp tools and replace at the first sign of wear

(5) Never stop the feed while tool and work are in contact. A tool
that is permitted to dwell causes work hardening.

(6) Urantum machines similarly to stainless steel

(T) Distortion of thin sections can be overcome by taking light
finish cuts with a generous flooding of coolant and a nevly sharpened and
honed carbide tool.

(8) Machine mist be rigid with minimum of back-lash

(9) Carbide tools must have honed edges for good tool life

(10) A1l machines must have exhaust vents and coolant systems

(11) Minimize overhang of cutting tools
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Grinding of Uranium and its Alloys

Silicon carbide grinding wheels are used with excellent results. It
is important never to grind dry; fire and contamination hazards make the
operation dangerous, and excessive residual stresses are introduced into
the work. Grinding speed will vary somewhat with the particular alloy,
and the choice of wheels.

Gaging

The abrasive and galling characteristics of uranium make the gaging
of uranium items difficult. The use of an ordinary hand micrometer by a
person not familiar with this material presents a problem. Tool-steel
gage anvils do not stand up under repeated contact with uranium surfaces.
The gages must have carbide contact points to assure accuracy of repeated
measurements.

In thre use of Acme Thread Gages it has been found that tool steel
gages wear down much faster than the normal expectant life span of the
gage. Steel thread gages have a tendency to stick and bind, sometimes
entering freely, but may gall when the gage is backed out. Carbide seems
to have a natural lubricating quality which eliminates this galling and
picking up of metal on the thread flanks of the gage. In practice it
has been found that a carbide thread gage with a pitch diameter several
ten-thousands of an inch larger than its steel counterpart will enter
more freely than the steel gage.

In the use of diual bore and dial snap gages it is more difficult
to get correct readings because the galling of the uranium causes the
indicators to jump and vibrate. Hereagain carbide anvils are a must,
because steel anvils wear flat after little use.

In one particular set-up a 5/32 in. (0.15625 in.) diameter chrome-
plated steel ball attached to a probe was used to measure the inside
contour of a cylinder. The ball acquired a flat large enough to give
false readings after approximately twenty readings hed been taken. The
steel ball was replaced with one of carbide and no further trouble was
encountered.

Alr gaging plugs that are continually being used in small diameter
holes show a tendency to wear at the orifice causing inaccuracies in the
readings.

In general, it must be emphasized that, to assure quality and inter-
changeability of parts made of uranium, all gaging members or contact
points should be carbide.

Fire Prevention Considerations

Fine particles such as those obtained in sawing operations, ignite
spontaneously.

L2




The use of water-base coolants, in conjunction with sharp tools will
help to eliminate the danger of fire during the machining operations.

To minimize the threat of fire, the following suggestions have been
found to be helpful:

(1) Maintain good housekeeping practices.

(2) Avoid unnecessary storage of chips and turnings. When
stored they should be placed in metal containers and covered.

(3) Maintain electrical equipment to avoid sparks and electrical
fires.

() Clean floors and equipment of all oil, grease and metallic
dust daily.

(5) Remove rags and waste that are subject to spontaneous
ignition.

(6) Collect chips and turnings regularly from machine pans at
least once daily.

(7) Prevent sludge from drying before it is moved to an
isolated and safe location.

(8) 1In case of fire, use those dry powders that have been
developed FOr combustible-metal fires, such as "Metal X", powdered
limestone, etc.

(9) Maintain dry powder containers within easy reach of the
machinist.

(10) Do not use chlorinated hydrocarbon extinguishers or 002
extinguishers for uranium.

(11) Ventilate fumes from grinding or cutting machines to an
exhaust system.

(12) Respirators should be available at all times and are to
be used immediately in the case of fire.

Workers and visitors are required to wear protective foot covering
to avoid carrying uranium contamination on the feet to areas outside the
controlled area.

The purpose of the Health Physics control (See Chapter 5) is to
prevent uranium from being spread around the area, where it would
gradually build up a radiation background and interfere with experiments
that require a low background.
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Section 6 - Joining of Uranium

General

Uranium can be welded by fusion methods involving inert gas shielding.
The inert gas shielded-arc method using a tungsten electrode and no filler
metal is very satisfactory. Standard commercial equipment using a 40O amp
rectifier power supply has been used for welding thin walled uranium
cylinders. The inert gases* used in the shielded-arc welding process are
dried by passing them through a commercial drier ang furthes purified by
passing through a tube of uranium chips held at 600 C (1112°F). The
technique for welding uranium is very similar to that applicable to other
nonferrcus metals**., A uranium weld is comprised of a fusion zone and
heat affected zones on either side of the fusion zone. During welding,
eome of the metal exists in the gamma phase, and upon cooling passes
through the gamma and beta phases and ends up in the alpha phase. Upon
examination, a residual gamma structure can be found. AdJjacent to the
gamma-transformed region the beta grain outline is retained in the
structure. The fusion zone in welded uranium has a cast structure and
contains large grains. Unlike the as-cast structures, the carbides are
broken up into finely divided particles and are uniformly distributed
throughout the fused area. From data supplied by the Los Alamos Scientific
Laboratory it can be concluded that the tensile and yield strength of
welded joints exceed the strength of the cast metal and the ductility was
lower than that of the cast metals.

Integrity of Welds

Conventional radiographic techniques are gener .11y used for the
examination of welds. Where small defects are suspected a helium leak
test has been used in some instances to supplement radiography.

Brazing

Dip brazing is used in fabrication of fuel elements for reactors. A
metal-to-metal bond is formed ondipping uranium and aluminum into a molten
aluminum-silicon alloy of eutectic composition. The metal reacts with
molten Al1-81 to form a thin adherent layer of U-Al-Si.

#Inert gas recommended: 90% helium 10% Argon (% by vol)

#*Special safety precautions are required during all welding operatione,
i.e. welding is done in a dry-box with proper exhaust through filters to
insure a healthy environment for the personnel performing the welding
operation.
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Section 7 - Cleaning and Surface Treatment of Uranium

General

Because of its intrinsically poor corrosion and oxidation resistance,
uranium generally requires special surface treatment or protection.
Corrosion of uranium fuel elements in nuclear reactor coolants led to
extensive research, by the Atomic Energy Commission, on protective
coatings. In non-nuclear applications of uranium, special cleaning and
surface treatments are also frequently required. Examples are: removal
of heat treat scale from melting stock or from castings; prevention of
oxidation prior to hot forming operations; lubrication during hot or cold
forming; and preparation of surfaces for adhesive bonding.

Metal Coatings

Extensive studies on the cladding of uranium with a more resistant
metal have been carried out under the Atomic Energy Commission program.
Uranium fuel elements are generally protected simply by jacketing them in
pure aluminum cans. Other claddings which have been employed in water
cooled systems include A1-0.5% Ni alloy, zirconium, and stainless steel,
depending upon the temperature of operation. A good diffusion bond
between the cladding and the uranium fuel element is usually sought since
a gap as small as 0.001 in. beneath the cladding is known to interfere
seriously with heat transfer.

Considerable effort has been expended on all of the conventional
metal coating methods with varying degrees of success, including electro-
deposited coatings (from both aqueous and non-aqueous baths), chemical
displacement. coatings, hot-dipped coatings,evaporeted coatings, etc.
Uranium can be electroplated with a number of metals, utilizing conventional
plating baths, but cleaning the surface prior to plating offers some
difficulty. Where mechanical adhesion is acceptable or when a coating
serves as an aid during forming of uranium metal, electrodeposits from
aqueous baths are useful. However, for continuous, adherently-bonded
deposits, non-aqueous organic type electroplating solutions are essential.
However, such types of plating baths are not yet in common use.

In general, metal coatings are not recommended for protection of
uranium and uranium alloys against corrosion during long term storage.
The best protection ies simply, freely circulating air, under which
condition corrosion products tend to adhere to the metal. Considerable
spalling occurs, however, under oxygen-depleted conditions, such as when
barrier coatings are employed.

Scale Removal

There are several reasons why it is necessary to remove scale from
uranium: as a prelude to electroplating; as a cleaning treatment for
melting stock; and as a final treatment of castings.
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jcale removal can be accomplished by mechanlcal abrausive plust
clearing; by chemical treatme-ts; by electrochemical treatments; or by a
combination of any of these. These treatments may be preceded by vapor
degreasing or cleaning in mild alka'!ine solutions to remove organic
contaminants.

Ordinary dry blasting of uranium parts for removal (f scale nas been
accomplished. Liquid abraci{ve blasting is also useful.

The following chemical solutions are recommended for removal of
o«1de and scale from uranium:

(1) Conc. Nitric Acid (HNO,s) 1 paurt by volume

Water 1 part by volume
Room Temperature

(2) Orthophosphoric Acid (H POh) (895%) 5 parts by volume

Conc. Nitric Acid (HNO.') 1 part by volume

Température: l?OOF

In using the orthophosphoric-nitric acid mixture [t 15 sometimes desirable
to interrupt the treatment of uranium alloy partc, rinse with water, dry,
examine, and then re-pickle [f nececcary.

Anodic electrolytic treatments in the tollowing solutions are also
recommended for scale removal:

(1) Orthophosphoric Acld (n)mu) (685%) 1 part by volume
Water ' 1 part by volume
Room Temperature
Current density 0.0 - 1.2 amperes/square inch
Cathode, stalinless steel

(2) Chromic Actd (Cro ) 1 part by welght
Water I 1 part by weight
Room temperature
Current density O.t amperes/square inch
Cathode, stainlers steel

(3) Conc. Sulfuric Acid (H,SO,) 75 parts by volume
Water 25 parts by volume
Chromic Acid (Cro0,) o 10-15 grams per liter

Temperature 120 F

Current density 0.9 - 1.9 amperes/square inch

(Best results are obtained at these operating conditions,
although temperature and current density are not critical.
The CrO; should first be dissolved {n the water, before
the osulfuric acid is added).

The last listed electrolytic treatment {: frequently u«ci following a
chemical treatment in 1:1 nitric acid and water. The sulfuric-chromic
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electrolytic treatment delays the appearance of visible oxidation of
uranium; and a clean-looking surface can be maintained for sevrzral days
and sometimes ionger under normal atmospheric conditions. This treatment
i1s useful for conditioning ur&anium prior to fabrication processes such as
welding, rolling and drawing, where clean, smooth surfaces are important.

Cxidation Prevention During Hot Forming

Uranium requires protection from the atmosphere during heating. A
coating of flame-sprayed copper provides satisfactory protection against
oxidation and also functions as a lubricant during forging, rolling and
extrusion of uranium alloys.

In preparing uranium alloys for flame sprayed copper, it is recommended
that surfaces be dry blasted with angular steel grit (e.g. Pangborn #25)
at 80-90 psi. A thickness of 0.0625% in. of copper is applied, using a wire
feed gun, and oxyacetylene flame heating.

Sprayed ceramic coatings as well as metallic coatings have been
successfully used in the forging of uranium alloys.

Lubrication During Forming Operations

In cold forming operations on uranium such as drawing and sressing,
lubrication is a critical factor and various proprietary lubricants have
been used. Electroplated metallic coatings such as silver or copper have
been employed to facilitate drawing of uranium wires. Molybdenum disul fide
and colloidal graphite dispersions are used as lubricants in the pressing
of uranium components.

Preparation for Adhesive Bonding

A special techniqueT has been developed for bonding uranium, which is
normally difficult to bond because it oxidizes rapidly to form a mechanically
weak oxide layer. Tensile adhesive bond strengths (of the order of 1000 to
2200 psi) of test specimens remained essentially the same after storage for
one year.

The technique iuvolves abrading the bonding surfaces (ror example,
with No. 400 grit emery paper) in a pool of the adhesive until all visible
oxide is removed and a white metallic surface can be seen through the
adhesive film.

To assure maximum bond strengths it is vital that adjacent sides as
well as the mating surfaces of uranium parte be similarly abraded under
adhesive, since the oxide layer can spread from the uncleaned sides, with
deleterious effects on bond strength.

The bonding surfaces are dipped in freth adhesive immediately after

abrading in adhesive, then assembled under slight manual pressure ard
subsequently cured.
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The polyamide-epoxy and polyurethane adhesives have given the best
results for bonding uranium. Following are typical adhesive compositions:

Polyamide -epoxy Parte by Weight
Bisphenol A epoxy T0
Polyamide resin 30

Polyurethane
Polyurethane resin 100
Allylglycidyl ether 30
L, 4 - Methylene bie

(2-chloroaniline) 9

Section 8 - Laboratory Testing

General

Commonly employed chemical, physical, mechanical, metallurgical, and
nondestructive testing techniques employed on metallic materials ere
generally applicable to uranium alloys. O3amples for testing are accompa-
nled by & w unium transfer form (See Figure 13 After completion of the
tests, any remaining samples of scrap material is returned to the person
submitting the test or transferred to e uranium scrap cage for disposal;
again accompanied by a transfer form. Solid or non-water soluble liquid
waste are accumulated in special, identified receptacles and turned over
to a health physicist for disposal. Water soluble liquid waste is
flushed down the sink drains with coplous quantities of water in order to
provide an effective dilution. Testing operations and temporary storege
of uranium, while in the laboratcry, is confined to limited areas to
prevent the contamination of radiation sensitive scientific instruments
and materials. Before uranium materials are introduced to a laboratory
area, a survey 1s made to make sure that the radioactivity introduced
will not adversely affect the conduct or performance of other tests.

Chemical Analyslis

General. Samples are usually prepared in the form of small cubes
and chips which are stored {n screw top glass containers. Although no
unique controls or procedures are necessary for the analysis of uranium,
film badges are required to be worn during testing. Typical analytical
methods employed are shown in Table XVII and XVIII.

Mechanical Testing

Standard ASTM testing procedures are employed for hardness, tensile
and impact testing. Quasl-static tensile testing is generally conducted

at a rate of 0.005 in./in./min. However, uranium is quite strain rate
sensitive and some tests are being conducted at a much nigher strain rate
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TABLE XVII

CHEMICAL ANALYSIS OF DEPLETED URANIUM

Element

Omy?en and H gen
together
Hydrogen (alone)

Nitrogen
Carbon

Iron

81ilicon

Copper

Nickel

Method

Determined simultaneously in a vacuum~fusion
apparatus

Hot extraction

Kjeldahl procedure using a Parnous-Wagner semi-~
micro distillation apparatus

Cambustion in an induction furnace, followved by
either a gravimetric or by a conductometrio
measurement

Photometrically using o-phenanthroline

Gravimetrically by dehydration with sulfuric
acid

Photometrically with cuprizone

Photometrically with dimethyglyoxime
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TARLE XVIII

CHEMICAL ANALYSIS FOR ALLOYING NLEMENTS o

Element Method
Molybdenum Photometrically as either the thiocyanate or

peroxide complex. If determined as the per-
oxide cumplex, corrections are necessary for
uranium and titanium. Vanadium and columbium
interfere wvith the latter method.

Titanium Photometrically as the peroxide camplex. A
small correction is necessary for molybdemm.

Columbium or Tantalum Gravimetrically by hydrolysis with sulphurous
acid, vhen not accompanied by each other or
alloying amounts of vanadium and titanium.

Zirconium Gravimetrically with p-chloromandelic acid.
Vanadium Volumetrically by titration with permanganate
Cobalt Photometrically as a chloride complex

NOTE: In complex alloys containing columbium, tantalum, sirconium, ete.,
separation of the alloying elements by ion-exchange is necessary before
making determinations.
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(0.3 1n./in./min.) which more closely reflects the conditions encountered
in the service perrormance of dynamically stressed components for Army
applications.

Metallography

Micro-examination.

(1) Metallographic preparation, mounting and polishing are

gencrally sim lar to procedures employed for steel. SCpecimens are mounted

in plastic molds at room temperature because the structure of some {
uranium alloys are affected by low temperature heating cycles. Polishing 8
is performed with a lubricant to prevent airborne dust and minimige
surface flow of the metal. Specimens are ultrasonically cleaned between i
each polishing operation. Materials employed for specimen preparation :
are listed in Table XIX. In step No. 8 of Table XIX,a slurry is made by

mixing Linde "B" polishing powder in a water solution containing 1 percent t
hydrofluoric acid. This acid is quite efficient in removing surface flow.
Care must be exercised, however, in handling this mixture because even 3

minute quantities of this acid solution under fingernails can lead to
prolonged and painful healing with probable loss of fingernails. Step
No. 9 is primarily used to remove tarnish left by acid in step No. 8.
The final pnlishing step is electrolytic using formila No. 1 in Table XX.
Two, three-second dips are usually sufficient to remove any worked metal
remaining after step 9.

(2) Gometimes formlas No. 2 and No. 3 are satisfactory in
revealing the microstructure of uranium alloys but it is a common
practice to.,etch uranium specimens by means of vacuum cathodic etching.
Etching takes place in an atmosphere of argon et 12 microns pressure,
40O volts, and 5 to 10 milliamps for 12 minutes. The structure is then
vieible under light field illumination.

o

Macro-examination {

£
(1) Specimens for macroexsmination are polished through the
LOO grit silicon carbide papers, using kerosene as a lubricent, then i
degreased and immersed in concentrated hydrochloric acid until a black 4
deposit covere the surface. The specimens are then washed in hot water,
dipped in concentrated nitric acid for a few seconds to remove the black :
%

deposit and finally rinsed thoroughly. This procedure is repeated until
desired structure and contrast is evident.

(2) Care must be exercised when macroetching uranium alloys
containing 10 percent or more zirconium ~r columbium. These alloys may
produce an explosive condition when removed from either concentrated, or
50 percent water solutions of nitriec or hydrochloric acid. It has been
recommended that an addition of 6 grams of ammonium fluoride to 32 ounces
of etching solution will prevent this explosive action.
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TAELE XIX

POLISHING PROCEDURES FOR URARIUM AND URANIUM ALLOY SPECIMENS

Polishing Base
Silicon Carbide Paper

" ]

"

Emery Paper

Payon Acetate Covered Wheel
Diamond Abrasive

Broadcloth Covered Wheel
Dirmond Abrasive

Gamal Cloth
A1203 Abrasive

Gamal Cloth
Al1203 Abrasive

Grit Lubricant
2hd Kerosene
320 1
Loo "

000
9 Micron
3 Micron

0.1 Micron 1% HF in H20

0.1 Micron Alcohol

Pressure

Moderate

”
n

”n

Light

Speed Time

RPM Min.
N/A N/A
250 b
250 p
250 2
1155 2
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TABLE XX

ELECTROLYTIC POLISHING AND ETCHING SOLUTIONS FOR URANIUM

Polish
Formula 1 Cathode Cathode-Anode Distance Voltage Time Etch
Ortho-phosphoric acid 5 ml Stainless Steel 1/2" 50 2 Dips Polish
Ethylene (lycol b ml (3 8ec.)
Ethyl Alcochol b m
Formula 2
93&5 trioxide 25 grams Stainless Steel 1/2" 20 4 Dips Etch
25 ml (3 Sec.)
B »-p Acetic Acid 100 ml
Formnula 3
Chromium trioxide 25 grams Stainless Steel 1/2" 20 1 Min. Etch
Water 25 ml

Glacial Acetic Acida 500 ml

TARLE XIX



Nondestructive Testing

It is only in comparatively recent years that consideration has been
given to the use of uranium as a structural meterial and 1little non-
destructive testing experience ras been accumulated.

Radiography of uranium imposes special problems because of its high
density and the fact that backscatter and secondary radiation effectes
impose special shielding and filtering requirements. Special techniques
for optimieing the radiographic inspection of uraniumshave been devised
for “hicknesses up to 2.75 in. and have be«n reported-.

Though preliminary work has been accomplished on the use of other
nordestructive methods for the inspection of uranium, such as ultrasonics,
eddy currents, and liquid penetrants, definitive data are not presently
available, nor limits defined.
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CHAPTER IV

URANTUM MATEFIALS CONTROL

Section 1 - General

General

The purpose of this section is to describe the controls currei tiy em-
ployed which have been set up to comply with the regulations for the proe
curement, storage, and control of uranium.

Liceneigg

Arrangements have been made to transfer uranium from the United States
Atomic Energy Commission to the Department of the Army for non-nuclear
military applications by United States Atomic Energy license. Far spotting
round material, License SUB-U459 has been assigned ?gee Figure lO). United
States Atomic Energy Commission regulations covering the licensing of
source material (which includes uranium) are covered in Code of Federal
Regulations Title 10, Chapter 1, Part 40 "Licensing of Source Material"
(hereafter referred to as 10 CFR Part 40). Licenseea are subject to pro-
visions of the Atomic Energy Act of 1954 including any ammendments. In
compliance with existing provisions, it is necessary for licensees to a-
bide by the regulations of 10 CFR Part 20, "Standards for Protection Against
Radiation ‘Hazards" as well as 10 CFR Part LO.

Guidance

Guidance on procedures to be employed in the control of source material
(including uranium) is provided in AEC Manual Part TLOO (Materials Manage-
ment). Several Army Reg-lations are also applicable to the regulation ard
control of radioactive materials which includes uranium. These are listed
as follows:

AR T35-4 - "Property Accountability - Expendable Property"
AR 735=5 = '"General Principles and Polici:s"
AR 735-10 - "Principles and Policies - Accounting for Lost, Damaged,

or Destroyed Property"
AR T35-11 - "Accounting for Lost, Damaged, or Destroyed Property"
AR 735-25 - "Property Procedures"
AR L40-580 - "Control of Health Hazards Procurement Procedures"

AR 755-380- "Disposal of Radioactive Material"
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fom Ao umm‘rnts

ATOMIC ENERGY COMMISSION

SOURCE MATERIAL LICENSE

Pursuant to the Atomic Energy Act of 1954, and Title 10, Code of Federal Regulations; Chapter 1,
Part 40, ‘'Licensing of Source Material,” and in reliance on statements and represen‘ations heretofore:
made by the licensee, 1 liconse is hereby issued authorinng the licenses 1o receive, possess und import ‘
the source malerial designaled below; to use such material for the purpose(s) and at the place(s) ~ |%
designated below; and to deliver or transier such material lo persons authorised o receive it in
accordance with the tions in said Part. This license shall be deemed to contain the conditions |5}
specified in Section 163 of the Atomic Energy Act of 1954 and is subject to all applicable rules,
regulations, enda&ud&okbdclu%m, now or hereafler in effect, lacluding Title 10
Code of Federal Regulations, Chapler 1, Part 20, “‘Standards for Protection Against Radiation,” aa
o any specilied below.

® -

Licenses 3. License No.
SUB-U59
l. Neme  Dopertment of the Army 4. Expiratica Date

3. Address  waghingtoa, D. C. October 31, 196k

8. Docket No.
40-6639
6. Source Matsrial 7. Mazimua quantity of source material which

licensee may possess at any ome time under
this license

Ursnium No quantity limitations.

.

CONDITIONS

[} Auﬁodudmghhdmwﬂod.!haothonndphadm is the licenses’s addres
stated in lom 2 abowe.)
For fabrication of spotting rounds ot Lake City Arsensl, Independence -
Missouri, end Frenkfort Arsenel, Philadelphis, Fennsylvania, and for the
testing of spotting rounds in sccordance vith the procedures described in
epplications for license submitted by the Ordnance Corps dated Mey 1,
June 2, and September 26, 1961. The licensee is further suthorized to
distribute spotting rounds to field unite of the Army end to use such rouwnds
for military purposes in sccordance vith the procedures described in the
licensee's September 19, 1961, spplication. This license suthorizes the
export of spotting rounds containing urenium for military purposcs.

COPY FL7I0DUCED AT

RTEROTL STICN BRAMCH

W2 IR TG ARSENAL

AT LG AR

T Forthe U. 8. ATOMIC ENIRGY COMMISSION
NCv ¢« 1361 /A ]

W U5 COVERREGNT MRRTING SFFICT MRl —O-80 1004

Daite of lesuance

UNITED STATES ATOMIC ENERGY COMMISSION SOURCE MATER!AL
LICENSE NO. SUB-459

il FIGURE 10



Definitions (10 CFR 4O and 10 CFR 20)

"Act" means the Atomic Energy Act of 1954 (68 Stat. 919), including
any .unendments thereto;

"Commission" meaus the United States Atomic Energy Cosmission or its
duly authorized representatives;

"Government agency” means any executive department, commission, in-
dependent establishment, corporation, wholly or partly owned by the United
States of America which is an instrumentality of the United States, or
any boeard, bureau, division, service, office, officer, authority, adminis-
tretion, or other establishment in the executive branch of the Government;

"License", except where othervise specified, means a license issued
pursuant to the regulations;

"Person” means (1) any individual, corporation, partnership, firm,
association, trust, estate, public or private institution, group, Govern-
ment agency other than the Commission, any State or any political sub-
divisicn of, or any political entity within a State, any foreign govern-
ment or natior or any political subdivision of any such government or
nations, or other entity; and (2) any legal successor, representative,
agent or agency of the foregoing;

"Byproluct material" means any radioactive nuterial (except special
nuclear material) yielded in or made radioactive by exposure to the radia-
tion incident to the process of producing or utilizing special nuclear
material;

"Calendar quarter" meens any period determined according to eithe.
of the following subdivisions:

(1) January 1 to Marcn 31, inclusive; April 1 to June 30, inclusive;
July 1 to September 30, inclusive; October 1 to December 31, inclusive; or

(2) The first period in a calendar year of 13 complete, consecutive
calendar weeks; the second period in a calendar year of 13 complete, con-
secutive calendar weeks; the third period in a calendar year of 13 complete,
consecutive calendar weeks; the fourth period in a calendar year of 13
complete, consecutive calendar weeks. If at the end of a calendar year
there are any days not falling within a complete calendar week of that
year, such days shall be included within the last complete calendar week
of that year. If at the beginning of any calendar year there are days
not falling within a complete calendar week of that year, such days shall
be included within the last complete calendar week of the previous year.

No licensce shall change the method observed by him of determining calendar
quarters for purposes of this part except at the beginning of a calendar
year.




"Individual" means any human being;

"Licensed material" means source material, special nucleer material,
or byproduct material received, possessed, used, or transferred under a
general or specific license issued by the Commission pursuant to the rege-
ulations in this chapter;

"Occupational dose" includes exposure of an individual to radiation
(1) 1in a restricted area; or (2) in the course of employment in which the
individual's duties involve exposure to radiation; provided, that "occu=
pational dose" shall not be deemed to include any exposure of an individual
to radiation for the purpose of medical diagnosis or medical therapy of
such individual;

"Radiation" means any or all of the following: alpha rays, beta
rays, gamma rays, X-rays, neutrons, high-speed electrons, high-speed pro-
tons, and other atomic particles; but not sound or radio waves; or visible,
infrared, or ultraviolet light;

"Radiocactive material” includes any such material whether or not
subject to licensing control by the Commission;

"Restricted area" means any area, access to which is controlled by
the licensee. "Restricted area" shall not include any areas used as resie

dential quarters, although a separate room or rooms in a residential build-
ing may be set apart as a restricted ares;

"Unrestricted area" means any area entry into which is not :ontrolled
by the licensee, and any area used for residential quarters except as noted
abovc;

Definitions of certain other words an® phrases as used in this chapter
are set forth in other sectiouns of 10 CFR including:

(1) "Airborne radioactivity area" defined in par. 20.203;

(2) "Radiation area" and "high radiation areu" defined in par. 20.202;

(3) "Persognel monitoring equipment” defined in par. 20.202;

(4) “"Survey" defined in par. 20,201;

(5) Units of measurement of dose (rad, rem) defined in par. 20.b;

(6) Units of measurement of radioactivity defined in par. 20.5;

"Source material" means (1) uranium or thorium, or any cambination
thereof, in any physical or chemical form, or, (2) ores which contain, Ly
weight, one-twentieth of one percent (0.05%) or more of (i) uranium, (i1i)

thorium or (1i11) any combination thereof. Source material does not include
special nuclear material.
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"Special nuclear material" means (1) plutonium, uranium 233, uranium
enriched in the isotope 233 or in the 'sotope 235, and any other material
which the Commission, pursuant to the provisions of section 51 of the Act,
determines to be special nuclear material; or (2) sny material artificially
enriched by any of the foregoing.

Section 2 - Materials Control

General

This section summarizes the essential elements of the governing reg-
ulations and documents listed. These are cited for purposes of this
monograph only.

Procurement of Uranium

Uranium and its alloys are obtained in several ways which are listed
as follows:

(1) Transfer from the AEC. The Army after receiving allocations ap-
proval from the AEC, orders material through the AEC Oak Ridge Operations
Office. The Oak Ridge Operations Office authorizes one of the operating
plants of its coutractors to supply the material and/or process require-
ments. Documertation of the transfer of material from the AEC Lo the
Army installation is accomplished on AEC Form 101 (See Figure 11).

(2) ‘Commercial Purchase. When the desired type of material is avail-
able from commercial producers it can be ordered directly as any other
material.

(3) Transfer. Licensed uranium material may be obtained from another
Army instaIIEZTEH-by transfer using the same procedures employed for other
materials. Additional control requirements are noted subsequently. Transe
fer of material from Army installation to contractors under separate
license is done using AEC Form 388(1-60) (See Figure 12).

Storage

In the control of uranium during storage it is important to comply
with Regulations 10 CFR 20 and 10 CFR 40. It has been round advantageous
to establ.sh a locked uranium storage area at a location convenient to the
receiving and shipping racilities of the installation.

The pyrophoric behavior of uranium when finely divided is of primary
importance in selecting the stcrage area for this type of material. Chips
and other pyrophoric material resulting fram uranium processing operations
are removed promptly from work areas and sent to designated storage sites,
such as a uranium scrap cage, for storage under oil.
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UNITED STATES ATOMIC BNERGY COMMISSION

tuewtestemasc i §§ MATERIAL TRANSFER FORM—LEASED MATERIAL

I. Tronsfer Series: A, L C - . =
- { (Vo) _[Number)
2. Shipped by (Shippes): ‘ 3, Shpped te (Recaiver):
Nome e Name ... .. e e
Address Addrens o o ey
4. Shipped for Account of: Lic. Neo. 8. Shipped to Account of: Lic. No.
Nome Name ..
Address I Address V.
Lease No. :
— — —_— — — — Leass No. . Oraer No. ...

8. (For AEC Jse Only):
Nucleor Materiol Dratt (Form AEC437)

7. §S Meterial (Check One):

Number {A) Enviched Urenium ()
—— (8) Urenium-21 {)
8. Materiol Descnption: [ (€} Mutonium ()
[ (D) Other e g, ()
| 9. This Tronsfer laveolves:
‘ (A) Initiating lemse responsibility ()
(8) Tromsfer of lease respersibility ()
‘ {C) Retum to AEC for . it ()
[ (D) Ne chenge in lome respomsibility {)
{Transfer of material only!
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8. Conteiner | € Pece D. Grem E Tere F. Net G. Homent M. Weight %, i. lestope
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|
|
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On L 19

{Shipper s Sipnature]
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Received
On

{Raceiver's Sgnoture)

B |

UNITED STATES ATOMIC ENERGY COMMISSION TRANSFER FORM 388
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It is recessary that such material be stored away from other buildings
and the amount of material stored be held to a minimum because spontaneous
combustion may occur. Fire damage would be minimized and other buildings ]
would not be exposed. A secured or outside storage area is recommended. i
To minimize the quantity of the pyrophoric uranium being stored, this type
of material is periodically burned to form the oxide. The fire hazard is
then completely eliminated. To facilitate handling, uranium scrap is seg-
regated according to the following catecories:

(1) solids
(2) chips
(53) oxides

(4) sludge )
(5) contaminated non-soluble liquids

(6) contaminated non-burnable waste

Records Management

%;sgggs. Regulation 10 CFR 40, paragraph 4G.61, "Recorde", requires
that censees shall keep records showing the receipt, transfer, export,

and disposal of source material (uranium or thorium). Procedures for the
control and ,accountability of uranium have been established based on rege-
ulations contained in the AEC Manual, Part TLOO. An S8% Accountability
Office shall be established as a central control over the flow of uranium
both to and from a station and between Balance Areas within a station.

It will maintain an inventory of material on hand which can be utilized

to satisfy any reporting requirements, Internal forms and recording de-
vices have been originated and incorporated with existing AEC Forms to es
tablich both a system of control and a source of reports. The entire sys-
tem is8 operated under the guidance of the 88 Accountability Cfficer who
has the prime responsibility for accounting for al. uranium material,

Internal Controls and Transfers.

(1) A number of segregated Material Balance areas have been estab-
lished based on processing, manufacturing, shipping and storage require=-
ments, each area having a designated Responsible Officer (end alternates
if necessary) who is responsible for the uranium under his control. These
individual areas combine to comprise the entire accountability operation
under the over-all supervision of the SS Accountability Officer.

* Source and Special Nuclear Materials
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(2) The responsible officers of the Material Balance Areas are the
only personnel authorized to receive and transfer uranium in their parti-
cular areas, using a prescribed Transfer Form in quadruplicate (See Figure
13), copies ot which are provided the sender, receiver, and the S8 Accourt-
ability Office. This transfer form is originated, signed and distributed
by the sender, and after being verified as to material weights, is signed
by the receiver.

(3) This responsible officer also maintains a running inventory over
aranium under his control, conducts & physical ifaventory of uranium in his
area each month, and submits a monthly report (See Figure 1l4) to the 88
Accountability Office. This report becomes a part of the over-all inven-
tory of the Arsenal and reflects the daily transferes in and out of the
appropriate Material Balance Area. It reveals operational losses, other
non-recoverable losses (called book physical inventory d;fferences), and
final physical inventory figures and includes any other comments deemed
pertinent- to the entire uranium control system. For weighing operations,
all Material Balance Areas use the same standard type scale rcading to the
ounce, and the scales are tested every six months or whenever discrepancies
are found.

Control Records.

(1) The SS Accountability Office is the central control office and
contains the files, ledgers, transfer documents, monthly reports and all
data pertaining to accountability.inventory. This office receives a copy
of all transaction documents (external and internal) and by utilizing these,
and monthly reports from the Material Balance Areas, it maintains an in-
ventory control for the entire accountability operation. The 88 Accounte
ability Officer uses the information contained in this office to ascertain
the reasonableness of declared losses and tc keep abreast of all accounte
ability requirements.

(2) An Inventory Control Account Ledger (See Figure 15), using stan-
dard general sheets, is used to record the amount of uranium in inventory
and to record all withdrawals and acquisitions of additional material.

All incoming and outgoing shipments between the installation and outside
facilities are made only by the SS Accountability Officer and recorded in
a section of this ledger from copies of Property Turn-In 8lips and any
Shipping Documents which are the instruments used for such transactions.
Uranium 18 issued to the various Material Balance Areas by the 8S Account-
ability Officer on a regular internal transfer form. The Account Ledger
also contains a section for each of the Balance Areas (See Figure 16) and
all transfers are recorded here and used to check the accuracy of the
Monthly Reports. All records are maintained to the nearest pound.

Control of Losses., The SS Accountahbility Officer issues uranium
material only to responsible officers in the various balance areas. They,
in turn, transfer uranium only to other responsible officers or the 88
Accountability Officer. Responsible officers must take a physical inven-
tory on the last working day of each month and report their account to the
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OROBE FORM 1278
24 ocT 60(REV)

URANIUM TRANSFER/ISSUE RECORD

TYPE U.: VOUCHER NO. :
FORM (SIZE & NO,); DATE:
IDENTIF ICATION NO,.: SECURITY CLASSIFICATION

AVERAGE COMPOSITION:

FROM:
WEIGHT (IN LBS TO 10THS)
ORG, : 8LDG. NO, TOTAL MATERIAL wWT.:
10 % U. CONTENT:
ORG, : BLDG. NO, NET U. WTe:
SENT BY; RECEIVED BY:
(PESPONSIBLE OFFICER OR ALTERNATE) CRESPONSIBLE OFFICER OR ALTERNATE)
DISTRITUTION (RESPONSIBILITY OF RECEIVER)
WHITE - RETURN TO SENDER PIBK - SEND TC WAL ACCOUNTABILITY RECORDER
YELLOW - RETAINED BY RECEIVER QREEN - RETAINED BY SENDER UNTIL SIGNED WHITE COPY RETURNED

WATERTOWN ARSENAL URANIUM TRANSFER/ISSUE FORM
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SS Accountability Office. Any discrepancy between the physical and book
inventory must be checked, and the differences reconciled. At the first
indication of a "mysterious" loss, it must be reported to the SS Account-
ability Officer. Boox Physical Inventory Differences (BPIDS) must be ex-
plained and documented on the monthly report. Spot checking of various
material balance areas is conducted by the 88 Accountability Officer to
insure compliance with the program.
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CHAPTER V

HEALTH PHYSICS AND SAFETY

Section 1 - Health Physics

Introduction

A properly organized and administered Health Physics program is es-
sential in any operation involving uranium. The program must provi‘e a
working capability for all processing operations. The Health Physics staf!
should perform liaison between management and production personnel. It
also should perform service functions such as the evaluation of radiologi-
cal and toxicological hazards.

Uranium is not a dangerous radiological hazard, but i{n handling it,
it is possible to exceed the very low exposure doses established a.; safe
limits by the United States Atomic Energy Commission, the Federal Radiation
Council, and the Surgeon General. Furthermore, since uranium is miidly
radiocactive, widespread contamination of facilities can result from care-
less handling. It is necessary to tdhere to careful controls to avoid
raising the background level of radiation that would otherwise result.

Variaug federal, state and private health physics laboratories have
cooperated in investigating the many facets of health protection for per-
sonnel working with uranium. This work will continue until all epidemio-
logical hazards, both short term and long te.m, are known.

The following paragraphs outline the requirements of health physics
as currently practiced. It is felt that thesce afford the necessary coor-
dination of all phases of a uranium processing program.

Maximum Allowable Concentrations

Maximum Allowable Concentrations for Air (Occupational). The maximum
allowable concentrations for air-borne uranium d.st are given in Table XXI.
The maximum allowable concentration 13 a guide to the upper limit above
which the health of persoiwnel in the area becomes potentially endangered
and where properly designea exhaust ventilation becomes necessary. If the
air-borne concentration is well below the acceptable health limits, ex-
haust ventilaticn is not quite as neceseary.

Maximum Allowable Concentration for Air (Environmental or None
Occupational ).

(1) As a rule, the maximum allowable concentration for air-borne
uranium dust which may be discharged to the environment is one~tenth that
which is alloved in the plant.
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TABLE XXI1

MAXIMUM ALLOWABLE OCCUPATIONAL CONCENTRATION
(NATURAL OR DEPLETED URANTUM¥)

Microcuries Per Micrograms Per 3
Milliliter (pc/ml) Cubic Meter (ug/m-)
Soluble T x 1078 250
-10
Insoluble 1l x 10 357

* Above natural background

TABLE XX11

MAXIMJM ALLOWABLE ENVIRONMENT CONCENTRATION
(NATURAL OR DEPLETED URANIUM#*)

Microcuries Per Micrograms Per

Milliliter (uc/ml) Cubic Meter (ug/m)
Soluble T x 10732 25
-11
Insolulle 1l x 10 36

* Above natura’ background
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(2) To determine the uranium dust content of exhaust air, the air is
cumpled by pussing it through a filter paper held in & probe connected to
a vacuum line. The filter paper is analyzed chemically or counted to de-
termine its radioactivity. The technique used is quite critical and in-
volves the matching of sampling velocity with duct velocity in order that
representative samples of all particle sizes are captured by the probe and
subsequently depositel on the filter paper. 1If this procedure is not used,
truly representative samples will not be takean and errors will result when
evaluating the stack effluent.

(3) The values of the maximum allowable concentration for air-borne
uranium dust in a non-occupational environment are given in Teble XXII.

Maximum Permissible Exposure (Dosage)

General. The maximum permissible exposure to personnel working in a
rudiation-area is defined in AEC regulations Title 10 Code of Federal
Regulations Part 20, "Standards for Protection Against Radiation." The
limits are to be used as a guide and not to be considered as amounts which
a man may normally receive, Any unnecessary exposure to radiation should
be avolided. However, this is not to say that a mar should not work with
radioactive materials or with other sources of ionizing radiation, provided
efforts are made t» keep th2 exposure at a minimum.

Maximum permissible exposure to external radiation expressed in rems#
per calendar quarter is as follows:

(1) Whole Body; head and trunk active
blood-forming organs; lens of eyes;
gONAdS= = = = = = = = = @ = = = = = = = = = =1-1/b rems/quarter

(2) Hands and forearms; feet and unkles - - = = 18-3/4 rems/quarter
(3) Skin of whole body~ - = = = = « « = e - =« = =7-1/2 rems/quarter

Weekly values expressed in millirems (mrem) for maintaining exposure
within the maximum permissible value are as folluws:

(1) Whole body; head and trunk active
blood-forming organs; lens of ey:s;

¥ The rem (roentgen equivalent man) is the quantity of any radiation im-
parted to a biological system (cell, tissue, organ, or organism) per gram
of living matter by the ionizing particles present in the region of inter-
est. The rem has the same biological effectiveness as an absorbed dose of
one rad from lightly filtered X-rays generated at potentiuls of 200 to 300
kilovolts. Dose records are usually given in millirem (mrem) units. The
rad is a unit of absorbed dose. One rad is equal to 100 ergs per gram.
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(2) Hends and forearms; feet and ankles- - = = = - = 1500 mrem/week
(3) Skin= = = = = = = o c e cc e e e ca===== =600 mrem/week

These values do not include that amount of radiation exposure doses
received by an individual from medical X-rays. A worker may be permitted
to receive a nominal amount of medical X-rays while still receiving one=-
hundred millirem per week at work. A nominal amount would constitue rou-
tine diagnostic X-rays of the chest, limbs, extremitier, head, etc. How=
ever, therapeutic X-rays s.metimes amount to quite ext:nsive dosages and
when experienced, the advice of the health physicist and medical officer
should be sought as to the advisability of continued work in a radiation
area.

Uranium Dosage. Normal and depleted uranium both emit all three of
the common forms of radioactive particles and rays (alpha, beta, and gamma).
However, the alrha particles are of low penetrating power and are not a
prime consideration in the whole body exposure of personnel. The major
portion of the whole body exposure is from the beta radiation which is as=-
sociated with the daughter products UX., and UX, (Thorium-234 and Protactin-
fum-234). Table XXIIT describes the cOntributory factors of the radiation
from uranium. An individual would have to be exposed to considerable am=
ounts and be in clcie proximity to the material in order to receive the
maximum allowable weekly exposure dosage. Experience has shown that it is
extremely unusual for an individual engaged in uranium fabrication to re=
ceive more than seventy-five millirem per month. Personnel average about
thirty millirem per month, or approximately eight perce .t of the allowable
dusage. Not. included in this group are the uranium foundry workers who
meet a different set of circumstances. When uranium is melted or alloyed,
there is a migration of UX, and UX, to the surface of the melt thereby
causing a concentration of these two highly radioactive isotopes. The
dose rates exhibited are much higher than that of unmelted uranium.

Film Badges

Personnel working in radiation areus are required to wear film badges
which consist of a plece of masked radiographic film inclosed in a holder.
The amount of radiation exposure can be checked by determining the degree
of film darkening after development. Processing of the film for Army ine
stallations is performed by Lexington Signal Depot, Lexington, Kentucky.
The film pack is provided with two films and has a useful range of from
fifty milliroentgens to one-thousand roentgens (50mr to 1000r).

When not being worn by personnel, the badges ere kept in clean non-
radiation areas. In uranium melting areas, the badges are worn encased in
a plastic bag to avoid contamination by radioactive dusts. If the badge
were contaminated, it would continue to be exposed to radiation while it
is not being worn, exposing the film and giving & false indication of
dosage.



TABLE XXII1I

URANIUM SURFACE DOSAGE*+

IsotoE Eherg
Pa23u
91 (uxl) 2.32 Mev
Th23u
90 (ng) 0.1 and 0.2 Mev

Gamma-daugh- r Products

Contributiqg Radiation

263 mrem/hr

20 mren/hr

2.7 mrem/hr

263 mrem/hr

# Al]l measurements were from a bare slab of uranium metal

+ AEC Report No. AECD-2753 (NY0O-5T)
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Air Sampling

For purposes of air sampling, consideration is given to the particle
size because some particles are small enough to be breathed in and out
again without being retained by the body while others are too large and
do not reach the lungs. The United States Public Health Service has es-
tablished ten microns as the approximate size below which particles are
respirable and accepted by the body. Particles larger than 10 microns
are rejected by the nose and larynx.

To duplicate human retention curves (See Figure 17) more closely, two
stage air samplers are used. This type of sampler differentiates between
sizes of particles by utilizing a miniature "cyclone" collecting system
(See Figure 18). Samplers are powered either by a paint spray blower or
by a vacuum cleaner blower. In the paint spray type, air is neasured in
te.ms of liters per minute and in the vacuum cleaner type ai is measured
in cubic meters per minute. An adjustable flow rate meter is located on
the suction side of these blowers and filter holders for both round and
rectangular filter papers are provided. Only those particles that are ac=-
ceptable to the body, i.e. less than ten microns, are considered character-
istic of t{ae air which an individual breathes and it is this portion of
the particles collected on a filter paper that are subsequently evaluated
by counting techniques.

It is well to note that this sampling method does not distinguish
between . soluble and the insoluble particles of uranium. Both are po-
tentially hazardous. The insoluble compounds may be retained in a persons
lower respiratory tract and the soluble compounds may be rapidly taken into
the blood through the lungs. Thus, the maximum allowable concentration
for soluble uranium is based on chemical as well as radiological consider-
ations and, for insoluble uranium, is based only on the radiological acpect.

In undertaking air sampling, consideration is also given to the face
velocity of the particles across the filter paper of the sampler. This is
especially important, if the human retention curve for particles of differ-
ent sizes shown in Figure 17 is to be utilized. If the face velocity is
too high for & particular filter paper, a consideravle portion of the res=-
pirable particles will pass through the filter paper and escape being de-
tected and the reported concentrations would be erroneous. Choice of fil-
ter paper is based upon several factors; percent penetration, self-absorption
coefficient for alpha particles, electrostatic properties of the paper, etc.

“Laboratory Procedures

Air and smear samples are usually analyzed by physical means. Be-
cause the particles collected on the filter paper are radioactive, they
may be gounted using a low background internal or external (125 micro-
gram cm~ window) proporticnal counter in conjunction with a scaler and
high voltage power supply (See Figure 19). The gross alpha activity is
computed from the scaler read out and correction fractors such as backe
ground, self-absorption, back scattering, etc. Resulls are converted
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from total disintegration per minute (dpm) ger cubic meter of air (dpm/m3)
to microcuries per cubic meter of air (uc/m°)
234 234

Uranium Daughter Product Analysis (Th and Pr ), The daughter
products collected in an air sample are evaluated by a gamma scintillation
detector and crystal in conjunction with a spectrometer and scaler. The
gross activity is computed from the scaler read out and correction factors
such as background and crystal geometry. The resultg are expressed in
microcuries per cubic meter of air per icotope (pc/m ).

Uranium Urine Analysis (Bio-assay). The uranium content of a urine
sample {3 determined by the measurement of the fluorescence produced by
the sample in a sodium fluoride (NaF) flux. The total weight of the ura-
nium is measured fluorometrically on a microammeter and the amount calcu-
lated from this data. The results are expressed in microcurics per milli-
liter (pc/ml).

Survey Instrument Calibration. Survey instruments (See Figure 20)
used in the uranium areas are calibrated using the gamma rayr from cali-
brated Cobalt €0 sources. Two points on each scale (high and low) are
plotted. The equation used to compute the radiation dose rate at a fixed
distance in free air space fram the unshielded Cobalt 60 source is given
beiow:

mr/hr = S' X 13500
Lttt

d
vhere
mr/hr = milliroentgens per hour
S! = millicuries of Cobalt 60 at time of calibration
d = distance from source in centimeters

Medical Supervision

General. Preplacement, annual, terminal, and special medical examin-
ations are conducted by the medical officer. All personnel who are on the
health physics roster are required to have physical examination yearly.
Special medical cxaminations are given in the case of suspected or known
overexposure, ingestion, or inhalation of radioactive materials,

Bioassay (urine values). The yearly examination may be considered
as a complete general check-up to ascertain the workers over-all health.
The only special test given is a bio-assay for the specific radio-nuclide
that could have been inhaled or ingested. When personnel are exposed to
normal or depleted uranium, & bio-assay is performed using a fluorometric
technique sensitive to 10'3 gram U 08 of urine. This test was formerly
performed semi-annually but was ch;nged to a yearly basis because of the
low value of the results.
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a. HIGH RANGE BETA AND GAMMA RADIATION METERS

|. Range - .0l mr/hr to 0,000 r/hr
2. Range - 0 to 5000 mr/hr
3. Range - 0 to 1500 mr/hr

b. LOW RANGE BETA AND GAMMA RAD!ATION METERS

I. Range - .01 to 200 mr/hr
2. Range - .01 to 20 mr/hr

C. ALPHA RADIATION METERS

|. Range - 0 to 2,000,000 counts/min
2. Range - 0 to 10,000 disintegrations/min

TYPICAL SURYEY METERS
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Blood Counts. The general opinion was that personnel showing white
cell counts of 12,000 or mcre or red cell counts of 3 million or less would
nct be permitted to work within radiation areas. It was generally believed
that people possessing these shifts from "normal' blood counts were in some
way more susceptible to smal) radiation dosages. Current knowledge has
refuted these nopinions and blood count criteria are not sipgly applied but
rather only in consonance with the total medical plicture of the individual.

Section 2 - Safety

Protective Apparel

General. Protective clothing is worn by all personnel working in
uranium areas, The clothing is provided to elimiiate the possibility of
contaminating the workers own clothiny and subsequent contamination of
non-occupational areas. Both (ire retardant paper and cotton clothing
are used. The paper clothing is the more practi- .al in some instances be-
cause of the elimination of laundering. However, cloth clothing is used
especially in areas where there are materials which aere easily ingited.
Normal uranium is much more pyrophoric than alloys of depleted uranium
with molybdenum. As more ALC licensed commercial laundries ave established,
consideration will be given to utilizing cloth protective garments more
extensively.

All personnel provide their own shc :s but must use protective covers
which are stored at the entrance to the uranium area. Tests have shown
that any material adhering to the shoes is rapidly worn off in walking
between buildings but care must be exhibited to prevent contamination of
low level counting laboratories, located throughout an installation. Con-
tamination of the ground would not be a health hazard but would impose
difficulties in sensitive work.

Exhaust Ventilation and fir Cleaning

To maintain the level of ai:rborne particulate uranium below the in-
plant maximum allowable concentration, all processing and machining opera-
tions should be provided with local exhaust ventilation. The degr:e or
extent of ventilation varies with the nature, amount, and method of re-
lease of the contaminant. Consequ' ntly, no single method of control can
be recommended. Effective control of airborne contamination, nevertheless,
is predicated on good ventilation design. Exhaust systems, therefore,
siould always be designed by qualified ventilation engineers.

The theory of control depends upon the creatior of an alr flow past
the point of release of the contamination causing the air and contamination
to flow into an exhaust hood. The shupe, position, size, and other design
factors of an exhaust hood will depend on the specific operation to be
ventilated. A cormon approach to the leciyn of such hoods is to picture
the operation as being totally enclosed and then to provide openings for



access and Jperation as required to perform the task. Openings should be
kept to a minimum, both in number and in size and whenever possible posi-
tioned such that they are out of the natural path of release of the contam-
inant. Controlled air velocities through these openings should be main-
tained at 100 to 150 linear feet per minute per square fuoot ©o? open area.

Exhaust systems for control of airborne uranium dusts ere usually of
the high volume, low pressure type. The system consists of the exhaust
hood, the associated duct work, an air clesning or filtering device and
the exhaust fan. Each of these four sections of the system must be de-
signed or selected to accomplish effective control.

Prior to release of the captured contamination to the outdoors, con-
sideretion must be given to the degree and type of air cleaning to be per-
formed so as not to exceed permissible levels out-of-plant. Air cleaning
devices fall generally into two groups: air filters and dust collectors
both of vhich are uselful in removal of captured uranium dust in exhaust
systems. They may be used individually or in series depending up~n the
amount of dust or “dust loading" to be handled. For low dust loadings up
to three or four grains per cubic foot, the air filter type is generally
used. In operations involving heavier loading, (e.g. 5 to 20 grains per
cubic foot), the air cleaner is usually of the dust collector type.

Selection of the air cleaning equipment will include factors such as:
(1) Concentration and particle size of the contaminant.
(2) Degree of collection or cleaning required (collection efficiency).

(3) Characteristics of the air or gas stream (temperature, water
vapor content, air volume, etc.).

(4) Characteristics of the contaminant (specific gravity, wettability,
abrasiveness, etc.).

(5) Method of dispcsal of the collected material.

The most important factor from & health and se.fety point of view 1s
the degree of collection required or the collecting efficiency of the air
cleaning device. Because the exhaust system finally discharges the control
air to the outdoors, it is of extreme importance that this discharge itself
not become a source of out-of-plant or community contamination. The degree
of collection will depend to some extent upon plant or site location, 1i.e.
its proximity to other irdustrial or residential buildings. OConsideration
must be given to local municipal and state air pollution codes and ordi-
nances in addition to USAEC permissible limits. Most commercial industrial-
type air cleaning equipment does not achieve the degree of collection re-
quired to meet the USAEC limits for out-of-plant airborne uranium. This 1is
due mainly to an inability to capture the extremely fine particles, i.e.
particles below 1 micron diameter. Experience has shown that to achieve
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these 1limits, primary filtration on dust collecting equipment usually must
be followed by seccndary filters possessing a high filtration efficiency

for fine par ticles.

These filters can be ot the so-called 85, 95 or 99.9+ percent effi-
ciency type. Several manufacturers now market these filters under various
trade names. The percents usually refer to their collecting efficlency
for varticles of 0.3 microns diameter. Selection will be based upon process,
health aspects, plant location and permis ible limits. Evaluation of the
total system 1s accomplished by sampling the operations and the discharge
air with subsequent analysis by counting or chemical techniques.

Decontamination

Equipment. All tools and equipment used are decontaminatcd by stan-
dard degreasing technigues. Those items which are difficult to decontam-
inate are sent to the health physics laboratory and are pia. ! in an ultra-
sonic cleaning bath. This method has been most effective. Touo. 8&re
decontaminated when they are to be transferred to a non-radiation area.
Snift supervisors have the responsibility of checking all tools before
they are transferred. Worn or broken tools that are not to be used again,
or items which cannot be economically decontaminated, are disposed of by
health physics personnel.

Personnel. Good personal hygiene 1s the main protection for personnel
who work with uranium. Personnel are required to wash hands and face be-
fore leaving any radiation area. 1In the case of those personnel working
with vacuum furnaces, a shower is required immediately after completing
the job. Protective clothing is not allowed Hut of the radiation areas.
Table XXIV lists personnel contamination limits.

Pyrophoricity of Uranium

Under certain conditions uranium is an extremely pyrophoric material
similar to magnesium, titanium and zirconium. Though experiments have
shown that it is c¢xtremely difficult to obtain the proper conditions for
large pleces to ignite, there have been several instances reported of ur-
anium stock 1ignited spontaneously. The main fire problem is with chips,
shavings and turnings, which ignite readily and burn with an intense heat.
The heat generated by a small pille of burning chip. 18 intens.: enough to
buckle a one-half inch steel plate suspended over the pile. Obviously, if
such a material were allowed to burn uncontrolled within a building, severe
damage would result.

Procedures tor Fire Prevention.

(1) Fire regulations prohibit the accumulation of fine uranium scrap
within a building. All such material ic removed at the end of each shit.
and transferred to a segregated uranium storage area by fire department
nersonnel. This area {s usually located in an open field and surrounded
by & chain link fence with suitable warning signs (See Figure 21).
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TABLE XXIV

OCONTAMINATION LIMITS

Limit
Smear Light
Max. Allowable in a/w* for
Surface Activity Rate/100cm? 100 cm?
Skin of body - alpha 150 a/m 3¢
beta 0.1 mrem/hr 200
Hands+ alpha 150 d/m 30
beta 0.3 mrem/hr 200
Personal Shces alpha 300 d/n 30
(Outside) beta 0.6 mrem/hr 200
Issued Shoes alpha 300 d/m 30
(Outside) beta 2.5 mrem/hr 1000
Personal Clothing alpha 100 d/m
beta 0.18 mrem/hr
Issued Clothing alpha 150 4/m
beta 2.75 mrem/hr
Laboratory Areas, alpha 300 a/m 30
Tools beta 0.25 mrem/hr 200
Unrestricted Areas, alpha 300 4/m 30
Items to be sent *o beta 0.05 mrem/hr 300

shops, etc.

# d/m - distitegrations p:r minute

+ Surface area is considered 100 cn?, except hands where the area con-
sidered is the entire hand.
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(2) To prevent locel ignition in machining areas, extensive quanti-
ties of coolant are used. The machinists are instructed to keep chips and
turnings submerged or wet with coolant while they are in the machine bed.
Small fires which do start in lathe beds are easily extinguished with a
"Metal-X" type powder and in many cases the machining operation is not in-
terrupted.

(3) If fires start in scrap barrels inside a building, the nearest
personnel apply Metal-X type powder and the barrel is then moved outside
the building. The fire department completes the extinguishing of the fire
with 8 fine spray of water. The water filled barrel will continue to
bubble hydrogen gas for some time and must be watched closely as the hy-
drogen might reignite. If u fire starts in an outside storage area, the
barrel is segregated from the main area and allowed to burn itself out
under the surveillance of the fire department.

Factors Affecting Uranium Fires. The conditions necessary for spon-
taneous or unpredictable ingition cf uranium are not fully known. The
significant factors influencing the character of a uranium fire are listed
below:

(1) The inherent reactivity of the active substance and the heat
released per volume of reacting material.

(2) The specific area of the reacting particles.
(3) The physical and chemical coupling among the reacting particles.

(h) Subsidiary heat producing reactions, such as the combustion of
hydrogen.

(5) The cooling ard oxidizing potentials of the environment.

Waste Disposal

Uranium waste generated in various machining and fabrication areas
is shipped to a segreguted storege area within the installation for dispo-
gsition. It is the responsibility of all supervisors of radiation areas to
gsec to it that this type of material is not allowed to accumulate and cause
contamination problems or fire hazards.

The waste scirap is burned periodically in an open trough type incin-
erator. An ordinary match is sufficient to ignite the material. After
the material has completely burned to an oxide and been allowed to cool,
the residue (oxide) is shovelled into an approved thirty-gallon steel
drum. When the drum is full, it is sealed and shipped to Oak Ridg., Tenn.
for burial under the guidance of the SS Accountability Officer. Uranium
scrap will not be accepted at Oak Ridge if it is in a potentially pyro-
phoric state.
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Althougl. the burning operation itself 1s safe when performed as pre-
scribed, the shovelling and packaging of the residue is potentially hazar-
dous because of possible inhalation of par.iculate matter by personnel.
Protective clothing and respirators are provided to all personnel involved
in handling of the oxides.

Small dumpster-type contalners may also be used as incinerators for
ursnium scrap. Newly arrived scrap 18 burned on top of residue from prior
scrap fires until the container i1s tilled with residue. A steel cover {s
then welded on the dumpster and it is shipped for burial. This method of
disposal eliminates the potertially hazardous shovelling operation and re-
duces the number of handling operations.

The exteriors of all contaiuners are checked for rewmovable contamina-
tion by wipe testlng. The limits tor fixed and removable contamination are
specified in Watertown Arsenal Manual of Administration 2-7TO0O001 Sec. 12.2.
Whatmar 41 filter paper is wiped over a 100 cm“ area and a wipe analysis
1s performed at the health physics laboratory. After the contalners are
wipe tested and the results evaluated, the barrels are labeled and prepared
for shipping in accordarce with AEC and ICC regulations (See Figzure 22).
Record of all radioactive waste disposul i1s maintained by the Health Physics
Branch in accordance with the 10 CFR 20,

Transportation

General.

(l) Depleted uranium metal is a Class D Poison, Group I or Group II,
as defined in paragraph T3, 391, T. C. George's Tariff 13 and Title L9,
Parts T1 to T8, Code of Reguletions, and must be packaged, marked, and
labeled accordingly.

(2) If & government vehicle is used to transport this material,
Municipal, State, or Federal Rerulations and restrictions imposed by the
various Army Area Commanders must be complied with.

Transportation of uranium component parts assembled into an item
which possesses a greater hazard, (e.g., ammunition containing explosive
material) must mee* the requirements of the ICC for packaging, marking,
labeling, and handling as provided for items into which the depleted
uranium component 18 assembled, in accordance with Title 49, Parts Tl to
78, of the Code of Federal Regulations.

Air Transportation. Transportation by passenger air cargo aircraft
18 regulated by T. C. George's Tariff 13 and Title 49, Parts 71l to 78,
Codes of Federal Regulations. 2~ mlations more specifically applicable to
air transportation are contained in Civil Aeronautics Manual Part 49 and
App ndix A, B, and C "Trensportation of Explosives and Dangerous Articles",




HANDLE LY
RADIOACTIVE MATERIAL

CLASS-D POISON Group | or il
Mo persas shali remain withie J feet of this container sasecessarily

Do not place undeveloped film within 15 feet of this container

Princips! radicactive content
Activity of contents )

Badiation units from package No
Not more than 40 units shall be loaded in one car or one
motor vehicle or heid at one location

This is 1o certify that the coantents of this pa-.omrc-ﬂV/

described by name and are packed and marked sad are
in proper cond tion for tramsportstion sccording

10 the reguistions prescribed by the inter
\ state Commerce (ommisston

Shipper's name required
hereon for ship-
ments by
EXPRESS

This is to certify that the

above named articles are properly
descrited, and are packed and
marked and in proper ccndition
for transportation according to
the regulations prescribed by

the I1.C.C.

date name:_____

URANIUM SHIPPING LABELS
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First Aid

All wounds, whether lacerations, abrasions, or ulcerations occuring
while working with uraniwu, are treuted by conventlonal medical techniques.
It 18 good practice to wash out any wound until it is free of foreign
matter. Consequently, it is sutely assumed that any uranium which might
contaminate the wound would be cleaned out. The discretion of the medical
officer as to whether a wound is free of radioactive material is relied
upon. The health physicist might be called upon to check the wound with
an end-window probe that is extremely sensitive to small amounts of uranium.

In the case of suspected internal overexposure, the individual should
be dealt with in accordance with AR L0O-582.

First aid kits are not provided in the uareas, as it is felt that bet-

ter medical attention can be obtuined at a dispensary, under the supervi-
gion of the medical officer and qualitfied industrial nurses.

Surface Preparation (Health Hazards)

In the cleaning of uranium metul surfaces, dilute nitric acid (6N) is
commonly used as & reagent. Cuution must be practiced to prevent the use
of more concentrated mixtures becuuse nitric acid and uranium may react
witn explosive violenc:. This is especlally true of chips and turnings.
If uranium is to be disolved in dilute nitric acid in quantities greater
than 5 grams, then it must be added to the acid a little at a time.

Section 3 - Record Munusgement

General

An accurate, current, record nanagement program is required to provide
the necesaary data on exposure dosage, bloassay results, radiation survey
instrument calibration and repuair, wipe tests on sealed scurces, and radia-
tion source inventories. Department of Army regulations require but one
form (DD Form 11L1) be used to reco'd personnel exposures. The USAEC
utilizes two forms: AEC Forms U4 and 9. "Occupational External Radiation
Exposure History" and "Current Occupational External Radiation Exposure".

Watertown Arsenal has developed & record-keeping system which is a
modification of the Remington Ranud "Kardex" Visible System. The system
has three categories: (1) A Health Physics Roster, (2) an 1sotope record
system, and (3) Radiation Survey Instrument Records.

Health Physics Roster

This roster 1s composed of two cards, & personal history card (See
Figure 23) which includes the individuals medical histary, t1d a yearly
exposure 1ndex (See Figure 2L). Cnanges or additions to the roster are
made using the form shown in Flgwue 25.
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The personal history card includes such information as year.y exposure,
medical X-ray record, education, exposure areas in which the individual has
worked, etc.

The prescribed military and AEC forms do not readily lend themselves
to a quick check of an individual's exposure record as it would be necessary
to check through each medical history folder sejparately. Furthermore, it
would be difficult to note any correlation between two or more individuals'
exposure. This correlation is especially useful where control of personnel
exposure in a particular area is in question. For example, if two uranium
foundry workers were receiving similar exposures from one film badge per-
iod to another, one might investigate their method of operation and take
the necessary measures to correct the situation.

The yearly exposure card i1s provided with a colored sliding index of
the individuals current total exposure. This card lists film badge number,
exposure for the period during which the badge was worn, and total ex-
posure to date. All cards are gro'ped by work ereas to provide a cross
reference of one individual to another. Any exposure noted on either a
wrist or ring film badge is also recorded on the card. Another section of
the card includes an index of the individual's bioassay data.

Isotope Record Card

The isotope record card showr. in Figure 26, contains the data necessary
to maintaiu .control of radioisotopes: data covering the use of the par-
ticular isotope, inventory, wipe test results, and waste disposal records.
Also, the bottom of the card has an index containing the name, isotopic
number, initial activity, and location of the isotope.

Radiation Survey Instrument Card

This card serves several purposes. It is used to inventory all survey
instruments. On it 18 recorded calibration and maintenance data, make and
model numoer, and tube and battery type of the survey instrument (Sec
Figure 27).
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