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ATOMIC ENERGY COMMISSION, ATTN CHARLES MCCALLUM

LICENSE BRANCH
UNDER OUR CONTRACT TO PRODUCE CORE SUBASSEMBLIES FOR
ENRICO FERMI REACTOR WE ARE SCHEDULED TO BEGIN APRIL
FIRST THIS IS COVERED IN DEM FEASIBILITY REPORT 9
SUBMITTED JANUARY 30TH REQUEST YOU CRANT APPROVAL ON
SECTION 1 COVERING RECEIVING AND STORAGE REQUEST EARLIER
BY OUR LETTER OF JANUARY 13TH HOPE TO RECEIVE INTERIM
LICENSE BY APRIL 1ST

ENGELHARD INDUSTRIES D E MAKEPEACE DIVN J H DURANT
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D. ¥. MAKEPEACE DIVISION

PINK & DUNHAM STREKTS
ATTLERORG, MASS.
ATTLEBOROD 1-0080

March 3’ ‘959

Mr, Lyall Johnson

Chief, Licensing Branch

Division of Civilian Application
United States Atomic Energy Commission
Yeshington 25, D. C.

Dear Mr. Johnson: Subject: Feasibility report DEM-6

Yhe D. E. Makepeace Division of Engelhard industries,
inc., hereby submits 5 copies of its feasibility report on the
fabricetion of 164 (10%) fuel pins for the SRE test program.

The task of fgbricstion is the subject of @ joint pur-
chase order between Power Reactor Development Corporation and
its agents, Commomwealth Associates Inc., end co-contractors
Huclear Metals, Inc., and Engelhard Industries, Inc. The scope
of the report transmitted herewith is confined to that portion
of the work which will be performed by Makepesce. The Kuclear
Matals® feasibility rezort will be submitted shortly covering
the balance of the work of the contract to be performed at
H.M.1. plant in Concord, Mass.

The D. E. Makepeace Division operates its fuel fabri-
ceting plant under special nuclear license #185 which expires
on September 30, 1962. : :

We would like to call to your attention ocur letter of
January 30th covering the presentation of the feasibility re-
port on the construction of a core end blanket sub-aseembly for
the Enrico Ferm! fast breeder reactor. Several of the refer-
ences made in the sublect report of this letter are contained
in the earlier report, since the work involved is nearly
Identical to that of the core fabrication task.
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U. S. Atomic Energy Commission , March 3, 1959

in the event that further information and clarifica-
tion of the supporting documentation is required, please ad-
vise us.

Very truly yours,

. E‘ MAK%j;?C DIVISION
AR

Jahn H. Durant
Bﬁsiness Representative

JHO /ms
Enc%osures:

Feasibility report DEM-6 - 5§ copies

DEM drawing E-1038 - 5 copies

€00, AEC, Lemont, I11.

NYOO, AEC, 70 Columbus Ave., New York, N. Y.

R. Rateick, PRDC W. C. Arnold, PROGC

A. ¥hite, N. M. §. Philip Thompson, N. M. 1.
W. F. Mittendorf, D. E. M. G. H. Barney, O. E. M.
C. A. Canham, D, E. M. M. Weiss, D. E. M.

J. M. Young, A. |. M. J. H. Durant, D. E. M.
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PRDC FEASTBILITY REPORT DEM=3

* Sactlon I « "Reecsipt and Storage of Raw Materiall

Work o ba Porfornad,

DEM in conjunctlion with Nuclear Metals, Incorporated,
intends to fabricate, btest, inspeet, and dsliver 100 core
subsszenbliss to the Power Reactor Dsvolopment Corporation,

Devroity Michigen, These are to be used in the Enrice Ferml

g

ast Breedsr Power Hoactor,

A

Bach core subassembly will consist of a cors as

&
;'_.

chion

composed of pin-type fusl slemenbts and an axial blanket section
onn either end of the core containing depleted uranivm - moly
elementa. Core sections will contain 144 = 30 1/2" long pin
each, These fvel ping will be fabricated from a2 10% Mo, 904 U
(25.6% enr,} alloy and clad with 004" of zirconium, Each pin
wlll have & zirconium snd cap on sither enﬁ |

In addition to the cove subassomblies, DEM proposes to

fabricals uvg ocuter radisl bmankc subasgemblles, These will

3

- r Farl o A 3 “ Sa A
be Tabrlcatsd frem a 2,%5% Mo, 97,25% deploted uran:
will be sodium bonded to gtainless steel tubing,
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the fuel pins and

..

are abtached to facilitate & bether unders: teanding, %

The schednle of shipmenits to PEDC will bs as £follows:
Core Subsgsemblies Planket Subzssemblies Date
& 12 ﬁfifﬁ@
3 15 7/1/59
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Core Sublssomblies Bis

anket SubAssimblies Date
21 9/1/59
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11/1/59
12/31/59
1/1/60
2/1/60
24 3/1/60
24 4/ 760
24 5/1/60
| 21 641460
7 21 L1580
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Tollowing schedule:

Date Pounds Uranivm Kg. U-235 (285,8% enr,)

6/1/89 340 59.6
7/1/59 590 45,4

10/1/89 385 44,

11/1/59 ass 44,
12/1/59 v 385 44,

1/1/80 385
2/1/60 - 385
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%e estimate that the maximum gmount of U-235 on hand ab
any one time abt DEM will be approximaitely 170 Kg,
In addition to the snriched mﬁﬁerialg we will receive
88,540 lbs, deplebed uranium Irom Davison Chemicel Company,
4

n the form of 127

Jota

1ia, derbles cut iInto 3 slices sach. This
depleted material will be shipped at a maximum rate of 15,000

ibs., per month and will bs used Tor blankst material.

Heesiving and Storags,

Birdcages ,contalning enriched uranium derbies will be
recelved at DEM plant, Plainviile, Mass. A maximum of 7
birdcages will bs roceived atv any ono time. Each birdeage

" 13
G 5
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willl aantain 5 derbies weighing 5 Kgo each, The maximum
amount of U=235 per birdcage will be 8.4 KEg. The %otal
amount of U«238 for ¥ birdcages willl be approximately 485 XKg.

Bivdcages will be sbored in ocur enriched vault unbil
ready for preduction. This vault is constructed of 12%
thick conerebe and 1z 7! 11" wide = 13! 0" long x 7! 11"
high with a Mesler combinatlon safe door,

The birdcages will be unbolted oﬁe 8t a time, under the
ilrectlion of the Critlcallvy 0iTicer, snd the derbies weighe
o verify the accuracy of the shipper's weighits. The five
deybles ﬁill be replaced in the origlnal birdcage if they
are Lo ve melted within a month aftsf recelptﬁ Thisg is
neceasary dus to the fact that birdcages musi be returned
50 Davison Chemical Company one month after delivery.

Thoss derbles which are to remain in storage for a peri
longer than one month will be placed in metal cubiclea in th
vault, We anc'clpabe bullding 10 such cubicles, each capabl
of holding 5 derbies (6.4 Kg, total contained U-235), If
. more space 18 necessary, we ¢an add additional cubleles to
hold in sxcess of 300'I{go U=235 in a safe configuration at
this enrichment level.

Cubicles will be of all welded construction using 1/8"
steel plate as material., They will be 6 1/2" x 6 1/2% z
8" deep with =2 hinged door containing a rubber gasket and a
latch. The cublicles will be lagged to the conecrets wall wit]
two gteel bolis each, There will be a 2 foobt spacing in all
directions between cubicles,

Additional cubicles may be added as required by extendi:

the wall'sections upward and by building additional center

u\..é.:a‘ ‘g&
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seebions in engie iron frawswork maintalning the same spacing

reguirements. & drawing (#1035 %?o¢ 10 such wall cubicles isg

In additlon to vault 8¢ BES For Pnr'chea derbies, we intend
te zbtore senriched sersd (ahin%a croppsd ends, 8tc. } in the locked
caged srea surrounding the veault. Contalners to LS ussed will be
covered steel 1 gel., and 5 grl, contaliners. They wlll be stored
in vertleal and howr +1zontal arvays on unistruvt sectlons with

&

buchet elamps to fasten the conbainers in pesition thus assuring

i

the mzintenanco of spacing requiremonts, The individual containe:
and types of sorap will be discussed in the body of the report
under «aQW1oaulon nrocedura

Another soncrebe vault 8 ft. wide x 12'3" long x 8 fv. high
on the oppoaliits side of the mfg. area will bs ussd or storage
of finisked pins prior to assembly, In additlon, it will be
used to stors onalytlesl and matallographic samples,

Cbhar enriched material which wmay be processed conau?rsntiﬁw
with the PRDC material will be stored in this vauld also. We
estimate that this will amount to approzximately 15 Kg. U=-235
in the form of a 26% U-Al alloy ¢ be used for making tubular
fuel eclemenbts for the Argonns CP-5 reactor, A copy oi our
Peaglibility report DEM-4 will ssrve to describs this fabrication
snd storage procedurs, .

In=preceszz PRDC material will be stored in a locked cage
of dimensions 1¢ 1/2 £t. long x 15 £t. wide adjoining the |

aforementioned vault, A third ¢age surrounds the vault and

[y

gt thistims 1z beling held in ressyrve for such storage as may

be nescessary,



Fabricatlon Procedures:

The enrlghed fuel

Uranium (25.8% enriched) « 10% lloly. alloy whie!

coextruded with -

A complete flow chart of the fabrleatlon

for refsrence,
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charge will consist of 10 derbies weighing 5 Kg., each
and 2 Kg, of smaller pieces which have previocusly besn
prepared in the following manner:

Approx. 20 derbiles will be broken into a number of
small pleces in lots of 5 derbies (6.4 Kg, U=235), Each
derby will be lmmerssd in liguid nitrogen for a shorh
pericd and th@a broken on an encloged hydraulic press.
Thelsmall pieces gemerated will bz collected and placed
in metal containers for storage unbil nesded for melting,
The metal‘ccntainars to be uged will be one gallon covered
steel pails 6 13/16" high x 6 13/16" mean inside diasmeter,
A mazimum of 1.8 Kg, U=-235 will be placed in any container
at which %timo it will be placed in the enriched atorage
ares on 15% centers,

The moly, which is to bo melbted will bs In the form
of rods 1/2" in dia, x approx. 3/8" high, The maximum
charga to bs melted will be as follows:

Woight Ursnium (25.6% onr.) « 52,0 Kz, (15,3 Kg, U-255)
Weight Moly. ~ 5.8 Xgo |
TOTAL CHARGE 57:.8 Hg. }

The crucible to be used for melting will be 1/2%
thick graphite, 8" in dia. and 12 3/2" high, The mold
#ill be 1" thick graphite, 3.95" in dia., and 18" high.
Ingots will be molited in a Kinney vacuum induckion furnace'
and bottom poured into the mold, We expect to melh 8PProx.
80 ingots., Hoses which maintain the flow of cooling water

through the coils will be uncoupled while charging the
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erucibvle and replaced when charging has been completed,
to prevent accidsnial flooding.

The crucible will be charged with one=half of the
uranium on the boétom, the moly., in the middle; and the
balance of the uranium on top. All work which is done
inside the furnace will be dons while wearing respirators.
Crucibles and molds will be weighed prior %o charging
for sccountability purposes, | |

When the charge hes been meslted, it will be bottom=
poured into ths mold and allowed to cool for at least 2
hours,

Whenever sufficient scrap has besen generated in
the coﬁrse of fabrication, a certain amount will be
recycled into each melt along with the derbiss, The
maximum.amcunts of cleaned scrap to be used pef’m@lting
charge will be as follows: o . .

1. Lathe turnings (compacted) 1.0 Xg, U-235
2, Primary Extrusion Croppings 0,75 Kgo. U=235
- (1,8" dia,) | ' _ o |
3. Incomplete Slugs (1,445" dia,) 0,70 Kgo U=~235
4. Secondary Extruslcn Croppings 0,85 Kgo U=235

(310" dis,) ‘ -
5. Rejected Pins (.158" dia,) 0.35 Kgo U=235

These figures represent mximum quantities which
may be used and in most Instances will be cut down

considerably., The scrap o be used for remsliing will
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ba prepared in the followin nner:
1. Turnings - ultras soniec cleaning, max. 350 gm.

a1,

bateh. - Compacted on a hydraulilc press,

ndg -~ pickled in nltric acid, a mex.

)
golutlion~golution to be transforred to 13 gale

1

xolyethylene containers whenever 350 gm, U-235

femoval of Insob from Mold and Crucible f“cm Fhrneceﬁ

3

A¥bsr the ingot has cocled suff

2

dciently, the mold

%

contalner will be dropped and the mold removed. A tared
cover wili ba placed over the top of the mold to prevenﬁ
oxlde from escaping. The covered mold will then bhe

waighed and seﬁt %o & hood for ingotb removaia The ingot

willl be removed in the hood and vecuumed to remove loose

will then be steel stampsd for identification

t
and placed in & tared covered bucket to be weighed to

2 08% ascuracy., After weighing, the ingot will be inserited
Into a birdeage container to be used for both transportatio
and storage. The birdcage will be of angle iron
construction supporting a 5% dia, pipe which 1sg ca?ped

nd cut in the middle to sﬁpport the ingot
osition, The twb halves of the pipe

5d in order that they may be ssaled

t has been insértedc The ingot will be

Lon such that thers iz a 12" spacing

the awher odge allowing 1% %o adioin
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& simijar container and still maintain a 2 £i.

separation between the two Ingots. The birdeage

will be provided with casters Tor emse of movement.

A drawing of the container is enclossed for reference,
The cruecible will be ccveb ed and removed Ifrom

the furnaece via & hoist. It will

to determine the weight of oxide and skull, After

weighing., 1t will be transported to a hood where both

cruclole and mold will have the dross mechanically

removed, Large pleces &f skull will be plazed

5 gal. covered steel bueckets for storage, 8 max.

of 1.5 Kg. (.55 Kg. U-255) per bucket, Secrap buckeits

will be removed te the enrlched scrap storage ares

where bthey will be stovred in arrays with a 12

odge~adge separatvion between adjlacent containerss

The heood will then be'vacuuwéd to remove small
particles of oxlde, and the mold aund crucible wiped
thoroughly with damp celoths befors belng removed from
tha hood. Vaguum cleaner filters will be removed and
placed in covsred mesal containers for resglamation.

Pickling Enpiched U-lo Ingotu

=

The ingct in the birdecage will bs moved to the
envlched pickling area. The ingot wilil be ramoved

Trom the bilrdeage and placed in a plastie tray.

]
]

Concentrated hydroshloric acid will be poured over
the ingot to remove oxlide., Water will be added to

dllute the acld, and the ingot sorubbed with & abasl

n&:am

L7
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brush while in the scid solution. The Ingobt will
then be removed from the traj and dried., After
drying. the ingot willl be rewelighed and replaced
in the birdcage. The difference in ingot weight
before and after pickling will show the amount of
U=235 which hes gone into soiution. Whenever the
emount of U-235 in solutlon reaches 350 grams, the
solution will be transferred to a 13 gélo.polyathylene
contalner and sent to the scrap storage area to be
stered in wire racks at 18" separation from similar
containesrs, |

The plckled ingot will be transported %o the
vacuunm annealing aregf. -

Veecuum Annealing Bariched Ingdisg

A maximum of two ingots (26,6 Kg. U=235), each
in & birdeage, will be allowed in the vacuum amnealing
area at any time. ~The furnace to be used for armealing
is a Westinghouse vertleal pit type with a 14% diameter
hot zone, 10 Fho long. The fixture to be used fér
holding the ingots will hold twe ingots end %o end in
a vertical position, with a 24" spacing betwsen them.
Annealing temp, will be 1925°'C~f0r 24 hours in
a vacuum of leas than 1 micron. The furnece will then
be cooled to 200° C, the retort removed, and each Ingob

removed Trom the fixture and replaced in its birdecage,
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One birdcage will then be moved to the caenning ares

and the other to the inéprocess storage area. Movement
will be conitroclled by the eriﬁicality representativee

A drawing of the annealing fixturé_ig encloéed for
ﬂefer@nceo

Cenning, Weldingﬂ and Evacuation of Enriched Billets.

Bach ingot (11,8 Kg. U-233) will be.removed from
the birdcage and inserted into a clean copper can on a
roller table, OGopper - nickel extrusion components
(nose plug, cut-off slug, end capg, and evacuation tubs)
will ve inserted into the copper can and heli-arc welded

T

together, Afver welding, the canned blllet will bs

‘evacuated to one micron and isak isated., If losks are

found, the canned billet will be returned o the welder
for reworking, If no leaks are apparent, the evacuation
tube will be sealed and the pille planed in the blrdoage
for shipment to WMT. -

Shipment of Cennsd Billets to MMI for Pr»marV'E brusion.

The canned billets will be shipped %o HMI in
sealsd birdcages via DEM truck. A maximum of 2
billets (23,6 Kgo U-235) will be shipped et any time.
Birdcages will be fast enc& in pesition on the truck
to avoid accidéntal movement in translit. ALL
shipments will be ingpeeted by the critvicallty
officer before being allowed to procsed, The drivexr

will bes briefed on possible hazards to be avolded,
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Go Receipt of Copper Clad Secondary Billets From NMI.
. The extruded copper clad rods, 1,525" dia., will
be received fram.NMI:in max. lobts of 4, The rods
will be spproxz. 9 ft., long and weigh approx. 51 Kg.
{11.8 Kg, U=235) oach, They will be shipped in
individual conbtainers, Kach container will be
conssructed of welded angle iren with a channel
fixed in positlon to hold & vod In a covered tray
and an outer cover Which will bo bolted in place
for ashipping. The biréeage type construction will
agsure a 25" spacing bebtween adjacent containers,
¥ A drawing of the container is enclosed Tor roference.
Containers will be é?ansporﬁed to the in-process
cage for storage. When nesded for produétiong the
material will be issugd by the criticality representative
in lots of ono rod (11,8 Eg. U-235), |

H. Hewmoval of Copper from Extruded Secendary Billets,

Bach rod wlll bs sent to the nacksaw where 1t will
be cut into two sections, each approx. 4 1/28 £t. lsngo
The two pleces will then be replaced in the eriginal
birdcage and sent 0 the pickling arsa whero they will
be welighed and Then pickled in a nitric acild solution
TO remove copper, Baw chips will be placed in oms gal,
steel pails (max, .35 Kg, U~235/pail) and stored in the

snriched scrap ares,

& 8@
# 1033-3 & 4



When the removal of copper ig z:ac;rnpleﬁ:ea,‘a the
rods will be placed in a rinse tank and ringsed thoroughly
with cold tap water. They will then be removed and
dried, ‘Picklad rodz will be weighed to .05% accuracy
and replaced in the birdeage for transphrtation to the
hacksaw,

Pickle solubtions will be_tﬁansferr@d to 13 gal,
polyethylene containers whensver 350 gme U=-235 1s in
solution as determined by befors and afber weighings,
The polyethylene containers will be stored in the
enriched scrap srea in wive racks at 187 separation.
Pickling solutions will also be analyzed Tor uranium
content to insurs that the max. quantity of U-235
has not been excoeded,

Sawing Exbtruded Socondary Billets.

Each rod w11l be cut into slugs 4,187% long on &
maehenical h&akséwo Approx. 25 slugs will be cu% from the
two roda combined, A maximom lot Tor processing will
consist of 15 slugs (6.8 XKg. UwESS); Each lot of slugs
will be placed in its own birdeage for btransporiation
and storage. The birdeage @will be.the seme as the
baalc unit which was used for %hezaxt?uﬁad rods with
the exception thet it will have an 8 £%, instead of a
10 £%, long metal tray, After sawing has been completad,
one bivdeage will be amoved %o the machining area end the

other toc the in-procegs 3tOoTRge area,
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‘bottom for drainage. A max. of 1.5 Kgo chip

Saw ¢hips will bs sborsd in cne gal, steel
paila, a max, of 1.5 Kg, alloy (.35 Kg. U~235) per
pail, Pails will be stored in arrays at 12" edgo-edge

separation in the enrilched scrap storage area,

The cubt slugs will be machined on a lathe to 4£4.183"

in length an Jameter. Slug ends will also

&
fed
143
i
i
SR
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be shapsd o a convex at the vear end and a concave at
the frone end, A carbide cutting ool will be used
and a wabter soluble wax as lubricant., The lathe will

bo hocded to prevent vapors from egcaping.

a

A

Turnings will not be allowed to sccumilate in the

lathe hed but will be scooped up and placed in taved,
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gel pails with smell holeg deilled in the
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U-2386; will be allowed in any one pail. When this
amount hes besn reached, the p311 wi11 be ringed with
acstone to remove the major porition of thse lubrileant:.

Lho t?“ﬁiﬁgs will then be cleaned wlitra-sonically and
gent to the press to be compacted, The maximum amount
ol ehips to be oumn&cbad xill be 4.5 Kg. (1.0 Kg. U-235},

Compacted chipe will be plac@d in ons gﬁlg steel pails
and stored 23 127 odge-edge spacing in the enriched scrap
area pricr to remslibing, |

ATter sach lot of slugs has been machined, they
will bs replacsd in the bi?ﬁﬁaéa and moved So the
claaning arsa under the dirvection of the eritieality

representative,

a3
1
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Cleaning Machined Sluzsg.

Slugs willl bes cleaned ulira-sonically, The 8lugg

:—ee

will be insented into the ultragonic tank in batches
of two slugs (0.88 Kg, U~235) each,

The c¢leaned slugs‘ﬁill be weighed on a me rogram
balance Lo the neavest 001 gn, Afier weigniggg the
glugs will be replaced in the bir ‘deage and moved o
the canning area9

Sanning, Welding, ¢ Lvacuetion of Slue Se
) 1)

Bach slug will be canned according to the Tollowing
procedurs:

Copper = nickel exvrusion components willvbs placed
on either end of the slug and a zirconium sl eve fitted
over the aésemblyg A steel ¢ an with an end cap will
then be placed over ithe entire assembiy and welded
in & Fixture, The canned billet ig then connected
to a leak vester and checked for Ibaks, I a leak
is found, the bLlles will be marked and re-welded,

If no leak ig Tound, the billaﬁ'will'be attached 1

a vacuum pump and pumped down for 30 = 45 ming

Near the end of the pericd the b billet will bhe hea
800° ¥ with a %torch, The evacuation tube will also
be heated and then wolded shut to geal off the billet,

Excess evaecuation tubing ®ill be cub of? with a toreh,

ané the gealed bHille: placed in a metal container forp

Shipment %o HMI. 4 meximm of 15 canned billets (6.8 Xg,

U-235) will be placed in one shipping container,

=1l
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Shipment of Canned Slugs Lo MMI.

Shipping containers Tor capned s3u g3 willl be
of anglie iron congtruction and hold 15 slugs at an
18" distance from a similar container. The slugs

will be placed In a steel tx ray end to end to form

a rod approx, 7 1/2 £%, long. The tray will be

fastened in the truck o p?eveht aceldental movement,
Al shipment wlll be inspected by the criticallty
officer or his represenibative befove 4apafuvrca

In addition to the slugs, two primary billets in

birdcages may be transported at the seme time.

el Deo
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¥, Heceipt of Coextruded Reds from HMI.

Coexbruded rods .310% in dia. X approx. 10 Tte
long will be received from NHI in lots of 30
(13¢2 Xg, U-235). The rods will be packed

g containers each containing 15 wrods closely

packed together. The 15 rods will be banded togetcher
with tape and placed in a met sl tray 10 ft. long. The
tray will have a cover which is bolted in place and
have holes in the bobtom for drainage. The covered

P N

tray will then be get in th hannel which will

CO
“
25
e

3¢
Q3

hen ba covered and belted. The channel will also
have holes for drainsge. The enbirve wnlt will be

»

suspended Iin an angle ircn framework assuring a nimumn

B

spacing of 18" bebtween adjacent conbainers.

Tpon receipt of the rodz at DEM, the shlpping

&
ares, ®hen ready for procesgsing, a lot of 15 rods

{6,686 Kg. U=235) will be issued by the criticslity

&15 Gy
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