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ITEM NO: _A-S
b § #) *

1. What {s the ASME classification of the SRV quencher?

2. What analysis and design method was used relative to ts design
specification?

GESPONSE Y G K.
1. Response prepared by JB Knepp

2. The gquencher is analyzed to the rules of ASME-11I, Class 3. The gquencher
is treated as a fabricaced assembly of piping components and is analyzed ..
the rules of ND-3600. The analytical methods are described in the summary
stress report and in supporting documents such as:

Containment Loads Report, Specification No. A21.204%,
J86HAS79, Dynamic Loud Methods and Criterias;
Computer Manual f~r PYSIS.
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ITEM NO: _A-§
RESCRIFTION OF CONCERN.

1. Need to see criteria for all supports - analysis/design.
2. SSAR needs to include description/requirements for guidi .

RESEONSE BY C K.

1. There is no single GE document that sets forth all the criteria for the
design/analysis of supports. The SSAR covers all pipe supports in
considerable detail, with the possible exception of the Main Stean/Feedwater
guides and structural frame supports such as those in the wetwell. The most
important documents defining design/analysis criteris are the C E. pipe
suspension purchase specifications and the pipe suspension dravings. These
documents: (1) Provide a complete basis for design, manufacture,
qualification, »~*mination and installation of pipe supports for all ASME 111
piping: Require the design and analysis of supports for nuclear piping to be
in conformance with NF Subsection of ASME 111 and suports for non-nuclear
piping to be in conformance with ANSI Bll.1; and (3) Provide design loads
obtained from the piping analysis and specify the minimum support stiffness,
allowable materials, installation tolerances.

Examples of recent documents prepared for the K6/K7 plants are:

23A606]1 - Main Steam, Feedwater & Safety/Relief Valve Discha-ge Pipe
Suspension.

103E1512 - Main Steam Pipe Suspension

103E1437 - Feedwater Pipe Suspension

103E1525 - SRV D/V Pipe Suspension

103E1526 -« SRV W/W Pipe Suspension

2. G.E. is nov considering adding additional requirements to the 7SAR to
provide more detail on the main steam and feedwater guides inside contairment.
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DESCRIFTION OF CONCERN:

why does the Plping Criteria o
and not all apgplicable NRC R.G

ocument utilize only Reference 6.0«c¢
.'s and S.R,P's ?

RESPONSE BY [ E.:

All applicable NRC R.C's and S.R.P's will be referenced in the
Piping Zriteria document,.

I[TEM NO: A.8
DESCRIPTION OF CONCERN:

The 1/3 pipe size criteria is not sufficient, adaitional piping
decoupling/interaction criteria(e.g. SSAR 3.7.2.3.1) are needed.
The effect of branch line supports close to the main line should
be considered.

RESPONSE BY G.E.:

The criteria specified in Section 3.7.2.3.1 of the SSAR are used

to determine whether a piping or equipment subsystem can be decoupled
from the Building or primary system mocel, 1f the diameter of the
branch line is less than 1/3 the diameter of the main line,it can

be decoupled from the main line.

For a decoupled branch line, no dynamic supports will be locateo
close to the mein ling., Ctherwise the adjacent support would be
loaced by the main line during dynamic events.
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Item No.:___AlQ0 By:
RESCRIPTION OF CONCERN:

Are forcing function variations considered for direct integration analysis due
to hydrodynamic loads. This variation (expansion and contraction) of the
forcing function is the equivalent of response spectra peak broadening.

RESPONSE BY GE:

The wetwell loading input has been defined to cover all frequency ranges
(similar purpose of expansion and contraction). Some time history loads are
impulse type loads, such as safety relief valve discharge loads, expansion of
the time history is equivalent to increasing the load. It is not necessary to
add extra conservatism to this type of load. Similarly, it is not appropriate
to contract the lnad (equivalent to reducing the load).

STAFF EVALUATION:
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;TEM “c: l\-?’

e — e

QESCRIPTION OF CONCEARN:

o e o e

Iinteraction conrcern: flexibility of building local structure
affecting/amplifying flioor response spectra
How s this aodressed? (e.g. floor flexibility)

Plping amplified spectra for branch line analysis, How is this
ddressed?

Provide justification for the 1.2 factor for hydrodynamic
amplification to account for local flexibilities

RESPONSE BY G.E.:

A
-

Flexibility of building local structures, such as steel platforms
used for supporting piping and other equipment, are accounted for
in the piping analysis. For the sample problem it was assumed

‘that the steel platform has a fundamental frequency greater than

or equal to 33 hz., Therefore, there is no amplification of the
seismic lcads. fFor hydrodynamic loads, a dynamic amplification
fFactor of 1.2 was used. This factor is necessary to account for
amplification at frequencies greater than 33 nz.

For branch lines decoupled from the main line, amplified
spectra are applied at the sttachments to the main line. The
ERSIN computer program {s used to generate the amplifieg
response spectra.

The 1.2 factor was calculated and used in the analysis of the
ABWR's under construction in Japan.
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ITEM NO: A-14

DESCRIPTION OF CONCERNG

'« How many cycles will be used for seismic and other lcadgs?

2. What is the basis for using ¢4 SSE floor spectra for OBE floor spectra?

3. were bullding rocking effects added to the vertical spectra?

RESPONSE 8Y C.E.:

1. The SSAR and the Piping Criteria document will be revised to
specify the correct number of cycles. In Table 3,9.1 of the SSAR

the number of events or cycles will be increased by SO % for the

following events: Events 1« 9 and Events 14415,

2. There is no basis for using § sse floor spectra for 0BE floor
spectra. This was done because the OBE floor spectra were not
dgvallable. The Piping Design Criteria document will state that
for future analysis of ABW piping, the appropriate OBE floor
response spectra shall be used in the analysis.

Y. Bulloing rocking effects were not added to the vertical spectra.

This was cetermined to be unnecessary since there was adequate
conservatism in the structural analysis,

ITEM NO: A-16
CESCRIPTION gF QQNEERNg

How and why is the flooded load included in the analysis?
mOw many cycles are considered?

RESPONSE BY G.E.:

Two hydrostatic test cycles are considered for each boltup cycle.
Therefore 135 events are considered to oceur during the 60 year ;
design life. During the hydrostatic test event, the nain steam line
and the SRV discharge lines are filled with water. Therefore for
these lines a cead weight analysis is done for these lines

filled with water.
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ITEM N0 _A-18

c , P CONC

1. How do you insure SRV valve to be purchased will have a rise time greater
than 20 msec?

-

2. Same applies to TSV
EESPONSE BY CE.

1. GE has not placed any restrictions on how fast the safety-relief valves
may open or on how rapidly the turbine stop valves may close. The
specification for the Safety-Relief Valve requires the "Total elapsed time
from start of main disk motion to full stroke of the SRV (i.e., 1ift to full
rated capacity position) shall not exceed Q. 135 seconds " CE calculates the
forcing function for RV:-1 based on a 20 millisecond rise time. Rise time is
defined as the period of time from start of flow through the valve until
essentially full flow. G.E. has established the 20 milliseconds as a
conservative valve based on evaluation of available data from valve
manufacturers.

The results of the overall analytical process includes many important
variables, including: analytical model of pipe and supports (stiffness, wall
thickness, diameters), the analytical assumptions in the computer program
RVFOR, out-put time step, steam line pressure, total FL/D and inside diameter
of discharge pipe, analytical definition of quencher, code method for
calculating stress<s at branches and elbows.

G E. does not feel is necessary, nor desirable, to upper bound all the
variables in the analytical process. It is important the overall analytical
process give results that are in sarisfactory agreesent with actual tast
results. G.E. has performed numerous in-plant tests which have shown the
overall analytical procedure fgz calculating stresses gives reasonable results
compared with stress measured. There is no data to indicace the stress
valves calculated by G.£. analytical wethods are nonconservative.

In addition, the Start-Up testing program for each BWR requires strain gauge
Instrumentation be install on typical SRVD lines and SRV inlet piping to
confirm, on a plant by plant bases, the analysis gives results in satisfactory
agreement with measured results

2. The philosophy described above also applies to the TSV load.

ek

Note: (1) Special in-plant tests performed at Duane Arnold, Monticello,
Kuosheng and Coarso.
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(2) Special SRV test at Wilev Laboratories faclilities at Huntsville,

Alabama under direction of H L. Hwang.

(3) NEDE-23751, BwR/6 Mark [Il Safectv/Relief Discharge Piping
Transient Force Parameceic Study, Dec. 197?. "Based on test
dacta, the shortest opening time is 0.02 second. It (s
conservacive to assume a short opening time."

(4) WL Mwang Studles:’
Letter to £.0. Swain., February 14, 1978, SRV Opening Time.
Letter to K.Chang, dated November 9, 1976, Preliminary

Monticello SRV Discharge Test Results, SRV Piping.
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ABWR PIPING DESIGN CLITERIA AND SAMPLE ANALYSIS

March 23+ , X

LOFONSE BY GE

The thermal stratification load 1s caused by different temperatures at the

op and bottom of a horizontal pipe The lozds and stressas caused by thermal
tratification are similar to those caused by thermal expansion Therefore,
the stresses and load criteria for thermal stratification should be combined
witn concurrent thermal expansion stresses and loads by algebraic summation.
he combined results should meet the thermal expansion limits specified by
ASME Code The analysis method 1s deszribed in an internal GE document

s AAYY

ABWR-8807
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NRC AUDIT OF GE ON
ABWR PIPING DESIGN CRITERIA AND SAMPLE ANLYSIS
ON MARCH 23.27

ITEM NO: A «19

DESCRIPTION OF CONCERN:

How is the damping value determined for piping systems which include
small and large clameter piping?

Provide procedures to determine damping for both I5M and USM methods
of analysis, Provide justification for metiodology.

RECPONSE BY G.E.1
Ingependent Support Motion (ISM) Damping Values:

For each response spectrum yused, the damping value corresponds to
the pipe size at the support. Therefore,in an ISM response spectra
analysis more than one damping value can be used.

uniform Suvpport Motion (USM) Damping values:

For each response spectrum used to generate the enveloped res.onse
soectrum, the accelerations correspond to a da~ping value dependent
on the pipe size at that support. Once the enveloped response
spectrum ls generated, the smallest damping is the~ used in the
dynamic analysis.

: These are the typical industry uractices. For the USM method
| the use of the smaller damping values in the dymamic analysis
is conservative.

L St | A e g L B e e e e e s e s - T ey Bm
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Item No.:__ _A22 By:

RESCRIPTION OF CONCERN:

Does GE intend to use ASME Section 3200 related to plastic anaiysis method.
If so, provide criteria since the Code lacks requirements in certs n areas

RESPONSE BY GF:

It is not GE's intent to use ASME NB-3200 plastic analysis as a generic
method, such as 1imit analysis, to meet the primary stress allowables, There
are two possible applications: (a) calculate the plastic strain for fatigue
usage evaluation, and (b) pipe whip restraint analysis due to a postulated
pipe break. The present Code requirements are adequate for these two
applications.

STAEF_EVALUATION:
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ITEM NO:_A:24

RESCRIPTION OF CONCEEN.

1. What {s the method of seismic analysis for the main steam piping beyond
isclation valve ocutside containment to turbine buildiug.

2. 1f dynamic analysis will ve us»d, then what document provides the seismic
spectra input.

RESPONSE BY CE.

1. Main steam piping between containment and the turbine building will be
analyzed for seismic loads using response spectra methods and code allowavles
equivalent to that applied to ASME Class 3, piping.

2. The seismic spectra input has noct yet been defined. This subject is still
under study by GE and under negotiation with the NRL.
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ITEM M0 _A-28

RESCRIPTION OF CONCERN.

1 Whai are the analysis/methodology and acceptance criteria for bBuried
piping analysis (beyond short descriptions In SSAR)?

2. What provisions are provided for protection from extarnal events (e g
wind, tornado, missiles? If no protection Ils provided for some of the events,
what are the analyses/methodology and acceprance criteria?

SESPONSE BY GEL

l. GE «5¥% has not yet determined if the $SAR should be tivised to provide
mere definition of »nalysis methods to be applied to buried piping. At
present ASME II1 Class 2 or 3 piping must meet the requirements of NC/ND 2600
These rules do not distinguish between above ground and underground piping.
The ‘lass 2/3 rules may be overly conservative when applied to undarground
pipe. 1f the decision is made to provide additional requirements for burled
pipirng, GE will evaluate the most recent actious by piping ccde committees and
dete.mined Lf cods approaches need to be supplemented when applied to ABWR.
Examples of Code actions are:

(1) Proposed B3l 1 Non-mandatory Appendix VII, Recormended Procedures for the
Design of Restrained Underground Piping. (2)

(2) ASME 111 - DRAFT - General Requirements for ASME Section [1I Clas:z 2 & 3
"nderground Piping.

(2) ASCE Publication - S.uismic Response of Buried Pipes and Structura!l
Components - Report by the Seismic Analysis Commictee of the ASCE Nu.lear
Structures and Materials Committee.

2. GE will hag not yet determined {f the S5AR should be revised to pio\ide
more definition of analys.s methods tc be used fox cvaluating the effects of
exisrnal eve:"s such as wind, tornados, and missiles. At present, the rules
for ASME III Class 2 or ) piping apply for loads from extarnal events the sare
is ey do for =eismic und other dynamic ard static loads. 1f CE determines
additional information in the SAR is needed to define magritude of loads from
exteinal events or define Service Limit stress values for these events, the
SAR will be revised.
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Hj.:'r‘ 28-21 ":]:
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g filtered loads are based on the Japanese K6/K7 plant
and s01: conditions provide justification for applicability of those
the ABWR considering the variation in soil properties and their

on the building response

LaPONSE BY G

sed on past BWR plant experience, the trend indicates that the floor
onse spectra (FRS) increases as the foundation soil becomes softer Since
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1te, the rasulting FRS for hydrodynamic loads are
idered applicable for other site conditions and can be used for the
ndardized Jesign




ABWR PIPING DESIGN CRITERIA AND SAMPLE ANALYSIS
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Item No.:___A28 By:
RDESCRIPTION OF CONCERN:

a) Provide additional information to justify the feedwater thermal
stratification load gefinition. Identify test programs and plant measurements
which support the model.

b) Justify the application of a linear temperature profil (versus a hot to
cold step change) on the pipe cross-section.

¢) Thermal striping is not considered in the analysis. Provide evidence to
support neglecting the thermal striping phenomenon in the fatigue analysis.

RESPONSE BY GEF:

a) Test programs and plant measurements were obtained at the following plants:
Leibstadt, Hanford Unit 2 and Nine Mile Point Unit 2. Additionally, an
extensive finite element analysis of iiic Shareham feedwater piping system was
performed to obtain a better understanding of thermal stratification. See
also the Response to Item No. Al7.

b) Using a hot to cold step change at t*. center of the pipe will be overly
conservative. The reasons are given below:
1. The analysis assumes the same thermal stratification for the entire
iength of horizontal pipe, but thermal mi:ing occurs along the pipe due
to flow which would reduce the stratification.
2. A step change at the center creates the maximum bending moment. In
the actual flow, the hot and cold fluid does not have a step change due
to axfal flow,
3. The probability for the change from hot to cold fluid occurring at
the center of the pipe is small since the amount of flow required for
stratification is less than 3% flow. If the dividing line is not at
the center, then the bending moment due t- stratification is reduced.

¢) Temperature stratification between the top and bottom of the feedwater
piping and nozzles has caused pipe bowing wiih pipe support damage and flange
leakage, but no pipe failures. The temperature stratifications which have
been measured have shown that stratification occurs for only short time
durations following reactor scram as the hot piping is filled with cold water,
and again during startups as feedwater heating begins, filling the cold piping
with hot water. So far, operation of BWR feedwater piping systems have
avoided fatigue failure due to prolonged operation with a fluctuating cold
water-hot water interface, due to the fact that feedwater velocities are high
enough to maintain the piping at constant temperature throughout during most
of its operating time.
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ind dynamicC effects associated with the postulated rupture of pioping for
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analysis of the effects of high energy line breaks in the

1ine was not complete at the time of the audit Complete the
or NRC review The analysis should be in ascordance with
ion 3.6.2.2 of the SAR

sample analyses of main steam ) th two typical break locations
have been studied The first locat 1s at the sufe enu nozzle break
and the second location is at the & of sweepolet to the inlet SRV A.
Both breaks have been restrained by the pipe whip restraints and by the
pipe stopper (bumper). Assessment of the penetration loads will be
subinitted in the final report It is evaluated based on the current SRP
3.6.2 criteria,
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The procedures and zriteria specified in Section 3.6.2.2 of the SAR
relating to analytic methods to define biowdown forcing functions and
response models for postulated ruptures of piping are inconsistent with
procedures and criteria to be used for the ABWR ~lant as described
during the audit. Revise Section 3.6.2.2 of ! to be consistent
with current SRP 3.6.2 requirements and curre ~rocedure and
criteria

RESPONSE BY GE:

Blowdown forcing functions are determined by the method spr-ified in
\ppendix B of ANSI/ANS-58.2-1988.

In addition, the forcing functions due to the postulated pipe breaks
'ear the reactor or the oranch connection is calculated by the solution
of one-dimensional, compressible unsteady steam flow in the gas system.
The numerical analysis is performed by the method of characteristics.
The flow starts with steady flow from RPV to turbine. A pipe break
ooundary conditon is applied at the break location for the pipe to
reverse its flow direction. The pipe segment force time histories are
calculated by the momentu: change in the pipe segments of a close
system. The broken pipe segment force time history is calculated by
ANSI/ANS-58.2-1988.

ipe displacement due to blowdown reaction load is modeled and

Zed using computation program available in the market, 1.e. ANSYS.
The stresses at the penetration and at other location will be able to
analyze by the nonlinear progras. The pipe whip restraint capacity
dJetermined by the GE U-rod design and PDA program for selection.

-~
-

]
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STAFF_EVALUATION:
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B4
[tem No.: _24 By:
DESCRIPTION F CONCERN:

In Secuion 3E.2.1 of the SSAR, GE proposed the use of a modified
J-Integral and associated modified tearing modulus for bevond
J-controlled crack growth characterization. Justify the proposed
Jmod-Tmod charactenzauon,

RESPONSEBY CE

Section 3E.2.1 is revised to identify the approach as an illustrative
one which, if adopted. should be justified based on its acceptability
by the technical literaturc. A Jp-approach is identified as a potential
more justifiable approach.
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RS
Item No.: _25 By:

N N N:

Section 3E.2.2]1 describes the carbon steei {racture toughness test
program. GE should indicate that the =xtent of the program indicated
in Table 3E.2-4 may not be repesentative for the actual test program
required for approval of an application of LBB qualification of
selected piping systems.

RESPONSEBY GE.

The following s added at the end of the paragraph leading into
Section 3E.2.21. "The purpose of the test program is to generate the
necessary data for application in Section 3E.6 and to illustrate a
general procedure of conducting the tests per requirements of

[tem (10) in Section 3E.1.2. The extent of the test program for NRC's
approval of an appiication will depend upon the wnnﬁed
requirements.’
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ltem No.: _26 By:

RESCRIPTION OF CONCERN:

Section 3.6.3 of the SSAR does not contain procedures and criteria for
LBB evaluations of bimetallic welds. Provide these procedures and
criteria.

RESPONSEBY CE

Section 3E.3.4 1s added to address the bimetallic welds of austenitic
steel to ferritic steel as follows: “For joining austenitic steel to ferritic
steel, the Ni-Cr-Fe Alloys 82 or 182 are generally used for weld
metals. The procedures recommended in Section 3E.3.3 for the
austenitic welds are applicable to these weld“?.ettls. This is justified
based on the commonaisty eisihe procedures, for flaw acceptance in
the ASME Code Section XI, Article IWB-3600 and Appendix C, for
both types of the welds. If other types of bimetallic weld metals are
used, proper procedures should be used with generally acceptable
justification.”

STAFF EVALUATION:
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RESCRIPTION OF CONCERN:
In Section 3E.3.1.3 of the SSAR, GE Proposed a linear interaction

criterion for tearing instability evaluations (o1 conibinations of
applied tension and bending stresses. Instify the proposed criterion

RESPONSE BY GE.

The second paragraph of Section 3E.3.1.3 is expanded as follows: "The
applicabilty of this proposed rule should be justified by providing a

comparison of the predictions by the proposed approach (or an
alternate approach) with those available for cases where the
combination 1s treated together.’

2TAFF EVALUATION:
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DESCRIPTION OF CONCERN.
In Secuion 3E.4 of the SSAR, GE proposed a procedure for estimation

of leak rates dunng blowdown of saturated steam. Just:f} the
proposed proceaure

The following 15 added to the fourth paragraph of Section 3E.4.1.1

after the first lead-in sentence: “"However, a justification should be
provided by comparing the predictions of the proposed method with
the available experimental data, or a generally acceptable method, if
available, should be used.”

STAFF EVALUATION:
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RESCRIFTION OF CONCERN:

-

lannfy the Gudas data in Figure 3E.2-8 of the SSAR

RESPONSEBY GE

The Gudas data in Figure 3E.2-8 are for carbon steel SA106 Gr. B
base metal (with L-C onentauon) A clanficauon 1s included on the
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For the particular case of (he compact teasion
jpecumen geometry, the preceding Equation and the
worrespoading rate take the form
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where J, is the aosliaear part of the
deformation theory J, b is the remain.og hgament
asd T @
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(1+0.76 b/W) €29
Cossequently the modified material tearing
modulus Tpog can be defined as:
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Sisce 1o most of the test J-R curves the
«#>10 limit was violated, all of the maternial
I-T data were recalculated in the Jpod, Tmod
format. The Jyuod: Tmod calculations were
pericrmed up to crack exteasion of Sa=10% of
the original ligament 1a the test specimen. The
I:T curves were then extrapolated to larger J
values usiog the method recommended ia NUREG
1061, Vol 3 (9]

-
JE22 Carbon Steels and Associsted
Welds

The carbos steels used 18 the ABWR reactor

coolanst pressure boundary piping are: SA 108 Gr

B, SA 333 Gr. 6 asd SA 672, Gr. C70. The first

specification covers seamiess pipe and the second

one pertaias to both seamiess and seam-welued

pipe. The last one pertains to ssam-weided pipe

for which plate stock is specified as SA 516. Gr.

70. The corresnondiag material specifications

wiitfor carbon stenl Manges, fittings and forgings
are, goves ;

Lequiiaitar m st Prpinl pew heanvmiggigrials shew cor

While the chemical composition requirements

for a pipe per SA 106 Gr. B and SA 333 Gr. 6 are
deatical, the fatter is subjected to two

. additignal requireisents: (1) & sormalizing heat
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treatment whuch refiaes the grain structure and
¢) a charpy test at -S0°F with a specified
misimum absorbed eaergy of 13 f1.1hy

The electrodes and filler metal requirements
for weldiag carbon steel to carbos or low allov
steel are as specified ia Table JE 2.1
compredensive lest program was undertaken
characterize the carbon steel dase and wel
material toughness properties. The sext section
describes the scope and the results of
program. «
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JEJZJ] Fracture Toughoess Test Program

The test program coosisted of geaerauag true
stress-true straia curves, J-Resistasce curves
and the charpy V-gotch tests. Two materials
were selected : (1) SA3IIY Gr. 6, 16 igch
diameter Schedule 80 pipe and (2) SAS1S, Gr. M,
L 1/4 inch thickness plate. Table 3JE.2-2 shows
the chemical composition and mechamcal property
test information provided by the material
supplier. The materials were purchased to the
same specifications as those to be used 1o the
ABWR applications.

To produce a circumfereatial butt weld, (be
pipe was cut in two pieces along 2
circumferential plass and welded back using (2
shielded metal arc process. The weld prep was
of siegle V design with » dacking ring

prebuat temperature was 200°F

o
[he

The plate material was cut aloog the
losgitudinal axia and weided back using the SAW
process. The weid prep was of a sisgle V tvpe
with one side as vertical and the other nde at
' A backing plats was used during (de
welding with » cisaramcs of 1/4 igch at (be
bottom of the V. The ‘mm?m temperature was
maustaused st less thas 500 F.

Both the plate and the pipe weldy were
X-rayed accordiag to Code [11] requirements and
wers found to be satiaflactory.

[t is weil-knows that carbos steel dase
«srable amisotropy 10
fracture toughness properties. The (ougtaess
depends on .he orientation zad directicn Of
propagation of the crack ie relaticn 0

principal direction of mechanical working or
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3E.3.3 Modified Limit Load Methodology for Austenitic Stainless Stee! Piping

Reference 16 describes a modified 1imit joad methodology that may de used
to calculate the critical flaw lengths and instadility loads for austenitic
stainless steel piping and associated welds. If appropriate, this or an
equivalent methodology may be used in lieu of the (J/T) methcdology described
in 3E€.3.1.
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the J-integral for a pipe with a through wall
crcumferentialflaw subjected to pure tession or
pure bending are as follows
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The aondimensiosal fusctions F and b we pves
@ Referencs 6

While the calenlation of J for given a, o,
75 and luad type is reascaably straight-
forward, ore issae that seeds to be addressed is
the tearing instability evaluation whes the
loading iucludes both the membrane and the
tendiag stresses. The estimation scheme is
capable of evaiuating only one type of stress at
1 ume,

SPHE Y
LI A

This aspes is addressed sext.

1EJ1J Tearing lastability Eveiuation
Considering Both ibe Membrane and Beoding
Stresses

Based on the estimation scheme formuias and
the tearing instability methodology just
outlised, the iastability beadiag and (easion
stresses cao be calculated for various
through-wall circumferential flaw leng:ias
Figure 3JE.3-2 shows a schematic plot of tae
astability stresses as & fusction of (law
leagth. For the same stress level (he
allowable flaw leagth for the bendiag s
expected (0 be larger than :he tension case

When (he applied stress is a combination of
(he tension and beading, a linear interaction
rule is used 10 determine the instability siressy
or coaversely the critical flaw leagth. The =7~

application of linear interaction rule s ;A
certaialy cosservative when the instability load | "‘:
is close 10 the limut load. «= m— e

The interaction {ormulas are followicg: (See
Figure JE.J-2)

.¢.<vz) v (TD)ag,;
e - ’u’b

(JE2.5)

where:
ay = applied mem.brane stress
= apriad beading siress

weritical flaw length for a tecsion
stress of (T1+9h)

2

scriticel flaw leagth for a beading
stress of (Tt+ %)
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1E.4 LEAK RATE CALCULATION
METHODS

Leak rates of high pressure Muids through
cracks (o pipes are g complex funaction of crack
geometry, crack surface rougbaess, applied
stresses, and iolet fluid thermodvoamic state.
Agalytical predictions of leak rates esseatially
consist of two separate tasks: calculation of the
crack opesing area, and the estimation of the
fluid flow rate per unmit area. The first task
requires the fracture mechanics evaluations based
on the piping system stress state. The secoad
task iovolves the fluid mechanics considerations
3 addition to the crack geometry and its surface
rougkoess informatios. Each of these tasks are
aow discussed separately considering the type of
fluid state o BWR piping.

JE.4.1 Leak Rate Estimation for
Pipes Carrying Water
Qraon b

EPRI-developed computer code PICEP (1] puy
used in the leak rate calculations. The basis
for this code aad comparison of its leak rate
predictions with the experimental data is
described (a Refereaces 2 and 3. This code wae
reso-soevntly used 1o the successiul application
of LBB to primary piping system of a PWR. The
basis for flow rate asd crack opesing area
caleylations 1a PICEP is briefly described
first. A romparison with experimental data i3
thowe aext.
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JE.4.11 Description of Basis for Flow Rate
Calculation

The thermndynamic model implementsd io PICEP
computer program assumes 56 leakage fow through
pipe cracks to be iseathbalpic and howogeneous,
but it accounts ‘or ana-equilibrivem “Mashing®
transfer process betweea the liquid and vapor
phases.

Fluid friction due to surface roughsess of the
walls and curved flow paths has bees wacorporated
ie the model. Flows through both paralle! and
cosvergest cracks cam be treated. Due to the
complicated geometry withia the flow path, the
model uses some approximations aad empirical
factors which were conlirmed by comparison
against test data

>

Other methods (e.g3., Reference 3)
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For gives stagnation conditions aed crack
geometries, the leak rate aud exit pressure are
calculated using an iterative search for toe
exit pressure startiog from the saturation
pressure correspoadiog (o the upsiream
temperature and allowiag for friction,
gravitatiosal, avceleration and arca change
pressure drops.. The inertiai flow calculation
is performed whee the critical pressure s
lowered to the back pressure without fisding &
solution for the critizal mass flux. it

A conservative methodology was ﬂ;eloped to
bandle the flow of two-phase mixiure or
superbeated steam through a crack., To make the
model contiayous, a correction factor was
appiied to adjust the mass flow rate of 2
saturated mixture to be cqual to that of a
slightly subcooles liquid. Similarly, a
correction factor was developed to eosure
conuswiry as the steam became superheated. The
supsrheated mcdel was developed by applying
thermodynamic prisciples to an isentropic
expansion of the siagie phase steam.

The code can calculate flow rates through
fatigue or IGSCC cracks and bas been verified
agaiast data from both types. The crazk surface
roughoess and the aumber of beads accouat for
the difference in geometry of the two tvpes of
cracks. The gwmideline for predicting leak rates
through IGSCCs when using this model was based
o8 obtainisg the aumber of turns that give the
best agreemem for Battelle Phase {1 test data
of Collier et al. [#1.7 For fatigue cracks, it
is assumed t3at the crack path bas 0o besds.

JEALZ Baais fer Creck Opesiag Ares
Calculation

The crack opesing area ia PICEP code s
calculated waing the estimation scaeme
formulas. The plastic contribution to the
dispiacent is computed by summiog the
costributions of beadiag and tensios alove, 2
procedure thas usderestimates the displacent
from combiaed tansion and bending However, (e
glastic comtribution is expected (o be
insignificant because the applied stresses at
sormal operation are gemerally such that t2ey do
aot produce siguificant plasticity at the
cracked location,

at the descretion of the applicant.
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RESPONSE BY GE:

The ‘meomsistemcies in The SSAR  will be covrected

SQNCLUSION:



