;’@ WATERTOWN ARSENAL

LABORATORIES
T g—

= Monograph Series
-

N TR RO

X URANIUM ALLOYS FOR CRITICAL
ORDNANCE COMPONENTS |

7.7

el ey e vy 77
A HARD COPY  $. 3 oo |

AD609

30

|
D L $ 4
. ":”’." . VG
S MICROFICKE ~ $.2, 75
J 25 1_ *" B . R ;
110 PPM
3
i A r@
20{0 NV
ﬁ i ?/' 5-:'- /.:'%
oT i .
I 5 N\ Q»? .&‘\" L6 19063
s F ),, o :
5 bS L_ 700 PoM - Vs
9 ).
D —
N
ek \/ Torion 10 memmne
10—
-2
L N\
o

5 ~
®
SRS R N B A R AV N

i 000 NS 2000
PRPM CARTON

yth PRINTING e TR

. AR AR A S T
25 OCTOBER 1961 {’s*%)@,,ur.m‘&‘f KR



SPECIFICATICH CCOIDIITION MITTIN

ON
URARIUM PATIRIALS FOR DAVY CROCKETT AND OTHER MDUANCD PROCRAND
HELID AT

MATERTOWN ARSENAL, WATERTOWN, MASS,
7 JUNE 1560




-

Sociinn

TABLE OF CONTINTS

Title

Agenda end pAbstracts - Watertown Arsenal, Watertown, lozs,
1 June 15&0 - Specification Coordination Mooting, ¥Uroniunm
Materials for Davy Crockett and Other Ordnance Progroro®

Industrial and Ordnance Representatives Attesndance List

Introduction and Background

Introduction - Colonsl R. B. Breid, Comnanding Officer,
Watertown Arsenal

»Ammunition Requirements™ ~ M, Bornstein
RUranium 4lloy Bar for XM10l Projectlile® - J. Plskorcli

Technical Papers

PUraniun Alloys for Ordnance Cemponents®™ - J, Hleencllk
"Uraniwn Alloy Processing" - E. Kinas
®Surface Characteristics" - M., Jacobeon

Military Specification

Discussion and Changes of Proposed Specification -~ J. Coulter

Specification MIL-U-L6OLS(Ord) "Uranium Alloy, Wrought, Bars,
Billets, and Tubular Shgpes" (as revised)

Control and Accountability of S. S. Materisl

Health Physics Study During Firing of Uranium XMI01

ProJectile




GECTION A

WATERTOW ARSEN
VATERTOWN, MASS.

SPECIFICATION COCRDINATION MIETING

URANIUM MATERTIATS FCR DAVY CROCKETT AND OT17R CRIMANCE FPRCTTIIG

Agoenda
7 June 1960

Fifth Floor Conference Roon Watertowm Arsenal
Building Fo. 39 = Room 521 Watertown, Mass,

Tirme

1000 =~ 1005

1005 -~ 1C20

1020 - 1030

1030 - 1045

Welcoma

Colonel R, B. Braid, Commanding Officer, Watertown Arsenal

Introduction and Background

M. F. J. Rizzitano, Meeting Chairman - Watertown Arsenal
Leboratories -~ Ordnance inisrast in uwranium alleoys in

axrmor end ammunition applicatlona. Unclassificd deploted
uraniun cupplicd to Ordnance Ceoips under ARC-IOD sgrecment.
S.S. materials accountablility roguirsd by AEC. Hoalth
phyeics roquirerments for uranium processing and in ballistic
firings.

Mr. L. Horowitz, Deputy Director for Davy Crockett,
Picatinny Arsenal

Mr. M. Berustein, Staff Assistant for Industrial Transition,
Davy Crockett, Picatinmy Arsenal = Developmental structural
ammunition components requiring high-strength (140,000 -
175,000 psi yleld strength) hollow extrusions. Application
requires ductility and toughness at ~LO°F together with
good resistance to normal atmospheric corrosion. Limited
quantities required in developrmontal progrem as well as
over-all requireme¢at will be outlined.

M. J. Plskorski, Project Coordinator for Industrial
Engineering Divigion, Lake City Arsenal ~ Immediate Ordnance
requirements for moderate-strength wranium alloys for ex-
caliber spotting rounds. Quantitiea, wrought shapes,
dimensions and tolerances. Future conasiderations for use
of cast products. MNachining, assombly and storage for

Davy Crockett ex-caliber spotting round will bs briefly
discussad.




Agenda (Cont)

7 June 1960
Tins Subject

ggchnical Discuscsions

1048 - 1130 Alioy Dovelopmont - Mr. J. A. Misencilk, Watertown Arsenal
Laboralories -~ Rocent development and evaluation of the
alloys of uranium; melting, casting, heat treating studies,
mechanical properties of various alloys as well as
metallographic techniques will also be discussed.

1130 - 1215 Tour of Watertown Arsenal laboratories Facilities

Mechanical Services Branch - Mr, S. E. Siemen and

Mr. N. Rnsato = Machine facilities demonstrating trepanning,
contour machining, test specimen machining and special
purpose machines for uranium, titanium and high-strength
steel. Exhibit of titanium shapes.,

Experimental Melt Labciatory - Mr. D (arbett and Mr. M.
McCormick - Melting equipment such as vacuum induction,
consumzble and non-consumable vacuum arc, cold mold arc
button furnaces for melting and casting uranium and other
alloys and highly reactive metals and zone refining unit
will be viewed or demonstrated,

Group A - Tour of Mechanical Services Branch, followed *-
Experimental Melt Laboratory

Grouwp B - Tour of Experimental Melt Laboratory, followed by
Machanical Services Branch

1215 - 1315 Lunch - Watertown Argsenal Cafeteria

1330 -~ 1345 Metallurgical Processing - Mr. E. N. Kinas, Watertown Arsenal
Laboratories - Forging, extruding (forward and backward),
rolling, swaging, straighvening, etc., will be discussed.

1345 - 1400 Surface Characteristics - Mr. M. M. Jacobson, Watertown Arsenal
Isboratories - Problems relating to corrosion characteristics,
pyrognoric properties and chemical analysis will be discussed.

1400 -~ 2h4S Specification - Mr. J. F. Coulter, Watertown Arsenal
Laboratories - Discussion of MIL-U- L604S(0rd), Uranium
Alloys, VWrought, Bars, Billets and Tubular Shapes. Technical
discussion of the requirements set out in the specification.

LS - 1500 Summary and Adjournment - Mr. F. J. Rizzitano, Watartown
Arsenal Laboratories
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SECTION b
ORDNANCE CORPS
WATERTOWN ARSENAL
WATERTOWN 72, MASSACHUSETTS
7 June 1960

REPRESENTATIVES OF URANIVI{ IDUSTRY AND CRDNANCE CLRPS PURSCIIEL:

Traditionally, Ordnance Corps materials dovelopment has been directed
toward constructional materials, e.g., steool, titanium, aluminum, plastics,
oetc., and which in the last few years has beon groatly accelorated in order
to obtain lighter waight Ordnance weapons. Concurrenily, paerallel require-
ments have arisen for high-density engineering materials. The new Ordnance
components for which high-density materials are hoing considored all require
strength with assoclated ductillty and toughness, resistance to normal
atmospheric corrosion, and suitable wecrkability and febricability for manu-
fecturing system ccomponents. Tha high-depsity applications vary however
fron those requiring sufficient mass to enable matching of balllatic
trajectories (spotting rounds) to those requiring combined reasistance to
ballistio penetration and gamma shielding (armor).

Materials requirements in Ordnance Corps specifications are usually
defined by moans of mechanical and physical propertios, and the actual allocy
compoeition 1s left to the diecretion of the materials producer. Insofar
23 this 18 possible, thim practics is being followed in the proposed military
specilfication for wrought uraniun alloys being discussced hero today. Our
limdtad metallurgical studien to date have indicated that carbon content
nust be restricted to a maximum of 150 parts per million to obtain ductile,
tough uranium alloys. The required resistance to corrcsion in normel
atmospheros demands at least 8% molybdenum with and without eaddition alloy-
ing elements. Thorefore our basic structural alloys todszy are U-8%Mo and
U~82Mn-1%T4 to obtain ductile, tough, and corrosicn-resistant high-dsnsity

alloysa.

The pruparation of a military specification for uranium, of course,
indicates that the Ordnance Corps plans to procuras high-stwength, wrought
uranium alloy products. Our irmediate industrial requirements are fer
small diameter bar astock (approximately one inch) suitable for subsequent
machining in autcmatic screw machines. Ordnance developrmeatal activitles
require small quantities of uranium alloys in bar, hollow cxtrusions, and
plate forms. Caet products are also being considered for soma applications,
These, however, c. o not being discussed here today.

It is hoped that this mooting will be of mutual benoefit to both the

Industrial and Urdnance Corps representatives here tcday, We wish at ‘his
tims to express our gratitude for your interest and assistance in the develop-

ment of thils first Ordnance Corps apecifica};qn for uraniunm alloys,

R. B. ﬁﬁg“’* a2 ——
Colonel, Ord Corps
Commanding




METUNITION RUAUIRITMENTS
by
M. Bornsticin

There shall bo proosnted ger2 of tho primory consldorations for sclecting
depleted uranium es ths bosdo materlal for tho X001 2CiT1 opotiing cartridgo
and a brief rgview ofs

8+ The background for solecting this mateoricl,
b. The developmont tim» scales pormitted by the Davy Crockett progranm,

Picatinny Arsenal, as the research and dovelopmont systams monager for the
Davy Crockett system has, during the past two ywors, eggressively pursued
the development of a 20:3{ epotting carirldge for use in conjunction with the
major caliber round, Frankford Arsenal end the Dlomond Ordnonce Fuze Lsbora-
torles were assigned the basic dovelcpment progrem by Pilcatinny Arsenal,

and a member of Lake City Arsenal will dlscuss tho materiels requirements

in groater detall later in the program.

In ordor to achiove the desired range and accuracy in the 20MM spotting
cartridge end to achioevoe a ballistic co-efficlent of approximately 1, a highly
dense material was required for the 2013 ehell body. The matcrisl selected
during the initial roescarch arnd development phzses wes ¥allory-1000, basically
a tungsteon elloy., This material, while moecting the military requircmznts
for the spotiing projJoctile, was consldered exccodingly costly, and dlfficult
to machine, A study was conducted by ¥Watertown Lrsensl during the Sscond end
Third Quarters of Flecal Year 1959 which indicated that depleted waniunm with
approximately 8% molybdenum could be used as a promising aslterrative material
for the Mallory-1000 previously approved by the Research and Developmsnt
System Mensger,

A brief comparison of the two materials indicates the following:

Mallory-1000 Depleted Uranium Alloy
a. Density 16.5 to 17 gm/ce 18.5 - 19.9 gn/ce
b, Cost $10.00 1b, $L.50 1b,

While the density of urenium is slightly greater than Mallory metal,
(approximately 200 grains more per projectile) the cost of the depleted
uraniun is 503 lower than Mallory material,

Ballistic tests conducted during Mexrch of 1950 indicated that the uranium
projectile behaved satisfectorily under interior and exterior ballistic
conditions,




For thoss v!:0 £ro not foriliecr with the phyolcal charactoristics, the
X101 2018 projostile vill be decoribed bricfly at thls tins (Figwro 1),
.The projectile consisis of the followlings

a. A cartridzs ceso (oteool or elwrinum)
b, Projectilc body (uvranivm)
c. Fuze (polint dslenating)

d. A plastic roteting band vhich is essoodled to the body to prevent
®blowby® of the propalling gases.

To emphasizo further the necessity for the avallatdlity of uranium
proceasing and fabricating facilitics thore has becn preparcd & chart out-
lining the tims ecales available to the resscarth and development agoncy for
the developasnt, tcsting and industriel englneoring of the X:l0l 2Ci{ spoiting
projectile (Figuro 2).

It will bo noted that the engineoring design phase was initiated during
the Fourth Quarter of 1958 and has bosn progressing for approximately two years,
The final engincering test phese was iniiiasted in the Second Quarter of 1950
and is due to be completed during the Second Quarter of 1961, a period of
slightly over eight months, It will be noted further that the industrial
engineering progrem, which was initiated during the Seccnd Quarter of Flscal
Y;gr 1959, will likowlse be completed in the Sscond Quarter of Fiscal Year
1961,

Due to the excecedingly telescoped nature of the Davy Crockett progrenm,
it becomes necessary to initiete the production of war reserve quantities of
apgtting amrmunition during October, 1960 or the Second Quarter of Fiscal Yeer
1961.

A brief sumoary of the material requirements for tho next five years,
which is of primo intereat is as follows:

Fiscul Year Materia) Requirements in lba,
FYS1 39,000
F162 93,000
FI53 36,000
FY6L 31,000
FYSS 33,000

Total - 232,000 1bs,




In addition, a quantity of urenium will also be requirsd for a special
round and these quantities ere as followss

Year Matsrial Requirements in Lbs,

FY63 (starting July, 19%2) 7,878

The afore-montlonad lirdted time scnles moks 1t epporent that eources for
the processing of deploted wraniun end fabrication of this materiel must of
necessity be fully cperational no lator then the Second Quarter of 1961
(October 1960) if the Ordnance Corps is to moet its commitmsnts to the user,
the Continental Army Command,

In conclusion, it is well to re-cuphasize the importance and necessity
for the continued support and cooperation of industrial organizations in
developing the facilitics and production ®kmou-how" for providing ths Ordnance
Corps with depleted uranium alloy to support the Davy Crockeit program,

7 June 1960
PICATINNY ARSENAL
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URANIUM ALLOY PAR FCR X101 PROJTCTINR

by
J. PLikoroikd

Abovt ono yoor o0 the Industrio} Dogincoving Divlalea ab Lolie Clty
Axssnad wes dntroduced to tho Davy Cootiold progrina o zned the yooponile

bility for inlustrial eogincoring of that segusnt of e progren having to do
with L01 2001 ex~calilor gpotiing cortridza. Escouse of tho desired mili-
tary characteristics end balligtica, many unigue deolya conslderations wasos
required, Among these vos the neccasily for en exteciialy hoavy projectile
within the tizht dlzonsional Lirdts roquired of ths hoavy potals for tha
basie materisl of the chaoll body. During dovolopmondt of this itca by reccarch
and dovelopment porconnol ad Frakford Arzanel, inltlal investigation con-
sidered en glloy of 9C3 tungston, €3 nickel, LI coppor, vhich resulted in

& matexdal poazecaing a spocific gravity of 17. This naterial was thoroughly
investigated end tasted end proved to be adogquats inzefex es phycleal
propertica and ballistie porforconces wore concorncds, Thord woro scd
objsctions from & production machining stendpoint. These wore not conaidorcd
oeorly serious and, all im all, thoe sholl btedy could very woll have becnm
nanufactured of this tumzstca alloy had the costs of the raw slugs bson moro
vithin reescn.

Regearch and dovoleroond dovostizations at Watoriown Arzenal establiched
hat eguivolend or betbtor chell bodies cowld o minufactured of a dupleted
weaniva glloy ot a zuch loga eosd por cartridsa. s, after mumorcus tests
and discussions a urenium ailoy, 1n accordaones wlilh tho reccxzundotion of
Vatertovn Arscnzl, was edopisd as the chell tody material and the process to
mamafacture these in quantity evolved about this material. This, of courss,
involved guch problexms as ssccuntebllity, heelth physlics, scrap handling, stc.,
but they have ell been recolved, and Lake City Avscznzl is currently tooling vwp
to out bar stock. Bar steck will be provided by Wutosrtoim Arcemal to raquire-
monts for suteomatis gorew machins coporation, Watertoun Arsensl, it may be
presunsd, purchages the wanium alloy from a ccrzidrclol source in aocordancs
with requiremzats of the proposed militery speocificaticn to be dlscussed lator.
Basically, our requircments called for a bar l2-fest long and sufficiontly
straight to pass frocly through a 31/32® I,D. tube, The bar diameter specified
should be 8LL® = ,006% and any olliptiodty must be within diemeter tolerance.

Mirimm physiecsl pmparti@s* ghould bes Yield Strength = 50,000 psi,
Ultinate Tensile Strength - 100,000 psi, Elongatlon - 2%, Reduction of Area - L%,
V-Hetch Charpy at =4O°P - 2 fi-1bs, There is listsd in Table I an approximation
of the amount of uraniva alloy bey vhich will be required for delivery to Lake
City Arsemal for the next five flocal ysars. The schadunles have fluctuated in
the past end may very likaly do so in the futursy therelore, these figuras
ropresent what 12 currently in tho plaons,

N SER R WER VED E GHP G GNE GRS AR MR WD NN AN W TN SAR SRS GNP MW GNP W W WD AR D e TN WP SR IR GNP S AR AT GNP e e e

*ohalymants footnotes Mini:om in this case referring to the lowest machanical
“properties of siatorsd tungsten elloys that withstood a ballistic firing.




TABLE I

URSNIUIS ALLOY BAR REOUIZRT™ FOTL SCHALULD

Srhadule 12! Bars Raq'd  Zrovox. Lin. Fl. Aoprox. Wi, at 53 lbs/bar

Iuly 1940 30 360 1,590
August 1960 66 752 3,500
September 1550 32 384 1,700
Oclober 1960 sk 648 2,860
Noveiber 1560 135 1,620 7,155
Deccmber 1960 223 2,676 11,820
January 1961 20 2,520 11,130
February 1961 210 2,520 11,130
March 1961 210 2,520 11,130
April 1561 156 1,872 8,270
Total FY61 1,326 18,912 70,265
Total FY52 2,12} 25,188 112,372
Total FY63 819 9,828 u3,Lo7
Total FY6L 701 8,k12 37,153
Total FYO5 767 9,201 10,651
S"Ycar Tot&l 5’737 68’81‘}4 30&,%8

For this current plan all of this uranium bar is to be delivered to
Loko City Arsenel since this Arsenal will wsmufacture, assemble, load and
pack all of the components of the XMIOL cartridgo except the fuze. A machined
projectile i, shown in the attached figure.

7 Junc 1960
LAKE CITY ARSENAL
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SECTION €

URANTUE ALTAYS FOR OADUANCT COITONTNTS

by
Je A ¥isencilk

During tho past several yoars the Ordnanco Corpa has gamerated o
requirement for a ctructural encinsoring matorizl that posseccos high
strength, high donoity, and & rcoconable encunt of ductdlity end toughneoos
for use in the production of critieal Ordmanco cocopensats, Undor the
spongorship of Picatinny Arcenal, wrought weonirm elloys (unclacoificd,
depleted) ravo bzon developad at Watsrtewn Arcorad to mset this roguiroe
ment. The following gives tho histery end fohricatdon of the uronivm
molting &8*ock to bs supplisd contractors. Alse diocusszed is the Grinarce
Corps alloy-devolopmant program; including alloy dsvelcpzont, prolininary
extrusion, heat treatnent, and mstallegrsphic tochniques,

Preparation of lelting Stock

The depleted unclassified uranium used in Army Ordnanca is obtained
from the Atomic Enorgy Commission on joint prozrams,

The uranjun salt that is used to produce the ursnium motel is UF),
(uranium “tetraflucrida) which has bzen reduced from UF¢ (uranium hoxa-
fluorida). This prollminary reduction cperaticn is conductod at the Atonmic
EBnergy Corrdscion inatallation at Paducah, Kentucky. The wranium tetroe
fluorids (iTy) is the highepurity gresu salt. This is .ton shipped to
the Mal2inckrody Chemlcal Corp,, St. Louis, Missourl, for tomb reduction
of tho green ealt with magnesium to give a uroniun "dirgot" end a slag
of magnesium fluoride., The name "dingot" is usad rather than "ingot" to
irdicete that the uranium resulted from a dirsct reduction from the salt
to wanium metal, The resultant dingot and slag ere separated and the
dingot 18 mechined (scalped) to remove any slag and refractory that may
adhers to the eurface, The dingot weighs approximately 1800 1lbs, and
is the yield frcm 3000 1bs. of chargad gree- salt.

Chemical analysis of the resultant dingot material as supplied by the
Atomic Energy Commission is approximately as follows;

C <100 ppm Ca ¢Jppm
Fe 15 ppm M 2 ppm
Ni 30 ppm Co u ppm
Cr 2 ppm Cu 15 ppm
V 20 ppm Mg 2 ppm
Si 30 ppm L1 0.2 ppm
Al 10 ppm Ba 0.2 ppm
H <1 pm B O.L ppm
N 10 pr=m 0 20 ppa




Noto that the emounts of 21l elerments £all bslow that cpocified in the
specification., Further processing of tho dingot io dspondont upoa tho
molting end elloying fecilities avallcblo. Tho dingod may bs extrudsd
and rolled to give 1-1/2% dicmeter bax olock sultable for molting or tho
entiro dingot may bo ro=mzlicd end alleoyod,

The dinget or rolting stock that will bo furndohed to Industerlnl
procecaing foeilltics to moet the uraniwa wdldlery gpccificaticn roguire-
mentaz will bo supplicd ag dssccribed ebovo.

Co-Reduction Procosa

Atterpts have beoen made to eldimirnto the elloyirg stcp by co-reducticn
of the Uny, with molybdomm in the bcxmb rcductdoen proccos. Ssveral dingots
have boen roduced using this technique; howover, the last dinget containsd
extensive porosity.

Rolling tests ccaduoted with co-roducod stock ware not succeszaful.
The billet cracked extensively during ths rolling oporation.

Extrusion to bar stock using co-reduced stock hes been successful.

Use of co-reduction process to produce melting stock that will be
eupplied to the contractors is not plaaned at this time,

Oxdnenca Corpa Aloy Davelor—ont

¥alting sand Alloying « During ‘4o alloy development program et Watertowm
Arsenai, i-1/27 dicistor bar stock is used as melting astock, Small lesboratory
size ingots each weighing 30-4O 1lbs. are melted of bisary, ternsry, and
quaternary alloys of ursnium. The alloying elaments studied included varying
anounts of columbium, sirconium, molybdemum, tantalum, and vauadium. Exten-
sive use is made of published phase diagrams in the binary systems to dstermine
melting points, solid soclubility linits, presence of inter-mstalli¢ tompounds
and low melting eutecticej however, little or no data is to be found con-

corning the ternary or quaternary systemu.

The melting is accomplished in a vacuum=-induction furnace which can dbe
evacuated to at least .8 micron. The induction heating of uranium does
not nacessarily promote good mixing, and to minimize segregation which
can be & problem whon molting materials of extensive density ifference
such a8 wranium and titanium, the melt is super-heated 100 ~ 200°F ahove
the melting point. In the laboratory hoats, the mslt is contained in a
etabilized sirconia crucible during meliing and is Jip poured into a graphite
mold, In order to minimize carbon pickup, the mold is washed with zirconia




mixed with water end wator gless. It was dotorminsd corly in the progrom
that carbon in exccoe of 150 parts por milldea is dotrimontel to the
ductility of tho rcoulteont meterdnd end ie to boe evold:d, Jowwecarton
melt stock 1s vscd in all-2lley ctudics end will to uotd by the Conmirosicn
to produce tho rogmired chepzo (oo Totlo I).

The es-cost rutollurgles) and pochondend proportics oro detorndn:
from the ingot; el tho romaindng port of ¢the incst 1o fgr&h@r procect
to obtain es-extruvicd propertlcs end heatetroatomont olecl,

Extrusion
Bxtrusion of ths elloy study ingota is ecccmplichced by heating thoe
ingots ‘o 1650°F for epproximately 2-1/2 hours in en evosvated copper

containor, Billet is cxtruded frem 2,87 dia. to epproxinately 75" dis.
The cepper cladding eerves four purporess

1. Permdis the hsating of billets to b2 carrisd ocut in an ordinsry
furnaco and still protsct the surface of tho uraniun,

2. Separates the uranium from the steol die, thus preventing the
formation of a low temparature eutectic beotwszen tho uranium and the iron

in the die,
3, Serves ez & lubricant during extrusion,

L. Actz 23 en insulator to maintzin uraniun surface taaperaturcs
high enough to prevont surface tears.

The copper forms a thin protective coating over the extrudsd dbar stock. The
as-extruded properties ware obtained,

Heat-Treatment Studies

Blanks cut from the extruded bar stock are used in the heat-treatmsnt
studies., These haost-troatment studies have rcculted in obtaining a wids
variation in properties on one alloy. The properties of L93 are prescnted
in Tsble II.

Limited heat-trcatment studies of U-8%o end U-8%0-14TL have showm
that heat treatment wlll not approciably incrsase the mechanical properties
above those presentad in Tables III and IV sincs this alloy is single phase.

To date, 134 ingots of 70 different alloys have been melted at Watertowm
Arsenal; 38 of these remain to be tested in the as-extruded condition and

heat treated,




This program has led to the dovelopment of at least two wronlun elloyo
vhich have proportiss which make them usable enginserdng motorinlc. Thop
moy bse oth2rz developod before cormpletion of tho program. The two alleys
ares U-371H and U-84Mo~i%Ti. These elleys aro curvently belng vocd 4n thoe
prototype manafacture of componsnda in tho rososvch and develepnnnd stazs
and also wero used, evaluated, end tosted for tho X001 gpotting rovnd.

Many alloya have been dsveleped vhich will moet ths mochaniend proportica
as required in the spoclfication &t the differcent strength levols; houover,
the corrosion resistencze of all but the U=87iH ard the U-87i% 27571 wili net
meet the specification requiremant. Further studles are in prosross to
overcome this deficiency. Mr. Jacobson will latar roport oa tha corrosion
resistance of the uwraniun alloys.

Gas Elinination

It hes been dotormined that hydrogen in excess of the smounto glven
in the spscification will cdversely affect the ductility as measurcd by the
percent elongation and reduction of erca,

The following hsat treatment has been devoloped to remove hydrogen in
the uranium 8%l alloys:

900°F = L hours (time depending upon section sige)
1650°F - 2 hours ¥R

Thie trcatment ‘will rasult in a reduced yleld strength but will remove
the excess gases and restoro the ductility to acceptable levels,

Most heats during the allouy-development program contain less than 1 part
per millicn hydrogen and less than 100 ppm oxygen.

Matallogrovhic

Limited metallographic studies have been conducted on the U-8%l%0 end
U-82¥0-1T1 alloye. Results indicate that both of these alloys are eingle
phase, Typical microstructures are presented in Figures 3, L, and 10 and
show structures of as-cast, extruded, and ™cold worksd" alloys respectively.
(Note the reduced grain size in the extrudad condition),

Further mstallographic studies will be mads o¢n these and othor alloys
dn the heat~treated conditions as wall as material worked below the recrystal-
Jization temperatures,

7 Jwme 1960
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TABLE I

EFFECT OF CARBON CONTENT ON

UCTILITY

AS«CAST U8 MO

\ioW.)

E‘w{.‘b‘u[‘;

TTON(L)

10
10

9
10
10

O ONMNEWWWDTOARYD

ONOBSNUVLLOVY

------------------------------------------------------------------- Tasseeee

¢ Treatment

0°F W.Q.
0°F W.Q.
900°F
re Wolo
Cast

Extruded

TABLE 11

U=-ALLOY . -L.93 HEAT TREATMENT 2%Mc-272r-2%Ct-1/2%Ti

1% Y. S, T. S.
(Pst) (Psi)
35,000 139,000
248,000 264,000
194,000 210,000
164,000 221,000

% Elon. % R, A,
17 22
3 7.2
0 0
8 6.2

Charpy Impact
-40°F (ft-1bs)

16.0

2.7

3.4
6.8



TATLE ITT (&)

MICHANICAL FROFERTIZS OF

B 10 AS=CAST

x:c&h NC’«. YO So @ﬂl TO SO mono Ro Ao
L3 130 131 4.5 57
L1l 118 . 0 LM

119 122 2.0 2.6
L13 123 127 5,0 8.0
118 128 0 0
L 22 116 120 1.0 2,1
118 124 . .
L 23 106 114 3.0 3.4
12 121 0 0
L 2k 126 128 3.0 5.6
125 128 5.0 12.6
L3 119 123 11.0 36.0
112%» Lllwe 4.0 10.4¢

]

L1

Specimen broke in throads.

Imperfection in tensile spceimen.

»e¢ Spocimen broke before .1% yield took place.

L 36 118
120
116
1 38 118
116

L 45-Mullite
Wash 118
122

L fl-Mullite
Wash 121

L-52-Mullite
YAYaah R

L 53-Mullite
Wash 120

121
128
124

124
124

120
129

122

113

125

2.0

8.0
6.0
7.0
8.5

Gh@.rry I

at -

&

O°F

paat

3.9

2.1
2.2




TARLE XIT (n) (Cont)

flaat Mo,  ¥e S. %1 TS,  Hlon.  R. A, Zharpy Impact
o at -k0%z

L 55-i#a1lito

"ash 126 123 3.0 4,2 3.0
L 5% 116 121 1.0 22.6 3.5
L 57 116 120 9.0 23.4 2.9

*  Speoimon broks boforo W19 yleld tock place.
%  Jmporfection in tonoile spociman,
sss  3Spocimsn broke in tlread.

L 58 ‘121 126 5.0 7.2 -
L %9 15 119 10.0 26.0 3.0
L 60 118 120 2.0 177 3.5
L 61 120 121 10.0 18.4 '3.75
L 62 15 121 9.0 22.2 %1
L 63 118 124 10.9 2.7 3.8
L 64 - 123 0.0 25 4.0
L 65 118 122 8.0 25.4 6.2
L 67 118 18 11.0 30.8 4.0
L 68 19 123 8.0 17.0 3.7
L 70 116 18 12.0 21.8 3.7
L7 16 118 9.0 17.7 3.8
L 72 118 120 8.0 17.7 3.8
L7 124 127 50 118 2.6
L7 130 13 10.0 22.6 3.0
L 78 12 123 7.0 140 3.2




TAELE ITT (b)

EICUANICIL FROPTRTTES OF

RN )

Hoat o, Y. 3. 7.1 T. 3. Tlon, R. A,
L 40 135 137 12.0 h2.b
L 5 130 136 14,0 55.2
L 52 13 140 14.0 52.6
L S 136 142 13.0 42,8
L %% 136 139 .0 45.2
L 57 133 136 15.0 504
L 58 132 136 13.5 b7
L 62 121 11 12 48,7
L 7 136 136 13.0 59.9

136 137 14.0 43.2
e 147 151 5.0 b1.6

. Specimsn broke in thread,
#*  Imperfsctions in tensilo specimen.
#s¢  Spacimen broke bafore .17 yield took place.

L6

L 66

L 72

L7

L7

137
135
134

133
133

138

140
138

143
142

TARLE JIT (¢)

MTCHANTICAL PROPEZRTIES OF

-0 %0 AS-ROLLED
138 13.0
137 16.0
135 14.0
149 14.0
136 14,0
139 14.0
TABLE IIT (d

MECHANICAL PROPERTIES OF

U-U5s MO  AS-BXTRUDED

14
139

146
148

1¢
10

14
13

Charpy Impaoct
at -4oop

Sed
8.3
3.4
5.2
6.8
9.0
4.0
5.0

5¢5

6.0



TARLE IV (a)

MECHANIZAL FROPZRTINS OF
U-bw:’mk:,) - 1-\'4 Ti ASJ“'J‘ASI‘

Boat Mo, Y. 3. %.1 T. S. Flon. R. A, Cherpy Irooob

at Loop
L 75 128 130 6.0 14,7 3.1
L 76 L3 L 10 17 3.2
L7 130 13 11.0 26.0 31
L &5 142 143 10.0 16.2 2.5

TABL? IV (b)
MRCHANTCAL FROPINTIVS CF

U-85 10 = L. 04 AS24%isan

L 85 151 154 13.0 37.8 3.4
A (rn) 148 149 11.0 3.8 2.8
c (Rn) 128 129 10.0 33.k 5.0
7 152 154 12.1 3% 2.8
154 155.8 12.9 38 2.8
n aN 156.8 18.0 42,8 a.z
132 138.6 12,9 35.8 X
TAPLE IV (o)

MECHANICAL PROFERTIES OF
UBUYF0 = I3 1. KS-501G3D

L 76 8 148 17.0 43 L,2
146 148 16.0 48,6 3.5
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AS- EXTRUDED URANIUM CYLINDER
FIGURE 7
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COPPER COATED(FLAME SPRAYED)URANIUM
BILLET PREPARED FOR ROLLING

FIGURE 8
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HIGH-STRENGTH URANIUM IN VARIOUS
STAGES OF PRODUCTION

FIGURE 9
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URANIUM ALLOY PROCESSING

by
E. N. Kines

Introduction

As with moot rotals ueed for structural purposcs, hol or plesticdldly
workaed uraniva elloys oxhiblt superlor mechanlesl proportlos over thioso
obtainzd from tho as-cast material., Specifically, plastic reductions of
epproximately 507 hovo boer dotermined aw edoguats to produce tho dosired
mechanical-preporty levols,

Equally fomortant in arrdving at the dealred preporties ere the propor
choico of alloyinz constituonte and molting procedurca, Soversl nelting
practicss currcntly belng evaluated at Watortowm Arsonal ers deceribad in
an article zpposring in the February, 1960 iscue of Foundry magezins
entitled #Uroniim Feundsy Practics® by G, D. Chandley and D. G. Fleck of
Watertown Arsennl, Two alloys, U-8Zio and U-87Mo-17T1 devoloped at
Watertown Arscnal, ero capable of meoting thsso stiptlated requircmento,
Concurrently procodurss for the melting of these alloys in moderately
large-size heats have been established., In fact, experimentel 300-pound
hoats are bolng molied at Waterto:m Arscnnl. As an exarplc of even
fuxther progress, 2,200-pound hoots ars Yeing melted by sn industricl
fesiilty. Thesa 2,2C0-pound heals will be used in ths devolopment of the
hot-vorlting prodecses which aro nacesacry to obtain the desired mochanisele
property valuss, Cpecifically these processes incorporate oxtrusion and
rolling. For example, two as-cast, solid ingots of B-1/4" dia. x 6 longth
or tho U-8Q10-17TL alley and two as-cast, hollow cylinders of 7-3/L* 0.D. x
L* I.D. x 10" length of the same alloy will be hot worked at Watortowm
Arsenal., 1In the cace of the 8-1/L" dia, s0lid casting, epproximately
50% reduction will be imparted to it resulting in a 6-5/8" dia. forgod
billet. Following this operation the forged billet will be roverce
oextruded to the desired final configuration. The aa-cast hollow cylindar
will be forged from its originsl 7-3/L" 0.D. to 6-5/8" 0.D. while main~-
taining the I.D. dimension of L™ through the use of special forging tecols.
The desired 50% plastio reduction previously montionod is adhered to in
both of these prrccodurss, which assures the obtaining of a sound high-
strength component, Tha following technical data represents processing
evalvations conducted over the past year at Watertown Arsenal and what
development work is in store for the future.




Prcecessing Proscdures Presently Devaloped

1. Open-Die Forging

Threz-inch diameter incots, €2 molytdomm, wors cast et Wotsrtowm
Arsanal, After degassing ($C0°F in vocuua for 2 hours) ¢hoce billets were
forged dewn on open dies at 1600°F to 1® dicneter, Both honmse (1500 1bs.)
and press (500 ten) were utilized with egual succens.

2. Back Extrusion (Solid)

After cacting, 6-1/2" dia. billsts, &7 molybdenum, were rough
machined to 6-3/8" dia. and then rovorse extruded in the as-cast condition.
To prevent surface tearing that would reosuvlt in circumforential surface
tears as dsep as 3/8", hote-rolled 1020 carben steel clecaves 1/8" thick were
used botwsen tho extruzion contairsr snd tho billet. This stesl sleeve
combined with tha moltea salt on the billet end the very high die tempera-
ture (over 600°F) served to provent die geizure, reduco billet hoat lozs,
and lubricato the area betueen the billet and the extrusion container,

The type of extrusion punch used was a L-1/L" dia. drop-off disc type punch
made of 9% tungsten hot-die steel heat treated to Re. 50. Billets were
extruded at 1800°F; two types of copper coating were evaluated, copper
sprayed (maximum thiclmess 1/16"), and copper canning using 1/8" thick
evacuated copper can. The 1/6" stesl sleaves were at the same temperature
as the uranivm billet (1800°F).

3. Beck Extrusien (Tube)

It is esoontdally the same procedure as the previous method except
that the as-cast billet is hollow (3" I.D.). This I.D. is expanded to
L-3/8" I.D. utilizing a special type of expansion drop-off punch mads of
L3L0, heat treated to Ro. LB. Although the amount of reduction by this
mothod 18 less than that of a eolid billet, the problem of center segrega=
tion is elininated,

k. PForward Extrusion

'One industrial concern has successfully forward extruded uranium
billets from 2,6" dia. to 75" dia, at 1650°F with forward extrusion press
esetup. This setup was vtilized to extrude thirty-eight alloy combinations
preaently being evaluated at Watertown Arsenal laboratories for metallurgical
and physiecal properties., It was “ound that the amount of extrusion pressure
required varied for exch., The maximum was 580 tonsj the minirmum was 200 tons.
All of the thirty-eight alloys were successfully extruded, These billets
were encased in an evacuated copper can 1/16® thick to facilitate extrusion
and keep die wear to a minimm,




In both backiard extrusien procosscs tho nain lubrdeant ueed was
& mixture of grophiteo end silicons oil.

5. Rollins

Square billstz woro relled eb Votirtem Lrgsonsl. Two tonporatures
wore utilized, 13C0°F end 2LLOTF. Tho eqvore evcoa eccliens vors rclused
from 1-1/2" gouare dovm to /2% equere. A coppir coatdng 1/10% thick

s

(sprayod) was uscd with considaredlo eucclicle

Future Doveloomint

As proviously indicatcd, preliminary rolling study shows that the
best mechanical and ratallurpgical propertics for bar stock will bo obtained
by rolling. Tho devologment of processing proccdures for rollinz hos been
limited by tho limited sizo end temperaturo rangs of heating egulprint
avalleble ot cxldsting licconsed industerisl rolling faocilitica dn thic
country. Howovsr, @& rollinz progron 18 in prolioss to c:werming tho eptlmum
rolling terperatures end tizs of heating prlior to rolling, This pregran
is being conductcd bty VWaterteim Arsenal at en industriad consorn in
Cénada., A firm in this country is prosontly instelling & rollirz rdld
and accessory heating equipmoent suitable for rolling of the high-strength
uranium alloys to bar stock and plate.

7 Juns 1950
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SURFACE CHARACTERTISTICS

by
M. M. Jecobeon

In the dovelepment and nandling of u=eniun alleys undor ths Davy Crocho
spotting round program, ;wropngricity and corrcaicn tendency ware rcﬂag"
as potential problems. Tho J?cphoric choractoristics of wrandwn, or tends
to ignite sporntansously, roy have constituted a serious safety hazard. The
uranium alloys to be ﬂpJCifl‘d for the Davy Crocksett spotting round also
were required to exhibit satisfactory resistance to atmospherlc corrosicn
under conditions of lonz-tcim storage.

Chips, poudor, turnings and drillings of uraniuvm metal are pyrcphoric.
From a toxicity, hnndli&b, and storage standpoint it vas evident that care
had to be excrelscd in dealing with finely divided wranium. For exzrpls,
during machining operatiors quantities of chips and turnings are not &llows
to accumulate but are kecpt submerged in oil and subsequently dicposed of by
burning. Massive or solid uranium mstal, on the other hand, offers ro rcol
problem in handling or storage. From a health physics standpoint it was
found, however, that tho principal problem was a psychological one--a tonuous
fear or this strangs new material. This has been effectively overcomo,
thougn, in the Watertowm Arsenal uranium progrem through lectures and
instruction glven to worlzen,

It is well known that unalleyed uranium c.ibits vory poor corrosion
resigtance evea at normal temporaturss. It tarnishes or oxidizes very
readily in air developing a more or less protective dark brown to black
uraniun diox1ge coating. Unalloyed uranium even oxidizes slowly in a
vacuum of 10~ . of mercury and in the presence of moisture corrodes
very rapidly, following a parabolic growth lew. Oxide fracture or dimen-
slonal growth of the surface of uranium could present a source of difficulty;
consequently the corroslon characteristics of the uwranium alloys being
developed for the spotting round were an important consideration.

Although the extensiva data generated under the Atomic Energy Cormission
fuel elemert program indicated that many alloys of wuranium possessed
remarxably improved corrosion characteristics, study has been underway at
Watertowm Ars~nal to cvaluate the corrosion resistance of specific alloys
that are being considered for the spotting round because of promising
mechanical properties. The objective was to establish corrosion require-
ments for specification use.

On the basis of surveillance corrosion tests carried out in boiling
water on unprotected uranium-alloy specimens, 1t is proposed to establish




the following tentative requirement: "o weight loss end a wolght gain not
to excced 20 milligroms por squars decimetor per day."

Corrosion testing in en envirornont of S0% relative hunidity et 160°F
is being explered furthor. Long-tirs exrosure tesis ere 2lso in progross
at ambicnt tomperoturo as wall es ecrrotlon tosts of spocimons protected
with barricr coatinzs., (Results to dats on the influencs of barrier
organic coatings confiynm the Atcmle Enorgy Commisoion's exporicnce that
attempts to enclose uwraniwm may encourage only yreater corrosicn and that
freely circulating air will probebly provido the most effective environment

for long-tern storago.)

Proliminary avorage data ehouing comparison of various urcnivm alloys
in the accelorated boiling water corrosicon tesis are listsd in Table I
below., Alloys erd listed 4n tho rolative ordsr of decreasing merit. The
increased corrosion rosistance cf tho alloys at the top of ths table
contrasts strikingly with that for tho unalloyed uraniuwn, ("Plus" values
indicats a woight gain, end "uninus" values a w~eight loss. Corrosion
products were not chemicelly removed aftor test,)

TABIE I
CORROSICN IN BOILTN WATER AFTER 2); HOURS
¥aterind Corrosion Ratos (mdd)
SiMo-1£T4. +3
24Mo~2 B Zr~-23Cb=T3T1 +6
10%¥0 +16
54Zr-1.75Co "5
«STMo=.57CH =10
2%T4 -340
23Mo -=680
Unalloyod uranium «7000

It is recognized that uranium corrosion is complex and that frequently
thero may be difficulty in obtaining reproducible data in repsated experi-
«nents. Consequently the ratings of eoveral of the intermediate alloys
listed in Tabhle I should not bo conszidered as final.

In recent boiling-water corrosion tests conducted on the 8ZMo and
8%Mo~1ZT1 uranium alloys vherein specimen preparation and tsst procedure
were defined and controlled very cerefully, it has been possible to obtain
excellent reproducibility of results--sufficient to warrant inclusion of




the speczificatlon requirement of 20 mdd referred to previously. The
procedure is doscribed in paragregh L.S.L in tho preposed uranium speci-
fication containnd elsevhers in this documont.

Corrosion end surfzco trecatment studies are continuing at Wateriowm
Arsenal Leborctories to provide correlation betuocn eccolerated and lenz-torn
exposurcz and to easure carplote widerstanding of posoible unusunl effcets
of new &lleylng clcazuts end influcncoe of now procooaing varlablos.

7 June 1950
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SECTION D

DISCUSSICH AND CHANGES

Proposed Military Spocification MIL-U-LOOLS(Ord)
®Uraniva Aoy, VWrought, D:rs, Billets, and Tubular Shapes"

by
Jo F. Coulter

The coordination of a specification between industry end Government is
necessary in order that an understanding exists between the parties involved.
The requirements of the specification rust be technically sound and reasonable.

The particular specification under discussion, based upon considerable
materials development, includes such requiremsnts as necessary to purchase
the material which will produce en end item, in most cases projectiles.

Since the preparation of the specification some technical areas of the
requirements have been found to need adjustments, i.e., hydrogen content,
ductility, corrosion rates,

These new values are set out below:

The maximum zllowable hydrogen content has been changed from 0.001%
to 0.0001% () ppm) in paragraph 3.1.

The elongation requirements in Table II have been changed as follows
from the values shoun:

20 changed to 17
18 " n 15
16 L] " 13
1h n n 11
12 " w9
10 n " 7
8 " n 6

The maximum weight gain value shown in paragraph 3.6 has been changed
from 10 mdd to 20 mdd.

In response to a question from an industrial representative, namely, will
the melting stock (dingot) used to produce the wrought material be purchased
against an Atomic Energy Commission specification? This will be investigated,
and if the Atomic Energy Comaission specification is sultable it will be used
as an applicable document within the specification being considered here.




The materials speeification will be revritten to include the chanpges
suwown here, and no further suggested changes s.re put forward by elther Government
or industrial represcntatives,

The speeification MIL=U-L60LS(0rd) dated 2 June 1960 revised to include
changes sct out as suggested in this discussion is included herein,

7 June 1960
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MU ~U-hGohs(ora)
24 June 1900

MILITARY SPECITICATCLD -
URANIWM ALINY, WEOUGIHT,
BARS, BILLETG, AND TULUILAR SHAPES

1. &corn

1.1 Secope. = Thins speeification covers wrought, depleted (see 6,6),
unclasnificd uregnium alloy bars, billels, and tubular chapes in cection slzeso
up to 2 1/2 inches for use in Ordnancc engincering epplications requiring
renigtance t¢ normal atmospheric corrosion,

1.2 Condltion. - Unless othervise speeified in the contract or order, the
wranium elloy siall be furnished in the as-rolled, extruded, forged, swoged,
or heat-trcated condition,

1.3 Finigh, =« Urwdum billets sholl be furniched in the rough-turned finiah,

2. APPLICABLE DOCUMENTS

2.1 The following documento of the issuc in effect on duate of invitation for
bids form a part of this specification to the extent specified herein:

STANDARDS
FLELERAL
F&D, TEST METHOD SID, 1O, 151 = Metals; Teut Mothodo
MILITARY
MIL-STD-129 = Marking for Shipment and Storage
(Copico of specifications, standards, drawings, and publications required by
contractors in connection with specific procurement functions should be obinined
from the procuring ectivity or as dlrected by the contructing oflicer.)
2.2 Other publications, « The following docwnentuy form a part of this speel-

fication to the extent specificd herein. Unless otherwise indicated, the
{aoue in effect on date of invitation for bids shall apply.




MIL-U-hGONS5{0xa)
MERIGAN SUCTETY FOR THOVING MATIRTALS

ASTYM Denlpnation: R311-58-Gtandord Method of Test fov Density of
Cemented Carbides

AGTH Mothodn for Choemiend Analysin of Mcislo

(Application for coplea shendd be nddresned to the Amerlean Soelety for Tunting
Materinls, 1916 Roce Birect, Philadelphda 3, Pennsylvania.)

3. REQUIRIMILS

3.1 Monufacture. - The wrandum alloy chall be manufactured uaing uranium
melting ntock, of a purity which has been approved by the procuring agenecy, and
nuch alloying elemcnta an necensary to meet the requirements ppeeified hereln
(soe 3.2, 6,2 end 6.2.1).

3.2 Chomical composition., « Unlesn otherwise opecificd in the contrast or’
order, the chemteal compoalticn of the uranium alloy shall comply with the ranpe
proponcd by the contractor., Tho contrantor shall submit a cortified analynlin
of occh heat to the procuring agency. Tho statement of analysis shall ineludoe
all elcments intentionally added as well aa the mnounts of carbon, irom, oxygen,
hydrogen, and nitrogon presernt as impurities.

3:2.1 Unleso othcrvise spocified, the limito for tho olemonts chown in
tablo I, shall not be exceeded,

Table I - Maoxdmum contont for elementa presont an imnurition

Element Meutimum

percent ppm

Carbon 0,015 150
Iron 0,0025 25
Oxygen 0,010 100
Niydrogen ' 0,0001 1l
Nitrogen 0.010 100




MIT~U-%6045(0rd)

3.3 llcat treatmont. - When matericl {5 hent trected to meet the applicodbie
mechanical. property requirements of thla speoeificsticn, the detaila of the
heut treating procedure shall be proviced by the ecntractor and shall ba fore
warded with each lot abt the time of ohipment,

3.h Straiphtonlng. = Bows and excs in 4he uranius materiol may be romoved
by straightcning, et the optlen ¢f ¢l econtractor, provided that the toomporee
twre of the moleriol éuringy eny ebrolitonlng operaticn 14 not lecs thon
1100 degroen Fohrenhe!t (°F). A1Y ciralghtenlng sinll be performed price to
aceeplancae teoting,

g

3¢5 Mochanieal properties,

3.5.1 Tensile yproperitea,

365,20 Yield etrength, = The ylcld strength ronge shall be es specified
in the controct o order,

3.5.1.1.1 Moxdrum yleld strensth, « The epecified yleld-strength range
may be excceded providing the porcent elongation, percent reduction of area,
and V-notched Charpy inpact resictance do not fall telov the values shown
in table II for the upper limit of the specified yleld-strength range.

Table II -~ Minirum mechanical property requirements

“For yield strength Average Average Averaga V-notchod
(0,19 cffoet elongatica reduction Charpy impact
of areca regintnnes abt «hGoP
P.o.3, percent, percent ft,-1bs,

110,007 - 119,929 17 b2 6
120,000 - 129,999 15 3B 5
130,000 - 139,999 13 3 5
140,000 - 149,999 1 30 L
150,000 ~ 159,999 9 28 h
160,000 -~ 169,999 7 26 h
170,000 - 180,000 6 - 2h L




MTL-U-"60h5(0rd)

305&5..2 Ducbility. - The percent reductlen of aven mid percent elengation
shell ve an showm in table 11 for the applicable yield strength range.

3.5.2 Impact renintnnce, - The Venolched Chavpy impact resistonce ghall
be an shown in toble L1 for thn applicable yield strengih range,

3.6 Denrity, - The densily of the wrenium alloy shall be 17.5 & 0,4 grems
pex cubic ccntimeter, Cortification of the density shall be provided by the
contractor,

3.7 Corroslon renintance., - The carrcsicn speeimens, when tested in aecord-
ance with U,5.L, sholl show no weight loon and a welght gain not to exceed
20 milMiorans pxxr equara declmoter per doy (mdd),

3.8 Dimensions and dimecnalonnl tolerancen., = Dimenscicns end dimensional
tolerances shall be un specified in the contract or order,

3.9 Birairhtncon tolerrnce, « The straightness of the wraniwn alloy moter-
101 gholl mot vary move thon 1/4 inch frem the longitudinol exis in eny § fect,

3.10 Xdentification mwarking, = Unless otherwise specified, each piece phall
be legibly and indelibly marked with the nwnber of this epecification, manu-
facturer's identdification, the plece number, condition and heat mutber or
deslgnation,” Physical marking of the urenium alloy materiel shall be accome
plishzd in a monner which will not be deleterious to the material,

3,11 Workmanship, - The uranium alloy shall be uniform in quality and cone
dition and shall be free from erecks, inclusicns, scars, leninations, scale
and other defects which would detrimentelly affoct the suitablility of the
material for the intended use,

L, QUALITY ASSURANCE PROVISIONS

4,1 The oupplier is responsible for the performonce of ell inopection
requirements as specificd herein, FExcept as otherwiee gpeeified, the supplier
may utilize his ovm or any other inspectlon facilitice and services amcceptable
to the Goverment, Inspection records of the examinetion und teses shall be
kopt complete and avallable to the Covermment es specified in the contract or
order, Tho Oovernment rescrves the right to perform any of the inspections
set forth in the specification where such inspections ure deemed necessary
to asture supplies and vervices conform to preserlbed requirements,

h,2 lot, - Unless otherwive specified in the contract or order, a lot shall
consict of all uranium alloy muterianl cubmittcd for inupection at the sume
time, of the pame heat, the swoe condition, end the swne dlameter, Vhen heat
treated, a lot chall be of the some processing cyele and heat treated at the
pom2 time in a batch furnace or shall have pacscd concecutlvely throuph
continuous type of heat-troeating proceus,

b
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h.3.)1 For ercnical analyals, - At least one cample for ehemlenl anodynin
ohnll be selected fi'em cach heat in accordance vith mrllind 111 or ncbhod 112
of Fed., Teot Metlicd &td, No. 151,

MIL-U-hGoh5(0ra)

trncb or ordc;, ut 1oant ouc snople Tor m:chaulcml Lluﬁﬁrtlﬂﬂ tents 6hall be
pelectnd from ench leb of urandwa material,

b Easinatica,

hbh,1 Vioval, = A1l materinl nhnll be subjcct to vioual exemination for
?cmuﬂinncg witn ddentifleatlion marking {sec 3.10) ond worlmanship requircrants
oce: 3,11

h.h,2 Dimensicnal, = ALl material ehall be oubgoct to exsmination for
compliance with dimensional requirements (pee 3,8) and ptraightnoss requires
monts (sce 3.9),

h.b4.3 Proparation for shipment, = Examination shall be made to dotermine
corpliance with tia requircments for the preparation for shiyment (sce
oacticn 5),

h.5 Testo,

4,5,1 Chentesl analvoin, - Samples for chemical annlysio shall be pros
pored and teoted in eccordence with method 111 or methicd 112 of Fud, Test
Mcthod Std, No, 151, In case ef dlspute, the analyuwis by method 111 shall bo
the basls for accoptence o rejection,

4,5,1,1 Detornination of oxyaen and hvdroren, - The ASTM Mcthod E107-56,
for determining oxygen end hydrogen by the Vacuum Fusion Method using the
Platinum Flux or similar tcchalquen, or any olher applicable methods agreoed
upon by the contractor and procuring agency, shell be used in determining
tho percenteges of oxygen and hydrogen ln the uwvanium alloy.

h,5.1,2 Determination of nitronen, - The ASUIH Method F190-56, "Chemtcol
Analysis of Titanium and Titaniwn-Base Alloys" or any other upplicnblce mathod
acreed upon by the contractor ond procuring accney phall be used in Qetermining
the percentage of nitrogen in the uraniwn ulloy.

h,5.1.3 Determination of carbon, - Corbon countent in the ureniwn olloy
ghall be determined by the High Freeuency furnnce Cunbuction liethod or oy
other applicable methed wgreed upon by the contractor rnd procuring anency

(sue 6,3).

A%
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4.5.2 Mochanleal properties testn.

h,5.,2.1 loecntion of epecimens, = When the loeation and oricentation of
mraheniaal test speeimens is not given in the contract or order or on the
applicable drarings, tranaverse specimens chall be talen so that the lengl-
tudinal centerline of.the speeiren s perpendleuler to the longltudinzl axis
of the plcce involved and midwoy botueen the cwrface end center of the sce-
tion, Vhon 16 is not pocailtle to cbteln tranaversze speelmens, lengitudinol
ppeeimens oy be used,

h.5.2.2 Torolon tests, = Unleon ohherwise apeelficd, ob least two tensile
test gpeeirons gholl be prepared and tested in eccordance with method 211 of
Fed, Tent Mzthod 6%d, Ko, 151, The largeot dbtalndbln round apeeinen shom
in mothod 211 should be used cxcept that, at the opticn of the contractor
an R2 apecimon moy be used. The yleld etrength sholl be determined by the
offnct methad by plotting e stress-strain dlugram. The limiting offcet shall
be 0,10 percent (0,001 inch per inch of gege length)., The otrain rate shall
not exceed 0,005 in./in,/min, up to tho yield strength at 0,2 percent offsect,

§,5,2.2,1 Yield strength, = Except as provided in 3.5.1.1.1, if ths average
yield ptrength for ell specimens tented ie above the minimunm of the yleld
strength rongs requirements specified in the contract or order, the lot repre=-
sented will bq accepted as having met the requirements for yleld strength,

4,5,2,2,2 Duotility, - The percent reduction of area and percent olenga-
tion shzll bo dotermined as the aversge of all determinations cbtained from
tests podo in connsction with the inspection of a lot of material,

k,5.2,3 Irpoct tests, - Unless othervice specified, at least two standard
Charpy Venotonad 12d impuct teot speeimens shall be prepnrcd and tested in accorde-
ence with mothod 221 of Fed, Test Method Std, No, 151, The temperature of
the test specimen at the tine of fracture shall be -LO°F : 2°7, The error
in the Chorpy machine shall not excucd + 1 ft,~1b, for energy valucs up to
20 f£t,.-1lba, or ¢ 5 pe.cent for energy values over 20 {'t,-lbs, when the machine
18 tested using comparison specimens prepurcd by Watertown Arscnal (sece 6,h),
This comparison shall have been mode within one year prior to the time of
inspection testing,

h.5.2.3,1 Impact resistance, - If the average value for all specimens
tested is equal to or above che value glven in table II opposite the required
yield strength range, the lot will be accepted as having met the requirements
for impact revistance,

4,5,3 Decnsity tests, - When required, denoity tests choll be performed in
accordonce with AGIM Deaignation: B311-58, Cpcelmens for this test may be
taken fron mechenical test cemples,

6
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G4,5.4 Accelerated corrosion tests, = When required, static corrosion tests
shall be conducted as shown in 4,5.4,) through 4.5.,4.2 (sce 6.5). Samples
for this test may be taken from Charpy V-notched impact test specimens., The
samples shall be surface ground to approximately the following dimensicns:
0.25 decimeters (length), 0.10 decimeters (width), and 0,025 decimeters (thick-
ness), and the surface area shall be determined.

4.5.4.1 Pretreatment and cleaninz of test specimens, - Test specimens shall
be vapor-degrecased with trichlorocthylens and thea pickled by immersing in con-
centrated (approximately 70 percent) nitric acid to remove surface film,
The specimens shall be immediately rinsed in distilled water, tnen in acetone,

A

and shall then be air-dried and placed in a dessicator, _ :

4,5.,4,2 Corrosjon test »srocedure, - After approximately 10 minuces, the
test specimens shall be removed from the dessicator and weighed to 0,1 milligram
and immersed completely in clean 1000 ml, Erlenmeyer-type flasks, each contain-
ing 400 ml. of distilled water and sufficient number of glass beads to prevent
bumping of the specimens. The solution shall be brought to a boi! within 10
minutes and kept at a boil through out the remainder of the tust, and the water
level maintained by use of a Liebig-type condenser. Duplicate tests shall be
conductted using separate flasks and shall be carried out under a pressure of
1 a:mosphere for a 24-hour period. After 24 hcurs, the test specimens shali
be removed from the boiling water, rinsed under flowing tap water, rinsed in
distilled water and in acetone, air-dried, and placed in a dessicator for
approximately 10 minutes before being reweighed. The weight change shall be
converted to milligrams per square decimeter per day.

5. PREPARATION FOR DELIVERY

5.1 Preservation and packaging,

5.k.1, Level C, - Cleaning, drying, preservation, and nackaging shali be
in accordance with the manufacturer's commercial practice.

5.2 Packlnao

5.2.1 Level C. - Packing shall be in accordance with commercial practice
adequate to insure acceptance and safe delivery by the carrier for the mode
of transportation employed,

%¢3 Marking. - In addition to any special marking required by the contract
or erder, shinments shall be marked in accordance with the requirements of

Standard MIL-STD-129,
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6. NOTES

6.1 Procurement documents should specify the following:
(a) Title, number, and date of this specification.
(b) Condition, if necessury (pee 1.2).
(¢) Chemicol analysis when stipulated (nee 3.2).
(d) Yield strength range {sea 3.5.1.1). |
(c) _Dimensions and dimensional tolerances (see 3.7).
(£) Special identification marking not covered in 3.9,

(g) Name of inspecting agercy when inspection shall be performed
by other than contractor (see L,l),

(h) Lot size if nut as specified in 4,2,
(1) Bampling for mechanicel properties tests, if necessary (see 4,3,2),
(3) wvnen tests for density verification are required (see 4,5.3),

(x) When speoial mariing-for.-shipment requirements are necessary
(see 5.3),

(1) Bpeoiel Atomic Energy Conmission and Interatate (ommerce Oommise
sion regulations and requirements pertaining to the safoty and methods involved
in the preservation, packing, marking, and sefeguording of uranium alloy :
material covered by this specificatica, |

6.2 Ths following uranium alloys ave recommended for uce with this speoie
fioation:

Uranium ?92%; w== rwlybdenum (81:2 and
Uranium (91%) --~ nolybdenum (8%) --- titanium (1%),

6.,2.1 It has been determined that uranium melting stock having the degree .
of pur{ty indicated below, iB capable >f producing alloys which consistently
meat the physical and mechanical prope~ties specified herein:

Element Content (ppm) Element Content (ppm)
¢ 50 (approx) N{,34 30
H < Cr,bn,Mg 2
0,V,Ca 20 Co L
N, AL 10 11,Be 0,2
Fe, Cu 15 B o.b




Ko, 'iu, Port II, focucd by the Mtallm‘gicn.l Amswy Ceorttloe oa Tit i,
m pp. 12“190

6.4 Ivformotion rcc,m'ding cczparicen teotn on Charpy inpaet mockinis enployw
ing Wotortown Arcenal cospariscn spzeimans can be obtained from thr lenal
O’rdnm’wa I‘fu trict or frax the Coomordding Offiecer, Watertom Arvccpal, Wobsrboun
T2, Moserolrioetls,

6.5 1ic cotroctor will mot rxdinsrily Ve regulrcd to ;;:r;.& 1 g
on excoeptoule urondum elloya prw"wmlj tooted and ropevicd in ].M :

6.6 D:finiticn,

6.,6.1 D:oplotod, - Depleted uranium is uranium having lmm thzn 0,TH of ths
Ua3s wotcw, the emcunt fourd {n "nerea)” or “natural" urcntum,

NOTICE: Whan Coveornzent drawings, epccifications, or other dato ero used fox
any purposs othor than in connecticn with a definitely related Coveranond
procurenunt cperaticn, thay United States Oovernzont thoreby dncuzra no responcle
bility nor eny oblipatica whatscever; ond tha fact that the Governanot poy
have formuleted, furniehed, or in eny way supplled the eald drawings, cpoole
ficaticns, cr ths other data, 18 not Lo be regarded by iuplicaticn o cihcre
vise es in eny mannor leensing the holder or any other perscn or ccrperatien,
or conveying eny rights or peratlssion to manufacture, use, or scll any patonts?
inventicn that may im any wey be related thereto,

Cugtodicmy Frepaving Awbivitys
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Function

‘Health Plyroleicd

858 Accountability Rep.

SS Accountability Rep. Allcrnate
5SS Responsible Rap. WAL

SS Responsible Rap. ACD

35S Responsible Rep. AOD
Accountability Regords

FD Control Officer

RD Centrol Officer Alternate

J.
P.
E.
J.
D.
G.
M.
P,
c.

Hame

D. Murphy
V. Riffin
M. Shebek
A, Migencik
G, Fleck

D. Chandley
F. Flaherty
0. McManus

R. Forguites

Positicn
Asst Heolth FPhyolelst « WA
Chf. Ord Matericls Br - WAL
Chf. Materiels Office = WA
Metallurgist « WAL
Metallurgist « AOD
Chf. Foundry Br. = AOD
Progrom Office - WAL
Sec., Adm. ~ WAL

Deputy Chf I&S - WA
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CRAPTER 700001
RADIOLOGICAL SAFLTY POLICY

1. Purpose

1.1 The purpose of this chapter 18 to prevvssve Watertown Arsenal
safety policies pertairing to ifonizing radiations,

2. Scope

2.1 The prcvisions of this chapter encompass the responsibilities
for and implementation of the arsensl's radiological safety pirgram and
apply to all crganizations,

3. Definitions

3.1 Ionizing radiations mean any and all of the following: alpha
rays, teta rays, gamma rays, x-rays. neutrons, high speed electrons,
high spered protons, and other atomic particles, but not sound or radio
waves, visible infrared, or ultraviolet 1light.

3.11 Hazardous jonizing radiastions are those of sufficient
intensity to possibly cause adverse biological effects,

3.12 PRadioactive materials are those which spontaneously emit
fonizing radiations.

3,13 Radiation areas are those arsenal ar=as where personnel
may be exposed to fonizing radiations,

4, Responsibilities

4.1 The Radiological Safety Committee nas staff responsibility
for advising the Commanding Officer on overall pclicy matters pertain.
ing to Radiological safety, establishmant of arsenal wide radicloglical
safaty policy and program, coordinating the various safety aapects,
‘and resoiving confliccs that may develop on the radiological safety
progrem,

4.2 The Health Physicist {s respousible to the Commanding Oificer
for: (a) formulating radiological eafety policies; (b) carrying out
the arsenal Ra.lological Safety Program; (¢) revieving and approving
arsenal wide and internal operating procedures for protection against
fonizging rad ations, (d) authorizing deviations from approved

Y
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procedures because of emergency or temporary circumatances; (e) cone
sulting with and aavising staff and operating organizotiona; (£f) ine
specting and surveying epproved health physics operaticng oselng pere
formed by operating organizations; (g) recormending allowable con-
tamination levels and monitoring ectivities to insure that such levels
are not exceeded; (h) currying out radioactive waste disposal program,

4.3 The Civilian Medical Officer ir responsible for ail medical
aspects of the Radiological Safety Program including the surveillance
and health maintenance of all personnel exposed to hazardous lonizing
radiations, maintenance of employee radiological safety records in
accordance with AR 40-580, and all other applicable regulations.

4.4 The Safety Officer {e responsible for wll safety aspects of
the Radiological Safety Program other than radiological safety,

4,5 The Fire Marshal is responsible for the edministration and
carrying out of the fire protection aapects of the Radiologlcal
Safety Program,

4,6 Chicfs cf gporating organizertions weilizine radioactive
materiels, and/or equipmant which generate hazardous ionizing radia-
tiune, and/or control areas where exposure to hazardous lonizing
ratiations 1a possible are responsible for: (a) the formulation of
cagent operating procedures for cach relevation application and their
approvaly (b) compliance with and enforcement of established Water-
tewn Arsenal policies and approved operating procedures; (c) aseist-
ing, where necessary, the Health Physicist in conducting radiation
monitoring activities to insure compliance with established radio-
logical safety standards,

S. Implementation

5.1 Chiefa of organizational units are responaible for the
preparation of internal operating procedures for the proposed
utilization of radioactive material or other sources of ionizing
radiations and will forward such procedures to the Health Physicist
for review and approval prior to official publication, and provid-
ing personnel to the Health Phyasicist as necessary in carrying out
the Radiological Safety Program,

5.11 Supporting offices including the Materials Office,
Intelligence and Security Office, and Plant Facilitiens Office will
review drefcs of all procedures and, if necessary, will prepars
nacessary additional internal operating procedures for their

REVISION DATE:
4 Dec 58
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activities,

5,12 Procedures or problema concerning the utilization of
additional space in connection with the Radiolopgical Safcty Program
will be routed to the Assistant for Plans and Programs,

REVISION DATE:
4 Dec 58
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CHAPTER 701002
URANLUM PROGRAMS

Section A -« Ceneral

1, Purpose

1.1 This chapter outlines the procedures to ba followed for the
utilization of radioactive materials, equipment or facilities used in
conjunction with the uranium programs, and includees the receipt, isaue,
accountability, responsibility, safe storage and processing of uranium,
and the disposal of its waste products,

2, Scope

2,1 The provisions of this chapter apply to all organizations of
the arsenal handling or using uranium in their operations, and to all
personnel engaged in these operations,

). PQ“C!

3.1 %All pertinent Sections of Part 2, WA Manual, Chapter 700000,
Radiation Safety Program' will be adhered to.*

3,2 "All technical matters pertaining to health physice will be
channeled through the Health Physicist for decision or recommendationa
to the Radiological Safety Committee in accordance with Radiation
Safety Policy, Part 2, Chapter 700001.%

3.3 *Arsenal organizations handling uranium in their oparations
will process requirad health forms and such follow-up reporta as are
required and forward them to the Health Physiciat, #nd carry out the
Health Physics Safety aapects of this program for which their org.ate-
gation ha3 operating reaponsibility.®

3.4 *All radiological safety ineasures will be approved by the
Health Physicist and will be rigidly followed by all organizations,¥

3.5 *Reporting requirements established by tha Atomic Energy
Commission a:e the responsibility of the S.S. Accountability Repre-

sentative.¥

4, Definitions

a. Source Material - Any material except special nuclear

e,

0. W, LEE ! DISTILBUTLION: ZSVESION DATE:M
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material, which contains by weight one-tuentieth of one percent (0.05%)
or more of (a) uranium, (b) thorium, or (c) any combination thercof,

b, Special Nuclear Material - moans epccial nuclear material as
defined in Section 11 of the Atomic Encrgy Act of 1954 and regulations
which may be issued pursuant to that Act by the AEC.

¢, S,S. Material - includes *source material’ and "special nuclear
material" as defined above and those other materials to which Chapter
7401 of the AEC Manual apply.

5. Security Measures

5,1 Depleted uranium which is classified, or projects in a classi-
fied category, and reports pertaining thereto, will be handled in accord-
ance with the provisions of AR 380.5,

REVISION DATE:
S tov 58
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Sectlon B = Allocafion, Procurement, and Rocelpl of Uranium

l. PurEose

.1 The purpose of this section Is to prescribe the procedures
to be followed for obtaining allocation of uranfum from the Atomic
Energy Commission, procurement of uranium, and recelpt of uranium
at thls arsenal,

2. SCOEG

2.1 The provisions of this section apply to the Procurement and
Supp ly Branches of the Materlals Office, the SS Accountabliity
Representative, operating organlizations, the SS Material Responnible

"Officors of arsenal operating orgenizations,wA Laboratories Program
Offlce, Health Physiclst and the RD Control Officer.

3. Pollcy

3.1 The SS Accounfabliity Representative wil! approve all atores
issues for urenlum prior to their being forwarded to the Procurement

Branch for action,.

32 All deliverles-of radloactive and SS Material requlsifioned
by the arsenai will be consigned only to the SS Accountablllty
Representative after having been monitored by the Health Physiclst,
All Stores |ssues and Purchose Ordars processed will be mairked "Dellver
to SS Accountabltity Representative™. The name of the designated
Indlvidual will be used.

3,3 The Procurement Branch will be responsible for Initiating
procurement actlaos end thelr follow-up and wli| establlsh controls
to assuro that roquired documents and material are glven the moot
expedltious actlon possible.

3.4 Shipments of SS Matertal wiil not be opensd at the storehouse,

3.5 No SS Material shipmonts will be opened until the SF Shipping
Form AEC i0l !s reaceived at the orsenal, '

3,6 Al welghts of SS Materis) will be ifsted In pounds to nearest
tenth, it witl be the responsibl!ity of the WA Leboratories Program
Offlce to convert the welghts to kilograms for requirod external reports,

//l t / N
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Sec 8 Por i  Sectlon E = Aflczation, Procurcmant, and Recolpt
of Uronlum

L. Processing Stores lsasuns

L.t Arsenal orgsnizations who nccd to order urenlum for esslgned
projects wlll prepare Stores Issues In uccordance with wrltton proceduros;
In addition Stores Issues wlll contaln tho typod llnmcag

"l ssue epproved by 8S Accountebliliy Representetive"

(St gnature)

"o be Issued only to SS Accounteblii*y Represontetiva®

L.1t )¢ additional technical Information Is required thot
cannot be Included on the Stores lasue, & typed page wlil be attached to
the Stores 1ssue,

L.2 All Stores I1ssues for SS materlal wili be forwardod to the S5
Accountebl ity Representative who will then request tho allocatlor.,

5. Obtalning Allocatlion from San Francisco Operations Offlco

5.1 The SS Accountabliity Representative wiil request allocation of
urantum from the Atomic Ene-gy Comnission after recelving written
Justidlcation ‘rom requisitioner, This justification will Incluce the
concurrongo of tho Watertown Arsenal representetlive rocponsible for the

speclflc project at this arsenal.

5.2 Upon the basia of written Justificatlion approval, the SS
Accountabli ity Repraosentative wlii Immedioetely contact the Sen Franclscoe
Atomic Enercy Comniisslon Office by telephone, teletype or letter setting
forth neods end requesting allocation for the required material, The

contact point iss

Chlef, Materials Monagement Branch
Technlcal Opsrations Division

U, S. AEC Operations Offlce

Say Francisco OperationsOffice

5.3 Upon asslgnment of the allocation by the San Franciscu Operations
Offlce to tho AEC Operation Office ot Oak Rlicge, the latter notlflies the
§S Accountadlilty Representative who !n turn, relessss Stores |ssues with
vendor's name(s) Inc.uded to Procurement Brarch for action,

6. Processing Purchase Ordars

REVISION DATE :
27 Apr 69
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Section B - Altosation, Procurement, and Sac B Par 6.1
Rezelpt of Uranlum

6.1 Upon receipt of the approved Stores |ssue from the SS
Accountebiilty Representative, the Procurement Branch nogotlistes with
the source(s) designated, preperes the required number of Purchase Orders
to cover all of the plants {avolved In the fulfiliment of the require~
ments of the orJer so that processing charges, special handling
cherges, and shipping costs are covered,

6.2 1n eddition to the normal distributicn of Purchasoe Ordors made
In accordance wlth standing operating procedures, one additional copy
wlil be forwarded to the SS Accountability Represontative and two
coples to the requisiticner,

6.3 The Purchase Order master will be sent to the S5 Accountabliity

Representative and will be completed 8s the Recelving Report upca
receipt of the material by personnel dosignated to Inspect and accept
SS Mater’'ol,

7. Follow up on Material and Documents

7.1 The Procurement Sranch will establish a foliow up system for
al) actlons pertalning to SS Material, This wiil Include materlal
SF Shipping Fcrm AEC tOl and other documents.

7.1 Procurement Br,pirsonn.t will by speciflically designatod and
trained In the processlng ot all stages cf paperwork and the steps
required for each purchase order for uranlum,

8. Pecelpt of SS Material by Supply Eranch

8.1 S3Shipments of SS material arriving et the arsenal, which are
fdontifled by a "Denger~Radioactive” latel as prescribed by §.C.C,
regulations, wlil be antered on the Dally Blotter by the Supgly Branch
personnel.

8.2 Immediately upon recelpt of SS materisi, Suppiy Branch personnel
wli! notlfy the S5 Azcountablility Representative and the Hoalth Physlclst,
or tholr aiternates, of the arrival of the material.

8.3 The shipment w!!! be monitored at the Supply Brancn by the Health
Physicist or hls alternate to check conformity to labe! In crder to avold
contamination In the event radiation factors posted on label end those
monitored do n:t agree. |f approved, the shipment wll! be dellvered
to the Urerium Sto-&ge a-e2 designated by the SS Accountabllity
Representat!-e,
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Recelpt of Uranium

8., Supply Branch personnol wli| presere & Bulk Tally-out for all S§S
Meterlal recelved which wilf st number of conbeliners and gross welght.
Thia will acccmpany shipmont to designated Uranlum Storags ercoa.

Recolver will ccknowledge en eriglnal copy end return Culk Tally out to
Supply Erench, Chief Sterege Scctlon for cuspenss pending rocelpt of Uhlte
Stores lssuo.

9. Recelpt by S5 Accountabillty Representative

9.1 Upon arrival at the dosignated Uranium Storage &coa, the S5
Accountabi lity Ropresentative will determine that the outhorized SF
Shipping Form AEC 10} has becn received.

9.2 f SF Shipplng Form AEC i0l has not been received, shipment wii)
remain unopencd and the SS Accountability Representative wlil notlfy Pro-
curemont Braonch who will Initiete an Immodiate intensive follow=up to
secure tno required documents by the fastest possible means,

9.3 V¥hen SF Shlpping Form AEC 10: hes been recelved, the SS Accounte-
bl ity Reprasontutive or his alternate will check in the materlel, verlfy
the plece count, the welight, type of materiel end ruvcord the required data,

9.4 Welghts and lot numbers will be printed or stampad on the respective
contalners end/or on each Indivicunl pleco as an aid to subsoquent lIssuling.
Lot numbars will be ssslgned by tho S5 Accountabillity Representative,

9.5 535 Accountebllity Reprecentative will e2nd the completed master
of the Racelving Report end & copy of the Vhite Stores issue to Chief,
Storage Saection, Supply Branch,

9.6 SS Accountabliity Ropresentative will receive the No. 3 copy of
the vhite Stores |ssue ennotzted with the vouchor numbor from' the Supply
Branch and forward it with *b> SF Shlpping Form AEC 101 to the WA Labora-
tories Progrem Office. These are the official documants which establlsh

the account,
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Section C - Accountebl ity for Uranium

te Purposs

I.1 Tho purpose of thls sectlon Is *to prescribe the corplete accounto.
bility for SS Moterlal which Includes esfeb!lshnent and malntenanco of
required records end preparling roports which are based on these records,

2, SCOEG

2.1 The provislons of thio section epply principaliy to the VA
Leboratories Program Offlco with feeder Informaotion and/cr vouchored
documents furnlehed to them by the S5 Accountebllity Reprosentetive and
erconal operoting organlzations who participate In the uranium programs,

5. PO”Cz

3.1 For wolghing operations, all orgenlizations sendling cr recolving
uranium wi i use the seme standird type scales vilth welghts totenths of
Ibs, Scalos will bd tested every slx monthsor when dlscrepancles occur,
A test block will be provided with weight verlifled by Inspection Offlce.

3.2 Using organlzations wl il take monthly physical Inventorles of
Uranfum elloting sufficlent time from operations to porform tals
accurptely. Tho S5 Accountebllity Representetive or hls dosignoe will
take a physlcol Inventory evary elx months to sssure accurate records.

3.3 Classiflicatlon of all SS Materlal will be noted on all Uranlum
Transter/Issue Racord ORDBE 1278R In order to elert all reciplents of
sacurlty classlificetion, .

3.4 5S Materlal of different classifications wlil not be mixed In

processing.

L. ‘Bospons!blllf!eo

L4.) The WA Laboratorles Program Offlce Is responsible for establishing
and molntalning adequate and accurate eccountabl ity records and for
prepering required external reports fo the Atomlic Enorgy Commission,
Alberquerque Operations Offlce.

L.2 The S5 Accountabi sty Representative Is resgonsible for pro-
viding the WA Laboratérlss Progrem Offlce with docurents nccossary to
maintaln records of all recelpts, shlzments, trensafers, dlsposals and
losses, and for approving and signlng el reporte,

REVISICN DATE
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L.3 Arscnal orgsnlzations particlpating 'n uronlunm programs ero re-
quired to provide the WA Lsboratorles Program Office with coples of all
transaction documsnts and a monthly Uronlum Accounteblilty Recoerd, ORDECE

1229R.

5. Estebilching ond Matntalnlng Accountabl 11ty Rocorda

5.1 The WA Levcratories Progrenm Offico will ostablish accountable
property rccords for SS Materlatl following recolpt of tho No. 3 copy of
tho Vihite Steres Issue, end tho SF Shipping Form AEC 10! 05 cutllinod In

Cactlen B, this chapier,

5.2 Upon rccolpt of tho vouchered documonts, tha VWA Leboraterlico
Program Offico wlil rgcord the detolls of the shipment in the foilowing

recordst

8., The Iindlvidual Stetlcn Account, SS Transfer Journel, Form

be Overall Stetion Total Generel Lodgor,
¢. Internal tnventory Control Account Ledger, (Noter "b"
and "c" are standerd general ledger sheets end use of form will not be

roquired.)

5.21 Tho 85 Tronsfor Journal (5.2 "e" sbove) I8 usod es the
Inltlal beok of entry for extornsi tronsactions, 1} will bo molntelned
on a flscal yoor bacls and totslod by menth, The Journal segregatoes
tranoactlons by matorial type, zhlpments, recelpts and sraticn, |t
accumulates portlons of the date nccossary for compliing the monthly
Material Balance Report.,

5.22 The General Ledger (5.2 "o" above) functions as tho book
ot final entry and shows overall sterion totals., |t accumuletes portions
of tho data nccessery for compliing the monthly Materlel Balance Roport,
Entrlcs aro made In date ordar and the doscriptlon Indlcates tho posting

wnurco doto and totals,

5,23 Internal Inventory Control Account Lodger (5,2 "c" above)
iu usod to record the amount of materlal In Inventory end 10 record the
dehdarawal of material from Inventory to Inltiate work In process,

5.2, The SS Accountabllity Representativae will malntain a
Monthly Accountabliiity Record, OROCBE Form 13Z9R for !l SS Materlal
racolveu and lasued from the Inventory storage sres. Re:zoipra will
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irclude ehlpments from eources of supply end return (rom opoireting
orgenizotions of materlal curpiva fo helr nooda,

6. Tranooctiens Aff-ntins Anacntedlfity Rorerds

6.1 Tho S8 Tronsfor Journal will record $ho €ollowlng types of
transacticns based en &F Eilpplng Foro AZC 100

a. Rkaterlal recelved fren the Indivicuai station (frent side
of form).

) b. Shipassnts rocs to Individual stotiens (reverse slce of
form).

6.2 The Statlon Total CGenersl Ledger will record the following
types of truncactlions:

8. Materiegl recolved - bosod on SF Shipplng Form AEC 1O
b. Shipaents modo = basad on SF Shipping Fora AEC 10)

c. Book Physlcal Inventory Oifferencos (B-PID) which ara the
non-recoverable loases Incurred In operations performed on work In
process and In burning oparetions. (Entries ore mace on the basls of
losses reoported on Monthly Accountebiiity Repert, CRDCE Form 1329R.)

d. The epproved Inventory write=offs which ere the removal
from inveniory of non-recoverable materlel end dispocal according to
reguletions, This entry will be based o0 a Proparty Turp In fer tho
materia) which will be prepared by the SS Accountabliity Roprezentative,

7. Forms Used for mtornal Controls

7.1 When material Iis Issued froa Inventory ctock, ORNBE Form
1I276R will be signed by the SS Accountabllity Representat.,ve or his
designee who will indicate tha securlty classification of the materiel,
A1l subsequent transfers will cerry the security classification,

7.11 ORDBE Form 1276R, Urenlum asue/Tranafer Record (Exkioit "A")
wiil be the only form uvsed to Issue uranlum from inventory, transfer
materjal between orgenlzations, or transfer scrap or siudge ficom
operating organlzations to urenlum disposal storage area., This form
must be slgncd by the sending and recelving authorized personnsl,

7.2 ORDSE Form 1329R, Uran!um Accountabliity Record (tahidit..'L")

REVISION DATE
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vlill be utilizod by ell orgonizations using uranlum In tholr oporaticns,
This record will reflect the dally transfers In and out of tho organlzaticn,
ond known losses due to melfling, forging or other operations, At the end
of each month the closing physlcel Inventory will be takon end recordod

on this form, the non-recovereble jotses determined end oxplainad, 6nd

the monthiy report ccmplotcd,

8. \Inteornal Accounting Controls

8.1 Roccolpts. S5 Materfel recelvod at the WA Laboratcries wranfum
storage area wlil bo recorded by the Progrum Office In tho Internal
Inventory Control Account Ledgor (por 5 .2c this section).

8.2 Processling Urinlum I.auo/Traane* Record. The following ections
wi 11 be tiken in procezding GRULE Form 12/6R,

8.21 |Iscurnce frggmpnvrnfo:x. The §5 Accountabl!lity Reprosontative
or hia daslgnoted rcpresenrafive Il be the only suthorly for Issulng
uranfum from lnvontory.

8.211 Roquests for YUranlum will bo made to the SS
Accountabl ity Roprosentative, Bldg. 39, by memo or telephone by asuthorlzed
personnel.

8.212 upon rocolpt of roguest, tho SS Accountabliity
Represontative will propsro the Uranlum 1 osue/Tronsfer Rocord, ORDDE 1Z70R
In quadrupllcate by enterlng the roguired Information and sligning the form.

8.213 Tho SS nccountebl lity Represontative or hls
roprosentative wlli welgh and Issuo the uranium and forward It with afl

copies of ORDBE Form I1278R to the requesting organlzation,

8,214 The rec-iving organization wlll verlfy the welght
of the materlal recelved and the SS Responsible Representative or hls
alternate wil) slgn ORDEE Form I278R and coples of the form will be
distributed as marked.

8.3 Posting to Records. The Monthly Accounting Recoro, ORDBE Form
1329R maintained by the Program Office and the using organizarions will be
posted on the basis of the information contained on ORDBE Form 1278R.
Oistribution of ORDBE Form I1278R Is as followss

a. DOrlginal Copy. Sender wlll record the dute and voucher numbor
and entor the Net U Welght in the "Transfers Out™ column of ORDBE Form 1320R,

REVISION DATE
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b, First Copy., Reocelver wlil rccord tho date end tho voucher
numbar and ths hiet U Wslight tn ®Treasfers 16" ¢odumn, of ORDLE Form

1329R.

c. Sacend Conv. The Progrem OFfles wlll record tho losuence
o Work In Procazs ¥n fio Internal Inventory Control Acceuntlng Lodger
ead witl rocord on tho rccolving organizatizns tndlvidunl Ledger Account,
the dote, voucher nunber end tho Hot U Walght of the materlal trensferrod
In,

d. Third Cspy. For uca by Arcenal Cpcrotiens Divisieon S5
Rosponsibl le Ropreconfative where applicedbls,

8.4 Tronsfars Bstunen Orasnlzatienal Uniés

8.4 TYransfers of uranlum between orgonlzations will be made
by using ORDEBE 1278R. No urenlum wlli be trensferred by any orgoenl=
zetlonal unlt without usling this documen? and I} wlil bo used to rocord
transfors In and transfors out on the records of rezponsibla parsonnel,

8.2 Trensforring organization wiil prepare ONDES Form {278R
In quedrupliicate and forward atl copies with tho $5 matorlal,

8.L3 Recelving organization wili verify welght and have the
form clgned by tho S5 Rosponoible Reprasentotivo end distribute coples
ey morkod,

8.LLi Records of tho sending end recelving orgenlizaticns and
tho Arsenal Cpherations Division Reaponsible Roprocontative’s records
wi il bo posted as outiined In per. 8.3 ebove.

8.5 WA Lahoretorles Program Office records wiil te adjusted
to Indlicate the change In eech orgenlzations ledgor eccount, Yhore
both organizations involved In tho transfor are withln tha Arsenal
Operaticns Divislon no record by WAL Progrem Offlce |a nocessary since
this Is within the Arconai Oporotlions Divislon account end they wilil
maintaln thelr required rocords,

9. Book Phvslcel Inventory Differonces - (B-Pld)

9.1 B-«Plds are the non-recovarable losses incurred In operations
performed in WIP ana In burning cparetions. These cen generally be
groupad In twu catesgories as foflows:

9.1t Koo Losses « thoss occur In such oparations as ma'ting,
il L) y 18 pirced Inte procona end at tho connletion o
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tho process that quantity hos chenged, tho difference bolng tho loss
resulting frem this cperational procoss,

9,12 Estimated Lossos ~these occur whon material Is placed
into process and it 1s not possible to occurotely detormine tho exoct
emount of SS material lost, l.e., where mochining operations are
Jnvolved ond heolth and safoty procautlons resuli  In evacuation of
particies through ventilation processes when loss corot be mcasured;
in burning operations simliar losses are incurred, ctc.

9.2 Accounting for Non-Re~~uvarsble Losses

- —— o———— Y

9.21 ORDLCZ Form 1329R providos organizotion using SS Motorlals
the ncchanicn for reporting and eoxploining the non-recovorcble fosses
Incurred oach month,

9.22 Knovnlosces and welghts witl be rocorded In the appropricte
colunn on tho doto on whlch tho loss Is determined., The typo (molting,
machining, ctc.) will bo ncted in the "Comment™ column, The total of
this column at tho end of tho month will equal thoe total of tho "by
diffcrence” column In the Non-Recoverable losses portion of the report,

9.23 Estimated losses wlll be reported In the column provided
In the Non-Rocoverable Loss portlon ot the report,

9.3 Tho total of the none:recovereble losscs of the report will equal
tho totel reported on the lino "non-recoverabie fossos" on the left slde

cf tho roport.

10.. Accounting for Scrop and Approved |nventory Wrlto-Off

10,1 Generated scrap conslsts of chips, turnings and siudge re-
sulting from machining and othor procasces end must be accuratoly
reportod ond reco+dod on monthly accountabllity records,

10.2 A1l scrop whon collected wiil be turned In to the SS
Accountabi )ity Roprosentative and It must be transferred on Uranium
I ssue/Transfer Rocords CROCI Form 1278R end recurdod on Monthly
Accountabl llty Rocord, ORDBE 1329R.

10.3 Contaliners of scrap wlll be cleorly morked as to tho estimated
. uranlum welght by the SS Responsible Representative of the orgsnization
returning the scrap materiaol.

10., The SS Accountebliity Representative will malntain a Monthly
Acgquntabl tity Report, ORNRE 13208 for al'! waterial turned !n to screp

REVISION DATE
28 Nov 58

T2-405




WA Manual Uranjum Pregrams P _2 Ch 701002
Section C - Accountability for Uranium Sec C Par 10,41

storage. Entries will be made as the scrap is received.

10,41 A record wili be made through the use of ORDBE 1273R,
Uranfum Transfer/Issue Record when scrap {s burned and residue is
returned to the scrap storage area. In each such case, where a
non-recoverable loss is incurred, it will be recorded in the "known
losses™ column of Monthly Accountability Record, ORDBE i329R,

10,5 Approved inventory write-offs represcent material which is
removed from scrap storage and disposed of in accoidance with regulations,
This generally is accomplished in one of two ways, if.e. disposal at sea
or disposal through burial at Oak Ridge, Tennessece,

10.51 Nou-Recoverable material which has been cleared for
disposal by SS Accountability Representative will be turned in on a
Property Turn-In Slip. This will be the voucher document for making
entries to the Monthly Accountability Records, ORDBE Form 1329R,

11, Shipment of Finished Goods

11,1 Upon completion cf finished items, the operating organizations
will prepare a Property Turn.in slip in accordance with published
procedures, This will be forwarded to Supply Branch with the finished
material, ORDBE Form 1278R will also be prevared and distributed,

11,11 In addition to normal distribution a copy of the
Property Turn-in slip will be forwarded to the SS Accountability
Representacive, Bullding 39.

11,2 The SS Accountability Representative is responsible for pre-
paring the SS Shipping Form, AEC 10l, based on the information contained
in the Property Turn-in slip, plus other required technical information,
The Supply Branch will prov'de information required to complete that
portion of Form AEC-101 pertaining to shipping voucher number, govera-
ment bill of lading number, etc,

11.3 The Program Office will bring all copies of Form AEC 10! to
the Restricted Data Control Officer, if security classification applies
and copies will be distributed in accordance with security regulations,
If shipment is not classified, Program Office will distribute copies to
the specified destination,

11.4 The Program Office will use Form AEC 10l to make required
entries on the Individual Station Account, the Overall Station Total
General Ledger and the Internal Inventory Control Account Ledger as
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doscribad in peragreph 5, this saction. Form AEC 101 will be filed In
the Program Office as & supporting voucher to the obove entrigs.

11.5 The Supply Branch will use the Property Turn-in Stip to prepare
the Army Shipping Document,

11.51 When *he Army Shipping Document is prepared notction
wil. be made on the form that AEC Form 10| is elther Inclosed In the
shipment or will be mailed,

12. Accountability Reporting.

12,1 Atomic Energy Commlssion regulations requlro monthly reporting
of nll SS Materle! provided to the arsenal. Subject report must be
subnitted to the AEC Albergucrque Cperations Office by the tenth working
dny following the close of tho calendar month,

12,2 The WA Leboratcries Program Office Is responsible for pre-
poring the consolldated Monthly Accountabl ity Report, AEC Form AL-713,
from the Monthly fccountabliity Reports CRDEBE Form 1329R recelved from
operating organizations, and other accountabiility records. The report
will be sent to SS Accountabillity Representative for signature and
distributlion,

12,21 Orgenizetions using uranium in their operations ere
responsible for submitting NMonthly Accountobillity Report, ORDEE Form §329R
to the WA Laboratorles Program Office on the last working day of each
month, The SS Accountsbillity Represontative wili prepare two reports,
ono for S5 Material in inventory end the second for scrép in storege,

12.212 No SS Material will be moved botween organlzations
on the last working day of eny month while !nvontory report.is belng pre~
parod.

12.3 Technlcal asslstance required for the preparation of the
consolidated monthly report, AEC Form AL <713, wiil be provided by The SS
Accountabl Ilty Represantetive or his designes,

12.LL In Instances where Munthly Accountebillty Reports prepared by
orgonizations, or the consolidated report prepared by WA Laboratories
Program Offlce, do not balance, the SS Accountability Representative
wlil be notified and steps immediateiy .n.titeted to review all trans~
actions for the month In queution unt! tho o !torences ore adjusted,

In extreme caoses, the SS Accountabliity nuprascntative |s authorlzed to
call for and conduct & speclal inventory toc vaiance accountabl ity records.

—— - — —
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12,5 The SS Accountability Representative will mail the Monthly
Accountability Report AEC Form AL-713 to the AEC Alberquerque Operations
Office in time for it to reach its destination by the tenth day of the
month following the reporting periud,

13, Control and Accountability of S5 Material

13,1 Exhibit "C" is a flow chart illustrating the actions outlined
in Sections B and C of this Chapter
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Section D - Safety Mzasures

1. Purpose

1,1 The purpose of this coction is to prozeribe the safety pro-
cautions to be adhered to in thz handling of S35 Material (Urenlum fHatoe
rial) end/or equipment end facilities uscd on the Uronium Programa,

2, Scope

2.1 This section applies to all uranium material, end/or equipment
or facilities used on the Urantum Programs and tho provisions outlined
will be adhcred to by all organizations and individuals who participate
in any of the Uranium Programs,

3, Policy and Reaponaibilities

3.1 Datatled Radiation Safety Policy and the recponsibilities of
oparating end support organizations are sp~nlled out in.WA Manual, Part 2
Chapter 701001, which applics to this section or any chapter or scction
pertaining to hazardous tonizing radiations,

4, Safety Procedures

4.1 Incominz Shipments

4,11 All incoming shipments of uranium arc identified by
Radioactive Material Clasa D Poison label, (Annex A),

4,12 1Incoming shipments of Uranium Material will not be
opened by Supply Branch personnel. '

4.121 The Health Physicist or his alternate and the SS
Accountability Representative will be immediately notified of arrival
of uranium material, Shipment and carrier will be held at Supply Branch
until their arrival,

4,122 The Health Physicist will monitor the shipmant
for radioactivity and to assure that the radiation factors of the mate-
rial conform to label, If varlances exist, the shipment will ba undex
the control of the Health Physicist until he releases it,

4.123 The approved shipment will be transported by
truck to the designated SS Accountability Representative who will store
it in the specified storage areas until 1c ia issued. If 1t is classifled
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P2 Ch 701002 Urantum Proprams WA Manunl,
Sec D Par 4.13 Section D - Safety Mcasures

material, it will be stored in assigned locked eccurity areca,

4.13 Protective gloves and other protective clothing requizod
will be worn by personnel engaged In recefving, handling or welpghing in
urenium material,

4,131 Protective clothing will be provided by the Health
Phyaics Coordinators of the various organizations engaged in uranium
operations,

4.2 1Issue and Transfer of Uranium Matertal

4,21 Uranium material 1ssued by the SS Accountability Repre-
sentative, or uranium material tran-ferred between organizational units
during processing opcrations will be transported in approved containors
and/>r with approved protective covering.

4,22 1ssuing and receiving organizational persondal will wcar
required protective clothing,

4,221 Standards of protection required will be estab-
lished by the Health Physicist as needed in special situations,

4,23 The material will be stored only in specifically desig-
nated aress.

4.3 Machinina Radicactive Material

4,31 Machining of uranium materials will be performed on
machines designated for this purpose, and these machines will not be
used for any but Uranium materials operations, (This does not ex~
clude the finish machining of end items on these machines, utilizing
sub-assemblies of Uranium and non-uranium materials, such as sub.

assemblies of steel and titanium,)

4,311 When materials other than Uranium are machined
on machines within the Uranium machining area, all materiala and
equipment will be completely decontaminated prior to removal from

this area,

4,32 Machines Used in ‘prdcessing UranYum matetidl will be
so identtfied and will be segregated in special areas. Machines
will not be removed from these areas until they have been completely

decontaminated.
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WA Manunl Urantum Fronra.s P2 Ch 701002
Section D « Safety Measuras See D Par 4,321

4,321 Arces which contain hazardous icnizing radictions
ceused by uranium materisl, equipment or facilitico will bo clearly ine
dicated by eppropriate signs &s raquired by rezulations,

4.33 All mechining operations will be conducted in & very
clean shop, Standarda of cleanliness will be esteblichicd by the Health
Physicist as nceded in speciel situotions,

4,34 During machining operations, machine opcrators will take
all necessary precautionary mcasures to reduce the posaibility of having
chips ignite at the lathe. It §8 recommended that machining be doue at
minimum practical spced with sharp tools and with generous use of coolant.

4,341 When soluble cutting oils are used {n machining of
uranium, serious corrosion of lathe beds and othar psrts of machine teools
may develop, particularly {f the soluble oil-water mixture 48 too lean or
1f tha mixture 18 inadvertently maue up by mixing water into the oil,

The correct proccdure is to add the oill to the water., Corrosion problems
will bte eliminated by replacing the soluble oil coolant, by water soluble
chemical-base coolant, such as "K.7",

4,35 Chips and turnings generated by machining operations will
not be allowed to accumulate. Ten gallon buckets with covers are gene-
rally recommended and chips and turnings will be submerged in oil (either
commercial fuel or mineral oil)., Not more than one bucket of tha 30
gallon size will be inside a building at any cne time,

4,351 As soon &s a bucket of chips {s accurmulated during
& working shift, it wiil be removed from the building and shipped to the
designated exterior storage areas,

4,352 Chips and turnings will be removed from all build-
ings before the end of each working shift and astored in containers in
designated outaslde atorage areas,

4,353 Chips and turnings will be segregated by type,
i.e, depleted uranium or natural uranfum and storage containers will be

8o tdentified.

4,354 Chips and tuinings derived from classified uranium
material will be kept segregated from all other scrap and stored in the
classified security area provided for this purpose,

4,36 Sludge in coolant reservolirs will be removed as accumu.
lation requires, or Jdaily if necessary as determined by the Health
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P2 Ch 701002 Uranjum Preprams WA Manual
Sec D Par 4,J7 Section D « datety hcasurcs

Physiciss, Sludge will be stored in the seme mannar s outlined in para-
graph 4,35,

4,37 Waste matcrtials (wipers, pagevr, ¢tc.) will be retained in
paper bags provided spectifically for this purpoce and removed daily to
outside storage areas as outlined in paragraph &.35.

4,38 Solid wastes removed from sink fllter traps, vacuum cleaner
sweepings, and other sweepings, and exhaust filters will be handled in the
same manner as chips and turnings. When any of these involve classified
material, they will be stored in classified storage arca.

4,39 Machine aress will be policed periodically by the Health
Physicist and regularly by the Health Physics Coordinators to insure that
safe practices are being maintained and that arcas ave free of chips and
turnings and that these are being removed from the erces as required end
being stored properly.

4,40 Decor. wmination of areas and machines will be performed
upon determination of the organizacion chief or Health Physiciat that
it is required, or when allowable contamination levals are at or ap-

proaching the maximumn,

4.4 Ventileting and Exhaust Systems

4,41 One of the prime safety precsutions i{n the machining
oparations 18 to providc adequate exhaust and ventilating systems to pra-
vent the ingestion of uranium particles. Machines will ba equipped with

ventilating and/or exhaust systems.

4,42 Machincs will be equipped with required venttilating and
exhaust systems operating at a minimum velocity of 150' feet /minute at

the chips generating tool.

4,43 Ventilation will be checked with air sample at the nor-
mal working area of the machine.

4,64 Buildings whizh have exhavst systems for urxanium mechine
ing operations will have the scat)c presscre drop across rhe fiivev
measured datly. At the same time ar. air sample (or.z houx) will be zaken
in the duct and on the exhaust s:de of the fil-ers.

4,45 Fii-ers wtll be hanged wher e:thexr of the follewing con-
ditions §» noced:
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VA _Mrnun) Uraniun Proarams P2 Ch 701002
Scetion D « Safety Measuves Sec D Par 4,450

8., Static pressure drop acroos the filter s above 0.25",

b. Atr sample of the filter cxhaust, monitored by Health
Physicist or Health Fhystes Coordinators, indicates that exhauvst {s more
than ten times background,

5. F\lm Badpcs

5.1 All personne! handling uranium will be required to wear film
badges and/or dosimeters which are provided to measure rate of radiation
exposure,

5.2 Film padges will be under the control of the Health Physicist
and distribution to using organizations will be made by hiz office.

5.3 Chiefs of operating organizations are responsible for assuring
that personnel engaged in work involving uranium or hazardous fonlzing
radietion wear film badges at all times, Health Phyesics Coordinators
of sach organization will provide required badges), change film strips
as raquired, take film strip readings and submit reports to the Health
Physicist,

5.4 Health Physics Coordinators will be responsible for monitoring
admissions to radlation areas as outlined in paragraph 8, Chapter 701000,
or to any other arcas that may be included in the future,

6, Personnal Precautiona

6.1 Protactive clothing and shoe protectors will be worn by all
personnal who arc exposed to radioactive materials in any arsenal area,

6.2 Respirators will also be worn continuocusly in areas wherg radios
activa dust or radioactive smoke fumes may be present {n th2 air, Such
areas will include, but not be limited to, rocof exhaust areas and acrap

burning areas.

6.3 Personnel who are responsible for changing filters in the ex~
i.sust asystens will wear gloves,

6.4 Clean protective clothing, shoe protectors, gloves and respi-
rators will be available for all personnel in areas where uranium is
being handled, Chiefs of orgsnizations will make arrangements for

obtaining or providing these items,

6.5 Protective clothing will be changed daily and after use, at
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P2 Ch 701002 Uranfum Proprams WA Manua)
Sec D Par 6,6 Secticn D = satety loasures

the end of each ehift, solled or coataminated protective clething will
be placad in containers provided for this purposa,

6.6 Protective clothirs will be leunderad end/or decentomirated by
facilicios provided within thz ervsenal or by approved ocutsida contrectad
facilitties,

6.7 Ko food, including candy or beverases will be brought into or
eaten in eny room or area within the installation where hazardous {oniszing
radietiona arc present; swoking will be prohibited in arcas vhare uvnscaled
sourcea of radicactive material are being used, handled, stored, processed
or transferred. Specific notice to this effcct shall be conspicucusly
postcd in these arens,

6.8 Before eating or drinking outside the restricted areas, hands and
face ehculd be washed to pravent ingestion of harmful dusts or other
radioactive matter,

DATE:
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YA Yonund Uranium Programs P2 Ch 7010Q£
Sec E Par 1,

Section E - Disposal of Waste Material

1. Purpose

1.1 *The purpose of this section is to prescribe procedures for the
disposal of scrap uranium and/cr matersal contaminated with uranium,*

2. Scope

2,1 "The provisions of this seccion apply to all organizations of
the arsenal who participate in the uranium program,%

3. "Policy and Resronsibilities

3.1 The Health Physicist {s responsible for the uranium wasts dis-
posal program, maintaining the necessary radiation protection, determin-
ing levels of conctamination for various methods of disposal, eatablishing
waste mnaterial tdentification requirements, setting up operating pro-
ceduces and coordinating disposal program responsibilities,

3.2 The Fire Marshal is responsible for transporting waste materials
from organizaticnal units to burning and storage area, converting scrap
uranium metal to oxida. incinerating combustible contaminated wastes,
and fire protection of storage and burning areas,

3.3 The 5.S. Accountability Officer 1s responsible for necessary
accounting procedures, material welghts and balances, determination of
economicul i1econvertabillcy and/or salvage velue, designation of con-
tainer, disposition as prescribed by the Health Fhvsiciat in accordance
with Section B of this chapter.*

4. Peraonnel Safety

4,1 All personnel engaged in the burning operations must wear film
badges during these operations and while in the exposure areas,

4,2 Protective clothing and shoe prxotection will be worn during
burning operations and while resldue is being removed.

4,) Respirators will be worn by personnel participating in the
burning operations where radicactive dust or smoke may be p esent in
tte atr,

4,4 Personnel witl rot smoke, eat or dritk while in the burning
area,

REVISION DATE:
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Sec E Par 4,41 Sec¢rnson E - Dispnsal of Waate Matertal

4.41 Following burn.ng operations . participating personnel will
vash faze and hands before smoking, eating or drinking outside the burn-

ing area,

5. Area Monitoring Frocedures

5.1 Soil samples will be raken pertiodically in the burning opcra-
tions arca by the Health Pl:sicist tc determine the degree of radioactive

contamination,

*5,11 301l samples, material immediately analyzed, will be
labeled to show location and date, and stored by Health Physicist for
future analysis, it necessary.*

95,2 %Air samrples will be taken during the burning operation at the
discretion of the ilealth Physicist,*

5.3 *The burning area will be monitored during the burning procesa,*

6. Uranium Metal Serap

6.1 Chips and turnings generated from machin'ng operations which
have been removed from the mazhine arcas and stored in designated exe~
terior storage arcas will be collected datly, or as necessary by the
Fire Protection Branch.

6.2 Chips and turnings will be transported in their covered con-
tainers on fire t° ' to the Northeast Area where they will be burned

under supervision of Chief, Fire Protection Branch,

6,3 Precautions will be token to keep air currents from scattering
ash residue as all ash must be collected and accounted for,

6.4 Ash residue will be weighed by S.S., Accountability Representa-
tive and weight and type marked on containers which will be stored pend-
ing disposition instructionrs. Standards to be followed in disposition
will be prescribed by the Heaith Physicist,

6.5 *Bulk uranium scrap will be stored under otl,.*

7. Non-Combustible Waste

° 7.1 7he ol reaidue i1 which chips and turnings have been stored
will not be dumped on the ground afzer chips have been removed for
burning, This wil) be recurned to WA Llaboratories for processing,

—— p—— e -
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FA Yernal Uranium Programs P2_Ch 7101002
Suction E - Disposal of Waste Material Sec E Par 7,2

7.2 011 residue will be disposed of by filtering through a 1C0-mesn
screen into the slop sink with adequate dilution or neutralization as
prescribed by standards approved by the Health Physicist,

7.21 Solids extracted from the filtering operstion outlined
in paragraph 7.2 above will be disposed of by burniag in accordance with
paragragh 6 above,

7.3 *Uranium graphite crucible scrap will be placed in 55 gallon
cans and broken to minimize volume requirements,*

7.4 *Saw blades etc. that -annot be eastly decontaminated will be
stored in 55 gallon drums which are labeled.*

8., Combustible Wastes

R,1 All types of wipers which have been used during machining
or~cations and collected in separate containers will be disposed of by
toening as outlined in paragraph 6 above.

8.2 Vacuum sweepings which have been collected during cleaning
operations will alsoc be burned as ocutlined above,

9. Sccurity

9.1 Any waste which may coantain classified material will be so
marked and stured in the security area which has been provided for
this purpose.

REVISION DATE:
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Sec F bPar 1,

Section F - Storage

l. Pu1ro'n

- ———

1.1 This section defines the procedures to be observed in the
apa

L]
ro of uranium,

stor

2.1 The provisions outlined will apply to all organizations who
handle and store uranium,

3, Cotasories of Storage

3.1 The categories of storage defined in this section are:
a, Storape of incoming uranium,
b, Storage of uranium reeceived by using organizations,
c. Storapge of work in process containiag uruunium,

d. Storage of finished work awalting shipment to Supply
Branch for shipment,

¢, Storapge of uranium waste products and contaminated matee
rials,

f. Storage of recovered waste uranjium pending disposition
instructions,

g. Storage of cnvironmental samples (soil semples, ete.),
h. Storage of classified materilal,

4, Generrl Conditions

4,1 all uranium nearin;; material will be sepregated in storage
arcas.except when it {s combinad with other materials in a
component,

4,2 Liquids containing uranium will be stored in separate con-
tainers from solids where easily separated; otherwise disposal will
be made in bulk,

‘1)
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22 Ch 701002 Mronbi Proorams ___1A Fanual
¢ I var 6,3 Seetion F « Storage

4,3 lsolated storase areas will be established by all organizaticons
to store any uganium that is not belng currently processed. Such arcas
w11l be approprlately posted to restrict unauthorized entry. The mate-
riils in these arecas will be arranged in such a manner to avoid high
1nvrls of rodiction fntensity at any one location,

4,31 C[Cach radiation storage arca will be conspicucusly posted
uvith a sign or signs bearing the usual radiation caution symbol and the
vords CAUTION

RADLATION AREA

4,32 Esch contaliner in which radloactive material is stored
shall bear a d.orable, clearly visible label bearing thé usial. radiction
caution symbn’ and the words CAUTION

RADIOACTIV/z MATERIAL

4 » W-en placed In storage, containers should have a semi-permancnt
{da-r . fication including the name of the organization preparing the
mat.. al for storage, the radioisotopes involved, the level of activity

s.cained therein, and the date when the levels were determined,

4,5 All radioactive material bearing a security classification
will be so identified and will be located for storage in the classified
security arca,

4,6 Access to storage areas will be limited to personncl who have
been designated by organization chiefs and who are listed on the Health
Physics roster, and who have been cleared for security if the material
or project has been classified.

4,7 Film badges will be worn by personrel working in these storage
areas.

4,8 levels of radiation will be measured at periods determined by
the Health Physicist to assure that amount of hazardous ionizing radia-
tions doas not exceed allowable levels,

5. Rules Governing Various Storasne Catepories

5.1 Incoming Materjal. The Supply Branch will establish a segre-
fated storege area, equipped with adequate ventilating and sprinkler
system facilities, for the storage of incoming uranium which is not
immediately transferred to the using organization. When practical,
direct delivery will be made to the using organization after material
is checked in by Supply Branch,

DATE:
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¥A Manual Uranivm Procyarms b2 Ch 701002
Section F « bCCr See F Par 5.2

5.2 Material Rocoived by Using Orxpanizations. Each organization
recelving uraniun will arrange suitable scgregated areas where material
which is not being twmodiately proccssed moy be stored pending usa.

5.3 Work in Procnsa Storage, Components containing uranium which
are being machincd on a single shift coporation will ba removed from tha
machine at the end of the shift and storcd off the floor in a five
g&llon bucket, or othar approved contalngr, adjacent to' the machinz,
unlens the work is being performad in a classified security arca wlen

it may be left in the machine,

5.31 If the material being processed 18 classified, it will
be removed to a locked security area unless the work is being performed
in a classified security area,

5.32 1If the process involved i3 a multiple shift operation
and will be worked on by succeasive shifts, the work may be left in
the machine set up,

5,33 Where operations are not continuous and there may be a
prolonged delay between operations, the material will be located in
the storage aress.,

5.34 Finished products awaiting disposition will be lccated
in the assigned storage area of the organization completing the work.,

5.4 Finished HWork Awalting Shipmont., Items on which work hza been
completed which are sent to the Supply Branch for shipment will bg
stored in the segregated storage area epart from other materials.

If they are classifled items, provisions will ba made for storags in
security areas, If arrangements have been made to have the item
shipped from the processing area, the item will bé placed in the or-
ganization storing area pending shipment,

5.5 Waate Products Storage

5.51 Prior to requesting disposition service for waste
products, each arsenal segment having uranium to be disposed of,
will comply with the following when accumulated waste has reached
the level allowed in the area:

a, JSegregate all uranium from non-radiocactive mate-
rial, when practical,

b, Liquid uranium materiul +ill be stored in

DATE:
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P2 cCh 701002 Urarium Proprams WA Manual
Sec F Par 5.52 Section b - Storage

4 NON o4
¢ Xw3it)

separate containers from soliid uranium material when ft can be easily
separated,

NIT =g 1Y)

{2z

5.52 Materials will be stored in the established central out.
door isolated storage arca which wil) be approprtately posted to re-
strict unauthorized entry. 7The materials in the storage arca will be
arranged in such a manner as to avoid high levels of intensity at any

one location.

SSCT INIVHIACTT

53

5.53 When placed in central outdoor storage, containers should
have a semi-permanent {dentification including the name of the organiza-
tion preparing the contalner, the uranium material involved, the lewel
of activity conteined therein, the security classification of scrap,
and the dates when such levels were determined,

5.54 All waste materiul bearing a security classification
will be stored in locked security storage area.

5.6 Recoverable Waste Material

5,61 Uranium material which has been recovered from any process
which haas a salvage value will be stored as outlined in paragraph 5.5
above pending recelpt of shipping instructlions.

5,7 Storaae of Environmantal Samples —

5.71 Soil samples, outlined in Section E, paragraph 6, this
chapter, will be stored in segregated storage area by the S.S. Accounta-

bility Representative,

5.8 Storape of Classified Material

5.81 All classified uranium material will be stored in locked
security areas as outlined in Section G of this chapter,

DATE:
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HEALTH PHYSICS STUDY z:\r‘:j;q FIRING

TG ERARIGTC O T

Ao Monufretura of X001 Projoctilers

The potsntled hezords in tho wzm,fmtu.“,, 1.@., malidng, elloying
machining, ets., of the corponints of tho wronlvn X001 hero bionn tc ’wa
cara of Uy tho exdslinz etxndord oporaldng pw,gmrm e s;w“”‘ =d by the
Vatertoa Avoonel Moalih Viyolca 0ffice baczd en the Lindts &3 delinnated
by the Atamic Ensrgy Cozmisclen in the Pederal Roglstsr, 10 CiR, Part 20.

These procoduras hava been provided to Lealo City Arcsnol, Aborazan
Proving Growmd, and FPreniford Arcensl. This ccoparatdvo effort hoo
materislly expoditad tho alley development, munufeoturing end application
of uranlum material. Briefly, health physlics studica condustsd durling
molting and machindng oporations durlng tho prst ysar at ¥atortom Arconal
have demonstrated that the procadures implomsnted have effcotively cenlzollsd
ths potontlel hazerds to within emall frections of the permdosibls telorinsos.

Be Tootical Use of MNOL Frojectllesn

l. Handling and loading of the Projectile

Wips teste parformad on the projectils to evaluats that vhich mosﬂ,d
bs pioclkud up in handling ehowed that only extremely minuts emounts of rodlcastive
material could ba m;ad off. The data f2ll woll below tho minimiza porndccibls
tolsrances, Our concern, however, is not for this surfeso rodlatlcn, btut frem
ths poesibillty airing hardling of it boconing pard of tho atmosghors. ‘Tho
wiping tests indicate that this is not & problem. The results of théso tusts
are in Gruph I. There 12 no health hazard involved in the hendling cf theo
uranium compononts in the teactical use of the round.

2. PFiring of tho Wsapon

Tre olroumsotancos of firing are no different from amy conventionsnl
weapon, Normal operating procedurss observed in tasting and tastical uss,
of conventional weapons are completely satisfantory for the uranium XM1O1
projectile,

3. Post-Firing Environment and Points of Contact
a, Breathing 2ons of Personnel Using tha Veapon
The Watertown Arzenal Health Physics Laboratory has exporimentally

moasured the amount of rsdiation recoulting from particlee of uranium given
off during actual firing. The results as shovm in Table 1 and the bar graph IT




"

(ehosm tolow) clearly dononsurate that tho oaount of radiation and henco ths
encand of urendun portilaldes (dust) givon off 8 meglipitble. In four
out of ten sanmples tolion, no uraniuva duzd cculd bo moasured with oven tha
rost eonsitivo instruicnte, and dn 21l other casic was less than 0.67 (1/140)
of mozimun pormissibls tolerance.

In additicn, there is no problon of cvmulativo econcentraticad
in successiva fivding ticouce gf tho cxtrensly ennll amount of urantus patorial
reloaccd to tho ﬁtna:;ﬁaza.(l

1.0 -
‘Wa
| |
Maximu) poiodocible concontyraticn
:
.g‘g — P ot i
g 0,20
fe)
f,g 0.10
o S TR S B T T

Sempla Number
GRAFY 71
b. Bore Cleaning

Wipe tects were made on the boro surfece of the gun barrdl aftor
firing of ond round end ofter firing four cvoncecutive rounds., Ons cleaning
{wipe) removed 211 trcoosz of radioastivity after firing one round, and only
two cleaninga (wiping passse) were roquired to remove all traces of rediow
asotivity after firing four rounds., Test rosults are given in Table 2. The
data shows that all traces of radioactivity were easily oleensd out.

No epidemiological hazard exists from cleaning the weapon, and
the cleaning rags are not active enough to be considersd a-disposal problen.

S M e R N MR D M G G e B G NS I G e NG G M e WS M aes e M W W G B D W - At wm e e

(1) Recommended limits of exposure to airborne uranium dust as accepted by the
Atomic Energy Commission and required under license in sccordance with Atemio
Energy Commission Regulation 10 CFR, Part go. 70 dpm/m3 (disintegration por
minute par cubic meter of air) or 50u gr,m’ (miorograms per cublc meter of air).




The rage ero belew that emount which the Atomic Ersrgy Canmission would
consider centanminated, The recemmendaticns of this suthor weuld Yo to disposs
of the rags in eny waste container and use standard bore cleandng procodurcse.

ko Impact Arca

Farth scmples were taken frem Lake City Axconnl ernd Abordson Proving
Oround where testing of the wranium ¥01 was performod. The ecrih gonples
vere lcoched of thelr uranivm with nitrle acid solutlon and evaluntce flwro»
metrically. 111 concentraticns did not vary significaontly from vheot would
be expected arywhere on the earth's crust (3 to 9 micrograms of uroniunm pﬁr
gram of soil). It has been suggested that tho permdssible concecatr a%‘i
level for soil might safely ba cet at 100 times the value for water.(2
sugpestion was given by the Health and Safety Laboratory, Atomic Erorgy
Commisgion, New York Oporations Office. It is worth noting that no linit
for ground contanination 18 given in Atomic Energy Commission Ragulation L0 CFR,
Part 20. It is the recommendation of the Watertovm Arsenal Health Physicist
that all spotting rounds bo left in the impact arca and that ths impact area
not be considercd a radiaticn erea. This suggestion was favorably considered
by the above-mentioned Atomic Energy Laboratory.

This

5, Con:zlusions

The results of the evaluated test data demonstrate thet tho use of
the uranium in the X101l is not an epldemiological health hazard, Tho standard
operating procedures as exercised in the use of any cenventional weapon will
ba sdequate.

6. Technical Addsndun

Sampling and Counting Technigquess All air samples were taken, using
breathing zone, c¢onstant volume alr samplers designed by Watertown Arsenalls
Health Physics Laboratory. Samples were evaluated with an internal proportional
~ countez on a 27 basis using an argon and methans gas mixture. In ordsr to
improve upon the reliability of the measurementa extremely long countdng timos
had to be resorted to because of the vory low level of radiation encountered
in these tests.

Field monitors included geiger counters with antontubes which incor-
porate thin-walled geipger tubes which use a halogen quencher. Eberline gar
flow, alpha survey meters wers also used.
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TASLS 1

DATA TRAICZN FIR ROUKD AT BREATIING ZONE O OPERATOR VHILE TEIT
FIRING UTAMIU:T XI1201 AT LAKS CITY ARSINAL, 5 FEBRUARY 1960

Fraction of
Yernissible
Sempls No. Lezation dpn/nd (ebove blra)* Toleroncn
1 Ereathing Zono 0 0
2 u " 0.4 ¢ 0.01 0.,0057
3 ® " 01 0
b " " 0.2 £ 0,02 0.0029
5 " " 0 0
6 " " 0 0
7 " " 0.2 + 0,02 0.0029
8 " " O.L + 0,01 0.0057
9 " " 0.2 ¢ 0,02 0.0029
10 " " 0.4 # 0,01 0.,0057

* dpm/m3 disintegration per minute per cubic meter, Background, self-absorption,
standard correction, and geametry were all considered in the claculation,
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WIFD TI5T FLIFQIUTD €N TID INIER SURPACE CF THID GUN BARRZL
AFTER FIRING TID URARIUL 2201

TADLL 2

No. of Rov=y Fived Toted d/n*
1 (eus) - 2ot wips 6.7 £ 0,03
2ud wips 0
L (four) - 1st wips 48,8 £+ 0,02
and wips 9.1 £ 0,04
3rd wips 0

* d/a (disintegrations por minute). Background, self-sbsorption,
stendard corroction, and gecmstry were all considered in the calculation.




