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This report documents the results of the weld development and abbreviated weld
qualification efforts performed by Pacific Northwest Nationai Laboratory (PNNL)
for refractory metal and superalloy biaxial creep specimens. Biaxial creep
specimens were to be assembled, electron beam welded, laser-seal welded, and
pressurized at PNNL for both in-pile (JOYO reactor, O-arai, Japan) and out-of-pile
creep testing. The objective of this test campaign was to evaiuate the creep
behavior of primary cladding and structural alloys under consideration for the
Prometheus space reactor. PNNL successfully developed electron beam weld
parameters for six of these materials prior to the termination of the Naval Reactors
program effort to deliver a space reactor for Project Prometheus. These materials
were FS-85, ASTAR-811C, T-111, Alloy 617, Haynes 230, and Nimonic PE16.
Early termination of the NR space program precluded the development of laser
welding parameters for post-pressurization seal weldments.

For the operating temperatures under consideration for the Prometheus reactor,
thermal and irradiation creep were key properties of interest. However, very
limited data was available on the effects of irradiation on thermal creep and the
extent of irradiation creep in the alloys of interest. As a result, efforts were
underway to conduct irradiated biaxial creep testing in the JOYO test reactor (O-
arai, Japan). Out-of-pile testing was also planned at JOYO test temperatures and
exposure times to separate thermal creep effects from irradiation-induced creep
effects.

The Naval Reactors Prime Contracting Team (NRPCT) planned a biaxial creep
specimen fabrication and inspection campaign at Pacific Northwest National
Laboratory (PNNL) in Hanford, Washington. Specimens were to be fabricated of
several materials including the refractory metal alloys F$-85 (Nb-27Ta-10W-12Zr),
ASTAR-811C (Ta-8W-1Re-0.7Hf-0.025C), Ta-10W, T-111 (T. a-8W-2Hf), Mo-
47.5Re, and Mo-44.5Re, and the nickel-base superalloys Haynes 230 (Ni-22Cr-
5Co-14W-3Fe-2Mo-0.4Si-0.3A1-0.5Mn-0.1C-0.015B), Alloy 617 (Ni-22Cr-12.5Co-
9Mo-3Fe-18i-1Mn-0.6Ti-0.1AI-0.006B), Nimonic PE16 (Ni-33Fe-18Cr-4Mo-1.2Ti-
1.2Al-0.38i-0.2Mn-0.1C), and Hastelloy X (Ni-22Cr-18Fe-9Mo-1.5Co-1Si-1Mn-
0.6W-0.1C-0.01B). The first JOYO test campaign (JOYO-1) was to include FS-
85, ASTAR-811C, Mo-47.5Re, Alloy 617, Haynes 230, and Nimonic PE16. At the
time of the restructuring of the Prometheus program, electron beam and laser seal
weld development were nearly complete for FS-85, ASTAR-811 C, Alloy 617,
Haynes 230, and Nimonic PE16. Processing of tube and endcap components for
biaxial creep specimens by the NRPCT for the remaining alloys was not complete
and further efforts were discontinued. :

Over the past 30 years, PNNL welding facilities had been used for fabrication of
specimens similar to those planned for this campaign. As a result, PNNL
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personnel had acquired considerable expertise in welding refractory metal ailoys
and superalloys. Several years ago, the facility was shut down and equipment
and personnel were dispersed over several distinct organizations located on the
Hanford site. Just prior to the initiation of the Prometheus project, the welding
equipment was moved to a central Jocation under the cognizance of PNNL.

Following this move, it was necessary to return the welding equipment to
operational status and to confract experienced personnel prior to initiation of the
biaxial creep specimen fabrication campaign. As a result, the NRPCT contract
with PNNL was divided into three separate phases. Phase 1 inciuded upgrading
the equipment and fabricating the fixtures necessary to re-establish operation of
the welding equipment, as well as developing plans and procedures for
subsequent phases. Phase 2 included weld development and qualification for
each material, as well as the placement of subcontracts with other Hanford
organizations to ensure that key personnel and faciiities would be available for
consultation, helium leak testing, and radiographic inspections. Phase 3 involved
the fabrication and inspection of the production specimens that would be used for
in-pile and out-of-pile testing.

The NRPCT planned to fabricate the tube and endcap components for biaxial
creep specimens and send them as matched sets to PNNL for weld development,
weld qualification, final fabrication, and inspection. Each set would consist of a
1.25" iong x 0.25” diameter x 0.025" wall thickness tube and two fitted endcaps as
shown in drawing 5D15996 (Figures 1 and 2). One endcap (designated ‘top’) from
each set would have an approximately 0.005"-0.008” diameter through-hole on a
small protruding nub in the center of the cap. This hole would be used for
pressurization of the specimens with helium. The processing of these
components is described in detail in a separate document (Reference 1). PNNL
was instructed to electron beam (EB) weld two matched endcaps to each tube
utilizing a unique rotating fixture (Figure 3) designed by PNNL teo allow them to
weld two endcaps to each of 24 tube specimens for every weld box pump-down.
After EB welding, the specimens were to be transported to a separate facility for
pressurization and laser-seal welding of the fill hole on the top endcap.
Recommended pressures for JOYO biaxial creep specimens are discussed in a
separate document (Reference 2). Following laser-seal welding, the specimens
were to undergo several inspections to ensure suitability for testing. A photograph
of an un-welded specimen component set and a specimen that has been both EB
and laser-seal welded is shown in Figure 4.

The NRPCT was to provide ten specimen sets (tube and two fitted endcaps) of
each material for weld development and six specimen sets of each material for
weld qualification. Weid development efforts were to include the optimization of
EB and laser weld parameters. Each specimen was to undergo visual inspection
followed by destructive evaluation to determine if the EB weld was centered on the
endcap-to-tube interface and to confirm proper weld penetration for both EB and
laser-seal welds. Based on these evaluations, adjustments to the weld
parameters were to be made as needed.

Foliowing weld development and optimization efforts, weld qualification was to
involve EB welding, pressurization, and laser-seal welding of six specimens for
each material, keeping all parameters constant for each of the six specimens.
Each qualification specimen was to undergo visual inspection, radiography, a one-
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hour proof-test at temperature, helium leak testing, and destructive evaluation. A
flow chart of the weld qualification process is shown in Figure 5. A material is
successfully qualified if each of the six specimens passes all non-destructive
evaluations and if the destructive evaluations reveal that proper weld penetration
and placement was achieved for each specimen. PNNL was required to submit
the weld qualification resuits to the NRPCT for formal approval.

Following NRPCT approval of weld development and qualification results, welding
and pressurization of production specimens was to begin. The production
specimen fabrication flow chart is shown in Figure 6. Inspection steps and special
precautions are described below.

Inspections

The NRPCT planned several inspection steps to ensure that production biaxial
creep specimens would be acceptable for in-pile and out-of-pile testing. The
inspection steps for all specimens would include visual inspection, radiography, a
one-hour proof-test at temperature, weight measurements, and helium leak
testing. Destructive evaluations would also be performed on a limited number of
specimens. Each inspection step is described below:

1. Visual inspections were to be performed by a PNNL quality engineer after
EB welding. The goal of this inspection would be to determine whether the
concavity of the EB weld at the endcap-to-tube interface was acceptable
and to detect any other weld defects. Some concavity is expected due to
the presence of a radiography groove in each endcap (discussed below in
Step 2), which would be filled with weld material. The NRPCT specified a
maximum concavity limit of 0.009” for each material based on a stress
analysis of the weakest material, Haynes 230 (Attachment A).

2. Radiography was to be performed on each specimen to determine that
sufficient weld penetration was achieved, and to ensure that the EB weld
was centered on the interface between the endcap and tube. Because the
EB welds are relatively small, the radiographic procedure was to be aided
by the presence of a radiography groove. A smali groove had been
machined in each endcap as seen in Figure 2. During EB welding, this
groave should fill completetly with weld rnaterial. Radiography is used to
determine if the groove has been successfully filled. Six images are taken
of each specimen, with the specimens rotated 30° between each image. In
each radiography image that is taken, un-welded specimens are included
for comparison. This work was planned to be performed at COGEMA
Engineering Corporation in Richland, WA.

3. A one-hour proof-test of the pressurized specimen was planned as an
additional inspection step. This heat-treat was to be performed in vacuum
at the same temperature that each specimen would experience during in-
pile or out-of-pile testing to screen for major defects in the tube wall or
weldments. If a failure occurred and helium leaked from the specimens,
this could be detected by the weight measurements described below in
Step 4.

4. Weight measurements of the specimens were to be taken at three different
paints during the inspection process: pre-pressurization, post-
pressurization, and post-proof-test. A balance accurate to +0.00001 grams
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was to be used so that changes in weight due to helium loss could be
detected. Measurements were to be taken before and after the one-hour
proof-test to detect any weight change that would indicate a helium leak.
The results of the weight measurements were to be reported to the NRPCT
for evaluation.

5. Helium leak testing is another inspection step that was to be performed by
COGEMA Engineering Corporation. The NRPCT had required that the
helium leak rate not exceed 1 x 10° std ce/sec. However, after a meeting
with COGEMA, it was learned that their equipment can detect helium leak
rates of 1 x 107" std cc/sec. Any leak that was detected by COGEMA was
to be reported to the NRPCT and any specimen with a detectable leak rate
would have been considered unacceptable.

6. Destructive evaluations were to be performed to determine whether or not
proper weld penetration had been achieved. For production biaxial creep
specimens, one randomily selected specimen would have been
destructively evaluated from each EB weld batch of 24 specimens of the
same material. Both EB and laser-seal welds were to be evaluated.
Photomicrographs were to be provided to the NRPCT in the final report.

Laser Measurements

To determine the creep properties of each material, diameter measurements were
to be taken before and after in-pile or out-of-pile testing. The pre-test
measurements were 10 be taken at PNNL using a laser micrometer measurement
system provided by the NRPCT (Figure 7). The laser micrometer measurement
system was made by BETA LaserMike (Dayton, OH) and included a Mode! 162-
100 Single Axis Scanner, a Mode!l 2020 Processor, a computer for data
acquisition, and fixturing to hold the biaxial creep specimens during
measurements. The fixtures for the refractory metal alloy specimens were made
of molybdenum-TZM, while the fixtures for the superalloy specimens were made
of standard tooi steet.

Due to time constraints, dimensional measurements would have been taken only
on production specimens. These measurements would have been taken at three
separate points during the fabrication process: pre-pressurization, post-
pressurization, and post-proof-test. Before measurements on production
specimens were to be made, a series of standards was to be measured to
determine if any correction would need to be made to the laser micrometer
system. The standards were Class XX (0.00002" tolerance) gage pins from Meyer
Gage (South Windsor, CT) and included a 0.250" pin (the nominal diameter of the
creep specimens), as well as a series of gage pins that were incrementally
(0.001") larger up to 0.260" and incrementalty (0.001") smaliier down to 0.248".
After the initial series of standards were to have been measured, the 0.2500" gage
pin was to be measured after every ten production specimens had been measured
to ensure that the system remained accurate. Measurements for both gage pins
and production specimens were to be taken at five evenly spaced axial locations
(center — 0.4", center - 0.2, center, center + 0.2", center + 0.4”). At each axial
location, there was to be a minimum of 180 measurements taken at 1° intervals. -
For each measurement, time, room temperature, fixture temperature, and humidity
were to be recorded. All measurements were to be provided to the NRPCT in the
final report, uniess abnormalities were observed. In this case, the data would
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have been transmitted immediately to the NRPCT from PNNL.

Special Precautions for Refractory Metal Alloys

The welding of refractory metal alloys requires special precautions to ensure that
contamination does not occur from weld fixtures or from the atmosphere within the
welding rigs. The precautions include:

1. Refractory metal alloys and non-refractory metal alloys should not be
welded in the same load. This precaution will prevent contamination of the
refractory metal alloys with lower melting point elements that vaporize
during welding and redeposit on cooler surfaces.

2. All fixtures in direct contact with the refractory metal alloys should be
fabricated from a refractory metal or alloy. PNNL fabricated molybdenum
“spuds” in order to hold the refractory metal alloy specimens in place
during EB welding. This kept the refractory metal alloy specimens out of
contact with the 24-specimen rotating fixture, which was fabricated from
non-refractory metals.

3. The EB weld chamber should be evacuated to a minimum of 5 x 10 torr
prior to welding. This will minimize contamination of the welds with trace
levels of oxygen or nitrogen. Once the weld chamber has been evacuated,
the vacuum pump should be turned off so that the teak rate can be
measured. This will ensure that a small system leak is not present.

4. Laser-seal welding is performed in a high-purity helium environment. For
this campaign, the NRPCT required a minimum helium purity level of
99.999%. The NRPCT also required that the weld chamber be evacuated
and backfilled at ieast twice with helium prior to initiating laser-seal
welding.

Heat treatments of refractory metal alloys also require special precautions to avoid
contamination. These precautions include: '

1. Refractory metal alloys should only be heat-treated in furnaces that employ
heating elements constructed from refractory metals or refractory metal
alloys.

2. Vacuum annealing over a short time period (1 hr or less) should be
conducted in an atmosphere of 5 x 10° or better to prevent contamination
from oxygen and nitrogen. Longer vacuum anneals of niobium and
tantalum atioys require an even lower vacuum level to minimize oxygen
and nitrogen contamination. The leak rate of the evacuated furnace should
be determined prior to heating the furnace.

3. The individual refractory metal alloy specimens should be wrapped in
refractory metal foil during the heat treatment to further prevent
contamination.

4. Refractory metal alloys should not be heat-treated in the same furnace
load as conventional nickel-base or iron-base alloys. itis also preferred
that furnaces used for heat treatments of refractory metal alloys be used
exclusively for refractory metal alloys if possible. If this is not possible, the
furnace shauld be baked out prior to annealing any refractory metal alloy
specimens in order to remove any low melting point constituents that may
have vaporized and deposited on the furnace wails during previous heat
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treatments of non-refractory alloys. This bake-out should be a minimum of
two hours at a temperature that is 50 — 100 K higher than the highest heat
treatment temperature.

Special Precautions for Superalloys

1. The Nimonic PE16 alloy should undergo a stress-relief heat treatment
following EB welding. The treatment should be 2 hours at 800 °C followed
by a forced cooling to 250 °C or below, and then 16 hours at 700 °C
followed by a forced cooling to 250 °C or below. The heat treatment shall
be in vacuum and the forced cooling should be achieved with inert gas

. and fan cool or equivalent to prevent any oxide formation on the
specimens.

2. The superalloy specimens should be welded in a vacuum environment
according to typical commercial practices in order to prevent oxygen and
nitrogen contamination.

Special Precautions for both Refractory Metal Alloys and Superalloys

1. The small fill-hole in the top endcap that is used for biaxial creep specimen
pressurization should be formed by drilling. Electro-discharge machining
(EDM) should not be used to machine the hole because there is no way to
remove the recast layer that is formed in the hole during the EDM process.
This contamination would make it impossible to perform an acceptable
laser weld to seal the hole.

Claseout Actions

At the time of the cancellation of NRPCT participation in Project Prometheus, EB
and laser weld developments of FS-85, ASTAR-811C, Mo-47.5Re, Alloy 617,
Haynes 230, and Nimonic PE16 were nearly complete. Weld gualification and
production specimen fabrication had not yet been initiated. The NRPCT directed
PNNL to close-out the biaxial creep specimen fabrication work by finishing weld
development efforts that were in progress, and performing a limited weld
demonstration using six specimens of each of the six alloys mentioned above.
The weld demonstration was performed in lieu of weld qualification and included a
demonstration of the EB and laser-seal welding parameters. The specimens were
not pressurized prior to laser welding. The limited inspections on these specimens
included visual, radiography, and metallography. There was no formal quality
assurance oversight or documentation during the demonstration effort. The
demonstration effort included compietion of Data Sheets, Welding Procedure
Sheets, and a Welding Procedure Record. The results of the weld demonstration
are documented in a final report from PNNL (Attachment B). No production biaxial
creep specimens were made.

1. PNNL learned during the abbreviated weld demonstration program that the
existing COGEMA facility for radiography would not be acceptable for
specimens fabricated from the tantalum and niobium alloys. The current
high frequency, 160 kV, x-ray system at the COGEMA facility does not
provide enough power to achieve the necessary resolution for evaluation of
the dense tantalum and niobium alloys. There is not enough shielding at
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the current facility to increase the power of the source. COGEMA had
previously performed radiography of tantalum and niobium alloys at a
different location that had a 450 kV source and a lead-lined room for
shielding. This facility is currently unused. However, PNNL has indicated
that if radiography of tantalum and niobium production specimens had
been required, access to the previous COGEMA location would have been
feasible with proper administrative approvals by PNNL and COGEMA
Engineering.

2. The initial specimen sets sent to PNNL by the NRPCT for weld
development did not have acceptable dimensions. The endcaps and tubes
were excessively rounded so that fit-up was not ideal. The machining
vendor met the NRPCT drawing requirements for sharpness (0.005" max.
radius), but PNNL required a more stringent sharpness requirement of a
maximum 0.002” radius on the fit-up surfaces of the tubes and endcaps.
The roundness of the specimens that had been sent to PNNL would resuit
in too much weld concavity after EB welding. In order to solve the problem
of specimen roundness, PNNL sharpened the tubes of specimens that had
already been sent, and the NRPCT had the tubes and endcaps that had
not yet been sent to PNNL sharpened to a 0.002" maximum radius.

3. During endcap fabrication by the NRPCT, it was learned that the chosen
machining vendor for all materials except Haynes 230 [Vangura (Clairton,
PA)] was not able to meet the drawing specifications for the radiegraphy
groove. The groove that Vangura machined was not as deep as specified
by the NRPCT, and was also rounded instead of square. PNNL
determined that they could still use this groove to evaluate EB weld
penetration, but the weld process and inspection requirements would have
to be changed. PNNL felt that they would need the groove to be
completely filled with weld material, instead of the original plan of
determining whether or not the corner of the square groove was eliminated
during welding. The Haynes 230 endcaps were machined to the original
specification.

4. The EB weld concavity requirement originally specified in this contract was
a maximum of 0.003". This number was based on previous PNNL work
with specimens having a significantly smaller wall thickness (0.008"). After
preliminary weld development indicated that the 0.003-inch value may not
be achievable, it was agreed that this requirement should be re-evaluated
for the thicker (0.025") specimens being tested in this program. The
NRPCT (Kundrat) performed a stress analysis on the weakest material,
Haynes 230, using the highest intended pressurization level. Estimated
stresses were calculated as a function of depth of concavity. The results
documented in Attachment A indicated that the maximum concavity
requirement could be increased significantly above the 0.003" original
requirement. The NRPCT agreed on a new concavity limit of 0.009”, which
would still result in stress levels in the weldment being significantly smalter
than the stresses in the bulk of the specimen. None of the EB-welded
specimens had concavities in excess of 0.009".

5. Electron beam weld parameters were established for each of the six
materials welded by PNNL. The weld parameters were formulated during
weld development and confirmed during each six-specimen weld
demaonstration. Examples of typical EB weld metallography for tantalum-
base and nickel-base alloys are seen in Figures 8 and 9, respectively. The
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weld parameters used during the weld demonstration resulted in
successful, acceptable EB welds for each material. These weld
parameters are listed in Table 1 and are documented in Attachment B.
The EB weld parameters developed in this campaign would be directly
applicabie to any future program using specimens of similar alloys and
geometries, provided that a high power density EB welding machine and
24-specimen fixture were used.

6. PNNL reported minor difficulty in achieving a balance between adequate
penetration and a relatively smooth weld surface finish for the FS-85
specimens. The weld parameters used caused excessive undercut at the
weld edges on the outer surface, which could have jeopardized the
integrity of the specimen. As a result, PNNL used a second, cosmetic EB
weld pass using a less-focused beam. This second pass eliminated the
undercut and provided a smooth, uniform weld-bead. An example of this
can be seen in the photomicrograph in Figure 10, where the deeper
penetration weld represents the first EB weld pass and the shallower
penetration represents the second, cosmetic EB weld pass. The use of a
cosmetic pass is acceptable for niobium and tantalum alloys due to the
high weldability of these alloys. However, this method would not be
acceptable for most molybdenum ailoys due to the increased ductile-brittle
transition temperature (DBTT) of welded metal which could result in
cracking in the weld and base metal. A possible exception would be
molybdenum alloys with high rhenium content.

7. Laser weld parameters were developed for each of the six materials.
These parameters are listed in Table 2 and docurmented in Attachment B.
However, the laser weld demonstration for each material was deemed
unsuccessful since at least one specimen from each set of six was
determined to be unacceptable. Specimens were rejected due to cracking
{(Figure 11), an undersized weld (Figure 12), or an incomplete weld (Figure
13). Undersized welds are considered to be those welds that were smaller
than the wall thickness of the tube section. ASTAR-811C and FS-85 laser
welds were rejected in metallographic examination due to undersized
welds. The laser welds on T-111 and FS-85 specimens were rejected due
to incomplete sealing. The laser welds for Haynes 230, Alioy 817, and
Nimonic PE16 were rejected due to cracking. Unusual weld shapes were
also seen during laser-seal welding. In past laser-seal weld campaigns on
biaxial creep specimens at PNNL, the laser weld typically resulted in a
convex bead at the protruding pressurization hole. Laser welding of the
NRPCT specimens resulted in a variety of shapes from convex o fiat
(Figures 14 and 15). The shape of the weld does not necessarily cause
the weld to be rejected, but the inconsistency suggests that there are
problems with either the weld parameters or prior processing of the
specimens. PNNL discussed two possible causes for the laser weld
inconsistencies. One cause may have been inadequate cleaning of the
endcap pressurization holes. Many as-machined endcaps had tight fit-ups
to tubes and as a result, these endcaps were not pickied as much as
others. Machining residue and/or surface oxides may have been present
inside the pressurization holes and this could have changed the surface
energy, resulting in reduced flow characteristics of the metal. Another
possible cause for the problems could have been oversized pressurization
holes. Many of the holes appeared to have been drilled to the extreme
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upper end of the dimensional tolerance and also appeared to have been
drilled off-center. The large size of the holes could have caused much of
the laser energy to pass through the hole, thus reducing the energy input
and causing undersized and incomplete welds. Cracking in the superalloy
specimens could have been due to high shrinkage stresses as a result of
the excessive power required to melt the surrounding metal of the oversize
fill hole. In the future, further development wouid need to be performed to
develop acceptable laser weld parameters for ali six alloys.

Conclusions: PNNL successfuily developed electron beam weld parameters for FS-85, ASTAR-
811C, T-111, Alloy 617, Haynes 230, and Nimonic PE16 materials prior to the
termination of the Naval Reactors program effort to deliver a space reactor for
Project Prometheus. Early termination of the NR space program precluded the
development of laser welding parameters for post-pressurization seal weldments.

Significance to  The production biaxial creep specimens that were to be fabricated at PNNL would

the NR have been used to evaluate the irradiated and un-irradiated creep properties of

Program: candidate Prometheus space reactor cladding and structural materials. The
technology that was developed during this specimen fabrication campaign could
potentially be applied to future NR program biaxial creep studies.

Future Action:  Due to the termination of the NR program effort to deliver a space reactor for the
Prometheus Project, no production biaxiat creep specimens will be fabricated for
this test campaign. The unused specimen components, including tubes and
endcaps, will be retained at Bettis for potential future use. The laser micrometer
that was purchased for this program was shipped to the NASA-Marshall Space
Flight Center (Huntsville, AL).
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Table 1. EB Weld Parameters

Material Voltage Beam Beam Focus from | Weld Speed Weld Time Set
{kV) Current (ma) | Work Surface (in.) (sec/rev) Cycle (sec.)
Haynes 230 100 1.7 0 1 2
Alloy 617 100 1.7 0 1 2
Nimonic PE16 100 1.7 0 1 2
FS-85 110 45 Over 30 2 3.5
ASTAR-811C 100 4.5 0 2 3.5
T-111 100 45 0 2 35 -

Table 2. Laser Weld Parameters

Material Aperture | Attenuator | Monitor Focus Lens Voltage Spot Size
Volts (in.} {Volts) ~{in)

Haynes 230 100 0 85-87 6 25 0.747
Alloy 617 100 0 85-87 6 25 0.747
Nimonic PE16 100 0 85-87 6 25 0.747
FS-85 100 0 194-197 6 36 0.747
ASTAR-811C 100 0 194-197 3 3.6 0.747
T-111 100 0 194-197 6 3.6 0.747
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Figure 1. Biaxial Creep Specimen Assembly Drawing (1 of 2)

PRE-DECISIONAL - For Planning and Discussion Purposes Only

I t H * L] s I [ i 1 | ’




B-MT(SRME)-50
Page 14 of 24

o a _ ez man L] t w ' +

s
11 W]
o1 N 534Tadv maivd
N‘\H ~ [vfise" 2TO)]
300 P

TNy .
H  ZSer Ml L 0f JSTELRATE-110V-10
7 A T LW @
¥ FINTONE AL BT Sidvad

gy mw |

E

ATAWISSY
NIW1D3dS dI3UD TVIXVIA
1-0A0r / L12duN
VO
AArL0h 111V § QT AL

SOn3 HI0A

oo 7] ; | R »— s

ITITITLIIITETTE ST ETIT L LTI TIIL S VIS TS IASA ST S yIIIIIY

R % s
100" TS B li.HWM_ ................................. W]/nx
N A

71 A A EEFEIIIEFIITLIEEILET IO IITIEE LTS ETIEEEIIOIIIEIEL ¥
S

W CODLECDD, @

SinL 0N

T T Ko VI e ™
iﬁm}u VAN T ThHE TABRAD) TRV LV D

e66sias |

, - 500" 50523 S
|'
fi +{1 @
; ,\ a I e | | E
\\x X Sag-ast al_ \\\ .
— \ 204" 7200 - \ Ltsg
\\ ﬁ T \ . “
1 U H . \ r....,a
9 % Ns..ﬁ:. % ITEE

|
]
Fam

T2 R4 NTIIXE e e

Figure 2. Biaxial Creep Specimen Assembly Drawing (2 of 2)
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Figure 3. Twenty-four specimen, rotating EB welding fixture
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Figure 4. Example of an un-welded specimen component set (top) and a specimen that has been EB
and laser-seal welded (bottom). For both specimens, the top endcap is on the left of the
tube and the bottom endcap is on the right.
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Figure 5. Biaxial Creep Specimen Fabrication Flowchart for Weld Qualification
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Figure 6. Production Biaxial Creep Specimen Fabrication Flowchart
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Figure 7. Laser micrometer scanner assembly
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Figure 9. Electron beam weld of Haynes 230 (60x)
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Figure 10. Initial and cosmetic electron beam weld passes of FS-85 (80x)
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Figure 12. Undersize laser weld in ASTAR-811C (70x)
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Figure 13. Incomplete laser weld in T-111 (70x)
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Figure 14. Typical convex laser weld shape in FS-85 (70x)
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Figure 15. Flat laser weld shape in Nimonic PE-16 (70x)
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Table 1. Biaxial Creep Specimen Von Mises Stresses for Increasing Weld Concavity
Stresses in MPa
Position Reference 3 mil 6 mil 9 mil 12 mil
Weld1 59.6 68.3 79.0 93.6 114.5
Weld2 105.1 104.1 103.8 103.1 102.5
Base 133.9 133.8 133.4 133.1 132.9

Table 2. Biaxial Creep Specimen Radial Displacements for Increasing Weld Concavity
Deflections in inches

Position Reference 3 mil 6 mil 9 mil 12 mil
Weld1 0.00101 0.00098 0.00096 0.00093 0.00091
Weld2 0.00101 0.00101 0.00101 0.00101 0.00101

Base 0.00104 0.00104 0.00104 0.00104 0.00104

Conditions corresponding to above analyses (bold indicates differences relative to original analysis):

8325 psi internal pressure

1071F uniform temperature

Haynes 230 material of construction

reported stesses: linearized equivalent membrane stresses

weld depression width held constant at 0.020 inches

weld residual stresses assumed to be relieved

axisymmetric model

square notch modeled at interface between cap and wall in backing region (evident in Figure 1)

notch assumed to be partially consumed during weld process: resulting axial gap length
reduced to 0.020 inches as measured from cap bottom

fill plug weld assumed to produce flat top

weld concavity considered at upper joint only

wall membrane stresses not reported; no variation from previous analysis
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Figure 1. Biaxial Creep Specimen Stress Linearization Cut Lines
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Figure 3. Biaxial Creep Specimen Von Mises Stresses Corresponding to 3 mil and 6 mils of Weld
Concavity
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Biaxial Creep Specimen Von Mises Stresses Corresponding to 9 and 12 mils of Weld
Concavity
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Pacific Northwest
National Laboratory

Operated by Batielle tor the
December 9, 2005 118, Drepaniment of Encrgy

KAPL Inc.

Aun: Steve Hayden (M/S 111)
P.O. Box 1072

Schenectady, NY 12301

Dear Mr. Hayden:

TRANSMITTAL OF BIAXIAL CREEP SPECIMEN ELECTRON BEAM AND LASER SEAL
WELDING DEMONSTRATION TEST REPORT

Enclosed is PNNL-15537 Rev.0, Biaxial Creep Specimen Electron Beam and Laser Seal
Welding Demonsmration Test Report. The NRPCT provided comments to a drafi version of this
document in the Information-to-Vendor (1V): Biavial Creep Specimen Fabrication, PNNL-5PP-
(5-0004 Revision 6, dated November 30, 2005, All comments have been incorporated and’or
resolved in Rev. & of PNNL-15537.

This submital satisfies the {inal detiverable defined in Revision 5 of IV PNNL-SFP-03-0004. In
addition. PNNL centifics herein that all work was performed as requested in the IV and that the
unused parts and metallographic mounts were shipped 10 Ms. Jessica Bump at Bettis Atomic
Power Laboratory on December 8. 2005. A radiological survey of the parts and mounts was
completed and a copy of that survey was provided with the hardware.

Once all the PNNL records associated with this work have been submitted to project records the
work packages associated with the biaxial creep work will be closed and no further charges will
be incurred by the project. It is anticipated that this will be completed by the end of December.

If vou have any questions, please contact Dean Paxton at (509} 375-2620.

Sincerely,

A A
Chad Painter
Project Manager
Space Reactor Malerials Irradiation Testing Project

cc: Jessica Bump, BAPL.
"~ Diean Paxton, PNNI.
Ken Buxton, PNNL
Us-017
9067 Batiole Bovlonarl @ PO Bux Wt o Rickland, WA 99352

e~

Telephoue (5097 3724112 B Eand chad painter@lpal gov B Fax (399 377 6421

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment B to
B-MT(SRME)-50
Page 3

Space Reactor Materials (SRM) Irradiation
Testing Project

Biaxial Creep Specimen Electron Beam and Laser Seal
Welding Demonstration Report

PNNL-15837
Revisinn No. 0

Issue Date: December 2005

Client: Knolis Atomic Power Laboratory

Project No: 48552

Prepared By: § 522 A 2\&:,.-/:“‘ ! z/&'/ﬁ"s
SKRM Weld Engineer o Date

Reviewed By: %M% [2'\1 ‘OS
SRM Biaxial Creep Task Manager Date
7
Approved By: 1‘%// ,M—’La / Z/ 7/ o5
SRM Project Manager Date
Review By: __,&/ g J’ e O (
SRM Auiborized b:r‘wmij-c Classificr Date
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Bipxs! Creep Specimen Electron Beam and Laser Seal Welding Demonstration Report

PNNL-13337 Rev.0 1

1.0 INTRODUCTION

PNNL deveioped welding parameters for clectron beam (EB) welding and lascr beam welding processes
to support fabrication of biaxial crecp specimens intcaded for irradiation i the JOY O experimental fast
reactor in Japan. A plan, Quafification Tesi Plun for Biuxial Creep Specimen Efeciron Beam ard Luser
Seal Welding (SRM-PLAN-G(G3 Rev.0). was prepared and issued in July 2005. Based on direction from
the Naval Reactors Primg Contructor Team (NRPCT). the qualification plan was modified in September
2005, due to cancellation of Project Prometheus by NASA, to lmut the qualification effort to a weld
demonstrazion focused on verifying etectron beam and laser seal weld parameters (with no pressure
retention). The demonstration includes Jimited mspections consisting of visual, radiography, and
metaiiography. The demonsization effort was performed with ro farmal quality assurance oversight or
documentation. The modified scope included completior. of Data Sheets, Welding Procedure Sheets, and
a Weldmg Procedure Record. This report summarizes the results of the limited weld demonstration effort
and reports the weld parameters developed for the vanious ailovs as well os the mspection results,

2.0 DESIGN SPECIFICATIONS AND DRAWINGS

‘The docvments listed below describe the scope of work and technical requirements applicable to the
fabrication of biaxizl creep pressurized tbe specimens.

21 KAPL, Inc, Information-to-Vendor, Biaxie! Creep Specimen Fabrication, PNNL-SPP-05-0004

22, RDT Swmlanl. Weldirg of Reactor Core Components and Test Assemblies, RDT {NE) F 6-2T.
dated July 1973 and PNNL cxceptions 1o application of standard

23 Pacific Northwest National Laboratory, Space Reactor Materizls {SRM) Irradiation Testing
Project Quality Assurance Plan. SRM-PLAN-002

24, Bechiel Bewis Inc. Drawing, Braxvial Creep Specimen Straught Waoli, SK-DPM 10ROYGT

235, Bechel Bettis, Inc. Drawing, Biaxial Creep Specimen fnspection Groove Bottom End Cap,
SK-DPM 1051705

16 Becntel Bewtis, Ine. Drawing, Biaxial Creep Specimen Inspection Groove Top End
Cap/Provrasion, SK-DPM3031 705

27 Bechtel Beutis, Ing. Drawmg, NRPCT # JOYQ-1 Biaxial Creep Specimen Assemibly, SD13996

3.0 RESULTS OF WELD DEVELOPMENT AND DEMONSTRATION

The following welding processes and inspections were performed on six specimens from each alloy of
interest which included Haynes 230, Alloy 617, Nimonic PE16, ASTAR-811C, T-111 and FS-85. The
wall of each tube section was drifled through so that when s2al.welded the specimen did not retaun any
pressure. As requesied, the Nimonic PE 16 specimens were hear treated following electron bzam wetding.
but before radiographic inspection. Each swep in the weld demonstration sequence for a single alloy was
documented on the WELDING PROCEDURE DEMONSTRATION RECORD form along with the
individual specimen identification numbers, This demonstration record is included in the data packages
which are organized by alioy type and included as Attachments -6 to this repot.
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Biaxial Creep Specimen Electron Bearn and Laser Seal Welding Demonstrazion Repornt

PNNL-[3537 Ruv. O

[ §¥]

3.1.  Electron Beam Welding Parameters

Electron beam welding was used to anach endeaps onto each end of tube sections. The weiding
parameters jor this demonsiration were established based on previous welding experience and confirmed
during weld development trials. For the puposes of this welding demonstration, six consecutive
specimens were welded with no adjusiment of the welding parameters. which are included in the alloy
data packages. Based on prior expericnee with this contiguration, the clectron beam position in tie
endcap-tube joint was offset towards the tube by 0.002 in. during welding to facilitate filling of the
rzdiography groove and to manage the hea: balance. In addition, the selection of a DC spot size was tsed
10 provide the deepest weld pentetration with the minimum width, However, 3 circle beam ($ divisions)
was needed to sofien the beam to improve the surface condition when welding the FS-85 spacimens. The
surface condition of this alloy was considerably rougher than the other alloys welded with the DC spot.

Followiny the initial weiding of the six F5-85 specimens, visual inspection revealed oxeessive undercut
which could have jeopardized the integrity of the capsule and caused rejection. The weld engincer
directed the welding operator 10 spply a cosmctic pass 1o climinate the undercut and provide a smooth
uniform weld bead. Applying a cosmetic weld pass is o common practice to improve weld surface
irregularties with the clectron beam process. For future welding of FS-85 specimens with similar surface
condition. further development could he performed to ehiminate the nead tor a cosmehc pass, if desired,

32 ¥iual Examination of Electron Beam Welds

Weld inspection was parformed in accordance with the Qualification Test Plun for Biaxial Creep
Specimen Electron Beam Welding ard Laser Beam Welding, Attachment 9: Visual Examination
Requirements for Eleciron Bearm and Laser Beam Welding. The twelve electeon beam end closure welds
(one top and one hortom) for each alloy n/pe met the specified visual wnspection entena and were
considered acceptable. A cosmetic weld pass was applied to the FS-8S closure welds 1o eliminate
excessive undercut that would have been cause for rejection. The modificaton 1 the welding parameters
was docurncnted in the weld record as a part of the welding procedurs specification.

33 Heut Treatment of Nimonic PE16 Alloy

Six PE16 specimens were heat treated following electron beam welding. The heat treatment was done m
338 Building, using a Thermal Technology vacuum furmace with molybdenun: heating elements. The
specirteus were cleaned in alcohol and wrapped in molybdenum foil. This foil packege was heidun a
stainless steel support 5o the specimens would be in the hot zone of the furnace. The following heat
treamment was used:

Pump down 10 ~1 » 10” torr,

Heat 10 800°C, hold for 2 hours

Back fill with argon to ambient pressure
Cotd 1o < 250°C

Heat i0 T00°C. hold for 16 hours.

Back fill withh argon to ambicnt pressure
Cool to room temperature

_-dQ\MJ—-'-‘-'!u\‘—'

The first haating eycle (R60°C) was completed on October 21, 2005 and the seeond heating evele (700°C)
was completed on October 22, 2005, Vacuum was generally in the 16 worr range, and the highast
pressure { 1.5 € 1)* torr) occurred as the temperature reached 800°C. The foil package was clean and tree
of any evidence of oxidation, and the specimens also appeared to be clean and shiny. No probiems wers
encouniered in the heat treatmer.

PRE-DECISIONAL - For Planning and Discussion Purposes Only
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Biaxial Creep Specimen Electron Beam and Laser Seal Welding Demonstration Report
PNNL.15537 Rav, O 3

34 Radivgraphic Exaininaton

The nickel-base alloy specimens were radiographed by Cogema Engineering (a subsidiary of Areva)
under subcontract to PNNL for inspection services. These specimens were inspected using o high-
frequency 160kY Philips x-ray system and were considered accepiable. The documentation of this
inspaction is mcluded mn the data packages for the three nickel-hase alloy specimens in atlachments 1-3 of
the report, Unforrunately, Cogema Engineering was unable 1o mdipgraph the refractory alloy specimens.
In the past, Cogema staff has radiographed high-density materials, including refractory alioy biaxial creep
pressurized tube specimens, but at ancther Department of Energy facility (306E Building) located in the
309 arcs on the Hanford Site that included a shiclded vault for usc of a higher penetsating 450KV x—ray
system. This higher power system is not availablz in the current Cogema Eagincering inspoction services
location due to inadequate shielding. A letter from Cogema Engincering deseribing the radiography
situation is nzluded in each data package for the refractory alloys, which are included zs attachments 4-
of this report. In the event that radingraphy of Ta and Nb specimens had been required during specimen
production. access to the 306E buiiding would have been feasible for 2 limited time with proper
administrative approvals by PNNL and Cogema Engineering.

35 Laser Seal Welding Parameters

Laser seal welding was used to close the gas fill hole in the top endcap of each specimen. The parameters
for this demonstration were established based on previous welding gxpenience and confimmed during weld
development irials. For the pumoses of this wekling demonsiration. sia consecurive specimens were
welded with no adjustment of the welding parameters, which are ducumenied for each alloy in
Attachments {6,

3.6 Visaal Examination of Laser Seal Welds

Weld inspection was performed in acoordance with the Qualificarion Test Plan for Btaxéal Creep
Specimer Eleciron Beam Welding and Loser Beam Welding, Attuchimens 9; Visual Examinction
Requirements for Eleciror Beam und Laser Beam Welding. The laser beamt vent closure welds for five of
the six alloy types met the spocified visual inspection criteria and were considered acceptable. The T-111
laser beam ven: closure welds were rejected due to incompletz weld. However, for all aliovs the weld
bazd contour and surface condition varied extensively. The nomally bright convex bead was presenton
fewer than halt of the welded specimens. This may have bzen due to inconsistent cleaning of the top end
caps. Itis critical that the vent hole be free of machining fluids. oxides and general debris. The majenty of
the ven! closure weids appeared flat with a dull textured surface: however, nothing in the appearance of

these weids was cause {or rejection. The soundness of the weld was determined during metallographic
cxamination.

3.7 Metallographic Examinatien

The twelve Electron Beam zad closure welds (one top and ene bottom) for ASTAR-81 1C, T-11 1, FS-85,
Huaynes 230, Alloy 617, and Nimonic PE16 met the specified metaliographic examination critesia and
were considercd accepuable. The specimen numbers in Attachments 1-6 refer o the engraved
identification on the endcap for the pressurized tube assernbly, whereas the samiple numbers were
assigned to each metallography sample (10p endeop + laser scal weld, bottom endcap) for internal
reference at PNNL. As printed in the attachments, the electron beam photomicrographs ar¢ at ~60X
magnificafion, 2xcept for the FS-%5 specimens which are at ~80X magnification. All of the laserseal
weld photomicrographs are printed at ~70X magnification. The faser beam vent closure welds on
ASTAR-811C and FS-85 were rejected in metallographic examination dus to undersize welds as
desceibed in Table 1. For this joint configuration. undersize welds were considered to be those weids that
were smalker than the wall thickness of dre tube section, .¢. the minimum leek path, The laser beam von
closure welds on T-111 and FS-83 alloy specimens were rejected duc to incomplete welds that did not
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Biaxial Creep Specimen Electron Bearn and Laser Seal Welding Demonstration Report

PNNL-15537 Rev. 0 4

Table 1. Summary of Laser Seal Weld Metallography and Disposition

i Alloy Sample# | Disposition Rejection Criteria
' Nimonic PELS A-1019 Reject Cracking
A-107] Raject Cracking
A-1023 Accepiable NiA
! A-1025 Acccptable N/A
A-1027 Accentable N/A
A-1029 Raject Cracking
Alloy 617 A-10M Reject Cracking {
i A-1033 Accoptable N/A ;
y A-1035 Raject Cracking i
i A-1037 Raject Cracking :
A-1039 Accepuable N/A
A-1041 Aceeptable N/A
{ Haynes 220 A-1043 Acceptable N/A )
i A-1045 Accentable A
; A-1047 Reject Undersize Weld
i A-1049 | Rejeat Undersize Wedd
: A-1051 Reject Cracking
: A-]053 Reject Undersize Weld
i
_T-1i A-1055 Rejoct Incomplcre Wekd
; A-1057 Accepable N/A
A-1050 Azcoptable N/A
A-1061 Reject Undersize Weld
A-1063 Acceptable N/
A-1065 Acceptable N/A
ASTAR-Ri1C A-1067 Ascepuable N/A
A-1069 Acceptablz N/A
A-1071 Accepuabiz N/A
A-1073 Rejedt ) Undersize Weld
A-1075 Reject Undersize Weld
A10TT Acceptable N/A
FS-35 A-1079 Rejsel Undersize Weld
i A-1081 Reject Undersize Weld
! A-1083 Acccptable N/A
; A-1085 Reject Undersize Weld |
A-L087 AZcentablz N/A |
i A-1089 Rejcct Incompleis Weld 1

close the capsule and left the veat kole open. The laser beam vent closure welds on Haynes 230, Alloy
617 and Nimomc PE16 were rejected du to eracking. Further evaluation could determine whether the
ohserved cracks in the Ni-base atloy faser welds would adversely affect performance.

Inadequate cleaniag reduces the flow charzcieristics of the metal, Contamination of any kind wiil affect
the flow characteristics of metals during welding, Contaminatios can be located on the metal’s surfzoe or
within the ractal. Oxides that readily form on metals sct as & barricr inhibiting the ability of molten weid
metal to wet or flow, Some welding processes vse flux or aliernating current to reduce oxides and
scavenge impurities from the molten weld metal. Electron beam and laser beam welding rely on the weld
chamber vacuum quality, purity of the base meral, and cleanliness of the surface 1o conmol weld quality ag
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fanx is not suitable for these processes. Impurities within the metal can prroduce gases that can zffect weld
quality generaliy by the formation of porosity. The rapidity of the laser beamn weld cvele makes it
pasticularly sensitive (o any contarpination.

It was roted during metaliographic examination tha: the vent holes were drilled to the extreme upper end
of the dimensional folerance with many drilled off center. The oversize hole causes much of the laser
energy to pass through the hole reducing the weld size. The large weld size in the nickel-base alloys may
he responsible for the ohserved cracks. This is due to the large hole diameter. Excassive power is required
to melt the surrounding metal ard fill the hole, High shrinkage strasses are developed as the weld metal
solidifies resulting in center line cracks.

Drilling of the Laver Veat Holle is critical to the suscess of the taser welding/iclosure operation, Based on
previous experience with this joint configurstion, eptimal hole sizes were s close as possible to the
nominal 0,005 in. diamcter as specified on the drawing, The upper tolerance is provided for the additional
metzl removed from the cleaning of refractory metals. Additionzlly, the smaller hole reduces the risk of
crackmg in both the refractory and nickel hage alloys.

38 Demonstration Summary

PNNL suceessiully demwnstrated the czpability to clectron beamn weld biaxial ereep pressurized tube
specimens for the three nickel-base alloys and dhree refrectory alloys. The laser scal welding of the six
allovs was less repeatable and would require additional work to be considered fully demonsirated.
Improvements in endeap cleanliness and laser welding pammeter optimization would be necessary 1o
successtully demonstrate the laser seal welding biaxial creep pressurtzad wbe specimens. In addition, the
large vent holes and the off-center position created a threshold condition which may have contributed 10
the poor weld demonstration results. Dimensional consistency of components is essential © producing
acceplable welds,

3.9 Future Capability

The electron beam welding and laser seal welding equipment will be used for other applications at PNNL
after the closeont of this contract. However, the infrastructure specific to biaxial creep specimens, such as
the fixturing, records, procedures and experience will remain intact ar PNNL. and availabie for sirilar
wark if the programmatic need should arise. It should be notex thar the wekd parameters documented in
the data packages are specific (o the high-power density electron beant welding equipinrent ssed w
perform this devwonstration. The combination of detorstrated cguipment. skilled personnel, and
established infrastructure ar PNNL will be ready and available to conduct sirmilar materials fabrication
and welding devolopment work in the futre. A summary of the capability and photographs of the
welding equipment used to perform this work at PNNL are provided in Attachment 7.

The equipment used to perform these welds ac well as the tfumzce used to heat treat the Nimonic PE16
specimens were caiibrated in preparation for 2 formal qualification and a record of these calibrations is
provided in Attlachment 8. A list of all equipment, servics and supplies purchased to support the work
dexcribed in NRPCT TV# PNNL-5PP-05-004 is provided in Anzchment 9. PNNL recommends that all of

the applicable items listed in attachment 8 be dispositioncd as “abandon in place™ duc to the speeific
nature of the equipment.
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ATTACHMENT 1

Weld Demonstration Data Package

for

Nimonic PEl6

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment B to
B-MT(SRME)-50

Page 10
Test kngineering WELDING PROCEDLRE
Rattelle Northwest Eiectron Beam Welding Process
P.O. Box 999
Richland, WA 99352
Base Material & Form: Nimonic Nickel Alloy
Tube and Har
Filer Marerial, Form, Size: NJA
- = 78—
p Preheet: N/A Postheat: NA
i <= T e
ot e Weld Positior: 1G
:’ No. of Pagges- 1
™
L “Cosmetic” Pass Used: No
N
: Gun Type. CLR 32
M.
N ; Lap-Over {in/deg) 90°
\ »,
W >
¥ b Type Backing: Intergral
- L
< ! Machme Make or 5/N: Hamilton Std. EBW S/N 601
Additional Info..  Faver mhe all by apprex .002
Drawing Number Foint Asscmbly Number Date Welding Operators
0156 NA 12 Oct. 2608 A. Asa Jones
“Penetration Pass™
PROCESS VALUES
YVollage (KVi 100 Deflecton None
Beam Canrert: a0 1.70 Tvpe DC Spot
Beam Focus From Work Surinse 0" Size Min.
Heat Shicld From Work Distance £3/8™ Frequency (Hr) IN/A
Weld Specd (sec'ren) 1 Maodulaticn Set N/A
Weld Speed (nsmmi 43 2 ddiing Sex N/A
Weld Tine Set Cyele {Sec.) 2 Vacuur jtorr) Uik
Pise St Min. Bearr-to-Joint Offset N/A
Fafl Set x1 @ 1§ Position Beamar 0" Fayar tobe by .002
Rataten $pd Satting 1 sec.

i propadute 1s m accordarces with:

Betnts 1V £ PNL-SPP-05-004

Crriginal issug:

Rev.No. _f1
Res. No,

Rav. No.

Frepared by

Procedurs Na,

A, Ass Jone

Approved by

Bettis — EB- 140

ekl s)los

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment B to
B-MT(SRME)-50
Page 11

WELDING PROCEDURK DEMONSTRATION RECORD

Procedure No. Bettis - EB- 100

No. of Sampios Required __ 6

Prepared by:_A.A. Jones Date:_El Oct. 2008
Welding Operator Name_daaJones =" ™)
>

RDT Section _& Category __4 Welds Made ox: 3 4

Sample Tdentlfication Nos _ Sce Remarks Welding Equigmment 1D_EBW _S/N o)

Comtponent Inspection Report Nos __ NJA Weldlag to Procedure Witoessed by_ N/A

Material ID gud Heat No N imoni¢ PE-16 PROCRAM_ Bettls Biaxial Cretp Soecimeny

) . NO.OF | REFORT NO,
CHARACTERISTIC REFERENCED SAMPLES | ORLABID [acc |res| TECH-OR |4 op § RuMARKS
SPECIFICATION INSPECTOR
REQUIRED NO.

Comp, Cleanéd Bettis Procedure #  N/A [ N/A

Visual (Weld) NE F6 21 Sec. 6 Para. 6.3.2 3 < SESTNAMNE
Helium L.cak Test NE Fé-21 Sec. 6 Para. 6.3.6 N/a N/A

Radiography NE F6-21 Sec. 6 Para. 6.3.4 [3 [ v fo Lip 2085
Pressure Test Bettis Procedure ¢ N/A N/A 4 N/A

Metallography NE F6-2¢ Sec. 6 Pars 6.3.7 3 " ; A PR
Dimenisional - Druwinﬁgpiremelu & o 2 , of

Record Data Reguired For Procedure Yes | No ] Completed emar
Qualification Package ‘ Sample s

Metallography Report and Mount Nos. X [ Specirmen Numbers Top B‘{“""’
Metallograpky Photoy {information) X v :‘:ﬁf i’:g_"(: t‘ ‘gg
Radicgraphy Report Xl i A-ABD A-1023 A-1024
Hdlium Lok Rate X A-AHF A-1028 A-1026
Copy of the Procedare X i A-AFL A-1027 A-1028
PressureTestData =~~~ | [ x{ A-AGW A-102% A1D30
Pressure Test Specimens X

Tensile Test:Data X

Tensile Test:Specimens X

Approval:

TA Delucc! P

DM Paxtan, i

‘1) Hays N/A
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TEST ENGINEERING
BATTELLE NORTHWEST
P.O. BOX %99
RICHLAND, YA 39352

WELDING PROGCEDURE

1
e -

LASER WELDING PROCESS
MATERIAL: Nimonie Alloy (nickel based)
THICKNESS: 0.03
PRE-CLEANING: Yas
COVER GLASS: Quartz
MACHINE MAKE: Korad
MACHINE MODEL: KWD

ADDITIONAL INFO

—

Evacuate and back fill with

UHP helium three times prior to welding.

DRAWING NUMBER JOINT ASSEMELY NO.

DATE

WELDING OPERATOR

5015996 N/A

11 Oct. 2005

Asa Jones

SEE WELDING PROCEDURE DESCRIFTION

Betlic V # PNNL-SPR.O5006 FOR QUALITY REQUIREMENTS.

PROCESS VALUES
ROD TYPE & 1.D. NO., Nd:YAG VOLTAGE 2.5
APERTURE 100 SPOT SIZE 0.747
ATTENUATOR 0 JOULES / PULSE N/A
MONITOR VOLTS 85-87 ATMOSPHERE Helium
SCALE FACTOR N/A PRESSURE 0-3000 PSIG
FOCUS LENS 6" PULSE WIDTH Position #3
NO. OF PULSES 1 ormore
FREFARED BY: ORIGNAL ISSUE 11 Oct, 2005
Asa Jones REV. NC.
REV.NC -
REV.NC.
LAPPROVED FOR TEST ENG NEERING PROCEDURE NO.
g[ 7.4 diue b q"ggﬁg‘ 5 Bettis - Laser - 202

LI
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Procedure No. Betths - Lasor- 200

No. of Samplés Required ___§

RDT Sective _8 Category

4

Sample [dentification Nos __See Remarks

Component 1nspection Report Nos

NIA

Material | D snd Heat No _Nimonie PE-16

Prepared by: A.A. Jones Date:_1] Oct. 2005

Welding Operator Name__Asa Jongt

—

Welds Made ou:, A
Welding Equipment ID_Korad KWD

Welding to Procedare Witnessed by_ N/iA

PROGRAM_Bentis Rinxial Creep Spocimens

TA nuuumiﬂ/ﬁ dex h ’c_itac'm\

DM Paxton ) /§_dlue o szc}-"*-»

TD Hays N/A

PRE-DECISIONAL - For Planning and Discussion Purposes Only

. NO.OF REPORT NO. I
CHARACTERISTIC s?ggg%:%:& SAMPLES | ORLABID |acc |REa n;;;’:ic?gn DATF | REMARKS
REQUIRED NQ.
Camp. Cleaned Bettis Procedure # NiA [] N/A
Vismal (Weld) NE Fé-2x Sec. 6 Para. §.3.2 ] v oo
Helium Lesk Test NE Fé-2t Sec. 6 Para. 8.3.6 NiA N/A
Radiography: NE Fé6-2t Sec., 6 Pars, 6.3.4 N/A N/A
Pressure Test Hertls Procedure # _DN/A N/A N/A
Metaliographiy INF K624 Sec. b Para 6.3.7 o v A o P
Iimensional Drawing reguivements b v L 11a I:.g
Record Tiaés Required For Precedure | Yes | No | Completed Remarks
Qualificarion Package
Metallography Report and Mount Nos, X v Specimen Numbers Sample #'s
Metalivgraphy Photos ( nformation) X el :ﬁg :'i ggl
- m - <1092
(RadtographyReport | [ X [ | ~MIC N
Heliuin Leak Rate A A-AHF A-1093
Copy of the Frocedure X v A-AHS A-1U93
- | Pressure Test Data X A-AGW A-1096
Prassure Test Spocimens X
Temile Test Data X
| 1emsile Test bata
Tensile Test Spechpens X
Approvak
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Biaxial Crecp Specimen Elecron Beam and Laser Seal Welding Demonstration Repen

PINNL-13337 Rev. ¢

ATTACHMENT 2

Weid Demonsirasion Dzta Packegnz

for

Alloy 617
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Test Engiveering WELDING PROCEDURE
Batteile Northwest Electren Beam Welding Process
P.O. Box 999
Richland. WA 99352
Base Maleriai & Form: Alley 617
Tube and Rar
Filler Matenal, Form. Size: NIA
Preheat: N/A Postheel. NA
Weld Position: 1G
No. of Passes: 1
i ! A
:] h “Cosmenc™ Pass Used: No
M
o
: Gun Type: CLR 32
I
N Lap-Over {invdeg) 90°
N \
N N Type Bacling: Intergrai
N
N .
\ N Machine Make or S'N: Hamilton Std. EBW $/N 601
A
Additionn! Info.: Favoer wube all by approx 002
Drawing Number Joint Assembly Number Date Welding Operators
5015996 N/A 19 Oct. 2005 A. Ass Jones
YPenctration Pass™
PROCESS VALUES
Volage (KV) 100 Defiection N\ Dne
| _feam Curzent {ma) 1.70 Tvpe DC 5pot
Bzary: Focus From Work Sarface o Size Min,
Hear Skictd Fromy Wark Distance ) 538" Frecusney (Hzy N/A
‘Weld Soeed {secirev) 1 Modulatior: Se: NJA
Weld Speed {infmin) 47 Puddling Set N/A
Wl Time Set Cvcie (Sep) 2 Vacuum {torr) W
Rise Set Min. Beem-to-Jorat Oflset N/A
Fali Ser 1l @ 1 Positlipn Beama o Favor tnbe by 002
Rotation Spe Satmg 1 sec. :
This proccdure i3 in aceordance wilhs Orignaol Isstic:
Rev. No, 0
Bettis IV ¥ PNNL-SPP-5-604 Rev, No.
Rev, Na,
Preparcd by
Procedure No.
A. Asa Jones
Approed by Bettis — EB- 101
C T (7 { 24“541 el (oS"
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WELDING PROCEDURE DEMONSTRATION RECORD

Procedure No. Bettis - EB- 101 Prepared hy: A A Jones Date:_1] Oct. 2008

I
No. of Samples Required 6 Welding Operator Name__Asa Joncs =
RDT Section 8 Category __ 4 Welds Made en; /2 : &
Sample Identification Nos __Soo Remsrks Weldiag Equipment ID_EBW SN 601
Component lnspection Report Nes ___NJA Weldiag 10 Procedure Witnessed by N/A
Materlal ID and Heat No _ALLOY 617 PROGRAM_Bottis Bisxisl Creep Specimens

NO.OF | REPORT NO.

H
CHARACTERISTIC REFERENCED SAVMPLES | ORLABID |acc |res| TECH.OR ., | vumarks

y SPECIFICATION REQUIRED NO. INSPECTOR
Cowp. Cleanid Bettis Procedure ¢ N/A 6 NA
Visual (Weld) NE F6-2t Sec. 6 Para. 6.3.2 [ v’ tofia
Helium Lexk Test NE F6-21 Sec. 6 Para. 6.3.6 N/A NIA
Radiography’ NE F6-2t Sec. 6 Para. 6.3.4 ¢ L Lloa X -2 785
Pressure Test Benls Procedare #  N/A NIA, " NIA
Metallography NE F6-2t Sec. 6 Para 6.3.7 3 & A
Dimensional | Drawing requirements [ - (fo

Record Datit Required For Procedure | Yes | No | Completed &
g.ﬂ_ﬂcamm Package Sample #'s

Metall Report and Mount Nos. X P Specimen Nurabers Top Boutom
Meralography Photos (Tnformation X v :—A\ﬁ-‘: }:“112;‘ 2‘}3;:

. h X -4 - - =i
Radiography Report VAR Bryvv A1035 A-1036
Heliom Leak Rate X < A-AAH A-1037 A-tU33
Copy of the Frocedure X v A-AAL A-1039 A-1040
Pressure Tedt Data X A-AAJ A-1041 A-1042
Pressare Tess Speeimens X
Temsile Test.Data B O '3
Tensile Test Specimens X

Approval:

NiA
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e

TEST ENGINEERING
BATTELLE NORTHWEST
P.C. BOX €99
RICHLANE, WA 99352

VIELDING PROCEDURE

LASER WELDING FROCESS

Ty

N S ND e S
+

m. T ADDITIONAL INFQ:  Evzcuate 2nd back fill with
L// /'/ s | - T - . .
t /s yd i UHP helium three times pricr to welding.
Tt -—————--—-9-%-:««'—-- = %
- : | i
I i f
- ,.,.__&'- "-' ': -

MATERIAL: Alloy 577 (nickel based)
THICKNESS: $.03
PRE-CLEANING: Yas

COVER GLASS: Quartz
MACHINE $MaXE: Korad
MACHINE MCDEL: KWD

DRAWING NUMBER

JOIRNT ASSEMBLY NO.

DATE WELDING CPERATCR

501599¢ NIA

Asa Jones

11 Oct. 2005

SZEWELDING PRCCEDURE DESCRIPTION

Setis IV ¥ PNNL-SPP-05004 FOR GUALITY RTQUREMENTS.

PRCCESS VALUES
20D TYPE 21D, NO. Nd:YAG VOLTAGE 25
APERTURS 100 SPOT SIZE 0.747
ATTENUATCR 0 JOULES / PULSE N/A '
WMONITOR VOLTS 85-87 ATMCSPHERE Helium
SCALE FACTOR NIA DRESSURS £-3600 PSIG
FOCUS LENS & PULSE WIDTH Position # 3
ND. OF PULEES 1 or more
SREPARSDEY: ORIGNAL ISSUE 11 Oct. 2005
Asa Jones REY. NO.
T T REV-ND- s —_ o ToT oo —-+
REV. NO
APPROVES FOR TE5T ENGINSERING PROCEDUEE NO.
Na due b restion Bettis - Laser - 201
M, ]
=D
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WELDING PROCEDURE DEMONSTRATION RECORD

1

|
Procedore No. Bettis » Laser- 201 : Preparcd by:_A.A- Jones Date:_11 Oct. 2005
No. of Saunples Required ___ 6 Welding Opcrator Name_Asa Jones iy
RUT Section « 8 Category __a Welds Made on: 30 LA e i

: =
Sample Identification Nos _ See Remarks Welding Equipmeat ID_Korad KW
Component Enspection Report Nos N/A Welding to Procedure Witnessed by_ N/a
Material ID apd Heat No __Allov 617 PROCRAM_ Bettis Biexisl Crecp Specimens

5 NO. OF REPORT NC.
REFERENCED TECH.OR o
CHARACTERISTIC SPECIFICATION SAM!’I.ES OR L'AB D ACC | REX INSPECTOR DATE | REMARKS
REQUIRED NOYL
Comp. Cleaned Bettis Procednre 2 NIA [ NoA
Visual (Weid) NE F6-2t Sec. 6 Para. 63.2 3 P AT~
Helium E.cak Test NE F6-2t Sec. 6 Para 63.6 N/A - NJA
Radiozraphy NE F6-2t Scc. 6 Para 634 NIA NA
Pressure Test Bettis Procedare # NiA N/A NJA
Metallography NE F6-2t Scc. 6 Para 6.3.7 6 ViR = A A A
Dimeanstonal Drawinz requirements 6 -~ ? ylealed
Record Data Required For Procedure ¥es | No | Complcted . Remarks
Qualification Package o
Mctalloaraphy Report and Mount Nos. X v Specimen Nombers Sample_ S
Mctallography Photos (Tformation) X - g::g 2—;5‘35
- . - - A4 A-1C93

Radlography Repont X A-AAG A-1099
Helinm Leak Rate X A-AAD A1100
Copr of the Procedure X [l A-AAT A-1101
Pressure Test Data X A-AAL A-1102
Pressare Test Specimens X
Tensile Test Baa X
Tensile Test Specimens X

TA Dclu:chi?ﬂh‘ dﬁ-‘—\k rzi!—ak&__
DM Paxion iA)/ﬂ’ durts re_}:u?&&

TT) Hays N7
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Braxial Creep Specimen Electron Bearn and Laser Seat Welding Demonstration Repon

PNNL-15337 Rev . 6

ATTACHMENT 3

Weld Demonstraton Dats Package

for

Haynes 230
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Test Engineering WELDING PROCEDURE
Baitelle Northwest Electron Beam Welding Process
P.O. Box 999
Richland, WA 99352
Base Mazerizl & Form: Haynes 230 Alloy
Tube and Bar
Eiller Material, Form, Size. N/A
Preheat: N/A Postheat: N/A

v i I P

P

Weld Positon: 16

No. of Passes: 1

“Cosmetic” Pass Used: No

Gun Type: CLR 32

Lap-Over (in/deg) 90°

Type Backing: Intergral

Machine Make or S/N: Hamilton Std. EBW S/N 601

Additional Info.- Favor mabe all by approx.002

Drawin_g Number Joint Assembly Number Date Welding Operators
5015996 N/A 19 Oct. 2008 A. Asa Jones
“Penetration Pass”
PROCESS VALLES
Voltage (KV) 100 Deflcetion Nooe
Beam Current {ma) 1.70 Type DC Spot
Beam Focus From Work Surface o Size Min,
Heat Shield From Work Distance S 33" Frequency (Hz) N/A
Weld Speed (secirev) 1 Modulation Sct N/A
Weld Speed (in'min) 47 Puddling Sct N/A
Weld Time Set Cyele {Secl) 1 Vacuum (torr) 10”
Rise Set Min. Beam-to-Joing Offset N/A
Fall Set il @ 1 Posiion Beamat  or Favor tube by .002
Rotation Spd Sctting 1 sec.

Thrs procedure s in accotdance with: Onginai lssue:

Rev. No. G

Bettis )V # PNNL-SPP.05-004 Rev No

Rew, No.
Prepared by
Procedure No.
AL Asa Janes
Apprmed by Bettis - EB - 102
| v Ebde il fes
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. WELDING PROCEDURE DEMONSTRATION RECORD
1

1
Procedurc No, Bettis - £B- 102 Preparedby:_A.A Jomes Date: |] Oct 2008
No. of Sampl# Required ___6 Welding Operator Name_Asa Jones —
RDT Section | 8 Category __4 Welds Made on: . »
Sample Identification Nos _See Remarky Welding Equipment ID_EBW_S/N 601
Component Iispection Report Nos ____N/A Welding to Procedure Witnessed by__N/A
Materiat ID and Heat No _Haynes 230 Alioy PROGRAM__Bettis Biaxial Creep Specimens
NO.OF | REPORT NO.
CHARACTERISTIC o ATION SAMPLES | ORLABID |ACC|REJ| ECH. DR | DATE | REMARKS
; ' REQUIRED NO.
Comp. Cleantd Bettis Procedure #  N/A [ N/A,
Visual (Weld) NE F6-21 Sec. 6 Pars. 6.3.2 [ v ] . Lioftafolt
Helium Leak Test | NE F6-2t Sec. 6 Pars, 6.3.6 NiA NIA,
| Radiography ! NE F6-2t Sec. 6 Para. 6.34 6 fid L Lo V0-27-
Pressare Test Bettis Procedure # N/A N/A [ N/A
 Metalloprapby NE Fb6-2t Sec. 6 Para 6.1.7 6 o o Dulm 11 i b
Dimensionat | | Drawing requirements 6 - i fo ol
Record Dath Required For Procedure | Yes | No | Completed Remarks
tion Package Sampie #'s
Metallogra) Report and Mount Nos. X P Specimen Numbers Top Bottom
Metallographly Photos (Iaformation) X 0 igi i-mi; ';' ‘1%:‘;
Radiography Report X v A-ADL A-1047 A-1048
Helium Leak Rate X A-ADM A-1049 A-1050
Copy of the Procedure X e A-ADN A-1051 A-1082
Fressure Test Data X A-ADO A-1053 A-1054
Pressure ‘I'cs{Specimcﬂs X
Tensile Test Data X
Teasile Test §peiimens X
Apnrgval: ;

1
TA DelocchiC TG el st Lealas
g

DM Paxton I)é _l_ / )Qé ""jq"

TD Hays_____ N/A
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TEST ENGINEERING
BATTELLE NORTHWEST
P.O. BOX 999
RICHLAND, WA 99352

WELDING PROCCEDURE

LASER WELDING PROGESS

]

MATERIAL:

Haynes 230 Alloy [nickel bised)

THICKNESS:

0.03

PRE-CLEAN ING:

Yes

COVER GLASS:

Quariz

MACHINE MAKE:

Korad

MACHINE MODEL:

KWD

ADDITIONAL INFO

Evacuato and back fill with

URP helium three times prior to welding.

DRAWING NUMBER JOINT ASSEMBLY NO.

DATE

WELDING OPERATOR

5015996

N/A

11 Oct. 2005

Asa Jones

SEE WELDING PROCEDURE DESCRFTION

Battis [V 8 PNNL-SPP-05004 FOR QUALITY REQUIREMENTS.

. PROCESS VALUES
RQD TYPE & LD. NO. Nd:YAG VOLTAGE 25
APERTURE 100 SPOT SIZE 0.747
ATTENUATOR 0 JOULES  PULSE NiA
MONITOR VOLTS 85-87 ATMOSPHERE Helium
SCALE FACTOR NIA PRESSURE 0-3000 PSIG
FOCUS LENS & PULSE WIDTE Position#23
INO. OF PULSES 1 ormore
: Asa Jones REV. NC.

"": a REV. NG, - - oo —
: REV. NO.
;AF'F’RO\."ED TOR TEST ENGINEERING PHOCEDURE NC.
| Nlh dem -+ rejecTipa Bettis - Laser - 200

20D

[
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WELDING PROCEDIRE IRMONSTRATION RVCORD
Procedure No. Bettiy - Laser- 202 Prepared by:_A.A. Jepes  Date: 1 Oct 2008
No. of Samples Required ___6 Welding Operator Name_Ava Jones i
ROV Secrion _§& {ategory __ 4 Welds Made on: A Y
Sample Iestification Nos __See Remarks Welding Fqeipment I1}_Korgd KWD
Component Inspection Report Nos__ IN/A Wekding o Procedure Witnessed by__N/4,
Matcrial ID and Heot No _Hayaes 230 Alloy PROGRAM_ Bettiy Biaxial Creep Specimens
’ NO. OF REPORT NO.
CHARACTERISTIC SEFERENCED. SAMPLES | ORLABID |acC [mes| TOCHOR |44 rg | pmarks
- REQUIRED NO. i -
Comp. Clensied Bettis Procedure # N/A [ NIA
Visual (Weld] NE F6-2t Soq. § Para 6.3.2 3 - £ olintiefnd
Holinm Eeak Test NE F6-2¢ Soc. 6 Para. 63.6 N/A N/A
| Radiography NE F6-2t Ser. 6 Purn, 634 N/A NIA
Pressare Test Bettis Procedure # N/A N/A N/A
Metallography NE F6-2t Se¢. § Parn 6.3.7 4 v ; T
Dimensional Drawing requirements [ - o %
Recerd Data Required For Procedure | Yes | No | Completed Remarks
Qualification I
Metallography Report and Mount Nos. X [ Spocimen Numbers Sample #'s
Metaliography Phutos (Information) X - :‘ﬁ:;c ;‘ ]l ll((;;
Radiography Report );'. A-ADL ALIDS
Helinm Lcak Rate X A-ADM A-1106
| Copy of the Procedure X v A-ADN A-1107
| Pressure Test Data ] Xi A-ADO © A
Pressure Test Specimens X
Tensile Teut; Data X o
Tensile Test Specimens X
Approval;

Ta Detnechi_ /A _due  mjechp
PV Paxtan_NV[A Gas "C)fé"‘“-

TH Mays VA
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Biaxial Cregp Specimen Elesron Boam and Laser Seal Welding Demorsiration Report

PNNL-13537 Rev. O

ATTACHMENT 4

Weld Demuomatration Date Packege
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Test Enginceering
Battelte Northwest

WELDING PROCEDURE
Elcetron Beam Welding Process

P.0O. Box 999
Richland, WA 99352

Base Material & Form T-111 Alloy 1 Ta)
Tube and Bar

Filler Matermal, Form, Sice. NrA

— 73— Preheat: NA Postheat: N/A
’ s Tvp Weld Pagitien: 16
7_'_:{*"1?1/7/7"2 / 023 .

= st ol s i P A
TTERTIT L £ 44l i L T

No. of Passes: |

“Cosnictic” Pass Usz=d: No

Gun Type: CLR32

Lap-Over (1n/deg) 90° Min.

Type Backing. Intergral

Machne Meke or 3/N: Hamilton Std. EBW S/N 601

Additenal fnro.: Favor tabe all by apprex 002

Drawing Number Joint Assembly Number Date Welding Operators
S013996 NA 19 OcL 2003 A. Ass Jonzs
“Penetration Pass®
PROCESS VALLES
Y oitage (K] 109 Deflection None
Beart: Cunent {ma) 4.5 Type DC Spat
Becam Focus From Work Surfece T Size Min.
et Shield From Work Distanee 538" Frequency [Hz) NiA
Weld Speed (sec/rev) P Modulatior: Sci N/A
cid Speed (in/mir) 24 Puddling Set Nia
weld Time Set Cvcic (3ec.) 15 Wacuur) (1] 10°
Risc Sat Miao. Desrr-1o-Jotnt Offsct NiA
Tall Set A @ 2 Position Beamat o7 Favor tube by 002
otat 01 Spd Settng 2 sec.

This pracedure iz in accordance with:

Bettis IV & PNN1-SPP-05-00d

Ortginz} Issver

Rev, Na
Rev Na
Rev. No.

LA

[ Prepared by

A, Asa.doncs

Approved by

CVC}@/{UEZ u'(.fn/of‘

Procedure Nc.

Bettis - EB- 1013
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, WELDING PROCEDURE DEMONSTRATHON RECORD

Proacedure No. Bettis - EB- 103

No. of Samples Required 3

RDT Section! 8 Category 4
Sample Identification Nos __ Sce Remarks

Component Tuspection Report Nos N/A

Material 11) and Hear No 'I-111 Atloy (Ia)

Prepared by:_AA. Jomes Date: 11 (1. 2005
Welding Operator Name_Asa Jones
Welds Made on:

Weiding Equipment [D_EBW S/N 601
Welding to Procedure Witnessed by__ N/A

PROGRAM__Rettls_Biaxia) Creep S ecimens

- NOL OF REPORT NO. .
CHARACTERISTIC SEeTIECED SAMPLES | ORLABID |acc |REx | SELHOR parg | Revarks
REQUIRED NO.
Comp. Cleaned Bettis Procedure # NfA § NA
Yisual (Welid) NE F6-2t Sec. fi Para, fi.3.2 i v v,
Helimm [.eak Test NF. F6-2t Sec. 6 Para, 6.3.6 [ N/A
Hauliography NE Fé-2t Sec. 6 Pars, 63,4 [ See Eaclesed
Pressure Test Heitis Procedure##  N/A NIA NA_
Metailography NE Fo-2¢ Sec. b Pars 6.3.7 6 o r 0t L
IHmenstonak: Hrawing requirements ;] v .
Record Data Required For Procedure Yes | No | Completed Remarks
Qualification Package Sample 4's
Metallography Report and Mouni Nos. X s Specimen Numbers Top Buttom
Metaliography Photos (Infermation) X [ ?ﬁ 4: ilg?f ;\\1190;?‘
Radisgraphy Repert X Ne T-AAG A-1059 A-1060
Helium Leak Rate X T-AAI A-106] A 1062
Capy of the Procedure X [l T-AAN A-1063 A-1064
Pressure Test Data X T-ABA A-1063 A-1066
Pressure Test Specimens X Al
‘Temsile Test Trata X
‘Tensile 1est Specimens X

Approval:

DM Paxton

TD Hays

NIA
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A

AREVA

CCOGEMA-GS-0162 Mr. Dean Paxton
gztst? ‘I!l)efﬂca Box G99, MSIN K2-44
Richlard, Washington 88352
November 8, 2000

Dagar Mr. Paxtor:

CONTRACT NO. 16052 - CONSULTING SERVICES OF DELUCCHI/ CASTO

As requesiec, this lettgr outiines the success and short-coTings of the radiggraphy of the
pressufized specimens.

+ The nckel-based matsrizls, even though the x-ray grooves in the end caps ware not
square and underszed in some of the samples, were examined in accorcanca with the
requrements znd tounc ic be acceprabe.

= The niobiurn afoy materials may have been properly examined; however, he x-ray
grooves were nct machined to the propar size. This would have made radiography results
inconclusive since the groove in the tes: axposures of the non-welded samples was very
fairl in one end cap and non-existent in the other. The 160 KV x-ray system appears (0 be
atits penetration Emit for this matesdal a: this thickness {wall thickress meesu‘ed at
approximaiely 0 025') as the inner wall was not resotved to the level it should have been,
However, in the ooiman of COGEMA, In¢. Level 1l centified radiographer, this type of
pressurzed speciman material couic have been successfully examined.

» The tan:zlum materiais were nol examinec because the 16G KV x-ray syster goes not
have the penetration power for this dense material. The wali of neither ihe wbe nor the
enc cap cauld be resolvad.

\WWhen pressusized spedmen radiography of hign-density materials was perfarmeac in the past it
was concucted at a Depariment of Ene:gy (OOE) facikty. This DOE facility ‘s row in the Drocess
of being demolished. Te 160 kv and 450 KV x-ray sysiems were removed from the buiding ang
acquired by COGEMA, Inc. through the ron-destruct ve examination contract The currerd
COGEMA, Inc. radiog-aphy facility festures a kigh-frequency 160 kV Phitips x-ray system. “he
interio® of the x-ray vault ¢ approximately 6 feet by 6 faet and aboat 6 fect in height, whicr s
2CEQUAtE Tor mos! small stea: ard stainiess sigel parts up to thickness of about 1.25 inches.

COGEMA, INC.

Lion Fhener o Jereel T TEie Se7oTe seces Foomans Wagosaton Em3ISAL ST Qe St Bl s
P =R 0T #0500 Fax S35 300 R e i@
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COGEWA-05-2182
Mr Jean Paxen
Fage 2

MNovemEoer 8, 20035

Lrforunately, this cabiret's shieiding s nor adequate for tre mare peretraing 450 k' x-say
SySI2T tha! would be requiced 10 examine ‘he tanlaum tyne of materiels. COGEMA, [nc. has
2xpicred the possibillty of building a suitable shigided vault to house the 28C kV x-ray sysiem, but
currantly we nave ng; beer, agle Lo identify enaagh business to make constructon of a facinly
econamcally viaole.

If you have ary guesiions o require agditional information, piease feal free (W contact
Mr. Johr Kave ar 3754003,

Sinceraly,

Ao St e Borroon_

Mark [ Rickenbach
reclor, Services
COGEMA. Inc.

Richiand Cfiice
CONCURRENCE:

gy s

¢dohn K. Keve, NDE Level ]
COGEMA, Ing.
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T-111 Alley
Spocimes f T-AAL
Tep End Capy X

=~ Sarpees # 1053
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= — = M. =y
T-111 Aoy 3 £
Socczzea b T-AAF
Botters Dod Cap B
Samplc ¢ A-1038

T-111 Aoy
Specimen § A-AAF
Bostam Ted Cap A
Sample # A- 1058
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T-11: Alloy
Spocimes # T AAD
L e Top End Cap A

aSample & A-1055

1 Alley

pocloen § T-480

el s

v
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Top Eud Cap B
Sacple f A-1059

T-111 Allew 4 —— —
Specimes § T-AAG — -
.

Bottom Ead Cap B -j' 2
Sampls # 4 1040

&/
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Top Exd Cas B
Saraple 8 A-104651

o

T-111 Aoy
Specis=es # T-AAL -
EBottam Eod Cap B

» Samale # A-1062
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Top End Cap E

Saczphe # A-2

B acm Eod Cap &
Sample ¥ A-LO6Z

T-111 Allcy

Specioen # T-AAL
Boctam Ead Caa B
Sampls # L1062

ly
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«I-111 ALiowy 3 e
e e §F T-ARA :)l —— .

«Top Cod Cap A - _ﬁ"' o=
“Sariple F A-L063 < -3

- cciman # T ADA
= Top Ead Cap B
' Sampic # A-1065

-
-

— e ._'fq - i _ it -

. iy -~ _ Specimer # T-AAN 2 - "F- 5 .
— = X I Bpecicen # T AN
- 3 !:' > Sorion End Cap A 4 =R : : Cxs B
G o= ‘Sample § A 1062 A =i ?

a — o s P Csamale » 11064
T A= ar =S . | e — . - -
- - s S S e 4V TN
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TEST ENGINEERING
BATTELLE NORTHWEST
P.O. BOX 999
RICHLAND, WA 98352

rrr—

WELDING PROCEDURE

LASER WELDING PROCESS

coM . — —

MATERIAL T-111 Alley (Ta)
THICLKNESS: 0.03
PRE-CLEANING. Yes
COVER GLASS Quariz
MACHINE MAKE; Korad
MACHINE MODEL. KWD

ADDITIONAL INFC

Evacuate and back fill with

UHP helium three times prior to wekding.

Asa Jores

: B P S S T — —TT T

DRAW:NG NUMBER JOINT ASSEMBLY NO. DATE WELDING OPERATOR
5015996 N/A 11 Oct. 2005 Ass Jores
SEE WELDING PROCEDURE CESCRIPTION Betiis I¥ # PRNL-SPP-05004 FOR QUALITY REQUIREMENTS.
I T o o NN N N L R
PROCESS VALUES

ROD TYPE & 1.D. NO. Nd:YAG VOLTAGE 1.6

APERTURE 100 SPOT SIZE 0.747

ATTENUATCR 0 JOULES | PULSE NIA

MONITOR VOLTS 194-197 ATMOSPHERE Helium

SCALE FACTOR NJA PRESSURE 0-3000 PSIG

FOCUS LENS l 6" PULSE WIDTH Positon # 3

ND. OF PULSES 1 or more

PRIPARED BY: DRIGNAL $SSUE 11 Qct, 2005

REY. NO.
REWV.NC.
REV. NO.

APSROAVED FOR TEST ENGINEERING

PROCEDURE NO j
Bettis - Laser - 203 !

Y03
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WELDING PROCEDURE DEMONSTRATION RECORD

{

Pracedure No. Bettis - Laser- 203 Prepared by:_AA, Jones Date:_|] Oct, 2005
No. of Szmples Reqaired & Welding Operatur Nume _Asa Jones
RDT Section _ 8 Category __ 4 Welds Made on:
Samplc ldentification Nos __Sec Remarks Welding Equipment ID_EBW _S/N 601
Component Inspection Report Nos N/A Welding to Procedure Witnessed by N/A
Material ID and Heat No _T-111 Allyy {(Ta) PROGRAM__Bettis Bjaxtal Cyecp Specimens
NO.OF REFORT NO. | -
CHARACTERISTIC SPECIETEATION SAMPLES | ORLABID |ACC | RES| TECROF | DATE | REMARKS
REQUIRED NO.
Comp. Cleaned Bettis Procedore #  NiA ] NA
Visual (Weld) NE Fb-21 Sec. 6 Pars. 6.3.2 N Ll M LT fal]
Helinm Leak Test NE F6-2t Sec. & Pars. 0.3.6 N/A NrA
Hadiography NE Fo-2t Sec. 6 Para. 6.3.4 N/IA NIA ]
Prosseere Test Bettis Procedure # N/A NIA NA
Metallography NE_F6-2t Sec. 6 Para 6.3.7 o o Lo L fodee
Dimensional Drawing requirements 6 e oln ag .‘%ﬁi
Record Dats Reguired For Procedure | Yes | No | Completed Remarks :
Qualification Package
Metallopraphy Report and Mount Nos. X N Specimen Numbers Sample #’s
Metailography Photos (Information) X o *ﬁ f:']] 11[;'[")
Radiegraphy Report X T-;\AG AL
Hebium | eak Rare X T-AAL A-1112
Copy of the Procedure X v T-AAN A-T1H4
Pressare Test Data X T-AHA A-1114
Pressure Test Specimens X
‘I'ensile Test Data X
Tensile Test Specimens X
Approval

TA Delucchi ﬂ/ﬁ deot b .e_{evR&

DM Paxton, A‘!A J“R— ‘l‘ .ijk&.

T Hays N/A
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Biaxial Creep Specimen Electron Beam and Las2r Seal Walding Demonsiraton Repor:

PNNL.I3357 Rev. )

ATTACHMENT 3

Weld Demonstration Data Package

for

ASTARSIIC
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Test Engincering WELDING PROCEDURE
Battelle Northwest Electron Beam Welding Proces:
P.O.Box 959
Richland, WA 99352 .
Buse Material & Form. Astar Alloy (Ta)
Tubc and Bar
Fitler Mateniel, Formy, Sime: NiA
Preheat: N/A Poctheal: N'A

Weld Position: 1G

No.of Passes: 1

“Cosmetic” Pass Used- No

Gun Type: CLR 32

Lap-Over {insdeg) 20" Min.

Type Backing: Intergral

Machine Make or S/N; Hamilton Std. EBW S/N 601

Acditional Info.: Favor tube all by approx .002

Drawing Number Joint Assembly Number Date Welding Operators
5015956 N/A 19 Ocu, 2005 A. Asa Jopes
—Peneiration Pass”
PROCESS VALLUES
Vohage (KV) 109 Dreflecticn MNone
Beam Current (ri) 4.5 Tvpe BC Spot
deam FocLs Freen Work Surfzce [ Size Mis.
Hest Skield From Weark Distance S 3/8m Frequency (Hzj N/&
weld Saeel (seciev) 2 Moduiaon Set NFA
Wed Suead {insimin) L Pycdling Set NiA
J Weld Time Sct Cyele (3ec.) 3.8 Vacuut (torr) 10°*
R :ce Sat Min. Brim-to-Joint Cffget NJA
Fall Set x1 @ 2 Postion Beama: o1 Faver tube by (102
Rotation 8»d Setting 2 sec.

Tais precedure 13 m gocoTdance with!

Bewis 1Y ¥ PNNL -SPP-0S-004

Onginal [ssus;

Rsv Na, O

R#v. No,
Rzv. No,

Frepared by

A Asa Janes

Approved by

ez 6—),‘/,,-4 y ﬁsﬂbf

Proceclure No.

Bettis - EB- 104

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment B to
B-MT(SRME)-50

Page 64
E WELDING PROCEDURE DEMONSTRATION RECORD
Frocedure No. Bettls - EB- 104 | Brepared hy:_AA. Jones Date:_1) Qct, 2005
No. of Sampley Required 6 1 Welding Operator Namne_Asa Jopes 7
RDT Section 8 Category __4 Welds Made om:____ 3 Ll I
Sample ldentitication Nos __See Remarks | Welding Equipment ID_EBW SN 601
Component Trispection Heport Neos N/& Welding to Frocedure Witnested by NiA
Material ID abd Heat No _Astar alloy (Ta) ) PROGRAM is Bluxin} Cree, ny .
- NO. OF REFPORT NO.
CHARACTERISTIC REFERENCED SAMPLES | ORLABID |acc|rEs] TECH.OR |p oy | gumarks
SPECIFICATION ’ INSPECTOR
REQUIRLD NO.
Comp. Ci id Bettis Procedure # N/A [ NiA
Visual (Weld). NE F6-2t Sec. § Para. 6.3.2 G o faled]
Hclivm Leak Test NE F6-2t Sec. ( Para, 6.3.6 N/A N/A _ ]
Radiography NE F6-2t Sec. 6 Para. 634 6 Sex enclosed
Pressure Test Bettis Procedure #  N/A NA NiA .
Mctallography NE F6-2t Sec. 6 Para 6.3.7 6 - o JH I
Dimcosional Drawing rcquingcnb [ v L LT
Record Data Required For Procedure Yes | No | Completed Remarks
Quaiificativa Packaye ] Sample £'s
Metallography Report and Mouni Nos. X [V Specimen Nurmbers Top Bottorn
—e v T-ABK A-1067 A-1068
Metallography Photos (Fnformation) X
Radiography Report X T-ABL A.1069 A-1070
No I-ABM A-1071 AT
Helinm Ecak Rate X T-ABN A-1073 A-1074
Copy of the Procedure X e T-ABO A-10T5 A1076
FProssure Test Data X T-ABP A-1077 A1078
Pressure Test Specimens ) X
Tensile Test Daia X .
Teraile Test Specimens X -

Approval;

TA Delucchi ¢ o7 é"éﬁé N a/mf.ﬂ
DM Paxton_{JM Pmdc-' wlslos

TD Hays

N/A
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A

AREVA

COGLIAA-(8-0462 Ar. Dean Paxion
Battalle
Fost Ofice Box 999, MSIN K2.24
Richtana, Washingtor 89352
~ovamber 8, 2005

Zear \ir. Paxton:

CONTRACT NO. 16052 - CONSULTING SERVICES OF DELUCCHI/CASTO

As requested, this .etter outlines the success and short-comings of the radiography of the
aressunzed specimens.

* The nickel-based matenals. even though the x-ray groovas in tha end €ans were Not
square and undersized in some of (he semptes. were examined in accorgance with the
requirements and found l be acceptable,

» The niobium alloy materiais may have been propery examined; howaver, the x-ray
grooves were not machined to the nraper size. This would have made raciography resul's
inconclusive since the groove in the test exposures of the non-weiced samples was very
faint in one end ¢ap and non-existent in the other. Tha 160 kV x-ray system appears 1o be
at irs penetration limit for this material at this thickness (wall thickness measured at
approximately 0.025°) as the inner wall was not resoived to the level it shou!ld have been.
However, in the opinion of COGEMA, Inc. Layet 14 certified radiographer trus type of
pressurzed specimen material cou.C have heen successiully examingd, '

« The isntalum materials were not examined because the 160 kV x-ray system coes nd?
have the peneiration power for this dense materizl. The wall of neither the tuoe nor the
ent cap could be resalvec.

When pressurized specimen radiography of high-density maleriais was performed in the past i
was conducted at a Dapartmant of Energy (DOE) faciity. This DOE facility is now in the process
ot being demalished. Tne 160 kV and 450 kV x-ray systems were removed from tre building and
acquired by COGEMA, Inc. through the ner-destruetive exzmination ceriract. The currant
CCGEMA, Inz. radiography facliity feztures 2 high-fraquency 160 kV Phikps x-rgy sysiem The
witergr of the x-ray vault is approxiTaiely 6 feetby & lee! anc about & feel in haign:, wrich is
adeguate for mest small sieel and stainless steel parts ad lo thickness of ebowt 1.25 inghes

COGEMA, H'\ilC.

Sl et e

KRR S L
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COGEMA-CT-0162
¥r. Dear Paxtan
FFage 2

November 3. 2008

Jferunately, this cabinet's shielding is not acegquate for the mors penaratng 450 kY «ray
system that wouid e required to examing the tartalum type of marena's. COGEMA. Inc. has
azplored tae 2ossibility ¢f oulcing a sutable snisided vauk (¢ house e 450 KV 2-igy sysiem, bu.
surrently we have not been ble 10 idantfy enough Cus ness (¢ maks construclion o a facilty
BoUrCImicaly viatle,

f you have any questons or require adcitenal inicrmaen, please feel free to coniac
Mr. John Keve at 375-4C03.

Sincerely,

S gt Lol

Mark D. Rickenbach
Director, Services
COGEMA. In2.

Ricnland Office
CONCURRENCE:

. ﬂ g A

(dohn K. Keve, NOE Level Il)
COGEMA, tne.
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TEST ENGINEERING
BATTELLE NORTHWEST
P.O. BOX 989

WELDING PROCEDURE

LASER WELDING PRCCESS

RICHLAND, WA 93352 P

MATERIAL,

Astar Alloy (Ta}

THICKKESS:

0.03

PRE-CLEANING:

Yes

COVER GLASS

Quart

MACHINE MAXKE:

Korad

MAZHINE MCDEL.

KWD

ADDITIONAL INFC

Evacuate and back flll with

UHP helium thren times prior to weiding.

CRAWING NUMBER

JOINT ASSEMBLY NO.

CATE

WELDING OFPERATOR

5015996

NiA 41 Oct. 2005

Asa Jones

SEE WELDING PROCEDURE DESCRIPTION

Bettie IV 2 PNNL-SPP.O6-004

FOR QUALITY REQUIREMENTS

y ik

PROCESS VALUES

.l""—

ROD TYPE & .D.NQ. N&:YAG VOLTAGE 3.6
APERTURE 100 SPOT SIZE 0.747
ATTEMUATOR 0 JOULES : PULSE N/A
MONITOR VCLTS 194197 ATMOSPHERZE Helium
SCALE FACTOR NiA PRESSURE £-3000 PSIG
FOCUS LENS 6" PULSE NIDTR Pasition # 3
NO OF BLLSES i or more |
PREPARED BY- ORIGNAL ISSUE 11 Oct. 2005 ;

Asa Jones REV. NO.

REV. NO.

; REV NO

APPRQVIDFOR TES™ ENGINEERING

A a des o reje g,

PROCEDURE NO.
Bettis - Laser - 204 !
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WELDING FROCEDURE DEMONSTRATION RECORD
Procedure No. Bettic — Laser - 204 Frepared hy: AA, Jones Dares_j) Oct, 2008
No. of Samples Reqrired ___6 Welding Operator Name_ Asa Jopes — 3
ROTSection, 8 Category _4 Welds Made on: / e
Sample Identification Nos __See Remarks Welding Equipment ID_EBW S$/N 601
Componeat Inspection Roport Nos____ N/A Welding to Procedure Witmessed by__ N/A
Material 1D and Heat No _Astar Alloy (Ta) PROGRAM_Beqis_Biaxisl Creep Specimens
- NO. OF REPORT NO.

CHARACTRERISTIC SPECTRE A SAMPLES | ORLABM |acc {mer| YECHOR | 5irp | wemans

el : REQUIRED NO. -
Comp. Cleaned Bettls Procedure # NIA ] N/A
Visual (Weld) NE F6-2t Sec. 6 Para. 6.3.2 3 v el o | e fle ]
Helinm Leak Test NE F6-2t Sec. 6 Para. 6.3.6 N/A N/A
Radiograpby NE F6-21 Nec. 6 Parg, 6.3.4 NA NIA
Pressore Test Bettis Procedure # NfA NA NIA
Metallography NE ¥6-2t Sec. 6 Para 6.3.7 g ra AN
Dimensional Drawing requiremesnts 6 v

Record Dats Reguired For Procedure Yes | No | Completed Remarks
Quﬂiﬁcatian Package
Metallography Report and Mouut Nos. X v Speviman Numbers Sample #'s
Metallography Phetos (Information) X L l'ig;f i\;; 11 65
- : ¥ - -

Radiography Report - T-ABM AT
Helinm }.esk:Rate X T-ABN A-HIIR
Copy of the Procedure X [ T-ABU A-LEDY
Pressure Test Data X T-ABP A-1120
Pressurc Test Specimens i X
‘Tensile Test' Data X
Tensile Test Specimens X
Approval:
TA Delucehi_J b dar e u:;td{"th
DM Paxton eche
TD Baws, INiA
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Biaxiad Creep Specimen Elesron Beam and Laser Seal Welding Demorstration Test Repont

PNNL-15337 Rev. O

ATTACHMENT ¢

Weld Demonsiration Daw Package

o

FS-R3
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Test Engineeriug WELDING PROCEDURE
Batceile Northwest Electron HBeam Welding Process
P.O. Box 999
Richland. WA 99332
Bass Material & Farm: FS83 Alloy (ND)
Tube and Bar
Tiltar Matcnzl, Foras S.zo NA
Prehce:: N/A Postkeat NA
Weid Position; 165
vyl -
%’17’:44( No. of Passes: 1
‘\'
;‘: Cosmziic” Pass Used: Yes
\.
:E Gan Twpe: CLR 31
M
3 : Lzp-Over (m'de) 90° Min.
¥ .
¥ Tvge Backing: Intergral
i
L .
i \ . .
% \ Mazkine Make or $/N: Hamilton Std. EBW $/N a01
a b Additionat Info..  Fasor tabe all by appros 002
Drawing Number Joint Assembiv Number ~_Date Welding Operators
5015996 . N:A 20 O 2005 A Asa o
~Pensgration Pass”
PROCESS VALLUES
Voltzge (KV) 110 Deflecion Cirele
Beam Current (mal 45 Tyne S div.
Beam ocos From Work Sarface ver 30 -Se i) H
Heat Shieid From Work Diaance 5 38" Freguencv (He) 60 Iz
Weld Speed (socirey: : Muadulation Set NiA
Welc Epeed (in'mind 24 Fuddling Set NIA
Weid Time Set Cwele (Sec] 35 Vasuum (tor 0’
Risz Set . Min. Beam-te-loem: O fser None
IFal: Set x] @ 2 Posvion Bearrat or Ceater of wolnt
Rutazien 3pd semrg I sec.
Tos provedae i 1 secordanse wiils Oripinal Jssic;
Rev . No._
Bettis IV # PNNL-SPP-05-004 Rev. Na,
Rov. Na
Preparcd by
Procedure Mo,
A, AS3 | ones .
Appruned by Bettis — EB- 105
P 7 é_ 2;%_‘,,44_.' 7 [ro/;s
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~Cosmetic Pass™

PROCESS VALUES
Valtage TKY) 100  Deflection Circke
Dearn Current (ma) 4.5 Type 1¢ div.
Beam Focus From Work Surface Over 40 Size 030
Heat Shicld From Work Dicance S 38" Frequency (Ha) 60 Hz
Weld Speed {sec/rev) 2 Modulation Set A
Weld Speud (fnmin) 24 Puddling Set N/A
Weld Time Set Cycle (Sec.) 3.5 Vacuum {1ort) 10”
Risc Set Min. Berm-to-Joint Offsct None
Fall Set 31 @2 Position Beamat  or Center of Joint
Roution Spd-Pot Setting 2 gee.

This procedure s in sccordance with:

ReXe Iy € PO SPe-05-00Y

Original Issue;
Rev.No. O
Rev, No.

Rev. No_
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WELDING PROCEDURE DEMONSTRATION RECORD

Procedure N, Betly - EB- 105

No. of Samples Requoired 6

Prepared by:_A.A, Jones  Date:_11 Oct 2805
Wekding Operator Name_Asn Jones Pl |

RDT Section _8 Category __4 Wekds Made on: -

sSample ldeatification Nos __See Remarks Welding Equipment JD_EBW S/N 601

Component 1nspection Repert Nos N/A ‘Welding 10 Procedure Witnessed by___N/A

Material ID and Heat No _FS-85 Alley {Nb) PROGRAM _Beitls Biaxial Creep Specimens

NO. OF REPORT NO.
CHARACTERISTIC o SAMPLES | ORLABID |Acc |REs| TECE O | DATE | REMARKS
; T i REQUIRED NO. F

Comp. d Bettis Procedure d MA [ . N/A

Visaal (Weld) NE F-2t Sor. § Parw, 633 6 N ROr 2 A A
Helium Leak Test NE F6-2t Sec. & Para, 636 N/A N/A

Radiography NE F6-21 Sec. 6 Para. 634 __ | 6 Sea Eacloecd

Pressore Teat Beltis Procedure 8 N/A NiA N/A

Metallography NE F6-21 Sec. 6 Fara 6.3.7 6 < 7 g Ml enls Lubc b
Dimensional Dyawing requirements 6 v’ - ferr]

Recovd Data Required For Procedare Yes | No | Completed Remarky
Quaalification Fackage Sample #°s

Metaliographty Repori asd Mount Nos. b P Specimen Nurnbers Top Bettorn
T e e S b
Radiography Report X Ho N-AAP A-1083 A-1084
Ielium Leak Rate X N-AAS A-1085 A-1086
Copy of the Procedure X v N-AAT A-1087 A-1088
Pressure Test Dala X N-AAW A-1089 A-1000
Pressure Test Specimens X

Tensile Test Data X

Tensile Test Specimens X

Approval:

TA Delae 7

DM Pazton “MP

TD Hays

N/A
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X

AREVA

COGBEVA-35-0" 82 A1 Dean Pexiui’
Batelle
Post Cfiice Box 959, MSIN K2-34
Ricaland, Washington 99352

November B. 2005
Dear Mr. Pacisn,
CONTRACT NO. 16052 - CONSULTING SERVICES OF DELUCCHI/ CASTO

AS reguesled, Uis letler cutlines the success ang shorl-comings of the radiography of the
pressurized specimens.

« Trerickel-oased materiaig, sver though ke x-ray grooves in the end caps wera not
sguare ang uncersized in some of the samplas, wera examinad in accordance wih the
raquirements and fcund to D2 acteptable.

« The riobium atloy raterigls may have peen properly examined; however, the x-ray
grooves wers no! machined (o the proper siza. This would have made radiograohy resulls
inconc usive since the groove in the test exposures of the non-weldec samoales was very
fain! in cne erd cap and non-existent in the other. The 16C kY x-ray syslem apoears (o e
2t its panelraton limit for this material at this thickness {wal thickness measured at
approximately 0.025") as the inner wal” was not resolved 1o the level it should nave been.
However, in tre opinion of COGEMA, Inc. Leve! 1t certfied radiographar, this type of
rressutized specmen matenal could have deen successfully examined.

¢ Tletactalum malerials were not exanvred because tne 160 kY x-ray systerr ¢oes ot
have the penetration power for this dense material. The wal: of neither the tute nerthe
end cao could be resolvad,

When pressarzed spedimen rathioQraphy ¢f high-censily mater.als was Jeriormed in the pasi .1
was cendusted al a Degariment of Energy (DOE) feciity. This DOE facility is row in the process
of be:ng cemelished. The 160 kY and 450 kV x-ray systems were removed ‘rom the builcing anc
scgdirec by CCGEMA. Ine. throwgh te nov-destructive exam.nation contract. Tie currant
CQGEMA, Inc. radiograohy faclity features a nigh-frequency 180 <V Philias xeray systam. Tre
intennr of 17e xray vaull s approxmaiey € fes! by § feet and adout & fee! :n neight which s
aaejoate 1o most small stzel and slamiess steel pans vp 19 tnickness of aogu! 1.25 nchaes.

TOGEMA, INC.
Sre bt e et T - STl ~‘ =~ \: n‘:"'n'i.‘.:c- L T L B I T
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COGEMA-15-05 52
B Cean Paxton
Page 2

Movamber &, 2005

Untorunatsly, ths cebiret's sniglciag s net adequete of ihe more ensiialing 430 K wfe
-_;.n..l"'t et would be reguired ¢ exeming the fmaaum ivee ¢f m_.wrals 2CGEMA Inc i.ae
expicréd the possibility of building e svitahle shisidec vauli 10 nouse the 450 &V xray svsiem but
currently we have no beer 39is 19 .cen'ify enough Dusizess o maks corsliclion of 2 {ackiy
eConomcaliy vizdle.

i veu heve eny cuesions of reguire additionzl .rfornetion, plzass fee fres 'c contact
Mr. dohn Kev 3723005,

Sincerzly,

tiar< 0. Rickenoacn
Dirastor. Services
COGEMA, Inc.
Richiand Gfice
CONCURRENCE:

/ s
A
¢donm K. Keve, NDE Level [il
COGEMA, Ins,
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Epccimen ¢ N-AAR
Beottom Ted Cap § s
= —

T X

e

f Bovom End Cap A
e ! — i -

PG pla = A 1015 smpls * & ICE3
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Srcoomes ¢ J-AA0
Top Emd Cxp &
Eample #» 4 2041

-

Fi-E3 Llovw
Epecires ¢ T-440
Eactem End Cup A
Sampis - A 1082

i,
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S S
pecimer & - LAD -
Top End Cup &
e pie # A 1283

75 45 Allay
Specimen = H-AAT

Setom E3€ Cap i
ik Sy pe # A 1OBS
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b= -___:En"':np.*-"-:uf
e e s Top Tad Cap B
SErSampic A J08

Spesimes & B-AAT
Botom Exd Cap A
Sample ¢ A- 138
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TEST ENGINEERING
BATTELLE NORTHWEST
P.O. BOX 999
RICHLAND, WA 99352

-

WELDING PROCEDURE

LASER WELDING PROCESS

MATERIAL: £$.85 Alloy {Nb)

THICKNESS:!

0.03

PRE-CLEANING:

Yos

COVER SLASS

Quanz

" MACHINE MAKE:

s

¥Korad

MACHINE MODEL:

KWD

ADDITIONAL INFD

Evacuate and back Fill with |

UHP helium three times prior to welding.

. & - .

DATE WELDING QPERATOR
11 Oct 2005 Asa.Jones

DRAWING NUMBER JOINT ASSEMBLY NO. |
5015396 NIA ;

SEE WELDING PROCEDURE DESCRIPTION

Somit IV# PNNL.SPRLS004 FOR QUALITY REQUIREMENTS.

PROCESS VALUES

ROD TYPE 3 1D, NS. NO:YAG VOLTAGE 36
APERTURE 100 SPOT SIZE 0.747
A"TENUATOR 0 JOULES / PULSE NIA
MCNITOR VOLTS 194-197 ATMOSPHERE Helium
|SCALE FACTOR NIA PRESSURE 0-3000 PSIG
FOCUS LENS 6" PULSE WIDTH Position # 3
ND OF PLILSES 1 or more .
FREPARZED BY. ORIGNAL ISSUE 11 Oct. 2005
Asa Jones REV.NC.
) REV NC
REV. NG

APPROWVID FOR TEST ENGINZER NS

JLM Lé\\'i\_

—

FROCEDURI NG,
Bettis - Laser - 205

24D
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WELDING PROCEDURE DEMONSTRATIOON RECORD

Frocedure Noo Bettis — Lascr - 205

No. of Samples Required 6

RO Section _8 (ategory __4

Preparcd by:_A.A. Jones Date: 11 Oct. 2005
Welding Operntor Mame__Asa )
Welds Made on: 3

Sample Edentification Nos __Seg Remarks Welding Equipmest ID_EBW S/N 01
Cemponent Inspection Report Nos ____N/A Welding to Procodure Witneised by__N/A
Material 1D and Heat No FS-85 {Nb) PROGRAM_Battis Biaxial Creep Specimens
. NO. OF REPORT NO.
CHARACTERISTIC Ravsitauiopid saMPLES | ORLABID | Ace | ked | WOEE | DATE | REMARKS
i ) - REQUIRED NO.
Comp. Clesned Betiis Procedvore # NFA [ N/A
Visual (Weld) NE Ho-2¢ Sec. & Para. 6.3.2 6 v  ofes/es
Helium Leak Test NE F6-21 Sec_ 6 Para. .36 NIA Nia
Radiography NE ¥56-2t Sec_ 6 Pera. 634 NIA N/A
Pressure Tost Bettis Procedure & N/A NIA N/A
Matallograply NE. F6.2t Sec. b Para 6.3.7 3 < il fed
Dirnensional Drawing requirements 8 v [ [cedeg
Rocord Data Required For Procedure Yes | No | Completed Remarks
cation Package

Mectallography Report aad Mount Nos, X v Specimen Numbers Samyle 4's
Metaliography Photos (Information) X v N-AAR Al2:
RadiographyiReport X N-AAO A2

> 4 N-AAP A-1123
Helinm Leak Rate X W AAR A-1124
Copy of the Frocedure X e N-AAT A-1125
Pressure Test Data X N-AAW A-1126
Pressare Test Specimens X
'Tensike Test Data X
Tensile Test Specimens X

Approyal:

TA ne-u«mﬁm_mmﬁgﬂh_
DM Paxtun _Nlﬁ‘dm b reieten

T Hays

NiA

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment B to
B-MT(SRME)-50
Page 89

PRE-DECISIONAL - For Planning and Discussion Purposes Only



Attachment B to
B-MT(SRME)-50
Page 90

Bianial Creep Specine Elecuon Baum and Laser Se iz b

ATTACHMENT 7
Bizxizal Creep Specimen Fabrication zt PYNMNL

DM Pocon

welder from Fluoe

X PNL acquired an clectroa beam we can, arxl & lasc

Hanford. Inc.. = DOE cortmactor on the Hanf : squmprnent end capability were orgirall
1> Wesnrgnouse Harford Compary dunag fabricate large quanbiies o pressurrsd Wine biaxizl Oty
Lo

1O%s ol scweiat 2

specimens for ohisicing mechanical properes dats or claddine a

development programs, including the Advanced Alloy Develooment Pregram sanporting | ast breeder
ercior development nthe 19807, this capabiliny and experise were nead o fabricate ard rest higzial cTeep
ecim far ihe SP-100 spaoe reacwor develapmen: prognam. In 1994, Fluor Hentord, Inc.. assumad '.:ﬁ,u ib1iin

or operation of cemain fzbrication “acilides on the Hanford Sixc, mckading all of the oquinmert used to fabnicate
i Cogerma perwonnel, 3¢ 3 seheontractor to Fluar Henford, fabricate
unded lzboraconss us ng IE15 U PETEnt

ed fubes In the vears since

CTESP SPCIITEDS 107 s€

butk specinzalbe torx .,..1;| e

1 the elecror beam wede
= of e eguipment in FINKI
WAL hireg the senior

e, who brings 22 vaors of welding an

3~ \11:"' ':1'\':.—'1.""‘"' 7d

e ind martenane: o7 this aqus

x>limo n:'\-'.:'."'---{\u=-'..- Ll 0 |
il i | S . N P h.u..u-._r.c ..,1..‘:!!' e Simee b T-."".lt"_"""l"
graified welés on radicase OpC CeTREOonCms for d

ascr wokdz have beon ased sxtensvzly w porfon

*m: and the oressunzatior svitem have been set cp ia dedicared 1o

i ATE §
ure 01 Lhelr

.}”__._._ Tha lagsr engraving s

or Tzhcizztion of spacimens due o the unaguee o

LI R3VE N DS2n acnvel

KUal s cita)

-.""IIIf-\.] LR C TG LA _.1 [ 1 " | \1Ji"|\,\_| IE

fk zzted by Cogere o5 pan of the DOE Fusion Materals Program
et vrmace used for tes work, 23 well as opemioss with many 3
end =gra axial creep specimens
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3R l;_-:.n_'.‘:.::'_';'.'l:: Elzctroa Beem and Laser Scal Weldine Devroastanon Test Besor
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Biaxial Creep Specimen Electron Beam and Laser Seal Welding Demonsiation Test Report
PNNL-13533Y Rev, 0
ATTACHMENT §
L.ist of Measurement & Test Fquipment (M&TH) Calibrations
for
NRPCT [V # PNNL-SPP-05-004
M&TE M&TE - Calibrativn | Calibration Calibration
Description Controf No. | Location Date Due Agency Remarks
Mettler C2a167  PSL251 | 9/4/Hi05 Aug 2006 . QS8 Balance
_ AEIS3 o ‘ |
Heise Gauge CM-RI37 PSL231 | 76/200% July 2006 | Encrgy NW Pressure
. § ; : Chamber
ER Welder FBW AT CAPRL ¢ RBAVO05 0 Aug 206 Instrumentation EB Welder
Services & Tech
Type K TC-K-4994 338 GE2004  June 2007 Q.CS8 Vacuum
Thermoconple : Fumace
Type K TC-K-499h 33 6. 11,2004 June ZUUT B X Vacuum
Thermuooouple Fumace
BA2 Seniorr LIS 1D442 3¢ 323.2005 . Mar 2006 Varian Vacuum
Controlier lan ) ) Fumace
Guuge Tybe o
Chart 13157 338 7.27:2005 July 2006 PNML Yacuam
Recorder - Frrnace
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Braxial Creep Specimen Electron Beam and Laser Seal Welding Demonstration Test Report

INNL-15837 Rev, O

ATTACHMENT 2
List of Equipment & Supplics Purchased
tor

NRECT IV # PNNL-SPP-05-004

1. Hydraulic Lift for loading 24 multi-head fixturz into EB systam

2. Hardware to fabricate new controller for 24-mulii-head wclding fixture

by

Mew laser rod for KORAD pulse laser

Ia

New opiical mounts for ORAD pulse laser
5. Laser service w ustat! new rxd and mounis
6. Spare daginal pressure gauge

Molybderum 38" bar steck for spud fabrication

=

Material 1o fabricate holding fixture for pressure vessel
49, Pressure systxin repair & certification

10, Gas botibe vart

1], Specimen staging cans

12. Lab supplies
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e

Pacific Northwest
National Laboratory

Operated by Banelle inr the
uS, Departmen! of Encegy

Aupust 9, 2005

KAPL Inc.

Autn: Steve Hayden (M/S 111)
P.O. Box 1072

Schenectady, NY 12301

Dear M. Hayden:
TRANSMITTAL OF BIAXIAL CREEP SPECIMEN RADIOGRAPHIC PROCEDURE

Three attachments are provided herein which describe radiographic inspections of biaxial creep
specimens to be performed by Cowenia Lnginerring in Ruchland, WA undcr subcontract to PNNL.

The NRPC'{' provided approval of the documents with comments  the Information-to-Vendor (IV):
Biasdal Creep Specimen Vabrication, PNNL-SPP-05.0004 Revision 2, dated August 2, 2005. The comments
have been incorporated and additional infonmauon summarized below.

Attachmene 1. NRPCT Comment |, Fuji 25 x-ray film will be used for this ndiographic inspection, and
the inspection will be peeformed using a Philips 160 kV x-ray system.

Anachment 2. No NRPCT Comments

Attashment 3, NRPCT Comment 1, After discussion with NRPCT* technical contacts, this comment
was revised to be as stated in Attachment 3.

As requested, T have inchaded this transmateal letter in tnplicate, 5 hard copies of the atachments, and 2

clectronic copies of the attachments. If you have questions, please contact Dean Paxton at (509) 375-
2620,

Sincerely

Chad Paintet
Project Manager
Space Reactor Materials Irradianon Testing Project

ClP/cs

Aetachments (3)

Ww)2 Balle“r Bﬂﬁlf\ll‘l! s PPOY B K)o Ru.hlan.l YA U352

Tetephone {59} 372-4112 B Email chad pantes@pnl gov B Fax (509} 372,642}
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Attachment 1

Radiograph Examination Procedure, COGEMA-SVRT-PRC-006
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Chief Financial Officer G. W. Whitney

A COGEMA
COGEMA ENGINEERING
NGV 14 2003
POLICIES APfID PROCEDURES Records Managerent
APPROVAL RECORD "
- (Leave Blank)
o
Document Number: _ COCEMA-SVRT-PRC-0G6 Revision: 2
Title: RADIOGRAPHIC EXAMINATION PROCEDURES
Approval Name Signatore Date

Originator J. K. Keve Z %,_ %A 3
Presiden: M. D. Talbot ‘ 1

o JNCONTROL EED

Director, Business Development

Direcror, Contracts & Procurement M. D, Talbot CO PY N/A

Director, Engineering & Technology  E. A.Nelson N/A

Director, Quality Assuronce D.W.Duncan  ( E D , % by
T

Director. Human Resources M. A. Smith %“ﬁju { f ( ({5

Director, Services

M.D Rickenbach 7 17 ) € 4/i3/53

Manager, NDE Services D.D. Tate AO C{‘f m H /rr / 073

Editorial Change: [ Technlcal Change: [ Update Required Readlng: YesMNo

Description of Change and Purpose for Change:

Rewrite
— L i
Document Type: Business Sensitive ] Quality Assurance [ ]  Othar X
Retention Period:  Non-Permanent B Lifetime {1  ProjectFite [
Revised: 07/11/02
— e _
Gontrolied Copy H0.2 D
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A COGEMA-SVRT-PRC-006
Revision 2
COGEMA ENGINEERING Page i

Effective: November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

TABLE OF CONTENTS

1.0 PURPOSE -

2.0 SCOPL..... ot

3.0 RESPONSIBILITIES

31 Nondestructive EXamination PErsOmme] .......cocceorereiecveeceecesssesssmssessosaresrons

4-0 INSTRUCIIONS a 1S4 LR ob ey e puS .o

3.1 Reguest/Instruction for Nondestructive Test Services...........
42  Radiation Safety ...

33 Component Handlmg

44  Image Quality Ind:cator Desrgn

435  Film Viewing....

46  Examination Surface HNCGN;{R GLLE@
47  Technique Considerations .. "‘gy'g

48  Geometric Unsharpness....

49 Radiation Sources...

4,10 Film and Associated Mat;nals
4.11 Location Markers ..

N
bubbinwiol bbb i e

4,12 Penetrameters....,............... et s rman e s arna e saare cee
4.13  Results of EXaminalion .......ccueveireemsrcccmeressseeesrenns .12
4.14  Object Acceptance.....couuvunieucenecrnnenn. . 14
50 RECORDS. S - 14
6.0 FIGURES AND APPENDICES.... . P 15
70  REFERENCES....cuumnmiinommismemaioes - 15
APPENDICES
Exammzmon Rccords
Appendix B... - —1
Amencan Somety of '\dcchamcal (ASME) Code
Appendix C... b beestener e sraree s e o )
Capsule Fuel and Absorber Pm Radmgraphv
Appendix D... ORI 33
Castmg Rad:ography
Appendix E... .36

Amencan Wetdmg SOCI.er (AWS) Code
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A COGEMA-SVRT-PRC-006
Revision 2
COGEMA ENGINEERING Page 1

Effective: November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

1.0 PURPOSE

This procedure establishes the requirements for the control of radiographic examination of
materials, welds and assemblies.

2.0 SCOFPE

This procedure has three basic parts which are used in conjunction with one another for each
examination. These parts consist of Request/Instruction for Nondestruetive Test Services (R/1)
. form, COGEMA-SVAD-PRC-001, rcquircments applicable to all radiography; and appendices
for specific requirements applicablc to specific Codes, Standards, and specialized radiographic
techniques.

3.0 RESPONSIBILITIES BROTNTONI TR

2\} el R P
oy
COGEMA Engineering procedure COGEMA-SVCP-PRC-014, Qualijication and

Ceriification of Nondestruciive Examingtion Personne! describes the rcspons:bahues and
requirements for personne] performing nondestructive examinations.

3.1 Nondestructive Examination Personne!

Q..-m-
'

4.0  INSTRUCTIONS
4.1  Reguestinstruction for Nondestructive Test Services

The following additional requirements shall be included or directty referenced in the R/1
and shall be considered as part of this procedure for the specific job requested.

The extent of examination required

Matcrial, parl, or weld identification for cach object
The acceptance criteria

Any additional requirements

42 Radiation Safety

All radiographic examinations shall be conducted in compliance with NDE's" safe

operation and emergency procedures (COGEMA-SVSO-PRC-011 and COGEMA-SVEP-
PRC-012).
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COGEMA-SYRT-PRC-006

Revision 2
COGEMA ENGINEERING Page 2

Effective; November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

+3  Component Handling

As a general rule, care should be exercised sa soft metals such as lead and aluminam do
not come in contact with stainless steel and high nickel alloys being radiographed.
Additional restrictions as well as specific handling and cleanliness instructions shall be
specified in the R/l or documents directly referenced therein.

44  Image Quality Indicator Design

[n general, the image quality of radicgraphic film for examinations performed 10 the
American Society of Mechanical Engineers (ASME), 4ASME Boiler and Presswre Vesse!
Code requirements shall be detzrmined by conventional ASME penstrameters. Special
image quality indicating standards or templates may be used i in con_;uncuon with the

ASME penetrameters or alone, for non-Code- Plaifﬁ’m : %p?_cﬂed in the R/l

or documnents directly referenced therein. -

44.1 Manufacturing Specifications

Penctrameters shall be manufactured to the requirements of the ASME Boiler and
Pressure Vessel Code, Section V (SE-747 and SE-1025).

442 Metrological Verification

Before their initial usc, all penetrameters shall be inspected or centified by the
manufacturer or other independent Laboratory for conformance to their
dimensional specifications as required by ASME Beiler and Pressure Vessel
Code, SE-1025, Standard Practice for Design. Manwfacture, and Material
Grouping Classification of Hole-Type Image Quaility Indicator (IQI) Used For
Radiology and Code, SE-747, Standard Practice for Design. Maragacture, and
Mawmerial Grouping Classificaiion of Wire Image Quality Indicators (IQl Used
Jor Radiology. Penetrameters shall be identified with a nonrepertitive code of
letters, numbers, or cambinations 10 signify accepiance f‘or as long as the
penetrameter is retained.

4.4.3 Maintenance

Penetrameters and shims shall be examined before use and shall be periodically
cleaned to keep them free of dirt, grease, tape residue, and other contaminants that
could adversely affect radiography. Loose or missing penetrameter identification
numbers shall be replaced. Damaged penetrameters or shims shall be discarded.
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COGEMA-SVRT-PRC-006
Revision 2

COGEMA ENGINEERING Page 3

Effective: November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

4.5

4.6

4.7

Film Viewing
4.5.1  Film Viewing Equipment

Equipment used 1o view radiographs for interpretation shall include a variable
high-intensity light source sufficient for viewing the essential penetrameter hole
and for the specific density range of the arez of intersst. The viewing conditions
shall be such that light from around the outer edge of the radiograph or coming

through low-density portions of the radiograph does not interfere with the
interpretation,

4.52 Film Viewing Facilities

Viewing facilities shall provide subdued background lighting of an intensity and
type that will not cause troublesome reflections, shadows, or glare on the

radiographic film. U &CG NTR 3:} E_i_ED

. . by
Examination Surfacc LN
W IS R

4.6.1 Surface Lmegularitics

When in the judgment of the NDE Level II or [11 Radiographer, such action is
necessary, the weld surface or other irregularities on accessible surfaces of
materials or assembiies shall be removed by the customer or his agent before
acceptance examination. This removal will be 10 a degree that the resulting
radiographic image cannot mask or be confused with the image of any
discontinuity of interest.

46.2 Surface Finigh

The finished surface of welded joints may be flush with the base material or may
have a reasonably uniform crown with reinforcement, concavity, or undercut,

provided it is within the specified limits of the referenced Code or Standard
section listed on the R/T.

Technique Considerations

When practical, single-wall radiography shall be used.
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A COGEMA-SVRT-PRC-006
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Effective: November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

4.7.1 Single-Wall Technigue

The radiation beam must pass through only one wall of the component, matenal,
or weld that is viewed for acceptance on the radiograph. An adequate number of

exposures shall be made to demonstrate that the required coverage has been
obtained.

4,7.2 Double-Wall Technique

When it is not practical 10 use a single-wall technique, one of the following

double-wall techniques shalil be used: U M (\D %’!T“i § ; EE’}

. - 2

Single-well viewing b.}ﬂ ¥
In single-wall viewing the radiation beam must pass through two walls of the
object, but only the weld on the film side is viewed for acceptance. A minimum
of three exposures taken 120 degrees apart shall be made; however, additional
exposures may be required to demonstrate that the required coverage has been
obtained; i.e., four exposures at 90 degrees apart.

s Double-wall viewing

The radization beam must pass through both walls of a component or weld, and
both walls must be viewed for acceptance. The material or weld shall be 3-1/2
inches or less in nominal outside diameter. A source side peneyameter shatl be
used. Care should be exercised to ensure that the required geometric unsharpness

is not exceeded. Either the offset or superimposed radiographic technique may be
used.

» Offset Radiographic Technique. The radiation beam may be offset from the
weld at an angle sufficient to separate the images of the source side and film
sidc portions of the weld so that there is no overlap of the areas 10 be
interpreted. A minimum of two exposures taken 90 degrees to each other
shall be made. Additional exposures shall be made if the required

radiographic coverage is not obtained; ie., three exposures at 6¢ degrees
apart.

¢ Superimposed Radiographic Technique. The radiation beam may be
positioned so that the images of both walls are superimposed. A minimum of
three exposures taken at either 60 degrees or 120 degrees to each other shall
be made. Additional exposures shall be made if the required radiographic
coverage is not obtained; i.e., four exposures at 45 degrees apart.
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Revision 2
COGEMA ENGINEERING Page §

Effective: November 14, 2003

RADIOGRAPHIC EXAMINATION PROCEDURES

48

49

Geometric Unsharpness

The geometric unsharpness limits stipulated in the appendices of this procedure shal! be
based on the maximurn distance the area of interest is from the film.

Geometric unsharpness of the radiograph shall be determined in accordance with:

Ug=FdD

Where:Ug = Geometrical unsharpness.

F = Source size, in inches, maximum projected dimension of the
radiating source (or effective facal spot) in the plane perpendicular
to the distance D from the weld or object being radiographed.

d = Distance, in inches, from the source side of weld or object being
radiographed to the film,
D = Distance, in inches, from the source of radiation 1o weld or object
being radiographed. ‘
= ; 3
UNCONTROLLED

Radiation Sources

oMy
Cors
4.9.1 Energy Selection

Where practical, the radiation source should be an X-ray machine of appropriate
voltage as defined in Figure | (a, b, and ¢). Figure 1 is to be used as guidance and
may be exceeded provided the proper penctrameter seasitivity is demonstrated.

4.9.2 Direction of Radiation Beam

Whenever possible, the direction of the central beam of radiation shall be centered
on the area of interest.

493 Focal Spot Size

The focal spot size and condition of each X-ray generating machine may be
determined by the pinhole method. The effective source size of each radioisotope
shall be certified by the manufacturer or determined before its use.
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49.4 Primary Beam Filters

The use of techniques to filter, restrict, or collimate the primary radiation is
permitied.

Filer and Associated Materials

4.10.1 Film

Radiographs shall be made using industrial radiographic film that is classificd by
the manufacturer as mecting the requirements of ASME Boiler and Pressure
Vesscl Code, Section V (SE-1815). Film system classes Special, I, 11, 111, W-A,
and W-B ate permitied.

Film techniques with two or more films of equa! or different speeds in the same
holder will be permiticd provided the appropriate penetrameler sensitivity and
Jensity for the specific area is demonstrazed.

For acceptance radiography only one copy of film is required provided it meets abt
the requirements of this procedure. If two ar more films-in the same cassette are
exposed simultaneously, the extra film(s) are not required to meet al] of the
procedural requirements. Even though the extra film(s) may not meet all of the
procedural requirements, and therafore cannot be used to evaluate the area of
interest for acceptance, they may be used to evaluate film blemishes such as
scratches, crimps, static marks, and lint marks, provided these blemishes are not
lzrge enough to interfere with film interpretation or can mask relevant indications

it the area of interest. - D
s rnMTROLLE
4 10.2 Film Processing Ej?‘?s‘ut;? o RL LL'-'

N
Film processing shall be done in accordance Mﬂﬂ:‘ﬁ\i?glm manufacturers
instructions and/or with guidance from ASME Boiler and Pressurc Vessel Code,
Section V, Article 22, SE-999, Srandard Guide Jor Controlling the Quality of
Industrial Radiographic Film Processing, ot SE-94, Part I of the Sranderd
Practice for Radiograpkic Testing.

4.10.3 Intensifying Screens
The use of fluorcscent screens for acceptance tadiography shall be prohibited.

The recommended thickness and combination of lead-intensifving screens are
shown in Table 1.

PRE-DECISIONAL - For Planning and Discussion Purposes Only



Attachment C to
B-MT(SRME)}-50

Page 12
A COGEMA-SVRT-PRC-006
Revision 2
COGEMA ENGINEERING Pagc 7

) F#fartiver Navember 14 713
RADIOGRAPHIC EXAMINATION PROCEDURES

The screens shall be free of foreign materizl or other irregularities that would
cause blemishes to appear on the film in the area of interest to the extent they
could either mask or confuse the interpretation of the radiographs.

Table 1. Lead Screen Thickness in Thousandths of an Inch.
Energy or Source Front Screen Interieaving Screen Back Screen
125450 kV 5-10 0-5 5-10

P SR

4.10.4 Film Holders

Film holders may be identified by a nonrepetitive code of lead numbers/etters
one-inch high by at lcast 1/16-inch thick located at one corner of the holder. Film
holders shall be free of irregularities and contaminants that would produce

cXirancous images. U N C G NIR 0 LL ED

4.10.5 Backscatter CG PY

A minimum thickness of 1/16-inch of lead backing is recormmended 1o be placed
on the backsidz of the film holder. A lead leter "B", a minimum of %-inch high
and /16 inch thick, shall be attached to the back of each film holder during the
eXposure 10 evaluate the adequacy of protection from backscarer radiation.

4.10.6 Masking

Masking or blocking, which surrounds components or covers thin sections with an
absorptive material, may be employed. Such material may be employed to either
reduce scattered radiation or equalize the absorption of different sections.

Masking and blocking materials shall be compatible with the component being
radiographed.

4,11 Location Markers

Location markers arc to appear as radiographic images on the film. They shall be placed
on the part and not on the film holder or cassette. Their locations shall be marked
permancntly on the surface of the part being radiographed , or on a map in a manner
permitting the arca of interest on a radiograph to be accurately located on the part for the

required retention period of the radiograph. Location markers also provide evidence that
the required area of interest was examined.
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4.11.1 Single-Wall Viewing
Source side location markers shall be used when radiographing the foliowing:

» Flat components or langitudinal joints in cylindrical or coaical components.
As an altcrnate film side markers may be used when the radiograph shows at
least 1 inch of coverage bevond the location markers for matesials 1-1/2
inches or less in thickness and when the source to film distance is at least two
times the film marking internal,

* Curved components whose concave side is toward the source and when the
source-lg-material distance is less than ihe inside radius of the component.

s Curved or spherical components whose h b[{tﬁ toward the source.

Py
» Film side locaiion markers shall be used when radiographing etther curved or
spherical comporents whose concave side is toward the source and when the

source-ta-material distance is greater than the inside radius.

Film side markers

Either side markers

» Location markers may be placed on cither the source side or film side when
radiographing either curved or spherical components whose concave side is
toward the source and the source-to-material distznce equals the inside radius
of the component.

4.11.2 Double-Wall Viewing

At least one location marker skall be placed on the source side surface adjacent to
the weld {or on the material in the area of interest) for #ach radiograph.

4.11.3 Location Marking With a Map
When inaccessibility or other limitations prevent the location of markers as

stipulated zbove, a dimensional map of the geometric arrangement including

marker locations shall accompany the radiographs to show that the required
coverage has been obtained.
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4.12  Penemrameters
4.12.1 Penetrameter Selection

‘The penetrameter selection shall be based on the nominal single-walt material
thickness in the area of interest. For welds this thickness may include the
estimated or actual weld reinforcement, provided the reinforcement does not
exceed the limit of the referencing Code section. Backing rings or strips shall not
be considered as part of the thickness in penetrameter selection. A thinner
penetrameter for those thickness rangas listed in Appendix B, Tables 2 and 3;
Appendix C, Table 1; and Appendix D, Table 1, may be used.

A smaller hole in a thicker penetrameter or a large hole ir a thinner penerameter
may be substituted for any section thickness listed in the tables above, provided
the equivalent penetrameter sensitivity (EPS) is maintained and all other

requirements for radiography are WWH{T ssure Vessel Code,
LRI R R L N

Section V, SE-1025).

Ny .

[t is permissible to use & penetrameter magt{;RXh less radiation absorption than
the matenial being radiographed. For other material considerations rafer to ASME
Boiler and Pressure Vessel Code, Section V, SE-1025.

*  ASME Section V penstrameter selection

For radiography of materials meeting ASME Boiler and Pressure Vessel
Code, Section V requirernents for single- and double-wall radiography, the
penetrameters shall be selected from Appendix B. Table 2.

¢ ASME Section 111 penetrameter selection

For radiography of materials meeting ASME Boiler and Pressure Vessel
Code, Section [ requirernents for single- and double-wall radiography,
the penetrameter shall be selected from Appendix B, Tabie 3.

4.122 Penetrameter Placemen:

Except as provided below, penetrameters shall be placed on the source side of the
material o7 component at a location directly adjacent to the region of interest
furthest from the film and oriented so that the plane of the penetrameter is normal
to the radiation beam.

* Film sidc penetramcters placement
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In cases where inaccessibility prevents source side placcment of the
penetrameters, the appropriate penctrameter shall be placed on the film side of
the object with a lead Ietter "F" at least es high as the penerameter
identification number and be placed cither adjacent o or on the penetrameter
but shall not mask the essential penetrameter hole.

Weld penetrameter placement

When radiographing welds, penetrameters shall either be placed adjacent to or
on the weld. The identification number and the lead letter “F", when used,
shall not be in the area of interest. In instances where the weld metal is not
radiographicatly similar to the base material or the geometric configuration
makes it impractical, the penetrameter identification number and the lead

aiter "F" may be placed over the weld metal.
ECONTROLLED

. Y
* Penctrameters with identification number(s) and the lead fditer "F". when
uscd, may be placed in the arca of interest.

+ Marerials or components other than welds 5'

»  Wire-type penetrameter placement

* The wire-type penetrameter(s) shall be placed on the weld so that the length of
the wires is perpendicular to the length of the weld. The identification
nurnbers and, when used, the lead letter “F7, shall not be in the area of
interest, except when geometnc configuration makes it impractical.

= Hole-type penetrameter block placement

»  When configuration or size prevent placing ihe penetrameieris) as described
above, it may be placed on a separate block (or preferably a part-like product)
provided all other radiography requirements are met.

» The block material shall be radiographically similar to the test raterial and be
placed as close as passible to the item being examined. The block dimensions
shall exceed the penetrameter dimensions such that the outline of at least three
sides of the penetrameter image shall be visibte on the radiopraph.

¢ Hole-type penetrameter shim
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+ A shim of matcrial radiographically similar to the weld metal shall be placed
between the part and the penctrameter, if needed, so that the area of interest is
no more than -15 percent from (lighter than) the radiographic density through
the penetrameter. Shims shall exceed the penetramcter dimensions such that
the outline of at least threc sides of the penetrameter image shall be visible on

the radiograph. Refer to paragraph 4.13.2 for specific film density
requirements.

4.12.3 Number of Penetramsiers

One or more penetrameter(s) shall be used for each radiograph. Each
penetrameter shall represent an area of essentially uniform radiographic density as
judged by a densitometer. If the density of the radiograph anywhere through the
area of interest varies by more than -15 or +30 percent from the density through
the body of the penetrameter or adjacent to the designated wire of a wire-type
penetrameter, then an additional penetrameter shall be used for each exceptional
area or areas and the radiograph retaken., W Lagi ble
variations in density, the calculations mﬁ}‘g Mﬁﬂﬁﬁﬂ within the
range specified in paragraph 4.13.2, SRy

(M
If more than one penetrameter is used, one shall be representative of the lightest
area of interest and the other the darkest area of interest, provided the density
requirements of 4.13.2 are met. The intervening densities on the radiograph shall

be considered as having acceptable density. The additional penetrameter is not
required to be normal to the radiation source.

Where more than one film holder or cassette is used for an exposure, a
penetrameter image shall appear on cach radiograph, except where the source is
placed on the center axis of the object and the complete circumference is
radiographed with a single exposure. In which case at least three equally spaced
{approximately 120 degrees apart) pcoctrameters shall be used. Whea an array of

abjects in a circle is radiographed, at least one penctramneter shall show on cach
test object image.

Where sections of longitudinal welds adjoining the circumfereniial weld are being
examined simultaneously with the circumferential weld, an additional
penetrameter shall be placed on each longindinal weld at the end of the section
most remote from the junction with the circumferential weld being radiographed.

e
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4.]

n
]

Resulis of Examination
4.13.1 Technique Qualification

Compliance with the deasity and penetrameter image requirements shatl be
considered evidence of qualification of the technique.

4.13.2 Film Requirements

Film quality I

Radiographs shall be evaluated for film quality before presentation for analysis
and interpretation. All radiographs shall be free from mechanical, chemical, or
other blemishes 1o the extent that they do not mask and are not confused with the
image of any discontinuity in the area of interest on the object being

radicgraphed. Such blenns!\}?e?‘ ?,Epi‘ﬁ Fﬁmrtltﬂted 10

o Fogging. ey

.' Fa

= Processing defects such as streaks, water marks, or chemical stains.
» Scratches, finger marks, crimps, dirtiness, static marks, smudges, or tears.
* False indications because of dirty or defactive screens.

+ Ifthe image of the lead lerter "B" appears as a light image on the radiograph,
protection from backscarter is insufficient, and the radiograph shzll be
considered unacceptable. An additional thickness of lead backing shall be
requirad. A dark image of the letter *B” is indicative of pressure and shall not
be cause for rejection unless it interferes with the film inierpretation.

» Densitometer linearity and calibrazion

Densitometers shall be used for ensuring compliance with film density
requirements. The densitometer shall be warmed up and operated in
accordance with the manufacturers’ operating manual. Densitometers used in
cvaluating radiographic film density shall be lincar throughout the density
range of 0.30 through 4.0 Hurter and Drifficld (H&D) units. The linearity
shall be verified by measuring density values closest 10 0,30, 3.0, and 3.9
H&D units on a calibrated step wedge. The readings shall be recotded on the
Radiographic Procedure and Test Report form (Figure 2). The measured and
calibrated step wedge density values shail not vary more than + 0.05. The
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linearity calibration shall be performed for each job, after 8 hours of
comtinuous operation, after change of operators, or a change in apertures.

¢ Film density

Except for the requirements of Appendix C and Appendix D, the film density
through the body of a hole-type penetrameter(s) or adjacent to the desiznated
wire of 2 wire-type penetrameter, as well as through the area of interest of the
radiographic image, shall be between 1.8 and 4.0 H&D units for X-ray and
between 2.0 and 4.0 H&D units for gamma ray sources. For composite
viewing of muktiple film exposures, each film of the composite set shall have
aminimum density of 1.3 with the composite st having & maximum density

of 4.0 H&D units. Ato crance of .65 madandi llowed for variations
between densitometer rehdings. j i%mtﬁﬁ

R,
The film density through the area HQB: shall rot vary more than -15 or
+30 percent from the density through a hole-type penctrameter or adjacent to
the designetéd wirc of a wire-type penetramecter. When calculating the

ailowable variations in density, the calculations may be rounded to the nearest
0.1,

When shims are used, the ~30 percent restriction may be excezded, providing
the required penetrameter sensitivity is displayed and the film density in the
area of interest is less than 4.0 H&D units. If mare than ane penstrameter is
used, one shall be representative of the lightest area of interest and the ather
the darkest area of interest The intervening densities on the radiograph shall
be considered as having aceeptable density.

s  Coverage

Radiographic examinations shall be conducted with sufficient overlap, to
ensure 100 percent coverage of the erea of interest at the specified film
density and penetrameter image resolution. When any material or component
cannot be fully inspected as specificd on the R/, or documents referenced
therein, the extent of examination performed and description of conditions
preventing the full cxamination shall be recorded on the Radiographic
Procedure and Test Report (Figure 2).

e Film identification

A system fot radiograph identification shall be used to produce permanent
identification on the radiograph traceable to the contract, object, weld or weld
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seam, or part numbers, as appropriate. In addition, the manufacturer's symbol
or name ang date of the radiograph shall be plainly and permanently included
or the radiograph. This identificatior: systern does not necessarily require that
the information appear as radiographic images. In any case, this information
shall not obscure the arez of interest. Traceability shall also provide that the
examination report, the radiographs, the object, and the area examined can be
identified with respect 10 each other at any time.

Film interpretation

Presentation of final radiographs for interpretation shall be in the form of 2
technical package which include radiograph(s) of accepiable film quality, a
report of the specific examination parameters; the radiographic sketch and,
where required, special tecknique information. Images noted on the film,
which could be construed to be defects, but which are suspected to be surface
icregularities, shall be verified by visual examination of the part. Such images
and verifications will be recorded on the Radiographic Procedure and Test
Repaort form. When such images could mask defects, the irregularity shal! be
removed and the area re-radiographed. Alternate radiographic or other NDE
techniques may be used 1o clarify acceptability of such regions. Defect
imagcs oceurring on the film and outside the region of interest specified shall

be regorded 00 thaRegliosmanhis Rnosedurs.and Tast Beoart. farpe, il

tdentificd by an artow placed on the ﬁlm out of the arca of intercst.

4.14  Object Acceptance

Radiographic object acceptance shall be based on the acceptance criteria specified by the
R/l for the repion of interest.

50 RECORDS PR OOMNTR QLLED
None. i:’::? {
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6.0 FIGURES AND APPENDICES

Figure 1. Recommended X-ray Volage

Figure 2. Radiographic Procedure and Test Report
Appendix A Examination Records

Appendix B American Society of Mechanical (ASME) Code
Appendix C  Capsule. Fuel, and Absorber Pin Radiography
Figure C-1.  Beam Filtration

Figure C-2.  X-ray Voltage Selsction

Figure C-3.  Geometric Unsharpness

Figure C-4 Number of Views Chart

Figure C-5.  Primary Block Thickness

Figure C-6.  Secondary Block Thickness

Appendix D Casting Radiography

Appendix E American Welding Society (AWS) Code

7.0 REFERENCES
American Society of Mechanical Engineers (ASME), ASME Boiler and Pressure Vessel Code.

COGEMA-SVCP-PRC-014, Qualification and Certification of Nondestrucitive Examination
Personnel,
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Figure 1. Recommended X-ray Voltage
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Figure 1c. X-ray Voitage far Copper and High-Niche! Alloys.
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Figure 2. Radiographic Procedure and Test Report (Example)

(sheet 1 of 2) (A-6002-663)
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Figure 2. Radiographic Procedure and Test Report
(sheet 2 of 2) (A-6002-663)
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EXAMINATION RECORDS
1.0 RECORD CONTENTS

The record of examination shall consist of the radiographic technique (sketeh), the report
defining specific examination parameters, the results of examnination, and the radiograph(s).

2.0

INSTRUCTIONS

2.1 Radiographic Procedure and Test Report

The examination report is divided into two sections: the documentation of specific
cxanination parameters and the results of the cxamination. The documentation of
specific examination parameters shall contain, but not be limitexd 1. the following
information as applicable:

5 & & & & & » o 2

Job number

Reguester and address

Contractor

Project or system identification

Part description and/or identification

Work package or raveler number

Material type and thickness

Weld description and identification

Procedure and technique numbers and revisions
Location marker maps

Maximum source or focal spot size A AT ﬁ L‘ ED
Isotope or maximum X-ray voltage (SRR AR RIS
Minimum source-to-film distance £ T

Source intensity (milliamperes or curies) AR

Beam filtration material and thickness
Single- or double-wall exposure
Single- or double-wall viewing

Film manufacturer and type

Number of films per cassette

Lead screen placement and thickness
Number or listing of exposures
Densitometer linearity check
Penetrameter description
Penetrameter resolution and density requirements
Shim material and thickness

Date of cxamination
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. Radiogrépher's name and certification level
* Interpreter's name and certification level
¢ Level Ill (or NDE Manager) review and signature

Locations on the report form that are not applicable to & specific examination shall be
shown as N/A (not applicable).

2.2 Technique Sketch

Either a specific or 2 generalized technique (sketch) documenting the specific
examination setup shall be either referenced by, attached to, or included as part of the
Radiographic Procedure and Test Report.

20
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AMERICAN SOCIETY OF MECHANICAL (ASME) CODE

14 PURPOSE

This appendix establishes the requirements for radiography in accordance with the American

Socicty of Mechanica! Engineers (ASME), ASME Boiler and Pressure Vessel Code, Sections {11
and V.

20 SCOPE

This appendix is supplermental and shall be used in conjunction with the main body of thus
procedure.

3.0 INSTRUCTIONS

31 ASME Boiler and Pressure Vessel Code, Sections 1l and V.

Table 1. Geometric Unsharpaess Limitations.

Material Geometric Unsharpness
Ihickness, Inches Maximum, Inches
Under 2 0.020
2 through 3 . 0.030
Over 3 through 4 0.040
Greater than 4 0.670

NOTE: Material thickness is tha thickness on which the penetrameter is based.

i ?,*qﬁ%iTRDLLEO
RIvA!
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AMERICAN SOCIETY OF MECHANICAL {ASME) CODE
32  ASME Boiler and Pressure Vessel Code, Secticn V.
Table 2, Penetrameter Chart.
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CAPSULE, FUEL, AND ABSORBER PIN RADIOGRAPHY

1.0 PURPOSE

This appendix contains the requirements for beam-filtered tangential, shape correction, plus fuel
and absorber pin radiography.

20 SCOFE

This appendix is suppiemental and shall be used in conjunction with the main body of this
procedure.

30 INSTRUCTIONS

¢ Beam-Filtered Tangential Radiography. A technique used on cylindrical shaped paris
or welds by which filiers (usually copper) are placed in front of the X-ray radiation beam
to remove the longer wavelength component of the beam. Because the area of interest
(weld) is located in the tangent of the tube wall, this filration will minimize the effects of
edge burnout (undercut) caused by scattered radiation

» Shape Correction Radiography. A technique that surrounds the cylindrical test object
with material so edge burnout (undercut) is eliminated by masking the film from
scartered radiation,

3.1 Requirements for Beam-Filtered Tangential Radiography

3.1.1 Beam Filtzation

Copper filters placed in front of the X-ray radiation beam should be at least one
half value layer in thickness (Figure C-1).

If edge bumout (undercut) exceeds 0.005 inch as measured by a 7X magnifier on
the capsule wbe wall near the weld, then more beam filtration may be required.
However, investigation into other sources of scattered radiation may also be

beneficial.
NN t”‘*‘f LLED
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Figure C-1. Beam Filtration.

312 Energy. Selection

The energy selection in Figure C-2 is a guice to be used for steef parts. When
conditions exist that require the use of an isotope or x-ray voltage in excess af
Figure C-2, the tachrique shal) be consider qualified if the proper penetrameter
sensitivity (s demonstrated.

Figure C:2. X-Ray Voltage Selection

‘h- I r:ew ?4 ;)QLLED

o
B
o T LA
aso T —
P D R { = -
= i ,§?
=] i i | . Iy
5350- — - - i ;9/ — -
= I ! i : ARY 4
a i ; I -__D“ A/ - '
o L e L g - ! . ! LA A
= 250 ; ! LI //:é_ -
<. : o P
& : — & e
= 50l /j/«a- -
! i f/' d
!.——; 1 i | : ' : .
I = e - T 1
T A I O T

Primary Biock Thickneass (inchas)

PRE-DECISIONAL - For Planning and Discussion Purposes Only




Attachment C to
B-MT(SRME)-50

Page 30
A COGEMA-SVRT-PRC-006
Revision 2
COGEMA ENGINEERING ‘ Page 25 of 38

Effective: November 14, 2003
APPENDIX C

CAPSULE, FUEL, AND ABSORBER PIN RADIOGRAPHY

3.3  Geometric Unsharpness
Maximum geometric unsharpness shall be as shown in Figure C-3.

Figure C.3. Geometric Unsharpness.
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3.14 Exient of Examinzation

Unless otherwise stated in the Request/Instruction for Nondestructive Test
Services (R/) form (COGEMA-SVAD-PRC-001}, the exten: of examination shall
be |00 percent coverage and shall be determined by Figure C-4.

3.1.5 Selection of Penetrameter Block Thickness
Penetrameter for the beam filter technique shall be placed on a block of material,
which is radiographicaily similar to the test object, and placed near the outer most

capsules (end capsules). There shall be at least two penetrameter blocks, a

primary and a secondary block, and they shall be selected from Figures C-3 and
C-6.

3.1.6. Penectramter Selection

Penctrameter selection shall be based on the primary and secondary block
thickness and sclccted from Table 1.
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Table 1. Penetrameter Chart.

Primary and Secondary Penetrameter

Block Thickness Taken From

Figures C-5and C- 6 Thickness
Designation

Up to 1/4 inch

Over 14 thru 3/8

Over 3/8 thru 172

Over 172 thru 5/8

Over 5/8 thru 3/4 |

Over 344 thru 7/8 P, :'EQ-TQQE ‘ EB
L‘s-w,~_.,.v.§ L e b

Over 7/8 thru | SV INEES

Over 1 thru 1-1/4 Py
Over 1-174 thru 1-1/2 o

3.1.7 Film Selection

Industrial x-ray film, Type 1, extra fine grain or better, shall be used.

3.1.8  Film Density

'To estahiish a technique, the film density measured through the body of the
penetrameter shall not be less than 1.4 nor greater than 4.0 Hurter and Driffield
{H&D) units. Since the primary penetrameter block thickness represents the
thickest portion of the weld, a secondary penetrameter block shal} be selectad to
represent the thinnest area of interest. The intervening film densities on the
radiograph shall be considered as having acceptable density.

If the test object tube wall thickness is less than 0.010 inch thick, the primary
penetrameter block shall be calculated by Equation 1.
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Equation |

P.=~OD - ID’

Where: Py = Primary penetrameter block thickness
OD = Qutside diameter of tube
ID = Inside diameter of tube
vy TN
32 Specific Requirements For Shape Correction Ra@é&égpgr‘ “3 21ULLED
STEE Y
3.2.1 Shape Correction Forms i '{3 i

There are two basic types of shape carrection forms: block types and tube types.
The block type may be either full or partial secrion thickness of the test object.
The tube (edge enhancement) type can be either & whole tube slightly larger than

the test object or one that is split longitudinelly down the length of the tube (one-
half tube).

Shape correction forms shall be made of materials compatible with the test object;

hawever, they normally should not be made of materials more dense than the test
objact

3.2.2 Thickness of Shape Cormrection Forms

The block-type shape correction form should be manufactured so that the drilled
holes in the block are as close as practical to the full block thickness. As a guide,
the ube-type (edge enhancament) shape correction form wall thickness should be
between 0.5 and 1.5 times the thickness of the test object tube wall. However, at

limes, experimentation may be required to determine the proper tube wall
thickness.

323 Energy Selection

The energy selection in Figure C-2 is a guide to be used for steel parts. When
conditions exist that require the use of x-ray voltage in excess of Figure C-2, the
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technique shall be consider qualified if the proper penetrameter sensitivity is
demonstrated.

3.2.4 Geometric Unsharpness

Maximum geometric unsharpness shall be as shown in Figure C-3.

3.2.5 Extent of Examination

Unless otherwise stated in the R/l form, the extent of examination shall be 100
percent coverage and shall be determined by Figure C-4. ~ TR }LLED

‘h?w&
2

wos‘-

3.2.6 Selection of Penetrameter Block Thickness ;:;“ Yy

d 1
Penetrameter block selection may be determined by measuring the film density
through the area of intecest (weld area) and matching that density to a block of
radiographically similar material (see Paragraph 3.2.9 for measuring film
densities) or based upon the thickness of the shape correction form. Block
thickness for the tube-type {edge enhancement) shape correction form can be
estimated by determining the primaty block thickness of the test object from
Figure D-5 plus the thickness of the tube shape correction form as determined in
Figure D-6. If necessary, the thickness of the penetrameter block may be adjusted
to achieve the proper film density reange (see Paragraph 3.2.9).

3.2.7 Penctrameter Selection

Penewrameter selection shall be based on the thickness of the block(s) as
determined in Paragraph 3.2.6 and shall be selecied from Table 1.

3.2.8 File Type

Industrial x-ray film, Type 1, extra fine grain or better shall be used.

329 Film Density

To establish a technique, the film density measured through the area of interest
(weld area) and also through the body of the penetrameter shall not be less than
1.8 nor greater than 4.0 H&D units. The film density through the area of interest
shall not vary more than -15 or +30 percent from the density through the
penewameter. If the densities vary more then -15 or +30 percent, additional
penetrameters shall be used for the exceptional areas. When two or more
pencirameters are used, the intervening film density shall be considered
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acceptable provided the penetrameter densities are not less than 1.8 nor greater
than 4.0 H&D units.

If the test objects tube wall thickness is less than the diameter of the densitometer
aperture, the density measurement may be taken through the bady of the
penetrameter provided the primary penetrameter block is either calculated by
Equation 1 or taken from Figure D-5 plus the amount represented by the shape
correction form through the area of interest (weld area).

Once a technique is established, density measurements need only to be made

through the body of the penetrameter provided the essential technique parameters
remain the same.

During qualification, the standards shall be located in the outermost pin position. After
gualification the radiographic standards are not required to be used.
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Figure C-4. Number of Views Chart
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Figure C-5. Primary Block Thickness
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Figure C-6. Secondary Block Thickness
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1.0 PURFPOSE

This appendix establishes the requirements for radiography of metallic castings in accordance
with the American Society of Mechanical Engineers (ASME), ASME Boiler and Pressure Vesse!
Code, Section V.

2.6 SCOPE

This appendix shall be used in conjunction with the main body of this procedure.

3.0 SPECIFIC CASTING REQUIREMENTS

3.1 Film Identification

In addition to the general radiography procedurs, the radiographs shall also b¢ plainly and
permanently identified with the job or heat number and, if applicable, repair numbers.

3.2 Penetrameters

The penetrameter shall be based on the single-wall thickness of the casting,
3.2.1. Casting Areas Before Finish Machining
The penetrameter shall be based on a thickness that does not exceed the finished
thickness by mare than 20 percent or 1/4 inch, whichever is greater. Inno case
shall a penetrameter size be based on a thickness greater than the thickness being
radiographed.

3.2.2  Casting Remaining in As-Cast Condition

‘The penetrameter shall be based on the thickness being radiographed.
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Table 1. Penetrameter Chart.

Sourss Sode Filen Sige

© Nominal Single Wall
Matcrial Thickness Hoie Type Esacntial Wi Hols Type Exxcntial Wire
Range 1n. Destgnation Hole Diameler. in. Designation Hoie Diamcies, in
Up w .25, ind. 12 T 0.003 v} T 0.006
Over 025 through 373 15 T colo 12 biy 0008
Orver 0.375 through £.80 17 nw 0013 15 T L
Ovet 0.30 Urough 0.75 20 11 o.ars 17 T 0oLy
Cwer 0.75 through 1.06 25 7 o.020 20 m a0l6
Dver 1.00 through LS50 3o u 6,025 25 2T .60
Dves 1,30 through 2.00 15 T 0.1 3C ryy 0.025
Drec 2.00 through 2 56 ic I .00 38 ray 0032
Ove: 2,30 shioagh 4.00 30 T 0.8350 40 T 004
Dver 3 04 dheough 5.00 86 T {063 50 T 0050
Oves 6.00 sheausgh §.06 8¢ b 0.100 @ T 0.063
Dver 5.00 thewagh 10.00 ico T 0.126 1] T Q.40
Over 1000 hough 1200 10 H) ¢ 150 100 7 C.226
Over 1200 fuough 1600 160 21 ¢.250 120 ’ C.160
Cver 16.00 tyrough 20.00 200 1 £.320 i8d P 6230

323 Placement of Penetrameters

If practical, the penetrameters shall be placed on the source side of the part.

When it is not practical, a separate biock may be used, provided the penetrameter
and area of interest density regquirements are mer; the penetrameter on the source
side of the separate block shall be placed no closer to the film than the source side
of the casting being mdiographed; the separate block shall be placed as close as
possible to the casting being radiographed. Where inaccessibility prevents source
side placement, it is permissible to use film side placement provided ail other
general radiographic requirements are met.

324 Film Density Requirements

The film density as judged by a densitometer and measured through the body of
the penctrameter and the area of interest shall be a minimum of 1. Sanda
maximum of 4.0 Hurter and Driffield (H&D) units for single film viewing. For
composite viewing of multiple film exposures, each film of thc composite sst
shall have 2 minimum density of 1.0 with the composite having a maximum
density of 4.0 H&D units. A tolerance of 0.05 in density is allowed.

UHCONTROLLED
COPY
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33 Geometric Unsharpness Limitations

Table 2. Geometric Unsharpness Limitations

Maierial (Geomerric Unsharpness
Thickness, Inches Maximum. Inches
Under 2 0.020
2 tarough 2 0.030
Over 3 through 4 0.640
Crreater than 4 0.070
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1.0 PURPOSE

This appendix establishes the requirements for radiography in accordance with the Amencan
Welding Society (AWS), Structural Welding Code - Steel, D1.1.

20 SCOPE
This appendix shall be used in conjunction with the main body of this procedure.
3.0 INSTRUCTIONS

3 AWS Structural Welding Code - Steel, D1.1

Table 1. Geometric Unsharpness Limitations.

Maierial Geometric Unsharpness
Thickness, Inches Maximum. Inches
Under 2 0.020
2 through 3 0.030
Over 3 through 4 : 0.040
Greater than 4 0.070

NOTE: Material thickness is the thickness on which the penetrameter is based.
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32 AWS Structural Welding Cade - Sleel DlL.1.

Table 2. Penetrameter Chart.

Sowrce Sudx Fiim Sude’
Momina Singks Wall ‘
Mawnal Thickniesy'  Designaion Essentizl Maz, Wire Designanon Essentiat Max. Wi
ng. in Hale Diameter, in Hole Diameter, in.
Up w25 incl. 0 4T 0010 ki 4T 0.0¢8
Over 025 throwezh 0.375 B2 47 agi3 0 4T 0.010
Owver 0373 fuenegh 0.50 14 47 0016 12 4T 0013
Orer §.50through 0.623 13 4T Q016 12 4T 0013
Orer 0.625 hrouga 0.75 i 4T 0020 i8 4T 8016
Orrer 0.73 theough 0,873 20 4T 0025 17 4T 0.020
Over 0.873 Grough (.60 20 4T 005 17 4T GOm0
Over | (0theough 1253 15 4T GDIS 10 4T 0020
Over 1.25 through 180 EL T 0025 : 2t 0.020
Ovex 30 Uwough 2.0G 35 4 Q032 30 2T Q925
Over 2 00through 2.50 40 T 0040 38 r3 0032
Over 2 50 through 3.04 45 2 000 0 2T 0.040
Oz 540 trough 4.0 30 T 000 45 T 0.046G
Over 2 (0threush 600 60 T 0043 0 aw 0050
Over 6.60 thiough 8.040 80 iy 0100 €0 T 0062

NOTE:

{1) Sigic-wall rciogragh< MICKNCSS (for wouars e aer ,}\ﬁ, C}LLED

Zl .‘
(3 Appiicablc to tubualar swrusturss oaly, K §

. {7
33  Weld Reinforcement ‘;id? f

When weld reinforcement or backing, or both, is not removed, or wire [mage Quality
Indicator (IQI) eliernatc placement is not used, steel shims which extend at least 1/8 inch
beyond three sides of the required hole or wire IQI, so that the total thickness of sieel

between the hole IQI and the film is approximately equal 10 the average thickness of the
weld measured through its reinforcement and backing.

3.4 Source-to-Subject Distance

The source-to-subject distance shall not be less than the total length of film being
exposed in a single plane, I[n addition, this distance shall not be less than seven times the
thickness of weld plus reinforcement and backing, if any, nor such that the inspecting

radiation shall penetrate any portion of the weld represented in the radiograph at an angle
greater than 26.5 degrees from a line normal to the weld surface.
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3.5 1Q1 Selection and Placement

1Qls shall be selected from Table 2. The number of IQIs on the radiograph shall be as

specified in Table 3,
Table 3. Number of IQIs Required
EqulT> 10in L Equal T< 10in. L Unequal T2 [0in. L. | Unegqual 1 <10in. L

[QI Types. Hole  Wire |Hole Wire |Hole Wire [Hole  Wirte
Number of Qs
e 2 2 | ! 3 2 2 ]

3 3 3 3 3 3 3 3
Sclected From :
Table 2 2 2 2 2 2 2 2

T = Neminal base metal thickness (See Notes 1 and 2 belo\.»)‘ a “C LED

L= Weld length in area of interest of each radiograph.

d%?‘i

Notes:

1. Steel backing shall not be considered part of the weld or weld reinforcement in 1QI
selection.

2. T may be increased to provide for the thickness of allowable weld reinforcement
provided shims are used under hole IQls.

3 When 2 complete circumferential pipe weld is radiographed with a single exposure and
the radiation sowrce is placed at the center of the curvature, at lcast three equatly spaced
hole type 1Q1s shali be used.

36 FilmLength

Film shatl have sufficient length and placed to provide at least O inch of film beyond the
projected edge of the weld.

3.7  Weld Transitions
When weld transitions have a matio of the thickness of the thicker section to the thickness
of the thinner section is 3 or greater, the radiographs should be exposed to produce singie

film densities of 3.0 to 4.0 in the thinner section. When this done, the minimum film
density requiremeats (1.8 X-ray and 2.0 Gamma-ray) may be waived.
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AN NDE REQUEST/INSTRUCTION FOR
N "CTIV ;
AREVA ONDESTRUCTIVE TEST SERVICES
Reqguestor MSIN Bidg, Phons Mo. * Company
Dean Paxton Ki.44 PSL 375-2620 FNNL
Project'Systen Identification Woerk Package Traveler No.
Biaxial Creep Specimeans
Financial Information, 16, CACN'COA, Work Order, Contract No, Drawing No.
Betris - 3D139%6

Acceptance Code Specification Section Paragraph Date
Radiography NE F§-2T 6.3.4 B July 1873

BJ NDE

[ Client

Special Instructions (handling requirements, allowed marking:, atc.)

Latex zloves supplied by the customet.

[] Penetranc (PT)

{71 Magnetic Particle (MT)
Safaty Radiological Conditions [ Leak Testing (LT)
Noge [0 Clerasonic (UT)

X Radiography (RT)
[ Electro Magnetc (ET)

[ Underground Surveys

Part [aforrnation
Part Location 2460 Bldg.
Capsules will be 0.250" Dia, with a wall thickness of 0.025".

The end cap groove iz 0.005" X 0.010™.

Contact {FIC) Ace Jones 100% radiography coverage is required.

Radiographic Procedure will be COGEMA-SVET-FRC-006 App. €, Rex. 2

Phone No. 3726021
BldeRoom _ NA
RESERVED FOR NDE USE ONLY
Reque:t Accepted By NDE Job No.
NDE-R1-001 August 24. 2004

Rev. 0
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Attachment 3

RDTF 6-2T, Section 6.3.4 Radiopraphic Examination:
Apphlicable unacceptable conditions are Lsted below

Welds that are shown by radiography to have any of the following discontinuities are
unacceptable.

1.

2

I(..;.l

Any tvpe of crack or zone of wcomplete fusion or penetration.

Any pore with a maximum dimension greater than 20% of “T,” where “T” is the
specified weld thickness.

Pores that ate separated from one another by less than 3/16” center to center.

Radiographic examination shall reveal 100% joint penetration with evidence of melt
through on the root ude of Blectron Beam welds.
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e

Pacific Northwest
National Laboratory

Opcrater] try Battelle for the
U S, Depantment of [rargy

August 12, 2005

KAPL Inc.

Atin: Steve Hayden (M/S 111)
P.O. Box 1072

Schencctady, NY 12301

Dear Mr. Havden:
TRANSMITTAL OF BIAXIAL CREEP SPECIMEN WELD QUALIFICATION TEST PLAN

Attached is Revision 0 of SRM-PLAN-005, Qualification Test Plan for Biaxial Creep Specimen
Electron Beam and Laser Seal Welding. The NRPCT provided approval of the document with
comments in the Information-to-Vendor: Biaxial Creep Specimen Fabricarion, PNNL-SPP-0S-
0004 Revision 2, dated August 2, 2005. All comments have been implemented in Revision 0 of
SRM-PLAN-00S. ’

As requested, [ have included this transmittal letter in triplicate, 5 hard copies of the attached
plan, and 2 electsonic copies of the plan.

If you have any questions, plcase comact Dean Paxion at (509) 375-2620.

Chad Painter
Project Manaper
Space Reactor Materials [rradiation Testing Project

cc:.  Dean Paxton, PNNL
Tom Hays, PNNL
Ken Buxton, PNNL
05-011

Uit? Battelle Boulevard ® PO Box 999 = Richland, WA 99337

Telephone (509) 372-4112 B Email chad.pamtcr@pnl gov 8 Fax (509) 372.6421
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Space Reactor Materials (SRM) Irradiation
Testing Project

Qualification Test Plan for Biaxial Creep Specimen
Electron Beam and Laser Seal Welding

SRM-PLAN-003
Revision No. 0

Lisue Date: August 2005

Client: Knolls Atomic Power Laboratory
Project No: 48552

anredﬂy:‘w‘ MM B T4-Deluedns fl \\\O‘S'

SRM Weld Engincer Date
Reviewed By; M’/l{ . ﬁf;l[’— X’Inlos
SRM Biaxial Creep Task Manager Date
Revicwed By: A : ﬁ-c._ J.Q, %/l}{ on-y
SRM QA Specialist Date
= =)
Approved By: %’-— 'tfﬁ/ /’ 3
Project Manager Date
Review By: ___coanse K _abosdo iy Efi2fos
SRM Autherized Detivative Classifier Date
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Revision Record

Date Change Description Puges Changed
Dnaft G711 172005 Original submittal to NRPCT All origingls
(1] 8972005 a. Change flow chart to have adiography | a. Page 4, Chant

done after Post EB anneal

b. Clarify pressure levels of specimens b. Page 5,7.1.8
during qualification

¢. Change mbar to torr for vecuum units ¢. Arachment 1

d. Change rework requirements d. Attachmest 8
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3.0 Design Specifications 200 DIBWANES ......oocveerioo et oot ot ettt et et e eeeee e
4.0 Weld ReqUittentS.. . et s crsarssmsiomseinssonssme
6.0 Weld Development. .........co.c c.voe.emesrcssesinsimes s
7.0 Weld Procedure Qualification e ieemers susin

B0 Quality AsSUTANCE REQUILSINENLS ... e i oot e et e eoe e
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Qualification Test Plan for Biaxial Creep Specimen Electron Beamn
and Laser Seal Welding

SRM-PLAN-0GS Revision 0 Page | nf 7

1.0 APPLICABILITY

This test plan applics to the development and qualification of weld paramcters using the Elcctron Beam (EB)
welding and Laser Beam welding processes. This plan describes the general process for developing and
qualifying wekds for reactor core components. This test plan is based on guidance found in Welding of Reactor
Core Componenis and Test Assemblies (RDT F6-2T). This test plan applics to the development of new weld
parameters as well as redevelopment and requalification of welds and parameters developed and used from
previous work scopes. Completion of the Data Sheet, Welding Procedure Sheet, and the Welding Procedure
Qualification Record through this process and acceptance of those documents by the responsible staff will
establish the qualification of a new weld joint and/or the qualification of the paramaters of the welding
pracedure for that specific weld joint.

2.0 RESPONSIBLE STAFF

2.1.  Project Manager: Responsibility for overall manapgetment of the Space Reacior Materials
Iradiation Project.

22, Task Manager: Responsibility for fabrication of biaxial creep specimens.

23 Quality Engineer: Responsibility for oversight of fabrication operations and verification of
documentation associated with fabricalion and inspection.

24,  Weld Engincer: Responsibility for preparing weld qualification plan und perform periodic
inspection of weld integrity.

25 Welding Technologist: Responsibility for operating automatic welding equipment
3.0 DESIGN SPECIFICATIONS AND DRAWINGS

The docurnents listed below are applicable to fabrication of biaxial crecp pressurized tube specimens. The
documents lisied are subject 10 revision, and the current revision will be used in 2]l instances as defined in the
applicable version of Reference 3.1 below. Refersace 3.2 below shall be uscd as a guide for the fabrication of
biaxial creep specimens and will be supplemented with instructions defined in Reference 3.1. Inthe cventof a
conflict beiween Refereaces 3.1 and 3.2, those listed in Refersnce 3.1 shall ke precedence. A list of
clarifications and exceptions to Reference 3.2 is provided in Attachmem 7.

3.1.  KAPL, Inc. Information-to-Vendor, Blaxial Creep Specimen Fabricasion, PNINL-SPP-05-0004

32 RDT Standard, Welding of Reactor Core Components and Test Assemblies, RDT (NE) F 6-2T, dated
July 1973 and PNNL exceptions to application of standard

33, Banelle Pacific Northwest National Laboratory, Space Reactor Materials (SRM) Irradiation Testing
Project Quality Assurance Plan, SRM-PLAN-002

34.  Bechtel Bettis Inc. Drawing, Biasial Creep Specimen Straight Wall, SK-DPM 1060997
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Qualification Test Plan for Biaxial Creep Specimen Electron Beam
and Laser Seal Welding

SRM-PLAN-Q0S Revision Page 2o 7

3.5,

36

37

4.0

4.1

42

5.0

5.1.

52

3.3.
5.4.

5.5.
56.

5.8.

59

5.10.

Bechtel Bettis, Inc. Drawing, Biaxial Creep Specimen Inspection Groove Bottom End Cap.
SK-DPM 1051705 :

Bechiel Bettis, Inc. Drawing, Biaxial Creep Specimen Inspection Groove Top End Cap/Protrusion.
SK-DPM3051705

Bechtel Bettis, Inc. Drawing, NRPCT / JOYO-1 Biaxia) Creep Specimen Assembly, SD15996
WELD REQUIRMENTS

All welding shall be performed using RDT NE F6-21 for guidance. Not all sections are applicable, and
Auachment 7 lists the sections not applicable or exception taken.

Electron Beam Welding (EBW) process shal! be classified as “Automatic Welding™ as definsd by
NE F6-2t.

Laser Beam Welding {LBW) process shall be classified as “Automatic Welding™ as defined by
NE F5-2t.

PREREQUISITES

Welding systems shall have current calibrations.

Weid qualification samples shall be of the same material and heat ot lot number used in the praduction
parts.

Weld Qualification samples shall be the same configuration used for production parts.

Weld qualification samples shall be cleaned by the supplier and packaged adequately 1o insure that
cleanliness is maintained during shippmg.

Cleaned weld samples shall be handled using clean, nonporous, tale-free gloves or materials.

Refractory metals shall be handled with above described gloves or materials and tools coated or rapped
with refractory metal coating oc foil. (Tantalum is prohibited.)

Cleaned weld samples shall be kept in sealed containers for protection.

Any weld fixtures used in the weld chumber that causes magnetic interference with the clectron beam
must be removed or shielded.

Prior to placing components within EBW fixtures, the welding operator shall perform a final wipe down
of the weld joint area using a CLEAN texwipe and ethanol alcohol.

Weld fixturing which contacts refractory metal components shall be constructed of refractory metal.
{Tantalum is prohibited.)
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Qualification Test Plan for Biaxial Creep Specimen Electron Beam
and Laser Seal Welding

SRM-PLAN-005 Revision O Page30f7

6.0 WELD DEVELOPMENT

Weld development is an iterative process where the essential variables are manipulated in an atiempt 1o achieve
the desired resuvits. The process flow of weld qualification specimens is shown in Figure 6.1. Test welds are
made and examined according to the guidelines in this section until a successful set of welding parareters is
established. The successful weld development parameters established in the welkd development section become
the input 10 the Welding Procedure found in the Weld Procedure Qualification section below.

61 Weld parameters for each tast weld shall be documented on the appropriate Weld Data sheet (EBWD or
LBWD) as shown in Attachments 1 ang 2.

6.2. A set of welding parameters are recorded on the Weld Duta Sheet. Thosc paramcters are used to produce
a single test weld which will be examined and evaluated.

6.3.  Each weld sample shall bs prototypic or a duplicate of the production specimen components. Prototypic
: or duplicate samples shall be provided by the customer.

6.4 Each weld sample shall be identified with a unique number and logged into the welding log book.

65.  ID Number shal] bc marked with a vibm-tool. permanent ink marker, or on the part container for each
weld sample.

66.  Each weid sample shall he examined in 2 manner that evaluates the effectiveness of the welding
parameters.

6.7. Dewvclopment welds shall be made in this manner unti] the weld requirernents arc satisfied.
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Qualification Test Plan for Biaxial Creep Specimen Eleciron Beam
and Laser Seal Welding
Ravision Pagedof 7

SEM-PLAN 005

1: Receipt Inspection

10: Destructive Sample

B

2: FB Weldmg
‘ 9: Helium Leak Test
|

-

B: Pressure Test Anneal
‘ 3: Pact EB Visual lnspection !
I

Y

T: Post LW Visuzl lespection

4: Post EE Aareal (non-
reliacin y specimens only

Bl

6: Pressarzaticn and Laser Sea
Welding

5: Radwoeraphy

L

Figure 6.1. Biaxial Creep Specimen Fabrication Flowchart for Qualification
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Qualification Test Plan for Bioxial Creep Specimen Electron Beam
and Laser Seal Welding

SRM-PLAN-003 Revision 0 Pagz50f7

7.0 WELD PROCEDURE QUALIFICATION

Eiectron Beam & Laser Beam Welding

7.1.1. Panameters from the Weld Data sheets are entered onto the Welding Procedure forms. The
approval signaturc in the “Approved By™ block on Attachments 3 and 4 occurs at the
completicn of the weld qualification process.

A unigue number is assigned to the new welding pracedure and logged inlo the welding log book.

ID Number shall be marked with a vibra tool, permanent ink marker, of on the part conainer for
cach weld sample.

The weld qualification inspections znd verifications as specified oa the Welding Procedure
Qualification Record form are documented as they are completed,

7.1.5. The Welding Procedure farm and the Welding Procedure Qualification Record form are used
together 1o form a cumulative welding record package.

7.1.6. The Welding Procedure Qualification Record form (Attachment §j is the traveler used to follow
the qualification process.

7.1.7. NE F6-2t contains eight sections. These scctions address gencral or specific welding
requilements for various reactar Core components,

7.1.8. Biaxial Creep Pressurized Specimens shail be qualified in accordance with Sections 1. 2, 6 and
- 8 Category 4. (Elzctrical continuity test shall not be performed.) Pressure lzvels shall be
determined for each alloy at the ime of qualification based on collabomiion among the PNNL
wzld engineers and the NRPCT technical contacts.

7.1.9. Six top and bottom consecutive welds shall be performed for procedure qualification in
accorcance with NE F6-2t Sections 6 end 8 Category 4 (Automatic welding).

7.1.10. Each weld sample shzll be identified with a unique number, and logged into the welding log
book. A weld sampla may consist of one wbe and top and botom end caps. .

7.1.11. Qualification welds shall be inspected in accordance NE F6-2T, section 6 (with Attachment 7
exceptions taken} and the Ordering Data (Assembly Drawing).

7.1.12. Caution: Qualification specimens wili be de-pressurized as part of the metallographic
avzluation par 2 Depressurization Work Instnuction.

7.1.13. Upon satisfactory completion of all qualification testing requirements ithe Weld Engineer, Task
Manager, and Quality Assurance Specialist sign in the approval block of the Welding Procedure
and Welding Qualificazion Record.

7.1.14. Quality Assurance raviews and approves the Weiding Qualification Record Card verifying that
all required inspections and verifications have been performed and are acceptabie.
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7.1.15. The weld is aow Qualificd for production welding.

NOTE: If any of the weld samples fail 1o meet testing requirements, a new Wekding Procedure Qualification
Record will be generated for a second batch of qualification weld samples. If any of the second set fails to meet
testing requirements, retum to the Weld Development section of this test plan and proceed with additional weld
development activities before additional atterpts are made to qualify the weld.

72, Weldability Test

72,1, A weldability test shall be perforrned in the event that a different combinarion of base mazeriat
heats is used, within an alloy group other than those qualified per the Welding Procedure.

7.2.2. One weldability test specimen shall be welded (two wekls) using a duplicate of the production
weld joint canfiguration and applicable Welding Procedure. One weld specimen consists of
one tube and two end caps.

7.2.3. This weld sample shall be subjected to the same requircinents as the weld qualification except
only metallographic examination is performed.

7.2.4.  This will be documented on Attachment 6, Weldability Procedure Qualification Record.

7.2.5.  Metallographic examination shall be evatuated in accordance with NE F6-21, Section 6,
Paragraph 6.3.7. If metallographic examination reveals unacceptable welds, these base metals
shall be subjccted 10 the wekling procedure qualification process and qualified as a new
procedure.

73, Electron Bearn Welding Essential variables
A change in any one of the variables listed below which is outside the range used in the procedure qualification
will be cause for requalification:
beam current {x3%)
beam vollage (=2%)
wekling speed (£2%)
gun to work distance (25%)
beam focus point (x1/16™)
a change in frequency of oscillation
a change in sizc or shape of filament
a change in beam deflection pattern
the addition of a cosmetic pass
a change of welding from one side to welding from both sides and vice versa
a change in welding position
‘the omission or addition of integral backing
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the addition or omission of filler metal to the joint
the addition or omission of non-fosing metal retainers
the addition or omission of heat sinks.

74.  Laser Beam Welding Essentiai Varizbles

NE-F6-2t does not specifically addruss essemial variables for LBW. The following is a list of process
parameters which, if arbitrarily modified. wiil adversely affect weld quality (any deviation from the following

listed parameters shall require procedure qualification. Compliance with NE Fo6-21, Section 6, Table 2,
Sub-Section | and 3 shall be mandatory):

material type

mod type

aperture

attenoat

monilor volts (£2%)
focus lens

number of pulses
SPOL size
simosphere

pulse width.

8.0 QUALFTY ASSURANCE REQUIREMENTS

The PNNL Space Reactor Project Quality Assurance Plan SRM-FLAN-002 references the NRPCT and PINNL
driven quality assurance requirements and their application to all of the PNNL Space Reaclor Materials Project
work scopes including biaxial creep specimen fabrication. The referenced QA Plan specifically lists the
procedures selected to implament the guality assurance requirements.
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Qualification Test Plan for Biaxial Creep Specimen Electron Beam and Laser Seal Weldiag

SRM-PLAN-005 Revisign O Page 1of 1
Attachment 1 - Electron Beam Weld Data Sheet
EBW S/N: Recordad By:
Date: Page:
Operator: Material:
Procadkure:
Wald No. | Date Weldad
Voltage (KV}
Beam Current {ma)
Beam Cumrent Leve! (sat)
Focus Height (from workpiece)
Distanoe {workpiece to heat shield)
Focus Sotting
Woeld Speed sec/rev
Weld Spoed numin.
Weld Time (sat)
_Else:
Fall:
Deflaction: Harm. Sig. EPG  KE
DC only

Circle Dia. |
Harm. *X" Longth |
Ham. ¥ Length |
klorrnal or Expanded I
| Patemn ' |

Dia. J

Width N

Haight |
| Puoding Size |
| Modulate No % |
Spin Frequency Set
| Motor CCW cwW i

Spead RPM

[Filament Current, Peaked I
Vacuum (torr)

Attach Sketch of Weld Joint 1o this Table
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Attachment 2 - Laser Beam Weld Data Sheet
Attach Skatch of weld joint 1o this Table

Revision 0
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Qualification Test Plan for Biaxial Crecp Specimen Elcctron Beam and Lascr Scal Welding

Page 1 of 1

Dase:

Recorded by:

Operator:

Drawing No,

Weld No.

LBW Machine Type

LBW System Masufactured By:

LBW S/N:

| Material Type

Thickness

Pm-clcaning

Cover Glass Yes Mo

Type

Rod Type and ID #:

Aperture

Altenuator

Momitor Volts

Seale Factor

Focus Lans

| Number of Pulses

Chamber

Joint Sketch:
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Qualification Test Plan for Biaxial Creep Spacimen Electron Bears and Laser Seal Welding

SRM-PLAN-00S Revision 0 Pago 1 0f 2
Attachment 3 - Electron Beam Welding Procedure

ELECTRON BEAM WELDING PROCEDURE

Drawing Number Jolnt Assembly Number Date Welding Operators |
Penetration Pass.
PROCESS VALUES
Yoltge [KV?Y Deflection
Beam Current (182} Type
Beam Focus From Work Sarface §E"
Heat Shield From Work Distance Frequency (Hz)
[Wald Speed (sechev) Modulation Set
[ Weid Speed (in/min) Puddling Set
Weld Time Set Cycie (Sec.) Vacoum (omh
Rise Sex Beam+to-Joint Offsct
-l;aWSct Position Beam at  or
Rutation S&Pol Scning
Origizal lasuc:
Prepared by
Procedare No.
Approved by
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Attachment 3 - Electron Beam Welding Procedure (Continuation Sheet)
Cosmetic Pasy
- PROCESS VALUES
Voliage (KV) Deflection
Beam Current {ma) Type
Bean Focus From Work Susface Size
Hem Shicld From Work Disiance Frequency (Hz)
Weld Speed (soc/rev) Modalation Set
Weld Speed (in/rmin) Puddling S&t
Weld Timie Set Cycle (Sec.) Vacuom (rorrs
Rise Set Beam-to-Joint Offset
Fall Set Position Bean at  or
Raotaiion Spd-Pot Seuing

This procedure is in sccordanes with: The applicable Scctions of | Original kisuc:
NE F6-21 (guidance) and PNNL Biaxial Creep Specimen
Electron Beam and Laver Seal Weld Quatificuion Plar.

{ths area will expand as data iy entereds
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Qualification Test Plan for Biaxial Croep Specimen Electron Beam and Laser Seal Welding
Revision 0
Attachment 4 - Laser Beam Weld Procedure

SRM-PLAN-00S Page | of |

TEST ENGINEERING
BATTELLE HORTHWEST
P.O. BOX 900
RICHLAND, WA 99382

WELDING PROCEDURE

LASGR WRLDING PROCESS

MATERIAL.
THICKNESS:
PRE-CLEANING:
COVER (L ASS:
MACHINE MAKE:
MACHINE MODEL:
ADDTIONAL INFO

m—
N

T e S T S S RN X T I P o LA o B AN B s AR
DRAWING NUNMBER JOINT ASSEMEL Y NO. DATE WELDING DPERATCR
SEE WELDING PROCEDURE DESCRIPTION FOR CLJALITY REGUIREMENTS.
B & ~ M ot . Jw&ﬂﬁ N T R S .,‘a_:w TE e e Mﬁ%::ﬁ’ 2y s w - F ORI
PROCESS VALUES

ROD TYPE & LD. ND. VOLTAGE
APERTURE SPOT 8IZE
ATTENVATOR JOULES | PULSE
MONITOR VOLTS. ATMOSPHERE
SCALE FACTOR PRESSURE
FOCUS LENS IpULSE WIDTH
NO. OF PLLSES
PREPARED BY: ORIGNAL ISSUE

REV. NO.

REV. NO.

REV. NO
APPROVED FOR TEST ENGINEERING PROCEDURE NO.

MTS-
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Revision 0

Attachment 5 - Welding Procedure Qualification Record

Attachment D to
B-MT({SRME)-50
Page 18

Fage Lot )

Prepared by:
Date,

Welding Operamr Name
Walds Mads on:;

Wekding Equipaent ID,

Welding o Procedane Wits d by,

PROCRAN

REFERENCED SPECIFICATION

SAMPLES
REQUIRED

REPORT

AABa, | ACC | RES

TECIL OR
INSPECTOR | PATE

REMARKS

[Camp. Cleaned

PNNL instrurtion

Viaw) (Weld)
Post EB Weid Anneal

Priware Test

NE ¥5-21 Sec. 6 Para. 6.3.2 as amended

»|

PNNL Work Instructien

Noa-Befractory Oedv |

PNNL Work Lastruction

Hellam Leak Tont

NE F§-2t Sec. § Para 63,6 as amended
and Cogewa Procedure

Radiography

aloieinlo

NE F6-2 Sec. & Para 434 and Cogems
Procedune

Metahography

NE F6-2t Sex. & Para 6.1.7 and Customer
Ordering Data V)

Dimwasional

Racerd Diats red

Costomer Ordering Tt (V)

[T

For Procedesre ]

&
Iz

Eemaris

MotsBography Rapert aad Moust Nos
[Motahography Phoos (Intormation)

[ Radiography Report

Helium Leak Rate

Copy of the Procadurr

Presure Test Data

Presare Test Specimens

QA Review

% K)!RHRRHI

ey -

"NOTE: Specific Vicual Inap
Reactor Blaxia! Creep Speciosen MAQP

3 within PNNL Spece

Apprevals: Weid Enginecy,
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Qualificaion Test Plan for Biazial Creep Specimen Electrun Beam and Laser Seal Welding

SRM-PLAN-00S Revision 0 Page 1of2
Attachment 7 — Exceptions to RDT

APPLICATION OF RDT STANDARD RDT F6-2T, JULY 1973, WELDING OF REACTOR CORE
COMPONENTS AND TEST ASSEMBLIES TO BIAXIAL CREEP SPECIMEN FABRICATION,
INSPECTION AND TESTING

Prepared by: T.D. Hagys, PNNL -
Approved by: T.A- Deluccehi, Cogean

Minmwmmmmmﬁxmmmmmwmdehmmg
processes and procedurcs cxoept as noted berein.

General:

1)  Biaxial creep specimens are test specimens. Therefore, the applicable sections of the Standard applicabls o
Test Assemblies will be used. Specifically. sections addressing reactor cone comgonents (Sections 4. S, and
7) are not applicable and requirements in other general sectjons not addressing Test Assemblics are not
applicable.

) 3.3.1: Base materials will oot comply with referenced tables. Base materials will be Customer Furrished
materials as described m latest revision of IV.

3 3.3.2: NA, no welding matcrials ¢ fillee matcrial) will be used in the EP and laser weld processcs,

4} 3.5: Cleanliness shall meet NRPCT requirements not RDT FS. 1. Cleaning procedure will be prepared if
required by NRPCT.

3)  3.6: Joint design of EB welded components has inegral backing.

6)  3.10: Prebeat will not be used. Any post-heat treatments will be per dircction of NRPCT.

7 3.13: Nondestructive examinations shall meet requirements metuzlly agreed ipons with PNNL, PNNL. NDE
subconracior, and NRFCT.

8) 3.15:mmmuwemmmmhdh&3mwﬁupwmmm
test (VT), radiographic test (RT) and belivm leak test (HLT). No clearning is will be required for thage NDE
processes. Analyms is not planned for other contacting maerials.

. 9 3.17; 2i No filler maierials used in welding process. <) No weid maps used, bui cach weld oa a specimes
will be assigned specific number and be tracked by traveler. General) Many of the requiremants listed will
be recorded in a semmary manoer for all or groups of welds.

10} 4.1-4.4: Entire saction 1s N/A

11} 5.1- 5.4 Entire section is N/A

12]  6.1.1.1 -6.1.1.5: NDE will be limited to VT, RT and HLT for procedure and welding operatoe
qualification. penetrant t2st (PT), ultrasonic tast (UT) and sension test will not be ssed.

I3} 612D LPisIN/A.

14} 6.5.2 ¢, HLT will be performed in acoordance with procedure submitted by PNNL (Cogema Eaginecring).

15} 6.1.2d: Eiectron beam weld joints (shell 1o caps) will be radiographed per procedure submitted by PNNL
{Cogeana Enginecring). _

16)  6.1.3.2: Metallographic caamination will be performed on onc specimen form cach EB welding load.
Requirements for starts and stops are NJA.

17y 6.1.3.b: Tension testing is N/A.

18) 6.!.4;Wcl:lhgplme&|respcciﬁcuim(WPS)Mb:mbmim:durcqmrcanRPCI'fouppmvd.

19y Tablcl;On]y:iminfmmﬁonappli:ablemEBmwweﬂing will be includad.

20)  Table 2, #1, General, All Welding Processes: Only the information applicable to EB and laser walding will
be included.

21y Table 2 #2, Manual Welding is N/A.

22)  Table2,#4, Gas Tungsien Arc Welding is N/A.

23)  6.1.4d. 4.3 isN/A.

24)  6.L.4e No churt recoudings will be made,

25)  6.1.54: The EB and laser welds will be made by one individual. The initiats of thar welder will be
indicated on travelers for each specimen. No number, letier, or symbol will be placed o any specimen.

26) 6.1.5.bis N/A,

27)  6.1.54 The PNNL welding operator who peepares acceptable qualification welds will not be roquired ©
tequalify unless I year (365 days) has elapsed.

28y 6.2.1: Weld sampie quantity is specified in the Weld Qualification Plan.
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29) 622 Cleaning shall be 2s specified by NRPCT and/or Manufactaring and Qualty Plan IMAQP).

30) 6.2.3: Handling and siorage of clcaned materials prion o and dwring welding aad subscquent to welding
will be spacifiad in MAQP.

3D 62.4: NfA. All materials and weld joint sarfaces are furmshed ready to weld by customer.

37) 525, 6.2,6: Fining and aligement of joins will be accomplished using 2 fixture which will be detailed in
the weld qualificarron plan and report.

33) 627 NA

M) 06.2.8 Vacuum welding process does not apply.

35)  629,6.2.10,6.2.11: All welds are single welded joints. Root pass is N/A and will not be examined.

36) 6212 6213 are NVA.

37y 6.2.14: No repairs on base marerial If repairs on welds are aflowed, wekl quatificarion plan and report witl
specify details,

38) 63 La All nondestnuctive testing (RT, HLT) will be performed and accepted in accordance with
procedures submitted by PNNL (Cogema Engineering).

39y  63.1.c All inspection and NDE sequired will be specified in MAQE and on ravelers

40) 63.1.d: Visual examination and radiography wiil be perfonmed priot to any anneal/beat treanment ar
pressunization of specimen.

41}  6.3.2; See Anachmens § for visual eaamination for EB and lsser welds. The joine preparation is 1o be
acceptable as customer furnished material and will be checked for damage during receipt inspection only
with trial fit ups.

42) 633isNA.

43)  63.4: Radiography will be performed per proceduns submitted by PNNL (Cogema Enginccring).
Accepiance criteria will specified in MAQP.

44) 635is NiA.

45)  63.6: Helium leak testing will be conducied using “bell jar™ method (pressurized specimens placed in
vacuum charnber).

46) 6.3.7 Metallographic exammanon shall be performed as specified by cusiomer in 1V,

47) Sextion 7. Entire section is N/A.

48}  8.1: Only section £.1.4 applies.

49) BA: Based materials are customer furmished matenal

50) 85is NA.

51) 9.0: All applicable information {base material, NDE, weld chamber vacuum, metaliographic, belium leak
testing) are specitied by cusiomer. Filler matenal infarmation, halogen and sulfur content, digposition of
weids, tensiie testing, first and last weld, wrap wire wekl, projection welding, spot welding, tensile shear
tests are N/A,

52) Table 5: Test Assembiy Category 4 only.
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Qualification Test Plan for Biaxial Crecp Specimen Electron Beam and Lascr Scal Welding

SRM-PLAN-0Q5 Revision 0 Page I nf 2
Attachment 8 - Application of RDT Standard RDT F6-2T
Section 6.3.2 Visual Examination

Visunl Weld Exantination Requirements for Electron Beam and Laser Welding

Preparedby: T.D. Hays, PNNL
Approvedby. T.A. Deluochi_

= Vieual weld examnination shall be perfomed afier complation of eloctron beam and laser

welding and prior to subsequent operations; radiography, anneal, weight, dimensional and
helium loak testng.

* Final accessibie weld surface and adjacent base metal hest affected zones snal be
examined.

» Examination shall be periormed by quelified personne! who have visual acuity which meets
20/20 vision, natural or comrected stereo acuity and who have nomal color vision.

= Results of examinations shall be cocumented. Documentation shall include the following
mnimum information: date of examination, examiner name and certfication as applicabla,
description of wakis examined, refarence 10 examination requirements. measuring and test
equipment used and calibraton status as applicable, and results of examination.
Examinations shail be performed in accordance with the following requirements;

1} Welds examined at 1x and 7x {nominal). if a potantial weid discontinuity is observed,
examine at 10x to confirm.

2) Use direct examination with appropriate lighting (100 FC minimum), angle and distance o
vision not greater than 24" between eye and surface to be examined and not less than 30
degree angie lorm examiner ine of sight to the surface

3) Surface finish of welds ate to be examinad for surface discontinuities including proper saam
raciang, weld contour and reinforcement

4) Weids joints and base meial heat affected zones which are shown by visual examination to
have any of the following discontinuities are considered unacoeptable:

A) any cracks or fissures

B) any incompiete fusion

Ci any incomplete penetration
D} any shrinkage voids

E) any inclusion larger than 20% of weld designed joint penetration of more than 3
inclusions of any size in weld length

F) any single porosity larger than 20% of weld designed joint penetration or more than 3
porogity of any size in weld longth

G) gross spatter (minor indviciual or group accumulations of spatter accepiabla)
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Note:

H) exsessive undarcut {minor undercut acceptable as long as edges of welds blend
smoothly and gradually inte the acdjacent base meotal)

1) under-fill except tor EB weids where maximum concavity shail not exceed .003"
Minor joirt concavity is expected with autogenous E-Beam welding.

J) woeld faca reinforcement in excess of .005"
Overiap of tha weld start point and weld finish point & permitted and desired.

K) oxidation or excassive dross

Black or gray spelling or loose panticies not acceptable. Indescent ternper films and dark
metallic vapor deposits adjacent to weid are acceptable and may be removed by approved
clganing procedures when appropriate and accessibie,

No rework by weiding shall be pemmitted on any specimens. No rework shall be performed at

all on rafractory specimens. The only rework that shail be permittad will be the filing of
cosmetic anomakes in non-refractory specimens.
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"#’_

Pacific Northwest
National Laboratory ¢

Operated Ly Battelle for the
.S, Depantment of Encrgy

August 16, 2005

KAPL Inc.

Attn: Steve Hayden (M/S 111)
P.O. Box 1072

Schenectady, NY 12301

Dear Mr. Hayden:

TRANSMITTAL OF MANUFACTURING AND QUALITY PLAN (MAQP) FOR
FABRICATION OF BIAXIAL CREEP SPECIMENS

Attached is Revision 0 of SRM-PLAN-004, Manufacruring and Quality Plan (MAQP; for
Fabrication of Biaxial Creep Specimens. The NRPCT provided approval of the document with
comments in the Information-to-Vendor: Biaxial Creep Specimen Fabrication. PNNL-SPP-05-
0004 Revision 3, dated August 10, 2005, All comments have been implemented in Revision 0 of
SRM-PLAN-004.

As requested, | have included this transmittal letter in triplicate, five hard copies of the attached
plan., and two electronic copies of the plan.

1f vou have any questions, please contact Dean Paxton at (509) 375-2620.

Sincerely, ) /)
G L=

Chad Painter

Project Manager

Space Reacto™Matcrials Irradiation Testing Project

c¢c:  Dean Paxion, PNNL
Tom Hays, PNNL
Ken Buxton, PNNL
05-013

S0 Hattelle Boaland ® PO (8o 0190 ¢ 0 bilamd, WA 94332

e ————...—

Telephone (589) 3724142 8 Lmul chad panter@pol gov 8 Fax (509) 3726421
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wmw:%“ M p@wﬁ ?/léjbs

SRM Task Manager Date

Reviewed By: T-D - a /[ b/a-s-‘
SRM Quslity Specialist Date

Appraved By: [,/7 . G L cg/;(,/::.ﬁ:
SRM Project Manager Dale

Reviewed By: (/L_=/ e h, 0%
SRM Authorized Derivative Classifier Dale
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Rev. No. Date Change Description Pages Changed
Draft 07/14/2008 Original submittal to NRPCT All originals
0 8/16/2005 Revision to incorporate multiple Muluple
NRPCT comments — editonial, )
clarification and some additional work.
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MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS

SRM.PLAN004, Rev.0 Page 1 of 10

1.0 INTRODUCTION

Thus plan describes the activities at Pacific Northwest National Laboratary (PNNL) pertaining to the
manufactining, inspection, and certification requirements for the fabrication of biaxial CTeep specimens,
These specimens consist of tube sections with welded end caps which are sealed under pressure to create
pressurized tubes used to generate biaxial creep srength data on alloys of interest, The manufacunng
process at PNNL begins with the receipt of povemment fimished materials consisting of top and bottom
end caps fitted 1o a stock tube section in a matched set for welding and pressurization.

2.0 DESIGN SPECIFICATIONS AND DRAWINGS

The documents listed below are applicable to fabrication of biaxial creep pressunized tube specimens. The
documents listed are subject to revision, and the current revision will be used in all instances as defined in
the applicable version of Reference 2.1 below. Reference 2.2 below shatl be used as a guide for the
fabrication of biaxial creep specimens and will be supplemented with instructions defined in Refetence
2.1. In the event of a conflict berween References 2.1 and 2.2, those listed in Reference 2.1 shall take
precedence. A list of clarifications and exceptions to Reference 2.2 is provided in Appendix A.

21 KAPL, Inc. Information-to-Vendor, Biaxial Creep Specimen Fabrication. PNNL-SPP-05-0004

22 RDT Standard, Welding of Reactor Core Components and Tesr Assemblies, RDT (NE) F 6-2T,
dated July 1973 and PNNL exceptions to application of standard

23 Bechtel Betiis Inc. Drawing, Biaxial Creep Specimen Straight Wall, SK-DPM 1060997

24 Bechtel Bentis, Inc. Drawing, Biavial Creep Svecimen Inspection Groove Bottom End Cap,
SK-DPM1051705

23 Bechtel Berttis. Inc. Drawing, Biaxial Creap Specimen Inspection Groove Top End
Cap/Promusion, SK-DPM3051705

26  Bechtel Betuis, Inc. Drawing, NRPCT / JOYO-1 Biaxial Creep Specimen Assembly, SD15996

27  Batteile Pacific Northwest National Laberatory, Space Reactor Marerials Irradiarion Testing
Project — Quality Assurance Plan, SRM-PLAN-002

28  Bartelle Pacific Northwest National Laboratory, Space Reactor Marerials Irradiation Testing

Project - Biavial Creep Specimen Elactron Beam and Laser Seql Weld Qualification Test Plan,
SRM-PLAN-003
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MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS

SRM-PLAN-004, Rev.0 Page 2 of 10

3.0 DESCRIPTION OF WELDING, INSPECTION, AND
TESTING STEPS

The following subsections describe all of the steps required to fabricate, inspect, certify, and deliver
biaxial creep specimens. Some steps in the fabrication process are specific to certain types of alloys and
are identified as such. A flow chart summary of the fabrication and inspection process for biaxial creep
specimens is provided in Figure 1. A detailed fabnication and inspection flow chart is provided in
Appendix B.

3.1 Receiving

Receipt inspection will include checks for shipping damage and verification of the number of specimens
angd unigue identification markings on one of the end caps for each set with the enclosed packing slip.
Matched sets of samples will be supplied to PNNL, with each set consisting of a tubing section and two
fitted end caps as described in the respective drawings listed in Section 2.0. PNNL will perform a visual
nspection of the individual components and perform a cieanliness and fit-up veriication of the matched
sets prior o electron beam welding. A receipt izspection report (RIR) will documens these actvities and
15 mcluded in Appendix C. Refractory allov specimens shall not contact any non-refractory metals. It is
assumed that specimens will be supplied in a cleaned condition requiring no further processing prior (o
welding except for a final alcohol rinse.

3.2 Electron Beam (EB) Welding

Anachment of the top and bortom end ¢aps will be accomplished using circumferénial electron beam
welding at the interface berween each end cap and the tube section using a Hamilton Standard Elecwon
Beam Welder. The weld will be a full penetration weld and cover the eniire circutaference of the #ad cap
and tube section interface. Each specimen sef will be Ioaded into the 24-nibe bolding fixture which will
allow each specimen to be rotated at a constant speed for circumferential welding while in the vacuum
chamber. Per the handling procedure. refractory alloy specimens will be held by molybdenum holding
fixtures (“spuds”) and non-refractory alloy specimens will be held by stziniess steel fixtures. Refractory
alloy specimens will not be welded in the same load as nen-refractory specimens.

The ambient cold leak rate of the weld chamber will be measured at the start of the day before

EB welding and compared against the established acceptable cold Jeak rate. The weld chamber will be
pumped down to maximum target atmospheres of 5 x 10” torr and 1 x 10™ tory for refractory and
non-refracrory alloy specimens, respectively. Both the cold leak rate and pumyy down pressure
requirements will be documented on the specimen travelers and data sheets (Appendix C). AL EB
welding parameters will also be documented in the welding procedure and will be attached to the
specimen Iraveler.

I~2
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MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS
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1
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Figure 3-1. Summary Flow Chart of Braxial Creep Specimen Fabrication and Inspection
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3.3 Post EB Visual Examinations

Visual weld inspection will be performed after artachment of the end caps by EB welding. This inspection
will be performed by a second technician, supervisor, mspector or consuitant. The results of this
mspection will be documented on the specimen traveler data sheet (Appendix C). The criteria to be used
for visuat acceptance are described in Appendix D.

3.4 Post EB Weld Anneal

Selected non-refractory alloy specimens may require post EB weld annealing to 2 maximum of 1323 K.
The furnace to be used for this anneal is a Centorr Model U146 with resistance heated refractory metal
elements and a cryogenic vacuum pump which is backed up by a dry seroll pump. The annealing time and
temperature parameters will be provided by NRPCT. Applicable anneal parameters wiil be documented
on specimen traveler (Appendix C).

3.5 Post EB Radiography

Radiographic inspection will be performed by Cogema Engineering under subcontract to PNNL to assess
weld quality. This mspection will be performed according to the Cogema Engineering procedure after
approval by the NRPCT. The first radiography of each alloy set shafl contain rwo tabes with end caps
press-fit but not welded. These unwelded specimens will serve as compatators to verify the detection of
the unwelded radiography groove. Resuits from the radiographic inspection will be documented on the
specimen traveler data sheet (Appendix C).

3.6 Post EB Diameter Measurements

At the beginning of the diameter measurement campaign, a series of standards shatl be measured prior to
any production specimens being measured. The series of standards will consist of a 0.25 inch gage pin as
well as 3 gage pins that have incrementally smaller diameters than 0.25 inch and 3 gage pins that have
incrementally larger diameters than 0.25 inch. Measurements will be made using slice program at five
evenly spaced axial positions {center -0.4 inch, center -0.2 inch, center, center +0.2 inch, center 0.4
inch). The standard gage pins shall be provided by the NRPCT. The deviations from the standards shall
be plotted and a correction to the laser micrometer system shall be made if the gage pin measurements
indicate that this is pecessary. After the initial series of standards has been measured, the 0.25 inch gage
pin shall be measured after every 10 procuction specimens have been measured to ensure that the system
remains accurate. All gage pin measurement data shall be provided to the NRPCT along with the
production specimen data. .

The diameter of each specimen will be measured after attachment of the end caps and subsecuent
inspections and annealing (for non-refractory alloys) using a Beta LaserMike Model 162 taser
micrometer. Measurements will be made using slice program at five evenly spaced axial positions (center
-0.4 inch, center -0.2 inch. center, center +02 inch, center +0.4 inch). Grips are required to hoid
specimens during the measurements. Refractory alloy grips shall be used for refractory alloy specimens.
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There shall be a minimum of 180 measurements taken at 1° intervals at each axiai location. Each
specimen shail be measured ance and the specimen shall be cleaned with alcohol and a lint-free cioth
before the measurement is taken. The following items shall be recorded for each measurement: time,
room temperature, fixture temperature, and humidity. If, in the judgment of PNNL personnel, unexpected
measurement results are received, the NRPCT shall be consulted to determine if additional measurements
need to be taken. The diametral measurements will be recorded by the measurement equipment and
attached to the specimen traveler (Appendix C). Aa electronic copy of this data wiil be provided NRCPT,

3.7 Pre Laser Seal Welding Weight Measurement

Following pressurization and laser seal welding, each specimen will be weighed 2 minimum of three
times on a Mettler Balance Model AE163 which is calibrated and provides a reading of 2000001 grams,
Weight measurements will be recorded on the specimen traveler data sheet {Appendix C).

3.8 Pressurization and Laser Seal Welding

Spectmens will be pressurized with certified high purity helium gas (>99 999% He). Refractory and
non-refractory specimens shall not be mixed in the 12-tube chamber for pressurization. Refractory alloy
specimens shall be held by a refractory alloy holder during pressurization and laser seal welding using a
KORAD KWD laser welder. Prior to the start of each pressurization run. the chamber shafl be evacuated
and backfitled at least twice with helium The backfill pressure shall be less than the minimum fill
pressure for that group of specimens. Each specimen will be sealed at the designated pressure level by
taser welding of the top end cap fill hole. A second technician, engineer, supervisor, consultant or

QA representative will be present ic verify that the target fill pressures were obtained for individual
specimens. The gage used to record the specimen the gas pressure in the chamber will be calibrated and
the gage accuracy certified. The laser welding parameters and the fill pressures will be recorded on the
Laser Welding Procedure and attached to the specimen traveler (Appendix C).

3.9 Post Laser Seal Welding Visual Inspection

Visual weld inspection will be performed after pressurization and sealing by laser welding. This
inspection will be performed by a second technician, supervisor, inspector of consultant. The results of
this inspection will be documented on the specimen traveler data sheet. The criteria to be used for visual
acceptance are described in Appendix D.

3.10 Destructive Testing

One specimen from each EB welding foad will be destructively evaluated using metallographic
techmiques to evaluate weld quality. In order to avoid having to de-pressurnize the specimen, one tube
section per load will be randomly selected by a second rechnician. supervisor, consultant, or NRPCT
engineer and 2 through-wall hole will be drilled in the tube. The specimen will go through the
pressurization and seal welding steps, but 0o pressure will be retained in the tube due to through-wall
hole. Metatlographic sectioning will be performed to evaluate the laser seal weld 2nd both top and bottom
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ead cap welds. A visual evaluation of actual metallographic specimens will be performed by the weld
engincer or designated alternate within 2 weeks of the seal weld. If abnormalities are identified, the
NRPCT cognizant engineer will be immediately potified.

3.11 Post Laser Seal Welding Weight Measurement

Following pressurization and laser seal welding, each specimen will be weighed a minimum of three
times on a2 Mettler Balance Model AE163 which is calibrated and provides a reading of =0.00001 grams.
Weight measurements will be recorded on the specimen traveler data sheet {Appendix C).

3.12 Post Laser Seal Welding Diameter Measurements

The diameter of each specimen will be measured before the pressure test at temperature of the end caps
using a Beta LaserMike Model 162 laser micrometer. Measurements will be made using slice program at
five evenly spaced axial positions (center -0.4 inch, center -0.2 inch, center, center —0.2 inch. center +0.3
inch). Grips are required to hold specimens during the measurements. Refractory alloy grips shall be
used for refractory alloy specimens. There shal} be 2 minimum of 180 measurements taken at 1° intervals
at each axial Jocation. Each specimen shall be measured once and the specimen shall be cleaned with
alcohol and a fint-free cloth before the measurement is taken. The following items shall be recorded for
each measurement: time, room temperature, fixture temperature, and humadity. If, in the judgment of
PNNL personnel, unexpected measurement results are received, the NRPCT shall be consulted to
determine if additional measurements need to be taken. The diameter measurements will be recorded by
the measurement equipment and attached to the specimen traveler (Appendix C). An electronic copy of
this data will be provided NRCPT.

3.13 Pressure Test at Temperature

Refractory and non-refractory pressurized specimens will undergo a pressure test anneal at or above the
irradiation test service temperature for one hour (+5 min). This test will be performed in a Thermal
Technology model 121224M-MS high vacuum fumace with resistance-heated moelybdenum elements
with 3 turbo pump backed up by a scrol! pump. The refractory and non-refractory specimens will be
annealed separately. The vacuum during the pressure test anneal will be 5 x 107 torr or better and an
adequate cold leak rate will be demonstrated before each anneat. The anneal temperature will be the
target irradiation test temperatures (x25 K) and will be provided by NRPCT at a later date.

Priot to running the first refractory alloy specimens, the furnace will be baked out for 2 hours at
temperarure that is 50-100 K higher than the highest anneal temperature. The refractory specimens wilt
be wrapped in refractory metal foil. If non-refractory specimens are annealed in the same furnace, an
additional bake out will be performed (2 hours at temperature that is 50-100 K higher than the highest
anneal temperature). Applicable ammeal parameters will be documented on specimen traveler
(Appendix C).
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3.14 Post Pressure Test Diameter Measurements

The diameter of each specimen will be measured after operational pressure test using a Beta LaserMike
Mode] 162 laser micrometer. Measurements will be made using slice program at five evenly spaced axial
positions (center -0.4 inch, center -0.2 inch, center, center .2 inch, center +0.4 inch). The number of
measurements to be made at each location will be provided by NRPCT. Grips are required to hold
specimens during the measurements. Refractory alloy grips shall be used only for refractory alloy
specimens. There shall be 2 minimum of 180 measurements taken at 1° intervals at each axial location.
Each specimen shall be measured once and the specimen shall be cleaned with alcohol and z lint-free
cloth before the measurement is taken. The following items shati be recorded for each measurement:
ume, room temperature, fixnire temperature, and humidity. If, in the judgment of PNNL personnel,
unexpected measurement results are received, the NRPCT shall be consulied to determine if additional
measurements need to be taken. The diameter measurements will be recorded by the measurament

equipment and attached to the specimen traveler (Appendix C). An electronic copy of this dara will be
provided NRCPT.

3.15 Post Pressure Test Weight Measurement

Following pressure test anneal, each specimen will be weighed a minimum of three times on a Metiler
Batance Model AE163 which is calibrated and provides a reading of =0.00001 grams. Weight
measurements will be recorded on the specimen traveler data sheer (Appendix C).

3.16 Helium Leak Check

Helium leak testing of mdividual pressurized specimens will be performed by Cogema Engineering under
subcontract to PNNL to assess weld quality. This testing will be performed according to the Cogema
Engineering procedure. The acceptance critenia for this test are a leak rate that does not exceed

1 % 10% std cessec of helium. Results of this testing will be recorded on the specimen traveler data sheet
(Appendix C).

3.17 Packaging and Shipping

Packaging and shipping will be the final process step for the individual specimens and is described in
Section 3.0.

3.18 Certification

A certification package will be prepared for each specific alloy group. The certification process is
described in Section 10.
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4.0 IDENTIFICATION OF SPECIAL PROCESSES

Both the EB and laser seal welds are designated as special processes. Each weld will be qualified on a
per alloy basis as describe in the PNNL Reference SRM-PLAN-003, Qualification Test Plan for Biaxial
Creep Specimen Electron Beam and Laser Seal Welding. The results of this qualification effort will be
reported in a quahification report for each alloy.

5.0 HANDLING, PACKAGING AND SHIPPING
REQUIREMENTS

Refractory alloy specimens shall not come in contact with any non-refractory alloy specimens dusing any
step in the process. All component handling shall be performed with clean, nonporous, tale-free gloves or
matenials. Allowable contact materials are on the NRPCT-issued contact list attached as Appendix E.
PNNL will conduct contingency cleaning. as required, in the event of loss of cleanliness of the NRPCT
specimens in accordance with NRPCT requirements summarized in Artachment F. Upon final inspection,
the specimens will be wrapped iu a clean texwipe in preparation for shipping. Wrapped specimens will
be loaded 1n sealed steel pipe containers with swagelock fittings on each end for shipping. The sealed
pipes will be packaged in an outer container for shipment to NRPCT. A letter detailing the fina}
production specimens shipping information (i.e., numbers, rypes, certifications) shall be provided in
parallel to the NRPCT cognizant engineer.

6.0 QUALIFICATION, TRAINING AND CERTIFICATION OF
PERSONNEL

AlIPNNL personnet who perform activities in support of the fabrication of biaxial creep specimens shall
be appropriately qualified, trained, and as applicable, certified. Applicable functional personnel include,
~ but are not limited to, the following: task manager, welding operators, welding consultants, anneal
technicians, weight and dimensional technicians, shipping and handling personnel, and administrative
support personnel (document control, training, records management, etc).

Specific requirements for qualification. training and certification of personnel are described in SRM-Plan-
002, Space Reactor Materials Irradiation Testing Project, Quality Assurance Plan and/or implementing
procedures.

Personnel that require certifications are the welding operator and nondestructive festing personnel
(radiography and helium leak testing). The customer has not required certified personnel to conduct
visual weld examinations. However, PNNL intends to use an American Welding Society Certified
Welding Inspector in an oversight role for visual weld examination of electron beam and laser welding.
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7.0 QUALITY ASSURANCE REQUIREMENTS

The PNNL Space Reactor Project Quahty Assurance Plan SRM-PNL-002 references the NRPCT and
PNNL dnven quality assurance requirements and their application to all of the PNNL Space Reactor
Project work scopes including biaxial creep. The referenced QA Plan specifically lists the procedures
selected to implement the quality assurance requirements.

The biaxial creep work scope will be implemented and the processes controlled using the PNNL Project
Management Plan, referenced QAP, QAP implementing procedures, biaxial creep developed weld
qualification plans‘reports, nondestructive testing procedures, Manufacturing and Test Plan (MAQP),
work instructions and travelers (route cards). Each specimen will bave its own traveler traceabie to the
specimen. Travelers will stay with the specimen and will be in the process operation area where process
is being performed. The status of the specimen will be evident at alf times. Tags and segregation will be
used to differentiate acceptable and nonconforming hardware. An example of a traveler (route card) and
attachment for recording quantitative information is attached as Appendix D.

PNNL Quatity Assurance personnel will monitor and assess compliance to NRPCT Contract and PNNL
SRP requirements.

8.0 NONCONFORMING PROCESSES AND/OR MATERIALS

Any discrepant process or hardware adversely affecting compliance will be immediately documented in
accordance with internal PNNL process and procedures and if applicable documented on NRPCT form
Degradation of Specification Requirement (DSR) or Repair Approval Request (RAR).

PNNL will not rework or repair any material without the consent of NRPCT. PNNL does not consider
re-welding as a rework or a repair but part of the EB welding process.

9.0 CERTIFICATION

PNNL quality assurance personnel will review and determine the acceptability of each specimen based on
physical verification and review of document package developed for individual biaxial creep specimens.
This physical verification and document review will assuze the specimens were fabricated in accordance
with customer requirements including NRPCT approved documents; MAQP, welding plan, NDE
procedures, PNNL QA Plan, etc.

PNNL will prepare and issue a test report and issue certifications as required by NRPCT Form
KPPQAR-1. Laboratory Procurement Quality Assurance Requirements, QA Clauses 16, 17 and 18.
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10.0 APPENDIXES

Appendixes B. C and D are provided for information and may be changed as necessary to improve work
flow.,

A - Exceptions to RFT (NE) F6-2T

B - Derziled Fabrication and Inspection Flow Diagrams
C - Fabrication and Inspection Traveler

D - Visual Weld Examination Requirements

E- Detrimental Materials List

10
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Application of RDT Standard RDT F6-2t, July 1973, Welding

of Reactor Core Components and Test Assemblies to Biaxial
Creep Specimen Fabrication, Inspection and Testing

Prepared by: TD. Hays, PNNL
Approved by: T.A. Delucchi, Cogema

PNNL intends to use the referenced standard for the development and application of Electron Beam
welding processes and procedures except as noted herein.

General:

1)  Biaxial creep specimens are test specimens. Therefore, the applicable sections of the Standard
applicable to Test Assemblies will be used. Specifically, Sections addressing reactor core
components (Sections 4, 5, and 7) are not applicable and requirements in other general sections
not addressing Test Assemblies are not applicable.

2y 33.1: Base materials will not comply with referenced tables. Base materials will be Customer
Fumished matenials as described in latest revision of IV.

3) 332 NA, no welding materials (filler material) will be used in the EB and laser weld
processes.

4) 3.5 Cleanliness shall meet NRPCT requirements not RDT F3-1. Cleaning procedure wiil be
prepared if required by NRPCT.

5) 3.6 Joint design of EB welded components has integral backing.
6)  3.10: Preheat will not be used. Any post-heat treatments will be per direction of NRPCT.
7

3.13: Noudestructive examinations shall meet requitements mutually agreed upon with PNNL,
PNNL nondestructive examination (NDE) subcontractor and NRPCT.

8)  3.13: The NDE methods required for the Biaxial Crecﬁ specimens are visual test (V'T),
radiographic test (RT) and helinm leak test (HLT). No cleaning is will be required for these
NDE processes. Analysis is not planned for other contacting materials.

9)  3.17; .2) No filler materials used in welding process. .4) No weld maps used but each weldon a

specimen will be assigned specific number and be tracked by traveler Generat) Many of the
requirements listed will be recorded in a sunamary manner for all or groups of welds.

10} 4.1-4.4: Entire section is N/A
11) 5.1- 5.4: Entire section is N/'A

A-1

PRE-DECISIONAL - For Planning and Discussion Purposes Only




12)

13)

14)

1Y)
18)

Attachment E to
B-MT{SRME}-50
Page 17 of 32

MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS
Appendix A — Exceptions to RDT F6-2T
6.1.1.1 - 6.1.1.5: NDE will be limited to VT, RT and HLT for procedure and welding operator

qualification. penetrant test (PT), ultrasonic test {(UT) and tenston test will not be used.

6126, LPis N'A.

6.1.2 c, HLT will be performed in accordance with procedure submitted by PNNL (Cogema

6.1.2 d: Electron beam weld joints (shell to caps) will be radiographed per procedure submitted
by PNNL (Cogema Engineering).

6.1.3.a; Metallopraphic examination will be performed on one specimen form each EB welding
foad. Requirements for starts and stops are N/A.

6.1.3.b: Tension testing is NVA.

6.1.4: Welding procedure specification (WPS) shail be submitted as required to NRPCT for
approval.

Table 1: Only the information applicable to EB and laser welding will be included.

Table 2, #1, General, All Welding Processes: Only the information applicable to EB and laser
welding will be included.

Tabie 2 #2, Manual Welding is N/A.

Table 2, #4, Gas Tungsten Arc Welding is N/A.
6.14D.d3isN/A

6.14.E: No chart recordings will be made.

6.1.54: The EB and laser welds will be made by one individual. The initials of that welder will
be indicated on travelers for each specimen. No number, letter, or symbol will be placed on any
specimen,

6.15bis NiA,

6.1.5.d: The PNNL welding operator who prepares acceptable qualification welds will not be
reguired to re-qualify unless 1 year (363 days) has elapsed.

6.2.1: Weld sample quaatity is specified in the Weld Qualification Plan.

6.2.2: Cleaning shall be as spectfied by NRPCT and‘or Manufactiring and Quality Plan
(MAQP) ‘
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Appendix A — Exceptions to RDT F§-2T
6.2.3: Handling and storage of cleaned materials prior 10 and during welding and subsequent to
welding will be specified in MAQP.
6.2.4: N/A. All materials and weld joint surfaces are furnished ready 1o weld by customer.

6.2.5, 6.2.6: Fitting and alignment of joints will be accomplished using a fixture which will be
detailed in the weld qualification plan and report.

6.2.7isN/A,
6.2.8: Vacuum welding process does not apply.

6.29,6.2.10.6.2.11: All welds are single welded Jjoints. Root pass is N'A and will not be
examined.

6.2.12,6.2.13 ate N/A.

6.2.14: No repairs on base material. If repairs on welds are allowed, weld qualification plan
and report will specify details.

6.3.1.a: All nondestructive testing (RT, HLT) will be performed and accepted in accordance
with procedures submitted by PNNL (Cogema Engineering).

6.3.1.c: All inspection and NDE required will be specified in MAQP and on travelers.

6.3.1.d; Visual examination and radiography will be performed prior 1o any anneal’heat
reatment or pressurization of specimen.

6.3.2: See Appendix D for visual examination for EB and laser welds. The joint preparation is
to be acceptable as customer furnished material and will be checked for damage during receipt
mnspection only with trial fit ups.

6.3.3 isN/A.

6.3.4: Radiography will be performed per procedure submitted by PNNL (Cogema
Engineering). Acceptance criteria will specified in MAQP.

6.3.5is NVA.

6.3.6: Helium leak testing will be conducted using “bell jar” method (pressurized specimens
placed in vacuum chamber).

6.3.7: Metallographic examination shall be performed as specified by customer in IV,
Section 7: Entire section is N‘A.

A3
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Appendix A — Exceptions to RDT F6-2T

8.1: Only section §.1 4 applies.
8.4: Based materials are customer fumished material
85318 NAL

0.0: All applicable information {base material, NDE, weld chamber vacuum. metallographic,
kelium leak testing) is specified by customer. Filler material information. halogen and sulfur
content, disposition of welds, tensile resting, first and last weld, wrap wire weld, projection
welding, spot welding, tensile shear tests are N/A.

Table 3: Test Assembly Category 4 only.

A
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Appendix C - Fabrication & Inspection Traveler

Step Process Deseription Recuirement Verify Completion Data Recording & Comments
H Regesy irspanion SRM-PLAN-GM Recors sy'ormztion on Receving Ispecion Repor: (RIR)
MAGP Secton 3
2 Ekezy0n BT (23} Yvekdng SAM-PLAN-OM EE weld paramaters per weang drocedune [ATacked).
MAOR, Secton 32
Vacwum Level Be'ore Weld.
SEN-PLANLS Tume to pmp down chamber;
Wel Quaiicaten Tes: Plan Adequate cold ieak rate
Azachmam 3
SEN-PLAN-x00
Weld Quaiicaton Reoor
3 Post 23 visual Inspeciion SRN-PLAN-OM Record ar, specmen NDZ ¢3ta sheet.
VADR, Sezon 33
4 P24t 3 Arreal rorHettacoly soecmens ooy | SRN-FLANCS Cole Less Rate:
MAQ2, Sectn 34 Tere
Wax Tem
ax Pressirg
H] Ragiogreghy SRR-PLAN-DM Racord or: specmen NDE caia sheet.
MAQP, Seaon 35
Cogems Prxecse Radideraphy Fiapaet tor €3ch 59e0mer (20acned)
SYRT-PRC-OE
[} Post 23 Snensondl Measuremert SRM-PLAN-GG4 Record or, specmen KDE +3%a sheet.
2AQP, Secton 3 € Laser Nucromeser Report ior each speciner: (a1acned)
7 Pre Laser 'Weid {Lv) We o Measlremert SRM-PLAN-OM Racors on specmen wegh! measareent data sneel
MAQR, Secton 37
& Pressurzation, 3 Laser Seal Wesng (L) SRM-PLAN-DH Record or: spesmen pressunTaion 3t sheet
\WACP, Section 38
SRM-PLAN-XD |Laser weld parsmeters per welding procedare (amached).
wedd Cuaiicaion Tas: Plan
ALECrman s
SAN-2LAN-00 TED:
el Ouaticanen Reoor:
C-1
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Post LW Visual inspacton Reeord on specumen NDE data sheet
Select Desrucnve Specimen and Submit for Specimen ¥ ;
Metal hic Evaluation ; Photomicrographs in Destructive Data Sheet [atached] ,
Post LW Test Weight Measurement Record on Specimen wesght measurement data sheet.
i2. Post LW Dimensional Measurement SRM-PLAN-004 Record on speamen NDE data sheet
MAQP, Sectin 3.12 Laser Micrameter Report for each specimen (atiached)
13. Pressure Test at Temparature: SRM-PLAN-004 Colid Leak Rate
MAQP, Sectien 3.13 Time:
Temp:
Pressure;
4. Post Pressure Test Dmensonal Measurerment SRM-PLAN-004 Record on specimen NDE data sheet.
MAQP, Section 3 14 Laser Micromeder Report for each specimen (attached)
15 Post Pressure Test Weight Measurement SRM-PLAN-004 Record on spedmen weight measurement data sheet
MAGP, Section 3.15
16. Hebumn Leak Test SRM-PLAN-0G4 Record on specumen NDE data sheet
MAQP, Secton 3 16 He Leak Report for gach specimen (afiached)
Cogernma Frocedure
SLRT-PRC-003
17. Packagng for Shipment SRM-PLAN-004 Speamens packaged for shepment are recorded in the
MAQP. Sectin 3.17 Certificate of Compliance (C of C)
Specimen I0 Numbers Included this Batch Traveler Attachments to this Batch Traveler Wil inciude:
1. 13 A Recaiving Inspection Repori (RIR)
2. 14, 8. EB Welding Procedure
3 % C. Specimen NDE Data Sheet
4 18 0. Laser Micrometer Data Report - Post ER Dimensional
5. 17 E. Cogema Radiography Repon
6. 8 F. Specimen Pressurization Data Sheet
7. 19 G. LaserWelding Procedure
8. 20. H. Laser Micrometer Data Report — Post LW Dimersional
9. 21, | Destructve Data Sheet - Phoomicrogtaphs
10 . 22 J. Specmen Weight Measuremen1 Data Sheet
" 23 K. LasarMicromeater Data Report - Post Pressure Anneal
12. 24 L Cogema He Leak Repor
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Biaxial Creep Specimen Receiving Inspection Report {RIR)
Performed by (Print/Sign/Date):
nd
Spect inspected for inspoctodn I “’ for | tnspected for
No. of Specmmige?%:ckage Shipping Specimen ID Cb'“ﬁ“f“ Adequate E“'
] Damage (AR) | g "amy (AR) up (AR)

/

—

e I S B I e T B S S

——

Shipping container was undamaged? [ | Yes [ ] No

Number of Specimen received matches number of specimen ordered? [ ] Yes [ 1No

Information on shipping slip matches actual shipment?{ ] Yes [ ] No

Comments:

*AR = Accept/Reject

Inspection performed in accordance with PNNL SBMS, Inspecting and Accepting Received itama, Part 1 and SRM-PLAN-DO4.
Manufacturing and Quality Plan for Biaxial Creep Specimen.
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Appendix C - Fabrication & Inspection Traveler
o GO, | T | | R | R
Damage (A/R) No. (AR)" (AR) up (AR}
i
{
!
/
!
/
/
!
!
!
/
/
/
/
/
/
/
/
/
/
!
!
/
!
!

AR = Accept/Reject

Inspection performed in accordance with PNNL SBMS, Inspecting and Accepting Received Items, Part 1 and SRM-
PLAN-004, Manufacturing and Quality Plan for Biaxiai Creep Specimen.

C-4
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Biaxial Creep Spacimen NDE Data Sheat
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HEEGEBEEE
GI

A4

AR = AccepifReject

Laser Micrometer #:

Laser Micrometer Cal. Due Dae:
Srandard Cal Due Date:

Time Time: -
Room Teirp Room Temp

Foure Temp Fixture Temp

Humidity: Hurnidity:
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Appendix C - Fabrication & Enspection Traveler
Biaxial Creep Specimen Pressurization Data Sheet

Pressure Gage #: -

Preasure Gage Cal. Due Date:

oy

#1

EBEEERBB2§~
.|
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Appendix C — Fabncahon & Inspection Traveler
Biaxiat Creep Specimen Weight Measurement Data Sheet

Batance #:

7
&

e

Al

i
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Balance Cal. Dua Date:
T Wz | Welgs3 | Weasscament |
<;m °

[ Mvimrmsont.

A3

Ad

AS

AG

A7

A8

AY

A10

A1

Af2

A13

Atd

Al

A6

Al7

Al8

Al

A2q

A3

A4
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Appendix D — Visual Weld Examination Requirements

Application of RDT Standard RDT F6-2T
Section 6.3.2 Visual Examination

Space Reactor Project
Biaxial Creep Specimen Fabrication

Visual Weld Examination Requirements
For Electron Beam and Laser Welding

Visual weld examination shall be performed after completion of electron beam and laser
weiding and prior to subsequent operations; radiography, anneal, weight, dimensional and
helium leak testing.

Final accessible weld surface and adjacent base metal heat affected zones shall be
exarnined.

Examinaticn shall be performed by qualified personnel who have visual acuity which meets
20/20 vision, natural or comrected stereo acuity and who have normal color vision.

Results of examinations shall be documented. Documentation shalt include the following
minimum information: date of examination, examiner name and certification as applicable,
description of welds examined, reference to examination requirements, measuring and test
equipment used and calibration status as applicable, and results-of examination.

Examinations shall'be performed in accordance with the foliowing requirements:

1)

2)

3

4)

Weids examined at 1x and 7x (nominal). if a potential weld discontinuity is observed,
examine at 10x fo confim.

Use direct examination with appropriate lighting {100 FC minimum), angle and distance of
vision not greater than 24" between eye and surface to be examined and not less than 30
degree angte form examiner line of sight to the surface

Surface finish of welds are to be examined for surface discontinuities including proper seam
tracking, weld contour and reinforcement

Welds joints and base metal heat affected zones which are shown by visual examination to
have any of the following discontinuities are considered unacceptable:

A) any cracks or fissures
B) any incomplete fusion

C) any incomplete penetration
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MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS
Appendix D - Visual Weld Examination Requirements

D) any shrinkage voids

£} any inclusion larger than 20% of weld designed joint penetration or more than 3
inclusions of any size in weld length

F) any single porosity larger than 20% of weld designed joint penetration or more than 3
porosity of any size in weld length

G} gross spatter (minor individual or group accumulations of spatter acceptable)

H) excessive undercut (minor undercut acceplable as long as edges of weids blend
smoothly and gradually into the adjacent base metal)

1) under-fill except for EB welds where maximum concavity shall not exceed .003"
Note:  Minor joint concavity is expected with autogenous E-Beam wekling.
J) weld face reinforcement in excess of .005"
Note: Overiap of the weld start point and weld finish point is permitted and desired.
K) oxidation or excessive dross
Note: Black or gray spalling or loose particles not acceptable. Iridescent temper films and dark
metallic vapor deposits adjacent to weld are acceptable and may be removed by
appraved cleaning procedures when appropriate and accessible.

Rework by welding or other accepted methods to correct any of the above mentioned defects
1s acceptable and is not by itself a reason for rejection of the weld.

Prepared by: T.D. Hays, PNNL
Approved by:  T.A. Delucchi, Cogema
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MANUFACTURING AND QUALITY PLAN FOR BIAXIAL CREEP SPECIMENS
Appendix E - Detrimental Materials List

The following detrimental materials are prohibited from contact all biaxial creep specimens — both
refractory and non-refractory alloys.

Contact with antimony, arsenic, bismuth, cadmium, lead, tin and zinc, and consumable products, such as
lubricants and marking materials, containing these low melting point materials in excess of 250 parts per
miltion (ppm) in each is prohibited. This prokibition on low melting point materials applies duning
thermal treatments and to the finished or cleaned surfaces of tubes offered for acceptance. Products do
not need to be analyzed when product manufacturers certify that low melting point materials in excess of
250 ppm are not present in the products. Contact with mercury and consumable products that contain
more than 10 ppm mercury is prohibited. Products do not need to be analyzed when product
manufacturers certify that mercury in excess of 10 ppm is not present in the product, or certify that
mercury and mercury compounds have not been added to the product and have not come in contact with
the product during processing. Marking materials containing phosphorous or sulfur in excess of 250 ppm
each shall not be used during thermal treatments and on fimshed or cleaned surfaces of tubes offered for
acceptance.

Detrimental Material Effect

1. Mercury — Embrittlement and stress comrosion attack at room temperature in stressed metal.

2, Low-Melting Point Metals (e g lead, tin etc.) — Contact may cause embritilement dunng thermal
treatment and could induce weld cracks and reduced corrosion resistance.

3. Aluminum — Causes cracking during heat treatment of some nickel base alioys.

4. Sulfur/Phosphorous‘Boron — Cause embnittlement and cracking if present during heat treatment,
welding, or hot forming of stainless steels or high nickel alloys. Also, if sulfar is present duning heat
treatment of some stainless steels, loss of corrosion resistance can result. Arsepic has much the same
effect.

5. Carbonaceous Materials (such as lubricants) - Increasing carbon content of some stainless steels
increases the vulnerability of the stee! to corrosion, and if present during heat treatment above 1400
degrees T, can cause surface embrittiement.

6. Halogens — Halogens and their compounds, particularly chionine and its compounds, will cause
corrosion cracking of stainless steels in aquecus environments.
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