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Continuatio. Sheet £
American Metal Products

Company
Ann Arbor, Michigan
March 2, 194

6. _.nspection Pindings (continued)

License No. C-LE12 now in effect, is a license under which the licensee now carries
Oul ressarch and development at 2601 South State Street in Ann Arbor, Michipan,
haviig moved from the Worth Main Strest address to the new facilities in the lutter
part ol December, 19.9. All materials held undsr License No. C-L69 are now hela
under No. C-LB12,

The licenses stated that he has in possession approximately 77 kilograms of depleted
uranium for research and development purposes. The licensee malntains & complete
inventory record showing the amount of materials received, the amount of materials
transforred, and the amount of materials actually on hand. A copy of these inven-
tory records entitled *Nuclear Materlal Accountabllity Records” and dated March 7,
1960 wus forvarded to the inspector by Mr. Jenks and coples are included in this
report as Exhinit 2.

The licensee requires that wiere transfers of source materials are concerned, the
requestor supply his AEC iicense number.

In the attacted inventory records (See Exhibit A) you may note transfer dates, the
Quantity of materials shipped, to whom, and the AEC license number held by the
party. bhere radicactive waste transfers are concerned, the licensee employs the
services of Nuclear Engineering Cumpany, Inc., & waste disposal apency. Inventory
records include the amount of waste materials transferred. Suppliers of source ma-
terial to the licensee are Oak Ridge who supply UF-6, Mallinkrodt, Nuclear Corpo-
ration, Spencer Chemical Company and M & C Nuclear.

With respect to personnel monitoring, no {ilm badges are deemed necessary. However,
the licenseo does require bio-assay samples of all individuals working with radio-
active materials. C.mples are collected on & monthly basis and have, to date, pro-
duced negstive results,

The licensee carrles out research and development in several large laborstories
which contaln numerous work benches and fume hoods and electric vacuum furnaces.
Research is centered principally around the fabrication of uranium for fuel elements
and related usages. It is the licensee's intent to obtain fissionable materials
for research a~d development purposes. The licensee informed the inspector that
Mr. T. F. Nolan, Security Division, Chic > Operations Uffice had visited with them
on February 19, 1560, in order to discuss their anticiputed propram.

No items of noncompliance were noted or otherwise observed other than those set ocut
belowi

10 CFR 20, Section 27.203(£)(1) - Containers - The licensee failed to displuy on
“Ners & sign bearing ine conventional radistion symbol in mapenta on
& yellow field and stating the words *Caution - Radloactive Materials.”

10 CFR 20, Section 27.2:3(f£)(L) - Contalners . The licenses failed to state the
material content 1n kind, quantity and date of measurement.

All items of noncompliance were discussed with the licenses and sample sipns were
provided. The licensee stated that these items would be rectified as Quickly as
possible.

Enclosure:
Exhidit A
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It 1s plaanned to utilize gaseous NS-LO grade U.g in experimental
vork. Because of its eriticality end toxicity cansideraticas, UFg must be
bandled with care. It is the burpose of thic report to cutline the neces-

sury precautiocas employed in the receipt and .ise of UFg .

PHYSICAL AND CHEMICAL FROPERTIES OF UFs

Sublimetion poiut (1b.( psie) 133.5°F
Triple polat (22 psia) 147.3°
Deneity, solid (68°F) 292 1bs/rt3
liquid (147.3°F) 229 1bs/re3
ligid (300°F) 192 1be/rt3
Heet of sublimation (147°F) 58.7 BTU/1b
Heat of fusion (147°F) 23.k BTU/1b
Heet of veporizaticn (1%7°F) 35.3 BTU/1ib

Hest of rolution in water (77°2) - nees evol.ed 90,900 ETU/1b-mo?

Critica) pressuie L5.9 atm.

Criticel temperstuire g w

At ror— teapersture, UFg ic ¢ vatte, volatile selid rich forms

Lrausparent crrstals that sublime slowly et atposphoer's Jresoure: at higher

i

P - >, r wamle N - - o | - L W 1 . * %, & = " | >
precsuree, they melt to form & clear, colorle <igy of bBigh

‘; .

Y
Uranium hexafluoride is a highly reactive substance. Tt rescis chenically
vith vater, ether, and alcotol foruing coluvle reaciion proinets. Yt rescts
with most organic compow ds wnd mouv wetuls., Most satwriled haloserbans ere

of louw resctiviiv or inert 3% Yesuet wil YiRis maitrogen,
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and dry air. Tt 1s sufficieitly icert to copper, nickel, aluminua, teflon,
monel, and aluminum-bronze that they can be exposed Lo UFg witi.out excessive
corrosion. Low silicon steel is rometimes uced whers cervice ‘s mostly at

room temperature.

HAZARTDS

Criticality - NSL0 grrdc 15 non-eriticel et roirmel 2icsay or below.
Enriched materizl, if lini:cd‘to 5" o iinCerc, end less taan 300°F, will be
nom-critical.

Explocive - Reacts wilh hyérwenroons end many cili~r orgaalc
coapounds; wnces comtaersul there mlaluirin produce explosive pressures.
Cyvlinders of Uig-hydrocartan oil mixtures lLave erploded uad ruptured the
cylind-rs.

Flammable - Not flemmhle.

Corrosive - Py and UP.-hyérolysis products are highly cosocaive
— 6 Q L=

to most materiels. including

VLS

o

1. Boly tissues - csules gevure
2. Organic compounds
3. Many melals

Texie -

1. ¥, reacts wiis melsture iu eir forming & valte fog con-
sisting of UO,Fp, vhich is toxic, and HF, wiich Is highly

toxic and corroscive.

2. Internal toxiecity of uraniw: compornds vories with the methed
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OENERAL SAPETY CONSTDERATTONS

Note: Avoid physicel contact wich or inhalsticn and ingestion of

UWFg, or its reaction products.

Deaign -
1. U osed cystem or cantainer.
L)
2. .te meens for control o) possibls accidental releases,

including necessary booding (nd exhaust devicee, end treat-
ment of floor ané work surfecec ror eese c¢f removal. A
3. Adequote control of wvent guses.
L. Avoid rupture of coutainer due to overheating or overfilling.
5. Use clean equipmert to avoid explosive recctions.

STORAGE OF URAN1UM HEXAFLUCRIDE

Aside from criticsl pass conside.atians, the storzge of UF6
poses few problems. Requisites for satisfictory ctoiezge are as follovs:
1. Approved containers, properly spaced and cecured, Cap
on valve ocutlet port.
2. Avoidance of mechanical darege to containere or coataiper
valves.
3. Cool, vell-veniilated, 43nlzted locations.
L., Protection {inm Tire or c.cecsive heat.
ihe ipstzllation wider cansideraiion hers will Te such that tho
Ln?6 cylinder and suxiliary equiprment will te located out-of-ducrs in an
ieolated lortat.lion. Only the hezled transfer lime frow the cylinder will
actually be located viihin Lhe building whire the averineonte will be

- T o e A
COTréa 22 ved.,



THE UPg TRANSFER SYSTEM

The basic elements o s UFg transfer system are chown in Figure L,

Manifold - The panii's)4 is mde of :ocpper tuting or pipe. More
expensive velded monel pipe 15 sonetimes used for perrient instellations.
The manifo’d will hove & uinimem volume ceasistent with fiow regulcvemests.,

Pigtail - The pigtuil or ¢ inder alupler, as illuctrated in
Figure 5, ic uced to connect Lhe eylindos to &he menificld. It 1e mide of
capper- tubing vith brass or monel Tittings. Tleflon gaciets are nomally
used. Aluminum or copper gaskets will be unei. PExces:ive torque is re-

Quired to seat them.

Precsure Indicatcr - The Pressure iadicetor is & capound pres-
Sure gauge with a range of 30 inches Hg to 1C) psi. Where rernte indicc -
don is desired, the use of Paewiatic precsure trencoitters wonlad orviate

the necessity for heated lires.

VYacaum Svstem - Tuo Ly ST o4 vnouur eysten: ooe uzed in hzndling

UFg. One coasists of a positive 2ispliocement zorros.cr e

oL R ,‘;..if—.:..; ;".JT-.I:
cepable of obtaining e low su tion preccure with a fully fluorirated 1ubri-

cating oil. The WPy pasces directly throvgy this sytien and nas ba dis-

charged tc a d.-b Process systend. The evazuation sysLer pleaned, oo
indicated in Fl;ure b, conelsts of a vuouus P contalalug reguloy hydro-
cerban oll zieccded by ane or sere cold “iaps ad & chenlcal trup in series

to remove the UFg before entering the pump.

Cold Trap - The cold trap 1s used t» trip UFg from the uystem

before opeing the SyEtem o Lo phrre for pouintesar s 48 4o edl)

=
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cylinder. The cold trape vill be cooled by nechaniesl refrigerstion, ary
ice in trichlore hyleaz. or with liquid nitrogen. The cold trups will
have velves on inlet and outlet to facilitete el aging. Baffles could
be inntolled in treps to increase tlhermsl Lo usfer.

Chezical Tr.p - The chesteal rap s slways used to colicet

trece quantities of UFg whicl may zot have boean collected iu priar opeiniions,
This preveats LFg from sluiging the vacuun prp oil or from g~eiping to the
atmospbere. Activated alwdus of b 2o 8 mecht will be vred in the chemicel
trap. Celeium sulfate 1g co-stines . o inzies? of wlumius i precessing
medium or highly enriched =3 totfel. A heavy ser-en inszide the Loep, cup-
ported Just alove the det, flus flor @letr bution 47 revents the

chemical from zetting irnvo tre inlel Mine. . flanged t~p will fucilitate

removal of the chemieal.

Puge Gas Sunpply - 4 purge aes wil . te 200d to Lazen out residusi

s -

wet air o: if"é aad to pres-re up SySLeTL 30 leeale lecka, P Bigl ovpceves
rogen cylinder with & rrecsure padea N 0L e A T T il :
pirge gas cysten. Dry sir L & & : 1 #1l] be wmistatned
is th Purse goas syshe AL 2n e L JF sstemte rrovent
MOELLD) ¢ eseape of e . (B SRR g L~
1y t.} 121 . SEeT5 g s £ it
'ln,“ - o &L - v

- TIPS S W : P e
‘:‘.’:e'_’q W I3 Ly » SOSLRL envils ¢, nomLaa., e

FLie, & riuting curiuce

machined ‘n the material, 3 -_om s2elec 1» doole bellovs, tnd « risipys

stem which Ind i cater the vl - eniag. Tl weive 1y fasoesituiie Ar b1



Similar valves such &s S (Crane Oreving K-k1Lk) have & spectal
plastic seat and can be used with gaseous WP, A ?nll bar stock monel body,
pinutlc ~ceated, bellows-sealed, stemless valve (mP-FLuto-.x-Sylphcn Drawing
95k15) 13 sometimes ucod in the 12 inch sizs for a purge valve.

Globe valves will be instalied in sveh & raraes ohel the higher
pressure 1s under the valve cect. 'n csues such &s the surge and evacuation
valves, where the high precsure side *s reversed during the operating
cycle, the undercide of the ce:xt will be diy:2ted terard the 75 menifold.
When welding the valves to the lines, the valve will e fully open but not
back-ceated. The use of excessive Leat in w2lding will cause €istortion of
the seat and melt the solder froz tre vellows. For thie resson, it is
edvisable to disassexble thel /M-fack, 1/2-iich, enc 3./k-inch valves prior
to velding; and, as c further precautim, th: valve bedy will ve vrapped
vith asbestos tape and kept wvet during the w:lding (perrlion, Sulphur-
free asbestos will be uzed when welding mone! to preveat cractiiag of the
mctal. After welding, a valve will ot be closed wntil trhe body “as

reasched arbient teuperatiure.

The aximur handwhoel torgue. shei. beloy ¥1li be Used orly when
Recersary :iuce vicuun tightne. i LDl T Lt luud oL & leguer prevsure.
FAXTMUM DANDHHED TOFQUES TH 0™ FOIDS
T 3 Vlve
/L 25 20
/e L5 20
’ = o
3/4u 54 Fed
1 68 30
l";“lf ')L.. h{)
2 117



TRANSPORT OF CYLINDER PROM LOCATION OF RECEPT TO LOVUTION OF D \"TON
M - »

Itiio assumed that the point of receipt will be different from
the locetion of operation. For this reason, it is necerssury to outline a
procedure for the truacport of the ¢ylinde., which will be the 5" size,
to the point of operation.

Eince the only cylinder under con:ideration is <he 5" I.D. %
34-3/4" 1 -ze, the discuselon will be limited to <u's cass. The mascimum
welght of the cylinder will be 109 pownds (‘5 pounds ¢f Urg + 54 pounds
empty cylinder). This eliminctes the neces: ity of mechenical hurdling
and allows the use of ranual handl ing.

Upon receipt. the cylinder will le given a visucl examination
for leaks and mechanical davige to ~aateiner or container valves. A leak
in & cylinder containi-g UF; will be indicated by a vhite Jog iscuing
from the leak even at room t{-mper.iire. Tu ‘ime, 8 srall leak mmy bu‘la
up yellow or light green deposit at the ileek.

When transporiing ihe cyl.ander fre- the rallroed cer. tiuck,
etc. to the vehicle to be u-ed, c-rz will be tokern to avoid mechenicel
damuge to ccntainer or container valves. T¢ will be Flwod in a vertical
position, properly spoced from other contair 2rs, g secured.  Some type
of shock-abgorbing materisl will be eimployed Lo prevet Gamage while in
transit. The cap will be on the valve outlel port., Jhe cylinder will be

protected from fire or excessive heut.

Upon arrival at location of operation. she ¢ erre will Lo ghwm
regarding conteiner end comtiin::s valves, T o Cyilicrr will to stoved
socordance with Lho fnctryos! sted 4a € t ’ 7 ra %

Rexaflueride.




VAPOR TRANSFER OF WFg

Operation of Cyliucder Manifold

e e e e s ] e e e s L e S

h manifold gystem. ar = :lvtef in ‘dguwe &, ¥I11 Yo vl tn pe-

movi WP, froe eplintors 40 WNe (80013 sinte. Afver coanectine the
6 v L 1

cylinder to the manifold., tre on

nern Ly evicuating and icolsiing lhe ystea :md os:

Furthor checks for & tight ootz any be wer -t d Cavordt 1 m tan

ARl B I N

gystem block voives and tre L0 (ep v 1va v L1 T o6 Cua Lue p
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i varying isotopic assays is processed, tny miterial of one cecay ieft in
" the menifold Ay mix with UFg of another o358y procesred later resilting

in ifectopic discrepencies.

Cylirder Enmptying Technique
The mterial will be “uucrized by placing the cylincer in either

S ‘a horizontel or a verticel vopor.:cr (preferably vertical) wsiag ¢ hot

wecier bath, steem bath, or contrc led electric lLeat, Vaposizetion tesper.-

15 used to determine maximur s2t welght ¢ '1’!-‘6 perniciibhle 4n a given
cylinder, Heoting to teuperatures in excess of 300 I' wey prod.ice higu
hydrostatic pressures resulting in cyliader rupturc.

Care will be taken to iasuwre ihsti all rnes, volves, cad conections

are heeted to eaintain & riajz.o tompereture of LIT°F 4C lrep she IFg 1u a
. 5 6

gasecus condition.

Regoréless of the a-thed of transler, cows iellt sl umaiuws ro-
mains in the cylinder. This h.el” itg corgrised of o, wvilor Aara in Laoe
cases non-volatile c‘moundn. Lo veevioas]y penticnec, thdc will be ledl
for processing by the distri.olor.

As an exarple, listed Yelw is & typleal wumosler prneed uv
Provlem: To vanori o S younds o0 Wy frow e D 163 T o4 JRORR. U [

- i

into the process system. hAssume the meaifold 1¢ properly heated and
temperature controlled.

1. Place cylinder in vaporizer.

e ‘snect to psaitold with clear plgt

1. Tpe. Sil valvie.s @ s P AT T I o, sngd

VES Ve Lo proceas cyib .



10.

12,

13.

15.
16.

Start the vacuum pump and evacuate manifold.
Close cold trap inlet valve.

Precsure system up to 5 or 10 psig by opening purge valve
and then cloee purge valve.

Open cold trap inlet velve until systen is evocuated; then
close wvelve.

Observe pressure indicator as required for cry significant
pressure rise indicating a leak.

If a leak is indicated, tke uystem is pressured to 5 psig,
and the lesk is loceted ty brushing sozp colution an possible
leak locations such as welds, pigteil conections, ete.
After leek 1= repaired, the system cen dbe pressured up and
leak rated.

If leak rete 13 gatisfactory, the manifold is cvacuated end
lerk rated at a vicuum.

Close vElve in lize to colé trap.

Open cylioler valve. Heat should not be spplied to cylinder
before thic ctep. Tupgers s rrescurss 20wd e dbullt vy

if the cylinder is i'illef adbove the praecipendzd capecity or
contains igpurities such es freon~1lk,

22t eyilnGar until preuscure in zenifolld is above proo
system.

Upen valve into process systen as required.

When eylinder ic believed to he empty as indicated by weight
 Jy " Arcis An Th y A

85 Or Uy nive e GNP e ARNAI04G, e WALTEe L

e
L -

vha

.t..



process system is clowed. m-ynu-m-u-w;umo
Pressure continues to rise.
1T. If pressure does not rise, the manifold and cylinder are
evacunted through cold trap for at least 15 mioutes to re-
Bove residual quantities of W‘6 remaining in the cylinder.
18. Close valve to cold irup. Pressure ranifold and eylinder to

5 psig with purge gas. Cloue purge velve and open valve to
cold trep.

19. Close the cylinder valve and the valve oa the manifold to
the pigtail. There my etill be some heel left in the cylinder,
but this is left for the distributor to dispose of.

20. Disconnect the pigtail and remove the cylinder.

21. Place the cap on the valve outlet and valve protector cap
on the cylinder.

22. Ship back to distridbutor.

23. Caution: In the operation of the manifcld system, never
shut down the vecuum puzmp againct & vecuum in the manifold
unlees pup suction valve ig closed. 011 may Le pulled fram
the pup snd through the chemical tisy which could react
explosively with UFb‘

Ck. The same bandlicg procedure ns used 4in trunsperting tce
c¢ylinder from the location of receipt to the operating loca-
tion will be followed in returning the eylinder to location

of reshipment,

-l‘.




All personnel assisting in the experiments will be mads aware
of the dangers and problems of working with such toxic material and pro-
tective gloves and clothing will be worn at all times, ~s# for the ex-
periments, e description of the process itself has oot been included, as
it way vary, depending upon the experiment.

The uranium hexafluoride will not present any parti.ular dis-
posal problem because it will ultimately be converted to uranium carbide
in graephite. Also, the equipment which contains UP6 will be clear and
present no disposal problem, since it will be flushed ou: with helium
gas,

Fluorine detectors will be located in the vicinity of the
experiments and & warning given when the concentration reaches s pre-
determined level. In such a case, or in event of any other emergency,
the building will be immediately evacuated and all personnel remain
outside until the F, level has decressed to a safe concentration, 1If
it can easily be accomplished without danger to the @ rson iavolved,
during the evacuation procedure an atrempt should be made to cut off
the electrical power to the building. This can be resdily accomplished
as there sre two adjacent electr.cal 6witches, eaeily accessible, which
cut off ali power to the building.

The buildiug 1tseif is somewhat i1solated (ruw other buildings
in Lhe vicinily, spproximately L0U yards frox nearest structure, and
lessens the probability of an accident's affecting other buildings.
Scrubbers and/or traps will be located fon the bullding to collect aﬁy

fluorine or hydrogen fluoride gas emitted, and respirators will be

avaiianble aien,
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TYPICAL UFy TRANSFER SYSTEM.
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