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FOREWORD 

This document, sets out a eliort history of the development of uraniua 
as an engineer!nf1; nuiterial and  Includes  the  current practices of Water- 
tovn Arsenal regarding materials processing,   accountability,   and health 
and safety.     IXirlng  the early development of uranium as a nuclear  fuel, 
Interest vas 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 Annv materiel. 
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CHAPTER I 

INTRODUCTION 

Purpo ae 

The purpose of this document Is to present the multi-yarled 
experiences of Watertown Arsenal and Its Laboratories regarding the 
production,  fabrication,  handling, utilization,  control, and safety 
considerations of natural or depleted uranium. 

Background 

Massive uranium Is 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 radioactive and also 
will not support a nuclear chain  reaction.    It has to be enriched in one 
or more of Its Isotopes for use in reactors and atomic weapons.    This 
document will not discuss highly enriched uraaium, but rather will treat 
only the utilization of natural or depletad uranium (i.e., uranium from 
which the fissionable Isotope has been separated). 

Because of Its several  ^uiique properties,  uranium has been found to 
be particularly suitable for certain applications such as spotting roundt 
for ordnance and as counterweights in Army aircraft.    Applications are 
based primarily on uranium's high density;  it is almost two and a half 
times denser than steel and more than one and a half tlmas denser than 
lead.    In addition,  It can be readily alloyed,   worked, and machined. 
Heat treatment yields 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 Enerpy 
Commission licensed uranium is a necessity, h it It is no problem when 
good bookkeeping practice is employed. 



CHAPTER II 

PROPERTIES OF URANIUM 

Section 1 - General 

Qeneral Properties 

Uraniuin is B typical metal.    It is opaque,  reasonably malleable, 
and a moderately pcod conductor of hea.1 and electricity,    A freshly 
prepared, clean surface of the /natal exhibits a silvery-white metallic 
luster, but the surface acov starts oxidizing and the surface color 
changes from silver-white to prber, dark brown,  and finally to blacV with 
a uranium dioxide (UOo)  coating.    It has a high density, about 19 grains 
per cubic centimeter (0.686 pounds per cubic inch) in wrought material; 
this makes it almost as dense as gold and about 1.7 times denser than 
lead.    There are three allotropic crystalline modifications of uranium 
called the alpha (orthorhombic) 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.    Tu 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 - Radiation Characteristics of Uranium 

General 

Natural uranium contains three different kinds of atoms (isotopes ) 
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 the central nucleus of the atom. Table I shows 
how these three isotopes differ. 

The first stages of the uranium isotope decay aeries are given in 
Table II. Th^ 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 Th23ii (UXi) and Pa23l; (UX2) which are emitters of energetic beta 

An isotope is one of sevexal kinds of a single element having the same 
number of protons in the nuclei but different numbers of neutrons; hence, 
different atomic mass numbers. 



Isotope Abundance 
(percent) 

U238 99-3 

U235 0.7 

U231* 0.0C5 

TABLE I 

ISOTQPIC OOMPOSTTION OF NAOURAL URANIUM 

 Wuclear Conpoaltion»         Half Life 
No.  of protons - No. of neutrons (years) 

92 lli6 4.5 billion 

92 1U3 TOO million 

92 lU2 ZkO thousand 

♦Hie number of protons (or nuclear charge) plus the number of 
neutrons equals the atomic mass number,  i.e., U2J5, and U23^. 

TABLE II 

RADIOACTIVITY DECAY SERIES OF URANIUM ISOTOPES 

u238 .    aiL    >        ^234   ßy w       pa23'»       Bv      .     U234    arY k 
i».5xl09y»/ 24.1d   ^^ 1.175ra  ' 2.5xlO>y^ 

"235    l^y v       ^231    ^T v       P^l    ß.Y       v     Aci27  Q.Y        y 

TxlOÖy 25.6hr 3.,*xl04y 21.6y 

U231»     a iY ^        lh230       a,Y v       Pa226     a .Y       v     I>n222    a .y       v 
2.5xl05y ' S.OxlO^y l622y 3.82d 

♦y = years 
d - days 
m = minutes 

hr ■» hours 



and gamma radiation,  the presence of which Is readily observed by merns 
of an onJnary survey meter. 

The number of protons (the atomic number)  for each Isotope is 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 is th(j elapsed time for half of the atoms in a sample to 
transform into atoms of another kind of chemical element and 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, u236 will fission, u238 alone cannot be used to 
support the multiplying chain reaction required in a nuclear weapon or a 
nuclear reactor.    U^5,  on the other hand,   is easily 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 radioactive and the process may continue through several 
steps until a stable element is formed.    As indicated by their half-lirea 
(Table II) must of the uranium isotopes are only mildly radioactive; 
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 hazard 
unless it is ingested into the body.    Some of the daughter products are, 
however,  highly radioactive and may present genuine hazards.    Once the 
uranium has been 3eparated from the ore and cor.verted into the pure metal, 
in the form, of barstock,  the radioactivHy no longer presents a serious 
health hazard.    Depleted uranium metal nevertheless is almost as radio- 
active as pure natural uranium 'iement.    In a very few months both 
depleted and natural uranium contain daughter products from the iecay of 
UoS 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 is melted.    The slag of a uranium melt mw contain the separated 
decay products and be hazardous unl ,>ss precautions are observed. 

Purified uranium metal that has been allowed to stand around for 
about six months is now In secular equilibrium wit'   the only Important 
daughters,  Th?-3h and Pa^lh,  and the radioactivities that are observed are 
alpha-particle ( a )  emisElon by both U^™ and U^^a a^d the beta-particle 
( ß ) emissions of both Th^3a and Pa^a and their accompanying weak gamma 
(Y )  rays.     The strongest activity escaping from the surface is  the 2.32 
Mev bota-partlcle of Pa^u.    ^o 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 2U0 milllrads per hour which  is 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. 



ClaaalfJcation 

Natural uranium (which contains 0.7 percent 1)235)  or concentrated 
\}235,  tha'   has been separated from u238j  jg required to make a nuclear 
chain reaction occur.    The separation of 11^35 from the more abundant U^ö 
has been accompüished at the plants of the U.  S. Atomic Energy Commission 
and elsewhere to supp  rt the world-wide atomic energy program.    u23u 
occurs to too small an extent to make its use possible.     The separated 
Isotopes have been ^iven code names to identify and distinguish them from 
the natural  element which is often referred to as "niBALLOY. 

23b' 0RALL0Y is uranium material that has a higher U        content than the 
natural element.    The degree of enrichment is represented by a percentage 
figure,  Indicating the proportion of U235#    So-called highly enriched 
ORALLOY, used as fuel In many nuclear reactors contains in excess of 
93.5 percent ü235f    A bare 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 moderator and enhances the tendency to fission, the weight of 
the sphere la reduced to about I4O pounds; and If the ORALLOY is subdivided 
to an optimum size and surrounded by water, only 1.76 pcinds are needed 
to exceed a critical mass.    Great care must be exercised in handling 
ORALLOY to avoid a configuration that produces a critical mass.    ORALLOY 
also contains up to 2 percent of U23uf that is separated with U235 from 
the natural uranium. 

DEPLETAUOY or D-38, on the other hand,   is the uranium residue after 
the U235 has been extracted:  it is 11^38 t|iat contains much less than the 
original 0.7 percent of U235#    Depleted uranium or DEPLETALLOY is 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 uranivui 
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 i»i Table IV. 



TABLE III 

PHYSICAL PROPERTIES OF PURE URANIUM ♦ 

Melting Point 1132 ± 0.8#C (2070.U ± l.^F) 

Boiling Point 38l8#C (ö^^'F) 

Cryatal atructure 

alpha phase - room teiqp.  to 662*0 (l225'F)  orthorhcaiblo 

beta phase - 662 to TT^C (1225 to lU20#F),  tetragonal 

gamma phase - 77^ to liyz'C (lk20 to 2070#P), body centered cubic 

Density 

alpha phase - 19.07 gm/cc at 25*0 (0.688 Ib/cu in at 77#F) 

beta phr.se - 18.13 gm/cc at 700*0 (0.65^ Ib/cu In at 132e*F) 

gamma phase - 17-91 gn/cc at 800*0 (0.653 Ib/cu In at iWJl'F) 

Coefficient of Ihermal Scansion 11.37 (30* to 1,200#F) 

(ln./ln./#F x 10"6) 

ThenBal Oonductlvlty 0.071 (cal/cm/sec/'C) at roc« temperature 

0.112 at 8l5*C (1500#F) 

«For references see page 9? 



TABLE IV 

MECHANICAL PROPEFTTIES OF ALPHA PHASE, UNALLOYED URANIUM 

TEMPERATURE 

 Property Room Tenp.     370'F(299*C)    930*F(U99*F) 

Ultimate teneile strength,   kel 56-96 35 U 

Yield  strength (0.2^ offset)   ksl 24 - 38 l8 •> - 7 

Elongation (total)  ^t 6-12 33-49 hk - 6l 

Modulus of Elasticity 22-29 l6 lh 
(10^ pel) 

Hardness (VHN)                                              255 10k k6 

8 



Section k  - Chemical Propertlea 

General 

Metallic urrnlum is an active metal falling in the electrochenlcal 
aeries between beryl] i\ijn and manganese.    It is much more reactive ii. 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 numerous common compound 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 its 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 2^0oC (Uö2*F),  a gray to black powder, UH3, readily forma.    Both the 
hydride and the metal powder are pyrophoric and hazardous.    If it la 
heated to higher temperatures in a vacuum or inert atmosphere,  it decoa- 
poses to finely-divided, metallic uranium and hydrogen.    This process Is 
used to convert solid barstock to uranium powder for various chemical or 
metallurgical purposes.    Finely divided uranium Is an excellent 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 explosive 
violence to a more concentrated nitric acid.    When more tlian 5 or 6 grans 
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(N03)2.6H2O. 

Uranium can form compounds in various states of oxidation as represented 
by its oxides: UO, UO2, U3O3, and UO3.    It also forms an orange peroxide, 
UOi4.2H20. 

Pyrophorlclty 

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

Original condition Shiny, 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 merely 
glows as the oxidation progresses rapidly along the length of the turning. 



Thr black oxide, 1)30^,   if formed,  and It partially flakes off.     When 
relatively thick  turnings are Ignited,  a core of unbumed metal  la often 
left Inside,    The oxide formed \inder auch  conditions contains as much aa 
a half percent of nitrogen.    Complete oxidation la ensured only after tne 
reaction    products are ignited  In a muffle furnace at 700 to 1000ÖC 
(129? to 1832*F)  or over a flam.- for one hour, and the oxide formed Is 
nitrogen free.    Maaalve lumpa of uranium are slowly oxidized at  ^OO to 
700oC (932 to 12920F). 

Powdered uranium la pyrophorlc,  glowing bright orange while burning. 
A study conducted at the Argonne National Laboratory has fhown that there 
is a wide variation in the ignition behavior of uranium specimens  fron 
various sources,  and a strong sensitivity to the metallurgical history of 
specimens from any single source.    With respect to beta-quencaed uranium, 
as-cast uranium exhibited significantly higher oxidation rates and lower 
ignition temperatures  than other forms.    This being the case, precautions 
must be taken to avoid spontaneous ignition of turnings and other scrap. 
If feasible,  all scrap should be burned as soon as possible after being 
generated, to convert it to U3OH,   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,  is a relatively soft,   ductile, 
low-strength 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 improved by hot working, heat treatment,  or a 
combination of both.     Typical of these alloys is the 8^Mo-l/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  la desired. 

Alloying Characteristics 

The alloying characteristics  of uranium can be grouped on the basis 
of similarities evident In the phase diagram.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-Ti'::',  and U-Zr.     Equilibrium diagrams are available for a large 

The alloy phase UpTi  has also been  found  In  this system. 

10 



number of uranium alloysS.    The iaothermal transformation kinetics of a 
limited number of alloys have also beer, determined.    Reference ia made 
to these data  in establishing heat-treat scheaulea and investigating new 
alloy compositions. 

Section 6 - Heat Treatment 

General 

One of the chief alms of alloying and heat-treating uranium la to 
achieve a more stable structure.    Another important aim is to produce a 
stronger and more corrosion-resistant material.    Qrowth 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 Is possible to prevent auch harmful growth. 
This can be accomplished by working the uranium in the alpha region followed 
by annealing in the beta region. 

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

The U-8^Mo-J-50^Ti and the U-10.^Mo are high-strength, high-density 
alloys.    The heat treatments applied to the different classes of alloys 
vary depending on the results sought,     drain refinement is produced in 
beta stabilized U-Cr alloys by a quench and temper treatment at SOO*C 
(9320F).    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 baaed on the intermetallic com- 
pound structure. 

Table V lists the mechanical properties of a number of the more 
common uranium alloys investigated.     Such alloys are normally melted in 
induction or arc fumacep ur.der inert atmospheres or vacuum.    Crucibled 
and molds are prepared from refractory oxide or oxide-coated graphite. 
Castings are heated in protective atmospheres or aalta for subsequent 
processing. 

11 
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CHAPTER III 

FABHICA'nON  AND FXNTSHING OF URANIUM 

Section  1  - General 

General 

'JTie application of uranium alloys has arisen   largely out of a  special 
neerl   Cor M gh denelty  (•omponents.     For example,   In  some  ballistic  pro- 
jectiles,  hlgli density   Is a   fundamental  requirement   for the attainment of 
a  suitable  ballistic coefficient,   and thus uranium alloys are useful as 
spotting rounds.    Another  pos6lbl<   application  Is  in armor plate which  is 
required to  {»erforrn the  dual    function of resisting both   ballistic  pro- 
jectiles and gamma radiation.     In   this case,   the hl^i attenuation  for 
gamma radiation by uranium might  be  utilized.     A third  posjible application 
Is  In high  density armor  piercing  projectiles.     Thus the ever increasing 
supply  of depleted uranium  is  of general  Interest  tj the Army. 

Property  Requirements   for  Applications 

The  previously mentioned applications have general mechanical property 
requirements as  follows:     spotting rounds - high density and relatively 
hl^i  strength  together  with adequate 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 rm st have the capability to respond to known 
methods of metallurgical  engineering by which a given set of mechanical 
properties  may be attained with reasonable accuracy and  facility.     In 
particular  It  is desirable that they rospond to thermal treatment to the 
extent  that  it  Is possible to obtain the most   formable or  fabricable 
condition  for manufacture,  alter 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 
resirLance  to the  normal   ambient  storage atmosphere. 

Processing  Procedures   for Uranium Alloys 

Raw Uranium.    'Die raw uranlu/i   used  for  composing alloys is the  so- 
called dingot   (i.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.    Or» of the  principal limitations   is the carbon content 
which  should not exceed  IJjOppm for  the retention of ductility.    The dingot 
(or derby) as obtained  from the  primary reduction process,   is scalped and 
farther  processed as required.     This processing may consist of breakdown 
rolling or extrusion to obtain  stock of desired  size  for re-meltir.g,  or 
the  entire  dingot  (or derby) may  ne  re-melted  and alloyed. 



TABLE VI 

TYP7CAL ANALYSIS OF DINOOT URANIUM STOCK 

Elemc nt Content(ppm) 

C 100 

Fc 15 

Nl 30 

Cr 2 

V 20 

Si 30 

Al 10 

H 1 

N 10 

Element Content(ppra) 

Ca 20 

Mn 2 

Co h 

Cu 15 

Mg 2 

LI 0.2 

Be 0.2 

B O.li 

0 20 

Ik 



Multlng oT Alloys.     Vacuum Induction melting Is the general technique 
employed.    The elemental  alloy  conetltuents are  charged In a magneaia 
crucible,   induction melted  In  vacuum,  and then  jxDured in vacuum into a 
phocphate-bonded zircon mold.     An alternate mold-crucible material iß 
graphite vrith a refractory coating.    The  crucible and moir  materials 
have been chosen by experience as those that  ^eatst contaminate the melt. 
The   ingot  iß then scalped and   further processed as required. 

Breakdown Operations. 

(l)    The  rralped ingot  is generally subjected to mechar icjtl 
breakdown by either rolling,   forging or extruding.     The wrou^it product 
1B   then  the base  material   from which  components  are  manufactured. 

{',')    Sxtx'usion   is most commonly used as the breakdown step in 
producing ordnance components.     For this the  ingot   is  sheathed in copper, 
either by  flame  spraying,  or  conventional canning.     In the latter  case 
the  can may or .nay not be evacuated.     Extrusion takes place in the beta 
phase at  temperatures of the  order of I65O F (900 c).    Conventionai 
graphite  lubrication  is  employed at the die opening.     The copper  sheathing 
serves as an oxiuatlon 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 
manufacture of the component  may be accomplished. 

Review of the Physical and Mechanical Metallurgy of Uranium Alloys 

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

The uranium-molybdenum series of alloys have been of greatest 
Interest to Ordnance because of their relatively good corrosion resist- 
ance,  relatively hi gji density,  and attractive mechanical properties. 
Though  alloys of 2 to  12 percent molybdenum content have been considered, 
only those containing 8 percent or more 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 exist as metastable gamma 
phase whereas alloys having less than this amount transform to alpha 
phase.     Columblu.n as an alloying eleme.it also retards the gamma to alpha 
transformation.    The time-temperature-transformation curves for both 
alloying elements are known and may be used as  guides  for thermal 
treatments. 

The general metallurgical  phenomena which  the engineer seeks to 
employ  for development purposes are solution strengthening,  dispersion 
strengthening, and martensltic  strengthening.    As yet,  the latter proc<»ßs 
has  not  been detected in uranium alloys.     Dispersion strengthening may 
take place by partial transformation of gamma to alpha phase ov by the 
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appearance of a third phase  In fire  dleperBlon.     Alloying elements associ- 
ated with the  latter are titanium and aluminum or any other which  Is known 
to  forrr. intermetallic compounds wiy    uranium.    Solution  strengthening takes 
place by simple  substitutional or Interstitial alloying wltn uranium. 
Alloying elements associated therewith are molybdenum,   columblum,   zirconium 
and vanadium.      "evelopmental efforts have produced several promising alloys, 
some of which  are listed  in Tables   VII,   V^TI,  TX,  and X.     These alloys ore 
designated by a  reference  number and  nominal composition.     Thou^i in many 
cases the  data are  preliminary  in nature,   it  is apparent that  some uranium 
base alloys  •promise to afford high  strength, hi^ hardness materials which 
also may be heat treated to  conditions of lower  strength but higher 
ductility (üeo  Table X.) 

Section 2  - Melting and Casting 

General 

When heated,  uranium reacts with many elements and compoundp 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 sui*faces by which  it would be  contaminated.     Another general 
consideration  is that radioactive  "dau^iter"  products  segregate during 
melting and casting;  they are  found mostly in crucible residues and on 
surfaces of rougji  castings.     This  segregation 1 s so 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.^ 

Melting 

Uranium is ordinarily  induction melted in vacuum (See  Figure l) and 
either tilt-poured or bottom-poured directly Into the molds.     In tilt- 
pouring,  a refractory lining such as magnesium oxide  (MgO) is most con- 
venient r.nd wl"1! yield metal of hi^i  quality.    They can be used with 
giaphite molds ^or cereurdc uolds° with equal effectiveness.     Either 
graphite or    MgO    linings can be used in standard steel melting furnaces: 
however,  It  is  desirable to keep the :nelt temperature below 20OO F (153^ C). 
The MgO lining will react with uranium above this temperature increising 
the oxygen content,  the amount of slag,  and also evolving magnesium vapor. 
Molten uranium above 280O F will react strongly with a graphite crucible 
and cause erosion of the crucible.   This results in an increased carbon 
content of the  melt. 

Uranium alloys i^adily with many other elements;     titanium,  molybdenum, 
columblum,  and zirconium all go into  solution readily and furnace losses 
are   small.     It  is standard procedure to heat to 2750 F  (1510 C) to Insure 
solution and homogeneity of the melt,  and then cool to the tapnlng temper- 
ature,  which  is 100-200 F  (3T.8-93 C) above the liquldus of the alloy. 

The vacuum melting operation is unique in that the daughter products 

16 



TABLE VII 

SOME MECHANICAL PROFERTIES OF U-Mn BASE ALLOYS 

V-Notch 
Charpy 

Tensile Properties at Rootn Temperature Impact 
Nominal Ccniposltlon Y.S.   .If T.S. Elon. R.A. at -UO'T 
and Heat Treatment ksl ksl w . (i) (ft-lb) 

U-^o 

As  Extruded 81.5 166 10 li*.0 M 

Solutionlzed and 
Quenched 89 m - - 7.3 

U-8^Mo 

As Cast 125 128 5 12.6 3.0 

As E)ctruded 1^3 11*6 14 53.0 5.^ 

U-8^Mo-0.5^Tl 

As Extruded 1U9 165 11 32.8 3.2 

U-8^Mo-l#ri 

As Extruded I5h 156 12.9 38.0 2.8 

U-U^o-2^Cb-2^Zr-2^Tl 

As  Extruded iko 171.5 7.3 25.5 U.2 
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TABLE VIII 

SOME MECHANICAL PROPERTIES OF U-Cb BASE ALLOYS 

V-Notch 
Charpy 

Tensile Properties at Roan Temperature      Impact 
Nominal Composition        Y.S     -Ifa      T.S.         Elon.        R.A.               at -^O'F 

and Heat Treatment ksl ksl jj) [Q (ft-xb) 

\J-h<fCb 

As Extruded 152-5     175     3     5        M 

Solution!zed and 
Quencbed 3Ö.5     1Ö9    20    19-1      12.1 

U-U^Cb-0.5^ri 

As Extruded 157-5 22U - - U.k 

Solutionlzed and 
Quenched 30 l62.6        28.6        32.6 15.5 

U-ftyCb 

As Extruded 78.9 ^95 7-9       - 7.3 

Solutlonlzed and 
Quenched 37 117.^ 28.6      5Ö.1 17.1 

U-8^Cb-0. 5^T1 

As Extruded 78      162      9    ^7        3.6 

Solutlonlzed and 
Quenched 96      135     12.9  ^ 5      6.U 
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TABLE IX 

SOME MECJIAIUCAL PROPERTIES OF U-Zr BASE ALLOYS 

Nominal Composition 
eaid Heat Treatment 

V-Notch 
Charpy 

Tennlle Properties at Room Temperature    Iß^4Ct 
Y.S.   .1%     T.S.        Elon.      R.A.              at -iiO-F 

ksl ksl (f.) it) (ft-lb) 

U-l$Zr-1.75^Cb 

An Extruded 163 

Solutionized and 
Quenched llU.5 

U-6^7.r-l.T5ltob 

As Extruded IW.S 

Solutlonlzed and 
Quenched 121 

U-U^Zr-l.T^^Cb-l^Ti 

As Extruded 190 

Solutlonlzed and 
Quenched 72.5 

U-6^Zr-1.75^Cb-l^Tl 

Solutlonlzed and 
Quenched 99 

275 

lU8.^        263 10 

218 

ZkU 

7.3 

7.3 

5.2 

6.2 

2.1 

12.U 

196 7.1 8.2 7.5 
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(ist and ?rid decay step) of uranium are brought to the surface of the 
melt and are  found  In  the elag,   the  surface of the melt,  and the  lining of 
the   rurnace.     This radioactive material must be removed.    After  pouring, 
the top surface of the  ingot  Is cropped and the sides are machined under 
local exhaust ventilation  (See  Figure ?).     Observance of health  physics 
rules  is  important  In this operation. 

Patching of the  furnace lining after each  melt results  In another 
hea1th physics  problem involving external radiation and air-borne partlcu- 
late 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  co51. 
Experience has  shown that  if this  should happen especially under  vacuur 
conditions,  an explosion may result,     ohlelding the personnel who perform 
this  job Is difficult  because of the   freedom of movement required  for the 
operation.     Gloves and   lead aprons are unsatisfactory.     One  solution  is to 
use  a movable aluminum  shield which   i ;  placed   inside the   furnace   (See 
Fi ^ure   3)«     Aluminum wat   chosen  since hi^ier  atomic number  elements  produce 
hrtmsstrahlung radiation when exposed to bet;, radiation.    The beta radiation 
associated with  tne dau^iter  products has an effective range of 1100 centi- 
meters  (^33  inches).     This  is more  than enou^i  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  patching 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 
segregated 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  basic  types:     permanent   molds of graphite,  and 
expendable molds of zircon  (zirconium orthosilicate;  ZrSiO^).     The  graphite 
molds can be used bare   in  some cases,   but they  do not  last because the 
uranivm does react and  stick  to them.     It   is  common practice  to wash  the 
molds with a duplex coating of zircon and mulllte  (2Si02.3AI  0- ).     This 
wash  wil]   prevent any  contact between the molten uranium and tne graphite. 
Ic  also  facilitates removal of the  casting  from the mold and  increases the 
life of the molr1.     Expendable molds made of sintered zircon are excellent 
and  very pound castings  can be obtained  in them. 

When graphite crucib1es are used  for casting uranium,  they must  be 
machined after each heat.     Consiaering that  the  crucible  is now contaminated 
with radioactive daughter  products,  the ventilation problem during machining 
operation requires careful  consideration.    Air-borne particulate matter may 
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TABLE XI 

AVERAGE BETA RADIATION MEASURED FROM TYPICAL URANIUM MELTS 

W/yt. of Uranium Avg. Range Measured Avg Measured Beta 
Melt Beta Radiation Dosage Radiation Dosage 

?00 Ibß. 0 .5-1.5 rem 1 rem 

500 Ihn. 1-2.5 rem 1.75 ran 

3000 lbs. 5-15 rem 

TABLE HI 

10 :aii 

C3UMICAL /ND MEQIANICiiL PROPERTIES OF ROLLED U-8^Mo BARSTOCK 

Molybdenum {%) 

Carbon (ppm) 

Iron (ppm) 

Oxygen (pum) 

Hydrogen (ppm) 

Nitrogen (ppm) 

Density gra/cc 

Yield at 0.1^ offset 
(Avg.  of 2 6pecimens)ksi 

Elongation (^) 
(Avg.  of 2 specimens) 

Reduction of Area (^) 
(Avg. of 2 specimens) 

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

7.9 7.98 8.05 

100 50 135 

105 72 77 

23 3^ 11 

0.8 0.5 Not Detectable 

78 51 ^»5 

17.6 17.5 17.5 

130.5 127 131.9 

Ih 13 15 

5C 51.9 53.2 

6.3 5-5 6.8 
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TYPICAL EXHAUST VENTILATION SYSTEM FOR URANIUM MACHINING OPERATIONS 

SHEET METAL-PLEXIGLASS HOOD USED FOR MACHINING URANIUM 

24 FIGURES 2a & 2b 



ALUMINUM SHIELD 

INDUCTION COILS 

FURNACE LINING 

FURNACE WALL 

URANIUM SLAG 
RESIDUE 

CROSS-SECTIONAL VIEW OF VACUUM INDUCTION MELTING FURNACE SHOWING 
USE OF ALUMINUM BETA RADIATION SHIELD FOR PATCHING TOP PORTION 
OF FURNACE LINING 

25 FIGURE 3 



be   far above  the  maxi Turn acceptable  concentration.     A completely enclosed 
ventilating  Bystem should be  used.     A hood enclosure  of a combination of 
sheet  metal  and  Incite   plastic   Is   satisfactory. 

Air   sampJes  taken   in the  vacuum casting area are. evaluutedj for both 
total  alpha activity and total   daughter-product   (Th and Pa       ) activity. 
Two-stage  air  samplers  which differentiate between the respirable and non- 
respirable  particles should be used.     In addition,  a modified cascade 
impactor  designed by the  New  York  Operation Office of the U.   S.  Atomic 
Energy Commission Health and Safety Laboratory  is preferred.    Iliis  impactor 
separates  the  particles  into  five  particle  size ranges.     The  particles are 
fi..ed   inLo  a  progreased  glass  slide and evaluated by  nuclear  counting 
techniques.     The  results are  expressed  in total  activity  per  particle  size 
range.     These  techniques  have   shown  that a  fair  proportior  of the respirable 
parti':ulate  matter   Is   from the  dau^iter  products. 

Heat  Treatment of Castings 

The heat   treatment  of castings  naturally  depend on  the  alloying 
elements used.     As a rule,   "as-cast"   castings are  brittle.     However,   small 
chill  cast  U-8^ Vo alloys  can be  ductile while  small  castings of the   same 
alloy   in  refractory molds are  glass  brittle.     These  alloys   form a brittle 
deHa phase   if they  are   slowly  cooled;   in the 8^ Mo alloy  this phase  can 
be dissolved by  solution treating the  castings at   1^00 to  1600 F (8l6 to 
871  C) and  oil  quenching.   After   solution treatment,   the  castings have 
adequate  ductility  for  most  applications. 

Section  3   -  Hot Working 

Rol'.ing 

TVierr"  has  been extensive  experience and  capability  developed  in the 
rolling of U-8^ Mo alloy  both   in  round and square  bar   form.     This alloy has 
been rolled  witn  a cladding on a  square  uranium Dar utilizing flat  rolls. 
Two  temperatures were utilized,   1300 F (T04OC ) and L^O^ (788°").   'Ihe square 
sections  were  rediced  from l.'^O  In.   square down to  0.50  in.   square. 

It has  been   found  possible   oo  roll   cast uranium alloy billets  2.^0 in. 
diameter   x   l8   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 excellent.     The rolling mill   pass  schedules  consisted of 9 passes on 
cut  rolls  on  a one-high,   2h  In.   rolling mill.     Eight  of  the  passes were re- 
quired  for  reduction and the  ^h   for  sizing and strai^itening.     Due  to the 
relatively   low speed of the rollers,   the barsto K  chilled  substantially 
during passes.     Consequently,   five  to eight reheats were required.     Billets 
were heated   in neutral   salts at   l800 F  (982 C). 

Material   has  also been  processed rolled  from 5*25   In.   diameter  to  1.25 
in.   liameter tuid a  total of seventeen passes were required,     üho 

26 



first  phase of the  pacs   schedule required nine  passes to reduce the 5*25 
In.   diameter billet  tc   3   in'   diameter  at   l800  F  In one heat.     The  3  in. 
diameter  billet  was then  allowed to cool and cut to Ik In.   lengths.     In 
the   second phase  this  3  in.   diameter bar was rolled at 1700 F to 1.25   in« 
diameter   In  seven  passes.     IViis was also performed in one heat.    Consequently, 
<i  total of IT passes were  required  for  this operation. 

Tabl" XII  shows typical   chemical  and mechanical properties taken  from 
production  samples.     The U-8^  Mo alloy barstock  was rolled from 2.^0 in. 
diameter  to  0.925   in.   iiametor. 

For^IriK 

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 und prevents  it   from reacting vi h  steel  tools.    Preheating 
temperatures of I65O to  l800 F (899 to ,v _'c) have been used with equiva- 
lent  success.    Hie parts heated to the >^ f -r end of the range usually are 
worked more and therefore  show ductility equivalent to those   forged In 
the   lower part of the range. 

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

The U-Ö^fe Mo  Is more  resistant to  forging reductions than low alloy 
steel;   for example,  a 2,000 lb.  hammer  is limited to about 2.50 In.   diameter 
of uranium while  11 wl 11  easily  forge 5   in.   diameter  steel  stock.     "Hie  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 or» the  section  size.     However,   a reduction of ^Ofa will  produce  as 
good mechanical  properties as greater reductions,   providing the cast   stock 
Is  of good quality.     It   is desirable to keep the  percent reduction to a 
minimum because  the  surface  of the uranium normally cortains a large 
number of seams.     These  seams propagate  in repetitive working and require 
greater  stock allowances.     As a rule 0.0625  in.   to 0.1875  in.  excess   stock 
Is  left on all   surfaces to   Insure that  all  surface  defects and contamination 
will  machine off alter  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 *iOt 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 U and a 1000 ton forging press shown in Figure 5-
Typical solid extrusions are shown in the upper part of Figure 6 (U-8̂  
Mo-l" dia) and a typical tubular extrusion is shown in Figure 7 (U-8$ 
Mo-0.50£ Ti). 

Hie 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 in. 
diameter extrusion billets to approximately 1.50 in. and 1 in. diameter 
extruded bars, (See Figure 8) having extrusion ratios of 5.k5:1 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 fDame 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 Procedures. 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 p r o p e r t i e s obta ined from backward 
e x t r u s i o n s processed on a 1000 ton fo rg ing p res s a re shown in Table XIV. 
The r e s u l t s were obta ined from t e s t specimens machined from 6.5O i n . OD x 
0.625 i n . wal l x 12 i n . long cy l i nde r s of U-8jkMo a l l o y (See Figure 7 ) . 

(2 ) Mechanical p r o p e r t i e s obta ined from extruded bar stock 
(See Figure 8 ) processed on a 500 ton h o r i z o n t a l ex t rus ion p res s a re shown 
in Table XV. 
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TABLE XU! 

EXTRIGION  DATA 

Di^ Size  and Anrle Alloy Gytmnlon Tenporatare 

1"  -  20° U-2^Io-2^Cb-2^V-0.5^Tl l650'F (899"C) 

1" - 20° U-2'/Mo-2^-2£Zr-0.5#ri 

1.5"  - 25° U-10.5^Mo 

U-8^Mo-1.75^Ta-O.T5^Ti 

U-10^Mo-2^Ta 

U-8';i;o-0.75'/'Tl 

1" - 25° U-8'^'o 

1" - )^0 u-8^wo 

1.5" - 25° U-i:^Zr-2^i!o-2^Co-0.5^Tl one at l650oF & one at 
lU50oF (T88*C) 

All dice with a round bore. 

Container Temperature - 750oF (3990C) 



TABLE XIV 

MECHANICAL PROPERTIES OP A URANIUM ALLOY 
BACKWARD EXTIUDED ON A 1000 TON FORGING PRESS 

0.2^ Y.  S. 
(ksl) 

Klon. R.  A. w 

V-Notch 
Charpy Impact 

at -UO*¥ 
(ft-lb) 

Type of 
Test 

130 7.5 lk.7 3.2 Ten^l© 

135.25 12.0 33.U 3.2 Tensile 

13^ 7.0 11.0 3.2 Tensile 

lW.5 11.0 3U.0 3.2 Tensile 

132.3 —   Coqpresslon 

133.6 —     Coe|>resslon 

132.1 —     Conpresslon 

129.6 .... ..» Compression 

3c; 



TABLE XV 

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

V-Notch 

0.1^ 
Y.   3. 
offset 

(ksl)               ( 
r. s. 
ksl) 

1^ 

El 

16 

i R.A.^ 

52 

Charpy Impact 
at -40^ 
(ft-lb) 

u-8^o-.65^ri 145 3 

U-l-l/^Ta-l/2^Tl 140 # t 10 3 

U-2^to-2^Cb-2^7.r-l/2#ri 227 294» 0 0 3 

U-2^Mo-2^Cb-2^V -l/2^Tl x^O * 0 0 2 

U-10.5^Mo 152 153 14 43 4 

*Broke outside gauge marks 

TABLE XVI 

AS-SWAGED PROPERTIES ( DF U-l 3^Mo BARSTOCK 

V- •Notch 
Y.   S. 

G.l^offset 
(k8l) 

Density 
(G/CC) 

R.   A 
Charpy Impact 
at -40#F 
(ft-lb) 

Dia. 
(in.) 

125. 17 J) 50.1 7 O.8W4 

127.5 17.5 52.0 6 

124.5 17Ö ^2.5 0 

125.6 17.5 49.5 6 

129. 17.4 •^.2 6 

124. IT.5 ■6.'; 6 

125. 17 fi x 1  .U 49.8 7. 4 
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Section h - Cold Working 

The cold forming or  swaging of uranium alloys appears to present very 
11-tie difficulty ae far ad the actual deformation process is concerned. 
Occaeionally,  cracking is observed with the U-8jtMo  system from improper 
processing procedures  (such as repeated beating for annealing purposes 
to temperatures above l800 F (9Ö2 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 Inger soil-Rand 
swaging machine capable of handling stock up to  3 in.  in diankiter.    In 
addition,   it is capable of foiming shaped surfaces in the internal diameter 
of tubular configurations. 

The majority of the uranium deformation work performed on this machine 
C(>.»slated of  reducing 1  In.   diameter  solid round stock of the U-Mo-Ti   system 
to 0.8UU in.  t 0.006 in.   diameter  swaged bar.    The resulting surface  finish 
was approximately 3? root mean square  (rms).    "Die 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-l^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-cuttlng 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 appearance of a typically swaged bar (0.8UU in.   dia U-8^bMo).    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 for normal swaging 
operations. 

Mechanical and Physical Properties.    T\\e as-swaged properties of 
U-8^Mo bar stock are shown in Table XVI   In general,  the as-swaged 
properties vary onl.   sli^itly  from the properties prior to swaging 
for the particular alloys  studied. 

Section 5  - Machining of Uranium 

General 

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

Tou I i n^ 

Machining of uranium with   carbide tools requires rigid machines  and a 
rigid set-up.     "Throw-away"  carbide  inserts,  one of the most economical 
types of cutters,   are  used because of their hi^i  productivity.     Inserts can 
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 
carbide   t'ps {)erform  best  on uranium and uranium alloys, both   for roughing 
cuts and   finishing operations.      It  is more  economical to pui chase  new 
multi-point carbide  Inserts than  it  is to retlp or regrind the cemented 
type. 

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

Uranium can be rnachl.ied dry,  but because of its pyrophorlc 
characteristic  it  is advisable  to use a coolant.     A generous supply  should 
flood both lool 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 approxiTjatel^   2  in.  to  3 in-   above 
the  bot ton of the pan.    The coolant will  not drain out until the  level of 
the  pipe  is reached.     The  pan   should be  cleaned out   frequently to prevent 
any accumulation of chips.     Water soluble  solutions  are generally used as 
the   coolant  medium. 

Milling 

Milling  is no  problern  if  the  speed   is   slow and  the  feed heavy.     A 
guard  should be provided  to prevent the  coolant  and  chips  from spattering 
the  area.     Stubby  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  Department  of General   Electric Company 
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Drilling 

Sucoeee   In  drilling urunium   Is  obtained  by  adopting a   "keep drilling" 
concept,   using machine   feeds.     The  drill   'o not  allowed  to  "ride",   and 
low fjpeeds  and heavy  feeds  should  be maintained.     The  drill  should be ae 
rhort  as  possible.     Carbide drills  should be used whenever  possible with 
a  generous  amount  o(' eoolant.     Clearing the  drill   to  wa^h  out  the  chips 
will   pelp  to   prevent  work  harden* ng of the material.     For deep drilling 
the  use of  drille  with   coolant  holer,   is best,   becauue  the   coolant  can 
be   forced   into the  cutting area. 

For  very  email  holes  an  electx'O-Hpark erosion machine  can be used 
with excellent  results. 

Tapping  screw holes  can  be   very  troublesome,   particularly  In  tapping 
blind holes  where  chips   .:an  build  up.     The  largest  possible  tap drill 
should be  used.     A rigid  power  set-up  Is better  than hand  tapping.     A 
mixture of  light  machine  oil   and  white   lead,   as   well   as  molybdenum 
disulflde  dispersed  in a  grease  mixture have  been used   in  the tapping 
operation.     Commercial   compounds   such  as UCON  Lubricant  and  Rapid Tap 
have  also  been used.     All   of  these   lubricants  appear  to have  a beneficial 
influence   in  the tapping operation. 

Sawing 

Uranium  can be  eawed using a  coarse  pitch   blade  with   from two  to 
six  teeth   per   Inch.     Blades  with  high  molybdenum content  out-perform 
general  purpose blades.     Blade  tennion  should  be hl^i,   a  slmometer gage 
will help  set   proper blade  tension.     Bather  slow  si)ced and relatively 
heavy  feeds  are used;   consistent   with   the  cross-se-tional  area being cut 
and the power of the machine. 

Accumulation of chips can cause a fire, 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 Ma. ■!_ :_i^_ 

An excellent  means of cutting  small   pieces of uranium  is  to use a 
silicon carbide abrasive  cut-off wheel.     A conventional   machine can be 
used,   but  a hood must  be  built  to  completely enclose  the  machine.     Air 
samples  should be  taken during cutting to check  the contamination.     Hie 
exhaust  vent   should be  built   into  the hood,   and  the  door   should have 
safety glaes. 

Shaping 

A  standard  shaper  can  be  used  with  a  slight  modification.     A  stainless 
steel, pan  should be  made  to   fit  tinder  the  vise   to  collect  the   chips  and 
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coolant.     The  coolant hose  Is   fastened to the tool  poet as the work 1 t 
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  jse of a machine,  or operations that 
would result   in heavy  concentrations of uranium sludge  In the coolant,  may 
necessitate  cleaning at  more   frequent   Intervals. 

TYie  reasons  for   frequent  cleaning of machines are many.    It  la good 
housekeeping practice and Is also practical  from the  etandpolnta of safety 
and material  accountability.     As mentioned previously,  an accuratlation of 
fine uranium chips or  particlei   could result  In  spontaneous combustion. 
Tills  Is particularly true  if a machine Is  Idle  for a weekend, or longer, 
and the  coolant evaporater   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  permlssable to  flush  vhat  passes throu^i the  200 mesh screen down 
an ordinary drain.     The  sludge   Is  then scooped out.     The residue and the 
sludge  axe  then weighed and recorded.     It   Is good practice to schedule 
cleaning operations to  coincide  with  monthly  Inventory checks. 

Summary  of Machining Techniques 

(l )     Use   low j  speeds 

(2) Maintain high  feed rates 

(3) Always use a generous  flow of coolants 

(h)    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) Uranium machines  similarly to stainless  steel 

("f)    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 must be rigid with  minimum of back-lash 

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

(10) All 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. Ihe 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 the use of Acme Hiread 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 dial 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. Here again 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 hfd been taken. The 
steel ball was replaced with one of carbide and no further trouble was 
encountered. 

Air 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-
changeabllity 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. 
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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. 

(U) Clean floors and equipment of all oil, grease and metallic 
dust da4ly. 

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

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

(10) Do not U8e chlorinated hydrocarbon extinguishers or CO. 
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. 

lYie purpose of the Health Hiysics 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 - Jo in ing 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 kOO amp 
rectifier power supply has been used for welding thin walled uranium 
cylinders. Ihe ine±*t gases* used in the shielded-arc welding process are 
dried by passing them throu^i a commercial drier an^ furtheg 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 
nonferrous metals**. A uranium weld is comprised of a fusion zone and 
heat affected zones on either side of the fusion zone. IXiring welding, 
Foiae 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. Adjacent to the 
gamma-transformed region the beta grain outline is retained in the 
structure. Hie 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 thari {.hat of the cast metals. 

Integrity of Welds 

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

Brazing 

Dip b raz ing i s used in f a b r i c a t i o n of f u e l elements fo r r e a c t o r s . A 
meta l - to -meta l bond i s formed ondipping uranium and aluminum in to a molten 
aluminum-si l icon a l loy of e u t e c t i c composition. The metal r e a c t s with 
molten Al-Si t o form a t h i n adherent layer of U-Al-Si . 

• I n e r t gas recommended: 90f> helium lOj> Argon by vo l ) 

• •Spec i a l s a f e t y precaut ions are requi red dur ing a l l welding ope ra t i ons , 
i . e . welding i s done in a dry-box with proper exhaust through f i l t e r s t o 
insure a hea l thy environment for the personnel performing the welding 
ope ra t i on . 

1»4 



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 axe: 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 Al-0.5̂  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 gpip as small as 0.001 in. beneath the cladding is known to interfere 
seriously witji heat transfer. 

Considerable effort has been expended on all of the conventional 
metal coating methods with varying degrees of success, including electro-
deposited coatingc (from both aqueous and non-aqueous baths), chemical 
displacement coatings, hot-dipped coatings,evaporated 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, adherent1>-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. 
Ihe best protection is 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. 

5̂ 



icale  removal   can  be accürnpll shed by  mechanical   abrasive  blast 
clearing;   by  chemical   treatme-it s;   by  electrochemical  treatments;   or by a 
corabinati jn of any  of  these.     These  treatments  inay  be   preceded  by   vapor 
degreaslng or  cleaning  In mild alksline  solutlüne to remove organic 
contaminants. 

Ordinary  dry blasting of uranium  parts   for removal  cf scale nas been 
accomplished.     Liquid  abrasive  blasting  is  also useful. 

The  following chemical  solutions are  recommended  for  removal  of 
o/lde and  scale   from uranium: 

(1) Cone.   Nitric Acid  (HNO   ) 1  part by volume 
Water 1  part  by  volume 

Hoom Temperature 

(2) Orthophosphoric Acid  (H  PO, )   (85^) 5  parts by volume 
Cone.   Nitric Acid  (HNO    ) 1  part  by volume 

Temperature:     120OF 

In using the orthophosphorl c-ni trie add mixture  It   is  sometimes deslrabl6 

to  interrupt  the  treatment of uranium alloy   part::,   rinse  with  water,   dr>, 
examine,  and then re-pickle  If necessary. 

Anodic electrolytic treatments   in the   following solutions are  also 
reconmended for  scale  removal: 

(l)    Orthophosphoric Acid  (H PO, )   (H^) l  part by volume 
Water 1   part by  volume 

Hoom Temperature 
Current  density  0.6  -   1.2  amperes/square   inch 
Cathode,   ütalnleüs  steel 

(?)    Chromic Acid  (CrO   ) 1  part by weight 
Water 1  part  by weight 

Room temperature 
Current density  0.6 amperes/square  inch 
Cathode,   stainless   steel 

(3) Cone. Sulfuric Acid (H SO, ) 7^ parts by volume 
Water 25 parts by volume 
Chromic Acid  (CrO   ) 10-15  grams  per liter 

Temperature       120 F 
Current density  0.'^   -   1.5  amperes/square   inch 
(Best results are obtained at  these operating conditions, 
althou^i  temperature and  current  density are  not  critical, 
The CrOj  should  first be  dissolved  in the  water,   before 
the  sulfuric acid  is added). 

The  last   listed  electrolytic  treatment   1:,   frequently  u;.cJ   following a 
chemical treatment   in   1:1 nitric add and water.    The sulfuri c-chromlc 
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electrolytic  treatrrent  delays the appearance of vlelble oxidation of 
uranium;  and a clean-looking surface can be maintained  for eeveral days 
and  sometimeB  longer under normal atmospheric conditions.    This treatment 
is useful  for  conditioning uranium prior to fabrication  proceeoes such as 
welding,  rolling and drawing,  where  clean,  smooth  surfaced are important. 

Cxldntion 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 la recommended 
that  surfaces be dry blasted with angular  steel grit  (e.g.  Pangborn #2$) 
at 8O-9O psi.    A thickness of 0.062t>  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 pressing, 
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 disulflde 
and colloidal graphite dispersions are used as lubricants In the pressing 
of uranium components. 

Preparation  for Adhesive Bonding 

A special technique? 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 i.ivolves abrading the bonding surfaces  (for example, 
with No.  hOO 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 
adhedive  film. 

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

Tiie bonding surfaces are dipped in freth adhesive immediately after 
abrading in adhesive, then assembled under slight manual pressure ar.l 
subsequently cured. 
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The  polyaml de-eyoxy and  {»oly-ure thane adheslves have   given  the  beet 
reeults  for bonding uranium.     Following are typical adhesive  oompoeitlone; 

Polyamide-epoxy Parte by  Weight 

Blsphenol A e{«xy TO 
Polyamide reeln 30 

Polyurethane 

Polyurethane  resin 100 
Allylglycidyl ether 30 
U,   h'   - Methylene ble 
(2-chloroanlline) 9 

Section 8 - Laboratory Testing 

General 

Commonly employed chemical,  physical,  mechanical,   metallurgical,  and 
nondestructive testing techniques employed on metallic materials «re 
generally applicable  to uranium alloys.     Gampleb  for testing are accompa- 
nied by a Lutüiium transfer  form (See  Figure  13     After  completion of the 
tests,  an>  remaining samples of scrap material  is returned to the person 
submitting the test or transferred to e   jranlum scrap cage  for  disposal; 
again accompanied by a transfer  forn.     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  copious quantities of water   in order to 
provide an effective dilution.    Testing operations and temporary storage 
of uranium,   while  In the laborat« ry,   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  is made to make sure that the radioactivity introduced 
will not adversely affect the conduct or performance of other tests. 

Chemical Analysis 

General.     Samples are usually  prepared in the  form of small cubes 
and chips which are  stored In 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  XVTI  and XVIII. 

Mechanical  Testing 

Standard APTM testing procedures are employed  for hardness,  tensil« 
and impact  testing.     Quasi-static tensile testing is generally  conducted 
at a rate of 0.005  in./in./min.  However,   uranium is quite  strain rate 
pensitlve and  some tests are being conducted at a much higher   strain rate 



TABLE XVII 

CHEMICAL ANALYSIS OF DEPLETED URANIUM 

Element Method 

Oxygen and Hydrogen 
(together) 

Hydrogen (alone) 

Nitrogen 

Carbon 

Iron 

Silicon 

Copper 

Nickel 

Determined simultaneously In a vacuum-fusion 
apparatus 

Hot extraction 

KJeldahl procedure using a Pamous-Wagner 
micro distillation apparatus 

Ocmbustlon In an Induction furnace,  followed by 
either a gravimetric or by a conductonetrio 
measurement 

Photometrically using o-phenanthrollne 

Oravlmetrlcally by dehydration with sulfurlc 
acid 

Photometrically with cuprlzone 

Photometrically vlth dlmethyglyoxlme 
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TAJBLE XVin 

CEBCtCAL AHALY3IS FDR AUiOYING MKBHTS 

Element 

Molybdenum 

TLtanluM 

OoluDBblia or Tantalum 

Zirconium 

Vanadium 

Cobalt 

Method 

Photometrically as either the thlocyanate or 
peroxide complex.    If determined as the per- 
oxide ccoplex, corrections are neceaaary for 
uranium and titanium.    Vanadium and colueblum 
Interfere with the latter method. 

Photometrically aa the peroxide cceplex.    A 
ill correction la necessary for molybdenum. 

QravlmetricaHy by hydrolysis with sulphurous 
acid, when not accoaf)anled by each other or 
alloying amounts of vanadium and titanium. 

Qravimetrlcally with p-chlorcnandellc add. 

Volumetrlcally by titration with 

Photometrically as a chloride cooqplex 

R0ÜB:    In cosplex alloys containing colunblum, tantalum, eirconium, etc., 
separation of the alloying elements by ion-exchange ia necessary before 
making determinations. 
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(0.3 in«/in./mln. ) which more closely reflects the conditions encountered 
in the service performance of dynamically stressed components for Army 
applications. 

Metallography 

Micro-examination. 

(1) Metallographic preparation, mounting and polishing are 
generally sim. lar to procedures employed for steel.    Specimens are mounted 
in plastic molds at room temperature because the structure of some 
uranium alloys are affected by low temperature heating cycles.    Polishing 
is performed with a lubricant to prevent airborne dust and minimise 
surface flow of the metal.    Specimens are ultrasonically cleaned between 
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 
hydrofluoric acid. This acid is quite efficient in removing surrttce flow. 
Care must be exercised, however,  in handling this mixture because even 
minute quantities of this acid solution under fingernails can lead to 
prolonged and painful heading with probable loss of fingernails.    Step 
No. 9 is primarily used to remove tarnish left by acid in step Ho.  8. 
The final polishing step is electrolytic using formula No. 1 in Table XX 
Two, three-second dips are usually sufficient to remove any worked metal 
remaining after step 9* 

(2) Gometimes formulas No.  2 and No.  3 are satisfactory In 
revealing the micro structure of uranium alloys but it is a comnon 
practice to .etch uranium specimens by means of vacuum cathodic etching. 
Etching takes place in an atmosphere of argon et 12 microns pressure, 
kOO volts, and 5 to 10 milliamps for 12 minute,;.    The structure la then 
visible under light  field illumination. 

Macro-examination 

(1) Specimens for raacroex&aination are polished through the 
kOO grit silicon carbide papers, using kerosene as a lubricant, then 
degreased and immersed in concentrated hydrochloric acid until a black 
deposit covers 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 or columbium.    These alloys may 
produce an explosive condition when removed from either concentrated, or 
50 percent water solutions of nitric 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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Nondestructive Testing 

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

Radiography of uranium Imposes special problems because of its high 
density and the fact that backscatter and secondary radiation effects 
impose special shielding and filtering requirements.    Special techniques 
for optlmiring the radiographic inspection of uraniumJiave been devised 
for   "thicknesses up to 2.75  in.   and have bet:n reported . 

Though preliminary work has been accomplished on the use of other 
nondestructive 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 

URANIUM MATEFJAI^ CONTROL 

Section 1 - General 

General 

Ttie purpose of this section is to describe the controls currei ciy 
ployed which have been set up to comply with the regulations for the pro« 
curement,   storage, and control of uranium. 

Licensing 

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.    For spotting 
round material, License SUB-^59 has been assigned (See Figure 10).    United 
States Atomic Energy Coramioslon regulations covering the licensing of 
source material (which includes uranium) are covered in Code of Federal 
Regulations Title 10, Chapter 1, Part ho "Licensing of Source Material" 
(hereafter referred to as 10 CFTi Part ho).    Licensees are subject to pro- 
visions of the Atomic Energy Act of 195^ including any ammendments.    In 
ocopllaiice    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 Uo. 

Guidance 

Guidance on procedures to be employed in the control of source material 
(including uranium) is provided in AEC Manual Part 7^00 (Materials Manage- 
ment).    Several Army Regulations are also applicable to the regulation ard 
control of radioactive materials which Includes uranium.  Diese are listed 
as follows: 

AR 735-^   -    "Property Accountability - Expendable Property" 

AR 735-5    -    "General Principles and Policies" 

AR 735-10 -•   "Principles and Policies - Accounting for Lost, Damaged, 
or Destroyed Property" 

AR 735-11 - "Accounting for Lost, Damaged,  or Destroyed Property" 

AR 735-25 - "Property Procedures" 

AR U0-58O - "Control of Health Hazards Procurement Procedures" 

AR 755-38O- "Disposal of Radioactive Material" 

55 



IM* AK—410 
UNITED STATES 

ATOMIC ENERGY COMMISSION 

SOURCE HATEBIA1 UCENSE 

Purtuont to UM Atomic Eaoray Act oi 1954. and W» 10, Cod« oi Föderal IW«ulalion»; Ckaptot 1, 
Part 40, 'Licoimng ol Sourco Matonal,'' and la rolionco on rtatomonli and ropioMn^ations horctoior*' 
mad* by tho bcoaoM, »liconw it horoby imuod aulhoritui« th« UCORMO to »coiv«, puwum and import 
Ik« •ourco motorlol dotignotvd bolow. to UM such motonal tor lb* purpoM(s) and ol tho plae*(i) 
donynatod bokm- and to dolivcr or Ironiior tuck matoriol to ponoat autkorlsod to raooivo it in 
accordanca with tho rooulationi in «aid Part Tkia boon«« thall bo doomod to contain tho nowdtttom 
■pocitiod in Soctioo ?83 ol tho Atomic Enorgy Act oi 1954 and !■ iubjoct to all opplicobU rakt, 
wgidttMowL and otdow ol tho Atomic Eaatgy Oemmimkm, now or horoaitor la oBoct. tadudinq Titlo 10, 
Cod« oi Podorol Ro«ulalioru, Chaptor 1, Part 20. "Standard! tor Protoction A^ain^ Radiation." and 
to oay ormdlfiooi ipoctttod bolow. 

1. Nam*        DBp«rlJ»nt of ttm Arwy 

2. AddroM      Washlnctoo, D. 0. 

3. UCOOMNO. 

SUB-U59 

4. Expiratioa Dote 

Octobar 31, 1964 

5. Dockot No. 
«tO-6639 

Uranium 

7. Maximuyi quantity ol Mmroo motortol which 
UconMM may pomam ol oay oao 
thiaUcoMO 
Mo quantity lialtatlona. 

CONDITIONS 
& Autbortaod OM (Unlma othorwiM ipociltod. tho avthorlwd plaoo oi UM to Ibo 

•tatod la Itoa 3 obo»o.) 
For fabrication of «potting round« ot Laka City Arsenal, Indapandanc«, 
Mlaeourl, and Frankfort Araanal, PMUdalphla, Pennsylvania, and for th« 
tasting of spotting rounds in accordanc« with th« procedur«« daacribad la 
applications for lleons« submitted by th« Ordnance Corp« dated My 1, 
Juna 2, and SepUabar 26, 1961.    Th« licensee Is further authorUed to 
distribute spöttln«; rounds to field units of the Amy and to use such rounds 
for military purposes in aeeordoncu with the procedures described in the 
licensee's September 19, 196l, application.   This license suthorlses the 
expert of spotting rounds containing uranium for military purposes. 

CC^Y FC^OWäFD AT 

^.PRXLTICN BRANCH 

VVAV^irü.VN Ai^SENAL 
VVATfcrnwVVM 72, MASS. 

Dale oi iMooaee 
NOV \    !96'. 

For th« U. 8. ATOMIC ENIRQY COMMISSION 

* »••• 

UNITED STATES ATOMIC ENERGY COMMISSION SOURCE MATERIAL 
LICENSE NO. SUB-459 
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Deflaitions (10 CTP. >*0 and 10 CFB 20) 

"Act" means the Atonic Ebergy Act of l£iU (68 Stat. 91$), Including 
any iUnendments thereto; 

"Commission" means the United States Atomic Energy Oo—ission or its 
duly authorized representatives; 

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

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

"Person" means (l) any individual, corporation, partnership, firm, 
association, trust, estate, public or private institution, group. Govern- 
ment agency other than the Oonmisslon, any State or any political sub- 
division of, or any political entity within a State, any foreign govern- 
ment or nation 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; 

"Byproduct material" means any radioactive nmterial (except special 
nuclear material) yielded in or made radioactive by exposure to the radia- 
tion Incident to the process of producing or utilising special nuclear 
material; 

"Calendar quarter" means any period determined according to eithev 
of the following subdivisions: 

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

(2) ihe first period in a calendar year of 13 complete, consecutive 
calendar weeks; the second period lu a calendar year of 13 complete,  con- 
secutive calendar weeks; the third period in a calendar year of 13 ooaplete, 
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 licensee shall change the method observed by him of determining calendar 
quarters for purposes of this part except at the beginning of a calendar 
year. 
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"Individual" means any human being; 

"Licensed material" means source material,  special nuclear material, 
or byproduct material received,  posae3sed,  used,  or transferred under a 
general or specific license issued by the Commission pursuant to the reg- 
ulations in this chapter; 

"Occupational dose" includes exposure of an individual to radiation 
(l)  in 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 diagnojis 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; 

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

"Restricted area" means any area,  access to vhlch is  controlled by 
the licensee.     "Restricted area" shall not include any areas used as resi- 
dential quarters,  althougn a separate room or rooms In a residential build- 
ing may be set apart as a restricted area; 

"Unrestricted area" means any area entry into which la not  controlled 
by the licensee,  and any area used for residential quarters except as noted 
abov c; 

Definitions of certain other words anr1 phrases as used in this chapter 
are set forth In other sections of 10 CFR       including: 

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

(2) "Radiation area" and  "high radiation aret" defined In par.   20.202; 

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

{k) "Survey" defined in par.   20.201; 

(5) Units of measurement of dose  (rad,  rem) defined In par.  20.U; 

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

"Source material" means  (l) uranium or thorium,  or any combination 
thereof,  in any physical or chemical form, or,   (2) ores which contain, by 
weight,  one-twentieth of one percent (0.05^) or more of (i) uranium,   (ll) 
thorium or (ill) any combination thereof.    Source material does not include 
special nuclear material. 
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"Special nuclear material" means (l) plutonium, uranluns ??33; 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) any material artificially 
enriched by any of the foregoing. 

Section 2 - Materials Control 

General 

lYiis section summarizes the essential elements of the governing reg- 
ulations and documents listed,  'ftiese 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 AEG. Itie Army after receiving allocations ap- 
proval from the AEC, orders material through the ABC Oak Ridge Operations 
Office.  The Oak Ridge Operations Office authorizes one of the operating 
plants of its contractors to supply the material and/or process require- 
ments. Documentation of the transfer of material from the AEC «o the 
Army Installation is accomplished on ABC Form 101 (See Figure 11). 

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

(3) Transfer. Licensed uranium material may be obtained from another 
Army installation by transfer using the same procedures employed for other 
materials. Additional control requirements are noted subsequently. Trans- 
fer of material from Army installation to contractors under separate 
license is done using ABC 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 kO.    It has been found advantageous 
to establish a locked uranium storage area at a location convenient to the 
receiving and shipping facilities of the installation. 

Ihe pyrophoric behavior of uranium when finely divided is of primary 
importance in selecting the storage area for this type of material. Chips 
and other pyrophoric material resulting from 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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It is .-«ecessary that such material be stored away from other buildinga 
and the amount of material stored be held to a minimum because spontaneous 
combustion may occur.    Fire damape would be minimized and other buildings 
would not be exposed.    A secured or outside storage area is recommended. 
To minimize the quantity of the pyrophoric uranium being stored,   this  type 
of material is periodically burned to form the oxide.    Ttie fire hazard is 
then completely eliminated.     To facilitate handling,  uranium scrap is  seg- 
regated according to the following catpporles: 

(1) solids 

(2) chips 

(j) oxides 

(U) sludge 

(5) contaminated non-soluble liquids 

(6) contaminated non-burnable waste 

Records Management 

Purpose. Regulation 10 CFR Uo, paragraph U0.6l, "Records", requires 
that licensees shal] keep records showing the receipt, transfer, export, 
and dinposal of source material (uranium or thorium). Procedures for the 
control and .accountability of uranium have been established based on reg- 
ulations contained in the AEC Manual, Part T^+OO.  An SS* Accountability 
Office shall be established aa 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 Pomus to es- 
tablish both a system of control and a source of reports. The  entire sys- 
tem is operated under the guidance of the SS Accountability officer who 
has the prime responsibility for accounting for alx uranium material. 

Internal Controls and Transfers. 

(l) A number of segregated Material Balance areas nave been estab- 
lished based on processing, manufacturing, shipping and storage require- 
ments, each area having a designated Responsible Officer (and alternates 
if necessary) who is responsible for the uranium under his control. Iheae 
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 ol which are provided the sender,  receiver,  and the S8 Accourt- 
ablllty 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) Ihls responsible officer also maintains a running inventory over 
jranlum under his control,  conduct s physical inventory of uranium in his 
area each month, and submits a monthly report (3ee Figure Ik) 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 differences), 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 reading to the 
ounce, and the scales are tested every six months or whenever discrepancies 
are found. 

Control Records. 

(1) Ttie SS Accountability Office Is the central control office and 
contains the files,  ledgers,  transfer documents, monthly reports and all 
data pert^ti^ing to accountability inventory.    This office receives a copy 
of all transaction documents (external and Internal) and by utilising these, 
and monthly reports  from the Mater led Balance Areas,  it maintains an In- 
ventory control for the entire accountability operation.    The SS Account« 
ability Officer uses the information contained in this office to ascertain 
the reasonableness uf declared losses and tc keep abreast of all account- 
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 Slips and any 
Shipping Documents which are the instruments used for such transactions. 
Uranium is issued to the various Material Balance Areas by the SS 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 Accountability 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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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.    BOOK Physical Inventory Differences (BPID8) must be ex- 
plained and documented on the monthly report.    Spot checking of various 
material balance areas is conducted by the SS Accountability Officer to 
insure compliance with the program. 
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CHAPTER V 

HEAI/m PHYSICS AND SAFETY 

Section 1 - Health Physics 
-—■■■■■■I   I    Ml———WIWI   I!  ■   ——^—^—.»JL»—>—— 

Introduction 

A properly organized and administered Health Fhyalcs program Is es- 
sential In any operation Involving uranium.  Ihe program must provide a 
working capability for all processing operations. The Health Physics staff 
should perform liaison between management and production personnel. It 
also should perform service functions such as the evaluation of radiologi- 
cal and toxloologleal hazards. 

Uranium Is not a dangerous radiological hazard, but In handling It, 
It Is possible to exceed the very low exposure doses established a., safe 
limits by the United States Atonic Energy Commission, the Federal Radiation 
Council, and the Surgeon General. Furthermore, since uranium is mildly 
radioactive, widespread contamination of facilities can result from care- 
less handling. It is necessary to tihere to careful controls to avoid 
raising the background level of radiation that would otherwise result. 

Various 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 epldemlo- 
loglcal hazards, both short term and long term, are known. 

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

Maximum Allowable Concentrations 

Maximum Allowable Concentrations for Air (Occupational). Ibe maximum 
allowable concentrations for air-borne uranium dust are given in Tbble XXI. 
The maximum allowable concentration Id a guide to the upper limit above 
which the health of persoanel in the area becomes potentially endangered 
and where properly designed exhaust ventilation becomes necessary* If the 
air-borne concentration is veil below the acceptable health limits, ex- 
haust ventilation is not quite as necessary. 

Maximum Allowable Concentration for Air (Environmental or Won- 
Occupational). ""^ 

(l) 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 allowed In the plant. 
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TABLE XXI 

MAXIMUM ALLOWABLE OCCUPATIONAL CONCENTRATION 
(NATURAL OR DEPLETED URANIUM*) 

Soluble 

Insoluble 

Mlcrocuries Per 
Milliliter (nc/ml) 

.-11 T  x 10 

1 x 10 
•10 

Mlcrograms Per 
Cubic Meter (MS/P ) 

250 

357 

*    Above natural background 

TABLE XXII 

MAXIMUM ALLOWABLE ENVIRONMENT CONCENTRATION 
(NAIURAL OR DEPLETED URANIUM*) 

Soluble 

Insoluble 

Mlcrocuries Per 
Milliliter (nc/ml) 

■12 
7 x 10 

1 x 10 
-11 

Mlcrograms Per _ 
Cubic Meter (MfiAn  ) 

25 

36 

*    Above natural   background 
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(2) To determine  the uranium dust  content of exhaust air,  the air la 
uujnpled by passing  it through a filter paper held  In a probe connected to 
a vacuum line.     The filter p0?61" 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 deposlte1  on  the  filter paper.     If this procedure is not used, 
truly representative samples will not be taken 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 envirorunent are given in Table XXII. 

Maximum Permissible  Exposure   (Dosage) 

General.    The maximum permissible exposure to personnel working in a 
radiation area is defined in ABC regulations Title 10 Code of Federal 
Regulations Part 20,   "Standards  for Protection Against Radiation.M    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 avoided.    However,   this  Is  not to say that a man should not work with 
radioactive materials or with other sources of ionizing radiation,  provided 
efforts are made t ■> keep th? 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-l/U rema/quarter 

(2) Hands and forearms;   feet and ankles - - - - 18-3/^ rems/quarter 

(3) Skin of whole body- - — _---_._.. -T-l/2 rema/quarter 

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

(l)    Whole body;   head and trunk active 
blood-forming organs;   lens of eyja; 
or gonads- ------------------- -100 mrem/week 

«    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 dosa of 
one rad from lightly filtered X-rays generated at potentials of 200 to  300 
kllovolts.    Dose  records are usually given In mlllirera (mrem) units.     Ttie 
rad  Is a unit of absorbed dose.     One rad  is equal  to 100 ergs per gram. 
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(2) Hands and forearms; feet and ankles- ------ 1500 rarem/week 

(3) Skin- --.--- 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 sometimes amount to quite extensive 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 alpha 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 UXp (,ftiorluin-23ii and Protactln- 
ium-234). Table XXIIT describes the contributory factors of Che radiation 
from uranium. An individual would have to be exposed to considerable am- 
ounts and be In clc3e 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 
dosage. 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 or these two highly radioactive isotopes.  Ihe 
dose rates exhibited are much higher than that of unmelted uranium. 

Film Badges 

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

When not being worn by personnel,   the  badges are 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 a false indication of 
dosage. 
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TABLE XXIII 

URANIUM SURFACE DOSAGE»-»- 

Isotope 

91Pa     (UX^ 

90^    (ux2) 

Gamma-dÄUfh    r Products 

Energy Contributing Radiation 

2.32 Mev 263 mrem/hr 

0.1 and 0.2 Mev 20 nreci/hr 

2.7 mreo/hr 

263 mrem/hr 

*   All measurements were from a bare slab of uranium metal 

+   ABC Report No.  ABCD-2T53 (NYOO-57) 
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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 betveen 
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 measured in 
tenuis of liters per minute and in the vacuum cleaner type air 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 thut are ac-
ceptable to the body, i.e. less than ten microns, are considered character-
istic of '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 baseu only on the radiological aspect. 

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 IT is to be utilized. If the face velocity is 
too high for a particular filter paper, a consideraDle 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 ̂ ounted using a low background internal or external (125 micro-
gram cm window) proportional 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 back-
ground, self-absorption, back scattering, etc. Results are converted 



VSTAGE COLLECTION 

This curve is used by 
the A. E. C. as the standard 
for first stage collectors 
in a "respirable" dust sampler. 

2 4 6 8 
Particle Size at Unit Density- p 

10. 

HUMAN RETENTION CURVE 
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FILTER HOLDERS FOR AIR SAMPLERS 

AIR SAMPLERS 
ARMY MATERIALS RESEARCH AGENCY 
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PROPORTIONAL COUNTER SETUP 
ARMY MATERIALS RESEARCH AGENCY 
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from total disintegratJon per minute  (dpm) oer cubic meter of air (dpm/m ) 
to microcurlea per cubic meter of air (^c/m ), 

Uranium Daughter Product Analysis  (Th   '    and Pr       ).     The daughter 
products  collected In an air sample are evaluated by a ga/rma aclntillation 
detector and crystal In conjunction with a spectrometer and sealer.    The 
gross activity Is computed from the sealer read out and correction factors 
such as background and crystal geometry.    The results are expressed in 
'nlcrocurles per cubic meter of air per icotope  (nc/m  ). 

Urdnlum Urine Analysis   (Bio-assay).    The uranium content of a urine 
sample la determined by the measurement of the fluorescence produced by 
the sample  In a sodium fluoride  (NaF) flux.    Ifte total weight of the ura- 
nium is measured fluorometrlcally on a microammeter and the amount calcu- 
lated from this data.    Itie results are expressed in microcurics per milli- 
liter ([ic/ml). 

Survey Instrument Calibration.     Survey Instruments  (See Figure 20) 
used in the uranium areas are calibrated using the gamma rayr from call- 
brated Cobalt 60 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 fron the unshielded Cobalt 60 source is given 
below: 

mr/hr    =-    S' X I35OO 

where 

mr/hr    =   milliroentgens per hour 
S' =    mlllicuries  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 h^ve physical examination yearly. 
Special medical examinations are given in the case of suspected or known 
overexposure,   Ingestion,  or inhalation of radioactive materials. 

Bloassay (urine values).     Hie yearly examination may be considered 
as a complete general check-up to ascertain the workers  over-all health. 
Ihe only special test givt-n is a bio-assay for the specific radio-nucllde 
that could have been Inhaled or Ingested.    When personnel are exposed to 
normal or depleted uranium,  a blo-assay is performed usi/ig a fluorooetrlc 
technique sensitive to 10"3 gram U Or. of urine.     This teat was formerly 
performed semi-annually but was  changed  to a yearly basis because of the 
low value of the renults. 
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a. HIGH RANGE BET* AND GAMMA RADIATION METERS 

1. Range - .01 w r /h r to 10,000 r / h r 
2. Range - 0 to 5000 * r / h r 
3. Range - 0 to 1500 a r / h r 

b. LOW RANGE BETA AND GAMMA RADIATION METERS 

1. Range - .01 to 200 mr /h r 
2. Range - .01 to 20 * r / h r 

c. ALPHA RADIATION METERS 

1. Range - 0 to 2,000,000 coun ts /p in 
2. Range - 0 to 10,000 d i s i n t e g r a t i o n s / B i n 

TYPICAL SURVEY METERS 
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Blood Counts.  The general opinion was that personnel showing white 
cell counts of 12,000 or mere or red cell counts of 3 million or less would 
not 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 smalJ radiation dosages.  Current knowledge has 
refuted these opinions and blood count criteria are not aiogly applied but 
rather only in consonance with the total medical picture 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 ellmii.ate the possibility of 
contaminating the workers own clothing and subsequent contamination of 
non-occupational areas.  Doth Tire retardant pape1' and cotton clothing 
are used.  "Hie paper clothing is the more practical in some instances be- 
cause of the elimination of laundering. However, cloth clothing is used 
especially in areas where there are materials which are easily inglted. 
Normal uranium is much more pyrophoric than alloys of depleted uranium 
with molybdenum. As more AEC licensed commercial laundries a^e established, 
consideration will be given to utilizing cloth protective garments more 
extensively. 

All personnel provide their own she JS 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 gir Cleaning 

To maintain the level of ali-borne particulate uranium below the in- 
plant maximum allowable concentration, all processing and machining opera- 
tions should be provided with local exhaust ventilation.  The degree 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 contajnination, nevertheless, 
■is predicated on good ventilation design.  Exhaust systems, therefore, 
srould always be designed by qualified ventilation engineers. 

Tht   theory of control depends upon the creatioi of an air flow past 
the point of release of the contamination causing the air and contamination 
to flow into an exhaust hood.  The shape, position, size, and other design 
factors of an exhaust hood will depend on the specific operation to be 
ventilated.  A common approach to the iesign of sjch hoods is to picture 
the operation as being totally enclosed and then to provide openings for 
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access and jperatlon as required to perform the task.    Openingn 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 foot cT open area. 

Exhaust systems for control of airborne uranium dusts are usually of 
the high volume, lov pressure type.    The system consists of the exhaust 
hood,  the associated duct work, an air cleaning 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- 
sideration 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 which are use Ail in removal of captured uranium dust in exhaust 
systems.    They may be used individually or in series depending upr« the 
amount of dust or "dust loading" to be handled.     Fbr 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, vettabillty, 
abraslveness, etc.). 

(5) Method of disposal of the collected material. 

The most important factor from a health and safety point of view is 
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,  i.e. 
Its proximity to other Irdustrial or residential buildings.    Oonsideration 
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 is 
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 limits,  primary filtratlor  on dust collecting equipment usually must 
be  followed by secondary  filters  possessing a high  filtration efficiency 
for  fine  particles. 

These   filters  can be of the  so-« illed 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 efficiency 
for particles of 0.3 microns diameter.    Selection will be baaed upon process, 
health aspects,  plant location and permls ible limits.     Evaluation of the 
total system is accomplished by sampling the operations and the discharge 
air with subsequent analysis by  counting or chemical  techniques. 

De con tamln a t ion 

Equipment.     All tools and equipment used are decontaminated by stan- 
dard degreasing techniques.    Those  items which are difficult to decontam- 
inate are sent to the health phynics laboratory and are pieu   ' in an ultra- 
sonic cleaning bath.    This method has been most effective.    To«^    are 
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  la  the main protection for personnel 
who work with uranium.     Personnel are required to wash hands  ind face be- 
fore leaving, any radiation area.     In  the case of those personnel working 
with vacuum furnaces,  a shower  la  requlied Immediately after  completing 
the Job.    Protective clothing Is  not allowed ')ut of the radiation areas. 
Table XXIV lists personnel contamination limits. 

Pyrophoriclty of Uranium 

Under  certain conditions uranium is an extremely pyrophoric material 
similar to magnesium,   titanium and  zirconium.     Thougn experiments  have 
shown  that  it is txtremely difficult to obtain  the proper conditions  for 
large pieces   to  l^gilte,   there have been several  Instances reported of ur- 
anium stock   ignited 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 pile of burning chlpo  is   Intense enough to 
buckle a one-half inch steel plate suspended over the  pile.     Obviously,   if 
si oh a material were allowed to burn uncontrolled within a building,  severe 
damage would  result. 

Procedures   lor Fire  I'reventlon. 

(l)     Fire regulations prohibit  the accumulation of  fine uranium scrap 
vithin a building.    All such material lo removed at the end of each ahllc 
•ind transferred to a segregated uranium storage area by fire department 
nersonnel.     This area  Is  usually  located in an open  field and surrounded 
by a chain  link  fence with suitable warning signs  (See  Figure 21). 



TABLE XXIV 

OONTAMINÄriON LIMITS 

Limit 

Surface Activity 
Max. Allowable 
Rate/lOOcB2 

in d/m* for 
100 cm2 

Skin of body alpha 
beta 

150 d/m 
0.1 mrem/hr 

30 
200 

Handa+ alpha 
beta 

150 d/m 
0.3 mrem/hr 

30 
200 

Personal Shoes 
(Outside) 

alpha 
beta 

300 d/m 
0.6 mrem/hr 

30 
200 

Issued Shoes 
(Outside) 

alpha 
beta 

300 d/m 
2.5 mrem/hr 

30 
1000 

Personal Clothing alpha 
beta 

100 d/m 
0.18 mrem/hr 

Issued Clothing alpha 
beta 

150 d/m 
2.73 mrem/hr 

Laboratory Areas, 
Tools 

alpha 
beta 

300 d/m 
0.25 mrem/hr 

30 
200 

Unrestricted Areas, 
Items to be sent ♦o 

alpha 
beta 

300 d/m 
0.05 mrem/hr 

30 
300 

shops, etc. 

• d/m - disintegrations ptr minute 

2 
+ Surface area is considered 100 cm , except hands where the area con- 
sidered is the entire hand. 
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(2) To prevent local ignition in machining areas, extensive quanti- 
ties of coolant are used.    The machinists are instructed to keep chips and 
turnings submerged or wet vith 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 
vith a 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 relgnite.    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 Firea.    The conditions necessary for spon- 
taneous or unpredictable ingitlon of uranium are not fully known.    The 
sicnlflcant 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. 

(k)    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 segregated storege area within the installation for dispo- 
sition. It is the responsibility of all supervisors of radiation areas to 
set to it that this type of material is not allowed to accumulate and cause 
contamination problems or fire hazards. 

The waste scvap 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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Although  the burning operation  itself is  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  containers may also be used as  incinerators   for 
uranium scrap.    Newly arrived scrap is burned on  top of residue  from prior 
scrap  fires until  the container  is   filled with residue.     A steel cover  is 
then welded on the dumpster and  It is  shipped   for burial.    This method of 
disposal eliminates   the   ])Oteptially hazardous  shovelling operation and re- 
duces   the number of handling operations. 

The exteriors of all  containers are checked  for removable contamina- 
tion by wipe  testing.     The  limits   lor  fixed and removable contamination are 
specified in Watertown  Arsenal Manual of Administration 2-700001 Sec.   12.2. 
Whatman  ^1  filter paper  is wiped over a 100 cm    area and a wipe analysis 
is  performed at  the health physics  laboratory.     After the containers  are 
wipe  tested and  the renults  evaluated,   the barrels are labeled and prepared 
for shipping in accordance with AEC and ICC regulations  (See  Figure 22). 
Record of all radioactive waste disposal is maintained by the Health Physics 
Branch  in accordance with  the 10 CFR 20. 

Transportation 

General. 

(l)    Depleted uranium raetai  is a Class   D Poison,  Group I or Group II, 
as  defined In paragraph 73,   391, T.   C.  George's Tariff 13 and Title  ^9, 
Parts 71 to 7^,   Code of Regulrttons,  and must be packaged,  marked,  and 
labeled accordingly. 

^2)    If a government vehicle  is  used to  transport this material, 
Municipal,  State,  or Federal Regulations 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 meet  the  requirements of the  ICC for packaging,  marking, 
labeling,  and handling as  provided  for  itenu   into which the depleted 
uranium component  is assembled,   in accordance  with Title ^9,  Parts  71  to 
78.  of the  Code of Federal Regulations. 

Air Transportation.     Transportation by passenger air cargo aircraft 
is  regulated by T.   C.  George's Tariff 13 and Title kS,  Parts 71 to 78, 
Codes  of Federal Regulations,    r^fnlations more  specifically applicable to 
air  transportation are  contained in Civil Aeronautics Manual Part 49 and 
App ndlx A,  B,  and C "Transportation of Explosives and Dangerous Articles". 



/ HANDLE CAREFUUY 
RADIOACTIVE MATERIAL 

CLASS-D POISON Group I » II 

•Hupprr i M U M r w j u i r t d 

This is to certify ̂ hat the 
above named articles are properly 
described, and are packed and 
marked and in proper condition 
for transportation according to 
the regulations prescribed by 
the I.C.C. 
date name: 

URANIUM SHIPPING LABELS 
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First Aid 

All wounds,  whether lacerations,  abrasions,  or ulceratlons occuring 
while working with uranium,  are  treated by conventional medical  techniques. 
It Is good practice   to wash out any wound until  it  is   free of  foreign 
matter.     Consequently,  it  is safely 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  la 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 AH UO-582. 

First aid kits  are not provided  In   the areas,  as  it is   felt that bet- 
ter medical attention can be obtained at a dispensary,  under  the supervi- 
sion of the medical officer and qualified  industrial nurses. 

Surface Preparation  (Health Hazards) 

In  the cleaning of uranium metal surfaces,   dilute nitric acid (6N) IS 
conuuDnly used as a  reagent.     Caution must be practiced to prevent the use 
of more concentrated irlxtures because nitric acid and uranium may react 
wlta explosive vlolerc'?.    This  is especially true of chips and turnings. 
If uranium is  to be dlsolved  in dilute nitric acid In quantities greater 
than 5 grama,   then  It must be added  to  the acid a little at a  time. 

Section  j  - Record Management 

General 

An accurate,   current,   record u^tnagement program is  required to provide 
the necessary data  on exposure dosage,  bloasaay results,  radiation survey 
instrument calibration and repair,  wipe  tests on sealed sources,  and radia- 
tion source inventories.     Department of Army regulations require but one 
form (DD Form 11^l) be used to reco'd j)er3onnel exposures.    The US/EC 
utilizes  two forma:    AEC Forms h and ^.   "Occupational External Radiation 
Exposure History" and "Current Occupational External Radiation Expoeure". 

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

Health Physics Roster 

This roster is composed of two cards, a personal history card (See 
Figure 23) which includes the individuals medical history, t id a yearly 
exposure Index (See Figure 2h). Changes or additions to the roster are 
made usi.ig the  form shown  in  Figure 25. 
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OMoec roRH    soo REQUEST FOR CHANGE 
3 SCP i» (Rtv) HEALTH PHYSICS ROSTER WATERTOWH ARSEKAL 

(MikBll   la   Trlrlla»««) 

*•■      I««! Ik  PkMltlat 

I Ik  P*MI ••  •••«•" 

»*4   W   •••t.r l~J rk«i|«   r>rl    !•     P» ra   OUII   ••• □ |     ] 

»•••»•   ''•■   •»•»•»     CD M«   W   M«l*tlM   liy^aara   taaar« □ [     ) 

Pairall   la. lalaallM i_ 

Ja»   kaaarlpllaa 

»••-•■»••fk«»'   »»l»l»al  ^^^^ Lacatlaa       MattlMkl   tkakl ft.«. 
Taralk«!   ykralaal . . Or(aaiaattaa  t**tm»t  taftaa I I     1 

■ raaak     ■!#   Mkaal □ 

■ l<«-»a .     •kllai* □ 

t*4la«laa   aapaaara   raaaf*   (laala«a   all   aa<laal    as«   kaalal   I-«a»   aa«  »ra'laaa  •••apkttakkl   •ayaaarat 

(.      JaattriaatlM   ••   aayliaallaai 

(Ta   ka    fill««  aal   k|   laal Ik   Pkfalaa   arriaa) 

Tai      Paa«   Mapaaaarf 

laltlala  taaltk  M|alaa   M «a r   far   aka>a   aayla^aa 

ill«   «akfa   la. laalraa   kataa   la. laalaalar   Mm,  

•P pkfa.   aaaa.  Par  pt<ra   aaaa.     

Maaaaaf   Uaaa   Taal 

a ark a i 

taal U  Pkf alala« tkla 

■aklaal   «rriaar 

REQUEST FOR CHANGE - HEALTH PHYSICS ROSTER 
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The personal history card  Includes such information as yearly exposvre, 
medical X-ray record,  education,  exposure areas  in which the Individual has 
worked,   etc. 

The preicribed 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 separately.     Furthermore,  it 
would be difficult to note any correlation between  two or more individuals' 
exposure.     This  correlation is  especially oaeful where control of personnel 
exposure  in a particular area is  in question.     Fbr 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  is 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 showi.  in Figure 26,  contains the data necessary 
to maintain .control of radio Isotopes:    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 is recorded calibration and maintenance data, make and 
model number,  and tube and battery type of the survey Instrument      (Sec 
Figure 27). 
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