
 

 

 
 
 
 
 
 
November 26, 2008 
 
 
 
 
 
 
 
 
 
 
 
 
                  10 CFR 50.55a 
 
 
U.S. Nuclear Regulatory Commission 
ATTN:  Document Control Desk 
Mail Stop:  OWFN P1-35 
Washington, D.C. 20555-0001 
 
In the Matter of  )        Docket No. 50-259 
Tennessee Valley Authority   ) 
 
BROWNS FERRY NUCLEAR PLANT (BFN) - UNIT 1 - AMERICAN SOCIETY OF   
MECHANICAL ENGINEERS (ASME) SECTION XI, INSERVICE INSPECTION PROGRAM     
FOR THE SECOND TEN-YEAR INSPECTION INTERVAL - REQUEST FOR RELIEF  
1-ISI-21 - RESUBMITTAL 
 
In accordance with 10 CFR 50.55a(a)(3)(i), TVA is requesting relief from certain inservice 
inspection (ISI) requirements in Section XI of the ASME Section XI, Appendix VIII,   
Supplement 11 for BFN Unit 1.  The specific requirements for which relief is requested  
relate to the qualification requirements for inspecting piping weld overlays using ultrasonic 
testing (UT).  The enclosure to this letter contains BFN Unit 1, request for relief 1-ISI-21, for 
NRC review and approval. 
 
ASME Section XI, Appendix VIII requirements are mandated and supplemented by  
10 CFR 50.55a(b)(2)(xiv), (xv), and (xvi).  Appendix VIII of ASME Section XI, 2001 Edition  
with 2003 Addenda is specified in the CFR.  The BFN Unit 1 Inservice Inspection (ISI)  
Program for nondestructive examination complies with the 2001 Edition, 2003 Addenda of 
ASME Section XI, and supplemented as required to incorporate ASME Section XI,  
Appendix VIII. 
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TVA proposes to use the EPRI Performance Demonstration Initiative (PDI) Program in lieu  
of the ASME Code Section XI, Appendix VIII, Supplement 11 requirements.  This request    
for relief is consistent with the one approved for BFN Unit 3 by NRC letter dated August 22, 
2006. 
 
TVA requests approval of this request for relief by 0900 CST on November 27, 2008, in  
order to support transition to Mode 2 (i.e. startup) for Cycle 8 operation. 
 
This request supersedes TVA's request dated November 25, 2008, to address comments 
received from the NRC staff. 
 
There are no new regulatory commitments in this letter.  If you have any questions, please 
contact me at (256) 729-2636. 
 
Sincerely, 
 
Original signed by 
 
Michael K. Brandon 
Interim Manager of Licensing 
  and Industry Affairs 
 
Enclosure 
cc:  See Page 3 
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cc (Enclosure): 
 Mr. Eugene F. Guthrie, Branch Chief 
 U.S. Nuclear Regulatory Commission 
 Region II 
 Sam Nunn Atlanta Federal Center 
 61 Forsyth Street, SW, Suite 23T85 
 Atlanta, Georgia 30303-8931 
 
 NRC Resident Inspector 
 Browns Ferry Nuclear Plant 
 10833 Shaw Road 
 Athens, Alabama 35611-6970 
 
 Ms. Eva A. Brown, Project Manager 
 U.S. Nuclear Regulatory Commission 
 One White Flint, North 
 (MS 08G9) 
 11555 Rockville Pike 
 Rockville, Maryland 20852-2739 
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JEE:JWD:LAJ 
Enclosure 
cc (Enclosure):  w/o enclosure 
 G. P. Arent, EQB 1B-WBN 
 N. T. Brumfield, BFT 2A-BFN 
 W. R. Campbell, Jr., LP 3R-C 
 S. M. Douglas, POB 2C-BFN 
 D. E. Jernigan, LP 3R-C 
      R. F. Marks, Jr., PAB 1C-BFN 
 D. C. Matherly, NAB 2A-BFN 

L. E. Nicholson, LP 4K-C 
M. A. Purcell, BR 4X-C 
L. E. Thibault, LP 3R-C 
S. A. Vance, WT 6A-K 
E. J. Vigluicci, ET 11A-K 
R. G. West, NAB 2A-BFN 
B. A. Wetzel, LP 4K-C 
NSRB Support, LP 5M-C  
EDMS WT CA–K  
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TENNESSEE VALLEY AUTHORITY 
BROWNS FERRY NUCLEAR PLANT (BFN) 

UNIT 1 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) SECTION XI, 

INSERVICE INSPECTION (ISI) PROGRAM 
(SECOND TEN YEAR INSPECTION INTERVAL) 

REQUEST FOR RELIEF 1-ISI-21 

E-1 

 

Executive Summary:  In accordance with 10 CFR 50.55a(a)(3)(i), TVA is 
requesting relief from inservice inspection requirements of the 2001 Edition 
through 2003 Addenda of Section XI, Appendix VIII, Supplement 11, “Qualification 
Requirements For Full Structural Overlaid Wrought Austenitic Piping Welds,” of the 
ASME Boiler and Pressure Vessel Code.  The Performance Demonstration Initiative 
(PDI) Program for implementation of the Supplement 11 qualification program for 
overlay welds is not in strict compliance with the requirements of Supplement 11 of 
the 2001 Edition through the 2003 Addenda.  TVA proposes to use the PDI Program 
for implementation of Appendix VIII, Supplement 11 as amended in attachment to 
this request for relief.  The amendments to Supplement 11 as shown in the 
attachment were coordinated with PDI, NRC, and Pacific Northwest National 
Laboratory (PNNL). 

Unit:  One (1) 

System(s):  Reactor Feedwater (FW) 

Components:  Piping Welds with Structural Weld Overlay 

ASME Code Class:  ASME Code Class 1 

Section XI Edition:  2001 Edition, 2003 Addenda, as required by 10 CFR 
50.55a(b)(2)(xxiv) 

Code Table:  N/A 

Examination Category:  N/A 

Examination Item Number:  N/A 

Code Requirement:  The 2001 Edition of ASME Section XI, as required by 
10 CFR 50.55a(b)(2)(xxiv).  The UT examination must be performed using 
personnel, procedures, and equipment qualified in accordance with Appendix VIII,    
Supplement 11. 
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Code Requirements From Which Relief Is Requested:  Pursuant to 10 CFR 
50.55a(a)(3)(i) relief is requested to use the enclosed Performance Demonstration 
Initiative (PDI) Program for implementation of Appendix VIII, Supplement 11 
requirements.   

Relief is requested from the requirement to qualify personnel, procedures, and 
equipment in accordance with Appendix VIII, Supplement 11 as stated in the 2001 
Edition of ASME Section XI, as required by 10 CFR 50.55a(b)(2)(xxiv).  The Code 
requirements for which relief is requested are all contained within Appendix VIII, 
Supplement 11.  For example, paragraph 1.1(d)(1), requires that all base metal flaws 
be cracks.  Paragraph 1.1(e)(1) requires that at least 20% but less than 40% of the 
flaws shall be oriented within plus or minus 20 degrees of the pipe axial direction.  
Paragraph 1.1(e)(1) also requires that the rules of IWA-3300 shall be used to 
determine whether closely spaced flaws should be treated as single or multiple 
flaws.  Paragraph 1.1(e)(2)(a)(1) requires that a base grading unit shall include at 
least 3 inches of the length of the overlaid weld.  Paragraph 1.1(e)(2)(b)(1) requires 
that a overlay grading unit shall include the overlay material and the base metal-to-
overlay interface of at least 6 sq. in.  The overlay grading unit shall be rectangular, 
with minimum dimensions of 2 in.  Paragraph 3.2(b) requires that all extensions of 
base metal cracking into the overlay material by at least 0.1 in. are reported as being 
intrusions into the overlay material. 

List Of Items Associated With The Relief Request:  Weld Overlays that currently 
require examination in the Unit 1 ISI Program as required by Code Case N-504-3 
and Appendix Q. 

Note 1:  Safe End: 0.206 inches min wall thickness as specified on drawing 
122868E.  Overlay:  0.13 inches minimum design thickness as specified for 
structural integrity in DCN 69535. 

Basis For Relief:  The requirements of ASME Section XI, Appendix VIII, 
Supplement 11, as stated in the 2001 Edition, as required by 10 CFR 
50.55a(b)(2)(xxiv), are not practical to implement.  The requirements were amended 
to improve the implementation process.  The amended requirements are contained 
in the attachment to this relief request.  The EPRI sponsored PDI amendments to 
Supplement 11, as shown in the attachment, were coordinated with PDI, NRC, and 
PNNL. 

WELD # SYSTEM PIPE SIZE CATEGORY 

N-11B-1 OL FW 2 inches N/A 
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Paragraph 1.1(d)(1), requires that all base metal flaws be cracks.  As illustrated 
below, implanting a crack requires excavation of the base material on at least one 
side of the flaw.  While this may be satisfactory for ferritic materials, it does not 
produce a useable axial flaw in austenitic materials because the sound beam, which 
normally passes only through base material, must now travel through weld material 
on at least one side, producing an unrealistic flaw response.  To resolve this issue, 
the PDI program revised this paragraph to allow use of alternative flaw mechanisms 
under controlled conditions.  For example, alternative flaws shall be limited to when 
implantation of cracks precludes obtaining an effective ultrasonic response, flaws 
shall be semielliptical with a tip width of less than or equal to 0.002 inches, and at 
least 70 percent of the flaws in the detection and sizing test shall be cracks and the 
remainder shall be alternative flaws. 

 

 

 

 

Relief is requested to allow closer spacing of flaws provided they didn’t interfere with 
detection or discrimination.  The existing specimens used to date for qualification to 
the Tri-party (NRC/BWROG/EPRI) agreement have a flaw population density greater 
than allowed by the current Code requirements.  These samples have been used 
successfully for all previous qualifications under the Tri-party agreement program.  
To facilitate their use and provide continuity from the Tri-party agreement program to 
Supplement 11, the PDI Program has merged the Tri-party test specimens into their 
weld overlay program.  For example: the requirement for using IWA-3300 for 
proximity flaw evaluation in paragraph 1.1(e)(1) was excluded, instead indications 
will be sized based on their individual merits; paragraph 1.1(d)(1) includes the 
statement that intentional overlay fabrication flaws shall not interfere with ultrasonic 
detection or characterization of the base metal flaws; paragraph 1.1(e)(2)(a)(1) was 
modified to require that a base metal grading unit include at least 1 in. of the length 
of the overlaid weld, rather than 3 inches; paragraph 1.1(e)(2)(a)(3) was modified to 
require sufficient unflawed overlaid weld and base metal to exist on all sides of the 
grading unit to preclude interfering reflections from adjacent flaws, rather than the 1- 
inch requirement of Supplement 11; paragraph 1.1(e)(2)(b)(1) was modified to define 
an overlay fabrication grading unit as including the overlay material and the base 
metal-to-overlay interface for a length of at least 1 in, rather than the 6 sq. in. 
requirement of Supplement 11; and paragraph 1.1(e)(2)(b)(2) states that overlay 
fabrication grading units designed to be unflawed shall be separated by unflawed 
overlay material and unflawed base metal-to-overlay interface for at least 1 in. at 
both ends, rather than around its entire perimeter.  

Mechanical fatigue crack 
in Base material

Excavation  
area
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Additionally, the requirement for axially oriented overlay fabrication flaws in 
paragraph 1.1(e)(1) was excluded from the PDI Program as an improbable scenario.  
Weld overlays are typically applied using automated gas tungsten arc welding 
techniques with the filler metal being applied in a circumferential direction.  Because 
resultant fabrication induced discontinuities would also be expected to have major 
dimensions oriented in the circumferential direction axial overlay fabrication flaws 
are unrealistic.  

The PDI Program revised paragraph 2.0 allowing the overlay fabrication and base 
metal flaw tests to be performed separately.  The requirement in paragraph 3.2(b) 
for reporting all extensions of cracking into the overlay is omitted from the PDI 
Program because it is redundant to the RMS calculations performed in paragraph 
3.2(c) and its presence adds confusion and ambiguity to depth sizing as required by 
paragraph 3.2(c).  This also makes the weld overlay program consistent with the 
Supplement 2 depth sizing criteria.   

A comparison between the ASME Section XI 2001 Edition of Supplement 11,    
Code Case N-653 (for information only), and the PDI Program is enclosed as an 
attachment. 

To avoid confusion, several instances of the term “cracks” or “cracking” were 
changed to the term “flaws” because of the use of alternative flaw mechanisms.  
Additionally, to avoid confusion, the overlay thickness tolerance contained in 
paragraph 1.1(b) last sentence, was reworded and the phrase “and the remainder 
shall be alternative flaws” was added to the next to last sentence in paragraph 
1.1(d)(1). 

The proposed amended requirements of Supplement 11 for the qualification of 
personnel, procedures, and equipment will provide an alternative with an acceptable 
level of quality and safety. 

Alternate Requirement:  In lieu of the requirements of ASME Section XI, 2001 
Edition, Appendix VIII, Supplement 11, the PDI Program shall be used.  TVA 
proposes to utilize personnel, procedures, and equipment qualified in accordance 
with ASME section XI, Appendix VIII, Supplement 11 as amended by the 
Attachment, which is the EPRI administered PDI Program. 

Justification For The Granting Of Relief:  The U.S. nuclear utilities created the 
PDI to implement performance demonstration requirements contained in Appendix 
VIII of Section XI of the Code.  To this end, PDI has developed a program for 
qualifying equipment, procedures, equipment, and personnel in accordance with the 
ultrasonic testing criteria of Appendix VIII, Supplement 11.  Prior to the Supplement 
11 program, EPRI was maintaining a performance demonstration program for weld 
overlay qualification under the Tri-party Agreement (Reference 1).  Instead of having 
two programs with similar objectives, the NRC staff recognized the PDI program for 
weld overlay qualifications as an acceptable alternative to the Tri-party Agreement 
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(Reference 2).  The PDI program does not fully comport with the existing 
requirements of Supplement 11.  The differences are discussed below. 
 
Paragraph 1.1(b): 
States limitations to the maximum thickness for which a procedure may be qualified. 
The Code states that “The specimen set must include at least one specimen with 
overlay thickness within minus 0.10 inch to plus 0.25 inch of the maximum nominal 
overlay thickness for which the procedure is applicable.”  The Code requirement 
addresses the specimen thickness tolerance for a single specimen set, but is 
confusing when multiple specimen sets are used.  The PDI proposed alternative 
states that “the specimen set shall include specimens with overlay not thicker than 
0.10-inch more than the minimum thickness, nor thinner than 0.25 inch of the 
maximum nominal overlay thickness for which the examination procedure is 
applicable.”  The proposed alternative provides clarification on the application of   
the tolerance.  The tolerance is unchanged for a single specimen set, however, it 
clarifies the tolerance for multiple specimen sets by providing tolerances for both the 
minimum and maximum thicknesses.  The proposed wording eliminates confusion 
while maintaining the intent of the overlay thickness tolerance. 
 
Paragraph 1.1(d)(1): 
The PDI program determined that certain Supplement 11 requirements pertaining   
to location and size of cracks would be extremely difficult to achieve.  In an effort to 
satisfy the requirements, the PDI program developed a process for fabricating flaws 
that exhibited crack-like reflective characteristics.  Instead of all flaws being cracks, 
as required by Paragraph 1.1(d)(1), the PDI program weld overlay performance 
demonstrations contain at least 70-percent cracks with the remainder being 
fabricated flaws exhibiting crack-like reflective characteristics.  The application of 
alternative flaws are limited with a flaw tip dimension of 0.002 inches.  Throughout 
the PDI proposal, the ASME Code term ‘crack’ is replaced with the term ‘flaw’ in 
order to substitute fabricated flaws for cracks.  
 
Paragraph 1.1(e)(1): 
The ASME Code requires that at least 20-percent but not less than 40-percent of the 
flaws shall be oriented within plus or minus 20-degrees of the axial direction.  In the 
proposed PDI program, the flaws satisfy the requirement and specifies that the flaws 
must be in the base metal.  The PDI program is confining flaw placement to ensure 
that candidates do not have visual or physical access to the flaws.  This is a 
tightening of the requirements.  
 
The ASME Code also requires that the requirements of IWA-3300 shall be used to 
determine whether closely spaced flaws should be treated as single or multiple 
flaws.  The proposed PDI program treats each flaw as an individual flaw and not as 
part of a system of closely spaced flaws.  The proposed program controls the flaws 
going into a test specimen set such that the flaws are free of interfering reflections  
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from adjacent flaws.  In some cases, this would permit flaws to be closer together 
than what is allowed by IWA-3300, thus making the performance demonstration 
more challenging.  
 
Paragraph 1.1(e)(2) 
The ASME Code requires that specimens be divided into base metal and overlay 
grading units.  The PDI program adds clarification with the addition of the word 
“fabrication” to denote the overlay process and ensures flaw identification by 
ensuring all flaws will not be masked by other flaws with the addition of, “Flaws shall 
not interfere with ultrasonic detection or characterization of other flaws.”  PDI’s 
alternative provides clarification and assurance that the flaws are identified and 
associated with the appropriate material.  
 
Paragraph 1.1(e)(2)(a)(1): 
The ASME Code requires that a base grading unit shall include at least 3 inches of 
the length of the overlaid weld, and the base grading unit includes the outer 25-
percent of the overlaid weld and base metal on both sides.  The PDI program 
reduced the criteria to 1 inch of the length of the overlaid weld and eliminated from 
the grading unit the need to include both sides of the weld.  The test specimens from 
the existing weld overlay program have flaws on both sides of the welds, which 
prevents them from satisfying the base grading unit requirements.  These test 
specimens have been used successfully for testing the proficiency of personnel for 
over 16 years.  This is a more challenging test because the individual must locate 
the flaw on the correct side of the weld.  
 
Paragraph 1.1(e)(2)(a)(2): 
The ASME Code requires when base metal cracks penetrate into the weld overlay, 
the weld overlay within 1 inch of the crack becomes part of the base metal grading 
unit.  The PDI program makes the base metal part of the weld overlay grading unit 
for cracks ending in the weld overlay.  The object of the performance demonstration 
is to detect the crack tip that is in the weld overlay.  The change redefines the 
grading unit to be representative of the intent of the performance demonstration. 
 
Paragraph 1.1(e)(2)(a)(3): 
The ASME Code requires that for unflawed base grading units, at least 1 inch of 
unflawed overlaid weld and base metal shall exist on either side of the base grading 
unit.  This is to minimize the number of false identifications of extraneous reflectors. 
The PDI program stipulates that unflawed overlaid weld and base metal exist on all 
sides of the grading unit and be free of interfering reflections from adjacent flaws, 
which addresses the same concerns as the Code.  
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Paragraph 1.1(e)(2)(b)(1): 
The ASME Code requires that an overlay grading unit shall include the overlay 
material and the base metal-to-overlay interface of at least 6 square inches.  The 
overlay grading unit shall be rectangular, with minimum dimensions of 2 inches.  The 
PDI program reduces the base metal-to-overlay interface to at least 1 inch (in lieu of 
a minimum of 2 inches) and eliminates the minimum rectangular dimension.  This 
criterion is more challenging than the ASME Code because of the variability 
associated with the shape of the grading unit. 
 
Paragraph 1.1(e)(2)(b)(2): 
ASME Code requires that overlay fabrication grading units designed to be unflawed 
shall be separated by unflawed overlay material and unflawed base metal-to-overlay 
interface for at least 1 inch around its entire perimeter.  The PDI program changes 
the requirement of 1 inch around its perimeter to 1 inch at both ends with sufficient 
unflawed overlaid weld and base metal on both sides of the overlay fabrication 
grading unit to preclude interfering reflections from adjacent flaws.  The PDI 
proposal accommodates test specimens that have been successfully used for 
previous weld overlay qualifications under the Tri-party (NRC/Boiling-Water Reactor 
Owners Group/EPRI) agreement program.  
 
Paragraph 1.1(e)(2)(b)(3): 
The ASME Code identifies the minimum number of flawed and unflawed grading 
units in the test set.  The PDI proposal stipulates that for detection, the procedure 
test set must consist of at least three personnel test sets.  The PDI proposal is more 
conservative than the ASME Code. 
 
Paragraph 1.1(f)(1): 
The ASME Code identifies the minimum number of flaws and flaw locations in the 
test set.  The PDI proposal stipulates that for sizing, the procedure test set must 
consist of at least three personnel test sets.  The PDI proposal is more conservative 
than ASME Code.  
 
Paragraphs 1.1(f)(3) and 1.1(f)(4): 
The ASME Code requirements are clarified by the PDI program by replacing the 
term “cracking” with “flaws” because the use of alternative flaws would provide 
representative responses that are not achievable with implanted cracks.  
 
Paragraph 1.1(f)(4): 
The ASME Code stipulates base metal cracks extending in the overlay.  The PDI 
proposal uses base metal flaws extending into the overlay.  The flaws are fabricated 
alternatives to cracks that were determined to be acceptable in Paragraph 1.1(d)(1).  
 
Paragraph 2.0: 
The ASME Code requirements are retained in the PDI program alternative.  In 
addition, the PDI program provides clarification that the overlay fabrication flaw test 
and the base metal flaw test may be performed separately.  The ASME Code is  
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nonspecific on this issue.  Since flaw specific criteria exist for the overlay fabrication 
process, separating the base metal test should produce the same results as the 
combined test.  
 
Paragraph 2.1 and 2.2(d): 
The ASME Code requirements are clarified by the PDI program by the addition of 
the terms “metal” and “fabrication.”  The change provides consistency with the terms 
normally used for these applications in the manufacturing sector.  The change is 
editorial in nature. 
 
Paragraph 2.3: 
The ASME Code requires 80-percent of the flaws shall be sized at a specific location 
on the surface of the specimen identified to the candidate.  This requires detection 
and sizing performance demonstration to be performed separately.  The PDI 
proposal permits detection and sizing performance demonstration to be performed 
together, when necessary, and permits identifying flawed regions instead of specific 
locations.  The PDI proposal is more challenging for sizing because the candidate 
has no prior knowledge of specific flaw locations.  
 
Paragraph 3.1: 
The ASME Code requires examination procedures, equipment, and personnel (as a 
complete ultrasonic system) to be qualified for detection or sizing of flaws, as 
applicable, when certain criteria are met.  The PDI program allows procedure 
qualification to be performed separately from personnel and equipment qualification. 
Historical data indicate that, if ultrasonic detection or sizing procedures are 
thoroughly tested, personnel and equipment using those procedures have a higher 
probability of successfully passing a qualification test.  In an effort to increase this 
passing rate, PDI has elected to perform procedure demonstration separately in 
order to assess and modify essential variables that may affect overall system 
capabilities.  For a procedure to be qualified, the PDI program requires three times 
as many flaws to be detected (or sized) than required by Supplement 11.  Personnel 
and equipment are still required to meet the Supplement 11 requirement; therefore, 
the PDI program criteria exceed the ASME Code requirements for personnel, 
procedures, and equipment qualification. 
 
Paragraph 3.2(a): 
The ASME Code requirements are clarified by the PDI program by replacing the 
term “cracking” with “flaws” because of the use of alternative flaw mechanisms.  This 
clarification in the PDI program maintains the intent of the ASME Code requirement 
and is acceptable. 
 
Paragraph 3.2(b): 
The ASME Code requires that all extensions of base metal cracking into the overlay 
material by at least 0.1 inch be reported as intrusions into the overlay material.  The 
PDI program omits this criterion.  The PDI program requires that cracks be sized to 
the tolerance specified in the Code, which is 0.125 inches. Since the Code tolerance 
is close to the 0.1 inch value of Paragraph 3.2(b), any crack extending beyond 0.1  
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inch into the overlay material would be identified from its dimensions.  The reporting 
of an extension in the overlay material is redundant for performance demonstration 
testing.  

Based on the above evaluation, the proposed alternative to use the EPRI-PDI 
program requirements in lieu of selected paragraphs of Supplement 11 to Appendix 
VIII of Section XI of the ASME Code will provide an acceptable level of quality and 
safety.  

Implementation Schedule:  This request for relief is applicable to the Unit 1 
Second Ten-Year ISI inspection interval which expires on June 1, 2017.  Preservice 
and Inservice inspection of weld overlay N-11B-1 (OL) will be conducted in 
accordance with Code Case N-504-3 and Nonmandatory Appendix Q.  

Attachment:  Table - Comparison of ASME Section XI, Appendix VIII, Supplement 
11, Code Case N-653, and PDI Alternative. 
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 p
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t l
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 d
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 c
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 p
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t l
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r l
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 m
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at
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 b
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 m
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 p
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 m
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 d
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t b
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 b
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at
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 d
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t l
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l b
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 c
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l b
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f l
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 b
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l b
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 o
n 

bo
th

 s
id

es
.  

Th
e 

ba
se

 
gr

ad
in

g 
un

it 
sh

al
l N

O
T 

in
cl

ud
e 

th
e 

in
ne

r 
75

 p
er

ce
nt

 o
f t

he
 o

ve
rla

id
 w

el
d 

an
d 

ba
se

 
m

et
al

 o
ve

rla
y 

m
at

er
ia

l, 
or

 b
as

e 
m

et
al

-to
-o

ve
rla

y 
in

te
rfa

ce
. 

(a
)(1

) A
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
t s

ha
ll 

in
cl

ud
e 

at
 le

as
t 1

 in
ch

 o
f t

he
 le

ng
th

 o
f t

he
 

ov
er

la
id

 w
el

d.
  T

he
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
t 

in
cl

ud
es

 th
e 

ou
te

r 2
5 

pe
rc

en
t o

f t
he

 
ov

er
la

id
 w

el
d 

an
d 

ba
se

 m
et

al
 o

n 
bo

th
 

si
de

s.
  T

he
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
t s

ha
ll 

N
O

T 
in

cl
ud

e 
th

e 
in

ne
r 7

5 
pe

rc
en

t o
f t

he
 

ov
er

la
id

 w
el

d 
an

d 
ba

se
 m

et
al

 o
ve

rla
y 

m
at

er
ia

l, 
or

 b
as

e 
m

et
al

-to
-o

ve
rla

y 
in

te
rfa

ce
.

(a
)(1

) T
he

 b
as

e 
m

et
al

 g
ra

di
ng

 u
ni

t i
nc

lu
de

s 
th

e 
ov

er
la

y 
m

at
er

ia
l a

nd
 th

e 
ou

te
r 

25
 p

er
ce

nt
 o

f t
he

 o
rig

in
al

 o
ve

rla
id

 w
el

d.
  

Th
e 

ba
se

 m
et

al
 g

ra
di

ng
 u

ni
t s

ha
ll 

ex
te

nd
 

ci
rc

um
fe

re
nt

ia
lly

 fo
r a

t l
ea

st
 1

 in
ch

 a
nd

 
sh

al
l s

ta
rt 

at
 th

e 
w

el
d 

ce
nt

er
lin

e 
an

d 
be

 
w

id
e 

en
ou

gh
 in

 th
e 

ax
ia

l d
ire

ct
io

n 
to

 
en

co
m

pa
ss

 o
ne

 h
al

f o
f t

he
 o

rig
in

al
 w

el
d 

cr
ow

n 
an

d 
a 

m
in

im
um

 o
f 0

.5
0”

 o
f t

he
 

ad
ja

ce
nt

 b
as

e 
m

at
er

ia
l. 

(a
)(2

) W
he

n 
ba

se
 m

et
al

 c
ra

ck
in

g 
pe

ne
tra

te
s 

in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l, 
th

e 
ba

se
 g

ra
di

ng
 u

ni
t s

ha
ll 

in
cl

ud
e 

th
e 

ov
er

la
y 

m
et

al
 w

ith
in

 1
 in

ch
 o

f t
he

 c
ra

ck
 lo

ca
tio

n.
  

Th
is

 p
or

tio
n 

of
 th

e 
ov

er
la

y 
m

at
er

ia
l s

ha
ll 

N
O

T 
be

 u
se

d 
as

 p
ar

t o
f a

ny
 o

ve
rla

y 
gr

ad
in

g 
un

it.
 

(a
)(2

) W
he

n 
ba

se
 m

et
al

 c
ra

ck
in

g 
pe

ne
tra

te
s 

in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l, 
th

e 
ba

se
 m

et
al

 g
ra

di
ng

 u
ni

t s
ha

ll 
N

O
T 

be
 u

se
d 

as
 p

ar
t o

f a
ny

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it.

 

(a
)(2

) W
he

n 
ba

se
 m

et
al

 fl
aw

s 
pe

ne
tra

te
 

in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l, 
th

e 
ba

se
 m

et
al

 
gr

ad
in

g 
un

it 
sh

al
l N

O
T 

be
 u

se
d 

as
 p

ar
t o

f 
an

y 
ov

er
la

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

it.
 

(a
)(3

) W
he

n 
a 

ba
se

 g
ra

di
ng

 u
ni

t i
s 

de
si

gn
ed

 to
 b

e 
un

fla
w

ed
, a

t l
ea

st
 1

 in
ch

 o
f 

un
fla

w
ed

 o
ve

rla
id

 w
el

d 
an

d 
ba

se
 m

et
al

 
sh

al
l e

xi
st

 o
n 

ei
th

er
 s

id
e 

of
 th

e 
ba

se
 

gr
ad

in
g 

un
it.

  T
he

 s
eg

m
en

t o
f w

el
d 

le
ng

th
 

us
ed

 in
 o

ne
 b

as
e 

gr
ad

in
g 

un
it 

sh
al

l N
O

T 
be

 
us

ed
 in

 a
no

th
er

 b
as

e 
gr

ad
in

g 
un

it.
  B

as
e 

gr
ad

in
g 

un
its

 n
ee

d 
N

O
T 

be
 u

ni
fo

rm
ly

 
sp

ac
ed

 a
ro

un
d 

th
e 

sp
ec

im
en

. 

(a
)(3

) S
uf

fic
ie

nt
 u

nf
la

w
ed

 o
ve

rla
id

 w
el

d 
an

d 
ba

se
 m

et
al

 s
ha

ll 
ex

is
t o

n 
al

l s
id

es
 o

f t
he

 
gr

ad
in

g 
un

it 
to

 p
re

cl
ud

e 
in

te
rfe

rin
g 

re
fle

ct
io

ns
 fr

om
 a

dj
ac

en
t f

la
w

s.
   

(a
)(3

) S
uf

fic
ie

nt
 u

nf
la

w
ed

 o
ve

rla
id

 w
el

d 
an

d 
ba

se
 m

et
al

 s
ha

ll 
ex

is
t o

n 
al

l s
id

es
 o

f t
he

 
gr

ad
in

g 
un

it 
to

 p
re

cl
ud

e 
in

te
rfe

rin
g 

re
fle

ct
io

ns
 fr

om
 a

dj
ac

en
t f

la
w

s.
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(b
)(1

) A
n 

ov
er

la
y 

gr
ad

in
g 

un
it 

sh
al

l i
nc

lu
de

 
th

e 
ov

er
la

y 
m

at
er

ia
l a

nd
 th

e 
ba

se
 

m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 o
f a

t l
ea

st
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sq

ua
re

 in
ch

es
.  

Th
e 

ov
er

la
y 

gr
ad

in
g 

un
it 

sh
al

l b
e 

re
ct

an
gu

la
r, 

w
ith

 m
in

im
um

 
di

m
en

si
on

s 
of

 2
 in

ch
es

. 

(b
)(l

) A
n 

ov
er

la
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

sh
al

l i
nc

lu
de

 th
e 

ov
er

la
y 

m
at

er
ia

l a
nd

 th
e 

ba
se

 m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 fo
r a

 le
ng

th
 

of
 a

t l
ea

st
 1

 in
ch

.  
 

(b
)(l

) A
n 

ov
er

la
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

sh
al

l i
nc

lu
de

 th
e 

ov
er

la
y 

m
at

er
ia

l a
nd

 th
e 

ba
se

 m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 fo
r a

 le
ng

th
 

of
 a

t l
ea

st
 1

 in
ch

. 

(b
)(2

) A
n 

ov
er

la
y 

gr
ad

in
g 

un
it 

de
si

gn
ed

 to
 

be
 u

nf
la

w
ed

 s
ha

ll 
be

 s
ur

ro
un

de
d 

by
 

un
fla

w
ed

 o
ve

rla
y 

m
at

er
ia

l a
nd

 u
nf

la
w

ed
 

ba
se

 m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 fo
r a

t l
ea

st
 

1 
in

ch
 a

ro
un

d 
its

 e
nt

ire
 p

er
im

et
er

.  
Th

e 
sp

ec
ifi

c 
ar

ea
 u

se
d 

in
 o

ne
 o

ve
rla

y 
gr

ad
in

g 
un

it 
sh

al
l N

O
T 

be
 u

se
d 

in
 a

no
th

er
 o

ve
rla

y 
gr

ad
in

g 
un

it.
  O

ve
rla

y 
gr

ad
in

g 
un

its
 n

ee
d 

N
O

T 
be

 s
pa

ce
d 

un
ifo

rm
ly

 a
bo

ut
 th

e 
sp

ec
im

en
. 

(b
)(2

) O
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

 
de

si
gn

ed
 to

 b
e 

un
fla

w
ed

 s
ha

ll 
be

 s
ep

ar
at

ed
 

by
 u

nf
la

w
ed

 o
ve

rla
y 

m
at

er
ia

l a
nd

 u
nf

la
w

ed
 

ba
se

 m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 fo
r a

t l
ea

st
 

1 
in

ch
 a

t b
ot

h 
en

ds
.  

S
uf

fic
ie

nt
 u

nf
la

w
ed

 
ov

er
la

id
 w

el
d 

an
d 

ba
se

 m
et

al
 s

ha
ll 

ex
is

t o
n 

bo
th

 s
id

es
 o

f t
he

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

to
 p

re
cl

ud
e 

in
te

rfe
rin

g 
re

fle
ct

io
ns

 fr
om

 
ad

ja
ce

nt
 fl

aw
s.

  T
he

 s
pe

ci
fic

 a
re

a 
us

ed
 in

 
on

e 
ov

er
la

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

it 
sh

al
l 

N
O

T 
be

 u
se

d 
in

 a
no

th
er

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it.

  O
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

 n
ee

d 
N

O
T 

be
 s

pa
ce

d 
un

ifo
rm

ly
 a

bo
ut

 
th

e 
sp

ec
im

en
. 

(b
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) O
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

 
de

si
gn

ed
 to

 b
e 

un
fla

w
ed

 s
ha

ll 
be

 s
ep

ar
at

ed
 

by
 u

nf
la

w
ed

 o
ve

rla
y 

m
at

er
ia

l a
nd

 u
nf

la
w

ed
 

ba
se

 m
et

al
-to

-o
ve

rla
y 

in
te

rfa
ce

 fo
r a

t l
ea

st
 

1 
in

ch
 a

t b
ot

h 
en

ds
.  

S
uf

fic
ie

nt
 u

nf
la

w
ed

 
ov

er
la

id
 w

el
d 

an
d 

ba
se

 m
et

al
 s

ha
ll 

ex
is

t o
n 

bo
th

 s
id

es
 o

f t
he

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it 

to
 p

re
cl

ud
e 

in
te

rfe
rin

g 
re

fle
ct

io
ns

 fr
om

 
ad

ja
ce

nt
 fl

aw
s.

  T
he

 s
pe

ci
fic

 a
re

a 
us

ed
 in

 
on

e 
ov

er
la

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

it 
sh

al
l 

N
O

T 
be

 u
se

d 
in

 a
no

th
er

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
it.

  O
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

 n
ee

d 
N

O
T 

be
 s

pa
ce

d 
un

ifo
rm

ly
 a

bo
ut

 
th

e 
sp
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im

en
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N
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53
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nd
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D
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lte
rn
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E
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(b
)(3

) D
et

ec
tio

n 
se

ts
 s
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ll 

be
 s

el
ec

te
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m
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e 

V
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1.
  T

he
 m

in
im

um
 d

et
ec

tio
n 

sa
m

pl
e 

se
t i

s 
fiv

e 
fla

w
ed

 b
as

e 
gr

ad
in

g 
un

its
, t

en
 u

nf
la

w
ed

 b
as

e 
gr

ad
in

g 
un

its
, f

iv
e 

fla
w

ed
 o

ve
rla

y 
gr

ad
in

g 
un

its
, a

nd
 te

n 
un

fla
w

ed
 o

ve
rla

y 
gr

ad
in

g 
un

its
.  

Fo
r 

ea
ch

 ty
pe

 o
f g

ra
di

ng
 u

ni
t, 

th
e 

se
t s

ha
ll 

co
nt

ai
n 

at
 le

as
t t

w
ic

e 
as

 m
an

y 
un

fla
w

ed
 a

s 
fla

w
ed

 g
ra

di
ng

 u
ni

ts
. 

(b
)(3

) D
et

ec
tio

n 
se

ts
 s

ha
ll 

be
 s

el
ec

te
d 

fro
m

 
Ta

bl
e 

V
III

-S
2-

1.
  T

he
 m

in
im

um
 d

et
ec

tio
n 

sa
m

pl
e 

se
t i

s 
fiv

e 
fla

w
ed

 b
as

e 
m

et
al

 
gr

ad
in

g 
un

its
, t

en
 u

nf
la

w
ed

 b
as

e 
m

et
al

 
gr

ad
in

g 
un

its
, f

iv
e 

fla
w

ed
 o

ve
rla

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

its
, a

nd
 te

n 
un

fla
w

ed
 

ov
er

la
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

.  
Fo

r 
ea

ch
 ty

pe
 o

f g
ra

di
ng

 u
ni

t, 
th

e 
se

t s
ha

ll 
co

nt
ai

n 
at

 le
as

t t
w

ic
e 

as
 m

an
y 

un
fla

w
ed

 a
s 

fla
w

ed
 g

ra
di

ng
 u

ni
ts

.  
Fo

r i
ni

tia
l p

ro
ce

du
re

 
qu

al
ifi

ca
tio

n,
 d

et
ec

tio
n 

se
ts

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 

qu
al

ifi
ca

tio
n 

se
ts

.  
To

 q
ua

lif
y 

ne
w

 v
al

ue
s 

of
 

es
se

nt
ia

l v
ar

ia
bl

es
, a

t l
ea

st
 o

ne
 p

er
so

nn
el

 
qu

al
ifi

ca
tio

n 
se

t i
s 

re
qu

ire
d.

 

(b
)(

3)
 D

et
ec

tio
n 

se
ts

 s
ha

ll 
be

 s
el

ec
te

d 
fro

m
 

Ta
bl

e 
V

III
-S

2-
1.

  T
he

 m
in

im
um

 d
et

ec
tio

n 
sa

m
pl

e 
se

t i
s 

fiv
e 

fla
w

ed
 b

as
e 

m
et

al
 

gr
ad

in
g 

un
its

, t
en

 u
nf

la
w

ed
 b

as
e 

m
et

al
 

gr
ad

in
g 

un
its

, f
iv

e 
fla

w
ed

 o
ve

rla
y 

fa
br

ic
at

io
n 

gr
ad

in
g 

un
its

, a
nd

 te
n 

un
fla

w
ed

 
ov

er
la

y 
fa

br
ic

at
io

n 
gr

ad
in

g 
un

its
.  

Fo
r 

ea
ch

 ty
pe

 o
f g

ra
di

ng
 u

ni
t, 

th
e 

se
t s

ha
ll 

co
nt

ai
n 

at
 le

as
t t

w
ic

e 
as

 m
an

y 
un

fla
w

ed
 a

s 
fla

w
ed

 g
ra

di
ng

 u
ni

ts
.  

Fo
r i

ni
tia

l p
ro

ce
du

re
 

qu
al

ifi
ca

tio
n,

 d
et

ec
tio

n 
se

ts
 s

ha
ll 

in
cl

ud
e 

th
e 

eq
ui

va
le

nt
 o

f t
hr

ee
 p

er
so

nn
el

 
qu

al
ifi

ca
tio

n 
se

ts
.  

To
 q

ua
lif

y 
ne

w
 v

al
ue

s 
of

 
es

se
nt

ia
l v

ar
ia

bl
es

, a
t l

ea
st

 o
ne

 p
er

so
nn

el
 

qu
al

ifi
ca

tio
n 

se
t i

s 
re

qu
ire

d.
 

(f)
 S

iz
in

g 
S

pe
ci

m
en

 
 

 

(1
) T

he
 m

in
im

um
 n

um
be

r o
f f

la
w

s 
sh

al
l b

e 
te

n.
  A

t l
ea

st
 3

0 
pe

rc
en

t o
f t

he
 fl

aw
s 

sh
al

l 
be

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

s.
  A

t l
ea

st
 

40
 p

er
ce

nt
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

 
op

en
 to

 th
e 

in
si

de
 s

ur
fa

ce
. 

(1
) T

he
 m

in
im

um
 n

um
be

r o
f f

la
w

s 
sh

al
l b

e 
te

n.
  A

t l
ea

st
 3

0 
pe

rc
en

t o
f t

he
 fl

aw
s 

sh
al

l 
be

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

s.
  A

t l
ea

st
 

40
 p

er
ce

nt
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
cr

ac
ks

 
op

en
 to

 th
e 

in
si

de
 s

ur
fa

ce
.  

Fo
r i

ni
tia

l 
pr

oc
ed

ur
e 

qu
al

ifi
ca

tio
n,

 s
iz

in
g 

se
ts

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 

qu
al

ifi
ca

tio
n 

se
ts

.  
To

 q
ua

lif
y 

ne
w

 v
al

ue
s 

of
 

es
se

nt
ia

l v
ar

ia
bl

es
, a

t l
ea

st
 o

ne
 p

er
so

nn
el

 
qu

al
ifi

ca
tio

n 
se

t i
s 

re
qu

ire
d.

   

(1
) T

he
 m

in
im

um
 n

um
be

r o
f f

la
w

s 
sh

al
l b

e 
te

n.
  A

t l
ea

st
 3

0 
pe

rc
en

t o
f t

he
 fl

aw
s 

sh
al

l 
be

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

s.
  A

t l
ea

st
 

40
 p

er
ce

nt
 o

f t
he

 fl
aw

s 
sh

al
l b

e 
op

en
 to

 th
e 

in
si

de
 s

ur
fa

ce
.  

S
iz

in
g 

se
ts

 s
ha

ll 
co

nt
ai

n 
a 

di
st

rib
ut

io
n 

of
 fl

aw
 d

im
en

si
on

s 
to

 a
ss

es
s 

si
zi

ng
 c

ap
ab

ilit
ie

s.
  F

or
 in

iti
al

 p
ro

ce
du

re
 

qu
al

ifi
ca

tio
n,

 s
iz

in
g 

se
ts

 s
ha

ll 
in

cl
ud

e 
th

e 
eq

ui
va

le
nt

 o
f t

hr
ee

 p
er

so
nn

el
 q

ua
lif

ic
at

io
n 

se
ts

.  
To

 q
ua

lif
y 

ne
w

 v
al

ue
s 

of
 e

ss
en

tia
l 

va
ria

bl
es

, a
t l

ea
st

 o
ne

 p
er

so
nn

el
 

qu
al

ifi
ca

tio
n 

se
t i

s 
re

qu
ire

d.
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(2
) A

t l
ea

st
 2

0 
pe

rc
en

t b
ut

 le
ss

 th
an

 
40

 p
er

ce
nt

 o
f t

he
 fl

aw
s 

sh
al

l b
e 

or
ie

nt
ed

 
ax

ia
lly

.  
Th

e 
re

m
ai

nd
er

 s
ha

ll 
be

 o
rie

nt
ed

 
ci

rc
um

fe
re

nt
ia

lly
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Fl
aw

s 
sh

al
l N

O
T 

be
 o

pe
n 

to
 a

ny
 s

ur
fa

ce
 to

 w
hi

ch
 th

e 
ca

nd
id

at
e 

ha
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ph
ys

ic
al

 o
r v

is
ua

l a
cc

es
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C
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) B
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e 

m
et

al
 c

ra
ck

in
g 

us
ed

 fo
r l

en
gt
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si

zi
ng

 d
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st
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tio
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 s
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ll 
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 o

rie
nt

ed
 

ci
rc

um
fe
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nt

ia
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N
o 

C
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ng
e 

(3
) B

as
e 

m
et

al
 fl

aw
s 

us
ed

 fo
r l

en
gt

h 
si

zi
ng

 
de

m
on

st
ra

tio
ns

 s
ha

ll 
be

 o
rie

nt
ed

 
ci

rc
um

fe
re

nt
ia

lly
. 

(4
) D

ep
th

 s
iz

in
g 

sp
ec

im
en

 s
et

s 
sh

al
l 

in
cl

ud
e 

at
 le

as
t t

w
o 

di
st

in
ct

 lo
ca

tio
ns

 w
he

re
 

cr
ac

ki
ng

 in
 th

e 
ba

se
 m

et
al

 e
xt

en
ds

 in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l b
y 

at
 le
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t 0

.1
 in

ch
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 in
 

th
e 

th
ro
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al

l d
ire
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io

n.
 

N
o 

C
ha

ng
e 

(4
) D

ep
th

 s
iz

in
g 

sp
ec

im
en

 s
et

s 
sh

al
l 

in
cl

ud
e 

at
 le

as
t t

w
o 

di
st

in
ct

 lo
ca

tio
ns
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he

re
 

a 
ba

se
 m

et
al

 fl
aw

 e
xt

en
ds

 in
to

 th
e 

ov
er

la
y 

m
at

er
ia

l b
y 

at
 le

as
t 0

.1
 in

ch
es

 in
 th

e 
th

ro
ug

h-
w

al
l d

ire
ct

io
n.
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 C
O

N
D

U
C
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O

F 
P

E
R

FO
R

M
A

N
C

E
 

D
E

M
O

N
S

TR
A

TI
O

N
 

 
 

Th
e 

sp
ec

im
en

 in
si

de
 s

ur
fa

ce
 a

nd
 

id
en

tif
ic

at
io

n 
sh

al
l b

e 
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nc
ea

le
d 

fro
m

 th
e 
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nd

id
at

e.
  A

ll 
ex
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in

at
io
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 s

ha
ll 
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co
m
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et

ed
 p

rio
r t

o 
gr

ad
in

g 
th

e 
re

su
lts

 a
nd

 
pr

es
en

tin
g 

th
e 
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su

lts
 to

 th
e 

ca
nd

id
at

e.
  

D
iv

ul
ge

nc
e 

of
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 re

su
lts

 
or

 c
an

di
da

te
 v

ie
w

in
g 

of
 u

nm
as

ke
d 

sp
ec

im
en

s 
af

te
r t

he
 p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
is

 p
ro

hi
bi

te
d.

 

Th
e 

sp
ec

im
en

 in
si

de
 s

ur
fa

ce
 a

nd
 

id
en

tif
ic

at
io

n 
sh

al
l b

e 
co

nc
ea

le
d 

fro
m

 th
e 

ca
nd

id
at

e.
  A

ll 
ex

am
in

at
io

ns
 s

ha
ll 

be
 

co
m

pl
et

ed
 p

rio
r t

o 
gr

ad
in

g 
th

e 
re

su
lts

 a
nd

 
pr

es
en

tin
g 

th
e 

re
su

lts
 to

 th
e 

ca
nd

id
at

e.
  

D
iv

ul
ge

nc
e 

of
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 re

su
lts

 
or

 c
an

di
da

te
 v

ie
w

in
g 

of
 u

nm
as

ke
d 

sp
ec

im
en

s 
af

te
r t

he
 p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
is

 p
ro

hi
bi

te
d.

  T
he

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

 te
st

 a
nd

 th
e 

ba
se

 m
et

al
 

fla
w

 te
st

 m
ay

 b
e 

pe
rfo

rm
ed

 s
ep

ar
at

el
y.

 

Th
e 

sp
ec

im
en

 in
si

de
 s

ur
fa

ce
 a

nd
 

id
en

tif
ic

at
io

n 
sh

al
l b

e 
co

nc
ea

le
d 

fro
m

 th
e 

ca
nd

id
at

e.
  A

ll 
ex

am
in

at
io

ns
 s

ha
ll 

be
 

co
m

pl
et

ed
 p

rio
r t

o 
gr

ad
in

g 
th

e 
re

su
lts

 a
nd

 
pr

es
en

tin
g 

th
e 

re
su

lts
 to

 th
e 

ca
nd

id
at

e.
  

D
iv

ul
ge

nc
e 

of
 p

ar
tic

ul
ar

 s
pe

ci
m

en
 re

su
lts

 
or

 c
an

di
da

te
 v

ie
w

in
g 

of
 u

nm
as

ke
d 

sp
ec

im
en

s 
af

te
r t

he
 p

er
fo

rm
an

ce
 

de
m

on
st

ra
tio

n 
is

 p
ro

hi
bi

te
d.

  T
he

 o
ve

rla
y 

fa
br

ic
at

io
n 

fla
w

 te
st

 a
nd

 th
e 

ba
se

 m
et

al
 

fla
w

 te
st

 m
ay

 b
e 

pe
rfo

rm
ed

 s
ep

ar
at

el
y.

 

2.
1 

 D
et

ec
tio

n 
Te

st
. 

 
 

Fl
aw

ed
 a

nd
 u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 

ra
nd

om
ly

 m
ix

ed
.  

A
lth

ou
gh

 th
e 

bo
un

da
rie

s 
of

 s
pe

ci
fic

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

N
O

T 
be

 
re

ve
al

ed
 to

 th
e 

ca
nd

id
at

e,
 th

e 
ca

nd
id

at
e 

sh
al

l b
e 

m
ad

e 
aw

ar
e 

of
 th

e 
ty

pe
 o

r t
yp

es
 o

f 
gr

ad
in

g 
un

its
 (b

as
e 

or
 o

ve
rla

y)
 th

at
 a

re
 

pr
es

en
t f

or
 e

ac
h 

sp
ec

im
en

. 

Fl
aw

ed
 a

nd
 u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 

ra
nd

om
ly

 m
ix

ed
.  

A
lth

ou
gh

 th
e 

bo
un

da
rie

s 
of

 s
pe

ci
fic

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

N
O

T 
be

 
re

ve
al

ed
 to

 th
e 

ca
nd

id
at

e,
 th

e 
ca

nd
id

at
e 

sh
al

l b
e 

m
ad

e 
aw

ar
e 

of
 th

e 
ty

pe
 o

r t
yp

es
 o

f 
gr

ad
in

g 
un

its
 (b

as
e 

m
et

al
 o

r o
ve

rla
y 

fa
br

ic
at

io
n)

 th
at

 a
re

 p
re

se
nt

 fo
r 

ea
ch

 s
pe

ci
m

en
. 

Fl
aw

ed
 a

nd
 u

nf
la

w
ed

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

be
 

ra
nd

om
ly

 m
ix

ed
.  

A
lth

ou
gh

 th
e 

bo
un

da
rie

s 
of

 s
pe

ci
fic

 g
ra

di
ng

 u
ni

ts
 s

ha
ll 

N
O

T 
be

 
re

ve
al

ed
 to

 th
e 

ca
nd

id
at

e,
 th

e 
ca

nd
id

at
e 

sh
al

l b
e 

m
ad

e 
aw

ar
e 

of
 th

e 
ty

pe
 o

r t
yp

es
 o

f 
gr

ad
in

g 
un

its
 (b

as
e 

m
et

al
 o

r o
ve

rla
y 

fa
br

ic
at

io
n)

 th
at

 a
re

 p
re

se
nt

 fo
r 

ea
ch

 s
pe

ci
m

en
. 
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2.
2 

 L
en

gt
h 

S
iz

in
g 

Te
st

 
 

 

(a
) T

he
 le

ng
th

 s
iz

in
g 

te
st

 m
ay

 b
e 

co
nd

uc
te

d 
se

pa
ra

te
ly

 o
r i

n 
co

nj
un

ct
io

n 
w

ith
 

th
e 

de
te

ct
io

n 
te

st
. 

N
o 

C
ha

ng
e 

N
o 

C
ha

ng
e 

(b
) W

he
n 

th
e 

le
ng

th
 s

iz
in

g 
te

st
 is

 
co

nd
uc

te
d 

in
 c

on
ju

nc
tio

n 
w

ith
 th

e 
de

te
ct

io
n 

te
st

 a
nd

 th
e 

de
te

ct
ed

 fl
aw

s 
do

 N
O

T 
sa

tis
fy

 
th

e 
re

qu
ire

m
en

ts
 o

f 1
.1

(f)
, a

dd
iti

on
al

 
sp

ec
im

en
s 

sh
al

l b
e 

pr
ov

id
ed

 to
 th

e 
ca

nd
id

at
e.

  T
he

 re
gi

on
s 

co
nt

ai
ni

ng
 a

 fl
aw

 to
 

be
 s

iz
ed

 s
ha

ll 
be

 id
en

tif
ie

d 
to

 th
e 

ca
nd

id
at

e.
  T

he
 c

an
di

da
te

 s
ha

ll 
de

te
rm

in
e 

th
e 

le
ng

th
 o

f t
he

 fl
aw

 in
 e

ac
h 

re
gi

on
. 

N
o 

C
ha

ng
e 

N
o 

C
ha

ng
e 

Fo
r a

 s
ep

ar
at

e 
le

ng
th

 s
iz

in
g 

te
st

, t
he

 
re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 
to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
he

 c
an

di
da

te
 s

ha
ll 

de
te

rm
in

e 
th

e 
le

ng
th

 o
f t

he
 fl

aw
 in

 e
ac

h 
re

gi
on
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N
o 

C
ha

ng
e 

N
o 

C
ha

ng
e 

(d
) F

or
 fl

aw
s 

in
 b
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e 

gr
ad

in
g 

un
its

, t
he

 
ca

nd
id

at
e 

sh
al

l e
st

im
at

e 
th

e 
le

ng
th

 o
f t

ha
t 

pa
rt 

of
 th

e 
fla

w
 th
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 is

 in
 th

e 
ou

te
r 

25
 p

er
ce

nt
 o

f t
he

 b
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e 
w

al
l t
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ck

ne
ss

. 

(d
) F

or
 fl

aw
s 

in
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
ts

, 
th

e 
ca

nd
id

at
e 

sh
al

l e
st

im
at

e 
th

e 
le

ng
th

 o
f 

th
at

 p
ar

t o
f t

he
 fl

aw
 th

at
 is

 in
 th

e 
ou

te
r 

25
 p

er
ce

nt
 o

f t
he

 b
as

e 
m

et
al

 w
al

l 
th

ic
kn

es
s.

 

(d
) F

or
 fl

aw
s 

in
 b

as
e 

m
et

al
 g

ra
di

ng
 u

ni
ts

, 
th

e 
ca

nd
id

at
e 

sh
al

l e
st

im
at

e 
th

e 
le

ng
th

 o
f 

th
at

 p
ar

t o
f t

he
 fl

aw
 th

at
 is

 in
 th

e 
ou

te
r 

25
 p

er
ce

nt
 o

f t
he

 b
as

e 
m

et
al

 w
al

l 
th
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kn

es
s.
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D
ep

th
 S

iz
in

g 
Te

st
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Fo
r t

he
 d

ep
th

 s
iz

in
g 

te
st

, 8
0 

pe
rc

en
t o

f t
he

 
fla

w
s 

sh
al

l b
e 

si
ze

d 
at

 a
 s

pe
ci

fic
 lo

ca
tio

n 
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th

e 
su

rfa
ce

 o
f t

he
 s

pe
ci

m
en
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en

tif
ie

d 
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 th
e 

ca
nd

id
at

e.
  F

or
 th

e 
re

m
ai

ni
ng

 fl
aw

s,
 th

e 
re

gi
on

s 
of

 e
ac

h 
sp

ec
im

en
 c

on
ta

in
in

g 
a 

fla
w

 
to

 b
e 

si
ze

d 
sh

al
l b

e 
id

en
tif

ie
d 

to
 th

e 
ca

nd
id

at
e.

  T
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 c
an

di
da

te
 s
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ll 

de
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e 
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e 
m

ax
im

um
 d
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th
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f t

he
 fl
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 in
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ch
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Th
e 

ca
nd

id
at

e 
sh
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l d

et
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m
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e 
th

e 
de
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h 
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th
e 

fla
w

 in
 e
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h 

re
gi

on
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(a
) T

he
 d

ep
th

 s
iz

in
g 

te
st

 m
ay

 b
e 

co
nd

uc
te

d 
se

pa
ra

te
ly

 o
r i

n 
co

nj
un

ct
io

n 
w

ith
 th

e 
de

te
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n 

te
st
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(b
) W

he
n 

th
e 

de
pt

h 
si

zi
ng
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st

 is
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ct
ed

 
in

 c
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ju
nc

tio
n 

w
ith

 th
e 

de
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n 
te

st
 a

nd
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e 

de
te
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ed

 fl
aw
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do

 N
O
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sa
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e 
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 o
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im
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s 
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l b
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id
at
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ll 

be
 id

en
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ie
d 

to
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nd
id

at
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  T
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 c
an

di
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 s
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ll 
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rm
in

e 
th

e 
m

ax
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um
 d

ep
th

 o
f t

he
 fl

aw
 in
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ch
 re

gi
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(c
) F

or
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ep

ar
at

e 
de

pt
h 

si
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ng
 te

st
, t

he
 

re
gi
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s 
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 e
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h 
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im
en

 c
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in
g 
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