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ABSTRACT 

These are as-built specifications for the fuel assemblies for Core I 

of the Experimental Gas-Cooled Reactor (EGCR) and were developed for R 

use in procuring the first core loading. A fuel assembly for the EGCR 

consists of a cluster of seven cylindrical fuel elements spaced and 

supported within a graphite sleeve. Each fuel element consists of a 

stainless steel tube containing a column of hollow U02 pellets with a 

spacer brazed at the midsection to control the spacing between fuel 

elements. A master specification for the fuel assembly, a supplementary 

specification for each of the components, a specification for record N 

keeping during manufacture, a set of drawings, and a list of references 

are included • 

*Allis-Chalmers Manufacturing Company, Nuclear Power Department, 
Greendale, Wisconsin. 

**Author of revision. 
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SPECIFICATIONS FOR FUEL ASSEMBLIES FOR CORE I 
OF THE EXPERIMENTAL GAS-COOLED REACTOR 

INTRODUCTION 

The Experimental Gas-Cooled Reactor (EGCR) is a combined experimental 
and power demonstration reactor now under construction at Oak Ridge, 
Tennessee. It is fueled with 2.46% enriched uranium dioxide (U02), clad R 
in stainless steel, moderated with graphite, and cooled with helium. The 
plant is designed to produce 84.3 Mw(t) and 22 Mw(e) with the reactor 
coolant outlet temperature of 1050°F. 

The reactor portion of the plant consists of a pressure vessel which 
contains a temperature barrier, a graphite core, fuel assemblies, and 
control rods. The reactor power of 84.3 Mw(t) is extracted by a helium 
flow of 427,000 Ib/hr at 315 psia. The coolant enters the reactor at 510°F 
and exits at 1050 ~ • 

The core is a vertical cylinder constructed of monolithic columns of 
graphite. Vertical channels are provided through the graphite for the fuel 
assemblies, control rods, experimental loops, and flux plotters. 

Each fuel assembly consists of a cluster of seven cylindrical stain
le.ss steel tubes spaced and supported wi thin a graphite sleeve 0 A stack 
of six assemblies plus one dummy each at the top and bottom fill a fuel R 
channel. 

The reactor is designed for fuel charging and discharging under load. 
These fuel-handling operations are accomplished by a charge machine located 
beneath the reactor and a service machine located above the reactor. The 
charge machine is used for normal loading and unloading of reactor fuel 
assemblies. The service machine was designed to handle control rod assem~ 
blies, flux-plotting devices, fuel assemblies, special fuel assemblies, 
and other special devices. 

The specifications are intended to define the product and are not 
intended to define the manufacturing process or procedures, except in a 
few instances where the quality of the product cannot be controlled by a 
product specification alone. 

A master specification for the fuel assembly, a supplementary speci
fication for each component, a record keeping specification, a set of 
drawings, and a bibliography are included. These define the fuel R 
assembly in detail and enable the seller to solicit bids from seller's 
subcontractors by merely extracting the required component specification 
and forwarding it to the subcontractor. 



The specification for U02 fuel pellets is written so that the pellets 
are in specified stack lengths and weights; the stacks are loaded into 
the fuel element tubes and shipped or moved to the location where the 
final closure weld is made. While this arrangement appears to' offer an 
economical advantage, it is merely a suggestion and is not a requirement. 

The specifications presented in this document reflect, in general, 
the quality of the first core loading for the EGCR. However, there were 
some instances where the specifications were not followed to the letter. 
These were instances where slight deviations from the 'specification were 
not considered to affect the overall performance of the fuel assemblies. 

Two examples are presented as follows: 

N 

1. A number of penetrant indications were noted in the heat-affected N 
zone on the tube side of the fuel element closure weld. These indications ., 
were in an area where molten metal had formed a small pocket which trapped 
the penetrant. According to the specification, the vendor was required to 
remove the indication by grinding the excess weld metal away. This was 
done on elements for more than one third of the core loading and no 
defective conditions were found. The remaining portion of the core 
elements which showed this penetrant indication was accepted without 
removal of weld metal. 

2. Graphite sleeves were. accepted which were out of specification N 
for the following reasons: 

(a) Pits larger than those allowed by the specification in N 
noncritical areas. 

(b) Localized dimensional deviations where they would not affect N 
the flow of the coolant gas or the structural integrity of the sleeve. 

In all cases these deviations were approved by personnel concerned 
with the performance of the elements. In general, the same personnel 
had established the original requirements. Records have been retained 
on these deviations and on where they occur. 

2 
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EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 
Union Carbide Nuclear Company 

A Division of Union Carbide Corporation 
Oak Ridge, Tennessee 

Spec. No. EGCR-2 
Date: April 29, 1963 
Rev. No. 1 
Page:_l_of_6 __ 

Subject: MASTER SPECIFICATION FOR FUEL ASSEMBLY FOR CORE I OF THE EXPERI
MENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines the fuel assembly which consists of a 
cluster of seven cylindrical stainless steel-clad elements within 
a graphite support sleeve. The fuel elements are loaded with R 
cored U02 pellets. Top and lower spiders are used to position 
the fuel elements in the graphite sleeve. 

II 0 MANUFACTURING REQUIREMENTS: 

The fuel assemblies shall be manufactured in accordance with 
Dwg. D-2-02-054-9822-E, "Fuel Assembly, Fuel Element and Support R 
Sleeve n and in accordance with this specification. 

The seller shall qualify his procedure for welding fuel elements to 
top spiders as described in Section XI-A of this specification. All 
fuel element-to-spider welds shall be made by this procedure. 

III. REFERENCES: 

A. Specifications 

1. EGCR-2-l, "Specification for Fuel Elements for Core I Fuel 
Assemblies for the Experimental Gas-Cooled Reactor" 

2. EGCR-2-2, ,,'Specification for Top Spiders and Lower Spiders 
for Core I Fuel Assemblies for the Experimental Gas-Cooled 
Reactor" 

3. EGCR-2-3, "Specification for Graphite Support Sleeves for 
Core I Fuel Assemblies for the Experimental Gas-Cooled 
Reactor" 

4. EGCR-2-4, "Specification for Records To Be Kept on Fuel 
Assemblies for the Experimental Gas-Cooled Reactor" 

5. ASTM Designation: A 371 - 53 T, "Specification for 
Corrosion-Resisting Chromium and Chromium-Nickel Steel 
Welding Rods and Base Electrodes" 

3 



Spec. No. EGCR-2 EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAKi RIDGE NATIONAL LABORATORY 
Dare: April 29, 1963 

Subject: 

III. 

IT. 

Rev. No. 1 
Page:_2_of_6_ 

I . 

I 
MASTER SPECIFICATION FOR FUEL ASSEMBLY FOR CORE I OF THE EXPERI-

I 

MENTAL GAS-COOLED ~CTOR 

REFERENCES (continJed): 
i 

B. Drawings I 

1. D-2-02-054 i 9$22-E, "Fuel Assembly, Fuel Element and Support 
S~eeve" I 

2. C-2-02-054 j 9$21-E, "Fuel Element" 
I 

3. B-2-02~054i9$13-E, "Flanged Bushing and Screw1f 

4. B-2-02-05419814-E, "Top Spider, Type I and Ty:pe II" 

·5. B-2-02-054,9$16-C, "Lower Spider, Type I and Ty:pe IIff 
I 

6. D-2-02-054i9$12-H, 'tTy:pe I and Ty:pe II Support Sleeve" 

MATERIALS :1 
Each fuel assembly Ishall consist of the'following components: 

I 
Component I Quantity Dwg. No. Spec. No. 

I 
Peripheral Fuel Element 6 C-2-02-054-9$2l-E EGCR-2-l 
Central Fuel Elemerit* 1 C-2-02-054-9$2l-E EGCR-2-l 
Flanged Bushing anal Screw' 2 B-2-02-054-9$13-E 
Top Spider I 1 B-2-02-054-9$14-E 
Lower Spider I 1 B-2-02-054-9$16-C 
Support Sleeve 1 D-2-02-054-9$12-H 

None 
EGCR-2-2 
EGCR-2-2 
EGCR-2-3 

I 

After assembly the ;components shall conform to the requirements in 
the referenced spec:ifications. 

V. WELDS: .' 

A. Fuel Elements tp Spiders 

Each of the sevfn fuel elements shall be joined to the top spider 
by welding the rop end cap projection to the top spider; only 
three fuel elem~nts shall be welded to the bottom spider and 
these three shail be alternate peripheral fuel elements. Each 
of the welds be~ween the·end cap projections and the spiders 
shall have a minimum penetration of 0.040 in. at the original 

, interface and shall be a continuous 360-deg weld. The weld 
shall contain nb rollover (i.e., weld metal shall not be present 
on the sides ofi the truncated cones of the spiders). The welds 
shall be bright and free of cracks as determined by visual 
inspection. Thr welds shall be made by the inert-gas shielded, 
tungsten-arc (TIG) method. Filler rod, if used, shall conform 
with ASTM Desighation: A 371 - 53 T, grade ER 30$. 

I . ________________________ 1 ______ _ 

*A central fuel elemeht has a mid-plane spacer without fins. A 
peripheral fuel element has a mid-plane spacer wit~ fins. 
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Spec. No. EGCR-2 EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 
Date: April 29, 1963 
Rev. No. 1 
Poge:_3_of_6_ 

Subject: MASTER SPECIFICATION FOR FUEL ASSEMBLY FOR CORE I OF THE EXPERI
MENTAL GAS-COOLED REACTOR 

v. WELDS (continued): 

B. 

C. 

Screws to Spiders 

The screws shall be joined to the top spider by welding on the 
inside surface of the spider ring. The welds shall be bright 
and free of contamination and shall be made by the TIG method. 

Flanged Bushing 

Upon completion of the welds joining the screws to the top spider, 
the flanged bushing shall make contact with the outside surface 
of the ring of the top spider. 

VI. CLEARANCE: 

There shall be a minimum axial end play of 0.004 in. between the 
cluster of seven fuel elements and the graphite support sleeve. 
Thus, when the fuel assembly is upright with the cluster supported 
and the sleeve unsupported, a minimum clearance of 0.004 in. shall 
exist between the bottom of the top spider ring and the shoulder of 
the counterbore in the graphite sleeve. 

There shall be a minimum clearance of 0.020 in. between the bottom 
end of each fuel element and the lower spider. The clearance shall 
be measur,ed from the surface of the closure weld of each fuel 
element. 

VII. ALIGNMENT: 

The alignment of the peripheral fuel elements must provide for 
positioning of mid-plane spacers within 1 deg of true position as 
shown in Dwg. D-2-02-054-9822,-E. 

VIII. SPACING: 

Minimum spacing between peripheral fuel elements and the bore of the 
graphite sleeve shall be 0.110 in. at each end of the fuel elements 

R 

and for a distance of 4 in. toward the center from the ends of R 
the fuel elements. 

Minimum spacing between any adjacent fuel elements shall be 0.233 in. 
at each end of the fuel elements and for a distance of 4 in. R 
toward the center from the ends of the fuel elements. 

IX. CLEANLINESS: 

The fuel assembly shall be free of oil, grease, dirt, or other 
foreign material as determined by visual inspection. 

5 



Spec. No. 'EGCR-2 
Date: April 29 J 1963 

EGCR FUEL ASSEMBLY SPECIFICATION 
I 

METALS AND CERAMICS DIVISION 
Rev. No. 1 
Poge:~of_6_ 

I 

OAI RIDGE NATIONAL LABORATORY 

I ' 
Subject: MASTER SPECIFICATION FOR FUEL ASSEMBLY FOR CORE I OF THE EXPERIMENTAL 

X. 

XI. 

GAS-COOLED REACTOR! 

IDENTIFICATION: 
I 

Each fuel assembly shall exhibit an identification number located on 
the top surface of the central web of the top spider between an out-
side cone and the tip of a positioning projection. The identification R 
shall be engraved A1abic numbers, starting with 1 and progressing 
through 1660. Eachi digit and letter shall be approximately 1/16 in. 
wide, 1/8 in. long,: and have a minimum depth of 0.00.5 in. 

ACCEPTANCE TESTS: i 

A. Qualification of Welding Procedure 

Prior to the stkrt of manufacture of fuel assemblies, the seller 
shall be requirkd to demonstrate the capability of his welding 
procedure to cohsistently achieve weld penetration in compliance 
with Section V~A of this specification. 

Qualification ok the welding procedure shall consist of welding 
five evaluation I samples according to a written procedure. The 
five evaluation, samples shall be welded consecutively. An 
evaluation, sat;l1ple shall consist of seven end caps welded to a 
top spider. Each of the seven welds in all five evaluation 
samples shall h~ve a minimum penetration of 0.040 in. as deter
mined by metal19graphic examination. 

B. Visual I 

Examinations sh~l be made under direct daylight-type fluorescent 
illumination ofjat least 100 footcandles. 

1. Welds. - Ali welds on each fuel assembly shall be examined 
visually tojdetermine weld-surface compliance with requirements 
of Section V of this specification. If the weld is determined 
by visual ekamination to be of questionable quality, it shall 

I 
be subjected to liquid-penetrant examination. Cracked welds 

I 

may be repa~red a maximum of two times. 

2. Cleanlinessl - Each fuel assembly shall be examined visually 
to determ1nk compliance with requirements of Section IX of 

I 

this specification. 
I 

3. Identificatton. - Each fuel assembly shall be examined visually 
to determine compliance with Section X of the specification. 

, I ' 
4. Bushing-Spi~er Ring Fit. - Each fuel assembly shall be examined 

visually toldetermine that the flanged bushing is located 
against the spider ring as required in Section V of this 
specificati0n. 

I 
I 
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Subject: MASTER SPECIFICATION FOR FUEL ASSEMBLY FOR CORE I OF THE EXPERrnENTAL 
GAS-COOLED REACTOR 

XI. ACCEPTANCE 'rESTS (continued): 

C. Alignment 

Alignment JlgS capable of ensuring correct alignment as specified 
in Section VII of this specification shall be fabricated by the 
seller. Such jigs shall be acceptable only after the ability to 
consistently ensure correct alignment is demonstrated to the 
company representative. The jigs will be rechecked after the 
assembly of the first S.o fuel assemblies and after the assembly 
of each 100 thereafter. 

D. Dimensional 

Dimensional inspection of each fuel assembly shall be conducted 
to determine compliance with tolerances specified in this 
specification, Sections VI and VIII. Go gages shall be used 
whenever possible to determine acceptability. 

XII. PACKING: 

The procedure for packing and crating the fuel assemblies shall be 
as follows: 

1. Wrap assembly with l/4-in.-thick corrugated cardboard. 

R 

2. Place a 3/4-in.-thick by 4-3/4-in.-diam ethafoam disk in the 
bottom of a 6-in.-ID cardboard mailing tube. The mailing tube 
shall have a minimum wall thickness of 1/4 in. and shall have R 
a metal bottom and a screw-on. type metal cap. The minimum 
length of the tube shall be 34 in. 

3. Insert wrapped fuel assembly into tube with the top spider at 
the top of the tube. 

4. Pour granulated cork between the assembly and tube and into the 
center of the sleeve around the stainless steel tubes. Vibrate 
slightly to pack cork during filling. Fill to within 1/2 in. of 
top of tube. 

S. Place a 3/4-in.-thick by 5-3/4-in.-diam ethafoam disk over top 
of cork. 

6. Tape on cap of mailing tube and record the fuel assembly number 
on top of the mailing tube. 

7. Place seven of the mailing tubes in a 55-gal drum (with clamp-on 
lid)· lined with ethafoam. 

8. Pack the drums with cork. Place an ethafoam layer over the top 
of the mailing tubes and clamp the lid in place. 
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Subject: MASTER FOR FUEL ASS:EMBLY FOR CORE I OF THE EXPERIMENTAL 
GAS-COOLED REACTOR 

XII . PACKING (continued): 

9. Record the fUel assembly numbers on the lid of the drum. 

10. Band four drums to a pallet. 

XIII. CERTIFICATION: 

The seller shall cer:tify that all requirements of this specification 
have been met and that all fUel assemblies were subjected to and 
passed all the acceptance tests required by this specification. 
Four copies of this \Certification shall be furnished to the company 
at the time of shipment. 

I 

j 

8 

N 

N 



""\ 

EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No. EGCR-2-l 
Date: April 29, 1963 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee' 

Rev. No. 1 
Page: 1 of 16 -- --

Subject: SPECIFICATION FOR FUEL ELEMENTS FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines fuel elements consisting of a column of 
uranium dioxide pellets encased in type 304 stainless steel tubing 
fitted with top and bottom end caps. The uranium dioxide pellets 
shall be separated from each end cap by a magnesium oxide pellet. 
For convenience, the magnesium oxide pellets are in varying thick
nesses to minimize, by selection,the clearance beneath the top end 
cap. The top and bottom end caps shall be joined to the tubing by 
closure welds. The fuel element shall contain an inert environment 
of helium. A spacer shall be attached at the axial midpOint of each 
fuel element to maintain adequate spacing for coolant flow. 

II. MANUF ACTORING REQUIREMENTS: 

The fuel elements shall be manufactured in accordance with Dwg. C-2-
02-054-982l-E, "Fuel Element," and in accordance with this 
specification. 

The final closure weld shall be made in an atmosphere that contains 
a minimum of 90% helium by volume. 

The pressure of the atmosphere in which the final closure weld is 
made shall not vary from atmospheric pressure by more than 2 psi at 
room temperature. The equipment in which the final closure weld is 
made shall contain pressure relief valves adequate to'ensure 
maintaining the required pressure within the welding chamber. 

All completed fuel elements shall be cleaned to remove traces of 
nuclear contamination. 

III. REFERENCES: 

A. Specifications 

1. EGCR-2-1-1, "Specification for Fuel Element Tubes for Core I 
Fuel Assemblies for the Experimental Gas-Cooled Reactor" 

2. IDCR-2-1-2, "Specification for Top and Bottom End Caps for 
Core I Fuel Assemblies for the Experimental Gas-Cooled 

. Reactorfl 

3. EGCR-2-1-3, Specification for Uranium Dioxide Fuel Pellets 
for Core I Fuel Assemblies for the Experimental Gas-Cooled 
Reactorff 

4. EGCR-2-l-4, "Specification for Magnesium Oxide Pellets for 
Core I Fuel Assemblies for the Experimental Gas-Cooled 
Reactor" 

R 

~ 9 



I 
EGCR FUEL ASSEMBLY SPECIFICATION 

I 

METALS AND CERAMICS DIVISION 
Spec. No. EGCR-2-l 
Date: April 29, 1963 

OAK RIDGE NATIONAL LABORATORY 
I 

I 

Rev. No. 1 
P0ge:_2_of~ 

I 
Subject: SPECIFICATION FOR FUEL ELEMEN'IS FOR CORE I FUEL ASS:EMBLIES FOR THE 

I 

EXPERIMENTAL GAS-C00LED REACTOR 
I 

III. REFERENCES (continuld): 

IV. 

B. 

I 

5. EGCR-2-l-5,i "Specification for Fuel Element Spacers for Core I 
Fuel Assemblies for the Experimental Gas-Cooled Reactor" 

I . 
6. ASTM Designktion: E 142 - 57 T, "Tentative Method for 

Controlli;ngiQuality of Radiographic TestingU 

7. ASTM: Design~tion: E 2 - 49 T, "Methods of Preparation of 
Micrographs! of Metals and Alloys" 

I 

8. ASTM Designhtion: E 3 - 58 T, "Methods of Preparation of 
MetallograPlrlc Specimens" 

I • 

9. ASTM Designlttion: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspection ll 

Drawings 

1. C-2-02-054-9821-E, "Fuel Element" 
I 

2. B-2-02-054-98l8-B, 
! 

"Fuel Element Tube tl 

3. B-2-02-054-98l7-E, "Fuel Element Spacers" 
; 

4. B-2-02-054-9815-D, "Top and Bottom End Caps" 
I 

5. B-2-02-054-98l9-B, "Magnesium Oxide Pellet If 
I 

6. B-2-02-054-9820-B, "U02 Pellett! 

7. 
I Tube Subassembly" C-47967, "fueL Element 
! 

MATERIAI8: I 
I 
I 

Each fuel element shall consi st of the follOwing component.s: 

Component 

U02 Pellet 
Fuel Element Tube 
Top End Cap 

I 

Bottom End C~p I 
Magnesium Oxide Pel~et 
Fuel Element Spacerr for 
Central Fuel Element 

I 

or i 

Quantity 

36 
1 
1 
1 
2 
1 

1 

Dwg. No. 

B-2-02-054-9820-B 
B-2-02-054-98l8-B 
B-2-02-054-98l5-D 
B-2-02-054-98l5-D 
B-2-02-054-98l9-B 
B-2-02-054-98l7-E 

B-2-02-054-9817-E 

Spec. No. 

EGCR-2-l-3 
EGCR-2-l-l 
EGCR-2-l-2 
EGCR-2-l-2 
EGCR-2-l-4 
EGCR-2-l-5 

EGCR-2-l-5 Fuel Element Spaceri for 
Peripheral Fuel Elbment 

. After completion oflthe fUel element, the condition of the components 
shall conform to the requirements specified in the referenced 
specifications. 
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EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No. EGCR-2-1 
Date: April 29, 1963 
Rev. No. __ l---=-~ 
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Subject: SPECIFICATION FOR FUEL ELEMENIS FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS -COOLED REACTOR 

v. SP ACER-TO-TUBE JOINT: 

1. The spacer shall be joined to the fuel element tube by copper 
brazing. Tubing from each manufacturer must be qualified by 
submitting to the company for approval a sample of their tubing 
which has been processed through a brazing cycle. This sample 
shall be processed twice if a rebraze cycle is used. 

2. The brazed joint shall be a continuous uniform fill joint ex
tending completely around the spacer except that a skip of 
15 deg will be allowed on one side only as determined by visual 
examination described in Section XIII-A-5 of this specification. 

3. Copper runoff onto the tube will be acceptable if it is less 

N 

N 

than 0.001 in. thick. An additional amount of runoff will be 
allowable to a distance of 3/32 in. on either side of the spacer N 
to a depth not to exceed an imaginary line which connects the top 

4. 

5. 

of the spacer ring and the tube at a distance of 3/32 in. from 
the spacer. 

To minimize grain growth, the brazing temperature shall not exceed 
2035°F and the material shall not be heated for longer than 
20 min above 180QoF. Any change in the final annealing or amount 
of cold work after the final annealing operation by the tubing 
manufacturer will require that a sample tubing which has been 
processed through the brazing cycle be submitted to the company 
for approval. This sample shall be processed twice if a rebraze 
cycle is to be used. 

A sample of 1% of each brazing batch shall be selected by the 
company's inspector and shall be examined metallographically by 
the seller in accordance with Section XIII-B-2 of this 
specification. 

6. Records shall be provided in accordance with Section XIII-A-7 
of this specification. 

7. If time above 1800Q F exceeds 20 min or the furnace temperature 
exceeds 2035°F as determined by an increase in temperature of 
the furnace control or as determined by a furnace survey, four 
additional samples (selected by company's inspector) will be 
sectioned in accordance with Section XIII-B-2 of this specifi
cation. The tubes in question will be accepted if they meet the 
requirements of the specifications and if the grain size is such 
that in no area on any section are there less than five grains 
across the wall of the tube. No additional heating will be 
allowed on these tubes. 

8. No copper is allowed on those areas of the spacers which could 
be in contact with adjacent spacers. 
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Page :_4_of J:.L 

Subject: SPECIFICATION FOR ELEMEN'IS FOR CORE I FUEL ASSEMBLIES FOR .THE 
EXPERIMENTAL )-V,,",VJ. • .I.1:.JJ.J REACTOR 

VI. FUEL LOADING: 

VII. 

VIII. 

IX. 

The total length of the column of uranium dioxide fuel pellets shall 
. +0.000 

be 26.625 In. -0.060' 

The total weight of uranium dioxide shall be 1411 g ± 33. 

The total length of the column of uranium dioxide fuel pellets and 
the magnesium oxide pellets shall be 27.000 in. ± 0.010. 

I 

INTERNAL ATMOSPHERE:; 

The pressure of the latmosPhere within the welded fuel element shall 
not vary from atmos~heric pressure by more than 2 psi at room 
temperature. I 

DRYNESS: I 

The column of fuel ~ellets, the magnesium oxide pellets, and the 
tube shall not contain more than 14 fig of moisture as determined 
by the dryness test lin Section XIII-A-l of this specification. 

END CAP WELIl3: I 
A. The end caps sh~ll be joined to the tubing by fusion closure 

welds. The welds shall be made by the TIG method. 
! 

B. The welds shall Fe sufficiently tight so that no leak will be 
detected by a mass spectrometer calibrated to detect a standard 
leak of 7 X 10- 9; standard cc Hel sec at room temperature, as 
specified in Sec!tion XIII-A-3 of i;;his specification. 

C. Each closure wel:d shall have a minimum penetration of 0.020 in. 
which shall be ~etermined according to Section XIII-B-l of 
this specificatirn. 

D. Each weld shall be free of surface cracks, surface porosity, or 
craters that canl be detected visually or with the aid of dye 
penetrants as specified in Section XIII-A-5 of this 
specification. I 

I 
E. Each weld shall be free of internal cracks, voids, porosity, or 

inclusions that pan be detected by the radiographic examination 
specified in Section XIII-A-2 of this specification. 

I . 
F. Each weld shall ~e smopth, bright, and free of contamination 

as determined bY! visual inspection. 

G. The outside diameter of the fuel element shall not be increased 
I 

by more than 0.004 in. due to weld roll-over. 
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EGCR FUEL ASSEMBLY SPEC I FICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No. EGCR-2-1 
Date: April 29, 1963 
Rev. No. 1 ----
Page: __ 5 _of ~ 

Subject: SPECIFICATION FOR FUEL ELE!MENIS FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS-COOLED REACTOR 

X. DIMENSIONAL TOLERANCES: 

The fuel element shall conform to the dimensional tolerances specified 
on Dwg. C-2-02-054-9821-E, "Fuel Element," Dwg C-47967, "Fuel Element R 
Tube Subassembly,fI and 6;s outlined in this specification. 

XI . SURFACE FINISH AND CONDITION: 

The surface finish of the fuel element shall be as specified on 
Dwg. C-2-02-054-9821-E, "Fuel Element. II 

All surfaces shall be bright and free of oil, grease, dirt, or other 
foreign materials as determined by visual inspection. 

XII. DIAMETRAL CLEARANCE: 

The diametral clearance between fuel pellet and the capsule tubing 
shall not exceed 0.006 in. 

XIII. ACCEPTANCE TESTS: 

A. Nondestructive 

1. Dryness Test. - Everyone-hundredth fuel element shall be 
selected for dryness tests just prior to performing the final 
closure weld. The dryness test shall consist of removing the 
fuel pellets and magnesium oxide pellets from the tube. The 
fuel pellets, magnesium oxide pellets, and tube shall then be 
heated for 4 hr at 250°C at a pressure not exceeding 1000 ~. 
If the total weight loss of the above components exceeds 
14 mg after drying, the remaining 99 fuel elements shall be 
rejected. 

2. Radiographic Examination of Closure Welds. - A sampling as 
specified in Section XIII-C of this specifi'cation shall be 
100% radiographed. Selected welds shall be examined using 
a radiographic technique* that is consistently capable of 
detecting discontinuities of 0.005-in.-max dimension. 
Radiographic technique shall be capable of allowing a com-
plete evaluation of the entire weld area. . 

A minimum acceptable demonstration will be the visible image 
of a 0.005-in.-diam hole in a 0.005-in.-thick penetrameter. 
In addition, the penetrameter shall contain holes of 0.010 
and 0.0025-in. diam. The O.OlO-in. hole shall be used as 
the reject criterion. 

. *See "Radiography Techniques for End-Plug-to-Tube Welds," Section XIV 
of this specification for two techniques that might be employed. 
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EGC~ FUEL ASSEMBLY SPECI FICATION 
METALS AND CERAMICS DIVISION 

I 

OAK RIDGE NATIONAL LABORATORY 

i 
I 

Spec. No. EGCR-2-1 
Date: April 29, 1963 
Rev. No. I 
Poge:~of~ 

I 

Subject: SPECIFICATION FOR FUEL ELEMENrrE FOR CORE I FUEL ASSEMBLIES FOR THE 
I 

EXPERIMENTAL GAS-COOLED REACTOR 

XIII. ACCEPTANCE TESTS (cbntinued): 

The penetrabeter is to be placed in every exposure so that 
its prOjectbd image will be visible through the same metal 
thickness a~ is the image of the inspected weld. The 

I 

penetrameter shall not be in a more favorable orientation 
than that pbrtion of the weld having the most unfavorable 
orientation!. 

All other rhdiographic requirements shall be in accordance 
I 

with the repommendations of ASTM Designation: E 142 - 59 T, 
IIControlling Quality of Radiographic Testing. ff 

I 
3. Helium-Leak; Test of Closure Welds. - Each fuel element shall 

be helium-leak tested before penetrant inspection is 
I 

performed. iHelium-leak testing shall be carried out in 
accordance with the following procedure: 

I 

a. 

b. 

c. 

Scope: I This section applies to the bell jar method of 
testing: the assembled, helium-containing fuel elements 
after the final closure weld has been accomplished. 

I 
I 

Referen~e: The manufacturer's operating manual for 
the par~icular instrument used in the inspection. 

EquiPmeht: 
! 

(1) A mass-spectrograph type, helium-sensitive 
in~trument, similar to the Veeco TYPe MS-9 or 
Co~solidated Engineering Corporation TYPe 24-110, 
which includes the following as incorporated in the 
in~trument or as additions or modifications: 

(2) 

A cold trap (liquid nitrogen or liquid air). 

A helium-Ieru~ source of 7 X 10- 9 std cc/sec. 

An external or auxiliary roughing vacuum pump 
connected to the instrument manifold and to 
the specimen or test chamber through a vacuum 
valve. 

A throttling or modulating valve between the 
instrument manifold and the instrument. 

A +ow-pressure supply of helium with a nozzle less 
th~ 1/16 in. in diameter for use in checking for 
leaktight connections. 

I 

I 

! 
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METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No. EGCR-2-1 
Date: April 29, 1963 
Rev. No. 1 
Page:_7_of ~ 

Subject: SPECIFICATION FOR FUEL ELEMENTS FOR CORE I FUEL ASSE1YIJ3LIES FOR THE 
EXPERIMENTAL GAS -COOLED REACTOR 

XIII. ACCEPTANCE TESTS (continued): 

(3) One or more leaktight chambers, each of which is 
capable of accommodating a fuel element for the 
final closure weld inspection and having no less 
than 3/8-in.-diametral clearance between the fuel 
element and the wall of the chamber. 

d. Technical Requirements: 

(1) The instrument sensitivity shall be such that the 
stable signal from the standard leak, as determined 
in Section XIII-A-3-e(3) of this specification, is at R 
least twice as large as the signals produced by back
ground noise. 

(2) The inspection shall be performed in an area of low 
helium background. 

(3) The connecting lines between the test chamber and 
the instrument manifold shall be as short as is 
practical and should have a minimum inside diameter 
of 1/2 in. All connections shall be leaktight. 

(4) Care shall be exercised to avoid plugging leaks with 
any sealant prior to attempted detection with helium. 

(5) All assembled fuel elements shall be either helium
leak tested within 24 hr after the final closure weld 
is completed or stored in a helium atmosphere of 
pressure equal to or greater than the internal pres-

R 

~ sure of the fuel element until such time as they can 
be helium-leak tested. If a fuel element is to be re
tested or if the testing procedure is interrupted, as R 
in Section XIII-A-3-e(1) , -e(6), and -e(7) of this 
speCification, the fuel element shall "be stored in a 
helium atmosphere as described until such time as 
testing can be completed. No assembled fuel element 
shall be allowed to remain in a nonhelium atmosphere 
for more than 48 hr between the time of its assembly 
and the completion of helium-leak testing unless it 

". 

is placed in ~elium at 45 psia for a minimum of 
45 min before leak testing. 

e. Testing Procedure: 

(1) The performance of the leak-detector equipment shall 
be verified after each inspection. If at any time 
this equipment fails to function properly, as described 
in the manufacturerfs operating manual, and/or if the 

15 
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Subject: SPECIFICATION FOR FUEL ELEMENffi FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS-COOLED REACTOR 

XIII. ACCEPTANCE TESTS (continued): 

sensitivity as determined in Section XIII-A-3-d(1) of 
this specification decreases below the minimum level 
prescribed in Section XIII-A-3-d(1), the equipment 
shall be readjusted to function properly and re
calibrated, and all fuel elements which have been 
inspected during the interim since the last satis
factory performance verification of the equipment 
shall be inspected again. 

(2) The closure welds shall be inspected as follows: 

(3) 

The assembled, helium-containing fuel elements shall 
be inspected after the final closure weld has been 
accomplished by placing the fuel element in the 
inspection chamber, evacuating the chamber, and 
searching for helium leaks as prescribed in the 
instrument manufacturer's operating manual. 

The instrument shall be calibrated as follows: 
The standard leak source (7 X 10- 9 std cc/sec) 
shall be connected to one end of the test chamber. 
The opposite end of the test chamber shall be 
connected to the manifold, and the time which is 
required to produce a signal two times as large as 
the background noise shall be measured. This 
measurement shall be accomplished while examining 
a 100% sample from the test chamber and with all 
valves between the standard leak source and the 
helium-sensing device completely open. This 
portion of the calibration shall be continued until 
the signal from the standard leak "reaches a stable 
amplitude. The signal amplitude and manifold 
pressure shall be measured at this point. 

(4) The inspection shall be made taking a sample from 
the test chamber. All valves between the fuel element 
and the helium-sensing device shall be completely open 
and the time of inspection shall be no less than one 
minute and at least twice as long as the time, as 
determined in Section XIII-A-3-e(3) of this specifi
cation for that particular method, required for the 
standard leak to produce a signal two times as large 
as the background noise. 
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Subject: SPECIFICATION FOR FUEL ELEMEN~ FOR CORE I FUEL ASSEMBLIES FOR TEE 
EXPERIMENTAL GAS-COOLED REACTOR 

XIII. ACCEPTANCE TESTS (continued): 

(5) The manifold pressure at which the inspectio~ is 
made shall be the same as the pressure at which 
the instrument is calibrated, as measured in 
Section XIII-A-3-e(3) of this specification. 

(6) Excessive pump-down time shall be indicative of an 
external leak. The leak shall be located and 
corrected before further testing is accomplished. 

(7), During the inspection, any signal which produces an 
indication two times as large as the background 
noise level shall be indicative of a through path 
or leak in the fuel element being inspected and that 
fuel element shall be rejected. If more than one 
assembled fuel element is being inspected at the 
time a leak is detected, the fuel elements shall be 
inspected again such that the leaking fuel element 
or elements are identified and rejected. 

(8) All rejected, assembled fuel elements shall be dis
assembled. Any salvageable parts of the rej ected 
fuel elements may be reused in the assembly of other 
elements. A salvageable item is an item that is 
reinspected and found to conform to the 
specification • 

4. Penetrant Inspection of Closure Welds. - Each weld shall be 
100% examined for discontinuities in accordance with ASTM 
Designation: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspection, II except as follows: 

a. "Method A, Procedure A_21l shall be followed except as 
modified by paragraphs b through h below. 

e. 

Precleaning shall be accomplished by vapor degreasing. 

Minimum penetrant soak time shall be 30 min. 

Emulsification time shall be held to a minimum required 
~to permit removal of excess penetrant and shall not 
e'..'\..geed 3 min. 
~ 

Drying shall be accomplished by circulating air of 170°F 
or less for a period of time that will not cause evapora
tion of penetrant . 
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Subject: SPECIFICATION FOR FUEL ELEMENIB FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS-COOLED REACTOR 

XIII. ACCEPTANCE TESTS (continued): 

f. Dry-powder developer shall be used. The powder shall 
remain on the part for a minimum of ten minutes prior 
to inspection. 

g. Magnaflux ZL 22 penetrant 'or equivalent shall be used. 
"Equi valents tI shall be approved by the company. 

h. If the first closure weld is inspected prior to perform
ance of the second closure weld, no penetrant shall be 
allowed inside the tube. 

i. All penetrant indications shall be evaluated visually 
in accordance with Paragraph A-5 below. If, after 
removal of the penetrant, there is no visual evidence 
of a discontinuity, the weld shall be reprocessed 
through penetrant inspection. Reappearance of the 
penetrant indication shall cause the piece to be 
rejected. 

5. Visual Examination. - All end closure welds and heat-affected 
zones shall be visually examined for evidence of folds, cracks, 
surface porosity, and surface inclusions, using optical magni
fication of 3X to 6X. Discontinuities having depths in excess 
of 0.0025 in. shall cause the fuel element to be rejected. 

6. 

7. 

All spacer-to-tube joint brazing shall be visually exami~~d 
to determine conformance with Section V of this specification. 

Visual examinations shall be made under direct daylight-type 
fluorescent illumination of at least 100 footcandles. 

Dimensional Inspection. - A sampling of the completed fuel 
elements selected as specified in Section XIII-C of this 
specification shall be dimensionally inspected for con- ~~ 

formance with the dimensional tolerances specified on // 
Dwg. C-2-02-054-9821-E, "Fuel Element, II and with th};:S/ 
specification. This inspection applies to overal7/length 
from weld-to -weld, rod diameter at each weld, ~,d. axial 
location of spacer. ,// 

Brazing Process Records. - The seller sht:;l:(/provide a thermal 
trace for each brazing furnace lot of ~~Ubes to determine 
conformation with Section V of this specification. Tubes 
from furnace brazing lots on which the thermal trace does not 
show conformance to Section V shall be rejected. Each tube 
shall be identified by its brazing furnace lot number. 
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Subject: SPECIFICATION FOR FUEL ELEMEN'ffi FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS -COOLED REACTOR 

XIII. ACCEPTANCE TESTS (continued): 

8. Gas Sampling. - The seller shall submit to the company for 
approval a plan for ensuring that the purity specification 
for the chamber welding atmosphere as defined in Section II 
of this specification is m~t. 

B. Destructive 

1. Metallographic Examination :to Determine Weld Penetration. -

a. A sample of 1% of the fuel elements shall be selected by 

R 

the company's inspector for examination. If one or more R 
fuel elements of the 1% random sample are rejected, then 
twice the original number of fuel elements shall be 
selected for testing. If one or more of the second group 
are determined to be rejectable, then the entire lot will 
be considered rejectab~e and the manufacturer will be 
responsible for initiation of corrective action. After 
initiation of corrective action, sampling will again go 
into effect as described above. 

b. The fuel element shall ,be sectioned longitudinally 
through the weld area at approximately 90 deg intervals, 
thus permitting four penetration measurements on each 
weld. (One section shall be made at the location where 
welding was stopped.) :One half of the sample fuel 
elements shall be sectioned at the initial closure weld 
and the remainder at t~e final weld. (Editor's note: 
Vendor sectioned both welds on all samples.) 

c. The sections shall be wrepared for examination, metal
lographically measured; and photographed as specified 
in ASTM Designations: :E 2 - 49 T and E J - 58 T unless 
otherwise specified in:this specification. The photo
graphs shall become th~ property of the company and 
shall be delivered wit~ or prior to final shipment. 

2. Metallographic Examination'of Spacer-to-Tube Braze. - A 
sample of 1% of each brazing batch shall be selected by the 
company's inspector. These samples shall be sectioned 

N 

transversely through the spacer and. the section metallo- R 
graphically examined and photographed as specified in 
ASTM Designations: E 2 - 49 T and EJ - 58 T. The grain 
size shall be reported in ~ccordance with ASTM Designations: 

.E 112 - 58 T and E 19 - 46: and the minimum number of grains 
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Subject: SPECIFICATION FOR FUEL ELEMEl'rIS FOR CORE I FUEL ASSEMBLIES FOR THE 
EXPERIMENTAL GAS -COOLED REACTOR 

XIII. ACCEPTANCE TESID (continued): 

across the wall of the tube shall be reported. The photo
graphs shall show an area of maximum grain size and shall 
become the property of the company. If in any area there 
are less than five grains across the wall of the tube, the 
company will be notified by wire that day. It will not be 
required to report any unbrazed areas in the samples. 

C. Statistical Sampling Plan 

A mOdified, one-sided sequential sampling plan for radiographic 
and dimensional acceptability will be employed until an accept
able quality level (AQL) of 0.0001 is demonstrated; thereupon, 
a single sampling plan will be used. The sequential sampling 
plan is based on an AQL of 0.0001, a lot tolerance fraction 
defective of 0.01, and a ~ = 0.01. 

One hundred percent inspection will be performed until the 
number of defective fuel elements satisfies the following 
equation: 

c = 0.002l56N - 0.995666 

where N is the number inspected and C is the number rejected. 
This equation is shown in Fig •. 1; for example, if there are no 
defective elements among the first 462 inspected, then the 
single sampling plan will thereafter be used. 

The single sampling plan is to be used as follows: From each 
group of 50 fuel elements, 10 will be inspected. If there are 
no defective elements, the group will be accepted; if one or 
more defective elements are detected, the group must be 100% 
inspected. 

XIV. RADIOGRAPHY TECHNTQUES FOR END-PLUG-TO-TUBE WELIE: 

One technique (illustrated in Fig. 2) involves radiographing directly 
through the 0.200-in.-diam pin of the end cap. The typ~ 304 stain
less steel mask that fits snugly around the cap configuration in
creases the total thickness of the metal to 0.250 in. between the 
radiation source and the weld. The minimum detectable defect size 
is approximately 0.004 in. to 0.006 in., as limited by the film and 
other considerations exclusive of the specimen thickness. This 
minimum size is still attainable through the 0.250-in. mask even 
though the available subject contrast is decreased. The principal 
advantage of the mask is that undercut and scatter from the pin are 
eliminated and a uniform exposure is attained over the portion 
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Fig. 1. Sampling Plan for Radiographic and Dimensional Inspection 
of Fuel Elements. 
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RADIATION 

./ 

UNCLASSIFIED 
ORNL -LR-DWG 43721R 

Fig. 2. One of Two Suggested Techniques for Radiographic Examination 
of Fuel Element Closure Welds. This technique involves radiographing 
directly through the end cap pin. The type 304 stainless steel mask which 
fits over the pin increases the total thickness of the metal to 0.250 in. 
The mask eliminates undercut and scatter from the pin so that a uniform 
exposure is attained over the portion of the weld being examined. 
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XIV. RADIOGRAPHY TECHNTQUES FOR END-PLUG-TO-TUBE WELIl3 (continued): 

of the weld being examined. This technique requires five exposures 
around the circumferential weld at 72-deg intervals. The penetram
eter used is a 0.005-in.-thick shim of type 304 stainless steel 

.:. containing a O. 005-in. -diam hole. This is placed on the mask and 
the image of the O.005-in. hole is plainly visible on all 
radiographs. 

The second radiographic technique is illustrated in Fig. 3. The weld 
bead is projected slightly and the fuel element is inclined at an 
angle so as to prevent the pin from interfering with the weld image. 
This technique achieves better contrast due to the reduced thickness 
of the specimen; however, the minimum detectable defect size is still 
essentially the same. Some interpretation difficulties are 
encountered with this' technique due to the very small weld image 
and the rapidly changing thickness through which. the radiation 
passes immediately adjacent to the weld, (i.e., the thickest portion 
of the cap),. 

XV. . CERTIFICATION AND TEST REFORIJB: 

At the time of shipment, the seller shall furnish the company four 
copies of a certification stating that all requirements of this 
specification have been met. 

The seller shall also furnish four certified copies of dryness test 
reports. These reports shall include initial weights, final 
weights, weight loss, and fuel element number. 
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Fig. 3. The Second of Two Suggested Techniques for Performing Radio
graphic Examination of Fuel Element Closure Welds. The weld head is 
projected slightly with the fuel element being inclined to prevent the pin 
fr~m interfering with the weld image. 
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Subject: SPECIFICATION FOR FUEL ELEMENT TUBES FOR CORE I FUEL ASSEMBLIES FOR 
THE EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines seamless, cold-drawn type 304 stainless 
steel tubing with an inside diameter of 0.710 in. and a wall thick
ness of 0.020 in. All requirements of the latest revision of 
ASTM Designation: A 269 shall apply except as specifically 
modified in this specification. 

II • MANUFACTURING REQUIREMENTS: 

Tubes shall be manufactured in conformance with Dwg. B-2-02-054-
9818-B and with this specification. 

Tubes shall be extruded or pierced, hot-rolled and cold-drawn, or 
reduced to specific size. 

III. REFERENCES: 

Dwg. B-2-02-054-9818-B, "Fuel Element Tube" 

ASTM Designation: A 269 - 59 T, IISpecification for Seamless and 
Welded Austenitic Stainless Steel Tubing for General Service" 

ASTM Designation: E 165 - 60 T, BMethods for Liquid Penetrant 
Inspection" 

AlSI, September, 1957, "Steel Tubular Products" 

IV. CHEMTCAL COMPOSITION: 

The chemical composition of the austenitic steel used shall conform 
to the requirements of the latest revision of ASTM Designation: 
A 269, grade TP 304. The steel shall also conform to the 
following requirements: 

Carbon 

Cobalt 

Boron 

V. PHYSICAL PROPERTIES: 

0.04 wt % (min) 

O. 2 wt 'to ( max) 

10 ppm (max) 

The tubing shall be furnished in the annealed condition and free of 
intergranular attack. However, a maximum of 10% residual cold work 
for size control will be allowed. The annealed tubing shall have a 
maximum Rockwell hardness number of B 90. The tubing shall also 
conform to the hydrostatic test requirements specified in the latest 
revision of ASTM Designation: A 269. 
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VI. DIMENSIONS AND TOLERANCES: 

A. 

B. 

C. 

D. 

E. 

F. 

. +0.002 
The inside diameter shall be 0.710 In. -0.000' "Inside diameterft 

here does not mean "average inside diameter, II but refers to 
actual diameter at any given plane perpendicular to the axial 
center line. 

The wall thickness shall be 0.020 in. ± 0.002. "Wall thickness" 
does not mean "average wall thickness," but refers to wall thick
ness in any plane normal to the axial center line. All dimen
sional tolerance measurements shall be made after the hydrostatic 
test is performed. 

. +0.015 The tubing shall be furnished in lengths of 27.500 In. -0.000' 

The tube ends shall be perpendicular to the outside surface 
within 0.005 in. 

Corners formed by ends of tubing and longitudinal surfaces shall 
be square and deburred with a maximum chamfer of 0.005 in. 

The tubing shall be straight within 0.030 in. per 3-ftlength" 
as stated in AISI, September, 1957, "Steel Tubular Products." 

VII. " SURFACE FINISH AND CONDITION: 

The tubing shall have a bright surface finish on the inside surfaces 
and shall be free of scale and oxide film or other foreign materials 
as determined by visual inspection. The outside sur~ace shall be 
polished using a belt of 320 grit or finer. Tubing shall be 
furnished free of seams, cracks, laps, and intergranular attack. All 
inclusions, pits, gouge marks, and score marks in excess of 0.0025 in. 
shall be cause for rejection. Discontinuities which individually 
would be considered nonrejectable are to be considered rejectable 
defects if they occur as multiples around any circumference of the 
tube or if they are aligned along an element of the tube. 

VIII. ACCEPTANCE TESrrs: 

A. Nondestructive 

1. Liquid Penetrant. - A 100% liquid-penetrant inspection shall 
be' performed by the seller on the entire outside diameter 
surface of the finished tubes in accordance with ASTM 
Designation: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspection," except as specifically modified below: 
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Subject: SPECIFICATION FOR FUEL ELEMEN"T lUBES FOR CORE I FUEL ASSEMBLIES FOR 
THE EXPERIMENTAL GAS-COOLED REACTOR 

VIII. ACCEPTANCE TESTS (continued): 

a. 

b. 

c. 

d. 

e. 

f. 

Precleaning to the extent necessary to remove all foreign 
material that might obscure test results shall be accom
plished by vapor degreasing • 

Only "Method A, Procedure A-2" is considered an accept
able procedure. 

Penetrant shall remain on the tubes for a minimum of 
30 min. 

Penetrant shall be Magnaflux ZL 22 or equivalent. 
tiE qui valent rr shall be approved by the company. 

Emulsification time shall be held to a minimum required 
to remove excess penetrant but not to exceed 2 min. 

Drying shall be accomplished by circulating air at 
170°F or less for a time that will not cause evaporation 

.of the penetrant. 

g. Dry-powder developer shall be used. The powder shall 
remain on the tubes a minimum of 10 min prior to 
inspection. 

h. All penetrant indications shall be evaluated to determine 
if requirements of Section VII of this specification are 
satisfied. 

i. Reinspection after removal of defects is required. 

2. Eddy-Current. - Eddy-current or ultrasonic inspection shall 
be performed on all tubes. If eddy~current is used, the 
inspection shall be performed as follows: 

a. Technical Requirements: 

(1) The tubing shall be inspected in random lengths 
prior to cutting the tubing to the specified lengths. 
The uninspected ends (refer to Section VIII-A-2-c of 
this specification) shall be removed before cutting 
the acceptable tubing to the specified lengths. 

(2) The inspection shall be accomplished by an inspector 
whose competence is certified by the seller. 

(3) The inspection equipment used shall be suitable as 
described in Section VIII-A-2-b of this 
specification. 
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VIII. ACCEPTANCE TESTS (continued): 

(4) The defective portion of tubing ·classified "rejected" 
according to the provisions of Section VIII-A-2-c of 
this specification shall be removed prior to cutting 
the tubing to final length. The defective section 
shall be marked in such a manner that it is clearly 
indicated that the defective section has been 
rejected by the eddy-current inspection. 

(5) The inspection procedure shall be in accordance with 
Section VIII-A-2-c of this specification. 

(6) Standardization of the inspection shall be accom
plished according to the provisions of 
Section VIII-A~2-d of this specification. 

(7) The tubing shall be inspected at the completion of 
the manufacturing process or immediately prior to 
the final anneal and straightening operation. No 
drawing operation shall be accomplished after the 
eddy-current examination. 

b. Inspection Equipment: 

(1) Inspection shall be accomplished using an 
encircling- (feed-through) coil system. 

(2) The mechanism used to drive the tubing through the 
coil system shall be capable of operating at a 
constant speed and shall be· free from jerking and 
excessive vibration. 

(3) The sensitivity of the instrumentation shall be 
such that the provisions of Section VIII-A-2-c of 
this specification can be accomplished. 

(4) Signals from the inspection equipment shall be 
displayed in such a manner that the presence of 
a defect is clearly indicated. 

c. Inspection Procedure: 

( 1) A standard reference tube fabricated according to 
Section VIII- A-2~d of this specification shall be 
used to establish the sensitivity and response of 
the inspection system. 
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VIII. ACCEPTANCE TESTS (continued): 

(2) The tubing shall be driven through the coil system 
at a uniform rate of speed. The shall be in 
conformance with the capabilities of the inspection 
instrumentation and the operator to clearly detect 
the signal produced by the standard defect in the 
standard reference tube. 

(3) The equipment shall be adjusted in such a manner 
that a clear indication of the presence of the 
standard defect in the reference tube is obtained. 

(4) The operating frequency of the instrument shall be 
chosen as low as possible, consistent with the 
reliable detection of the standard defect, but the 
frequency shall not exceed the maximum frequency 
calculated by the following formula: 

F = max kc where F = Frequency (kc) 

D = Nominal Tubing 
Diameter (in.) 

(5) The standard reference tube shall be used periodi
cally to check the performance of the inspection. 
If at any time the equipment fails to produce a 
clear indication of the presence of the standard 
defect, the equipment shall be readjusted to give 
a clear indication, and all tubing which has been 
inspected during the interim since the last satis
factory standardization shall be inspected again. 

(6) Any portion of the tubing which produces an indi
cation as large or larger than the average indica
tion produced by the standard notches in the 
standard r~ference tube as defined in 
Section VIII-A-2-d of this shall be 
rejected. 

(7) If a phase detector is being utilized in the 
inspection equipment, the phase control shall be 
adjusted such that a phase shift of 10 deg in 
either direction from the operational setting will 
not reduce the size of the indication from the 
standard defect more than 15%. 
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VIII. ACCEPTANCE TESTS (continued): 

(8) The tubing shall be inspected by feeding it through 
the coil system in the direction which. produces the 
most sensitive inspection. 

(9) A test shall be devised by the seller to determine 
the length of the uninspected ends of the tubing. 

d. Standard Reference Tube: 

(1) Standard reference tubes shall be fabricated from 
tubing taken from the same heat and manufactured by 
the same processes as the tubing to be inspected. 

(2) Standard reference tubes shall be approximately 
5 ft long. 

(3) Longitudinal notches shall be cut on the outside 
surface of the tube at approximately 3-in. intervals 
along the tube beginning 6 in. from each end of the 
tube. The notches shall be cut with an electrical
spark-discharge machine using a tool 0.004 in. thick 
and 1/4 in. long having a 1/16-in. radius at each 
end. The notches shall have a depth equal to 12.5~ 
of the wall thickness. Any alternate method of 
notch making must have prior approval of the 
company. 

(4) The standard reference tube shall be examined with 
the eddy-current equipment. The average signal 
produced by the notches shall be determined and the 
depth of one of these notches which produces a 
signal equal to or greater than the average notch 
signal shall be accurately measured. If the depth 
of this notch is not greater than 12.5% of the wall 
thickness, the tube may be used as the standard 
reference tube for calibrating the eddy-current 
equipment. 

(5) Any defect indication which may be present in the 
standard reference tube shall not be allowed to 
interfere with the identity or evaluation of the 
standard defects. 

(6) The standard reference tube shall be examined 
visually in the region of the standard .defect to 
determine any damage to the tube as a result of the 
machining operation. The tubing shall be free of 
scores, dents, burrs, and other marks in the region 
of the standard defect. 
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VIII. ACCEPTANCE TES'IS (continued): 

3. Ultrasonic. - If ultrasonic inspection is used, the inspection 
shall be performed as follows: N 

a. Technical Requirements: the tubing shall be inspected at 
the completion of the manufacturing process. No drawing N 
operation shall be accomplished after the ultrasonic 
inspection . 

b. Inspection Equipment: The instruments and accessory 
equipment shall be of the pulse-reflection type with 
sufficient sensitivity to distinguish the reference 
notches as required during calibration. 

The transducer employed shall have no dimension greater 
than 1 in. 

c . Calibration Standards: A calibration standard shall be 
prepared from tubing taken from the same heat and manu
factured by the same processes as the tubing to be 
inspected and shall be free of defects; the tubing used 
for the calibration standard shall be the same size as 

N 

N 

the tubing to be inspected and shall be in the as- N 
polished condition. A longitudinal reference notch, 
1/4 in. long and with a maximum depth of 0.0025 in., 
(the depth shall include the highest point of the metal 
due to upset, although "deburring" is permitted) shall 
be machined on the outside and inside surfaces of the 
standard. The notch may be made by the electric-arc
discharge method. If both reference notches are on the 
same end of the standard, they shall be at leas.t 120 deg 
apart. The included angle of the reference notch shall 
not exceed 60 deg. 

d. Equipment Calibration: Using the calibration standard 
specified in Section VIII-A-3-c, the equipment shall be 
adjusted to produce indications as nearly as possible the N 
same height from both the inside and outside reference 
notches. The rejection alarm shall be adjusted to signal 
at the indication of the lesser amplitude. 

The equipment shall be calibrated at the same circumferen
tial speed and rate of translation (feed helix) which will N 
be used for the inspection of the tube. 
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VIII. ACCEPTANCE TESm (continued): 

The relative translation (feed helix) of the crystal N 
with respect to, the tube shall be the lesser of 
3/8 in./revolution or one half the crystal or collimator 
width or diameter. 

e. Inspection Procedure: The material shall be tested for N 
radial-type defects in both circumferential directions 
under identical conditions which are used for calibration 
of the equipment. 

The equipment shall be recalibrated as specified in 
Section VIII-A-3-d after the inspection of ten lengths N 
of tubing or when any adjustment to the equipment is made. 

When significant adjustment of the equipment is required 
during the calibration check (any time the inside and out
side reference notches do not present a rejectable signal), 
the preceding ten tubes shall be completely reinspected. 

f. Defects and Rejection: All indications of discontinuities 
equal to or greater than the lesser indication of the N 
reference notches as described in Section VIII-A-3-d shall 
be considered as defects and shall be rejected. If the 
defect is reworkable, it may be removed and reinspected 
ultrasonically. Reworked material shall conform to the 
dimensional requirements of this specification. 

4. Hy"drostatic Test. - Each tube shall be tested at a hydro
static pressure of 800 psi prior to dimensional inspection. 

5. Dimensional Inspection. -

a. Mechanical measurements of the wall thickness shall be 
made at 90-deg intervals or less on each end of each 
tube (cut to length) to determine compliance with 
Section VI-B of this specification. 

b. Each finished tube shall be subjected to an air-gage 
inspection of the inside diameter to determine compliance 
with Section VI-A of this specification. Diametral 
measurements shall be made at intervals of approximately 
90 deg. 
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v:i:II. ACCEPTANCE TES'lB (continued): 

c. A random lafo sample of the tubes in finished condition and 
cut to length shall be subjected to an ultrasonic
resonance type inspection for wall-thickness determination . 
The accuracy of the test equipment for use in this measure
ment shall be established by taking readings at a point 
near the end of one or more tubes and checking by measure
ment with a micrometer. 

A continuous helical scan shall be accomplished on the 
inspected tubing with a pitch not to exceed 1 in. An 
acceptable alternate will be circumferential scans on 
l-in. centers. If one or more tubes of the 10% sampling 
are determined not to meet the dimensional requirements 
as stated in this specification, an additional 20% 
sampling shall be examined in the same manner. A 
rejection rate of 10% or more of the tubes tested shall 
be cause for 100% inspection of the entire lot. 

Tubes not subjected to ultrasonic resonance tests for 
wall thickness by the seller are subject to such tests 
by the company. The tubes are subject to rejection if 
the tests by the company show that the wall thickness 
does not conform to the dimensional requirements of 
this specification. 

d. The seller shall perform inspection on each tube for 
length, end squareness, and straightness to determine 
compliance with Sections VI-C, VI-D, and VI-F, 
respectively, of this specification. 

6. Visual. - Each tube shall be visually inspected under direct 
daylight-type fluorescent lighting of at least 100 foot
candles to ensure conformance to Section VII of this 
specification. 

B. Destructive 

1. 

2. 

Metallographic examination at 100X of one section of tubing 
selected at random from each lot shall be prepared to 
determine compliance with Section V of this specification. 

Metallographic specimens shall be forwarded by the seller 
to the company at time of shipment. 
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IX. MARKING AND PACKING: 

A. Eacn tube shall be marked with a continuously recurring legend 
using nonmetallic inks (nonsulfur bearing) which are not water 
soluble. The marking shall include the words IITP 304" and 
"ASTM A 269 11 as well as heat number, size, and manufacturer's 
name or trademark. The marking shall be done after dye
penetrant inspection. 

B. Each tube shall be packed in such a manner as to prevent damage 
and to maintain the cleanliness of the tubing during handling 
and shipment. 

X. TEST REPORTS: 

Four certified copies of test reports shall be furnished by the 
seller to the company at the time of shipment of each lot of 
material. At the time of shipment, the seller shall also furni sh 
to the company four copies ofa certification stating all require
ments of this specification have been met. 
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Subject: SPECIFICATION FOR TOP AND BOTTOM END CAPS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines type 304 stainless steel end caps, 
0.710 in. in diameter. 

II. MANUFAC'lURING REQUIREMENTS: 

The top and bottom end caps shall be manufactured in conformance 
with Dwg. B-2-02-054-9815-D and with this specification. 

The end caps shall be manufactured from wrought bar stock by 
machining or by forging and machining. 

III. REFERENCES : 

R 

Dwg. ,B-2-02-054-9$l.5-D, llTop and Bottom End Caps" R 

ASTM Designation: A 276 - 57 T, "Specification for Hot-Rolled and 
Cold-Finished Corrosion-Resisting Steel Bars" 

ASTM Designation: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspection" 

IV. CHEMICAL COMPOS I'rION: 

The chemical composition of the steel used shall conform to the 
latest revision of ASTM Designation: A 276, type 304 (wrought 
bar stock). The steel shall also conform to the follOwing impurity 
content requirements on a weight basis: 

Cobalt 0.2% (max) 

Boron 10 ppm (max) 

V. PHYSICAL AND MECHANICAL PROPERTIES: 

The physical and mechanical properties shall conform to the require
ments of the latest revision of ASTM Designation: A 276 
(wrought bar stock), type 304 stainless steel. 

VI. DIMENSIONAL TOLERANCES: 

The top and bottom end caps shall conform to the dimensions and 
tolerances specified on Dwg. B-2-02-0.54-9815-D and in this R 
specification. 
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Subject: SPECIFICATION FOR TOP AND BOTTOM END CAPS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS -COOLED REACTOR 

VI. 

VII. 

DIMENSIONAL TOLERANCES {continuedl: 

The critical dimensional tolerances are summarized as follows: 

0.712 in. 
+0.002 

End cap diameter -0.000 

Diameter of end cap projection* 0.200 in. +0.000 
-0.002 

Thickness of lip 0.020 in. ± 0.002 

Height of projection above lip 
Top end cap 0.510 in. ± 0.003 

Bottom end cap 0.300 in. ± 0.003 

Height of lip 0.250 in. +0.000 
-0.010 

Minimum cap thickness dimension 0.150 in. +0.005 
-0.008 

SURFACE FINISH AND CONDITION: 

Surfaces of the top and bottom end caps shall conform to the 
finishes specified on Dwg. B-2-02-054-9815-D. 

All surfaces shall be free of cracks, pits, laps, seams, gouges, and 
intergranular attack. . 

Surfaces shall be free of scale, oxide film, dirt, oil, grease, or 
other foreign material. 

VIII. ACCEPTANCE TESTS: 

A. Nondestructive 

1. Visual. - One hundred percent visual inspection shall be per
formed under direct daylight-type fluorescent lighting of at 
least 100 footcandles to ensure conformance with the require
ments of Section VII of this specification. 

2. Dimensional. - 'One hundred percent dimensional inspection 
shall be performed to ensure conformance to the requirements 
of Section VI of this specification. Two diametral measure
ments, 90 deg apart, shall be made of the end cap diameter 
and on the diameter of the end cap projection. 

*A diameter of 0.195 to 0.206 in. is permitted if it does not 
extend higher than the lip. 
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Subject: SPECIFICATION FOR TOP AND BOTTOM END CAPS FOR CORE I FUEL .ASSEMBLI:EB 
FOR THE EXPERIMENTAL GAS -COOLED REACTOR 

VIII. ACCEPTANCE TES'I6 (continued): 

3. Liquid Penetrant. - One hundred percent liquid-penetrant 
inspection for discontinuities shall be performed over the 
entire surface of the finished end caps in accordance with 
ASTM Designation: E 165 - 60 T, "Methods for Liquid 
Penetrant Inspection," except as follows: 

Precleaning shall be accomplished by vapor degreasing. 

"Method A, Procedure A-2" shall be followed except as 
modified by this specification. 

Minimum penetrant soak time shall be 30 min. 

Emulsification time shall be held to the minimum required to 
permit removal of excess penetrant and shall not exceed 
3 min. 

Drying shall be accomplished by circulating air at 170°F or 
less for a time that will not cause evaporation of penetrant. 

Dry-powder developer shall be used. The powder shall remain 
on the part for a minimum of 10 min prior to inspection. 

Magnaflux ZL 22 penetrant or equivalent shall be used. 
IIEqui valents II shall be approved by the company. 

All penetrant indications shall be investigated. All dis
continuities detected by penetrant inspection shall be 
removed. Caps must comply with dimensional tolerances after 
the indications have been removed. 

Reinspection after removal of defects is required. 

B. Destructive 

The bar stock from which the end caps are fabricated shall be 
sampled in accordance with the latest revision of .ASTM Desig
nation A 276 for use in chemical analysis and physical 
tests to assure conformance of the finished pieces with 
Sections IV, V, and VII of this specification. 

IX. TEST REPORTS: 

Four certified copies of test reports shall be furnished by the seller 
to the company at the time of shipment. At the time of shipment, the 
seller shall also furnish to the company four copies of a certifica
tion stating that all requirements of this specification have been 
met. 
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Spec. No. EGCR-2-1-3 
Date:April 29, 1963 

Union Carbide Nuclear Company 
A Division of Union Carbide Corporation 

Oak Ridge, Tennessee 

Rev. No. 1 
Page:_l_of~ 

Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLE'JE FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines hollow fuel pellets made of uranium dioxide. 
The pellets are approximately 3/4 in. long, 0.7-in. OD with an 0.2-in. 
wall thickness and are dished at each end to a depth of 0.00.5 in. as 
shown in the referenced drawing. The pellets shall be furnished in 
enrichments of 2.46%. A total of approximately 37,8.50 lb of uranium R 
dioxide pellets is required. 

The uranium dioxide pellets shall be furnished in stacks. consisting 
of 36 uranium dioxide pellets and two magnesia insulators, one at 
each end of the stack. 

II. MATERIALS : 

The company shall supply to the seller the uranium hexafluoride to 
complete the full core loading (approximately 49,300 lb UF6 ) plus R 
a 10% surplus (4,930 lb UF6). 
The seller shall pay for all uranium metal losses exceeding 1% of 
the total quanti ty proces sed; i. e., any uranium metal los ses 
exceeding approximately 32.5 lb. 

The seller shall pay the cost of reprocessing all scrap material 
(to UF6) exceeding 1% of the total quantity processed. This cost R 
shall also include the cost of transportation. 

The uranium hexafluoride will be enriched to the specified amounts 
± 0.013% by weight in U235 • The seller's conversion and fabrication 
processes shall be such that the isotopic composition of the 
finished uranium dioxide fuel pellets shall not differ from that 
of the uranium hexafluoride by more than 1.5% of the contained 
amount. 

III. REFERENCE: 

Dwg. B-2-02-054-9820-B, "U02 Pellet" 

TID - 701.5, Section I, "ORNL Master Analytical Manual"* 

Analytical Chemistry, 32, 610 (1960), "Determination of olu Ratio in 
II -= U02, H. Kubota 

*This document is available from the Offices of Technical Services, 
Department of Commerce, Washington 2.5, D. C. 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLErr8 FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS -COOLED REACTOR 

IV • MANUFACTURING REQUIREMENTS: 

The uranium dioxide Fellets shall be manufactured in accordance with 
Dwg. B-2-02-054-9820-B, "U02 Pellet," and with this specification. R 

V. CHEMICAL COMPOS ITION: 

The finished fuel pellets shall conform to the follOwing chemical 
analysis: 

Total Uranium 
Carbon 
Nitrogen 
Calcium 
Aluminum 
Silicon 

Not less than 88.0 wt % 
500 ppm (max) 
500 ppm (max) 
100 ppm (max) 
100 ppm (max) 
100 ppm (max) 

The sum of the following impurities shall not exceed the equivalent 
thermal-neutron capture cross section of 20 ppm of boron: 

Boron 
Cadmium 
Silver 

Gadolinium 
Europium 
Samarium 

A coefficient of boron equivalent (CBE) may be calculated for the 
above elements as follows: 

(atomic weight boron) X (0 impurity) 
a 

CBE = -----------------------------------
(atomic weight impurity) X (0 boron) a 

o is defined as: a thermal-neutron absorption cross section. 

The following list contains boron equivalent coefficients for the 
high cross-section impurities listed above: 

Boron 
Silver 
Cadmium 

1.0 
8.9 X 10- 3 

0.325 

Gadolinium 
Europium 
Samarium 

4.191 
0.434 
0.524 

The oxygen-to-uranium ratio of the finished fuel pellets shall be 
within the range 2.00 to 2.02. 

VI . DENSITY: 

The minimum bulk density of the fuel pellet shall be 94% of 
theoretical density for uranium dioxide bodies. Using a theoretical 
density of 10.96 g/cm3,the minimum bulk density of the fuel 
pellet shall be 10.30 g/cm3 • 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLErrB FOR CORE I FUEL 
ASSEMBLIES· FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VII. DIMENSIONAL: 

. The fuel shall conform to the following dimensional tolerances: 

Outside diameter 0.707 in. ± 0.001 
Inside diameter 0.323 in. ± 0.005 
Wall thickness 0.192 in. ± 0.015 
Length 0.740 in. nominal 
Major diameter of dished area 0.600 in. minimum 

. Depth of dished area at 
0.005 in. +0.009 

inside diameter of pellet -0.002 

Each fuel face shall be perpendicular with the fuel pellet 
outside surface within 0.005 in., except for the dished area on 
each end of type A pellets; on type B pellets the of the 
ends shall be as shown in Dwg. B-2-02-054-9820-B. 

The total length of the column of uranium dioxide fuel pellets shall 
. +0.000 

be 26.625 l.n. -0.060 • 

The total length of the column of uranium dioxide fuel pellets and 
the two magnesia pellets (one at each end of the stack) shall be 
27.000 in. ±O.OIO. To achieve the narrower length tolerance, the 
magnesia pellets shall be in four thicknesses for selectivity. 

The seller has the option of cutting one pellet in each stack to a 

R 

R 

R 

nonstandard length and one dished end on the cut pellet is N 
permissible. 

VIII. DRYNESS: 

The finished pellets shall be sufficiently dry so that,when heated 
for 4 hr under vacuum at 250°C, the weight loss shall not exceed 
10 ppm. The pressure inside the oven shall not exceed 1000 ~. 

IX. WEIGHT: 

The weight of each stacked length of fuel pellets shall be 1411 g ± 33. 

X. SURFACE FINISH AND CONDITION: 

A. Chipping 

Chipping on the outside cylindrical surface shall not exceed 10% 
of the outside cylindrical surface area. Chipping on each end 
of the pellet shall not exceed 25% of the surface area of one 
end of the . No chip shall be greater than 1/8 in. in 
lateral dimension nor greater than 1/32 in. in depth. 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLE'lB FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS -COOLED REACTOR 

X. SURFACE FINISH AND CONDITION (continued): 

The cylindrical surface on the inside diameter shall not be 
inspected for chipping. 

B. Cracks 

Radial cracks exceeding 25% of the wall thickness shall be cause 
for rejection. One radial crack shall be permitted through the 
pellet provided it is the only crack on the pellet. Radial 
cracks are defined as cracks observed at the end or ends of the 
pellet which are in a radial direction. 

Circumferential cracks shall be cause for rejection if the crack 
is continuous over an arc of 45 deg or more. A circumferential 
crack is defined as a crack observed at the end of the pellet 

R 

or on the circumferential surface and running parallel to the R 
circumference or perpendicular to a radial direction. A 
circumferential crack of 180 deg shall be allowed provided no 
more than one crack per pellet exists and that this crack 
is located in the center one third of the pellet. 

C. Sponginess or Microcracking 

Excessive sponginess or microcracking, as illustrated in Fig. 4, 
shall be cause for rejection. 

D. Vi sual Standards 

Two groups of pellets typical of production quality shall be 
mutually selected by the seller and the company for use as visuai 
standards. The two groups shall be duplicates as nearly as is 
practical. One group shall be retained by the seller and one 
by the company. These pellets shall include the types of defects 
to be expected during manufacture of the core loading and will 
be labeled fI acceptable tr or "unacceptable. II The seller'.s group 
of pellets, or visual standards, shall be used as guides during 

. visual inspection for surface finish and condition. 

XI. ACCEPTANCE TES'lB: 

A. Nondestructive 

1. Visual. - The fuel pellets shall be subjected to 100% visual 
inspection to assure conformance with Section X of this 
specification. The inspection shall be performed under 
direct daylight-type fluorescent illumination of at least 
100 footcandles. 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLETS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

Fig. 4. Photograph of U02 Fuel Pellets Illustrating Excessive 
Sponginess and Microcracking. The pellet on the left is acceptable. The 
pellet on the right in the photograph is unacceptable. The pellet in the 
center is borderline, but is also unacceptable. 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLETS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

XI. ACCEPTANCE TESTS (continued): 

2. Dimensional. - One percent of each day I s production of pellets, 
randomly selected, shall be dimensionally inspected to assure 
conformance to Section VII of this specification. If any of R 
these pellets do not meet dimensional tolerances, the entire 
day's production shall be 100% dimensionally inspected. 

Each stacked column of uranium dioxide shall be measured for 
length and weighed to assure conformance to specified stack 
length and weight as specified in Sections VII and IX, 
respectively, of this specification. 

3. Density. - One pellet from each boat of pellets, selected 
randomly, shall be measured and weighed to determine bulk 
density. If any of these pellets do not meet the density as 
specified in Section VI of this specification, every pellet 
from that boat load* shall be subjected to density determi
nation and shall be accepted or rejected accordingly. 

4. DTyness. - One percent of the finished pellets shall.be 
selected randomly for dryness tests prior to packaging. The 
dryness test shall consist of heating the pellets to 250°C 
for 4 hr under vacuum. The pressure inside the oven shall 
not exceed 1 mm Hg. The pellets shall be weighed in groups 
before and after heating. The weighings shall be performed 
with the pellets at room temperature. The size of each 
group shall not be less than 10 nor more than 100 pellets. 

If the weight loss for each group of.pellets from one dryness 
testing oven lot does not exceed 10 ppm, all pellets repre
sented by that dryness testing oven lot shall be accepted. 
If the weight loss of any of the weighing groups in a dryness 
testing oven lot is greater than 10 ppm, the pellets repre
sented by that dryness testing oven lot shall be rejected . 
unless the seller is able to demonstrate a 95-95% confidence 
level that the pellets meet the dryness requirements in 
Section VIII of this specification. The seller shall demon
strate this confidence level by conducting sufficient 
additional dryness tests. 

R 

B. Destructive 

* 

1. Oxygen-to-Uranium Ratio, Total Uranium, Carbon, and Nitrogen. -

a. Sampling: Two pellets shall be, selected randomly from 
each of the first 10 boat loads for determination for 

A boat load is that quantity of pellets in the sintering zone of 
the furnace at one time. 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE -FUEL PELLETS FOR CORE I FUEL 
ASSEMBL:rn3 FOR THE -EXPERIMENTAL GAS -COOLED REACTOR 

XI. ACCEPTANCE TESTS (continued): 

oxygen-to-uranium ratio, total uranium, carbon, and 
nitrogen. At least one analysis shall be performed on 
each of the two pellets. 

If the above sampling shows that the pellets meet the 
specification, the sampling shall be reduced so that 
three pellets shall be taken from each blending batch.* 
One pellet each shall be taken from the beginning, middle, 
and end of each blending batch. Duplicate samples from N 
each of these pellets shall be sent to the company for 
testing. If any of the three pellets from each blending 
batch fail to meet the specification, sampling shall 
revert to the original cycle (i.e., 10 consecutive 
furnace lots shall be sampled). 

b. -Method of Analysis: The oxygen-to-uranium ratio shall be 
determined by the polarographic method referenced in" 
Section III of this specification or by an approved 
alternate method. 

Total uranium shall be determined by the potentiometric 
or volumetric methods according to procedures recommended R 
by the company** or by an approved alternate method. 

c. Qualification of Seller's Analytical Procedure: Standard 
samples will be furnished to the seller by the company 
for qualification of the seller's analytical procedure. 
This qualification shall be prerequisite to committing 
the UF 6 to manufacture. 

*A blending batch is defined as that qu~tity of uranium dioxide 
powder that is blended together so that the chemical and isotopic composi
tions may be assumed to be nearly identical. 

**Three suitable methods for the determination of the uranium content of 
uranium dioxide are found in the ORNL Master Analytical Manual, published as 
TID-7015, Section I. The methods are: 

No. 900719270, Uranium, Volumetric Zinc Amalgam
Potassium Dichromate Method 

No. 900719222, Uranium, Potentiometric Ferric Sulfate Method 
No. 900719224, Uranium, Automatic Potentiometric 

Ferric Sulfate Methods 
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Subject: SPECIFICATION FOR URANIUM DIOXIDE FUEL PELLETS FOR CORE I FUEL 
ASSEMBLI:ES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

XI. ACCEPTANCE TESTS (continued): 

d. Acceptance or Rejection: If the oxygen-to-uranium ratio 
and total uranium content do not meet the re~irements 
specified in Section V of this specification, the entire 
blending batch of sintered pellets shall be rejected R 
unless the seller performs additional analyses sufficient 
to assure a 95-95% confidence level that the pellets 
are within the limits specified. 

2. Isotopic and Impurity Analyses. -

a. Sampling: One finished pellet representing each 
blending batch of uranium dioxide powder shall be 
selected randomly for isotopic analysis. If the seller 
so desires, the company shall perform isotopic analyses 
on a maximum of 50 fuel pellets at no charge to the 
seller. The company shall advise the seller of the 
test results within five working days of the time the 
sample is received in Oak Ridge, Tennessee. If more 
than 50 isotopic analyses are required (see Paragraph b 
belOW), the company shall perform these analyses at a 
cost to the seller of $25.00 per analysis for each 
analysis in excess of 50. 

The seller shall perform impurity analyses on one 
finished pellet selected randomly from each blending 
'batch of uranium dioxide powder. 

An alternate sampling plan may be used in which 5% of 
the product will be selected for destructive testing. 
The product to be tested shall be selected so that an 
equal number of test specimens is, selected from each 
blending batch. 

b. Acceptance or Rejection: If the isotopic and impurity 
analyses do not conform to the limits specified in 
Sections II and V, respectively, of this specification, 
all the pellets fabricated from that entire batch of 
powder shall be rejected unless the seller performs 
additional analyses sufficient to assure a 95-95% 
confidence level that the pellets are within the limits 
specified. 
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XII. TEST REPOR'IS: 

Four certified copies Of dryness test reports shall be furnished to 
the company prior to encapsulation of the pellets. Four copies of 
certified chemical analyses for oxygen-to-uranium ratio and total 
uranium and density determinations shall be furnished for each 
furnace lot of sintered pellets. The and density determi-
nations shall be performed as described in Section XI-B-l of this 
specification. 

Four copies of certified chemical for impurities and iso-
topic analysis for U235 content shall be furnished to the company 
prior to shipment for one pellet from each blended batch of uranium 
dioxide powder. 

The seller shall furnish to the company prior to encapsulation of 
the four copies of a certification that all require-
ments of this specification have been met. 

XIII • ~SAMP::::::..:::LE::.....!...:::::::::.::::: 

Two finished pellets representing each blending batch of mate~ial 
shall be furnished to the company for evaluation purposes. 

XIV. PACKING AND SHIPPING: 

Each stacked column of fuel along with top and bottom magnesium oxide 
pellets shall be inserted into a length of type 304 stainless steel 
fuel capsule tubing with the cap already welded into the bottom end. 
The top end of the tubing shall be sealed with a plastic cap or a 
similar device that will prevent contamination of the area to be 

• welded. The entire length of tubing shall be sealed in an indi
vidual moisture-proof container containing a desiccant. The tube 
shall be marked to identify the enrichment of fuel contained 
therein. The marking shall be temporary such as a nonsulfur
bearing ink or a sticker. 
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Subject: SPECIFICATION FOR MAGNESIUM OXIDE PELLETS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS -COOLED REAC'roR 

T. SCOPE: 

This specification defines ~agnesium oxide pellets 0.7 in. in 
diameter. The pellets shall be in four thicknesses of approximately 
3/16 in. 

II • MANUFACTURING REQUIREMENIS: 

The magnesium oxide pellets shall be manufactured in accordance with 
Dwg. B-2-02-054-98l9-B and with this specification. 

III. REFERENCES : 

Dwg. B-2-02-0.54-98l9-B, "Magnesium Oxide Pellet" 

IV. CHEMICAL COMPOSITION: 

The material shall conform to the follOwing analysis: 

V. DENSITY: 

0.2 wt 10 (max) 

0.35 wt % (max) 

20 ppm (max) 

Fe 

CaO 

MgO 

0.1 wt % (max) 

0.2 wt % (max) 

Remainder 

The pellets shall be sintered to a density of 2.6 g/cm3 ± 0.6. 

VI. DIMENSIONAL TOLERANCES: 

Diameter 0.705 in. ± 0.003 

Thickness (the pellets shali be furnished in four 
thicknesses). 
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Subject: SPECIFICATION FOR MAGNESruM OXIDE PELLE'IS FOR CORE I FUEL .ASSEMBLIES 
FOR THE EXPERIMENTAL GAS -COOLED llliACTOR 

VII. CLEANLINESS: 

The pellets shall be clean and free of mOisture, dirt, grease, oil, 
or fabrication lubricants. 

VIII. SURFACE CONDITION: 

The surfaces shall be free of cracking or chipping as determined by 
visual inspection. 

IX. TES T REPORTS: 

The seller shall fUrnish to the company four copies of certified 
chemical analyses of finished pellets. At the time of shipment, 
the seller shall also furnish to the company four copies of a 
certification stating that all requirements of this specification 
have been met. 
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Subject: SPECIFICATION FOR FUEL ELEMENT SPACERS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

I. 

II. 

SCOPE: 

This specification defines spacers for fuel elements for the EGCR. 
The spacers are made of type 304 stainless steel. 

MANUF AC'lURING REQUIREMENffi: 

The spacers shall be manufactured in accordance with 
Dwg. B-2-02-054-9817-E and as outlined in this ~pecification. 

The spacers shall be fabricated by machining from a casting, wrought 
bar stock,or tubing. (Editor's note: spacers were machined from 
bar and tUbing.) 

R 

III. REFERENCES : 

IV. 

Dwg. B-2-02-054-9817-E "Fuel Element Spacers H R 

ASTM Designation: A 276 - 57 T, "Specification for Hot-Rolled and 
Cold-Finished Corrosion-Resisting Steel Bars" 

ASTM Designation: A 351 - 58 T, "Tentative Specifications for 
Ferritic and Austenitic Steel Castings for High Temperature Service" 

ASTM Designation: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspection" 

ASTM Designation: E 142 - 59 T, "Tentative Method for Controlling 
Quali ty of Radiographic Testing" 

CHEMICAL COMPOSITION: 

The chemical composition shall conform to the latest revision of 
ASTM Designation: A 276, type 304 (wrought bar stock) or 
ASTM Designation: A 351, grade CF 8, respectively_ The steel 
shall also conform to the following impurity content requirements 
on a weight basis: 

Cobalt O. C'/o (max) 

Boron 10 ppm (max) 

V. PHYSICAL AND MECHANICAL PROPERTIES: 

Depending upon the method of fabrication, the physical and mechanical 
properties shall conform to the requirements of the latest revision 
of ASTM Designation: A 276 (wrought bar stock), ASTM Designation: R 
A 213 (seamless tubing), or ASTM Designation: A 351, grade CF 8, 
respectively. 
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Subject: SPECIFICATION FOR FUEL ELEMENT SPACERS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VI. DIMENSIONAL TOLERANCES: 

The spacer shall conform to the dimensions and tolerances specified 
on Dwg. B-2-02-054-98l7-E except that the functional check given on N 
Dwg. C-47967, "Fuel Element Tube Subassembly," may be used. 

VII. SURFACE FINISH AND CONDITION: 

Surfaces of the spacer shall conform to the finishes specified on 
Dwg. B-2-02-054-98l7-E. All surfaces shall be free of scale, oxide 
film, dirt, oil, grease, or other foreign material. Surfaces shall R 
also be free of cracks, laps, seams, gouges, and intergranular attack. 

VIII. ACCEPTANCE TESTS: 

A. Nondestructive 

1. Visual. - One hundred percent visual inspection shall be 
performed under daylight-type fluorescent lighting of at 
least 100 footcandles to ensure conformance with the re
quirements of Section VII of this specification. 

2. Radiography. - Radiography is not required if the spacers 
are manufactured from wrought bar stock. 

If the spacers are cast, radiographic inspection shall be 
performed on each piece in accordance with the latest 
revision of ASTM Designation: E 142. 

The level of radiography in the pad of the spacer shall be 
at least equivalent to 2-2T (i.e., a penetrameter providing 
2% contrast sensitivity shall be present in each film). 
Thus, the penetrameter shall be 2% of the spacer thickness 
(0.005 in.) and shall contain a 2T-diam hole (0.010 in.). 

Multiple parts may be placed on the same film. 

3. Dimensional. - One hundred percent dimensional inspection 
shall be performed to assure conformance with Section VI of 
this specification. 

4. Liquid Penetrant. -. A liquid-penetrant inspection for linear
type discontinuities shall be performed over the entire 
surface of 100% of the finished spacers in accordance with 
ASTM Designation: E 165 - 60 T, "Methods for Liquid Penetrant 
Inspe ction," except as follows: 

Precleaning shall be accomplished by vapor degreasing. 
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Subject: SPECIFICATION FOR FUEL ELEMENT SPACERS FOR CORE I FUEL ASSEMBLIES 
FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VIII. ACCEPTANCE TESTS (continued): 

IX. 

B. 

"Method A, Procedure A-2" shall be followed except as 
modified by this specification. 

Minimum penetrant soak time shall be 30 min. 

Emulsification time shall be held to the minimum required to 
permit removal of excess penetrant and shall not exceed 
3 min. 

Drying shall be accomplished by circulating air at 170°F or 
less for a time that will not cause evaporation of penetrant. 

A dry-powder developer shall be used. The powder shall 
remain on the part for a minimum of 10 min prior to 
inspection. 

Magnaflux ZL 22 penetrant or equivalent shall be used. 
''Equi valent s 11 shall be approved by the company. 

All indications shall be evaluated by visual means in 
accordance with Section VIII-A-l of this specification. 

Destructive 

Chemical analysis, physical testing, and metallographic 
examination shall be performed in accordance with the latest 
revision of ASTM Designation: A 276 to assure conformance of 
the finished pieces with Sections IV and V of this specification. 

TEST REPORTS: 

Four certified copies of the test reports shall be furnished by the 
seller to the company at time of shipment. At the time of shipment, 
the seller shall also furnish to the company four copies of a 
certification stating that all requirements of this specification 
have been met. 
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A Division of Union Carbide Corporation 
Oak Ridge, Tennessee 

Subject: SPECIFICATION FOR TOP SPIDERS AND LOWER SPIDERS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines type 304 stainless steel top spiders and 
lower spiders. 

II. MANUFACTURING REQlJIREMENTS: 

The top spiders and lower spiders shall be manufactured in strict 
conformance with Dwgs. B-2-02-054-98l4-E and B-2-02-054-98l6-C, R 
respectively, and with this specification. 

The top spiders and lower spiders shall be manufactured by invest
ment casting and machining where necessary to final dimensions. 

III. REFERENCES: 

ASTM Designation: A 351 - 58 T, "Tentative Specifications for 
Ferritic and Austenitic Steel Castings for High Temperature Service" 

Dwg. B-2-02-054-98l4-E, "Top Spider, Type I and Type II" 

Dwg. B-2-02-054-98l6-C, "Lower Spider, Type I and Type lIn 

ASTM Designation: A 370 - 61 T, "Methods and Definitions for 
Mechanical Testing of Steel Products" 

ASTM Designation: E 165 - 60 T, 'Nethodfor Liquid Penetrant 
Inspection" 

., ASTM Designation: E 142 - 59 T, "Tentative Method for Controlling 
Quality of Radiographic Testing" 

IV • CHEMICAL COMPOSITION: 

The chemical composition of the austenitic stainless steel used 
shall conform to the requirements of the latest edition of ASTM 
Designation: A 351, grade CF 8. The steel shall also 
conform to the following impurity requirements on a weight basis: 

Cobalt - 0.2% (max) 

Boron - 10 ppm (max) 

V. PHYSICAL PROPERTIES: 

The physical properties of the austenitic stainless steel used shall 
conform to the requirements 'of the latest edition of ASTM 
Designation: A 351, grade CF 8. 
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OAK RI DGE NATIONAL LABORATORY 

Spec. No. EGCB_2-2 
Date: April 29, 1963 
Rev. No 0_-=1'----_ 
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Subject: SPECIFICATION FOR TOP SPIDERS AND LOWER SPIDERS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERTIlIENTAL GAS-COOLED REACTOR 

VI. MECHANICAL PROPERTIES: 

The mechanical properties of the austenitic stainless steel used 
shall conform to the requirements of the latest edition of ASTM 
Designation: A 351, grade CF 8. 

VII. DIMENSIONAL TOLERANCES: 

The top spider shall conform strictly to the dimensions and 
tolerances specified in Dwg. B-2-02-054-98l4-E. The lower spider 
shall conform strictly to the dimensions and tolerances specified 
in Dwg. B-2-02-054-9816-C. 

A summary of the critical toleranc~s is presented below: 

Radial Positioning of Holes 

Diameter of Holes 

Perpendicularity of Holes 
with Respect to Bottom of 
Casting 

Width of Positioning 
Projections, TYPe I 

Width of Positioning 
Projections, TYPe II 

Angular Location of 
Positioning Projections 

VIII • SURFACE FINISH AND CONDITION: 

To:e 

0.993 in. ±O.002 

+0.001 
0.201 in. -0.000 

90 deg ±O, 5 min 

0.115 in. +0.002 
-0.001 

+0.002 0.119 in. -0.001 

90 deg ±O , 5 min 

l;'.Dwer 

0.993 in. ±O.002 

CJ.201 in. +0.001 
-0.000 

90 deg ± 0, 5 min 

0.115 in. +0.002 
-0.001 

+0.002 0.125 in. -0.001 

60 deg ±O, 5 min 

The surfaces of the top spider and lower spider shall conform to 
the f'inishes specified on Dwgs. B-02-054-98l4-E and B-2-02-054-
98l6-C, respectively. 

The surf'aces shall be free of' cracks. With the exception of the 
positioning tabs on the bottom spider, discontinuities other than 
cracks shall reject the spider if their area exceeds 10~ of' the 
minimum cross-sectional area. A def'ect up to 20% of the cross 
sectional area in the bottom spider position tabs shall be acceptable 
provided the defect is located no more than 0.075 in. from the outer
most end of the tab. If the defect is located less than 0.075 in. 
from the outermost tab, the spider will be rejected if' the defect 
exceeds 10% of the position tab thickness. 
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EGCR FUEL ASSEMBLY SPECI FICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No.EGCR-2-2 
Date: April 29, 1963 
Rev. NO._..;;;;l,,--_ 
Page:_3_of_5_ 

Subject: SPECIFICATION FOR TOP SPIDERS AND IDWER SPIDERS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VIII. SURFACE FINISH AND CONDITION (continued): 

The surface shall be free of scale, oxide film, dirt, oil, grease, 
or other foreign material as determined by visual inspection. 

IX. ACCEPTANCE TESTS: 

A. Nondestructive 

1. Dimensional. - Each finished top spider and lower spider 
shall be subjected to dimensional inspection to assure that 
it conforms dimensionally to the drawing. The method of 
inspection to the above specified dimensions shall be 
approved by the company. 

2. Visual. - Each finished top spider and lower spider shall 
be subjected to visual inspection to assure conformance to 
Section VIII of this specification. Inspection is to be 
performed under direct daylight-type fluorescent illumina
tion of at least 100 footcandles. 

3. Liquid Penetrant. - A liquid-penetrant inspection for linear
type discontinuities shall be performed over the entire 
surface of 100% of the finished spiders in accordance with 
recommendations of ASTM Designation: E 165 - 60 T, r~ethods 
for Liquid Penetrant· Inspection,tI except as follows: 

a. Precleaning shall be accomplished by vapor degreasing. 

b. ''Method A, Procedure A-2 tt of ASTM Designation: 
E 165 - 60 T shall be followed except as modified by 
this specification. 

c. Minimum penetrant soak time shall be 30 min. 

d. Emulsification time shall be held to minimum required to 
permit removal of excess penetrant and shall not exceed 
3 min. 

e. Drying shall be accomplished by circulating air at 170~ 
or less for a period of time that will not cause 
evaporation of penetrant. 

f. Dry-powder developer shall be used. The powder shall 
remain on the part a minimum of 10 min prior to 
inspect'ion. 

g. Magnaflux ZL 22 penetrant, or equivalent, shall be used. 
The "equivalents" shall be approved by the company. 
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Subject: SPECIFICATION FOR TOP SPIDERS AND LOWER SPIDERS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

IX. ACCEPTANCE TESTS (continued): 

h. Dye-penetrant indications will be evaluated as follows: 

(1) All linear indications of dye (indications six 
times as long as they are wide), exclusive of R 
machine marks, shall be investigated, reworked, and 
submitted for reinspection. 

(2) All penetrant indications other than linear shall 
be considered as visual defects. 

4. Radiographl_ - Radiographic inspection shall be performed 
according to the following sampling plan: 

One hundred percent inspection shall be performed on the 
first 25 top spider castings and the first 25 lower spider 
castings. If none of the castings are rejected due to 
radiographic defects, the sampling shall be reduced to every 
fourth casting. If one or more of the first 25 castings are 
rejected due to radiographic examination, the looi inspection 
shall be continued until 25 castings have been examined 
consecutively without rejection. At that time, the sampling 
shall be reduced to every fourth casting. If radiographic 
examination then reveals defects in any of these castings, 
sampling shall revert to the original cycle (i.e., 25 
consecutive castings shall be radiographed). 

R 

Any spider which contains defects larger than that allowed R 
in Section VIII of the specification shall be rejected. 

Radiographic inspection shall be performed in accordance 
wi th ASTM Designation: E 142 - 59 T at a level of 2-2T in 
the truncated co~es of the castings. Multiple parts may be 
placed on the same film. 

All castings which are radiographed shall be identified as 
shall the radiographic film so that a permanent record of all 
inspected castings may be kept. Radiographs are to become 
the property of the company. 

B. Destructive 

1. Chemical Analysis. - An analysis of each master blend of steel 
shall be made to determine the percentages of the elements pre
scribed in Section IV of this specification. This analysis R 
shall be made from drillings taken not less than 1/4 in. 
beneath the surface of a test ingot obtained during the 
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METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No.EGCR-2-2 
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Subject: SPECIFICATION FOR TOP SPIDERS· AND LOWER SPIDERS FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

IX. ACCEPTANCE TESTS (continued): 

pouring of the heat. The chemical composition thus 
determined shall be reported to the company and shall con
form to the requirements described in Section IV of this 
specification. 

2. Tensile Tests. - One tension test shall be made from each 
heat in each heat-treatment charge. Test specimens shall 
be prepared and tension tests shall be performed in accordance 
with ASTM Designation: A 370, UMethods and Definitions for 
Mechanical Testing of Steel Products." 

3. Metallographic Examination.- Metallographic examination at 
100X shall be made of sections of five top spiders and five 
lower spiders selected at random. These examinations shall 
show the structure to be free from intergranular attack. 
If intergranular attack is present in any of the specimens, 
the entire lot of spiders shall be rejected unless the seller 
performs sufficient additional examinations to assure that 
95% of the spiders are free of intergranular attack 95% of 
the time. The metallographic specimens shall be identified 
as to heat number and furnished to the company at time of 
shipment of the finished parts. 

X. TEST REPORTS: 

Four certified copies of test reports and photomicrographs of 
metallographic sections shall be furnished by the seller to the 
company at the time of each shipment. At the time of shipment, 
the seller shall also furnish to the company four copies of a 
certification stating that all requirements of this specification 
have been met. 
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EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No. EGCR-2-3 
Date: April 29. 1963 
Rev. No. 1 
Page:_l_of_5_ 

Subject: SPECIFICATION FOR GRAPHITE SUPPORT SLEEVES FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

I. SCOPE: 

This specification defines nuclear-grade, graphite support sleeves. 
The sleeves are approximately 29 in. long, approximately 5-in. OD, 
and 3-in. ID. The sleeves are a structural component of the fuel 

• assembly and are used to house a seven-rod fuel element cluster. 

". 

II . MANUFACTURING REQUlREMEN'lB: 

The graphite support sleeves shall be manufactured in accordance with R 
Dwg. D-2-02-054-9812-H and with this specification. 

A. Materials 

The material used for the sleeves shall be nuclear-grade graphite. 
The graphite shall be manufactured from a coke having a needle
type structure. 

B. Manufacturing Process 

The graphitizing temperature shall be not less than 2800°c. No 
Freon or chlorination treatment is required. Nuclear quality is 
to be assured by the proper selection of base materials and use 
of a graphitizing temperature sufficiently high to remove inher
ent impurities by volatilization. 

The manufacturing process shall be such that lamination lines 
shall not be exposed on the cylindrical surface during subsequent 
machining. 

III. REFERENCES : 

Dwg. D-2-02-054-9812-H, "Type I and Type II, Support Sleeve" R 

ASTM Designation: C 190 - 58 T, "Tensile Strength of Hydraulic 
Cement Mortars" 

ASTM Designation: C 78 - 57 T, "Test for Flexural Strength of 
Concrete" (using simple beam with third-point loading) 

IV. PHYS leAL PROPERTIES: 

A. Graphite Density 

Finished machined graphite conforming to this sp'ecification shall 
have a minimum average density for all support sleeves of 
1.65 g/cm3 . The minimum acceptable density in anyone graphite 
support sleeve shall be 1.60 g/cm3 • 
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Subject: SPECIFICATION FOR GRAPHITE SUPPORT SLEEVES FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

IV. PHYSICAL PROPERTIES (continued): 

B. Nuclear Properties 

The nuclear purity shBl.l be measured by the Dm equivalent in 
the Hanford Test Reactor. For the standard specimen size and 
standard conditions of the Hanford test, the average Dm value 
for each graphitizing furnace lot* shall be +0.25 or greater. 
The samples for this measurement are described in 
Section VIII-B-3 of this specification. 

V. MECHANICAL PROPERTIES: 

The material from which the sleeve is fabricated shall comply with 
the following requirements: 

A. Average tensile strength at 70°F: 

Parallel to axis of extrusion 

Perpendicular to axis of extrusion 

B. Average flexural strength at 70°F: 

Parallel to axis of extrusion 

VI. DIMENSIONAL TOLERANCES: 

800 psi 

600 psi 

1800 psi 

The support sleeve shall conform dimensionally to Dwg. D-2-02-054-
9812-H. A summary of the critical tolerances is presented below: 

Bore Diameter 3.000 in. +0.008 
-0.005 

Bore Straightness 0.024 in. maximum bow 

Width of Slots, Bottom, 0.125 in. 
+0.003 

Type I -0.002 

Width of Slots, Bottom, 0.133 in. +0.005 

Type II -0.000 

Width of Slots, Top, Type I 0.125 in. +0.003 
-0.000 

Width of Slots, Top, Type II 0.J..25 in. +0.007 
-0.000 

Circumferential Position of Given location with permis-
Top and Bottom Slots sible angular variation of 

±O deg, 5 min 

* A graphitizing furnace lot is defined as that quantity of graphite 
contained in the furnace at one time during the graphitization process. 
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EGCR FUEL ASSEMBLY SPECIFICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 

Spec. No.EGCR-2-3 
Dare: April 29, 1963 
Rev. No. __ l __ 
Page:_3_of_5_ 

Subject: SPECIFICATION FOR GRAPHITE SUPPORT SLEEVES FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VII. SURFACE FINISH AND CONDITION: 

All surfaces will have a finish of 125 rms or better as determined 
by comparison to a standard agreed upon by the company and the N 
seller. 

All surfaces shall be free of oil, grease, dirt, or other foreign 
materials. 

A. Pits 

Individual pits shall not exceed'1/8-in. diam or 1/8-in. depth. 
No pits shall be permitted on the seating area on each end of 
the sleeve. No pit shall be permitted in the shear pinholes R 
or positioning slot if the functional requirements of the slots 
or holes are impaired.* 

B. Chips 

Individual chips shall not exceed 1/16 in. 2 in area (i.e., 
1/4 in. X 1/4 in., 1/8 in. X 1/2 in., or 1/16 in. X 1 in.) nor 
0.090 in. in depth. No chips shall be permitted on the seating 
area on each end of the sleeve. Chips shall not be permitted R 
in the shear pinholes or positioning slots if the functional 
requirements of the slot.s or holes are impaired. * 

VIII. ACCEPTANCE TESTS: 

A. Nondestructive 

1. Each support sleeve shall be dimensionally inspected to 
ensure conformance to frNg. D-2-02-054-98l2-H. 

2. Each support sleeve shall be visually inspected to assure 
conformance to Section VII of this specification. Visual 
examinations shall be made under direct daylight-type 
fluorescent illumination of at least 100 footcandles. 

R 

*The functional requirements of the shear pinholes shall be considered 
impaired if chips or pits are present in the inside counterbore of the hole 
or in the hole itself. Pits or chipping in the outside counterbore of the R 
hole is permissible as defined in Paragraph A and B above. 

The functional requirements of the positioning slots shall be considered 
impaired if pits or chips reduce a vertical bearing surface by more than 
20%. A vertical bearing surface here refers only to the portion of the R 
vertical slot surface on which a positioning projection of a spider will 
actually bear (This may be determined by referring to Dwg. D-2-02-054-9822-E, 
''Fuel Assembly, Fuel Element and Support Sleeve. t! 
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Subject: SPECIFICATION FOR GRAPHITE SUPPORT SLEEVES FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VIII. ACCEPTANCE TESTS (continued): 

3. Each support sleeve shall be weighed to verify density. 
The minimum acceptable weight for any sleeve is 20.82 lb. 
The minimum acceptable average weight for all sleeves is 
21.46 lb. 

4. A record of the graphitizing temperature shall be supplied 
by the seller for each furnace lot of graphite to determine 
compliance with the graphitizing temperature requirements 
of Section II-B of this specification. 

B. Destructi ve 

1. Tensile Tests. - A total of 24 specimens from each furnace 
lot of material shall be selected from different regions 
of the furnace for tensile tests. Tensile tests shall be 
performed on 12 specimens taken parallel to the direction 
of extrusion and on 12 specimens taken perpendicular to the 
direction of extrusion, except that no more than two pairs 
of specimens shall be taken from any graphitized piece in tpe 
furnace lot. Tensile tests shall be performed in accordance 
with ASTM Designation: C 190 - 58 T. If the average tensile 
strength fails to meet the requirements of Section V of this 
specification, the furnace lot shall be rejected unless the 
seller performs sufficient additional tests to demonstrate 
that 95% of the pieces meet the requirements 95% of the 
time. 

2. Flexural Tests. - A total of 24 specimens from each furnace 
lot of material shall be selected from different regions of 
the furnace for flexural tests. The flexural strength shall 
be determined in accordance with ASTM Designation: C 78 - 57 T 
on specimens taken parallel to the direction of extrusion. 
SpeCimens shall be selected as in Section VIII-B-l of this 
specification. If the average flexural strength fails to 
meet the requirements of Section V of this specification, 
the furnace lot shall be rejected. 

3~ Nuclear Properties. - The nuclear purity shall be determined 
in the Hanford Test Reactor equipped for these measurements. 
Three test specimens shall be taken from each furnace lot of 
graphite. Each test specimen shall be taken from a different 
region of the furnace. 
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Subject: SPECIFICATION FOR GRAPHITE SUPPORT SLEEVES FOR CORE I FUEL 
ASSEMBLIES FOR THE EXPERIMENTAL GAS-COOLED REACTOR 

VIII. ACCEPTANCE TESTS (continued): 

The test specimens shall be 4.187 in. ± 0.005 by 4.187 in. ± 
0.005 by 49.150 in. ± 0.015.' Surfaces shall have a finish 
of 125 rms or better. The test pieces shall be marked with 

• the furnace lot number and the region the furnace from 
which the specimens were taken. 

The DIH values shall be measured in the Hanford Test Reactor 
at no cost to the seller. Results of the measurements on 
specimens shall be made available to the seller within two 
weeks after receipt of specimens by the Hanford Operation. 
Failure of any of the specimens to meet the requirements of 
Section IV-B of this specification shall cause rejection of 
the entire furnace lot. 

The seller shall ship the DIH specimens to Hanford in 
accordance with instructions from the company. All trans
portation costs shall be for the account of the seller. 

IX. MARKING AND PACKING: 

A. Each sleeve shall be marked with the furnace lot number and a 
serial number. The size of the digits shall be approximately R 
1/2 in. X 1/2 in. X 0.040 in. 

B. Each support sleeve shall be packed in such a manner as to 
prevent damage and to maintain the cleanliness of the sleeve 
during handling and shipment. 

X. TEST REPORm: 

Four certified copies of test reports shall be furnished by the 
seller to the company with each shipment. The test reports shall 
include a certification by the seller that all requirements of 
this specification were met. 
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EGCR FUEL ASSEMBLY SPECI FICATION 
METALS AND CERAMICS DIVISION 

OAK RIDGE NATIONAL LABORATORY 
Union Carbide Nuclear Company 

A Division of Union Carbide Corporation 
Oak Ridge, Tennessee 

Spec. No. EGCR-2-4 
Date: April 29, 1963 
Rev. No. 1 
Page:_l_of_3_ 

SPECIFICATION FOR RECORll3 TO BE KEPT ON CORE I FUEL ASSEMBLIES FOR 
TEE EXPERIMENTAL GAS-COOLED REACTOR 

SCOPE: 

This specification defines the data that shall be recorded concerning 
fabrication history of the EGCR fUel assemblies and some of the 
component parts. The information on the records shall not be a 
condition of acceptance of the fuel assemblies unless otherwise 
required by the foregoing specifications; however, the keeping of 
records and the submission of these records to the company shall 
be a condition of acceptance of the fuel assemblies. 

RECORll3 REQUIRED: 

The records to be kept are: 

A. Data sheet for each fuel assembly 

B. Data sheet for each fuel element 

C. Data sheet for each top spider 

D. Data sheet for each lower spider 

E. Thermal trace for each furnace brazing lot- of mid-plane 
spacers and fuel element tubes 

F. Welding current, voltage trace, and travel speed for 
~ach bottom end cap weld 

G. Welding current, voltage trace, and travel speed for 
each top end cap weld 

III. SPECIFIC INFORMATION REQUIRED: 

The information to be provided on each data sheet is tabulated 
below: 

A. Fuel Assembly 

1. Serial numb~r of assembly - The serial number already on the 
top spider will become the serial number of the fuel assembly. 

2. Serial number of lower spider 

3. Furnace lot number and serial number of graphite sleeve R 

4. Serial number of each fuel element and its position in 
the cluster with respect to the position of the serial 
number on the top spider 
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Subject: SPECIFICATION FOR RECORll3 TO BE KEPT ON CORE I FUEL ASSEMfjLIES FOR 
THE EXPERIMENTAL GAS-COOLED REACTOR 

III. SPECIFIC INFORMATION REQUIRED (continued): 

5. Signature and job title of person who recorded data 

B. Fuel Element 

c. 

D~ 

1. Serial number - This shall be a temporary identification that 
may be removed after the identity of the fuel element is 
recorded in Section III-A-4 of this specification, (i.e., 
tape, nonsulfur-bearing ink, etc.). 

2. Heat number and lot number of material from which the tube 
came 

3. Heat number and lot number of material from which the top 
and bottom end caps were made 

4. Heat number of material used for mid-plane spacer 

5. Brazing furnace lot number 

6. Weight of column of fuel pellets 

7. Height of column of fuel pellets 

8. Blending batch number of uranium dioxide powder used in 
pellets 

9. Sintering furnace lot number of uranium dioxide pellets 

10. Enrichment 

11. Signature and job title -of person who recorded data 

12. Radiographs of end closure welds 

13. Inspection records on the rods (penetrant, leak check, 
visual, radiographic, and dimensional) 

14. Photograph of section taken for weld penetration 

15. Photographs taken of the brazing sections 

Top Spider 

1. Serial number 

2. Heat number 

3. Radiographs 

Bottom Spider 

1. Serial number 

2. Heat number 

3. Radiographs 
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Subject: SPECIFICATION FOR RECORre TO BE KEPT ON CORE I FUEL ASSEMBLIES FOR 
THE EXPERIMENTAL GAS -COOLED 'REACTOR 

IV. RECORD SAMPLES REQUIRED: 

The following record samples will be retained by the 
shipped to the company at the end of the contract: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Ten tubes from each heat 

Ten end caps from each heat 

A top and lower spider from each heat 

Ten mid-plane spacers from each heat 

One graphite sleeve from each heat 

Ten flange bushings from each heat 

Ten end screws from each heat 

Ten MgO pellets from each lot 

Fifteen fuel pellets from each lot 

Scrap tube after sectioning of 1% of the welds 

Metallographic samples on 1% of the brazed tubes 
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B cJ.O",,,/Z'!>.OOO to 2~!~L I::m-I ·· ~I 

/ ./ 

-- ------

View C~C 

• 

D-z-oz-054--9 B 22. 

/vOTES: 

/. See spec. fo~ Qssembly il1S+rudions\ -ec.CR-' 
& .;:- TVP., I SP/J:)ERS Mvsr BE VSE.o 

WITH TYPE I St./PPOR7' s.L.G4I1'F. 

3- TYPE P SP/,oERS MVSr HE VSE~ 
WI,/-! Ty!=-£:II sUPPORT SLEEVE. 

1'- GAPS CONTROLLEO (/$//11<$. O.3d .0/". IA/IIi?AS 
AS $PAC£'R. B.c'wEEN" 6;.401/ GoLEMENT 

AND B"TTOM "r SPIDER, PRIOR TO MAKJN6 
SPIDER WG.iJ:)S 

CST W7:': =4d.!) L8!1. IWEST/AlGN""SE .4J:.o_ oW/t$ . 

IIIPIRIIICI DlfAWiNCaI 

22EJ·D·2~ 

DWta. NO. 

)1 5.00010 S.O(;01.;orrt:/III&, .... ~ __ 
OAK RIDGE NATIONAl lABORATORY ad e "we' ((V1"" t I? 16 ..... .....-.a: ..... 

A ad e ""0 cletu"q'lce. bef~'"e~ "t."1. jilt,· ~ ;]T '7, I.D 
od e SP'lce"" Q ; nmef11 rlt>f-e. sed. 8 -B nr ..,. 

A a de .004 t, noie :JJr ry, flied Assemblv 
Fue.l B/"lT\ent < $upPQrt.SIIi!IlI1C!: A rOcl~hOdl!ll,a"r." I:OF 1'1/1. ;,<.>1.""" .A lcie1etecJ.o.O 1opQ'Ssy. d'4 ... ,erl .o1o ho.aJobot1o~ I rn t"1(I 

added q"". note 1m "',j'Q 1""1" [).2-o'"C54-.982Z-£ 



ir 
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CD 

f' 

,f 

eFldcaps ~ weed as per. spec. 

2 .. 7.000 t·~f°tJ02:+.MqO stacked lenqth (si'e spec,) 

PARTS LIST 

ITEM 
NO. 

DWG. NO. I OTY. 

I I 
2. 6 

NAME 

3B-9S19 2 
4 B-~S29 3&~~-~~~~--------1 

5 
e 
7 B-:-9S15 . .BottomEnd~ap(Pt°2.) 

_n~ __ •• _ II 'l:.qp_.End Cop (Pt" U 
-'3 C-/f7!J67 rUBE SI/B-ASSEI'WBL't 

~ ~. / -I 
7 

&. 
«3 

C-2-D2..-0S4-<JB2.1 

'"""-- en d 

® [ruel Element #2 same os Fue( Eleffl€l1f- it I 
e)(cep+- for rinq spacer as shown. 

2. Not~ ol"ie"to+jon of ring sp<1cer to rop en.riasslfilmbly. 

NO'h: /. Assembled flAe.l_ element +0 be stl'",Ii'l~ 
wi+hin .030 fey 3H. length 

2. ~e".,.d E:&CR - 2-( 

REFERENCE DRAWINGS DWG. NO. £: C,vAN6£ N~"'la£ 2223 IGRH ''''~ 
01 Ch'anM> £1.7ke.. TJJ:;;; "jTJ"" r9E1i.~ II""'l II'" 
CI cl1a>1Qe Hof; c.e.. 1&>9;;; m b sIt, . u •• _ imo ... ,u _,n"" 

.......... ,. _ .... 
OAK RIDGE NATIONAL LABORATORY 

eo I')!lte re....,orqeq JJI 03'~ __ . ___ .... TOU •• K ••• UMO ......... 

.!2. t-hol'lqec/, Tal, fro»! .010 "/0.023 JJT "l 1 "" . -,,. •• 
A ade/eel 2G..f,H :~~·o JJT '1 I ~. n..c:r-a t. '/104 
A 70 0 • 0 111'6'/ -- 'S/ DK' .... t. ,005 

" ~ ,0 -' /0 . JJI 71/'''' I q ~ 7i3 J J Tudor /toO; •• na""O· IS' 
i A..~e27.500_~'g~ tv 27.sD/J::~~~ :r.rr 7/,/i.Ojl ~ . . 160 • 

Fue I Element 

I A I Md note 2, P+·#2,. Inr 171i/~I·Nl I t IC1IIC2:' /. l'il. ISCALE ,"" I" 
__ 'IIY 0." ...... I ~_~I) ] J C-Z-OZ-054-9SZ f-£ 
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.!> 

;, 

..... 

!t' 

C'Y) 

co 
<5;' 
~ o 
• t'\I « 

t)J 

CD Specia.l flat Washer %z ~~4 0.0. " 7;2 I. D. ;< .()32Thicl<. 

,/ (TD (it *t;J MfJ.chine :S"I"ew) 

150't ,°0' 

~.O~2:1 r-
7 

-~0-32 NC-28Thread I~ deep 
~.OOJ 

.14-1- CTleR. 
~2. R . 

. 094 / l! __ +_ 
·.~~:dia. SE'E NOtE 2 

-~ +0 DEEP 
. 294 d' .292 10. 

SEE NOTE 2 
'4 - ~ /'4-

CD I. BreQ Ie:. a II sharp edqes, 
2, :~~~ dia. ~ :~~~ dia. to be COr\cent,.ic. 

\~.Ii 10 ia"l . 00.1 TIR. 

cO 

.090 , #6-32 NC-2AThreod 

[.OB8 

------+!-9...--' -~-lll Hf 
f I I'-=--~I /1 M/N. LENGrJ.1 OF 

A 

-
~ FULL TrlR£AD R£t;i'O • e 

2 
+ 1/.4 

1 -0 

32. 
..... 

®J..Make. from sid. #6-32 fi/ister hd. rnach. scre.w, 
2, :~:~ diq. to ·be concent,.ic witt, Threads 

within .001 TIR. 

Nofe ~ MateriQ I ~ Type 304 SS .. 
$pec. tIId EGCR -2-2 

WESTllVtl#()/.,ISF A.r.:D, DWt5. C-/l6-.B-/17 

Assy Fue.l E/eme'nt ~ 5u pport Sleeve D-992.2.. 
REfERENCE DRAWINGS DWG. NO. 

E I 5,S OC 10 2223 I <7RH!E-ISb,iAlf'1 Ida,auA. 1 .... &. 
OAK RIDGE NATIONAL LABORATORY ! t GI I.IAI A .... I"'" .Mn 

~bet1.2.e nd1i(e 1909 'WMB 61ft' ,,401 Iu.n ... OTM •• W.I •• ,tCIP.ID. 

C!C,«IANGe NO/ICE 1699 Ijjj 19h~ed/fiJ 
d
.. --- ...,ICT n... DD'." ' •• i.... TO""A.C' u ....... OTM"W'" 

J:) T,.,reaa ClOSS CI detl JJT S/3/bi.'jJf .,aclrIID· 

• B added :t.10 D' to/. f-o 15°'- JJT S/!/£t) L!1( 'tACTIO.' ± 144-

I A added YYl at€Y'icd nofe. m '7/tlbc ~f(. IltfJ. HAW. ~ DIC •• AU ± .005 
A ddd concen+rii/ty f)oie to pt. #12,. :nr 'l/lI60~'tl ). ~ ;,:~,~~ r3 J. J. Tudor 2~bO A.'LD:t:oo_ t5, 

F/ang~B~.~h_[nq ~ $c_!:.~_~_-. 

A chQI'IC(ed .74S ::';1;'>.,. to !"JIB ~:O,~ I. Ilc",~ 7 I~>/i ISCALE 2":: fit .IIY.... /itDJ ~~ I 1 8-2-02-054-98 13 .. £ 
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'"' 

:..r. 

,ft. 

# 

,1> 

e-

'q'-

~ .. 41 (. 0 Clb) d r i (' + h rCA. '2. hoI e s 
as shown. 

• 
~ T'IPE f/~ DIIV!. 

;g,1 3,Je.£ MAX 

--\ lREF & 

E 

01 
c 
c 

+.03'0 
3.155- OIA. 

\ 

90°t.Oo05' Typ. 

2 :L 
~ 

J 

p-
c:o 

sal'Y\2 Surface. 

+.(}(IS & 
- .1"0 

.130 d iQ, 

SitE NDTE-7' , 

. 04/.5 Typ. 

.093 Typ. 

//' _.,-________ -1 __ ~ 

H- 500 +·005 
~ • -.015 

& 
SEE OETAIL "e" 

Secfion AtJA 

CENTERLINE 01= HOLES TO BE 
CONGRUENT WITH CENT£RLINE 
OF TABS WITHIN .003, 

.III t:::: 
II,!} "".()oz. • -,(Jell 

I 
l' R. TYR 

Noies, DETAIL C 
L Burfac.e rouqhness J25 rnlS or betfer unless o-ther"wise 

spGc.ified. 
2. 'Break 5harp edqes ~ Corners., 
3.0ufe .... fabs are equally sp?c.e.d 9 mus.t not vary more 

than 0·-05' trom -tr-ue P'?s ;+;on. 
4 •• 730 dia, ~ .lOldlQ. of Boss Dett:til +0 be concep\,+,-ic 

within .009 & 
5. Ma+eria I r::I T~pe -304 5 S,,: 
6. Spec, ~ E(;'C R -2-3 i 

7. 00 NOT MACHINE INTO RING. 

THIS SURFACE TO 8E FLAT WITHIN .001 T./,R. 
1)0 NOT MACHINE INTO TAPEREtJ PORTION OF BOSS. 

WES T/Nt$){t:) tJSE A.Fi D. DWt7.. "-116- c- #-01 

A ss'v Fu.el E/eYrl€nt ~ Suppo .... -r Sleeve D- 9B 2.2.. 
REFERENCE DRAWINGS DWG. NO. 

OAK RIDGE NATIONAL LABORATORY 
C I "'n~""&<'ft::u ~v 17#'4 ,- ........ 1i.o' IY,.,,, "UK .... 1. ........... . 

C chanqet:/ ,soot,OIl'} f .. . 500:1.015 JJT 1"/'/'0 A'-f V.I.I.~"''''''''''C''''D . 
• C de/efec.{ "V Or! bDffol't! of 'Spieler JlT 7/1(w 14. ....,ICT ..... ............... TOLI.AIIIC' V.LI. 0' ...... .. 

I . I I. 1.Ie.PI'O' C Added ~2)(45" ch4,.detr 1~ boss df!!tcul JIT 7 1,(,,0 .J.'" II 
-' ..I. / , /, / 1 'lAC""' ± 164-lee nq"qeq ,O/EdclI5i' TO 'ltb ~ .D\ ?!.!. 6° I. ...... + 005 

I·L oo~ t: I I- 'h/ ~ HC •• ALa - • 
C. CnaI1ged.so0'1o,~001;o~S" m 7/11"->1/""~, 0"11 ~.' "I:> J,J.TrJdGr'-~"eL.::t:OQI51 
B MOlle Bou De.t'\ll J1'j"'" 1O/1Ir:J!l.O /,~ ___ ~'IY\"~............:"';; iO 

.A I Add .Oq" holes ~ view 6-8 I JIT IS(')(!/,ol6J I r~-A~ If~ ISCAL! 1":./" e........ 8Y NTI .... "I) 
79 

Top:-ppider 
TYPE I AND TYPE ff 
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0;. 

""', 

~ 
(X) 
(f) , 

I 
/ 

~ 
L. 

,-tooS 
.730 -.aIO 

~ 
LO 
9 & 

TYPG Na DIM. 'XI DIM·IV'· 

I .115 .t:~~~ ,0575 

TYRical 

--- - I I 'tJ +-*+ 

~ 

• • 211-5 ret. 
--.L &. 

1 ..... 1 .150 t.005 

dia 

I ... 1 201 +.001 d' • -.000 10. 

I 
i6. R. A\ 

I 
I 1 liix 45 0 chom.f~r 

I" 1 ... 1 .500±·Ol5 dio. 
~ .. A 

~c, 
~~ ~ 
4-4' ~ 

~ i-J 
~~ 
-....: (\J 

1 ~ 

N 
o 

l 
N 

cQ 
:a .125 ~'.::~ .,,625 

THIS SURFACE TO BE FLAT WITHIN .00/ 'T.I.R. 
/)0 Nor MACHINe MORE THAN .02.0." 1)0 NOT MACHINE 
INTO TAFE.REJ) PORTION OF TilE BOSS. 

Notes: 
I. Surface rouqhness 1'25 r'm~ or be-iter unless otherwise 

specified. 
2. Brea k sharp edqes 4 corner5. 
3. V5Q. y,,, R. Tor a' I fi [lets 
4. Outer tabs afe equally spac~d~, mus+ no'" vary l')'lore. than 

0°_ 05' from trLAe positron . 
.& 5 .. 7ao dio. 4 .201 d io. of .Boss DetQi' +(1 be c,oncen.tr'c. 

within .009 

6. JIlaJedal pi Type 304 SS. 
7. Spec. r:i IlGrCR -2-3 

& 8, MA eli/NINe; OF'TOP OF WEB PG'r:?Mlrr£..o,., 8Vr Nt:) 7" rtf) 
EXCEED .002 IN DEPTH 

9. CENTERLINE SHALL BE DETERMINED BY THE THRE£(5) HOLES. 
TA8S ARE LOCATED WITH RESPECT TO THIS CENTERLINE. 
OUTER TABS ARE EQUALLY SPACED ANI) MUST NOT VAter 
MORE THAN 0°5' FROM TRUe POSITION AFTER MACHINING . 

CENTERLINE OF' HOLES TO BE CONGRUENT 
Wlrl-/ THE CENTE/(LINE OF TABS WITf..IlN ~aogo 

W£'S T/A!($ !lOllS'! A.;;£). .£)W(i. C-//6-C- 9-IJtJ 

A S5 IV rue I Elem€n+ ~ ~uppor+ D- 982 
Sec +ion C,.C scale r' 2": '" REFERENCE DRAWINGS DWG. NO. 

2223 tiltH -._ V"" ,'\ 

JJr' B/vu> rr;.r:r :~:'·~"·'·=:"=''''D. 
JJT "'171/,( .- ,.,1Cf.......... ........ T01. ..... c. UIILUI Of ....... . 

J1T '7/1/&'0)' INC., .. .. 

lA J Ioidctrul '32.)("""''';)- Cl"lqnHttV' TO oo~s q~i' I JJT '17,/,0/. '.AcrlCNl. t 1/f,4 
... I • _ - ~ - - m 'ill/b o [/! fJ ) J"'" 14. ne ••• La ± .OOS' 

'c1'J (\ " (} II'lJ 1 J T d' ~. AIIeL"~ . I 
Jrr '7/,/'0 hE( -' ~ ~"~"''-'' 7'.0. U or Y...tl 0·'5 

SCALE t"-: lit .JJT 

" .IY ..... 
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OAK RIDGE NATIONAL LABORATORY 

Lower $pider 

TYPE I AWD TY PE .II 

8-2-02.-054- 3816- c 

~ 



I 

) 



"" 

,', 

<f'> 

-#) 

r A 

LA 

l!II&" t D'4I' Tyjt. 
~""",,~o' ..... n.n\lIst 
....-...., fftWw. ;-t,.n t 0'-011' ..... ~ 
..... ·,..ftJaoJ) 

&. 

! 
01 0 o -o 1£\ 
Lti 'It 

r 
rf~/ 

\\~~I 
1. a.Typ. 
I~ 

in line 

···1?·," ... ··· ... ··~·T .. ~ ~. ',. ~~-""""-

~~ __ J~~Th'" ~ •• , <t wH.'" "''''---

VlgwA"IA 

83 

... 

. __ ----" ••. "t"..... "I". _I .~:.{re.f.) B I 
.586 {ref,) I 

'-.!oR 
3Z 

4.000' Spherico'l Radiu6 

~ 

29 til. Stocked l..,o+ n 

'-Po, ,t ,f ~n".t ...... I 
next $le£vl1.. 

B 

Q.A.L 

--------
i 

Vie ....... ,B,.,s 

OO"1:1l~01I'iyp. (Slots .~"'QII." 5pt1uld t:lS 
sholiln ~ must rlo1 vary more thclM 

t.OP-OS' from t .. LlI2 poslforo". 

&. 

1).2~.,Q5f. 9812 
Notes: 
I. 5ud:ace r""'Ihneu as pe.. SI¥C;"09'" ACi::;!.i'PT£D R<;'I(~HN-=S.:s: ($VA.($iF.. 

2.3.000· I.D. fiore h be. $tr'Qi'lht ... lfliln .oa4JlTlR. 
3.3.000 rna. 4 ..:1.'2.4<> DiQ. to bill CQr'lc&."tri('IOIHllln .010 TiR.. 
4-. 4.000 spherlco I rodi ... s to be. concen +,.ic with 9.000 r. D. pore 

within 1'.I'e04 TrR 
!5', '3.1000 Dil). to be Cc"cl!:"tric. wifh 3.000 I.D, bore. wiHI;"! t".OIl".T.IR 
6. ;I1atedol Qs per EGCR,'2-3 -J.ATFsr REVI.:s:ION 

7. Spec.td EC:;CR-2-3.:-/A7£S.'I" II'EVISltJI'/ 

.!!!J. All dimen6iona are (i",""/I/II1/ d;",.n.iol'll'. 

& .--. ---,---.-:;,--.,-;-::;, 

............... -

.,u"-L)-2:J3 
D-9SU . ....... 

m1 .---
OAK RIDliI NATiorw. I..AIORATOitY 

in._ .00'-15 ..... Hh .Il.$ 

4.00D d;a 

fO-36-'il.'l !: I tl 30 

TrPG rAND TYPE . .zr 
f)upport Sleeve 

D-2-0.2 ..... 9SflH 





,.. 

.• 

.. 

!'-

') 

co 
I 

CD 
(i) 
(j) 

I 

~ 
~ 
<:) 

I 

~ 

ffi .. IV 
~ 1~7 - -

I "'It ... i 7(0 -+.001. I ·D x • . -.000 • • 

.02.01:,001. Wal J Tube 

27.500'-.000 . ~~5 ~ 
-------- ----- .. -.-- -- ---_ ..... _---_ .. -- .......... - ................ _ ....................... - .... -. .. ... _------------ . 

Notes: 
L TeA b Q to be sf'ra i q h + wi + h in. 0 a 0 per 5 f f. I enq t h 

as per Al.$ I tubinq spe.c. \'l'\QnI.tQI .• 
2~ Tube ends to be sCJuar~ to O.D. within .005 T1R . 
3, Materia I ,J TYPfi 304 56. & .~ 
4~ S pee.. pc( EGret R -2 -1-' [@ 

WEsr/II/(;#t:JVSE ·A.F-O. .owtS-. C-I/it-IJ-I"I-'/-

Assy Fuef Elern~ni...~~po,.-t D-9B22. 
Fuel Elemen+ Assembly 1C'-982.( 

REFERENCE DRAWINGS DWG. NO. 

I ... ••· ...... • I ......... 
•• 1A1 .................. . 
UIILI .. OTM.I •••• , ... e,,..D • OAK RIDGE NATIONAL LABORATORY 

...,ICT ..... ..... ........ TO\.ltAIICI UltLUI 0' ....... . 
.,le.,.ID' 
'IACTIOIt. ± '/,,4 

.-~+;~~~~;T.~~~rnn~~~~tr~~~~_4~~~~~~~~------------t----ir-----------~--~h.u~ .. MI.-------1r~=-~D.C,.A~·±.005 
J. J. Tvdor '''Ieo ueLa::l:Do_l!,' 

FueJ E/eme.nt 
Tube. 

A ICho"qecl.?7.s.o,:~ +'2?500!:~ = 17(Jf'0l"ft1 1 r~ I~ ISCALE /"= /" 
........ n DA'. .IIP. ~. I 1 B-2-02-{)54-9818-B 
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• 

!J 

'Grenera I Note~ ~ 
l. Break all sharp edqe" 
'2. FiV\ j sh 125 rms or bet re.t; 

f + 
4 '1'·000 D' A .92 -.004 la, 

f--+.250 

£ 
rj\,. Dim.'X to be 0.0. +.OOOto.OO~ of FUR' Element Tube, 
V Jrwq. B -2-02-054-9818. (see spec.) AIVD A/O"l'E E 

?, M,,+erial "J Type. 304 SS. 
3. S pee, pet E G- c,a - 2 - f - 5 

A 

E i CI-II4NG/i NorlCE 

D. CIiANtitE tJtJr,cc 17Z~ 
IIII"~'U". 1111 ...... 

r
eo 
(5) 

• 
~ 
U') 

~ 
9 
N , 
CO 

NO r£ 5 (CON 7:) 
.M Lf- TcJLE"R4NCF ON ./18.3 ( .583 DIM:S. MAY BE 

/NC REA SED TtJ :t 002 P~OC/IDEa THE' BRAZE.D 
SPACFR MEETS FV/vC T/aN4L.. REct'VIIE'I:/VIENTS 
PER DRAW/Nt:; C- ~7!J67 

5- LOCAL OVERSIZE OF OIA.A" BY,tJ"~ P£.RMITTED 
IF CON FINED TO A gao SEGMENT 

~ 

SEE NOTE-II-

~~ 
.483 t.OOI 

.824 d .820 ia. • 

003 
1..066 ±:0"2 

} & ~ 

H·250 
T 1500 ±lOC' 

~ 
® Same nofe ft. I . 

WEST/"vti.llOU$E A.F.D. £)WG. IC-III.-8·/~" 

F(/~ ELI:7Vl6NT ,,-VBE .$1I11-Ass'Y'. IC-if7961 I 
A sSy Fue I Elerne.nt t SIAPPO rt sieeIJe D- 982.'2... 
Fue.( fleme..",-tAssernblv I C-981.1 

REFERENCE DRAWINGS DWG. NO. 

•• ua a .... , .. alP IMII 
u ...... OT ....... I SPICI,"IO. OAK RIDGE NATIONAL LABORATORY 

:"L I"". t' /' t'j/l "TTl ~/J-';- r'"jI \ JIIIOIICT ..... DIll •• " ••••• 1 TO",la.CI u ..... O'''I'''H CI ct"14"'h.,e no, ce «:::>"1'7 ~I V{ r/66 ~ ~- ... C,,.ID' 

Fuel E-tement Spacers B char'l~cd at'lqlllcU" ttll. too-IS' tu t. ("-0" I J] fCh/cp (,t r PtACTIOIIS ± '/04 
6 removed '/64 R. Oil pt. 2. JI'\ B/3/1:D" lAY! .. _ ~ IIC'.ALI ± .005 
A removed.O~2wallihiC.k.added'~dja. ""JJf" '7/I/~).{ j,"'i~ '{3 J.J.Tvdor 1% ....... :t:Oo_

1
5 1 • 

I A Cldded nofe.. 2 JJT '7/t/"r; c ... r;t 0 I I I I 

IA Cb4"qe!i I ,D.pl<;,1,2 to J;It/"Atr(sec.not~1 JJr 111/"'~~ ,,1'1 ~h/. SCALE 2":1 11 1 8-2-02-054-3817-£ 
IIV1IIOII .. Nfl a,... j'rl' , 7(,11 
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-) 

.. 

-~., 

,.) 

~. 

.020 1 .
00

2-

& 6V&[ 
I J -:1[ I 

.712 !'.~~ Dia.(A) ~ / I ;>;; •. 32. R. 

~ 0 ] 60 -I~R. 
I 

"200 T10DO D' (8) •. ... 002. 10 . 

-l--

t.() 

co 
0"' 

I 

~ 
to o 
N 
9 
N 
• 

cO 

.sEE I 
/VOTE 6 

," 50'!' () ()S" f>.. . . ."(18 t..:::iJ. 

I X 1 I _ IT. O()O 
~ ,. ----111"'1 ...... • 250 -.010 

r P+. No. Di I'Y) ... X 1\ Dill1 ~ 
, .510 :i.003 .• i60'(ref) 

I 2 .300 -.t tOO~ .550 (ref} 

JII..:A 

CJ I SEa C;..;ANtSli No-rIC€ 2223 16RH 12-/5-'31~ 
el I chat1Ql> f)ilIi ce Ib 1m- 18/3J~1 /--
B I rem ov ed note ~3 f"JJT Is/ill"M 

Notes. 
A I. Diameter \A"~" diameter "B" to be concentric. 
~ within .002 TIR. 

2. Max. ourface rou'Ihness not to €.)(ceed 125 
rmsunless ofhetw;se specified# 

3. 
4. Ma1eria' ,;J Type 304 5 S, 
5. Sf)ec.. Jr:::1 E&CR- 2-1-2., 

&'6. ().19SMIN.-t:J.2(J6 MAX.. l:)1,tf. PERM/rTFD 
/3£J.tJW 7#E "X" DIMENSION. 

WEST/I'/(j//Of./SI!' A.F.D. DW~. C-1/6'B-lllJ ------- -' 
Fuel Elemen! AS5e~y __ ,.~__ c- ge2.1 

Ass'yTuel Element ~ SlApport Steeve D-9B2.2. 
REFERENCE DRAInNGS DWG. NO. 

, .......... A r added nofe 4 I JJT 1'7/t1'dA I h •• , lun. 
•• UK ....... I .. U' loell OAK RIDGE NATIONAL LABORATORY -xl cha," 'le.d #2 bO +-0.300 -r J:jf rVlJbUJ /.! UIIIL ... OTMI •• 'I. I".C"IID. 

I I B-2-02-054-<3815- D 
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