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FABRICATION OF REBUILT BONUS REACTOR SUPERHEATER FUEL ASSEMBLY

G. M. Slaughter E. A. Franco-Ferreira E. C. Kirstdwskyl
K. K. Klindt? E. L. Long, Jr. G. M. Tolson'

'ABSTRACT

A superheater fuel assembly for the Boiling Nuclear
Superheat (BONUS) Reactor that had been destructively
dismantled for examination has beern successfully rebuilt
at Oak Ridge. This report describes the renovation of
salvaged parts, the procurement of replacement parts,
the fabrication of a new set of fuel rods, and final
assembly into the rebuilt unit. Procedures developed
and adopted for weld and braze qualification, process
control, testing, and inspection to ensure product
reliability are also covered.

The original design of the Inconel-clad UO, fuel rods
was modified to ease fabrication and upgrade service per-
formance. In addition steps were taken to ensure a fine
-grain size in the Inconel 600 cladding tubing after
brazing of spacers. '

The reconstruction of the unit was basically a rod-
‘type fuel element fabrication operation. Thirty-two fuel
rods were made and incorporated -into the final assembly.
Cracking in the weld regions resulted in leaks that
rejected four rods. The findings of a metallographic
examination of ‘some of the cracked regions are discussed.

TNTRODUCTION

To assist in the failure analysis of a superheater fuel assembly from

the Boiling Nuclear Superheat Reactor, a spare unirradiated unit was

lInspection, Welding, and Nuclear Engineering Department of the
Engineering Division, Oak Ridge Gaseous Diffusion.Plant.

2Inspection Engineéring Department, ORNL.



obtained and examined.? The purpose of the examination was to obtain
base-line informafion on.the characteristics of a typical fuel assembly
from the initial core loading in the as-fabricated state.

Tn order to examine the fuel rods and associated components, we had
to_partiélly dismantle the superheater assembly. Destructive examination
of several fﬁel rods disclosed that a slight redesign of the fuel rods
and dev1atlon from the original manufacturlng procedures were desirable.
The unit was subsequently rebuilt at Oak Ridge using manufacturlng pro-
cedures that provided significant improvements over those used for the
original core loading. The rebuilding of this essembly satisfied two
fequirements: |
1. repairihg the spere elemeﬁt for reactor use, and
2. proving out the suitability of the proposed fabrication modifications

on an actual fuel assembly.

This report documents the details of the manufacture of Assembly
No. 29, including component procurement, inspection, fabrication pro-
cedure qualificétion,and examination, and analysis of weld-cracking
difficulties encountered on certain fuel rods during fabrication. The
reasons fer'specific changes in manufacturiﬂg'probedure, materials
speC1f1catlon, and weld JOlnt design from those ‘used on the original
core loadings are also dlscussed in the approprlate portlons of this

document.

DESCRIPTION OF SUPERHEATER FUEL ASSEMBLY

A genefal description of the reacter core components and their
functioﬁs, as well as the operating characteristics of the BONUS system,
has been given previously.3:4 However, a brief description of the
sﬁperheater fuel assembly and cemponent parts is repeated here for

reference. Figure 1 is a perspective drawing of the Core I superheater

37. E. Cunningham et al., BONUS Reactor Fuel Assemblies — An
Investigation of Failure and Method of Correction, ORNL-3910 (December 1965) .

4Boiling Nuclear Superheater (BONUS) Power Station — Startup Summary
Report, CEND/PR WRA-257 (February 1966).
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SUPERHEATER SUPERHEATER
STAND P!PES FUEL

8 CONNECTORS ELEMENT
SUPERHEATER

FUEL ASSEMBLY
1. PRESSURE TUBE 7. LOWER TUBE SHEET 13. SATURATED STEAM INLET STANDPIPE
2. COOLANT TUBE 8. PASS CROSSOVER FLOW LINER 14. SUPERHEATED STEAM OUTLET STANDPIPE
3. FUEL PELLET 9. EMERGENCY SPRAY PAN 15. STEEL RAD!ATION SHIELD
4. UPPER END CAP 10. PROTECTIVE SHROUD ' 16. CONNECTORS FOR ROTATING FUEL ASSEMBLY
5. LOWER END CAP 11. .TUBE SUPPORT FERRULES 17. FUEL HANDLING LIFTING LUG
6

. UPPER TUBE SHEET 12. SUPPORT SPRING 18. EXPANSION BELLOWS

Fig. 1. Perspective of Superheater Fuel Assembly with Associated
~Pipe Connections.



assembly with associated standpipes and connectors. A sketch of the
rebuilt fuel rod and coolant tube subassembly with details of the welded
joint construction i1s shown in Fig. 2. Further details and assembly
drawings are given in Appendix A.' For comparison, a similar view of\the
Core I design is shown in Fig. 3.

Each superheater assembly is composed of 32 fuel-rod-and-coolant-
tube subassemblies, a shell- subassembly, the inlet and outlet transition
pieces and liners, the upper and lower crossover box liners and covers,
lower end fittings, and a protective shroud. The shell assembly forms
the basic subport structure for:the assembly, positions‘the fuel, and
‘provides a pressure barrier between the moderator and the superheated
steam. When a-fuel—rod subassembly is inserted into a pressure tube and
edge welded,'the resulting annular space between the pressure and coolant
tubes forms an insulating gap where stagnaut steam resides. The annular
space between fuel rod and the coolant tube ‘serves as- the main coolant
channel where heat is transferred from fuel to steam A Zircaloy-2
shroud protects the thin-walled pressure tubes from damage during handling.

The 11ners serve the important functlon;of d1rect1ng steam flow so
that it makes four parallel passes in travers1ng through each superheater
,assembly The liners also prov1de an 1nsulat1ng steam gap. The housing
at the top of the assembly contalns an inlet. and outlet flow liner and a
crossover box liner, while the housing at the ‘bottom contains two cross-
over box liners. Upon entrance to the superheater assembly from the
inlet standpipe at the top, steam flows downward in the first pass along
two parallel rows of fuel rods (eight individual rods) located adjacent
to the boiler region of the reactor. The steam reverses directiou at the
bottom of the assembly, travels upward in the second pass along the
-second bank of -eight parallel rods, reverses again at the top of the
assembly, flows downward along the third bank of rods, reverses again at
the bottom, and completes its final pass through the fuel region by
traveiiné upward along the fourth bank of fuel rods. |

The lower end fittings locate and seat the assembly within .the core
structure. The support spring minimizes the load imposed on the top
support and compensates for differential thermal expansion between super-

heater fuel assembly and reactor vessel during operation.
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® FUEL PELLET — SINTERED UO,
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NOTE: ALL DIMENSIONS ARE IN INCHES.

Fig. 2. ©Perspective of Fuel-Rod and Coolant-Tube Subassembly with Details of New Design.
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- Fig. 3. Perspective of Fuel-Rod-and-Coolant-Tube Assembly with
Details of Original Design.

The superheater assembly is designed to be uncoupled, rotated 180°,
and recoupled. This reVersing feature allows one to achieve a more uni-

form burnup of fuel with a corresponding gain in reactivity lifetime.

Shell Subassembly

The superheater-shell subassembly consists of the upper and lower
: fube sheets, 32 preésure tubes, 16 ferrules, and the emergency cooling
pan, all brazed together in the form of an integral support structure.

" A modified niobium-stabilized, type 348 stainless steel with increased
nickel content'aﬁd‘lbwer-than-normal limits on B, Co, and Ta, is the
main material of coﬂstruction. Dimensional specifications on the pres-
sure tubing used in the'fabrication process are: seamless tuﬁing of
0.833 % O;OOl-in: 0D x 0.018 + 0.001-in. wall thickness; maximum
ovality of 3 mils; maximum bow of 0.040 in. over the 62.5-in. length.

The brazing alloy is Nicrobraz 50 (Ni—-13% Cr—10% P).
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Fuel-Rod-and-Coolant-Tube Subassembly

The fuel-rod-and-coolant-tube subassembly is composed of a fuel rod
and a coolant tube welded together at the upper support cap. The coolant
tube portion of the assembly consists merely of a seamless tube with five
spring-type spacer rings brazed on the outer surface of the tube. These
épacer rings (0.833-in. OD x 0.023-in. wall thickness X 0.375 in. wide)
are spaced along the tube at intervals of 12 to 15 in. The main function
of tﬁe spacers is to maintain the annular insulating gap (0.0315 in.
nominal) between coolant and pressure tubes. Other factors that were con-
sidered in their design include: (1) provision for adequate bearing sur-
face to minimize vibration and wear; (2) maintaining minimum metal-to-
metal contact with pressure tube to minimize heat loss from the coolant
tube; (3) provision for adequate drainage of condensate at the tube-to-
spacer joint; andv(4) use of minimum volume of material to reduce neutron
absorption.

Both coolant tube and spacer fings are constructed from modified
type 348 stainless steel. Each coolant tube is 0.710 * 0.0015-in. ID by
0.0125 * 0.0015-in. wall thickness with a maximm ovality of 3 mils.

One end of the tube is expanded for fit-up in making the fusion.weldment

between the support cap and the coolant tube.

Fuel Rod

The fuel rod consists of a cladding-tube, fuel pellets, end caps,
nose-cone fairing, upper support cap, inner spring, internal. spacer, fuel?
retainer disks, and the cladding-tube spacer rings. Void space is pro-
vided within the rod at both ends for accumulation of fission gas. . The
fuel-rétainer disk, which establishes the axial'poéition of the fuel

column, is perforated to allow free movement of fission gas; the holes

~ are sized to prevent large fragments of fuel from falling into the void

space. The internal compression spring prevents shifting of the fuel
column during transportation and handling. The cladding-tube spacer

rings of triangular cross section maintain the énnular coolant channel

of 0.085 in. (noﬁinal) required for steam flow. The fuel-rod-and-coolant-

tube subassembly is welded to the shell subassembly at the top end only;



hence, the fuel rod and coolant tube are free to move axially with respect

to one another to avoid damage from differential thermal expansion

encountered in service.

PROCUREMENT AND INSPECTION OF COMPONENT PARTS

A major task in the rebuilding of Assembly No. 29 was to fabricate a
new set of fuel rods. Prior to actual fabrication, however, the task
entailed modification of shop construction drawings to conform with the
proposed and adopted design changes, revision of procurement specifications
for fuel pellets, cladding tubing, end caps, and cladding-tube spacers as
well as the purchase and inspection of these items.. ’

We monitored this particular phase of the assembly rebuilding program
rather closely'to ensure that the quality standards required for upgfading
reliability of the fuel assembly were met. The composition of starting
material as well as'the process history in converting material into
desired parts, for instance, was carefully followed and noted. In addi-
tion, special attention was given to those facets of work that bore
directly on previously encountered problem areas, like ekcessive grain
growth in cladding, hot cracks in weld metal, etc.

Our experience in procuring and inspecting various.component parts

used in rebuilding Assembly No. 29 is recorded below.

.Fuel Pellets

The pellets required for loading the new fuel rods are of the same
general character as those specified in the Core I design; namely, con-
ventional sintered solid right-circular cylinders of U0, with 3.25%
enrichment in ?3%U. Dimensional details of the,pgllet appear on a
drawing in Appendii A, while the applicable specification (NRS-12) is
presented in Appendix B. The only significant deviation from Core I
specificatiohs is the-requirement on chips, derived from our mechanical-

property studies for the EGCR Program.
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Under a competitive bid contract award, Nuclear Fuel Services of
Erwin, Tennessee, produced and delivered 75 kg of sintered UO, pellets in
the summer of 1965. Virgin UFe¢ was connected to UO, powder, and pellets

prepared directly from this powder source are designated as Batch 1.

. Batch 2; on the other hand, refers to reprocessed UOp powder. The chemical

conversion and powder consolidation steps employed to produce pellets by
each of the routes are listed below.
Batch 1 Route

1. Hydrolysis of UFg, ammonium diuranate precipitation and pyrohydrolysis

to U0, having a surface area of 5.450 mz/g.
2. Wet agglomeration with 1 wt % PVA and 0.2 wt % sterotex; vacuum dry
"~ and screen. '
3. Compact granules at 35,000 psi.
4. Presinter green compacts at 800°F for 6 hr in COZ, maximum heating
and/or cooling rate 200°F/hr.
Sinter pellets for 3 hr at 2700 * 45°F in dry hydrogen.

Centerless grind sintered pellets with "Five Star Cimcool" coolant.

Bateh 2 Route

1. Oxidatidn of clean hard scrap tb U30g, acid dissolution to uranyl
nitrate, precipitation to ADU and pyrohydrolysis to U0,.

Same as step 2 'above. :

. Compact granules at 40,000 psi.

Same as stép 4 -above.

Sinter pellets for 3 hr at 2710 * 45°F in hydrogen.

N U~ wn

Same as step 6 above.

The certified chemical analyses on pellets prepared in each batch
are shown in Appendix C. The first batch met the spec1f1cat10n w1thout
deviation; the isotopic analysis was 3. 24%. The iron content was
slightly out of specification on the second batch, and»the isotopic con-~
tent was high (3731% as- compared to a maximum of 3.30% specified). These
factors were discussed with appropriate project personnel and it was
determined that the fuel would be acceptable for this application.
Pellets were given a 1.5% dimensional andvvisual inspection by

Nuclear Fuels Services and a 100% visual inspection by ORNL prior to
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Nuclear Fuels Services elected to resinter these four boats of
pellets to increase the denéity. After resintering, the densities were
10.52, 10.44, 10.32, and 10.33 g/cm®. A random sampling was made on
pellets from boats 6, 7, and 16 after grinding. The following results
were reported: 6 = 10.370; 7 = 10.475; 16 = 10.285. The sampling after
grinding was for information only and was not considered to affect the *
acceptability of the previous density test. Batch-2 densities ranged
from 10.37 to 10.53 for the six sintered boat loads.

Although within the limits of acceptability, both the dénsity and
the diameter of the pellets were on>the low side of the specification.
These factors caused considerable difficulty in meeting the stack weight

requirement.

Fuel Cladding

The Inconel 600 tubes for the fuel cladding were purchased to
Specification NRS-13 (see Appendix B). A sketch showing the diameters
of the tubes is included in Appendix A. '

After competitive bidding, a fixed-price contract was awarded to
Wall Tube and Metal Products Company, Newport, Tennessee, for purchase
of the tubing. Although some difficulties were initially encountered in

obtaining satisfactory inside surfaces on the tubes, the problem was

- resolved by the vendor and approximately 140 lengths of l/4-hard tubing

were procured.

Inspection'of the tubing was witnessed at the vendor'g plant. The
liquid-penetrant inspection was performed using Magnaflux visible red
dye, solvent cleaner, and liquid developer. Areas containing dye
indications were cut out and scrapped; or, if the indications were numer-
ous, the entire tube length was rejected. Spot inspection at Oak Ridge
using Magnaflux postemulsification fluorescent penetrant (ZL-22) showed
many dye indications. ZExamination of these indications showed that none
exceeded the maximum permitted.

The ultrasonic inspection was performed using a water-immersion
technique. The notches for the calibration standard were cut by ORNL in

a length of tubing supplied by the vendor from the lot of tubing to be
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inspected. A focused transducer nas used for the inspection. The feed
- helix of the tubing through the inspection station was such that the
defect alarm was consistently triggered on the 1/4—in. notch for three
successive rotations. During the tubing inspection, a few rejectable
areas were found and these were marked and scrapped..

The wall thickness was ultrasonically monitored during the ultrasonic
flaw inspection. in addition to this, a 20% sampling for ultrasonic
gaging was made after the tubing was cnt to length; the wall thickness
varied frog 0.0175 to 0.020 in. An 0.0l9-in.-maximum wall thickness was
permitted by the specification. After obtaining approval, the increased
wall thickness was accepted rather than risking the danger of decreasing
the wali thickness to under 0.017 in. in a centerless-grinding operation.

Air gage measurenent of the inside diameter was performed on all
cut lengths. This inspection produced some marks on the inside surface
of the tubing, but close examination of several marks indicated they
were superficial.

Vendor's certification analysis of the heat used in the tnbing and
ORNL chemical analyses are shown in Table 1, and the mechanical properties

as presented by the supplier are in Table 2.

‘ End Caps

The end caps were machined from Inconel 604 bar stock at ORNL. This
alloy conforms to the composition of Inconel welding filler wire; it was
felt that this would improve the weldability of the tube-to-end-cap
closure. joints.

The Inconel 604 bar was ultrasonically inspected using an immersion
technique at Osk Ridge. No indications of internal flaws were found.
After machining, all end caps were inspected dimensionally, visually,

-and with Magnaflux ZL-22 fluorescent penetrant. Ne'dye indications
were found except those dve to machining burrs, tears, etc;; which were
readily removable. The chemical analysis of this material was made at
ORNL and shown in Table 3.
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Table 1. Chemical Analysis of Cladding Tubin

(Heat NX-0109)

Chemical Analysis, wt %

Element ORILA ORNLb Manufacturerfs
Certification
Fe 6.50 7.5 6.59
Ni 77.1 77.49
Cr 15.5 14.0 15.45
Si 0.12 0.19 0.18
Co 0.060
b <0.005
Ty 0.18
Cu 0.06 0.07
a1 0.3
B 0.002
M 0.15
c 0.04
g 0.002 0.007
P 0.005

a'Wet chemical analysis.

bSpectrographic analysis.

Table 2. Mechanical Properties of Tubing

Yield Strength Tensile Strength Elongation
(psi) (psi) (%)
35,700 83,200 40
35,700 - 84,000 36
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Table 3. Chemical Analysis of
Inconel 604 Bar for ‘End Caps

Chemical Analysis

Element (vt %),
Wet
Chemistry Spectrography )

Fe 7.50 8.3
Ni 74.1
Cr 16.0 15.0
Si 0.09 0.13
Co 0.065
Nb 2.9
Ti 0.16
Cu 0.02
Al 0.1
B 0.003
Mn 0.05 .
c 0.01
S . 0.001 -
P 0.004-

Cladding Tube Spacers

The Inconel 600 cladding tube spacers were explosively formed from
seamless tubing at the Y-12 Plant of Oak Ridge. Explosive forming was
selected because it offered a suitable means of meeting the tight

tolerances required.

Fabrication?

_ ‘These spacers were made by two different procedures: the first or
"initial"™ and the "final." A rubber liner was used to get a good vacuum
and explosively form a finish-sized part. The "initial" procedure could
not be used on the most of the spacers because (1) the dié was not étrong
enough, and it opened up on successive shots and the spacers éot larger;
(2) it became increasingly more difficult to obtain a good vacuum. Sihce

there was not time to rework the tools, an improvised "final" procedure

5Tnformation supplied by W. T. Carey, Y-12 Plant.
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Table 4. Chemical Analyses of
Inconel 600 for Cladding-
Tube Spacers

Chemical Analysis

(wt %)
Element -
Chem?:Ery Spectrography

Fe 6.68 7.5
Ni 77.0

" Cr 15.4 14.0
Si 0.09 0.15
Co 0.080
b < 0.05
Ti 0.15
Cu 0.02
Al 0.2
B 0.003

Table 5. Chemical Analyses of
Inconel X-750 Springs

Chemical Analysis

: (wt %)
Element -
ChezEZtry Spectrography .

Fe . 6.39 7.4
Ni 71.7
Cr 15.1 14.0

“ 81 0.35 0.57
Co 0.080
Nb 1.2
Ti 2.7
Cu 0.08
Al 0.6
B 0.0003
Mn 0.5
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The perforated fuel-retainer disks, standpipe, and tube sheet assemblies
were recovered from the disassembled element and reused. The nose-cone

fairings were made at ORNL.

FABRTICATION OF FUEL-ROD-AND-COOLANT-TUEBE SUBASSEMBLIES
Design Modifications

As discussed previously,6 itAwas decided to redesign the fuel rods
in order to make them more easily fabricable and more reliable in
operation. The primary areas affected by the redesign were the fuel-
rod end closures. Two specific aims were involved: (1) to eliminate
the vent-hole plug welds and (2) to change from the socket-type to edge-
'type joint design at both end-closure welds. The basic changes were
carried out within the confines of the original fuel containment envelope
specified by Combustion Engineering Nuclear Division. .

Previous work’ at ORNL on the Experimental Gas-Cooled Reactor Program
demonstrated that an edge-weld joint design produces a reliable and easily
fabricated end closure for thin-walled tubing. Thus, both the upper and
lower end caps were redesigned to incorporate the edge-weld joint.
Figure 7 shows the resulting configurations for the fuel-rod end caps.

The threaded stud on the top end cap accommodates the existing investment-
cast support hanger, while a similar threaded stud on the bottom end'cap
accomodates a newly fabricated nose-cone fairing; thus, the overall
shape of the fuel rod remains unchanged. '

-The assembly sequence for the top\end cap is shown in Pig. 8. At
the left are shown the cladding tube and end éap ready for assembly. In
the center, the end cap is pressed into place ready for welding and the
cast support hanger is in position to be screwed on. The finished

assembly is shown at the right.

6J. E. Cunningham et al., BONUS Reactor Fuel Assemblies — An
Investigation of Failure : and Method of Correction, ORNL-3910 (December 1965)

"W. D. Manly and J. H. Coobs, "Materials Development Program for Gas-
Cooled Reactor Project at the Oak Ridge National Laboratory," pp. 150—67
in Gas-Cooled Reactors, A Symposium Sponsored Jointly by the Franklin
Institute and the American Nuclear Society, Delaware Section, Monograph
No. 7, Journal of the Franklin Institute, Lancaster, Pennsylvania, May 1960.
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No other design modifications were made, and all other aspects of the
BONUS replacement fuel element were as originally designed by CEND.

. {
Fuel Element Fabrication Sequence

The various operations used in rebuilding superheater fuel Assembly
No. 29 are listed in sequential order below. . ' )

1. Inspect component parts, that is, cladding and coolant tubing,
fuel pellets, spacers, and end caps.

2. Braze sbacers onto cladding and coolant tubing. This operation .
was performed on commercial equipment under subcontract.

3. Inspect brazed tube-to-spacer joints.

4. Weld bottom end caps into fuel tubes.

5. Load bottom spacer: sleeve, perforated disk, and UOz‘fuelvinto
fuel tubes.

6. Place loaded fuel tubes into inert-atmosphere welding chamber
and vacuum outgas for 4 hr at 570°F.

7. Backfill chamber with helium. Load an Inconel X-750 compression
spring and top spacer sleeve into each fuel rod. Press fop end cap into
place. |

8. Weld the top end cap in place.

9. Inspect both end closures. .

10. Assemble.the threaded end fittings onto the fuei rods and
secure in place. ) _

11. Insert the completed fuel rods into the coolant tubes.

12. Weld the top support hanger to coolant tube.

13. Dye-penetrant insﬁect.the top-support—hanger—to-coolant-tﬁbe
welds.

14. TLoad the fuel-rod-and-coolant-tube subassemblies into the
pressure shell.

15, Transfer the pressure shell to ORGDP for finai'assembly
operations. ’ -

The various operations will be discussed in detail in subsequent

sections.
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Spacer Brazing

A specification (NRS-14) was prepared to cover the brazing of

spacers to both the cladding and coolant tubes. )

Cladding Tubes

It was proposed8 that the large grain size in the cladding tubes of
the original BONUS fuel element was a result of the long-time high-
temperature brazing cycle which was;used An additidnal complication‘_
was. the p0551b111ty of germlnatlve grain growth Two sPecific méaéuresA
were taken to overcome these difficulties. These were: | )

1. The fuel cladding tubing had a 1/4-hard mill temper before
brazing. - -
o 2. Spacers were brazed on the cladding tubes before they were
loaded with fuel.

The purpose of requiring a 1/4-hard mill temper in the tubing was
to prevent exéessive grain growth. This temper was selected as optimum
after humerous grain size studies. The variables studied were brazing
time, brazing temperature, and mill temper. ‘ -

In order to limit the time at temperatures above 1600°F to 10 min,
the cladding tubes were brazed without fuel inside. If the tubes had been
loaded with fuel, their large masses would 'hé.ve precluded the possibility
of using a rapid thermal cycle féf brézing. ‘

The adequacy of the grain size control achieved by the above meansl
is shown in Figs. 11 and 12. Figure 1lla shows the microstructure of the
as-received 1/4-hard tubing. Figure 11b is the grain size after 10 min
at the brazing temperature of 1850°F, and Fig. llc is the grain size after
20 min at 1850°F. Figure 12 isvthe micfostructure of an actual tube
which went through the production braiing cycle.

The actual brazing of cladding-tube spacers proceeded as outlined
below.

1. Five Inconel 600 éiadding-tube—to-coolant—tube spacers were

‘ slipped on each clédding,tube and spaced according to‘the applicable drawing

83. E. Cunningham et al., BONUS Reactor Fuel Assemblies — An
Investigation of Failure and Method of Correction, ORNL-3910 (December 1965).
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Fig. 13. Typical Thermal Cyéle Used in Brazing Spacers to Cladding
Tubes. : . ' -

After brazing, the tubes were crated and returned to ORNL for inspec-
tion and subsequent assembly operations. A cross-sectional view of a
typical satisfactory cladding-tube-to-spacer braze is shown in Fig. 14.

All tubing-spacer .braze joints were inspected at ORNL after receipﬁ
from the Ferrotherm Company. The following tubés appeared to have
inadequate braze material’for.the full circumference of the Jjoint: O0-1,
0—2, 0-3, 0-6, 0-7, 0-10, 0-12, 0-15, 0-18, 0-20, 0-22, 0-23, 0-25, 0-26,
0-29, and 0-39. |

. A review of these tubes by project personnel resulted in an acceptance
for use of 0-1, 0-2, 0-10, 0-15, 0-20, 0-22, and 0-25, and for "use if

necessary" of 0-3 and 0-12.

Coolant Tubes

The coolant tubes were type 348 stainless steel and were available
as surplus material from Combustion Engineering Nuclear Division.
Howéver; we had to. fabricate new spacers from type 348 stainless steel

tubing.
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Fig. 14. Typical Cladding-Tube-to-Spacer Braze. Godd general flow and
filleting are evident, although a few scattered voids were obtained.
As-polished.,  5X,

The brazing of the coolant-tube spacers prdceeded’as outlined below:

1. TFive type 348 stainless steel coolant tube-to-pressure tubé
spacers were slipped on each coolant tube and spaced according to the
applicable drawing. Each spacer Qas secured to the tube by one spot weld
made by a capacitor\discharge welder set at 200 wsec output.

2. A slurry of powdered Nicrobraz—50'brazing alloy in a volatile
acrylic binder was preplaced at each braze joint.

3. The tubes'were crated and shippéd to the brazing vendor,
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, for brazing.
Westinghousé was selected as the alternate vendor when the original
brazing vendor was. unable to maintain adequate hydrogen purity.

4, The tubes were brazed in a batch-type retort furnace in a dry
hydrogen atmosphere of at least —94°F dew point. A typical brazing

thermal cycle, as read from monitor thermocouples, is shown in Fig. 15.
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Fig. 15. Typical Thermal Cycle Uséd in Brazing Spacer to Coolant
Tube.

5. The coolant tubes_were brazed in the two lots itemized below.

We used the oyiginal CEND numbers for tube identification.

Braze Lot Number 1 " Braze Lot Number 2

1389 1289 1419 © 1502 1497 1362
1490 1386 1379 1376 1381 1374
1495 1491 1499 1393 - 1500
1501 1391 1297 1506 1380
1293 1295 - 1504 1387 1390
1288 1493 1498 1377 1513
1460 '

6. After brazing, the tubes were crated and returned to ORNL for
inspection and subsequent assembly operations.

Ipspection revealed that the brazing, in general, met the requirement
of the minimum 3/16-in. coverage. '

" Spacers on all 34 subassemblies had a slightly roughened surface
where excess braziﬁg alloy was removed. . Tubes 1274, 1380, and'138l had
grinding marks on the tube wall. Tube 1274 also had a dent in the ground
area. All 34 tubes had from 1/8- to 3/8-in. camber. On tube 1460, the
braze material had a rough surface condition. A cross-sectional view of

a typical coolant tube-to-spacer braze is shown in Fig. 16.
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the tube in a horizontal position in front of the stationary welding
torch. The apparatus used for this operation is shown in Fig. 22. The
frequently cleaned copper chill block used in making the bottom end-cap
welds was also used in making these welds.

The fuel rod was rotated at a constant speed in front of the torch
prior to‘arc initiation.‘ Because of the difficulties in starting an .
arc in a helium-filled welding chamber, argon was introduced through the
welding torch at the same time that the high-frequency arc starter was
energized. Once the arc was established, the torch gas was immediately
switched to pure helium. Like the bottom end caps, the workpiece was
rotated 1 1/2 revolutions at full welding current. This was followed by
fé 1/2 revolution of arc taper to extinction. The welding conditions
used for all top end cap welds are (1) torch gas, arc initiation with
argon at 15 cfh and welding with helium at 15 cfh; (2) welding chamber
gas, helium at 5 to 10 cfh; (3) electrode, 1/16-in.-diam, 2% thoriated

tungsten; (4) arc gap, 0.020 to 0.030 in.; (5) welding current, 16 to 18 amp,

direct current, straight polarity; and (6) welding speed, 6.8_in./min.

A closeup view of a typical top end-cap weld is shown in Fig. 23a,
while a metallographic cross section is shown in Fig. 23b.

The top end-cap welds were made-on a batch basis. For each welding
batch, a sample qualification weld was made prior to actual fuel rod
welding. This was done to.verify the quality of the welding chamber
atmosphere and the settings for all wélding parameters. Metallogréphic
examination revealed these welds to be satisfactory.

In addition to the qualification welds, a sample of the welding
chamber atmosphere was taken for each welding batch. These samples
were submifted for mass-spectrometer analysis. These analyses Wwere
compared with the original gas bottle analyses as further verification
that no atmosbhéric contamination had occurred. The gas analyses for all
the chamber welding batches are presentéd in Appendix D.

After completion of the top end-cap welding, the fuel rods were
sent for a complete nondestruétive evaluation prior to any further

operations.

-
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Inspection of Fuel Rods

A few fuel rods were helium leak tested by the Inspection Engineering
Department; however, the instability of the leak detector instrument
(Veeco MS-9A) at the high-sensitivity range prevented the reproducibility
necessary for a valid test. The reproducibility was on the order of
5 x 1071 std cm?/sec. One of the fuel rods, No. 0-38, tested under these
conditions was found to leak at a rate in excess of 1 x 10~° std cm3/sec.
This leak rate left no question as to the unacceptability of the rod.

Because of the instrument difficulties, all rods were transferred to
the leak test facilities in Bldg. 9201-3 at Y-12. The instruments used
were CEC Model 24-120. Of the 35 rods, 32 were found to be acceptable
and the test data are shown in Appendix C. One of these rods required
repair; that is, the weld was ground away, the end cap was reinserted,
and the weld was remade successfully. The fuel rods which were found
to leak in excess of the permissible rate were 0-14, 0-28, 0-38, and
0-40. Each of these, when first detected, produced leak rate readings in
excess of the maximum limit of theAinstrument of 1 x 10°% std cm?/sec.
The meter readings on rods 0-24 and 0-32 were one division above the bagk-
ground (columns E and D in Appendix C-3); however, a check on the back-
ground level subse@uent to the test on these rods showed that the back-
ground level had raised one division and that the rods were not leaking.

"In general, one division rise in meter reading above background was ﬁot
considered as leakage. .

The point of leakage on rods 0-28 and 0-40 was located by helium
sniffing and with Zyglo penetrant. The welds were removed from each .of
these rods and rewelded with new end caps. The rods were retested_fof
leakage; 0-40 showed no leak and 0-28 leaked at a rate greater than
1 x 1073 std ém3/sec. This leak was located by helium sniffing and with
penetrant. Rod 0-40 was inclﬁded in the 32 accepted rods.

After leak testing, penetrant inspection was performed on each
closure weld using type_ZL—22 fluorescent penetrant with a 30-min
penetration time, type ZE-3 emulsifier with a l-min emulsification time,
and type ZP—4hdry developer. No indications were reproducible except on

two of the rods previously rejected by the helium leak test.
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Radiography of the welds was done with the central x-ray beam
directed toward the weld and at an angle of approximately 30° to the rod.
A special fixture was used to hold the rods and film in position. No
rejectable indications were found on the radiographs. ‘

The résults of the dimensional inspection of the acceptable rods
were satisfactory and the data are also shown in Appendix C. Metallo-
graphic examination of the leaking areas of the fuel rods revealed that
a weld-cracking problem existed. This is discussed in detail in a

subsequent section of this report.

~ Assembly of Threaded End Fittings

After passing the nondestructive testing evaluation, the fuel rods
- were equipped with the threaded end fittings. Once these fittings were
screwed into place, they were secured by pinning as described earlier

and shown in Fig. 10.

Insertion of Fuel Rods into Coolant Tubes

The fuel rods were manually inserted into the coolant tubes. Because
of a close fit between the triangular spacers on the fuel rods and the
\inside surface of the coolant tubes, it was necessary to use a removable
lubricant to prevent damage during assembly. The lubricant used was a
solution of stearic acid in ethyl alcohol, which was hand painted on each
fuel-rod-to-coolant—tube.spacer and allowed to flow on the inside of
each coolant tﬁbe. After assembly, the fuel-rod-coolant-tube subassemblies
were rinsed out with 190-proof ethyl alcohol. After this operation, they -
were vacuum baked for\4 hr at 570°F to volatilize any residual stearic
acid.

A correlation of the fuel rod identification numbers with the
existing CEND numbers of the coolant tubes into which they were loaded
is listed iﬁ Appendix D. The fuel tubes were numbered on the top cladding-

tube spacer and on the outside of the top support cap.












43

The fuel assembly was transferred to ORGDP for edge welding the
subassemblies to the pressure tube upper ends and reinstallation of the

steam-flow liners, crossover boxes, and standpipes.

FABRICATION OF REMAINDER OF FUEL ASSEMBLY

v

The standpipe subassembly and upper portion of the top end box had
been machined off superheater Assembly No. 29 to permit us to remove the
fuel rods and coolant'tubgs for examination. The reason for this examin-
ation waé discussed in the introductory section of this report. The
standpipe and shell-poftions of this assembly were transferred from ORNL
to the ORGDP Fabrication Shops for remachining the weld joints in prepar-
ation for the final closure welas. Both the standpipe and tube sheet:
subassemblies were transferred into separate, hinged-top wooden boxes for
cleanliness protection and to facilitate handling. Within the boxes, each
was encased in a plastic covering and mounted on Styrofoam padding. A
notice was posted on the exterior of each box, "HANDLE CONTENTS ONLY WITH
WHITE, CLEAN GLOVES."

Cleanliness control specified for the original fuel building was
strictly observed for the rebuilding of Assembly No. 29. All machining
was done without cutting oils and by operators wearing clean, lint-free
white gloves. Tube ends were sealed with plastic caps while machining
the tube sheet joint~edges. Turnings were blown off with dry air, and
the pressure tubes were Washéd with laboratory-grade alcohol before
inserting the fuel elements. Similar precautions for cleanliness and
cleaning were followed while remachining. the standpipe subassembly.

Welds were checked for cracks using penetrant, cleaner, andldevelopers
certified by the vendor to meet the minimum NavShips 250-1500 require-
ments for sulfur and halogen contents. All residue was washed from each
weld %ith the sulfur- and halide-free cleaner before contiﬁuing the next
pass or at the completion of the weld.

During the process of rebuilding, components were shielded in plastic
wrappings and all parts were handled with white gloves. Before sealing
the unit for shipping, all exterior surfaces were washed with alcohol-

saturated, lint-free cotton pads.
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Tube Sheet Subassembly Reworking

As received at ORGDP, the pressure-sheli subassembly had been mill
cut through the upper cover plate near the edge weld and across the
transition-to-tﬁbe—sheet weldments. All fuel rods had been freed by a
square cut through the pressure-tube edge welds. No cuts had been made
on the lower tube sheet.

To ready this. component for reassembly féquired dressing the tube
sheet joint edges for welding, cutting away tube sheet cover plates from
the crossover .liners, and other incidental buildup and repair work.

The first step fdr rebuilding consisted of buttering weld extensions
onto the inlet-outlet compartment edges of the fuel box upper tube shéet.
Buttering was intended to recover the length loss effected by the sever-
ance cut (the width of the mill cutting tool plus joint cleanup losses) .
Welding consisted of several overlay beads by the gas tungsten-arc
process, using certified filler wire. The completed welds were accepted
5y a radiographic check. A )

The subassembly was.transferred onto a flatbed-type milling machine _
for nécessary>machining. -Shims were inserted between compartments and
C-clamps were incorporated to lock the tube sheets onto the stationary
bed. The buftered edges were squared to a common facing plane, internal
shoulders were restored for the cover plate seats, and new bevels were
machined. The subassembly was reversed, and with the lower tube sheet
locked squarely onto the béd, attachment parts were machined off in the
following order: the assembly guide, the sleeve end, and the guide sleeve.'
With all external parts removed, frame cuts were made alongside of the
cover plate edge welds. OSpecial attention was given to the depth of
these cover'plate cuts to preclude damage to the crossover-liners.

Two items were noted during inspection of the upper tube sheet that
required correction. First, several prominent casting and/or mach&ning
lines were found 6n the interior wall of the upper sheet. These potential
stress-concentration lines were removed by buffing. Second, full pene-
tration of the éover-plate-to-tube-sheet weldments had not'been achieved.

To assure a good repair joint, the 1ip'height of the shoulder seat was
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reduced to 3/32 in. to improve the welder's accessibility for meking the
critical root pass (Appendix B, "BONUS Superheater Repair Welding,"
UCN-1, Part B). |

All original parts except the crossover plate coﬁers were salvable.
The guide sleeve cap, spring, seat washer, and fuel assembly guide were
reusable as removed. The guide sleeve, shortened by the tool cut, was
buttered and remachined to the design length. Upper- and lower-crossover
flow liners were salvaged by cutting away the cover plates back to the
positioning pins. This required the use of special clamping fixtures so
that these thin-walled liners could be firmly chucked without indenting
or tearing the metal surface. .

Three new cover plates were fabricated. Plate edge bevels were
modified to 45° by l/l6-in.-high land, again to facilitate better access
into the weld root. The diameters of the plate holes were increased
1/16 in. to create an outlet passage for the inert backup gas used in the

welding operation.

Standpipe Subassembly Reworking

- Major rework on this component required_the squaring and beveiing
of edges of the tranéition casting for final joint Setup and the repairing
of surface abrasions on the liners. During the original detachment cut,
the thin-walled liner surface was damaged; besides two small mill nicks}
a groove 4 X 1/16 x 0.010 in. deep had been inadvertently cut on a liner
face. To make this groove accessible for repair, trimming of the tran-
sition casting an additional i/8 in. was reqﬁired. Both transition
castings were squared to the cutback plane.

The surface defects on the liners were filled in with a tungsten-

arc weld, using 0.035-in.-diam type 348 stainless steel filler wire
wifh the welding-machine adjusted for minimum heat output.'.No burn-
thrdugh‘to the 0.030-in.-thick liner was experienced. The reinforcement
crowns of these repair welds were blended into the base metal and polished
with emery cloth, as.  was the sagged metal line that developed on the

underside surface of each weld.
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Welding

Fuel Element

The initial weldment involved tying the fuel rods into the assembly
by joining the support caps to the pressure tubes. To attain proper
fitup, it was necessary to pinch each tube tightly to the associated
support cap with needle-nosed pliers, taking care to favor a 1/64-in.-high
pressure tube lip so that any weld rollover would be directed inward.

Each rod was tacked twice While‘the subassembly was tabled (Figs. 28
and 29). - The 32 joints were manually welded. in the flat position with
the shell subassembly strapped vertically against a positioner face as
shown in Figs.'BO and 31. Welds were made in accordance with standard
reference UCN-1, Part C (see Appendix B). All 32 joints were examined
with é 10x magnifying lens. No cracks or undercuts were evidenced, but
12 tubes were markedjand corrected with additional touch-up welding so
that the diffusion crown bridged smoothly across both edges. ﬂ

AN

Upper Cover Plate

Moderate tapping was required to force the upper crossover liner
into the compartment. The upper pin was centered in an upright position
after inserting the covef plate. The edge joint énd the pin-to-plate
joints were welded in accordance with standard reference UCN-1, Part B,
after flushing argon through the tube assembly for 2 hr. Weld reinforce-
ments on the edge joint and the pin were not finish ground inasmuch as

all blended smoothly into the base metal.

Lower Cover Plate

The tube sheet subassembly was rotated 180° on the fixture for
sealing the two lower tube sheet cover plates. Preliminary to inserting
the crossover liners, measurements were made of the extension of all

coolant fubes off the tube sheet face; none exceeded specifications.
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Inspection of Shell Assembly

Original Transition-to-Standpipe Extension Joints

A liquid;penetrant test was conducted on the two original transition-
to-stagdpipe extension welds since stress imposed by the final weld would
be concentrated at this assembly joint. One defect was found, as shown
in Fig. 39. However, both this defect and the adjacent grodve, which
appeared to be an ﬁndercut, were adjudged below the true weld line. No
serious flaw was visible on the radiographs of the joints. This was only

a surface defect as proved by the subsequent leak check.

Linear Measurements

The distance between the staﬁdpipe flange faces and the lower tube-
sheet face measured 16 ft 13/16 in., or 3/16 in. less than the
l6-ft 1-in. * 3/64-in. length required by drawing specifications. Since
no measurement had been made of this dimension before cutting the‘fuel
assembly, no exact figures can be assessed to the shortening effected in
the rebuilding operation. It can be assumed, héwever, that as much as
1/8 in. waé lost by cutting back the transition casting to expose the
transitioh liner for repair. Minor losses might also be expected from
the edge squaring operations and from weld contraction.

A recommendation was made to Combustion Engineering, Inc., through
the AEC, to install a 1/4-in.-thick washer-type spacer onto the existing
guide washer. It was felt that the additional 1/16 in. of spacer thick-
ness would be practical to compensate for metal contraction in the weld
joints made below the lower tube sheet face. The 1/4-in. spacer was
approved. It was attached to the original guide washer with a peripheral
weld, as shown on Fig. 40. Note that this washer provides a flat seat
face for the fuel assembly in the reactor in contrast to the original
guide sleeve washer (Fig. 34). 'The tie-pin-weld bead extended onto the

original washer and would have prevented flat seating.
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Welding and Dimensional Inspection.

All assembly joints of the rebuilt fuel assembly were welded by a

qualified welder, using a sﬁecially adapted weld specification, UCN-1

- (Appendix B), that was developed and tested for the job. The welder
qualification test records are attached in Appendix B, UCN-1. The
cbmposition of filler metals used in makihg the weld joints was in accor-
dance with ASTM 371-53T, Grade ER-347. Certificates of analyses are
included in Appendix C-7 including the one for the box cover plate base
metal. ‘ ' ‘

All welding was witnessed by inspectors who gave preliminary approval

.to the joint setup and itg cleanliness and to the purging systems employed.
During weld progression, the inspectors approved each bead pass by
appearance. Final welds passed the liquid-penetrant test.

Inspectors' reports of each weld are shown in Appendix C-5.
Radiographs were made to verify the soundness of the buttered weld exten-
sions onto the upper tube sheet inlet-outlet edges before éonsummating
the cleanup welding. In addition, the final tube sheet transition joipts
and the original transition standpipe extension joint were radiographed
for weld approval. All radiographed welds were accepted as defectéfree.

Necessarybmeasurements were made while rebuilding the assembly to
be sure that the dimensional tolerances were met? These were categorized
into joint details and axial and exterior definitions. '

With regard to the -first, dimensions of machinedlparts and areas for
agreement with design prints were checked; inspectors reconfirmed that
the associated parts properly mated before approving the weld setup. All -
parts and other joints were remachined to the drawing details. Welding
inspectors approved the final fitups .of these accepted joints.

Special attention was given to the proper fitting of crossover liners.
Preliminary measurements confirmed that the extension of the new coolant
tubes from the lower tﬁbe sheet base were not excessive. In conformance
wit% specifications, the crossover liner was not forced into the lower
tube sheets.

Axiai trueness of the rebuilt assembly was obtained with the welding

fixture. This unit was designed in strict accordance with drawing
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dimensions; measurements confirmed the accuracy of the constructed fixture
anchor points. Prior toAthe attachment welds, bbth‘subassemblies were
firmly locked. in the weld'fixture. The clamps were released until‘the 
assembly had cooled to room temperature. _ . '

Dimensional checks were made to confirm that the rebuilt assembly
would fit into the reactor without interference. Basic measurements were
made using dimensions adopted for the original fuel fabrication,
Appendix C-4. All measurements were within tolerance except at the upper
tube-sheet-to-transition joint; the weld reinforcement crowns along the .

short edges of the tube sheet were found excessive. These were corrected

by grinding the weld crowns flush with the base metal.
ﬁeak Test

The rebuilt fuel assembly was subjected to a 300-psi helium leak test
in accordance with the specifications. A]ll rebuilt weldments and the
" original standpipe welds were probed, using a CEC Model 24-120A mass

spectrometer. 'All joints were tested, and no leaks were observed.
METALLOGRAPHIC EXAMINATION OF DEFECTS IN THE WELD REGIONS

- During the helium leak-testing.éf the replacement fﬁel rods, minute
leaks were found in four. These défects, pinpointed with the aid of dye
penetrants and additional helium leak testing, were found to be in the |
geﬁeral area of the welds. End caps and a portion of the associated
tubing material from two rods were subsequently submitted for metallo--
graphic examination. Longitudinal sections were made through the ends of
the fuel-rod specimens a few mils away from the defect regions. The
sections were then successively reground and polished until the defects

were located.
Fuel Rod 0-40

A 1éak was detected in the upper end cap of fuel rod 0-40 and appeared
to be in the immediate vicinity of the weld. By examining several planes
of polish, a region was located that contained an'ihtergranular crack,
which extended through the 1lip of the end cap. This region is shown in
Fig. 42 along with the same weld Eut 180° around the fuel rod. As shown





















8 ,

SUMMARY

BONUS superheater fuel assembly No. 29 was successfully rebuilt at
Oak Ridge and has been shipped to the reactor site in Puerto Rico. The
design of the fﬁei rods was changed somewhat from that of the original
reactor loading to make them more easily fabricable and’ more reliable
in operation. The socket-%ype end-closure welds were replaced by edge
welds and the vent-hole plug welds wére eliminated. Inconel 600 tubing
with a 1/4%hard temper was substituted for annealed tubing in order to
prevent germinative grain growth, and the brazing cycle Wasvshof%ened.

The actual fabrication processes were conducted with no undue 4if-
ficulties except that a weld-cracking problem was encountered in four
fuel rods. Thirty-two rods were successfully made and incorporated into
the fuel subassembly. The standéipe and shell sections were then completed
and the finished unit readily met the required 300-psi helium 1eak test.

Although studies are currently continuing to determine the cause,
the reason for the cracking problem has not been resolved completely.
However, we found an abnormally high phosphorous content in the cracked

regions.

~ ACKNOWLEDGMENTS

The authors wish to acknowledge the following for their assistance.

-

Fabrication: L. C. Williams, ORNL Welding and Brazing Group;
J. J. Woodhouse, ORNL Welding and Brazing Group;
R. H. Duncan, ORGDP Welding Engineering Department.

Inspection: J. C. Dedrick, ORNL Inspection Engineering;
E. Y. Kimmerly, ORGDP Physical Testing Department;
W. H. Hall, ORGDP Production Inspection Department.

Metallography: G. Hallerman, ORNL MEtallography»Groﬁp;
E. H. Lee, ORNL Metallography Group;

N. M. Atchley, ORNL Metallogfaphy Group;.
L. G. Shrader, ORNL Metallography Gfoup;
E

. P. Griggs, ORNL Metallography Group.



69

General planning and technical advice:
. G. M. Adamson, Jr., ORNL Metals and Ceramics Division;
J. W. Arendt, ORGDP Engineering Division.



i
i




‘Fig.
Fig.
Fig.
Fig.

A-1.
A-2,
A-3.
A-4.

APPENDIX A

Drawings of Core Components for Rebuilt Assembly

Fuel Element Components of BONUS Reactor . . . . . . . . 73
Schematic Drawing of Fuel Rod . . . . . « « « + « « . . 74
Schematic Drawing of Coolant Tube . . . . . . . . . . . 75
Schematic Drawing of Fuel Rod Subassembly . . . . . . . 76



%
|3




. Q01 (a1 .

0.502
0.50'1 DIAM

"] ‘—'/16

!
0.502
o.5'04

DIAM

ORNL-DWG 66-6024

0.437
0.018
0.020 ~ |ozso
: 0.504
0.503 DIAM
I

0.045 _J
0.050
@

35 e FREE
‘6 LENGTH

s | IV AW

34 ACTIVE COILS -
36 TOTAL COILS

0.051 WIRE

i
16
—1 % [~ ooosr 0025 4 peil To € \
0.022 16 o B B 790
l {ONE HOLE)
5 1 0.541
0833 a1\ 0538 DAV
B X |
o
g SPH.R J No
KA
® °
) °
V64 X 45 '
CHAMFER ®
%46 DRILL THROUGH (7 HOLES) SPHERICAL R
(BOTH ENDS)
0.103 0.008
® i [~oorz
0.502 " 05005
o501 DIAM 04995 UIAM ¢
X 4
s0°] T{LAND
Yeq X 45° CHAMFER @ ‘6
0.500
0.018 14° 0425 —= (=
0.250 — . 0.020 _
0.504 0754 0541 iy b 5740
0.503 0752 0.538 DIAM
i B DIAM [
0045 { i
, 0.050 \
o %6 DRILL TO € e
(ONE HOLE) — a9
A
(1) COOLANT TUBE
(2) COOLANT TUBE SPACER RING
(3) NOSE CONE FAIRING
(@) BOTTOM CAP
(®) SPACER (BOTTOM)
(6 FUEL DISK
NOTE:
(@ FUEL comPACT

A-1.

INNER SPRING .

() SPACER (TOP) AND DISK

TOP CAP

(@D SuPPORT caP
(@ cLap TuBE
( CLAD TUBE SPACER RING

DIMENSIONS ARE IN INCHES

Fuel Element Components of BONUS.

£l



0.536

0010 MIN

0.712

0740

1
173

ORNL-DWG 66-6023

NOSE CONE
FAIRING

NOTE : I —_

DIMENSIONS ARE IN INCHES

CLAD TUBE
LOWER SPACER RING\

/ PIN
=

‘64

BRAZE JOINT
(5 PLACES)

£
agl* 32
16 9 ‘t‘/32
(e 33%g¢

o -
1811/16 32

INNER

SPRING

)

NI

AN N s

| [

{
7
39573
DISK: TOP CAP

CLAD CAP SPACER

TUBE (BOTTOM) .
FUEL DISK

Fig. A-

FUEL COMPACT

+¥g ’ /| ) \UPPER
54% (PELLET STACK LENGTH) 27 COMPRESSED ——— SUPPORT PIN

LENGTH

SPACER
(TOP)

2. Schematic Drawing of Fuel Rod.

SUPPORT /-
CAP

DEPTH OF WELD 0025

k?



ORNL- DWG 66- 6022

NOTES: DIMENSIONS ARE IN INCHES

TOLERANCE IS £ Y5,

BRAZE (NICROBRAZ-50)

“
|
T
i

L itz

e |

GAP§ 'I;O BE LOCATED COOLANT TUBE COOLANT TUBE .NOTE:
90°=5° FROM EACH OTHER SPACER RING DIMENSIONS ARE IN INCHES

Fig. A-3. Schematic Drawing of Coolant Tube.
’ ~

fmm

GL



ORNL-DWG 66-6021

I:

COOLANT TUBE
SUBASSEMBLY

Fig. A-4. Schematic Drawing of Fuel Rod Subassembly.

FUEL ROD
SUBASSEMBLY

9L



APPENDIX B

Specifications
NRS-12, Specification for Uranium Dioxide Pellets . . . . . . . . . 79
NRS-13, Specification for Fuel Tubing for '
BONUS Superheater Element . . . . . . .’ .« o o o o o o o 0. 87

Weldlng Specification UCN-1 and Welder Qualification Tests . . . . 9%

NRS-14, BONUS Superheater Fuel Element
- Brazing Specification. . . . . . . . . . .. 0 ... ... . 105



T




79

NUCLEAR REACTOR SPECIFICATION ' Soec:  NRS-12

METALS AND CERAMICS DIVISION Dpe':: May 18 1065

OAK RIDGE NATIONAL LABORATORY ate: Y e
Rev: No: Rev. O

Page: 1 of 8

Union Carbide Cotporation
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS

I.

II.

III.

SCOPE:

This specification defines 3.25 enriched fuel pellets made of uranium dioxide,
approximately 0.50 OD, 1/2 to one inch long for use in BONUS Super Heater Fuel
Elements. ) .

MATERTALS:

The Company shall supply to the Seller the uranium hexafluoride to complete the
full core loading plus a 25% surplus.

The Seller shall pay for all uranium metal losses.

The Seller shall pay the cost of reprocessing all scrap material to UF6. This

cost shall also include the cost of transportation.

The uranium hexafluoride will be enriched to the specified 3.25 by weight in 235U.
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 .05% of the contained amount.
Example: If the UF6 is enriched to 3.25%, then the isotopic analysis may vary from
3.20 to 3.30. ‘ .

REFERENCES :

ﬁ-h886h, "uo,, Pellet".

TID-T015, Section I, "ORNL Master Analytical Menual"

Analytical Chemistry, 32, 610 (1960), "Determination of O/U Ratio in vo,",
H. Kubota.

*
This document is evailable from the Offices of Technical Services, Department
of Commerce., Washington 25, D. C. '
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NUCLEAR REACTOR SPECIFICATION
METALS AND CERAMICS DIVISION
OAK RIDGE NATIONAL LABORATORY

Spec: NRS-12 :
Date: May 18) 1965
Rev. No: Rev, O

Page: 2 of 8

Union Carbide Corporation
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS

Iv.

MANUFACTURING REQUIREMENTS :

The uranium dioxide pellets shall be manufactured from virgin powdef in accordance

“with Dwg. B-L886L, "UO,_ Pellet", and with this specification. Oxidized and re-

duced used scrap shallzbe identified as special blend batches. A complete history
of the scrap material and process shall be maintained. Acceptance tests which
apply to virgin powders shall also apply to special blend batches.

CHEMICAL COMPOSITION:

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

Total Uranium - Not less than 88.0 wt %
Carbon ° 500 ppm (max) ’
Nitrogen 100 ppm (max)

Iron 100 ppm (max)

Halides" 100 ppm (max)

Fluoride 25 ppm (max)

Calcium, Silicon,

& Aluminum Sum shall not exceed 300 ppm

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

Boron Gadoiinium
Cadmium Europium
Silver ' Samarium

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

. (atomic weight boron) x (ca impurity)
CBE =

(atomic weight impurity) x (0a boron)
Oy is defined as: Thermal-neutron absorption cross section.

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

Boron 1.0 -3 Gadolinium = 4.191
Silver 8.9 x 10 Eurpoium 0.43k
Cadmium 0.325 Samarium ©0.524

1NN
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NUCLEAR REACTOR SPECIFICATION NRS-12
METALS AND CERAMICS DIVISION Spec: -

OAK RIDGE NATIONAL LABORATORY Date:___May 18, 1965
Rev. No:_ Rev. O

Page: 3 __of 8

Union Carbide Corporation
Oak Ridge, Tennessee

Subject:

SPECIFICATION FOR URANIUM DIOXIDE PELLETS

VI.

VII.

VIII.

IX.

The oxygeﬁ-to—uranium ratio of the finished fuel pellets shall be within the range
2.00 to 2.01.

DENSITY:

The bulk density of the fuel pellet shall be 9k- 97% of theoretical den31ty for
uranium dioxide bodies. Consider theoretical density to be 10.96 g/cm

DIMENSIONAL:

The fuel pellet shall conform to the dimensional tolerances given on Dwg. L886k.

DRYNESS:

The finished pellets shall be sufficiently dry so that, when run in a CEC No. 29-
321A solids moisture analyzer or equal at 300°C for one hour, the welght loss shall.
not exceed 10 ppm.

SURFACE FINISH AND CONDITION:

A. Chipping
Chipping on the outside ‘cylindrical surface shall not exceed 10% of the out-
side cylindrical surface area. Chipping on each end of the pellet shall rot
exceed 25% of the surface area of one end of the pellet. No chip shall be
greater than l/l6-in; in laterial dimension nor greater than 1/32-in. in depth.
The vendor may submit a visual standard for chipped pellets for the Ccmpany's
approval to expedite visual inspection. Pellets that are defective based on
the above shall be scrapped.

B. Cracks

Radial cracks exceeding 25% of the diameter shall be cause for rejection.
Radial cracks are defined as cracks observed at the end or ends of the pellet
which are approximately 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 or on the circumferential surface and which
runs approximately parallel to the 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 oné third of the pellet. '
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NUCLEAR REACTOR SPECIFICATION . NRS-12
'METALS AND CERAMICS DIVISION pec:

. May 18, 196
OAK RIDGE NATIONAL LABORATORY" Date: Y 19, 1905
Rev. No: Rev. O

Union Carbide Corporation Page: 4 of 8
Oak Ridge, Tennessee -
Subject: SPECIFICATION FOR URANTUM DIOXIDE PELLETS
C. Sponginésé-or Microcracking , .

Excessive sponginess or microcracking, as illustrated in Fig. 1, shall be cause
for rejection. -~

X. ACCEPTANCE TESTS: | - .
A. Nondestructive

1. Visual. - The fuel pellets shall be subjected to 100% visual inspection
to assure conformance with Section IX of this specification. The inspectio
shall be performed under direct daylight fluorescent illumination of at
least 100 footcandles. :

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

3. Density. - One pellet from each boat of pellets (about 1%), selected
randomly, shall be measured and weighed to determine bulk density. If axzy
of these pellets do not meet the density as specifieg in Section VI cf
this specification, every pellet from that boat load shall be subjected
to density determination and shall be accepted or rejected accordingly. -

L. Dryness. - One percent of the finished pellets shall be selected randomiy
for dryness tests prior to packaging. The dryness test shall consist of
heating the pellets to 300°C for one hour in a CEC No. 26-321A Solids
Moisture Analyzer or equal. '

If the weight loss for each group of pellets from one dryness testing
’ ' oven lot does not exceed 10 ppm, all pellets represented by that dryress
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 represented by that dryrness 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 speci-
fication. The Seller shall demonstrate this confidence level by corduct-
ing sufficient additional dryness tests.

* .
A boat load is that quantity of pellets in the sintering zone of the furnace
at one time. '
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NUCLEAR REACTOR SPECIFICATION . ' Spe NRS-12
. [=H B
METALS AND CERAMICS DIVISION Date: May 18, 1965

OAK RIDGE NATIONAL LABORATORY Rev. No: REV. O

Page: 6 of 8

Union Carbide Corporation ,
Oak Ridge, Tennessee . (

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS

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 oxygen-to-uranium ratio,
total uranium, fluoride, 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 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 polargraphic method referenced in Section III of this specifi-
cation or by an approved alternate method.

Total uranium shall be determined by the potentiometric or volumetrlc
methods according to procedures recommended 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
pressing of the pellets. :

* ' .
A blending batch is defined as that quantity of uranium dioxide powder that is
blended together so that the chemical and isotopic compositions may be assumed
to be nearly identical.

1

*

Three suitable methods for the determination of the uranium content of uranium
dioxide are found in the ORNL Master Analytlcal Manual, published as TID-T7015,
Section I. The methods are:

No. 900719270, Uranium, Volumetric Zinc Amalgam-Potassium Dichromate Method
No. 900719222, Uranium, Potentiometrie Ferric Sulfate Method - ‘
No. 90071922&, Uranium, Automatic Potentiometric Ferric Sulfate Method
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NUCLEAR REACTOR SPECIFICATION NRS-12

Spec:
METALS AND CERAMICS DIVISION Date:May 18, 1965
OAK RIDGE NATIONAL LABORATORY

Rev. No:Rev. O

Page: 7 of 8

Union Carbide Corporation
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS

XI.

XI1T.

d. Acceptance or rejection: If the oxygen-to-uranium ratio and total
uranium content do not meet the requirements specified in Section V
of this specification, the entire blending batch of sintered pellets
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.

2. Isotopic and Impurity Analysis

a. Sampling: One finished pellet representing each blending batch of
uranium dioxide powder shall be selected randomly for isotopic
analysis.

The Seller shall perform impurity analyses on one finished péllet
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 mumber 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.

INSPECTION:

The Seller shall notify the Company five (5) days in advance of date set for
production testing in order that the Company's inspector may be present to
witness testing. : '

TEST REPORTS: .

Four certified copies of the tests and analytical reports of the requirements in
Section X of this specification prior to shipment are required.
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NUCLEAR REACTOR SPECIFICATION

METALS AND CERAMICS DIVISION Spec:__ NRS-12

OAK RIDGE NATIONAL LABORATORY . - Date:__May 18, 1965
Rev. No:Rev. O

Page: 8 of 8

Union Carbide Corporation
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR URANIUM DIOXIDE PELLETS -

The Seller shall be responsible for maintaining a complete record of all materials
and process treatments which were used to fabricate these pellets This infor-
mation is to include such as the following:

Virgin powder surface area

Type and amount of binder ‘and lubricant

Presinter temperature, gas, time, cooling and heating rate

Press pressure ‘

Sinter temperature, gas, time, heating and cooling

AWV W n P

Grinding coolant

Four copies of these material and process treatments used for each batch of
material will be sent to the Company upon completion of the order, prov1ded such
information is not considered proprietary.

The Seller will supply four copies of a certification of compliance that all the
requirements of NRS-12 have been met.

IT1T. PACKING"AND SHIPPING:

The Seller will be responsible for shipment of the pellets. The Seller will get
all necessary approval for shipment. All pellets in each shipment will be
identified according to blending batch.
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. NUCLEAR REACTOR SPECIFICATION Spec: NRS-13

METALS AND CERAMICS DIVISION Date: June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:
Page: 1 of T

Union Carbide Nuclear Company
A Division of Union Carbide Corporation
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR FUEL TUBING FOR BONUS SUFER HFATER ELEMENT

I.

I1.

IiI.

SCOPE :

This specification defines seamless, cold-drawn nickel-chromium iron
tubing with an inside diameter of 0.5035 in. and a wall thickness of
0.018 in. All requirements of AST™ Designation: B 163-6A4T shall apply
in the annealed state except as specifically modified in this specifi- -
cation.

MANUFACTURING REQULREMENTS:

Tubes shall be manufactured in conformance with Dwg. AM-85620—A2
and with this spec1f1cat10n

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

REFERENCES :
Dwg. AM-85620-A2, "Tube".

ASTM Designation: B 163 - 64T, "Specifications for Seamless Nickel
and Nickel Alloy Condenser and Heat Exchanger Tubes'.

MET-NDT-4, Rev. 3, "Tentative Methods for Liquid Penetrant Inspection”.

AISI, September 1957, "Steel Tubular Products”.

ASTM Designation: E 112 - 63, "Standard Method for Estimating the
Average Grain Size of Metals".

CHEMICAL COMPOSITION:

Chemical composition of all tubing shall conform to Table 1, "Chemical
Composition,” of ASTM B 163 - 61T, Nickel-Chromium-Iron-Alloy, with
the following modifications:

‘Nickel, minimum percent T2.0
Cobalt, maximum percent 0.10
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NUCLEAR REACTOR SPECIFICATION Spec: NRS-13

METALS - 'AND CERAMICS DIVISION Date: June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:
Page: 2 of T

‘Union Carbide Nuclear Company
A Division of Union Carbide Corporation
Oek Ridge, Tennessee

Subject: SPECIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT

V. PHYSICAL PROPERTIES:

The tubing shall be furnished in the hardness fange as given below:

Hardness % Cold Work

Annealed Less than 10
1/8 : 10-15
1/4 1520
1/2 2025

Samples representing the finished cold worked tubing shall be

annealed and tested in accordance with mechanical properties, hardness
test, flare test given in ASTM B 163 - 64T. Annealed tubing shall be
tested as given above without further heat treatment. The tubing shall
conform to ASTM B 163 - 64T when in the annealed state.

For the sellers information, this tubing shall be subjected to a high
temperature brazing (about 10 min at 1850°F) operation and it is

desired that the grain size be No. 5 or finer as defined in ASTM E 112—63,
while at the same time keeping the dimensional distortation to a minimum.

- VI. DIMENSIONS AND TOLERANCES:

A. The inside diameter shall be .503 to .504. "Inside Diameter" here
- does not mean "average inside diameter", but refers to actual dia-
meter at any given plan normel to the axial center line.

B. The wall thickness shall be 0.018 in. * 0.001. "Wall Thickness"
does not mean "average wall thickness", but refers to wall thick- -
ness in any plane normal to the axial center line. All dimensional
tolerance measurements shall be made after the hydrostatic test
is performed. ’

‘C. The tubing shall be furnished in accordance with Dwg. A-85620-A2.

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

E. The tubing shall be straight within 0.060 in. per entire ft length
as stated in AISI, September 1957, "Steel Tubular Products" and

shall be straight within .005 over any 12 inch section as measured ~
by a straight edge. ‘
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NUCLEAR REACTOR SPECIFICATION Spec: NRS-13
METALS AND CERAMICS DIVISION Date June 1, 1965
OAK RIDGE NATIONAL LABORATORY " _Rev. No:

3 Page: 3 of T

Union Carbide Nuclear Company
A Division of Union Carbide Corporatlon
Oak Ridge, Tennessee

Subject: gpRCIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT

f o —

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 surface 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 10% of the wall thick-
ness shall be cause for rejection.

VIII. ACCEPTANCE TESTS:

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 MET-NDT-4 Rev. 3,
"Tentative Methods for Liquid Penetrant Inspection".

2. Ultrasonic. - Ultrasonic inspection shall be performed on all
tubes. '

a, Technical requirements: The tubing shall be inspected at
the completion of the manufacturing process. No drawing
operation shall be accomplished after the ultrasonic in-
spection.

b. Inspection equipment: The instruments and accessory equip-
ment shall be of the pulse-reflection type with sufficient
sensitivity to distinguish the reference notches &as re-
quired during calibration.

The transducer employed shall have no dimension greater than
l‘inc
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_NUCLEAR REACTOR SPECIFICATION Spec: NRS-13
METALS AND CERAMICS DIVISION - Date: . June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:

Union Carbide Nuclear Company

Page: L of 7

A Division of Union Carbide Corporation

P

Oak Ridge, Tennessee

Subject: SPECIFICATION FOR FUEL TUﬁING FOR BONUS SUPER HEATER ELEMENT

VIII. ACCEPTANCE TESTS: (Cont'd)

C.

Calibration standards: A calibration standard shall be
prepared fran 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 cali-
bration standard shall be the same size as the tubing to be
inspected and shall be in the as-polished condition. A ‘
longitudinal reference notch, l/h-in long and with a

maximum depth of 0.0025 in., (the depth shall irclude the

" . highest point of the metal due to upset, although "deburring"

d.

e,

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 least
120° apart. The included angle of the reference notch

shall not exceed 60°.

Equipment calibration: Using the calibration standard
specified in Section VIII-A-2-c¢, the equipment shall be
adjusted to produce indicetions as nearly as possible the
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 circumferential

. speed and rate of translation (feed helix) which w1ll be

used for the inspection of the ‘tube.

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

Inspection procedure: The material shall be tested for
radial defects in both circumferential directions under

- conditions which are used for calibration of the equipment.

The equipment shall be recalibrated as specified in Section
VIII-A-2-d after the inspection of ten lengths of tubing or
when any adjustment to the equipmert is made.

When slgnificant adjustment of the equipment is required
during the calibration check (any time the inside end out-
side reference notches do not present & rejectable signal),
the preceding ten tubes shall be completely reinspected.
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- NUCLEAR REACTOR SPECIFICATION Spec: NRS-13
METALS AND CERAMICS DIVISION . Date: June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:

' ' Page: 5 of T

Union Carbide Nuclear Company

A Division of Union Carbide Corporation

Oak Ridge, Tennessee

Subject: SPECIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT

o ——— —

VIII. ACCEPTANCE TESTS: (Cont'd)

f. Defects and réjectioh: All indications of discontinuities

equal to or greater than the lesser indication of the
reference notches as described in Section VIII-A-21-4 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.

Hydrostatic Test. - Each tube shall be tested by the Hydrostatic

Test given in ASTM B 163 - 64T.

Dimensional Inspection. -

a.

Mechanical measurements of the wall thickness shall be made
at 90° intervals or less on each end of each tube (cut to
length) to determine compliance with Section VI-B of this
specification.
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NUCLEAR REACTOR SPECIFICATION Spec: . NRS-13

METALS AND CERAMICS DIVISION Date: June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:

Union Carbide Nuclear Company

Page: 6 of 7T

A Division of Union Carbide Corporation

Oak Ridge, Tennessee -

Subject: SPECIFICATiON FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT

===

VIII. ACCEPTANCE TESTS: (Cont'd)

5.

b.

Bach finished tube shall be subjected to an air-gage
inspection of the inside diameter along the entire length
to determine compliance with Section VI-A of this specifi-
cation. Diametrical measurements shall be made at intervals
of approximately 90 deg.

A random 20% sample of the tubes in finished condition and

" cut to length shall be subjected to an ultrasonic-resonance

inspection for wall-thickness determination. The accuracy
of the test equirment for use in this measurement shall be
established by taking readings at a point near the end of
one or more tubes and checking by measurement with a micro- -
meter. :

A continuous helical span shall be accomplished on the in-
spected tubing with a pitch not to exceed 1 in. An accept-
eble alternate will be circumferential scans on 1l-in. centers.
If one or more tubes of the 20% sampling are determined not
to meet the dimensional requirements as stated in this
specificatién, an additional 20% sampling shall be examined
in the same manner. A rejection rate of 10% or more of the
tubes 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.

The Seller shall perform inspection on each tube for length,
end squareness, and straightness to determine complidnce with
Sections VI-C, VI-D, and VI-E, respectively, of this specifi-

‘ cation.

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

B. Destructive

1.

Metallographic exemination at 100X of one section of tubing
selected at random from each lot shall be prepared to determine
complaince with Section V of this specification.
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- NUCLEAR REACTOR SPECIFICATION Spec: NRS-13
| METALS AND CERAMICS DIVISION Date: June 1, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No:
: ‘ Page: 7 of 7

Union Carbide Nuclear Company :
A Division of Union Carbide Corporation -
Oak Ridge, Tennessee

Subject: SPECIFICATION FOR FUEL TUBING FOR BONUS SUPER HEATER ELEMENT

VIII. ACCEPTANCE TESTS: (Cont'd)

2. Metallographic specimens shall be forwarded by the Seller to
the Company at time of shipment.

IX. MARKING AND PACKING:

A. Bach tube shall be marked by means of a sulfur-free ink with the
following: o

1. NRS-'13
2. Manufacturef's private identification mark
3. Lot number

k. Heat number -

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

X. TINSFECTION:
The Seller shall notify the Company five (5) deys in advance of the

date set for starting of production testing in order that the Company's
inspector may be present to witness testing.

XI. TEST REPORTS:

Four certified copies of test reports required by ASTM 163 - 64T

and this specification 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 furnish to the Company four copies -
of a Manufacturer's certification of compliance to this specification:
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WELDING SPECIFICATION

STANDARD REFERENCE INFORMATION NOMBER

EUNION:

£ Ez UNION CARBIDE CORPORATION. ’ UCN-1
R%GEA04  NUCLEAR DIVISION DATE :
ORGDP, OAK RIDGE, TENNESSEE - PADUC AH, KENTUCKY . 12-30-65
SUBJECT REVISED

BONUS SUPERHEATER REPAIR WELDING

PAGE

SCOPE

This standard covers the welding procedures and performance tests necessary
for the reassembly welding of the BONUS Superheater Fuel Assembly No. 29
and incorporates the performance test results,

SPECIFICATION

BONUS Assembly Specifications 66-10, Rev. 1, Paragraphs 3.l1.3.4 and
363630l

GENERAL

All welding shall be done in the flat 1G position using the TIG process.
Torches shall be energized with direct current and connected for reverse
polarity (DCRP). Filler metal shall be mill-certified 348 stainless steel
wire, :

Components of the assembly shall be precleaned with chlorine-free alcohol,
White, lint~free gloves shall be worn for al. handling and fit-up work to
avoid fingerprint contamination.

JOINT APPLICATION

Parts A, B, and C below specify the details pertaining to the specific

joints,
PART A
JOINT

~ Inlet-Outlet Standpipe Transition Ccriponents to Upper Tube Sheet,

TEST WELD
==l 75°
/

3/16"

gs-—* %\\U %&g\?
v BT

APPROVED BY: /e C/' W
4
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Mmunumll ; STANDARD REFERENCE INFORMATION

DATE

12-30-65

REVISED SUBJECT

BONUS ‘SUPERHEATER REPAIR WELDING

PAGE

QUALIFICATION TESTS AND EVALUATION

Make three 6-in.-lcng vee butt weldments with 4 x 6 x 3/16-in. 347 stain-

less steel plate., (1) Perform tensile and guided bend tests in accordance
with ASME Boiler and Pressure Vessel Code, Section IX, and (2) radiograph

in accordance with Code paragraph UW-51.

WELDER: R, H. Duncan, Badge No, 19375 - Date Tested June 2, 1965

'WELD PARAMETERS

Tungsten Filler Argon Flow

Pszs geaz Size = Size Amps Volts ——m———————
° yp (in.) (in,) Torch Purge
1 Straight 1/16 1/16 47 11 35 40
2-3 Weave 3/32 1/16 86 12 35 30
TENSILE COUPONS
Sam le' Yield Tensile
P Point Strength Remarks
No. . s
(psi) (psi)
TR-1 47,000 89,300 Base metal fracture
TR-2 46,800 89,000 Base metal fracture

Guided bend coupons for Samples DR1-1l (face type); DR1-2 (root type);
TR2-1 (face type); and TR2-2 (root type) showed no defects,

Radiographic checks showed that Samples DR1l, DR2, and TRl were accept-
able per Code. )

APPROVED BY:
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STANDARD REFERENCE INFORMATION NUMBER

UCN-1
DATE
12-30-65
SUBJECT REVISED
BONUS SUPERHEATER REPAIR WELDING PAGE
) . 3 of 5
PART B

JOINTS

Upper Cover Plate to Upper Tube Sheet; Lower Cover Plates to Lower Tube
Sheet; and Crossover Liner Pins to Cover Plates, .

TEST WELD 450

030" il B . \'/ I
) g‘ NN

l/lG"T_ 3/16"
c101M 3]

: \\\\\\%

, 347 8S
b :

-

-~

D NN

QUALIFICATION TEST AND EVALUATION

Make four corner test welds from 2-in.-long x 2-in.-wide coupons. Visual
and metallographic approval required. o

WELDER: R. H. Duncan, -Badge No., 19375 - Date Tested October 5, 1965

WELD PARAMETERS

Tungsten filler Argon Tlow

P;zs Bead Size Size Amps  Volts (cfh)
(in.) (in.) Torch Backing
1 Fusion 1/16 ) .75 10-12 20 25 -
2 Weave .1/16 +035 75 10-12 20 .25
3 Weave 1/16 1/16 75 10-12 20 25

APPROVED BY:




97

"UMBEZCN_l : STANDARD REFERENCE INFORMATION

OATE

12~30-65

REVISED SUBJECT

BOKUS SUPERHEATER REPAIR WELDING

PAGE

Yy of 5
METALLOGRAPHIC CHECK - 100X
y Sample Pgnetration " Cpacks Inclusion - Pores
No. (100%) (.002" max)
6B OK None None OK
7B OK None None OK
8B i OK None. None OK
9B OK None None OK
PART C
JCOINT

Support Cap to Pressure Tube.

TEST WELD

v Lt 7u0m

R
TR\
| =
' N
833" 0 x \\ N :
.C16" wall | i -
pressure tube ' - ';gg"
spool ' - * ) //

/

QUALIFICATION TEST AND EVALUATION

Make four prctotype edge welds at the cormer tube position using a 2 x 4 x
3-in.-deep handicap box, simulating the actual welds to be made in the tube
" sheet., . Metallographic evaluation is to be made at 100X.

APPROVED BY:
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STANDARD REFERENCE INFORMATION NWBEJ?:N-l
DATE12-30j65
BONUS SUPERHEATER REPAIR WELDING PAGE 5 5
of

WELDER: R. H. Duncan, Badge No. 19375 - Date Tested

WELD PARAMETERS*

.fugust 9, 1965.

Pas§ Tungsten Argon
No Amps  Volts  Flow
° - (cfh)
Fusion 15 10 35
%Ceramic cup - Size No. Uu.
METALLOGRAPHIC CHECK - 100X
Sample s Cold Pores
No. Cracks Inclusion Laps (002" max)
8T None None None None
9T None None -None None
10T None None None None
11T None None None None

>

We certify that the above qualification tests and test results stipulated in
Parts A, B, and C are correct,.and that the welder, R. H, Duncan, is hereby
qualified to conduct all repair welding on the rebuilt assembly.

1/ 30/ 45

(Date)

APPROVED BY:

K-25 Engineering Division

é c. A/nfﬁm/(—q/

E. C. Klrstowsky

HeldlngﬁBnglneerlng Department
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K-25 RECORD OF WELDER QUALIFICATION TESTS
SAFETY AND PROTECTION DIVISION

Operator_____R. H. Duncan Badge No. ___ 19375 Dept. No; 1080
Procedt;re No,_UCN-1 --Part A . Date Storted 6-2-65 Stencil or Test No.

Material (‘2":]‘ ise:lricmon = Thickness 3/16" Filler Metal (RETEECSM* Py
Weld Process Helierc Weld Positions 16 -Type of Test Ferformance

(Arc, Gos, Heliore, etc.) (First, Double, Retest)

Record test results below giving a brief description of defects. Record silver brazing tests on back side.

\COUPON FACE BEND TESTS: Possed Fatted [
1 No defects - Test plate - DR-1
—— 2 | No defects - Test plate - DR-2
3
. -
ROOT BEND TESTS: Possed Failed D
1 No defects - Test plate - DR-1
2 No defects - Test plate - DR-2
3
4
TENSILE
STHEXEENECORCR{ BIOBREARCRESTEX Possed Folled D
(Indicate Which Method)
1 TR-1 -~ 89,300 - Base metsl fracture
2 TR-2_ - 89,000 - Base metal fracture
3
4
FILM RADI.OGRAi’HSI Passed Prior to Bend Tests '
NUMBER )
Failed D Renewal of Qualification D
1 IR - Scattered, minimum sized pores - Exceeds ASME Sec. JII Standarés
2 DR-1 - Scattered, minimum sized pores ~ Exceeds ASME Sec. III Stendards
3 DR-2 - Scattered, minimum sized pores - Exceeds ASME Sec. III Standards
4 .

The above operator is qualified to weld under the following:

Procedure No, __UCN-1 - Part A Positions iG Effective 6-7-65
INSPECTOR, — o /747 e DATE 6-2-65 '
7.C 7 th/ujfm/z,f Z- 7—G%
APPROVED E. C. Kirstowsky » DATE 6-7-65

WCX-2081, Mech. Insp. Dept, K’.‘SRC (2-56)
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K-25 RECORD OF WELDER QUALIFICATION TESTS
SAFETY AND PROTECTION DiVISION

Operator R. H. Duncan Bodge No. 19375 ‘Dept. No, __ 1080
Procedure No, __ UCN-1 - Part B _ Date Storted 10-5-65 Sten;il or Test No,
Material 347 SS Thickness__1/8 to 3/16" Filler Metal 347 SS
(Kind & Specification No.) . (Rod or Electrode & Spec. No.)
' : Performance
Weld Process TIG Weld Positions 1G Type of Test ification '
(Arc, Gas, Hellarc, etc.) (First, Douvble, Retest)

Record test results below giving a brief description of defects. Record silver brazing tests on back side.

pouren FACE BEND TESTS: Passed D Failed D
i
2
- N
4
ROOT BEND TESTS: Possed D Faited D
; :
2 7
3
4 .
- SIDE BEND OR NICK BREAK' TESTS: Passed D Failed D
N (Indicate Which Method) .
1
2
3
) 4
METALLOGRAPHIC
FILM BADIRERARMEXX Passed . Prior 10 Bend Tosts [ﬂ
NUMBER :
Folled D Renewal of Qualification D
X 6B | Acceptable per attached metallographic exeamination
¥ 7B | Acceptable per attached metallographic examination

X 8B | Acceptable per attached metallographic examination
X 9B | Acceptable per attached metsllographic examination

The above operator is qualified to weld under the following:

Procedure No. M_B___ Positions A 1G Effective  10-20-65

INSPECTOR ot DATE 10-19-65
_.‘7'_/ ’ U. '/1016/ M /£7
APPROVED E. C. Kirstowsky . DATE 10-20-65
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UNION INTERNAL CORRESPONDENCE
CARBIDE |} -
NUCLEAR DIVISION - POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37831
To (Nome)  Mr. E, C. Kirstowsky (2) Date October 28, 1965
Company . \ .
Location K-l)-I-OO . Originating Dept. Meta,llurgy

Answering letter date

Copy to Mr. J- W. Arendt Subject Qualification Welds -
Mr. W S. Dritt ‘ Type 348 Stainless Steel
File (NoRC)

Introduction

The stainless steel qualification welds you submitted have been ex-
amined to determine the weld quality. The welds {sample numbers 6B,
7B, 8B, and 9B) were prepared by R. H. Duncan to prove the integrity
of top cover-to-upper tube sheet corner welds in the BONUS reactor.
The welds were prepared by TIG welding 5/16-inch thick bevel plate to
l/8—inch thick vertical plate in the horizontal position using the
UCN-1 auxiliary welding procedure. Type 348 stainless steel filler
wire was used in making the welds.

Results
Metallographic examination showed that full penetration and complete'
fusion were accomplished with no undercutting of the base metal

adjacent to the weld. No defects were found greater than 0.002 inch
in major dimension. :

: PE Wenier

C. E. Weaver.

Plant Equipment Problems.
Metallurgy Department
Technical Division

CEW:emck
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K-25 RECORD OF WELDER QUALIFICATION TESTS
SAFETY AND PROTECTION DIVISION

Operofor- : R._E. Duncan Bodge No. 19375 Dept. No. __ 108 -
Procedure No.__ UCN-1 - PaJ.ft c Date -Started '8-9-65 Stencilor TestNo. o
Material 347 to 348 S8 Thickness _-018 to .027" Filler Metal None
i (Kind & Specification No.) (Rod or Electrode & Spec. No.)
Performance
Weld Process TIG Weld Positions G Type of Test_Qualification
(Arc, Gas, Hellarc, etc.) (Firs1, Double, Retest)

Record test results below giving a brief description of defects. Record silver brazing tests on back side.

s

Nclﬁk’B”EC’RNs _ FACE BEND TESTS: Possed D Falled D
]
2
3
4
ROOT BEND TESTS: Possed D Failed D
1
2
3
4 .
SIDE BEND OR NICK BREAK TESTS: Passed D Failed D
(Indicate Which Method)
1
2
3
4
METALLOGRAPHIC
FILM REOHEERXEHE, Possed - Prior to Bend Tests

NUMBER : - : -
. Failed E] Renewasl of Quolificution D -

X 8T Acceptable per attached metallographic examination

X 9T Acceptable per attached. metallographic exemination

Z10T Acceptable per attached metellographic examination
1T Acceptable per attached metallo hic examination

The above operator is qualified to weld under the following:

Procedure No, __ UCN-1 - Part C ‘ Positions 1G Effective 8-16-65
INSPECTOR £ _al Z : . DATE 8-9-65
‘ & C V5T 0134y ‘ -
APPROYED E. C. Kirstowsky DATE 8-16-65

WCX-2081, Mech. Insp. Dept, K25RC (2- $6)
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UNION INTERNAL CORRESPONDENCE
CARBIDE
NUCLEAR DIVISION POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37831
To (Name) Mr. E. C. Kirstowsky (2) Date October 28, 1965
Company -
Location K-l’-l-OO ‘ . Originating Dept. Metallurgy
Answering letter date
Copy to Mr. J. W. Arendt Subject ’ Qualification Welds -

Mr. W. S. Dritt Type 348 Stainless Steel
File (NoRC)

Introduction

The stainless steel qualification welds you submitted have been ex-
amined to determine the weld quality. The fusion welds (sample
numbers 8T, 9T, 10T, and 11T) were prepared by R. H. Duncan to
simulate the pressure tube-to-support cap welds for the repair
. welding of BONUS fuel assembly number 29. The welds were made in
the flat position using a simulated handicap jig.

Results

)]
Metallographic examinetion showed that complete fusion was accomplished
with no undercutting of the base metal adjacent to the weld. All welds
were free of cracks and porosity exceeding 0.002 inch in maximum
‘dimension. ' :

Q

EW e

C. E. Weaver

Plant Equipment Problems
Metallurgy Department
Technical Division

CEW:emck

pen-)  frr &

7?/ /7// DWW e /ﬂé—é/// ,CG-—-p//J‘;. W%’v
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NUCLEAR REACTOR SPECIFICATION - Spec: NRS-1h4
METALS AND CERAMICS DIVISION Date: August 4, 1965
OAK RIDGE NATIONAL LABORATORY - Rev. No.: O

Page: 1 of 2

Union Carbide Nuclear Company

A Division of Union Carbide Corporation

——

Qak Ridge, Tennessee

Subject:

BONUS SUPERHEATER FUEL ELEMENT BRAZING SPECIFICATION

I. SCOPE

This specification is a process specification which defines the attach-
ment, by brazing with Nicrobraz -50, of spacers to the clad tubes and to
the coolant tube of the BONUS Superheater Fuel Element in a continuous
hydrogen furnace.

II. PROCEDURE

A.

The Seller shall let the furnace run empty for a period of four

hours at a minimum of 1900°F before the brazing run to insure a clean
hydrogen atmosphere., A clean Dexo Electro Dryer or equal shall be
put in service at the start of the run.

~ A control sample and a thermocouple shall be run through the furnace .

before any brazing is performed. A .survey shall be taken by recording
the temperature of the thermocouple every minute and by recording

its total time above 1600°F. The time above 1600°F shall not

exceed 10 minutes and the temperature shall not exceed 1850 F. The
brazing temperature shall be 1830 * 20°F. If the survey is in an

" acceptable range and if the control sample is brazed successfully

(See Section III), the production braéing may begin. The process must
be repeated if either the sample did not braze or the survey was out
of specification.

"After the temperature survey the controls of the furnace shall remsin at

the same setting (belt speed, temperature, etc.) until after the
braze run. A lot shall consist of all the subassemblies that were
run through the furnace at one time with the same setting (belt speed,
temperature, etc.).

Tubing and spacers shall be supplied in accordance with drawings
10398 R 001 D and DM-85620-A3. The spacers; the brazing alloy,
Nicrobraz -50; and the stopeoff, in the case of the coolant, shall

be put in place by the Seller. The coolant spacer may be spot welded
in place but spot welding shall not be used on the clad tube.

After production brazing, a temperature survey shall be run as

defined in Section II, paragraph B of this specification.

Two rebraze cycles may be used on the clad tubes. The coolant tubes
may be rebrazed once. The same procedure (furnace clean up, survey
before and after the control sample, etc.) must be used for each rebraze



106

NUCLEAR REACTOR SPECIFICATION . Spec: NRS-14
METALS AND CERAMICS DIVISION Date: August L, 1965
OAK RIDGE NATIONAL LABORATORY Rev. No.: O

Page: 2 of 2

Union Carbide Nuclear Company
A Division of Union Carbide Corporation
Osk Ridge, Tennessee

Subject: BONUS SUPERHEATER FUEL ELEMENT BRAZING SPECIFICATION

run. The seriai number of each subassembly which is rebrazed
shall be recorded.

IIT. VISUAL INSPECTION

All subassemblies shall be visually exaemined under direct daylight
fluorescent illumination of at least 100 foot candles. The brazed joints
on the clad tubes shall be continuous uniformly filled joints. The
brazed joints on the coolant tube shall be continuous uniformly filled
Joints extending for a minimum distance of. 3/8 inches along each side of
the spacer.

IV, INSPECTION
The Company shall have an Inspector and/or an Engineer to witness all
operations covered by this specification. The Seller shall be responsible
for notifying the Company 24 hours in advance of assembling and brazing
so that a representative may be present. '
V. RECORDS
The Seller shall provide the following records:

A. The two furnace surveys for each braze lot and rebraze lot.

B. The instrument trace from the furnace control thermocouple for
each brazing lot. :

C. The serial number of each tube that was rebrazed.
VI.- SHIPMENT

The Seller shall be responsible for packing the subassemblies to
insure asgainst shipping and handllng damage.
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C-1. FUEL INSPECTION (Certificates
of Chemical Analysis)
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JUCLEAR FUEL SERVICES, INC.
A Subsidiary of W. R. Grace & Co.
Erwin, Tennessee

CERTIFICATE OF ANALYSIS

August 18, 1965

Material___ Enriched UO2 Pellets Date
Customer__Union Carbide Corporation
P,0., Box P Date Shipped August 7, 1965
Oak Ridge, Tennessee Bill of Lading No._1966
Purchase Order No.__28X-9766 Sales Order No.___3306
ELEMENT | Batch No, 2 ANALYSIS, ppm
Total Uranium 0o/U Carbon
1 88.11 2,002 11
2 88.08 22.004 11
3 88.09 2,004 11
4 88.06 2,005 30
5 88,06 2,005 59
6 88,11 2.004 - 14
7 88.10 2,004 12
8 88,06 2,004 11
9 88.10 2.004 12
10 88,11 2.002 27
11 88.06 2.005 - 86
12 88.11 2,002 39
Average 88,09 2,004 27
% U=235 3.3100
. Nitrogen Chloride Fluoride
1 32 < 25 < 10
2 41 < 25 <10
3 _ 10 < 25 <10
4 10 <25 < 10
5 28 < 25 15
6 22 < 25 <10
7 17 < 25 < 10
8 23 < 25 < 10
9 28 < 25 17
10 23 <25 < 10
11 28 < 25 < 10
12 37 < 25 < 10
Average 25 < 25 11
Certified By: X ‘ Lg{'fl Am..a/('ﬂ.‘./
Quality Con&:l Department
K.D, Mensley
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{UCLEAR FUEL SEEVICES, INC.
A Subsidiary of W. R. Grace & Co.
Erwin, Tennessee

CERTIFICATE OF ANALYSIS

Material Enriched UQ, Pelle

Customer_Union Carbide Corporation

Date

August 18, 1965

" _P,0, Box P Date Shipped July 30, 1965
Oak Ridge, Tennessee Bill of Lading No._1947
Purchase Order No 28X-9766 Sales Order No.___3306
ELEMENT _Batch No. 1 ANALYSIS, ppm
Total| Uranium o/u Carbon
1 88.07 2.002 29
2 88.04 2.002 32
3 88.07: 2.003 82
4 88,07 2,003 19
5 88.06 2,002 38
6 88,05 2,002 19
i 1 88.08 2.001 53
8 88.07 2,002 53
9 88.07 2.003 34
10 88.08 2,002 19
11 88,08 2,002 33
12 88.09 2.001 /A
13 88.03 2.005 217
14 88,10 2,001 12
15 88.06 2,002 29
16 88.08 2.002 40
17 88,09 2,001 12
18 88,09 2.001 10
19 88.10 2,001 28
20 88,09 2,001 15
' 21 88.08 2,003 11
22 88.06 2,001 12
23 88.06 2.001 29
Average 88,07 2.002 30
% 1 3.2.4

Certified By:

el

Quality Control Department

K.D. Hensley
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{UCLEAR FUEL SERVICES, INC.
A Subsidiary of W. R. Grace & Co.
Erwin, Tennessee

CERTIFICATE OF ANALYSIS

Material__Enriched U0, Pellets Date August 18, 1965
Customer_Union Carbide Corporation o
P,0, Box P Date Shipped_. July 30, 1965
. Oak Ridge, Tennessee Bill of Lading No.___1947
Purchase Order No._28X-9766 Sales Order No 3306
ELEMENT Batch No, 1 ANALYSIS, ppm
Nitrogen Chloride Fluoride
1 74 < 25 < 10
2 51 < 25 < 10
3 40 < 25 < 10
4 37 < 25 < 10
5 32 < 25 19
6 28 < 25 ‘22
7 69 i < 25. 22
8 " 55 < 25 < 10
9 55 < 25 < 10
10 46 < 25 . < 10
11 20 ~ < 25 i 20
12 65 < 25 19
13 32 < 25 16
14 50 < 25 < 10
15 60 < 25 < 10
16 ' 92 < 25 <10
17 i 42 < 25 <10
18 60 1 < 25 < 10
19 60 < 25 < 10
20 : 18 < 25 <10
21 ) 60 <25 < 10
22 46 < 25 < 10
23 68 < 25 <10
| __Average 50 < 25 13

Certified By: K 1) f\/ :,Mﬁu‘/

Quality Control Department
Hensley
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IUCLEAR FUEL SERVICES, INC.
A Subsidiary of W. R. Grace & Co.

Erwin, Tennessee

CERTIFICATE OF ANALYSIS

Material ___ Enriched o, Pellets ) Date_. August 18, 1965
Customer_Union Carbide Corporation
P,0, Box P Date Shipped
_Oak Ridge, Tennessee Bill of Lading No
Purchase Order No 28X-9766 Sales Order No..__3306
ELEMENT ANALYSIS, ppm

___Batch #1 #2

Iron < 50 341 -
| Calcium < 20 50

Silicon 20 125
| Alumipum 3 8

Boron Equivalents Boron Equivalents

Borcn < 0.20 . 20000 . <0,20 0.2000
| _Cadmium < 0,10 0.,03120 _< 0,10 0.0312
| __Silver < 0,10 0.00084 < 0,10 0.00084
Gadoliniump < 0.01 0.04190 < 0.01 0.0419¢
. Europium < 0,02 0,00812 < 0,02 0.0081
L Samarium < 0,20 0.10660 < 0,20 0.106§Q

. {

Total 0,38866 0.38866

Density: |Greater thad 10,30 g/cc t- Less than10,63 g/cc
___Dryness: < 40 ppm
| Dimensional: The 110 | fuel pelletd produced for UCNC's Purthase Oxdex

Number P8X-9766 conform to the dimensional tplerances
given on Drawing No, 48864,

Certified By: I( , D N 2an (é.. /

Quality Co

K.D, Hensley

1frol Department




114

C-2. CLADDING TUEE SPACER FABRICATION COMMENTS*

The following comments discuss some of the features of the.explosive
forming:

1. The die was not hard enoﬁgh.‘

2. The sealing system for the inner tube was not good, particuiarly
since Tygon tubing was used.

3. To prevent damage to the die from water leaks and +o increase
production rate, shoot tooling in air with water in the tube.

4. Tool weight Waé about as much as was convenient to handle.

The following suggestioﬁs are made on how.these parts would be made
if ordered again in the future: '

1. The preform would be shapad on mechanical tools rather than
explosive tools. This allows a larger round preform, 0.650 * 0.002-in. OD,
0.0195 * 0.001-in. -wall thickness, and 0.50 in. long, to be made from
0.75-in. Inconel tubing. This size'was limited before by the collapse in
the explosive sizing tools. This reduces the amount of stretch required
and eliminates the initial annealipg.

2. Anneal the preform for 1 hr at 900°C in vacuum to soften and
provide optimum corrosion resistance.

3. Tumble 24 hr in stainless steel shot to break all edges.

4. Explosive size in one shot about 20 parts at one time in good
vacuum. The tools would be designed differently. The steel would be heat-
treated harder. The die wouid he shot in air with water in the tube.

This would prevent water inleakage inside the die. The die would be hand-
lapped routinely to keep upithe surface finish. The liner would be rubber,
not Tygon. The explosive would be MDF 10A in rubber liner to space
explosive better and protect die.

5. All parts would be inspected on a go no-go gage.’

6. Any oversized parts would be ground on the outside surfacg.
Depending upon the gquantities involved, this might be cheaper than

1
reworking the tools. ' \

*Information supplied by W. T. Carey, Y-12 Plant.
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C-3. HELIUM LEAK TEST DATA ON FUEL RODS Equipment: CEC MODEL 24-120
1{
A B - e D B 3 1]
Rod Chamber Instrument Empty Std. leak Std. Ieek, Std. Leak Sensitivity Net for Rod
Number _Pragsure Background Chaumber Rod & & Empty Rod, & (5 x 10'9) 3 Col.G-F Col,E-D Leak Rate Pumping
Microns \ Meter Div, (Backgroun Chanber Chamber Chauber Col.F-D Std.ce/sec. Time Date
of Hg Meter Div. Meter Div. Meter Div. feter Div. Meter Div. Meter Div, Meter Div, 5td.cc/sec. Minutes \
2.8 0 1 91 80 6.25 x 10711 30 10/22/65
0-11 2.8 11 91 0., o o »
0-30 2.8 11 68 - -23 0 30
2.8 11 7L &0 8.33 x 10" 25
0-21 2.8 11 70 -1 0 [ 30
2.8 10 67 57 Checked Acc.V. & Reset Zero
0-20 2.8 10 [ -1 ]
2.2 5 56 51 9.8 x 10711 7 10/23/65
0-25 2.8 0 5 51 -5 0 Q 30
051 3.0 0 5 51 -5 [ o 30 '
0-10 3.0 ° -1 5 51 . -5 o 0 30 " Reset Zero
3.0 0 5 52 57 10.63x 100~ 25 Beset _Acc, V.
. 2.8 o 5 56 51 9.8 x 10-11 20 :
0-38 3.0 0 16 : 62 +6 +11 1 x 1079 0
0-31 3.0 ' 5 sk -2 o 0 3
0-hk3 3.0 0 5 53 -3 0 0 30
3.0 [] 5 56 51 9.8 x 10" 25
0-1 3.0 0 5 sk -2 1) 3] 30
0-35 3.0 [+ 5 ok -2 0 Iy 0
0-36 3.0 [ 5 &0 T 4h [+ o 39
3.0 s ] 55 9.09 x 10°TT . 25
. 2.5 1 8 6 68 7.35 x 10-11 10/25/65
0-2 2.8 -1 8 o 71 -5 o 0 0 Reset Zero
0-L2 3.0 o 7 70 -6 -1 _° »
6-28 30.0 100,000 100,000 >). x 10-3 ] o
0-15 2.5 6 N L Filament went out -Changed instruments—_l )
0-15 3.0 0‘ 10 83 -2% -2% 0 k5 *Based on subsequent sensitivity check
3.0 [ iz 35 73 6.84 x 10-11 53
0-27 3.0 [ 11 84 -1 -1 0 45

GTT



i

Appendix C-3 (continued)

A B c D E P G
Chamber Empty” . Std. Ieak | Std. Lesk Std. leak
_ Pressure Instrumznt Chamber Rod & & Empty Rod, & (5 x 10‘9) Sensitivity Net for Rod Lesk Rate Pumping

Rod “Microns \gﬁackground) (Background) Chamber Chamber Chamber Col.F-D Col.G-F Col.E-D Time
Number of Rg Meter Div. Meter Div. Meter Div. Meter Div. Meter Div, Meter Div. Std.cc/see. Meter Div. Meter Div, Std.cc/sec. Minutes \ Date
-4 3.0 [ 12 84 -1 ] ] 45 .
6-13 3.0 0 1z 8% “ 1 0 9 45

3.0 0 12 Y T2 6.8 x 10 45
Q-37 3.0 [+] 11 . Q -1 [’) 535"
0-40 30.0 _>100,000 100,000 I x 1077

3.2 1 9 86 1. 6.47 x 10711 10/26/65
&5 3.2 ] ] Bh B _T [J 75
0-9 3.2 1 9 83 -3 [ 4] 70

3.0 0 b 80 76 6.56 x 10711 10/27/65
0-33 3.2 0 & 80 2] 0 3] 55
o-2h 3.2 0 5 81 +1 +T 0 50
0-32 .2 4] 5 g1 +1 +1 [ 52

3.2 - [ 5 82 TT 6.9 x 10-11 60
o8 3.2 0 5 82 [4] [ 0 60
0-19 3.2 9 > 82 [ [ [ 60
0-27 3.2 Q > 82 0 [ [ - 60

3.0 0 [ 8 76 6.56 x 10-11 10/28/65
0-17 3.0 0 50 0 ¥ 0 5
0-1% 30.0 100,030 >I00,000 S x 1077

1.2 1 16 100 8 5.9% x 10711 -
0-3Y 3.2 1 13 93 -1 =3 Q 62
Q-bh 1.2 11 93 -7 -5 0 60

12 0 5 gL 79 6.33x 307t . 10/29/65
Q-BOR 3.2 Q 9 8 0 9 7 4s

3.9 (o] 6 66 60 8,33 x 10~ i 11/1 /65
¢-3 3.2 o 4 62 -b -2 0 45
0-28R Q- 100,000 100,000 > x 105

Column B is the test chamber pressure in microns of Hg.-at the time the leak rate meter was read.

Column C is the instrument "zero" reading taken with the filament ON but with the manifold system valved off.

Sensitivity 2

Note: One of the two listings of rod 0-27 is a mistake and should be 0-22.

Standard leak

Leak rate meter reading of atandard leak
"Net_for Rod” is obtained in two weys: (1) with the standard lesk in the system (2) without any external source of helium in the system (Column E - D}

5 x 10-9

Tolimi F - Column D

9Tl
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C-4. . DIMENSIONAL INSPECTION OF BONUS FUEL RODS

Weld Diameter Weld Diameter Rod Length Clad Diameter
Top End Bottom End Weld Tip

Rod _ to to
No. [Min.----- Max . Min.----w--- Mex ., Weld Tip Min.--ececcconncnaas Max
0-1 ‘ 0.539h 0.540k
0-2{0.541 - 0.545 0.543 -  0.546] 60.152 60.608

0-3]0.55L1 - 0.5L3 0.545 - 0.546 | 60.170 60.617

0-4]0.545 - 0.5L5 0.546 - 0.552| 60.161 60.61L

0-510.5t3 - 0.54k 0.543 - 0.545] 60.169 60.6254

0-8/0.543 - 0.549 0.5k - 0.5L7 | 60.160 | €0.61kL

0-9[0.546 - 0.549 0.543 - 0.552| 60.157 60.619

0-10{0.541 - 0.542 0.543 . - 0.545] 60.163 60.609

0-11]0.542 - 0.5LhL 0.541 - 0.545{ 60.1L7 60.593

0-13]0.542 - 0.5L4 0.543 - 0.547] 60.152 60.625

0-15{0.541 - 0.5LL 0.54k2 - 0.545 [ 60.150 | 60.597

0-17[/0.54k2 - 0.5L6 0.542 - 0.543] 60.160 | 60.616

0-19{0.5kL - 0.558 0.5k2 - 0.5Lh ] 60.1hk9 60.616 | 0.5395 0.5398
0-20]0.543 - 0.5L5 0.540 - 0.5h0 | 60.155 | 60.611

0-2110.546 - 0.5L6 0.5k - 0.546] 60.1k7.| 60.606

0-22{0.543 - 0.5L5 0.5k - 0.548 | 60.3155 60.609

0-24]0.542 - 0.5L3 0.541 - 0.5hk2 | 60.164 60.629

0-25{0.543 - 0.545 0.538 - 0.541] 60.16L 60.618

0-27]0.541 - 0.5L6 0.541 - - 0.54k] 60.153 60.622

0-30]0.542 - 0.5L7 0.542 - 0.546 ] 60.158 60.608

0-31 0.5398 0.5L05
0-32[0.548 - 0.553 0.5hk2 - 0.546 ] 60.15L 60.621 | 0.5395 0.5L0hL
0-331C.543 - 0.547 0.543 0.54k [ 60.153 £0.605

0-34{0.542 - O.5L7 0.553 - 0.547 [ 60.150 60.6254 | 0.5395 " 0.5L05
0-35 '

0-36]0.542 - 0.5Lk 0.54k2 - 0.54L] 60.153 60.621

0-37(0.543 - 0.5L7 0.5k2 - 0.5k6| 60.139 60.€12

0-40J0.542 - 0.543 0.541 - 0.543] 60.0LL 60.561

o0-41fo.5k2 - 0.54k 0.543 - 0.546] €0.155 60.603

o-%e 0.541 - 0.5h2° 0.5 - 0.5L5 ] 60.165 60.636

0-43

o-kLJo.shka - 0.5L3 0.542 -  0.547] 60.160 60.640







C-5. SHELL SUBASSEMBLY INSPECTION REPORTS
(Weld Reports)



WELD INSPECTION REPORT

120

X982

Report No.

DISTRIBUTION:

DRAWING NUMBER

LM-H 7

WORK ORDER NUMBER

Gy el -7

DATE

L= )~ &5

/é%,(/ts SifechetTr TS TN Z/M

WELO NUMBER

P )

WELDING sPEca.z:cn.,"N

4,3. 26

WELDING PROCESS.

TYPE J

INT

ve /e o LE

7/ &

INSPECTION SPECIFICATION INS.-’-‘E’:T_.ET., SCHEDULE
v.c.N 7 VASURZ ¢ e dﬁfx;{
BASE MATERIALS FILLER METAL ’ )
TYPE 3 4(7 55 TYPE FL7 55
IR IR :
HEAT HEAT X Fbo g/ . !
MFG. MFG. ALLCOS :
"LOT NO. ITEM
FORM Jé&e?ﬁ SIZE 039
ITEM ' i ' .
. ‘ 7 .
riece | Lo bl |(68-M-47-4)
SIZE :
WELDER
WELDER'S NAME BACK-UP GAS .
/?. /77(- Dun/cang A He
FITTER'S NAME COVER GAS
Lo He
INSPECTION
DISPOSITION APPROVED

CLEANLINESS

o

EFE

FIT-UP

Now e

ROOT PASS

oK

PENETRANT: DEFECTS

INTERMEDIATE PASSES

Zoo 7|

/lVf/th-.

PENETRANT: DEFECTS

—————

FINAL PASSES — ——
PENETRANT: DEFECTS — —

RADIOGRAPHY C N
UL TRASONIC — —

" WELDING VARIABLES

VOLTS

IAMPS /\7"’_/5/,

INTER PASS TEMP,

REMARKS: . - /
K phias 7 7BV ron) bhioc, SLE fee G,

IA’L-L/L hi1cKs -Fr'om severangé C»U-#'.

DATE

Y had’=)

DATE

/=[5~

- Vi ,
ol 77

UCN-1149A /}

@ 12.81)



WELD INSPECTION REPORT

i
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174 J“a"é/?_/w

| Report No.

DISTRIBUTION:

DRAWING NUMBER

Lte=p Ly

WORK ORDER NJMB

829 bk -67

DATE '

[P I F— 60

COMPONENT TITLE

Vel S

L G iFICATION

%4.3-9¢€

WELD NUMBER

L No. 27

WELDING PR CE& / TYPE JOINT
A vf/ S OSen/

INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
”~
3497 R A Now
IR : IR
HEAT HEAT
MFG. MFG.
LOT NO. o ITEM
FORM J ' - ) SIZE -
; [4
ITEM 'ﬁdu’dc rd‘;c éuﬂ/@dg}ds
PIECE To_ PressJurE TUugeSs .
StZE
WELDER
WELDER S NAME BACK-UP GAS
ﬂumﬂ/ A He
FITTE’R S| NAME COVER GAS
e He
INSPECTION
DISPOSITION APPROVED
CLEANLINESS s & 17%
: A A—

FIT-UP _—
ROOT PASS

PENETRANT: DEFECTS

INTERMEDIATE PASSES

PENETRANT: DEFECTS

FINAL PASSES

PENETRANT: DEFECTS

RADIOGRAPHY

ULTRASONIC

&Z < Vi

WELDING VARIABLES

VOLTS

l AMPS INTER PASS TEMP,

REMARKS:

0 Tibe Pogpirs weze Mlao<, AlLl. Jons

€% W6 104D é/,?»;? 5 fore gy ATTEC /G AL /4/0/‘9704/

INSPECTOR'S SlGNATUR; DATE FINALéCEPélCE DATE

i o

R LA /2"9-/‘
UCNsT A

{2 vtz 2.



INSPECTION #/
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S+ cPaLeow




WELD INSPECTION REPORT

123

/ VASE 74

Report No. i 2

DIST=RIB - 'TION:

DRAWING NUMBER

GG -M-dd

WORK ORDER NUMBER

"M~32466-27

DATE

LS a=7e5"

COMPONENT TITLE

WELD NUMBER

SUPERHEAT . SHELL COMPONENT(
WELDING SPECIFICATION WEL.DING PROCESS TYPE JOINT
W-td=2 4 TG GQROOVIE- (A LG
INSPECTION SPECIFICATION N INSPECTION SCHEDULE .
BASE MATERIALS ' FILLER METAL
TIPE  |SPEC G5 A-lo7-63  3zup ||TYPE 342
IR IR :
X=56e0fL
HEAT X33, 54 -2 HEAT W as‘/.:(}.
MFG. G D CARLSON |[MFS-. | (arptiy
LOT NO. . ITEM
PRty CRuLS O ity EEN
FORM FLow LiNgr PLATE SIZE D425
e GNP | Mt =S ‘
PIECE ' :
SIZE Y279 OFL X 177
WEL DER
WELDER'S NAME . . ’ BACK-UP GASV
DUNﬁﬁN R [" /2325~ A yeerppr+ He
FITTER’S NAME COVER GAS
' A 357 crmpm  He
INSPECTION
DISPOSITION APPROVED

CLEANLINESS

FIT-UP

. e V 2

ROOT PASS

PENETRANT: DEFECTS

INTERMEDIATE PASSES

PENETRANT: DEFECTS

FINAL PASSES

PENETRANT: DEFECTS

RADIOGRAPHY.

o] ol frttBes

" ULTRASONIC

an .

WELDING VARIABLES h

VOLTS . l AMPS INTER PASS TEMP,

REMARKS:

msp;ron's s«gnune /

ucp-11494 .
@/ 12.61)

.DATE FINAL :EPT CE DATE
/2~76 5 Z,,é“ W /2-29-48"
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WELD INSPECTION REPORT

/ ) 57

Report No. 3

DISTRIBUTION:

DRAWING NUMBER

G =M~ 4%

WORK ORDER NUMBER

_ f’l’?)«l&é ~07

/R- 7éJ

COMPONENT TITLE

SUPEHERTER SHtLL COM PONENTS

WELD NUMBER

WELDING SPECIFICATION WELDING PROCESS TYPE JOINT
H-H-2{ TG GRUBVE
INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
_T_f SPEC. oot Cap g5t A-167-62 349 ||TYPE R4 ; e
IR IR
HEAT X330 -2 HEAT /};gﬁ?fé’yl—;
MFe. G2 CARLSON |[MFO. Dneaing .
LO: NO. ITEM
FoRY_ | PP TUBE SHEy  mrpTs |92 pikis
Ten (o MNE =1 | BMelf] - &
PIETE
sZE: P 272X T X5 | 41229 X £ 0 pé x 197
WELDER

-

WELDER'S NAME

LUNCAN., K /9325

BACK-UP GAS

A w57 Cpp”  He

FITTER'S NAME

COVER GAS
A 357 cpraet He

INSPECTION

DISPOSITION - APPROVED
CLEANLINESS — 05 (42 )
FIT-UP : , - i Vv
ROOT PASS - %{/
PENETRANT: DEFECTS s e 7.
(NTERMEDIATE PASSES — S
PENETRANT: DEFECTS . ,
FINAL PASSES PP s o T y ‘4
PENETRANT: DEFECTS / [ {/ 4 K
RADIOGRAPHY : e st ot // 7
ULTRASONIC .,
WELDING VARIABLES VOLTS l AMPS INTER PASS TEMP.

REMARKS:

INSPE__TOR'S SIGNATURE DATE . FINAL CEPT Cc - f OATE
) 2, /277637 ,&%4#\4&, JE XYY 0¥ o
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INSPECTION REPORT

, /J- Sy p

Report No.

61

DISTRIBUTION:

DRAWING NUMBER

Gcb-11-4S

WORK ORDER NUMBER

DATg.aﬁyéé 02

s2=/) LS

COMPONENT TITLE

SUPERHEATER SHEL

COMPONENTS

WELD NUMBER

. WELDING SPECIFICATION

WELDING PROCESS

TYPE JOINT

H-u-2f TG GRooys f Ple
INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
TYPE  |3Ppe ¢/ Pok 4. 5~B /6243  34P||TYPE 342
IR IR
- X508
HEAT X33624 -2 HEAT wo ;?..;, 2
MFG. GO. CARISON MFG. Iy
LOT NO. ITEM 7’
A N3
Form  |LOWER TUSEY#ryl PLATES (2)]5% orae
ITEM “.&”, C b= M-¥7- b
PIECE
SIZE o x D1y —;7/ Y. 267 X3.92"¢ 2D
WELDER

WELDER’S NAME ) N BACK-UP GAS

DUNCAN Q. 4, /2225 A Ys crrs He
FITTER’S NAME COVER GAS

A 35 crimm He
" INSPECTION
DISPOSITION APPROVED
CLEANLINESS o < ﬁz
FIT-UP o oC %‘
ROOT PASS . ¢ ///
)

PENETRANT: DEFECTS

e

INTERMEDIATE PASSES

V) 24

PENETRANT: DEFECTS

Pt e O W) ﬁ;
FINAL PASSES - , /< /%
PENETRANT: DEFECTS o /%

RADIOGRAPHY P 7
ULTRASONIC 0
WELDING VARIABLES VOLTS I AMPS INTER PASS TEMP.
REMARKS:
P
INSPEQTOR’S SIGNATURE / DATE Fnluﬁ:tz?cs - i DATE
?- /&v{x . /2,3 € s . VAM /%1/4‘
—_— L4

UCNC1149A
@4 12.61)
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/ S~3Y2
e :
WELD INSPECTION REPORT Report No. =
DISTRIBUTION: DRAWING NUMBER
, Ge-17-y
WORK ORDER NUMBER
M-32¢45-67
- DATE ?
- /2-4/ 65T
COMPONENT TITLE . WELD NUMBER N
= VR e -2 . - L -
SDP@Q%%%}frﬁ» §WE;; CorPaNENTE
WELDING SPECIFIZATION WEL JING PROCESS TYPE JOINT -
Do b ol B >
Li~ig-2 4 TG GROOYE- s
INSPECTION SPECIFICATIOM INSPECTION SCHEDULE
BASS MATEF.LS FILLER METAL
TYPE | SPe¢. GG/ rartb /67 62 3¢P||TYFE 342
IR IR .
. - X~5609 L
HEAT X230 A HEAT Lt $67 2.
MFG. G CARYd 504 |[MEG (s e -
LOT NO. ITEM e )
. LTy, TR@SLoWIR : - N> B
FORM Plpi LINEr? L PLRTES (2)lISZE oL
ITEM LL6- MW7 1TEM 2 |CEM &7 JTENL
PIECE
SIZE
WEL DER
WELDER'S NAME , BACK-UP GAS"
1 A A - o - — s
DUONCAN K./~ /932¢ A 4o/ He
FITTER'S NAME < COVER GAS
A 25 CEYS He
INSPECTION -
DISPOSITION _APPROVED
CLEANLINESS I S *
1 P oL
FIT-UP i 3 /{ZZ
ROOT PASS A0

PENETRANT: DEFECTS

o

oy o

INTERMEDIATE PASSES

PENETRANT: DEFECTS

FINAL PASSES D¢ (/4,'
PENETRANT: DEFECTS P . ///;?'

RADIOGRAPHY

7

3
oot At S

ULTRASONIC o / -
WELDING VARIABLES VOLTS l AMPS INTER PASS TEMP,
REMARKS:

DATE

.
INS7TOR'S SIGNATURE
..Au/

LT Fiatoorts el

‘%N-I 1494
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L5y
WELD INSPECTION REPORT —— p
DISTRIBUTION: DRAWING NUMBER
4 & 774
WORK ORDER NUMBER
i [9-32¢¢éz-02
DATE
. S22 = /3 —¢5T
COMPONENT TITLE WELD NUMBER
SUPFRHEATITHN FUEL HSSEEmBLYK
WELDING SPECIFICATION WELDING PROCESS TYPE JOINT
b ~Y-24 7/6 |\ EleT
INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS ’ FILLER METAL
TYPE AL Fik Ave7-62  zep | TYPE Sy
IR ‘ IR
HEAT . ¥ 726Py - 2 HEAT X g0t
MFG. C.O. LA Son] || MFG. D ncuty
LOT NO. ITEM /
FORM SIZE -0043251_
e | bbeM-U- Y| com-95 1700
PIECE GuIVE SLEEYE FPLATES ()
SIZE N
WELDER
WELDER'S NAME \ \ BACK-UP GAS
LN AN f2 . A He
FITTER'S NAME 77 . COVER GAS
' : A He
INSPECTION . -
DISPOSITION “APPROVED

CLEANLINESS

- /"
FIT-UP &< //\ﬁ
/A

ROOT PASS . S
PENETRANT: DEFECTS — : J—
INTERMEDIATE PASSES e . ——
" PENETRANT: DEFECTS .

FINAL PASSES ‘ i lid ’ 2
PENETRANT: DEFECTS - et //,7.;?
RADIOGRAPHY . et eatiis

ULTRASONIC ’ ) oo

WELDING VARIABLES VOLTS I AMPS INTER PASS TEMP.
REMARKS:

i T W K R
Jdn-1149a 7

2/ 12.e1)
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WELD INSPECTION REPORT

-V sy

Report No.
DISTRIBUTION: ‘DRAWIP'JG NUMBER .
Sy i/t L
DATE/V/ .32 y(é -& 7
S 2~/5 ST

COMPONENT TITLE

SOLERPFATIR Fugr Bscgmpty

WELD NUMBER

WELDING SPECIFICATION WELDING PROCESS TYE’E JOINT
£ e/~ 26 774 Fil/ET -
INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
TYPE. AS. FueriitKFo AS Fukn:SHI TYPE 3y
IR : IR
XSLOPL
HEAT HEAT w0 2555,
MFG. MFG. %M///;/
LOT NO. ITEM _ V4
FORM _ SIZE e
VAR YA/ /7 E
ITEM. LG6-11-4F M g6-"-4¢ F7
. 4 - - .
PIECE | GUJDE SLEEYL | SLESYE pMD
T . Fiig o
SIZE Y x /7275
_ WELDER
WELDER'’S NAME BACK-UP GAS
' A He
FITTER'’S NAME COVER GAS
A He
" INSPECTION
DISPOSITION APPROVED
CLEANLINESS < ‘ /J
FIT-UP < %
ROOT PASS — 4
PENETRANT: DEFECTS — ——
INTERMEDIATE PASSES e —
PENETRANT: DEFECTS T -
FINAL PASSES o : 32 —
PENETRANT: DEFECTS By e . %
RADIOGRAPHY , o ) ol B L J 2
ULTRASONIC " e
WELDING VARIABLES VOLTS I AMPS INTER PASS TEMP.

REMARKS:

iﬁecro‘ﬂjs SIGNATURE
/‘c’:v"“‘/‘- [

DATE

2/atfbs

/2/29,

kﬁN-HADA
& 12.61)

/ - ¥ 1
DATE FIN ACCEPTANC,
/213657 % d%«rﬁ-ﬂ‘, :
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WELD INSPECTION REPORT

JS=S2

Report No. '

£

DISTRIBUTION:

DRAWING NUMBER

WORK ORDER NUMBER

M-3)4/66-02

Ce-M~44

DATE

S 2565

COMPONENT TITLE

SUPLLRIHEATIIC FVEL ARASSErBLY

WELD NUMBER

WEL DING SPECIFICATION

- d-2¢

WELDING PROCESS

7/ &

TYPE JOINT

G Pooy”

INSPECTION SPECIFICATION

INSPECTION SCHEDULE

BASE MATERIALS FILLER METAL

s TVRE SHERET s
TYPE AS RURKICHFED Furt 8z TYPE 3¢

g Tega
IR etir i IR
b WA A
HEAT HEAT 1Sy
MFG. MFG.
LOT NO. ITEM
-
FORM SIZE Py
e [G6-r1-49 27711 | bl-M-HE-
PIECE Fofre SE3EMPLY LDLER TUBL £~5T
Cote 13420 ,751 BOx CPUERE
SIZE
WELDER
WELDER’S NAME BACK-UP GAS.
DoneAly , FH. /8320~ A He
FITTER'S NAME ¢ 4 COVER GAS
A He
- INSPECTION )
DISPOSITION AAPPROVED
CLEANLINESS , e ‘ /;7
FIT-UP 5’2/5 M’.
ROOT PASS I /._
PENETRANT: DEFECTS — —
INTERMEDIATE PASSES — B
PENETRANT: DEFECTS R—— e
FINAL PASSES
PENETRANT: DEFECTS e
RADIOGRAPHY
ULTRASONIC , S
WELDING VARIABLES VOLTS PMPS INTER PASS TEMP.
REMARKS:
s ya p) : .
INSPECAIOR'S SIGNATURE / DATE FINAL CCEZ’NCW DATE .
& St gl SR8y 21 ’ MA /'/ (2

ucH-1A49A
@ 2.61)
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N

WELD INSPECTION REPORT

Y, s

Report‘Nb. » 9

DISTRIBUTION:

DRAWING NUMBER

¢o-M-7

WORK ORDER NUMBER

M-32455-07

DATE

- S
SR=)T7 TES

COMPONENT TITLE

SUPERHEATER FFult ASIErBLl

WELD NUMBER

WELDING SPECIFICATION

WELDING PROCESS

TYPE JOINT

o -ef~246 776 GRoovE
INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
TYPE AS TuwntSars Ay FPutenil § pfen TYPE 37
iR . _ R
. ¢ XSpeodl
HEAT HEAT o5 2 2
MFG. MFG. :
LOT NO. ITEM
. = R CRENN
FORM KEQUCER SBECL Aseerepry o ||SIZE NN
I TEM oMz remB | G6-MHS 1TEme
PIECE ~
SIZE
) WELDER
WELDER’S NAME BACK-UP GAS
LDONCEN o+ /832 A YsTCFan He
FITTER'S NAME 4 COVER GAS
A Ji"cFpH He
INSPECTION
DISPOSITION APPROVED
P 77
CLEANLINESS cr .
© FIT-UP ! ﬂ/( 4
ROOT PASS 0l /V/
7 %
PENETRANT: DEFECTS P 7 2

INTERMEDIATE PASSES

PO

~PENETRANT: DEFECTS

—

" FINAL PASSES (D/J //? -
PENETRANT: DEFECTS y/ﬁ,{/ //5@'
7 Nz " (4
RADIOGRAPHY S | ‘ %
ULTRASONIC gl ] L/
WELDING VARIABLES VOLTS I MPS INTER PASS TEMP.

REMARKS:

INSPEVOR'S SIGNATURE .

DATE

DATE

Y

UCN/114DA
2 2.61)

_. Y
FIN ACCEZANCE
/220~ ¢)7] z&" . @M




WELD INSPECTION
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REPORT

1’4

S5 7

Report No.

/8

DISTRIBUTION:

DRAWING NUMBER

66-1I-4

WORK ORDER NUMBER

M=~329¢6-072

DATE

/2= 23-¢5"

COMPONENT TITLE

SUPCRNEATER

FUEL ASSEMBLY

WELD NUMBER

WELDING SPECIFICATION

L =2

WELDING PROCESS

716

TYPE JOINT

GROVE

INSPECTION SPECIFICATION INSPECTION SCHEDULE
BASE MATERIALS FILLER METAL
TYPE AS PURNISHED | B—/47-02  3u@]|TYPE 247
IR IR ‘
; *-
HEAT X-334P4 -2 HEAT A eos -
MFG. C.D. CARLSON _ |[MFC.
LOT NO. P (TEM .
N - X Lalnd > : EEN
FORM  |GUIDE WASHER GUIDKWMSHER Ring|| SIZE 0426
ITEM Ce-IM=H G 1TEM 2
_PIECE
SIZE 3"913 2 &,"
WELDER
WELDER’S NA\ME ‘ BACK-UP GAS
Dy My /432~ - |A He
FITTER'S NAME 7 COVER GAS
: A Zc s He
INSPECTION ' '
—APPROVED

CLEANLINESS

DISPOSITION

/i

7
20
4

FIT-UP N7

ROOT PASS -

PENETRANT: DEFECTS —
INTERMEDIATE PASSES —_
PENETRANT: DEFECTS o —

FINAL PASSES (< 2

PENETRANT; DEFECTS L 7z,
RADIOGRAPHY . ot gttt Vo
ULTRASONIC . Co—

WELDING VARIABLES VOLTS ' ! AMPS INTER PASS TEMP.

REMARKS:

|NSF} CTOR’S $iIGNATURE '1 DATE FINAL CEPT Cg " v 4 DATE
/'. e RWwa /2 23457 ’ Z . %S/Mé /a/ur/a/

N-1149A
12.81)

[ 4



132

ORGDP PLANT ENGINEERING INSPECTION REPORT

Test Performed by}O /{ y’ic:'l4 / c?:»7" Dew Date / '1// 1O /éﬁ"
for Uiﬂ £C. ﬁg&&ée@imo No.____
: W. 0. No. M32¥LL-07

Report No.

'.rm.n i@ Mm /’uﬂ/L/‘?USa«rwélw -Sheet -of
NS e (a.,c’ //e ABLar/s e pe p 7= -

was subjected toM Tzo 7~ médg; DEETO A 22D 4 [~
'7042 QoI ‘7 WeTh AN A= M=oy

with the follcwing results: ]z é% o éaé,ée o U/QQ sV
The 423 ﬂU&A/q [ ofana T 8,

' 4.._)42/4[; 4 CEE progec 'as-12e 4/ Jarzéehauvel

MroJ ,j/weammmg

Referencés:i&wlz\flq /}/9 é & N p727

Accepted on=Rwswesged .

itnv e}\éb{y/w Z
L

cc?

/1272865

PE-11 (1 5-61)
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0-6. ENVELOPE OF SUPERHEATER FUEL ASSEMBLY

=I A . :]
TN B o~
3 —
4
£ o~
€ D :l 450
o
9
~
Lo | \/
-t
;Q \ /i ‘
S ) —
N ’1'
©
|
|
TL. T T
| E ' ~ | K
] - -
= ,-1:2 3/16 _ £ Kl &
| — 1 |
G —a | p— _T—_ R '
4,553 4,781
A §sus F 4776
4,832 , 2.005
B 1877 € 5.003
4,625 2.234 )
C %.553 H 2529
. 5,103 2,281
D 57557 J 5279
4,553 2.226
E %558 K 20721

Per GNEC Sketch 066=-SK-477
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METAL ANALYSIS CERTIFICATES
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. ARCOS CORPORATION
o %’ ' %L & PASCHALL AVINUZ

PHILADELPHIA 43, PA. Seiober 25

Reszearch aad Engincering Department Date..........

CHEMICAL ANALYSIS CERTIFICATE

=73 C' o
UNION CARBIDE NUCLEAR CO. Customer's Order No. ... 00N 72850
P. G. BOX P
OAX RIDGE, TENN. Arcos $. O NOu e .Sf_....l.}.ﬁ.l.’..‘. ......
MARKX: ORNL 0/13/61
Shipping Date. 1/1// .........
ATTN: MR. NGCRMAN RO3S N
Size .!)35“
Grade vt
e L CHROMENAR 19/9¢h
Aoy No.

X5608L347

Process No.

Weight

327 10 oz,

. Chemical Analysis WELD. METAL

Corbon 074
Manganese ) » 1.36 .
Silicon v ‘ J{.O
Sutfur 01
R o
_-Chromium ‘ 20,36
~ Nickel 9):{3
Motybdenum 18
o Columbium . 76 —
TRl .3, 67000 TS. 89800 EL. 3  ®i. k9.1 -
~ FREE FACE BENT - SOUND, ELONGATION 32%  GUIDED SIDE BEND - SOUND
Cobalt - 550 - 1650 pgm | .
Boren ___- 2 ppm ___As per 617/618 - 11-1-65 :
Teatalus - 50 ppa j ARCOS CORPORATION A

Quu.’.'uy //tlv “uut.x Y



Mass

SPECTROGRAPHIC REPORT

3974/

1 /bs

XS5po8 L

MATERIAL TYPE

7 7 pate

REQUESTERS

BATCH NUMBER

" REQUISITION NUMBER "

REPORTING UNIT

REPORTING BASIS

[] Sample as Received

PLATE SHEET NO.

% ) ] ng/ml ] Dry Basis é/7
ppm [J Total pg Metal Basis ] Ash Basis

[] Other ] Other é / J)
Ag | Al Au B go Ba Be Bi
Ca cd Co 5‘52;:0 Cr Cs Cu Fe
Hf K Li Mg Mn Mo Na
Nb Ni P Pb Pd Pt Rb
sb Si Sn’ Ta A/ 50 |Th | Ti u
\' w Zn “Zr

. Ce | Dy Er .Ev Gd Ho Lu
Nd Pr Sm Tb Tm Y Yb |

UCN-2379
(23 7-64)

LET
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ALLOY RODS COMPANY

Division of Chemawon Cerporation
Certificate of Anclysis

] Weld Depoasit Analysis

Unioca Carbide Nuclear

P.O,. BoxY Plant Y12
m ““‘l r“'
P. O. 638 1152

Rel, 65Y 58

My commission expires:

07.576- 38%/

Seedfootion AWS §.9 ASTM AXTY

Gode - JYBn BRDSY =
Cosomer Order No AR MRS
Alloy Rods Co, Order No, #24728

This material conforms to specification M above,

Arcaloy Welding Wire 347 = 3

2/28/65

IL- Fraotreich

\

Trade Name:
Size: (“lm‘)
Lot Number:
Heo; Number: wobs 12
Carbon . .08 R ; )
Manganese 1.70 Cobalt -~ <0.2% : :
Chromium 19.59 Boron - <0.002% geg&x apalysis No. 93R
Nickel °.73 Tantalim - <0.1% -
Silicon .38 -
Columbium .
Molybdenum -
Tungsten
Copper -
Titanivm
Phosphorus .019
Sulphur 016
Columbium + Tantalum .63
State of Penna. ) '
County of York ) " The undersigned certifies that this report is
: ond that. ignificant cha has
Subscribed and sworn to before me w. 3o in GW”:' ';I'?emeh:cnh d:g.il g
™ 3rd “7°" Octoder ? o in the quofification approval.
, ALLOY RODS COMPANY
L 4/ Division of Chemetroa Corporation
SEAL “,M Segat .
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ALLOY RODS COMPANY

of Chumslvon Canpusaiion
Cortificate of Anclysis . '
3 Weld Deposit Anclysis Sare Wire Analysis
Union Carbide Nuclear
P.O. Box P Plant K 25 Customer Ovder No, az-u-zgl
Oak Ridge, Tenn.
Order 65 S 1152 Alloy Rods Co, Order No. 062606
Rel 65K 40 : )
Shipped M——-——.-

This material conforms lo M_Wn

-Trade Name: Arcaloy 347 Welding Wire : i
| e
Size: 3/32" / / . /C ¥
. z .}
Lot Number: o -
Heat Number: W06572 , /C 7
Carbon .05

Manganese 1,70
Chromium 19,59
Nickel 9.75 -

Silicon .38
Columbium .63
Tungsten
Copper
Tianivm

Phosphorus 019

Suiphor 014
Ferrite
Vanadium

Cobalt - <0.2%
Boron - <0.002% ' Per K-25 analysis Ho. 9302 - 5-18-65°
Tentalum - <0.1% |

. s of Penna The undersigned certifles that this report is
) $s correct ond that no significant change has
County of York )
) been made in any of the eloments described
in the qualification epproval.

Subsabodondswntobdon;no :
this 3rd dayof July 19 64

ALLOY RODS COMPANY
Oivkilem of Chametron Carparation

My commission expires: 2/23/65 . R, E, WO]%



AL N30
[l s 84

ABORATORY ANALYSIS REPORT
VN 1] /503

.-

7 SPF 0 ‘ E IC ‘EP i /{‘ CHAROE caTe ‘r NO._ . .
~ CTROCHEMICA - i .
g L Kero ?,4 Apstso-or 518 9302
Ay e Se SENDER DATE ANALYSIS NEEDED
‘! K 1 Te <a‘1 A/ W :
As W Te CLASS [MATERIAL cODE] 8 MeLED FR CONTAINER NO.
Ay T e Te | Iy Wosf1y ’
B < D 603 T Me " Th REQUEST NO. Tenzcision -cniosa
Bo- Mo \ . ‘
Be T TTiTme T 1711 Fmavan: T Tane
LN N u J%7 Ut |
Ca Tos v INSTRUC TIONS d TwET
K "
Cd Pb Zn
Co £0.4 ‘Pd Zr N
Cr ‘ Pr :
& Re . .
Cv m____?ﬁg_‘ REQUESTED ANALYSIS]  UNITS RESULT(S)
Fe | RF o ‘ '
LU . P —
T T SR T« (0 7 I
Ge Jf Sb A
LSS 01 S | N —
Mo DS SR
In o { Sn {

(] quat. [ semiquant, ] QUANT. RESULT APPROVED BY oaTE "
NUMBERS = 7 A oNA_ T __BASIS 4 :

'MEA/“SOUGHT BUT NoT Foulo" ] ( 9 5"(//? ‘f
. . 1

oY%t
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GIOYCARLSO NI

9?9° - TEST REPORT
—BIR-11-9115 (2) Phoclieus g Stabbu Skeel C] Je __6/2/65 -
 THORNDALE:PENNSYLVANIA _
oo Unl?n car?ldel(:orporatlon sod 59683 “"'""‘"f‘""'m
gucoeago’l‘) ;f‘ls on | cur. na. 735 16544 pateor erwr.  5/28
Oak Ridge, Tennessee 37831 0. CoPIEs
ot Box P - wank  735.16544 ' 3
RELEASE 73KOk4 arm. Pur. Dept.
United States Atomic E issl A ronts ) '
supTo. c'/‘o ﬁnlonac::bhsgwl (grpgﬁgﬂ gommissign ;"C;I;:I';L.S s TYPED BY
Plant K23 MECH. PROPS JoH
Oak Ridge, Tennessee y ’
A, Dyie Pyle % United Alrlines '
T PREPA 1D #/N 76 GUWT.
2
vee 348 HRAP EXCEPT 1.65 MAX. Mn ., Rerts .
PRICE AMOUNT
1 9/32 x 24 x 24 (8d1) 1 1 L8
CHEMICAL ANALYSIS e—
EF" el Ns.. i -y
a1 | xssesuez .0641,64,027.025 ,ug18,7111,9%,7d.0
MECHANICAL TESTS YIRLD OTR. P50, TENSILE % ILORe, % k0, BAINELL ‘llll
. HEAT MQ. "% orreny TR PAL [ or MFA HARQNESS Y
9/32  X33684-2 42,400 89,600 45.0 53,1 163 oK

%/ [zlm/,/ /)7/”4;”/(/
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.3¥/ S.$
MATERIAL TYPE

DATE

SPECTROGRAPHIC REPORT

T

BATCH NUMBER

REQUISITION NUMBER

REPORTING UNIT

REPORTING BASIS

PLATE SHEET NO.

(1% ] ng/ml ] Sample as Received (] Dry Basis -
gppm [ Total pug Metal Basis ) [ Ash Basis - ,2 ‘ )
Other ] Other :

Ag Al Av B Ba Be "Bi
: v 2 4 '

Ca Cd Co Cr Cs Cu | Fe

A 322.0

Ht K Li Mg Mn Mo Na
Nb Ni P Pb Pd Pt Rb | ,
Sb Si Sn Ta "Th Ti u

v W Zn ' Zr

Ce Dy Er Ev Gd Ho Ly |
Nd | Pr Sm b . Tm Y 1 vb
uéﬁ-2379
(23 7-64)

Adn



C-8. FROCEDURES FOR FABRICATION OF CLADDING TUBE SPACERS

Ste Procedures
Numbgr Description
Initial ' Final
Stock — Inconel from ORNL Stores  5/8-in. diameter by 1/16-in. wall thickness 5/8-in. diameter by 1/16-in. wall thickness
2 Preform machined from tubing 0.620 = 0.002-in. OD, ' 0.620 £ 0.002-in. OD,
. 0.0195 = 0.0005 in. wall thickness 0.0195 £ 0.0005 in. wall thickness
3 Anneal preform in vacuum 900°C, 1 hr, 5 X 10-% torr 900°C, 1 hr, 5 X 108 torr
Explosive form tools, ET-56010
First Shot ‘
Lining 5/8 in. Tygon tubin 5/8 in. Tygon tubing
Vacuum <29 in. Hg (no 1eak§ <15 in. Hg (leaked)
Explosive MDF 5A MDF 5A in rubber tube
Second Shot
Lining 5/8 in. Tygon tubing 5/8 in. Tygon tubing
Vacuum <29 in. Hg (no leak) <15 in. Hg {leaked)
Explosive MDF 1QA MDF 5A in rubber tube
Third Shot
Lining 5/8 in. Tygon tubing 5/8 in. Tygon tubing
Vacuum <29 in. Hg (no leak) <15 in. Hg (leaked)
Explosive MDF 1QA MDF 5A in rubber tube
Fourth Shot (About 1/8 of parts)
Lining 5/8 in.- Tygon tubing
Vacuum <15 in. Hg (leaked)
Explosive MDF 5A in rubber tube
5 > Inspection with No-Go Gage Checked inside diameter spacer Checked inside diameter spacer
generally snug generally snug
Cleaned Solvent Solvent
Tumbled 24 hr Alumina grit followed by stainless steel Not tumbled
8 Outer surface ground to Not ground Placed on mandrel

fit gage

£7T
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‘Table D-1. TFuel Weights

Tube U0, Weight Tube " U0, Weight
Number (g) Number (g)
0-1 1810.099% 0-24 1808.9504
0-2 1802.2708 0-25 1801.8549
0-3 1802.4828 0-27 1808.4456,
0-4 18043137 0-30 1801. 6986
0-5 1800.5170 . 0-31 1801.8283
0-8 1811.4366 0-32 1803.4091
0-9 1800.2268 0-33 1810. 7643
0-10 1813.7166 0-34 1806.3327
. 0-11 1800.6740  0-35 1804.4523
0-13 1816.6190 .  0-36 1818.6080
0-15 1801.8428 . 0-37 1809. 0045
0-17 1807.8048 - 0-40 1800. 0618
0-19 1804.1631 0-41 1800.9414 -
0-20 1801. 5537 0-42 °  1802.5699
0-21 1823.4693 0-43 1800.4087

0-22 1800.1878 0-44 1802.4576

A




Table D-2. Analyses of Inert Gas Present in Atmosphere Chamber During Fuel Rod Welding

Welding Fuel Chamber Helium sg;;1e Mass Spectrometer Gas Analysis
NEiEZ: Nigier Befoxzcggﬁlin Eﬁizii Analysis Ha He Hz0 N, +CO 02 | Ar €02
g Number  (ppm) (%) (ppm) ppm)  (ppm)  (ppm)  (ppum)
x 107%
1 0-1 3.5 X-973 5 99.997 1 17 5 3 1
0-31 6176 <3 99.995 9 27 7 5 2
0-35 ’
0-43 . _
2 0-22 3 _ R-631A 2 99.998 2 13 1 1 2
0-33 ©el77 <3 99.997 6 . 14 2 4 2
0-34 ,
0-24
3 0-36 3.8 R-631A o : .
0-27 6195 4 99.995 5 23 5 10
0-10 : ‘ :
4 0-40 2.4 R-631A ~
0-41 6196 4 99.996 ° 6 16 3 72
0-21 -
0-5 .
0-25 .
5 0-9 4 H-189953 ' 2 99.996 5 13 1 16 1
© 0-8 6197 6 - 99.99 8 20 5 18 1
0-4
6 0-44 4.2 H-189953 o :
0-32 - 6203 4 99,991 11 35 5 36 . 1
0-19 ,
- 0-37
0-17
7 0-20 : 2.2 H-189953
0-11 6204 6 99.996 6 9 1 21 <1
- 0-42 :
0-2
0-15
0-30
0-3

8%1
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Table D-3. Fuel Rods and Corresponding
Coolant Tubes

Fuel Coolant Fuel Coolant

Rod Tube Rod Tube
. Number Number Number Number
0-1 1501 0-24 - 1391
0-2 1393 0-25 1491
0-3 1502 0-27 1499
0-4 - 1504 0-30 1289
0-5 1500 0-31 1377
0-8 1389 0-32 1362
.0-9 1295 0-33 1506
0-10 1419 0-34 1374
0-11 1513 0-35 1386
0-13 1495 0-36 1490
0-15 1379 0-37 1376
0-17 - 1493 0-40 1293
0-19 1380 0-41 1387
0-20 1498 0-42 1381
0-21 1288 0-43 1390
0-22 1297 0-44 1497
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APPENDIX E

Electron Microprobe Analysis of the Defective
Region in Fuel Rod 0-28
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ELECTRON MICROPROBE ANALYSTS OF THE DEFECITIVE
REGION IN FUEL ROD 0-28

G. Hallerman

The longitudinal section through the defective region in fuel rod 0-28
described in the previous section, was submitted for electron microprobe
analysis. The region of interest wés in the heat-affected zones in the
end cap and cladding hear the weldment. Intergranular cracks were observed
in both the end cap and cladding material in this region. The microprobe
was used to observe concentration changes of elements.preéent in the
defective regions. ‘

For all elements investigated, a 20-kv accéierating potential and a
specimen current of 0.02 pa were used. The analyses were made with the
MAC model 400 microprobe using flow-proportional detectors and pulse-
height discrimination. The estimated electron probe diameter was 1-2 .
For each of the minor elements analyzed (Al, Si, S, P, K, Nb), a minimum
of three 100-sec counts were made on each of the areas of interest and on
standards. For Ni, Cr, and Fe, counts of shorter duration were used.
Background measurements were also made on each of the areas of interest
and on the standards by defocusing the spectrometers. Specific conditions

used for the analysis are shown in Table E-1.

Table E-1.. Conditions of Analysis

'

Element Standard Characteristic Analyzing

Analyzed - Used Line Crystal

Al Pure Al Ko KAP
Si Pure Si Ko KAP

FeS, Ko ADP

InP ‘ Ko ADP
X KOH Ko . ADP
Nb \ Pure Nb Lo KAP
Ni ‘Pure Ni Ka LiF
Cr Pure Cr . Ko LiF

Fe Pure Fe ' Kot TAF
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Table E-2. Concentration of Elements (Semiquantitative)

Anziz;ed Aluminum Silicon Sulfur Phosphorus Potassium Niobium ’
1 <0:1 <0.1 <0.1 <0.1 0 0.4
2 <0.1 .1 <0.1 3.1 0 1.4
3 <0.1 <0.1 <0.1 0.7 0 (a)
4 <0.1 0.1  <0.1 1.4 0 (a)
5 4.0 <0.1 <0.1 0.4 0 (a)
6 <0.1 <0.1 <0.1 5.2 0 3.7
7 <0.1 <0.1 <0.1 0.5 0 (a)
8 <0.1 <0.1 <0.1 1.3 0 0.6
9 .<0.1. <0.1 <0.1 0.7 0 0.8
10 <0.1 <0.1 <0.1 0.4 0 1.8
11 <0.1 0.1 <0.1 2.3 0 (a)
12 <0.1 <0.1 <0.1 <0.1 0" 1.8
13 <0.1 <0.1 <0.1 0.4=3.3 0 (a)
14 <0.1 <0.1 <0.1 <0.1 0 13.5

Not investigated.

rates of a pure standard. Where a pure element standard was not available,
as in fhe case of phosphorus (where InP was used), the count rate of x rays
geﬁerated in the sample was divided by the known cbncentration of the ele-
ment in the standard. The values should include corrections for background
and for instrument drift. Under these conditions the values shown are only
semiquantitative. '

In addition to the elements shown in Table E-2, concentration checks
were also made for the major élemenfs; nickel, chromium, and iron. No

significant changes in concentrations were detected. The concentrations

of aluminum, silicon, and sulfur were less than 0.1%, with the exception

of high concentration of aluminum in area 5. This area is actually a
crack and the presence of aluminum was attributed to aluminum oxide

particles associated with the metallographic preparation of the specimen.

. Concentration of potassium was below the limit of detectability of the

microprobe,
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- cracks and voids. = The bright areas on the photograph represent areas on

the specimen with average atomic numbers lower than the

The heterogeneous distribution of phosphorus is evident
In addition to point-count analysis using a static

mapping method, using a beam éweep to form a rectangle,

surrounding matrix.
from Fig. -2b and 4.
beam and x-ray

phosphorus con-

centration was also determined.by using a static beam and moving the

sample in a stepwiée motion across the cladding—end-cap

interface. The

concentration profile was obtalned in the area and direction indicated

by a lbng arrow in area B in Fig. E-1. The same area 1

s also depicted in

Fig. E-2. The results are tabulated in Table E-3 and plotted in Fig. E-3.

Table E-3. Concentration of PhOSphorhs Across

Cladding~End Cap Interface

Distance Concentration Distance Concentration
() (wt %) o (w) (wt %)
0 ~0.03 - 38 1.13
.5 0.3 - 39 .41
10 0.03 | 40 e
15 0.03 . 41 5.76
20 " 0.02 42 8.33
25 0.03 43 8.59
28 0.05 _ 44 6.50
30 0.10 ' 45 1.9
32 0.24 ' 46 0.14
33 0.28 48 0.05
34 0.27 - 50 0.04
35 - °0.27 55 0.04
36 0.32 : 60 0.03
37 0 0.04

A5 70
| 80 |

0.03




158
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_ Fig. E-3.  Phosphorus Concentration Profile Across Cladding~End Cap
Interface. :

It is evident from Fig. E-3 and Table E-3 that the concentration of.
phosphorus in the interface.material (area 10 of Fig. E-1) was approxi-
mately 10 times as high as that of the matrix.. Furthermore, the concen-
tration of phosphorus increased approximately three hundredfold in areas
such as area 11 in Fig. E-1; this area éppeared.as a crack., Closer
metallographic examination, howéver, showed it to consist of a string of
cracks and a glassy, slag-like phase. The makeup of this string of
cracks and slag-like phase was clearly evident from the specimen current

.image, Fig. E-2. The high concentration of phosphorus decreases sharply
at the interface of'the slag-like phase and the éﬁd—cap material.

The same weld, but 180° from the defective region,. was subjected to

a microprobe analysis; this region showed no evidence of intergranular
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cracking in either the cladding or end-cap material. The cladding—end-

cap interface material of this region was compared to that in the defective
regioh of the fuel rod for phosphorus concentrétion. The average phos-
phorus concentration was 0.3% in the defective region and 0.03% in the
opposite side of the fuel rod. Heterogeneous distribution 6f phosphorus
was noted in both regions'analyzed. Chemical analysis, by conventional
techniques, showed that the ciadding and end-cap material contained

50 and 40 ppm P, respectively.
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