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: Westinghouse Energy Systems Box 355

i Electric Corporation Pittsburgh Pennsytvania 15230-0355

i- NSD-NRC-97-5110
4

DCP/NRC0848 |

3 , Docket No.: STN-52-003
;
i

5 May 7,1997.

?
.

Document Control Desk I
4

U.S. Nuclear Regulatory Commission
,

; Washington, DC 20555 |

i ATTENTION: T. R. QUAY I

:

| SUBJECT: LBB SSAR MARKUPS
:
i Dear Mr. Quay:
! .,
4
''

Our letter NSD-NRC-97-5103, dated May 1,1997 should have included a set of SSAR markups for.

j subsection 3.6.3 and Appendix 3B to address open items related to leak-before-break. These markups
!- are attached to this letter. SSAR Revision 12 include., theses changes. These markups include the '

] material removed and should facilitate review.
:

! If you have any questions please contact D. A. Lindgren at (412) 374-4856.

s~ l? / '

4 Brian A. McIntyre, h ger
: Advanced Plant Safety and Licensing *

I
f jml '
,

5

I Attachment
,

cc: D. Jackson, NRC (w/ Attachment).
R. Ganible. Sartex Corporation (w/ Attachment) i

G. DeGrassi, BNL (w/ Attachment) >
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3. Design of Structures, Components, Equipment, and Systems *,,

I
,

;

introduction of a large volume of cold water sufficient to result in a bubole collapse water
hammer.

.

i The design and component selection of reactor coolant branch lines and other lines evaluated
for mechanistic pipe break follow design guidelines intended to minimize the potential for

I
water hammer. Comparison of the AP600 piping to th:: screening criteria in Subsection 5.29I

l
of NUREG/CR 6519 (Reference 13) demonstrates that there is not a significant potential for

I water hammer in the leak-before-break piping.

Thermal stratification of water in stagnant or slowly flowing lines can result in thermal fatigue
in a pipe. The piping and system design requirements for AP600 address 'he potential for,

thermal stratification. For additional information of thermal stratification, see subsections
,

, 3.9.3, 5.4.3, and 5.4.5.
a

4

} The water chemistry and flow velocities in the main steam lines are controlled to minimize
j 'i

the potential for erosion and corrosion. At full power the flow rate in the main stream line
I

is less than the nuclear industry criteria for steam velocity in advanced light water reactors of
s

'
l

150 ft/sec. The main steam lines are not subject to water hammer or thermal stratification
! by the nature of the fluid transpor*ed.
d

!
i i

The steam line is protected from being filled with water due to steam generator overfill by
implementation of operating instmetions or isolation requirements included in the protection
system logic or both See Section 7.3 for information on the protection system design to

|

,

prevent overfill.4

i ,

I| In addition to requirements on the design, fabrication, and inspection of the piping systems,'

the application of mechanistic pipe break requires a qualified leak detection capability. Leak |

; detection systems inside containment meet the guidelines of Regulatory Guide 1.45. See
5

subsection 5.2.5 for a discussion of the leak detection system for the reactor coolant system
j and connected piping.
j

3.6.3.2 Design Criteria for Leak before Break,

The methods and criteria to evaluate leak befcre-break in the AP600 are consistent with
the guidance in NUREG-1061 (Reference 11) and Draft Standard Review Plan 3.6.3
(Reference 12). The application of the mechanistic pipe break in AP600 requires that the
following design requirements are met.

Pre service inspection of welds is required..

I For ASME Code Class 1, Class 2, and Class 3 systems for which leak-before break is*

I demonstrated, the ASME Code, Section III and Section XI preservice and inservice
I inspection requirements will provide for the integrity of each system. The weld and
I welder qualification, and weld inspection requirements for ASME Code, Section III,
l Class 3 leak-before-break lines are equivalent to the requirements for Class 2. The
I inservice inspection requirement for each Class 3 leak-before-break line includes a

own12mm a124:2497 Revistori: 12
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3. Design of Structures, Components, Equipment, and Systems.

I volumetric inspection equivalent to the requirements for Class 2 for the weld at or
I closest to the high stress location.

Inservice inspection and testing of snubbers (if used) are performed to provide for a low*

snubber failure rate.

For the maximum stress due to steady-state vibration refer to subsection 3.9.2.*

The leak-before-break bounding analysis curves are developed for each applicable.

piping system. The bounding analysis methods are described in Appendix 3B. These
curses give the design guidance to satisfy the stress limits and leak-before-break
acceptance criteria. The highest stressed point (critical location) determined from the
piping stress analysis is compared to the bounding analysis curve and has to fall on or
under the curve. The points on or under the bounding analysis curve satisfy the
requirements for leak-before-break.

The analyzed normal stress and maximum stress are not required to construct the
bounding analysis curve. The analyzed stresses are calculated by the equation;

F Mbxo= +

where:

o is the stress
Fx is the axial force

'

Mb is the applied bending moment
A is the piping cross-sectional area
Z is the piping section modulus.

The normal stress is calculated by the algebraic summation of load combination method
and the maximum stress is calculated by the absolute summation of load combination
method.

The corrosion-resistant piping materials, including base metal and welds, have an*

appropriate toughness. The piping materials containing primary coolant are wrought
stainless steel. The welds in stainless steel pipe are made using the gas tungsten arc
(GTAW) process. These materials are very resistant to crack exterision. The tensile,

properties for the leak-before-break evaluation are those found in the Section III
Appendices of the ASME Code. During the design stage, the material properties used
are based on the ASME Code minimum values. During the as-built reconciliation stage,
certified material test report values are reviewed to verify that ASME Code
requirements are satisfied.

For those lines fabricated using non-stainless ferritic materials, the materials used and.

the associated welds have adequate toughness to demonstrate that leak-before-break

Revision: 12 owmimam.n:2 4 52497
Draft,1997 3.6-34 [ W85tl!1ghouse



*
.

.

Ji= g
3. Design of Stmetuns, Components, Equipment, and Systenu

-

d E
.

-

criteria are satisfied. The welds are made using the gas tungsten arc (GTAW) process.
he tensile properties for the leak-before-break evaluation are obtained from actual
material tests. During the design stage, the material properties are based on test results.
During the as-built reconciliation stage, certined material test report values are reviewed
to verify that the toughness and strength requirements of the ASME Code, Section III
are satisfied.

Potential degradation by erosion, erosion / corrosion and erosion cavitation is examined*

to provide low probability of pipe failure.

Wall thicknesses in elbows and other fittings are evaluated to confirm that ASME Code,
.

Section III piping requirements are met as a minimum.

Re as-built condition of the piping and suppon system is evaluated based on the*

guidelines in EPRI NP-5630 (Reference 10) and reconciled to the analysis of the leak-
before-break criteria based on the design information De locations and characteristics
of the supports, including any gaps between the suppons and pipir.g, or other
:enfigurations that result in a nonlinear response are included in the as-built evaluation.

Adjacent structures and components are designed for the safe shutdown eanhquake
.

event to provide low probability ofindirect pipe failure.

The piping suppons are anchored to reinforced concrete stmetures, to concrete-filled*

steel plate structures, or to steel structures anchored to these types of structures. Piping
is not supported by masonry block walls.

3.6.3.3 Analysis Methods and Criteria

The methods used to develop the bounding analysis curves are described in Appendix 3B.
Development af the bounding analysis curves provides an evaluation method that is censistent

I with NRC requirements and guidance. The calculation method and computer codes u ed for
i AP600 are benchmarked to test data and has been previously accepted by the NRC for leak-
I before-break evaluations in operating nuclear power plants.

Analyzable sections run from one terminal cnd or anchor to another termir.al end or anchor.
A terminal end is typically a connection to a larger pipe or a component. For the structural
analysis, a normally closed valve between pressurized and unpressurized portior.s of a line is
not considered a terminal end. Figure 3.6-3 is a schematic of a portion of a piping system
that illustrates the meaning of analyzable segments. In the figure the analyzable ponion of
the pipe runs from point A to point D.

The leak-before-break evaluation is based on a fracture mechanics stability analysis comparing
the selected leakage crack to the critical crack size. The folic, wing discussion outlines the
analysis method.

mmvi2mn mi2ai2497 Revision: 12
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4
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1
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1 3D.3
Leak-Before-Break Bounding Analysis

4

The methodology used for performing the bounding analysis is consistent with that set forth
in GDC-4. SRP 3.6.3 (Reference 1) and NUREG-l%), Volume 3 (Referer.ce 2).,

1

i

Bounding leak-before-break analysis for the applicable AP600 piping systems is performedI

The analysis criteria and development techniques of the bounding analysis curves (BAC) are.{

described below. The bounding analysis curve allows for tir evaluation of the piping systemI

in advance of the final pipiag analysis, ',ncorporating leak-before-break considerations earlyi

in the piping design process.
evaluate critical points in the piping system.The leak-before-break bounding analysis curve is used to{

.

A minimum of two points are required to !<

develop the bounding analysis curve. One point for the low normal stress case and the other
point for the high normal stress case.

If variations in pipe size, material, pressure or
temperature occur for a specific piping system, an additional bounding analysis curve isgenerated.
(References I and 2).1r.ese points meet the following margins for leak-before-break analysis:

!
!

Margin of 10 on leak detection capability
*

Margin of 2 on flaw size*

Establish margin of I on load by using absolute combination method of maximum loads
*

|

The calculations to establish the bounding analysis curves use minimum values for wall!
I !

thickness at the weld counterbore and ASME Code material properties. For the main steamI

line lower bound material property values determined from tests of the material are used. TheI

use of the minimum values bounds the results of larger values. Since the piping is designedi

and analysed using ASME Code minimum material properties, these are used conservativelyi
I

in a consistent manner for evaluation of leak-before-break evaluations. The as-built material
I

!
propenies are expected to be higher than the ASME Code minimum properties.i

minimum thickness instead of a nominal thickness is conservative for the stability analysis and,

Using
I

was also used for leak-before-break in operating plants. !
The use of one thickness (eitherI

nominal or minimum) for both leak rate and stability calculation gives comparable overall
!

1

margins for typical plant loads. The bounding analysis curves are established using the axialI
load from intemal pressure and neglecting other axial loads.

I This is an appropriate
approximation because experience with leak-before-break calculations has shown that the axiali
load due to pressure is the dominant axial load.

08.3.1 Procedure for Stainless Steel Piping

38.3.1.1 Pipe Geometry, Material and Opending Conditions

The following information is tentified for each of the lines:

Piping materials - 316LN/304L, Type 304L is used for the accumulator discharge line
*

Normal operating temperature
=
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3B.3.3 Evaluation of Piping System Using Bounding Analysis Curves

To evaluate the applicability of leak-before-break, the results of the pipe stress analysis are
cempared to the bounding analysis curve. The critical location is the locat on of highesti

maximum stress as determined by the pipe stress results. A comparison is made with thej
applicable bounding analysis curves for the analyzable piping systems. As oatlined in 3B.3.1.1

and 3B.3.2.1, bounding analysis curves are calculated for different combinations of pipe size,
pipe schedule, operating pressures, operating temperatures.

The bounding analysis curves are used during the layout and design of the piping systems to
provide a design that satisfies leak-before-break criteria. In addition, the Combined License
holder compares the results of the as-built piping analysis reconciliation to the bounding

4

analysis curves to verify that the fabricated piping systems satisfies leak-before-break criteria.
.

F
See subsection 3.6.4.2 for the Combined License information item associated with this
verification.

I At the critical location, the load combinations for the maximum stress calculation uses the
I absolute sum method. The load combination is as follows: s includ: $c fc!!cwing

eccitna:!c=

| (1) | Pressure | + | Deadweight | + | Thermal (100 % Power)*| + | Safe Shutdown
Earthquake |

1

(2) |Pamum| |D dweigh:| |Thrm;! (100 % Pcwer)| ! Valve Thms:
M=imum* |

(3) |Pazum| > |D dweigh:| |The=d MmmmW

* L ve! A and Leve! E cf ASME Codelead cendi:;cn:. Valve Stu;: ==imum includes-

anticipa d :::: hr ar even:::=uhing from mpid valve :4csure er opening, includin;;
pamurizer =fr:y vdve ap:ning (Leve! C). He=a! ==imum :ncludes applicab!:
statification ! cads.

!
4

The normal stress is calculated using the algebraic sum method at critical location and the
following load combination.

I (1) Pressure + Deadweight + Thermal (100% Power *)

I * Includes applicable stratification loads.

Revision: 12
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examination requirements for Class 2 pipe require radiographic examination of the welds and
normally Class 3 pipe does not. As noted in subsection 3.2.2.5, for Class 3 lines required for
emergency core cooling functions, radiography will be conducted on a random sample of
welds. The Class 3 leak-before-break lines are included in the lines that are radiographed.

I In addition see subsection 3.6.3.2 for augmented inspection of Class 3 leak-before-break lines.
;

For the fabrication of welds in the Class 1, Class 2 and Class 3 pipes there is no significant
differences.

1

i

'Ihe differences in fabrication and nondestructive examination requirements do not affect the '

leak before-break analyses assumptions, criteria, or methods.
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