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SPECIFICATIONS AND FABRICATION PROCEDURES FOR SM-1
CORE II CONTROL ROD FUEL ELEMENTS

SUMMARY

Stainless steel-base fuel elements of thin plate-type construction,
containing a dispersion of enriched uranium dioxide, have been successfully
employed in powering the Army Package Power Reactor. This report is concerned
with the control rod fuel element proposed for operation in the second core
loading of SM-1l, formerly designated as APPR-1.

The general characteristics of the component engineered for radioactive
service in pressurized water at U450°F are described. An important feature of
the new component is a built-in flux suppressor to minimize flux peaking at
the void Jjunction between the fuel and absorber sections of the control rod
assembly. The underlying criteria which guided the design are presented.

The technological factors, such as compatibility, corrosion resistance, and
irradiation behavior, which led to the selection of UO2 as the fisgile compound,
boron carbide as the burnable poison, europium oxide as the flux suppressor, and
austenitic stainless steel as the cladding and matrix material, are reviewed.

The fabrication procedures developed and adopted for manufacturing the
component are presented in detail. Included are powder metallurgy processing

of UOQ, and BAC in stainless steel fuel compacts and Eu in stainless steel

2 203 .
flux suppressor compacts, cladding of the fuel by roll bonding, and joining
of the thin plates into an integral unit by brazing. Quality-control measures
adopted to produce components, on a piIot plant basis, consistently within
dimensional tolerances are described.

The general requirements for manufacturing Core II control rod fuel
elements are outlined for the purpose of informing prospective fabricators
with the nature and scope of the undertaking. Detailed material specifications
and dimensional requirements which the manufacturer is expected to meet are
also provided.

Since the components have not been prepared along normal commercial lines
where quality is assured by nondestructive testing to industry-wide standards,
the supplier should qualify his fabrication procedure before initiating work.
The method for qualification of procedure is given. Requirements include the
preparation and testing of full-sized plates and elements to demonstrate
trouble-free operation from such problems as inhomogeneity, sensitization,

excessive fragmentation and stringering, surface contamination, and lack of

bonding.
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I. INTRODUCTION

The control rod fuel element manufactured at ORNL for the second lcading of
SM-1 (formerly the APPR-1) is essentially the same as the prototype component
employed in operation of Core I, except for one distinct feature. An integral
flux suppressor containing a small europium-bearing segment has been incorporated
directly into the core at one end of the composite fuel plate. The internal
suppressor replaces the external Haynes-25 combs utilized in Core I. This
innovation improves coolant flow and eliminates one potential source of gamma
activity in the primary loop due to Co6o. In addition, the integral suppressor
still serves the primary function of minimizing flux peaking caused by the
Wilkins' effect in the axial void Jjunction at the fuel-absorber interface in the
control rod assembly.

This report is prepared specifically to aid the Army Reactors Branch of the

Division of Reactor Development in procuring replacement control rod fuel elements
from a commercial source. The specifications and fabrication procedures developed
and adopted for the Core II control rod fuel elements are presented in sufficient
detail to enable an industrial manufacturer to undertake the task with only a .
minimum of development effort. Similar data on the absorber section, which
constitute an important segment of the control rod, are reported in ORNL-2733.

The Army Package Power Reactor was bullt and placed into operation on
April 12, 1957, to demonstrate the feasibility of supplying heat and power at
remote locations by nuclear energy generated in small, compact reactors. The
plant has a rated thermal capacity of 10 Mw and delivaers 2 Mw of electrical power
at the turbo generator. The reactor is cooled and moderated by pressurized
water and powered with highly enriched uranium. 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 components for this
application was the culmination of a five-year-program effort of general
materials and component development work at the Oak Ridge National Laboratory.
The program was motivated by the limitations of aluminum and zirconium and by
the advantages offered by stainless steel with its excellent corrosion resistance,
its attractive physical and mechanical properties, and its amenability to simple
and inexpensive fabrication practice. The final engineering design data covering
material content requirements as well as dimensional specifications were established

and furnished by Also Products, Inc.



IT. DESCRIPTION OF THE COMPONENT

As illustrated in Fig. 1, the control rod fuel element is one of two major
components which are positioned in a stainless steel control rod housing or
"basket." The fuel element consists of sixteen composite fuel plates, joined by
brazing into a pair of side plates to form an integral assembly. The core of
each composite fuel plate consists of two 0.020-in.-thick sections: (1) a fuel-
bearing section containing enriched UO2 and a small quantity of BAC uniformly
dispersed in a matrix of stainless steel powder and (2) a neutron-absorbing
section containing a homogeneous dispersion of Eu203 in stainless steel. The
fuel-bearing portion occupies approximately 95% of the core volume of the plate
while the flux suppressor component accounts for the balance.

The cores are encased in a thin jacket of stainless steel. These composites
are prepared by roll bonding to promote heat transfer across the core-clad
interface and to hermetically seal the fuel and resultant fission products from
the coolant.

Representative cross sections of the stainless clad composite fuel and flux
suppressor sections are shown in Figs. 2 and 3, respectively. A radiograph
showing the physical arrangement at the flux suppressant end of the fuel plate
is illustrated in Fig. 4. The finished control rod fuel element with accessory

handle . for loading i1s shown in Fig. 5.

III. GENERAL REQUIREMENTS

A. The fuel component is designed for radiocactive service in pressurized
water. Once placed in operation it cannot be subjected to maintenance, repair,
or salvage. It is imperative, therefore, that only the highest degree of quality
obtainable with respect to materials of comstruction and workmanship be
incorporated into the finished component. 1In addition, the product is intended
for service in an existing system and cannot be altered. Hence, the component
must be manufactured in strict accordance with the specifications and fabrication
procedures described in this report.

B. Satisfactory performance of the control rod fuel elements during their
operating life requires that special precautions be taken to ensure the following:

1. Accurate incorporation of the desired gquantity of fuel burnable

poisorn, and flux suppressant into the component is mandatory. A nuclear
imbalance resulting from improper loading of critical constituents can potentially

lead to a serious nuclear incident.
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2. Uniform distribution of the U0, and th in the fuel core and

Eu203 in the flux suppressor of the compositi plate must be achieved.
Inhomogeneity of these important ingredients could lead to hot spots and ultimate
failure.

3. A continuous metallurgical bond between clad and frame material as
well as clad and core-matrix material must be obtained to: (a) protect the fuel,
burnable poison and flux suppressant from corrosion by the coolant, (b) contain
the highly radiocactive by-products of fission, and (c) promote efficient heat
removal. The resulting bond should be free of defects, such as blisters, which
may release fission products to the coolant.

4. Uniformity in thickness of clad and core material must be maintained
to ensure proper corrosion protection as well as to achieve the required
concentration of fuel over the entire area of the active portion of the fuel
plate.

5. It is important that all plates be identified and assembled properly
to assure that the Eu203-bearing tips of each plate are located at the end of the
fuel element which will be adjacent to the absorber section.

6. The composition and processing of materials 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, (d) promote diffusion or migration of fuel or burnable poison,

(e) impair heat transfer, (f) promote swelling or blistering by gas release which
could restrict coolant flow and ultimately result in cladding failure, and

(g) increase the level of radioactivity in the primary coolant loop by contami-
nating the fuel element surfaces with fissionable or other materials capable of
undergoing transmutation and giving rise to gamma-activity buildup.

7. The various sequences 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 as to ensure

that no portion of the fuel and/or suppressant-bearing core is exposed to the

coolant.

C. Experience at ORNL in the manufacture of the stationary and control rod

fuel elements for Core I as well as the control rod elements for Core II1I has

demonstrated the feasibility of fabricating components which consistently meet
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the product standards required. Assurance that the component meets these standards
cannot be accomplished exclusively by nondestructive testing of random or control
samples. Instead, these must be combined with the establishment of and rigid ad-
herence to proven fabrication procedures, materials inspection, and cleanliness
standards. Industrial utilization of the detailed processing procedures presented

in Section VI (Manufacturing Procedures) does not relieve a manufacturer from any

responsibility associated with the fabrication of a product satisfactory for service.

D. Sufficient and proper supervisory and production control must be provided
by a manufacturer: (l) to ensure that all details of the fabrication procedure con-
form at all times with the approved procedure, (2) to maintain rigid adhzrence to
all specifications, (3) to protect personnel against human intake of airborne activ-
ity from alpha-emitting UO2 by inhalation or ingestion in compliance with the re-
quirements of the International Commission on Radiation Protecticn, {4) to enforce
safety measures to prevent a criticality incident, and (5) to safeguard and account
for all fissionable material in accordance with the Atomic Energy Commission 1i-
censing agreement, or other arrangements with the AEC, as defined under the Atomic
Energy Act.

E. It will be necessary to maintain sufficient and proper records to supply
complete metallurgical history, fuel accountability, inspection, quality control,
and other pertinent data required in the fabrication of the fuel elements.

F. In addition to the identification numbers specifjed in the fabrication

procedure for components and fuel elements, a symbol indicative of the manufacturer

shall be added to each fuel element.
1V. DESIGN CRITERIA

A. Basic Requirements

The design of the control rod fuel element for service in Core II is based
on the following criteria: (1) operation at a high specific power density and reduc-
tion of core volume by utilizing enriched fuel, (2) dispersion of the fuel in a
sultable diluent to maximize heat transfer and prevent structural damage to the
materials of construction by overheating, (3) extension of reactivity lifetime by
the addition of a burnable poison to compensate for reactivity changes due to fuel
consumption and to permit utilization of heavier investments of fuel, (L4) utilization
of Eu203 dispersed in stainless steel as an internal flux suppressor, (5) cladding .

with stainless steel for corrosion protection and retention of fission products,
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(6) selection of inexpensive materials of construction and low-cost methods of
processing to minimize fuel cycle costs, and (7) employment of a metallurgical bond
and thin plate-type construction to promote efficlent heat removal.

The active core is composed of thirty-eight stationary fuel components and
seven movable control rod assemblies immersed in water, which serves as moderator,
reflector, and coolant. The system is pressurized to 1200 psia and water flows
through the channels between adjacent fuel plates at an average velocity of 4.3 fps.

The control rod fuel component consists of sixteen flat composite plates joined
to a pair of side plates by brazing to form an integral assembly with a nominal water-
gap spacing of 0.133 in. A line drawing with dimensional requirements of the compo-
nent is shown in Fig. 6. This drawing 1s for reference only and should not be used
for fabrication.

Other pertinent design and operating data are listed in Table I. The data
listed for make-up of the core section of each composite plate are for information
only and are based on utilizing materials of the following specifications: (1) UO2
with a total uranium content of 87.63 wt % and a uranium-235 isotopic enrichment of
93.07 wt %, (2) B)C containing a total boron content of 75.90 wt % and boron-10
isotopic concentration of 18.09 wt %, and (3) Eu203 with a total europlum content
of 85 wt %.

B. Material Selection

In general, alloys of uranium with stainless steel or with any of the

elemental constituents of stainless steel cannot be considered as fuel materials
because of the presence of low-melting eutectics and brittle intermetallic compounds.
Therefore, the development of stainless steel fuel elements has centered on the
selection of a uranium-bearing compound which is metallurgically compatible and
chemically inert when dispersed in stainless steel and processed at elevated
temperatures.

l. Uranium Dioxide - The refractory compound UO2 with its excellent
high-temperature properties meets these general requirements. The compound 1s
chemically inert in contact with stainless steel at temperatures as high as
2550°F and exhibits moderate resistance to corrosion in pressurized water.

Furthermore, it can be produced in an economical manner and has a relatively

high assay of fuel compared to most uranium-bearing compounds. In contrast to

uranium metal, uranium dioxide is relatively insensitive to radiation damage and
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TABLE I

DESIGN DATA ON APPR-1 CORE II CONTROL ROD FUEL ELEMENT

General Description

Number of Fuel Plates Per Assembly 16
Fuel Plate Clad-Core-Clad Thickness, mil 5-20-5
Water Gap Spacing, mil 133
o Content Per Assembly, g 0.362
Buropium Content Per Assembly, g 16.0
U235 Content Per Assembly, g 401.12
Metal-to-Water Ratio 0.25
Materials Make-Up Data

Fuel Core Composition Per Plate g wt % vol %

uo, (bh — 88 p) 30.82 25.16 19.39

B)C (< b p) 0.165 0.13 0.48

304LB Stainless Steel (< 149 p) 91.51 Th. 71 80.13
Suppressor Core Composition

Per Master Compact

Eu203 (< bk ) 8.058 27.68 28.96

Stainless Steel (prepared from

< Ui p elemental powders

T1%Fe—18%Cr—11%Ni ) 21.05 72.32 T1.04
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does not undergo deformation at low temperatures when subjected to reactor-
induced radiation. Uranium dioxide also offers the advantage of good fission-gas
retention which is attributed to its defective lattice structure. The chief
disadvantages of low-thermal conductivity and brittleness, which are characteris-

tic of UO_., are largely overcome by the nature of the dispersion-type fuel compo-

2’
nent.

Although UG, can be prepared by a variety of methods to yield a product with

various character?stics, 8 fairly dense and inert grade of oxide with an oxygen-
to-uranium ratio near stoichiometry is desirable as a dispersoid in stainless
steel. The product should be free of agglomerates, platelets, rods, and clinging
surface fines which lead to excessive fragmentation and stringering during proces-
sing. In addition, particles larger in size than 44 p are desirable to minimize
fission-fragment damage to the matrix stainless steel. The hydrothermal process
yields a product that generally meets these requirements and was used in the

Core I and Core II control rod fuel elements.

2, Boron Carbide - Boron-1l0 was selected as the burnable poison because
its nuclear burnout characteristics closely match those of the fuel. It is added
as natural boron in the form of boron carbide (BMC)’ This compound was selected

in preference to other boron compounds because of its high concentration in boron.

3. Austenitic Stainless Steel - Wrought austenitic stainless steel, AIST
type 304L, was selected as the cladding and structural material for the fuel
components. This material is relatively cheap, readily available in the desired
form, and amenable to most mechanical working and welding operations. It has
excellent corrosion resistance in high-temperature water and adequate strength
and ductility to withstand the thermal stresses and gradients encountered in
operation. The alloy also has fair heat-transfer properties, and is not subject
to serious structural damage under irradiation. On the other hand, stainless
steel would impose a severe nuclear penalty if substituted for zirconium on an
atom-for-atom basis. This penalty can be partly overcome by judicious design
utilizing the full potential of the high-strength properties of stainless steel.
Care should be taken to use a steel with low-cobalt content in order to minimize
the radio-chemical transport problem associated with high-activity cobalt-60
which enters the primary-loop system as a corrosion product.

A low-carbon grade of wrought stainless steel 1s specified for the cliadding

and frame material to minimize the precipitation of chromium carbide at the grain




- 15 -

boundaries and, thereby, avoid excessive sensitization on cooling after
brazing.

Prealloyed stainless steel powder of type AISI 304LILB with maximum carbon
content of 0.03 wt % and silicon content of approximately 2.5 wt % is stipulated
as the matrix material for the fuel core section. The silicon content is added
primarily to prevent oxidation during preparation; however, it does result in
particles with an irregular shape which leads to higher green strengths on cold
pressing.

The stainless steel for the matrix of the flux suppressor is prepared from
iron, nickel, and chromium elemental powders with a composition of
Tl wt % Fe—18 wt % Cr—l1 wt % Ni. The silicon content of each of the elemental

powders is restricted to a maximum of 0.03 wt %.

4. Flux Suppressor - Europium oxide (Eu203) is specified as the flux
suppressant because of its nuclear-worth characteristics and its expected
stability under irradiation. The material is received as a fluffy white powder
"dead burned" from the oxalate and 1s subsequently densified and strengthened

by a high-firing operation.

5. Brazing Alloy - Coast Metals N. P. is specified for joining the
fuel plates into integral units because of its superior corrosion resistance.
Coast Metals N. P. is a brittle nickel-base alloy containing
50 wt % Ni—27 wt % Fe—ll wt % Si-8 wt % Mo—4 wt % P. The alloy flows at
2066°F. Stainless steel joints prepared with this brazing alloy have exhibited
excellent resistance to corrosion in 570°F water and strengths of 28,000 psi in

shear and 62,000 psi in tension.

V. CONTROL ROD FUEL ELEMENT SPECIFICATIONS

A. Fuel Core Material Requirements

1. Fuel
235
U Content Per Plate, g 25.07
U235 Isotopic Concentration, wt % 93 £ 1
*
Allowable tolerances
Weighing + 0.03%
+ .
Ug/UOE + 0.25%
U 35/UT Limit of Error at 95% Confidence ILevel 0.05%
Handling Ioss - 0.19%

*Allowable tolerances were established by ORNL as a resiilt of evaluation of
uncertainties involved in fabricating the control rod fuel element for Core II.
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2. rnable Poison .
Blo Content Per Plate, g 0.02264
50 Isotopic Concentration, wt % 18.5 + 1.5 N
Allowable tolerénces*
Weighing + 0.30%
BN/th + 1.00%
Blo/Bll Iimit of Error at 95% Confidence ILevel + 0.05%
Handling Loss - 0.20%
Average Processing lLoss - 25.00%
3. Matrix Material
Type 304LB Stainless Steel Powder, g 91.51
Allowsable tolerances* .
Weighing + 0.01%
Handling ILoss - 0.20% .
B. Suppressor Core Material Requirements**
1. Suppressor Material -
Europium Content Per Plate, g 1.00
Allowable tolerances* >
Weighing + 0.3%
Eu/Eu203 + 0.5%
Handling ILoss - 0.1%

2. Matrix Material

Stainless Steel Prepared from Iron-Nickel-Chromium
Elemental Powders (in the weight ratio of 71Fe—18Cr—l1Ni)

*
Allowable tolerances

Weighing + 0.9%
Handling Ioss - 0.3%
*
Allowable tolerances were established by ORNL as a result of evaluation of "

uncertainties involved in fabricating the control rod fuel element for Core II. -

*¥%

In actual practice, the suppressor component is machined from a master compact.
The loading per plate is based upon homogeneity of the master compact and -
dimensional requirements of the suppressor component.




C. Material Specifications

1. Fuel Core
(a) Fuel - The fuel shall be in the form of enriched U02 powder of
high density and virtually free of clinging fines and agglomerates. Uranium
dioxide prepared from the thermal decomposition of UO3'H20 in a hydrogen

atmosphere was used for the Core II control rod fuel elements. A material with

comparable quality is acceptable in the event this type of U02 is not available.

The UO2 shall contain approximately 88 wt % total uranium and have a U235

isotopic concentration of 93% + 1%. A particle size of L4 to 88 u is specified

to minimize fission-product damage to the stainless steel matrix.

(b) Burnable Poison - The burnable poison material shall be natural

BHC powder equivalent to that supplied by Norton Chemical Company as High Purity
- Grade containing approximately 76% natural boron. Particle size shall be less

than 4l u.
- (c) Matrix Material - The matrix material shall be type 304IB
stainless steel powder with maximum carbon content of 0.03 wt % and a silicon
content of approximately 2.5 wt %, equivalent to that supplied by Vanadium Alloys
Steel Company. Particles shall be of irregular shape and ranging from 10 to 149 u
in size. Typical distribution of various sized particles in this range for type

304LLB stainless steel is as follows:

Particle Size, in u Fraction, in %
> 149 1.9
105 = 149 23.9
T — 105 26.1
L — 74 17.0
< b 31.1

2. Flux Suppressor Core
(a) Flux Suppressant - The flux suppressant shall be thoria-free
. dead-burned europium oxide (Eu203) which has been densified by a high-firing
- treatment in hydrogen at 3090°F. The Eu203 shall contain approximately 85 wt %
europlum and the particle size of the material shall be less than 4l p.
(b) Matrix Stainless Steel - The stainless steel matrix is a product

of the blending of electrolytic iron, nickel, and chromium elemental powders and
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subsequent alloying during sintering of the suppressor core. Each of the
elemental powders shall be limited to a maximum of 0.03 wt % silicon. The -

composition of the elemental powders shall be 71 wt % Fe—18 wt % Cr—ll wt % Ni.

3. Wrought Stainless Steel - A special grade of low-cobalt type 304L
wrought stainless steel with a 0.0l wt % (max) cobalt and 0.01 wt % (max)
tantalum content shall be used as the clad and frame material for the fuel plates
as well as for the side plates and combs of the fuel element.

Typical analyses of this type of steel is listed below:

Element Wt %

C 0.018

Mn 1.72

P 0.010

S 0.020 .
Cr 18.70

Ni 9.57 )
Co 0.00k4/0.005

Al 0.062 i
Mo 0.0097

Cu 0.10 N
N, 0.05

Pb 0.001

Ta 0.001

Sn 0.009

L. Brazing Alloy - The brazing material shall be Coast Metals N. P.
powder of less than 88 p size, and can be obtained from Coast Metals,

Incorporated, Little Ferry, New Jersey. This material shall be free of boron.

5. Handle and Gusset Plates - The handling pin and gusset plates
required to facilitate loading and unloading the component in the reactor core

shall be of low-cobalt type 304 stainless steel. .

6. Extraneous Materials - Care must be exercised in utilizing extraneous
materials, such as electrodes, filler rod, cleaning agents, and lubricants which
come into contact with the product during processing. All lubricants, for instance,
shall be of non-halogen-bearing type. Pickling of the fuel plates in any solution

containing a halide ion, or which is reducing in nature, is not permissible
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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.

D. Dimensional Requirements

The component parts shall be manufactured and assembled in accordance

with the dimensional specifications set forth on the Alco Drawings listed below:

APPR CONTROL ROD FUEL ELEMENT

Description of Item Reference Drawing
l. Fuel Element Assembly Alco Drawing D9-13-1011
2. Composite Fuel Plates Detail Alco Drawing D9-13-2073
3. Side Plate and Comb Detail Alco Drawing D9-13-2011
k. Gusset Plate Detail Alco Drawing A9-13-2078
5. Handle Detail Alco Drawing A9-13-2077

E. Finish Requirements

A1l machined surfaces in contact with the coolant shall have a finish
of at least 125 RMS unless otherwise noted. Rolled surfaces shall have a surface

finish of at least 32 RMS.

F. Qualification of Fabrication Procedure

Quality control of the fuel elements is primarily atteined by rigid
adherence to proven fabrication procedures. Thus, specifications for the control
rod fuel elements cannot be prepared along the lines normally used for industrial
products, in which quality is assured by nondestructive inspection to industry-
wide standards. Consequently, the fuel element manufacturer will be required to
qualify the fabrication procedure which is to be employed in the fabrication of

the control rod fuel elements.

1. Methods of Qualification - Three qualifications are required. The
manufacturer must demonstrate ability to (a) prepare homogeneous master flux
suppressor compacts, (b) fabricate fuel plates, and (c) braze fuel elements of
the quality described and specified. Six sample fuel plates shall be fabricated
and subjected to the tests outlined in Part "3" of this section. In addition,
one full-size element consisting of composite plates containing depleted or
normal U02 shall be brazed to the dimensions specified in Alco Drawing (D9-l3—lOll)

and subjected to the tests described in Part "4" of this section. The manufacturer
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must exercise special care to minimize boron losses incurred during fabrication.
Consistency of boron loss shall be demonstrated by the results of tests described

in Part "5" of this section.

2. Qualification of Master Suppressor Compacts - Two sample master
compacts prepared in accordance with Section VI, Item D shall be sectioned into
three l/ﬁ—in. wide strips taken from the middle and each end of the compacts.
The average europium content of the six samples expressed in wt % must be within
+

0.2 wt % of the required concentration.

3. Qualification on Fuel Plate Fabrication

(a) The six sample fuel plates shall be prepared in conformance with
the exact and complete fabrication procedure which is proposed to be used in the
manufacture of the control rod fuel elements. Depleted uranium oxide, identical
in every respect with the material to be used in the control rod fuel element
except in enrichment, shall be used in the sample fuel plates. 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. Approval of qualification must be obtained
prior to inception of the manufacture of enriched fuel plates unless otherwise
specifically authorized by the Contracting Agency or its authorized representative.
Approval by the Contracting Agency or its authorized representative of the procedure
as 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 control rod fuel elements or for conformity to specification requirements.

(b) Tests

(1) Visual Inspection - The six sample fuel plates shall be
inspected for over-all width, length, and thickness dimensions and shall be inspected
for pitting, surface condition, and finish. The six sample fuel rlates shall meet
all dimensional requirements and shall not exhibit any oxide indentations or pits
over 0.001 in. deep, scratches over 0.001 in. deep, blisters, scale, and dents, or
discrete color changes over the core area.

(2) Radiographic Examination - The six sample fuel plates shall
then be radiographed to delineate the fuel-bearing core area and to reveal any
fuel segregation and voids or other internal defects. The radiographs shall be
made using proper techniques with a fine-grained film such as Eastman "M,"

exposed and processed to yield a gamma density of 1.0 — 1.25 over the core area.
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The radiographs shall be used as the basis of measuring core length, core width,
and inactive edges and ends. |

The samples shall mest all dimensional requirements and shall exhibit no
evidence of fuel segregation, voids, or other internal defects.

(3) surface 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 material shall exhibit no evidence of contamination by fissionable
material.

(k) Clad Sensitization and Intergranular Attack - Some increase
in carbon content of the clad material must be expected due to diffusion of carbon
from the core material during the various high-temperature treatments to which
the fuel plates are subjected. Experience has shown that a relatively small
increase in carbon content of the clad material causes no deleterious effect
during reactor operation. However, it is mandatory that no additional carbon
from external sources contaminate the cladding.

The degree of external carbon contamination can be evaluated by testing
samples from the inactive portion of the composite fuel plate. Two transverse
specimens of the full-plate width shall be taken (one at each end) from each of
the six sample fuel plates and subjected to the Strauss Test. The samples shall
not exhibit any evidence of cracking after bending 180 deg around a 1/8-in.-dia
mandrel or evidence of serious intergramular attack when examined metallographic-
ally at 100X in the as-polished condition.

(5) Homogeneity - If the six sample fuel plates exhibit
satisfactory homogeneity, as evidenced by examination of the radiographs, two of
the six shall be further examined. Five miniature samples of full-plate
thickness, approximately one-inch square, shall be extracted from each of the two
fuel plates on a diagonal between the fuel core corners and approximabely equally
spaced. The end samples should be taken at a minimum of two inches from the
core-frame interface. These samples shall be chemically analyzed for total
uranium and boron contents, and the resulits expressed on a weight per cent basis.
For each of the two plates, variation from location to location shall not exceed
2% of the uranium content and 20% of the boron content.

(6) Bond Integrity - Five transverse samples, equally spaced
along the plate length, and three longltudinal samples from each end, equally

spaced across the width, shall be removed from two of the six sample fuel plates.
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After proper preparation and electrolytic etching with 5% chromic acid reagent,
the samples shall show no evidence of lack of bond at the clad-frame interface
or at the clad-core interface upon metallcgraphic examination at 100 diameters.
(7) Clad-Core-Clad Thickness - The ten transverse samples used
in (6) shall be metallographically measured to determine clad-core-clad thickness.
As measured by filar micrometer, the thickness at all points, in the samples,
shall show compliance with specified thicknesses.
(8) End Conditions - The twelve longitudinal samples used in
(6) shall be examined metallographically. These samples shall show no evidence

of the presence of U02 and/or’Eu in the inactive portions as dimensionally

203
specified or the presence of voids at the core-frame interface.

(9) Fuel Fragmentation and Stringering - One longitudinal sample
at least one-half inch long shall be taken from the core of each of four remaining
sample fuel plates. When examined metallographically, none of these samples shall
exhibit fragmentation and stringering of U02 and Eugo

illustrated in Figs. 7 and 8.

3 greater than that .
(¢) Conformance of Fabrication Procedure - The exact procedure used

in fabricating the sample fuel plates and which is proposed to be used in

fabricating the active fuel plates shall be furnished to the Contracting Agency

or its authorized representative at the conclusion of fabrication of qualification

plates and at least one week in advance of the request for approval of

qualification. Unless otherwise specifically authorized 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.

L. Qualification of Component Brazing - Examination of the brazed joints
of a full-size fuel element consisting of composite plates containing depleted
or normal U02 must demonstrate ability to braze efficiently and within the
specifications shown on Alco Drawing (1)9—13-1011). After sectioning the
16-plate fuel element longitudinally into four L-plate sections, the following .

examination shall be made.
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(a) Visual Inspections for Joint Continuity Along the Plate Iength -

The following fillets shall be inspected:

Top Fillets Bottom Fillets
Plate No. 1 Plate No. 4
Plate No. 5 Plate No. 8
Plate No. 9 Plate No. 12
Plate No. 13 Plate No. 16

Any discontinuity (lack of brazing alloy between the fuel plate and top or
bottom land of the side plate groove) along the length greater than two inches
shall be cause for rejection.

(b) Microscopic Examination of the Brazed Fillet - Twenty-four
joints shall be examined. Specimens shall be obtained from the fuel element
sections containing plates No. 1 to No. 4. Transverse cuts shall be made at
distances of 3 in., 12 in., and 20 in. from the end of the fuel element containing
the flux suppressor. The joints shall be examined to determine the length of
brazing allcy overlaying the fuel plate as measured from the inner edge of the
side plate. Any overlay in excess of 0.063 in. is cause for rejection. It is
desirable that a transverse cross section of the brazed joint be similar to that

shown in Fig. 9.

5. Control of Boron lLosses - Boron losses occur during hydrogen
sintering of the fuel cores and in subsequent fuel plate processing. Since this
loss is a function of variables in the material and procedures used, it is
important that the manufacturer determine the average boron content in the
completely finished fuel composite. This average value shall be a result of ten
independent determinations; i.e., the complete dissolution and analysis of ten
fuel plates prepared from fuel cores which were loaded with the specified amounts
of UO2 and boron. ZEach of these fuel plates is to be fabricated and heat treated
under the exact manufacturing procedures which will be followed in the production
of enriched plates. The laboratory selected to conduct boron analyses must have
demonstrated its ability to analyze boron in stainless steel within an accuracy
of * 5% in the range of 0.04 — 0.1 wt % boron, and must be approved by the
Contracting Agency or its authorized representative. Any changes in boron

requirements resulting from this qualification must be approved by the Contracting

Agency or 1ts authorized representative.
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6. Iiaison and Inspection - Free entry shall be given to the
Contracting Agency or its authorized representative to all areas of the
manufacturer's plant at any time during the term of the contract for fabricating
the control rod fuel elements. Tne manufacturer shall provide all reasonable
assistance, facilities, and co-operation to the Contracting Agency or its
authorized representative for determination of compliance with specification or
procedure requirements or for inspection purposes as may be required.

The Contracting Agency or its authorized representative will maintain
liaison with the manufacturer for the duration of the contract for the following
purposes: (a) to provide necessary and reasonable technical assistance as may be
required, and (b) to inspect for compliance to the specifications and the
approved fabrication procedure. The Contracting Agency or its authorized
representative shall have the right at any time during the term of the contract
to reject any and all pieces, parts, components, and products which do not meet
the requirements of the specifications, or which have not been fabricated in
accordance 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.

T. Certification - Certification shall be furnished to the Contracting
Agency or its authorized representative that all materials used in the
fabrication and furnishing of the fuel elements are in accordance with the

requirements of these specifications.

VI. MANUFACTURING PROCEDURES

A. Introduction

The flow of material in processing control rod fuel elements for
Core IT is illustrated in the simplified diagram shown in Fig. 10. The
essential operations required in processing are: (1) weighing and blending of
the component powders for each individual fuel core, (2) pressing, sintering,
and coining into a fuel compact of the required dimensions, (3) weighing and
blending of the component powders for the flux suppressor material, (4) pressing,
sintering, and coining into a compact, (5) sectioning from the coined compact

the dimensionally specified flux suppressor, (6) encapsulation of fuel core

and flux suppressor within a welded billet, (7) cladding by roll bonding,
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(8) descaling of the hot-rolled plate, (9) cold rolling to specified thickness,
(10) marking and shearing of the plate, (11) machining to finished length and

width dimensions, (12) flatten annealing, (13) assembling and brazing,

(14) inspection of the brazed fuel element, and (15) packaging for shipment.
These general procedures and the more specific details, which will be

described later, represent methods developed and adopted by the Oak Ridge

National Laboratory for manufacturing stainless steel-uranium dioxide control

rod fuel elements for service in Core II. Because of differences in equipment,

it is recognized that other fabricators may be required to modify some of the

detailed procedures to arrive at an equivalent finished product.

B. Records

During processing, positive identification of each fuel plate must be
maintained along with appropriate data in order to ensure: (l) pProper process
control, (2) quality control, (3) metallurgical history, (4) removal of rejected
material, and (5) fuel, burnable poison, and Eu2O3 accountability. Records of
the following items are maintained: (1) identification of each lot of UO2
received from the UO2 processing plant, (2) master log containing materials
make-up data and the detailed processing schedule employed in the manufacturing
of each plate, and (3) fuel element inspection record of critical dimensions.

To serve as a guide, the forms of the pertinent records are included in

Appendix C.

C. PFuel Core Manufacture

1. Calculations - The fuel, burnable poison, and matrix powders are
specified in terms of grams of uranium-235, boron-10, and stainless steel.
Since the uranium and boron is incorporated as U'O2 and BAC’ respectively, it is
necessary to determine by calculation the quantities of these materials for each
core. Each batch of as-received UO2 is assayed for total uranium coﬁtent as well
as for isotopic concentration of uranium-235. Likewise, the BAC powder is
analyzed for isotopic concentration of BlO as well as for total boron content.
The isotopic concentration of Blo in natural boron is not fixed or constant as
generally thought, but varies between 17 and 19 wt %.

Sample calculations illustrating the method utilized in determining the

quantities of UO2 and BAC required in the make-up of each fuel plate are listed.




(a) Data required:

wt % 0?3 in v 93.17
wt % U in uo,, 87.31 -
wt % 50 in By 18.09
wt % B in B,C 5.9
g U235 per plate 25.07
10
g of B™ per plate 0.02264
(b) Determination of grams of UO,, per plate:
235
Grams of UO2 = 25.07 (g U ") 3% = 30.82
87.31 (wt % U in UO,) , 93.17 (wt % U in U)
100 = 100 .
(c) Determination of grams of B),C per plate: .
10
Grems of B, C = 0.0226% (g B ) o = 0.165
75.9 (wt % B in B, C) 4 18.09 (wt % B in B,\I_)_ ”

100 100

measured volume
theoretical volume
fabricated core material has a significant effect on the charge of stainless steel

) of the

As might be expected, the densification factor (

powder required to meet dimensional specifications in the finished composite

plate. This factor has been determined to be 0.93 for the specific equipment

and processing methods utilized at the Oak Ridge National Laboratory. However,

any major change in equipment or procedure will probably shift this factor; and
under such circumstances, it will be necessary to alter the grams of stainless
steel required in the material charge for the fuel compact. Any proposed change in
the stainless steel content of the core for this or other reasons necessitates a

corresponding change in the boron-10 requirements.

2. Weighing of Component Powders - The component powders for each
individual core are separately weighed and combined in a single blending jar.
With the exception of possible losses during subsequent pressing and sintering
operations, this method offers accurate accounting of the critical ingredients,

235 10 . R -
U and B, in each fuel core within the limits of the accuracy of the

weighing balance. Boron carbide is the first material loaded into the blending
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Jar, followed by stainless steel. Uranium dioxide is added last. The sequence
rermits the boron carbide and stainless steel powders to be handled in a
conventional manner, thus eliminating the inconvenience of welghing these
materials within a dry box as is required during handling of the radiocactive
UOE' During processing, ten Jars are handled as a unit operation and the
individual weighing procedures are as folliows:

(a) Weighing of the Boron Carbide - The burnable poison in the
form of BAC is weighed to an accuracy of at least 0.3% on a Gram-matic balance
of 200-g capacity. A L-in. x k-in. sheet of glazed paper with glazed side up
and of known weight is placed on the pan. The burnable poison is added to the
paper and accurately weighed. The material is then poured into a clean,
widemouth, glass jar of 4-oz capacity. A camel's hair brush is used to brush
any remaining particles of th into the Jjar, which is then capped.

(b) Weighing of the Stainless Steel Powder - The stainless steel is
weighed in exactly the same manner as the burnable poison, with the exception
that a triple-beam balance is used. It is then transferred to the blending Jar
containing the previously weighed burnable poison. The jar is immediately
recapped.

(c) Weighing of UO2 - Weighing of the fissile compound is accomplished
within a protective box in which the atmosphere is under a slight negative
pressure. The equipment is illustrated in Fig. 11. Gloves are attached to the
ports shown and the hood connected to an exhaust system. The side port permits
access to the interior, and the dry box is designed to accommodate a batch of
ten Jjars or more. The box is equipped with a triple-beam balance of 100-g
capacity. The required guantity of UO2 for one fuel core is weighed directly on
the scale pan of the triple-beam balance using a scoopula for fine adjustment of
fuel quantity. The specified weight of fuel is added to the jar containing the boron
carbide and stainless steel powders. The Jjar i1s then capped and placed on the
right or exit side.

These operations are repeated until the lot of ten jars has been processed.
The jars are cleaned by wiping the outside with tissue paper to prevent the
spread of contamination and are then withdrawn through the right side port.
After removal from the dry box, the joint between the cap and the jar is sealed

with masking tape. The UOE-lot number is then marked on each Jar, and the Jjars
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are placed in a transfer box for removal to the blending area. When the supply
of U02 remaining in the dry box is insufficient to prepare ten cores, it is

set aside for later use in smaller lots.

3. Blending - To obtain a homogeneous mixture of fuel, poison, and
matrix material, the powders are blended in a modified U. S. Stoneware Company
Double Cone Blender, Model 733. The blender cones are replaced by a pair of
two-quart steel cans mounted on the motor shaft at an angle of 30 deg with the
vertical. Ten jars, each containing the specified quantities of U02, BhC’ and
stainless steel, are loaded into each can with sufficient padding to prevent
breakage of the Jjars during the blending operation. The cans are rotated at
this oblique angle for two hours, after which the jars are removed and uncapped.
Approximately 0.1 g (two squirts with a hand atomizer) of C. P. dodecyl or lauryl
alcohol is added to each jar. The jars are recapped, resealed with masking tape,

and blended for another hour.

k. (Cold Pressing of the Core Ingredients - The initial operation in
shaping the blended powders into a compact suitable for assembling into a fuel
plate billet is to cold press into a "green" compact. A 150-ton Baldwin press
with a Vickers hydraulic control system to permit variable movement of the ram
is employed for compaction. 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 movable ram is fastened a large platen, onto which is placed
the dry box containing the die set. The die set, illustrated in Fig. 12, consists
of a female die, which is a spring mounted to the movable ram, and a die punch
and filler block. The bottom of the die punch contacts the movable ram, while
the tep of the filler block, inserted into the die cavity after the powder,
contacts the stationary ram.

Since pressing of the blended powders again involves handling radiocactive
UOQ, hooding under slightly negative pressure is necessary to prevent human
intake of airborne activity by ingestion or inhalation. Figure 13 illustrates
the dry box containing the pressing dies. The top of the box, not shown, is
designed with a hole in the middle and equipped with a rubber gasket which moves
along the stationary ram and prevents leakage.

Ten blending jars containing the blended powders, a camel's hair brush,
a scoopula, and a bottle of 10 wt % C. P. stearic acid—90 wt % carbon

tetrachioride die lubricant are inserted into the pressing box. By working
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through the glove ports, 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 occasionglly lubricated 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 Jjar is brushed
thoroughly to ensure complete transfer of all powders. Once the core material
has been loaded into the die, it is leveled with a scoopula. The filler block
is inserted into the die and the lower ram then raised until the die insert
contacts the stationary ram. The blended powders are pressed at 33 tsi pressure
(approximately 1h42-ton total pressure) for 15 sec to a thickness of approximately
0.310 in. The filler 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 UO2 lot number is maintained.

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

out in a General Electric 20-kw laboratory molybdenum-wound furnace equipped with
a 3~in.-dia Inconel muffle. Thirty-six inches of the muffle extends beyond the
furnace and acts as a cooling chamber. The sintering temperature is 2150°F.
Uniformity of temperature along the length of compacts is held to * 25°F. Dry
hydrogen with a dew point of -60°F, as measured by an Alnor Dewpointer at the
gas inlet, is used as atmosphere in the muffle. Hydrogen flow required for this
slze muffle 1s approximately 20 cfh under steady-state conditions, although the
gas flow is increased when the muffle door is opened during insertion or removal
of compacts. The sintered compacts do not exhibit any evidence of oxide formation.

The green compacts are placed in a sintering boat construeted of type 316
stainless steel formed into the shape of an "H." The crossbar between the two
vertical sides is 2-1/2 in. wide x 1k in. long, and is located approximately
1/2 in. above the bottom of the legs. A piece of heavy-gauge No. 12-mesh screen
of type 316 stainless steel is placed upon this crossbar. Five compacts are
Positioned end to end on this screen, and a second screen is laid over the top
of the compacts to allow stacking of a second layer of five cores. The screen
Permits access of hydrogen gas to all surfaces of the compacts.

The sintering boat containing the ten compacts is inserted in the furnace

at 2150°F and the system is purged with hydrogen. The compacts remain in the
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hot zone for 1-1/4 hr. The boat is moved to the cooling chamber, allowed to
cool to U50°F under the hydrogen atmosphere, removed from the muffle, and air
cooled to room temperature. The cores are placed in a covered stainless steel
transfer box and moved to the press for coining. A record of Uog—lot number is

maintained.

6. Coining of Sintered Compacts - The shrinkage encountered during
sintering makes it convenient for reinsertion of the compact into the same die
set for coining. After careful loading, the sintered compacts are pressed under
a pressure of 33 tsi for 15 sec to obtain desired dimensions and improved
densification. The coined compacts are ejected from the die and removed from

the dry box.

7. Inspection - Since it is necessary to predict the U235 content of
the subsequently manufactured fuel element within one gram, it is desirable to
welgh the compacts prior to the completion of fuel-core processing. Because of
uncertain losses due to the reduction of metal oxides by hydrogen during
sintering, it is impractical to consider weight losses of the compact after
this final operation. The handling losses are, therefore, determined prior to
loading the compacts into the furnace for sintering. As a first order of
approximation, all ten cores are weighed together and if the total permissible
deviation for a single core is exceeded by the entire batch, each core must be
individually weighed for acceptance or rejection. A weight deviation of more
than 0.25 g from the charged weight for each core is the basis for rejection.
Compacts with obvious chips and flaws, of course, are vweighed individually and
not included in the batch weighing. After sintering, the compacts are examined
to determine whether any obvious chipping or spallating has occurred during the
handling required for sintering.

Each core is measured with a micrometer after coining to determine whether
or not the compact meets the dimensional requirement of 0.276 * 0.002 in. in

thickness. Length and width dimensions are established by die design.

8. Core Storage - Each acceptable lot of ten cores is wrapped in
Paper. These packages are marked with a Uog—lot number and are placed in an
ordinary desiccator if storage time is to be less than 48 hr. If a storage time
of more than 48 hr is required, a vacuum desiccator is used. Criticality limits
the number of cores which can be stored in a single desiccator at any one time

to a maximum of eighty.
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D. Flux Suppressor Core

1. Preparation of Eu - The europium oxide obtained from the various

203
vendors is normally of low density and extremely fine particle size. Such
material 1is prone to agglomeration and stringering when dispersed in stainless
steel and fabricated into composite plate. Therefore, the material is densified
by firing at a high temperature. The various seguences of this operation are:
(a) inspection of the received oxide, (b) pressing, (c) firing, and (d) crushing.
(a) Inspaction of received Eu203 - It is recommended for optimum
conditioning properties that the oxide be obtained in a "dead burned" or "fluffy"
form with no additional intermediate temperature treatments. Each batch of
received oxide is analyzed for total europium oxide and thoria content. The

material should contain a minimum of 98% Eu, 0 The thoria content is determined

by alpha-activity measurements. Material witg alpha counts in excess of back-
ground is considered contaminated and is rejected.

(b) Pressing - Prior to high firing, the received powder is pressed
into small cylindrical pellets to facilitate subsequent handling. Approximately
35 g of the material, measured in a 10-cc stainless steel beaker, is poured into
the cavity of a double-acting, 0.8-in.-dia die, leveled and pressed into pellet
form at a pressure of about 4 ton/in.2 The resulting 0.8-in.-dia x 0.8-in.-long
pellets are sufficiently strong to handle without spallation.

(¢) Firing - Approximately ten pellets weighing between 300 — 350 g
comprise the firing batch size. The individual pellets are placed in a tungsten
crucible approximately 2 x 2 x 7 in. in size which is constructed by edge
welding 1/8-in. sheet stock. The loaded tungsten crucible is inserted in a
graphite crucible mounted in the center of an induction coil. Amorphous therma-
tomic carbon is packed between the graphite crucible and outer guartz furnace
tube to serve as an insulator. A graphite cover with attached chimney is placed
over the graphite crucible to prevent the thermatomic carbon from contaminating
the europium oxide pellets. The remainder of the quartz tube is then filled with
thermatomic carbon and finally capped with a gastight, brass end plug. A hydrogen
gas stem is attached to the 1id to permit passage of hydrogen to the péllets
during the firing operation. The exit hydrogen gas escapes through the chimney
attached to the bottom of the quartz tube. The pellet firing is carried out

at 3090°F for a period of three hours. The power is varied to control the
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temperature rise at a rate of approximately 570°F per hour. Temperature
measurements are made on the surface of the pellets by sighting an optical
pyrometer through the off-gassing stem. Upon completion of the firing, the
povwer is shut off and the furnace air cooled to approximately 300°F at which
time it is disassembled and the fired pellets removed.

(d) Crushing -~ The fired pellets are crushed to -325 mesh size
in a mortar and pestle using a series of Intermediate screening operations.
Initially, one-third of the fired batch size is placed in a mortar and'crushed

using only impact-type strokes. Circular grinding motions were found to

| produce considerable fines in the crushed oxide. After the initial comminution,

| the product is placed on a serles of vibrating screens which separate the

% +100, -100, +270, -270, +325, and -325 mesh fractions. Each fraction is then

‘ recrushed until the entire materlal passes through a 325 mesh screen. The

1 various sizing separations are necessary to minimize fines. Since the percentage
of europium generally changes during high firing, a representative sample of

each batch of high-fired oxide 1s analyzed by wet chemistry for total europium.

2. Manufacture of the Dispersion of Eu in Stainless Steel - The

203
flux-suppressor portion of the core is a section obtained from a sintered and

coined compact containing approximately 28 wt % Eu20 homogeneously dispersed

in austenitic stainless steel. ]
(a) Calculations - The flux suppressor and matrix powders are
specified in terms of europium and stainless steel. Since the europium is in
the form of Eu203, it is necessary to determine by calculation the quantities
of these materials which are to be incorporated in each core. Each batch of
Eu203 which 1s treated is analyzed for europium. It has been found from
experience at the Dak Ridge National Laboratory that after high firing the
compound is approxiﬁately 85 wt % europium. The stainless steel matrix is
obtained by sintering of the elemental 1lron, nickel, and chromium powders.
Sample calculations used in determining the quantities of Eu203, iron,

nickel, and chromium powders for the Eu20 -stainless steel dispersion are listed

3

- in Appendix A.
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Based on the sample calculation, the following weights of constituents

were required for one master compact:

Eu, 0 - 8.06 g ] £
23 PR B :
Fe powder - 14.95 g /. 3
Ni powder - 2.31 g
Cr powder - 3.79 g
ECTL

(b) Weighing of component powderg - The Eu203, nickel, iron, and
chromium powders are separately weighed in quantities to provide material for
one core, 2.1 x 1.8 x 0.068 in. in size. The 2.1-in. dimension was selected for
convenient fit into the frame with no subsequent machining; the 1.8-in. dimension
was arbitrary; and the 0.068-in. thickness was established experimentally. The
powders are weighed on an analytical balance to within an accuracy of % 0.3%.

(c) Blending - To obtain a homogeneous mixture of the Eu203 and .
matrix material, the powders are blended in a modified U. S. Stoneware Company
Double Cone Blender, Model 733. The blender cones are replaced by a pair of -
two-quart steel cans mounted on the motor shaft at an angle of 30 deg with the
verticle. Five jars, each containing the specified quantities of Eu203, iron,
nickel, and chromium are loaded into each can with sufficient padding to prevent
breakage of the jars during the blending operation. The cans are rotated at
this obliquie angle for three hours.

(d) The blended powders are cold pressed into a compact using the
powder metallurgy die described in Section VI, Item C-4. Since no contaminated
material is present, this operation is done in a conventional manner. After
the powder is carefully leveled in the die cavity, a pressure of 10 tsi is
applied to the system for a period of 15 sec. Care must be exercised in removing
the thin, fragile, green wafers to prevent corner breakage. To avoid unnecessary
handling, the pressed compacts are removed from the die and placed directly on
the sintering boat.

(e) Sintering of green compacts - The equipment and procedure
utilized is similar to that described in Section VI, Item C-5, for the fuel .
compacts. However, the time-temperature sintering condition is 1 hr at 2250°F,
and a molybdenum-lined boat is provided instead of the conventional stainless
steel boat to prevent possible reaction of the Eu203-
(f) Repressing of sintered compacts - After careful loading into

the original die, the sintered compacts are pressed under a pressure of 33 tsi

for 15 sec to improve densification.
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(g) Resintering of repressed compacts - This operation is identical
as that described in (e) above.

(h) Coining of sintered compacts - After careful loading into the
original die, the sintered compacts are coined at 33 tsi for 15 sec. The
resultant density is approximately 84% of theoretical.

(i) Inspection - The compacts are inspected and if chips and flaws
are observed, that portion of the compact is rejected. The compact is also

rejected if the thickness measurement of 0.068 in. varies more than * 0.003 in.

% (j) Shearing ~ The sintered and coined compact is sheared along the
1.8-in. dimension to produce sections which are 2.1 in. long x 9/32 in. wide.
The width dimension is sheared to within 1/16 in. of nominal.

(k) Machining - The section width is ground dry to 0.274 in.

. + 0.001 in., ylelding a section 0.068 in. x 0.274 in. x 2.1 in.
(l) Weighing - The Eu203-stainless steel flux suppressor must be
. within 5% of the designed requirement in Section VI, Item D-1(b).

E. Billet Assembly

1. Material Preparation - As illustrated in Fig. 1k, each fuel plate
billet requires two cover plates and one picture frame in addition to fuel and
flux suppressor compacts. Cover plates are fabricated from 0.078-in. * 0.005-in.
stainless steel sheet which is cold rolled to a thickness of 0.067 in. + 0.001 in.
Cover plates are sheared to 4-7/16 in. x 4 in. * 1/16 in. in size. The practice
at ORNL was to reduce 9-in. x 36-in. strips of 0.078-in. sheet to 0.067-in.
thickness before final shearing. {

Picture frames are fabricated from 5/16—in. stainless steel plate which
is cold rolled to 0.276 in. %+ 0.002 in. Picture frames are also sheared to
L-7/16 in. x & in. * 1/16 in. in size. The practice at ORNL was to cross roll
18-in. squares of the 5/16-in0 plate to 0.276-in. thickness before final shearing.
A hole, 1.862-in. x 2.210-in. with 1/8-in. corner radius, is punched in the
center of the picture frame to accept both fuel and flux suppressor cores.
- The blanking die assembly employed for this operation is illustrated in Fig. 15.
. The 1.862-in. dimension is machined to 1.910 in. to allow a snug fit of the

- suppressor section between the fuel core and the frame. HEssentially square

corners are required at this end of the frame.
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Fig. 14. Components of the Core II Control Rod Fuel Billet.
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2. Assembling and Welding of Billets - To identify the location of the
flux suppressor, a small 1/L-in.-dia stainless steel rod is welded at the center
of the machined edge of the frame which will be trailing during hot rolling.
Immediately prior to billet assembly, the stainless steel is degreased and all
mating surfaces of the stainless steel are thoroughly cleaned by scratch brushing
with a power-driven stainless steel brush. The fuel core 1s inserted into the
cavity followed by the flux suppressor core which fits snugly between the end of
the fuel core and the end of the frame which has the attached identification
marker. The cover plates are placed on top and bottom to form a sandwich and
are immediately resistance spot welded to the picture frame. Four 1/b-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 picture-frame plate by the tungsten
inert-gas method. Since the object of the welding is to prevent possible shifting
of the billet components during initial hot-rolling operations, high-quality welds
are not required. The four corners are left unwelded for a nominal distance of
1/4 in. to permit escape of entrapped gases during the initial passes through
the hot-rolling mill.

Billets which are not hot rolled immediately are stored in a vacuum
desiccator to prevent oxidation. Security, criticality, and accountability
regulations dictate eareful control during storage. Ordinarily, the billets as
well as fabricated plates are stored in a locked safe between processing periods.
The shelves of the safe are lined with cadmium. The maximum number of prlates
that may be stacked in one pile on a shelf is thirty. Minimum separation

distance of piles on shelves is four inches,

F. Composite Plate Fabrication

1. Hot Rolling - The assembled and welded billets are hot rolled to a
thickness of 0.040 in. * 0.002 in. on a two-high Mesta mill equipped with
20-in.-dia x 30-in.-wide rolls. The billets are hot rolled in lots of four. *
However, the lot size is determined by the size of the muffle available for
heating the billets. A furnace capable of maintaining 2100°F + 25°F over a
mufflie length of at least 32 in. is recommended. The muffle is purged from the
rear with hydrogen gas with a dew boint of less than -50°F, as measured at the

inlet. A flow rate of 250 cfh is generally used.
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The billets are heated to 2100°F for at least 20 min prior to the first
pass, and are reheated for at least 2 min between subsequent passes. A second
lot of billets is introduced into the furnace for preheating after the sixth
mill pass of the preceding plates to allow continuous rolling. After the final
pass, the plates are replaced in the muffle for a 5-min anneal and are then
air cooied.

All billets are fed into the mill after gripping the end marked by the
projection. This practice 1s continued throughout hot rolling to ensure that
the flux suppressor portion is always trailing during each pass. The hot-
reduction schedule, based on mill settings, is:

2 passes at 10% reduction
1 pass at  20% reduction
L passes at  40% reduction
2 passes at  30% reduction
1 pass at  20% reduction

Additional passes are maede, as required, to roll to 0.040 in. * 0.002 in.
During the latter stages, and again at the completion of hot rolling, the plate
thickness 1s measured over the core area with a micrometer to determine the
actual thickness of the hot~-rolled plate.

The plates while still hot are trimmed in length at both ends by shearing

during the hot-rolling schedule, usually after the sixth and eighth passes.
At this time, it is important that the trailing end be identified by a scribed
mark on the inactive end. The dispersion-type core can be delineated from the
wrought stainless steel ends by a difference in heat color. A minimum of four
inches of inactive material should remain after trimming.

Special care 1s exercised during rolling to minimize cambering or
"rainbowing" of the plates which tends to decrease the amount of stainless steel
at the inactive edge and, if severe in nature, may be cause for rejection.
Cambering of the fuel plate may possibly be corrected, depending on severity,
by inserting the plate through the mill at a slight angle. Gross "rainbowing™
vwhich may occur during either hot or cold reclling usually cannot be corrected.
A level mill and proper feeding are recommended to circumvent 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 on the inactive section at the end

opposite the flux suppressor. Bach number is entered intc the record.
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2. Fluoroscopic Examination - After visual inspection, acceptable
plates are fluoroscoped to locate internal defects, determine straightness, and N
delineate the core section of the composite plate. A 175-KVP machine is
recommended. A template, illustrated in Fig. 16, is used to scribe locating
lines for shearing. The template 1s constructed to locate scribe lines 1/2 in.
beyond the sides of the fuel core and 2-3/L4 1in. beyond the ends, for either long
or short plates. The template is centered over the core before the scribe lines i
are made. The fuel plate number is then restamped with the same stamp previ-
ously used at a location Just inside the scribe line at the same end of the
plate. A good impression is recommended to assure retention of identification
throughout subsequent processing. The scribed dimensions for shearing of the
plate are 3-1/2 in. x 22 in.

After shearing, the hot-rolled plates are pickled in a 15% HNO3~5% HF
aqueous solution until all scale is removed. The cleaned plates are thoroughly
washed to remove all traces of acid.

3.
wide work rolls is employed. in cold rolling the fuel plates to a final thickness

Cold Rolling - A Bliss four-high rolling mill with 5-in.-dia x 1b-in.-

of 0.030 in. * 0.001 in. To minimize surface contamination of the fuel plates,
these rolls should be free of radiocactive material. Reduction per pass does
not exceed 0.001 in. Level rolls and accurate elevating and indicating
mechanisms are recommended. The roll faces are well lubricated with a heavy
oil at all times. The entering ends of plates are dipped into SAE-9C oil as
required before insertion. During cold reduction, iﬁ 1s Important that the
plates be rotated 180 deg about the transverse and longitudinal axes.

The fuel plates are processed in lots of twenty. After a change in mill
setting, the thickness of the first few plates rolled is measured at locations
over the core area. No guides are used in rolling, but straightness is monitored
by checking against a straightedge.

After reducing to a thickness of approximately 0.032 in., the fuel plates

are rolled individually to the specified thickness. The heavy lubricating oil >
is removed from the plates by a kerosene rinse followed by vapor degreasing. -
Every 15th plate is radiographed to monitor the reproducibility of the -

manufacturing process with respect to homogeneity of the UOE' N
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4., Fluoroscopic Examination and Marking - The cold rolled fuel plates
are then fluoroscoped to delineate both the fuel and flux suppressor area. -
A 175-KVP machine is recommended. The template used for both long and short
fuel plates is illustrated in Fig. 17. It is slotted at the ends to determine
if the core length lies within the minimum and maximum dimensions. The side
slots are spaced to ascertain that the final core width is within tolerance andv
that a sufficient width of stainless steel edging is present along the entire
length of the plate. The core is centrally located within the template length
and side slot boundaries. Short plate lengths are scribed from the inner end
of the template. Long plate lengths are scribed from the outer end ~f the
template. The inner width of the template for scribing allows a sheared plate
width approximately 0.080 in. wider than the final machined width. Only one
side is scribed since sufficiently accurate shearing of the plate width can
be obtained by using a fixed reference stop on the shear bed. .
Prior to shearing, an identificatlion number about 3/8 in. high is
engraved on the fuel plate with a Burgess Vibro tcol inside the scribed line -
at the plate end opposite the flux suppressor. The number is located far
enough on either side of the center line to prevent obstruction by combs

located at the plate ends during assembling of the fuel element for brazing.

5. Shearing - The scribed long side is sheared first. Using stops .
on the shear at a fixed reference, the other long side is sheared tec yield a
plate width of 2-11/32 in. * 0.010 in. The ends of the plateg are then sheared
from the scribe lines to lengths of 23-1/8 in. + 1/16 in. and 24-1/2 in. * 1/16
in. for short and long plates, respectively.

6. Machining - The fuel plates are machined to final length and width
dimensions by utilizing the machining fixture illustrated in Fig. 18, The
fixture consists of a top and base plate, both of which are 0.009 in. less in
size than the nominal fuel plate width, and removable locating brackets for
aligning the plates. The base plate is securely clamped to the milling-machine
table after proper location. Aluminum cushion plates of 1/8-in. thickness and
of the same length and width dimensions as the sheared composites are placed -
on the top and bottom of the stock of plates in the jig. Plates are usually -

handled in lots of twenty-five. The plates are aligned securely against the -

locating brackets on one side of the jig. The top plate is positioned and bolted
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securely at each end through the base plate to the milling-machine table. The
Allen screws are tightened to obtain a uniform pressure along the length of the
fuel plates. The locating brackets are then removed.

The side edges of the fuel plates are straddle milled with a cutter on a
horizontal arbor. Two 8-in.-dia staggered-tooth milling cutters are correctly
spaced for straddle cutting to finished fuel plate width of 2.558 % 0.002 in.
The ends are then milled on a vertical milling machine using a L-in.-long
side-cutting mill. The lot of plates is clamped to the table over a block.
Equal amounts of stainless steel are removed from each end of the fuel plates.
Final lengths are 23 in. * 1/64 in. and 24-3/8 + 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 prevent

rounding of the edges.

7. Inspection - All fuel plates are fluoroscopically inspected to

determine that the machined plate meets the dimensional specifications shown
in Fig. 19. The final iInspection template is illustrated in Fig. 20. Width
inspection slots are spaced 2.281 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.
Iength inspection slots are spaced to determine whether or not the core length
lies within the minimum and maximum specifications. ZFuel plates with questionable
dimensions are radiographed. Core length, core width, and width of inactive
stainless steel edging are measured directly from the radiograph. Plates which
do not meet dimensional requirements are rejected.

The surfaces of the fuel plates are inspected visually for defects.
Inclusions, pits, and scratches deeper than 0.00l in. are cause for rejection.
Dents, blisters, and discrete color changes on the surface are also cause for

rejection.

G. Flatten Annealing of Machined Fuel Plates

To facilitate assembling of the fuel plates and to meet plate-spacing
dimensions in the brazed fuel unit, it is necessary that the composite plates
be flat and fully annealed. Flattening and annealing are accomplished in one
operation. Acceptable fuel plates are degreased in a vapor degreaser prior to

annealing. Iot size for flatten annealing is twenty-five fuel plates.
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Each plate is covered on one side with a thin coat of a mixture containing
one part by volume of Fisher SF Precisionite levigated alumina and ten parts of
water. A three-inch camel's hair brush is used to apply an even coating. The
coated fuel plates are allowed to dry for at least 15 min.

As illustrated in Fig. 21, a jig composed of two platens for clamping the
fuel plates together is used Tor this operation. Twenty-five fuel plates are
stacked together with the coated side adjacent to the uncoated side. The stack
is placed between the platens, and the clamping bolts are firmly tightened.

The loaded assembly is dried in an oven at 330°F for a minimum of 16 hr.

Annealing is accomplished within an Inconel muffle inserted into a 56-kw
Globar furnace at a temperature of 2100°F * 25°F. 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 obtained under dry hydrogen with a dew point of -80°F, as
measured by an Alnor Dewpointer at the furnace inlet.

Furnace temperature at insertion of the loaded platen assembly ordinarily
does not exceed 570°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 rate not exceeding 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 cfh is used generally. The
temperature is raised to 2100°F at a rate of approximately 54O°F per hour. The
plates are held at 2100°F for two hours, and then furnace cooled to 570°F. At
this temperature, the hydrogen atmosphere is replaced with a helium purge. The
assembly is then removed from the muffle and air cooled. After disassembly,
the fuel plates are scrubbed under flowing water to remove the coating of alumina.
Care is exerted in this 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 inspected for defects and acceptable plates are stored in
a safe. Oxide indentations, pits, and scratches deeper than 0.001 in. are cause
for rejection. Dents, blisters, and discrete color changes on the surface are

also cause for rejection.

H. Manufacture of Side Plates and Combs

1. Side Plates
(a) Machining - The side plates are machined from 0.050 in.
* 0.003 in. stainless steel sheet stock, sheared to 25 in. x 2—7/8 in £ 1/16 in.
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in size. Fach plate is deburred with a file after shearing. A stack of twenty
plates is sandwiched between two pieces of l/8—in.—thick aluminum sheet of -
approximate side-plate dimensions to prevent distortion of the side plates during
the milling operation. The assembly i1s table-clamped lengthwise and straddle
milled on a horizontal milling machine. Two 8-in.-dia staggered-tooth steel
cutters rotating at approximately 20 rpm with a l/2—in./min feed are used to
mill the stack of plates to final width in one pass. The assembly is then
transferred to a vertical milling machine, and machined to the proper length
with a side-cutting mill rotating at 150 rpm with a l-in./min feed. Dimensional
requirements are specified on Alco Drawing (D9—l3-2011) shown in Fig. 22.
Each side plate is completely deburred with a file to ensure a good grip
by the vacuum chuck employed during the grooving operation. The chuck is
36 in. x 12 in. with vacuum holes on 1/2-in. centers. Holes not covered by
the side plate are covered with two layers of heavy masking tape. The vacuum -
for the chuck is supplied by a large industrial vacuum cleaner.
During the grooving operation, the sixteen grooves per plate are cut in -
one pass on a horizontal milling machine using 3-in.-dia x 0.034-in.-thick
carbide-tipped slitting-saw blades. Special care is exercised in establishing
the location of the saw blades on the machine arbor to ensure that the
dimensions between grooves and edges 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 machining and grooving, the plates
are degreased and each is 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 separations are measured with a micrometer from
plates inserted in the grooves or with a disc-type micrometer. All dimensions
must fall within the tolerances specified on Alco Drawing (D9-13-2011).
(c) Flatten Annealing - Flatten annealing of the side plates is
required to relieve the stresses which result from the grooving operation. The
éide plates are annealed in a manner identical to that used in annealing the .
fuel plates described in Item G with the following exceptions:
(1) The individual side plates are separated by 0.030-in.- *
thick, type 304L stainless steel shim stock. -
(2) The alumina 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.
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(3) A maximum of fifteen side plates are stacked with the

glumina-coated shims between each plate. .

The plates are degreased and stored for future use.

2. Combs

(a) Machining - The combs are prepared from 0.050-in. * 0.003-thick
stainless steel sheet stock sheared to 3 in. x 1 in #* 1/16 in. and machined in
accordance with the dimensional specifications shown in Fig. 22. Stock is
usually selected from trimmings remaining from side-plate shearing. The length
is milled to final size. The width is milled 1/4-in. oversize to provide
sufficient stock for holding during the slotting operation. Slotting of the
combs is performed on a horizontal milling machine with a high-speed steel
screw-slotting cutter rotating at 60 rpm with a l/2-in./min feed. A group of
fifteen to twenty combs is held by the excess material on the width in a
Precision vise mounted on the table of a milling machine. Each slot is machined
individually. After complete slotting, the pieces are mounted in a precision
vise and are machined on a shaper to remove the excess width 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. Combs not meeting the dimensional tolerances specified on Alco
Drawing (D9-13-2011) are rejected. Following inspection, the combs are vapor

degreased and stored for future use.

3. Attachment of Gusset Plates to Side Plates - As illustrated in

Fig. 23 (Alco Drawing D9-13-1011), the gusset plate, which is machined to the
specifications listed in Fig. 24 (Alco Drawing A 9-13-2078), is attached to the
side plate by heliarc welding. The shouldered end of the gusset, with the
channeled side facing the grooved side plate, is centered at the square end of
the side plate and held flush with the side plate end by a "C" clamp. A small
bar 1/2 in. x 1-1/k in. x 1/8 in. is placed over the gusset "U" shaped hole to
serve as a base for the "C" clamp. After examining the alignment, the gusset .
Plate is heliarc welded using type 308 stainless steel filler rod gt the four
gusset-plate side-plate joints.

I. Assembly of Fuel Unit

l. Brazing Jig - A combination assembly and brazing jig is utilized

for @ssembling the fuel plates, side plates, and combs into a fuel assembly.
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Any type of 2300-series stainless steel with expansion characteristics
approximating that of type 304L stainless is satisfactory as the Jig material.
As shown In Fig. 25, the base plate of the jig is made fram l-in. plate
to which longitudiral bottom skids are attached. Five "U" shaped supports are
located in a shallow groove machined in the base plate and are attached to the
base plate by means of dowel pins and screws. To allow for flexibility in
assembly, the inside dimension of the "U" supports is approximately 0.100 in.
larger than the actual finished width of the brazed assembly. A shim plate
inserted between each side of the "U" support and the respective side plate
; campensates for the gap. The thickness of the shims used in assembling an
individual fuel assembly is determined prior to assembling. A sample calculation

ig shown as follows:

Inside dimension of brazing Jjig "U" supports: 2.715 in. £ 0.00L in.
- Fuel plate width: 2.552 in. * 0.001 in.

Side-plate thickness (measured from base of
grooves ) : 2.025 in.

=+

0.001 in.

Braze metal clearance {measured from bottom
of gide-plate grooves to edge of inserted
fuel plate): 0.005 in.

a -(b + 2c + 2d)
2.715 in. -[2.552 in. + 2(0.025 in.) + 2(0.005 i
0.103 in.

Total shim thickness

3

)]

il

A removable comb holder located by two dowel pins at one end of the jig is
attached tc the base plate with machine screws. This holder 1s removed prior to

insertiom of the Jigged fuel element into the brazing furnace.

2. Procedure - Immediately prior to assembly, all component parts of the
assembly are visually inspected and degreased to ensure cleanliness. The following
operagtions are performed in sequence:

(a) The size of the shims to be used is determined.

(b) The two selected shim plates are then positioned, one against
each side of the ™J" uprights.

(c¢) Two side plates, with grooved sides facing each other, are
placed adjacent to the shim plates and the ends with the gusset plates positioned

snug against the mounting plate of the comb holder. A scrap piece of stainless

steel sheet stock 1s Znserted to hold the side plates flat ageinst the Jig supports.
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(d) A comb is placed in the comb holder, and a short plate is
inserted in the bottom row of side-plate grooves and firmly placed in the comb
groove. It is very important that the erd of the plate containing the flux
suppressor be inserted into the comb which is at the gusset end of the assembly.

(e) Braze powder is applied at the comb-fuel plate joints, glued
into place with Nicrobraz Cement followed with a stripe of Green Stop-Off to
prevent flow of braze metal across the fuel plate. This operation is repeated
immediately after insertion of subsequent plates.

(f) The jig is tilted about the horizontal axis to facilitate
placing of the braze metal, cement, and stop-off. This is accomplished by using
a 1.5-in.-thick piece of wood to elevate one side of the assembly.

(g) The dry Coast Metals N. P. braze metal is applied by gravity
from a stainless steel pointed tube resembling the barrel of a mechanical pencil.
It is important that the braze metal be confined to +the inactive edge of the
plate and not be preplaced on the cladding surface above the fuel core. Since
the minimum width of the inactive stainless steel edge of the fuel plate is
0.10C 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 steel remains
for preplacement of braze powder. It is recommended +that the width occupied by
the braze powder be less than 0.050 in.

(h) The dry braze metal powder 1s cemented into place with Colmonoy
Nicrobraz Cement. A 19-gauge hypodermic needle attached to a 5-cc syringe permits
the cement to drip by gravity onto the fuel plate adjscent to the braze metal
fillet. The cement is allowed to dry for 30 sec.

(1) A 1/k-in.-wide stripe of Colmonoy Greea Stop-Off 1is applied with
a camel's hair brush directly adjacent to the braze metal on the active portion
of the plate. The stop-off is used to prevent the braze metal from flowing
laterally onto the stainless steel cladding of the active core section during the
subsequent brazing operation.

(j) The wood tilting block is then moved to the opposite side of the
Jig, and operations "g" through "i" are repeeted for the opposite fuel-plate side-
plate joint.

(k) The plates are inserted from bottom to top, and each joint of
all sixteen plates is properly prepared with braze powder, cement, and stop-off.
Attention is called to the fact that there are two long plates in the assembly.

Care is to be exercised to ensure that they are inserted in the locations shown

in Fig. 23.
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(1) The second comb is attached to the unit after inserting all of
the plates into the side-plate grooves. All comb-fuel-plate joints are filled .
with braze metal, cement, and stop-off.
(m) The comb holder is removed from the jig. .
(n) A heat baffle is placed on top of the Jig to minimize temperature
gradients during the heating and cooling cycle. This baffle consists of three
0.050-1in. -thick 18-8 stainless steel plates, separated 1/8 in. by spacers and
welded to form an integral unit. The assembled unit is shown within the brazing
fixture in Fig. 26.
(o) The disposition of the fuel plates is identified with the fuel

element number in the master log.

J. Brazing of Fuel Assemblies

1. Procedure - Brazing of fuel elements is accomplished in the .
identical furnace equipment utilized for annealing fuel plates. The furnace is
equipped with a leak-tight muffle for maintaining a dry hydrogen atmosphere and .
is capable of maintaining a maximum gradient of 5°F along 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 thermocouple is recalibrated
prior to future use. The rear thermocouple leads extend along the base plate
between the jig skids, and the Jjunction is inserted a distance of two inches
from the rear of the fuel element between the middle fuel plates. The front
thermocouple 1s similarly located between the middle fuel plates by inserting
the leads directly into the front of the element.
The jig containing the assembled fuel unit, complete with thermocouples,
is placed in the furnace at a maximum temperature of 570°F. A dry helium
atmosphere, with a minimum dew point of -4O°F, as measured by an Alnor Dewpointer
at the inlet end, is introduced as the atmosphere at low temperatures. A pair
of stainless steel reflector shields is placed in front of the jig to minimize
thermal gradients along the fuel element. The thermocouple leads on the fuel .
eiement are threaded through the furnace door entry port.
The furnace temperature is raised to 1200°F at a rate not to exceed 370°F -
per hour. The furnace is held at this temperature until the temperature gradient,
as measured by the thermocouples, is less than 45°F. At this time, dry hydrogen

with a dew point of at least -8C°F, as measured by an Alnor Dewpointer, is
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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°F.

Above 2010°F, the furnace temperature 1s slowly raised by careful manual
control. Temperature readings are taken on both the thermocouples every
minute. The temperature gradient is maintained as low as possible, with a
meximum of 5°F. When the thermocouple temperatures reach 2071°F, the furnace
is shut off. The total time for the fuel assembly above 2066°F, as measured by
the thermocouples, does not exceed eight minutes. The brazed fuel assembly is
furnace cooled to 570°F, at which temperature the furnace is purged with helium.
After thorough purging, the furnace 1s opened and the assembly air cooled to
room temperature. The total time for one complete brazing cycle is approximately
twenty-four hours.

After the brazing operation, each completed assembly is identified with .
numbers approximately 1/2 in. high scribed by a Burgess Vibro tool on the gusset
end of one side plate. Completed fuel assemblies are consecutively marked
starting with "1" for the first assembly. Appropriate records are maintained

in the master log.

2, Dimensional Inspection - The brazed fuel assemblies are dimensionally
inspected for squareness, plate spacing, element width, and sag or distortion of
top and bottom plates. The data for each assembly are recorded on an appropriate
inspection form.

Plate spacings are measured at the centers of fuel plates at distances of
2-1/2 in., 10 in., 17 in., and 22 in. from the numbered end. Sixty readings per
fuel element are obtained. Maximum allowable deviation is * 10% of the nominal
spacing, or 0.013 in. Fuel elements with deviations greater than 0.013 in. are
subject to rejection.

Alr gauging to measure plate spacings is not acceptable. As shown in
Fig. 27, a special measuring device incorporating a calibrated elliptical probe-.
has been successfully used. A steel elllpsold, having 0.100-i1n. minor and
0.150-in. major axes, is mounted on the end of a 0.100-in.-dia tube approximately
27 in. long. A l-in.-thick plastic block, 3 in. x 6 in., with a hole in the
center allowling tube rotation, is mounted near the other end of the tube. A

needle indicator is rigidly mounted on the tube near the plastic block parallel
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with the ellipsoid minor axis. The needle is calibrated by rotating the ellipsoid
between gauge blocks and the width of space between gauge blocks marked on &

piece of polar graph paper. The calibrated graph paper is properly oriented and
permanently fixed to the face of the plastic block.

The width of the assembly is measured with a 3-in. micrometer at six
locations along the top and bottom of the side plates for a total of twelve
measurements per assembly. Measurements are taken at distances of 1, 5, 10, 1k,
19, and 21 in. from the numbered end of the element. Fuel assemblies with width
dimensions outside the width limits of 2.624 in., -0.022 in. +0.000 in. are
cause for‘rejéction.

The dimensions from the outside center of the top and bottom fuel plates
to the edges of the side plates are measured with a depth micrometer at locations
of 4, 9, 1, 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
0.072 in. £ 0,013 in. are cause for rejection.

The unit is measured for squareness on a surface plate. Any evidence of
twist or other manifestations of out-of-squareness requires that the element
be passed through the final inspection straight box with inside dimensions of -
2.650 in. x 2.650 in. and 26-1/16 in. long. Binding at any point is cause for

re jection. .

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

Care must be exercised to prevent damage to the fuel plates.

4. vVisual Inspection - The fuel plates and the brazed Jjoints are
visually inspected for defects such as blisters, dents, scratches, and pits
which are obviously deeper than 0.001 in., splatter and excessive lateral spread
of braze metal over the fuel section of the plate, and a total discontinuity of
more than 2 in. in any brazed Jjoint. The presence of any of these defects is

cause for rejection.

K. Attachment of Handle

The handle pin machined to the dimensions shown on Alco Drawing .
(A9-13-2077) is positioned in the holes provided into the gusset plates and the
handle heliarc welded as shown an Alco Drawing (D9—l3-lOll)'
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VII. DPREPARATION FOR SHIPMENT

Prior to storage and/or shipment, the control rod fuel elements are vapor

degreased and enclosed in a plastic gheath which is thermally sealed to protect
the component. The control rod fuel elements are packaged in suitable shipping
containers which are designed to protect the units against damage or contamina-

tion during shipment and to meet AEC requirements with respect to criticality.

ACKNOWLEDGMENTS
The publication of thils report was made possible through the co-operation

and combined efforts of many people. The authors wish to acknowledge

R. D. Robertson and E. C. Edgar of Alco Products, Inc., for their assistance in
preparing this report and L. Meem, J. F. Haines, J. Tully, and J. G. Gallagher
of Alco Products, Inc., for theilr work on the finalization of design and the
preparation of engineering drawings. The contributions of various members of
the Army Reactors Branch of the Division of Reactor Development, AEC, Washington,
and the AEC Operations Offices in Oak Ridge and Schenectady in administrating the
program are gratefully appreciated. The authors are also indebted to the fol-
lowing staff members of ORNL: A. L. Boch, H. C. McCurdy, L. D. Schaffer,

F. H. Neill, and E. E. Gross of the Package Reactor Group for technical advice
and guidance; E. R. Turnbill of the Metallurgy Division for his assistance in
the fabrication and development of Core II control rod fuel elements; and

R. C. Waugh of the Metallurgy Division for his efforts during development of
Core I fuel elements. Speclal thanks are due also to the CORNL Graphic Arts

Group for the illustrations, the Metallographic Section of the Metallurgy
Division for the metallography, photomlcrographs, and photographs, and the
Reports Office of the Metallurgy Division for the fine stenographic work and

other help furnished on the report.




1.

De

10.

11.

12.

- 70 -

BIBLIOGRAPHY

J. A. Kyger, F. Kerze, and W. H. Wilson, Cam-Type Plate Spacing (Gage for
the Materials Testing Reactor Fuel Assemblies, ORNL-255 (July, 1949).

R. J. Beaver et al., Specifications for Army Package Power Reactor (APPR-1)
Fuel and Control Rod Components, ORNL-2225 (July, 1957).

R. J. Beaver et al., Investigation of the Factors Affecting Sensitization
of Army Package Power Reactor (APPR-1) Fuel Elements, ORNL-2312 (September,
1957).

J. E. Cunningham et al., "Fuel Dispersions in Stainless Steel Components
for Power Reactors,” Fuel Elements Conference, Paris, France, November, 1957,

Book 1, TID-~7546, p 243 (March, 1958).

J. E. Cunningham and R. J. Beaver, "APPR Fuel Technology," Proceedings of
the Second International Conference on Peaceful Uses of Atomic Energy,
September, 1958, UN Paper 1925.

J. E. Cunningham and R. J. Beaver, "Stainless Steel-Uranium Dioxide Fuel
Components," IMD Special Report Series, Nuclear Metallurgy 5, AIME Fall
Meeting, Cleveland, Ohio, (October, 1958) Symposium on the Fabrication of
Fuel Elements.

R. G. Cardwell, "Fuel Element Fabrication," Nuclear Materials Management,
Chapter VIL (In press)

British Journal of Radiology, Supplement No. 6 (1955).

"Stainless and Heat-Resisting Steels," Steel Products Manual, Section 2k,
American Iron and Steel Institute (May, 1946).

J. E. Cunningham et al., Specifications and Fabrication Procedures for APPR-1

Core II, Stationary Fuel Elements, ORNL-2649 (January 29, 1959).

A. L. Boch, Army Package Power Reactor Project Progress Report, ORNL-2703
(March 24, 1959). Classified

C. F. Ieitten, Jr. et al., Specifications and Fabrication Procedures for

APPR-1 Core IT Absorber Sections, ORNL-2733. (To be published)




- 71 -

APPENDIX A

Sample calculation illustrating the method utilized in determining the

gquantities of Eu and stainless steel required in the make-up of thé

293
suppressor compact.

Data Required

1. Weight of europium per plate = 1.0 g

2. Average weight per cent europium in Eu203 = 85.0

3. Coined compact densification = 849

4. Theoretical density of Eu903 = T7.42 g/cm3
5. Theoretical density of stainless steel = 7.9 g/cm3

An individual suppressor campact size of 2.180 in. x 0.27Lk in. x 0.068 in.
was experimentally determined. Based on the required data, the campact contained
28.96 vol % Eu203 or the equivalent of 1 g Eu. These individual compacts were
machined from a "master campact™ to facilitate preparation. A sample

calculation to determine the amount of each base comstituent required in the

master compact is as follows:

- 1. Total volume of master compact:

2.180 in. x 1.832 in. x 0.068 in. x 16.38 = 4.L5h omS

3

in.
2. Actual material volume:

L5k emS x 8k = 3.751 cmd

3. Volume of Eu203 in coined compact:

3.751 cmS x E%égé = 1.086 cm>

L. vVolume of stainless steel in coined compact:
3.751 = 1.086 = 2.665 cm3

. 5. Weight of Eu and stainless steel in master compact:

203
Eu203: 1.086 emS x 7.42 g/cm3 = 8.058 g
SS: 2.665 em3 x 7.9 g/em3 = 21.053 g
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The stainless steel results in sintering elemental Fe, Ni, and Cr
powders in the weight ratio 71, 11, 18, respectively. The charge of
each congtituent is:

Fe: 21.053 g x %6 14.948 g

1L
100

18
100

Weight per cent Eu

. 8.058
3 29.111

21.053 _ :
Eg:l_ll_ x 100 = 72.32%

Weight per cent of europium:

85
100

Ni: 21.053 g x 2.316 ¢

1

Cr: 21.053 g x 3.789 -g

2O3 and stainless steel in compact:
Eueo x 100 = 27.68%

SR

8.058 g x

6.849
29.111 x 100 = 23.53%

= 6.849 g
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APPENDIX B

The following drawings are included *to furnish potential fabricators with

additional information not covered in the main body of the report:

Description of Item

Powder Metal Die
Details Sheet No.

Powder Metal Die
Details Sheet No.

Blanking Die
Details Sheet No.

Blenking Die
Details Sheet No.

Blanking Die
Details Sheet No.

1

3

Dwg. No.

D-27220
D-26295
D-28951.
D-28952

D-28953

Control Rod Fuel Element Braze Jig

Assembly and Details

D-23Upp

Page

Th
&
76
7
78

9



PARTS LIST

DESCRIPTION (NAME, SIZE, ETC.)

056 T Ft 4 sides .
/o & Teper per Tvp sides MNT | Dwe. NO. l":g" | MATERIAL

Oia Ref for 010 inferference shrink Fit

Jool Steel - Ontario , Harden & Draw
fo Rockwel/ "C" co-6G/,

)/—‘ Mild Steel

Knur/

. 2 ]
4
'lé-fyp

S

N

>

i

1

i

,»:

ﬂ

4
7%

/
“d
™

L 2
Mediu

1
2

e

N

Square corner  Typ Jop & Boftom must be Surface

ground flat & parallel. |

/Gr/nd all over

MNore : ) ’
Panch must be snug -shp Fit
" of a/l points of contact with
Lp die. Punch must slip thru 8 )
é die cavity by own weight \/
but must rub surfaces a1/
around .

Grind all over

Aore:
Heat mild sfeel aufer ring b
900 ° - /1000° F for Shrinking
fo die .

| — Split & match 8
Db hatves \/

~Sharp corners  Typ x\szar/) cormers Typ

Y Ea—
" . /./?5 2 Typ ! /‘/25 2 Typ
)y g /] T [ 4
t
1 i n #
~ly _ _ ugu _ R —NOTE : ] =t - + Aore : o
o Dimensions ‘A"a B" Ref Dimensions A &'B" Ref
l Snug A with Die. 1 Snug £F with  Die .
A J \ _
PUNCH FILLER BLOCK Y
______ ' Matl : Tool Steel -Ontario, Harden 4 Draw fo Pockmell C° 56 - 58 Mat/ :Tool Steel. Ontario, Harden & Oraw to Rockmell C "~ 56-58
- A e — - !/ Pegd I Regd

4 holes .
f/'n/':;b I‘Ufﬂlﬂg .

Drilling to be done before

2, - 18 NC-2_ x 1% Soc Hd

Cap Screw . Steel 4 Regd

DIE
Mat | . A4s Noted
/I Reqgd

) "
“Powper MeraL Die AppLicATION

A 3 " Lr  'Lra"
. . 2.402 | 1.804 4 1% | Appp STATIONARY FUEL PLATE CORE
CBORE % Diax |%deep. P(323)drill ¢4 2
thra this half . F(.257) drill Thru/z&/ 2.180 | 1.834 4 /% |APPR cowTROL ROD FUEL PLATE CORE
- .24 ' )
fap $16-18 NC-2 thry in other holf. 2./30 |2.278 | 4 /% |APPe ABSORBER PLATE CORE

GENERAL SPECIFICATIONS:
1. Brock all sharp edges |/64 max.
unless otherwise specified.

POWDER METAL DIE ASSEMBLY

D-272/9

REFERENCE DRAWINGS

DWG. NO.

2. The fabricator may chooss the MISCELLANEOUS DESIGNS FOR O1ES mpe.wo. 30/2

type, grade or finish of materiel THS DRANING

unless ctherwive: tpecified. «MOT CLASSIFIED POWDER METAL DIE
MACHINE FINISH SPECIFICATIONS: e PETAILS SHEET No. 1
1. Finish symbola are in accordance

with ASA Stendard B44,1 - 1947.

LIMITS ON DIMENSIONS UNLESS
QOTHERWISE SPECIFIED
FRACTIONS: :_'/.QA_

OAK RIDGE NATIONAL LABORATORY

OPERATED BY
UNION CARBIDE NUCLEAR COMPANY

L'lll REVISIONS lDATE IAPPD IAPPDI deviation from the mean surfece ey +_.005 A DIVISION OF uumc:::«ﬁuﬁ::;:m CORPORATION
DRAWING NO. D~ 27 2 20 axpressad in microinches, e :
wid DAT[7 ° - 3. For surfaces not otherwise AnoLES: % m 4 ‘hA ).m
M.Kropff 17-31.5¢ T 5~I-56 roughnees helght dhel Gk 220 B
DENGNED TED exceed 4/, LN " " —
Gl P R Ay s R v sl | > 2722

474

_7A_




PARTS LIST

75

o I DWG. NO. .':&,[ DESCRIPTION (NAME, SIZE, ETC.) MATERIAL
= —— l et —
1 DIA z (7.}
[ 775 :
N | -
' 17 — -
[ T‘_ 3 £ ~igy \ \/
= . o | g | T
T4 ‘ | RS
~lew /] yd 34 DA
[ —1 f Z
TYP
. goa | FIp (8) KickER PLATE T
DIA MATL : Tool Steel!.-Ontario, Hsrden , P X
‘5/—é ' & Drow 1o Bockwel/ C 56 .58 Bz x 45° -
No. REQ D As MNofed Poth Ends
—2g
! ' ! YT | Ne. REQD
‘ o Lo (10) 1N
- i ‘4 / MATL : Dowel Pin Grind #o /eny//: Shown
777N am
/ ya Wi Y% /
= 2
! ' ' % / 73
\ 1p
, % / 7N /% Y6 Orill Thru for Free fit with
5 S ° 35, Dowel, Part No./3, Dwg D-27219.
DIE SET /ZEX . 5 /'//4, owe !, Pa l0./3, Dwg
MATL : DanLy Di€ Ser Catarosue No. 10/0 CBI " — Y |
Macding  Stecr.. Alter as Shown. Guide Pin length - & s . . ,15 i _ |
!/ REQO L Q !
Scale : Bt ai"
l‘—‘ 2 5—5 | //é xd45°
LEVER
MATL : Dritl Rod
! REQD
%5, Dritl Thru in Assembly for Tight
\ﬁ‘f with ¥, Dowel ,part No.13,dwg D-272/9
i / 32L DIA_““'—' - - h ’ KO
Drill & ream % DIA for Free . © -
Fit mith Part No. IO \ No.7 (291) dritl ?a geer ] f o 1z
& rap ~4- - eep % -1 %4 Drill Thru
\ /% 4 holes 4 2 6/77/2 7ve - - -~ - ;?/ 2 ‘;,a/el_;
¥ g ot
) T [~ =Y {P’
1
# ol P 3l / 4
i ! 8 6‘2 TvP 4
Qe A 1 L %
~ PR g X = k., g
TTte==={ I Y *{l:}" -/ —* -l
o NMeo L
) = (14) ANGLE BRACKET
' MATL : Mild Steel
LpfTEER - - ) (y— 2 REQD
o ‘_‘:=_-_'_— 4
-~ 3p
~1 I
Q ! 1
i &/ GENERAL SPECIFICATIONS: POWDER _METAL DIE __ASSEMPLY _[D-272/9
. 1. Breek al sharp edges 1/64 max., REFERENCE DRAWINGS DWG. NO.
, 49 unless etherwise specified.
7 4 2. The fabricator may choose the ISCELLANEOUS DESIGNS FoR DIES ws. wo. 3012
. /7 — Y’ ade o fini THIS
6 - /32 - type, grade ot finish of material CASSIFIED
. 5 Dia - unless otherwise specified. +sNOT CLASSIFIED POWDER METAL DIE
O MACHINE FINISH SPECIFICATIONS: »: DETAILS SHEET No. 2
9 /E A 1. Finish symbols are in accordance -
- A/:/)A TL ¢ (J7-05 g)‘ec/ - Ontaric, Harden & Draw with ASA Standard B4} - 1947. LIMITS ON DIMENSIONS UNLESS OAK RIDGE NATIONAL LABORATORY
fo Rockwell “C" _é(a - 58 2. Roughnets height valuss are the OTHERWISE SPECIF ;‘D OPERATED BY
! REQD maximum arithmetical sverage FrActiONS: @4 UNION CARBIDE NUCLEAR COMPANY
LTR I REVISIONS | DATE IAPPD IAPPD] deviation from the mean surface, . A DIVISION OF UNION CARBIDE AND CARBON CORPORATION
DRAWING %0 D- 2¢ 205 o 1 In microinches, DECIMALS: tﬁ— S— OAK RIDGE, u .
DRAWN DATE o DATE APPROVED 3 3. For surfaces not otherwise ANGLES: !#.__ @‘ /E . 4 S %_ 23.““
M. Keoere |9.13.56 JAR V514 ! indiceted, roughnes hight shal 4 =
DEBIGNED | DAIE SUBMITTED | DATE APPROVED | OATE_ not ex: v scae: /7= 17 D- 262 95 -
1 A M7y . Aasgenie-wii & As Nofed
AN



with par)‘

Pwg D- 28950,

Drill & ream Thru % Mia
Ao. 7, Dwg
for Dq/"/ £t with }3 Dowel

n dssemb{y

,Dan‘ No.8,

- 2895

"% Dia

PARTS LIST

HEDE

DESCRIPTION (NAME, SIZE, ETC.) MATERIAL

MATL : DanLy O SE€r CATaLosUe No. 1010 CBI

/

VIEW "A-4"

/6 Orill Thru & fap
/ holes

% -6 nC-2

§Z7Z%

T
i
A
I

SECTION C-'Cc”

Tvp 4 places

/—Dr:// & reem Thru 9§ Dia in assembly
ith part No.5,0wg 10-28952, 4 part Ne. 9 Dm;o 28953,

- for tight fit with 28 Dowel,

Dwg 1D-28

//:‘::\\ /’j#:\ \ %4 dritl Thrv & CRoeE
{ ._,._?_ N } V7 deep, 4 holes .
\: i’/ / \\ \\ \l‘ ,,,
2+
3
I i
A{= 19748 /
" ) \IA "
| | !
__ __ L o <+
" I ! \m ,l "
" . 1 & e
4 4 ) Q O
1 1
DIE SET

MACHINE Steew . Alter as Shown . Guide Pin length - 8% "
REQD

W

NHJH
~O) T

VIEW "B"

C -

B

”

GENERAL SPECIRCATIONS:

1. Brosk ofl sharp edges 1/64 max.,
unless otherwise specified.

2. The fabricator may choose the
type, grade or finish of material
unless otherwise specified.

MACHINE FINISH SPECIFICATIONS:

1. Finish symbols are in accordance
with ASA Standard 844.1 - 1947.

2. Roughness height values are the

950, 2 holes

parf No. /O

BLANKING DIE _DETAILS SHEET Ne.3 |D-28953

BLANKING DIE _DETAILS SHEET Mo.2 |0-28952,

BLANKING DIE ASSEMBLY D-28950

REFERENCE DRAWINGS R DWG. NO.

THIS DRAWING
CLASSIFIED

PER,

MISCELLANEOUS DESIGNS FOR _DIES ™08 ™. 30/2

PLANKING DIE
DETAILS SHEET Mo. !

=

LIMITS ON DIMENSIONS UNLESS
OTHERWISE SPECIFIED

OAK RIDGE NATIONAL LABORATORY

mazimum arithmetical average rracrions: 4 Lod UNION CARBIDE NUCLEAR COMPANY
L l 5 zam lDATE IAH’D |AFPD] deviaton ‘:m the wrface, secnens: £ A DIVISION OF unmc::cun::o CARSON CORPORATION
DRAMNG NO. 95/ exprosed in microinches : essce
] CheCkED 1 OATL | APPROVED 1 OATE 3. For mrfaces not otherwise anaues: g m F20.0u et
%D- 56}5.0Lewis \i2-i38A ! indicated, roughness height shell A - - ~—
TATL | SUSMNTTED | OATX 63 Lo n =
. . Try, ! L ”.&‘A 'llz?‘;;- not enceed J SCALE: /2 = 2895/
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PARTS LIST
e | owe. No. [,’,‘3,, DESCRIPTION (NAME, SIZE, ETC.) MATERIAL
I
i i T N
| ik Iy 2g— :
HIH MR 1 ! 16
: ' 25 4 Dritl Thru & CRORE - ;
%4 T
. Z/_Q ‘(LV 1930 Dia % Deep, 4 holes . \ : i
|
Tre - + I | — -
— T 8° Tvr I | ?
Neg
‘_] J ' : [
1 1 ~ N
3 +-£+ - - — o
f-— 2] | N ) | T | ~N
)5/6 dritl Thrv & fap Drill & ream Thru 38 Dia in — f 125 2 I bl(\.l ib
4 B -6 NC-2 assembly with part No.3 I Tve | SN -
w n 4 holes Owg 0. 2895/ & part No. 9, | ; N : ‘Q ‘ ~I N RAS
- A —— Dwg O-268953, for hiaht fit | | d o~ Nt )
A with 3p Oowel,part No. /O, | |
z2 Dwg 028950, "2 hales . ’ | L
] l \_ J .
| T Pt W S L
! I . . |
~pu h Orill & ream Thru 38 Dia I .
-~ ',QL __é, 25 R X in assembly with par{ No. 3 | l
: Tre ) <l Ortg D-2895/ , for tight fi# - ' L -
o - i | o With 35 Dowel, port Mo’ 8 f |
QL ) " ~~ | Dwg D-28950," 2 holes | |
l | ~1\ | |
l _’- ~ v T
u_{:\ . " T ‘
v 3ZI -l
— A
r— | - 6 2 -
/6
A )
33 1 : } T j
! 1 | |
PUNCH L,-L—,J ! 1 [ I N
MATL : Tool Steel, Ontario, Harden & Draw * e Pl ]I )
to Lockwell "C” 60-62 '
/ REQD S S S—
33
| 4
GUIDE PLATE !
MATL : Mild Steel
/ REQD
"ATL B "c | "D " | "BLankine Die ApeLication "
2.425 [1.862 | 2525 | 1.962 | APPR STATIONARY FUEL PLATE PUNCH |
2.200 |1.862 | 2.300 |1.962 |APPR CONTROL ROD FUEL PLATE PUNCH
BLANKING IIE  DETAILS SHEE] Mo.3 |D-28953
BLANKING DIE _DETAILS SHEET MNo.l|D-28951
GENERAL SPECIFCATIONS: BLANKING DIE_ASSEMBLY D.26950
1. Broak o sharp odges 1/64 max., REFERENCE DRAWINGS DWG. NO.
unless otherwise specified.
2. The fabricator may choose the MISCELLANEOUS DESIGNS FOR DIES wmba.no. 3012
type, grade or finish of materel T'.(‘:IEAISSIFIED
unlow ctherwite tpecifed. NQT CLA D BLANKING DIE
MACHINE FiNISH SPECIHCATIONS: | . 00 Ty yy, 1ok DETAILS SHEET No.2
1. Finish symbols are in accordance <
with ASA Standard B44.| - 1947. LIMITS ON DIMENSIONS UNLESS OAK RiIDGE NATIONAL LABORATORY
2. “ﬂlﬁl‘lll Hw Vlh“ are 'h OTHERWISE SPECIFIED OPERATED BY
mum arithmetical average s Tod UNION CARBIDE NUCLEAR COMPANY
e | REVISIONS | oate [ apeo |aepo deviation f:m the mean surface, secnuns, +_ 0O A DIVISION OF UNION CARNIDE AWD CARBOR CORrORATION
DRAWING NO. D= 28952 exprossed in microinches, ) — g ] oD
e =2 3. For surfaces not otherwise ANGuES: 2 T4 G é A AT 7}0 a)cud'
M. Kropre 110-2-56 Indicated, roughness height shal - 4 - =
TEBIGNED DATE | SUSWITTED | DATE Mw‘e/ T D- 28952 1
/).MJF# 1 =

- 77 -




& dritt Thru

4 boles

i e - . —
N
. \f ? l""(
1T ————+ ———= ~lo
4 ’ i~ | ! N
Ol | \g5 e ' o
- i I Tyr | *
=CQ - | + i - - BRANS
| | | ~Ie 0
| o~
l ! ~I~+
’ > 7 { <t
__________ T _ _ '
i
A \
i g L _ ; ] 1
{+J \r
I
1
lap———— 2./_?____,. Oriil & ream Thru 38 Dis 1 assembly,
/G with port No. 3, Dwg [-2895/ & part MNe. 5,
Dwg - 28952, for Feht #1# with g
52 Dowel, part No. /0, Dwg”D-25950 2 holes.
3 -
A
63 >
I 1
1 N
| |
| ]
[ ! I ! | N
' | | | * :
! | iR
| l | l\ !
| / 'f%: ]
) Z:° Tye
4 Sides
D/E
MATL : Tool Steel, Ontfario, Harden & Drow
to Rockwell "C*" G0 -62
{ REQO
AT "B | "Branking e _AppricATion”
2.465 | 1,902 APPR STATIONARY FUEL PLATE FRAME
2.240 | 1.902 |4PPR CONTROL BOD FUEL PLATE FRAME

um | REVISIONS

DRAWING NO. D~ 28953

DATE

THIYS(

PARTS LIST

PART »o
%] o |

DESCRIPTION (NAME, SIZE, ETC.) MATERIAL

GENERAL SPECIFICATIONS:

1. Broak ol sharp edges 1/64 mex.,
unless otherwise specified.

2. The fabricator may chooss the
type, grade or finith of material
unlows otherwive specified.

MACHINE FINISH SPECIFICATIONS:

. Rinlsh symbols are in accordence
with ASA Stenderd B44.1 - 1947,
2. Roughness height values are the

BLANKING DIE _DETA/LS SHEET No. 2 [D-28952

PLANKING DiIE OETAILS SWEET Mo | |D-2895/

BLANKING DIE _ASSEMRBLY

D-28950

REFERENCE DRAWINGS DWG. NO.

THIS DRAWING
CLASSIFIED

MISCELLANEOUS OESIGNS FOR DIES ™. %0 30/2

B oo

BLANKING
DETAILS

SHEE] MNo.3

DIE

OTHERWISE SPECIFIED

+ o4

LINITS ON DIMENSIONS UNLESS

maximum arithmetical 9
deviation from the meen surface,
expressed In microinches,

3. For surfaces not otherwise
indicated, roughness height shel
uo-md“f/.

ANGLES:

peciaas: *_-CC5

OAK RIDGE NATIONAL LABORATORY
OPERATED BY
UNION CARBIDE NUCLEAR COMPANY
A DIVISION OF UNION CARBIDE AND CARBSON CORFORATION
OAK RIDGE, TENNESSEE

P/ 4 .

APPROVED
Fo0 (Dtces?t”

SCALE: /”:/"
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NOT CLASSIFIED

Slot to be on the center fine of
Parf No. 7, within  00%

Align inner surfsces of part A5.7 &
dowel fo part Mo. G kefore final machining .

Alfernate Mebhod
Psri No.2, Fad mnay
be welded to Part
No. G, Base Plafe .

Sve Defarl AA"

T oRawn |
|M. Reorre 185350
DESIGNED DATE

\TE
S.Qlewis|92/-50)
SUBM: HIG
AMIrioe 112/

APPROVED

U S {92554

Al surfaces must be ground flas, paralie!

COritl & ream in; Assy with part No. | & Tre
pra"rf Ne.2, 16000 % deep for Ated e L o 42 e
it with 36 Dowel ) part No. 4 2’. 4
3 holes
. o
PR SO S - — = LT 1T LT 1_r—|
r—y—----o—-f(}- —-+ 8 7 LIS 774
RS
l-/.ﬁ?o-| 5 25
b— i 3 e -Drill & ream Thru at Asseoibly with part M.
5-040_"* | B4 S e . 77 Y6 T for Med Force P with el
l" 25 —— \/ | 54 _—1 -‘/5 —i gwe/’ Parf Ao, 9, 5 holes. - /g |
5 =y | | | - ’ | L
| o 0— | . ‘T) I S ‘4“_' —
/' ! | ﬁ‘@T L - 7 *
Ab. 7/(.?0/) dr///37/5ddeep & l | ‘ | : . B | ! | Qe o '
tfop ‘4-20NC-2 7y deep ; N
75 holes 4 o UL ) %,I\{ i 1.4 ) L4 ) N imlg
O © D))
/l|| e Ry :l: s
— . i | i I |
X (397) dritl Thro & — tael | | 1 PN | |
CPROBE 937 Dio A deePl i e - T @ e e —— o i
/0 ho/e:? i | @ I 1 ?T — h< 1 ‘ | i T
PASE PLATE
MATL : SST Type 3/6 20
/ BEQD 223
z?%
tooR
=281
e £2 oy
. %
7 Thr: A b/ ‘ Drill & ream Thru at Assembly T
with Gpar:‘mNaré,d/%”z;g 4 with part Mo.6, 3 Did ]
for Med Force fil with %6 ; for Med Force fit with %6 i ~te
Dowel , part No. 4 | i Oowe/ , part Neo. 4 >1y“
H (266 ) drill Th . k “H(266) drill Thru & ——wf3 S
6/305252 ’5/22 “Dis ér;Z feep. § CBORE 33z Dia 21, dkep - 4
| ]_ n
L A -
4 s N Tz 4 3 b— fo opposite surfaces,” & perpendicular
FARR fo adjacent surfaces.
SIDE PLATE STOP COMB HOLDER
; KA MATL : SST Type 3/
MATL : SST Type M eon
L | REVISIONS | oate | apeo |apeo | 2 PEQD REQ
DRAWING NO.D-23422
DATE CHECKED DA

Break sharp rdge

Kelieve fo —
root of thread

DETAIL A"A"
MATL : Paer No.5
Alfer only 2 screws

PARTS LIST

, No.7(.201) drill

% decp & tap
%Y -20NC-2 %, deep . | bole in
2 pieces only.

i

PART | DWG. NO. | peoo DESCRIPTION (NAME, SIZE, ETC.) MATERIAL
| |0-23422| 2 | SIDE PLATE SJoP 7% x % x 4 SST 316
2. 1" ! | ComB_HOLDER % x %6 x 4 SST 316

3 1 " 6 | PAD 24 x 1 x 3 S57 316
4 | STock | 3 | OoweL e DIA x 78 Ss7

5 " 17 | SOC HI2 TP Sceéw  Y4-20NC-2 x V8 ya

| 6 |D-2342z| | | BASE PLATE /x5 x25 SST_ 3¢
7 / 5 | GurpE /x dx 5 el
8 | S1ock | 10 | 50C HD CAP SCPEWN 35 -6 NC-2 x | SST
g " i 5| DOWEL Zhe DIA x | Vg Ssr

b

5 ———

e — 2'720 — -

—= .360 =

Fip dritl 2 places

ohe

W
f e
/

o ba
Srwg frt with: ,Dar/ Ne. &

GENERAL SPECIFCATIONS:

1. Brosk ol sharp edges 1/64 max.,
unless otherwise specified.

2. The fabricator may chooss the
type, grade or finish of material
unless otherwise specified.

MACHINE FINISH SPECIFICATIONS:

Drill & rearn Thru af Assembly
with part MNo. G, 31 Dia for
Mediurm Force fit with 36
Dowe/, part No 9

S Drill 1% deen & fop 25-16MC-2 1% deep 2 bofes.

GUILE
MATL @ SST Type 3/6
REQD

X . . .
i m“%/ / A{/@Xﬂ5 Both Sides

-3

_—g Zdl - "F'(.257) drill Thru . CBorE
| I ' /’%z Dia" 3g deep, 2 holes
W)'VW)‘?B 7[&“ @:ﬂl
[ i
PAD
MATL © SST Type 3/6
6 REQD
STATIONARY FUEL ELEMENT BRAZE JiG |0-23423
REFERENCE DRAWINGS DWG. NO.
APPR CONTROL R0OD BRAZING JIG mpe.w0.30/2
THIS DRAWING
CLASSIFIED
+NOT CLASSIFIED| | conreot Rop FUEL ELEMENT BRAZE JIG
ven £ C Lol o ASSEMBLY & DETAILS

1. Finish symbols are in d
with ASA Standard B45.( - 1947,

OAK RIDGE NATIONAL LABORATORY
OPERATED BY
UNION CARBIDE NUCLEAR COMPANY
A DIVISION OF UNION CARBIDE AND CARBON CORPORATION
0AK RIDGE, TENNESSEE

UMITS ON DIMENSIONS UNLESS
OTHERWISE SPECIFIED

rracrions: £ 764

DECIMALS: !ﬂ5_

mas.+ Al R r e DS
o~ 47 D-23422 [
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APPENDIX C
Copies of the following forms are included to serve as a guide in

helping potential fabricators maintain proper metallurgical history, fuel

accountability, and other pertinent data requiring permanent record:

Form Identification Page
Powder Metallurgy Core Order Form 81
Rare Earth Powder Metallurgy Core Order Form 8l
Powder Metallurgy Fabrication Form 871
Flux Suppressor Core Inspection Sheet 88
Rolling Schedule 89
Fuel Plate Fabrication Record 90
Radiographic Inspection Sheet of Fuel Plates 9l
Assembly Record Card 92

Inspection Record 93
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POWDER METALLURGY CORE ORDER FORM

Core Order #

. No. of Cores Ordered

Uranium Dloxide Specifications per core:

1. TIdentification

2. Enrichment

Order Date

Page 1

Order Completed

3. Weight per cent

4. Grams per core

5. Particle size range

. Boron Carbide Specifications per core:

1. TIdentification

2. Welght per cent

. 3. Grams per core

k. Particle size range

Stainless Steel Specifications per core:

1. Identification

2. Weight per cent

3. Grams per core

4. Particle size range

Theoretical Total Core Weight, grams

Desired Core Size:

Special Instructions:
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Page 2

POWDER METALILURGY CORE ORDER FORM

Data for Core Order #

A. Blending Operation

l. Total weight of core components to be batch blended for cores.

a. Uranium dioxide: grams.
b. Boron carbide: grams.
c. OStainless steel: grams.

2. TIdentification of blending container:

Blending device to be used:

3
4. 1Initial dry blending time:

5. Type of alcohol to be added: ;3 volume to add:

6. Method of alcohol addition:

7. Alcohol to be added:

8. Final reblending time:

B. Cold Pressing Operation

l. Pressure to be used:

C. Sintering Operation

1. S8inter for hours at °F.

D. Coining Operation

l. Pressure to be used:

E. Other Operations
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POWDER METALLURGY CORE ORDER FORM

* Data for Core Order #

Deviations from the specified core composition or fabrication procedure:

Record of individual core weight and thickness: (To be completed unless otherwise

specified.)

Weight in Thickness in Weight in Thickness in
grams inches grams inches
*
Average Core Weight Average Core Thickness

No deviations from the specified core composition or fabrication procedure are to

be made without the prior approval of
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RARE EARTH POWDER METALLURGY CORE ORDER FORM

Core Order #

No. of Cores Ordered

Rare Farth Specifications per core:

l. Type Material

Order Date

Page 1

Order Completed

2. Identification

3. Weight per cent

k. Grams per core

5. Particle size

Matrix Material Specifications per core:

l. Type Material

2. Base Constituents

3. Identification of
Constituents

4. Weight per cent

5. Grams per core

6. Particle size

Theoretical Total Core Weight, grams:

Desired Core Size:

Special Instructions:
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RARE EARTH POWDER METAITURGY CORE ORDER FORM

Data for Core Order #

A. Blending Operation

1.

2.

3.

Special Instructions:

Identification of blending container

Page 2

Blending device to be used

Blending time desired

B. Core Processing Operations

1.

Initial cold pressing operation:

a. Pressure Tsi

b. Load T

Initial sintering operation:

a. Atmosphere , Dew Point

b. Sintering time Hr, Temperature

Final pressing operation:

a. Pressure Tsi

b. Load T

Final sintering operation:

a. Atmosphere , Dew Point

b. Sintering time Hr, Temperature

Colning operation:

a. Pressure Tsi

b. ILoad T

Other operations
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RARE EARTH POWDER METALLURGY CORE ORDER FORM

Data for Core Order #

Deviations from the specified core composition or fabrication procedure:

Record of individual core weight and thickness:

Weight in Thickness in Weight in Thickness in
grams inches grams inches
Average Core Weight , Average Core Thickness

No deviatioms from the specified core composition or fabrication procedure are to be

made without the prior approval of




v (] ¥ L]
X-878
POWDER-MET FABRICATION FORM
Shipment Number Jar Numbers Type Material Total Wt Materiol Type Cores
Total Total Total Total Totol Average Wt Batch Wt Average Wt
No. Cores Total Fuel Total Batch Wt Batch Wt Batch Wt Batch Wt Batch Wi Batch wt Loss per Core, Nomber Cores Received Loss for Loss per Numl'far Cores Received
) b in Botch Batch Wt After Loss No. 1 After After Loss No. 2 Loss 12 Cores Accented B Acceptable Acceptable Rejected 8
in Bate in Satc (A) Pressing (A-B) Sintering Coining C-D) |MNewl+No2) & P 4 Cores s (G) Y
(8) Q) (D} (E) 12 (F)
t
(@]
-~
1
Subtotals
Fuel Residue (A) (8) (A-8B) © (D) (C-D) (E) NON-FUEL FABRICATION LOSS
Total CORE COMPOSITION Total Batch Weight After Pressing (B) gms
Difference Matrix per core gms Total Batch Weight After Sintering (C) gms
Poison per core gms Non-Fuel Weight Loss (Differenca) gms
Fuel per core gms Total Fuel Fobricated into Cores gms
Total Materials per Core gms Corrected Weight Percent U in Fabricated Cores:
Original Weight % Fuet 3 Fuel
riginal Weight % Fue ve x 100 = Corr Wt % U

A - 3B -0
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FIUX SUPPRESSOR CORE INSPECTION SHEET

Core
No.

Weight
(g)

Height

(8)

Inspector

Visual
Inspection

Recommendations
Accepted Re jected
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ROLLING SCHEDULE

MILL SETTINGS:

Total Dial Corrected Sheet No. Date
Core Order Number Plate Number
Frame Size X X

Cover Plate Thickness

Rolling Temperature °C

Preheat Time Minutes.

Reheat Time Minutes.

Roll to Inches.

Reverse Rolling Direction: Yes No
Flip Plate Qver: Yes No

Double End Anneal: Yes No

COMMENTS: Billet Rolling Direction:




FUEL PLATE FABRICATION RECORD

PLATE
NO.

TYPE OF FUEL PLATE

STATIONARY | CONTROL ROD
ELEMENT ELEMENT

uo
BATCH
NO.

DESCRIPTION OF REJECTION

HOT
ROLLING

COLD ROLLING

PITS

BOW

LENGTH

MISCELLANEOUS

TRANSFERRED
FOR
BRAZING

_06_



RADIOGRAPHIC INSPECTION SHEET OF FUEL PLATES

PLATE
NO.

DATE
DELIVERED

DATE
RECEIVED

QUALITY
CONTROL
CHECK

QUALITY
0. K.

MINIMUM END
STAINLESS, INCHES

POSSIBLE
EXCESSIV%
BOWING

MIN. EDGE
STAINLESS,
INCHES

RECOMMENDATION

ACCEPTED

REJECTED

-T6—
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ASSEMBLY RECORD CARD

D O o D O G O S D G D e O CD 2 G0 e OB 5 OO0 G0 R O e e OB GO N e e O N G Gm S G e QD 0 e e

Inside Dlameter of Jig Measured with an Inside Micrometer---
Width of Shim Plate #1 (As Coated)~-=c-cemccmmmcoccmmeccccen
Width of Shim Plate #2 (As Coated)=====w=ememcmccamccmmmmccun
Width of Fuel Platecccrmeccncmcommecmcncnecmrconcconcm e mc—————
Material Left Behind Side Plate Groove (Randomly Checked)---
Space Remaining in Jig
Inside Dimensions of Jigewe=-=-ewaceo-
Maximum Metal Remsining Behind Groove-
Thickness of Shim Plates-=~-sc-cmacmaa
Calculated Clearance------=c-ccecmcu-n
Theoretical Width of Assembly------«--
Meximum Actual Brazed Width--~-=-ce=w--

Maximum Lean of Assembly=-eece-c-—ao--




X-876
INSPECTION RECORD
PLATE DATA PLATE SPACING, MILS
. Inches
Plate No. U235 Per Total U235 Space Location, Inches From WIDTH
Length | Plates Plate No. 21/2 9 15‘/2 22 End Top | Middle| Bottom
Long 1-2 1
Short 2-3 6
Total Per Assembly 3-4 11
Distance From Top of Side Plate to Fuel Plate 4-5 16
Dist. From Front| 2} 9 15}, 22 5-6 21
Top 67 26
Bottom 7-8 Plate Spacing Mils t
Plate
Core Order No. 8-9 Longitudinal Bow:
1 1
2 9-10 8
3
4 10-11 Visual Inspection Record !
5
6 11-12 Defect No | Yes | Reject
7
8 12-13 Braze Metal Splatter
9
10 13-14 Braze Metal Pitting
1
12 14-15 Excessive Braze Flow
13
14 15-16 Inspected By
15
16 16-17 Remarks:
17
18 17-18
Lean

FUEL UNIT FABRICATION RECORD

Type Unit Destination Shipped______~ On Tr. No. Fuel Unit Number

————




L9,

52,
5%,
5L,
55,
56.
57
58.
59.
60,
61,

122,
123-129,

130-132.

133-137.

138-139,
140,
141-1k2,
143,
1hk~725,

726-740,

C. E.

INTERNAL DISTRIBUTION
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Biology Library

Health Physics Library
Metallurgy Library

Central Research Library
Reactor Experimental
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A, M. Weinberg
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Emlet (K-25)
Murray (Y-12)
Swartout
Taylor
Shipley
Nelson
Jordan

Keim
Livingston
Dickison
Lind

Culler
Snell

Hollaender

Kelley
Morgan
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62,
63.
6k
65.
66.
67.
68.
69.
0.
1.
72,
(X
Th,
L
76.
e
78,

80.

81.
82-116.
117.
118,
119.
120,

121,

EXTERNAL DISTRIBUTION
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TID-4500 (1Lth ed.) .

S. Householder
J. Kucera

E. Winters

S. Billingoon
E. Seagren
Phillips
Miller
Charpie
Skinner
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Schaffer
MeCurdy
Gross

Frye, Jr.
Manly
Cunningham
Beaver .
Leitten, Jr,
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Waugh

Hill *
. Koenig (consultant)
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« S. Smith (consultant) -
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Document Reference Section

He A. Wilhelm (consultant)
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Division of Research and Development, AEC, ORO

AREC, Washington (3 copies to Col. D. G. Williams, APB-DRD, 1 copy ea. to
Capt. E. D. Peixotto, APB-DRD, Lt. D. A. Pistenma, APB-DRD, M. A. Rosen,
APB-DRD, Capt. L. P. Crocker, APB-DRD)

NYO-AEC, New York (

R. L.

Harris)

1l copy ea. to M, Eisenbud, W. M. Johnson, and Capt,

Mlco Products, Inc. (1 copy ea. to K. Kasschaw, J, F, Haines, J. G. Gallaher,

R. D. Robertson, and E. C. Edgar)

DRD-AEC, Washington (1 copy ea. to J. M, Simmons and R, C. Dalzell)

Brig. Gen. K. A. McCrimmon, OCE, US A

Maj. J. T. Rhett, OCE, US Army, Washington
Maj. W. E. Ray, NPFO, EROL, Ft. Belvoir, Va.,

Given distribution as shown in TID-4500 (

category (75 copies - OTS)

Capt. James W. Barnette, US Am, Engrs. Dist

New York 13, N. Y.

rmy, Washington_
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