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American Metal Prodnets.- fCompany
~

,

j
. Ann Arbor, Michigan '

.~ ,
;e

..

>March 2,1960
~ !

'
: )- i

6.': Xtwpection Findinrs (continued)

License No. C-Lft12 now in effect, is a license under which the licensee now carries
out research and development at 2601 South State Street in Ann Arbor, Michican,

-

having moved from the North Main Street addmes to the new facilities in the latter j,

part of December,1959 All materials held under License No. C-h069 are now helo ;

under No. C-L812. ,

'

The if conses stated that he has in' possession appmximately 77 kilograms of depleted
iuranium for research and development p poses. The licensee maintains a complete ;

inventory recon showing the amount of materials received, the amount of materiale '
!trans!.rred, and the amount of materials actually on hand. A copy of these inven. -

tory records entitled " Nuclear Material Accountability Records" and dated March 7,
1960 was forwarded to the inspector by Mr. Jenks and copies are included in this .
report as Exhitit 1.

The licensee requires that where transfers of source materials am concemedj the !

imquestor supply his AEC license number. '

In the attached inventory roccrds (See Exhibit A) you may note transfer dates, the l

quantity of materials shipped, to whoei, and the AEC license number held by the .;
+

party. khere radioactive waste transfers are conoemed, the licensee employs the
services of Nuclear Engineering Company, Inc., a vaste disposal agency. Inventory irecords include the amouht of waste materials transformd. Suppliers of source ma-
terial to the licensee am Oak Ridge who supply UF-6, Mallinkrodt, Nuclear Corpo-

!ration, Spencer Chemical Company and M & C Nuclear. '

lWith respect to personnel monitoring, no film badges are deemed necessary. However, !the licensee does require bio-assay samples of all individuals working with radio-
|active materials. C.aples are collected on a monthly basis and have, to date, pro-
!duced negative results.
!

The licensee carries out research and development in several large laboratories
which contain numerous work benches and fume hoods and electric vacuum furnaces.

!

Essearch is centered principally artund the fabrication of uranium for fael elements j
'

and plated 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..go Operations Office had visited with them
en February 19, 1960, in order to discuss their anticipated program.

*
*

iNo items of noncompliance were noted or otherwise observed other than those set out
!belown
I'

10 CFR 20, Section 23.203(f)fl) - Containers - The licensee failed to display on .:storage containere a sign bearing the conventional radiation symbol in marenta on
r, yellow field and stating the words * Caution - Eadioactare Materials.' j

-

_t

10 CFR 20, Section 20.23(f)(L) - Containers - The licensee failed to state the
m_aterial content in kind, quantity and date of measurement.

',
' All items of noncompliance were discussed with the licensee and sample signs were

Iprovided. The licensee stated that these items would be rectified as quickly as .!possible.
'i

Enclosure s
ExhibLt A

,
'

t

j
1

i

I
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IIr2RODUCTION

It is planned to utilize gaseous NS-40 grade IV6 in exper$ mental !
' work.

Because of its criticality e.nd toxicity considerations, UF6 must be j

handled with care. It is the purpose of thic report to outline the neces- ,

%sury precautions earployed in the receipt and use of UF -6 k

PHYSICAL AND CHEMICAL Htormarnr3 OF UF6 '

Sublimation point (14.r psia) 133 5'F

Triple point (22 psia) 1h 73 F I

Density, solid (68"F) 292lba/ft3
liquid (147 3*F) 229 lbs/ft3
liquid (300*F) 192lbs/ft3

Heat of sublim tion (147*F) 58.7 BTU /lb !

Heat of fusion (147*F) 23.4 ETU/lb
,

,

Heat of vaporir,atico (lk7'F) 35 3 Bru/lb

Heat of colution in water (77*F) ::ec.t eyc,1.ud 90,900 ETU/lb-mo'.

Critical. preocure 45 5 ato.
Critical temperature M6'?

,

At rom ten:perature, UF6 ic c. '. hite. volatile :,clid .thich forna i

transparent crvctalo that cublime alcvly at atr.n:gher! : preccure; at higher i

,

t

precsurer the/* melt to fort a clear, colorier' liquf.C of high d':asity, i

Uranium hexafluoride is a highly reactive substance. It renets chemically

with vater, ether; and alcohol foming coluble resetion pr(ducts. It reacts

with most or6anic compour.d3 nnd m: ny metals. kbat caturded hr.locarbona e.ro

of lor rer.ctivity or inert to ITg '. t Cou, not rese t vitt oxy 5 a s, nitregen, l

i.

!
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and dry air. It is sufficieatly inert to copper, nickel, aluminum, teflon,
i

accel, and aluminum-bront.e that they can be exposed to L76 without excessive :

corrosica. Low silicon steel is tocetimen used where service f.s mostly at

room temperature.
,

!!AZARIG

Criticality - NS-ko grrdo is non-criticci at norm.1 asony or below.

Enriched =aterial, if limited. to 5" cylinders, cud less than 300*F, vill be ,

l
non-critical.

.hplocive - Resets with hydrccarbons end many oth-r org.nic

ctapounds; under con.~1aeimat there ntstvran produce e:rplocive prescures. ,

'

Cylindcrs of UI6-hydrocarto1 oil mixtures 1. ave e:cploded u.id ruptured the

cylindern.

.

Flarrable - Not fitr=nble.

Corrosive - L76 and UF6-hydrolysis products are highly co. rosire
,

to most r:ntericla. including

!1. Body tincues - chutes severe bvens

2. Organic compounds
-i

!

3 bny meMis

Toxic -
|

1. l'F #**"t* "it2 =U *t'## I" 'I# f #"1"5 " "U1t* r U C "~6

sintin6 of UO F , which is toxic, and HF, which is highly22

toxic and corrosive.

2. Internal toxicity of uranium cer.Tpo'..nds varies with the method
I

by which they rec s . che i.nride of the c.cdy. Ia'11r. tion ic fcr

more seriou.; the.n ingestion. '. 'h prir_n f La M.o.1 of urnaiu:.*

ches.ical puixning ic on the kidaey.

2-
)
i

|
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OstEtAL SAFWIT CONSIDIRATTORS
r

Note: Avoid phycical contact wi2 or inhalatica and ingestion of

IF , or its reaction products.6 ,

Design -

1. U'. osed cyctem or container. |

2. .te reans f or ccntrol o.." possible accidental releases,

including necessary booding tad exhaust devices., and treat-
. |

raent of floor and work surfacec for ecse cf removal'.
,

1

3 Adequ::.te control of vent Esses. ]
i

1 Avoid rupture of container due to o'terhenting or overfilling. !4

5 Use clean equipment to avoid explosive reactions.

STORAGE OF URANIUM HEXAFLUCPJIE
I
'

, Aside from critical rass conside;ations, the storage of UFg

poses few problems. Requisites for cetisft.ctory ctorage are as follcus:

1. Approved containers, properly spaced and cecured. Cap

on valve outlet port.

2. Avoidance of r.achanical darst e to ecntainere or container

valves. ;

3 Cool, vell-veni.11ated, isolated locations.

L. Protection frem fire or c:.ce:.cive hent.

The installati(n under ecnsiderntion here vill be cuch that the

UF6 cylinder and auxiliary equirnent will 1 e located out-of-doors in an j
'i.

isolated location. Only the hee.ted transfe r line froia the cylinder vill

actually be located eit.hin the building wht re the cricricente vill be

cor.duc ted.

-3-
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The basic elements of a W6 transfer system are chown in Figure 4.i'

Manifold - The canifold is ende of :cpper tutin5 or P1Pe.,

More

- expensive velded monel pipe is sortetimes used for permnent installations.

The n:anifold will have a laininum volume censistent with flow requiremer.ts. '
,

Pigtail - The pigtail or c,''.inder shpter, as illuctrated in h

Figure 5, ic uced to connect the cylinde. to the maifeld. It ic mde of I

copper tubing with bzuss or monel fittings. reflon gathets are nor:mily

used. Aluminum or copper Easkets vill be ucei. Excescive torque is re-
quired to seat them.

I

'

Preccure Indicator - The pressure 12dicator is a coe. pound pres-
!

sure gnuge with a range of 30 inches Hg to 103 psi. *4here renote indicc-
!

I
.

|

tion is desired, the use of pneumatic prcosure tren:nitters ve91d obviate I
.

the necessity for hented lines.

Vacuum Systen - Tto try: cI' vacuu: cyater:n ore used in handling

UF6 One consists of a positive displ:.cenent eccrosion-renint ;t pig
,

capable of obtainin6 a 10Li nuntico pressure with a fully fluoritated h6ri-

cating oil. The U76 pasceu directly throug'a this cyttca and nny be dia-
!

,

charSed to a UF6 proccas systed. The eva: tat ton system p1rnned, sa
!

indicated in Figure 14, consists of a vacuu.c p rp containi::c re;ul".r hydro- I

t

cerboa oil preceded by cce or t..cre cold traps and a chemical trap in series

to remove the T6 before entering the pum.
'

Cold Trup - The coM trap is uced t) trap L76 from.the system

before opening tbc syntaa to 1.;=ophrre for F.:.intener.:a, v.d to collect e.ny
LTg frr.n the c'2!" der or cv.t thr.t i:a., t ec rc t i b; %t t. 1ag the

# 1

4
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cylinder. I.
.

The cold trapc vill be cooled by nechanical refrigention, dry.|
!|

-!ice in trichlorethyle.ac or with liquid nitrogen. The cold traps vill
I;

have valves on inlet and otitlet to facilitato cLaging. B2ffles could ;
ibe inntclied in traps to increase themsl tnacrer. i
*

- Che:;ical Trap - The chedcal tmp :.s a3vays used to collect
.

tre.ce quantities of LF6 which ray not hava been collected in prior opemtionc.
.t

,

t

This prevents 176 from cludging the vacuum punp oil or fro'n e Or. ping to the i

t

atmosphere. ;

Activated alunint of 4 tc '8 ccch vill be ured in the chemical i

!

Calcium sulfate is coratince n ed inr. ccd of slur. tina in prccessin6
-

trap.
,

- i

i

radium or highly enriched a tcriel. A heavy cer';ca . inside the t.s.p, cup-
i,ported just above the in3ct, r.id.; flui diatr..butica " mi prevents the
*

'
;chemical frca getting into the inlet l'ne.

i. flunaed tap vill facilitate

recoval of the chemical.
.I

1

Pttrge Gas Supply 3. p.;rge gen vil . be used to trep out raaidual !,

,

i

wet air or IF6 and to prer re up spter; to 2ccate lerka. f. hs.;h pre crt:re

nitrog,en cyl:.nder with a pretmure rad /::5.v; '. . 'ee is a cc .i
.l.. tor;. drple

,

parge gaa cysten. Pry ai r i.' e ' r o w.irfr.uterj. P.r.'sr.tu :. v il] be ceinte.ir:ed

in the pure,e gas systea hie.h?r tun t:r. pcr =e in UF ; ayatcm te rrc rent

poscibi u t:ccape of UFg int o tr.c nci r gn , , M.

/t.lve-. - A u.1e f. u-A Lt i sf .'. - o.. > fo. b xh 3|..pid c.- c,1ce .

UT2 - cer~:: r ': t he .7".] i':- - .- . l.: . ;.': s it .. 3-
.

. t - ' * . '

forged nrcel bcr".y. au;tet, ends of ntni;an3 pire site, a r.n. tin 6 curfuce

nachined in the anterInl, a ..%cn vee. led 1; d n/cle t e11c.ic. cind it riait;

atem which indi .ater the valza cpania2, TW vt .ve 4 a err.o:2:r.,Wie c.rd .c..
f -

t :t.ettu ne r. .

1

5.

i
!
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Similar valves such as SMD (Crane Drsving K-klkk) have a special

plastic seat and can be used with gaseous IF3 A small bar stock monel body,

Plastic-ceated, bellows-sealed, stemless valve (Ir,p..Fulto. -sylphon Drawing

96415) is sometimes used in the 1/2. inch si::3 for a purge valve.

Globe valves vill be installed in web a r. anne; that the higher
.

_,

pressure is under the valve cent. In cases such as the purge and evacuation

valves, where the high precsure side is reve: sed durin.3 the operating '

cycle, the undercide of the cent will be dir?:ted tc'.mrd the U?g rxinifold.
,

When velding the valves to the linec, the valre will be fully open but not ;

,

back-cented. The use of exces:.ive hect in v31 ding vill cause distortion of

the seat and melt the solder fron the bellon. For this reasoa, it is '

advisable to disasse=ble thel /4-inch,1/2-1:ch, and 3/4-inch valves prior

to velding; and, as a further precauticn , tha valve bcdy trill be vrapped '

vith asbestos tape and kept vet during the walding opem ica. Sulphur- i

;

free asbestos vill be used when velding reane t to preveat cre.ching of the
i

cwtal. After veldin6, a valve vill not be clocad until the body .bs '

reached ambient ter@erature. I

I,

The 2 utimum hanitheel torquea shru 2 belcu vill be used c:Qy when

necessary since vscut:n tightne. ' ... i t.or;all t be ct 1:.ad c.1 e les;;er pret,sure.

P.GDR1M 1%N11;IhM TOFQtES UI 700* F'U"D5

Inchar 'CO .;1.3 ...O Valve

1/h 29 20
1/2 45 20
3/h 57 27

1 68 301-1/2 92 to
2 115 90
.
es

'

-6-
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'IRANSPGtT OF (*YI.1NDER FR0t4 IACATION OF RFJE?f 'IO Idi$ TIM OF pFTP.WION i

.

It is assumed that the point of receipt vill be different from i

the _ location of. cperation. For this reasco, it is nececrar to outline a r

/

procedure for the tmncport of the cylinder, which vill be the 5" size,
to the point of operation.

Since the only cylinder under cont ideration is the 5" I.D. x

34-3/4" I ize, the discussion vill be limited to this cace. The mxirn:m

weight of the cylinder vill be 109 pounds (' 5 pounds of UF6 + 54 poundo e

emptycylinder). This eliminates the necentity cf neche.nical hr.ndling
iand anows the use of manual handling.
-

t

tUpon receipt the cylinder vill h given a virt:r1 eeamirtation

for leaks and mechanical da.: age to cotnJr.t.I cr conta!.ncr valves. A leak
|

in a cylinder containing UF6 vill be indicated by a white fog iscuing j
1

.

from the leak even at room t coer~.ture. Ta time a scan leak r.ny build
up yelloe or light green deposit at the le .'a.

When trancporting the cyl.:.nder frer. the railroc.d ce.r. t cuch,

etc. to the vehicle to be uced. ce.ra vill bc taken to avoid r:cchenical
damage to centainer or container valves. I'. vin be pl .ccd in a vertical

position, properly spe.ced from other contain:ra, nad cecured. Some type

of shoch-absorbing material vill be enloyed to preve?.t damse while in

trunsit. The cup vin be on the valve outlet port. The cylinder vill be
protected from fire or excessive hent.

Upon arrival at loention of operatian. :;hi 1. ;x.c et.re 7511 be sh:wn
!

regarding container cad ccutninr valves . T :.e cylb d / <111 ha ettred it.t

accordance vith th c in::t nN C on :it ed la 01 3 ne ti ,.;, ;;o...cge rC Uranium1

Hexaflucride." l

-7-
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VAPOR TRAHSFER OF W6

Operation of Cylinder 1stnifold

t. mv.ifold system, a: C= ?isted in '.'i; rare k , viu be uw2 in ro-

2:oving UFg f ro.: cyli .Qrc 4 - 'A e [ a r: or c',.nte . AIN.er renecti::g the

cylinder to the tr.nifrf.d. ?.'. cen e.ctor vill te eb W. e5 fo'c =.tr.9.'Ite ti;.ht-

n an; by e.i.cuatinc and i:,olaL'.ng the :ysten :.nd obsw/.'.t .; for prec are rise.

Fr.rther chechs for a tight : , , '.a.; 2.e.;, be uc.r- c.t;d d.ay r.3.'. ;;.; m the who

of this ;r.terial lu.r.dled. P.;rf.ns c. tr:.ncter of ITfg frru a e;.E ndec. t'.. .

nster. block vr.lves and tl cl'. .Nr .1.a r 11 . ;. c ..e tb r 3. n ' 1.

to flov bctueen the cylindc r . .d G;r. r; - .c . . Te rli n o c ., t? ? :- :-9 7. :.t :
;
.

cylinder valve e.nd the :;y:;.:;. . 'ar:c va'. ce Uo 2 ..'i.31 b. ~-1 - d a .~. B e |.

1
1

2ranifcid purged by alternat,el; emeu?. ting en; pra;.: 11:.t: urtil it' : ciG.*r.1 i

|
e

1

UFe concentre.tica is dilutsd . > 3e;: tkn 10 pr.r ;c t 1 J4a. '"he r.re - vz:a . J-

in*iiCutor rill be ';rt{ *; O C' S.J2t J';TJfl-3 0 li. 3 % ira.C.IJ"1. J '' l t J. ,'. t0P

ti purgir.g ry rnti ;c . 'It.e r' . r . *.T, . .u.ti nt er- .,e cl.; c * . :1 ,
e

' - , . e y, ' 8 4. .f* '.. b. p .q.gs w.y . , , 4 ..* . . . * ,, , . . , , .;/ ,c . . . ., . ...,...J.' . ..j. o

, . s . m..
,

.c s .,,,

5 p ;1r., and the dry a5.r t.r ' a ..,c' precu2c.: .: i. a .1. . ,
'

, .,

" ,) . . ' . - a {. <. 2
.- .- . . .. . c % .a w a . 6 . . _ . . .

<

+,p.
s

.e ... - ,1 .4s
-

, . ,-
<

1

i * '1]/ t,.
**f.', OL U IJOCl ' . 5' .. C. 's J J b s[' * 1. 0. d t. ;|,i'

' #
. i

y w:,- p';<.,- - '
-

.
.. - .?

c.s. . .t.* . . ~/ .( - ;'; C i. 'i.f' J i , L ,. A i s C l" , 8.1 . O, .! s . . a ll'e'. # ". g

the STe3 CreHting h lle" l t h .t..';'L! d , .41d r c c] ti ng; jy p, 1.,. .y gc, ,t- + ., , y g3 .,
L

NO%n:".'luori f' t, not PJf.?r;Ci fr a'C. ' ' . " . ry . bt:~ ')T l'c i s'J. # t''' Olt . "J.;, LW2,*,

,
.,.'A.. . . ..O % ., e...., .

- ...,f.. *
1* 4.,

- . . , . r
s t , . .< a. a a s ,. ,. ,.,

.sa<s

.
4 m . e i

.g. .
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} -iarying isotopic assays 10 processed, ray r;.terl41 of one cosay left in
<.

4

' the sanifold say mix with IF6 of another as my proccared later ren;1 ting' ,

in isotopic discrepancies.

Cylinder Emptying Technique

The ::nterial vill be var.Jerhed by plac1:q the cylinCer in either
''e.. a horir.cntal or a vertical v:. pori:c (preferably vertical) . sing a het. . , ;

,
' '

vc.ter bath, stecs be.th, or cor.trc7. led elect:-ic hent. V:ipori::.ction te.:per .- ,

tures vill not exceed 300'r, cinee the icec'.fic volse of 176 at 300'F*

is used to determine ::nximar net welc) t of 156 pernic.ible in a given

cylinder. Heating to ter.:peratures in excess of 300'? tr.y produce hign
,

. hydrostatic pressures resulting in cylinder rupture. j
.

Care vill be taken to insure thst alllines, vr.lver, tad connections

.

are hented to enintain a mini:. ten tei.perature of 100*F tc hep the IF6 in "
a

gaseous conditicn. |

Rescrdless of the .: t.hed of tranuler, cc::: t ecli . e.1 m .uiuti re - ,

i
!

r.nins in the cylinder. This "h:el" is co:grised cd IJ6; v:.por nca in acm !
e

'

cases non-vointile c'c:: pounds:. Ac pe tiousl; menticned, this will be lef t

fer prccessing by the distri; : tor..

As an example, lis' ed belw is n typical uruc8fer prmed n e:
t
,

Proble:3: To vapori c 't.: ioundu 02 UTg fro: u S inch cy.1..nder 'j
;into the process system. Assi:x the canifold is praperly heated and

teuperature controlled.

1. Place cylinder in vaporir.cr.
'

E. Connect to ennt|old nui cler pigtails rnd gr .h. t. .

3 Opea ull valves er mpt cy2 'nde r * . / 't . :.true m.' e . md

valve to proccu ,y:.t: 2. ;

9
F
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4. Start the vacuum punqp and evacuate umnifold. |,

!

$. Close cold trap inlet valve.

6. Pzwasure system up to 5 or 10 psig by opening purge valve .!

and then close purge valve.

7 Open cold trap inlet valve until systen is evacuated; then*

,

close valve.

8. Observe pressure indicator as required for cny significant i

i
-!pressure rise indicating a leak. -

9 If a leak is indicated, the system is pressured to 5 psig,

and the leak is located by brushing soap colution on possible

leak locations such as velds, pigtail cor.ections, etc. |

|

10. After leak is repaired, the system can be prcosured .up and !

leek rated.

|
-

11. If leak rate is satisfactory, the r.nnifold in evncuated and

Icak rated at a vicuum. j

12. Close valve in li2e to cold tmp.

13 Open cylinder valve. Heat chould not be applied to cylinder

i

before thic ctep. mngerer prescures cou'.d be built up

if the cylinder is l'illed nbete the r:ec:tendad capr_ city or

contains irpurities cuch as freon-ll4.

14. Heat cyl$ ridor until preacure in I;cnifold is above_ proc. an

system.

15 Open valve into process systen as required. .

16. When cylinder ic believed to be empty as indicated by veight

loss or by preccure drop in th :.nnifold , the .alve to the
4

I

-10- |
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process system is olosed.- The ey11meertis not anyty if the
' pressure continues to rise..

17 If pawssure does not rise, the manifold and cylinder are
,

encuated through cold f, rap for at least 15 rsinutes to re-
-

move residual quantities of W6 reina4nine in the cylinder.

18. Close valve to cold trap. Prescure canifold and cylinder tor

I
5 psig with purge cas. cloce purge valve and open valve to
cold trap.

i19 Close the cylinder valve and the valve on the manifold to
Ithe pigtail. '1here any still be some heel left in the cylinder,

but this is left for the distributor to dispose of.
20. Disconnect the pigtail and rerove the cylinder.
21. Place the cap on the valve outlet and valve protector cap

.

on the cylinder.

22. Ship back to distributor.

23 Caution: In the operation of the :xu11 fold sy: stem, never

shut down the vacuum pump againct a vacuum in the canifold

unless pu:qp suction valve is closed. Oil m:iy be pulled from

the puxap and through the chemical tisp which could react

explosively vith W ' |6
!Oh. The came handling precedur ns used in transporting the l

cylinder fran the location of receipt to the operating loca-

ticn vill be followed in returning the cylinder to locatico
of reshipment.

-11-
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All personnel assisting in the experiments will be mada aware

of the dangers and problems of working with such toxic material and pro-

tective gloves and clothing will be worn at all times, as for the ex-

periments, a description of the process itself has not been included, as

it may vary, depending upon the experiment.

The uranium hexafluoride will not present any partisolar dis-

posal problem because it will ultimately be converted to uranium carbide

in graphite. Also, the equipment which contains UF will be clear and
6

present no disposal problem, since it will be flushed out with helium

gas.

Fluorine detectors will be located in the vicinity of the

experiments and a warning given when the concentration reaches a pre-

determined level. In such a case, or in event of any other emergency,

. the building will be immediately evacuated and all personnel remain

outsida until the F2 level has decreased to a sa fe concentra tion. If

it can easily be accomplished without danger to the pe rson involved,

during the evacuation procedure an att.empt should be made to cut off

the electrical power to the building. This can be readily accomplished

as there are two adjacent electrical switches, easily accessible, which
!

c u t o f f a ll powe r to the building.

The building itself is somewhat isolated frum otber building 6

in the vicinity, approximately 100 yards from nearest structure, and

lessens the probability of an accident's affecting other buildings.

Scrubbers and/or traps will be located in the building to collect any

fluorine or hydrogen fluoride gas emitted, and respirators will be
i

!evailable alta.
I

-12-
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