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ASSTRACT

A series of weter immersion tests of UZg cylinders with simuleted Camage
was ccoducted to determine the extent of water inleakege., The uranfim
hexafluoride content wes less than normel enrichmert., Metal and glass
cylinder units wers used end metal-to-glass cylinder commecticns wer
2lso tested. In openings which cccur vhere Uzg has solidified on the
metel comtainer walls or across the velve, an insoluble plug of mcro-
hycrated U0 Fy and metallic produsts is formed. This resulis fros *he
reaction of the UFg and weter amd the reaction of the resuliant = with
the metal, Water will enter a void zxzez if 0?5 is not imxediately
availeble Jor reaction. Similer plug formetioas do not cccur in Lakor-
atory zestis using glass tubes.
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Thee hes been 2 lack of velid date selsting to the effects of szall
leeks in USg cylinders whea the cylinders are immersed in seter, Sce

——— e e o - aubadt

cexclusicns zbout such an occusTence hewve teer besed cn e single lalecr-
atoIy test tude experiment, The effact of leal:s cccurTing waile 2
cylinder is eipesed £ air has Seer lorzaly essessed through creraticnzl

exzeriance,

e whe e o

Because o this lnitelion in the kmowledge of reactions resuliing Srem
accidental leskege, perticularly that ccourring while e cylinder is
immersed in water, a series of both ficld and laboratory tests were cca-
ducted. Tzis report descrites the tests and presents e firmer tase for

[ et

definitive evalusticn of the effecis of Urg cylinder leskage,

Si=ax

oc the walls or zcross the valve, wmter inlecksge will not occi~. An
insoluble plug of metzl coxpournds 2=d the monohyérate -of U0 Fp forzs
i=mediately 2s a rooult of the UFg-water-HF-netal reactions. However,
inleakage of e sizable quentity of woicr into the void zome of a2 dazmaged

Urg container is possible if the UFg is not in sufficient depth on the
wall or valve surfaces.

The test date indicate thet for metal cylinders in which UFg is condensed

The deta 2lso indicate that conclusions bzsed on lahoratory tests using
glass ccuntainers of UFg exre not opplicabhle to metel containers.

1

FIELD AMD LABCRATORY T=STS

A. Tield Im—ersion Tests of Ul'g Cylingers

The Tield tests were corducted with MD zylinders constructed of
9945 nickel, each 12-in. diameter x LQ-in. long, and filled with
depleted Urg to the mormal £ill weight of 50 pounds.: Some of ihe
tests were conducted at 2 pond location and the remzinder in a tank
containirg about 500 gellons of water. The taak, T2 x Lk 2z, and
50 in. deep, was positiored necr 2 swmier supdly,’ and severzl hundred

feet Ircm the nezrest persornel locziion.

] [Z VP8

-

<)

-
L2ST

A cylinder centaining liquid UFg was cooled ia a2 hcrizcntal sosition
until e UFg was sclidified., The cylinder was then siistended oy

. -

3 . -
“E. L. Keller, et 2)., Uraniuzm Hexafluoride, Fandling Procedurss and
Centainer Criterie, USAEC Report OR0-651, Rev. 1, 1967.
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51ings S-om e heisit, valve end dewmwerd, Nommelly, cocled cylinders
b

2-e 2%t z2pproximately 2 psise, but, whea the valve wos opened, 20
inwush of air was noted, this indicating either the presence cf
solid UTg across the valve opezing, e UQsFp plug ia the inlet lin
e5 2 result of wet eir inleaitage, or thet the cylizder hed lealted
+c zimesthesic pressure. The cylimder was lewersd intc the scnd
until R2lf submerged. Cmall whize tubblas of F contalning vwhot

azpeaved to e undissclved UCaFz Tose tc the surface, decreasing in

“ha'm ——al)

[al:]
N s

freguexcy ard ceesing in aboui 20 minutes, After tvo houTs,

- -

cylinder was removed from the woier, minor weter drainege was noted,

and weighed, The weight was essentielly unchaenged, izdicating very
1ittle hydrolysis of the Urg.

Sizce the valve eppeared plugged with reacted material, the valve

stex vac remcved and the cylinder gzpgain lowered into the =ter.

e valve port opening was 3/2 iach., Only mizor bubbling was noted.
Sevezzl hcurs later, reweighing of the unit again indicated onrly 2
reglizihle loss of content. The valve was rexmoved and & yelilow-
geen plug was found directly below the valve connectlon. The plug
ccpeared to be UGsFp and scme metellic compounds formed by & reec-
Lzter onolysis confirmed metallic contamination as showm in -
; +the UOpF2 was probably the selatively insoludbls —ononycrate.=
valve removed, lezving az’ opening of 1 in., the cylincéar
retumed to the wazter ond left suspended for ehcut 60 heours.

imstion cn remgvel revealed that the plug wos still in zosizion
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Zut 2 woight check indicated a slight gein tecause of Rter atscrp-
P Pt

viClle .

Hormally, 1D cylinéers are filled with liguid Ufg in < vertical
positicn cnd cooled iz 2ir in o horizontal pocition. The £232 Linit
and +the handling procedures probebly caused some Ufg coacdensation
acToss the cylinder valve, *hus providing on immediate rzaction

cone whichk prevanted vater entry.
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Lhare cre occasions when cylinders are £illed or nedvet 204
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vertical pesiticn, the 2bove ccnéiticns were ccnsidered
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ce, cne of the cylinders was filled
ocled in a vertical desition, however, prior to use, it wes
L5 te incempletely cooled, Eince it wes_transfersed In a
= coily in the

isn, +he cylinder wes im—erzed vesti
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-Toe cylinder, af aimospheric pressure

\V/]

e the crlizder Teing jasred in the nrzeess.  The unit was then
1iZted Zrom the tonk and $ilted for drainase tus only 2 fov o) of
solutisn tmre drained, Om inmsertion ¢f o 2hin steel rod through
the valre opening, 2 haxd forzsaticon wos detactad dirsetly below the
valve egmmacuicn., Little eneiraiion s achievaed by tazzning the

-zd.

— Nsun . -
T eerliadaw oo PR P
The cylinder was place 2 storage coze ond
132
-—

the valve romgoved materizl directls

9S8 PN
o sexpiz was tolon by d-illdr
.
1§ e¥posed en crange
N " T T Am -
temperatures, alcut 250°C cdue

ctserved escoping frem the oyl

——

&né, srotetly UO,Fp formed ot higher
icel reactien. Urg fimes were
24 rempinmed in the sun

4

-
-~

for cheut 1/2 heur, and the valve wos T

-

the suz fer several bours the cylinder was stcred vertically cver-
zight In a cooler end resampled the following morning, The crust

ol
<L, < £ 4
ed, After remsining in

Sorzaticn wos readily brolen with 2 glass thief whick penetraied
reaTly to the boticz of the cyrlinder. The valve was reploced ofter
the sampling operetion, The azalysis results frez this ccopesite
Sarple ore 2lso shoun in Tadle II for comperison with the plug

}

. P — . P . X . by
aaclysic., The high concerizaticn of 4in showm ic coasidered 4o re-
-
+ Fomom 3 < 5 LaFY! Sty ~t - e
sull fro= chemical reactioz of the EF with the valve threzds vhich

are tinned to provide g leak-tight corpmection.

e, was revwrned fo the tanit and
positicned upright vnder water and the valve removed, Censifercble
tudtling occurrad for e few seccnds, mostly air displacement, fel-
lowed Dy & gurgling roar as solntticn was blowm frem the crlizder o
2 neight of about three fect, It is sessitle that the sampling
fole 2id not refill with UFg, but filled srith water. Since UTg is
2 poor therzal coxfuctor, aad particuls-ly so with = substontial
Ted width, the hoat of chemical reacticr was not roodily rermcvred.
The reoction stopped almest immediately ané only a2 fow EF bubdbdles
continued to rise, The cylinder wns then inverted and icfi under
water, tteen houss later the contents wmoe coopistely éissolved.

scut 2 psiz pressure 2né with the U'F6 solid
K]

-
2elow the water level znd
with the Urg, 2 few bubble
% a

TudTle generation altered as the cylinfer was lowerad or rzis2d in
the tanli;; at 2bout 2 5-Tt. depth, the weter and zos pressures were
egualized. The cdepth of the cylinder wns chonged severzl times so
that oubble release rate could Te observed 2t various levels.

Therz oppeared to be wvery 1itile UGzTp sclution éraining from the

cylinder at zay pesition.
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Labheorztory Report

‘ Voletile Nozvolatile
Zlement yejein] Elexent oom Elezent jejorsd Element orm
Sv 30 Mn 200 Ag 5 Fe a 5000
2 <1 P aco Al >200 Mg 2000
Co <1l 33 <2 Ba <10 ifa 2C0
Cr 10 3e <1l i 200
Bi <1l b 5000
ca 10 San <0CCO
- Cu 5CCO in TGO
Mable IZ, Filled Cylinder Anzlysis
Volotile I~Ionvqlz.‘.:ile
Zlement goj el Elemert ppm ||° Element  pom Elezent oo
3b <15 Mn <1 Ag 2 Fe 100
3 <1 P <50 Al 20 Mz 100
Co <1 5% 35 Ba <10 it 300
Cr 5 Be <1 2y ZCC0
34 <l S= 0G0
Ccd <1 Za <20
Cu 2000
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ASter 2tcut LC minutes, the crliinder w2 zoved, tilted, (2nly a

e Fad 3 3 . -
very s=2ll amcunt of weier s drzimed) and placed im 2 c2ge int

sun. The vzlve was remcved éisclosing 2 plug delow the valve czen-
ing. This paterial alsc hed 2= crange tand at e depth ol acut i /2
- 2 o

inch. As soon as UFg fuming cecusred

-ty

.

Since the UFg in the MD cylinders had Teen cooled in a manner thal
azperently eided in the formeiion of 2 plug 2t the velve comnection,
it was decided to meke a cooperiscrn test with a small mepel Zarshzw
cylinder, 3 1/2 in. diameter = T 5/8 in. lcng, in which L3 1o, of
UT§ had been solidified in the lower seciicn, cpposite the valve,
Tae cylinder, ot e vacuum, wos immersed in the tank versically with
the valve upwesd ead the valve was gcpened under water, llumercus
tubbles of EF escaped for several miautes, then fcrmed ornly infre.
cuently. The valve was remcved ané o cuantity of solutien, cosTeoxi-
mataly half the cylinder velume, was empiisé into e szmple totile.
Ln2lysis of this solution iadicated 2 uranium concentration cf

215 g/iiter. The remaining ccntent of the cylinder éissclved whex
+the unit was imersed for e few houss in an inverted positicn.

The tlugzing effect when Ufg was solidified ecross & cylirder valve
wes additionelly inmvestigeted using two smell Eavshaw cylincers.
Tae UFg wes solidified irn each cese with the cylinder imverted, and
w2s thus ageinst the velve. One cylinder, with the valve end dowm-
werd, was suspended over a 5 gellcr bucket of water, The valve was
ocpened in 2ir, and the unit then 50¢ i=marsed. The secoxd unit was
similorly irmersed ia anotker bucket, and the valve gpened under
wveter. There was only minor chemical reaction in both instances.
Tne cylinders were left irmersed for ‘two hcurs, then taken frcm the
veter ené the velves removed. Boih valves were plugged vith <he
yellow-green materiel, Similer plugs were coserved just under the
valve coanection, with an orazage band abcut 5/3 in. belov the su--
face, ’

Hith the valves removed, the cylinders were replaced in the ;
valve end down. Twenty-four hours later no additional meteriel hed
dissolved, The valve comnection opexning in a-Hershew cylincer

5/35 in. digmeter,

Lazorotory Test - U‘.—‘6 Cylinders

To cdetermine the extent of plug fermation resistance zgainst agitatad
weter; e Harshew cylinder £illed as in A-V had the valve remcved
tmder water., Plug formatisn ceccusTed shorily. The water was then
agitated for 10 minutes by a2 motorized stirrer. Ieither this methcd
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4 s - . . . s
nor e ecticn sreduced bty o stream of air tubdbles wes adle vy dlis-

lcdge the plug,
Test I

. oqon o de

f =9 Fa - o~ oL - .
Tne Jield test of the Earshaw und
a+ d

1axr)y filled and evacueted cylind
weter, valve end uz, az=d the val

¥
zizites, during which EF buttles
T2pid rate, small excunts of solut
Iz the valve, whickh has a zort

(A-IV) was repeated with e sixi-
. 1t wvas imersed vertically In
Selly cpened., After severzl
cntaining UCpT, esczpec at a2

icn were observeé teing ferced

£ 1/2 inch. The cylincéer was

-

rezcved, the valve closed, azd e weight geiz of 339 g was measuzed.

In both cases, the Ezrshaw cylinder was first filled by the conden-

sation of UFg vapor. The cylinder
to licuify the U':‘6 and then cooled
valre,
coeaing or on the wells,

was wes=ed in a2 verticel sositicn
so that the UFg wes opposite the

Little or no UFg is condensed by this method ecross the valve
Thus, .water entry to the void space of the

evecuated cylinder was readily made,

hj

-0

llowing evecuetion of the weter,
13-bted r2pidly due to the heat of
act te held in the baxe azand

U

2]
-t

a'* 0

as evidenced by gzuge pressures pr

m e
Tagt 11T
255e o

ey,

+the cylinder wall temperature
reacticec until the cylincder
. The unit wes placed iz an ice

eth, and for several days thereafier EF ccntinued to accumulale

ior to cylincder evecuaticn.

Ts sizulate a sma2ll crack vhich might occur at the velve Ircm an

accident prior to entry into water

" vacom-pressure gauge connected to

(2-I7).
ctezed in air.

er was then positioned vertically
witk the valve about 1

the water would be eble to enter and displace the air, or if. =S
fer=ztion would prevent significont water eatry.

several mi-mtes caly a few bubobles
rressure fluctuzted vetween 22 and
sidared indicative of EF formation
water.
tc e timed rate of about 172/zinut
slightly 2bove a'mospheric at this

, & Eaxrshaw cylinder with 2
the valve was filled as atcve

After the unit was weighed, the cylinder valve swas partially
Two =inutes were rzquived for a change in the gauge
reading frem 25 in, of vecuum to atmospheric pressure.

Te cyli=.
in e l2rge jer of weter (TE9F)

1/2 in. below the surface to determine whetZer

iy

er a2 perisé of
were noted esczping; the gauge
18 in. of vacuum, wkich is con-
and its absorption in eatry

The valve wes opened farther and the tubble rate accelerated

e. The geuge indicated a rressure
time, érorping to atmospheric

pressure 25 vubble formation decresased. Tne valve was then fuily
coened, The rate of tubble formation increased slovwly until, In
abcut 5 minutes, rapid gas evolutiorn occurred, principelly I c<on-

taining UOz¥o aad trobebly scoe e

sidual air,

To avoid 2 possible violent reaction such as that which occurred in

the D cylinder tank test, the Has

shaw cyliader was rexgved-Zrom

the water, packed iz ice, 2nd the wvelve remcved. £ plug found In

.-



2

W0

the neck of the cylinder (25 readily brokez Sree. Uzlil:

o

= e
- -
-

vellow=-grean UCg:g-:etzllic ccpcund previsusly fosund, It wes grav-
white and oppeared to'te a mixture of UdoTa and condensed Uiz, It
is5 trcbable thai, when small amounis of water extered, (he hast of
reaction =2y have caused adjacext UFc to vaperize a2nd condense in
the narTow water-cooled neck cf the cylinder, thus producing en
i—mediate reacticn zoze. 4 weight measurement indicated a2 gzin of

coiv €.0 goaoms.

Tast IV

Tha 2bcve test was repeaied at e loter dete. Witk the valve cpened
slizhtly, pressure grodually increased frem 25 in. of vacu= lc 15

in, in ebout 15 seconds., The cylinder and valve were then I—mersed

iz vater, valve wpright, The pressure increased siowly <o i3 in.

vy
10¢ @

£

cf vacwz, where it rezeined siationery. No bubtles were emittled.
The valve wos afditionally cpened ond the pressure weat Lo 2T,
than 10 2.5 psi. Air or IF budbles wers vented frcm the cylinder.
In the next two nmizutes the prescure increased to 3.5 ©si anf oo
Increase i tubbling was noted, The Gas evoluticn slowly descrease
on? about Tive minutes leter ceased; the gouge pressure was 1.5 2s
It zopeased thai 2 plug ot the valve port had forzed,

The valve vas then fully opened, and the sressure decreased Immed-
iately to 15 iz, of vacuum - then rapidly increzsed to zero.
Agzerently, the nlug vas removed on woter 2niry. = buddles con-
t2ining UOoFn were released, but slowvly, indicaling water eniIy ned
rosuited in soluticn formatiom, the weter first dissclving the ==
2nd causing a rapid pressure decrease. 1Iio change occurred cn T2d-
ping the unit so the valve was closed, the cylinder removed Ebolel
sloce dry ice. A éecrezse irn pressure due to cooling ccourTed

é
e 0 t0 12 1/2 in. of vecuum within 2 10-minute Imterval. The

-
vnit wes reveighed and z weight goin of ST g nmoted.

4, but =o plug wos fouxm

nie cylincer,

.

The valve a2ssexbly was remeved znd exaxine
in the gouge, the valwve, or the necl: of it

The cylinder wes placed in 2 jor of warm weter for five mizules,
after waich, the solution wes joured into a-sample dotile. Volume
ottained wes 375 cm?. The solution weighed 508 g, and the uraniu

concontration wes 257 g/l. After removal of the solution, Urg
Smes were exitted fram the cylinder, Tne cylinder contents v

w——— P

remcved on ioverting the unitl in e jar of weter.

Teast

The previcus tests heve showa that for cylinders in which the -U':-'s
hias been 5olidified ot the volve end, an egparently inscludle tlug
d s X

ocztion on opening of the valve in either air cor
wmter., + wes cuestioned @s to wvhether the saze condition weuif
sesult if a crack wers to occur in a cylinder woll at the solid Uz

(033
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Tc simulate this eccideat, & 1/8 ia, hele was drilled In the side
cf e filled Harshew cylinder in the UFz zcne. The hole was izmed-
iately covered or releese of Ufg aad the cylinder promplly Izmersed
in woter. A few tubbles and scme UO,Fp formed end dissolved, Tut

the cpezing oromptly plugged ond <he UI:‘6 was cecntained, JarTing
aislcdged scme meterial bub sutsequent reaction wes Ifolleowed vy
edditicnal tlugging. Agiteiion of the water feiled to ellers this
cenditicn., A 1/b-in, hole s then &rilled in the tese of the

cylimder end the test repeated., Similer results were ctteined,

Tabcratery Tests - Glass Tuves

Although it was considered unliliely thet similer plugging condivions
would cccur with gless containers, such containers of UFg would en-
akle reecticn obsexvotions. Seversl 1.0 in. éiemeter, thick-walled
glass tubes were therafore 2/3 £111ed with solid UZ-‘6.. One ené of
eack tude was drawn to & length epproxizmeting that of 2 velve and
sealed; each tube was a2t e vacurmi. Four tubes were used I eact
test, with drawn ends having inner disxmeters of 1/15, 1/2, .1/k, and
1/2 izch, The secled ends were brozen under weter in ell cases;

-

-
25. & .

13

The “ubes were arranged in veriicel positions, stez upverd, and the
ste= tip broken. Water entered the tukes, forzing vellow UCzTa

soluticn, Some EF evelved., Dissolving action centinued until th
scluticn wos saturated; the rate of dissolution being commensurat
1i<h the tube opezings. A loyer of undissclved UO,Fz with o oremg

tond chout 1/1; in, below the surface then formed above the undis-

0 o

4

solved UFg. This condition remzined unchenged five deys lster, Ine
conceztrated solution in each tube remained static, and no chznge In

+he lsvel of the meterizl wos evideat, These results conform with
thot of a cimilor, single loboratory test made & number O 223

D
.
eaxlier,

Glass Tubes - Uprigat

Coezing (in.) urg (g.) U072 (in.) Urg Remsinin

Table III.
Dizmeter HWeight iieight of Feight of

1.05 5.25

1.25 .0
.38 %.50

.50 g3.5 .50 L0

N9
AT T (VIR0 )Y
W
ut

kg
83
o O =




The tubes were remcved and inverted in the jor of wwier, Tver 2
long pesicd (houws) the moterfal slowly reacted and éissolved,

2ubtles of IF which formed in the tutes dissolved or vented very
slovly, delsoying the acticn. The ends of the tubes were about §

inches beleow the surface of the water,

a -
28T L

One set of tubes was immersed with the stems Cowmwerd. On weter
eatry, the content of eech tube reacted and the UOpTa sclutlcs thus
formed flowed oy greviity f£rcm the tute and was redlsced witl fresk
water in 2 cerntinucus cycle umtil ell the material hed reected.

The displecement rote varied with the cpeaing dismeter, These re-
sults were 2lso cooparcble o on eerlier lsboratcry test.

Tl

Tebls IV, Gless Tubes - Inverted

Diageter Weight Time For
Coezing (iz.) trg (s.) Ccplete Rezcticz (miz.)
.0625 9 120
125 o1 25
025 — —

tube brcle
.50 . 100.8

s
’_l

The third set of tubes was positioned horizontally oz the bettcm of

g jer of water. UOpFa solution was formed guickly, out considersoly
longer intervels than in Test II were regquired foT complete GIisso-

-t

intion, The tubes with smell openings had undissolved material
2f+er several deys. Eowever, whea the tutes—were +ilted slichtly
dowvaward, the contents dissolved. Scme solution ves retained in
tha tubes ond zppeaved quite concentraied, juéging by the color,

In 231 4he chove tests, UCoFp only wes formed, no green-colored
compounds were preseat as in the case of petal cylinders. In the
upright and horizontal tests, where dissolving rad ceased vecause
of tube position, tie orange band formetiorn was visidle below <he
yellow UOxrz layer.
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Since the wvericus zmetal cylinders containing UF, at the valve end
hed plugged izmediately when the Ufg came in centact with water, e
sizilas test was performed with glass tubes in which the UZg vas
s0lidified et the drawm end. Two tudbes were izmersed in water,
érawz exd down, and the tip broxen, No plugging occusred, The con-
tent of one tube dissolved r2pidly, and that of the seccnd dissolved
very slowly becsuse small bhubdles of HF united to foerm cne large
bubble which tended to hold weter out of the tube. Craduel moisture
pepetration elcag the wall of the tube occurred and the resultanc
=F formetion finelly produced sufficient pressuve to perz=il the
tubble to escepe. After e fev hours, the eddivion of z=cre water
within the tube, crmumbling of the UO,F, ceke as & resull cf sz2ll
¥ tubkle pressure, end sclubility gredients ceused ell the raver-
1=l to dissolve,

Laborotory Tests - Glass-Metal Cylinders

To further velidete the assirption that plugging actioz in metel
cylinders is caused by a chenicel reaction of the EF and metal '
wherevy both inscluble metal preducts and the relatively insoluble
cononyérate of UOFp are formed, metal velves were cexnected to 1.0
ir, diemeter gless tubes cf UFg, axd the following tesus were con-
cducted: ‘ ‘

A +tube was drosm 2t one end to 2 /L in, opening which wes fitie

with 2 brass coupling and valve; O-rings were used as sezls, The

Urg wes solidified et the draun end of the tube. With tkhe valve
opened trder water, drawn end of tube in downwerd position, scme
dissolution of the U0 F, formed by the reaction occurred, Tut
ceased in 2bcut eight minutes. The tube wes tilted and the open
end moved neaxr the surface of the water., No bubdbles were noted,
but the jerring of the tube during its return to the criginal,
position caused scme dissolution end HF bubbles formed for 2oout
three mimites. No orange discoloration wes observed in the glass
tube, Stirring of the watér mechanically produced no dissolving
ection., If amy éissolution took vlece in e LO-minute period, it
occuzzed within the mpetal coupling. S e -
The tuve was takern fram the veter, and the metel secticn was re-
moved, Iz the process, the glass broke at 2bout the C-Ting level.
Smoking of the UTg wes noted, indicating that e negligitle guantity
of waker nhad penetrated to the glass zone. Ia the rezcvel of the
s0lids frcm the meial inlet sectioc of the valve, an orange dand
wes found at e éepth of zbout 1 1/2 inches. Tre glass tube vas Te-
olzced in the weter, dreim end dowmward, The contents Sissclved

in 2 few minutes.
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A 1/boin, dismeter menel tube wes fastened with 2 bress ccupling 10
tre 1/k-in. diameter cpenizg of 2 1.0-in. diameter glass tube cf
UFs. The tube was placed in water, érawn ead down, and the sealad
ené of the mcnel stex cut ¢ff., Scme dissolving of the Ufg cezuzTed,

but the reacticn stcpped in 2tcut 18 minutes.

The monel secticn wes remcved frem the tute, leaving the trass
ccupling., The upper end of the monel tube, part of the trass ccup-
ling, and tbe 2djecent secticn of the glass in the coupling sectlen
wvere plugged wiih yellow-green peterial. The glass tube witk
attached ccupling wes replaced in the water, narrov end dova. Sczme
slight dissoluticn cccusred tut a narrow orange band formed in =
glzss tube just ebove the capling, and dissoluticn stopped.

.
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As o £inal check on the effect of centainer materiels end of the
size of cylinder cpening, a l-in. dizxeter flanged ncnel szzsle
tehe

vas £illed with Urg which was condensed &t the flanged enxd.

The flanged end wes remcved, and the cylinder ismersed in waler,
.czex end down. Zlugging occuzred ainost immediately wiih negliginle
loss of materiel, Both waier agitation by stirring and 2 streaz of
air tudbles directed against the cpening foiled to alter izis cca-

- ALY RN
c¢ition.
Z. Scgecial Test
n

This test wes performed to determine, over e prolonged period of
+ime the dispersal of UOoF, in static water orn izmersion of 2
mptured Urg cylinder, 5 1/2-in, dizmeter glass tottle centaizing
2bcut 2.2 15, of UFg, with one end drown to z 1/2 dismeter seeled
tuyte was positicned in e §-in, diemeter x k8-in, high lucite plas-
tic tank f£illed with weter, The bottle wes at a vecuwm. ITxe top
oS the tube was broken and the bottle rapidly lowered to {ze toticem
of the tank. A conceatrated UO,Tp solution formed .in the botile,

£ yellow lzyer of undissolved UOpFp conteining an orange band oI
zmeterial formed ebove the unreacted UFg. Moleculer éispersion of
the solution to the tank weter was negligible efter several days.
Ster 2 three-week interval EF reaction with the glass near ire

oz of the solid urenyl fluoride layer resulted in 2 leak. Tkis

a23led +the solution to disperse throughout the lower pare
1

ank. No chazage in the Ufg bed denth was noted.
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snclesicns
Sever2l cozxclusicns mzy ove drawn frem these tests:

-

1. Accidents which result in UFg cylinder cpenings up to 1 in. dizmeter
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dition either in zix or wmteno. he & fermed by cheniecal ocetian of
v <R 3 o de s ee) § = .o - b
taeer ond Urg will react with the mefal of the crlinder wzlve or =il
1 N R 2 : Fy P P LI, S
SIC protuce compounds which, In conjunction with the nonohyd-tied
. ;
%

UQoTn, will czuse the cpening %o nlug and grevent Iurther wttars

o o -

T v -~ A » - o L4 £ -y —*-\' - ~
2. Jozring of the crlinder mov oouse sone 1islzdging of nez%ions of

&t LI - : DY PR . . ¢ — -~ Lo e r

<he 2lug, Tut new, Insclubls makarial is Imnediztely femmed,

3 Y : Jee 3 - <. &
3. Actien of water cusrents, as in = btrock o river, is unlikely to
iec
—

s
of o 4 + 3 -
er entry into

s, Vater ents ylinders which ore ot aimcspheric pressure prior
te Imersion os 2 result of velve leshage or valve domage will be
neglicible for smaell cpenings, Plug formetion will cccus in the
velve or the c¢ylinder neck zooe,

5. Water entry izto the void zre2 of 2 Gomaged cylinder ot vacum
Sreszure could occur in sizakle cuentity urnless the leak is very

Ta

sozll end at e locaticzn vhere plugging could reedily o cu=, such

2s & velve leak., This agsimes no UFg dezesit on wells or valves,

§. .Leberztory e
1

are not v
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fclmowledements

Ize ficld test cperaticns wers ceaducted by members of the Indusirial
Uranium Transactions Degaztment, Production Division, M. E. J. Culpe=t,

- £4
upervisor., The lzbcoratory tests werz conducted bv Lthe Worlis Loscroto—:

Technicel Division, M=, 2. J. Wertz, Supervisor, The Paotozwcpny Depo=i-
nexns, Finance and ilaterials Division, M-, J, Edwexds, Supervisor,

Y]

'

2
vided prcmpt ond erxcellexzt service on short notificeticn. &~
The efforls of these g—oups to successfully conduct the varicus t25ts
in ¢ 1i=fted {ime ore oppreciated, Ve ore particulz=ly obligates for
the techzical essistonce provided by Mr, Wertz in test preporotion ond

eveinrlicon, and in review of this repsort,
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Appendix A

Water Immersicn Testis

Special Test

Titla Test
P3-67-825 Perd Test of MD Cylinder A-I
Pz-67-826 Tank Test of MD Cylinder A-I1
P=-67-827 HD Cylinder ASter Im—ersicn A-IiT
PE-67-8k1 Earshew Cylinder - Ufg at Velve End B-I
PI-67-8k2 View of Plug Formation B-x
PE-6T-857 UFg Rezovel - Glass Cylinders C-1v
PE-67-838 UFg Remaval - Gless Cylindexrs C-Iv
PE-67-839 ‘View of Orange Band Formetion D-II
PE-67-8L0 E
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