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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.
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FORWARD

This report was prepared specifically to &ld the Arwmy Reactors Branch
of the Division of Reactor Development in procuring the statiocnary fuel
alementa for Cn;e-II of the APPR-) from an industrial fuel element manufacs
turer. The specifications and Fabriesaticn procedures covered hereln were
prepared ag & Joint effort on the part of Alcce Products, Incorpoiatedy and
the Oak Rldge National Laboratory. The work performed by Alee Products,
Incorperated, has partially fulfilled the requiremente of Amendment Ho. 2
to Contract AT (30-3)-278.

An unclasgsified meeting 13 scheduled to be held at ORNL on July 31, 1998,
for the purpese of furnlshing all prospective fabricators with additional and
identical information.
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ABSTRACT

Stainless gteel-base fuel components of thin plate-type construetion
and containing & dispersion of snriched Ult':v2 h&ve been succezsfully employed
in powering the Army Peckage Fouwer Reactor. This report is concerned with
the stationary fuel component proposged for operation in the second core
loading of tha resctor. The component iz designed for radioactlve service
in pressuriZzed water at 450°F and consiste of elghteen composite fuel
plates joined into an Integral urit or asserbly by brazing. Design
gpecificatione covering the materinl and dimensionel reguirements &8 well
ag the cperating conditions are disecussed. Step-by-step procadures
developed and uitllized in mamifacturing the component are presented in
detail.
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SPECIFICATIONS AND FABRICATION PROCEDURES FOR APPR-1
CORE II STATIONARY FUEL ELFMENTS

I. INTRODUCTION

In onder to continue successful operation, the Army Poackage Fower
Reactor at Fort Belvolr, Virglnia, will reguire a replacsment losding of
fuel elements in the Spring of 1953, This report describes the specifi-
cations and fabrication procedures developed and adopted for the Cors II
stgtionary fuel elements. The information ls presented in sufficient detall
to ensble gn industrisl manufecturer to undertake the task of furnishing a
core-loading of stationary fuel elements with only a minimum of developmant
effort. Specifications on the coptrol rod fuel element snd abaerber sectieon,
which constitute an important seguent of the active cors, are not covered
in this repcrt. These compopents will be precured under separate contract.

The Army Package Power Beactor wes bullt and placed into operation on
April 12, 1957, tc demcostrate the feasibllity of exploiting the compact-
ness of puclear energy to supply beat and power at remote locations. The
rlant, designated as AFFR-1, har & rated thermal capacity of 10 Hw and
delivers to 2 My of electrical power at the turbo generator. The reactor
iz a prespurized-weter-cooled and -moderated unit powered with highly
anriched fuel. The fusl is loeded into the regetor core in the form of
uraniul dioxide dispersed in stainless steel.

The utilization of steiniess steel-uranium dioxide fuel components for
powering the APPR-1 wae the culmination of a five-yesr-program effort of
genexal materials and component development work at the Oask Ridge Hational
laboratory. The program was meotivated by the limitetions of alumirum and
Zirconivm and by the advantages offered by stainlesg gteel with itz excellent
ecorrogion regigtance, its attractive physical and mechanicsl propertics, and
its amenability to simple and inexpensive fabrication prastice. -
IX. DESCRIPTICH CF COMPONENT

The basic segment of the stationary fuel element designed for radio-
active gervice in APFR-1 is illustreted in Flg. 1. It consists of eighteaen
canposite fuel plates joloed by brazing into & peir of slde plates to form
an integral assembly. The flat rectangular fuel plate ig composed of &




Fig. 1 (Y-24067) Brazed Staminless Steel Fuel Asgembly Containing Eighteen Flat
Composite Stainless Steesl Fuel Plates.
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0.020=-1n.-thick c¢ore section containing enrviched UOE snd & emsll quantity
of Ehﬂ undformly digpersed in a matrix of stajnless sfee)l powder and =
thin encasement jacket of wrought stainless steel. A representative cross
gection of a composite fuel plate with 0.005-in.-thick cladding is shown
io Flg. 2. These ccmposites are prepared by roll-honding to promote heat
transfer acrosg the clad-core Interface and to hermeticslly sesl the fuel
gnd resultant fisslon products from the coplant.

Fach compcnent contains approximately 515 g of uraniwm-235 and 0.5 g
of boron-10. Boron is added o aid in controlling the excess reactivity of
the heavily loaded core at start-up, and indirectly permits continuvous ]
operation of the reactor at full power cutput for a period of fiftesn
months without refueling. The unit is equipped with cast-type 304 stainless
steel end boxes attached to the side plates by tungeten inert-gas welding.
The purpose of the end fittlog is to adapt the uwndit to the supporting grids
which fix the position of the element 1o the reactor core, A espring is
provided oo the upper casting to allow for themmal expansicn. An over-all
view of the finished component with end adapters attached is illustreted
in Fig. 3.

ITI. GEFERAL REQUIREMERTS

A. The fuel compeonent 1s designed for redicactive service in pres-
surlized water and once placed in gperaticno canmot be subjected to main-
tenance, repalr, or salvage. It is imperative, therefore, that only the
highest degree of quality obteinable with respect o materials of con-
gtruction and workmapnship be incorporated into the finished component.

In addition, the product is intended for service in an existing eystem anpd
canngt be altered. Hence, the component must be maoufactured in etrict
accordance with the specifications and fabrication procedures set forth in
this Teport.

B. Satiafactory performance of the reactor and of the fuel compo-~
nenta during their cpersting life regquiresg that speclal precauticoe be
taken to jnsure the following:

1, "A cootioucus metallurgical Hond between clad apd core matrix
material mu.,st be obtaioed to insure proper heat removal and freedom from
potential blisters which may rupture and relemse fission products to the
coolant. .
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Fig.

5

(Y-25961) Cross Bectlon of an APFR Composite

=l

Fuel Plate.
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Fig. 3 (¥-19729) Over-All View of Finished APPR Fuel Element.
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2. Uniform distribution of the fuel and burnable poison in the
core of the composite plate must be achjeved. Inhomogeneity of these
important ingredients could leed to hot-spots end ultimete failure by
melting.

3, Unifermity in thickness of cled and core material must be
maintained to ingure protection from corresion by the coglent and to
achieve the required concentration of fuel in termms of groms of U-E35fcm?
over the entire sirce of the gctive portion of the fuel plate.

4. The composition end processing of materiale must be comtrolled
to minimize the preeence of conteminanis which may {a) accelerate corresion,
{t) contribute to parssitic absorption of neutroms, (c) reduce mechanical
integrity of the fuel elemente, {d) release gases vwhich could promote
swelling or blistering and ultimate rupture of the cladding, or {¢) con-
tamipnate the surfaces of the fuel elements with traces of fissionable or
fertlile material that would inerease the level of radicectivity in the
coplant.

5. The various steps of framing, cladding, shearing, mechining
ard brazing must be carried out and inspected in a mamner te preclude the
presence of fisslonable material at the clad-frame interface as well as to
insure that no portion of the fuel-bearing core is exposed to the coolant.

C. Experlence in the manufacture of the first core loading for the
APFR-1 and similar fuel elements has demqnatrateﬂ the fesaibility of fabri-
cating componernts which consistently meet the product standsrds required.
fubstantinl easurance that the component meets these ztandards cannct be
accomplished exclusively by noodestructive testing of rapdam or control
samples. Inetesd, these must ke combined with the establislment of and
rigid adherence to proven fabrication proceduree, materials inspection
and cleanliness standarde. Industrial utiligation of the detailed pro-
cessing procedures presented in Section ¥ (Manufacturing Procsdures)
doss hot relieve s mgnufacturer from eny responsibility associated
with the fabilcation of & satisfactory product for geryice in Core IT of
the APFR-1.

D. Buificient snd proper superviscory sod production control must he
provided by a manufacturer: 1) to ingsure that all details of the fabri-
cation procedure conform at all times with the approved procedure, 2) to
maintain rigid adherence te all epecificatlon requirements, 3) to protect
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personnel agalnst snan Intake of alrborne activity fran alphA-emi tting

II';‘.'2 by inhalation or ingeation and to comply with the regulrementa of the
International Commission on Radiation Protection, 4) to enforce safety
meagures to prevent a critieality iceident, and 5) to safeguard and account
for all fissionable matarial in accordance with the Atomic Energy Cormission
licensing agreement, or other arrsngements with the AEC, as defipned under
the Atcmie Energy Act.

E. It will be necessary to maintain sufficient and proper records to
gupply complete metmllurgical history, fuel accountability, inspection,
quality control, and other pertinent date required in the fabrieation of
the fuel elsments.

F. In sddition to the identification numbelrs specified in the
Tabrication procedure for camponsnts and fuel elements, a symbol 1ndicative

of the mapufacturer shall e sdded to the and boxms on each fuel elemsnt.
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Iv. DESIGN CRITERIA
A. Bagle Feguirements

The design of the gtaticnary fuel element for serviee in Core I
in the AFFR-1 is baged on the following criteria: 1) operstion st s high
gpecific power density =nd reductlon of core volume by utilizing enriched
fuel, 2) extension of reactivity lifetime by utilizing s burneble poison,

3) dispersicn of the fuel grnd hurnable polscn in B suitable diluent to
maximize heat transfer, L} cladding of the fuel-bearing gection for cor-
rogion protecticn and retention of fission preducts, S) utilization of
ipexpeneive materinls of conbtructiorn and low-coct methods of processing
to minimize fuel cycle cogts, and &) amployment of a metel-to-metal bond
and thin plate-type construction to promote afficient heat removml.

The actlve core of the AFPR-1 is camposed of thirty-eight station-
ary fusi components and seven movable control rod assemblies immersed in
water. The water gerves ss moderator, reflector, snd heat-transefer medis.
The system iz preasgurized to 1200 psis and water flows through the channels
between adjacent fuel plates at an average veloeity of 4.3 fps.

The stationary fuel component consists of eighteen flat composite
plates joined to a pair of side plates by brazing to form an integral
assembly with a nominal water-gap spacing of 0.133 in. % 0.013 in. & line
ﬂrauing;with dimensional regquiremente, of the component is given in Fig. L.
This drawing is for refersnce only and should not be uesed for fabydcation.

Other pertinent design and operating data are listed in Table I.
The data given for make-up of the fuelabearing .eection of each conposite plate
are for information only and are based on utilizing materials cof the fellowing
gpecificationz: 1) Uo, with a total ursnium content of 67.63 vt % and a
uranium-235 igotopic enrichment of 093.07 wt %, end 2) Bhﬂ eontaining & total
boron content-of T5.90 wt % and boron-10 isotopic concentration of 18.09 wt 4.

B. Material Sslscticn

1. Intrcduction - In general, alloys of uranium with stainless
gsteal or with any of the elemental constituente of stainless steel eannot
ba considered as fuel materials because of the pressnce of low-melting
sutectics and brittle intermetallic compounds. Therefere, the develspment
of stainlesa steel fuel elements has centered on the selection of a uranium-
bearing coppound which is metallurgionlly compatible and chemically inert
when dispersed in steinless steel arnd processed at elevated temperatures.

-8 a
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TARLE I

DEJICH DATA OK APPR FUEL COMPONERT

General Degcription

Hunber of Fuel-Bearing Plates per Assembly 18

Fuel Flate Clad-Core-(lad Thickness, mil D=20=5
Weter Gap Spacing, mil 133
Boron-10 Content per Assembly, g 0. 464
Urapdium-235 Content per Asgembly, g £15.16
Metnl-4o-Weter Roatic Q.25

Materiale Make-Up Imta

Fuel Core Composition per Flate & Wt i Yol

U0, (kB8 p particle size) 35.09 25.032 19.43

B,C {< 4 @ in aize) 0,188 .13 .45

304E Btainlese Steel (< 149 p size) 10k.90 Th.B3b 80,12
Fuel Density per Plate, gfcme 0.0 mdan - 0.085 max

Operating Dats at 10 Mw Thermal Jutput

Fower Density, kw/liter 1.7
Average Heat Plux, BIU/hr-fte 55,500
Bulk Webter Outlet Temperature, °F 450
Fressurs 1n Reactor Core, psia 1200
Average Veloclty in Water=(ap Spacing, fps 4.3
Average Thermsl Feubron Flux, nfcme-sec 1.5 % 1073
Expected Reectivity Iifetime, Mwy ?-3
Estimated Aversge Burn-up, % total stoms 1.6
- 10 "~
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2. Uraniuwm DHioxide - The refractory compound UOE with 1ts
excelient high-temperature properties meets these general requirements.
The compound is chemically inert in contact with stainless zteel at
temperatureg ag high as 2550°F and exhibitis good reszistance to corrasion
in preesurized water. Furthermore, it can be produced in an economicsl
manner and has a relatively high content of fuel as compared to most,
uranium-<bearing campounde. Uranium diexide is relatively insensitive to
radlation damage and does not undargo defomation at low temperstures as
uranium metal does when subjected to resctor-induced radiacicn. Uranium
dioxide also offers the adwmntage of good fisslon-gae retentien primariiy
attributed to its defective lattice structure. The chief dlssdvantsges
of low thermal conductlvity and brittleness, which are characteristic of
ug,,, are largely overccme by the pature of the dispersion-type fuel com-

ponent.

The UU2 iz prepared by the thermmal dardnpositlion of

LIU3 . HED in a hydrogen atmosphere. Thie oxide, generslly known as
"Ganeve type” oxide, was originally prepared in quantity at the Y-12 Plant
of tnion Carbide Nuclear Company. A particle size rangs of 4 = 88 p.is
used to minimize fission-fragment damage to the stainlese steel metrix.

3. Boron Carbide - Boron-l10 was selected as the burneble poison
because its nuclear burnout characteristics closely mstch those of the
fuel. It is added mg natural beron in the form of boron carbide {BhG].

4. Aonstenitic Stainless Steel - pustenitic stainlegs steel,
type 304L, was selected as the cladding and structurel meterial for AFFR-1
fuel cunpuneﬁts. This materisl ig relatively cheap, readily sveilsble in
the degired forms, and amenable to most mechanical-working sand welding
pperaticns. It has excellent corrosion resistance in high-temperature
water and adequate strength and ductility to withestand the thermel stresses
and gradients sncountered in coperation. The alloy has fair heat-transfer
properties, and is not subject to serious structural damsge under irradi-
atiocn. On the other hand, stainless steel would impose A severe Duclear
peoalty if subetituted for zirconium on a volume-to-volume beaeig. This
pemalty can be partly overccme by Jjudicious degign utilizing the full
potential of the high-strength properties of the alloy. Care must also



be faken to use a eteel with lov-cobalt content in order to minimize the
radio-chemical transport problem associated with high-mctivity cobalt-60
whieh enters the primery-loop system as & corrosion product.

5. EBrazing Alloy - Coast Metals H. P. brazing alloy iz specified
a2 the brezing alloy. This allcy containe a nominsl composition of SO wt %
Fi-27Tuwt S Fe - 11wt %51 - Bwt $Mo - 4 vt £ P and flows at 2066°F.

f. End Boxes - Fnd.boxes may'be used in the fuel elements in
the as-zcast condition &z either sand-cast or precizsion-cast type 304L
stainiese ateel with s maximm cobalt content of 0.01%. ILebanon Steel
Foundry, Letanen, Pemneylvanis snd Arvood Precipion Castings Corporeiion,
Hew York, F. Y., have indicated interest in supplying end boxee of this

conposition.

- 12 -




V. STATIONARY FUEL ELEMERT SPECIFICATIONS
A. Core Material Requirepents

1. Fuel
U-235 per plate, g . 28.62
Enrictment, % 93 ¢ 1
Allowable tolerencea#
Weighing 10,03%
Enrichment. +0. 10%
UTfUﬂE 10.25%
Handling loss =0.19%
'2. Furnable Poigon
B-10 per plate, g 0.02581
i1loweble tolerances®
Weighing 0. 30%
annhc 21.008
Loegags in
gintering =T . 00%

Hendling loss  -0Q.20
*A1lowable tolsrances were estshlichad by CBNL as a result of
evaluation of the uncartaintiez invelved in febricating Core I.
3. Composition of Fuel-Bearing Core - The fuel, burnable poison,
and matrix requirements per plate are ag rollows:
28.62 g of U=235
0.02581 g of B-10
104.9 g of type 304B stainless eteel powder
The welght of matrix material per plate 15 subject to the require-
ments specified 1n Saction VI=C.
BH. Materiml Specifications
1. Fuel - The fuel shﬁll be UUE powder prepared by the "Geneva"
procesg, and shall be procured from the Y-12 Production Flant at Oak Ridge,
Tennessee. The UQ, shall contain approximately 88 wt % total uranium and have
a U«235 isotopic concentration of 93% + 1%. Psrticle size sghall be 44 — BB .
The UD, ehall be free of agglomerates, platelets, rods, and clinging surfara

2
fines.
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"Geneva" process product is prepared by growing hydrothermally
TJD3 hydrate crystals from a U0, hydrate =10% uranyl nitrate gqueous solution
in an antoclave at 250°C for 10 hr. After thorough ringing to remcve all
traceg of nitrate, the U03 hydrate crystale are fired et 1750°C under m
hydrogen atmosphere for reduction to UGE. The material 15 screened for
W — B88-u size recovery.

2. Burnable Poison - The burnable poleon materjal ehsell be natural
B,C powder eguivalent to that supplied by Norton Chemical Comwpeny =& High
Purity Grade containing approximately 76% naturai boron. Particle size
shall be legs than Lk p.

3. Matrix Material - The matrix material shall be type 304B stain-
lese steel powder with maximum carbon content of 0.03 wt % and a silicon
content of approximately 2.5 wt %. The powder shall be egquivalent to that
gurplied by Vanadium Alloys Steel Company. FParticles shall be of irregular
shape ani less than 149 p in size.

4. Wrought Stainless Steel - A epecisl grade of low-cobalt type
3041, wrought atainless steel shall be used az the clad and frame materisl
in the fuel platez as well aeg for the side plates and combe of the fuel
elsment. Thig material will be made available. Typical analyeas of this
hesat of gteal iz listed below:

Elamant W ﬁ
c 0.018
Mn 1.72
P 0.010
8 0.020
or 18.70
nNi 9. 57
Co 0-00k/0.005
Al 0.062
Mo 0.0097
fu 0.00"
Hao 0.05
Pb 0.001
Ta, 0.00L
Sn 0.009

5. BraZing Allcy - The brazing material shell be Coast Metale, K.F.
powder of less than 88-p size, and ean be obtained from Coast Metals, Incor-
porated, Little Ferry, New Jergey. This material ehsll be free of boron.

€. End Boxes - End Boxes shall be caetinge of 304L composition with
0.01% maximum cobalt content. Surface finish requiremente shall be 125 RMS.
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T. Other Materials - Care must be exerciaed in utilizing the cther
materials, such as elsetrodes, flller rod, clemning agents. and lubricanis
that come into contact with the product durlng processing. Al) Iubricanta,
Tor instance, shall be of non-halogen-bearing typs. Pickling of the fuel
plates in any sclution ccntaining & hallde ion or reducing in nature shall
not be &llowed subsegquent to removal of ascale from the hot-rolled fuel plates.
The use of any processiog agent that way have & deleterioua effect on the
Finighed product 1s prohibited.

¢, Mnensional Regulrementa
The component parts shall be mapufactured in accordance with the

dimensional specifications set forth on Alco Drawings listed in Bection VIIT.
D. Finizh Bequirements

All machined surfaces in contact with the coclant shall have a finish
of at least 125 RMS except whers pnoted on the drawlngs. Rolled surfaces shall
have a gurface finish of at least 50 RM3.

B. Qualification of Fabrication Procedure

1. Introduetion - Quallty control of the fuel elements Is primarily
attained by rigid adherence to proven fabricaticn procedures. Thus, specifica-
tiona for the stationary fusl elements cannct be preparsd along the linea
nomelly used for industrial products, in vhich quality is assured by non-
degtructive inspection to imdustry-wlde standards. Consequently, the fueld
elemert manufacturer will be required to qualify the fabrication procedure
which 1 to be employed in the fabrication of the staticnary fusl slements.

2. Method of Qualification - Qualificsation shall be performed by
gubjecting six sample fuel plates to the testa outlined in h-g .~ h-i of this
gectlion. Approval of gqualification shall be glven by the Contractlng Agency
or its authorized representative vhen 1t has been demonstrated to the satis-
racticn cf: the Contracting Agency or its authorized representative that the
requirements of b-a — L-1 have been met.

3. Preparation of Qualification Samplea - The slx sample fuel plates
shall be prepared in conformance with the exact and complete fabrication proce-
durs which i1s propused to be used in the manufacture of the statiocnary fusl
elaments, Depleted wranium oxide, ldentical in swvery respect with the
material to be used in the statlonsry fuel elements except ln enrlchmwent,
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shall be used in the sample fusl f-latea'- The sampls fuel plates shall be
gubjJected to the maximm mmber of exactly duplicated high-temperaturs
treatments which will be encountered in the proposed procedure for fabrication
of completed fuel elements. _Apprﬁml of q_u&l}‘.fi-::‘atinn mast be obtained prior
to inception of manufacture of enriched Tuel plates unled? otherwise specifs
1cally authorized hy the Contracting Agency or its suthorized representatiie..
Approval by the Contracting Agency or Lts authorized representative of the
prucedure &5 used in establishing guellfication or of sny modification thereof
will nok 'relieve_ the manufacturer of any responsibility for any phase of the
fabrication of the stationary fuel elements or for conformlty to specification
regqulrements. -
L. Tests for qualification ~
a. Visual Inspection. .

The six sample fuel plates shall be inspected for over-all
width, length, and thickness dimensiona -apd shall be: ingpscted for
plttingy surface c¢ondition, and finigh. The six sample fuel
plates shall meet all dimenalonal requirement'ﬁ..and shall not
exhibit any oxlde 'indentation's oT _pi_tﬂ over 0.001 in. deep,

. serateches over 0.001 :Lﬁ. desp, ﬂentsl over the core srea,
biigters, scale,or discreet color changes over the core area.
b. X-Ray Bxamination '

The six sample fuel plates shall then be X-rayed to delineate
the fuel-bearing core area and to reveal any fuel segregation and
volds or other internal defects.. The rediogiaphs shall be made
using proper technlgues with a fine-;graineﬂ fllm such as Bastman
"M", exposed and procesgsed to :rl-e‘l& a ganma density of 1.0 =1.25
nver the core area., The radiogrdphs shall be uged ag the basis of
nessuring core length, core width, and inactive edges and ends.

_The gamples shall meet all dimeénsional requlrements apd .shall
exhivlt o evidence. of fuel segregation, volds or other internal
defects. |
c. furface Contamination

The gix pemple:. fuel plates shall be subjected $o0 a smear teat

. on both sides of the fuel plates. Alpha counting of the abeorbing

- 16 -

o
(4.5
2
i
Tt
£

i



meterlial shall exhibit no evidence of contamination by fissionable
material.
d. Cled Sengitization and.Intergramlar Attack’

Some increase in ¢carbon content of the clad material must be
expected due to diffusion of carbon from the core materisl during
the various high-temparaturs trestments to which the fuel plates
are subjected. Experience has proven that ths relatively amall
increase In carbon content of the clad matarial causes no delete-
rious effect during reactar operation. However, it 1s mandatory
that ne additional carbon from external sources contamlnate
the cladding.

The degree of external carbon contaminetion can be evealuated by
tegting sampleg from the inastive poriion of the composiie fuel
plate. Two transvergse specimens of the full-plate width shall be
taken {one at each end) from sach of the six sample fuel plates
and gubjected to the Gtrauss Teat. The samples shall not exhibit
any evidence of cracking after bending 180 deg around a 1/8-in.-dia
pendrel nor evidence of gerious intergramnlar attack vhen examined
metallographically at 100X in the as-polished condition.

e. Homogeneity

If the six sample fusl platag exhibit safisfactory homogensity
as evidenced by examination of the X-ray filme, two of the gix
ehall ba further examined. Five miniature samples of full-plate
thickness, approximetely one square inch in ares, shall be ex=»
tracted from each of the twg fuel plates on a disgonal batwaen
core corpers and approwimately egquaily spaczed. These sampilss
shall be chemically analyzed for total uranium and boron contents,
and the results sxpressed on a welght par cent basis. For zach
of the twe plates, variation from location to location shall not
exceed one-half per cent of the uranium content and 20% of the
boron content.

f. Bend Intepgrity

Five transverze samples equally gpaced along the plate length

and three longltudinal samples from zach end equally spaced across
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the width shall be removed from two of the aix sample fuel
vlates. After proper preparaticon and electrolytic etching
with 5¢ chromic mcid reagent, the ssmples shall show no evidence
of leck of bord at the clad-freme interface or at the clad-core
interface uwpon metallogrephic examinaticn at 100 dlameters.
2. Clad-Core-(lad Thickness

The ten transverse samples used in "f" shall be mstallographi-
cally messured to determine clad-core-clad thickness. As messured
by filar micrometer, a1l of the thickness at all points in the
samples shall show compliance with specified thicknessas.
h. End Conditions

The twelve longitudinal samples used in "f" shall he examined
metallographically. These samples shell show no evidence of the
presence of core materlal in the inactive porticns as dimensionsdly
specified or of the presence of voide 8t the core-frame interface.
i. Puel Fragmentation and Stringering

Goe longitudinal sample &t leaet one-half inch long shall be
taken from tha core of each of four semple fusl pletes. When
examined metallographically, none of these samples shall exhibit
fragmentation and stringering greater than that illustrated in .
Fig. 5.

5. Confermance of Fabrication Frocedure = The exact procedure used
in fabricating the sample fuel plabss and which is propossd o be used in
fabricating the active fuel plates shall be furnished to the Combfracting
Agency or 1ts authorized representative at the conclusion of fabrication of
gualification plates and at least one week in advance of the request for
gpproval of gqualification., Unless othesrwise specifically authorized in
writing by the Contracting Agency or lts authorized representatlive, the
procedure used in fabricating the samnple fusl plates shall be strictly
adhered to in fabricating the fuel plates and the statlonary fuel slemsnts.

6. Iiaison and Inspecticn - Free entry shall be given to the
Contracting Agency or 1ts authorized representative to all sreas of the
manuracturer's plant et any time during the texrm of the contract for
fabricating the stationary fuel elements. The manufacturer shall provide
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all reasonable assistance, facllities and cocperstion to the Contracting
Agency or its authorized representative for detemmination of compliance with
specification or procedurs requirements or for inspection purposes as may he
required.

The Contracting Agency or lts authorized representaifve will main-
tain 1laigon with the manufacturer for the duration of the contract for the
folloving purposes: 1) to provide necessary and reasonable technical assia=
tance a5 mey be required; £) to inspect for compliance to the apecifications
&nd the spproved fabrication procedure. The Comtracting Agency or lte
aunthorlzed representative shall have the right at any time Quring the term
of the contract to reject any and 811 pleces, parts, componenhts, and products
which d0 not meet the requirements of the specifications,or which have not
heen fabricated in accordance with the approved procedure,or which fall in
any wey to meet any of the requlrements set forth in this document. Such
inspection shall not relieve the magpufacturer of any responsibility in any
Fhaze of fuel element fabricetion or furndshing.thereof.

T. Certification -~ Certification shall be furnished to the Contracting
Agency or ita authorized represantative that sl materisals used in the fabrica=-
tion and furnishing of the fuel elements ars in &ceordance with the require-
ments of these apecifications.
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VI. MANUFACTURIRG PROCEDURES

A, Ietroduction

. The flow of material in procsssing stationary fuel elements for the
APFR-1 is 1llustrated in the eimplified Alagram shown in Fig. 6. The cssential
operdtions required in processing are: 1) welghing of the component powder for
each individual fuel core, 2) preseing, sintering, esnd coining into a compact
of the required dimemsions, 3) encapsulzating the core within a welded billet,
%) eladding by rell bonding, 5) desealing of the hot-rollad plate, 6) eold
rolling to specified final thickness, 7) marking and sheering of the composites,
8) mechining to finished length and width dimensions, 9} flatten annealing, 10} as-
sembling and brazing, 11) inspection of brazed fuel element, 12) attaclment of
end edapters, and 13) final machining. After machining, the elements are de-
greaged and packaged for ghiyment to the reactor. These general procedures
and the more specific detaile, wvhich w1l he desecrihed later, repregent methods
developed and adopted by the Oak Ridge Natlonal laboratory. It is recoguized
that becsuse of differences inm equipment, other fabrieators may be required to
wadlfy scme oF the detalled procedurss to arrive at the same result. However,
the basic abjective of esch major step in the manufacturing process should be
waintained.

Tue to variations im equipment, procedure, or enviromment, 1t 1s
usually prudernt on the part of s potentiel fabricator to process test plates
and components containing depleted or normsl oxide  hefore hapdling enrichad
.material. Such test pletes end components are then subjected to & rigorous
ingpection, involving both destructive and non-destructive testing methods, to
determine whethsr or not chengss in equipment or procedure are required to meet
product standards.

B. Becords

It 15 necegsary ¢ maintein camplete fdemtification during menufae-
turing procese bacsuse of 1) mccountsbility of the fissionsble U-235 and burn-
ghle poigon B-10, 2) ssgregetion of relected material, amd 3) evalustion of the
fabricated plates subsequent to menufacturing.

Records of the following items are maintsained: 1) ldemtification of
each lot of Uﬂg received from the U{)E proceesing plant, 2) mester log contain-
ing camplete mamufacturing data for each plate, and.3) fuel element inspection
cerd of criticel dimenslons.
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£, Fuel Qore Manufactyurs

1. Celeulntions - The fuel, burnable polron, aild matrix powdersz are
epecified 1o terme of grams of uraniw-235, Boron-10, apd stdinless steel.
fince the fuel is used ip the form of '[Iii]l-2 and the burnable poisonm in the
form of natural th’ it i3 neceasary to determine by calculation the quapti-
tice of thepe materials which are to be incorporated into each core. Each
batch of ap-received UEE is aegeayed for total wraniwm content as well as for
lsotepic concentration of wranduwm-235, Likewise, the concentration of horon
in the= boren carbide is accurstely determined. HNetural boren contalnpe &
constant 18.09 wt % of B-10, end, therefore, 1t is not oeesssary to analyze
the boron carbide for isotopic concentration of beron-10.

Sample calewlsticns (llustrating the method utilized in deter-

mining the raguired quantities of WD, and Bh': in sach fusl plate are listed

2
halow,

wt ¢ U-235 in U 93.07
wt % U in UD 87.63
wt 4§ B-10 i:ﬁaN 18.09
vt % B in B( 75:9

g U-235 perkplate 28,62
g of B-10 per plate 0.02581

b, Determination of grams of U0, per plate:

2
Grems of U0, = 28.62 (g U-235) =35-03
87.63 (vt 9 U in UDE} X 93.07 (wt % U-235 1in ¥)
100 100

c. Peitermina®ion of grams of BIF per plate:

.
Grame of B.C = 0.00581 (g B-1G) = 0.18§
75.9 (wt % B in B’hﬂ} x 18.09 (vt % B-10 1b BH)

100 100

As might he expected, the fipsl depsity or the dshsificaticn factor
measured denmzity .
(thecretical d.ens:lt:.rJ of the gs=fabricated core naterial has & significant effect
oo the charge of stainless steel powder required to meet dimensiopal specificas

tioms in the finished eccmpozite plate. This factor has been determined to be
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0.93 for the specific equipment and processing methods employed at the Oak
Ridge Fational Laboratory. However, any major chanﬁe 1o equipment or procedurs
will probably ehift this factor; and ﬁnﬂgr guch circumstances, it will be
necessary to alter the grams of steinless steel required in the material charge
for the fuel coapact. Aoy proposed change in steinless steel content of the
core for this Or other reasons necessitates a_corrEﬁpﬂnﬂing_changﬁ in the
boren-10 requirements.  This relationéhip 15 shown graphicelly in Flg. 7.

2., Weighing of Component Powdsrs - The component powdere for each
individual core are separately weighed and combined in a single blending jar.
With the excepbion of possible losses ﬂuriné.suhsequnnt pressing and sintering
uperatibns; thie method offers accurats accounting of the crlticel ingredients,
=235 and B-10, in sach fuel .cﬂi_’e within the limits of the accuracy of the
weighing balance,. Boron . carblde 15 the first material losded intc the blending
Jar, and 1s followed by the stainiess steel and finslly the uwranium dioxide.

This sequence permits the boron cArbide and stainless steel powders to be
handiled in a conventionsl manner, this aliminating the inconvenience of weighing
these materials within a dry box as is required Guring hendling of finely
divided I]’UE+ During processlng, ten jars are handled as a nnit cperation and
the individual weighing procedures are as follows:
a. Weighing of the Boron .Ehrbiria _
The 'I:burnla.ble poiscn 1n the form of ‘Bh.c is weighed to an
- accuracy of at l=ast 0. 3i on B Gram-matic balsnes of 200 g -
capacity. A% in. x % in. sheet of glazed paper with glazed .
side up and of known weight 18 placed on the pan. The burn- -_
‘able polson is added to the paper and accurately weighed. The
matsrlal 18 then poured into a clean, wide=mputh, gless jar
of 4-oz capacity. A camel’s hair brush is used to brush any
remaining particles of th,intn the Jar, which is then Eapped;

b, Welghing of the Stainless Steel Powder
The stainless stesl is welghed in .exactly the sgme manner lis
the burnable poison, with the exception that an analytical
belance iz used. The powder is weighed to a tolerance of #0.01%.
It is then transaferred to a blending Jar containing the pre-
viﬂﬁsl:,r weighed burnable polson. The jar is immedlately .-
recapped.

- 2 -
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e, Haighlng c-f UDE
Welghing of the figeile cmpuu.ud is accomplishad within a
protective box in which the atmusphere iz under a s1ight
negative pressure. The esquipment is iJlustrated in Fig. 8.

. Gloves are a?c-td.ell‘ied ta the.parta ghown and the hood connescted
to an exhaust system. The sids port permits access to the
interior, and the dry box is designed to accamodate a bateh
‘of ten jers or more. Thel box 1 equipped with g triple-besm
balance of 100 g capacity, on which the Uy cen be weighed with
an accuracy of *0,03%. The required gquantity of U0, for one fmel
core iz weighed directly on the stale pan of the triple-beam
balance uslhg a scoopuls for fine a:li:pustment. of fuel guantity.
The specified weight of fuel is added to the jar containing the -
boron carbide and stainless steel powders. The jar ic then
cspped and placed on the right or exit side.

These operatiome are repeated until the lot of ten Jard has besn
Filled, at Hhi::fh tinme they aré withdrawn through the right side port. After
removal from 't.he dry box, the joint between the cap snd the jar is sealed with
masking tape. The UO, lot mmber is then marked on each jar, and they are .
plar:ed in » tranafer box for removel to the blending area. When the supply Df
UGE remaining in the dry box is insufficient for ten cores, it is set aside
for later use in mmaller lots. _

3. Elending - The powders are blended in order to obtain a hamogeneous
mixture of fuel, poison, snd metrix material. A modified U. S. Stoneware
Campany Double (Cone’ Rlender, Model T33, is used. Tpe blender cones are re-
pleced by a pair of two-fuart steel cans mounted .on the motor shaft at an angle
of 30 deg with the verticel. Tem jars, each containing the specified guantities
of UGE_, Bht‘.', and stalnless steel, are losded into cach can with sufficient
padding to prevent breskage of the Jars during the blending cperation. The
cans are rotated at this oblique sngle for two houre, sfter ‘which the jars are
removed and uncapped. Approximately 0.1 g (fve squirts with & hand atomizer)
of E F. dbdecyl or lauryl slechol is n:d.d.ed to each jar. The jars are recapped,
reseu.'l.ed wit.h masking tape, aod blended for another hour.

L, Cold Pressing of the Core Ingredients - The firgt operation in
shaping the blended yowders into a campagt suitable for ansemhling into a fuel
plete billet iz to cold prees into s Tgreen" coampact, The presa used is a 150

- 26 -



Fig. 8 (Y-13060) Dry Box Containing Equipment for Weighing Enriched UO, FPowder.
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ton Baldwin press with a Vickers hydraulic control system vhich allows
variable ram movement. The press has two rams, an upper fixed ram extepding
downr from the top crossplece and & lower ram which is movable. 0o the top of
the lover movable ram is fastened a large platen, on which is placed the die
eet and dry box. The die set, illuatratied in Fig, 9, consiste of 2 fomale E'ie,
8 ppring mounted to the moveble ram, end & die punch and filler block. The
bottor of the die punch contacts the moveble rem, while the top of the filler
btlock, inzerted into the die cavity after the powder, comtects the stetionary
rEm.

Bince pressing of the hlendied powders agpin iovolves handling
finely divided UDE, hooding is mecessary to prevent human intaks of airborne
activity by ingestion or lohalation., Flgare 10 illuatrates the dry box con-
teining the pressing dies. The top of the hox, nok shown, is designed with
a hole in the widdle complete with rdhber gasket which moves =long the sta-
tionery ram wlthout excessive leakapge.

Ten blending Jars copmtaining the blended powders, a camsl's halr
brueh, & scocpule, end 2 bottle of 10 vt % ¢. P. Stearic acld -$0 wt % carbon
tetrachloride die lubricant are inserted imto the pressing hox. Iy working
through the glove portey stripes of lubricant for each die charge are applied
with the 1/%-in. cemel's heir brush around the top of the dle cavity and the
lower sides of the filler block., The die foce iz occaslonally Luwbriested if
it becomes roughened to the extent that the preesed core adberes to 1t. The
powder is poured from & blending jar intc the die cavity. The Jar is brushed
thoroughly with & camelYs heir brush to insure complete transfer of all
povders. Ooee the core materiel hes heen loaded into the dle, it 1a leveled
with & Bcoopula. The £f1ller block is inserted into the die and the lower
ram then raised until the die ineert contacts the statlonary ram. The
blended powders ETe pressed at 33 tsl pressure (approximately 142 t total
pressure) for 15 sec to a thickness of epproximately C.310 in. The filler
block is removed end the Zwesn compact ejected Ty elevating the die punch
with the hand lever. After ten charges heve been pressed, the compects are
losded into a staipnless steel trensfer box which Is closed and removed from

the dry hox. A record of the UUE lot nmber is malntalned.

5. Bintering of Green Compéacts - The sintering operation 1s carried ot

in 8 G. E. 20~kw leboretory molybdenum-wound furnace equipped with & 3-io,
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Fig. 10 (Y-13031) Dry Box Arrangement Utilized During Pressing of Powder Blends
Containing Enriched UGE Powder.
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dia Inconel muffle. Thirty-six inches of the muffle extends beyond the
furnace and &cts &5 a cooling chamber. The aintering temperature is 2150°F.
Tniformity of temperature alomg the length of compacts is held to *25°F. Pry
hydrogen with & dew point of «60°F, as measured by an Almor Dswpointer at the
gas iplet, is used &3 etmosphere in the muffle. HAydrogen Flov required for
this size muffle ie epproximstely 20 ¢fH under steafy-gtate conditions, al-
though the gas flow iz ineressed when the muffle Aocor 1s opened during insers
ticn or removal of compacts. The ar-sintered compacts do not exhibit any
evidense of oxide formation.

The green compacte &re placed in & sinteripg boat conatructed of
type 316 stainless stesl formed into the shape of an "H' The crosshar be-
tween the two verticsl sides 3s 2-1/2 in. wide x 1& in. long, and ie located
approximately 1/2 in. ahove the bottom of the legs. A pilace of type 304,
stainless steel, heavy-giuge Ro. 1Z2-mesh sBereen 1s placed upon this eross har.
Five compacts are posiiioned end to end or this sereen, aml & second screen
ie 12id over the campacts to allow stecking of a second layer of five cores.
The escreen permite access of hydrogen ges to all surfaces of the ccmpacts.

The eintering hoet conteining the ten compacts 13 inserted im the
furnace at 2150°F and the syetem ig purged with hydrogen. The compacts remain
at 2150°F for 1-1/4 hr, The boat is moved to the cooling chamber, allowed to
cool to 450°F under the hydrogen stmosphere, removed fram the muffle, and air-
cocled to room temperature, The cores are placed it & covered stainless steel
transfer box end moved to the press for coining. A record of U0, lot mimber
ie maintained.

6. Coining of Sintered Compacts - The shrimkage encountered during
cintering makes it convenient for reipsertion of the compeet Into the same
die’ set for coining.. After carefully loading, the sintersd compacts are
preseed under a pressure of. 33 toi for 15 sec to cbtain desireble dimensions and
improved dsosification. The colped compecis are ejected from the die and
removed from the éry box. FRecolning 1 sometimes required vhen the coined
compacts are thicker than .gpecified.

7. Inspection - Since it is pecessary to prediet the U-235 content
of the subsequently manufectured fuel element within one grem, it ie desireble
to wedgh the compacts at the campletion of fuel core preocesaipg. PBecause of
uncertain losses due to reduction of metal owddas by hydroger during sintering,
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it is not practlical to consider welght losses of the compact after this
operation. The handling loeses are, therefore, determined prior tc loading
the compacte for sintering. A welght devietion of more than 0.25 g from the
charged weight for esch core is the basis for rejection. If the average
deviation of the scceptable core fram & batch exceeds fthls amount the cores
are individually weighed for acceptence or rejection. Compacts with obvicus
chipe and Flaws, of courss, are weighed individuslly and not inciwded in
the betch weighing., After gintering, the conpects gre usually exsmined to
determine whether any obvicus chipping or spelleting has occurred during
the handling required for sintering.

The specified thicknese after coining is 0.278  0.002 in. and
the dimension is measured with & picrcmeter. Length &hd widith dimenzioms
are esgtabliched by die deasigm.

8. Core Stormge - Fach meceptable lot of ten cores is wrapped in
paper. These packages are marksd with a ug,, lot mumber which allows positive
identificaticn for ancountability. The cores are held in an ordinary desic-
cator if storage ie less than 48 hr. If s storage time of more than L8 hr
ies requirad, s vacuum desicecator 15 used. A maximm of eighty cores iz
alloved in any ocne desicestor.

L. Billet Ageembly

1. Material Preparstion -~As illustrated in Fig. 11, each fuel plate
billet requires two cover plates and one picture freme in addition to & fuel
core. {over plates are fabriceted from 0.07B<in. t 0.005-in. stainlees steel
sheet which is ¢o0ld rolled to & thicknese of 0.065 in. t 0.001 in. Cover
platee are sheared to 4-7/16 in. x 4-1/2 in. t£ 1/16 in. in size. Recommended
practice for economical use of material 1s to reduce 9-in. x 36-in. stripe of
0.078-1in. sheet to 0.085-in. thickness before final shearing.

Ficture frames are fabricated from 5/18-in. stainiess steel plate
which 1s cold rolled to 0.280 in. £ 0.002 in. Ficture frames are also sheared
to b-7/18 in. x L=1/2 in. % 1/16 in. in size. Recaomended practice 1s tc?
cross roll 18-in. squares of the 5/16-in. plate to ©.2080-in. thickness before
final shearing. A core hole, 1.856 in. x 2.430 in. with 1/8-in. corner radius,
iz then punched from the cemter of the picture frame. The blenking die .
assembly employed for this operation is illustrated in Fig. 12.
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Fig. 11 Fxploded View of Composite APPE-1l Fuel Flate Frior to Hot Rolling.
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2. Assembly and Welding of Billete - Immediately prior %o blllet
sspembly, both surfaces .of the picture frame and the surfaces of the .-:-m,cer'
"plates which contact the picture freme are thoroughly. cleened by seratch
brushing with a power-driven stainlesd steel brush. _

The billet is assembled by inserting a fuel cove into the hole
.of the picture frame and placing cover plates on the top and bottam to fomm
a sandwich. One cutside pdge of one cover plete parallel to the long side
. of the core is marked with a greaze pencil for later -identification. The
cover plates are immediately resistance spot welded to the pleture frame.
Four 1/4-in.-dia welds are placed 1/2 in. in from the edge of the billet at
the center of each pide. A 25-KVA Besistance HWelder Corporation Model,
T-52991 spot-welding machine is used.

The cover plates ars aleo welded te the picture freme plate by
the tungsten inert gas method. The cbject of the welding is to prevent
poselible shifting of thé billet components during _ini't.ial hot-rolling
operations, so that only 2 seal weld ie required, The four corners are .
left unwelded for a nomioal distance of 1/4 in. $o permit eecape of en-
trapped air and/or hydrogen during the initisl hot passes through the hot-
roliling mill. A small projection or "bump" is welded to the center of the
edge marked with the grease pencll by adding 18-8 filler wmetal. This pro-
Jection _id.éntifie‘s‘ the rolling Girection and is perpendicu.lar to the 2.h-1n.
width dimeneion of the core. ' _ _ '

Billets which are not processed immedistely are stored in &
vacuur desiccator to prevent oxidstion. Security,, cfiﬁicalit:,r, ard eccounte- -
pility regulations dictate careful control during storage. Ordinarily, the .
billets az well as fabricated plates are stored in & locl_sed safe betweeh'
procepsing pericde. The shelves of the safe are lined with cadmium, The.
maximum mamber of plates that may be stacked In one pile on a slelfl s
thirty. Minlmum separation distance of piles on shelves is four inches. -

E. Composite Plate Fabrication o
1. Hoth Rolling - The assembled and welded billets are hot Tolled -
to & thickness of 0.040 in. % 0.002 in. on a two-high mill provided with
rolles 2i=in. dla x 30-in. wide. . -

The' billets are hot rolled in lots of four. Eowever, the lot

slze 15 determined by th'el'niﬁize of the muffle available for heating the

-
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billets. 4 furnece capable of maintaining 2100°F £25°F gver a muffle
length of &t least 32 in. is recommendsd. The mnfTile iz purged fron the
rear with hydrogen gas with a dew point of leés than -50°F, as measured at
the inlet. A flow rAate of 290 ¢fh 15 genermlly ueed.

The tilléts are heated to 2i00°F for at lesst 20 min prior to
the first pass, and are reheated_fur'at'le;st two minutes between subseguant
pasges. A gecond lot of billets 1B ihtrﬂduced into the furnace for pre=
heating gftar the sixth mill pess of the‘prﬁceding plates to allow continuous
rolling. After the final Pase, the blllets are replacad in the muffle for a
Tive-minute annegl, amd are then &ir coolad.

On ell hillatsj the eide marked by the weld projection or bump
is gripped in tonge eo that the opposite edge can be entered into the rolls
on the firet pass. The billets are rototed about their longitudinal and
tTansVeTEE AXeS hety!én pe8ses. The hot rolling is ﬁsrfnnmei_in Approxi=
metely ten passes in the following order:

2 pueses at . 10% reduction
1 pass at 20% reduction
Y4 passes at bo% reduction
2 passes at 30% reduction
1 pass at 204 reduction

Additicnal passes sre made, ms required, to-roll to 0.040 1n. &
.002 in. The plate thickneege is measured with a micrumeter nesr the eml of
.the fahrinatinn schedule to Juﬂgﬁ the actnal thickness uf the hot-rolled
plate.

The.plates are trivmed in length at both .ends by hot shearing
during the hot-rolling cperation, usually after the gixth and eight passes.
The dispersion-type core can be delineated fram the wrought stainless steel
ends by a difference in heat color. A minimum-of four inches of inactive
materisal remaine after trimming.

Breclial care is exerciged during rolling to minimize cambering
or "rainbowing™ of the plstes which tends to decrease the amount of stain;
lese:steel at the inactive edge and if severes in nature may be cause for
rejecticn. This convex-concave deformation of the plate may possibly be
corrected, depending on eeverity, by inserting the plate through the mill
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gt & slight sngle. OGross reinbowing occurring during the hot rolling
cperation, or during the initisl steges of cold rolling, ususlly caaonct
e corrected. A level mill and proper feeding are recommended to ciroums
vant this difficulty.

After cooling =nd prior to flucroscopic exemivation, the hot
rolled plates are numbered coneecutively sterting with "1" for the first
plate processed. Mub2rd, cme-half inch high, are stamped in the lnactlve
gection at either end near the edge of the plete. Each nwber iz entered
ioto the log.

2. Fluoroscopic Examination - The plates are fluoroscoped to delin-
eate the fuel core. A4 175-KVF machine i recommended. A template, illus-
trated io Fig. 13, is used to scribe locating lines for shearing. The
template is constructed to locate scribe linee 1/2 in. beyond the sides of
the fuel core and 2-3/% in. beyond the ends, for either lomg or short plates.
The temwplete 1s centered over the core hefore the scribe lines are made. The
fuel plete mmber is then restamped with the same stamps previously used and
at a location Just inside the seribe 1line at the same end of the plete. A
good impresslon is recamended to assure retention of idsntificetion through-
out subsequent processing., The as-sheared scribed dimensions of the plate
are 3=1,/2 in. x 22 1in.

After shearing, the hot rolisd plates are pickled ian a 15%
EHDS-% HF aguecus soluticn until a1) scale 16 removed. The cleaned plates
are thoroughly washed to remove 2ll traces of acid.

3. Cold Rolling - The fuel pleies are cold rolied to & final thick-
ness of 0.030 im. ¢ 0.001 in. Reduction per pass doeg not exesed 0.001 in.

A Bliss four-high rolling mill with work rolls S-in. dda x 14 im.
wide iz used. In order to minimize surface contamination of tiw fuel plates,
these rolls are free of radicactive materisl. ILevel rolls epd acouracy in
gleveting and indlcating mechard sme are recomrended.. The roll faces are
well lubricated At A1l times. The entering ends of plates are dipped 1oto
SAE-~20 0ll sz required before insertion.

The fuel piates are hendled in lots of twenty. At each mill
setting, the thickness iz measured over the core for the first ome or iwo
plates. No puides are used in rolling, but straightnegs 1s meintained by
nontionally checking against a straightedgs. Deviation Ifrom strelghtness
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{reirbowieg) usually can be corrected i1f cbserved at an early stage by
insertion of the plate on the next pass et & slipght angle.

From thickness in the renges of 0.03L im, — 0.032 in., fuel plabes
are rolled individusally to fipal thickness 1o ope to four passes. Plate
thickness at locations sbove the section comteinding the fuel core is measured
after each pess. ATter the specified thickness hse bheen attalned, the plates
are degressed in & vapor degreaser o remove lubricating oil.

Every 25th plate is radiographed %o determine the reproducibility
of the process with respect t¢ homogensity of the UDE.

4. Fluoroscopic Fyamination and Marking - After cold rolling, the
rfuel plates are agein fluoroscoped for delineation of the core area., A
175=KVF machine ‘is recomended. The tenplete used for both long and short
fuel plates is 1llustrated in Fig. 1%, It is slotted at the ends to deter-
mine whether cr not the core length lies within the minimum anhd maximum eore
length dimensions. The side slots sre spaced to evaluste whether or not the
firal fuel core width 15 withir tolersance, and to determine that a sufficient
width of ateinless steel edging is present along the entire length of the
plate. The core ic centrally located within the template length limits and
with respmct 1o the side slots. Short plate lengthe are seribed from the
inner end of the templste. Iong plate lengths are scribed from the outer
end of the template. The inper widih of the templsate for geribing allows A
sheared plate width spproximately 0.0680 in. wider than the finsl-mpchined
width. EHowever, only one side is seribed, since sufficlently asccurate shear-
ing of the plete widih cén bhe cbtained by using & flxed reference stop ..
on the eghear bed.

Prior to shearing, the fuel plate mmber 1s inascribed with a
Burgsss Vibro tool in mmbers about 3/8 in. high at the plate epd inside
the seribed line. The mugber ig locsted far epough om elther side of the
center line to prevent chbetructien by combs located ai the plate ends during
asgambling of the fuel 2lement for bruzing.

5. Shearing - The seribed long side is gheared firs€. Using stops
ot the shear et a2 fixed reference, the other long side ie sheared to yleld m
plate width of 2-15/16 in. # 0.010 in. The ends of the plates are then
sheared from the seribe lines to lemgths of 23-.1/8 in. # 1/16 in. and
27-1/8 in. £ 1/16 in. for short end long plates, respectively.
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6. Machining - The fuel plates are machined to final dimensions on
a horizontal milliog machine. The usuval lot size for hendling is tweoty-five.
A jie with top and base plates 0.009 in. less in size then the nompinel fuel
ylate width of 2.788 in., and with remcvable loceting brackets, is used o
align the plates. The base plate iz securely clamped to the milling machine
table after proper location. Aluminum cushion plates, 1/8 in. thick, with
the seme dimensions of the sheared composites are placed on the top and bottom
of the 1ot of pletes in the Jig. The plates sre aligned securely againet the
locating hrackets on one side of the Jig. The fop plate 1s posltiomed and
holted securely et each end through the bese plate to the milling meachine
table. The Allen screws are then tightened to obtein uniform preesure slong
the length of the fuel platea. The loceting breckets gre removed,

The plds edges of the fuel plates ere straddle milled. Two
8-in.-die staggered-tooth willing cutters ere correctly spaced for straddle
cutting to finished fuel plate width of 2.770 in. % 0.002 in.

The epds are then milied on & verticel milliing wachine using &
Yein.=long slde-cutting mill. The lot of plates ie clamped to the table
over & block. An effort is made to remove sgual samounts of stainless steel
from each end of the fuel plates. Final lengths are 23 in. * 1/64 in. apd
27 + 1/6h4 in. for short ard long plates, respeciively.

After degreaszing in & veEpor degreager, the machined e=dgez of the
fuel plates are lightly deburred by bhand-Tiling. B8pecinl ocare iz teken to
prevent rouniing of the edges.

7. Ingpection = The fuel plate dimensicons specified in Fig. 15 are
given a fipal ipspection by fluoroscopy on & 175-EVP machine. The final
inspection templatee, showm in Figs. 16 and 17, are constructed om the go,
no-go principle. Minimm core width of 2.500 in. spd maximm width of
2,578 in., as well as insctive edge winimm snd meximm widths, are ina
gpected with thiz template. Width inspection slots are spacsd 2.500 in.
epart and are 0.039 in. wide. The width between the cuter edge of the slot
and the edge of the template iz 0.200 In. Tength ingpection slote are
spacsd to determine whether or mot the core length lies within the 21-in.
niniwee and 22-1/2-in. maximm specified.

Fuel plates that fail this Iingpection are radicgraphed. Core
length, core width, and width of inactlive etainless steel edging are
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measured directly frow the X-rey f1lm. Flates which do pot meet dimensicnal
requirements are rejected. The surfaces of the fuel pletes alsc are inspected
for defects. Oxide indentatione, pite, snd scratches desper than 0.001 in.
are cause for rejection. Dents, bLlisters, snd discrete color changes on the
surface are also cause for rejectiom.

F. Flatten Anncaling of Machiped Fuel Plates

To facilltate assembling of the fuel plates into an srray and to
meet plate spacing dimensicos in the brazed fuel unii, it ie necessary that
the composite plates be flat and fully annealed. The flsttening and emmesling
is sccompllsbed in one operation. Accepted fuel plates are degreased in e
vapor Jegreaser prior to snnealing. lot size for flatten esnnezling 1s twenty-
five fuel plates.

Bach plate is covered on one side with a thin coet of & mixture
cantaining one part by volume of Fisher 5F Precisicnite levigated slumina
and ten parts of water. 4 three~jinch camel®s halr brush is used to apply an
even coating. The coated fuel pletes sre sllowed to dry for a% lesst 1% min.

As Illustrated in Fig. 18, a jig cowposed of two platens for
clamping the fuel plates together iz used for this operatiom. Twenty-five
fuel plates are stacked together with the coated side adjacent to the un-
coated alde. The stack 1s placed betwesn the pletene, and the clamping
bolte are firmly tightensd. The loaded assembly is dried in an oven st
330°F for a minimm of 16 hr,

The ammealing temperature i1s 2100°F * 25°F and the somealing
acccmplished within An Inconel muffle inserited 1o a Sf=kw (3lchar furnace.
The muffle has a cross gectional dimension of 7 in. x % in. apd 18 6 ft
in length. BPright apnealing of the plates is obtalped under 2 purge of
dry hydrogen with & dew polnt of -80°F, as mezsured by an Alnor Dew-
pointer at the furnace inlet.

Furnace temperature at insertion of the loaded platen assembly
ordinarily does not excead S5T0°F. The muffle ieg purged with helium prior
to insertion af the plates apd during the period of heating between 5T0°F
and 1200°F, The ftemperature is raised to 1200°F at A& rate not exceeding
S40°F per hour. At 1200°F the heiium atmosphere ig replaced by hydrogen.

A flow rate sufficient to bright amneal stainlese steel is recommended;
240 ofh 1s used generally. The temperature is raised to 210C°F at a rate
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of approximately S4LO°F per hour. The plates are held et 2100°F for two
hours, snd thea furnacs cooled te ST70"F. At this tempersture, the hydrogen
atmosphere 1s replaced with & helium puwrge. The asserbly ia then removed
from the muffle and air cogl=d. After disassembly, the fuel plates are
acrubbed under flowing water to remove the coatipg of alumins. Care is
gxerted in this scrubbing treatment to prevent ddstortiom of the fusl pletes.
The fuel plates are then elither air or oven driled. The surfaces of the fusl
plates agaln are inspected for defects and accepted plates are storsd in a
gafe, Oxdde indentationz, pits, and scratches deeper than 0.001 in. are
cause for rejection. Dents, blisters, and discrete color changes oo the
gurface are glso cause for relection.
G. Memufacture of Side Plates end Combs
1. 5ida Flaten =
a. Machining
The side plates are machined from 0.05%0 in., * 0.003 in. etaine-
less steel sheet stock, sheared to 27=-1/% in. x 3-1/4 in. £ 1/16
in. in size. ZFach platé 1s deburred with 8 flle after shesring.
A stack of twenty plates 1s sapndwiched between two pleces of
1/Bain.-thick eluminum sheet of approximate eide plate dimen-
sions to prevent distortion of the side plates during the mil-
ling operatlion. The aszembly iz téble=clamped lengthwlise and
straddle milled on a horizontal milling machine. Two O=in.-dia
staggered=tooth steel cutters rotating at approxdimetely 20 rpm
with a 1/2-in./min feed are used to mill the stack of plates to
final width in one pesa. The asserhly iz then transgferred to s
vertiral milling machine, and machined to the proper length with
& side cutting mill rotating at 150 rpm with A l-in./min feed.
Dimensicnal requirements are specified on Alco Dyawing DS~13-201h,
Eech side plate is completely deburred with a file to insure a
good grip by the vaecwmm chuek anployed durlog the grooving operas=
tion. The chuck ie 36 in. x 12 in. with vacuum holes on 1/2-1n.
centerg. Holes not covered by the side plate are covered with
two laysrz of heavy mesking tape. The vacuum for the chuoek is

supplied by a large industrial wacuum cleaner.
Imricg the grooving operation the eighteen grooves par plate
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are cut in one pass or & horizoatal milling machine using
3-in..dia x 0.034-in.-thick earbida-tipped slitting-saw
blades. BSpeclal enre L2 axercised in ostabllshing the
location of the saw blades on the mechine arbor to insure that
the dimensions between grooves and edges of the zide plates ars
correct. The cutters rotate at 60 rpm with a feed of about
1-5/B-in. /min. A heavy sulphur-base cutting oil is used for
Tubrication.
b. Thepection

Subeequent to mechining and grooving, the plates are degreased
and each plate dimensionslly inspected. The plate groove depths
are determined either by geuge wire with a micrameter or-by a
thiz roller attached to & dial indieator. The groove separations
are measured with 2 mierdmeter frdan plates inserted io the
grooves or with a diae type miércmeter. All dimensions must
fall within the tolerances specified on Alco Drawing DO-13-2014,
¢. Platten Amnmealing

Flatten annealing of the side plates iz reguired to relieve
the gtresses which ¢cour during the grooving operaticn. The side
Flates are snnealed in & manneyr identical to that uwsed- in anneal-
ing the fuel plates described in Bection D with the following
exceptions:

I. The individual side plates are separated by 0.030-in.-thick,

type 30LL stainless steel shim stock.

- 2. The elumina nixture is applied to bhoth sides of the shim

stock., The side plates are not coated because of the
difficulty in removing the alumina from the grooves.
3. A'maxdmmm of fifteen zids plates are stacked with the
alurlins-coeted shims between each plate.
Conbg -
a, Machining
The' cambs, shown om Alco Drawing D9-13-201%, are mede from
0.050-in. # 0.003-ix.-thick ateinleds steel sheet sheared to
3 in. x 1 in. &£ 1/16 in. Stock is ueually selevted from
trimmings remaining fram side plate shearing. The lengih is

-~ b7 -

T

CSbh

47
=1




milled to final size. The width is milled 1/4 in. oversize to

provide sufficient stock for holding during the slotting opera-

tion. Blotting of the combs ie performed oo & horizontal mil-

ling machine with & high-speed steel serew-slotting cutter ro-

tating at 60 rpm with & 1/8-in./min feed. A group of fifteen

to twenty ombs is held by the excess matérial op the width in

a precision vlse mounted oo the table of & milling machine. PBach

slot is machined individually. After copplete 'sletting, the

' pleces are: mmmtéfﬁ. in & precision vise sod are machioed oo &

shaper to rembve the exﬁe‘ss width stock.

. Inspection: '

' Bach canb is dimensicnally inspected. The comb groove width
and location are checked in the same manner as the side plates.

The 11_5“12[51‘»]1; width, and thicknesz of the combs are checked with

‘conventliohal micrometers. Cowbe not meeting 'ﬁhe dimengicnal

' tolersaces specified on Alco Drawing DE;lB-EDllr are rejected.

Fbllﬁwiné; Anspection, the combs.are vapor degreased and stored

for future use,

H. Assembly of Fuel Unit -

'1. Brazing Jig - A combdination esseiibly and brazing jig is utilized
for asgerbling the fuel pll.a:te's, ‘#ide plates, and ccmbs inkoe a fuel assembly.
Any type of 300-series stainless steel with expansion chardcteristics approx-
imating that of 304L steinless Lg:sdtisfactory asg the Jig material.

Az shovn in Pig. 19, the baze plate of the lig {5 male from ons- -
inch stock to which longitudinal bottom gkide are gttached,  Five "U" shaped
supprc.'f-rtb are located 1o & shallow groove machined in the baseplate and are
attached to the-baseplate by mesans of dowel ping and screws, To &llow for
flexibility in assembly, the inside dimension of the U™ supports is approx-
inetely Q. 100 in. . larger than 't.he acteal finished width. of the 'I}razeﬂ. i
assewbly. A shim plate betwean ga.c.h side of the ™I" support and-the respec-
tive side plate cumpeusates .fa.::-r the gap. 'The thicknéess of the shims used
in sssembling an individuel fusl'asséubly 15 determined prior to asseiibling.
A ssmplé ¢aleulmtion 1s shown on the following page.
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Fig. 19

(v-25949) Components for Brazing APPR Fuel Element Assembly.




Inside dimension of brazing jig "U" supports: 2,940 in.

Fuel plate width: 2,778 in,
Side plate thickness
(meagured frow base of grooves): 0.025 in.

Fraze metal clesrsnce
(mezgured from bottowm of side plate grooves to
edge of inserted fusl plate): . 0,005 inm.

Total

Shim Thickress = a8 -(b+2¢+24)

2.940 in. -[2.778 ia. + 2(0.025 in.) + 2(0.005 in.)]
0.102 im. '

With & total calculsted shim thickness of 0,102 in., 0.051-in,
shims or 8 conbimatica, such eg 0.050-im. spd 0.052-in. Hhi‘ms; ars nged,

A rembvable combh holder io loceted by two dowel pins at one end
of the 1ig and attached to the hoge plate with mechine serews. Thiz holder
1z uesed only during a.sseiubl;l_.r grnd is yemoved prior to insertion of the Jig
and the fuel plate asseubly into the brazing furnsce, '

. Prodedure - Immedintely prior to.assembly, the surfaces of the
fuel plates are inspeeted as previcusly deberibed im Seetiom C-7.

&. The .cize of the shims 1o be used is determined.

b.. The two sélected shim plates are then positioned; one

against each side of the - "U" upripghte.

. Twe glde pletes, with grooved eider fecing eech other, are
placed adjecent to the shim plates and poeitioned snug against
the mounting :'plate' of the comb holder. A scrap plece of stain-
less steel sheet stock is inserted to hold the aide plates flat
againet the Jig supports. K
4. A loog fuel plate is inserted frow the open end of the jig
jnto the bottem groove of the side plates and positioned snugly
against the mounting plate of the coumb holder. |
.. The jig is tilted sbout the horlzonial axis to fecilitate
plﬂ:in'g of the brage metal, cement, and gtop-off. Thie is
.a:ctmplishcd by uging & 1. o-imgthick plece -of wood to-- - -,

" elevate one side of the assembly.

f..As showm in Fig. 20, the dry Cosat Metals K. F. braze metsl

is applied by gravit:r from a gteinless steel peinted tube refsenr-

bling the barrel of a mechandeal pencil. It is important thet

| |
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Fig. 20 (Y-25951) Application of Braze Metal.



the braze metal he confined to the loactive sdge of the plate
and not preplaced on the cladding surface above the fusl core.
Since the mwinimm specificatlion of the widih of the inactive
gtainleze gteel edge of the fuel plete is 0,100 In, apd 0.025%.4in.
i1s the maxinmam distapee the plate ¢an be inserted in the side
Flate groove, 2 mere 0.075-in. wide strip of ipsctive stainleas
steel remains for preplacement of braze powder. It iz recom-
mendedi that the width occupied by the braze powder be less than
0.060 in.

&. As shown 1o Fig. 21, the dry braze Eé:tal powder is cemented
into place with Colmoncy Rlerobruz Cement. A 1G-gauge bhypodermic
needle attached %o a 5=¢¢ syringe permiis the cement to drip by
gravity onto the fucl plate adjecent to the braze metal fillet,
The cement is allowed to dry for 30 sec.

h. As 11lustrated in Fig. lIEE,. & ope-Tourth-1nch wide etrip of
Colmorny CGreen Stop=-off is applied with & camsl's hair brush
directly adjecent to the braze metal oo the active portion of
the plgte. The stop-off is used to prevent the braze metal
from flowing laterslly cooto the stainless s!:.eel cladding of the
active core section during the subsequent brazing operation.

i. The wood tilting block 18 then moved to the opposite side
of the Jig, and gperstions "f" through'“h" are repeated for the
opposite fuel plate-side plate Jjoint.

J. A comb is placed io the comb holder, snd the braze metal,
cement, and stop-off sre applied 1a succession to the long
comb=1omg plate Joiot.

k. A short plate is imserted in the second row of side plsate
grcoves and firmly placed in the comb groove.

1. Steps "£" through "1" are repeated with the pddition of
£illing the comb-to-plste Joint with braze metal, cement, and
stop=off,

m. The procags ie repeated, inserting plates frdm Bottom to
top, wntil all jointe of the sixtecn short plates have heen
properly prepared with brage powder, cemenmt, and stop-off.

w. Th= gecond camb is attached to the uwnit prior to inserting
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Fig. 21 (Y-25952) Application of Nicrobraze Cement.




Fig. 22 (Y-25953) Application of Nicrobraze Green Stop-Off.



the top loog fuel plete into the side plate grooves. All ccmk-

fuel=piate Joints are filled with braze metal, cement, and

stop-off.

0. The Joints of the top loog el plate are prepared In the

same marmer a:s the bottom long plate.

p- The comb holdsr iz removed from the Jig and the complete Jig

and asgsewbly rotated 90 deg. The brazing materials are then

applied to the long fuel plate-camb joint.

q. As shown ip Fig. 23, a8 one-half-inch sdde strip of Colmonoy

gtop-off ie made secross the elde plete inside the apsemibly obe-—

half imch beyond -thHe emds of the short fuel pletes. Thie strip
prevents tha braze metal from flowing to the ends of the side
plate during brawing, which may csuse difficulty in welding end
adapters to the hrazed fuel upit.

r. The dispozsiticn of the fuel pleates is identified with the

fuel element mumher {n the master log.

I. Brarxing of Pual Asgemblies
1. Procedure - Braning of fuel elements is sceampliched io the
idantical furnace equipment utilized for anpealipg fuel plates. The fur-
nace is equipped with a leak tight muffle for maintaining & dry hydrogso
atmosphere and is capable of maintaining a msximum gradient of S5°F along
the entire fusl assembly length at the brazing temperature.

Two ealibrated chromel-alumel thermocouples are attached (ome
to the front end the other to the rear) to the assembly. Each thermocouple
is checked at room temperature prior to acceptance. The rear thermocouple
leads extend alomg the bazeplate between the Jig skids, and the Junction is
igserted a distance of twe Iaches frow the rear of the fusl alement betwesn
the middle fuel plates, The froamt therwoccupls is eimilarly located be-
tween the mfddle fuel plates by inserting the leads directly into the front
of the element.

A heat bhaffle ig placed on top ©OFf the jig to minimize temperm-
ture gradients during the heating and cooling cycele., This baffle consists
of three 0.050-in.-thick 18-8 stainless steel plates, separsted 1/8 in.
by spacers and welded to form an integral unit. The Jig containing the
aessemhled fuel unii, complete with thermocouples, Is placed in the furpace
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at & paximm temperature of STO°F. A dry helimm atmosphere, with & minimum
dew point of -LO°F, as.messured by an Alnor Dewpointer at the inlat end, .is
introduced an the atmosphere at low temperatures. A pair of szthrinless steel
reflector shields are placed in front of the Jig to minimize thermal gradients
elong the fuel elemewnt., The thermocouple leads om the fuse) element are
threadsd through the furnece dser entry port.

The furnace temperature le raised to 1200°F at & rate not to
exceed ITO°F per hour. The furnace 1s held &t thic temperature until the
tempersture gradient, as mesasured by the thermocouples, is legs than 4S°P.
At this time, dry hydrogen with a dew point of at least -80°F is introduced
end the helium purge discontinusd. The temperature is raised to 1830°F, and
is held unti] the temperature gradient is less thar 18°F and cutlet hydrogen
daw point iz et least -50°F. The furnace temperature iz reised to 2010°F
and the fuel element 1z held et thiz temperature until the temperature
gradient 18 less than 5°F.

fbove 2010°F, the furnece temperature ie slowly raised by
careful manusl control. Temperature readings are taken ot both the thermo-
couples every mimite. The temperature gradient ls maintained as low ma
possible, with & maximm of 5°F. When the thermocouple temperstures reach
E0T1°F, the furmace ia sbut off. The total time for the fuel assembly above
2066°F, as measured by the thermmocouples, does not exceed. eight minutes.

The brazed fusl asgenbly iz furnace ¢ooled %o S5TOF, at which temperature
the furnsce 1ls purgsd with helivum, After thorough purging, the furnace is
cpened and the assenbly edr-cooled to room tempersture. The total time for
one ccmplete brezing cycle is approximately 24 hr.

After the brazing operation, each completed assembly iz iden-
tified with numbers spproximately one-helf inch high., A Burgese Electric
Vibro-Tool with & tantalum-carbide tipped point is used for marking. <Com-
pleted fuel assemblies are comsecutively marked starting with "1" for the
first pssenbly. Appropriate records sre maintained in the master log.

2. Dimensional Inspection - The brazed fuel assemblies sre dimen-
slonally inspected for plate spacing, element width and sag or distorticn
of top and bottom plates. The data for each assembly are recorded oa an
appropriate ingpectlon form.

Flate spacipgs are measured at the centers of fuel plates at
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distances of 2-1/2 in,, 10 in., 17 in., and 24-1/2 in. fram the mumbered
end, Bixty-eight readings per fusl element are obtained. Maximm allow-
able deviation is *10% of the nominal epacing, or G.0l3 in. Fuel elements
with deviatlone grester than ¢.013 in. are rejected.

Alr gauging to measure plate spacings is not mcceptable. As
shown in Fig. 2k, a special measuring device incorporating a calibrated
ellliptical probe has been successfully uaed. A steel 1llipsoid, having
3.100-1in. minor and Q.150=-1n, major sxes, is mounted oo the and of a
0.100-in.-dia tube approximately 27 in. long. A one-inch-thick plastic
block, 3 in. x & in., with 2 hole in the center allowing tube rotaticn, is
mounted near the other end of the tube. A needls indicater ig rigidly
mounted on the tube nezar the plastic block parallel with the ellipsold
major asix. The needle is calibrated by rotating the ellipscid betwesen
gage blocks and the width of apace between gage blacks marked on a piece
of polar graph paper. The calibrations are fastened oo the face of the
plastic block.

The width of the aseembly ls measured with & 3-in. micrometer at
6ix locations along the top and bottam of the side plates for a total of
twelve meagurements per assembly. Measurements are teken at distances of
one, 6lx, aleven, sixtesn, twenty-pne, aml twenty-six inches fram the
mumbered end of the element. Fuel assemblies with width dimensions out-
side the limits of 2.844 in. -0.022 in. +0.000 in. are rejected, unless
specifically approved by the Contracting Agsncy.

e dimensjions fram the outeide center of the top and bottom
fuel plates to the edges of the side plates L meapured with a depth
micrameter at locstione of 2-1/2 iz., 9 in., 15-1/2 in.,and 22 iz, fram
the mmbered snd of the fusl assembly for a total of elght measurements.
Fuel gssembliecg with messurements cutside the limitg of 0.033 1ln. * 0.0L3 in.
ehall be Tejected.

3. {leaning - The fuel azsemblies are cleaned wunder hot water to
remove the stop-off reeidus by serubbing with a 1{5—in.-dia stainless steel
wire brush. QCQare muat be exercised to prevent damage to the fuel plates.
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k. Visval Tuspection - The Puel plates in the aqhémb;l.iez are
visu&li]r.inspehted_ for dsfects,. suth gﬁ.hlistering, <. .deats, and scratches
over 0.001 in. in depth. The presence of ‘any of these defects is cause for

rejection.. The brazed jolots &nd the fuel pl&t-e;s are visually inspected for

-

" splatter, lateral spreed of ‘breze metal, and plfting. Any splatter, -latsral

o spﬂad:nwf.ﬂ:hé tore.or pitting is.caise for:réjection.. .

J. ‘Attachment of Eud Adspteérs and Final Machining

1. Pi'"'elimiparj Hqch:l.m:l.ng of Grazed Assemh-lies - Two parellel vises
are mounted on & vertical milling machine table with the faces of the vises
parallel to the lengthwise table feed. The vises are spaced apart so that
approxinately one-half inch of the fuel assembly will extend from the outer
edge of each vige. The vise Jaws are carefully tightened ageinst the side
plates. Both euds of the assembly Bre squared srd a lemgth of 27 iem. #1/64 in:
is chtained by cross traverte of the table using & b-in.-long side-cutting

mll., The edges are carefully deburred with a file.

2. Preliminery Machining of End Boxes - Epd sdaptere, ﬂ.e'scri‘béd. in
Alco Drawinge C9-13-2022, £9-13-2023, are attached to ¢ach .end of the fuel
agsenbly to locate the Tiel elements in the grid plates of the reacﬁ:.r core,
and to direct the ecoolant flow along the fuel plates. Gver-all economic '

.conslderations may be a factor im the selecticn of the type of casting.
.5and castings may reguire machining of the bore for locating purposes, fnd

hand polishing of the entire umﬁﬂ.-:hined portion of the bore..to obtain the
required 125 RMS .surface finish. .
' In machining the end boxes, & split .or expanding mandrel ig

mounted vertically with the "sclid" end of the mandrel attached to A& sup-

port plate bolted to the milling michine table. .The end box, bored .end

Aewn, iz placed . cn the mandrel and the mandrel is expanded. 'The end _h.ox‘-is
. located so thet wilder dimension .of the rectangular surfaces is parallel to

the travel of the table. These surfeces are streddie milled to 2.863 in.

.#0.002 in. For ;mechining’ the other. dimerisicn..of. the:tectanguler’. ..

surfaces, the end box ie locsted by reference perpeudicular to the

previnusl';,r wachined surfaces. These surfuced are straddle milled to 2,840 in.

tﬂ.ﬂfﬂin.
.0.022 in.’




This fixture is also used to locats and hold the end boxms
during mechining of the mnle std connections which sre ipserted ints the
brazed fuel azsambly. An iaterference fit of 0.002 ir. in both directions
requires individual selection and machining of end boxes to each fuel asz-
senibly. These surfaces sare sids milled to provide the necsssary it apd the
end boxes are ilnserted inmto the appropriate braz2ed sssenbly for storage.
Hard polishing of the urmmachined bore may be reguired 1o cbisin s finish of
125 RMB.

3. Asegenbly - The fit of the end boxes inte the brazed agsembly is
adJusted so that a gap of 1/32 in. is left betweeon the ends of the side
plates and the end box shoulders. Three-ineh "C" clampe are placed acrose
the middle of the =side plates tc hold the epd bokes in place. The clamped
apsembly 1s placed oo two matched parallel bars op & surface plate. The
hottom ipper surface of the epd box bore is zerced on & disl indicator
nounted on & surface geuge. The indicator is removed apd the sesembly is
turned 180 deg. The new bottom of the bore is indicated. Misaligmment is
adjusted by tappiog with = plastic hammer untll disl-ipdicator resdings
vary by no more than #0,001 in. The fuel assembly is rotated 90 deg apd
the above procsdure repeated. The clemps ars checked For tightoese. The
other end beox 1s similarly adlusted. The center lines of the end boxes are
thuz aligned with the center line of the fuel assezbly.

4. Welding of Eod Boxss - A rotatable jig iz used to hold and
poaition the mssembly during fusl assembly to end box welding. The Jig
conalsta of a rotatable bese plate to whick the fuel assembly 1s strapped
twe Inches from each end af the Lrazed assembly. A ring 1g algo attached.
et each end of the baseplate through which four lacating thunh screws are
extended. The assesmbly is ¢lamped to the bascplate andliths four thumb
screws are carefully tightened to coptact the eod boxes., The "0" clamps
remeln in plece during the welding operation.

The fuel elements are butt welded to the end boxes using the
tungsten lnert-gas process with argon gas and 3090 bare filler wire. Ooly
the side plates are welded to the end boxes, using the followlng procedures:
A tack 1= made at the center of one side-plate Jolntj another tack 1g made
at the center of the other side-plate jJoint; the firet joint is welded over
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the full length and- tﬁe second Jjoint 1s thep welded; the welds are made
flush with the gide plates; and the eecond end box 1s then welded in the
identical mannesr.

| 5. Final Machining of Fuel Elements - The fuel elament with the snd
boxes attached is placed in an engine lathe for final machining, with the
inlet end box at the headgtock. A standard expanding mandrel is ingerted
into the center bore .of ‘each end box and expanded.  The merdrels are sup-
ported in the lathe hetween two fcur—ja.w chacks. The element is properly
located in the chuck so that the jaws mova perpendicular to the sides of
the fuel element. This permits shifting of the element _1:'1. any of four
direwtions for proper alignment. -

The element is center=d with ite cemter-line axis “YI", indicated
by pointa "D" mnd "E", showm an Klco Drawing R9-13-1003 (Pig. 25}, colnciding
with the lathe cemter line. .This.fe done by firet indlcsting the outside
purfiace of the top fuel plate with a 4isl indicator mbuntek_il. o a surface
gauge placed on the lathe bed. The element ie then rotated, 180 dsg, and
the outside gurface of the bottom fasl plate is indicated. :If 'éem readings
aré not cbitsximed for buth top and bottom fusl plates, the element is shifted
by‘_&djuating the jaws of the. chuck until both surfaces are zeroed in.  The
element is rotated 90 deg, and the seme irdicating procedure is followed
until zero readings are chtaine? on the outsids surfaces of both .side
plates. Center-line axis "f" is rechecked in the first plane for sligm-
ment, and corrected if nocessary. '

The rounhd portiow of the inlet end box in the headstock is then
rough machined to 0,005 in., g:reater than the fipdcshed dimensions. .‘E'he
elemént 1s again .rechecked for sligment in both planss of the center line
™", The round portiom is machined te the Finished dimensions of
2.%95 im. +.0.000 in. - 0.002 in. . Subsequent to firsl wachining of the
inlet end box, the fusl.element is reversed in the lathe so that the
outlet end box ie positloned at the headstock. The abuve px'm:iedure i1z then
mpee:bed. for the cutlet end box.

The fuel aggenbly is rﬁamveﬂ, frem the lathe, and the mapdrels
are slipped from each.end bBox. The fusl slement 1a ther placed io two
parellel precision vises mounted .on & wertiecal milling machine table. The
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vises are located Lo engege the rectangular sectlion of the and box with the
fuel element center lime parsllel to the lengthwize feed of the milling
machine, The over-all length of the element is measured with & 3G-in.
vernier ciliper. If necessary, the ends of the end box &re faced off with
8 Yein,-side mill cutter to the finished element length of 33-5/8 in.

The inlet end hox of the stationary fuel element is placed in &
drill Jig, end the hole for the locating pin iz drilled {(Alco Drawing
R9=13-1003). The pin 18 then inserted and staked. The retaining hole for
the spring on the cutlet end box of the element i1s located, drilled, amd
counter sunlk.

K. Final Ingpection
The finsl inepection of the fuel elepent ia described below:
1. An inepection ring is placed around each end hbox. Both rings
Bre made with ldentical outside diameters (~3-1/2 in.) while the
inside dismeters are made o fit the meximm Jdiameter of the end
boxes 8t the grid location area.

The rings are positioned on the end boxes and are plsced ina
pair of metching V" blocks szel on & surface plate. Councentricity
ig measured with a diel indicstor at center-line points "D" and
"E", showvn on Alco Drawing E9-13-1003, while revolving the rings
and element through 180 deg. Maximm veriation allowsble is
0.002 in. TIR.

2. With the element s£till poeitioned in the matching "V" blocks,
the perpendicularity of surface "Z" 1o sxis "Y" ie messursd
with a die-msker's square snd & feeler geauge. Maxipum variation
allowahle ia 0.002 in.

3. The nominal 29-1/4-in. length between shoulders of the end hoxes
1s measured with a 36-in. vermier caliper. The nominal 33-5/8-1n.
ovar-all aseenbly length Is also meesured in thie manner, The
tolerance allowsd on both lengths iz $0.010 in.

4. CGross distortion and warpage of the completed element are checked
by passicg the elsment through e box with inaide dimensione of
2,896 in. x 2.896 in. snd 35 in. long. The elemert must pass
freely through the box for scceptance.
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L. Humbering snd Degreasglng
Ezch coampleted fuel: element is ldeptified with the same number that
was previously marked near the end of one of the side plates. The number
is gtamped with & 1/2 -in. stamp on the flat surface of hoth end boxes.
Subsequent to final machining, the fuel elepent iz clesped io a
vapor degreaser. .The element is lowered slowly in & horizontel position loto

the degreaser, apd is allowed to remain in the vapor a&rea untll the entire
unit is heated. A stream of 1iquid sclvent is directed through the ealement.
After remowal, clesn alr is c¢arefully blown through the agsembly %o remove
any solid debris. The element 18 allowed to cool In a verticel position to
room temperature.
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VII. PREPARATION FOR SHIFMENT

In'quzq;ier to minimire fiassion-product activity in the reactor coeling
water, 1t i3 necessary to decontaminste the surfaces of A1l fuel elements
prior to shil:m?egt. IE posgible, the :ﬂecoﬁtanﬂ.naticn operstion should be
fonducted in an area removed from the fuel fabrication plent sand which is
reletively free from alrborne activity due to Fissionabls meterial. All
wnits are to be pickled in warm 10% nitric scid-water solution for 16. min,
ringéd in hot running water and dried. Immedistely after drylng the
component shall be wrapped In a heavy dry papei- and enclozed In a plastic
ghegth which must be thﬁmal;ar Sealed to protect the cowmponent frowm the
ambient. atmosphers. The components are then packsged in suitsble shipping
containers whieh are designed to protect the units ageinst Gamege or contam-
ination éuring shipment and to meet ARC requirements with respect €o
eriticality. '

VIII. REFERERCES
The following atandards, drawings, snd publisations form an integral

part of this specification:

1. "Steel Products Manual," Section 24, Stainless and Feat-Reslsting
Steels, American Iron and Steel Ingtitute, May 1946,

2. Aleo Drawing R9-13-1003, Fuel Element (Stationary)

3. Alco Drawizg-B9-13-2007, Fuel Flates (Stationery)

4. Aleo Drawing _39-_-1_.3-2008, Springk{li‘uel Element }

5. Alco Drawing DO-13-20Lh, Side Plate and Comb (Fuel Element Staticnary)
6. Aleo Drewing C9-13~2022, Fusl Elemert End Bﬁx-{Inlet]

7. Aleo Drawiqg .C§~13QEDE3, Fuel Flesment End Bex (OQutlst)

8. AMce D:awing.h&?--ﬂ.?,éﬂelt, Dowel (Fuel Flemsnt .Statianﬁ:j:,r}

9

. Aleco Drawing IJQ-l}-EDED, Finsl Machining Jig AFFR-1 Fuel Platez
(Btationary) S

10. ORNL Drawing D-23423, Stationary Fuel Element Braze Jig

11. ORNL Drawing D-27219, Powdar Metal Die Assenbly
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13.
14,
15.

16.

17,

18.

19.

2., .

22,

ORNL mei;ng D-27220, New Statlonary Fuel Flate Powder Die

.QRNL. Drawing D-28550, Blanking Die Asgembly

ORNL. Drawlng .D-—.'EBESE,: Stationary Fuel Plate Blanking Die

ORRL =225, Cam-Type Flabe Specing Gage for the Materials Testing
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