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ENGELHARD ITHDURTRIES, INC.
. E. MAEERACE DIVISION

KUCLRAR MATERATALS DEPARTIIENT

REVISICH A
FEASIBILITY REPORT DEMN~G

FABRICATION OF 164 ENRICEED (10%)
FUEL PINS FOR THE SHE TEST PRGEGRAM
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Worlks 4o be Porformad:

]

DEM In conjunction with Nuclear Mestals, Inc. int enﬁs to fabricate

Va*zci ship 164 protovype snriche 6 Tuel pins for the Sodium Resctor Ex-~ |
pszm:mf.m; test progream to At bomics Infermetional Inc., Cancga Park,
Celiformia. These pins will be of the some sype as those menbiconed in
cur feasliblilibty report DEM-5 proviously submitved except theh the U235

emrichment will be 104 instead of 25%. I}Lzmvxsiohs and elloy composition

Ltz

will be tho sanme.

Mxberisl to be Supplied:

Uranivm to be used for fabrication will be supplied by Mallinekrodt
Chemical Co., St. Louls, Ho., in the ferm of blsculbs 45" in die. z 3
=~ 3/4" i{hick, Bach biscuit will welgh approk. 2.5 Kg. We estimpte

thet a Hotal of uS Kg. 10% enriched uraninm (5.5 Fgo U235} will be pow

o

guired for the project.
Mallinchrodt V“’"".ﬁ. S“f p in 307 cireular aluminuw birdeages, a maximum
of 4 bidcui {1 aff;, T=235) to & cagse. Depeading on the sgtunl manher

-

off biscuivn Yo be packed in o cage, we should recelve fram § Lo 7 b birge

cages of @z*v'i ehed ms:é;e:@iesl“ It is andicipabed that thres shipnenis

will be made by K‘»&“.lli:mlﬂmcii; comaenc ing

Recelving snd Storegs:

| Bfé.'x'ﬁ.cagrs&‘ can?;ainiz'zg Qﬁ’;ﬁ?iﬁh@d mterial will be 1*@&:@3.#@& at the DEH
pliant iﬁ Fleinvilis, Mass., After rewmoval from the fwuck, they Wili be
trangporied to ocuw ﬁ”Lﬂ lched vaulh elborage avea. Our vauli fis cons-m"'uac;a&,
of 12% thisk relnforced concyete and is T 11" wide x 13' O" lomg =
7t 127 high with & Mosler corbinat Son safe door. The uranium will be

. P = & - 2 oen e & 4 , L g e T et v o
stored in the original bmedz;agas watil resdy for msising. BDirdoages



are of such design that they mey be sitacked an&,still maintain & safe
configuratioa to 5nsure agaln,u the schlevemsn: of accidental eritical-
1tye _
laeh birdesge will be unboibed and the biseuits removed and we lghed

Lo ?arify the accuracy of the shipper's weighis. The weighed biscuibs
will be rapléced in the birdcage‘and seala& before the nexd ona_ié
opened. Storags and wuig iﬂ“ will be uwnder the supervision of th@

1tica1xny officer or hise represennanive. Mo ome will be allowed in
the storage arce uanlesss accompanied by ons or the other. |

Fabrication Prﬁﬂ@dv?e"'~

The febricasicn of the 164 enriched pins is similer to thadt of the

t-

}-4

eore assembly pins as dizcuseed in our pravicualy submitted feasibilisvy.
roporv DEM-b. The folliowing is an outline cf the pyeveduras to be
Tfollowady

Ay Charym Propgratlon and mewupg of U=Mc Incoct:

-

Enriehed m:a%i&m bisculbe will be izsusd for wmelting by the
eriticalisvy officer. It is enblcipnted ab this time that only one
ingot will be meited. The ingot will be 4" in dim. X e&pprox. 16"
long. Tobal charg@ %o be melted will be as follows
We. Uranium {(10% envy.) =~ B4 Eg. (5,4 ﬁg,‘ngﬁﬁ}
Wi, Molye “« 6 Kg.
Totel | - GG Kge

Uranivis wi 1l be moved to the melting ares under the supervision

of the criticality officer in lots of 10 biscuits (2.5 Kg. U=BE5) on



a rolling cari and charged into the erucibie. The moly. in the
form of 3" dia. rods, 3/8" long will be charged into the crucible
at ¢he same time.

The melting crucible wi 11 be " thick geaphite, 8" in dis. and
122" high., The muld wmlJ. be 1" thiek grephibe, 4" in dia, znd 16"
high. Me.!,‘i;.;.ng ‘m.i.l by deae in 2 hooded K nneyvacuum‘ induetion fup-
nace. The rubber hosss W ich control the flow of water through the
gooling colls of the furnece will be uncoupled before charging to
pmven’{; -acc:iclem‘?ia‘»l i‘loo;iing; of the ecrucidble. After charging hes been
comp:!e e, they w bs} 1 rawféste.neda

When the charge hes boen. melied, 1% will be bottom poured inso

the mold and allowed %o cool Tor g mm.um,.rz of mvc houra,

. B. Rem ,-'-:mi of Iriget Prom Mold and Cmiciblie fronm I«’u:ezxace:

. After the ingot has cooled for & suffisiont lspgih of time, the
mo._‘:%ld consaines will bef:- droppad azzri the mold i*emovad from the furnacae.
The meld will be c:éppé& with & tared cover and weighed, It will
thm:r. be seni “oh nood lor removal ef the iangot from the meld. After

he ingot has béa:ﬂ :Fx*“va'fés it will be vacuumed to remove loonse
oxide and ﬁ‘{.pad with & damp 'c-lo'i:i_w The ingob w..il then be sieel
stamped -;i’os?’vgﬂ.an‘sifi.csaticn .:-:.mi‘a placed in a birdse age . container of the
sype ‘sﬁdwn in our drawing _nﬁxzﬁbar L%Bm? previcusly ‘gubmitted, |
‘1‘1:@ é:z*}_aci’ole will be rezﬁo%@d from the furnece, covered, and
weiggﬁwd’i;o determine the wer‘hrﬁt 'o*” d}'-'»*'?da wd skull. All persomnel
wbz#?:iﬂg ﬁ..nsi&a the furnace will bc maul:*ed to wear respirators.

Afber weighing, the erucibls uz.ll e moveﬁ to & hood where the skull



will be mochanilcally removed end placed in a tared, covered 5 gal,
stesl buckmtg‘ |

Both.meld and crucible will be wiped thoroughly with damp
eloths before being removed from the hood.

G. Plckiine Enriched U-Me Tngobi

The ingot in the birdcage will be moved to ﬁhﬁ énrichsd pisckling
ayeg under thie dira¢tion of tho criticality reprogsentative. It will
.be pickled in hydrochloric acid and scrubbed with a sﬁael*bruah‘
while in the tank to remove §xidso Efper pickling and‘serubbinga
the ingot will be rinsed in water, and dried with clean rags. The
ingot will then be reweigh&d_amd sent to the canning &rea in the '
birdeege, Pickle soluiions will be votained in polyethylens scrow
asp conteiners for eventuel disposition.

De Caming, Welding. snd Evacuatiocn of Ingzob:

The ingot will be éamnved from the birdcags and inserted into a
c&aaneﬁ copper c&n on & voller table . BExtrusion components {niose
plug, cut~of? slug, end caps, ovacuation tube)} will be inserted into
the can and heli-sys welded., The camed billét will be evacuatad
tovone micrdn snd lesk vested, If no lsaks are zpparent, the evac~
vation tube will be sealed, and the camned billet placed in the

birdeage fom shipment Lo WML,

E. Shipment eof Canned Biijet To NMI for Primery Extrusion:

The birdecage will bs sealed and inspécted by the ecriticallty
officer befovre being rele azed for zhipment. Transportaticon w;ll be
vie DEM trugi. The loading and é@euring of the birdeege in the truek

will be dirested by the sriticalibty officer before shipment mey be

oy 4& «



mede. "he driver will be briefed on possible hazards before being
allowed £ proceed with tha shipmentg

Pe R&caint of Coppey Glad Secondary Bille% from NMI:

The copper clad extruded billet {1, 528" dim. X approzm. © Db
long( will be received from NMI in 2n angla.iron exclusion frame,
4 drewing of the sxeluesion frame to be vawd (#1033-35 and 4) has been
rrevicusiy suvbmitied. It wiil beo mbve& to the in-process sborage
areé until such time as it may be regulred Ifor producktion. When
needed, ths villet will be relesssd for productioﬂ by the_critiéalv
ity represenivative.

G. BRempvel of Steel Cledding from Dxiruded Secondary Billebs:

one rod will be transoorted o & heood wirleh hes hean sst zslde
fer the purpose of remcving the gieel cladding from the extrudad
rod. The rod will bo clamped in & vise snd the cladding mechmni-
c&lly 8f vlnp@d with & hammer snd chisel. Whou conpletely stripped
of clmdﬁi& s ohe 7od will be welghed end then transporiesd te the

pickling arsa,

Tha rod wiil be plekisd jn 8 1:2 nitric asid selubion to oome
plote the reﬁov&l of all eledding materinl. When removal is come
rilete, tho rc@ #will be placed in a rinse tank and rinsai thoronghly
with cold tep wator. After rinaing, he rod will be removed and

dried. It will then be woighed and sent to the hacksaw when aubhor-

ized by the criticalibvy officer,

b
fafi |
]



Dxchie solubiony will be mampl&ﬁ and transferred to polysth
ylens.con@a;ﬁe?s whenever SQ graﬁa U~-235 iz in soclution as caleu-~
lated frow before and alier WGighiﬁgsﬁ) Polyethylene containers will
bs stored Inm the snriched sorep eres until analybicel wvesulis heve
been reeaived, The contalners may then be combined In & 30 or 858
gal; polyethylene lined drum a8 long as nhe total U~235 conbend
per drum is 1ess.tham 100 grama,

H., Sewing Exbtrudsed Ssoondaryv Billet:

The piekled billet willl be moved to the mechenical hacksaw
where 1t will be sswed into pieces approx. 4" long. Approx. 20

slugs will be cub from cne billet. Hech slug  will be wiped cls an

N

"oy identi iaatzon3 and placed in a tobte

=

with TCE, sieel astamped

4

tray capable of holding 15 slugs (3.0 Kg. U-255). Twe sueh tobe
trays will be roguirsd per umll&to
Saw chipsg will be stored In one gal, coverad steel palls, a mX,

T

of 3.9 Kg. alloy {350 el U-2235} per conteiner. Ve a u"cipaua gen-~
evating Gnly APPTPOE. 1.0 Kge 21loy (335 Kg. U=L835; in the form of
vaéﬁ chips and thue wlll reguize only oug pail to hold the total

‘aﬁnuﬁﬁ of gaw chips generated. The pall containing saw chips will

be sealed snd seny B ths enmriched scrap siorage eroa atb 12" sdge-

edge distance from « milar conteainers.

mﬁ.:;a



I. Hachining Slugss .

Slugs will be machined on & lathe to 4,163 in length and
1.443% dismster. Slug ends will be shaped to a convsx 2% the rTear
end and a concave at the Froni end. . A water soluble wax will be
ns2d asg th@-eutting.labricaﬁt_qnfa hoodesd lathe.

Turniings will be placed in on@'galg covered stesl palls, a max,
of 5.9 Kg. elloy (350 gm, U~B35) per pail, Palls will then be sent
o the Sﬁricﬁeé scrap shorege avea o0 be ghored on lﬁ“neen ers when
£ilied o mhx. allowable copaclity. |

Wneon madhinéﬁj.th@ £ ugs will be repiaced in the tobe trey and
sant L0 the cleaning ares under the dizsciion of the erlbicallty
representative. |

g Cleansd menined Sliues:

.The slugs will be debeorgent cleansd in babches of 5 sluga (900
gi. U~E38) sach, After cle mimg, the slugs will be weigﬁéé on &
metrogram balanes e 0.1 gram end replased in the tovs trey. Th@
tote tray will then be movsd to the camming ares uwndor the dirsction
of the criticaliby representaiive,

X Cennine. VWeldlng, snd Byacuation of Slugs:

Bach slug will be camned according to the following procedures
Copper-nickel extrusicn componsnts will be placed on sither end

of the =lug and & sirconiue slssve Tibtted over the sssembly. A soteel

e

cen contalining an ond casp will fhen be placsed ovey the enbive amsem~

.

By snd heli-aye welésd in & flature. The canned billet will then be

checked Tor leskege on 8 helim mRzg spectromeier leall hecisr.
When the billed 1s free of Leaksgs, 13 will be atiached to &

vactum pume by means of on evecuntlom tube and evacunted for B0 =~ 48

s

minutes, MNsar the end of the poriod, the billey end evecusbion tube

[



will be heated to 800 ¥ with & torch. The evacuation tube will then
be welded shub to seal off the billet. The sealed biliets will be |
" placed in the birdcage for shipmsnt'to NMI. A meximm of 15 cemed
billets (3.0 Kg. U~R3E5) will be placéd in one birdcagas

»

T Shipment of Camned Siups Lo NMI:

The birdcages contalning the camned slugs will bz bolted se~
curely and msbecw.ed by ths ec» cicalit;y officer before shi‘bm@m may
be madm ugs will be packad end o end in & covered sbheel tray
Whic]ff is bolted To & plece of chamnel iron. A drewing cof the con=
tainer (# 1033-3 and 4) hes been pr avmoasly pubmitted with our feasi-

billity report DEN~5. The containers ¥ill be fastenod in the truck

securely to pmmn‘c sccidental movemen®t in transib.

Zx}i’a Regoint of Co}emruﬁed_ Rode fz’cs‘m KMI:

Coeztruded rods L3107 in dla. % approx. 9 fi. long will be re-
esived from HMI in the ssme birdeage in which the slugs were trans-
por‘i:ec‘x; Esch birdesge will thus conbein é maximum of 15 vods (3.0
Kgo U-235}. The rods will be Iald In the stesl tray In two pera-

: ll.él- layers of 8 and 7 rods respecilively.
Upon racsipv 8t DE Mg the b :s.ramg;m: will be moved to the fn-
g

precess ctorage erse unvll ready for processing. Thsy will then be

L issuad one ecmwrr 2t a Bive by the eritlicality rapresentative.




«“’

¥. Cropping end Pickling of Coextruded Rods

A lot of'ls cooxbruded rods will have the ends croppeé on an
alligator shear., The cropped ends will then be bainted with two
coats of Unichro@s #524 stop off iaquer-to prevent the exposed
uranium from being atiecked by acid. The rods will thenbe weighed
and rough pickled to remove the wajorliy of the s%eel-cl&dding;'
End croppings &ill_be ot inté 12" lengths and sorbed inte four
eategoﬁi&ag :

l¢ Pisces contalning U«le @anu

2, Ploces contalining U~lo Tluh Zr claadingo

3. Pieses having some Ca«ﬁi on the surface.

4, Tiecen cunnain_mg pramaa Iy Cu-Ni,

Categorie: 1 and 2 will be plsced in one gal, steel pails
(maz, .85 Kg U-235 each) and 8@5& $0 the serep S%érage aret. Cab-
QEOTY & will?ha picklisd %o remmv¢ Cu~Fi end then sent to the’sqr&p
starage“é?@i Tor storage prioy ta ﬁsgycle mlting. A méxe quant ity
0£ ﬂ35 Kgg Umé&& WLIL be aéhﬁr@& $o in plckling cropped ends., Cab-
egory 4 materisl will be p;ac@é in;mﬁgal containers for storag@3

A m&xiﬁum éf 7 rods (l;l'Kgm U%ﬁ%ﬁ}'will be placed In & pickia
tenk whi ch.conuain a'T“ overflow i@&diﬂg $o & 8" ID polysthylene
conxainsw uo asgurs sn "elways qa“ﬁ" zolublon height. The rough‘
piekle EO?LEAOP 1& 1:2 nitvic «cia@é The rods will be pickled'fpg
i5 m&nuueag rinsed 1picold waber, aha.wﬁp@d dry. They will ba‘
welghed pr&a? Bo. fin?ah.picka,m&» fqough pickle sclutions will be
sampi@dfgﬁd changed alber every 25@?0&3”, The solutions will ve

plaged in polyethylene sarboys Ior bemporsry shorags.



The rods will underge & finish plckle to remove smell spots
of steel which may rewaln after the rough pickle. The finish
plekle solution is dilube (1:9) sul f'v;ria acid. A maximum of

7 rods {1.l1 Kg. U=288) will be allowed in %the %ank at any one

53

time. AfGer ﬁ;he'stefel is complete IW romoved }'R;h@: rods will b‘»sza_
‘rinsed and wiped dry. T pickled rods will then be weighed before
e oneeding o the next operatlon. |

FPinigh pigkle solubions will e sanﬁal&;d and changel whonsver 8

Cquaniyivy of 28 grams of U-~E35 haﬁ gone inbvo :xoiui;lm as computed

L

from welght loss data. Solubioms will b‘e transi 86 to polyethy=
lene ﬂcﬂ‘bfﬁ'ﬁ Tor tewmporary stommge. When analytical re sults am
rogoived, solublions wmey be combined in 30 or 5B gal. polyethylens
1lined drums as long seg the neximum nvartii’n ney Grum does nct exo9ed
100 prams U~E235,

0. Swaging. Cujilug., and “rm ping Piclkied Rods:

Each rod will be vemoved from the birdeage and swaged on @
_i‘cu:{*-«dié aweging *:z:a.ﬂiizze so 188" dis. A% Ghls point, the rodsg
will be approx, 26 £h. long. When a.li ths rode have been swagsd
o Finlsh dia., ’47;1@3 will o moved on a relling table $o the parting
maching, Bach rod will be inserted Into the diss and cud to 30,57
lengthe. Az the pip blaniks arve cub, they will be placed in trays
capable of holdlnx 10 pineg esach i"'vamng .‘.0:53»-%)} in the order of
cubtbing. The metal o ,,akamfa” which holds the trays has & cupaciby
150 pins (2.0 Kz, U-235).

Serap ends will be placed in coversd sbeel pails, meX. 3.9 Kg.
(350 gme U=R38} por mf.s.l Pails whern fall will be sent o the en-
ricﬂm&v storege srea Bo be storsd on 18" szentews,

Eech pin blank will be mersured to 1/64" and then welghed %o

& 10 =



0.1 gm, Weights and neesurements will be recorded by pin numbers.
The ping in the cé.binet will thon be returned to the swagling area
where both ends cof each pin will be pointed to a 309 angle; Pins
will be replaced in thg proper tray after pointing. Pointed ends
of pins will be imspacied Lo assﬁre that spogifications heve been
met., When all pins have been pointed, the metal cabinet will be
moved to the cleaning ares under thes direction of thé cerivicalley
representative, |

P, Cleaning Pins after Pointing:

Pointed pinm‘will be cleaned by & detergent in mex. lots of 25
pins (335 gm. U5255}a. When each lot of pins has been cleaned, 1t
will be pimced in a graphlbe anmealing fixtuve capable of holding
168 pins (2,21 Kg. U«235), Thils {fizture has been pravicusly des-
oribed in our feasibility r@port EEQw& in ¥MI ﬁrawinghsgcﬁg ¥hen
all the pins have been cleancd awnd placed in the fixture, it will
be moved %0 Tthe vacuum srmealing aﬁaé ﬁﬁd@f the divestion of the

ceriticality ropresensative,

Qs  Vaouum Aoneailling of Ping: |

The fixturs containing the pins will be placed in ths vasuum
annealing fuvnace wh ich will be heated to 800%C, The Purnace will
be.held'at temperature for e hoﬁr and then ¢cooled Lo 3?500 to m;dm
temporsiture. Then roomn Lomperaturs Eas been reached. the rebtord and

fixture will be rewoved Trom the furpace, The pins wlll Be removed

= 11



from the fixture and pirced in trays in the originel metal cabinet.,
The metalicabinat will then be moved to the testing area.,

R« Dye Pepetrant Inspocition of Pins:

Pina will be inspected Lo surfaa@ defects with a dye penetrany
test in mwax. lobs of 25 {335 gm, U-255). Rejwcted pins will be cub
ta,@? - 7% in 1engﬁh end placod in one gal. coversed stesl palls
(max. 380 gm. U-235 each pail}. Acceptable ﬁiﬁs wiil be vaper é@m
preased and replaced in ﬁhe original tray of the metal cabinek.
‘When all pins have been testod and cleaned, the ¢abinet will be
mmvéd to the swagling aree.

S Swaging BEnd Cans onmbe Plnsy.

Zirconium end ceps will be swaged onto the ends of esch pin.
The pins will then be repiasced in the propsy tray. Alter all ping
have bsen swagsd, the motel cabimet whll be moved by the eritiealiby

‘representatlive to the Inavection aref.

T, Inspeetion of Finisted Dinm:

Pins will be inspested in leotz of 10 {134 gm. U~E35) fop
gtralghtness, dismeiber. and surlees, HNo nore then tem pins will be
ellowed on any one inspsobtion wench. Acceptable pins will be wygpped
and heat sealed Iin polysthylens and vepleced in the mebal cabined.
Rejected pins will be cut e 8 -~ 7Y lengths end placed in steel cove

ered paills, & nex,. of 5.5 Kg. (350 gm. U-235) per peil. Pails will

be stored in the enriched asrep sres o 1B" conbers.

g 12?. =g



U, Packing snd Shipment of Finishod Plns:

The 164 pins will be separsted indo 4‘ lots of 41 pins each.
Each lot will be pléca& in 2 13 ID haprd rubbsr tube which has been
gpliit in hall, The 4w haiﬁ,‘wg af the tube will bs bande:é;’ "cogeﬁhear
with E&pﬂ and rubber :piugé inserted imtc aaa'ﬁ end. | The four hard |
rubber tubes will be banded togother and inserted into & steel pipe

which will be ozpped ai both ende. The vipe will be 3% ID with e

5/16" wall., The pipe is mupended in a welded angle iron framework

~covered with expanded metal. A drawing of Tthe dhipping container

(#1038) ig enclwsed.
Shipment will be mads vie Rellway Express, Probtective Signabure

Service, Armed Surveillsnce Vor

dames i, Young
Ahomics Inmbernmstional Division
B200 Desota Avenus

Canoga Park, California



