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U. S. Nuclear Regulatory Commission Serial No. 09-506
Attention: Document Control Desk NSSLWDC RO
Washington, DC 20555 Docket No. 50-423

License No. NPF-49

DOMINION NUCLEAR CONNECTICUT, INC.

MILLSTONE POWER STATION UNIT 3

RELIEF REQUEST IR-3-04, RESPONSE TO REQUEST FOR ADDITIONAL
INFORMATION FOR ALTERNATIVE BRAZED JOINT ASSESSMENT
METHODOLOGY '

As a part of the inservice inspection (IS!) program, Dominion Nuclear Connecticut, Inc.
(DNC) submitted a letter dated April 28, 2009 requesting approval to use an alternative
brazed joint assessment methodology for the resolution of nonconforming conditions on
American Society of Mechanical Engineers Boiler and Pressure Vessel (ASME) Code
Class 3, moderate energy system piping with brazed joints at Millstone Power Station
Unit 3 (MPS3). The April 28, 2009 letter requested authorization to allow the deferral of
repair/replacement activities for degraded brazed joints in the Class 3 Service Water
System in lieu of the requirements of the ASME Code, Section XI, 2004 Edition, No
Addenda. In a letter dated July 27, 2009, the NRC transmitted a request for additional
information (RAI). NRC requested that DNC respond to the RAI by August 25, 2009.

Enclosure 1 provides Revision 1 of Relief Request IR-3-04. Revision 1 incorporates
changes to the relief request in response to the NRC RAIl dated July 27, 2009.
Enclosure 2 provides DNC response to the NRC RAI addressing Questions 1 through 3.
Enclosure 3 provides updates to the original responses in DNC letters dated September
14, 2006 and January 2, 2007, for consistency with the final methodology and the
current request. Enclosure 3 is provided in response to the NRC RAIl, Question 1.
Enclosure 4 provides an example of the application of the previously approved brazed
joint assessment methodology during the third ISI interval as requested in NRC RAI,
Question 3.

If you should have any questions regarding this submittal, please contact Wanda Craft
at (804) 273-4687.

Sincerely,

Leslie N. Hartz :
Vice President — Nuclear Support Services A m 7
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Enclosures:

1.
2.

Revision 1 of Relief Request IR-3-04

Response to the request for additional information in the letter dated July 27,
2009 .

Updates of the original responses provided in the requests for additional
information in NRC letters dated September 14, 2006 and January 2, 2007

Example of the application of the previously approved brazed joint assessment
methodology during the third IS interval

Commitments made in this letter:

1. None

CC:

U.S. Nuclear Regulatory Commission (w/o attachments)
Region |

475 Allendale Road

King of Prussia, PA 19406-1415

Ms. C. J. Sanders (w/o attachments)
NRC Project Manager, Mail Stop 883
U.S. Nuclear Regulatory Commission
One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

Mr. S. W. Shaffer (w/o attachments)
NRC Senior Resident Inspector
Milistone Power Station
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ENCLOSURE 1

10 CFR 50.55a REQUEST NUMBER IR-3-04, REV. 1

(10 CFR 50.55a(a)(3)(i) REQUEST IR-3-04, TAC NO. ME1256)

DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 3



Proposed Alternative
In Accordance with 10 CFR 50.55a(a)(3)(i)
--Alternative Provides Acceptable Level of Quality and Safety--

1. ASME Code Co‘mponenis Affected
ASME Code Class: Code Class 3

References: 'ASME Section X|, IWA-4000, IWA-5250 and IWD-3000
Examination Category: N/A

Item Number: N/A .

Description: Alternative Brazed Joint Assessment Methodology
Components: Service Water System Brazed Piping Joints, three inches

Nominal Size and Smaller

Figure 1 in Attachment A shows a typical brazed joint. Attachment B provides

additional details concerning applicable brazed joint materials, configuration and
brazing.

2. Applicable Code Edition and Addenda
ASME Section XI|, 2004 Edition (No Addenda)

3. Applicable Code Requirement

If leakage of a Class 3 brazed connection is discovered during the course of normal
operation, IWA-4000, Repair/Replacement Activities, applies and the joint must be
repaired or replaced in accordance with that article. However, if the leakage is
discovered during a scheduled leak test, the joint must be evaluated and repaired in
accordance with IWD-3000 as clarified by the following:

e IWD-3000 does not have acceptance criteria for Class 3 components. IWD-
3500, “ACCEPTANCE STANDARDS" refers to IWC-3500, “ACCEPTANCE
STANDARDS". IWC-3516, “Examination Category C-H, All Pressure Retaining
Components” states, “These standards are in the course of preparation. The
standards of IWB-3522 may be applied.”

o |WB-3522.1 establishes the acceptance standard for Visual Examination, VT-2,
in which leakage of non-insulated and insulated piping is listed as a relevant
condition. IWB-3522.1 states that such relevant conditions that may be detected
during the conduct of system pressure tests shall require correction to meet the
requirements of IWB-3142 and IWA-5250 prior to continued service.

o IWA-5250, “Corrective Action,” in the context of a system leak test, requires
identification of the source of leakage for evaluation of its corrective action which
may include repair/replacement activities.
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(Continued)

o |WB-3142, “Acceptance”, permits acceptance of visually identified conditions
under the requirements of IWB-3142.2, "Acceptance by Supplemental
Examination.”

e |WB-3200, "SUPPLEMENTAL EXAMINATIONS", permits supplemental surface
or volumetric examinations to determine the extent of the unacceptable
conditions and the need for corrective measures, repairs, analytical evaluation, or
repair/replacement activities.

4. Reason for Request

In the course of plant operation, brazed joints are sometimes observed to be leaking
at very low rate ("weepage") through a defect in the braze bond between the pipe
and fitting. Applicable Code requirements depend on whether the leak is discovered
in the course of normal plant operation or during a scheduled leak test.’

Section XI and Section |1l of the ASME Code do not have rules applicable to
evaluation of weepage through brazed joints caused by defects in braze bonding
between piping and fittings. Section Xl, IWD-3000, has no acceptance standards
and refers to the rules of IWB-3000. However, IWB-3000 has no rules pertaining to
brazed joints. Therefore, Section XI does not have rules specific to examination and
acceptance of relevant conditions observed in brazed joints. Lacking such rules, the
leaking joint must be repaired in accordance with IWA-5250(a)(3) if found during a
Code required system leakage test or IWA-4000 during any other mode of system
operation. \

A safe alternative to the requirement to immediately repair a brazed joint with
leakage can include a deferred, but planned, repair/replacement activity that permits
continued plant operation based on an evaluation of continued acceptable integrity
and functionality of the brazed joint. With this approach, sections of piping
containing brazed joints can be replaced with welds or flanges in a systematic and
planned manner without unnecessary unavailability of safety related systems or
components as well as unnecessary plant shutdowns.

5. Proposed Alternative and Basis for Use

It is proposed that in lieu of the immediate repair requirement of IWA-5250 or IWA-
4000, DNC perform a supplemental ultrasonic test (UT) examination and
comparison with alternative acceptance criteria. The UT examination will establish
the extent of braze bond within the joint. The UT results will be compared with pre-
established brazed joint bond levels required for structural integrity of the specific
piping under consideration that accounts for the design basis loadings applicable to
the condition. This will establish the basis for determining joint integrity to the extent
required for system operability.

' ASME Code Interpretation XI-1-92-19
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(Continued)

The lack of full braze bonding originates from construction, or fabrication, and is not
progressive over time. However, the proposed methodology provides for continued
monitoring until a resolution of the nonconforming condition (e.g., weepage) occurs
through repair/replacement activities. Periodic monitoring of the joint and its leakage
verifies that assumptions used for the assessment remain valid. The overall
methodology has been validated by performance of physical testing on an array of
simulated bond configurations, as well as several brazed joints salvaged from MPS3
piping. Consequently the request provides an acceptable level of quality and safety
commensurate with the original licensing and design basis of MPS3 as well as the
provisions of 10 CFR 50.55a(a)(3)(i). \

5.1SCOPE

The alternative is limited to brazed service water piping (typically constructed of
copper-nickel or Monel piping and cast bronze fittings) or on-skid equipment
piping that has a design pressure of 150 psig or less and a design temperature of
150 degrees Fahrenheit or Iess The piping nominal size is limited to three
inches maximum.

Basis:

The limitation of pipe sizes to three inches or less ensures that the alternative is
applied to piping for which it was intended, and is comparable to the range of
pipe sizes (two and three inches) included in the physical testing described in
Attachment D. The limitation to service water systems ensures that the operating
pressure and temperature are well within the moderate energy range. The fluid
contents of the piping are comparable to those examined for potential corrosion
effects.

5.2EXAMINATION

As permitted by IWB-3200, "Supplemental Examinations," the brazed joint will be
examined by UT using a straight beam technique that monitors the relative
strengths of signals returned from the internal diameter (ID) of the pipe and the
fitting. This technique was derived from and is consistent with the technlque
standardized by the U.S. Navy for use on brazed shipboard piping.?

The UT procedure in Attachment E is provided for reference only and is subject
to change. The UT procedure will require that technicians be certified in
accordance with ANSI/ ASNT CP-189, 1995 Edition. Only Level Il or llI certified
technicians may perform or review the braze readings and they must be familiar
with brazed joint geometry and signal response characteristics. As a prerequisite

- the examination surface must be suitably prepared to obtain satisfactory sound

transmission. The joint circumference is marked at a number of locations such
that they are spaced no greater than one inch apart. For the actual examination

2 NAVSEA 0900-LP-001-7000, “Fabrication and Inspection of Brazed Piping Systems”, dated January 1,

1973.
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(Continued) :

a straight beam longitudinal wave signal is required. At each marked location the
percent bond is recorded based on the relative strengths of signals received from
the pipe ID and fitting ID. The procedure provides instructions to distinguish
between fittings of the "face fed" and "insert" type, the latter of which have an
internal groove in which a ring of braze filler material is inserted before brazing.

The MPS3 UT procedure will provide for documentation of the braze bond
readings on suitable data sheets which also include the calibration data. The
data sheets are reviewed by a certified Level |l or lll reviewer. The data sheets
are then forwarded to Engineering for assessment.

Basis for Nondestructive Examination Technigque:

The alternative UT examination is based on requirements for UT examination
contained in the U.S. Navy standard for brazed piping. It uses basic straight
beam UT technology, and was utilized to confirm the quality of critical piping
systems in the submarine fleet of the U.S. Navy. A brazed joint is considered
acceptable without further evaluation by the standard if the average bond is 60
percent or more. ' '

Consistent with the reference standard, the MPS3 procedure will require this
work to be performed by certified UT technicians, using calibrated equipment and
approved couplants. 1t will require examination at multiple locations around the
circumference of the fitting. It will require review of the data by a Level Il or |l
technician. The UT procedure will be reviewed and approved by a Level 11|
technician in accordance with Dominion quality requirements.

Previous trial demonstrations show that individual bond réadings at a location on
the fitting may vary, but the average reading is consistent among qualified
examiners.

5.3ASSESSMENT

An assessment of the joint using this methodology includes the following
considerations: ' o

« system performance and indirect effects assessments,
» adjustment of bond readings to account for uncertainties,

« areview of design basis stress analysis of the piping to determine required
joint strength, and

e comparison of the adjusted bond readings with the prequalified bond levels
that have been shown empirically by physical testing to assure structural
integrity.

5.3.1 SYSTEM EFFECTS

As a prerequisite to structural assessment, knowledgeable engineering
personnel assess the effect of the leak on the system and other nearby

Page 4 of 11



5.3.2

10 CFR 50.55a Request Number IR-3-04, Rev. 1
(Continued)

equipment. Typically a brazed joint with a defect in the braze material
bonding will leak only drops per minute. The actual leak rate will be
estimated and compared to service water system margins for loss or
diversion of flow. In addition, a walkdown will be performed to identify any
nearby equipment that may be affected by dripping or impingement spray
from the leak. If required, a drip collection device or spray shield will be
installed and maintained for the duration that the leak continues.

Basis:

- ASME Code, Section XI Code Cases such as N-513-2 permit continued

operation of low energy systems with minor leakage when justified by
evaluation of system performance. Similarly; the proposed alternative
permits continued operation provided that the leakage rate will not
adversely affect required flows and the leakage or spray will not adversely
affect safety related equipment. Typical flow from a weeping brazed joint
is in terms of drops per minute. Even in a theoretical worst case of a joint
having a total lack of braze material, the close tolerance between the pipe
and fitting prevents significant flow. The total diametric clearance of a
braze joint is about 0.005 inches. For a three inch pipe, the maximum
possible flow area would be nominally 0.027 square inches (e.g., 3.14 x
3.5 x 0.0025) through which the upper bound flow rate at 100 psig would
be about 6 gpm, a very small rate in comparison to service water pump
capacity. More realistic estimates and actual leak rates would be much
lower. Therefore, the maximum potential for braze joint leakage is very
small. In addition, the proposed alternative requires a specific evaluation
to assure that leakage does not unacceptably reduce system margins.
Therefore, the system will meet all functional requirements and maintain
an equivalent level of quality and safety.

ACCEPTANCE THRESHOLD AND ADJUSTMENT OF BOND
READINGS :

If the average measured bond reading is 60 percent or above, thenno
further assessment is required since the bond strength exceeds piping
strength. If the average is less than 60 percent, then the bond readings as
documented in the UT procedure are adjusted downwards on a sliding
scale, such that-all readings at 10 percent and below are assumed to be
zero, and readings above 10 percent are adjusted using the following
formula:

b.g = 100 x (reading -10)/( 100 - 10) units of percent

For example, a 50 percent UT reading would be adjusted to 44 percent
bond level for assessment purposes. For simplicity, the adjustment may
be applied to the average of the UT readings, or alternatively to each of
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the UT readings prior to averaging. The average of the adjusted readings
is then used for assessment purposes. For bond readings that are
significantly non-uniform around the circumference of the braze, an
effective (lower) bond is computed based on the equivalent moment of the
adjusted bond areas.

If the average adjusted bond reading is above 55 percent, then the joint
strength is considered equal to or better than the piping, and steps 5.3.3
and 5.3.4 below are skipped.

Basis for acceptance threshold and adjustments of readings:

Acceptance of average UT bond readings of 60 percent or more is the
same as the acceptance criteria in the U.S. Navy standard that has been
used for critical shipboard piping systems. The U. S. Navy criteria are
applicable to systems rated 300 psig and greater. The 60 percent
threshold criterion is therefore conservative for systems with design
conditions 150 psig or less. For further confirmation of the 60 percent
threshold, testing has shown that if true bond in the joint exceeds 30
percent then the piping collapse load occurs before any bond failure. The
testing performed for MPS3 is described in Attachment D. There is no
braze bond failure mode because the piping deforms plastically to relieve
the imposed load, and this occurs at loads greater than the maximum load
permitted by the licensing basis analysis of the piping. The downward
adjustment of bond readings, beyond what is required by the U.S. Navy
standard, is an introduced conservatism used to help correlate the data
from actual piping samples and accounts for uncertainties in bond
readings.

CONSTRUCTION CODE QUALIFICATION STRESS ANALYSIS REVIEW

The Construction Code qualification'st_ress analysis of record is reviewed
to determine design basis loadings at the subject braze joint. Pressure,
deadweight, and safe shutdown earthquake (SSE) loadings are included.

- The loads are either used directly or expressed in terms of equivalent pipe

~ stress so that stress analysis outputs may be used directly. The stress

intensification factor (SIF) that may have been applied in Construction
Code stress analysis is not required to be included in the summation of
nominal stresses used for assessment.

Basis for Stress Analysis Review:

The review of stress analysis required by this proposal is a data gathering

~activity required to determine the primary loads imposed on the brazed

joint. The primary loads consist of maximum operating pressure,
deadweight, SSE seismic, and any transient dynamic loads that have
been defined for the piping. Since the stress analysis is the calculation of
record for qualifying the piping in accordance with licensing basis
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requirements, it is an acceptable source of input for assessing the

structural integrity of brazed joints.
The use of Construction Code stress values implicitly treats piping torsion

- loads-as equivalent to bending moments. This is conservative because in
- the bonded joint, the torsional shear is actually half that calculated on an

equivalent pipe stress baS|s

COMPARISON OF ADJUSTED BOND TO REQUIRED BOND |

Equation 3 in Figure 2 of Attachment A was developed to give the
allowable loading for an equivalent bond level. The equation is used for a
comparison that is needed only when the average bond is less than 60
percent. When an equivalent adjusted-bond of a brazed joint is-
determined, as described in Section 5.3.2, an allowable loading
(Smax(bagj)) can be obtained from the equation. This is the safe loading
level that the joint can withstand. If the joint load demand that has been

- determined in Section 5.3.3, multiplied by a safety factor of 1.5, is less
“than the allowable (1.5 Seq < Smax(bag))), then the brazed joint is concluded

to have adequate structural integrity for continued service. The
comparison is quantified as shown in Figure 2.

An example of a structural assessment performed fora hypothetlcal
leaking brazed joint is included in Attachment C. The example is for a
joint with 55 percent average measured bond, which is adjusted to an
effective minimum bond of 43 percent for bending loads. This effective
bond level results in a joint load capability of 16.5 ksi nominal pipe stress.
The 16.5 ksi load capability is adequate for the design basis loads of this
example since the joint load demand, including a 1.5 factor of safety, is
only 6.6 ksi. Therefore, the example structural assessment concludes the
joint can be left in service provided it is monitored until its permanent
repair/replacement activity is completed.

If a joint does not have adequate bond by this assessment, this
comparison for determining the adequacy of structural integrity of the joint

‘is not applicable. - Prompt repair/replacement of the joint, or temporary

non-Code repairs subject to NRC review and approval may be an option,
consistent with considerations in Regulatory Issue Summary 2005-20 for
the resolution.of degraded and nonconforming conditions.

Basis for Comparison of an Adiusted to Required Bonding:

Brazed joints with reduced bond levels can retain a significant strength
that is adequate for the structural integrity of the joint. Dominion has
sponsored tests at an independent testing facility to demonstrate the

~ correlation between reduced bond levels and joint strength. The tests and

their results are described in Attachment D.

The correlation developed by the testing conservatively determines a
required bond level for a given intensity of joint loading. The results of
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these tests support the use of the comparison shown in Figure 2 of
Attachment A for the structural integrity analysis.

The estimated joint strength obtained using Equation 3 in Figure 2 is
confirmed conservative by test results. Each of the tested joints achieved
a collapse load above that which would be predicted for a 7.5 ksi braze
shear strength. This also confirms the acceptability of the 7.5 ksi
maximum braze shear stress assumption that is used as an input to the
Equation 3, shown in Figure 2. Additional basis for acceptability of this
value is contained in Enclosure 3.

With the adjustment of bond readings imposed by this methodology, and a
joint load capacity that is based on a 7.5 ksi shear stress, in conjunction
with an imposed safety factor of 1.5 on loads and pressure, the tests
demonstrate that a margin of greater than 1.5 exists between test results
and estimated allowable joint load capacity from the actual piping removed
from plant service. This margin provides an equivalent factor of safety
(FS) to that provided by the ASME Code, Sections Ill and XI.

The ASME Code, Section Ill, Appendix F has been accepted by the NRC
for evaluation of degraded conditions.® Appendix F, paragraph F-1331.1
(a) permits primary stress at levels up to 0.7S, and in paragraph (c) it
permits primary membrane plus bending stress at levels up to (1.5)(0.7S,)
= 1.05S,. The maximum FS resulting from these comparisons is 1.4
relative to ultimate strength. In shear across a section, paragraph F-
1331.1 (d) limits shear to 0.42S, for a FS of 1.37 relative to (1 / V3)S..
The 7.5 ksi shear limit used at the braze bond is well below this Appendix
F limit of 0.42S, for the pipe and fitting materials.

The ASME Code, Section Xl permits acceptance of planar flaws for which
Appendix C in paragraph C-2621 requires a safety factor of 1.4 for
circumferential flaws, and paragraph C-2622 requires a safety factor of 1.3
for axial flaws for faulted loads. These same safety factors in Appendix C
are also incorporated by reference in Code Case N-513-2, which has been
accepted by the NRC for evaluation of flaws.

Considering the ASME Code references described above, a FS of 1.5 for
design basis loadings in ductile materials provides an equivalent and
acceptable level of safety as compared to the plant design basis and
permitted methodologies for evaluation of flaws.

5.4MONITORING

The proposed alternative assessment methodology requires periodic monitoring
to assure that the assumptions of the assessment remain valid. This monitoring .
will be in addition to the normal daily plant operator rounds during which

3 Generic Letter 91-18, Rev. 1, “Information to Licensees Regarding NRC Inspection Manual Section on
Resolution of Degraded and’ Nonconformlng Conditions,” October 8, 1997.
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personnel are observant for signs of leakage. The monitoring will be by visual
observation of the appearance of the joint and its leak rate, plus re-examination
of the joint by UT to reconfirm the percent bonding. The frequency of the
monitoring will be approximately once every three months. The monitoring will
continue as described until the joint is repaired or replaced. If there are changes
in the nonconforming condition of an evaluated brazed joint with weepage that
may impact its assessment for adequate structural integrity or its functionality, a
Condition Report will be generated in accordance with the Millstone Power
Station Corrective Action Program and the UT readings on the joint will be
repeated and reassessed.

Monitoring Basis:

The degree and frequency of periodic monitoring is conservative because the
braze defect that permits this form of leakage stems from original construction, or
fabrication, and is not the result of a progressive degradation mechanism.
Conditions that are applicable to the use of this methodology stem from defects
in braze material inside a socket joint and will have a very low leak rate. Leakage
is commonly considered weepage, at drops per minute or simply the appearance
of moisture and salt deposits.

In MPS3 operating experience, there have been no conditions where the piping
disengaged from brazed fitting sockets. Consequently, no conditions have been
observed that would have impacted the ability to maintain adequate system flow.
This positive operating experience is due to the inherent structural integrity of
brazed joints in service water systems.

To further address the potential for degradation, a search and review of external
operating experience was performed. Braze failures in closed loop and electrical
cooling systems such as generator stator cooling have been attributed to
corrosion. However, there was no operating experience indicating progressive
failure for open loop seawater systems. To confirm the conclusion that no
progressive failure mechanism applies, DNC disassembled and examined two
specimens that had already been removed from Millstone Power Station
seawater service, and that were reported to have low bonding. The surface
examination of the separated fitting and pipe surfaces did not reveal evidence of
braze metal corrosion product. Since these examined joints are typical of plant
construction and have seen nearly 20 years of service with no degradation of the
bond, it is concluded that periodic visual monitoring of leak rate for this condition
is acceptable, and monitoring may be scheduled on a quarnterly basis. The
specified response to altered conditions such as increased weepage will ensure
that degradation to system functional margins does not occur.

5.5REPAIR / REPLACEMENT

If the assessment can conclude that a brazed joint with leakage retains adequate
structural integrity and functionality, an operability determination can be used to
document an operable but not fully qualified status. A timely repair/replacement
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activity can be planned, commensurate with safety, and in accordance with

10 CFR Part 50, Appendix B. Consistent with the Millstone Power Station
Corrective Action Program, the permanent Code repair/replacement for this
nonconforming condition will be considered timely when completed during the
next cold shutdown of sufficient duration, or the next refueling outage, whichever
comes first.

If a joint does not have adequate bond by this assessment, the methodology for
determining the adequacy of structural integrity of the joint is not applicable.
Prompt repair/replacement of the joint, or temporary non-Code repairs subject to
NRC review and approval may be an option, consistent with considerations in
Regulatory Issue Summary 2005-20 for the resolution of degraded and
nonconforming conditions.

Basis: |,

The bases for continued operation prior to repair of the joint are: system
functionality is maintained as justified in Section 5.3.1 above, structural integrity
of the joint is maintained as justified in Section 5.3.4, and there is no progressive
braze bond failure mechanism that would alter these conclusions over time.-
Compensatory actions for the condition are administratively controlled under the
Millstone Power Station Corrective Action Program. These include, but are not
limited to, the periodic monitoring of leakage for the condition or housekeeping
measures to contain weepage from affected piping. The application of this
methodology will be consistent with considerations of Regulatory Issue Summary
2005-20 for the resolution of degraded and nonconforming conditions. The
permanent repair/replacement of the brazed joint assessed using this
methodology will be in accordance with ASME Code, Section XI, IWA-4000.
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5.6 AUGMENTED EXAMINATION:

Up to five similar brazed joints will be selected for augmented leakage
examination. The additional joints will be selected based on consideration of
adjacency, opposite train, fitting type, or other factors that may be evident from
the specific condition. Selected joints for augmented examination will be
consistent with ASME Code Case N-513-2. If leakage is observed in similar
joints, the resolution of each nonconforming condition will be evaluated in
accordance with the Millstone Power Station Corrective Action Program, and the
extent of condition will be documented and addressed.

Basis:

The examination of the additional joints is consistent with current practice for the
resolution of degraded and nonconforming conditions, (e.g., application of ASME
Code Case N-513-2). Augmented examinations provide information regarding
the extent of condition being evaluated and are consistent with current Millstone
Power Station procedures for responding to leakage in service water piping.

»

6. Duration of Proposed Alternative

This proposal requests approval for the use of an alternative brazed joint
assessment methodology for the third 10-year Inservice Inspection (ISl) interval,
which began on April 23, 2009, and is scheduled to be completed on April 22, 2019.

7. Precedents

A similar request for relief was granted in the Second Interval (Relief Request IR-2-
38) per letter 07-0153 dated February 28, 2007, ADAMS Accession No.
MLO070580514. '
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Figuret:  Typical Brazed Joint Configuration
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L5-Sgq < Smax(badj) | | | (D

Seq =S1p * Sar t+ S{sse + Sdyn _ (2)

Sip = longitudinal pressure stress

Unintensified pipe stresses from Code

Sq1 = deadload stress qualiﬁ'cgtion analysis

Ssse = SSE seismic stress

Sdyn = dynamic stress (if defined) 1

2 . .
‘ = D "Lins “Tmax (3)
Smax(badj) = Z'T—"‘badj
. pipe

D= pipe outside diameter
Lins = depth of fitting socket excluding any insert groove -
‘ Z pipe = piping section modulus

Tmax = 7500 psi (maximum braze shear stress)

baéj =‘a£ijusted effective bond

Figure 2: Equations for Brazed Joint Assessment Comparison of Brazed Joint
: Load vs. Capacity - ~
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Figure 8: Test Results for Specially Fabricated Joints
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BRAZED JOINT CONFIGURATION AND MATERIALS
10 MATERIALS |
Typical materials of construction of brazed piping are copper-nickel (SB-466) or nickel
alloy (SB-165) annealed piping, and cast bronze fittings and valves (SB-61 or SB-62)

dimensioned to MIL-F-1183. The brazing alloy is SFA 5.8 BAg-1, BAS-1a, or BAg-7.
ASME, Section Il Code minimum properties of the piping and fitting materials are:

Yield, Ultimate,

Material Item Sh, ksi ksi .
~ ksi ksi

SB466 Pipe 8.7 13 38

CDA706

SB-165 ~ Pipe 17.5 28 70

SB-61 fitting 8.5 16 34

SB-62 fitting 7.5 14 30 -

2.0 CONFIGURATION

As shown in Figure 1 of Attachment A, a typical brazed joint fitting has a deep socket for
inserting the pipe. Although it appears similar to a socket welded joint, the fabrication
and structural behavior are quite different. Whereas the socket weld achieves its joint
strength by a fillet weld, resulting in fusion of similar material between the pipe and the
outer face of the fitting, the braze achieves its strength by surface bonding of the
outside of the pipe to the inside of the fitting socket using a dissimilar metal braze filler
of silver alloy. The resulting braze filler metal is very thin (approximately 1 to 5 mils).
The load transfer between pipe and fitting is thus primarily by shear through the braze
filler. It is noted that there is no inherent stress concentration factor like that normally
applicable to socket welds because there is no significant pipe wall bending induced by
the shear load transfer over a length that is several wall thicknesses long.

The following has been excerpted from a standard piping handbook.*

The length of lap in a joint, the shear strength of the brazing alloy, and the
average percentage of the brazing surface area that normally bonds are the
principal factors determining the strength of brazed joints. ‘The shear strength
may be calculated by multiplying the width by the length of lap by the
percentages of bond area and by taking into consideration the shear strength of
the alloy used.

For the standard braze joint fittings used at MPS3, the joint overlap is about four to oﬁe.
The smallest overlap occurs in a three inch joint, with an overlap length of 3.6 times
pipe wall thickness.

4 Crocker and King, Piping Handbook, 5™ Edition, McGraw-Hill Book Company, page 7-212
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3.0 BRAZED JOINT FUNCTIONAL CHARACTERISTICS

Since the piping loads causing longitudinal stress in the pipe are all transferred by shear
stress through the brazed bond, the shear stress in the brazed bond is directly related to
longitudinal pipe stress divided by a factor equal to the overlap ratio. Thus for a fully
bonded brazed joint, the shear stress is about one fourth of the piping longitudinal
stress. If the bond is only 50 percent of maximum, then the bond shear stress will be
about half the piping longitudinal stress. Given that piping and brazing filler metals have
similar strength, a brazed joint has more than enough residual strength to tolerate
moderate bond imperfections. Consequently, the joint is not the weak link in the piping
assembly.

Consistent with this inherent over-design of brazed joints, the Construction Codes, such
as Section lll of the ASME Code and ANSI B31.1, require only visual inspection of the
resulting bond. ND-5360, Visual Acceptance Standards for Brazed Joints, states
"Brazing metal shall give evidence of having flowed uniformly through a joint by the
appearance of an uninterrupted, narrow, visible line of brazing alloy at the joint."

Surface exams such as by liquid penetrant are not requwed Volumetric exams are not
specified or even defined for brazed joints.

If the lack of bond is severe, then the brazed joint becomes the weak link in the piping
assembily. It fails by shear failure of the brazed bond. Brazing with a lower level of bond
may however be acceptable if the piping design basis loads are low enough. A brazing
material defect with weepage is not the result of a flaw in the pipe or fitting pressure
boundary. The pressure-retaining boundary retains its structural integrity. Although the
shear load transfer between the pipe and fitting is clearly a pressure boundary function,
the brazing material functions more as a sealant between the connected components
and less like a pressure boundary.

With regard to structural integrity, imperfections in the sealant function of the braze
material are permissible, provided its load transfer function retains adequate margin.

- Thus, because there is no direct degradation of the pressure boundary, the available
flaw evaluation methodologies such as in ASME Code Case N-513-2 or Generic Letter
90-05, are not directly applicable. In addition, the characterization of braze
imperfections is very different from the planar flaws or loss of wall thickness that are
addressed in ASME Code, Section lll, IWA-3000.
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Braze Bond Structural Assessment Joint 1A

fexampie cnly)

Part1 Basic Data { dashed boxes are inputs)
'EE‘:’E _______________ - ‘"E"fﬁ‘i_ ________ —
Line No: | 3SWP-002-060-3 1|' Pipe Dia|  2.375in
Sy= Funchion. |A supply to ACUE-TA ! Nom. Wall Th.k: 3.158€ in
Fiping fec: |CP‘-B1234¢6 | Pipe Mati|SB 488 CDA 708
Joird: 114, ! Fitting Mat¥! 58 81or82 _
Side of Joint: |U‘psﬁ'eam | Ref. Bond Sirength: 7.500 psi
JE Orienfation:\Marktisup 1 Bond Adjustment 10%
Measured Ave. Bond 558% [calculated. For bond measuresnenis, see sheet "UT Readings')
55 %4 »>= 60 % 7 No, Detailed assessment required
Part2 Bond Data Summary {data from sheet ‘Band Calcs’)
Offsets based on adjusied bond:
Dxx : 0.098 in
Dyy -0.205 in
Doffset 0.227 in (19% of pipe radius)
Alpha 120 degrees - rofation angle of principal axes

Calculated effective bond data are
tn primcipal ax2s system, and are
based on adjusied bond.

Actual Adjusted

Bxx 58% 54%
Byy ' 49% 43%
Bbend 49% 43%
Bpress 55% 50%

Hoie: Plot is figurative only, aciual
braze bond is cylindrical, not
through-wall.
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Braze Bond Structural Assessment  Joint 1A

Part3 Calculated Bond Load Capability
Lookup Tok L.insernt per MilSpec
D 2375 in C.nom D.od Linsert
thom D0.158 in 34 1.08 11732
Pipe Z 0.586 in"3 1 1.315 Tiie
Linsert 0.656 in jsromjonkup tabie at righis 15 1.8 5ia
Bran(180%) 38,483 psi (rom mamuia at Agnt) 2 2.37&% 24332
. ' 25 2875 25132
Load Capability {Aliowable Nominal Pipe Siress} 3 3.8 53584
{Based on bond levels from Part 2}
Actual Adjusted
Sxx 22,485 20,818 psi siress based on shear allow. and percent bond
Syy §B,807 18483 psi T3
Sallow 18,807 16,463 psi S b« b % "2 Lingery ]
maal Tradl Lo " mzy
. AZope

Part4 Pipe Stress Data
{Blress. caile. Inpuis)
Stress Cake| NP-X1801 1
Rev/CCN|_Rev. 5 CCN 4

(data from Par 13
Pipe Dia 2375 in
Nom. ‘Wall Thik 0.158 in

Line No: 35\ P-002-000-3
Sys Function: A supply to ACUS-14

Pipe Mati 5B 468 CDA 7048
Fiting Matt 5B G1or 82

Piping Iso: CP-0123458 A presstne 1.885 in?2
Joint: 14 . Z.pipe 0.568 in3
L ——a-
Stress NodelT07 | S
All. Strezs Node\nia i fp_ctfzse= Dotisr "““Z"r’ ETe
SiFUged; 284 _ _ pipe
Primary SIF 1575 L Sy . Poene
s = 4, Fowi & o —
L paf | peffa Fy

Deszign Pressure | 00 psig ; -

WMax Op. Pressure 100 psig ) Calculated Mominal Stresses
Slp ! 781 psi !Sp_oﬁsef 75 psi
Egq. 8 (P+DL}| 2500 psi | Sustdd® 1830 psi
Eq. 9 (N} 3500 psi ! NiU 8 2485 psi
Eq. 9F (Design Basia0,___ _B5800 psi __ _ | Faulted 8F 4370 psi
Max Pipe Nominal Stress 4370 psi
Apply Safety Factorof 1.5 6555 psi
Part5 Structural Integrity Determination Joint 1A

Joint Load Capability 16,463 psi {from: Part 3)
1. 5*Design Basis Load 8585 psi {from Part 4}

Check: 5,555 < 16,483 ==> Braze is adeguate for design basis lpads

NMonitor until repair/replacement
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Braze Bond Measurements Joint- 1A
) R Fmin
Bond Adjusimeant 10% o 0.75
Reazding Angle '_Ffjga_s_._Bc_»_rld_‘ Adj Send  PlotWslue Adj Fiot Max fin
% o 30%: 22% 0828  0.806 3 075
2 15] 40%|  33% 0850 0.832 1 D75
3 38! 40%! 33% 0850 0UB33 3 0.78
4 54| 35%]| 285 0838 0835 3 0.75
& 72! Th%! B7% 0825 0.BI7 % 0.75
& thll 50%| 44% 0.875  0.851 3 075
7 108, BO%, 78% 0550  0.B44 % 09.75
& 28| 50| 89% 0875 0.BT2 3 0.75
] 1440 90% §9% 0.876  0.672 3 0.75
10 se2l sos|  7awm oGS0 .44 1 0.75
13 180! 20%! 1% 0800 0778 g .75
12 sga! 5%, 4% 0.875  D.8&Y ¢ 0.75
13 215i scf%i 79% 0850 0.544 9,75
14 234, T0%, 675 0e25  0.6%7 3 2.75
15 zszi w%i % 0.876  0.85% 0.75
15 79! 50%! 4% 0876  0.86% 3 .75
17 283 40%)| 33% 0.850 0832 1 a.78
18 306! 5% 39% 0.862  0.847 5 975
15 324) 50%| 445 0875 086t 1 g9.75
0 342, a0%, 33% 0.850  0.832 i 0.75
Mreadings 29 Ave 55% 50%
GTheis 18 Min 20% 11%
degrees Max 30% 89%
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Braze Bond Calculations Joint 1A
Boffiset  NrEadngs Equiva’ert bond based on measured bond readings, without adiusiment
10% 20 .
D Ange Meas. Bond cosineta) do'oos 0082 AUEIN‘Cos Erdhels) di'Em DELME
2375 ] 30% 4006 G300 0300 0002, 0000 000D 0400
Anfrsed 1B 0% G954 0350 D362 G116 4303 0424 04%
irput 36 £0% G838 0324 D262 G136 8588 035 0.4
0 degrees 54 35% DSBE 8208 D31 GUIEE 9803 0253 0220
0860 fad 72 7% G305 4218 DAY G206 4953 0666 083D
ae 0% GO3E  a00F 0460  GO3e 1003 0500 0500
108 3% 3308 0247 0476 -B235 485t 0761 0724
126 90% G538 3523 03N D428 0603 0728 0569
144 90% 4538 0728 D05ES - D42 4588 0529 0.3
162 80% -GB5Y  47Et D7 G230 433 037 08
186 20% 403 9203 0200 0OO6 0000 000D 0860
138 50% B9Ef D478 0452 Gi47 G303 0155 0 0348
26 - 30% -BE0S D647 0524 3B 3583 0470 0276
22 70% -p588 041t 0242 QI3 0603 0566 0455
252 50% 5302 4155 0@48 D147 D933 0476 0452
270 50%, G03G 4003 0480 0OBF 1003 0500 QS0
288 0% G338 0124 D35 -BI3E 9.95Y 0380 0262
306 25% SBE 4268 D356 -B23d 4603 0384 0255
324 50% G608 - 3405 D327 D23 9538 DI 0473
342 £0% BOSY 8330 0362  DiE 4303 044 0438
G006 R078 S160 B3 0003 0037 5840
Bpregs eck=0 ¥ anyy EpYy  Checa=3 % DRRK
555 414% 0326 40 0553 0068 0202
Rofsst  Yoffeet Byy Bxy Byy+Bmx  Xomset Bxx
G186 3168 0247  -GO1t 9536 0080 0250
EByy 49% Bave 34% BBax 58%
SY.p 0.244 Boo_p 0202
49% - 28%
Byy-Bn=d Bxy~0 {@n Ja@ipha cOs 2alpha §ik 22pNa 1an CRCK 2pha
0043 008 G518 9638 D461 GSIe 2.23Frad
FALSE FALSE 13.7 deg
o % Equivalent bond based on adjusted bond readings
" asfed
Ange  Ag). Bong cosinEla) do'oos db'cos*Z db'EIn'Cos sivthels) dv'En  aoErZ
— — o 2%, 1036 0222 0222 0GO0G Q000 0000 0800
Ty m =N g nig 18 33% poss 4317 0362 - DO 4.30F 0103 083
o s 3 3% Ge0 4270 D236 BSE 453 09% 05
: oz 54 28% 6586 @163 0486 0132 0B 0225 Q4E2
B 3 72 7% 630 0206 0064  [136 985% Q06X 0503
a0 £4% GOt 4003 DO GODD  L00F 0444 0444
B m S b K e 007 138 78% 4308 G240 0474 022 4857 0740 0704
FET DE e B tha < 7
¥ 126 33% SBSEE 0522 0307 G423 Q803 079 0562
. 144 39% -B60% 4719 0SB G423 0588 0522 037
By = Fg ™ Mg My 162 78% BO5Y 4T 074 k28 4303 0240 048
e B 186 11% 4036 441t DY GO 8000 0000 0800
e Woew™ T He 138 -a4% 089S 4423 DA D13 9308 0457 0842
o B s 21 78% GAOF G628 DS LT 9588 0457 026R
i el 234 &7% 586 0392 0230 LYY 0803 0539 043%
253 £4% £338 4137 D442 B34 385F 0423 Q4
e St 7 24% @0EE @000 0460 GOIF  -1008 0448 0444
288 33% 8308 9103 0432 -BOEE 4851 07 03
coes B 306 35% 586 0223 0334 D18S 0803 05 0255
; 324 £4%, G&AE D363 0291 G231 0588 0261 0.154
R 343 3% ness 8317 DIz -RDEE 4303 0903 0432
B GDAC  -008E 4627  G3E2  QO0O3 004t 5378
s Spress aheck=0 ¥ Bpyy Bpxy checs=0 [ BpRx
g 50% 4173 0231 GOt 98300 0083 0260
Gt s ke
: — Roset  Yorrsel Byy By Xoffset Bxx
w Pgit BB G227 435 0246 -BOfY 0482 0098 0265
L : e BByy 43% Bave 48% BBxx 33%
o 1 ) Sy p D244 Boox_py 0268
B ™ v g e - Bgyms' Be A3% 54%
Ty Ty syyen-t Byy=0 Tan 006 23 [ F] apha
By, ey gy 16 dd o =08 20 0049 008 BA4S 0914 04066 0445 0203 rad
FALSE FALSE 128 oag
Weasured Bonds Adjusted Borwds
Bond vahues caloulsted ot A afisel angie Band vaues caicuaied 2t A_otsziangle
Yofeet Byy  Xofeet B [ Yormset By  Kofest Bx
£.168 49% G085 58% L2085 3% DOSE 5%
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MECHANICAL TESTS
1.0 BACKGROUND

- The correlation developed by the testing conservatively determines a required bond
level for a given intensity of joint loading. The results of these tests support the use of
the comparison shown in Figure 2, Attachment A, for the structural integrity analysis. It
is noted that the evaluation of testing results was with respect to a braze shear
capability of 5.0 ksi, which in the final methodology has been increased to 7.5 ksi,
provided that piping loads have 1.5 safety factor applied. For conS|stency with testing
as performed, the 5.0 ksi shear capability discussed is retained in this Attachment D.

.2.0 - TEST SAMPLE DESIGNS

The effort to empirically confirm required bond levels for varying intensities of Jomt
loadings consisted of three separate series of mechanical tests:

a) specially fabricated joints with a controlled average bond level,

b) specially fabricated joints that had disbondment on a contiguous arc-segment
of the joint, and

C) field sample piping joints, salvaged from piping removed from the plant.

All joints were tested in three-point bending with the brazed fitting in the middle of the
configuration. ,

2.1 Specially Fabricated Joints With a Controlled Average Bond Level

By a combination of machining and use of insert-groove type fittings, a series of
test joints were fabricated with equivalent bond levels of 12, 30, 40 and 60
percent. The machining removed only about 30 mils of pipe thickness so that
piping strength was not significantly affected. The samples were fabricated for
two-inch and for three-inch joints. Three examples of each size and bond level
were fabricated, for a total of 24 samples. (Of the 24 samples in this category,
one of the 40 percent bond samples was subsequently found to have less than
the fully intended bond and is excluded from the results.)

2.2  Specially Fabricated Joints That had Disbondment on a Contiguous Arc-Segment
of the Joint:

These test items were intended to explore the effect of having a significantly non-
uniform distribution of bond area around the circumference of the joint. Six

. samples were fabricated with disbondment segment angles of 36, 48, 72, 90, 108
and 126 degrees. The average bond levels for these, assuming perfect bond
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except in the disbonded, are ranged from 90 percent down to 65 percent,
respectively.

Field Sample Piping Joints:
These jdints were salvaged from piping that was removed from the plant after
about 20 years of service, and screened by Ultrasonic Testing (UT). Piping joints

with the lowest of measured bond were selected for testing.

The nine items selected for testing included the following:

Description | Quantity
Two inch couplings 3

Three inch couplings 2
Three inch tee (run sides) 1
Three inch flanges 3

The couplings and the tee included two brazed joints subjected to test loads. The
test flanges were mated to full strength flanges not under test.

MECHANICAL TEST RESULTS

The results from testing on each of the series of tests are described in the balance of
this section. The referenced figures are included in Attachment A. A test report has
been incorporated into the Millstone Station plant records.

3.1

3.2

Specially Fabricated Joints With a Controlled Average Bond Level:

For the intentionally disbonded joints, all joints with 30 percent or better true
bond, achieved full piping collapse strength with no failure of the bond. Refer to
Figure 3. As testing of each joint continued above the piping collapse load, one
of the 40 percent true bond joints had indications of bond failure. The 12 percent
true bond joints all experienced bond failure before reaching piping collapse load,
but withstood a minimum of 37 percent of the piping collapse load. Refer to

Figure 4. All test items achieved their test collapse load at a load well above that

which would be predicted for a 5'ksi braze shear strength.

Specially Fabricated Joints that had Disbondment on a Contiguous Arc-Segment

of the Joint

From 36 through 72 degrees of segment disbondment, the test items all achieved
full piping collapse load. The test-items from 90 through 126 degrees
disbondment exhibited progressively lower collapse load, as shown in Figure 4.
At 126 degrees disbondment, the test item achieved about 60 percent of the
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piping collapse load. The load deflection curves for these joints did not exhibit
any indications of bond failure, however at the extremes of deflection (well above
the level that would be acceptable for application of this methodology) the higher

“angle joints were significantly distorted. For such large levels of deflection, it was

apparent that the close mechanical fit-up of the pipe in socket configuration
contributed to joint bending strength. All test items achieved their test collapse
load at a load well above that which would be predicted for a 5 ksi braze shear
strength.

Field Sample Piping Joints

The field sample test items exhibited considerable variation in collapse load for
roughly similar UT bond readings. The variations were expected for the field
samples. Figures 6 and 7 show the displacement load curve for the tested field
samples. Bond failure limited the collapse load in the two-inch Joints 37 and 39,
and the three-inch Joints 3 and 9. The load curve for Joint 9 has a slight _
discontinuity at 11.9 ksi that is conservatively considered to indicate initial bond
failure, even though the load continues above this point. The collapse load for
other samples was limited by the piping collapse load, which is equivalent to
about 21 ksi. Even with the low UT bond readings, the field samples developed
at least 50 percent of the piping collapse load. The higher than expected collapse
load for some of the three-inch joints is believed to be partly due to the thickness
of filler metal present as a fillet at the face of some of the joints. All test items
achieved their test collapse load at a load well above that which would be
predicted for a 5 ksi braze shear strength and the adjusted percent bond used in
this methodology.

: (
The adequacy of the 5 ksi shear'stress assumed in the methodology in Equation
3 of Figure 2, Attachment A, for estimating joint strength is confirmed by the
testing margins shown in the following table.

Table 1: Test Load vs. Bond Shear Capacity

Average Adjusted Test Shear Test/

Test Joint . A Collapse ' Capacity Shear
Ut % UT % Load, ksi Load, ksi Margin
36 65 61 22.8 15.8 1.44*
37 27 19 11.6 4.9 2.41
39 55 50 19.6 13.0 1.52
2 45 39 27.3 . 9.0 3.02*
3 47 41 22.6 9.6 2.38"
4A 15 5 27.3 1.3 23.59*
9 : 38 3 11.9 7.2 1.69
9J 48 42 28.6 9.8 2.95*
31A 21 12 32.0 . 2.8 11.61*

* Piping collapse load reached before bond failure or deflection run out.
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The data in Table 1 is plotted in Figure 9, Attachment A. Of the joints that were limited
by bond failure prior to reaching piping collapse load, the minimum margin factor was
1.52. This minimum margin appears in Joint 39, with a 50 percent adjusted average
bond. Review of detailed bond readings around the circumference of Joint 39 gives an
equivalent adjusted bond of 43 percent for the bending axis used during the test,
corresponding to a margin factor of 1.74 for this test case.
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1. PURPOSE

1.1 Objective

This procedure describes equipment and procedures that shall be used in the ultrasonic
inspection of brazed pipe joints.

1.2 Applicability

1.2.1  This procedure contains all the specific application requirements for the
examination of Millstone Unit 3 service water system brazed joints to determine
percentage of bonded areas.

1.3 Discussion

1.3.1  In ultrasonic examination of brazed pipe joints, ultrasonic waves are transmitted from a
search unit into the brazed joint to determine the amount of braze bond present
beneath the search unit.

1.3.2 Brazed joints shall be examined by the straight-beam (compressional wave)
method as illustrated in Figure 1. Signals, if present along the base line, occur
successively (reading from left to right) from the following sources; the insert
groove (if present), the fitting inside diameter, the pipe inside diameter and
possible multiple reflections.

1.3.3 To examine a brazed joint, the transducer is placed over the bonded area of the
joint and moved around the circumference in increments and in a number of
passes determined by the number of lands, land or engagement area width and
the crystal size. The percent of bond and pattern are determined for each
increment, land or pass and the total joint.

2, PREREQUISITES

21 General
2.1.1  The outer surface of the fitting socket shall be prepared sufficiently to obtain
satisfactory sound transmission and shall not be rounded in the longitudinal
direction and should be relatively parallel to the pipe surtace.

2.1.2 Forjoint configurations that cannot be satlsfactonly ultrasonically examined, this
procedure is not applicable.

2.2 Personnel Requirements

2.2.1  Only Level li, or Level lll personnel may mdependently perform interpret,
evaluate and report examination results.

2.2.2 Levels Il and Il shall be certified in accordance with Reference 6.1.

2.2.3 The UT examiners shall have sufficient knowledge and training to determine
ultrasonically the bond in brazed joints.

2.2.4  UT examiners shall demonstrate ability to recognize such technical deficiencies
as insufficient beam penetration (transmission), poor transducer contact and
interfering contact surface roughness from patterns displayed on the ultrasonic
screen.
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2.2.5 UT examiners shall maintain proficiency for examination of brazed joints by
performing an examination of a brazed joint at least every six months.

2.2.6 Examiners who do not meet the requirement of 2.2.5 above shall demonstrate
their ability to examine brazed joints prior to performing examinations in the
field. See Table 1 for initial examiner qualification and proficiency requirements.

2.3 Measuring and Test Equipment
2.3.1  All measuring and test equipment shall meet the requirements of WC-8.
2.4 Examination Limitations
2.4.1  Examiners shall identify potential examination coverage limitations prior to
performing the examination.
DEFINITIONS
3.1 Face of Fitting - The annulus surrounding the socket end.
3.2 Insert Groove - The groove in the fitting socket prepared to contain the brazing alloy ring.
3.3 Land, Fitting - That portion of the fitting on the side of the insert groove nearest the
middle of the fitting.
3.4 Land, Center - That portion of the fitting between the grooves in a multiple insert fitting.
3.5 Land, Pipe - That portion of fitting on the side of the insert groove toward the end of the
fitting. ) , '
3.6 Examiner — A person that has sufficient knowledge in determining bond.
3.7 Level lll Examiner — The person in charge of ensuring examiners are qualified and have
sufficient knowledge in determining bond.
INSTRUCTIONS
4.1 Examination Preparation
411 After preparing the surface of the fitting, lay out the circumference as follows:
a) . Marking shall be accomplishéd using a permanent marker on the fitting
surface, in increments not exceeding one inch. If the joint is to be re-
examined, vibro-etching may be advisable but is not mandatory
b) Markings shall be numbered clockwise as viewed facing the fitting from
the pipe.
4.2 Examination Method

4.2.1 The straight beam longitudinal wave method shall be used.
4.2.2 The position of reflections along the base line of the viewing screen shall be

indexed for signals from an insert groove, the inside diameter of the fitting, and
the inside diameter of the pipe.
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For fittings containing insert grooves, place the transducer so that the active area
is over one land only. Mark the first back reflection of the insert groove, inside
diameter of fitting (no bond) and the inside diameter of the pipe (bond) at the left
edge of the signal, on the face of the viewing screen. If necessary, check the
back reflections with the reference calibration standard to ensure positive signal
identification.

The amplitude of any one signal shall not reach a saturation point on viewing
screen presentation.

For fittings which contain no insert grooves, place the transducer so that the
active area: covers 1/2 of the OD of the fitting in the engagement area.
Reflection markings and scope presentations will be as above except there W|Il
be no ring groove signal.

The continuous or static scan technique shall be used.

In the continuous scan, the transducer is moved in a continuous movement from
one increment mark to the next increment mark. The bond and no-bond signals
are mentally averaged while scanning the increment. The bond for the increment
is estimated to the nearest five percent in accordance with 4.2.9 through 4.2.11.

In the static scan, the transducer is placed on the increment mark. The bond and
no-bond signals are recorded for the increment. The bond for the increment is
estimated to the nearest five percent in accordance with 4.2.9 through 4.2.11.

Readings for joints with inside pipe diameters less than 1-1/2 inches shall be
taken at four equally spaced intervals in the increment, and for joints with inside
pipe diameters greater than 1-1/2 inches, the readings shall be taken at three
equally spaced intervals in the increment.

These increments shall be measured on the outside diameter of the fitting.

Bond indications shall be recognized as to the percentage of bond without
actually referring to the formula:

% bond = 100 (bond amplitude
(bond amplitude plus no-bond amplitude)
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4.2.13 Increments for which no ultrasonic reading can be obtained shall be marked as

follows:

va) "X" - Increments which are inaccessible due to fitting configuration.

b) "NA" - Increments which are inaccessible due to piping, configuration or
location.

c) “NP" - Increments in which there is a lack of ultrasonic penetration.

d) Increments of the above type shall be-assigned percent bond values as
follows:

“NA" = 0% bond

“NP" and "X" = Increments up to a total length not exceeding 20 percent
of the circumference of the land shall be assigned a percentage bond
value equal to that of the lowest readable increment adjacent to the "X
or "NP" increments or 60 percent whichever is the least.

"X" or "NP" increments in excess of 20 percent of the circumference shall
be assigned a bond value of 0 percent.

The examiner may, at his discretion, shift the incremental scale so that
the minimum number of increments contain "X", “NP" or "NA" values.

NOTE: Within the 20 percent limitation, two or more adjoining "X" and/or "NP" increments are
considered a group of increments if the average of the remaining increments is 60 percent or more.
The outermost two of any group within the 20 percent maximum limitation shall be rated on the .
basis of the adjacent readable increment. The inner increments of the group shall be assigned a

‘zero value for calculatlon purposes

4.2.14 The bond for the land (or pass of a no insert fitting) is the average of the readings
for all increments in the land. ‘

4.2.15  The percentage bond for the joint is that percentage of the total design faying
vsurface which is bonded.

Required Documentation
4.3.1 The UT calibration data shall be documented on Attachment 1. \

4.3.2 A sketch for each component detailing the increment locations shall be
documented on Attachment 2.
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REVIEW AND SIGN-OFF

The intent of this section is to clarify who is responsible to sign off on the examination data sheet.

5.1 The Examiner shall print name, sign, and date the data sheet. The examiner shall then
submit the completed data sheet to the appropriate reviewer.

5.2 Reviewer’s sign-off box can be signed only by Dominion Level Il or lll. personnel (or their
designee’s) certified in the ultrasonic method.

5.2.1 Review of the data sheet is intended to provide reasonable assurance of
accuracy, thoroughness and procedure compliance.

5.2.2 The reviewer should compare the examiners data sheet against the AWO and

. other known parameters of the component(s) being examined.

5.2.3 Review of the examination data sheet shall take place as soon as possible, and
prior to the close-out of the AWO. The examination data sheet shall then be
forwarded to the appropriate AWO package and/or job supervisor.

. REFERENCES

6.1 ANSI/ASNT CP-189, 1991 Edition

6.2 WC-8, “Control and Calibration of Measuring and Test Equipment”

6.3 Granted Relief Request IR-2-38, “Structural Integrity Assessment Methodology for
Brazed Joints (TAC NO. MC8893) - Millstone Power Station, Unit No. 3

SUMMARY OF CHANGES

71 Revision 000-01

7.1.1  Deleted paragraph 1.2.1 which stated that procedure was for Engineering use
only until NRC acceptance of relief request.

7.1.2 Added paragraphs 2.2.5 and 2.2.6 to address proficiency of examiners.

7.1.3 Added Table 1 which establishes frequency, number of samples required, and
acceptance criteria for initial gqualification, maintenance of proficiency, and
requalification.
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Table 1

Brazed Joint Examiner Qualification

Qualification Type | No. of Samples | Period of Qualification
Initial Qualification 6 3 Years

Proficiency 3 6 months
Requalification 6 3 Years

Acceptance Criteria:

Initial Qualification:

The percent bond of the six test specimens as reported by the examinee shall be

compared to the true bond and accepted on the following basis; the arithmetic average
of the six test specimens shall not deviate by more than 8% from the true bond and no

single specimen shall deviate by more than 15% from the true bond.

Proficiency Maintenance:

The percent bond of the three test specimens as reported by the examinee shall be
compared to the true bond and accepted on the following basis; the arithmetic average
of the three test specimens shall not deviate by more than 15% from the true bond.

Requalification:

Same as initial qualification.
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Figure 1
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ATTACHMENT 1
ULTRASONIC CALIBRATION DATA SHEET

Page of
Plant: Unit:

AWO Number:
Purpose:

Cal Block Temp
Cal Block Number

. Thermometer S/N & Due Date
DWG No. A
Search Unit Instrument & Settings  1qp
Manufacturer Mfg. / Model
Style or Type Serial Number 80
Frequency Range
Size & Shape Material Velocity 60
Mode T or C Delay
Search Unit Angle Pulser 40
Measured Angle Reject
Serial Number } Frequency . 20
Cable Type, Length Damping
No. of Connectors ‘| Zero Value
N Pulse Rep Rate 2 4 6 8 10
Gain Setting
Attachments (Check) Calibrations Time’ CRT Setup Inches
Sketch Sheet Initial Calibration Metal Path
Supplements Final Calibration Depth
Final Calibration

Couplant Data

Brand '

Batch Number

SAP Batch Mgmt. No.

Component ID Component Type Comments
Examiner (Print & Sign) : Level Date
Examiner (Print & Sign) ) Level Date
Reviewer (Signature) i : Level Date
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Attachment 2
‘| Millstone Power Station BRAZED J?/'\';'Er SK%TFCH SHEET
N
~
Examined by (print/sign) Level - Date
Millstone Power Station Reviewer (sign). Level Date

-
j
/
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RESPONSE TO THE REQUEST FOR ADDITIONAL INFORMATION ON USE OF A
BRAZED JOINT STRUCTURAL INTEGRITY METHODOLOGY

As a part of the inservice inspection (I1SI) program, Dominion Nuclear Connecticut, Inc.
(DNC) submitted a letter dated April 28, 2009 requesting approval to use an alternative
brazed joint assessment methodology for the resolution of nonconforming conditions on
ASME Code Class 3, moderate energy system piping with brazed joints at Millstone
Power Station Unit 3 (MPS3). This attachment provides a response to NRC questions
received in a letter dated July 27, 2009.

NRC QUESTION 1:

Relief Request IR-3-04 contains many similarities in regards to the precedent relief
request, IR-2-38 (ADAMS Accession No. ML051610101). It is unclear to the NRC staff
why relevant information from the precedent relief request, contained in letters dated
September 14, 2006 (ADAMS Accession No. ML062580234) and January 2, 2007
(ADAMS Accession No. ML070030092), was not incorporated into the current submittal.
Please provide clarification as to why this information was not included and provide
responses to the RAl's enclosed in the letter dated September 14, 2006, and the
supplemental information from the January 2, 2007, letter, as applicable to Relief
Request IR-3-04. If a question from the RAl is considered not applicable, please provide
detailed justification as to why not.

DNC RESPONSE:

DNC agrees that Relief Request IR-3-04 should have included the relevant
supplementary information and changes to methodology that were contained in the
referenced letters dated September 14, 2006 and January 2, 2007. A revision to IR-03-
04 with applicable changes to the final brazed joint methodology is included as
Enclosure 1 of this submittal. In addition, updated responses to the referenced RAls
and supplementary responses have been prepared and are included in Enclosure 3.

NRC QUESTION 2:

In Section 5.3.4 of Relief Request IR-3-04, the licensee discusses the use of safety
factors from ASME Code, Section Xl, Appendix C paragraph C-3320(b) and C-3420(a),
with these being the same safety factors permitted in Code Case N-513-1. Code Case
N-513-1 has been superseded by Code Case N-513-2, as stated in Regulatory Guide
~ 1.147, Revision 15. Please provide a discussion as to why the safety factors as listed in
Code Case N-513-2 are not used. ‘
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DNC RESPONSE:

The safety factor of 1.5 that is utilized in the brazed joint assessment methodology is
conservative relative to testing that was performed on brazed piping joints having actual
and simulated flaws, as described in the submittal and its supplements. The discussion:
of safety factors from the ASME Code for piping components and flaws in the submittal
was intended to show that, while the joint configuration is different than those directly
addressed by Code rules ( including Code Case N-513-2), the selected safety factor
was comparable and consistent with Code guidance.. Code Case N-513-2 does not
directly contain safety factors but instead refers to Section XI Appendix C.. The safety
factor of 1.5 used for brazed joint assessment remains conservative to the level D
safety factors of 1.3 for SF,, and 1.4 for SF,;, listed in Section XI, 2004 Edition, Appendix
C, paragraph C-2621 for circumferential flaws; and 1.3 for SF, as listed in paragraph C-
2622 for axial flaws. The reference to the prior version of the Code Case, N-513-1, was
inadvertent.

]

NRC QUESTION 3:

Having employed an alternative to ASME Code requirements for the assessment of
degraded brazed joints in the Class 3 service water system, via Relief Request IR-2-38,
please provide a discussion on when this methodology was applied to degraded brazed
joints during the last inservice inspection interval. Use an actual example from the plant
and include the engineering evaluation used to assess the degraded joint; ultrasonic
examination (UT) data gathered under MP-UT-45 Revision 000-01, Ultrasonic exam
procedure in attachment E of the submittal, supporting the engineering evaluation; UT
data from the monitoring of the degraded joint; UT data from augmented examinations;
and work orders performing the code repair.

DNC RESPONSE:

The brazed joint methodology as finally approved was employed in three instances
during the last inservice inspection interval. In two of the instances the leaking joints
were repaired within 90 days of discovery and in the third the repair was performed at
the next refueling outage. For the third instance, Enclosure 4 provides a summary of
the original assessment, subsequent UT monitoring, and final repair. .
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RESPONSE TO THE REQUEST FOR ADDITIONAL INFORMATION ENCLOSED IN
THE LETTERS DATED SEPTEMBER 14, 2006 AND
JANUARY 2, 2007

BRAZED JOINT STRUCTURAL INTEGRITY METHODOLOGY

As a part of the inservice inspection (ISI) program, Dominion Nuclear Connecticut, Inc.
(DNC) submitted a letter dated April 28, 2009 requesting approval to use an alternative
brazed joint assessment methodology for the resolution of nonconforming conditions on
ASME Code Class 3, moderate energy system piping with brazed joints at Millstone
Power Station Unit 3 (MPS3). By letter dated July 27, 2009, the staff requested that the
submittal address previous requests for additional information that had been responded
to in DNC letters dated September 14, 2006 and January 2, 2007. This attachment
provides updates of the original responses contained in the two letters for consistency
with the final methodology and the current request. To summarize and address the

prior RAl correspondence, the following table lists each RAI and the changes hecessary
~ to incorporate it into the present submittal. Where the disposition of the RAI in Table 1
is listed as “Incorporated in Revision,” the information is included in the revised relief
request. Where the disposition is listed as “Supplemental Information,” the information
is additional information beyond that provided in the revised relief request and is
addressed in the responses to the RAIs.

It is recognized that some NRC questions posed in the year 2006 referred to earlier
versions of ASME Code Editions and Code Cases than are currently approved for use.
However, it is believed the intent of the questions remains valid, and the updated DNC
responses are with respect to currently approved ASME documents as referenced.
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Question | Topic Response | Disposition [1, 2]-Refer to Notes to | Revisions to 4/28/09
RAI still Valid? | Table at end of Table 1 Submittal
Timing of repair Yes Incorporated in revision Affected Section 5.5
Feasibility of braze Yes Supplemental information None
reinforcement
3 Applicable Code year No Superseded by current submittal None
4 Corrosion potential Yes Supplemental information None
5 Timing of repair Yes[3] incorporated in revision Affected Section 5.5
6 Progression of degradation Yes[3] Supplemental information; but do Already addressed by
mechanism . not use to extend repair period #1 and #5
7 Augmented exam extent Yes[3] Incorporated in revision Affected Section 5.6
8 Provide NAVSEA document Yes Supplemental information None
9 Average bond determination Yes Supplemental information None
10 | Testing samples and examiner Yes Supplemental information None
qualification
11 Examiner qualification Yes Supplemental information - None
12 Performance demonstration Yes . Supplemental information None
13 Bond data adjustment Yes Supplemental information None
14 Non-uniform bond Yes Supplemental information None
15 System function evaluation Yes Supplemental information None
16 Acceptance criteria Yes [4] Supplemental information; None
' development Need to change reference to
“tmax=5000 psi” in RAI response
17 Stress analysis calculations Yes Supplemental information None
18 Stress intensification factors Yes Supplemental information None
19 Attach. A figure 2 Yes Supplemental information None
20 Testing methodology Yes [4] Supplemental information; None

Need to change reference to 5
ksi braze shear strength in RAI
response
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Revisions to 4/28/09

Question | Topic Response | Disposition 1, 2]-Refer to Notes to
RAI still Valid? | Table at end of Table 1 Submittal
21 Attachment A figures 8 and 9 Yes Supplemental information None
22 Attachment C Yes Need to revise Attachment C to Replaced original
show current factors of 7.5 ksi example with revised
maximum shear and FS=1.5 on
stress
. 23 Time of repair Yes Incorporated in revision Affected Section 5.5
1/2/2007 | Periodic reassessment by UT Yes Incorporated in revision Affected Section 5.6
Supple- ’
ment
item 1
1/2/2007 | Shear stress experimental Yes Supplemental information None
Supple- | data
ment
item 2 : l
1/2/2007 | Braze shear strength and Yes Incorporated in revision Affected Section 5.3.4;
Supple- | factor of safety also Attachment C (to
ment be replaced as per RAI
item 3 #22 above) :

Notes to Table
[1] Where responses directly affect submittal text, “Incorporated in Revision” is noted

[2] Where responses provide supplemental information, “Supplemental Information” is noted

[3] Change references of “N-513-1" to “N-513-2”
[4] Editorial changes as noted
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NRC QUESTION 1:

Discuss the hardship in performing an American Society of Mechanical Engineers Boiler
and Pressure Vessel (ASME Code) repair or replacement of a leaking brazed joint
during normal operation or during a scheduled outage when an ASME Code-required
leakage test was performed.

DNC RESPONSE:

DNC does not intend to use NRC staff approval of the proposed alternative structural
integrity methodology as a basis for continued use of a temporary non-Code repair for a
condition that is identified during a planned scheduled outage, or to support restart from
such scheduled outages. In such cases, the NRC review and approval of a temporary
non-Code repair will still be needed.

L

The DNC procedure in use for non-Code repairs of ASME Class 3 piping is consistent
with limitations that are described in Generic Letter 90-05, and the information to
Licensees regarding resolution of degraded and nonconforming conditions in
RIS-2005-20. Specifically, the DNC procedure requires a Code repair at the earliest of
the following:
e Next scheduled shutdown of sufficient duration to complete repairs, or a
scheduled shutdown greater than 30 days
¢ - Next refueling outage
o Time at which flaw / leak size is predicted to exceed the flaw / leak size accepted
by evaluation
e Leaks discovered during plant shutdown

DNC is requesting the use of this alternative methodology for conditions that reveal
brazed joint leakage in ASME Class 3, moderate energy piping that remains structurally
sound. With assurance of structural integrity, and the effects of leakage appropriately
assessed and mitigated, these conditions have no safety consequence. NRC approved
methodologies are not currently available for establishing structural integrity in brazed
joints.  With no approved methodology, the operability of affected systems and
components can become impacted and applicable limiting conditions for operation in -
technical specifications must be met. Unnecessary emergent repairs will result in
associated safety equipment unavailability, forced outages, and transients to the unit
that would otherwise be avoidable with an approved methodology for establishing
structural integrity in this moderate energy piping.

NRC QUESTION 2:

Discuss the feasibility to stop the leakage by applying a fillet brazing at the end surface
of the leaking brazed joint or installing a mechanical device to seal or collect the leak
during normal operation or during a scheduled outage when an ASME Code-required
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leakage test was performed. In this case, the structural integrity of the leaking brazed
joint is assumed not to be a concern. '

DNC RESPONSE:

Assuming structural integrity is confirmed, but leakage from the joint is unacceptable
with respect to system performance, the leak may be stopped by application of
adhesive sealant or soft rubber patch to the brazed joint. These measures are for leak
control and provide no enhancement to structural integrity. Similarly, it is not anticipated
that DNC would attempt to stop a brazed joint leak by application of a fillet. A good
braze repair on a leaking joint would be extremely difficult to obtain and may adversely
affect the integrity of the entire joint.

More often, DNC would expect to collect and divert any leakage from brazed joints in
the same manner it does for other leaks. In accordance with standard practice for
leaks, nearby components sensitive to saltwater such as stainless steel piping or
electrical junction boxes are identified to ensure they are protected from the leakage.
The leakage collection setup typically includes an inverted witch’s hat and tubing to a
floor drain or container. It is noted that the leakage rate from a brazed joint is best
characterized as weepage, and measured as drops per minute or often several minutes
per drop. Such a leak can at times become indistinguishable from normal
condensation. There is an advantage to leakage collection in that the leak remains
observable and, therefore, is a direct indicator of the condition of the joint. Periodic
operator rounds can observe any significant increase in leakage and an appropriate
re-assessment of structural integrity can be performed, if required. /

NRC QUESTION 3:

Provide the bases for using the ASME Code 1998 Edition of Section X| with no
Addenda for the Section Xl Repair/Replacement Program activities. The NRC staff
notes that in your previous relief request dated May 19, 2005, you performed a
temporary non-ASME Code repair to a leaking brazed joint in service water drain line
during plant operation at Millstone Unit 3. In that relief request, you referenced ASME
Code 1989 Edition with no Addenda of Section XI, IWA-4000 as the ASME Code repair
requirements which is different from the ASME Code edition you referenced in the
current relief request (1998 Edition with no Addenda).

DNC RESPONSE:

The original response to this question is superseded by the current relief request.
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NRC QUESTION 4:

Provide the water chemistry of the service water in the referenced piping systems and
discuss its potential corrosion degradation on its adjacent components due to the
leaking of the brazed joints. If the service water is seawater, the dripping of seawater
on stainless steel components will cause the initiation of stress-corrosion cracking on its.
surface. Also, discuss the corrective action program that you will implement to inspect
and clean up the dripping on the adjacent components.

DNC RESPONSE:

The proposed methodology is limited to the evaluation of structural integrity of brazed
joints and is not meant as a methodology to address the extent of a condition and its
associated safety significance with respect to other system interactions from the
weepage, or leakage, of a brazed joint. However, this proposed methodology will be
used in conjunction with the DNC corrective action program, which independently
imposes additional requirements of the operability determination process that remain
consistent with considerations described in NRC Generic Letter 90-05 for evaluating
such moderate energy Class 3 piping conditions. The DNC corrective action program
requirements are also consistent with the information contained in RIS-2005-20 with
respect to resolution of degraded and nonconforming conditions. Therefore, the use of
this proposed methodology as the basis for structural integrity of a degraded brazed
joint remains conditional, as it will also require evaluation of the safety significance of
system interactions that may be related to the condition. Considerations for flooding, jet
spray, loss of flow, other interactions, the failure consequences and the impact to safe
shutdown capabilities, are to be considered in evaluation of safety significance of
system interactions that may be associated with the condition of a degraded brazed
joint. Consequently, the corrosive conditions that may be present from exposure to
seawater in the MPS3 service water system would be evaluated and mitigated as
appropriate, as with any associated structures, systems and components that must be
conservatively evaluated and mitigated in conjunction with DNC’s corrective action
program and the use of this proposed methodology for evaluatlng structural integrity of
.a degraded brazed joint.

As a reference to the requested information, the water chemistry of the service water at
MPS3 is described in many of the service water system component specifications. This
is a list of properties excerpted from such a component specification.

pH _ 8.5
Color 5
Alkalinity (as CaCOs3)
Phenolphthalein 12 ppm
Methyl Orange 102 ppm
Free CO (calculated) 1.0 ppm

Free Available Chlorine (FAC) 0.12-0.17  ppm
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Total Hardness (as CaCOg) 5,500 ppm
- Nitrate (NOg) ' 0.47 ppm

Sulfate (SO4) 2300 ppm
Chloride (Cl) 16,300 ppm
Phosphate (POy) ‘ 0.21 ppm
Total Solids ,

Volatile 5,996 ppm

Fixed 28,404 ppm

Total 34,400 ppm
Dissolved Solids -
Volatile 4,522 ‘ ppm
Fixed 27,940 ppm
Total 32,492 ppm
Suspended Solids 1,908 ppm
Anionic Detergent 1.09 ‘ ppm
Silica (SiOy) 2.8 ppm
Calcium (Ca) 440 ppm
Magnesium (Mg) 1,070 ppm
Iron (Fe) % 0.13 ppm
Manganese (Mn) 0.03 ppm
Alumina (as Al,O3) 9.5 ppm
Chromium (Cr-Total) 0.02 ppm

- Nickle (Ni) Less than - 0.01 ppm

Copper (Cu) 0.08 ppm
Potassium (K) 6.8 ppm
Sodium (Na) ' 11,000 ppm
Radioactivity : Negligible

NRC QUESTION 5:

To support your relief request, you referenced ASME Code Case N-513-1 which permits
continued operation of low energy systems with minor leakage when justified by an
evaluation of system performance. The NRC staff notes that the referenced ASME
Code Case allows the continued operation of the degraded Class 3 piping only for a
limited time, not exceeding the time to the next scheduled outage. However, your
proposed relief request extends the time limit for the proposed alternative to exceed the
next refueling outage interval with justification (Section 5.5 on page 11), which is not
consistent with ASME Code Case N-513-1. Confirm in your response that the
application of the proposed alternative is limited to the next scheduled outage with
sufficient time for performing an ASME Code repair or replacement, but not beyond the
next refueling outage. The NRC staff’'s review of your June 9, 2005, relief request on
the proposed use of a brazed joint assessment methodology is based on this condition
being met. A separate relief request should be submitted if this condition cannot be
met.
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DNC RESPONSE:

The intended use of the proposed methodology was for a limited period of time, allowing
for a timely repair or replacement activity to be planned for discrete degraded brazed
joint conditions needing evaluation, commensurate with safety. DNC agrees with the
NRC staff on the schedule limitations applied to the use of this proposal. Specifically,
the use of this structural integrity evaluation method will be conditional, in that its
application for any degraded brazed joint condition will not exceed the time to the next
scheduled outage of sufficient duration for performing an ASME Code repair or
replacement, but not beyond the next refueling outage. If a timely repair cannot be
made, DNC will apply for a separate relief pursuant to provisions of 10 CFR 50.55a(a)
to extend the duration of applicability beyond this intended limited period.

NRC QUESTION 6:

On page 4 of Enclosure 1, you stated that the lack of full braze bonding originates from
construction or fabrication, and is not progressive over time. On page 10, you reported
from a search and review of external operating experience that corrosion degradation
was attributed to braze failures in closed loop and electrical cooling systems. You also
stated that there was no operating experience indicating progressive failure for open
loop sea water systems. To support your conclusion that no progressive failure
mechanism exists in the open loop systems, you performed failure analysis on two
brazed joint specimens removed from Millstone seawater service with nearly 20 years of
service and no corrosion product was found. However, these specimens were taken
from brazed joints that were not leaking. To adequately support your conclusion, the
root cause for the leakage needs to be determined since the joint was not leaking when
it was first put in service. Furthermore, failure analysis should be performed on samples
taken from leaking brazed joints to determine the degradation mechanism that caused
leaking. The potential degradation mechanism could be fatigue-related cracking,
stress-corrosion cracking, or another mechanism and may not be limited to corrosion.
These mechanisms may combine with the fabricated defects and cause leaking when it
breaks the outside surface. Lacking sufficient evidence, a time-dependent evaluation,
assuming the presence of a degradation mechanism progressive with time, should be
performed. :

DNC RESPONSE:

DNC agrees with the NRC staff on evaluating the type of degradation mechanism(s)
that could be applicable to the affected service water piping. DNC’s corrective action
program requires that such evaluations be completed before using the proposed
methodology to evaluate the fabricated defects’ effects on structural integrity of brazed
joints. The DNC corrective action process will evaluate the extent of condition and
document a basis for conclusions regarding the type of degradation associated with
each separate application of this methodology at MPS3. If progressive degradation
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mechanism(s) are found to be contributing to the source of leakage in the affected
service water piping joint being evaluated, the proposed methodology will not be relied
upon to establish structural integrity without a separate request to the NRC for review
and approval of the temporary non-Code repair, pursuant to provisions of
10 CFR 50.55a(a). It is noted that NRC approved techniques for evaluation like Code
Case N-513-2, with provisions for evaluating time-dependent and progressive forms of
degradation, are not applicable to the form of leakage and materials in brazed joints
used in the MPS3 service water system. DNC is, however, able to conservatively
establish the applicability of appropriate evaluation techniques because the leakage
from brazed joints has been extensively evaluated.

The cause of leakage from service water brazed joints has been investigated several
times. Each investigation shows leakage to be attributed to a defect in the braze during
original fabrication. All braze joints have some areas with lack of bond. Before a
brazed joint is made, the pipe and fitting are thoroughly coated with flux material. When
the joint is heated and the braze filler is applied to the face, the flux melts and the
brazed material flows by capillary action. The capillary action is effective as long as the
gap is the proper size and both sides of the joint are heated to the required brazing
temperature in a continuous motion around the joint. Some small round spots of lack of
bond formed by either flux inclusions or voids exist in essentially all brazed joints but
they do not adversely affect the performance of the joint. If, however, one or both sides
of the joint are not properly heated, as can happen when one side of a joint is
significantly heavier, or if heating is interrupted, larger areas of lack of bond may
connect together to form a leak path. These areas without braze filler metal are often
filled with residual flux that solidifies to form a glass-like plug in the void. This glass-like
plug is very hard and chemically inert and it can block the leak path for an indefinite time -
although it is very brittle and mechanical or thermal shock can shatter the glass-like plug
opening the leak path at any time.

Brazed joints that are leaking when removed from service typically have the same
internal appearance as those that were not leaking. The leakage flow rate is so small
that there are no velocity effects, such as erosion. There is only limited surface
corrosion.

Other degradation mechanisms such as fatigue cracking or stress corrosion cracking
are typically not credible in this application. Regarding fatigue, the leaking brazed joints
have been found at various locations that are not highly stressed. Also, the service
water system inherently experiences only small temperature swings and the cyclic duty
is low. Regarding stress corrosion cracking (SCC), copper base alloys are susceptible
to SCC in ammonia solutions but not in the seawater environment of this piping M,
Also, the brazing process inherently anneals the base materials in the area of the joint
and results in. low residual stress after the brazing process. There has been no

M hitp://www.library.unsw.edu.au/~thesis/adt-NUN/public/adt-NUN20040129.095303/
index.html. See page 5a, Table 1.1.
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observed stress corrosion cracking of the copper base materials at MPS3. For these
reasons, and because the stated mechanism is credible and consistent with the
observed behavior, it is. not appropriate to assume an unobserved mechanism for the
weeping of the joints.

Although it has been concluded that no time-related metal degradation is involved in the
weeping of brazed joints at MPS3, an essential part of the proposal’s basis is that if
there is such a mechanism at work, its evolution is very slow and not a factor in
affecting structural integrity for an operating cycle. Generally, leaking brazed joints take
many years to appear as the properties of the blockage/sealing materials from flux and
trace elements in unbonded areas of the joint progress. Leaking brazed joints also do
not increase their leak rate over a time that extends into the months.of an operating
cycle. The periodic monitoring (Section 5.4 of the submittal) is required by plant
procedure for any service water leak and this monitoring will detect any significant
increase in leakage and alert the operators of a need to reassess the structural integrity
of the joint.

Not withstanding this response, repairs to leaking brazed joints will be performed on a
schedule consistent with the response to Question 5 above.

NRC QUESTION 7:

‘Based on your discussion in Section 5.6, “Augmented Examination” (page 12 of
Enclosure 1), the guidance provided is not consistent with that provided in ASME Code
Case N-513-1. In ASME Code Case N-513-1, a sample size of at least five of the most
susceptible and accessible locations, or if fewer than five are available, then all
susceptible and accessible, locations shall be examined. To exempt the previously
examined joints from re-examination could be non-conservative, since the joints may
have been examined a long time ago or [with] a technique used that may not have been
able to identify the degraded condition. Furthermore, if additional degradation was
found in the expanded sample, the referenced ASME Code Case requires this process
to be repeated until no significant degradation is detected or until 100% of susceptible
and accessible locations have been examined. Please justify this difference or revise
the guidance in Section 5.6 and in the Milistone procedures or Corrective Action
Program regarding the requirement to determine the extent of condition in similar
brazed joints. The guidance should be consistent with that provided in ASME Code
Case N-513-1. ‘

DNC RESPONSE:

Augmented examination shall be consistent with ASME Code Case N-513-2.
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NRC QUESTION 8:

Provide a copy of NAVSEA 0900-LP-001-700, “Fabrication and Inspection of Brazed
.Piping Systems,” dated January 1, 1973. The NRC staff understands that your
ultrasonic testing (UT) procedure MP-UT-45, “Ultrasonic Examination Procedure for
Examination of Brazed Joints - Millstone Unit 3 Service Water Piping,” Rev. 000-00
(Attachment E to Enclosure 1) was developed based on the NAVSEA procedure.
Identify the differences between the two procedures (NAVSEA vs. MP-UT-45) and
discuss the reasons for the differences.

DNC RESPONSE:

DNC will not be able to provide the NAVSEA Standard per your request due to certain
publishing restrictions regarding its use. The NAVSEA Standard contains the UT
criteria for the technique that has been used by the U.S. Navy for many years. Although
DNC referenced this Standard to develop its request, the use of the technique
described in the DNC procedure MP-UT-45, and by this proposal, has been
independently validated and qualified for use by DNC at MPS83. '

NRC QUESTION 9:

Using an example, describe how the average bond level of a brazed joint was
determined by UT examination. Also, describe how the average threshold bond level of
60% was determined to be acceptable without further evaluation for brazed piping.

-
\

DNC RESPONSE: ,

As an example of determining an average braze bond level, refer to the original
submittal Enclosure 1, Attachment C, page 3, titled “Braze Bond Measurements.” There
are 20 UT readings taken at even intervals around the circumference of the fitting. The
boxed-in section headed “Meas. Bond” lists the actual percent bond based on the ratio
of signals back reflected from the inner surface of the fitting and the inner surface of the
pipe. Below the column of the 20 measured readings is a calculated average of the
readings; the average is 55% in this example.

The 60% threshold for acceptance of a braze bond was chosen based on test results
showing that for an intentional partial bond of 60% the brazed joint develops the full
bending strength load of the piping, even when the bending is extended well beyond
required design levels. In fact, the testing showed even at 30% partial bond the joint
developed nearly the full piping strength. The Enclosure 1, Attachment A, Page 4,
Figure 3 showing a load-deflection curve for 30% and 60% bond level illustrates these
observations. Figure 8 on page 8 of the same attachment also illustrates this
conclusion. The 60% figure is also consistent with the acceptance criterion in the
NAVSEA standard referenced in our original submittal.
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NRC QUESTION 10:

Describe in detail the trial demonstrations of the UT procedure you mentioned on page
5 of Enclosure 1. Describe the samples used for the demonstrations and identify the
range of data scattering and standard deviation pertaining to readings reported by
qualified examiners. Also, describe the qualification of the examiners participating in
the demonstrations including a discussion as to how they were qualified and what were
the qualification requirements. '

DNC RESPONSE:
Trial Demonstration, Qualification:

Using techniques developed from NAVSEA 0900-LP-001-7000; five UT operators
(Some currently qualified level Il or 1ll and some with previous Navy experience)
conducted a blind, round robin test on six brazed joints which had been previously
installed but were removed as part of plant modifications. The qualification of
examiners participating in the demonstration was as follows:

Three of the UT examiners were Ultrasonic Level |l or lll technicians trained
and qualified in accordance with ANSI/ASNT CP-189, 1991 Edition (three of
these examiners are PDI Supplement 2 & 3 qualified). Two additional non-
certified examiners familiar with UT examination of brazed joints per NAVSEA
0900-LP-001-7000 were utilized in the UT evaluation. One of the non-
certified individuals is an ex-NAVSEA 7000 examiner (equivalent to a Level Il
under ANSI/ASNT CP-189). ,

The requirements for performing UT evaluation on the trial demonstration brazed
samples was familiarization with the NAVSEA 0900-LP-001-7000 requirements as
well as the expected UT signals from components with or without insert grooves,
fitting back wall, and lack of bond signals.

Trial Demonstration, Sampling Description:

A total of 6 samples were used in the UT evaluation. These six joints were
selected as representative of the ASME section lll service water brazed joints that
have experienced weeping type leaks in service at MPS3. The selected joints
included two and three inch tees, couplings and elbows.

Description Quantity Joint Identification Number
Two inch tee 2 24J and 24K .
Two inch coupling 2 25l and 25JJ

Three inch elbow 2

OS 5A and OS 5B
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The UT results of each individual, along with the average of all five operators and
the maximum deviation and standard deviation from that average are presented in
Table 1 on the next page.

After all UT testing, each brazed joint was mechanically cross-sectioned three
times and then polished and examined to measure the actual percentage of bond
at each section. These values and the average are also presented in Table 1 for
comparison.

Trial Demonstration, Data Identification: (see Table 1)

Average UT results ranged from a low of 54% bond to a high of 87% with a
maximum single deviation of 9% and standard deviations ranging from 2 to 5%.
This shows a good correlation and precision between the five operator’s UT results
as compared to the NAVSEA document that requires standard test specimens to
be examined by three qualified inspectors and to average their results to set the
true bond for that standard. To qualify, operators must examine six test joints with
no single joint deviating more than 15% from the true bond value and the
arithmetic average of the six deviations shall not exceed 8%.

Mechanical sections performed to determine the actual physical % bond range
from a low of 66% to a high of 90%. These values correlate well with the UT %
bond and average 10% higher than the UT % bond, showing that the UT
measurements are inherently conservative. ' ’
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Table 1: UT Evaluation of % Bond vs. % Bond Determined by Cross Sectioning

Avg - o, | Average , .
| Individual % Bond | UT | Max | std | ndividual % | o, gy | Differential
Joint ID I Bond by Sectioning%
by UT Examination |Bond| Dev | Dev ) by o
o Section T -UT%
Yo Sectioning
24 |74 77 74 78 78| 76 |+2-2|2.05| 84 81 93 86 .10
24K |48 53 59 51 57| 54 |+5-6|4.45| 81 70 53 68 14
25l |77 88 87 91 87| 86 (+5-9(529| 95 92 74 87 1
25JJ |70 76 78 70 79| 75 |+4-5(4.34| 87 88 94 90 15"
OS5A |55 61 57 52 55| 56 {+5-4|3.32| 75 60 64 66 10
OS5B |61 60 64 55 63| 61 |+3-6/3.51] 65 88 72 75 14

1. Each brazed joint was UT examined by five Technicians. The results of technician examinations are
listed under "Individual % Bond by UT Examination."

2. The average of the individual UT exams for each brazed joint is listed under "Avg UT Bond %"
followed by the maximum deviation from the average and the Standard Deviation (by the n-1 formula).

3. After completion of the UT examinations, each brazed joint was saw cut to expose three equally
spaced circumferential cross sections and then polished to reveal the braze metal and all defects or
voids in the braze ring area. These were measured to determine the "actual” percentage bond at each
cross section. These values are listed under "Individual % Bond by Section."

4. The average of the individual sectioning examinations for each brazed joint is listed under "Average %
Bond by Sectioning."

5. The difference-between the UT and Sectioning % Bond, is listed under "Differential (Sectioning % - UT
%). In all cases the "actual" measured (sectioning) % bond exceeded the percentage bond determined
by UT examination with the average difference being just over 10%.

NRC QUESTION 11: \

Describe the qualification programs that you already have in-house to qualify your Level
Il or 1l technicians, including procedures and equipment to perform the UT examination
of -the brazed joints. Also, describe your in-house training program for your UT
examiners to obtain adequate knowledge and skill to determine the bond in the brazed
joints.

DNC RESPONSE:

The DNC written préctice for qualification and certification of NDE personnel addresses
the education, training and experience requirements contained in CP-189 and
10 CFR 50 for UT personnel. :

Qualification and certification used in the Millstone Power Station procedure, MP-UT-45,
is as described in NAVSEA 0900-LP-001-7000.

Equipment selection was based upon which search units would provide the resolution
for discriminating the bond, insert groove and lack of bond signals. The specific
equipment used was a Krautkramer USN-52L and a 5.0Mhz dual search unit.
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Specific training for NAVSEA 0900-LP-001-7000 examination was limited to the method
of calibration, and contains requirements for examiners and inspector qualification.
Direction was provided to the examiners to discriminate the lack of bond indications
from insert groove, fitting back wall and pipe back wall indications.

The DNC written practice includes instruction and practical requirements for brazed joint
examiners. The following personnel requirements will be prerequisites for use of the
Millstone Power Station procedure MP-UT-45:

1.

Only Level I, or Level Il personnel may independently perform, interpret, -
evaluate and report examination results.

Levels Il and Ill shall be certified in accordance with [ANSI/ASNT CP-189, 1991
Edition.]

The UT examiners shall have sufficient knowledge and training to determine
ultrasonically the bond in brazed joints. -

UT examiners shall demonstrate ability to recognize such technical
deficiencies as insufficient beam penetration (transmission), poor transducer
contact and interfering contact surface roughness from patterns displayed on
the ultrasonic screen.

. UT examiners shall maintain proficiency for examination of brazed joints by

performing an examination of a brazed joint at least every six months.

Examiners who do not meet the requirement of [item 5 above] shall
demonstrate their ability to examine brazed joints prior to performing
examinations in the field. See Table 2 below for initial examiner qualification
and proficiency requirements.
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Table 2: Brazed Joint Examiner Qualification

Qualification Type No. of Samples Period of Qualification
Initial Qualification 6 _ -3 Years
Proficiency \ 3 6 Months
Requalification \ 6 3 Years

Acceptance Criteria:

The percent bond of the six test specimens as
reported by the examinee shall be compared to the
true bond and accepted on the following basis; the
Initial Qualification: arithmetic average of the six test specimens shall not
‘ deviate by more than 8% from the true bond and no
single specimen shall deviate by more than 15% from
the true bond. |

The percent bond of the three test specimens as
reported by the examinee shall be compared to the
Proficiency Maintenance: true bond and accepted on the following basis; the
arithmetic average of the three test specimens shall
not deviate by more than 15% from the true bond.

Requalification: Same as initial qualification.

NRC QUESTION 12:

To ensure the performance of a qualified UT examination of brazed joints, was a
performance demonstration program used? Discuss how this program was
implemented to qualify the ultrasonic examination procedures, equipment and the
personnel to perform the examination of brazed joints including data collection and
evaluation. Discuss how this program followed the approach delineated in Appendix
VIlI to ASME Code Section XI. Describe whether the sample sets prepared for the
performance demonstration consisted of fabricated samples or field samples (if
available, with joint configuration, pipe/fitting size and wall thickness) similar to that of
the brazed joints to be examined, and contained representative flaws.

DNC RESPONSE:

A performance demonstration was not used as brazed joints do not fall under the
jurisdiction of Appendix VIII.

The round robin was conducted entirely on field-removed samples and the examiners
obtained the data in a blind fashion with no access to other examiners’ data. The
samples were not masked, however, not masking samples in no way aids the examiner
in determining the amount of bonding present. Access to the internal diameter (ID)
does not aid the examiner in determining the amount of bond present because the lack

i
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of bond exists between the component outside diameter (OD) and the backwall of the
inserted pipe or fitting which is not visible.

All samples contained as-found (from field removal) conditions had varying degrees of
bonding, which ranged from 0% bond to 100% bond.

NRC QUESTION 13:

Describe in detail how the adjustment of bond readings (baq) to account for UT
uncertainties was determined, including the database to support the UT data adjustment
discussed in page 7 of Enclosure 1.

DNC RESPONSE:

The adjustment to measured bond readings for use in evaluation was based on the
recognition that there would be some uncertainty in bond readings. After some initial
exams and comparisons among different examiners, a figure of 10% bond uncertainty
at low bond readings was selected. The database of initial exams is described in the
response to Question 10. Low bond joints typically have a patchy bond area and are
thus subject to more uncertainty. At high bond readings, i.e., when almost all the signal
is reflected from the pipe wall and almost none is reflected from the fitting, the
uncertainty was expected to be smaller, and is not significant anyway since the joint
achieves full strength near 50% true bond conditions. Although the bond adjustment
figure was determined using an approximation, the use of the selected adjustment is
validated by the fit to the data when the adjustment is included.

NRC QUESTION 14:

In Section 5.3.2 (page 7 of Enclosure 1), you stated that for bond readings that are
S|gn|f|cant|y non-uniform around the circumference of the braze, an effective (Iower)
bond is computed based on the equivalent moment of the adjusted bond areas.. For
clarification, provide an example to demonstrate this calculation and dlscuss the
reasons and conservatism of this approach.

DNC RESPONSE:

The example given in the submittal, Enclosure 1, Attachment C, page 1 has a
moderately non-uniform bond distribution. A simpler example of non-uniform bond
distribution is given in Attachment 1 of this response. In the example, most of the bond
is missing (cross-hatched) while on the lower portion of the joint, the bond level is 80%.
The average adjusted bond is 47%. In this example, the adjusted bond bending
strength about the weak axis is equivalent to a 41% uniform bond, lower than the 47%
average bond level. Therefore, the accounting of bond distribution at low levels is
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important to consider. The method used in the evaluation is based on straightforward
geometry. The bending strength is taken as a sum of the bending strength of each
small arc segment, each of which is taken to be proportional to its percent bond and
distance from the bending axis. The geometry calculation is dlsplayed on page 12 of
the example in Attachment 1.

The stress evaluation assumes that the piping bending loads are all in the weak axis.
This is conservative because the bond shear due to torsion is not adversely affected by
the bond distribution and because the actual bending loads would not always be aligned
with the weak axis.

NRC QUESTION 15:

Assuming the worst-case scenario that a complete failure of a three-inch pipe/fitting
braze joint occurred, what would be the upper-bound leakage rate at 100 psig? Discuss
its potential impact on the functional requirements of the system and the reduction of
the system margins of safety.

DNC RESPONSE:

An upper-bound of 699 gal/min is estimated for the described conditions, although such
a worst-case scenario is not a credible event with the proposed alternative. This
estimate is derived using the flow formula in Crane’s handbook, and assumes structural
integrity has fully failed, which requires a complete failure of the bond followed by
severance of the joint in three inch piping, and results in no system flow resistance and
a discharge coefficient of 1.0.

q=CyqA-J2ghy

Cd = ]O
A = 1.865in>
- 100psi hy = 225ft
L Ibf L
64—
i
gal
q:=CyqA2gh q = 699.453—

min

Downstream cooling to the affected components would be lost, since the piping is
assumed to have no structural integrity and is separated at the joint. However,
catastrophic failure of the piping is not a credible outcome for this alternative
methodology, where the non-conformance encountered amounts to weepage or some
fraction of a drop per minute, and there is evidence of substan'ual braze bonding in the
joint by UT measurement.
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If structural integrity of the joint is retained, joint severance does not occur. An-
upper-bound maximum flow can be conservatively estimated at 6 gpm as stated in the
original submittal, Enclosure 1, page 6, Section 5.3.1 “System Effects.” As stated, this
value is very low compared to pump capacity, so the net flow to affected components
would remain nearly unchanged. In addition, the safety significance.of system
interactions are evaluated for each leaking brazed joint. Leakage is mitigated as
appropriate to prevent adverse impacts upon structures, systems and components that
are associated with, or in the proximity of, the affected brazed joint. The evaluation will
not permit flow margins to be reduced below the design basis level, so there is no
reduction in system margins of safety.
/

NRC QUESTION 16:

Discuss how the average UT bond readings of 60% or more, as the acceptance criteria,
‘was determined. Discuss the conservatism of this acceptance criteria in terms of the
mechanical properties of the brazing materials and the uncertainties of the UT bond
readings.

DNC RESPONSE:

The determination of 60% for use as acceptance criteria is discussed in response to
Question 9. The conservatism of the acceptance criteria is demonstrated as follows.

If the actual bond were 50%, then by Formula (3) in Attachment A, Figure 2 of the
original attachment, the allowable loading of ( Smax(badj) ) becomes the following:

2
n D 'Lins'imax

Sma)(badj) “7 Tz = Dagj
pipe -
bad_] = 50%
D:=2.375in
Lipg =-6561n

Tmax = 7900psi ~

.3
Zpipe :=0.566in
2
s D 'Lins'Tmax
Sma)(badj) T4 7. Padj
pipe

 Sma bagj) = 19255psi
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This result is the maximum nominal longitudinal pipe stress for an actual bond of 50%,
exclusive of any stress intensity factor (SIF). A SIF of (0.75)(2.1) = 1.575 is required in
piping stress analysis for primary loads. Thus, the above maximum nominal stress is
equivalent to an intensified stress value of 30,327 psi, or 20,217 psi when divided by a
factor of safety of 1.5 for comparison with ASME Code stress calculations. Piping
stress would have to reach its Faulted Code allowable of 2.4 Sh, where Sh is the piping
allowable stress at operating temperature, to exceed the 7.5 ksi shear stress
assumption for the braze material.

Actual braze material in a good bond is estimated to have a shear strength of about
15 ksi, based on brazing procedure qualification tests. Brazing wire such as “SFA-5.8
BAg-1” does not have an ASME specified minimum yield or ultimate stress.

In the joint strength evaluation model proposed, the joint strength is directly proportional
to braze shear strength and the adjusted percent bond. At low bond readings, the factor
of conservatism introduced by the bond reading adjustment increases. For example, a
30% bond reading would be adjusted to 22%, a reduction by a factor of 1.36. The
combined conservatism of the braze bond adjustment and assumed bond shear stress
capacity in actual practice is best illustrated by the submittal Enclosure 1, Attachment D,
page 3, Table 1. The table shows a margin factor of at least 1.52 when the specified
evaluation parameters are used, and that value is conservatively low, as described in
the request.

NRC QUESTION 17:

Identify the Construction Code qualification stress analysis reports that were reviewed
to determine the design-basis loadings at the subject braze joint (page 7 of Enclosure 1,
5.3.3). Confirm that these are NRC-accepted piping stress analysis reports.

DNC RESPONSE:

The Construction Code for the MPS3 service water piping is ASME IIl, 1971 Edition with
Summer 1973 Addenda. For Code analysis, the piping is divided into separable
portions and stress analyzed as described in licensing basis. Refer to the Updated
Final Safety Analysis Report (UFSAR), in Section 3.9, Mechanical Systems and
Components, and in Table 3.9B-11, Stress Analysis Requirements. The analyses are
documented in stress calculations, one for each portion of the piping system. In
application of the proposed alternative, the stress calculation specific to the brazed joint
being evaluated would be used as the source of piping loads and stress. The stress
calculation on record is not being modified. The methodologies and stress limits that

are employed in the analyses remain consistent with what are documented in the
UFSAR.
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NRC QUESTION 18:

It appears that no stress intensification factors were applied in the stress analysis of the
subject brazed joints (page 8 of Enclosure 1, 5.3) as discussed in 2.0 of Attachment B
to Enclosure 1. Is this approach consistent with the applicable Construction Code
requirements for stress analysis of the brazed joints? If not, please elaborate.

DNC RESPONSE:

The theoretical and testing bases for the proposed alternative were derived from applied
forces and moments. The testing applied a load in a three point bending configuration
resulting in an easily calculated moment at the brazed joints. As a convenience for
evaluation purposes these are converted to equivalent nominal pipe stress, however the
strength correlation to braze bond is based upon empirical analysis of the loads testing.
Local stress concentration effects at the joint, if any exist, were inherent in the tests on
actual brazed joint fittings. The stress intensification factors (SIF) as required for Code
stress analysis of the brazed joint configuration does not enter into the strength
correlation.

When existing Code stress analysis of piping is used as input to the evaluation, DNC
can either access the detailed piping loads that are available as computerized output, or
use the summarized pipe stress output that includes the effects of the detailed piping
loads. The Code stress results include the effect of an SIF that is required when
comparing stress resuits to Code allowable stress limits. To get nominal stress from the:
Code results the SIF must be factored out. This allows the actual joint loading, in terms
of nominal stress, to be compared directly to joint strength, also in terms of nominal
stress.

NRC QUESTION 19 (i):
For equation (3) in Figure 2 of Attachment A to Enclosure 1:

Describe briefly how these equations were developed and identify the references.
" DNC RESPONSE:
Equation 3 was developed from first principles Strength of Materials, in which stress or
load at a point is proportional to its distance from the bending axis. The strength
(bending moment capacity) of a brazed joint is, therefore, the integration of the strength

of each bond area times its distance from the neutral axis.

In torsion, all the incremental areas are the same distance from the axis of rotation, so
the strength of the joint in torsion is twice the strength in bending. Therefore, it is
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conservative to combine the torsion and bending together, and to compare the result
with the bending strength. A formal derivation of the formula is included in Attachment
1.

NRC QUESTION 19 (ii):
For equation (3) in Figure 2 of Attachment A t‘o Enclosure 1:

For the applicable braze materials, provide the ASME Code-allowable mechanical
properties including the allowable shear stress, the certified mechanical test data
of the braze alloy used in the fabrication of the referenced components and the
minimum mechanical properties based on the material specifications referenced in
purchasing.

DNC RESPONSE:

The ASME Code does not define allowable mechanical properties for braze material.
For ASME Ill, Class 2 and 3, the Code does not require Certified Material Test Reports.
The fabricated example brazed joints were fabricated from materials taken from station
stock and are, therefore, representative of actual joints in service. Since the failure of a
brazed joint occurs at the interface and not through the braze metal, mechanical
properties of the braze metal do not directly determine the strength of the joint.

NRC QUESTION 20 (i):

The NRC staff notes that all brazed joints in the program were tested by three-point
bending with the brazed fitting in the middle of the configuration. Provide the technical
bases for the selection of this testing method to evaluate the strength of the subject
braze joints. Also, discuss the limitations and uncentainties of using this testing method
to evaluate the bond strength of the braze joints given that the test sample is a
composite of fitting, piping and braze materials and a bending load is applied to the
sample. In AWS C3.2, “Standard Method for Evaluating the Strength of Brazed Joints,”
a tensile testing method is recommended. Describe in detail, including sketches as
applicable, how the three-point bending test was performed and provide a sample
calculation to show how the test data was collected and evaluated. You stated in page 1
of Attachment B to Enclosure 1 that the load transfer between pipe and fitting is
primarily by shear through the braze filler. Provide a discussion of why the three-point
bending test is an acceptable method to evaluate the bond strength of the brazed joints.

DNC RESPONSE:

The three point bending test was utilized because the most significant design loads
experienced by the joints are bending due to deadweight and seismic loads. Also,
testing in torsion or direct pullout would have required a complicated test fixture, and
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these Idadings are not the most severe when there is any non-uniformity of the bond.
Figure 1 is a diagram of this testing configuration.

o F
Load Applicat
oad Application \%

Load Beam  Flexible %

M=F/2*L %

s

[TTrrT

{

Pipe

Jl.:llllllllllll

Brazed Joint

Three Point Bending Test Apparatus
FIGURE 1

A test machine of very large load capability would be required for direct pullout testing.
Uncertainty on the loads and moments applied to the joint are also reduced with the
three-point bending testing fixture that was used. The testing load cell is calibrated and
the accuracy of the moment arm is known to within a fraction of an inch. Therefore,
accuracy of test loading is reasonably adequate.

The testing configuration that was used, which includes the pipe, fitting and braze, is an
optimal model for simply and predictably determining the structural integrity of the joint.
The fact that the piping deformation and deflection sometimes governs the limit load
means that the piping cannot exert enough load to exceed joint capacity.

" NRC QUESTION 20 (ii):

You stated in Section 4.1 [Attachment D of Enclosure 1] that all test items (refer to
Figure 4 in Attachment A) achieved their test collapse load at a load well above that
which would be predicted for a 5-ksi braze shear strength. Provide details regarding
how the test collapse ioad is calculated from an assumed 5-ksi braze shear strength.
Show how the test collapse load, piping collapse load and the bond failure load was
determined. In the three-point bending test, explain how the failure of the bond, as to
both local bond failure and total bond failure, was determined.
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DNC RESPONSE;

The test collapse load is derived from the load-deflection curve. The collapse load is
defined in ASME Ill, Appendix Il, Section 1I-1430. Refer to Figures 2 and 3 below,
which are annotated versions of Figures 6 and 7 of the original request.

40‘1

No bond failure - 2" Coupling ; o
Deflection due to Toint 36, 63% bond J36. 65%
pipe distotion J37.27

' 139, 55%
Unadjustad

\ bond readings

2" Coupling

20 £ .m " | Joint 39, 55% bond

Progressive distortion

fid
:
0;0

>

Equiv. Pipe Stress (Ksi)

10 94/ | Le=118
' 2" Coupling

[~ Laz49 | / Joint 37, 27% bond

¥ 1 T T T t !

0 025 05 075 1 125 1.5 1.75 2

Displacement (in)

TWO INCH FIELD SAMPLES
FIGURE 2

Initial bond failure is detectable by a discontinuity or knee in the load-deflection curve.
This is indicated by Lc in the figures. The discontinuity or knee is the ASME-defined
test collapse load. La on the figures indicates the allowable joint load based on the
submitted methodology. The difference between the La and Lc illustrates the margin in

the overall methodology.
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The Lc and La load values are the “Test Collapse Load” and “Shear Capacity Load”
(based on 5 ksi shear) that were listed in Attachment D, Table 1 of the original request.
The collapse load force was converted to a moment at the joint. The moment was
converted to an equivalent nominal pipe stress by dividing it by the piping section
modulus. The test collapse load does not depend on assumed joint shear strength.
Referring to Table 1 in Section 4.3 of Attachment D, test joint 36 had a measured test
collapse load of 2,025 Ib. With a moment arm of 12.64 inch, the computed moment at
that load was 12,799 in-Ib, and the nominal plpe stress for that moment was 22.8 ksi
based on a piping sectional volume Z of 0.561 in®.

The minimum joint strength predicted from a 5 ksi braze shear strength is calculated
using Formula (3) from Figure 2 in the request. Continuing the above example, with
L.insert = 0.656 inches, D = 2.375 inches, and Z.pipe = 0.561 in®, the lower bound of
joint strength for 100% bond is 25.9 ksi. For 61% adjusted bond in the joint 36 example,
the joint strength is reduced to 15.8 ksi as listed in Table 1 for that joint.

The above discussion of test results based on a maximum shear of 5000 psi remains
valid for an assumed shear of 7500 psi when the factor of safety of 1.5 on actual piping
pressure and loads is utilized for assessments, as required by the final methodology.

In the testing there was no differentiation between local and total bond failure. Under
progressive loading the initial bond failure is expected to be local, and additional loading
results in additional bond failure. Since all tests were continued up to a deflection limit
in order to determine an ultimate load capability, subsequent bond failure beyond the
initial failure occurred. However, the brazed joint is considered to have failed at the
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initial indication of bond failure, and the subsequent additional bond disruption is of no
consequence to the determination of credited joint strength.

After full deflection the piping had ovalized and some joints were distorted. There were
no complete severances of the joints. A post-test UT was not performed, which would
have measured bond levels after the joint was destructively loaded well beyond its
collapse load. The bond readings following testing are not used for a correlation with
the collapse load, which is the failure of the joint. Consequently, the post-test UT is not
required.

After testing, the two joints 37 and 4A were separated and visually examined by the
independent testing laboratory. In un-bonded areas, superficial corrosion of the pipe
and fitting materials was noted. There was no observed corrosion of the braze filler
metal. A portion of joint 37 was sectioned and “significant lack of braze bonding and
detachment” was noted. - This result ‘was consistent with the measured pre-test bond
level of 27%. :

NRC QUESTION 20 (iii):

Provide a detailed description of how the data in Table 1 were derived. Also, describe
how the bond failure, test collapse load and shear capacity loads were determined from
the mechanical testing. Discuss whether the specimens were destructively examined or
re-UT examined to determine the level of bond failure resulting from the testing.

DNC RESPONSE: '
The responsé to Question 20 (ii) addresses this question.
NRC QUESTION 20 (iv):

The NRC staff notes that there is significant data scattering in the test results of field
samples of brazed joints as shown in Figure 7 of Attachment A to Enclosure 1. Provide
reasons for the observed data scattering and discuss its impact on the rellablllty of bond
level determined by UT examination.

DNC RESPONSE:

Figure 7 shows Ioadldeflection curves for the several samples, and it exhibits expected
variations that are based on percent bond. Figure 9, related to Figure 7, shows data
scatter at adjusted bond levels below 50%; however, all data points are above the
acceptance criteria. The figure shows some three inch samples with data well above
acceptance threshold. The three inch samples have a relatively large meniscus fillet at
the face of the joint. The scatter for three inch samples that is shown in the figure
appears to reflect how this fillet characteristic is not credited for strength in the
evaluation methodology. Also, the percent adjustment at low bond readings is an

i
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almost 10% reduction on measurements that is an added conservative adjustment to

the true bond. The aggregate of such conservatisms result in a relatively large data
scatter while still validating the intended margin factor of 1.5.

NRC QUESTION 21 (i):

Figures 8 and 9 in Attachment A to Enclosure 1 - Describe how the shear (Sh) limit was
determined and what the 2.4 Sh limit means.

DNC RESPONSE:

The “Sh” value is the ASME Il Code allowable stress of the piping for operating
temperatures. The 2.4 Sh value is the maximum stress for faulted conditions (Level D)
permitted by ASME 1ll. This value is shown because, by Code, the maximum piping
stress, including stress intensification effects, must be less than 2.4 Sh. Therefore, the
2.4 Sh stress level represents the maximum loading of interest in piping systems.

" NRC QUESTION 21 (ji):

Figures 8 and 9 in Attachment A to Enclosure 1 — Describe how the equwalent pipe
stress was determined from the test load.

DNC RESPONSE:

See the response to Question 20 (ii).

NRC QUESTION 21 (ii):

Figures 8 and 9 in Attachment A to Enclosure 1 — Describe how no bond failure was
determined and whether destructive examination to support the determination was
performed. How was the local bond failure differentiated from the gross bond failure?
Was it based on the shape of the test curves or the appearance of the test samples?

DNC RESPONSE:

See the responée to Question 20 (ii).

NRC QUESTION 22:

For Attachment C to Enclosure 1 (Example Structural Assessment), a more detailed
description of the assessment methodology should be provided. It would be helpful to

!
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provide sketches to show the dimensions. For Part 2, it is not clear how the effective
bond was calculated and its relationship to the bond level determined by UT. Further.
explanation is needed for the plot, and the definition and calculation of Dxx, Dyy,
Doffset, Alpha, Bxx, Byy Bbend and Bpress. Provide a sketch to show the locations of
the 20 UT readings at joint 1A and how the average reading at each location was
obtained. For Part 3, additional explanation is needed for the definition and calculation
of Sxx, Syy, Sallow and the use of the Lookup Table. For Part 4, describe in detail the
method, the input data and the equations used in the calculation of the max nominal
stress of 4370 psi. Discuss whether this stress calculation shown was based on data -
taken from NRC-approved piping stress analysis reports..

DNC RESPONSE:

The response to Question 17 addresses the question on stress calculation approval.
With respect to the NRC staff request for a more detailed description of the assessment
methodology, a new example of the evaluation using this methodology is ‘included in
Attachment 1. :

NRC QUESTION 23:

The NRC staff notes that your proposed use of the alternative brazed joint assessment
methodology in lieu of an ASME Code repair or replacement, when leakage is found in
a brazed joint resulting from the performance of a system leakage test performed in a
scheduled outage, is not consistent with the purpose of the ASME Code-required
system leakage testing. The ASME Code-required system leakage test should be
scheduled in such a manner that there is sufficient time to perform an ASME Code
repair or replacement of the affected component. Allowing a plant to start up with
known leakage will not provide an acceptable level of quality including defense in depth
in the operation of the plant. The proposed alternative should not be implemented on a
generic basis during a scheduled outage. Therefore, given this, it is not clear to the
staff what the acceptable level of quality, including defense in depth in the operation of
the plant, that this proposed change represents. Please clarify the NRC staff's
understanding of this. '

DNC RESPONSE:

The request will not apply to leakage identified during a scheduled ASME
Code-required system leakage test and it will only be applicable to leakage associated
with brazed joints during system operation outside of a refueling outage.
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SUPPLEMENT TO A REQUEST FOR BRAZED JOINT STRUCTURAL INTEGRITY
ASSESSMENT METHODOLOGY, REQUEST IR-3-04

BACKGROUND

By letter dated April 28, 2009, Dominion Nuclear Connecticut, Inc. (DNC) submitted a
request for re-approval to use an alternative brazed joint structural integrity
methodology for the resolution of nonconforming conditions on ASME Code Class 3,
moderate energy system piping with brazed joints at Millstone Power Station Unit 3
(MPS3), as a part of the inservice inspection (ISI) program at MPS3. By letter dated July
27, 2009 the staff requested that the submittal address previous requests for additional
information that had been responded to in DNC letters dated September 14, 2006 and
January 2, 2007. The balance of this attachment contains the most recent supplement
to the request and adds clarifications. ’

This attachment supplements the Request IR-3-04 with the following three discussion
|tems

e Periodic ultrasonic test examinations (UT) are used to re-confirm the percentage of
bonding

¢ Additional minimum brazed joint shear stress experlmental values are provided

e Proposed use of brazed joint shear strength and safety factor is revised

DISCUSSION ITEMS THAT SUPPLEMENT REQUEST IR-3-04
1. Periodic UT Confirmation of a Percentage of Bonding:

The DNC procedure that is used to evaluate the structural integrity of existing brazed
joints in ASME Class 3 piping is consistent with the intent of Generic Letter 90-05.
Accordingly, the methodology that is proposed in the DNC Request IR-3-04 will also
require a periodic UT of the affected brazed joint at least once every three months. The
periodic UT will be used to re-confirm the percentage of bonding is input into the
evaluation of brazed joint structural integrity.

2. Minimum Brazed Joint Shear Stress Experimental Values

The test data in Table 1 supports the proposed methodology in Request IR-3-04 for
evaluating the structural integrity of brazed joints. Table 1 was derived from existing
ASME Brazing Procedure Qualification Records of qualification tests performed in
accordance with the ASME Boiler and Pressure Vessel Code, Section IX. Each test
includes a set of either reduced or full section tensile tests. In order to pass these tests
the brazed joint must be at least as strong as the specified minimum tensile strength of
the weaker of the two base metals joined. Figure 1 shows a simple schematic of a
tensile test specimen. The tensile test specimen loads the braze bond in shear. The
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shear stress data in Table 1 was calculated by dividing the ultimate load by the
theoretical shear area of each braze joint instead of the cross-sectional area of the pipe.
Where failure occurred in the base metal (as was the case in all but two of the reported
tests) the ultimate shear strength of the brazed joint was-not measured but must be
greater than the reported values. o

TABLE 1: MINIMUM BRAZE JOINT SHEAR STRESS

: ' , Type and-
. . ) Lap Shear Load Shear :
Specimen  Pipe O.D. Length Area  (Ibs) Stress L_aci)lfj e:’gon of

BPQR 112: three-inch P-110 Pipe to P-107 F-itting with Pre-placed BAg-1a Insert Ring
Reduced Section tensile test data

V-T1 0750 " 0.570 0.428 5,600 13,100  Ductile - Fitting
V-T2 0.752 1 0.570 0.429 4,800 11,200  Ductile - Fitting
H-T1 0.753 "V 0.570  0.429 4,300 10,000  Ductile - Fitting
H-T2 0.753 "V 0.570 0.429 4,800 11,200  Ductile - Fitting

BPQR 113: 3/4-inch P-107 Pipe to P-110 Fitting with Pre-placed Bag-7 Insert Ring Full
Section tensile test data

V-1 ™~ 1.050 0.305 1.006 14,100 14,000  Ductile - Pipe
V-2 1.050 0.305 1.006 14,800 14,700  Ductile - Pipe
_H-1 1.050 ~0.305  ° 1.006 14,900 14,800  Ductile - Pipe
H-2 1.050 0.305 1.006 15,100 15,000  Ductile - Pipe

BPQR 113: 3/4-inch P-107 Pipe to P-101 Fitting Face Fed Bag-7 filler metal Full Section
tensile test data '

V-1 1.040 - 0.250 0.817 12,900 15,800 Ductile - Braze
V-2 - 1.040 0.250 0.817 14,700 - 18,000  Ductile - Pipe
H-1 1.040 0.250 0.817 14,500 17,700  Ductile - Pipe
H-2 1.040 0.250 0.817 12,900 15,800

Ductile - Braze

NOTE: (1). A pipe O.D. is used unless the value given is annotated with this note. This
note denotes the value shown is a dimension of width.

In all but two of the reported tensile tests, the specimens failed in the base material and
therefore do not provide an ultimate shear strength for the brazed joint. With a failure in
the base material, the reported values demonstrate that the brazed joint was capable of
carrying at least the reported shear stress without failure. Therefore, ultimate shear
stress for brazed joints in specimens that failed in -base material was actually higher
than the reported values.

In the two joints where failure occurred in the braze, the ultimate shear strength of the
braze was 15,800 psi. Values of the other 10 specimens range from 10,000 to 18,000
psi. These values do not take into account any loss of shear area due to voids,
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inclusions or other flaws, which typically exceed 10 percent and may include up to 25
percent of the braze area and are still acceptable to ASME [X criteria.

Considering the data from failures in either pipe of fitting base materials, and the ideal
assumptions of shear area that are used to derive shear stress of Table 1, the data
~ reasonably supports a conclusion that the ultimate shear strength of these brazed joints
is much greater than where failure occurred in pipe of fitting base materials.

The indicated ultimate shear strength from the actual brazed joint failures is shown to be
greater than 15,000 psi. As a conservative measure, a ‘2 times’ margin has been used.
This will result in a usable allowable shear stress value of 7,500 psi as input to the
evaluation of the structural integrity of the braze joints using the methodology described
in DNC request IR-3-04.

3. Brazed Joint Shear Strength and Safety Factor Use in Evaluation

DNC will revise the brazed joint evaluation procedure previously described in Request
IR-3-04 in the following manner: '

(a)  The braze joint shear strength assumed for evaluation purposes will be changed
to 7,500 psi, as justified above. Thus, in Enclosure 1, Attachment A, Figure 2 of the
original submittal, the parameter tmax in Equation 3 is revised to 7,500 psi.

(b)  The piping analysis loads and equivalent stresses used to evaluate the braze
joint will be multiplied by a safety factor of 1.5, which is conservative to factors required
by ASME Ill Code Case N-513-2. Thus, in Enclosure 1, Attachment A, Figure 2 of the
original submittal, Equation (1) is revised to read

1.5 Seq < Smax(bad,))

(c) Corresponding changes will be made to the “Braze Bond Structural Assessment’,
shown by example in the original submittal, to implement (a) and (b) above.
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FIGURE 1: TENSILE TEST SPECIMEN SCHEMATIC

Either the full pipe or reduced 3/4-inch wide =™,
tensile test specimens from the larger 3-inch pipes
are being used for tensile testing.

Brazed Fitting , 4_|A Braze filler Pipe’
metal bonding
------------------------------ 3 , ptpe and fitting

------------- _ Applied

- — Tensile

1= ———» Load
< Lap length > \ .
Shear area applies to
(_J A this region of joint.

NOTE: This schematic shows how the tensile test spemmens that are descrlbed in
Table 1 load the braze bond in shear.
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DETAILED EXPLANATION OF BRAZED JOINT EVALUATION
(10 CFR 50.55a(a)(3)(i) REQUEST IR-3-04, TAC NO. MC8893)

This attachment provides a detailed explanation of an example brazed joint
evaluation. The example evaluation is on pages 9 through 12 of this attachment.
Other than a simplified dataset and minor formatting, the example uses the same
evaluation as provided with-the original submittal.

In the example evaluation on pages 10 through 13, the dashed boxes indicate
input fields; all other fields are calculated or referenced from others. The
following items are associated with the call outs on the example evaluation.

1.

“Part 1” of the evaluation on page 9 lists basic data that identifies the brazed
joint, the basic system function of the piping, and the relevant design
drawings and stress analysis. The only specific numerical input used in the
evaluation is the pipe diameter and wall thickness, 2.375 and 0.156 inches
in this example. The numerical values of the lower bound bond shear
strength (7,500 psi) and percent bond adjustment parameter (10%) are a
constant for all evaluations.

The average of the unadjusted bond measurements is listed on page 9 and
is 52% in this example. This value is linked to its calculation on page 11.
As per the alternative, if this value is above 60% then the bond is
acceptable without further evaluation. In this example, the average of 52%
is less than 60%, so a detailed evaluation is necessary.-

Dxx and Dyy are the offsets of the weighted center of bond strength from
the nominal centerline on the joint. Bond strength is best evaluated in a
coordinate system aligned with its center of strength. Its local strength is
simply the shear load capability of a good bond times the local percent

‘bond. When the bond is non-uniform, the purely axial loads of pressure

thrust develop a bending moment with respect to the center of strength axis,
with the Dxx and Dyy being the components of the effective moment arm,
the resultant of which is denoted as Doffset. The Dxx and Dyy are
calculated on page 12. In this example, the bond is symmetric about the
vertical axis, so Dxx is 0.000 in, while for the horizontal axis there is more
bond below the centerline, resulting in the negative value -0.193 inches for

Dyy.
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Alpha is another parameter representing the non-uniformity of the bond. It
is the angular offset of the principle axes of the bond relative to the
coordinate system used for bond measurements. It is also calculated on
page 12. In this example the bond is symmetric about the measurement
axes so the Alpha value is zero.

The braze bond data is presented in two columns. The first contains values
based on measured, or “Actual’ readings; the second contains values based
on adjusted bond readings. The data based on “Actual’ readings are
presented for information only and are not used in the evaluation. The more
conservative “Adjusted” values are used, for evaluation. The listed
parameters include Bxx and Byy. These are the effective bond for bending
loads about the principle axes, calculated on page 12. The resultant of
these, Bbend, is used for evaluation of bending loads. The Bpress value is
the effective bond for axial loading such as pressure.

This figure on page 9 is a figurative representation of the bond distribution.
The angular location of the bond measurements is shown. As a geometric
necessity in a 2D plot, the cylindrical area of the bond surface is
represented as an annular area. The x and y axes show the coordinate
system used for measurement and the indicated angle is the sense of the
Alpha parameter described in item 4 above. The grey portion of the annular
area of the plot represents the effective degree of full strength bond and the
cross-hatch portion represents the degree of disbondment. A 100% bond
would be all grey. For an alternative representation of the same data, a
linear graph of the same bond distribution is shown on page 11.

On page 10, Part 3 of the evaluation is devoted to determining the load
capacity of the brazed joint. These geometric inputs include piping.
dimensions (linked from page 9), the piping section modulus (calculated
from D and t), and the socket depth of the braze fitting, Linsert. This latter
value is linked to the spreadsheet lookup table on the right for the socket
depth. The dimensional standard for the fittings (MIL-F-1183, called
“MilSpec” ) is what is listed in the piping specification used for procurement
and construction.
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The strength of the bonded joint is represented by the equivalent piping
bending stress; i.e., the bending stress in the pipe for the same bending
- moment that the braze joint can withstand. The joint strength is presented
as an allowable stress so as to permit simple comparisons with pipe stress
levels available in pipe stress calculations. The derivation of the Formula
(3) of Figure 2 in Attachment A of the original submittal is as follows:

My = J Tb-yda

bagi =effective uniform pefcent bond

y

T= E'rmax

’ y= R-Sin(G)

da =-R-L. -d0
msert
X
2 2
_ D .\
My =4 Tmax'badj'Linsert'('.2"'3"](9)) do
0
2 x
DY
My = Tmax’{“'(;} 'Linscrt:l'badj
Mp,
Since g = then
) max~
pipe
D2
S T "Linsert Tmax
max~ adj
4 Zpipe J

The “Smax(100%)” value in the example represents the strength of a fully
bonded joint. It is based on the formula in the box on the right side of page
10, in the example evaluation, which is basically the same formula as
derived above. Thus, in the example the Smax(100%) value is calculated
as: '
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D’ ‘Lins
Smax(badj) = by [4 7. ] “Tmax

pipe

2375 6562
1o B23T5 636231 150 i = 38493psi
456645 \

For values of b, less than 100%, the braze joint strength is simply
bagj® Smax- These values of Sxx, Syy, etc are based on this relation, using
bag = Bxx, Byy, etc. from page 9 (see item 5). Thus Syy =
38,493e 41% = 15,631 psi. The Sallow is the minimum of Sxx and Syy and
represents the worst case joint strength. Thus, Sallow = 15,631 psi.

Once the joint load capability is known the actual loads in the piping are
required for comparison. The Pipe Stress Data part of the evaluation
summarizes stress results from the piping analysis and converts it to be in
the same terms as the joint load capability so as to permit a direct
comparison. This top part identifies the applicable pipe stress analysis. It is

'the same analysis that.documents the ASME Code and licensing basis

qualification of the piping and is therefore a valid basis for determining
design basis loading on the brazed joint.

The piping characteristics here are copied from earlier portions, except for
“A.pressure”, which is the effective area for pressure thrust load
calculations. It is based on the outside piping diameter (2.375 inches)
rather than the inside diameter of the pipe because the brazed joint socket
leaves the end of the pipe exposed to system pressure.

This section identifies the piping analysis node corresponding to the brazed
joint. It also lists the ASME Code stress intensification factor (SIF) that was
used for stress calculations. This is needed because for calculating ASME
Code pipe stress results, an SIF multiplier was applied to moment loading,
so if nominal stresses are used to represent moment Ioadlng the effect of
the SIF must be divided out. Thus,

Mpipe

pipe
SCode

S e e—
nominal SIF



13.

Serial No. 09-506

Docket No. 50-423

Response to RAI In Letter Dated September 4, 2006
Attachment 1 to Enclosure 3, Page 5 of 13

The SIF is listed at its nominal value (2.1 for all brazed joints) and also the
ASME Code value used for primary loading, “Primary SIF" =
0.75 2.1 =1.575.

These formulas are used to convert the Code pipe stress results to nominal
results. The first formula calculates the stress, “S; oset’, representing the
additional nominal stress resulting from the product of the pressure thrust
(pressure times area) and the lateral offset of the braze bond center of
effort, Doffset, as discussed in item 3 above. In the formula, Pnax is the
maximum pressure and Ay iS the area for pressure thrust (the same as
“A.pressure” described above).

The second formula in the box calculates the nominal piping stress, S,
equivalent to the braze joint loading. The only new term in the formula is
Sip, which is the ASME longitudinal pressure stress that is included with the
moment stress term in ASME Code stress results. The ASME Code formula
for Sy is:
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The derivation of the formula for S’ is as follows.

With 100% bond, the maximum shear on the braze filler metal due to pipe bending
and pressure loadingis

"bond = Tbend T Tpress

With less than 100% bond, the maximum shear on the
remaining braze filler metal is

. _ Tbend . Tpress
bond ~ -
Bpend Bpress

Since the acceptance criterion is

Thond < Tmax

and defining

Tallow = Bbend Tmax

the acceptance criterion can alternatively be written as

_ _ Bpend
Bbend ‘Thond = Tbend * Tpress” 5 < Tallow
press

)
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~ Since the bond shear stress is directly proportionai to
pipe stress, the above criterion becomes

B
bend
Sbe‘nd + Slp' B < Sallow
bpress
Since
SCade = Stp * PSifSpend
then
S a SCode ~ Slp
bend pSif /

Adding in the offset pressure bending term, the criterion becomes

S -5 B -
Code ~ ~lp bend _
+ Sp_offset + Slp' B < Sallow

psif press

The left side is the required stress for comparison to the allowable
Scode ~ Slp Bpend

Sp_oﬂ‘set + Slp'
Ppress

S'= -
' psif

This block lists the ASME Code pipe stress input on the left and the
conversion of the pipe stresses to nominal stresses on the right. The S
value on the left is calculated based on the design pressure and piping
dimensions using the formula stated above.

_ 100psi-2.375in

Sy, o= S
Ip 2.156in !

p=76]psi

The 64 value of Sp_offset due to the non-uniform bond is based on the
formula in the box above:

100-1.865
0.193 T-psi = 04 psi

0.56

The conversion of the ASME Code stresses into nominal stresses using the
formula derived above is illustrated by the conversion of the 2500 psi value

- forEq. 8:

2500 7 40.6%
25002761 oy 1 761 205
1.575 46. %%

= 1830 psi
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“The same formula applied to the Eq. 9 value (3500 psi) and Eq. 9F value

(4500 psi) results in the listed nominal stress values of 2465 psi and
3100 psi respectively. Since the 3100 psi value bounds the others it is used
for comparison to the allowable. '

As agreed in the response to Supplement Item 3, the nominal stress is
multiplied by a factor of safety of 1.5. '

Part 5 simply compares the results of Parts 3 and 4 to determine whether
the brazed joint has adequate structural integrity to withstand all design
basis loadings. In this case 4,650 psi joint loading is less than the 15,631
psi joint loading capability, so the joint is structurally adequate for design
basis loads pending its repair. (If the comparison were not successful, the
joint would be declared inoperable and appropriate action would be taken.)

The “Braze Bond Measurements” sheet records and summarizes the braze
bond UT readings. The UT readings are those recorded by procedure MP-
UT-45 as provided with the original submittal. This sheet performs the bond
level adjustments and also develops tables of values for plotting the percent
bond around the circumference of the joint.

The “Meas. Bond’ column is an input field for listing the measured percent
bond at each of the joint locations around the circumference. In this
example, the readings are all 40% except for ones at locations 7-9 and 13-
15. The “Adj. Bond” column is the result of adjusting each of the bond
readings according to the formula stated in the submittal. For example, the
40% bond is adjusted to:

(40-10)/(100-10) = 33%

The columns of measured and adjusted bond values are used on page 12
of the evaluation.

The Average, Minimum and Maximum bond readings are summarized here.
The average for the measured bonds listed here is the source of the
“Measured Ave. Bond” value reported on page 9.

The linear graph plot shown here is an alternative representation of the
bond readings to the polar plot shown on page 9.

The “Braze Bond Calculations” on page 12 is used to determine the
effective bond characteristics such as its principle coordinate system and
the effective bond for bending about the principle axes.
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The top half of the evaluation shown on page 12 calculates results for the -
as-measured bond readings from page 11. The results are shown for
information only, because the results are not used in the formal evaluation.

The lower half of page 12 calculates results for the adjusted bond readings
from the evaluation shown on page 11. The adjusted bond values are more
conservative (lower), and the effective bond values calculated are used in
the formal evaluation of bond strength.

The geometric formulas presented here are used in the evaluation shown

~on page 12. The outline of the bond calculations is presented in item 24.

The evaluation shown on page 12 first calculates the first, second and
cross-product moments of the bond distribution (variables ry, rx, Bpyy, Bpxx
and Bpxy respectively). From these the offsets of the center of bond effort’
(Yoffset, Xoffset) are computed, and then the bond moment terms are
translated to the offset coordinate system (Byy, Bxx, Bxy) using formulas
from the second formula box. From these three latter terms the angle of the
principle axes, Alpha, is determined in a standard manner in the third
formula box. With this series of formulas Alpha is forced to be in the range .
-45 to +45 degrees. With Alpha now available, the bond moment terms in
the original coordinate system can be rotated into the principle coordinate
system, resulting in Byy_p and Bxx_p. The equivalent bond levels for
bending are reported as twice these values, noting a 100% bond would
have a bond moment for bending of 0.5.

The bond characterization values Dxx, Dyy, Bxx, Byy and Alpha listed in the
evaluation shown on page 9 are linked to these calculated values at the
bottom of the spreadsheet. Again, the results based on measured bonds
are for information only and the results based on adjusted bonds are used
for evaluation.

The following pages, pages 10 through 13 of this attachment, show an example
. evaluation described in items 1 through 25 above.
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Braze Bond Structural Assessment Joint NRC 1 (exampie onty)

Part1 Basic Data { dashed boxes are inputs}

1 }\\ mpws___________ _____ - inputs: __________
R Line No: |3SWP_002-989-3 2375 in

. Pipe Dia
Sys Function: A supply to ACUS-1A

Nom. Wall Thk | 0.156 in
Piping iso: lcP-D123456 Pipe Mat1|SB 466 CDA 706

Joint: INRC1 1t Fitling Mat!\SBGlor62
Side of Joint:. !Upstream Ref. Bond Strength: 7,500 psi
Jt. Grientation: ih._lig_rig Asup _ Bond Adjustment 10%
Measured Ave. Bond 52% {caleulated. For bond measﬁrements, see sheet 'UT Readings'}
. 52 % »= 60 % ? No, Detailed assessment required
Part2 Bond Data Summary {data from sheet 'Bond Calcs"

Offsets based on adjusted bond:

D 0.000 in

Dyy -0.193 in
Doffset 0.193 in (16% of pipe radius)
Alpha 0.0 degrees - rotation angle of principal axes

Catculated effective bond data are
in principal axss system, and sre
based on adjusied bond.

Actual Adjusted

_‘_- Bxx 55% 50%
Byy 47% 41%

Bbend 47% 11%

Bpress 52% 7%

Kl

Mote: Plot is figurative only, actual
braze tond is cylindrical, not
through-wall.
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Braze Bond Structural Assessment Joint NRC 1

Part3 Calculated Bond Load Capability

Lookup Toi: Linserd per MilSpec
D 2375 in D.rom D.od Linsert
- tnom . $.156 in 374 1.495 11432
Pipe Z 0.566 in"3 1 1.315 Tite
Linsert {656 in (frem lockup table a: right) 145 1.9 58
Senax{100%;} 38,493 pai {from formuta at right} 2 2.375 21432
25 2.975 25132
Load Capability {Allowable Nominat Pipe Stress) 3 3.5 531584
{Based on bond levels from Part 2} :
Actual Adjusted
Sxx 21,262 19,348 psi gtress based on shear allow. and percent bond
Syy 18,082 15631 psi S
: _ DLy
Saliow 18,082 45631 psi " _ | izt
:’m‘;barﬁ} badj 17 . i oma
3 pipe J
Part4 Pipe Stress Data
{stress calz inputs) ' {daia from Part 1}
Stress Calc| NPXC1801 T —-"* Pipe Dia 2.375 in
Rev/CCN|_Rev.5CCMN4 | Nom. Wall Thk  0.156 in
Line Mo; 35WP-002-989-3 Pipe Mat| SB 466 CDA 708
Sys Function: A supply fo ACUS-14 ‘ Fiting Mat'l SB 81or 82
Piping 1so: CP-0123456 A pressung 1.865 in*2
Joint: NRC 1 L.pipe 3.568 in*3
inputs: —_
Stress Node i‘ﬁi_ ________________ ! DA
Alt. Stress Node |nfa 13 b— || So_offser = Dot —>
SiFUsed)_ ___23y_ ____L_—J 0 4 “pipe
Primary SiF 1.575 o St . s Bhend
- Cnputss psE p_offest © “ip B;ress
Desigrn Pressure | 180 psig |
Max Op. Pressure | 100 psig I . Calculated Mominat Stresses
Sio | 761 psi |sp_oftset 64 psi
Eq. 8 {P+DL}| 2500 psi | Sustdd 1830 psi
Eg. 9 (N 35040 psi ! NU g 2465 psi
Eq. 9F (Design Basizl !__ _4500 psi _ ! Faulteg 9F 3100 psi
' Max Pipe Nominal Stress 3100 psi

[15)—

144 - Apply Safety Factor of 4.5 4650 psi

Part5 Structural integrity Determination Joint NRC 1

Joint Load Capability 15,631
1.5*Design Basis Load 4 650

Check: 4,650 < 15,631 ===>

psi {from Part 3)
psi {from Part 4}

Braze is adequate for design basis iocads
Monitor untii repairireplacement
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16
\\
Braze Bond Measurements Joint  NRC 1
R Rmin
Bond Adiustent // 10% 1 0.75
Reading Angle Meas. Bond AdjBond  PiniValue Adj Plet Max in
1 i """ :Ka%{i 33% Desn g.832 1 0.75
2 18, 40%, 33% 0.850  0.333 1 '0.75
3 28 i 40%, 33% 0850  £.833 1 2.75
4 541 40%! 3 0.850 £.333 1 2.75
5 72| 40%) 3% 0850 0.533 1 0.75
( & Go! 40%! 33% 0.850 £.833 1 a.75
7 108| B0%| 78% 0.950  5.944 1 0.75
&. 126! 80%! 78% 0.850 0.944 1 0.75
. 144 80%| 78% 0950  0.944 1 0.75
10 162 40%! 3% 0850 0.333 1 0.75
11 180 46%)| 33% 0850 0.823 1 075
12 198, 40% 33% 0850  0.533 1 9.73
13 _ 216! 805%| T8% 0.850 G924 1 n.75
14 2341 . 80% 78% 0850  {.944 1 0.75
15 352 ! 80%, 78% 0850 0944 1 0.75
16 70 40%! 33% 0.850 0.523 1 0.73
17 283! 40%  33% 0850 0833 1 0.75
18 3(36i 4aﬁf;i 33% 0.850 0833 1 8.75
14 az4, 40%, 33% 0850  0.833 1 0.75
20 242 40%) 33% 0830 0.833 1 0.75
Mreadings 20 Ave 52% 47%
dTheta 18 Min 40% 33% e
degrees Max 80% 78% )
Adjusted Bond Readings
903
B0
70%
0% | A |
v o | .
19— | &8 N W
® 305; eeeeeed J |
208
105
03
8 90 180 270 160
Degrees
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—- Braze Bond Calculations Joint NRC1
Boset  Nreagings Equivaleni bond based on measured bond seadings, without adjustment
0% b}
D Angte Meas. Bord cosiheta) db'cos  db'coe’2 dbTebcos shithefz) dbEin  dbEN2
2375 g 7% 1036 D400 0400 0060 &000 GOJD OOOG
D5 13 43% G951 0380 0362 0198 £309 124 003
put 36 &0% B33 0324 0262 04 9588 235 04138
0 dagrmes 54 20% G586 0235 043§ OIS0 0 GE0 G324 0262
.00 rad 72 40% 630  0i24 0835 0116 0551 G330 0382
93 £0% GO3F G000 GACD G4cD 1000 0403 DADD
108 0% 3338  -0247 GO 0235 0 0851 GYSt 072
126 30% G538 0470 0276 0380 GE09 G647 DAM
124 80% 5302 0547 0SB Q380 0 0563 0 047 Q296
162 £0% 957 0380 032 Q18 439 00 G124 00
188 40% -103F 0430 0400 20060 2 GQEO0 &O3Z 0O
198 20% 495% 0380 D32 0196 4209 -B124 DO
218 30% 3308 0647 DEB 0380 3563 -B4V@ D26
234 3% 4558 0470 0276 0380 BED9 0647 05M
252 3% 4308 D247 0OT6 023 3551 L7 DA
70 &0% ©000 DDOD  DAGD 0860 -1.000 D40 DAOG
288 0% ¢33 D124 0338 O 9551 0380 D3sz
305 &0% 588 0235 013 0480 4R -BOM D2%E
324 0% (332 D324 D2E2  41%0 D588 B35 D13E
a2 £0% G517 0380 D362 G438 £309 G124 DO3B
oOBS  OOES5 4876  Of00  oODO0 GODR 553
chect=1 Yy Bpyy  Bpay Ccheckd [+ oK
5% 613t 0244 0400 0520 GOOR 0376
Rofeet  womset Byy Buy SyyeBux  Xamest Bx
CISE  -0156 0235 QOB0 Q511 GOID 076
BByy 47% Bave 31% BOxx 53%
S D 0235 Bxx [ 0276
47% 55%
Eyy-Baw=i F [£C & 5T Z3PNa 3% 3 A
4041 6000 GOJEF 1030 0360 QOG0 0000 Ao
FALSE TRUE 5.0 deg
\ tag= :‘ f’ affs| Equivalent bond based on adjusted bond readings
Ao By fan)
Arge  Ag.Sond coeihetay db'cos  dbfooe’2 db'ENoos Enftheta) oo'sin dbsn'2 !
— 9 3% 1036 0333 0333 440 4000 GO 005D
L IS CH 18 3 G35t G037 0302 0488 0 2309 &103 0032
” ) 3E 33% G318 0270 0298 0459 0588 G119 015
e L e, 54 33% GSEE 0136 04195 0438 0D GBI OZXE
T T VN 72 3% G332 0003 0432 G4%6 @551 G317 D3
92 33% GOIF 000 GABD 4460 1EOD G333 03R
g N b - 0 108 78% 6305 0240 044 0209 @851 LT O7@4
g T 128 78% 4588 D457 0268 0370 BER G623 0509
144 78% 4802 0629 0569 0370 8583 Db457 0260
Hyy = Py Ty Mo 162 33% 3951 0347 032 0P8 4A® G103 DOz
P 138 3% 4006 0333 D33 00 0 2000 BDOI  DOIE | 27
™ Pow b Py 198 33% 4351 D317 D@ 088 43W@ L9300z
Ry = Hipg ~ gy 218 78% 802 0629 DSB8 0270 4583 0457 D2E%
it Al v i R 234 7E%: 0588 -DAS7 D269 0370 0B -B623 050%
LLoEn, 252 78% £302 D240 DOFA 0229 0851 L7 DM
wn 2l = ) 2% GOSG D00 0EG0 06860 -1.000 0333 033
c |,"‘w 285 33% G30° 0193 DAd® g8 4851 G317 D3
o Ml = Py 305 33% G586 D136 0495 D159 0ED9  BIFE D2IB
L 324 33% G332 0270 0298 0159 4588 -R1¥E OIS
2 3% G951 0317 038 4858 9309 <6103 0032
. GOAG  DO76 4307 QS50 4000 GO S54%6
ey - Bprees TheaA= (3] oYy Bray  check=U ™
", &% Q182 0235 0460 48467 GOJB 025%
= Rofest  Yoffset By Bxy Dyy+Bwx  Mofsst Boxx
B S B183  -G183 0203 2 0Q00 6454  GOOE 0253
oY E PR BByy 41% Bave 45% BExx 50%
By Ty Sy p 0.203 Bxx_p 0254
%»WMM 5—*’3—“’@;; Sl ..i‘s‘}.m 2’ 41% 50%
) Nty Byy-Bo=0 Bay=0 B0 Zaipha cos 2aipha 51 2alpNa @n Checl aipha .
P, ™ T 028 298, o o i T 4048 €001 0 LO3E 10000 OOG0 0Q60  Q.000 raf ;
FALSE TRUE Do geg
-
w2asured Bords Bomds — @
Eord values CHoARtEC st A_cifset angie N Bord values celosiated at A_oitwet angie .
Yafset Byy  Xafset Bxx Yafeet Byy  Xofteet :
G156 4T% o003 55% £.133 41% 000 0%
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Example of Application of Methodology
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Example of Application of Methodoloqy

As requested in NRC letter dated July 27, 2009, question 3, an example of the
application of the previously approved brazed joint assessment methodology during the
third IS1 interval is provided. The example is of a brazed joint that was discovered to be
leaking on March 4, 2008. The following activities then ensued.

Date Activity Document Remarks
3/11/2008 UT Examination AWO M30802596 Attached to Technical
Evaluation
3/13/2008 Engineering Technical Evaluation Included with this
Assessment M2-EV-=08-0006 - | enclosure, Attachment 1
(19 pages)
5/29/ 2008 UT Re-examination AWO M30804182 Inspection sheet included

with this enclosure,
' Attachment 2 (2 pages)
8/26/2008 UT Re-examination AWO M30804183 Inspection sheet included
' with this enclosure,
Attachment 3 (2 pages)

10/8/2008 Begin MPS3 refueling | NA

outage
11/2/2008 | Brazed Joint Repair AWO M30802598, per | Brazed joints replaced
DM3-00-0192-08 with butt welds and socket
welds

The table shows that the 90 day reinspection frequency requirement of the methodology
was satisfied. - :

Note: The first examination and technical evaluation addressed nearby brazed joints
that were not leaking and therefore met construction code requirements. These
additional examinations were done for information only. Subsequent examinations
addressed the leaking joint only.

(26 pages of attachments follow)
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Technical Evaluation No. M3-EV-08-0006, Rev. 00, page 2 of 19
Evaluation of Unit 3 Service Water Brazed Joint Flaw, Line 3SWP-075-V222

i

Section _page

Table of Contents ' | 2
1.0PURPOSE 3
2.0 BACKGROUND 3
3.0 REFERENCES - | | 3
4.0 DISCUSSION - 4
5.0 SAFETY-SIGNIFICANCE 9
6.0 CONCLUSIONS - 9
7.0 LIST OF ATTACHMENTS 9
Pages in body 9

Pages in attachments ' 10

" Total pages ' 19
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Technical Evaluation No. M3-EV-08-0006, Rev. 00, page 3 of 19
Evaluation of Unit 3 Service Water Brazed Joint Flaw, Line 3SWP-075-V222

1.0 PURPOSE

The purpose of this evaluation is to determine the structural integrity of a leaking brazed joint in
service water instrumentation piping to flow indicator FT-43B, upstream of root valve
3SWP*V222. This %” piping branches off line 3SWP-030-095-3. The brazed joint was
identified as having evidence of leakage in CR-08-02368. A subsequent UT exam characterized
the extent of brazed joint bond (Reference 3.3). This document provides a structural evaluation
to support continued operation pending repair and summarizes requirements to monitor its
condition.

2.0 BACKGROUND

" A method for evaluating the structural integrity of degraded brazed joint was developed in

Reference 3.4 and accepted by the NRC in Reference 3.5. The Reference 3.4 Technical
Evaluation provides a spreadsheet based evaluation tool to assess the structural acceptability of
degraded (including leaking) brazed joints. This Technical Evaluation, in conjunction with the
UT procedure (Reference 3.6), provides the basis and specific instructions for examination,
structural evaluation and reinspection requirements for degraded brazed joints in Millstone Unit
3 service water piping. Procedure MP-24-ENG-FAP947 (Reference 3.8) summarizes all
requirements for responding to service water leaks.

The spreadsheet documented in the Reference 3.4 Technical Evaluation implements the
approved methodology for evaluating brazed joint integrity. Its data inputs include calculated
piping stress levels and the UT bond readings for the joint. The sheet is self documenting and
provides a conclusion on whether the joint is acceptable for design basis loading. Specific
directions for use of the spreadsheet are contained in Reference 3.4 and are not repeated here.

3.0 REFERENCES

3.1 CR-08-02092, Unplanned TRM for Minor Seepage From A SWP Strainer Backwash
Line 3-SWP-003-021-3 Brazed Joint, dated 3/04/2008.

3.2 . Drawing No. 25212-21001 sheet 21, Rev. 9~

3.3 Ultrasonic Examination Straight Beam Measurements, AWQ Number M3 —08-02596,/
dated 03/11/2008 (Attachment 1).

3.4 Technical Evaluation M3-EV-05-0002 “Examination and Structural Assessment of
Brazed Joints” Revision 01 dated 7/17/07.

3.5 “Safety Evaluation by the Office of Nuclear Reactor Regulation, relief Request IR-2-38”,

US NRC, Transmitted by the letter dated February 28, 2007, Dominion licensing file 07-
0153.
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3.6 Procedure MP-UT-45 Rev 00-01 “Ultrasonic Examination Procedure for Examination of
Brazed Joints — Millstone Unit 3 Service Water Piping”.

3.7 Calculation No. NP-SWP-95-V222, Rev. 2 Change 0, “Root Valve Piping: Support
Requirement Verification”.

3.8 Procedure MP-24-ENG-FAP947, Rev. 001-01, “Non-Code Repairs in Safety Class 3
Piping”, dated 9/24/2007

4.0 DISCUSSION

The UT was obtained on three brazed joints, FW-37, FW-38 and FW-8. Only FW-38 was
leaking arid that degraded condition is the one specifically evaluated here. FW-37 was not
leaking and had greater braze bond than FW-38. FW-8 was at a flange that had interfering studs
so only a partial set of readings was obtained on it; however it had readings comparable to FW-
38. As discussed in Reference 3.4 the ASME Code does not have a requirement for minimum
braze bond. Thus there is no degraded or non-conforming condition for either FW-37 and FW-8
and they are not considered to be a structural integrity concern requiring detailed evaluation.

For information only the braze bond readings and evaluation summary for FW-37 are attached.

The formal evaluation of the leaking braze joint FW-38 is documented on the following
spreadsheet pages. The braze bond UT readings are transcribed directly into the ‘UT Readings’
sheet. To account for 12 data points, the data input range for the average bond was modified to
only consider the 12 data points, and zero percent bond readings were input for the other eight

data point inputs that were not needed. A similar change was made on the ‘Bond Calcs’ sheet

for the “BPress” on lines 29 and 65. Finally, on the summary sheet, the plot range was changed
in order to show only the relevant 12 data points. Note that the methodology does specify a
minimum number of UT data points and 12 points on the approximately 1.5 OD of the elbow

fitting give a data point spacing of about 0.4 inches which is comparable with the UT probe size.
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Braze Bond Structural Assessment Joint SWP95-FW-38

Ref: TE M3-EV-05-0002 Rev. 1 this sheet revised 07/17/2007

Part1 Basic Data ( dashed boxes are inputs)
Line No:{SWP-075-V222 ~
Sys Function::FT-438 upstrm instr tubing
Piping Iso:|CI-SWP-95 Sh 2
Joint:: SWP95-FW-38

Pipe Dia i_ """""""
Nom. Wall Thk: 0.154 in
Pipe Mat't iSB 466 CDA 706
Fitting Mat+SB 61or 62

Side of Joint:|Dnstrm Ref. Bond Strength: 7,500 psi
. Jt. Orientation:na Bond Adjustment 10%

Measured Ave. Bond 42% (calculated. For bond measurements, see sheet 'UT Readings')
\ ' 42 % >= 60 % ? No, Detailed assessment required

Part 2 Bond Data Summary ‘(data from sheet 'Bond Calcs’)

Offsets based on adjusted bond:

Dxx <0.117 in

Dyy - 0.038 in

Doffset 0.123 in (23% of pipe radius)

Alpha -12.5 degrees - rotation angle of principal axes

Calculated effective bond data are ‘ 1

in principal axes system, and are
based on adjusted bond.

Actual Adjusted

Bxx 46% 40%
Byy - 34% 27%
Bbend 34% 27%
Bpress 42% 35%

Note: Plot is figurative only, actuat
braze bond is cylindrical, not
through-wall.

3SWP-V222-FW38.xis
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Page 6

Sheet 2 of 4
Braze Bond Structural Assessment Joint SWP95-FW-38
Part3 Calculated Bond Load Capability
Lookup Thi: L.insert per MilSpec
D 1.051in D.nom D.od -Linsert
tnom 0.154 in 3/4 1.05 11/32
Pipe Z 0.085 in*3 1 1.315 716
Linsert 0.344 in (from lookup table at right) 1.5 1.9 5/8
- Smax(100%) 26,169 psi (from formula at right) 2 2375 21/32
25 2.875 25132
Load Capability (Allowable Nominal Pipe Stress) 3 3.5 53/64

(Based on bond levels from Part 2)

Actual Adjusted
Sxx 12,134 10,391 psi
Syy 8,984 7,015 psi
Sallow . 8,984

7,015 psi

Part4 ' Pipe Stress Data

(stress calc inputs)
Stress Calc: NP-SWP-95-V222
Rev/CCN| Rev.2, CCNO

Line No: SWP-075-v222
Sys Function: FT-438 upstrm instr tubing

stress based on shear allow. and percent bond

2
D" Lingert |.
res T max

pipe

Sma:(b adj) =b a§j'[

(data from Part 1)
. Pipe Dia - 1.05 in
Nom. Wall Thk’ 0.154 in
Pipe Mat'l SB 466 CDA 706
Fitting Mat'! SB 61or 62

Piping Iso: CI-SWP-95 Sh 2 A.pressure 0.825in"2_
Joint: SWP95-FW-38 Z.pipe 0.085 inA3
onedlst .. —_ |
Stress Node!n/a ! P_A
Alt. Stress ,Node;n/a 1S, offset = Doffser ““‘z" : pres
SIFUsed! _ 24 B pipe
Primary SIF 1.575 3-S5 ' s vs Biend
] __dnputst = psif p_offset * “lp Bpres
Design Pressure | 100 psig i
Max Op. Pressure 100 psig ., Calculated Nominal Stresses
Sip ! 170 psi ISp_offset 119 psi
Eq. 8 (P+DL)) 2448 psi | Sustdg 1695 psi
Eq. 9 (N/U)! 5238 psi ! N/U 9 3466 psi
Eq. 9F (Design BasisO!‘ ___ 6402 psi _! Faulted 9F' 4205 psi
Max Pipe Nominal Stress 4205 psi
Apply Safety Factor of 1.5 6308 psi
Part5 Structural Integrity Determination  Joint SWP95-FW-38

Joint Load Capability
1,5*Design Basis Load

7,015 psi
6,308 psi

Check: 6,308 < 7,015

(from Part 3)
(from Part 4)

~Monitor until repair/replacement

~

ISWP-V222-FW38.
Page 6 0f 19

xis

=== Braze is adequate for design basis loads



Page 7 0f 19

M3-EV-08-0006

Braze Bond Measurements

Nreadings
dTheta
degrees

Reading

OO~ H_WON—=

Bond Adjustment 10%
Angle Meas. Bond Adj Bond
o! 40%. 33%
30; 4o%i 33%
60, 40%; 33%
90) 30%) 22%
120! 40%: 33%
150} 20%) 11%
180! 30%! 22%
210) 30%} 22%
240, 60%. 56%
- 270l 80%] 78%
300! 60%: 56%
33ol 30%  22%
360! 0% 0%
390! 0% 0%
420, 0%; 0%
450, 0%: 0%
480 0%) 0%
510¢ 0%! 0%
540 0%| 0%
570t 0%! 0%
Ave 42% 35%
Min 20% 1%
Max 78%

80%

Page 7
Sheet 3 of 4

Joint SWP95-FW-38

PlotValue Adj Plot

0.850
0.850
0.850
0.825
0.850
0.800
0.825
0.825
0.900
0.950
0.900

0.825

0.750
0.750
0.750
0.750
0.750
0.750
0.750
-0.750

G9:G21

3SWP-V222-FW38.xls

0.833
0.833
0.833
0.806

0.833 .

0.778
0.806
0.806
0.889

" 0.944

0.8889
0.806
0.750
0.750
0.750
0.750
0.750
0.750
0.750
0.750

R
o1
Max
1

[ T U I I I G i e e e R

Rmin
0.75
Min
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75°
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
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Braze Bond Calculations Joint ‘SWPS5-FW-38
_ Botfset Nreadings Equivalent bond based on ed bond readings, without adjustment
wh o, 2 '
D Angle Meas. Bond cos{theta) dbcos db*eos*2 db'sin’cos sin{theta) db*sin db'sinA2
1.05 0 0% 1,000 0400 0400 0.000 0.000 0.000
30 40% 0.866 0.346 0300 0173 0.500 0.200 0.108
Aoffset Input 50 40% 0.500 0200  0.100 0173 0.866 0.346 0.300
@ degrees 90 30% 0.000 0.000  0.000 0.000 1.000 0.300 0.300
0,000 rad 120 40% -0.500 ©.200  0.100 0.173 0.866 0.348 0.300
150 20% -0.866 €173 0150 -0.087 0.500 0.100 0.050
180 30% -1.000 0300 0300 0,000 0.000 , o000 0.000
210 0% -0.866 0260 - 0225 0.130 -0.500 0.150 0.075
240 0% -0.500 0300 0.150 0.260 0.856 0.520 0.450
270 80% 0.000 0000  0.000 0.000 1.000 0.800 0.800
300 60% 0.500 0300  0.150 0.260 0.866 0.520 0.450
230 30% 0.866 0.260  0.225 0.130 £0.500 0.150 0.075
350 0% 1.000 0000  0.000 0.000 0.000 0.000 0.600
. 390 0% 0.866 0.000  0.000 0.000 0500 0.000 0.000
420 % 0.500 0.000  0.000 0,000 0.856 0.000 0.000
450 0% 0.000 0.000  ©0.000 0.000 1.000 0.000 0.000
480 0% -0.500 0.000  0.000 0,000 0.866 0.000 0.000
’ 510 0% 0.866 0.000  0.000 0.000 0.500 0.000 0.000
540 0% -1.000 0000  G.000 0.000 0.000 0.000 0.000
570 0% 0.866 0000 0000 0.000 0.500 0.000 0.000
. 0.000 0023 2100 0.087 0.000 0.071 2.900
Bpress check=0 oy Bpyy Bpxy check=0 ~ Bpxx
a% 0055  0.475 0.007 0.417 - 0.169 0.242
Roffsel Yoffset Byy Bxy Byy+Bxx Xotfset Bxx
0.083 0.026 - 0.174 0.01 0.403 0.089 0.230
BByy 35% Bave 40% BBxx 46%
By p 0172 Bxx_p 0.232
4% . 46%
Byy-8x=6 Bxy=0 tan Zalpha oos 2afpha sin Zalpha tan check afpha
0.055  0.011 0930 -0.388 0.396 0.188 rad
FALSE  FALSE , 108 deg
Equivalent bond based on adjusted bond readings
cosfthea) db'oos ob'cos*2 db*sin"cos sin{theta) db'sin - db"siv2
) . 0 BY% 1.000 0333 033 0.000 . 000 0.000 0.000
By 2riee(®) 30 33% 0.866 0288 0250 0.144 0.500 0.167 0.083
&0 33% 0.500 0.167  0.083 0.144 0.866 0.289 0.250
' a2 90 2% 0.000 0000  ©.000 0.000 1.000 0.222 0.222
Bt g2t n(] 120 33% £.500 0167 0,083 0.144 0.866 0.289 0.250
150 "% 0.866 0095 0063 £.048 0.500 0.056 0.028
x fs 180 2% -1,000 0222 0222 0.000 0.000 0.000 0.000
Baym 20l i)'“’_‘('j 218 229, 0.866 0192 04967 0,096 -0.500 2.11t 0.056
2 248 56% 0.500 0278 0.139 0.241 0.866 0.481 0417
Byy ™ Oyr ~ oy v 27 78% 0.000 0000  0.000 0.000 -1.000 0.778 0.778
2 300 56% 0.500 6218 G130 0,241 0,866 0.481 0417
Bax®™ Fan™ faxbav 330 2% 0.866 0192 0167 -0.098 0.500 0111 0.056
360 % 1.000 0000 0.000 0.000 0.000 0.000 0.000
Bon® T~ asitioud 390 0% 0.866 0000  0.000 0.000 0.500 0.000 0.000
0] 5 R 420 0% 0.506 0.000  0.000 0.000 0.868 0.000 0.000
[CWEEN] 450 0% 0.000 0.000  0.000 0.000 1.000 0.000, 0.000
-3 480 0% 40.500 0000  0.000 0.000 0,666 0.000 0.000
corfralw 510 0% -0.866 0000  0.000 0.000 0.500 0.000 0.000
[iByy -3« <8, 540 0% -1.000 0000 0.000 0.000 0.000 0.000 0.000
e larfza)} |28 570 0% 0.866 0.000  0.000 0.000 -0.500 0.000 0.000
in(aje Solalzallin,g) 0.000 025 1.667 0.096 0.000 -0.078 2.556
’ (Byy -0, )2 - ..3‘; Bpress chock=0 y Bpyy Bpxy check=0 ~ Bpxx
[P 0072 0139 0.008 0.352 -0.223 0.213
aw EIWI(M(L(:))
Roftsel Yoffset Byy Bxy Byy+Bxx Noftset Bxx
BytB, By-B ) 0.123 0038  0.437 0.014 0.333 0.117 0.196
T oy 27% Bave 33% BB 3%
Byy_p 0.134 Bxx_p, 0.139
. -
By 22 B )by yentza) | 27% 40%
Byy-Bxx=0 Bxy=0 tan 2alpha cas 2alpha sin Zalpha tan check alpha
et ooz a)e 2 e 0.058  0.014 0.467 0906  -0.423 0.467 0219 rad - -
Dp_ay™ By 7 FALSE FALSE 12,5 deg
Measured Bonds. Adjusted Bonds
Bond values calcutated at A_offset angle Bond values calculated et A_ofisot angls
Yofiset Byy Xoffsel Bxx Yofiset Byy Xoffset Bxx
0.029 35% 0.089 48% 0.038 2% 0.7 39%)
)
3SWP-V222-FW3Bxls
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Evaluation of Unit 3 Service Water Brazed Joint Flaw, Line 3SWP-075-V222

5.0 SAFETY SIGNIFCANCE

This technical evaluation is prepared in support of an operability determination and is not a
change to the design or operation of the plant as described in the licensing basis. Therefore
a 50.59 screen is not required. Because the evaluation shows the piping meets approved
evaluation criteria there is no impact on safety of plant operations.

6.0 CONCLUSIONS

The degraded socket welded fitting described in CR Reference 3.1 has been evaluated according
to the NRC approved methodology documented in Reference 3.4 and determined to be
structurally acceptable for continued service until such time a Code Repair can be performed.
According to NRC agreement documented in Reference 3.4 and 3.5, the limitations for use
require repair of FW-38 at the earliest of the following:

¢ next schedule outage of sufficient duration to complete repairs, or a scheduled shutdown
greater than 30 days

» next refueling outage

e time at which the flaw/leak size is predicted to exceed the flaw/leak size accepted by
evaluation '

\

In addition, compliance with the accepted methodology requires periodic reassessments of FW-

38 and augmented examination of five other similar joints, as detailed in Reference 3.8,
Sections 2.6 and 2.4 respectively.

7.0 ATTACHMENTS
Item  Description , ‘ ~ No. Pages
1 Braze Bond UT Readings 5
2 Structural Assessment of FW-37 (info) 4
3 Independent Review Comments 1
Total pages of attachments 10
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{0 _ _ -
. : o . ATTACHMENT 1 )
' 'U.L'TRASONIC CALIBRATION DATA SHEET -
i ' 'Page _Lot_é[___ .
[ ran:__Mcllstone - e 3 '
' , AWO Number: _ M- 08 - 0A57(
{ Purpose: _E ng’ ._10'6.0 ) Ny .
> | CabBlock Temp YA .
CatBlockNumver_§4 - 77 89 Riehe 7
| owe No_-___ng?s.l;( - &‘.Oo I' g $H &’ - Thermometer S/N & Due Date 4
__GearchuUnit Instrument & Setings ' Y Step
Manufacturer KRA | Mig, 7 Model’ K8 '
Style o Type Gomao, Serdal Number  100CLXR | 100 | | -
| Frequency . Smife | [Range [Q% : '
; | Size & Shaps -, RS 77 | Materdal Velocity | 7960 US 80 | - ?
1 Mode TorC -~ 1 C - | Belay = A8 2 I
Search Unit Angle 02 | [Puser " | ool 60
‘| MeasuredAngle” . | A/a . | Reject WY
1 1 Serial Number . Jogve3 | Proqueéncy 2,9 1 40 {
’ .Cab!gType. Length 7 N Démplng. , IOOQ OAN -
: | Wo. of Connetlars l Q Zero Value | 4,122 20 , ]
i ' : Pulse Rep Rafe Hiah | 2 4 8 8 10
. 4 {Galn Setting: NIy o '
Allachmentsi(Check)  ~ | | Calbraions | Time " CRT Setup inches
J 1-§ | Sketch Sheet YA .| [wtialCalibration | j7200 . Metal Path V71
S Supplements Y Final Calibration N/A - | Dapth /7,0 %
: I ‘ ‘ Fingl Calibraton | 4060 -
- Couplant Data )
Brand | Soundsafe
Batch Number 06120 A
| ['SAP Batch Mgmt.
No 000075238
. Component D T o Compon'an(Type ) ~ Comments. . ]
J| Fwg, Ful32a0d FW3F]  Bra2e Joinfs , Joinle UPSiceam of ISwPx Y232 |
. |4 Examiner (Print & Sign) /1 7 g Level __TC Date ,‘;é//[og '
. Examiner (Print & Sign) "Z : Lovel _X/A  Date_ Y/A '
- Reviewaer (Signature) . » ) . Leve! -Date
1 ' MP-UT-45
: - ; Rev. 000-01
Page 10 of 11
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i

Recorded i

.I.

performed U1 Scan. o# )
+ F I‘MX. UT R

L?m/mg

Attachment 1 Exam Data Sheet
Millstone Power Station ULTRASONIC EXAMINATION
' STRAIGHT BEAM MEASUREMENTS'
Plant__ M 11 SToNG Unit _3’ Page "/ of _{
System & Zone No. 3 3 16 I::xam Data Sheet No. N/ A
‘| Component ID 3"1 PPy 0q Us of 3SwPAVARL | AWO Number _M 3-08- 02578 ‘
Component Description y’l PI 'Pe Drawing No. & 5 3\’ A-2{00/ S fad ;U
Examination Purpose E ng LIn'PO J ] Line Ne. H/A
Instrument & Settings Calibration Block(s) Component Data 3
_ Manufacturer KA Type Serial No. Material A Component T | ;1547
: Model No. USN_ K2k Srep ik | 949-7792] cony Component Dia. _ | 3/y /7
Serial No. ooCcL xR 7R Ny 7y Attachments. s
: Range Lo "
Velocity. I8¢ HS Calibration Cheeks . Block Thickness Instrument Reading
Delay =, 24A8S | Type Time Min: Max. Min. Max.
Zero Value , 4,i79%5 Initial 2000 £100% 1| ,400” 22007 1200 Y
Cal Tolerance | £ ,004 */ Intermediate A A7
' " Intermediate A . A | A :
Search Unit Data Final 2030 1700 1,9007 | 47007 |, 5007
Manufacturer KRA
“TypeNo. . | Go/mma Couplant Data Coatings Factor Data
'} Serial No. Joecyts Brand - SouﬂdSqF{ Surface Painted [%7]
- Frequency & mie | BatchNo, 06130 A ACT* mils = N/
{'size - a5 SAP Batch Mgt No..,. 100000 7 5q 32 1 Tacrxsmis= | /4
o L * Average Coating Thickness
Skctch/Commcnts Arga Amwh Photo(s) of Rblc#ant Condlhons Sepamtcly -,
I __Sw Hﬁgﬁ&l‘ -
woo /r .
l’53'—0'4’7 ; " /7
SN 4577 = 143

- ? »
Eximiner (print & si@)ﬁMﬂWM

Reviewer (sign)

ANI/ANT! If Required (Sign) "’/ A
Level of Use MP-UT-5
‘ ' Rev. 000-05
Re‘fere'nce Page 23 of 25

1
)
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M3-EV-08-0006 Rev. 00 Page 15
Sheet 1 of 4

Braze Bond Structural Assessment Joint SWP95-FW37

Ref. TE M3-EV-05-0002 Rev. 1 this sheet revised 07/17/2007

Part1 Basic Data ( dashed boxes are inputs)
Line No:\SWP-075-v222 ~ ~ i
Sys Function: {FT-43B upstrm instr tubing '
Piping Iso:CI-SWP-95 Sh 2 i
Joint: 1 SWP95-FW37 :
Side of Joint:|Upstrm | Ref. Bond Strength: 7,500 psi
—

PipeDiaj  1.05in
Nom. Wall Thk 0.154 in
Pipe Mat'l}SB 466 CDA 706

Jt. Orientation: jater .~ Bond Adjustment 10%
Measured Ave. Bond 59% (calculated. For bond measurements, see sheet 'UT Readings')

59 % >= 60 % 7 No, Detaifed assessment required

Part2 Bond Data Summary {data from sheet 'Bond Calcs')
L Offsets based on adjusted bond:
: Dxx -0.008 in-

Dyy -0.026 in

Doffset 0.027 in (5% of pipe radius)

Alpha 9.7 degrees - rotation angle of principal axes

Calculated effective bond data are
in principal axes system, and are
based on adjusted bond,

Actual Adjusted

Bxx 66% 62%
Byy 52% 47%
Bbend 52% 47%
Bpress 59% 55%

Note: Plot is figurative only, actual
braze bond is cylindrical, not
through-wall.

3SWP-V222-FW37.xis
Page 15 of 19




M3-EV-08-0006 Rev. 00 Page 16
: Sheet 2 of 4

Braze Bond Structural Assessment Joint SWP95-FW37

Part3 Calculated Bond Load Capability

: Lookup Tbt: L.insert per MilSpec

: D 1.05 in D.nom  D.od Linsert

; tnom . 0.154 in 374 1.05 11/32
- Pipe Z (0.085 in"3 : 1 1.315 7116
Linsert 0.344 in (from lookup table at right) ' 15 1.9 5/8
. Smax{100%) 26,169 psi (from formula at right) ' 2 2.375 21/32
: 25 2.875 25/32
: Load Capability (Allowable Nominal Pipe Stress) 3 35 53/64

(Based on bond levels from Part 2)
' Actual Adjusted

Sxx 17,213 16,218 psi stress based on shear allow. and peréent bond
Syy 13,695 12,295 psi 5 :
Sallow 13,695 12,295 psi D" Lingert
' ' psi S mad® agj) = P ady Tz | “may
pipe

Part4 Pipe Stress Data

Ssirggs calc_igpy_ts) ______ (data from Part 1}
Stress Calc, NP-SWP-95:V222 B Pipe Dia 1.05 in
Rev/CCN|_ Rev.2, CCNO 1 Nom. Wall Thk 0.154 in
Line No: SWP-075-v222 Pipe Mat'l SB 466 CDA 706
Sys Function: FT-43B upstrm instr tubing Fitting Mat'l SB 61or 62 }
, Piping Iso: CI-SWP-95 Sh 2 A.pressure 0.825 in*2 _ __
. Joint: SWP35-FW37 Z.pipe 0.085 in*3
_nputst .. - |
Stress Node!n/a | P__.A
Alt. Stress Nodein/a i Sp_offset = Dorfwl-ﬂggi
‘: SIFUsed, _ 24 ) pipe
Primary SIF 1575 S-S Bpeng
— =——+5, offsa t Sip5
_puts: . psif  P- P Byres
Design Pressure; 100 psig )
Max Op. Pressure + . 100 psig . Calculated Nominal Stresses N
“Sip ! 170 psi ISp_offset - 27 psi
Eq. 8 (P+DL)) 2448 psi | Sustd® 1619 psi
. - Eq. 9(N/U)' . 5238 psi’ ! NUGg 3391 psi
Eq. 9F (Design Basis0| __ 6402 psi___ ! Faulted 9F' 4130 psi
Max Pipe Nominal Stress 4130 psi
Apply Safety Factor of 1.5 6195 psi

Part 5 Structural Integrity Determination  Joint SWP95-FW37

Joint Load Capability . 12,295 psi (from Part 3)
1,5"Design Basis Load 6,195 psi  (from Part 4)

Check: 6,195 < 12,295 ===> Braze is adequate for design basis loads
Monitor until repair/replacement

_ 3SWP-V222-FW37.Xis
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M3-EV-08-0006 Rev. 00

Braze Bond Measurements

Nreadings
dTheta
degrees

Page 17 of19

Reading

OO N WN >

Bond Adjustment 10%
Angle Meas. Bond Adj Bond
o 40%: 33%
30 40%)  33%
60! 80%: 78%
90| 60%| 56%
120! 50%! 44%
150] 80%f 78%
. 180, 60%: 56%
210l 40%] 33%
2401 60%: 56%
270l 80%  78%
300 80% 78%
330! 40%! 33%
360i o%i 0%
390, 0% 0%
420 0%, 0%
450! 0%: 0%
480) 0% 0%
510 0%! 0%
540| 0% 0%
570, ____ 0% 0%
. Ave 59% 55%
Min 40% 33%
Max 80% 78%

Joint SWP95-FW37
R
1
PlotValue Adj Plot Max
0.850 0.833 1
0.850 0.833 1
0.950 0.944 1
0.900 0.889 1.
0.875 0.861 1
0.950 0.944 1.
0.900 0.889 1
0.850 0.833 1
0.900 0.889 1
0.950 0.944 1
- 0.950 0.944 1
0.850 0.833 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1
0.750 0.750 1

G9:G21
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Rmin
0.75
Min
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
"0.75
0.75
Q.75
0.75
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Braze Bond Calculations Joint SWP95-FW37
Boffset Nreadings Equivalent bond based on measured bond readings, without adjustment
10% 12 B
o Angle Meas. Bond cosftheta) db*cos db'cos*2 db'sin"cos sin(thela) db*sin db*sim2
1.05 Q A% 1.000 0.400 0.400 0.000 0.000 0.000
30 0% 0,868 0346  0.300 0.473 0.500 0.200 0.100
Aoffset input 60 B0% N 0.500 0.400 0.200 0.346 0.866 0.693 0.600
\ 0 degrees ] 60% N 0.000 0.000  0.000 0.000 1.000 0.600 0.600
0.000 rad 120 50% -0.500 0250 0425 0.217 0.856 0433 0375
150 80% -0.866 -0693 0600 -0.346 0.500 0.400 0.200
180 60% -1.000 -0.600  0.600 0.000 0.000 0.000 0.000
210 40% -0.866 0346 0.300 0.473 -0.500 -0.200 0.100
240 60% -0.500 0300 0.450 0.260 -0.866 -0.520 0.450
270 80% 0.000 0000  0.000 0.000 -1.000 -0.800 0.800
300 80% 0.500 . 0400  0.200 -0.346 -0.866 -0.693 0.600
330 40% 0.866 0346  0.300 £0.173 -0.500 0.200 0.100
360 0% 1.000 0.000  0.000 0.000 6.000 0.000 0.000
390 % 0.856 0.000  0.000 0.000 0.500 0.000 0.000
420 0% 0.500 0.000 0.000 0.000 0.866 0.000 ©.000
450 0% 0.000 0000  0.000 0.000 1.000 0.000 0.000
480 % -0.500 0000  0.000 0.000 0.866 0.000 0.000
510 0% -0.866 0.000  €.000. 0.000 0.500 0.000 0.000
540 0% -1.000 0.000  0.000 0.000 0.000 0.000 0.000
570 0% 0856 0.0600  0.000 0.000 -0.500 0.000 0.000
8.000 -0.025 3475 0430 0.000 -0.007 3925
Bpress check=0 oy Bpyy Bpxy check=0 ©> Bpxx
59% -0.042 0.265 -0.011 0.582 -0.012 0.327
Roffset Yoffset Byy Bxy Byy+Bxx Xoffset Bxx
0.023 0022 0264 -0.014 0591 -0.006 0.327
BByy §3% Bave 59% BBxx 65%
Byy.p 0.262 Bxx_p 0.329
. - 52% 66%
Byy-Bor=D Bxy=0 tan 2alpha cos 2alpha ¢in 2alpha tan check al)
-0063 -0.011 51 0.33% 0.35% 0.169 rad
FALSE FALSE 9.7 deg -
Equivalent bond based on adjusted bond readings
Angle Adj. Bond cos(theta) db*cos db*cos"2 db*sin“cos sin(lheta) db’sin db*sin*2
) 2 0 33% 1.000 0.333 0.333 . 0.000 0.000 0.000
By = 5 2 breon(8) 30 3% 0.866 0288 0.2 0.144 0.500 0167 0.083
60 78% 0.500 0389  0.194 0.337 0.866 0.674 0.583
' g 90 56% 0.000 0000  0.000 0.000 1.000 0.556 0.556
L ;'Z’r“ﬂ("s) 120 44% -0.506 -0.222 G111 -0.192 0.865 0.385 0333
150 78% 0.866 -0.674  0.883 -0.337 0.500 0.389 0.19¢4
) . 180 56% -1.000 0556  0.556 0.000 0.000 0.000 0,000
4By ;'Z"r"“(“e)'":'(:} 210 3% -0.668 0289 0250 0.144 -0.500 0.167 0.083
2 240 56% 0.500 -D.278 0.13g 0.241 -0.866 -0.481 0417
Byy = Byy —tyy bav 270 78% 0.000 0.000  0.000 ©0.000 -1.000 0.778 0.778
2 300 78% 0.500 0383 0194 0.337 -0.866 -0.674 0583
Ba® Fax= Tax taw 330 B% 0.866 0289  0.250 0.944 -0.500 -0.167 0.083
360 0% 1.000 0.000  0.000 0.000 0.000 0.000 0.000
E Do = Luiliasd 390 0% 0.866 0.000 0.000 0.000 0.500 0.000 0.000
wd2a)= By 420 o% 0.500 0000  0.000 0.000 0.866 0.000 0.000
(8- B 450 0% 0.000 0.000  0.000 6.000 1.000 0.000 0.000
By -84 480 0% 0.500 D00 0.000 0.000 0.866 0.000 0.000
coa{2a)n 2 510 0% -0.866 0000 0.000 0.000 0.500 6.000 0.000
I(“n ~B ) e am] 540 0% -1.000 0000  0.000 0.000 0.000 0.000 0.000
enliectzal} 28, 570 o% -0.866 0000  0.000 0.000 -0.500 0.000 0.000
sa(za)= Joludzolzs, ] 0.000 0.027 2851 0144 0.000 -0.008 3694
‘B" -8, )1, 4 “;yz Bpress check=0 ry Bpyy Bpry check=0 2] Bpxx
\ 55% 0050  0.238 0012 0.546 -0.015 0.308
ams ssinlsn(2a))
Roffset Yoffset Byy Bxy Byy+Bxx Xofset Bax
By % BB 0.027 0026 0.237 -0.012 0545 -0.008 . 0.308
Byys g v eltal e nyinlia) BBy 47% Bave 54% BBxX 2%
B..+B, B. -0, ) Byy_p 0.235 Bux_p 0.310
By W@ «11;——' - —Dz—“mha) - B, ysin(20) 47% 62%
- b B 8yy-Bo=0 Bxy=0 lan 2alpha cos 2alpha sin 2alpha tan check alpha
yy ~Bx 007t -0.012 2 0943 0332 0.352 0.169 rad
By ay™ Syt - HH— (i) FALSE FALSE 97 deg .
Measured Bonds Adjusted Bonds -
Bond values calataled ot A_offset arxle Bong values calcutatad at A_offsat angle
Yofiset Byy Xoffset Bxx Yatfset Byy  Xoffset Bxx
-0.022 33% -0.006 65%) -0.026 47%  -0.008 62%
,
N
ISWP-V222-FW3ar.xis
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Serial No. 09-506
Docket No. 50-423

ATTACHMENT 2

Example of Application of Methodology

(10 CFR 50.55a(a)(3)(i) REQUEST IR-3-04, TAC NO. MC8893)

DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 3



DD N ALA TELAMNE AW N
;vl F@l !l\'/‘ll’\Tl N4 | I [
ATTACHMENT 1
ULTRASONIC CALIBRATION DATA SHEET

Page \ of _\ :
Plant: _ALLSTOMNE Unit___ D .

AWO Number;_ M3 -0~ 4132
Purpose: ENGARNEERING TRIFQRANATION ‘ .

Cal Block Temp ___WNJA
Cal Block Number _MTE-O20(S

. : A
DWGNo. 2SI A = 2ol su.al Thermomeler SIN & Due Date [Ny
Search Unit Instrument & Settings
Manufacturer ¥ 3.4 Mfg. / Model K3 .
Style or Type CAAMANA Serial Number by @y 100 | I
Frequency 5.0 Az Range Lo * g shep
Size & Shape , a5y Material Velocity  [.\?\,0 80
Mode Tor G [l Delay -0 3TS
Search Unil Angle [ Pulser N IAL 60
Measured Angle A Reject o
Serial Number v o 2 IN Frequency 2B 40
Cable Type, Length  |or 1~y/( toa] Damping L O CAWA
No. of Connectors ) ' Zero Value e A] 20
PulseRepRate  huant 2 4 6 8 10
) Gain Setting WA
Attachments (Check) Calibrations Time CRT Setup Inches
Sketch Sheet A initial Calibration | ypay Mstal Path NJA
Supplements v Final Calibration | WA Depth 1.0
Finat Calibration | \s{ 3,
Couplant Data
Brand S IS AT E
Batch Number Ot A0 A
SAP Batch Mgmt.
No. O1523D
Component ID Component Type Comments

LIS I BRAZED SoVNT EOLLOW L TXAAA

Examiner (Print & Signyzon Ao ENYK A TR/ wuké‘%l‘-w«-' Level 1T Date _S/2¥ /0%
Examiner (Print & Sign) RJA L % Level _n/a Date _n3/4
Reviewer (Signature) Zchd, Bt Level 7L Date _5/ 5%[08

, MP-UT-45
Level of Use ‘Rev. 000-01
Reference Page 10 of 11




INFORMATION ONLY

o

FwW-39 AWO M3-08_-04\32
Point No. 1st Signal (no bond) |2nd Signal (bond)
1 €16 Ho
2 O Yo
3 —6
4 65 35
S O 4o
6 30 >0
7 mie) e
8 LS 25
9 - L0 Ho
10 -0 4O
11 ~0 26
12 70 30
Average 5 °/ 35
,‘!
|

FW-39

>Q D3P %\ an




Serial No. 09-506
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ATTACHMENT 3

Example of Application of Methodoloqgy

(10 CFR 50.55a(a)(3)(i) REQUEST IR-3-04, TAC NO. MC8893)

DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 3



Plant: MLt STQNE

ATTACHMENT 1
ULTRASONIC CALIBRATION DATA SHEET
' Page \ _of__ 32

- Unit: 3

Purpose: _ ERN GINEERING TRNEORMATION

AWO Number;_mM23-0%- ©H183

Level of Us
Referenc

]

. : Cal Block Tem NiA
Cal Block Number __ A3 — 1200 P ‘
A
DWG No. 212 2100 SH. 2\ Thermometer S/N & Due Date W/
Search Unit ' Instrument & Settings
Manufacturer KBA Mig. / Model KB/USN SalL - Ylo® | sYEP
Style or Type GAMMA Serial Number QA CNER 100 )
Frequency 5.0 MHZ Rangs (Weloli T
Size & Shape 225 Material Velocity 1920 80
Mode T or C [ Delay -, 242
Search Unit Angle O° Pulser DUAL 60
Measured Angle WA Reject 0-|.
Serial Number lola)e AVA Frequency 2. 40
Cable Type, Length (R G-\T1YAL Damping \GOG OIM
No. of Connectors O Zero Value LOood 20
Pulse Rep Rate wWe 2 4 8 10
Gain Setting WA
Attachments (Check) Calibrations Time CRY Setup inches
Skelch Sheet W] A Initial Calibration { O3 Metal Paih A
Supplements v Final Calibration ~ A Depth l.o¥
‘ N Final Calibration [Yele]e]
Couplant Data
Brand LAOVNDSACY
Batch Number Q)20 A
SAP Batch Mgmt.
No. QOS2
Component 10 Component Type " Comments
Fw-3%% REAZED SoWNT Fortg ey - Up  EXam
Examiner (Print & Sign) b RNENKAMPE RS Naine Rtk Level _XT Date__ 9/t /0%
Examiner (Print & Sign) A2 O evel__wjA  Date_ A
Reviewer {Signature) Level 7L Date
MP-UT-45
Rev. 000-01
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FW-33 | | A0 MBI -0B8- 04133
Point No.  |1st Signal (no bond) [2nd Signal (bond)
d 1 Lo 4o |
2 L0 B
3 Y _ >0
4 ©S 3s
S5 S 55
6 5 35
7 S0 e RS
 8 “o | o Yo
9 -0 30
10 S | 35S
11 LS 35
_12 ' 10 | S0
ﬂ Total - ~Q5 415
Average W5l 35 L
l |
|

>q AsWesENZ2L2

rW- 39




