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FORWARD

This report.was preparedpspecifically to aid thegArmy Reactors Branch
of the Division of Reactor Development in procuring the stationary fuel
elements for Core II of the APPR-l from an industrial fuel element manufac-
turer. The specifications and,fabrication procedures covered herein were
Aprepsrednas,a_joint effort on the part of Alco Products,iInoorporemed;Land
the .0ak Ridge National Laboratory. The work-performed by Alco Products,
Incorporated, has partially fulfilled the requlrements of Amendment No. 2
.“to Contract AT (30-3)-278 _
| An unclassified meeting is scheduled to be held at ORNL on July- 31, 1958
for the purpose of furnishing all prospective fabrlcators with additional and

identical information.
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. ABSTRACT

Stainless steel-base fuel components o6f thin plate-type construction
.and .containing a dispersion of‘enfiched.UO have been successfully employed
. in powering the Army- Package Power Reactor. ‘This report is concerned with
the stationary fuel component proposed for oper&tlon in the second core
loading of the reactor. The component is designed for radioact1ve~serv;ce
'V1n pressurized water 'at 450°F and consists of" elghteen composite fuel
plates Jjoined .into an integral unlt or assembly by brazing. Design
specifications covering the meterial and dimensional requirements as well
as the operating conditionsvare discussed.. Step-by step procedures .
developed and utilized in manufacturing the component are presented in
4de£ail.
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.SPECIFICATIONS’AND FABRICATION PROCEDURES FOR APPR-1
CORE ITI STATIONARY FUEL ELEMENTS

I. - INTRODUCTION

In order to continue successful .operation, the Army Package Power
Reactor at Fort Belvoir, Virginia, will require a replacement loading of
fuel elements in the Spring of 1959? This report describes thepspec1f1-
cations and fabrication procedures developed ﬁnd adopted for the"Cbre 11
stationary fuel.elements,‘.The information,is‘présented in sufficient defail
to énable an industrial manufacturer to undertake the task of furnishing a
‘ core-loading of'stationary fuel elements with only a minimum of development
effort. ,Specificaﬁions on the control rod fuel elementpand absorber'secpion,
which constitute an important segment of the active core, are not covered
in,this'feport, These components will bé procured under separate contract.

The Army Package Power Reactor was.built and placed,into operation on
April 12,'1957, to demonstrate the feasibility of exploiting the compact-
ness of nuclear energy to supply heat and power at remote locations. The'
plant,,désignated as APPR-1, has a rated thermal capacity of lQ Mw and'
delivers to 2 Mw of electrical power at the turbo generator. The reactor
is a preséurized—waterecooled and .-moderated unit powered with highly’ |
enriched fuel. The fuel is loaded into the reactor core in the form of
uranium dioxide dispersed. in stainless steel | - ,

_ The utilization .of stainless steel-uranium dioxide fuel ccmponents for
powerlng the APPR-1 was the culmination .of a flve-year—program effort of
general materials and,cdmponent.developmeht work at phe-Oak Ridge National. .
ILaboratory. The program was motivated by the'limitétions bf aluminum and
. zirconium and by the advantages offered by stainless stéel with its éxcellent'
corrosion .resistance, its attractive physical and mechanical properties, and
its amenability to simple and inexpensive fabrlcatlon practice. s
II. DESCRIPTION, OF COMPONENT | |
' The basic segment of the stationary fuel element designed for radio-
active service in APPR-1 is illustrated in Fig. 1. - It consists of eighteen
composite fuel plates joined by brazing into a pair of side plates to form

‘an integfal asgembly. The flat rectangular fuel plate is composed of a

£
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Fig.

1 (Y-24067) Brazed Stainless Steel Fuel Assembly Containing Eighteen Flat
Composite Stainless Steel Fuel Plates.
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0.020-in.-thick core section containing enriched UO2 and a small quaﬁtity
of BhC'uniformly dispersed in a matrix.of stainless steel powder and a
thin encasement jacket of wrought. stainless steel. A representative cross
section of a composite fuel plate with 0.00S-in.-thick cladding is shown
in Fig. 2. These composites are prepared by roll-bonding to promote heat A
transfer across the clad-core interfacé and tb hermetically .seal the fuel
and resultant fission products from the coolant.

Each component contains approxlmately 515 g of uranium-235 and 0.5 g
of boron-lO Boron is added to aid in controlllng the excess reactivity of
the heavily loaded core at start- up, gnd indirectly permlts contlnuous
operation of the reactor at full power,output.for a period- of fifteen
months without refueling. The unit is equipped with cast-type 304 stainleés
steel end boxes attached to the side plates ﬁy tungsten inert-gas'welding.
The purpose of the end fitting is to'gdapt the unit to the supporting grids
which fix the position of the element in the reactor core. A .spring is
providedvon_the‘uPpertcésting to allow for‘thermal»expanSiQn.' An over-all
view of the finished .component with .end adaptefs attached is illuétrated
in Fig. 3. ’ ' '

III. GENERAL REQUIREMENTS |

A. The fuel component is designed for radiocactive service in pres-. .
surized water and once placed in operation cannot be subjected to maih-
.tenance, repair, .or salyage. It is imperative, therefore, that only the
highest degree of quality obtainable with respect to materigls of con-
struction and workmanship be incorporated into the finished component.
In addition,'the product is intended for service in an existing system and
.cannct be altefed, Hence, the component must be manufactured in strict
accordance with the specifications and_fabricatién»procedures set forth in
this report. ' | A

B. Satisfactory performance of the reactor and of the fuel compo-
nenfs durlng_thelr operating life requires that special precautions be
taken to insure the following:

lg”%A continuous metallurgical bond between clad and core matrix

material,mu;t be obtained to insure proper heat removal and freedom from
potential blisters which may rupture and release fission products to the

coolant. +
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Fig. 2

(Y-25961) Cross Section of an APPR Composite Fuel Plate.
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Fig. 3

(Y-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 achieved. Inhomogeneity of thesé
important ingredients could lead to hot-spots and ultimate failure by
melting. .
3. Uniformity in thickness of clad and core.material must be
maintained to insure'protection from corrosion By the coolant and to
* achieve the required,concentraticn,of fuel in terms of grams of U-235/cm2
over the entire area of the active portion of the fuel plate.

4. The composition and processing of materlals must be controlled
to minimize the presence of contaminants which may (a) accelerate corrosion,
(b) contribute to parasitic absorption of neutrons, (c) reduce mechanical
integrity of the fuel elements, (d) release gases which could promote
swelling or blisteringAand ultinate rupture of the'cledding, or (e) con-
taminate the surfaces of the fuel elements with traces}of fissionable or
fertile.material that would increase the level of radioactivity in the
coolant . | | _ '

5. The various steps‘of,framing, cladding,‘shearing, machining;
and brazing must be carried out and inspected in a manner to preclude'the'
presence of fissionable material at the,clad-frame*interface as well es to.
insure that no portion of the fuel-bearing core isnexposed to the coolant§

C. Experience in the manufacture of the first core loading for the
APPR-1 and similar fuel elements has demonstrated the feasibility of fabri-
cating components which consistently meet the product standards requiredb
Substantial assurance that the component. meets these.standards cannot be
.accomblishedAeXClusiyely by nondestructive testing of random or control -
samples. Instead, these must be combined with the establishment of and
rigid adherence to proven fabrication procedures, materials inspection,
and cleanliness standards. Industrial utilization of the detailed pro- .
cessing procedures presented in Section V (Manufacturing Procedures)
does not relieve a- manufacturer fram any responsibility associated ﬁ'
with the fabrlcatlon of a . satlsfactory product for geryice in Core IT of,
the APPR-l.

D. Sufficient and prgper‘superviéory and production,control must be
providedTby a manufacturer: l)' to insure that all details of the fabri-
cation procedure conform at all times with the approved procedure, 2) to

mgintain rigid adherence to all specification requirements, 3) to protect

-6 -
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personnel'against human intake-of airborne activity from alpha-emitting

UO by inhalation or 1ngest10n and to comply with the requirements of the
International Commission on Radlatlon Protectlon, L) to enforce safety
measures to. prevent a, crltlcallty incident, and 5) to safeguard and account
for all fissionable materlal in accordance with the Atomic Energy Commission
licensing: agreement or other arrangements with the AEC, as defined under
the Atomic Energy Act. o ‘

E. It will be necessary to malntaln sufflcient and proper records to
supply complete metallurgical hlstory, fuel accountablllty, 1nspect10n,
quallty control, andpother pertinent data required in the fabrication of
the fuel elements. 3 ' A

F. In. addition to the identlfication numbers specified in the
fabrication procedure for components and fuel elements, a symbol indicative

of the manufacturer shall be gdded. to the end boxes on each fuel -element.

[ ]
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IV. DESIGN CRITERIA

A. Basic Requirements

The design of the stationary fuel element for service in Core II
in the APPR-l is based .on the follow1ng criteria; l) operation at a high
specific power density and reduction of core volume by ut111z1ng enrlched,*‘
fuel, 2) extens1on of reactivity llfetlme by ut111z1ng a burnable poison,

3) dispersion of the fuel and burnasble poison in a sultable diluent to -
maximize heat transfer, 4) cladding of the fuel-bearing .section for cor-
- rosion protection .and retention of fisSion.products, 5) utilizetion.of
inerpensive materials of conttruction and low-cost methods of processing
. to minimize fnelpcycle costs, end.6).employment of a metal-to-metal bond
and thin platehtype construction to proﬁote efficient heat removal.

‘The active core of the APPR-1 is composed.offthirty~eightvstetion—
ary fuel components and seven movable control.rod-assemblies‘immersed'in-
water. The water serves as moderator, reflector, and heat-transfer media.

The system 1s pressurized to 1200 psia and water flows through the channels
between.adgacent fuel plates at an average velocity of 4.3 fps.

'The stationary fuel component'consists of eighteen flat composite
plates joined to a pair of s1de plates by braz1ng to form an 1ntegral
assemblz with a nominal water-gap spac1ng of 0.133- in. * 0. Ol3 in. A llne
draw1ng W1th dimensional requirementsl .of the component is g;ven in Fig. 4.
This drawing is for reference only and should not be used. for‘fabrication

. Other pertinent des1gn and -operating . data are listed in Table I.

The data glven for make -up of the fuel-bearing: sectlon .of each comp031te plate

are for 1nformat10n only and are based .on utilizing materlals of the- follow1ng

specifications: 1) UO, with a total uranlum content of 87. 63 wt % and a .

.uranlum-235 isotopic enrlchment of 93. 07 wt %, ‘and 2) th containing a total

boron. content of 75.90 wt % and boron-10 1sotoplc concentration .of 18 09 Wt %
B. Material Selectlon ‘

1. Introductlon - In general, alloys of uranium with- stalnless

steel or w1th any of the elemental constituents of stainless steel cannot

be cons1dered as fuel materials because .of the presence of low-melting
eutectics and brittle 1ntermetall1c compounds. Therefore, the development
of stainless steel fuel elements has centered on the selection of a uraninm‘;
bearing compound which is metallurgically compatible and chemicglly inert

when dispersed in stainless steel and processed at elevated temperatures.

-8 -
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' TABLE. I

DESIGN DATA ON APPR FUEL COMPONENT

General ,Desc:riptionl :

Number of Fuel?Bearing,Plates'perﬁAssembly' 4_' ' ' | 18
Fuel Plate Clad-Core-Clad Thickness, mil s . 5-20-5
Water Gap Spacing, mil . l - . 133
Boron=10 Content per Assembly, g : : - o T 0 L6k
.Uranium-235 .Content per Assembly, , o ‘ - . 515.16
Metal-to-Water Ratio _ : ‘ S L 0.5

Materials Make-Up Data

" Fuel Core Composifion per‘Pléte" o ) -;ii;q 3‘,th“%lf : -szVbif -
U0, (44-88 p particle size) . 35.09 . .25.032.  19.h3 -
%CKMuMMm)_ 1'”*mm‘ ¢wﬁ'T@M
304B. Stainless Steel (< 1&9 u size) . - 10k. 90’ - 834 8o. 12

Fuel Density per Plate, g/cm v o 0. 079 min '~; A"f; 0. 085 m&x

Operating Date at 10 Mﬁ;Ther@al,Outbut

Power Density, kw/iiter‘ ' : o A ¥ ¢

Average Heat Flux, BT.U/hr‘-ft2 : o -_ o : :55}900'

Bulk Water Outlet Temperature, °F . . o _ ' - b50

Pressure in Reactor Core, psia , o R - 1200

Average Veiocity in WéterhGap»Spdcing, fps o o 1 : - h.34'~ .

Average Thermal Neutron Flux, n/Cmefsec : o . 1.5x 1013

_Expected Reactivity Iifetime, Mwy ' ‘ | 13 *

Estimated Average Burn-up, % total atoms. | | 1.6, |
' S —

| -~ 10 -



2. Uranium Dioxide - The refractory compound UO, with its
excellent high-temperature properties meets these general requirements.
The compound is chemically inert in contact with stainless steel at
temperatures as high.as 2550°F and .exhibits good resistance to corfosion
in pressurized water. Furthermore, it can be produced .in an economical
manner and has a relatively high content of fuel as compared to most}
urénium-bearing compounds. Uranium dioxide is relatively insensitive to
radiation,damage'and does not undergo deformation at low temperatures as
uranium metal does when subjected to reactor-induced radiation. Uranium
dioxide also offers the advantage‘of,good fission-gas fetention primarily
attributed to its defective lattice structnre. ~The chief disadvanteges
of low-thermal .conductivity and brittleness, which are characteristic of‘
U02, are largely overcome'by the nature of the dispersion-type fuel cain-
ponent. , :
' | The U0, .is.Prepared. by: the. thermsl decomposition Of .. -

UO3 . H20 in a hydrogen.atmosphereu‘:This oxide, generally known as
"Geneva -type' oxide, was originally preparéd in quantity at the Y-12 Plant
of Union Carbide Nuclear Company. A particle‘size nange.of Ly .~ 88 pSis:
used to minimize fission-fragment damage to the stainless eteei metrix.

3.4 Boron Carbide - Boron-10 was selected as the burnable poison'
because its nuclear burnout characteristics closely match those .of the
fuel. Tt is added as natural boron in the form of boron carbide (BAC)

k. Austenitic Stainless Steel = Austenltlc .stainless steel,
type 30hL, was selected as the cladding and- structural meterial for- APPR 1
fuel components. This materlal is relatlvely cheap,_readlly avallable in f
the desired forms, and amenable to most mechanlcal-worklng and weldlng '
operations. It has excellent corrosion resistance 1n hlgh temperature' T  ‘
water and adequate strength and ductility to w1thstand the thermal stresses
and gradients encountered in operation. The alloy has fair heat-transfer ’
properties, and is not subject to serious struotural damage undef'irradi- |
ation. On the other hand, stainless steel would impose a severe.nucleer
penalty if substituted for zirconium on a volume-to-volume basis.. This
penalty can be partly overcome by judicious design utilizing the full
potential of the high-strength properties of the alloy. Care must also

- 11 -
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., be taken to use a steel with low-cobalt content in order to minimize. the
radio-chemical transport problem ass001ated with high-activity cobalt- 60
which enters the primary-loop system as a corrosion product.

5; Brazing Alloy - Coast Metals N. P brazing. alloy is spe01f1ed
as the brazing alloy. This alloy contalns a nomlnal comp051tlon of 50 wt %
M - 27 wt. % Fe - 11 %t % Si - 8 wt $ Mo - 4 wt % P and flows at 2066°F.

6. End Boxes - Endiboxes iay.be used i the fuel, elements in |
the as-cast condifipn as either sand-cast or precisien-caSt,type 3OML

~ stainless steel with & maximum eobalt content of 0.01%." lebanon Steel.
Foundry,‘Lebanon, Pennsylvenia and.Arwpod Precisibn‘céstings Cérporation,
‘New York, NgtYI,fhave indicated.ihteresttin supplying.ehd boxes..of this’ '

composition.

- 12 -




V STATIONARY FUEL. ELEMENT SPECIFICATIONS

AL Core Materlal Requlrements

1. Fuel - . _ A
 U-235 per plate, g . - 28.62
- Enrichment, % . . 93 + 1
‘ - .Allowable tolerances*'
‘Weighing ' ‘ : _ .io.o3%
.Enrichment ‘ . £0.10%
u/uo, I £0.25%
Handling loss L -0.19%
' 2. Burnable Poison L |
| B-10 per plate, g T . 0.02581
Allowable:tolerances* ‘
Weighing . = %0.30%
ByBC #1008
Jlosses in : ‘
sintering ~7.00% .

4 Hendling loss -0.20 . o
*Allowable tolerances were establlshed by ORNL as a result of
evaluation of the uncertaintles involved in fabricating Core I.
3 .Composition of Fuel- Bearing Core'- The fuel, burnable p01son,
and. matrlx requirements per plate: are as follows:.
28.62 g of U-235
0.02581 g of B-10
104.9 g of type 304B stainless steel powder
The veight of matrix material per plate is subJect to the require-
ments specifled in Bection VI-C.
B. Materlal Specmfications .
' 1l.. Fuel - The fuel shall be UO powder prepared by the "Geneva

process, . and shall be procured from the Y—12 Production Plant at Oak Rldge,

Tennessee. The UO2

a U-235 isotopic .concentration of 93% 1%. Particle size shall be 4k —-88 e

shall contain approximately 88 wt % total uranium and have

The UO2 shall be free of agglomerates, platelets, rods, and clinging surface o

fines.
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"Geneva" process product is‘preparéd‘by,growing hydrothermally

U'O3 hydrafe crystals from anou hydrate -~10% uranyl nitrate aqueous solution

in an adtoclavé_at.esopc.for 10 hr. After thorough rinsingAto remove all
3 hydrate crystals are fired at l750°C'dnder a

hydrogen atmosphere for reduction to U02. " The ﬁatérial is screened for

traces of nitrate, the UO

4y — 88-p size recovery.
2.. Burnable Poison = The burnable poison material shall be natural
uC powder equlvalent to that supplled by Norton Chemical .Company as High
Purlty Grade containing approximately 76% natural boron. Partlcle size
shall be less than 4k p. '
3. Matrlx Material .- The matrix material shall be type 304B stain-

less steel powder with maximum carbon content of O. 03 wt % and a silicon

.content of approximately 2.5 wt %. The powder shall ‘be equivalent to thet '

supplied by Vanadium‘Alloyslsteel.Company. Particles shall_be of irregular
shape and less than 149 p in size. o ' ‘
4. Wrought Stalnless Steel - A special grade of- low-cobalt type .
3041 wrought stalnless steel shall ‘be used as the clad and frame materlal
in the fuel plates as well as for the side plates and combs of the fuel
element. This material will be made available. Typlcal analyses .of this

heat of steel is listed below:

Element S W %
c 0.018
Mn L1720
P ‘ ' 0.010 .
S © 0.020
Cr 18 70
Ni 9. 57
Co 0.004/0.005 -
Al 0.062 -
Mo. 0.0097
Cu 0.00:
No .0.05
Pb 0.001
‘Ta 0.001
Sn 0.009

5. Brazing Alloy - The brazing material shall be Coast Metals, N.P.
powder of less than 88-u size, and can be obtained fram Coast Metals, Incor-
porated, Little Ferry, NeW‘Jeraeyh This material shall,be-free.of boron.

6. End Boxes - End Boxes shall,be~castings 6f 3041 composition with
Q.Ol% maximum cobalt content. Surface finish requirements shall be 125 RMS.

-1k -
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7. Other Materials - -Care must be exercised in utilizing. the other
materials, such,as,electrddes, filler rod, cleaning agents, and lubricants
that come into.contact'with the product during processing. All lubricants,
for instance, shall be of non-halogen-bearing type.  Pickling of the fuel
pletes in any solution containing & halide ion‘or reducing in nature shall
not be allowed subsequent to removal of scale from the hot-rolled fuel plates.
The use of any processing agent that may have,a\deleterious effect on the
finished product is prohibited. :

C. Dlmensional Reqplrements

The component parts shall be manufactured in accordance with the
dimensional,speciflcatlons,set.forth on Alcé Drawings listed in Section VIII.

D. Finish Reqnlrements

All machined surfaces in contact with the coolant shall have a flnlsh
of at least 125 RMS .except where noted on the drawings. ~ Rolled surfaces shall
have a furface finish of at least 50 RMS. ‘

E. Quallflcatlon of Fabrlcatlon Procedure

1. Introduction - Quality control of the fuel elements is prlmarlly
attained by rigid adherence to proven fabrication procedures Thus, specifica-
tions for the stationary fuel elements cannot be prepared,along'the-lines ' g
normally used for industrial products, in which quality‘is‘assured,by non-
destructive inspection to industry-w1de standards.‘ Consequently, the fuel
element  manufacturer will be. required to’ qualify the fabricatlon procedure
which is to be employed.in.the fabrication of the statlonary fuel elementsoi

2. Method of Qualification - Qualification shall be performedﬂpy- A
subjecting six sample fuel plates to the tests outlined in ksai= bsi of this
section. Approval of qualification shall be given by,the"Contracting,Agency
or its suthorized representative when it has Been demonstrated to-thefsatis~-u
faction .0fthe Contracting Agency or its authorlzed representative that the
requirements of h-a —vh-l have been met. '

3. Preparation of Quallficatlon Samples - The six sample fuel plates
shall be prepared in conformence with the exact and complete fabrication proce-
dure which is proposed to be used in the menufacture of the stationary fuel
elements. Depleted uranium oxide, identical in every respect with the

material to be used in the stationary fuel elements except in enrichment,
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shall be used in the sample fuel blates. The sample fuel plates shall be
subjected to the maximum number of ‘exactly duplicated high-temperature
treatments which will be encountered in the proposed: procedure for fabrication
of completed fuel elements. _Appréval of qual}fiCation must be obtained prior

to'ihCeption of manufacture of enriched fuel plates unle§E otherwise specif=

ic&lly'authorized.by the Contracting Agency or its authorized representative..

Approval by. the Contracting Agency or its,authorized,;epresentativexof the
procedure gs used in establishing qualification or of any modification thereof
will not"relieve the manufacturer of any responsibility for any phase of the
fabrication of the stationary‘fuel elements or for'cohformity to specification
requirements. : |
L. Tests for Qualification -
a. Visual Inspection- ‘

The six sample fuel plates shall be inspected for'oﬁérkall
width, length, and thickness dimensions -and shall bé'inspected for
pitting,,surface condition, and,finiéh. The six.sample-fuel

" plates shall meet all dimensional requirements and shall not’
exhibit any oxide'indentationélor pits over 0.001 in. deep,

. scratches over-0.00l.iﬁ. deep, deﬁtslover7the Ccore aresd;
blisters, scale,or discreet color changes. over the core area.
b. X-Ray Examination | ' |

The six sample fuel plates shall then be x~-rayed to deélineate
the fuel-bearing core area and to reveal<any fuel segregation and
voids or other internal defects.. The radiographs shall be‘madé
using proper techniques with a fine;grained film such aﬁ,Eastman
"M", exposed and processed to yield a gamma density of 1.0 =1.25
ovér the core darea. The radiogrsaphs shall be used as the basis of
measuring core length, core width, and inective edges and ends.

.The senples shall meet all dimensional requirements énd.éhall
exhibit no evidence of fuel segregation, voids or other internal
defects. - .

c. Surfacé .Contamination
The .six sample:. fuel plates shall be subjected to .a smear test

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

- 16 -
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material shall exhibit no evidence of contamination by fissionable
material.
d. Clad” Sensitization and. Intergranular. Attack™

:Some increase in carbon content of the clad material must be
expécted”duerto.diffusion of carbon from the core material during
the‘vérious high=temperature treatments to which the fuel plates
‘are subjected. ‘Experience has proven that the relatively small
increase in carbon content of the clad material causes no aelete-
rious effect during_readtor operation. However, it is mandatory
that no additional carbon from external sources contaminate -’ .
the cladding. | ' ‘ |

The degree of ‘external carbon contamihation can be evaluated by
testing,sampies from the inactive portion of the composite fuel
plafé. .Two transverse specimens of the full-plate width shall be
taken (one at each end) from each of the six,sgmpLe fuel plates
~and subjected to the Strauss Test. The sambles‘shall not exhibit .
_any evidence of cracking aftér bending 180 deg around aul/8~in;-dia.'
mandrel nor evidence of sefioué.intergranular attack when examined
metallographically at 100X in the as-pollshed condition:
e. Homogenelty

If the six. sample fuel plates exhlblt satisfactory homogenelty }
as evidenced by examination of the X-ray fllms, two- ‘of the six
shall be further examined. Five miniature samples of full-plate
thickness,.approximately one square inch in area, shall be exs
tracted from each of the twq fuel plates on a diagonal between
.core cornersAand‘apprqximately,equally spaced. These .samples
shall be chemically analyzed for total ﬁraniumﬁand boron cohtehts,
,dndAthe results expressed on a weight per cent basis. For each .
of the two plates, variationsfrom<location to location shall not
‘exceedvone-hélf per cent of the uranium content and:20% of the
boron content.
f. Bond Integrity

Five transverse'samples equally spaced along the plate length

and three longitudinal samples from .each end equally spaced across
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the width shall be removed from ﬁwo of the six sample fuel
plates. After proper preparation and electrolytic etching
with 5% chromic acid reagent, the samplesAshall show no evidence
of lack of bond at the clad-frame interface or at the-clad-core
Ainterfaqe upon,metallographic examination at 100 diameters.

g. Clad-Core-Clad Thickness '

The ten transverse samples used in " shall be metallographi- -
cally measured.to,determine clad-core-clad thickness. As measured
by filar micrometer, &ll of the thickness at all points in the

- samples shall show compliance with specified thicknesses..
h. End .Conditions A |
‘ The twelve longitudinal samples used in "f" shall be examined

met&llographiqally.- These samples shall show no evidence of the

présénce of core material in the inactive portions as dimensionally

specified_or'bf the presence of vbids at the core-frame interface.
i. Fuel Fragmentation and .Stringering '_A
One longitudinal sample at least one;half inch long shall be
teken from the core :of each of four_samﬁlegfuel plates. When
gxamined metailographically,,none of these samples shall exhibit
fragmentation and stringering greater than that illustrated in .
Fig. 5. ‘ o
5. .Conformance of Fabrication Procedure ~rThe'exacf'procéaure'used
in fabricating. the sample fuel plates.andvﬁhich is proposed to be;uéed_in:
fabricating the active fuel plates shall be furnished to the~Cbntracting’ -
Agency or its authorized representative at the conclusion of fabrication of -
qualification plates and at least one week in advance of the réqpss%;for
approval of qualification. .Unless otherwiseuspécifically aﬁthorized in
writing by the Contracting Agency or its authorized representative, the
procedure used in fabricating the sample fuel plates shall be strictly
adhered to in fabricating the fuel plates and the stationary fuel elements.
6.,iiaison-and Inspection - Free eﬁtry;shall be given to the
CohtractinglAgenqy or its authorized representative to all areas of the
manufacturer's plaht et any time during the term of the contract for

fabricating the stationary fuel elements. The manufacturer shall provide
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Fig. 5 (Y-18927) Typical Stringering and Fragmentation of uo,,
Matrix of Cold-Rolled Fuel Plate.
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" all reasonable assistance, facilities, and .cooperation to the Contracting

Agency or its authorized representatlve for determlnatlon of compliance w1th

spe01ficatlon or procedure requirements or for 1nspect10n .purposes as. may be -

Arequired,

The Contracting Agency or its authorlzed representative will msin-
tain liaison with the manufacturer for the duration of the contract for ‘the
following purposcs: 1) to provide neeesSary‘andgreasonable technical assis-~
tance as mgy’be required; 2) to inépect_for;compliance to the,specifications

end the approved fabrication procedure. The .Contracting Agency.or its

.authorized representative shall have the right at'any~£ime during the term

.0of the contract to reject.any and all pieces,Aparts,.components; and products

which do not meet the requirements of the specifications,or which have not

‘been fabricated in accordsnce with the approved procedure,or which fail.in

any way to meet any of the requirements set forth in this document. .Such .

inspection shall not relieve the manufacturer of any responsibility in any -

phase of fuel ‘element fabrication or furnishing.thereof.

7. Certification - Certification'éhall be‘fufnished to the‘COntracting

,Agency or its authorized’ representative that all materials. used in the fabrlca-

-tion and furnishing of the fuel elements are in accordance w1th the requlre—»

ments of these specifications.
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VI.’MANUFACTURING_PROCEDURES
A. Introduction

The {flow of material in processing stationary fuel elements for the

APPR-1 is illustrated in the simplified.diagram,Shown in Fig. 6. -The essential
operétions.required_in’processingjare: l)'Weighing of the component powder for
each individugl fuel -core, 2) pressing, sintering, and coining intd a.compact
of the required dimensiomns, 3)\encapsulating;the<core within a welded billet,

4) cladding by roll bonding, 5) descaling of the hot-rolled plate, 6) cold
rolling to specified final thickness, 7) marking and shearing of the composites,
8) machining to finished length and width dimensions, 9) flatten: annéaling, 10) as-
sembling .and brazing, 11) inspection of brazed fuel element, 12) attachment of
'endlédapters,‘and 13) final machining. After machining, the elements are de-
greased and package@ for shipment tp the reactor. These genéral procedures

and the more specific details, which will be described later, represent methods .
developed and adopted by the»Oék.Ridge National Laboratory. It is recognized
that because of differences in equipment, other fabricatOrs may.be required to
modify some of the detailed procedures.to arrive at the same result. .However,
the basic abjective of .each major step in the manufacturing‘prOCESS‘shouIdAbe3
maintained. ' '

.Due to variations in equipment, procedure, or enviromment, it is
usually prudent on the part of a potential fabricator to process test plates
‘and-componentsfcontaining,depleted or normal :>okide..”. before handling enriched
.material. .Such test plates and components are then subjected to a rigorous
inspection, involving both destructive and non-destructive testing methods, to
determine whether or 'not.changes in equipment or prOcédure'are-required to meet,
product. standards.. | ‘

B. Records.

It is necessary'tO‘maintain complete identification during manufec= .-
turing process because of 1) accountability-of the fissionable U-235 and.burn-
able poison B-10, 2) segregation of rejected material,. and 3) evaluation of the
fabricated plates subsequent to manufacturing.

Records .of the following items are maintaired: 1) identification of
‘each lot .of UO received from the UO processing plant, 2) master log contaln- v
ing complete manufacturlng data for each plate, aném3) fuel elément inspectlon

.card of critical dimensions..

N : [ RAN vy 0
N\ : - B E !:; O



STAINLESS STEEL
FRAME

BORON CARBIDE | URANIUM DIOXIDE = - UOx-B4C-SS § 0 CORE (COLD PRESSED, &
§ POWDER 3

STAINLESS STEEL | BORON CAR POWDER BLEND { SINTERED AND CONED) | - ——

- WELDED "SANDWICH
DESCALED FUEL PLATE OF ;

OLLED "SANDWICH®

FRAMED CORE "SANDWICHED"®
BETWEEN STAINLESS STEEL
COVER PLATES

et s e

MACHINED  FUEL PLATE

CROSS SECTION VIEW
OF CLAD FUEL PLATES

STAINLESS STEEL SIOE PLATE

- —_— - ' . . STAINLESS STEEL
CROSS SECTION OF STAINLESS STEEL UPPER | ; i e s Raa LOWER END ADAPTER
BRAZED FUEL ELEMENT END ADAPTER WITH SPRING | : 3 3 i ; ) -




.C4: Fuel Core Manufacture
1. Calculations - ‘The fuel, burnsble polson, and matrix powders: are

.spe'cifie‘d in terms of grams.of Uranium-235, Boron-10, and stainless steé'l.
..Bince the fuel is useéd in the form “o'f.'_UOQ, and. the hurnable poison im tT_le
form of natural B)C» it is necessary to determine by calculation the quanti-
ties ,of  these materials ,w_l;lg'.,ch are to be incorporated into each .core. .Each
batch of ‘as-received .'U02 is assayed for total uranium content as well as for
isotopic concentration of uranium-235. Likewise, the concentration of boron
in the borom carbide is accurately determined. Natural boron .contains .&
constant 18.09 wt % .of B-10, and, therefore, it is not necessary to analyze
the boron ‘cal.rbicle' for i'sotoi)i‘c .concentration of boron-10. '

Sample calculations illustrating the method utilized in deter-
mining the required quantities of U'02 ‘and. th in each fuel plate are listed
‘below. ‘

a. Data required:

Wt % U-235 in U 93.07
wt % .U im UQ, 87.63
wt % B-10 in 18.09
w"t%Bi-nBC © 7549

g U-235 per plate 28.62

g of B-10 per plate  0.0258L

b. Determination of ‘grams..of U0, per plate:

Grams of U0, = 28.62 (g U-235) | . . =35.09
- 87.63 (wt%UinUO ) x93 07 (wt % U-235 inU)
T100 100~

c .,Dete'miﬁa'aion of grams of 'B'&C' per plate: ~

0.02581 (g B-10) . = Q. 188

75 9 (wt % B .in Buc) x 18 09 (wt % B-lO ih BN)
100 ~100

Grams .of BL;C

As might be .expected, the final density or the densification factor

(me'a sured .density
theoreticel density
jon the charge of stainless steel powder required to meet dimensiomal specificas:.

) of the as-fabricated core material has a significant effect

tions in the finished composite plate. .This .factor has been determined to be
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0.93 for the specific equipment and proceSsinggﬁethods.emplqyed at ﬁhe QOak '
Ridge National Iaboratory. However, any major change in equipment or prOcedgre
will probably shift this factor; and ﬁnder such circumstances, it will be
necessary to qlter the grams of stainless steel required in the material charge
for the fuel compact. Any proposed change in étainless steel content of the
core for this or other reasons necessifates a corresponding change in the
boron-10 requirements. This relationéhip is‘éhownvgraphically in Fig. 7.

- 2.. Weighing of Component Powders - The component powders for each
individual core are sepagrately wéighed and .combined in a single blending jar-.
With the .exception of possible losses duriné,subéequent pressing and sintering
operatibns, this method offers accurate accounting of the critical ingredients,
U-235 and B-10, in .each fuel.coﬁe within the limits of. the accuracy of the
weighing balance. Boron .carbide is the first«material loaded into the blending
Jjar, and is followed by the stainless steel and finally the nranium dioxide.
This sequence permits the boron carbide and stainless steel powders to be
handled in a conventional manner, thus eliminating the inconvenience of welghlng
these materlals within a dry box as is required during handling of finely
divided UQQ, During processing; ten jars are handled as a unit operation and
the individual weighing procedures are as follows:

a. Weighing of the Boron Carblde
The burnable poison in the form of BAC is welghed to an
-accuracy of at least 0.3% .on a Gram-matic balance of 200 g
capacity. A4 in. x 4 in. sheet of glazed paper with glazed .
side up and ‘of known weight is placed on the pan. The burn-
'abletpoison,is added to theﬁpaber_and accuraté;y.wéighed.- The
material is then poured into a clean, wide-mouth, glass jar
of 4-0z capacity. A camel's hair brush is used to brhsh.any

remgining particles of Buc,into the jar, which is then capped.

b. Weighing .of the Stainless.Steel'Powder
The stainless steel is WEighed,inAexactly the same manner as
the burnable poison, with the exception that an analytical
balance is used. The powder is weighed to a tolerance of #0.01%.
It is then transferred to a blending jar containing the pre-
vioﬁsly weighed burnable poison. The Jjar is immediately

recapped.
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GRAMS OF B-10 REQUIRED FOR
- VARYING STAINLESS STEEL MATRIX
U-235 LOADING = 28.62 GRAMS
PER PLATE

0.0264 —

10,0262 ‘ . \

L0.0260

PLATE

1 0.0258

10 PEP

GRAMS OF B

0.0256———— — \
0.0254 — —— \ o

0.0252

30 95 100 105 T
GRAMS OF STAINLESS STEEL MATRIX PER PLATE .

Fig. 7 Graph Showing Grams of B-10 Required for Varying Stainless Steel Matrix.
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c. Weighing of UO
Weighing of the fissile compound is accomplished within a
protectlve_box in which the atmosphere is under a’.slight
negative pressure. The eqpinment.ié iJlustrated in Fig. 8.
Qloves arevattacned to the‘ports shown.and‘the hood connected
to an .exhaust system. The side ?ort permits access to the
interior,'and the dry b0x:is deeigned'to accommodate a batch
-of ten jars or more. The'box,is equipned.with a triple-beam
balance of 100 g capacity, on which the UO, can be weighed with
an accuracy of #0.03%. The required quantity of Uoé for one fuel
core is weighed directly on the scale pan of the triple-beam
balance using a scoopula for fine adjustment'of fuel §pantity.
The specified weight of fuel is added to‘the»jar.containing the -
boron carbide and stainless steel powders. The Jjar is then
capped and placed on the right or,exit side.

: These operetionsvare,repeated until the lot of ten jars has been
filled, at wnich time they are withdiawn through the right side port. After
removal fram theddry box, the joint between the cap and'the5jar is sealed with,
masking tape. The UO2 lot number is then marked on each jar, and they are :'A
placed in a transfer box for removal to the blending area. When ‘the supply of
UO2 remaining in the dry box is insufficient for ten cores, it is set aelde
for later use in smaller lots.

3. Blending - The powders are blendeddinlorder to obtain a-homogeneous
mixture of fuel, ﬁoison,,and_matrix material. A modified U. S. Stoneware
Company Double Cone' Blender, Model 733, is used. Tne blender cones are re-
placed by a pair of two-guart steel cans mounted.ondthe motor shaft at an angle
of 30 deg_with'the~vertical. Ten jafs,'each.containinglthe specified qpantities
of UDE’ th; and stainless steel, are loaded into eech can with sufficient

padding to prevent breakage of the-jars during the :blending operation . The

cans are rotated at this oblique. angle for two hours, after’ whlch the jars are-

removed and uncapped. Approximately 0.1 g (two squirts with & hand atomizer)
of C P. dodecyl or lauryl alcohol is added to each jJar. The Jjars are recapped,
resealed W1th masking tape, and blended for another hour.

h Cold Pressing of the Core Ingredients - The first operatlon in

shaping the blended-powders into a compact suitable for assembling,lnto a. fuel

- plate billet is to cold press into a "green" campact. The press used is a 150
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Fig. 8 (Y-13060)

Dry Box Containing Equipment for Weighing Enriched UO2 Powder.
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ton 'Baldwin . press with .a Vickers hydraulic control system which allows
variable ram movement. The press has two rams, an upper fixed ram extending
down from the. top crosspiece and a lower ram which is movable. On the top of
the lower moveble ram is fasténed a large platen, on which is placed the die
;set:and&dryfbbx; .The .die set, illustrated in Fig. 9, consists of a female'die,
& spring mounted to the movable ram; and & die punch.and filler block. The
bottom of the die punch:contacts'thefmovabiefram, while the .top .of the filler
block, inserted into the die cavity after the powder, contacts the stationary'
ram.

Sirice pressing of the blended powders again involves handling
finely divided.UQe, hooding is necessary to prevent human intake of ‘airborne
activity by ingestiom or imhalation. Figure 10 illustrates the dry box con-
taining the pressing .dies. The top .of the box, not shown, is.designed with
a: hole in the middle. camplete with rubber gasket whichme#eS1along<the sta-
tiohary ram without excessive leakage.

Ten blending Jars comtaining the blended powdersy @ camel's hair
brush, a scoopuls, and a bottle of 10 wt % .C. P. Stearic .acid.-90 wt % carbonm
tetrachloride die libricant are imserted into the pressing box. By working
through the glove: portsy, stripes . of lubricant for each die charge are applied
with the l/h-in. camel's hair brush around the top .of the die cavity and the
lower sides of the filler block. .The :.die face is occasionally lubrieated if
it becomes: .roughened to the ‘extent that .the pressed core adheres to it. The
powder is poured from a blending Jjar into the die cavity. .The Jar is brushed
thoroughly with'a camel’s hair brush to insure .complete transfer-of &11
powders. .Once the core material has been loaded into the die; it is .leveled
with a scoopuls. .The £illér block is inserted into:the.die_and,theflbwer»
rour ‘then raised until the die insert contacts the statfonary ram. The
‘blended powders are pressed at 33 tsi préSsure'(approximateiy 1hk2 ¢ total
pressure) for 15 se¢ .to a thickness of ‘approximately 0.310 in. The £iller
block is removed and the: green compact ejected by elevating the die punch
with the hand lever. .After'ten:charges.haVE'been'pressed, the compacts are
loaded into a .stainless steel transfer box which is closed and removed from
the dry box. A record of\the'Ueé lot number is maintained.

5. Sintering of .Green Compacts .- The sintering operation is carried out

in a G. E. 20-kw. laboratory molybdenum-wound furnace equipped with a 3-in.
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Fig. 10 (Y-13031) Dry Box Arrangement Utilized During Pressing of Powder Blends
Containing Enriched UO2 Powder.
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.dia Inconel muffle.  Thirty-six inches of the muffle extends beyond the
furnace and ‘acts as a .coolingg-chamb’e‘r'. .The .sintering temperature is 2150°F.
Uniformity of temperature alomg the length of compacts is held to #25°F. .Dry
hydrogen with a dew point .of .*60“-’:]3‘,-" as. measured by an Alnor Dewpointer at the
gas inlet, is used 'as atmosphere in the miffle. Hydrogen flow required for
this .size muffle is approximately 20 ﬁfﬁ‘:;un,der steady-state conditions, al-
though the gas flow is increased when the muffle door is .openéd .dur'ing inser-
" tion or removal .of ‘compacts. .The as-sintered compacts do not exhibit any
evidence of 'oxide formatiod. -

The gréen compacts .are placed in.a sintering boat con'structe.d of
type 316 stainless steel formed into the shape of .an "H! The crossbar be-
tween the two vertical sides is .2-1/2 in. wide x 14 in. long, and is located
approximately 1/2- in. above the bottom’ of the legs. A piece of .type 304,
stainless .steel, heavy-gauge To. 12-mesh screen is placed upon this cross bar.
Five compacts are p‘ositioﬁed end to end .on this screen; -and .a second screen
is laid over the compacts to :allow éta..'dking of a second layer ,'.'of: five cores.-
The screen permits access of hydrogen gas .to all surfaces of the .campacts.

. The sintering boat containing the ten compacts is inserted im the
furnace at 2150°F and the system is purged with hydrogen. The compacts remain
at 2150°F for 1-1/4 hr. The boat is moved to the cooling chamber, allowed ta
cool to 4S0°F under the hydrogen atmosphere, réemoved from the 'mﬁffle', and air-
cooled to room temperature, ‘The cores are placed in a covered stainless steél
transfer box and moved to the press for coining. A record of’_'U,G});2 lot number.:
.is maintained. :

6. .Coining of .Sintered Compacts - The shrinkage encountered during
.sintering makés it convenient for reimsertion of the compact into the _same
die set for coining.... After carefully loading, the simtered compacts .are
pressed under .a pressure of:33 tsi for 15 sec to obtain désirable dimensions and
improved densification. The coined .compacts are &jected from the die and
removed from the dry box. Recoining is sometimes required when the coined
compacts arée thicker than specified.

.T. Inspection - Since it is necessary to predict the U-235 content
of the subsequently ‘mé;ufa"c‘tur‘ed fuel ‘element within one gram, it is. desirable
to weigh the .compacts at the completion of fuel core processing. Because of
_ uncertain losses :iiue to reduction of metal oxides by hydrogen during sintering,
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it is not practical to cpnsider‘weight'losses'of the compact after this
operation. The handling losses are, therefore, determined prior to loading
the compacts for sintering. A weight deviation .of more than 0.25 g from the
charged weight for each core is the=basis for rejection. If the average
deviation .of the acceptable core from a batch. exceeds this amountithe cores
are individually Weighed for acceptance or rejection. Compacts with obvious
chips and flaws, of course, are weighed individually and not included in
the batch weighing. After sintering, the compsacts are usually examined to
determine whether any obvious chipping or spallating has occurred during
the handling required for sintering.

'The,specified_thibkness after-coiniﬁg,is OJ278 i,O.QOE.in. and
the dimension is measured with a micrometer. Length and width dimensions
are established by die design. ‘

8. Core Storage - Each acceptable lot of ten cores is wrapped in
paper. 'These packages a.re’,marke’d.,with,a.AUO2 lot number which allows pesitiVe
identification for accountability. The cores are held in an .ordinary desic-
cator if storage is less than 48 hr. If a storege,time‘of more than 48 hr
is required, a vacuum desiccator is used. A:makimum of eighty cores is
allowed in any one desiccator. ' |

D. Billet Assembly
1. Materlal Preparatlon <*As illustrated in Fig. 11, each fuel plate

billet requires two cover plates and one picture frame in addition to a fuel
core. Gover plates are febricated from.0.078£in. t 0.005-in. stainless steel
sheet which is cold rolled to a thickness of 0.065 in. * 0.00l in.. Cover
plates are sheared to 4-7/16 inm. x 4-1/2 in. £ 1/16 in. in size. eRecommended
practice for economical use of material is to reduce 9-in. x 36-in. strips of
0.078-in. sheet to 0.065-in. thickness before final shearing. '

Plcture frames are fabricated fram 5/16 1n. stalnless steel plate
which is cold rolled to. 0.280 in. * 0.002 in. Picture frames are also sheared
to 4-7/16 in. x 4-1/2 in. % 1/16 in. in size. Recommended practice is tg i
cross roll 18-in. squares of the 5/16-in. plate to 0.280-in. thickness before
final shearing. A core hole, 1.856 in. x 2.430 in. with 1/8-in. corner radius,
' is then punched from the center of the picture frame. The blanking die ..

assembly employed for this operation is illustrated in Fig. 12.
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PICTURE
FRAME- °°

BOT TOM
COVER PLATE

ALL DIMENSIONS IN INCHES

Fig. 11 Exploded View of Composite APPR-1 Fuel Plate Prior to Hot Rolling.

=33~ . iy <
33 .fv;;.? pé,.z



*LATquessy 91q Suruerd 2T *ITd

PafoN sy P

[ owerz o] = e
Ny - PP APy mewfino: ety
ot RUR] _meé) 3 e oo ou sempm 04
Soa 5508 W0 . 3 w0 [ snyie somed

WOLLYBOIID NORNYD ONY BOTEEYD RO 4O WOSAX ¥ . eu v o 203 Copepep
"ANVSMOD HYTNN BAIHYD NOINRY ot :“‘"___‘_m .
ABOIVSOEY] TNOUVN 901 %VO 141 - 1IN PP VEV B
apacIow 1 e doquks wRLY
PENOUVDLED3SS HSINE INIHOVIY

ATGNISSY 31G ONIANYIG = [ —

‘ D ey 10 g 20 opes8 ‘e
4 w00 Aaw scjrgpe) o)

2/0€ o ww $3/0 VO SNOISKT SOCINY THIIN

o owa [ SOMMYS0 30NIHIL3Y

16682°0]1 Qv 133/5 S 1IVIFA IO ONIANVIY
25652-G| Z O LTINS SHVIIG TG OHIANY G
$80C0| € oW 133MS _S§Tivivd_F10_Sanvig

|

Wl Fudr i Pr3e
MIINA dOL.

Pogeds scjasgo wapn
o 4] mOps dmp o ey
SNOUYILEIS TVENIS .

S

wouy 1

*€2 B3Ny

#RuIAY 9Jn0A11Y G008 TL-218)
Auvceoy 84N qowqeerg -y ‘3

$10u1 (11 0% Sed1ny
anuany eie2svy yinop 0017
3wy ‘eapigviaeds sugyoen Ay

011 #03g (521 -on 1wy 05 Boreey rgesty
ey

“£z sbeg | WIIDIE *(R010F "ON 18D ‘9013163 GII) ‘Ae)
“5 BBeg § 011308 €9-60-9 "ON *Ir) *UOIIIPY WML 'V9)

Aurg
9 9889 9 v0)I39 |-2EB0-S "ON *IN3 ‘9OLNIP] TN “1¢d Ajorg

P

@___

® .

Supses ¢ sl BT
1 DU U] T Pag o1
s (00g iornjesxz og | o4 L ]
4 3 2/t ywog | 2 o e
193y (901 » /1 T ' weaza| ¢
L] ME1 T - WMot Mg et | b gl 9
[t B33/ s s e aveia e |y meng| s
teng HUSaa- e -0/t aadg aeyon o | b pois| o
g mg |4 ez | e
Bujqsng Vtog 8900 T wag| ¥
iz ano e 1 seaemim | ¢ was| It
o €313 T03 “TAOVH) MOURITIO 2 | onomo | o
ISV LON
1Si7 SL¥vd




2. Assembly and welding!of Billets - Immediately prior to billet

assembly, both surfaces of the picture frame and the surfaces of thegcover.

jplates which contact the picture frame are thoroughly.cleaned by scratch

brushing with a power-driven stainless steel brush.

The billet is assembled by inserting a fuel core into the hole

.of’the‘pictureiframe and placing cover plates on the top and bottam to form

a sandwich. One outside gdge of one cover plate parallel to the.lnng,side

. of the core is marked with a grease pencil for later *identification. The

cover plates are-immediately resistance spot welded to the picture frame.
Four 1/h-in.-dia welds are placed 1/2 in. in from the edge of the billet at
the center of each side. A 25-KVA Resistance WElder.Corporation.Model
T-52951 spot-welding machine is used.

The cover plates are also welded'to the pictu;e frame plate by
the tungsten inert gas mefhoda The object of the welding is to prevent
possible shifting,of’the billetlccmponentS'during,inifial hot-rolling
operations, so that only a seal weld is required. The four corners are 4
left unwelded for & nominal distance of 1/4 in. to permit escape of en-
trapped air‘and/dr hydrogen durlng'ﬁﬁe:initial hot passes through the hot-
rolling mill. A small projection or "bump" is welded to the centef of the
edge mgrked w1th the grease pencil by addlng 18-8 filler metal. This pro-
jection. 1dentif1es the rolllng direction and is perpendicular to the 2. h-ln
width dimension of the core. ‘ .

Billets which are not prbcessedgimmediately are storedcin4a4-
vacuum desiccator to prevent oxidation. Security,,cfiticality, and accounfaﬁ'
bility regulations dictate careful control during storage. Ordinarily,. the
billets as well as fabricated plates aré stored in & locked safe between
processing periods. The shelves:of the safe are lined wlthkcadmlum, The. .
maximum number of plates that may be stacked in one pile on a shelf is _
thirty. Minimum separation distance of piles on shelves is four inches7

E. Composite Plate Fabrlcatlon ' '
1. HS6t: Rolling - The assembled and welded blllets are hot rolled
to a thickness of 0.040 in. * 0.002 in. on a two—hlgh,mlll provided with

rolls 20-in. dia x 30-in. wide. ,
The billets are hot rolled in lots of four. However, the lot

Lo
size is determined by the!size of the muffle available for heating the

\ - 35 -

kY

- | S5 Chh
. . . v’

i)



billets. A furnace capable of ﬁaintaining 2100°F #25°F over a muffle
length of at least 32 in. is recommended. The muffle is purged from the
rear with hydrogen gas with a dew: poirnt of leés than -50°F, as measured at
the inlet. A flow rate of 250 cfh is generally used.

The billéts are heated to 2100°F for at least 20 min prior to
the first pass, and are reheated for at least two minutes between subsequent
passes. A .second lot of billets ifs ihtroduced intO'the.furnace for pre-
heating after the sixth mill pass of the preceding plates to allow continuous
rolling. After the final pass, the billets are repleced in the muffle for a
five-minute anneal, and are then &ir cooled. '

On all billets,ithe side marked by the weld projection.or bump
is gripped in tongs s0 that the opposite edge can be entered inﬁo the rolls
on the first pass. The blllets -are rotated about their longitudinal and
transverse axes bétween passes. The hot rolllng is performed in approxu-

mately ten passes in .the following order:

2 passes ‘at : 10% reductibn
1 pass at : 20% reduction
4 passes - at 40% reduction
2 passes _at 30% reduction:
1 pass at 20% reduction

Additional passes are made, as required, to -roll to O. OhO in. %
0.002 in. The plate thickness is measured with a mlcrometer near the end of
qthe fabrlcatlon schedule to Judge the actual thickness .of the hot rolled
plate.

The‘plates are trimmed in length at both ends by hot shearing
during the hot-rolling operation, usually after the»sixth and .eight passes.
The dispersionetype core can be delineated from the wrought stainless steel
‘ends by a difference in heat color. A minimum-of four inches of inactive
material remsins after trimming.

Special care is exercised .during rolling to minimize .cambering
or "rainbowing™ of the plates which tends to decrease the amount of stain;
lessisteel at the inactive edge énd if severe in nature may be cause for
rejection. This donvex-concave deformation of the plate may possibly be

corrected, depending on. severity, by inserting the plate through the mill
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gt .a slight angle. .Gross .rainbowing occurring during the hot rolling
operation; or during the initial stages .of cold rolling; usually -cannot
be corrected. .A level mill .and proper feeding are recommended to circum-
vent this difficulty.

After cooling and prior to fluoroscopic examination, the hot -
rolled plates are numbered consecutively starting with "1" for the first
plate processed. Numbers, one-half inch high, are stamped in the inactive
section at either end mear the edge of the plate. Each number is entered
into the log. |

2. Fluoroscopic Examination - The plates are fluoroscoped to delin-
eate the fuel core. A 175-KVP 'machine is recommended. A template, illus-
trated in Fig. 13, is used to scribe locating lines for ‘shearing. The
template is .constructed to locate scribe lines A1/2 in. beyond the sides. of
the fuel .core apnd 2-3/4 in. beyond the ends, for either long or short plates.
.The .template is .centered over the Icore‘ before the scribe lines are made.  The
fuel plate number is then restamped with the same stamps. previously used and
‘at @ location Just iﬁside the scribe line at the same end of ‘the plate;"A
good, impression is recommended to assure retention of identification through-
-out .subsequent processing. .The as-sheared scribed djinensions of the plate
are 3--.1/2 in. x 22 in.

After shearing{ the hot rolled plates areﬁpidkled‘in'a‘lS%j
",HNO3:-5% HFaqueous .solution until .all scale is removed. .The 'c.leané‘d_ plates
-are thoroughly washed to remove all traces of acid. _

'3,-. ‘€old Rolling - The' fuel plates are cold rolled to a final thi‘ck-»
ness :of 0.030 im. * 0.001 in. Reduction per pass does not exceed .0.001 iﬁ.,.

A Bliss four-high rolling mill with work rolls 5-in. dia x 1k in.
wide is used. TIn order to minimize surface contamination of the fuel i)latés y
these rolls are free .of radiocactive material. Tevel rolls and accuracy in
elevating and indicating mechanisms are recommended.. The roll faces are
welll lubricated at. all times. .The entering ends of plates are dipped imto
SAE-90 oil as required before insertion.

‘The fuel plates are handled in lots .of ti-renty. At each mill
setting, the thickness is measured over the core for the first one or two
plates. No guides are used in rolling, but.straightheSS is maintained by

continually checking against a straightedge. Deviation from .straightness
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Fig. 13 Rough Shearing Template for APPR Stationary Fuel Plate.



(raiﬂbdwing) usually can be corrected if obsérved at an early stage by
insertion of the plate on the next pass at a slight angle.

From thickness in the range of 0.031 in. —.0.032 in., fuel plates
are rolled individually to firal thickness in one to four passges. 'Piaté
thickness at locations above the section cbﬁtainingAthe fuel core is measured
after each pass. . After the specified thickness has beenﬂéttained, the plates
are degreased in a vépor degreaser to remove lubricating oil.

Every 25th plate is radiographed to determine ‘the.reproducibility
of the process -with respect tbahomogeneity gf the‘UO2; '

4. Fluoroscopic Examination and Marking - After .cold rolling, the
fuel platésuare:agéin fluoroscoped.for-delineation of ‘the .core area. .A
l?SAKVPVmachine‘is recommended. .The templatevused'fbr’both long and short
fuel plates is illustrated in Fig.. 1k. It.is slotted .at the .ends to .deter-
miné whether or not the core length lies within the minimum and maximum core
_length‘dimensions. The side slots are spaced to evaluate whether or not the
.final fuel .core width is within tolerance, and to determine that a sufficient
width of stainless steel .edging is present along ithe entire length of the
plate. The core is centrally located within the template lengthﬁlimifs‘and
with respect to the side slots. Short plate‘lengthS”are‘scribed4from fhe
inner ‘end of the template. Long plate lengths are scribed from the outer '
end of the template. fThe inner width;bf the template for 'scribing allows a
sheared plate'width,approximately 0.080 in. wider than the.finalémachined
width. However, only one .side is scribed, since sufficiently accurate shear-
ing of the plate width can be obtained by using & fixed reference Stop.. ...
on the shear bed. | v

Prior to shearing, the fuel plate number is inscribed with a
Burgess Vibro tool .in numbers about 3/8 in. high at the plate end inside
the scribed line. The number is located far enough on either side of the
center line to prevent obstruction by combs located ‘at the plate ends.during
'aSSémbling'éf the fuel €lément for brazing. . .

5. Shearing - The .seribed long side is sheabed firsé. Using;stqps
.on the shear at a fixed reference, the other long side is .sheared to yield a
plate width of 2—15/16‘in..t 0.010 in, .The ends of the plates are then
sheared from the scribe lines to lengths of 23-1/8 in. * 1/16 in. and
27-1/8 in. + 1/16 in. .for short and long plates, respectively.
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Fig. 14 Final Shearing Temp‘llatev'fo.r Either APPR Shor’r or Long Stationary Fuel Plate.
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6. Machining - The fuel plates are machined to final dimensions on
a horizontal milling machine. .The usual lot size for handling is twenty-five.
A jig with top and base plates 0.009 in. less im size than the .nominal fuel
plate width of 2.788 in., and with removéble locating brackets; is used to
.align the plates. The base plate is securely clémped .to the milling machine
table after proper location. Aluminum cushion plates, 1/8 in. thick, with
the same diménsions of .the sheared composites are placed on theitop and bottom
of the lot of plates in the jig. .The plates are aligned .securely against the
locating brackets on one side of the jig. The top plate is positioned and
‘bolted securely at.each end through the base plate to the milling machine
teéble. The Allen .screvws .are then tightened to obtain uniform pressure along
the length of the fuel plates. .The locatimng brackets are removed.

The side edges .of .the fuel plates are straddle milled. .Two
8-in.;dié staggered-tooth milling cutters are .correctly spaced for straddle
cutting to finished fuel plate width.of 2.778 in. %£.0.002 in.

The ends. are then milled on a vertical milling machine using.a
4-in.-long side-cutting mill. The lot of plates is clamped to the table
over a block. An effort is made to remove equal amounts of stainless steel
from each end .of the fuel plates. TFinal lengths_are423 in. * l/6h in. and
27+ 1/64 in. for short and long plates, respectively.

' After degreasing in a vapor .degreaser, the machined edges .of the
fuel plates are lightly deburred by hand-filing. Special care is taken to
prévént rounding of ‘the edges. .

7. Inspection - The fuel plate dimensionms specified in Fig. 15 are
given a final inspection by fluoroscopy on & 1754KVmeachine, The final"
inSpectionftéﬁplétes,'shown1in Figs. 16 and 17, are constructed on .the go,
no-go principle. Mimimm core width of 2.500 in. and maximum width of
2.578 in., as well &s inactive edge minimum and maximum widths, are in-
spected with this template. Width inspection slots aré‘spacedﬂZ,SOO in,
-apart and are 0.039 in, wide. The width between the outer ‘edge of ‘the .slot
and the edge of the template is.0.100 in. 'LEHgth.inspettionvélots'are.
spaced to determine whether or not the core length lies withim the 2l-in.
‘minimum and 22-1/2-in. ‘maximm specified.

TFuel plates that fail this inspection are radiographed.:. Core

length, core width, and width of imactive stainless steel edging are
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measured directly from the X-ray film. Platés which do rot meet dimensionsl
requirements are rejected. The .surfaces of the fuel plates also are inspected
for defects. .Oxide indentations, pits, -and scratches deeper than 0.001 in.
are cause for rejection. Dents, blisters, and discrete ‘color changes om the
surface are also rcaﬁse' for rejectiomn. '
F. Flatten Annealing of Machimed Fuel Plates
. Tb facilitate Ja;s‘se‘mhling -of the fue’l plates into an array and to

meet plate spacing dimensions. in the brazed fuel unit, it is necessary that
the composite plates be flat :and fully annealed. The flatténing and annealing
is accomplished in one .operation. Accepted fuel plates are degreased in a
-vapor dégreaser prior to annealing. - I,o‘t size for' flatten annealing is twenty-
five fuel plateés.

' Each plate is covered on one side with a thin coat of ‘a mixture
containing one part By,‘volume .of Fisher 5F Precisionite levigated alumina
and ‘ten parts of water. A three-inch camel's hair brush is used to apply 'én“
‘even coéating. The coated fuel plates are allowed to dry for at l-e'a.st 15 min.

As illustrated in Fig. 18, a jig composed of two platens for A
'cilaniping the fuel plates tog,ethg—:-r‘ is used for this operstion. .‘TWenty-lfive‘ .
fuel plates are stacked together with the coated side adjacent to the un-
coated side. The stack is placed between the platens, and the .clamping
bolts are firmly t-ightenéd-. .The loaded assembly is dried in g ovéen at
330°F for a minimum of 16 hr.

The anmealing temperature is 2100°F * :25°F and the annealing
accomplished within an Tnconel muffle inserted inm a 56-kw Globar fur‘néce.
The muffle has a cross sectional dimension of 7 in. x 9 in. and is 6 ft
in length. Bright annealing of the plates is cbtained under a. purge of
‘dry hydrogen with a dew poimt of -80°F, as measuréd by :an Alnor Dew-
pcnnter at the furnace inlet.

‘ Furnace téemperature at insertion of ‘the loaded platen assembly
ordinarily doés .mot exceed 5T0°F. .The= muffle is purged with helium prior
to insertion of the plates and during the period of heating between 570°F
‘and 1200°F. 'The temperature is raised to.1200°F 'at.a raté not excee'd;]‘_ng‘
540°F per hour. At 1200°F the helium atmosphere is replaced by hydrogen.
A flow rate sufficient to bright anneal stainless .steel is recommended;

240 ¢fh is used generally. .The temperature is raised to 2100°F 'at a rate
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of approximately S5LO°F per hour. .The plates are held at 2100°F for two
‘hours, and then furnacé cooled to 570°F. . At this temperature, the hydrogen
atmosphere is replaced with .8 helium purge. .The assembly is then removed
from the muffle and air cooled. .After disassembly, the fuel plates are
scribbed uﬁder :flow)ri‘n-‘g’ w‘a-tef to remove the coating of ‘alumina. .Care is
-exerted in thié scrubbing treatment to prevent distortion of the fuel plates.
‘The fuel plates are then either air or oven dried. The surfaces of the fuel
plates again are in‘sp"é'cted for’ tdgifécts .and ‘accepted plateés are stored ina
safe. Oxide indentatioms, pits, and scratches .deeper than 0.001 in. are
cause for rejectiom. Dents, blisters, and.discrete color .changes on the
'surface are also cause for rejection.

.G+ ‘Manufacture of Side Plates and Combs’

1. Side Plates -

a. . /Machining

'The side plates are machined from 0.050 inm. .* 0.003 in. stain-
less steel sheet stock, sheared to 27-1/4% inm. x '3-1/4 in. * 1/16.
"in. in size. Each plate is .deburred with.a file after shearing.
A stack of twenty plates is sandwiched between two pieces .of
1/8-in.~thick :aluminum sheet of :approximate side plate dimen-
sions to prevent distortion of the side plate’s during the mil-
ling operation. The assembly is table-clamped lengthwise and
straddle milled on a horizontal milling machine. .Two 8-in. —.dia:
staggered-tooth steel cutters rotating at approximately 20 rpm
‘wﬁth & 1/2-in. /min' feed are used tomill the stack of plate’s to
final width in one pass. .The assermbly is then transferred to a
vertical milling machire, and msachined to 'tlie‘ proper Ierigth with
a side cutting mill rotating at .l'SQ rpm with a ._l:-,inv.,._/min feed.
.Dimensional requirements are spe‘é’i'fied ‘on’ Alco .Drawing D9-13-201k.

Fach side plate is campletely deburred with a file to imsure a
good grip by the vacuum chuck employed during the grooving opera-
tion. The chuck is 36 in. x 12 in. with vacuum holes on 1/2-in.
_ceriters: Holes not covered by the side plate are covered with
two layers of heavy masking tape. The vacuum for the chuck is
supplied by & large industrial vacuum cleaner.

.During the grooving operation the eighteen grooves per plate
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are .cut in one pass on a horizontal milling machine using

3=in.-dia x 0.034-im.-thick carbide-tipped slitting-~saw

blades. .Special care is éxercised in establishing the

location of the saw blades .on the machine arbor to insure that

* the ‘dimensions between grooves .and '-é‘d.g.e’s of" the side plates are

correct. .The cutters rotate at 60 rpm with a feed of ‘about
1-5/8-in./min. A heavy sulphur-base cutting oil is used for
lubrication.,

b. Inspection

‘Subsequent to machinirng and groovimg, the plates are degreased

and each plat‘e dimensionally inspected. .The plate groove. depths

.are determined . either by gauge wire with a micrometer or by.a

thin roller attached to .a . dial indicator. .The groove ‘Sepz_a,r‘a'tiOns .

~are measured with & micrometer from plates inserted in the'

grooves or with a dis¢ type micrometer. .All ‘dimensions must

fall within the tolerances specified .on Alco Drawing D9-13-201k.

c¢. Flatten Amnealing N '
. Flatten .annealing of the side plates is required’ to relieve. -

the stresses which occur -during the V'groovin'g .operation. The side

.plates are annealed in a mannér identical to that used:.in anneal-.

inig ‘the fuel plates described in Section D with the following
ré‘xc@tioﬁs‘: _ . _ . —
' J_. The individual side plates are separated by 0.030-iH.-thick,
type 304L. stainless steel shim stock. ' '

- 2. The alumine mixture is applied ‘to both sides of the shim

:stock. .The side plates are not coated because of the
difficulty in removing the alumina from the grooves.
3. A'meximum of fifteen side plates are stacked ‘with the

alumina-costed shims between each plate.

". . Combs .~

a. Machining

The combs, shown om Alco Drawing D9-13-201k, are made from
0+050-in. .+ 0.003-im.-thick stainless .steel sheet sheared to
3 ia. x 1 in. * 1/16 in. .Stock is usually selected from
trimmings remaining from side plate shearing. The length is
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milied to final size. .The width is milled 1/4 in. oversize to
provide sufficient<stock for holding during the slotting opera-
tion. Slotting of the: combs is performed .on a horizontal mil-
ling'machine with'a'high-speed steeIAserewbslotting cutter ro-
tating at 60 rpm with a 1/2 in. /mln feed. A group of fifteen
to twenty combs is held by the excess materlal on the width in
a precision vise mounted on the table of a milling machine. Each
slot is machined individually. After completeeslotting, the
' pieces.are mounted in.a precision vise and are machined on a
shaper to reﬁove the exeeSS'widfh'stock.
b. Inspection ‘ . ‘

‘Each comb is dimensionally inspected. The comb: groove width
and'location are checked in the same manner as the side plates.
The length, width, and thickness of' the combs are checked with
‘conventional micrometers. .Combss not meeting the dimensional
etolerances specified on Alco Draw1ng,D9—l3~201h are rejected.
Fo1lewing;inspection; the combs .are vapor degreased and -stored
for future use.

H. Assembly of Fuel Unit -

" 1. Brazing Jig - A combination assembly and brazing Jig is utilized
for assembling the fuel plates, ‘'side plates, and combs into a fuel assembly.
Any type of 300-series ‘stainless steel with expansion characterlstlcs approx-
imating that of 3OhL.sta1nless isnsatisfactory as the jig material.

As shown in Fig. 19, the base plate of the jig is made from one- °
inch stock to which longitudinal bqttomuskids.are.attached. AFiveﬁ"U"-shaped
supperts are located in .a shallow groove machined in the baseplate and are |
attdched,to thewbaseplateiby'means.of.dowel pins .and ‘screws. .To allow for
flexibility in assembly, the inside dimenSion'of’the‘"U"-suppbrts is approx-
imately O. 100 in. larger than the actual flnlshed width of the brazed ;
‘assembly.' A shim plate between each 51de of the "U" support and-the respec-
tive side plate compensates for the gap. The thickness of the shims used
in.assembling_ahﬂindiviauaiefuelEassemblyuié determined prior to assembling.

AlSamplé'ceieulation is shown on the following page.
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Inside dimension of brazing jig "U" supports: 2.940 in.

Fuel plate width: 4 2.778 in.
Side plate thickness
(measured‘from:base'of grooves): 0.025 in.

Braze metal clearance
(measured from bottom of side plate grooves to
edge of inserted fuel plate): _ . 0.005 in.

“Total A :
Shim Thickness a ~(b+2c+2d)
2,940 in. -[2.778 in. % 2(0.025 in.) + 2(0.005 in:)]

0.102 in. A
With a total cdlculatedhshim'thidkness-of’O,lO2Ain¢, 0.051-in.

shims ,or a cbmbinatiOn;such as*0t050~in..and 0.052~in. shims; are used.
A removable comb: holder is,iocated by two dowel pins at one end
of ‘the jig and attached to the base plate with machine screws. .This holder ..

is used only during,assembly'and is removed prior to insertion of the jig

and the fuel plate assembly into the brazing furnace.

2. Procedure - Immediately prior to assembly, the: surfaces of the
fuel plates are inspected as previously described in Section C-7. .

&. .The . size of the shims to be used is determlned

b. The two selected shim plates.are then pes1t10nedf one’
against each side of the "U" uprights.

c. Two side plates, with grooved sides facing each other, are
placed adjacent to the shim plates and positioned snug against
the ‘mounting flate of the comb holder. A scrap piece of;stain-
less steel sheet. stock is inserted to hold the side plates flat
against the jig supports

.d« A long fuel plate is .inserted from the: open end of the Jig
into the bottom groove of the side plates and pos1t10ned snugly
against the mounting plate ‘of the comb holder.

e. The jig is tilted about the horizontal axis to facilitate
placing of the braze metal, cement, and stop-off. This is
:accoﬁplishedfby using & I.5-inzthick piece :of wood to- -

" elevate one side of the assembly.

f. As shown .in Fig. 20, the dry Coast Metals N. P. braze metal
is applied by gravity from a stainless steel pointed tube resem-

bling the barrel of a mechanical pencil. It is’important that
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Fig. 20 (Y-25951) Application of Braze Metal.



the braze metal be confined .to 'ﬁlé' inactive edge of 'the plate
and not preplaced on the cladding -surface above the fuel core.
.Since the minimum specification of the width of the inactive
stainless -ste'él edge .of .the fuel plate is 0.100 in. and 0.025 in.
is the ‘maximum .distance: the plate can be inserted in the side
plate groove, a mere 0.075-in..-wide strip of inactive stainless
stéel remains for preplacement of braze powder. It is. recom-
-mended that the width occupied by the braze powder be less than
0.060 in.

g. As shown in Fig. 21, the dry bra’z,éf-;;c:.tial powder is cemented
into place with Colmonoy Nicrobraz .‘C'emc'nt"‘. A 19-gauge hypodermic
needle attached to a 5-cc .syringe permits the cément to drip by
gravity onto the fuel plate adjacent, .to ‘the braze metal fillet.
The cement is allowed to dry for-30 sec. .

h. .As illustrated. in Flg 22 a one~fourth-inch wide strip of
Cplmony Greenr Stop-off is applied with & camel's hair brush
directly ;a’d._,ja_cent to the braze metal on thé active portion .of
the: p‘lgté‘-.: The' stop-off is used to prevent .the braze metal
from flowing laterally onto the stainlcss steel .cladding of the
active core section during the subsequent brazing operation.

i. .The wood tilting block is then moved to the opposite side
of the jig, and operations "f" through''h" are repeated for the
'opposite fuel plate-side plate Jjoint.

J. A comb is placed in the comb holder; .and the braze metal,
‘cement; and stop-off are applled in succession to the long
comb-long plate Joint.

k. A short plate is imserted in the second row of side ‘plate‘-
grooves and firmly p,lace'di in the comb groove-.. '

1. Steps "f" through "i" are répeated with the addition of
£illing the comb-to-plate joint with braze metal, cement, and
"stop-off.

m. The process is Yepeated, inserting "p’.];ate‘si from bottom to
top, until all joimts of ‘thé sixteen short plates havé been
properly prepared w:.th braze p'ow&ery' cement, and stop-off.

w. .The second .comb’ is attached to the unit prior to inserting
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the top long fuel plate into the side plate 'groove's-; (A1l conb-
fuel-plate joints are filled with braze metdl, cement, and
stop-off: . '

0. . The joints of the top long fuel plate are prepared in the
same mammer as the bottom long plate.

p. .The .comb holder is removed from the jig jarid the completé Jig

and assembly rotated 90 :deg. The brazing materials are then
‘applied to the long fuel plate-cemb: joinmt. | |
q.  As shown in Fig. 23, a :one-ha'lf-inlch. wide .‘sfrip of .Colmonoy
stop-off is made across the side plate inside the assembly one-
half inchubeyond the ends.of the short fuel plates. This strip
prevents the braze metal from flowing to the ‘ends of the side
plate during b'refzing', which may cause difficulty in welding end
.adapters to the brazed fuel unit.
r. The disposition of the fuel plates is identified w1th the .
fuel element number in the master log
T Bra21ng of Fuel Assemblies
1. Procedure - Brazing of fiiel elements 1s accompllshed in the

identical furnace equipment utiliZed' for -annealing fuel plates. ..The fur-
nace is equipped with & leak tight muffle. for ,‘main'tauining a. dry hydrogen
atmosphere and is capable of maintaining a maxmum 'gr’adient of .5‘°F"4alor.1’g"
the entire fuel assembly length at the brazing temperature.

"Two. calibrated chromel-alumel thermocouples are attached (one
to the front and the other to the rear) to the assembly. .Each thermoc;ouple

is c¢hecked at room temperature prior to .acceptance. . The rear thermocouple

leads extend ‘along the baseplate between the jig skids, and the junction is

inserted a ,ﬁsﬁnce' of two inches from the rear of the fuel element between
the middle fuel plates. .The front thermocouple is similarly located be-
tween _jt_,he.,_.midd_.le fuel plates by inserting the leads directly imto the front
of the te;lem’ent . .

A heat baffle is placed om top of the jig to minimize tempera-
ture gradients during the heating and cooling cycle.. This baffle consists
of three 0.050-in.-thick™: 18-8 stainless steel plates, séparated 1/8 in.
by - i'spacers - and. welded . to form an integral unit. 'The jig containing the

assembled fuel unit, complete with thermocouples, is placed in the furnace
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at a maximum temperature of 570°F. A dry helium atmosphere, with a minimum
dew point .of -LO°F, és:;measured by an .Alnor Dewpointer-at“the:inlét end,.is
introduced as the atmosphere at low temperatures. . A pair of .stainless steel
reflector shields are placed inm front df the jig to minimize thermal gradients -
along the fuel element. The. thenn‘ocoup’le‘ leads on the fuel element are
threaded through the furnace door entry port. : . ’
_The furnace temperature is raiséd to 1200°F ‘at & rate not to.
exceed 370°F per hour. 'The furnace is held at thls temperature until the
temperature gradient, as méasured by the thermocouples, is léss than Ys5°F,
At this time, dry hydrogen with a dew point of 'at least -80°F is introduced
and the helium purge discontinued. The temperature is raised to 1830°F, and
is held until the temperature gradient is less than 18°F and outlet .hydrogen
dew point is .at least -50°F. The furnace temperature is raised to 2010°F
and the fuel element is held ‘at this temperature until the temperature
gradient is less than 5 T
Above 2010°F, the furnace temperature is. slowly raised by
careful manuasl control.  Temperature readings are taken on ipot)h- the thermo-
' couples every minute. The temperature gradient is maintained as low as
possible, with a maximum.of 5°F. _When the thermocouple temperaturé?s ’ré‘ach
20T1°F, the furnace is shut off. The total time for the fuel assembly above
2066°F, as measured by the thermocouples, does not :e'xc'e'eﬁ':eight minutes.

The brazed fuel assembly is furnace cooled to 570°F, at which temperature
theé: furnace is purged with helium. After thorough purging, the furnace isA
opened 'end the a;s'semb-ly' air-cooled to room temperature. .The total time for
one complete brazing cycle is approximately 24 hr.

_ After the brazing operation, each completed assembly is .iden=’
tified with numbers approximately oneé-half inch high. A Burgess Electric
T'Vibr'oa-‘_'I“o‘ol with a tantalun-carbide tipped point is used for ‘mérking.- Com;
pleted fuel assemblies are consecutively marked starting 'wit'h "1" for the -
first assembly Appropriate records are maintained in the master log.

2. Dimensional Inspection ~ The brazed fuel assemblies are dlmen-

sionally inspected for plate spacing, element width and sag or distortion

of top and bottom plates. The data for each assembly are recorded om an
appropriate inspection form.

Pi_l.até‘ spacings .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. from the numbered

" end. Sixty-eight readings per fuel element are .obtained. ‘Maximum gllow-
able deviation is *10% of the nominal spacing, or 0.013 in. Fuel elements
with. deviations greater than 0.013.in. are rejected.

Air gauging to measuré»plate spacings is not accéptable. As
shown in Fig. 2k, a_special_meaSuring:deﬁice incorporating a calibrated
ell@ptical probe has been successfully used. A steel illipsoid, having
0.100-in. minor and 0.150-in. major axes, is mounted .on the end .of a .
0.100-in.~-dia tube'approximately.27‘in, long. A one-inch-thick plastic
block, 3 in. x .6 in., with a hole in the center allowing tube rotation, is
mounted. near the other end .of thé tube. A needle indicator is rigidly
mounted .on. the tube near thé‘plaétic block parallel withAthe.Ellipsoid
ma jor asix."The‘neédle is calibrated by rotating théﬁellipsoid bétween
gage blocks and the ﬁidth.of 5péée‘b¢tween gage :blocks:marked on a piece
of polar graph paper. The calibrations are fastened .on the,faceﬂbf the
plastic blbck; ‘

The width of the‘assambly is measured with a 3-in. micrometef'at
six locations along the top and bottom of .the side piates for a,total‘of:
twelve measurements per assembly. Measurements ére,taken at distaﬁc¢s<qf'
one, six, eleven, sixteen, tNEnty—pney<andftwenty~six inches from the
numbered end;of the element. Fuel assemblies with widfh\dimensioné out-
side the limits of 2.84k4 in. ~0.022 in. +0.000 in. are rejected, unless
specifically approved by the Contracting Agency. o

The dimensions from the outside center of the top and bottom
fuel plates to the edges of the side platés is measured with a depth
micrometer at locations of 2-1/2-im., 9 in., 15-1/2 in.,and 22 in. from
the numbered end .of the fuel assembly for a total of eight measurements;
Fuel assemblies with measurements outside the limits of 0.033 in. * 0.013 in.
shall be rejected. _ ‘ '

3. Cleaning - The fuel assemblies are cleaned under hot water to:
remove the stop-off résidue by scrubbing with a 1/8-in.-dia stainless steel

wire brush. Care must be exercised to prevent damage to the fuel plates.
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h; Visual Inspection - The fuel plates in the assémb;ies are

visualiylinspebted for defects,. such gé:blistering,LAdents,"énd.scratches

over 0.001 in. in depth. .The presencévoffany'of'these defects is cause. for

rejection.” The brazed joints and the fuel plates .are Visually inspected for

'splatter, lateral spread of ‘braze metal, and pitting. Any splatter, lateral

;. spréad . over. the core.or. pitting is.cause for.réjection.. .

J. Attachment of ‘'End Adaptérs .and Final Machlnlng
1. Prelimlnary Machlnlng of Brazed Assemblies - -Two parallel.vises

are mounted on a,vertlcal-milling<mach1ne~table Wlthvthe faces of .the vises
parallel to the lengthwiseatébié'feéd. The vises are spaced .apart so that
approximately one-half inch .of the fuel assembly will extend from the outer
edge- of .each vise. The vise Jaws are carefully tightened against the side
plates. Both ends of the asSembly are squared .and a length of 27 in. +1/6h in.

is obtained by cross traverse of the table using a U4-in.-long side- cuttlng

mill. The edges. are carefully deburred with a file.

2. Preliminary Machining of End Boxes —-End,adapters,déSCribed in
AlcoﬁbrawingsA09-13-2022,5C9-l3-2023, are attached to each end of the fuel
,assemﬁly to 1ocateithe fuel elements in the grid plates of the reactor core,

and to direct the coolant flow along the fuel plates. Over-all economic

.considerations may be a factor in the.selection-of'theftype’of<casting;
.Sand .castings may require machining of the bore for locating‘purposes,'and

‘hand polishing of .the entire'unmachined portion of the bore. to obtain the

requlred 125 RMS .surface finish.

In machining. the end boxes, & split. or expanding mandrel is

mounted vertically with the "solid" end of the mandrel attached to a sup-

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

.down, is placed .on the mandrel and the mandrel is expanded. The end,boﬁ5is

hlocatedls0'that,wiQer dimension .of the rectangular surfaces is parallel to

the travel .of the table. These surfaces.are straddle milled to 2.863 in.

.£0.002 in. For:: machlnlng the. other.dimension. . of. the rectangular

surfaces, the .end box is located by reference perpendlcular to the

prev10usly machined surfaces. These surfaces are straddle-.milled to 2.84k in.
+0.0001n. ' :
©0.022 in.’
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This fixture is also used to locate and hold the end boxes

‘during machining of the male end connections which .are inserted into the

brazed fuel assembly. An interference fit of .0.002 in. in both .directions
réquires individusl selection .and machining of end boxes. to each fuel ag-

senbly. .These surfaces are side milled to provide the necessary fit and the

Jend boxes .are inserted into the appropriate brazed assembly for storage:.

‘Hand polishing of the ummachined beore may be required to obtain a finish of
125 RMS. :

3.,,Assemb?ly - The fit of the end boxes into the brazed .assembly is
adjusted so that a gap of .l/ 32 in..is le-ft between .the ends .of the side
plates and the: end box shoulders Three-inch "C" clamps are placed across
the middle of the side plates to hold the end. boxes in place. .The clamped
assembly is placed on two matched para:l_le.l bars .on & surface plate. The

bottom inner surface of the end box bore is :zeroed .om-a dial indicator

‘mounted on a surface gauge. .The indicator is removed and the assembly is

turned 180 deg. The new bottom .of the bore is indicate"dl.’ Misaligmment is -
adjusted by tapping with a plastic hammer until ,dia‘l‘-iﬁd.ilcator' readings
vary by no more tham +0.001 in. .The fuel assembly is rotate'd Q0 -de'g‘ and
the .above procedure repeated. The clamps are checked for tightness. .The
other end box is similarly adjusted. The center. lines of “the .end boxes are
thus allgned with the center’ 11ne of ‘the: fuel assembly.

. ‘Welding of End Boxes - A rotatable jig is used to hold and
position the assembly during fuel assembly to end box welding. The jig

‘consists of a rotatable base plate to which the fuel assembly is stra,pped

two inches from each end of the brazed assembly. A ring is also .attached

‘gt each end of the baseplaté: through which four lacating thumb screws are

extended. The :a‘s’se‘m‘ply is clamped to the baseplateé.andithe four thumb:
serews .are carefully tightened to contact the end boxes. The "C" clamps
remain in placé during the welding operation. | | '
‘The fuel elements are butt welded to the end boxes using the
tungsten inert-gas process ‘with argon gas “and. 308L bare filler wire. Only
the ‘side plates are welded to the énd boxes, using the following procedures:

A tack is made at the center of one side-plate joint; another tack is made

at the center of the other side-plate joint; the first .joint is welded over
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the full length and-the second joint is then welded; the welds are made
flush with the: sider plates; and the second end box is then welded in the
1dentlca1 ‘manner.

5. Final Machining of Fuel Elements.. - ‘The fuel element with the end
boxes .attached is placed in an .engine lathe for fimal machining, with .the
inlet end box at the headstock. .A standard expanding mandrel is inserted
into the center bore -of ‘each end box.and expanded. .The mandrels are sup-
ported in the lathe between tWO'four;jew chucks. 'fﬂeAelement is properly
located in the chuck so that the jaws move perpendicular to the sides of
the fuél element. ' This permitStshiftingﬁof;the'element,in‘any of four
directions for proper alignment. . ~

The element is centered with its center-line axis "Y", indicated
by points:"D" and "EI, shownnon;AlcofDrawinggR9a13~1003‘(Fig; 25), coinciding
with the lathe center line. ‘This is done by %irst,indicatiﬁgythe outside '
surface of the top fuel plate with & .dial indiCatorvmeunted on a .surface
gauge placed on the lathe bed. The element is then rotated 180 deg, and
the outside surface .of the bottom .fuel plate 1s indicated.’ IF zero readings
are not obtained for both top and bottom fuel plates, the element is shifted
by,adjustingrthe jaws .of the chuck until both surfaces are zeroed in. . The
element is rotated 90 deg, and the same indicating procedure is followed
until zero readings .are obtained .on the outside surfaces ofTbothnside
plates. Center~line>axiS'“Y"‘is:rechedked in the first plane for align-
ment, and corrected if’ necessary.

‘The round portiom of the inlet end box in the headstock 1s then
rough machined to 0.005 in. greater than the flnished.dlmensions. .The
element is again.recheeked,fbr?alignment in bothfplanEs.oflthe center line
"Y' The round portion is.machined to the finished dimensions of
2.495 in. +.0.000 in. = 0.002 in. .Subsequent to final machining,of.the
inlet ‘end box, theufueltelement ie reversed in the lathe so that the
outlet .end box is positioned at fhe~headstbck; ‘The“abOVeuprecedure is then
repeated for the outlet end box. ‘

The fuel .assembly i& removed from the lathe, and the mandrels
are slipped from each .end box. .The fuel element is then placed in two

parallel precision vises .mounted .on & vertical milling machine table. The
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vises .are located to engage the rectanguler'section,of the end box with the.
fuel .element .center line parallel to the lengthwise feed of the milling
~machine. .The over-all length<oftfheneiementvis.measured with .a 36-in.
vernief’caliper. If'neteSsary, the -ends:of the :end box .are faced off with
a b-in.-side mill cutter to the finiShed*element Iengthﬂof\33-5/8'in,

‘ .The inlet end box of the stationary fuel element is placed inm &
drill jig, and thefhole for therlocating'pin is drilled (Alco Drawing
A,R9hl3-1003). .The pin is then inserted and staked. -The retaining hole for
the spring on theaoutletlend.bOX'of’tﬁe elemeént is located, drilled, and
counter sunk. o A | '

K. .Final Inspection

The final inspection of the fuel element is described below:

l.lAn:inspection'ring'iS'placed around .each end box. Both rings
are made with identical outside diameters (~3-1/2 inm) while the
inside diameters .are made to fit the maximum dismeter of the end

boxes .at the grid location area.

"The: rings .are positioned.on.the.end.bdxesvand are placed in &
pair -of matching "V" blocks §et-onAaAsurfaEe<plate} .Concentricity
is measured with a dial indicator at cenfer-lipe points. "D" ‘and
"E", ‘shown on.Alco'Drawinng9-l3-lOO3, while revolvingAthe rings

eandlelement'throuth180'deg. 'Maximumfvariation.allowable is.
0.002 in. TIR. | o |

2. With the element still positioned in the matching- "V" blocks,
the perpendlcularlty of surface "Z" to axis. "Y" is measured
with a die-maker's square-and‘a'feeler ‘gauge. Maximum varlation
allowable is 0.002 im. -

3. The 'nominal :29- l/h 1n "length between :shoulders of the “end boxes
~is measured with & 36-in. vernier caliper. .The nom;nal 33—5/8P1n.
over-all assembly length is also measured in this manner. .The
toleraﬁce‘allowed,on bofhelengths is +0.010 in.

4. Gross distortion and warp&ge~of the completed .element are checked
by passing the element through a box with inside dimensions of
2.896 in..x 2.896 in. and 35 in. long. .The element must pess
freely through the box,for‘acceptapce\
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L. Numbering and Degreasing
Each completéd fuel:élement is identified with the same number that

was. previously marked near the end .of one of the side plates. .The ,,numbe-r"“
is stamped with & 1/2 -inm. ‘sﬁainﬁ on the flat surface of both -end boxes.

' "‘Subfse-'Que‘nt to .final ':ma:ch.i’hifng, the fuel element is .cleaned in &
* vapor degreaser. .The element is lowered slowly in & ,'hbriz':bnta'l position into
the .degreaser; and Ais 'e;‘llc;)we;d‘. to .rémain in ‘the. va’.porua-re‘at .unt'il‘.t;he' entire -
unit .is heated. A stream .of .1iquid solvent is directed .thr’ough.'thej ‘eﬂ.em‘eﬁt .
After removal, .:c’le"a.’ﬁ. air is carefully b';l;dw'n through the ..'a‘_ssembely' to remove
any solid debris.  The element Ai‘S’:allo'w‘ed’ to cool in.a vertical position to

" room témperature.
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VII. PREPARATION FOR. SHIFMENT

Inﬂbfaer to minimize fission-product activity in the reactor cooling
water, it is necessary to decontaminate the surfaces of all fuel elements
prior to shipment. .If'possible, the;decontamination operation .should be
éonducted in an area removed from the fuel fabrication plent and which is
relatively free from airborne activity due. to fissionable material. ,All
units are to be pickled in warm 10% nitric acid-water solution for 16 min,
rinséd in hot running water and dried. Immediately after drying the
component shall be wrapped in a heavy dry papef and enclosed in a plastic
sheath which-mﬁst be thErmalLy;sealed to protect the component from the
ambient. atmosphere. The components are then packaged in suitdble shipping
containers which are designed to protect the units against damage or contam-
ination during shipment and to meet AEC requirements with respect to

eriticality.

VIII. REFERENCES
The following standards,,drawings,.and publications form an integral
part of this specification: -
1. "Steel Products Menual,” Section 24, Stainless and Heat-Resisting
Steels, American Iron and Steel Instltute, May 19L46.
2. AlcotDrawing R9-13-1003, Fuel Element (stationary)

. Alco Drawing-B9-13-2007, Fuel Plates (Stationary)

£ w

..Alco Drawing,397;3,2008,_Spring((Fuel4E1emEnt)
.,Alco-Drawingib9él3<2014,,8ide Piateqand Comb (Fuel Element Stationary)
,Alco,Draﬁing 09-1352022,.Fuel.Elemént.End.Box‘(Inlet)
.Alco-Drawinggc§§13ezoé3,jFuel‘Eleﬁent,Endepx (Outlet)

. Alco Drawing.A9-13-2024, Dowel (Fuel Element Stationary)
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. Alco Drawing D9-13-2080, Final Machining Jig APPR-1 Fuel Plates:
(Stationary) S

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

11 ORNL. Drawing D-27219, Powder Metal Die Assembly
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12,
13.
14,
15.

16.

17.

18.

19..

20.

21,

22,

ORNL Drawing D-27220, New Stationary Fuel Plate Powder Die

.ORNL. Drawing D-28950, Blanking Die Assembly

.ORNL“Drawing,D€28952iLStationarygFuel»Plate’Blanking.Die

ORNL -225, Cem-Type Plate Spacing Gage for the Materials Testing
Reactor Fuel Assemblies, by J. A. Kyger, F. Kerze, and .W. H. Wilson
(July 1949).

ORNL-2225, Specifications for Army Package Reactor (APPR-1) Fuel
and Control Rod Components, by R..J. Beaver, R. C. Waugh, and

C. F. Ieitten (July 1957).

ORNL-2312, Investigation of the Factors Affecting Sensitization
of Army Package Power Reactor (APER 1) Fuel Elements, by

R. J. Beaver, R. C.- Waugh, C. F. Leitten, and W. R. Burt, Jr.
(September 1957)

TID 7546, Fuel Element. Conference, Book 1, Paris, France,

MFuel Dlsper31ons in Stainless Steel Components for Power Reactors,”

by J. E. Cumningham, R. J. Beaver, and R. C. Waugh of ORNL, p 243,
(November 1957).

UN Paper -«1925, Proceedings of the Second Internatlonal Conference
on Peaceful Uses of Atomic Energy, TVAPPR Fuel Technology" by

J. E. Cunningham and R. J. Beaver (September 1958).

Special IMD Series 5, Nuclear Metallurgy, Fifth AIME Nuclear
Metallurgy Symposium,. Stainless  Steel-Uranium Dioxide Fuel

Components for Army Package Power Reactor,” by J. E. Cunningham
and R..J. Beaver of ORNL (Fall 1959).

Nuclear Materlals Management, Chapter VII, "Fuel Element Fabrica-
tion,” by R. G. Cardwell of ORNL (In press).

British Journal on Rediology, Supplement No. 6 (1955).
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