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Dear Dave:

Please find enclosed the msmoranﬂnm on "Fuel
Elements for ORNL Graphite Reasctor.” I hope that.
this will supply all the information which you will
need for the handbook. If not, please feel free to
call upon us for any further 1nformation.

Best regards,
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UNBORDED, ALEN;HH“*JA@KETED SLBQS
' Oa' )

}Pro!;dnre

. These slugs vere prepared by draving 28 aluminum cans onto
- uranium slugs by inserting the slug into the can and foreing
~ the assembly through a sizing die. Two types of sluga, with

the following specifications, were emplayed: '

1. Reaiatance-welded

: Aluminum can _ ' '

' CMﬂhMmdmwﬂm: / St 4
ﬁaterial»-zs, impactneztruded _ (level and category)
Leng th--4§ Z5 By authority of: Dﬂﬁ i

4 QB’. -] &116 (classification guide)
Wall thlckneaa»—O.@l?” %o 0.020" ’ b—1b-95
. ) o / D3 un'e(ﬁrst reviewer) Date
Hramum e guﬂ/i) G /?’?7
ﬁaterial--ﬁammauextruded 4 DD signeure (inal roviowes) pate,

Length--4.000" é 0.010" :
Dismeter--1.100" £ 0.002"" | o
“"Chemfer on bottom endnne.OIQ“ radiua I

2., Arc-velded
Aluminum Can -

Haterial--as, impact-extrudea
I-lﬁ th"“‘ 0315

Isﬁ-"“l 116 '

wall thickness-—o.OSB"

Uranium o
: Sama as for resistance-velded

The first type of slugs, vwhich had the end closure made by
resistance welding of an aluminum end cap to the aluminum cen,
were used only during the first year of pile operation (1943~
1944) and vere replaced by the arc-welded slugs. In the case
of the arc-velded slugs, the end closure was carried out by
foreing an sluminum cap of size 1.102" dlameter, 0.060" thick
into the open end of the saluminum can after the sizing-die
operation, trimming the excess metal from the can wall and
1ip sround the end cap, and, finally, sealing with a ﬂeliarc
veld at the junction between can and cap.

Pest ’{Procedurea

Five dilfferent procedures were used for testing of the slugs
. prepared as described . Theae vere as followsi



l X

nydrogen Test .
. This test 1nvolved holding the sluga for ten hours at

= 300°C 4n a hydrogen atmosphere of 15.5 p.s8.i. The basis

- 2.

3

Y

for the test was that any leaks in the slug would admit
hydrogen with consequent formation of uranium hydride,
vhich would cause swelling of the jacket. The test was
rejected when it was found that hydrogen would d&ffuae
through the jacket of sound alugs. :

Defleatian Qest

- Slugs were subjected te a pressure of 175 p.s.i. of

nitrogen after heating to 300°C for one hour, %The heating
vas intended to exert tension on the weld to expose any
inciplent leaks. After exposure to nitrogen, the slugs

. were wéasured with e micro-gauge deflection instrument to

detect distortion (which would be caused by nitrogen's
entering a leak) of the bottom of the jacket to within

- 0.001",.- The test was abandoned when it was found to be
'nonregroducible. : 4

fEubble Test A

It was planned to subject the. slugs to a pressure of
175 p.s.1. of nitrogen snd then submerge in kerosene to
observe any bubbles vhich might be released from lesks.
The method was abandoned vhen it was found that the
sudden release of pressure in the pressure chamber fogged
the observation port and also because of the long-time
delay in bubble formation. .

Weight (Borst) Test

This test was based on the fact that uranium reacts
rapidly with oxygen of the air at elevated temperstures,
A slug held at elevated temperatures, therefore, would
gain weight es a result of oxidstion of the uranium.
Weighing the slug before and after a haating would re--
flect any change in weight. » .

A charge of slugs vas given an initisl heating period
of 24 hours at 290°C £ 10°9C to remove any volatile matter
adhering to the jackets. After cooling, each slug was

‘glven an initial welghing to a tenth of a milligram and'

then pleced back in the oven for a ten-day heating period
at 290°C £ 10°¢, | 4

on completion of the heating period, the slugs vere

.revelghed to a tenth of & milligram and classified as

- accepted, retested, or rejected material. A statis-

tical method of accepting and rejecting the slugs was
developed to compensate for the Inaccuracles of the
balances and errors made by_tpe«operatorse The accepted

qa; v. N
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slugs vere then. stored 1n the vault ror pile use.. Retest
slugs were stored until enough accumilated to provide for
a retest charge, which was tested in the same manner as

new material. Rejected slugs were stripped and return 0”8d

- for re jacketing. Theoretically, holes as small a8 1

inchas in radiua can be detected by this msthoa.
- The teating of alugs by the weighins method‘was cempleted

. on February 10, 1945, with the following reaults&

Bumber of 8lugs tested.....sessse, 104,058 |
Number of 31“83 aocepteﬁ....a....‘-loﬂ 1180900-96 21%
Nmber of SluSB reJected serves ey Q,Q’K)....». 3 7%

The causes for the rejection of the 3 9&0 alugs were
broken down as followsz o _

Jackets swollen or burat by oxida c
- formation or: diffuaion(?).......,......1 255..31 9%
. Jackets swollen by ges formation.......,» 611,.15.58
Excessive gain in welght...veeceeessssse #81,.12.2%
Pitted, scarred, and concave jackets.,,. 547..13.8%
Re jection by visual 1napection of weld..l 0#6.,26 6%

Modified-rreasure Bubble Test

Thie method for the testing of slugs originated at
Argonne Nationsl Leaboratory and was further developed at

‘ORNL. The slugs, after a visual inspection, were heated

to 300°C £ 10°C for a period of five days. Upon removal
from the oven, any that showed signs of swelling or rup-

~ ture were discarded. All of the others were loaded into

an autoclave with the welded end up.  The slugs vere
exposed to 300-p.s.i. hellum pressure for 16 to 18 hours.
Immediately after the release of the helium pressure, the
slugs were placed end up under acetone, and the end was
covered with a gas collector. After remaining under the
acetone for five hours, all slugs which showed the rglease
?as bubbles were rejected. - Holes as small as 107
10“ 4inches in radiua sheuld have been datected by this

. mathOdv . . - . s \K('.'tv

whe results of testing af a 1arga number of sluss hy
this method vere as follows:

31u88 testedoooausoogoooooclo'¢§-oo 33 9
81%8 &Gcepted...n.-....o....a...- 33 1760..0098 65%
311138 I'e‘]ecteﬂ...u.no.;..o...--.- “53..000 135%

The cauaea for the rejectian or ﬁhe 453 slugs can be
broken down as follows-

‘Jackets swcllen or ruptured E
during h@ﬂtmg Deriod.....---......,3””&7-'--0&47 %
‘Pitted or scarred jacketS....sveeee.,’ 2545400 5.5%

Slugs leaking gas.................... 211,.. %




3 ..

' Dpon completion of the foregoing tests on Hanford-
.prepared slugs, approximately 7,000 slugs that had
originelly passed -the welight test were retested by this
‘method with the following results: .

Timber of sluga tested‘..............5,120 L
Bumber of 81\138 &Gceptedu....n...ub,G%n...QQ 2"9%
Humber of slugs reJected............. C 2640.s, O 51%

%he 26 unaccepted alugs were rejected beeauﬁe cf leaking
gas from the jackets and-not because of swelling during
‘heating or becauae of scarred Jackets -

_Opgrational Exgeriagce

Since the start of reactor operation 1n November, 1043, ‘there

have been 99 known primsry® slug failures with a totsl of 127

. slugs involved. This amounts to a percentege failure of 0.056%.
A study of the collécted data makes it apperent that, given a
full reactor loading of new unbonded slugs. at one time, the
ruptures that might occur with time would begin in the center
rows of the reactor and proceed from there to the. periphery.
S8ince only the neutron flux end temperaturs of the reactor are
distributed in this manner, it is feir to assume .that one or

~ both of thess influencé the casuse or causes of the ruptures.
From the known cases of rupturs positions, the follawing impor- -
tent diatribution can be mades .

Slug ruptures east of center line.................. 5
8lug ruptures west of center 11ne..................&6

The distribution of all ruptures whose position was known 15
shown in Figure 1. The ruptures extend in an eastward direction
only a distance of six and one-half slugs or 26 inches but ex-
tend in a westward direction a distance of 27 siugs or 189
inches. 48 may be seen in Figure 2, the. maximum temyerature
occurs. considersbly west of the center line. Neutron-flux 1s

 symmétric in the east and vest directlions from the center line,
as shown in Pigure 3., . It seems reéasonable, then, to assume
thst temperature is the most 1mportant factor in siug rupturas.

Qhere are two possible rupture wechanisns which would be very
temperature-dependent. These are as follovs: A

1. Gxiéation

g If a tiny hole 1is present in e slug jacket when 1t 1is
“charged into the resctor, it is inevitable that rupture
- - 'will occur eventually 1f the siug 1s in & sufficiently
o hign-temperatura gone for a. sufficiently long time, '

3& . ' ‘ ot

¥R primary feilure 1z one in which nc adjacent slugs are involved.
Secondary fellures are those in vhich a primsry failure has caused
partial stoppage of air eooling with consequent overh £

adjacent slugs.
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Pigure 4 from BR~223, nay 13, 1943, shovs that the

4exidation rate for uranium 8t 2500C is about 27 times that.
‘for 1000C. Assuming that. there are two slugs with the
.game. 8Llze holes in thoir jackets and that the same amount

of oxide bulldup 1s necessary for rupture of the aluminum
cans, it would take a time. period 27 times as long for the
slug at 1000C to rupture as. that for the one at 25000,
This may explain the delayed rupture of slugs which have
been in the lower-temperature zones of the reactor for
‘threa to aeven years., . .

Diffusion between the - aluminum Jacket and uranium alug has
been shown to take place at an apprecisble rate at 2500C,
It will, of course, occur at lower temperatures:at slower
rates, Qut-of-pile heating tests have shown conclusively
that rupture can vesult from this ﬁiffusiun.' Visual exam-

~ "‘ination of the luner-jacket surfaces and uranium-slug
surfaces of stripped slugs thet had been. dlschargad from

the reactor showed evidence of diffusion. Sinze diffusion
is accelerated by an increase in temparature, this mechan-

-ism would aeem to fit the tem“era ture pattern for ruptures.

Ty
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ALPHA CANNING OF ALUNINU-SILICON BONDED SLUGS -

fhe decision to adopt aluminum-silicon bonded slugs as the
standard fuel units for the ORNL air-cooled, graphite reactar :
. vas’ based on the rollovzng reasons;:’

T'lf

81nce the ma jority of the ruptures appeared to result A
from leaks in the can welds, aluminum-silicon bonded slugs

- are superior, since the closure consists of the double

protection of a weld in ﬂhe can plus the alumlnun—siliconL

.bending layer.
‘~f$he 1nterd1rfuaion of alum&nnm and uranium, known to be &

ma jor cause of fallure in unbonded siugs, 18 practicalily

. eliminated in bonded slugs by the presence of the diffu-
sion barrier, U(Al, 81)3, which is formed on the uranium-

aigg surface during 1mmersion 1n molten aluminum-silicon
alloy.. .

It had been planned originally to employ the stendard .
production technique used at Hanford, i.e,, the triple-dip
process, %o produce. the required slugs for the ORNL reactor,
It vas found that a large percentage (about 20%) of these o
slugs exhibited diffusion bliagering during the standard -
culling test of holding at 400°C for seven days. Since it
was found that this diffusion blistering was intimately
assoclated with high residual tin content, it was decided
to adopt the slpha~canning process in order to avoid the -

tin bath of the trimle»dip process.

" - Alpha canning of slugs for the ORRL X-10 graphite pile is
- 418 carried out in the Chemical Department at the ¥-12 Plant.
-4“Ehe dimensional apeeifications for the aluge are as follova&~'

<
‘ ﬁranium SIug -

Biamater . 1. 102“ / 0. oae", .
. . = 0,003"
Length -- u .000" £ 0. oos“
- 0.000"
: End radiua -» 0, 060"/ 0.040"
. -0.000"%
Naterial — aipha-rolied.w‘

Aluminum can

LD -- 1, 121” £ 0.000% | E o
- - = 0,003" ' RSN
Wall thicknase .- 0.033” '3 g ggg“ B
Bottom thickness «-,0.051% £ 0, oos“ :
Length -- -21/32” £~ oh" .
aaterial --'28,:ﬂeep-drawn“ﬁ




Len.gth - u.lao" £ 0. 006" :
-Bond. layer ﬁhiokneaa -- 0, 004“ to 0. 0065“

whe atepa in the canning proaednro are aa follaws*-

a. Beta Hoat Trestment. Phis step, eonsidered a8 pre~
liminary step prior to csnning, 1is carried out by
immersing elugs in a salt bath at 720 .to T409C for
o period of three minutes. %The salt used is
Houghton's Liquid Heat No. 980. 8lugs machined to
size prior to the salt-bath treatment vere used,
becasuse they had already been machined for the
triple-dip process, If the ¥-12 Canning Group vere.
starting snew, the salt-bath treatment would be
carried out prior to machining, because some pitting
of the sluga occurs during the aalt»bath treatment.

b, Buplex Bath., After chemical cleaning (50% nitric
acid) following the salt-bath treatment, the slugs
- are immersed in a duplex bath consisting of a ten-
' "inch-thick leasd layer at the bottom and & 15-inch-
. 'thick sluminum-silicon layer at the top. A cover
. .. of Eutector 190 flux (manufactured by Eutectic
- Welding CGompeny) is kept on top of the sluminum«
silicon layer. %he slusa are held for 35 seconds
in the lead layer at 6009C and then raised into the
géggénum-ailican~layer and held for five seaonda at
*

G Aluminnm~ailican Pip Baﬁh.. Sluga are transferred
 from the duplex bath to the dip bath (11.2% s&licon),
‘where they are held for 13 seconds at 60096.

‘j;;w,dw.’AAummnum-Silieon Ganning Bath, After the slugs A
- . have been wet with aluminum-silicon in the dip bath,

. they are tranafeérred to the canning bath, where they
are inserted into & preheated eluminum can which 1s

“ineide of a steel sleeve. Just prior to insertion,
the alumiinum can is filled with aluminum-silicon by
lowvering the mouth below the surface of the bath.

" %he final operations are to insert a preheated
aluminum cap, prevet with sluminum-silicon, into the
en% of the can and quanah the entzre aasembly into

~ water. ‘

‘e. - Welding, After eutting end caps %o proper length,

a weld 1s made at the end cap-can 1nterface vith
1nert~gaa, shielded~arc velding.

11




w'a L the stanéard Hanford inspection tests--i.e., visual
kinspection and autoclaving-~-were used. The autoclave test

' consists of holding the slugs for 40 hours under 125-p.s.i.’

‘steam pressure. A third Hanford test, the frost test, was
eliminated., ?inallg a8 test consisting of holding the slugs
for one week at #009C was employed to determine whether 4if-
fusion between tha urantum core: and the aluminum can would
osour. .

Approximately 20 QOO alpha-eanned slugs have been aubjeotea
. to the heatwtreatment»¢u111ng test of holding for one veek at

4009C. 0f these, 25 have shown blisters or have ruptured., In
- every case examined, the blisters or ruptures appear to have

. _.arisen from oxidetion which was initiated by leecks in the welds

or in the end caps. Bona could be attributed ta diffuaien.

- Oggrational gggeriena

%he reeharging ‘of the ORNL x 10 graphite pile is now underway,
and approximately 20,000 bonded slugs have been charged. There
has been too little aarvlce time to draw any conclusions about
" the behavior of these slugs under operating conditions. It may
be noted, however, that some experieonce has been gained with the
use of- alum;num»ailican ‘bonded slugs in general in the X-10 pile.
One complete c¢hannel of the pile was charged in December, 1949,
with triple-dip canned slugs prepared at Banford. This channel
has been operated with & réduced air flow so that the maximum
surface temperature of the slugs is 3309C as cowpared vith the
usual 2509¢ meximum. %o date, no ruptures or visual distertion
of these slugs has oecurred.} ‘ . ‘

12



v 1. C. Ds Cegle, L. B. BEnlet, ORNL 170--Slu8 Rupturea m the
“ . eak Ridse Hational Laboratory Pile

" 2. R. 0. Williems, ORAL 269-~Interim Report on Clinton Slug
- Ruptures, Gauaes and Prevention

3. . B. A, smlth, HW 9401--0perat1.ng Proceas rox' Gannin,g Four~
a I.nch Slugs

4, E. J. Boyle, oama 1275--app13.cation of Alpha Canning to
Freparation of 31\136 for mm. X-10 ﬁraphite ?ne T
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