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Reference: Letter, A. Schwencer to E. G. Bauer, Jr.
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Dear Mr. Schwencer:

Transmitted herewith are draft responses and related FSAR page
changes to open items contained in the subject DSER. This material is
provided in draft {orm at the request of Ms. Li, NRC staff reviewer, in
advance of a meeting the week of March 21, 1983. We plan to formally
incorporate these page changes into the FSAR subsequent to the March 21,
meeting.
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LIMERICK
MEB SER QUESTIONS

3.2 Classification of Structures, Components, and Systems

QUESTION NO.
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FSAR TECHNICAL RESPONSIBLE
SECTION AREA ORGANIZATION
: B Mech. B
3.2.1 RPV Int. GE
3.2.1 Mech. B
3.2:.1 React. Control Sys. GE
- & CS Structures GE
H.21 Plant Des. B
13.2-1 RPV Skirt GE
13.2-3 CRD Hsgq. GE
73.2-1 RPV Int. GE
13.2=1 Mech. B
T3.2-1 Mech. B
13.2*1 Mech. B
13.2-1 Mech. B
13.2-1 C&I Equip. GE/B
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%UESFION NO. 1
.2.1, Page 3.2-2)

It is the staff's position that those portions of the steam system of
boiling water reactors extending from the outermost containment isolation
valve up to but not including the turbine stop valve, and connected
piping of 2% inches nominal pipe size or larger up to and including the
first valve normally closed or capable of automatic closure during all
modes of normal reactor operation should be classified seismic Category I.
Your use of remotely operated manual valves in lieu of normally closed or
automatic valves is not in conformance with Requlatorv Guide 1.29.

Provide additional assurance that your exception has an equivalent level
of safety.

RESPONSE

The use of remotely operated manual valves in lieu of normally closed or
automatic valves is justifiable for the following reasons:

Those portions of the steam system of Limerick extending from the outermost
containment isolation valve up to but not including the turbine stop
valves, and connected piping of 2%" nominal pipe size or larger up to and
including the remotely operated manual valves are classified seismic
Category I. In addition, these valves are Class 1E powered, and the
controls are installed on seismic Categury I panels located in the

control roem for ready operator access to remotely close the valves when
required.

During normal plant operation, in case of a pipe break downstream of any
one of the remotely operated manual valve, radiation monitors in the
turbine enclosure exhaust will detect radiation and alert the operator
in the control room. Temperature elements will also show an increase in
temperature.

Each of the three remotely operated manual valves in question is downstream
of the MSIV's which automatically close in the event of a large pipe
break in the main steam line.

A main steam isolation event is annunciated in the control room, where
the operator can manually initiate the MSIV-LCS within 20 minutes. At
the same time the operator can close the three manual valves. This time
period is consistent with loading requirements of the Class 1E electrical
buses and provides reasonable time for operator action.

Even assuming the unlikely event of a pipe break downstream of any one of
these remotely operated manual valves coincident with a LOCA, during the
time period before the MSIV-LCS is actuated, the radiation doses are well
below the guideline values of 10CFR 100. The activity levels in the
residual steam would be comparable to normal operation activity levels.
Core activity would not be transported past the already closed MSIVs due
to the transport delay time of the residual steam and water.

ROP: hmm/D02019*-1
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QUESTION NO. 1 (CONT'D)

1he MSIV-LCS, as discussed in Section 6.7, is designed with sufficient
capability to control leakage from MSIVs. Flow into the MSIV-LCS is
induced by blowers which will maintain the pressure in the steam lines
slightly negative with respect to the atmosphere, thus ensuring that the
MSIV leakage passes through the blower and into the Main Steam Tunnel
where the reactor enclosure recirculation system (RERS) collects and
processes it before release to the atmosphere through the Standby Gas
Treatment System (SGTS).

Remote manual operation of the three valves in question is consistent
with the intent of Regulatory Cuide 1.96 which allows the MSIV-LCS to be
a remotely operated manual system due to the transport delay time of the
co?tainment atmosphere in passing through the main steam isolation
valves.

The main steam to condenser hotwell steam spargers isolation valve,
HV-109, was incorrectly identified as an open valve. Section 3.2.1 is
revised to correct this.

ROP: hmm/D02019*-2
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The remote manual valves are the following (shown in
Figure 10.3-1):

Main steam to air ejectors isolation valve, HV-150

Main steam to steam seal evaporator isolation
valve, HV-111

Main steam to reactor feed pump turbine high
pressure steam supply valve, HV-108 e

— p——

1

2

3

/4. Main steam to condenser hotwell steam spargers
\\N_ isolation valve, HV-109

s —

—

Consistent with Regulatory Guide 1.26, the turbine
bypass valve test 1s not designed to seismic Category 1
requirements.

Regarding paragraph C.1.m of the guide, reactivity
control systems, such as the reactor manual control
systems, that are not required to function following an
SSE are not seismic Category 1I.

Structures, systems, and components that do not have
safety-related functions, but whose failures reduce the
function of plant safety features, are designed to
seismic Category I criteria, but are not subject to the
quality assurance program discussed in paragraph C.4 of
the guide. Such structures, systems, and components are
classified seismic Category I1IA.

Paragraph C.3 of the Regulatory Guide recommends seismic
Category I design requirements be extended "to the first
seismic restraint beyond the defined boundaries." Since
seismic analysis of a piping system requires division of
the system into discrete segments terminated by fixed
points, this means that the seismic design cannot be
terminated at a seismic restraint, but is extended to
the first point in the system which can be treated as an
anchor to the plant structure. In addition,

Paragraph C.4 of the Regulatory Guide states that "the

pertinent quality assurance requirement of Appendix B to

10 CFR Part 50 should be applied to the safety

requirements” of such items. Both these guidelines are

considered to be met adequately by applying the
following practices to such items:

(1) Design and design control for such items are
carried out in the same manner as that for items
directly important to safety. This includes the
performance of appropriate design reviews.

3.2-3
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what parts of the redactor internals and the reactor core are not designed
to seismic Category I standards?

R |
o

QUESTION NO. 2
(3.2.1, Page 3.2-2)

RESPONSE

In the reactor systems, all non-safety related reactor internal structures
are not classified as seismic Category I. These internals are listed
below:

1. reedwater Spargers

2. Initial Startup Neutron Sources

w

Surveillance Sample Holders

4. In-Core Instrument Housings

5. Steam Dryer

6. Shroud Head and Separator Assembly

7. Guide Rods

RDP: hmm/D02019*-3
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LGS MEB-SER

%UESTION NO. 3

.2.1, Page 3.2-3)

Explain the statement "Consistent with Regulatory Guide 1.26, the turbine
bypass valve test is not designed to Seismic Category I requirements".

RESPONSE

The statement as written with "....Valve Test..... “ is a typographical
error. Section 3.2.1 is revised accordingly.

RDP: hmm/D02019*-4
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The remote manual valves are the following (shown in
Figure 10.3-1):
Main steam to air ejectors isolation valve, HV-150

5 Main steam to steam seal evaporator isolation
valve, HV=111

3. Main steam to reactor feed pump turbine high
pressure steam supply valve, HV-108

4. Main steam to condenser hotwell steam spargers
isolation valve, HV-109

MEB -3

Consistent with Requlatory Guide 1.26, the turbine
bypass valve -tegt n-t designed to seismic Category I

requirements. ! |ﬁ§l L% PD-J"‘W:’%&%@

Regarding para- ap .
control systems, such as the teactor manual control
systems, that are not required to function following an
SSE are not seismic Category 1I.

Structures, systems, and components that do not have
safety-related functions, but whose failures reduce the
function of plant safety features, are designed to
seismic Category 1 criteria, but are not subject to the
quality assurance program discussed in paragraph C.4 of
the guide. Such structures, systems, and components are
classified seismic Category I1IA.

Paragraph C.3 of the Regulatory Guide recommends seismic
Category I design requirements be extended "to the first
seismic restraint beyond the defined boundaries." Since
seismic analysis of a piping system requires division of
the system into discrete segments terminated by fixed
points, this means that the seismic design cannot be
terminated at a seismic restraint, but is extended to
the first point in the syscem which can be treated as an
anchor to the plant structure. In addition,

Paragraph C.4 of the Regulatory Guide states that "the
pertinent quality assurance requirement of Appendix B to
10 CFR Part 50 should be applied to the safety
requirements” of such items. Both these guidelines are
considered to be met adequately by applying the
following practices to such items:

(1) Design and design control for such items are
carried out in the same manner as that for items
directly important to safety. This includes the
performance of appropriate design reviews.

3.2-3
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QUESTION NO. 4
(3.2.1, Page 3.2-3)

Regulatory Guide 1.29 requires that systems or portions of systems
required for reactor shutdown should be classified seismic Category I.
Justify not classifying manual reactivity control systems in this manner.

RESPONSE

The LGS is installing the Redundant Reactivity Control System (RRCS)
which automatically responds to an Anticipated Transient Without Scram
(ATWS) event or can be manually initiated. This system meets Regulatory
Guide 1.29 and Seismic Category I requirements. In addition, control
rods and control rod drives are designed per seismic Category I and R.G.
1.29. Subsequently, Subsection 3.2.1d is not applicable, and is deleted
from the text as shown in the attachment.

ROP: hmm/D02019*-5
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The remote manual valves are the following (shown in

Figure 10.3-1):

1.
2.

Main steam to air ejectors isolation vaive, HV-150

Main steam to steam seal evaporator isolation
valve, HV-111

Main steam to reactor feed pump turbine high
pressure steam supply valve, HV-108

Main steam to condenser hotwell steam spargers
isolation valve, HV-109

Consistent with Regulatc.y Guide 1.26, the turbine
bypass valve test is not designed to seismic Category I B~
requirements. M

ystemg, that/ are n requir to functyon follow

Regarding paragtaph C.A.m of t guide, reactivity
ntrol /systepS, such/as the actor manyal conti;k
g an

/ SSE aye not Seismic/Category/1I.

—
o

‘4" Structures, systems, and components that do not have
' safety-related functions, but whose failures reduce the
function of plant safety features, are designed to
seismic Category I criteria, but are not subject to the
quality assurance program discussed in paragraph C.4 of
the guide. Such structures, systems, and components are
classified seismic Category I11IA.

c/(ﬁ Paragraph C.3 of the Regulatory Guide recommends seismic
Category I design requirements be extended "to the first
seismic restraint beyond the defined boundaries." Since
seismic analysis of a piping system requires division of
the system into discrete segments terminated by fixed
points, this means that the seismic design cannot be
terminated at a seismic restraint, but is extended to
the first point in the system which can be treated as an
anchor to the plant structure. 1Ia addition,

Paragraph C.4 of the Regulatory Guide states that "the
pertinent quality assurance requirement of Appendix B to
10 CFR Part 50 should be applied to the safety
requirements” of such items. Both these guidelines are
considered to be met adequately by applying the
following practices to such items:

(1)

Design and design control for such items are
carried out in the same manner as that for items
directly important to safety. This includes the
performance of appropriate design reviews.

3.2-3
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UESTION NO. 5 ;
. 53..".2, TabTe 3.2-1, Page 1)

Justify not classifying the core support st-ucture Quality Group B.
RESPONSE

Limerick core support structure was designed and procured prior to the
issuvance of Subsection NG of the ASME Code, Section III. However, an
earlier draft of ASME Code was used as a gu1de in developing the des1gn
criteria in lieu of Subsection NG. These criteria are presented in FSAR
Section 3.9.5.3. Subsequent to the issuance of Subsection NG, comparisons
were made to assure that pre-NG design meets the equivalent level of
safety as presented by Subsection NG (Quality Group 'B').

ROP: hmm/D02019*-6
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UESTION NO. 6 sl
55.2.?, Table 3.2-1)

It is the staff's position that pipe supports should have the same
quality group classification as the fluid system for which they must
function. Justify all cases in which ASME Class 1, 2 or 3 piping or
component supports have not been given a quality group classification
commensurate with the piping or component classification.

RESPONSE

For the design of Limerick pipe supports, the Code B31.7 is used for
Nuclear Class 1, 2 and 3 piping and the Code B31.1 is used for non-nuclear
piping. These codes were applicable at the time of the procurement of
these supports (June 1971).

The stress limits used in the design are given in Table 3.9-21, which
demonstrates a conservative basis for the Limerick pipe support design.

RDP: hmm/D02019*-7
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UESTION NO. 7
able 3.2-1

Justify not providing a quality group classification for the reactor
vessel support skirt.

RESPONSE

The reactor vessel support skirt is designed to the ASME Code Section I1I,
Subsection NF criteria. The RPV support skirt does not contain water,
steam or radioactive material; therefore, quality group classification
(per R.G. 1.26) is not applicable.

ROP: hmm/D02019*-8
3/1C/83



LGS MEB-SER 7“"} ‘
DRAFT
%UESTION NO. 8
"I' able 3.2-

Justify not providing a quality group classification for the control rod
drive housing supports.

RESPONSE

Control rod drive housing supports are designed in accordance with the
requirements of AISC code. These supports do not fall under the
Jurisdictional boundary of the Subsection NF of ASME Code.

In addition, the CRD housing supports do not contain water, steam or
radioactive material; therefore, quality group classification (per
R.G. 1.26) is not app11cable

RDP: hmm/D02019*-9
3/10/83



LGS MEB-SER e T

“

¢ 3 P A3
%ussnon NG. 9 u....) y 14 ud
abie s5.<-

Justify not providing a quality group classification for the reactor
internals.

RESPONSE

Reactor internal structures are designed per manufacturer's standard as
shown in the table. For core support structure design basis, see response
to Question No. 5. These internal structures do not contain water,

steam or radioactive material, therefore, quality group classification
(per R.G. 1.26) is not applicable.

Accordingly, Table 3.2-1 is corrected.

ROP: hmm/D02019*-10
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TABLE 3.2-1

LGS DESIGN CRITERIA SUMMARY

SYSTEM/COMPONENT (%0

1.
2.
3.

..
S.
6.
1.
8.

Reactor vessel

Reactor vessel support skirt
Reactor veasel appurtenances,
pressure retaining portions
CRD (control rod drive) housing
supports

Beactor internal structures,
angineered safety fealures
feactor internal structures,
other

Control rods

Core support structure

Power range detector hardware
Pue! assembles

B. Fucleag Boller jygtes

1.
1.
3.
..
S.
6.
7.

Vessels, level instrumentation
condens ing chambers

Vessels, alir accumulators
Piping, reliaf valve discharge

Piping and valves, reactor coolact

pressure boundary (RCPB)

Pipe supports,
main steam

Mechanical components, instrumentation

with safety function
KElectrical modules, with safety
funct fon

Quenchers and quencher supports

C. Cp Bydraulic Jystem

1.
2.

¢ Refer to Notes at the end of this table.

Control rod drives

Bydraulic control unit including

scram accumulators

PSAR
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Explain the use of ASME III Class 3 piping that is not Seismic Category 1
in the spent fuel pool cooling system.

UESTION NO. 10
able 3.2-1

RESPONSE

During the original design and purchase of the spent fuel pool cooling
system piping, the design guidance was based on Safety Guide 26, dated

March 23, 1972. Safety Guide 26 stated that any system carrying radioactive
fluid should be designed to ASME III. Subsequent revisions to Safety

Guide 26 (now Regulatory Guide 1.26) did not impose such a stringent
requirement; however, the purchase order had been issued for ASME III

pipe. As discussed in Section 9.1.3, those portions of the spent fuel

pool cooling system that are required to be safety related are designed

as Seismic Category I.

RDP: hmm/D02019*-11
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What part of the Emergency Service Water System is Seismic Category IIA?

RESPONSE

Sheets 1, 2 and 3 of Figure 9.2.2 indicate the parts of the Emergency
Service Water System that are Seismic Category IIA. Non-Seismic Category I
drain and vent lines and capped ends extending from Seismic Category I
piping are Seismic Category IIA downstream of the last isolation valves.

The operator may elect to provide ESW to the following non-seismic
Category I equipment:

(a) RECW heat exchanger,

(b) TECW heat exchanger, and

(c) Reactor recirculatio~ pump seal and motor o071 coolers.

ESW flow to and from these components is controlled by redundant key-locked

remote manual valves for (a) and (b) and lock-closed manual valves for

(c).

RDP: hmm/D02019*-12
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UESTION NO. 12
.2, lable 3.2-1)

There are systems of Tight-water cooled reactors important to safety that
are not identified in Regulatory Guide 1.26 that the staff considers
should be classified Quality Group C. Examples of these systems are:
diesel fuel oil storage and transfer system; diesel engine cooling water
system, diesel engine lubrication system, diesel engine starting system,
diesel engine combustion air intake and exhaust system, and instrument
and service air systems required to perform a safety function; and
certain ventilation plant systems. Gas treatment systems which are
éonsidered as engineered safeguards systems should be classified Quality
roup B.

Justify the lack of quality group classification for many of the above
diesel-generator system components, the standby gas treatment system, the
control structure ventilation system, the auxiliary switchgear room, and
HVAC equipment room.

RESPONSE

The quality group classification for the diesel generator auxiliary
system piping and components is addressed in the attached response to NRC
Question No. 430.75.

The safety related HVAC fans, coils, fiiters, plenums, dampers, and duct
work are not classified as piping or pressure vessels and as such do not
fall under the jurisdiction of ASME III Class 3 as an applicable design
standard with the exception of the conde ser on the control room chillers,
which is classified as ASME III, Class 3.

In addition to the applicable desigr standards as listed for safety
related systems in Table 3.2-1, the safety related plant ventilation
systems, including duct work and hangers, are Q-listed, designed to
Seismic Category I standards, require mill test certification to ASTM
Standard- and are environmentally qualified where applicable.

ROP: hmm/D02019*-13
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Cisse]l generater auxiliary systems piping and ceorgsonents are
:lass;fxed 1n the FSAR taxt and Table 3.2.1 as conforring to ASME
Sa~ticn III Class 3, ANS! 831.1, or manufacturer's standard. It
15 nat entirely clear where the respective classifications begin
or end. 1In any event, this is not acceptacle. w2 reguire the
e~tire diesel generator auxiliary systems to ce 22si1gn2d to ASME
Sa=ticn II1 Class 3, or Quality Group C, in aczser3ance with
fejuiatory Suide 1.28. Rewvise your F3AR ascazdinziy. Alse,
s-ovid2 tne inmdustry standards that ware ussd 1n tne dasica,
ranufasture, and inspection of the diessl engins wounted pifing
and ccmzonants. Revise tne agprepriate Palls to show whsre
gquality group changes occur.

a. Tual oil systexr ‘Figure 9.5-8 i
5. Cecoling water syster which includss the jackel watar .-
ccoling lecop and the air ccoler ccolant loop [Figure Y
38 Starting syster (Figure 9.5-10C |
- T - A i e e L e & ko N |
~ Lubrication sys:s figure 2.5=11 !
= Ssm=ustion &ir intaxe and exhaus: 3yscer Tigure 2.%3-00 :
S.zinz 2nd eguipTent 1 these systems 13 providad in acIoriancs '
woke 2oy Sgesiaw 1711 Claes 31, ANSI B31. 1, &nd Tancliasturer'S :
s~ar3ar3s a3 insic3t23 or one acove refsrencsi figaiTes and Lalis
411 piping and eguiprent has been designeld 0o w.thstand s2:1s57:.¢
a-c2lerations and cperating loads, regardizss cf da2sign cods.
The manufacturer has develcpa2d a highly reliacle engine piping
sys:2T over the 44 y=ars that the design of this basiC enjin2 nas
peen 1n use.
Tne design code used for each piping seismic segment or corponant
me2ts or exceeds trﬂ comritrent made in the Lirerick PSAR,
Azpsndix A and Figure A.2.3.
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ATTRCUMENT 70 & 43098
LGS FSAR

CHAPTER © MeER -2

FIGURES (Cont'd)

Title

9.4-2 Reactor Enclosure and Refueling Area HVAC System
P&ID

9.4-3 Radwaste Enclosure HVAC System P&ID

9.4-4 Turbine Enclosure HVAC System P&ID

9.4-5 Containment Atmospheric Control System P&ID

9.4-6 Primary Containment Vacuum Relief Valve Schematic

9.4-7 Drywell HVAC System P&ID

9.4-8 Drywell Air Coocling System Layout

9.4-9 Hot Maintenance Shop HVAC System P&ID

' 9.4-10 Miscellaneous Structures HVAC Systems

9.4-11 Administration Building HVAC System P&ID

9.4-12 Control Structure Exhaust Air Discharge

9.5=1 Fire Protection P&ID

9.5-2 Riser Diagram, Public Address System for Unit 1

9.5-3 Riser Diagram, Publc Address System for Unit 2

9.5-4 Riser Diagram, Public Address System for
Miscellaneous Structures

9.5-5 R.ser Diagram, Telephone System for Unit 1

9.5-6 Riser Diagram, Telephone System for Unit 2

9.5-7 Riser Diagram, Telephone System for Miscellaneous
Structures

tor and Plant Fuel Oil Systems

9.5-8 SH1 standby Diesel Gene
Sh.2 MMM ;
9.5-9 SH.1 Diesel Generator

‘ . sH.2 Dazad Avevader A

3.5-10 Diesel Generator Air

Water System

arting System

9-xviii Rev. 15, 12/82
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‘ able 3.2-1, Page 14)

Appendix A of SRP 3.2.2 requires that main steam leads from, and including,
the turbine stop valves to the turbine casing shall be Quality Group

D + QA or certification. Why have you omitted these lines from your 'Q'
list?

RESPONSE

The main steam leads from, and including, the turbine stop valves to the
turbine casing are Quality Group D and have QA certification.

Qualifications with respect to certification requirements have been met
and are listed in Table 3.2-1, Item VIII.B.2 and Notes 29, 30 and 31 to
the table.

ROP: hmm/D02019*-14
3/10/83
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UESTION NO. 14
able 3.2-1, Pages 16-18)

Why are there no Quality Group Classification on instrumentation and
control systems for engineered safety feature systems?

RESPONSE

Table 3.2-1, Note 45 (on Page 38 of Rev. 15, 12/82) discusses the quali-
fication of instrumentation and control components which states:

“Equ1pment is qualified in accordance with the conformance statements

made in Section 7.2, 7.3, 7.4, 7.5 and 7.6 in reference to IEEE-279
Paragraph 4.4 and IEEE 323"

Note 9 of Table 3.2-1, which discusses qualification of the instrument

lines, is referenced for applicable NSSS and ESF systems instrument
lines.

ROP: hmm."'D02019*-15
3/10/83
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3.6 Protection Against Dynamic Effects Associated with the Postulated
Rupture of Piping

FSAR TECHNICAL RESPONSIBLE

QUESTION NO. SECTION AREA ORGANIZATION
15 3.6.1.1 Mech. B/GE
16 3.6.2 Plant~ Des. B

17 3.6.2.1.1.1 Pipe Break Crit. GE/B
18 3.6.2.1.1.1 Plant Des. B

19 3.6.2.1.1.1 Pipe Break Crit. B

20 3.6.2.1.1.1 Mech. B

21 3.6.2.1.1.2,3 Pipe Break Crit. GE/B
22 3.6.2.1.1.4 Plant Des. B

23 3.6.2.1.1.5 Mech. B

24 3.6.2.1.3 Mech. B

25 3.6.2.1.3 Pipe Break Crit. GE/B
26 3.6.2.1.3 Mech. B

27 3.8.2.1.3 Break Area GE/B
28 0. 2.1.3 Mech. B

29 3.6.2.1.3 Break Geometry GE/B
30 3.6.2.1.3 Pipe Break Crit. GE/B
31 5.0.2.2.2 Recirc. Sys. Prop. GE
32 3.6.2.2.2f Recirc. Sys. GE
33 3.6.2.2.2 Plant Des. B

34 3.6.2.3 Plant Des. B

35 3.6.2.4 Restraint GE
36 3.6.2.5.2 Plant Des. B

37 3.6.2.5.2 Plant Des. B

38 3.6 (T&F) Mech. B

?

ROP:cal:hmm/K022218*-1
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UESTION NO. 15 L ¢ L4
%3.3.1.1, Page 3.6-4)

Provide the analytical or experimental data used to demonstrate the
capability of a pipe impacted by a larger diameter pipe or an equal
diameter pipe with greater wall thickness to survive the impact without
loss of pressure boundary integrity.

RESPONSE

LGS MEB-SER il l;...-\-%--
i 107 LN e
= R

To date, experimental or analytical data is not used in the Limerick

design to justify the use of criteria other than those stated in Paragraph f
of Section 3.6.1.1. If such experimental or analytical data is used in

the future, the NRC will be informed.

ROP: hmm/D02019*- 16
3/10/83
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‘ 53.6.2, Page 3.6-30)

What is meant by the statement "“Terminal ends of the piping runs extending
beyond these portions of high- energy piping are considered to originate
at a point adjacent to the required moment-limiting restraints"?

RESPONSE

The above statement is clarified below and incorporated in Section
3.6.2.1.1.1.

"Terminal ends of high energy piping which penetrate the containment
shell are considered to originate beyond the containment isolation
valve and its first moment limiting restraint, both inboard and
outboard".

ROP: hmm/D02019*-17
3/10/83
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3.6.2 DETERMINATION OF PIPE FAILURE LOCATIONS AND DYNAMIC
EFFECTS ASSOCIATED WITH POSTULATED PIPING FAILURES

Information concerning break and crack location criteria and
methods of analysis is presented in this section. The location
criteria and methods of analysis are needed to evaluate the
dynamic effects associated with postulated ruptures of high-
energy and moderate-energy piping inside and outside the primary
containment.

3.6.2.1 Criteria Used to Determine Pipe Break and Crack Locations
and Their Confiqurations

3.6.2.1.1 Break Locations in High-Energy Fluid System Piping
3.6.2.1.1.1 Piping in Containment Penetration Areas

High-energy pipes penetrating the primary containment are
provided with moment-limiting restraints that are located
reasonably close to the containment isolation valves and are
designed to withstand :he loadings resulting from a pipe break
either inboard of the inboard isolation valve or outboard of the
outboard isolation valve so that neither isolation valve
operability nor leaktight integrity of the containment
enetration would be impaired as a result of such pipe breaks.

Ping runs n portion
red to o inate ata
-limi restrain

point
Breaks are not postulated in these portions of high-energy piping
in containment penetration areas provided that the following
design stress and fatigue limits are satisfied:

MZB-/4

For ASME B&PV Code, Section III, Class 1 Piping

a. The stress intensity range Sp, calculated for normal and
upset conditions by equation (10) of paragraph NB-3653,
does not exceed 2.4 Sy, or

b. The stress intensity range S,, calculated for normal and
upset conditiorc by equation (10) of paragraph NB-3653
exceeds 2.4 Sp but does not exceed 3.0 Sy and the
cumulative usage factor associated with normal, upset,
and testing conditions is less than 0.1, or

e. The stress intensity range Spn, calculated for normal and
upset conditions by equation (10), exceeds 3.0 Sp, but
the stress intensity ranges computed by equations (12)
and (13) of paragragh NB-3653 are less than 2.4 Sm and
the cumulative usage factor associated with normal,
upset, and testing conditions is less than 0.1
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%UESTION NO. 17
.6.2.1.1.1, Page 3.6-30)

Branch Technical Position MEB 3-1 requires that when breaks and cracks
are not postulated in high-energy ASME Class I piping in containment
penetration areas, the following limits must be met:

a) The maximum stress range between any two load sets (including the
zero load set) should not exceed 2.4 S _, and should be calculated by
Eq. (10) in Paragraph NB-3653, ASME Coﬂe, Section III, for those
loads and conditions thereof for which Level A and Level B stress
limits have been specified in the system's design specification,
including an operating basis earthquake (OBE) event transient. The
S, is design stress intensity as defined in Article NB-3600 of the

A®ME Code Section III.

If the calculated maximum stress range of Eq. (10) exceeds 2.4 Sm,
the stress ranges calculated by both Eq. (12) and Eq. (13) in
Paragraph NB-3653 should meet the limit of 2.4 Sm.

b) The cumulative usage factor should in all cases be less than 0.1.

Revise your break exclusion criteria to include these load set and
design stress intensity requirements.

RESPONSE

The Limerick design postulates breaks using the above criteria with one
exception. When Equation (10) exceeds 2.4 Sm but not greater than 3.0
Sm, no break is postulated unless the cumulative usage factor exceeds
0.1. The breaks are always postulated whenever the usage factor exceeds
0.1 regardless of stress. This position is consistent with BTP-MEB >1,
Rev. 0 (11/24/75).

Furthermore, the Limerick piping design is similar to Susquehanna and
LaSalle which have receised operating licenses (OL) in 1982. Therefore,
the Limerick design should be adequate for safety.

RDP: hmm/D02019*-18
3/10/83
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UESTION NO. 18
53.3.2.1.1.1, Page 3.6-31)

When stresses in ASME III, Class 2 piping beyond the break exclusion area
exceed 1.85 as calculated by Equation (9), and when the piping is
constructed in accordance with ANSI B31.1, the piping shall be seamless

with full radiography of all circumferential welds, or all longitudinal

and circumferential welds shall be fully radiographed. Provide a commitment
to this requirement.

RESPONSE

The Limerick design is in compliance with this requirement as clarified
in the revised Section 3.6.2.1.1.1.

RDP: hmm/D02019*-19
3/10/83
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Inservice inspection of the reactor coolant pressure MEBR-19
boundary is discussed in Section 5.2.4.

3.6.2.1.1.2 Recirculation System Piping

Pipe breaks in the recirculation system are postulated to occur
at the following locations:

a. Terminal ends of a piping run or branch run

b. At intermediate locations between terminal ends where
the maximum stress range between any two load sets
{including the zero lnad set), as calculated according
to subarticle NB-3600 (ASME B&PV Code, Section IIl) for
upset plant conditions and an fndependent OBE event,
meets the following requirements:

1. The stress range, as calculated using equation (12)
or (13), exceeds 2.4 Sp.

- & The stress range calculated using equation (10)
exceeds 2.4 Sp but is less than 3.0 Spm, and the
cumulative usage factor exceeds 0.1.

. 3. The stress range calculated using equation (10) ;
exceeds 3.0 Sm, and the cumulative usage factor )
exceeds 0.1.

¢. If two or more intermediate break locations cannot be
determined by stress or usage factor limits, two
intermediate locations are selected on a reasonable
basis. This basis includes consideration of fitting
locations and/or highest stress or usage factor
locations. Where more than two such intermediate
locations are possible using the application of the
above reasonable basis, those two locations possessing
the greatest damage potential are used. A break at each
end of a fitting can be classified as two discrete break
locaticns when the stress analysis is sufficiently
detailed to differentiate stresses at each postulated
break.

3.6.2.1.1.3 Class 1 Piping (Other Than Recirculation System
Piping and Piping in Containment Penetration Areas)

Breaks in Class 1 piping (ASME B&PV Code, Section III) are
postulated to occur at the following locations:

. a. At terminal ends of piping runs or branch runs

b. At intermediate locations between terminal ends, as
determined by one of the two following criteria:

1.6=-132
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?uesnou NO. 19 I8 17
.6.2.1.1.1, Page 3.6-31)

Where you have employed welded support attachments in break exclusion
areas, commit to performing detailed stress analyses or tests to demonstrate
compliance with the applicable stress limits.

RESPONSE

In Limerick design, there are no welded support attachments within the
break exclusion area.

ROP: hmm/002019*-20
3/10/83
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QUESTION NO. 20
(3.6.2.1.1.1, Page 3.6-31)

Provide details of, and justification for instances in which 100% volumetric
weld examination in break exclusion piping will not be performed.

RESPONSE

In all break exclusion piping of Limerick, 100% volumetric weld examinatian
will be performed.

RDP: hmm/D02019*-21
3/10/83
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. .6.2.1.1.2, 3; Page 3.6-3, 33)

Branch Technical Position MEB 3-1 requires that breaks be postuiated in
ASME III Class I piping, other than containment penetration areas according
to the following criteria:

a) At terminal ends.

b) At intermediate locations where the maximum stress range as calculated
by £q. (10) and either (12) or (13) exceeds 2.4 Sm.

c) At intermediate locations where the cumulative usage factor exceeds
0.1.

d) If two intermediate locations cannot be determined by (b) and (c)
above, two highest stress locations based on Eq. (10) should be
selected. If the piping run has only one change or no change of
direction, only one intermediate location should be postulated.

Revise your pipe break location criteria to conform to these requirements.
RESPONSE

The Limerick design has postulated breaks using the above criteria with
one exception. When Equation (10) exceeds 2.4 Sm but not greater than
3.0 Sm, no break is postulated unless the cumulative usage factor exceeds

‘ 0.1. The breaks are always postulated wherever the usage factor exceeds
0.1 regardless of stress. This position is consistent with BTP-MEB 3-1,
Rev. 0 (11/24/75).

Furthermore, the Limerick piping design is similar to Susquehanna and
LaSalle, which have received operating licenses (0OL) in 1982. Therefore,
the Limerick design should be adequate for safety.

ROP: hmm/D02019*-22
3/10/83
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%UESTION NO. 22

.0.2.1.1.4, Page 3.6-33)

The staff contends that in ASME Class 2 and 3 piping systems where
intermediate break locations are postulated at each pipe fitting, and the
piping system contains no fittings, valves, or welded attachments, a
break should be postulated at each extreme of the piping run adjacent to

the protective structure. Add this criteria to your intermediate break
Tocation postulation methodology.

RESPONSE

Section 3.6.2.1.1.4 is revised to reflect the above criteria.

RDP: hmm/D02019*-23
3/10/83
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1. At each location of potential high stress such as
pipe fittings (elbows, tees, reducers, etc) valves,
and welded attachments

- N At each location where, for normal and upset load
conditions, the following stress and fatigue l.mits
are not met:

(a) The stress intensity range Sp, calculated by
equation (10) of paragraph NB-3653, does not
exceed 2.4 Sp.

(b) The stress intensity range Sp, as calculated
by equation (10) of paragraph NB-3653, exceeds
2.4 Sym but is less than 3.0 Sm, and the
cumulative usage factor is less than 0.1.

(¢) The stress intensity range Sp exceeds 3.0 Sp,
but the stresses computed by equation (12) and
(13) of paragraph NB-3653 are less than 2.4
Sm, and the cumulative usage factor is less
than 0.1.

When the above stress and fatigue criteria result
in less than two intermediate break locations, a
minimum of two separated locations are chosen based
on highest stress, as calculated by equation (10)
of paragraph NB-3653. The two locations are chosen
with a difference in stress of at least 10% or, if
stresses differ by less than 10%, the two locations
are separated by a change in direction of the pipe
run. Where the piping consists of a straight run
without fittings, valves, or welded attachments, a
minimum of one location is chosen on the basis of
highest stress.

3.6.2.1.1.4 Class 2 and 3 Piping (Other Than Recirculation
System Piping and Piping in Containment
Penetration Areas)

Breaks in Class 2 and 3 piping (ASME B&PV Code, Section I11) are
postulated to occur at the following locations:

a. At terminal ends of piping runs or branch runs

b. At intermediate locations between terminal ends, as ’wfgriz
determined by one of thg/&wovfollowing criteria:

1. At each location of potential high stress, such as

pipe fittings (elbows, tees, reducers, etc),
valves, and welded attachments

3.6-33
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- At each location where the maximum stress range, as
calculated by the sum of equations (9) and (10) of
paragraph NC-3652, considering normal and upset
plant conditions, exceeds 0.8(1.2Sh + Sp).

When the above stress and fatigue criteria result
in less than two intermediate break locations, a
minimum of two separated locations are chosen based
on highest stress, as calculated by the sum of
equations (9) and (10) of paragraph NC-3652. The
two locations are chosen with a difference in
stress of at least 10% or, if stresses differ by
less than 10%, the two locations are separated by a
change in direction of the pipe run. Where the
piping consists of a straight run without fittings,
valves, or welded attachments, a minimum of one
location is chosen or the basis of highest stress.

3.6.2.1.1.5 Nonnuclear Class Piping

Breaks in nonnuclear class piping are postulated to occur at the
following locations:

b.

At terminal ends of piping runs or branch runs

At each intermediate location of potential high stress,
such as pipe fittings (elbows, tees, reducers, etc),
valves, and welded attachments

Alternatively, the break locations for nonnuclear class piping
can be selected according tc the same criteria used for Class 2
and 3 piping, provided that all necessary analyses are made.

3.6.2.1.2 Crack Locations in Moderate-Energy Fluid System Piping

Through-wall leakage cracks are postulated to occur in moderate-
energy piping located in areas containing essential systems and
components. Cracks are postulated to occur at terminal ends of
piping runs or branch cruns, and at intermediate locations
selected in accordance with either of the two following criteria:

At locations of potential high stress, such as pipe
fittings (elbows, tees, reducers, etc), valves, and
welded attachments

For Class ' piping (ASME B&PV Code, Section III), at
locations where the maximum stress range as calculated
by equation (9) of paragraph NB-3652 exceeds 0.6Sm, and
for Class 2 or 3 piping (ASME B&PV Code, Section III) or
nonnuclear piping, at locations where the maximum stress
range as calculated by the sum of equations (9) and (10)
of paragraph NC-3652 exceeds 0.4(1.2Sp + Sp).

306-3‘
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‘ 53 . 5.2.1.1.5, Page 3.6-34)

Provide assurances that breaks in non-seismic Category I piping have been
postulated at those locations that would result in the maximum amount of
damage and that all safety related systems and components have adequate
protection from these piping breaks.

RESPONSE

The only high energy seismic Category II piping in the control structure
is the portion of the steam supply line to the offgas recombiner preheater
that is located within the recombiner compartments (elev. 18C feet). The
only high energy seismic Category IT piping in the reactor enclosure is
the RWCU piping inside the RWCU filter/demineralizer compartments and the
RWCU holding pump compartments (elev. 313 feet). In both cases, the
walls of the compartments are capable of withstanding the pipe whip and
jet impingement forces and the compartment pressurization that could
result from breaks at the most adverse locations. Since there are no
safety related components locatzd in these compartments, safety related
components will not be affected by high energy pipe breaks within these
compartments.

Other safety related structures, such as the spray pond pump structure
and the diesel-gererator enclosures, do not contain high energy seismic
Category II piping.

‘ Safety related components are protected from the effects of high-energy
pipe breaks in nonsafety related structures by the walls that separate
the safety related structures from the nonsafety related structures. To
the extent necessary to prevent unacceptable damage to safety related
components, these walls are designed to withstand the pipe whip and jet
impingement forces and compartment pressurization that could resuit from
breaks at the most adverse locations in high energy seismic Category II
piping within the nonsafety related structures.

ROP: hmm/D02019*-24
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.0.2.1.3, Page 3.6-35)

Is there any unrestrained whipping pipe located inside containment?
RESPONSE

The following high energy piping systems in the drywell are not provided
with pipe whip restraints:

a. Reactor Vessel Drain Line (4" DCA-101)

b. Main Steam Drain Lines (2" & 3" DBA-105)

€. RPV Head Vent Line (2" DBA-108)

d. Standby Liquid Control Injection Line (2" DCA-112)

Each of these lines has been analyzed to verify that in the event of a
pipe break, damage to structures, systems, or components needed for safe

shutdown will not occur. Therefore, the ab111ty to shut the reactor down
safely will be maintained if a break occurs in any of these lines.

RDP: hmm/D02019*-25
3/10/83
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‘ .6.2.1.3, Page 3.6-35)
Circumferential breaks should be postulated whenever the maximum stress
range is exceeded and the circumferential stress is less than 1.5 times

the axial stress, regardless of whether the cumulative usage factor is
less than 0.1. Alter your break posulations to include this requirement.

RESPONSE

The rules for exemption of certain break orientations, which are based
solely on stress and independent of calculated cumulative usage factor,
are described in the Section 3.6.2.1.3. This section is corrected to
reflect the above criteria. The revised criteria are consistent with the
Branch Technical Position MEB 3-1 and further clarified below:

At each of these postulated break locations, consideration is given to
the occurrence of either a longitudinal split or circumferential break.
Both types of breaks are considered if the maximum stress ranges in the
circumferential and axial directions are not significantly different.
Only one type of break is considered as follows:

1. If the results of a detailed stress analysis indicate that the
maximum stress range in the axial direction is at least 1.5 times
that in the circumferential direction, only a circumferential break
is postulated.

‘ 2. If the analysis indicates that the maximum stress range in the
circumferential direction is at least 1.5 times that in the axial
direction, only a longitudinal split is postulated.

RDP: hmm/D02019*-26
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The above criteria notwithstanding, cracks are not postulated in
those portions of moderate-energy piping located in the following
areas:

a. Areas in which high-energy pipe breaks are postulated,
provided that moderate-energy piping cracks would not
result in mcre severe environmental conditions than the
high-energy pipe breaks.

b. Between containment iscolation valves, provided that:

1. The piping meets the requirements of subarticle NE-
1120 of the ASME B&PV Code

2. The maximum stress range for Class 1 piping (ASME
B&PV Code, Section III) as calculated by equation
(9) of paragraph NB-3652 does not exceed 0.6Sm, and
the maximum stress range for Class 2 and 3 (ASME
B&PV Code, Section III) or nonnuclear piping as
calculated by the sum of equations (9) and (10) of
paragraph NC-3652 does not exceed 0.4(1.2Sh + Sap).

3.6.2.1.3 Types of Breaks and Cracks in Fluid System Piping

Circumferential Breaks

A circumferential break is assumed to result in (a) severance of
a high-energy pipe on a plane perpendicular to the pipe axis, and
(b) separation amounting to at least a one-diameter lateral
displacement of the ruptured piping ends unless physically
limited by piping restraints, structural members, or piping
stiffness. Pipe whipping is assumed to occur in the plane
defined by the piping geometry and configuration, and to cause
pipe movement in the direction of the jet reaction.

Circumferential breaks are postulated in high-energy fluid system
piping of nominal pipe size greater than 1 incn, at the locations
ermined by the criteria listed in Section 3.6.2.1.1, except
wher it can be
shown that the maximum stress is in the circumferential directic
and is at least 1.5 times the longitudinal stress, in which case

only a longitudinal break is postulated.

Longitudinal Breaks

A longitudinal break is assumed to result in an axial split
parallel to the pipe axis, without causing pipe severance. The
break opening area is assumed to be equal to the effective cross-
sectional flow area of the pipe at the break location. The split
is assumed to be oriented so that the jet reaction force causes
out-of-plane bending of the piping configuration. Piping
movement is assumed to occur in the direction of the jet reaction

3.6-35
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unless limited by piping restraints, structural members, or
piping stiffness.

Longitudinal breaks are postulated in high-energy fluid system
piping of nominal pipe sizes of 4 inches and larger, at the
locations determined by the criteria listed in Section 3.6.2.1.1,
with the following exceptions. Longitudinal breaks are not
postulated:

a. At terminal ends, provided the piping at the terminal
ends contains no longitudinal pipe welds

b. At intermediate break lccations chosen to satisfy the
criterion for a minimum number of break locations

c. At locations where ' InNEg-35,
it can be shown that the maximum stress is l 30
in the longitudinal direction and is at least 1.5 times
the circumferential stress, in which case only
circumferential breaks need to be postulated.

Through-Wall Leakage Cracks

Through-wall leakage cracks are postulated to occur in moderate-

‘ energy fluid system piping exceeding a nominal pipe size of 1 :
inch, at the locations determined by the criteria listed in f
Section 3.6.2.1.2. A crack is assumed to occur at any
orientation about the circumference of a pipe. Fluid flow from a
crack is based on a circular opening with an area equal to that
of a rectangle one-half pipe diameter in length and one-half pipe
wall thickness in width.

3.6.2.2 Analytical Models to Define Forcing Functions and
Response Models (Recirculation Sistem OnIEZ
3.6.2.2.1 Analytical Methods to Define Blowdown Forcing Functions

The rupture of a pressurized pipe causes the flow characteristics
of the system to change, creating reaction forces that can
dynamically excite the piping system. The reaction forces are a
function of time and space and depend upon the fluid state within
the pipe prior to rupture, break flow area, frictional losses,
plant system characteristics, piping system, and other factors.
The methods used to calculate the reaction forces for
recirculation system piping are presented below.

The criteria that are used for calculation of fluid blowdown
forcing functions include:

‘ a. The dynamic force of the jet discharge at the break

location is based on the effective cross-sectional flow
area of the pipe and on a calculated fluid pressure as

3.6-36
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.06.2.1.3, Page 3.6-35)

State where you have taken credit for a less than one pipe diameter
displacement in the event of a circumferential break and discuss the
anaiysis performed in such a case.

RESPONSE

A1l analyses to determine the blowdown (reaction) force on the segment of
piping that contains a circumferential break are based on unotstructed
discharge from 100% of the cross-sectional area of the pipe. This is
consistent with the assumption of a one-diameter lateral displacement of
the ruptured piping ends. The only pipe break analyses that have involved
lateral displacements of less than one pipe diameter are analyses concerning
jet impingement forces. In certain cases where pipe whip restrains are
located on both sides of a postulated circumferential break, and the
design of the restraints pre.ents the two ends of the break from achieving
a one-diameter displacement, credit is taken for one end of the broken
pipe causing partial blockage of the fluid being discharged from the
opposite side of the break. Similarly, in certain cases where one side

of the break is an RPV nozzle safe-end and the other side of the break is
restrained from achieving a one-diameter displacement relative to the
nozzle, credit is taken for partial blockage of the fluid discharging

from the restraint pipe end. This methodology can result in a reduction
of the jet impingement force on potential impingement targets.

RDP: hmm/D02G19*-27
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QUESTION NO. 27
(3.6.2.1.3, Page 3.6-35)

List and justify any longitudinal breaks that are assumed to be less than
full area breaks.

RESPONSE

In the Limerick design, all breaks are assumed to attain full pipe break
area instantaneously.

This is reflected in the revised text.

ROP: hmm/D02019*-28
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modified by an analytically or experimentally determined
thrust coefficient. Limited pipe displacement at the
break location, line restrictions, flow limiters,
positive pump-controlled flow, and the absence of energy
reservoirs may be taken into account, as applicable, in
the reduction of jet discharge.

b. ( risé time not exceeding one millisecond is used for )
ong ¢ﬂzk\5*u¢ipV0uJ&*ﬂﬁv‘ ;
Blowdown forcing functions are determined by either of two
methods as described below.

Moody Model

The predicateu blowdown forces on pipes fed by a pressure vessel
can be described by transient and steady-state forcing functions.
The forcing functions used are based on methods described in

Ref 3.6-4. These are simply described as follows:

i

a. The transient forcing functions at points along the pipe
result from the propagation of waves (wave thrust) along
the pipe, and from the reaction force due to the
momentum of the fluid leaving the erd of the pipe
(blowdown thrust).

b. The waves cause various sections of the pipe to be
loaded with time-dependent forces. It is assumed that
the pipe is one-dimensional, in that there is no
attenuation or reflection of the pressure waves at
bends, elbows, and the like. Following the rupture, a
decompression wave is assumed to travel from the break
at a speed equal to the local speed of sound within the
fluid. Wave reflections occur at the break end, changes
in direction of piping, and the pressure vessel until a
steady flow condition is established. Vessel and free
space conditions are used as boundary conditions. The
blowdown thrust czuses a reaction force perpendicular to
the pipe break.

c. The initial blowdown force on the pipe is taken as the
sum of the wave and blowdown thrusts and is equal to the
vessel pressure (P,) times the break area (A). After
the initial decompression period (i.e., the time it
takes for a wave to reach the first change in
direction), the force is assumed to drop off to the
value of the blowdown thrust (i.e., 0.7P,A).

d. Time histories of transient pressure, flow rate, and
other thermodynamic properties of the fluid can be used
to calculate the blowdown force on the pipe using the
following equation:

3.6-37
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.6.2.1.3, Page 3.6-35)
Provide assurance that longitudinal breaks are postulated at two
diametrically opposite points on the piping circumference.
RESPONSE
Longitudinal breaks are postulated to occur at two diametrically opposed

points on the piping circumference. Section 3.6.2.1.3 is revised to
clarify this assumption.

RDP: hmm/D02019*-29
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The above criteria notwithstanding, cracks are not postulated {n
those portions of moderate-energy piping located {n the following
areas: '

a. Areas in which high-energy pipe breaks are postulated,
provided that moderate-energy piping cracks would not
result in more severe environmental conditions than the
high-energy pipe breaks.

b. Between containment i{sclation valves, provided that:

1. The piping meets the requirements of subarticle NE-
1120 of the ASME BiPV Code

The mazimum stress range for Class 1 piping (ASME
B&PV Code, Section IIl) as calculated by eguation
(9) of paragraph NB-3652 does not exceed 0.6Sm, and
the maximum stress range for Class 2 and 3 (ASME
BiPV Code, Section I11) or nonnuclear piping as
calculated by the sum of equations (9) and (10) of
paragraph NC-3652 does not exceed 0.4(1.2Sh « Sp).

3.6.2.1.3 Types of Breaks and Cracks in Fluid System Piping
Circurferential Breaks

A circumferential break is assumed to result in (a) severance of
a high-energy pipe on a plane perpendicular to the pipe axis, and
(b) separation amounting to at least a one-diameter lateral
displacement of the ruptured piping ends unless physically
limited by piping restraints, structural members, or piping
stiffness. Pipe whipping is assumed to occur in the plane
defined by the piping geometry and configuration, and to cause
pipe movement in the direction of the jet reaction.

Circumferential breaks are postulated in high-energy fluid system
piping of nominal pipe size greater than 1 inch, at the locations
determined by the rriteria listed in Section 3.5.2.1.1, except
where the cumulative usage factor is less than 0.1 and it can be
shown that the max!mum stress is in the circumferential direction
and {s at least 1.5 times the longitudinal stress, in which case
only a longitudinal break is postulated.
£ 8

Longitudinal Breaks "y

A longitudinal break is assumed to result in an axial split
parallel to the pipe axis, without causing pipe severance. The
break opening area is assumed to be equal to the effective cross-
e w area e pipe at the break location. The split.
is assumed to be oriented¥so that the jet reaction force causes |
out-of-plane bending of the piping configuration. Piping \
movement is assumed to occur in the direction of the jet reaction

306-35
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UESTION NO. 29 i 27 al
! age 3.6-36)

What geometry is assumed for the opening of a longitudinal break?

RESPONSE

For h1gh energy lines, the jet discharge is calculated assuming an
opening with break area of 100% of the pipe cross-sectional area.

RDP: "mm/D02019*- 30
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Longitudinal pipe breaks should be postulated whenever the maximum stress
range is exceeded and the circumferential stress is greater than 1.5
times the axial stress regardless of whether the cumulative usage factor
is less than 0.1. Change your break postulation methodology to refiact
this requirement.

QUESTION NO. 30
(3.6.2.1.3, Page 3.6-36)

RESPONSE

See response to Question No. 25.

ROP: hmm/D02019*-31
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How is the mass/inertia and stiffness properties of the recirculation
system represent~d?

%%ébTION NO. 31
.6.2.2.2, Page 3.6-39)

RESPONSE

The mass/inertia and stiffness properties of the recirculation system in
the pipe dynamic analysis (PDA model) are represented as described below:

A generic representation of the pipe in any given analysis is shown in
Figure 1. If the stiffness of the piping segment located between A and B
is such that:

. the slope of 3D at 8 = 0, then in the analysis, the pipe is
trested 3as built-in at B.

the slone of 80 at B # 0 (considerably cifferent), then in the
analysis, the pipe is considered to have a fixed, simple
support (pinned end) at B.

To analyze the pipe with hoth ends supported (Figure 2a) with the above
computer model, two simpiifications are made in the piping dynamic
analysis (PDA) program. First, an equivalent point mass is assumed at D
instead of pipe iength DE. The inertia characteristics of this mass
rotating around point B are calculated to be identical to those of pipe
length OF rotating around point E. Secondly, an equivalent resisting
force is calculated for any deflection for the case of a built-in end
from the bending merient-angular deflection relationship for pipe length
DE. This equivalent force is subtracted from the applied thrust force
when calculating the net energy. The new model resulting from these
simplifications is shown in Figure 2b.

The PDA computer program is described in the FSAR Section 3.9.1.2.2.6.
In addition, the details of the pipe break analysis computer model and
criteria are documented in the GE Licensing Topical Report NEDO-23649
(August 1977) which has been reviewed by the NRC.

RDP: hmm/D02019*-32
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%uesnou NO. 32 -
' ..... , Page 3.6-40)

What Timits are used to ensure operability?

RESPONSE

None of the components (such as vessel safe ends and valves), attached to
the broken recirculation piping system, are required for safe shutdown or
serve a safety function to protect the structural integrity of an essential

component following a DBA.

Accordingly, the text is revised.

ROP: hmm/D02019*-33
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safety function, or whose failure would not further
escalate the consequences of the accident, are not
designed to meet limits imposed by the ASME B&PV Code

structural integrity of an essential component, limits |

limits to ensSure operability, if required, will be met.

to meet the Code requirements for faulted conditions and |\

—_—
The pipe whip analysis was performed using the PDA computer
program (Ref 3.6-6). PDA is a corputer program used to determine

the response of 2 pipe subjected to the thrust force occurring
after a pipe break. The program treats the situacion in terms of
generic pipe break configuration, which invulves a straight,
uniform pipe fixed at one end and subiected to a time-dependent
thrust-force at the other end. A typical rescraint uced to
reduce the resulting deformation is alss included at a location
tetween the two erds. Nonlinear and time-independent stress-
strain relations are used for the pipe ard the restraint.
Similar to the plastic-hinge concept, bending of the pipe is
acsumed to occur only at the fixed end and at (he location
supported by the restraint.

Shear deformation is also neglected. The pipe bending moment-
deflection (or rotation) relation used for these locations is
obtained from a static nonlinear cantilever beam analysis. Using
the moment-rotation relation, nonlinear equations of pipe motion
are formulated using an energy consideration, and the equations
are numerically integrated in small time steps to yield time-
history information of the deformed pipe.

A comprehensive verification has been performed to demonstrate
the conservatisms inherent in the PDA pipe whip computer program
and the analytical methods utilized. This is described in

Ref 3.6-7. Part of this verification program included an
independent analysis of the recirculation system piping for the
1969 Standard Plant Design by Nuclear Services Corporation (NSC),
under contract to General Electric Company. The recirculation
system piping was chosen for study due to its complex piping
arrangement and assorted pipe sizes. The NSC analysis included
elastic-plastic pipe properties, elastic-plastic restraint
properties, and gaps between the restraint and pipe as documented
in Ref 3.6-7. The piping/restraint system geometry and
properties and fluid blowdown forces were the same in both
analyses. However, a linear approximation was made by NSC for
the restraint load-deflection curve supplied by GE. This
approximation is demonstrated in Figure 3.6-36. The effect of
this approximation is to give lower energy absorption of a given
restraint deflection. Typically, this yields higher restraint
deflections and lower restraint-to-structure loads than the GE
analysis. The deflection limit used by NSC is the design

3.6-40

for essential components under faulted loading. !
However, 1 components ar¢ require or safe/ r—
shutdown, or secrve a safety function to protect the \
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%uesnon NO. 33 r
.6.2.2.2, Page 3.6-40)
Provide the basis for assuring that the feedwater isolation check valves

can perform their function following a postulated pipe break of the
feedwater line outside containment.

RESPONSE

The basis for assuming that the feedwater isolation check valves can
perform their function following a postulated pipe break of the feedwater
Tine outside containment is described below:

a)

b)

C)

d)

The normal operating pressure of the valves is 1155 psig. Each
valve is designed, however, to withstand a differential pressure of
2132 ps1 across the seat. Design pressure, temperature and ASME
Code class are shown below:

Design ASME
Valve Jesign Pressure (psig) Temperature (°F) Code Class
17010A,B 2132 459 1
1F074A,8 2132 459 1
1F032A,8 2132 459 2

The valves are also seismically and dynamically qualified.

If a break were to occur between valves 1F074 and 1F032 (Figure
5.1-3), redundant check valves 1F010 and 1F074 (Figure 5.1-3) would
have to fail to cause a LOCA outside containment. If a break were
to occur upstream of 1F032, redundant check valves 1F010, 1F074 and
1F032 would have to fail. The probability of catastrophic failure
of two or three of these check valves accompanying the subject break
is considered to be extremely small.

A leakage detection system is provided in the reactor enclosure area
containing the two outboard check valves 1F074 and 1F032 to alert

the operator of a leak so that corrective action can be inritiated.
Section 5.2.5 contains a description of leak detection provisions.

A postulated pipe break would be expected to provide warning indications
and not an instantaneous double-ended failure that could theoretically
generate unusually large dynamic loads.

Motor operated gate valve 1F01l, located inside containment on the
feedwater 1ine, can be closed by an operator to isolate a broken
line if two or three of the check valves described above fail.

In summary, a double-ended shear of a feedwater line outside containment
with an instantaneous opening of the break area is not considered to be a
credible design basis for the feedwater check valve.

ROP: hmm/D02019*- 34
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%UESTION NO. 34
.6.2.3, Page 3.6-42)
It is the staff's position that the loading condition of a piping system

prior to rupture should be 102% of full power. Change your assumed
loading condition or justify the lower value.

RESPONSE

The basis of selecting 100% power as the loading condition of a piping
system prior to rupture is justified as follows:

1. Pipe rupture analysis state-of=the—art involves several conservative
steps and assumptions in all phases of break design (e.g., probability
of break, th? postuiated speed of break propogation, the structural
material properties and the structural stability characteristics of
pipe break restraint structures).

For those porticns of piping systems which are normally pressurized
during normal plant aperation at power mode, the thermodynamic
states in the piping systems are those of full (100%) thermal power.

s ]

3 There is a nmuch higher probability for scheduled plant operation at
100% power (or less) than at higher ratings.

The combined effects of these conservatisms result in designs sufficiently
capable of sustaining breaks at higher power levels.

ROP: hmm/D02019*-35
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.6.2.4, Page 3.6-45)

Provide a detailed discussion of how you have evaluated?
a) impact and rebound due to pipe whip

b) elastic and inelastic deformation of piping and restraints

c) support boundary conditions.

RESPONSE

a) Considerable testing and analyses have demonstrated that poteatial
rebound does not cause unacceptable increases in restraint defoarmation
foilowing the first quarter cycle icading for the GE restraint
design and piping system experiencing tlowdown thrust forces. Tests
were performed c¢n a 12-inch pipe size restraint with two primary
loading configurations which represent the typical conditions during
the postulatad pipe rupture Any cther loading condition results in
a combination of these two extremes. These loading configurations
are.

1. Load applied perpendicular to the restraint frame base against
the cable; and

2. Load applied parallel to the base against one side of the
frame.

b) Non-linear and time-independent stress-strain relations are used for
the pipe and the restraint. A static non-linear canti-lever beam
analysis is used for these locations to obtain the relationship
between the pipe bending moment and deflection (or rotation).

c¢) Support boundary conditions are described in Section 3.6.2.4.6.

The pipe dynamic analysis (PDA) computer program is described in Section
3.9.1.2.2.6 and a GE report NEDE-10813 on PDA was reviewed by the USAEC.

RDP: hmm/D02019*- 36
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.6.2.5.2, Page 3.6-46)

Provide a list of all instances where a pipe restrain touches . pipe

during normal operation. Justify this practice.

RESPONSE

In all instances where piping contacts a restraint during normal operation,
the restraint is included in the piping thermal and dynamic analysis
mode].

RDP: hmm/D02019*~38
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%UESTION NO. 37

. .6.2.5.2, Page 3.6-46)
Provide a more detailed discussion of the design limits used to verify
operability of a component that is protected by an operability restraint.

RESPONSE
Section 3.6.2.5.2 is revised to include the following information.

“The operability of the isolation valves protected by operability
restraints is assured by limiting the pipe break dynamic stress in

the adjacent pipe. Stresses at the junction of this component with

the pipe are limited to the dynamic yield strength of the pipe

material (1.1 Sy). Between the containment penetration inbcard/outboard
isolation valves, pipe dynamic stress is limited to be less than

2.25 Sm."

RDP: hmm/D02019*-39
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‘.6.2.5.1 Design Loading Combinations

The design loading combinations applied in the design of pipe
whip restraints are categorized with respect to the plant
operating conditions which are identified as normal, upset,
emergency, and faulted as described in Section 3.9.3.1.1. Pipe
break is considered as a faulted plant condition.

3.6.2.5.2 Design Stress Limits

Operability Restraints - When restraints for piping are designed
so that contact between pipe and restraint wil: occur durirg
normal plant conditions, the design loading combinations for
normal, upset, ererjency, and faulted conditions are applicable
In evaluating the suppocts and restraints for Class ', 2, and 3
(ASME B&PV Code, Section IIl), the design stress limits applied
in evaluating loading combinations for normal, upse:, emergency,
and faulted (except for pipe rupture) conditions are thcse given
in Tables 3.9-12 and 3.9-16. After rupture of the supported pipe
occurs, the piping system is no longer within the jurisdiction of
ASME Section III because the pressure boundary has been breached.
The restraints are evaluated for pipe rupture loads as described

in Section 3.6.2.3.‘ :fofr

‘ndependent Restraints - When restraints are designed solely to

ontrol movement following a postulated pipe rupture and to
function independently of the normal support system, only the
design pipe rupture loads are applicable.

To ensure that restraints function independently of the normal
support system, the mctions of the intact pipe due to all normal
and upset plant conditions and the vibratory motion of the SSE
are calculated and used to specify a minimum clearance between
the pipe and the restraint. Wherever possible, gaps between
pipes and restraints ave maximized to avoid possible contact
during plant operation. Where a particular location requires
minimizing a gap, special features are provided to permit
adjustment of the gap size during hot functional testing.

Independent restraints are evaluated for the pipe rupture loads
as described in Section 3.6.2.3.

3.6.2.6 Guard Pipe Assembly Design Criteria

Guard pipe assemblies are not used in this plant.
3.6.3 DEFINITIONS

Certain terms used in Sections 3.6.1 and 3.6.2 have specified
eanings as described below.

3.6-46
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The operability of the isolation valves protected by operability restraints
is assured by limiting the pipe break dynamic stress in the adjacent

pipe. Stresses at the junction of this component with the pipe are

limited to the dynamic yield strength of the pipe material (1.1 Sy).
Between the containment penetration inboard/outboard isolation valves,

pipe dynamic stress is limited to be less than 2.25 Sm.

3.6-46a (Insert)

RDP: hmm/D02019*-40
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%UESTION NO. 38
.b, Tables & Figures)
Provide a schedule for completing all tables and figures.

Break locations for all high energy pipe breaks should be shown on the
restraint drawings. In addition, the break exclusion area should also be
shown on the applicable drawings.

RESPONSE

A1l tables and figures in Section 3.6 are scheduled for completion in
1983.

The piping izometric drawings listed in the index of f1gures for Chapter 3
will iden*ify the locaticns at which breaks 1in r*gh energy pipe are
postu-ated to cccur. These same arawings aiso show the break exclusion
tones applicable to high energy piping in the contairment penetration
areas.

RDP: hmm/D02019*-41
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MEB SER QUESTIONS
3.7 Seismic Design
FSAR TECHNICAL RESPONSIBLE
QUESTION NO. SECTION AREA ORGANIZATION
39 W O OBE Fatigue Cycles GE
40 3:53.2.2 Civil B
41 3.7.3.6 3-Seismic Compornents GE
(R.G. 1.92)
42 3.7.3.2.1 Closely Spaced GE
Modes (R.G. 1.932)
43 3.7.3.12 Civil E
44 3.2.3.13 Plant Des.

RDP:cal:hmm/K022218*-2
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%UESTION NO. 39
.7.3.2.1, page 3.7-18)
Section 3.7.3.2.1 of the LGS FSAR arrives at only one OBE intensity
earthquake for design of the NSSS systems and components. Justification
is required for this conclusion. Specifically, the applicant is required

to provide a response to the letter from R. Boscnak (NRC) to R. Artigas
(GE) dated February 18, 1982.

RESPONSE

For the NSSS piping, 50 peak 08E cycles are used.

For other NSS5S equipment and components, a generic study serves as the
basis for 10 peak OBE cycles. In respense to the referenced letter the
results of the fatigue calculations for the most limiting BWR 4 component
are shown below:

BWR/4 RPV_FEEDWATER NOZZLE(2)

Loading Fatigue Usage
10 OBE Cycles 0.006
A1l Others (1) 0.967
Total 0.973

Accordingly, FSAR is revised as attached.

(1) A1l other fatigue contributions due to SRV, thermal, operating
transients, etc.

(2) The most limiting calculation for the BWR/4 product line.

ROP: hmm/D02019*-42
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3.7.3.2.2 D¢
"

' b. Seismic load computation based upon the tray frequency
and the design spectra

L |

B

€. Calculation of the tray allowable capacity
d. Evaluation of the tray capacity by interaction formula

3.7.3.1.4 Supports for seismic Category I HVAC Ducts
and Cable Trays

The supports for HVAC ducts and cable trays are analyzed by the
response spectrum method (see Ref 3.7-2).

3.7.3.2 Determination of Number of Earthquake Cyciles

3.7.3.2.1 Determination of Number of Earthquake Cycles (NSSS) MEB”

5
To evaluate the nurber of cycles which exist within a given
earthquake, a typical BWR enclosure-reactor dynamic model was
excited by three different recorded time histories: May 18, 1940,
El Centro NS component 29.4 sec; 1952, Taft N 69° W component, 30
sec; and March 1957, Golden Gate S 80¢ E component, 13.2 seconds.
The modal response is truncated so that the response of three
different frequency bandwidths could be studied: 0-10 Hz;

' 10-20 Hz; and 20-50 Hz. This is done to give a good
approximation to the cyclic behavior expected from structures
with different frequency content.

Enveloping the results from the three earthquakes and averaging
the results from several different points of the dynamic model,
the cyclic behavior as given in Table 3.7-18 was formed.

Independent of earthquake or component frequency, 99.5% of the
stress reversals occur below 75% of the maximum stress level, and
95% of the reversals lie below 50% of the maximum stress level. '\cza-

31

In summary, the cyclic behavior number of fatigue cycles of a
component during an earthquake was found in the following manner:

a. The fundamental frequency and peak seismic loads are
found by a standard seismic analysis.

b. The number of cycles which the component experiences are
found from Table 3.7-18 according to the frequency range
within which the fundamental frequency lies.

e. For fatigue evaluation, 0.5% (0.005) of these cycles are
conservatively assumed to be at the peak load and 4.5%

. (0.045) at or above three quarter peak. The remainder
of the cycles have negligible contribution to fatigue
usage.

3.7-18
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The SSE has the highest level of response. However, the
encounter probability of the SSE is so small that it is not
necessary to postulate the possibility ¢f more than one SSE
during the 40-year life of a plant. Fatigue evaluation due to
the SSE is not necessary, since it i1s a faulted condition, and

thus the evaluation is not required by Ai:2£3;sflon 111.

The OBE is an upset condition, and therefore, must be included in
fatigue evaluations according to ASME Section III. InvestigatioJ
of seismic histories for many plants show that during a 40-year
life, it is probable that five earthquakes with intensities of
one-tenth of the SSE intensity, and one earthquake of
approximately 20% of tne propcsed SSE intensity, will occur.
: -OBE |

MZ8-39

To

—pr
cover the combined effects of these earthquakes and the

i cumulative effects of even lesser earthquakes, one-OBE—rntenst iy

fo o

.08E cycles ont
Table 3.7-19 shows the calculated number of tatigue cycles and
the number of fatigue cycles used in design.

postulated for fatigue evaluation. I

3.7.3.2.2 Determination of the Number of Earthquake
Cycles (Non-NSSS)

In general, the design of the equipment is not fatigue )
controlled, because the equipment is elastic, and the number of
cycles in an earthquake is low.

Equipment that is qualified by analysis is designed to remain
elastic during the earthquake. Any fatigue effects in tested
equipment are accounted for by the duration of the test.

Consequently, the number of cycles of the earthquake is accounted
for.

In order to conduct a fatigue evaluation for nuclear Class I
piping, the number »{ cycles for a given load set is obtained.
This is done by considering ten maximum stress cycles per

earthquake and five OBEs and one SSE to occur within the life of
the plant.

3.7.3.3 Procedure Used for Modeling
3.7.3.3.1 Procedure Used for Modeling (NSSS)

3.7.3.3.1.1 Modeling of Piping Systems

The continuous piping system is modeled as an assemblage of
beams. The mass of each beam is lumped at the nodes connected by
weightless elastic members representing the physical properties
of each segment. The pipe lengths between mass peints are no
greater than the length which would have a natural frequency of
33 Hz, when calculated as a simply supported beam. All

3.7-19



LGS FSAR

TABLE 3.7-18
!Mea~
NUMBER OF DYNAMIC RESP
A SEISMIC EVENT FoRk N 555 sysTeMs MD|
DWIDTH
FREQUENCY (Hz

0+- 10 10 - 20 20 - 50

Total number of seismic cycles 168 359 643

Number of seismic cycles@  (».5% ifﬁ/)
)G iSh-"yetes betwveen 75% )
and 100% of peak loadsy 0.8 1.8 3.2

Number of seismic cycle'sﬂ‘ﬁ'5"" f{'&/)

weleg betveen 50%
and 75% of peak !oads 7.5 16.2 28.9
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TABLE 3.9-2
PLANT EVENTS

(Page 1 of 2)

EVENT NO.
NORMAL, UPSET, AND TESTING CONDITIONS

10.

11.
12.
13.

14.

Bolt-up(1)

Design hydrostatic test

Startup (100°F/hr heatup rate)(2)
Daily reduction to 75% power (1)
Weekly reduction tc 50% power (1)
Control rod pattern change¢1)>
Loss of feedwater heaters

G0% SSp

Scram:

event at rated operating conditions

a. Turbine-generato; trip, feedwater on,
isolation valves stay open

. Other scrams

Reduction to 0% power, hot standby, shutdown
(100°F/hr cooldown rate)(2)

Unbolt
Preop blowdown
Natural circulation startup

Loss of ac power, natural circulation restart

NO. OF CYCLES

123
130
120
10,000
2,000
400

80

10/5,’0/‘(3 )

40

140

123

10

?
MEB-
29



L

LGS FSAR

TABLE 3.9-2 (Cont'd) (Page 2 of 2)

EMERGENCY CONDITICNS NO.

OF CYCLES

15. Scram:
Reactor overpressure with delayed
scram, feedwater stays on, isolation
valves stay open

16. a. Automatic Blowdown

b. Loss of feedwater pumps, isolation
valves closed

L. Single safety or relief valve blowdown
17. Improper start of cold recirculation loop

18. Sudden start of purp in cold recirculation
loop

19. Improper startup with reactor drain
shut off

FAULTED CONDITION
20. Pipe rupture and blowdown

21. Safe shutdown earthquake at rated operating
conditions

(1) Applies to RPV only.

1¢a)

1¢8)

1Ca)

1(4)

1¢4)

1¢8)

1¢4)

(2) Bulk average vessel coolant temperature change in any

one-hour period.
1) ;

(4)¥ The annual encounter probability of the oﬁe cycle events is

<10-2 for emergency and <10-¢ for faulted events.

Mg 34

M O0BE

J

e
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The reasoning that fatigue is not important for equipment because the
equipment remains elastic is not valid. Change this section to indicate
a more correct approach.

QUESTION NO. 40
(3.7.3.2.2, Page 3.7-19)

RESPONSE

Section 3.7.3.2.2 is revised to clarify the approach.

ROP: hmm/D02019*-43
3/10/83
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The SSE has the highest level of response. However, the

. encounter probability of the SSE is so small that it is not
necessary to postulate the possibility of more than one SSE
during the 40-year life of a plant. Fatigue evaluation due to
the SSE is not necessary, since it is a faulted condition, and
thus the evaluation is not required by ASME Section III.

The OBE is an upset condition, and therefore, must be included in
fatigue evaluaticns according to ASME Section III. Investigation
of seismic histories for many plants show that during a 40-year
life, it is probable that five earthquakes with intensities of
one-tenth of the SSE intensity, and one earthquake of
approximately 20% of the proposed SSE intensity, will occur.
Therefore, the probability of even an OBE is extremely low. To
cover the combined effects of these earthquakes and the
cumulative effects of even lesser earthquakes, one OBE intensity
earthquake is postulated for fatigue evaluation.

Table 3.7-19 shows the calculated number of fatigue cycles and
the number of fatigue cycles used in design.

3.7.3.2.2 Determination of the Number of Earthquake
Cycles (Non-NSSS)
MER40

( In general, the design of the equipment is not fatigue

controlled, -
‘II’ :iiﬁi:advmxin,cciﬁcdeyzyuli{kauul:

'FWA ﬁquipment thet—is-qualified by _analySis)
-slastic—during—the—ear IP Any fatigue effects in tested
equipment are accounted for by the duration of the test.
-2:::fquently, the number of cycles of the earthquake is

In order to conduct a fatigue evaluation for nuclear Class I
piping, the number of cycles for a given load set is obtained.
This is dcne by considering ten maximum stress cycles per
earthquake and five OBEs and one SSE to occur within the life of
the plant.

3.7.3.3 Procedure Used for Modeling INSERT NEXT PALE

3.7.3.3.1 Procedure Used for Modeling (NSSS)
3.7.3.3.1.1 Modeling of Piping Systems

The continuous piping system is modeled as an assemblage of

beams. The mass of each beam is lumped at the nodes connected by

weightless elastic members representing the physical properties

of each segment. The pipe lengths between mass points are no

greater than the length which would have a natural frequency of
' 33 Hz, when calculated as a simply supported beam. All

3.7-19
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a) The equipment is designed to remain below 90% of the yield strength
of the material for the extreme loading condition.

b) The number of stress cycles considered is 60 (5 OBE and 1 SSE events
it 10 cycles each). Based on ASME Section III, Appendix I Criteria
(Figure I-9-1), this number of cycles will not result in a reduction
of allowable stresses.

3.7-19a (Insert)

RDP: hmm/D02019*-44
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UESTICN NO. 41
.7.3.6, Page 3.7-22)

Section 3.7.3.6 of the LGS FSAR states that for NSSS systems, the absolute
sum of the largest horizontal response and the vertical response was used
for response spectrum methods while the algebric sum of contribution due

to two earthquake components was used for time history methods. Regulatory
Guide 1.92 requires that the square-root-of-the-squares of three components
of the earthquake metion be used. The applicant is requested to justify
the approach used in the LGS analysis. In addition, describe how the
vertical response spectrum is determined.

RESPONSE
The text is revised to include the following:
1. Three Components of Earthquake Motion
The simultaneous use of three components of earthquake motion was
not a design basis requirement of the construction permit for this
plant. However, the NSSS systems and components are evaluated to
the requirement of Regulatory Guide 1.92.
a. Response Spectrum Method
The individual response spectra in each orthogonal direction
are obtained by the SRSS combination of the colinear contribution
due to the three directions of earthquake motion.
b. Time-History Method
wWhen the time-history method of analysis is used, the time-history
responses from each of the three components of the earthquake
motion are combined algetrically at each time step.
- A Effects of Parameter Variations on Floor Response Spectra

To account for potential variations in the primary structure frequencies,
the computed floor response spectra are peak-broadened by +15%.

ROP: hmm/D02019*-45
3/10/83
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interaction is not used in the dynamic¢ analysis. A simplified
lumped mass method using a fixed base model is used. However, for a
more refined analysis of containment and reactor enclosure, the
underlying foundation medium is considered to interact with the
structure. The equivalent soil spring constant and damping
coefficient are computed in accordance with the formulae of

Table 3-2 of Ref 3.7-2, and the analysis carried out by the methods
discussea in Appendix D of Ref 3.7-2. The resulting

structure-foundation interaction coeffici ieted in
Table 3.7-17.  [2.7.2.5.] Fleoy RE€SPmse Specr¥a (w555) N
e Section 3.7.3.6:1.2. InmEg-4!

3.7.2.5 Development of Floor Response Spectra

.7.-2:-5.2 Floew Respawse SPectva (Wori-pN555 '
-‘?:e %115\ -hfst'o’;'y m’ethod o{ analysis was Jsed to develop the floor
response spectra. A discussion of the technique of finding the
nodal time history and then producing the spectrum may be found in
Sections 4.2 and 5.2 of Ref 3.7-%2,‘,, N$55

5“*‘0‘" 3!7‘ a‘a,
Z é;7.2.6 Three Components of Earthquake Motion 3

:7: . . -

The %eg;gnsgagééggggﬁ method was used in seismic analysis of .
structures. Independent analyses are performed for the vertical and
two horizontal (east-west and north-scuth) directions. For design
purposes, the response value used is the maximum value obtained by
adding the response due to the vertical earthquake with the larger
value of the response due to on2 of the horizontal earthquakes by
the absolute sum method.

'men-4

3.7.2.7 Combination of Modal Responses

IMERB

3.7.2.;.1 Combination of Modal Responses (NSSS) [ 42
' 3.7-3-7-

nse spertra method of modal Aanalysis i$ used, 1 hm‘j

nggined by the SRSS /method. (See Section 3.7.3.7.1.1),/ ——

3.7.2.7.2 Combination of Modal Responses (Non-NSSS) '

The modal responses (i.e., shears, moments, deflections,
accelerations, and inertia forces) are combined by either the sum of
the absolute values method, or by the square root of the sum of the
squares method with consideration of consideration of closely spaced
modes. Two consecutive modes are defined as closely spaced when
their frequencies differ from each other by ten percent or less of
the lower frequency. When the SRSS method is used, USNRC Regulatory
Cuide 1.92 shall be adopted for the combination of modal responses.

3.7.2.8 Interaction of Non-Category I Structures
with Seismic Category I Structures

The turbine enclosure is the only non-Category I structure close
to seismic Category I structures. It is designed to withstand an

Rev., 6, 06/82 3.7-12
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:
SSE without the s:ructural elements exceeding the yield strength.
Dynamic analysis ¢f this structure was done by the response
spectrum method.

The remaining non-Category I structures are designed for seismic
loads according to the Uniform Building Code (UBC) (Ref 3.7-3).
The non-Category I structures are analytically checked to ensure
that they will ncot collapse on, or otherwise impair the integrity
of, adjacent seismic Category 1 structures when subjected to the
design seismic loads.

Structural separations have been provided to ensure that
interaction between Category 1 and non-Category I structures does
not occur. The minimum separation gap between the buildings is
twice the relative displacement except at two locations
(constituting less than 1% of the total contact area), where it
is only 1.7 times the relative displacement.

3.7.2.9 Effects of Parameter Variations on Floor Response IMER-
Spectra [ 4)
INSERT (.

To account for variations in the structural frequencies owing to 1
uncertainties in the material properties of the structure and to
approximations in the modeling techniques used in the seismic
analysis, the computed floor response spectra are smoothed, and
peaks associated with each of the structural frequencies are
broadened. In lieu of making a parametric study considering
changes in the material properties and other variables, the
spectrum is broadened on either side of the peak value by 15% of
the frequency at which the peaks occur.

3.7.2.10 Use of Constant Vertical Static Factors

Vertical seismic system multi-mass dynamic models are used to
obtain vertical response loads for the seismic design of seismic
Category 1 structures. Therefore, constant vertical static
factors are not used to account for vertical response to
earthquakes for the seismic design of Category 1 structures.

3.7.2.11 Methods Used to Account for Torsional Effects

Torsional effects for the reactor enclosure, diesel-gencrator
enclosure, spray pond pumphouse, and radwaste enclosure are
accounted for as follows:

A static analysis is performed to account for torsion on these
structures. The eccentricity is determined using the distance
between the center of mass and the center of rigidity of the
individual structure. The inertial force from the response
spectrum analysis is applied at the center of mass. The
resulting torsional moment is equal to the inertial force times
the eccentricity. The shear forces due to the torsional moment

3.7-13
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3.7.2.9.1 Effects of Parameter Variations on Floor Response Spectra

(NSSS)

To account for potential variations in the primary structure frequencies
due to uncertainties in material properties of the soil and structure,
soil structure interaction technigues, approximation in damping, and
approximation in dynamic modeling, the computed flcor response spectra
are peak-broadened by t15%. This is consistent with the raquirements of
Regulatory Guide 1.122, although this regulatory guide is not the design
basis requirement for LGS construction permit.

3.7:2.9.2 Effects of Parameter Variations on Floor Response Specta
(Non-NSSS)
MEB~-
4

3.7-13a (Insert)
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frequency equal to or greater than 33 Hz, it is considered as

rigid.

If the natural frequency of the component falls within

the broadened peak of the response spectrum curve, then it i=
designed to take the applied load.

3.7.3.9

Use of Equivalent Static Load Method of Analysis
ZNon-NSSg)

The equivalent static load method is used when the ratural
frequency of the equipment is not determined. If the equipment
can be adequately represented by a single degree of freedom

system,

then the applied inertia load is equal to the weight of

the equipment times the peak vaiue of the response specirum

curve.

Seismic acceleration coefficients for multi-degree of

freedom systems, which may be in the resonance region of Lhe

amplified response spectra curves, are increased by 50% to

account conservatively for the increased modal participation.

Appendix D of BP-TOP-1 (Ref 3.7-4) discusses the use of
equivalent static load method of analysis as applicable to

piping.
3.7.3.6

3.7.3.6.

Three Components of Earthgquake Motion
1 Three Components of Earthquake Motion (NSSS)

moti is not a design basis requirement of the
constPuction permit for this plant. The total
respons is predicted by combining the res
calculat from analyses due to one horizopfal and one
vertical seismic input. For this case, ere the
response spectrum method of seismic apalysiz is used,
the basis for bining the loads from the two analyses
is given below:

different modes for the
ons do not occur at the

1. The peak responses of t
same earthquake e t
same cime.

The peak respon
earthquake e
not occur

ticular mode due to
ifferent directions do

tations from
the same time.

3. The pe3k stresses due to different
different excitations may not occur a
Jlocdtion, nor in the same direction.

des and due to
he same

To plement the above, the two translation components
earthquake excitations are combined by finding th

3.7-22
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The simultaneous use of three components of earthquake motion was not a
design basis requirement of the construction permit for this plant.
“Yowever, the NSSS systems and components are evaluated to the requirement
of Regulatory Guide 1.92.

a. Response Spectrum Method

Response spectra generated by GE are developed considering three
component of earthquake motion. The individual response spectra in

MEB

41

each orthogonal direction are obtained by the SRSS combination of
the colinear contribution due to the three directions of earthquake
motion. These are used to predict the total response at each
frequency.

b. Time-History Method

When the time-history method of analysis is used, one of the following
options is used to obtain the peak value of any particular response |
of interest.

1. When maximum colinear contributions due to the three directions
of earthquake motion are calculated separately, the total
response is obtained as the SRSS combination of the colinear
values.

2. When colinear time history responses from each of the three
components of the earthquake motion are calculated individually
by the step-by-step method and then combined algebraically at :
each time step, the maximum response is obtained as the peak
value from the combined time solution.

: Finally, when a response at each time step is calculated
directly based on the simultaneous application of the three
earthquake components, the maximum response is determined by
scanning the combined time-history solution.

The components of earthquake motion must be statistically independent
for Options 2 and 3. Also, the time-history method precludes the
need to consider closely spaced modes.

3.7-22a (Insert)
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absolute sum of all responses of interest (e.g., strain,
lacement stress, moment, shear, etc) from seiSmic

), 1.e., |x| + |y| or |y| + |z
is made for the larger of the two sums

ime interval of analysis. The time int 1l is less
than or equal to 0.2 of the smallest period
Tne maximum values of all time intervals are t

displacements, accelerations, lcads, or stresses.

T

3.7.3.6.2 Three Components of Earthquake Motion (Non-NSSS) F}
: M

—

S

|
For equipment, cable trays, and supports for cable trays and HVAC 4
ducts, the three spatial components of the earthquake are
considered in the same manner as for structures (described in
Section 3.7.2.6).

The criteria used for combining the results of horizontal and
vertical seismic responses for piping systems are described in
Section 5.1 of Ref 3.7-4.

3.7.3.7 Combination of Modal Responses
3.7.3.7.1 Combination of Modal Responses (NSSS)
When the response spectra method of modal analysis is used, all

modes are combined by the SRSS method. The SRSS combination of
modal responses is defined mathematically as:

n 1/2
R - [ I (Rj)2 ] (3.7-6)
i=1
where
R - Combined response
Ri - Response in the { mode
n - Number of modes considered in the analysis

3.7.3.7.2 Combination of Modal Responses (Non-NSSS)

The modal responses of equipment are combined by the SRSS method.
The absolute values of two closely spaced modes are added first

3.7-23



LGS MEB-SER AT
Ty .
UESTION NO. 42
’ %37’3‘7"1‘7— 3.7.1, Page 3.7-23)

How are closely spaced modes combined for NSSS systems and components?
RESPONSE

Regulatory Guide 1.92 is not a design basis for the construction permit
of this plant; however, all NSSS systems and components are evaluated by
using the double sum method with absolute sign for combination of closely
spaced modes, consistent with R.G. 1.92.

The relevant text is revised.

RDP: hmm/D02019*-48
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interaction is not used in the dynamic analysis. A simplified
lumped mass method using a fixed base model is used. However, for a
more refined analysis of containment and reactor enclosure, the
underlying foundation medium is considered to interact with the
structure. The equivalent soil spring constant and damping
coefficient are computid in accordance with the formulae of

Table 3-2 of Ref 3.7-2, and the analysis carried out by the methods
discussed in Appendix D of Ref 3.7-2. The resulting
strgcture-foundatton interaction coefficients are listed in

Table 3.7-17.

3.7.2.5 Development of Floor Respcnse Spectra

The time-history method of analysis was used to develop the floor
response spectra. A discussion of the technique of finding the
nodal time history and then producing the spectrum may be found in
Sections 4.2 and 5.2 of Ref 3.7-2.

3.7.2.6 Three Components of Earthguake Motion

The response spectrum method was used in seismic analysis of
structures. Independent analyses are performed for the vertical and
two horizontal (east-west and north-south) directions. For design
purposes, the response value used is the maximum value obtained by
adding the response due to the vertical earthquake with the larger
value of the response due to one of the horizontal earthquakes by
the absolute sum method.

3.7.2.7 Combination of Modal Responses |
3.7.2.7.1 Combination of Modal Responses (NSSS) ép

e redponse sgectra pethod of modal 9611ysts:ds used,) all / -4
are /combined by the/SRSS method. (See Sectidn 3.7.3.7.1.1).

& o
e

3.7.2.7.2 Combination of Modal Responses (Non-NSSS) '

The modal responses (i.e., shears, moments, deflections,
accelerations, and inertia forces) are combined by either the sum of
the absolute values method, or by the square root of the sum of the
squares method with consideration of consideration of closely spaced
modes. Two consecutive modes are defined as closely spaced when
their frequencies differ from each other by ten percent or less of
the lower frequency. When the SRSS method is used, USNRC Regulatory
Guide 1.92 shall be adopted for the combination of modal responses.

3.7.2.8 Interaction of Non-Category I Structures
with Seismic Category 1 Structures

The turbine enclosure is the only non-Category I structure close
to seismic Category I structures. It is designed to withstand an

Rev. 6, 06/82 3.7-12
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3.7.3.7 Combination of Modal Responses
hV55ﬂ7. .3.7.1 Combination of Modal Responses (NSSS)

LGS FSAR

absolute sum of all responses of interest (e.g., strain,
displacerent stress, moment, shear, etc) from s~ismic
motion, in one horizontal (x or z) and one vertical
direction (y), i.e., |x| + |y| or |y| * |z). The design
tcln?dc for the larger of the two sums |x| + |y| or |y?
+ |z

b. Time history method

The algebraic sum of contributions (to displacements,
loads, stresses, etc) due to the two earthquake
components is calculated for each natural mode for each
time interval of analysis. The time interval is less
than or equal to 0.2 of the smallest period of interest.
The maximum values of all time intervals are the design
displacements, accelerations, loads, or stresses.

3.7.3.6.2 Three Components of Earthquake Motion (Non-NSSS)

For equipment, cable trays, and supports for cable trays and HVAC
ducts, the three spatial components of the earthquake are
considered in the same manner as for structures (described in
Sectien 3.7.2.6).

The criteria used for combining the results of horizontal and
vertical seismic responses for piping systems are described in 3
Section 5.1 of Ref 3.7-4. Pﬁi@;

When the ponse spectra method of modal analysis is used
modes are comb d_by the SRSS method. The SRSS combi
modal responses is Yefined mathematically as:

ombined response

Response in the i mode

Number of modes considered in the analysi

3.7.3.7.2 Combination of Modal Responses (Non-NSSS)

The modal responses of equipment are combined by the SRSS method.
The absolute values of two closely spaced modes are added first

3.7=23
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3.7.3.7.1 - Combination of Modal Responses (NSSS)

A1l piping and equipment analyzed or supplied by GE are evaluated to the
requirements of Regulatory Guide 1.92.

When the response spectra method of modal analysis is used, all modes
except the closely spaced modes (i.e., the difference between any two
natural frequencies is equal to or less than 10 percent) are combined by
the square root of the sum of the squares (SRSS) as described in Section
3.7.3.7.1a. Closely spaced modes are combined by the double sum method
with absolute sign as described in Section 3.7.3.7.1b.

In the time-history method of dynamic 2iclysis, the vector sum at every
time step is used to calculate the comuined response. The use of the
time-history method precludes the need to consider modal spacing.

a. Square Root of the Sum of the Squares

The square root of the sum of the squares (SRSS) method is defined
mathematically as:

n L]
R = Z (Ri)2
i=1
Where:
R = Combined response
Ri = Response due to the ith mode
n = Number of modes considered in the analysis

b. Procedure of Combining Closely Spaced Modal Response

This method is defined mathematically as:

N N %
R=fz 3 ’RRIE
k=l s=1 g

Where R ic the representative maximum value of a particular response
of a given element to a given component of excitation, R, is the
peak value of the response of the element due to the kth mode, and N
is the number of significant modes considered in the modal response
combination. In addition, R_ is the peak value of the response of
the element attributed to stR mode. Also,

3.7-23a (Insert)
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o |
2
W' = wl
Eks y Tt —:————ri-
Bka+Bs ws
in which

0.5 2 :
1 % 2 | =
Wy Wi 1 Bé] and Bk Bk + tdwk
Where w, and B are the modal frequency and the damping ratio in thei
kth modg, respgctively, and td is the duration of the earthquake. f

3.7-23b (Insert)
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.7.3.12, Page 3.7-25)

Please prov1de a more detalled liscussion of your analysis procedures for
buried seismic Category I piping. Pruvide an example of an analysis.

RESPONSE

A detailed discussion of the procedures and its application for analyzing
buried seismic Category I piping is pruvided in the FSAR Reference 3.7-2
"Seismic Analyses of Structures and Eguipment for Nuclear Power Plants",
BC-TOP-4A, Rev. 3, Bechtel Power Corporation, San Francisco, California
(November 1974), Section 6. This report has been reviewed and accepted
by NRC.

RDP: hmm/D02019*-51
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UESTION NO. 44

‘ .7.3.13, Page 3.7-25)

Please provide a discussion of the techniques used to design anchors that
separate seismic Category I and non-seismic Category I systems.

RESPONSE

Seismic boundary anchors are designed for the combined loads generated

from both sides of a boundary anchor. The ioads from the seismic Category I
side are actual calculated loads and the loads from the non-seismic
Category I side are determined by one of the following:

1. The actual calculated seismic loads if the non-seismic side piping
is dynamically analyzed for seismic events,

2. The actual calcuiated loads if the non-seismic side piping is

designed to a conservative simplified seismic design criteria (e.qg.,
by simplified span methods such as those used for designed of small

piping), or
3. The loads determined by the plastic capability of the piping.

In accordance with this response, Section 3.7.3.13.2 is revised.

ROP: hmm/D02019*-52
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' 3.7.3.13.2 Interaction of other Piping with Seismic
Category I Piping (Non-NSSS)

The techniques used to consider the interaction of seismic
Category I piping with non-Category I piping are discussed in
Section 3.4 of Ref 31.7-4. ~ - s

.'l'..,-’;f'c‘ .
3.7.3.14 Seismic Analysis for Reactor Irnternals (NSSS)

The modeling of RPV internals is discussed in

Section 3.7.2.3.1.2. The damping values are given in

Table 3.7-1. A comparison of seismic responses is shown in
Table 3.7-4.

3.7.3.15 Analysis Procedures for Damg{ng
3.7.3.15.1 Analysis Procedures for Damping (NSSS)

Analysis procedures for damping are discussed in Section
3:7.3.38: 1,

3.7.3.15.2 Analysis Procedure for Damping (Non-NSSS)
for 0.3% damping is used to arrive at a conservative seismic

loading. The damping values used for the OBE are increased for
the SSE, where sufficient justification is established.

. If the equipment damping is unknown, the response spectrum curve

3.7.4 SEISMIC INSTRUMENTATION

3.7.4.1 Comparison With NRC Regulatory Guide 1.12 Rev 1

The seismic instrumentation program complies with Regulatory
Guide 1.12 Rev.!, except for the item listed below:

Response spectrum recorders are not supplied as discrete
instruments. A response spectrum analyzer, permanently installed
in the control room, presents more complete information than that
presented by response spectrum recorders. Recorded data from the
triaxial time-history accelerographs are fed into the response
spectrum analyzer to produce earthquake spectra immediately
following an earthquake. All locations where response spectrum
reco.ders are required by the regulatory guide are monitored by
time-history accelerographs. This system achieves the intent of
Regulatory Guide 1.12 Rev 1.

3.7.4.2 Location and Description of Instrumentation

The following instrumentation is provided for Unit 1 only, as
‘ essentially the same response is expected at Unit 2.

a. Seven triaxial time-history accelerographs

3.7-26
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INSERT FOR 3.7.3.13.2

Seismic boundary anchors are designed for the combined loads generated

from both sides of a boundary anchor. The loads from the seismic Category I
side are actual calculated loads and the loads from the non-seismic
Category I side are determined by one of the following:

1. The actual calculated seismic loads if the non-seismic side piping
is dynamically analyzed for seismic events,

2. The actual calculated loads if the non-seismic side piping is
designed to a conservative simplified seismic design criteria (e.g.,
by simplified span methods such as those used for designed of small

piping), or
3. The loads determined by the plastic capability of the piping.

3.7-26a (Insert)
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"Seismic Analysis of Piping Systems", gP-TQP-lt Rev. 3,
Bechtel Power Corporation, San Francisco, Calitfornia
(January 1976).

L. K. Liu, "Seismic Analysis of the Boiligq Water
Reactor”, s¥mggsium en Seismic Analysis of Pressure
in 1

Vessel and Piping Components, First Natioral Congress on
Pressure Vessel an Piping, éan Francisco, California,
May 1971,

N.M. Newmark, "Design Criteria for Nuclear Reactors

Subject to Earthquake Hazards", Proc IAEA Panel on

Aseismic Design and Testing of Nuclear Facilities, Japan

Eartﬁquake Engineering Promotion Society, Tokyo, Japan
1967). 4
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LIMERICK
MEB SER QUESTIONS

3.2 Mechanical Systems and Components

FSAR TECHNICAL RESPONSIBLE

QUESTION NO. SECTION AREA ORGANIZATION

45 3.9.1.1.1 CRD Trans. GE

46 3.9.1.1.1 CRD Hsg. Trans. GE

47 3.9.1.1.3 HCU-0BE Cycles GE

48 3.9.1.1.5 M.S. Trans (Startup/ GE
Shutdown Cycles)

49 3.9.1.1.2-11 Normal/Upset Trans. GE

50 3.9.1.1.9 SRV=Pool Cycles GE/B

51 55319 SRV-Scram Cycles GE

52 3.9.1.2 Comp. Programs GE/B

53 3.9.1.3 Exp. Stress Anal. GE

54 3.9.1.%4 Elast.-Plastic Anal. GE/B

55 3.9.1.4.1 CRD Tests GE

56 3.9.2 Piping Vib. Program/ GE/B/PECO
FW Cracking (NUREG 0619)

57 3.9.2.1 Level 1 & 2 Criteria GE/B

58 3.9.2.1.b Plant Des. B

59 3.9.2.4 Prototype Reactor GE

60 3.9.2.5 LOCA + SSE GE

61 3.9.2.1a.3 Snubbers-Vib. Control GE/B

62 3.9.2.1 Vib. & Pre-op Test Crit. B/GE

63 3.9.3 AP Descrip. (NUREG 0609) GE/B

64 3.9.3.1 Piping Func. Capability GE/B
(NEDO 21985)

65 3.9.3.1.6 Recirc. Pump GE

66 3.9.3.1 NL-LC (NUREG 0800) GE

67 3.9.3.1 SRV Lines-Fatig. Anal. B
(Quenchers)

68 3.9.3.1, T3.9-6 NL-LC & AC Table GE

RDP:cal:hmm/K022218*-4
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FSAR TECHNICAL RESPONSIBLE

QUESTION NO. SECTION AREA ORGANIZATION
69 3.9.3.1, NL Schedule GE/B
73.9-6

70 3.9.3.3.2 Plant Des. B

71 3.9.3.4.1 Supp. Eval. (High Cyc. B/GE
Fat.)

72 3.9.3.4.1 Bolts Allowables GE/B

73 3.9.3.4 Component Support Primary GE/B
& Secondary Stresses

74 3.5.3.3 PR. Relief Devices B/GE

75 3.9.3.4 NF Boundaries B/GE

76 3.9.3.4 Buckling Crit.-Comp. GE/B
Supp. & RPV Skirt

77 3.9.3.4.1 Snubbers-Strength B/GE

78 3.9.3.4.1 Snubbers-Spec. B

79 3.9.3.4.1 Snubbers-Spec. B

80 3.9.3.41 Snubbers-Spec. B

81 3.9.3.4.1 Snubbers=-Spec. B

82 3.9.3 Plant Des. B

83 3.9.3.1, NL-LC & AC Table GE/B

T3.9-6

84 3.9.4.2 CRD Comp. GE

85 3.9.5 Jet Pump Beam GE

86 3.9.5.1 RPV Int. GE

87 3.9.6.1 Plant Des. B

88 3.9.6.1 Plant Des. B

89 3.9.6.1 Plant Des. B

RDP:cal: hmm/K022218*-5
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QUESTION NO. 45
(3.9.1.1.1, Page 3.9-2)

Explain the absence of upset and emergency category transients for the
control rod drive.

RESPONSE

The transient categories are added to Section 3.9.1.1.1.

RDP: hmm/D02019*-54
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3.9.1.1.1 Control Rod Drive (CRD) Transients

The normal and test service load cycles used for design purposes

in the 40-year life of the CRD are as follows:

a.

b. Vessel pressure tests 'Yw.«{/w
¢c. Vessel overpressure ‘#&f‘JL
d. Scram test plus startup scrams

e. Operational scrams ’nduu4/ufudL

£. Jog cycles ' M/w 30,
g. Shim/drive cycles th.JVkruJ- 1,

In addition to the above cycles, the following have been
considered in the design of the CRD:

Transient Cycles
Reactor startup and shutdown 7]41,.,,1 Kr.‘,L 120

130

10
300
300
000
000

!

LJ 0BE
o S

)

Transient Cycles
h. Scram with inoperative buffer tﬂray

i. Scram with stuck contrel blade WM

All ASME Class 1 components of the CRD have been analyzed
.according to ASME Section III B&PV Code“;32¢ ~ »

6+\:)Lg o;uuuALL. Zlq465u~dw*}AkvL¢A12~1%x
ST

’ Tha ORE rena O ‘
I’“L/‘T«bztj«fwmpmu. I

3.9-2

les
10
1

MEB4S
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UESTION NO. 46

' 53.9.1.1.2, Page 3.9-2)
Justify the differences between the number of transients for the control
rod drive and the control rod drive housing.

RESPONSE

The worst case i0ad on the CRD housing is thermal, while the worst case
load on CRD is mechanical. Per plant design requirements, at least 200
scram cycles are considered. However, the CRD design has considered more
than 200 cycles for additional conservatism.

Also, see the revised Section 3.9.1.1.2 and the respense to Question
No. 45.

RDP: hmm,/D02019*-55
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3.9.17.1.2 CRD Housing and Incore Housing Transients

Transientsclassifxcationﬂ and,cycles considered inYthe CRD
housing add incore housing
follows:

Transient Category
a. Normal startup and shutdown Normal /Upset
b. Vessel pressure tests Normal /Upset
c. Vessel overpressure tests Normal/Upset
d. Interruption of feedwater Normal/Upset
flow
e. Scram Normal/Upset

U
g Operating basis earthquake
(OBE ) ¢34 pset

g. Safe shutdown earthquake

. g

CRD Housing Only

h. Stuck rod scram Normal/Upset
. Scram with no buffer - Normal/Upset

Cycles
120

130
0 b
80

200

Al

1
X0

an upset.

1) THE'Trequency of this cycle indicates an emergency category.
However, for conservatism, this OBE condition is analyzed as

(2) SSE is a faulted condition; however, in the stress analysis
report, it is treated as an emergency with lower siress limits

3.9-3
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%uesnou NO. 47 s
. .9.1.1.3, Page 3.9-4)

Justify using only one OBE cycle for the hydraulic control unit.

RESPONSE

This is a typographical error, see attached revision of Section 3.9.1.1.3.

RDP: hmm/D02019*-56
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3.9.1.1.4 Core Support and Reactor Internals Transients

1
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LGS FSAR

Hydraulic Control Unit Transients

Transient

Category

Reactor startup and shutdown Normal/Upset

Scram tests
Operational scrams
Jog cycles

Scram with stuck scram
discharge valve

OBE
SSE

Normal/Upset
Normal/Upset
Normal/Upset
Emergency

Upset
Faulted

Cycles
120

300
300
30,000

=2
%

A1

Cycles considered in the reactor internals design and fatigue
énalysis are iisted in Table 3.9-2.

3.9.1.1.5 Main Steaim System Transients

Transients considered in the main steam piping stress analysis
are as follows:

® Qo 0

™

Transient
Startup

Loss of feedwater pumps,
isolation valves closed

Scram

Shutdown
Hydrostatic test
Design hydrotest

Operating basis earthquake
(OBE)

Turbine stop valve closure
(TSV)

Reiief valve lift (RVL)
(at 3 cycles per actuation)

3.9-4

Category

Normal

Upset

Upset
Normal
Test
Test

Upset

Upset

Upset

Cycles
120

10

180
m
3
130
50

120

34,200
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?UESTION NO. 48 I : ;
. age 3.9-4)

Why are there 120 startups and 111 shutdowns?
RESPONSE

In the design of N3SS piping system, 120 startup transients and 111
shutdown transients are considered as defined in Sections 3.9.1.1.5 and
3.9.1.1.6. Qut of the 9 transients not counted for the shutdown, 8 are
due to SRV blowdown and 1 due to automatic depressurization.

ROP: hmm/D02019*-57
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%%ESTION NO. 49

.9.1.1.2-11, Pages 3.9-3 to 8)

why do many of the transients listed have two classifications, i.e
normal/upset?

.

RESPONSE

whenever a transient is categorized with two classifications, i.e.,
normal/upset, the most limiting of the two is considered in the design.

ROP: hmm/D02019*-58
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%UESTION NO. 50
.9.1.1.9, Page 3.9-6)

How many cycles due to suppression pool dynamics are included in the
analysis?

RESPONSE

In the Limerick RPV, RPV internals and piping New Loads Adequacy Evaluation,

at least 7700 SRV cycles are considered to account for the pool dynamic
loads.

RDP: hmm/D02019*-59
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%ussnou NO. 51 L.../’ i a4\
.9.1.1.9, Page 3.9-6) ,

Wwhy are only 180 scram cycles considered?
RESPONSE

The 180 scram cycles, including scram due to turbine trips, were chosen
for design based on plant operating data available and projected at the
time of the Limerick plant design. Most recent operating piant history
from 21 operating reactors shows an average of 2.3 scrams per year due to
turbine trip and 2.7 scrams per year for other reasons (200 scrams total
for 40 years). The low average of scram was 0.9 per year due to turbine
trip and 2.3 per year for other reasons (128 total). Since the data for
the 21 plant included the early time period when plant shakedown occurs,
the low average value of 128 scrams is most representative of the total
scrams expected during the service life of the reactor. For conservatism,
180 scram cycles are used.

The text is revised to show the correct transient category.

ROP: hmm/D02019*-60
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‘ c. Shutdown (100°F/hr, pressure Normal /Upset 120
decrease to 0 psig, 270°F/hr
between 375°F and 330¢F)

/ 1o i
d. Scram w 180 ";;;B

€. System pressure and Emergency/Faulted }?
temperature decay is from
1000 psig and 546°F, to
35 psig and 281°F within
15 seconds.

£, System temperature change is Emergency/Faulted 1
from 546°F to 3759F within
3.3 minutes, and from 375°F
to 281°F at a rate of
300°F/hr. Pressure change is
from 1000 to 35 psig.

g. System temperature change is Emergency/Faulted 8
from 546°F to 375°F within
10 minutes, and from 3750F
to 281°F, at a rate of
100°F/hr. Pressure change

\ 1 1g.
( I is from 1000 to 35 psig

h. System temperature change is Emergency/Faulted 1
from 546°F to 583°F within
2 seconds, from 583°F to
538°F within 30 seconds, and
from 538°F to 400°F with
return to 546°F at a rate of
100¢F/hr. Pressure change
is from 1000 to 1350 psig,
thence to 240 psig, with
return to 1000 psig.

i. System temperature changes Emergency/Faulted 10
greater than 30°F, are from
561°F to S500°F within
7 minutes, and from 500°F to
400°F, with return to normal
operating temperature of
546°F, at a rate of 100°F/hr.
Pressure change is from
1000 to 1180 psig, to
240 psig, with return to
normal operating pressure
of 1000 psig.

. Paragraph NB3552 of the ASME III Code excludes various
transients, and provides means for combining those which are not

3.9-7
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. .9.1.2, Page 3.9-9)

In order for the staff to assess the applicability and validity of
computer programs used in dynamic and static analyses of seismic Category I
Code and non-Code items, the foilowing information is required:
a) The author, source, dated version and facility.
b) A description, ancd the extent and limitation of its application.
¢) The computer program solutions to a series of test problems which
shall be demonstrated to be substantially similar to solutions
obtained from any one of sources 1 through 4 and source 5.
1. hand calculation
2. analytical results published in the literature
3. acceptable experimental tests
4. by an MEB acceptable similar program
5. the benchmark problems found in NUREG/1677
‘ RESPONSE
The NSSS program; can be divided into two categories:
GE_Programs

The verification of the following GE programs has been performed in
accordance with the requirements of 10CFR50, Appendix B. Evidence
of the verification of input, output and methodology is documented
in GE Design Record Files.

a. PIPSTOl j. FAP 71 s. PDA
b.  MASS k.  CREEP PLAST t. EZPYP
€.  SNAP (MULTISHELL) 1.  ANSYS u. LION4
d. GASP m.  SAP4 v. SIMOK
e.  NOHEAT n.  ANSI-7 w.  DISPL
f. FINITE 0. NOZAR x.  WTNOZ
g. DYSEA p. TSFOR y.  SPECAO4
h. SHELL 5 q. RVFOR z. GEAPLO1
i.  HEATER r. PISYS aa. POSUM
ab. FTFLG

Vendor Programs

The verification of the following two groups of vendor programs is
assured by contractual requirements between GE and the vendors. Per

‘ the requirements, the quality assurance procedure of these proprietary
programs used in the design of N-stamped equipment is in full
compliance with 10CFR50, Appendix B.

ROP: hmm/D02019*-61
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Pump Motor Vendor Programs

a.

CB&I

RTRMEC
Programs

T anNn oo

In accordance with the response, the FSAR is revised.

7-11-GENOZZ
9-48-NAPALM
1027

846
781-KALNINS
979-ASFAST

RDP: hmm/D02019*-62
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766~ TEMAPR
767-PRINCESS
928-TGRV
962-E0962A
984

992-GASP

o33

1037-DUNHAM' S
1335

1606 & 1657-HAP
1634N
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3.9.1.1.12 ecirculation Gate Valve Transients

The following transients are considered in the design of the
recirculation gate valves.

Transient Cycles
a. 50-575-509F at 1009F/hr 300
b. $29°F between limits of 50°F and 575°F, €00
instantaneous
e. :509F between limits of S50°F and 546°F, 200
insta.taneous
d. 546°F to 3759F, instantaneous 30
e. 546°F to 281°F, instantaneous 2
130°F to 546°F, instantaneous 1
g. 110% design pressure at 575°F 1
h 1300 psi at 100°F installed hydrostatic test 130
2 1670 psi at 100°F installed hydrostatic test 3

-

3.9.1.2 Computer P-ograms Used in Analysis
mE

The following sections discuss computer projrams used in the )
analysis of specific nuclear gteam supply gystem (NSSS) —
components (computer programs were not used in the an

waste waas

of all components, thus ot all compo < S F t
programs cam be p'é.y,-,(e;f/-” .i ucmpp nents afgﬁ}lsted 5
Computer programs are maintained either y outside “‘\\\

computer program developers. In either case, the quality of the
programs and the computed results are controlled. One or more
engineers are assigned to each program. Duties are: )

(\.5)

a. To keep abreast of the capability, the software contents |
and the theory of the program

b. To run test caces and maintain the reliability of the /
program /

€. To advise users on the proper usage of the program and
the correct interpretation of computed results /

All necessary modifications are coordinated and verified by the |

responsible engineers. Thus, users' confusion cver changes is |
avoided, and the high reliability of these programs is

e ——

—» [NSERT / !
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GE Programs

The verification of the following GE programs has been performed in
accordance with the requirements of 10CFRS0, Appendix B. Evidence of the
verification of input, output and methodology is documented in GE Design
Record Files.

a. PIPSTO1 j. FAP 71 s. PDA
b. MASS k.  CREEP PLAST t. EZPYP
€.  SNAP (MULTISHELL) 1.  ANSYS u. LION4
d. GASP m. SAP4 v.  SIMOK
e.  NOHEAT n.  ANSI-7 w. DISPL
f. FINITE 0. NOZAR X.  WINOZ
g. DYSEA p.  TSFOR y.  SPECA04
h. SHELL 5 q. RVFOR z.  GEAPLO1
1. HEATER r. PISYS aa. POSUM
ab. FTFLG

Vendor Programs

The verification of the following two groups of vendor programs is
assured by contractual requivements between GE and the vendors. Per the
requirements, the quality assurance procedure of these proprietary
programs used in the design of N-stamped equipment is in full compliance
with 10CFR50, Appendix B. ‘

Pump Motor Vendor Programs

a. RTRMEC

CB&I Programs

a. 7-11-GEN0ZZ g. 766-TEMAPR m.  1037-DUNHAM'S
b.  9-43-NAPALM h.  767-PRINCESS n. 1335

c. 1027 i.  928-TGRV 0. 1606 & 1657-HAP
d. 846 j. 962-E0962A p. 1634N

e.  781-KALNINS k. 984

f.  979-ASFAST 1. 992-GASP

3.9-9a (Insert)

RDP: hmm/D02019*-63
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. 3.9.1.2.1 Reactor Vessel wnp/ /nterz’a/ﬁ MEB-5Z
3.9.02-/.] Leactor yessel
The computer programs used in the preparation of the reactor .
vessel stress report are identified, and their use summarized in
the following paragraphs.
|
3.9.1.2.1.1/ Chicago Bridge and Iron (CB&l) Program 7-11 - GENOZZ
|
The GENOZZ computer program is used to proportion barrel and
double taper-type nozzles to comply with the specifications of
the ASME Code, Section II1I, and contract documents. The program
either designs such a configuration or analyzes the configuration
input to comply to code. If the input configuration does not
comply with the specifications, the program modifies the design
and redesigns it to yield an acceptable result.

/2
3.9.1.2.1J{ CB&l Program 9-48 - NAPALM

The basis for the Nozzle Analysis Program--All Loads Mechanical
(NAPALM) is to analyze nozzles for mechanical loads and find the
maximum stress intensity and location. The program provides
analyses at each mechanical load point of application. The
maximum stress intensity is calculated for both the inside and
outside surfaces at each reference location. The program

’ measures the maximum stress intensity for both the inside and
outside surfaces of the nozzle, as well as their angular
locations as measured from the 0° reference location. The
principle stresses are also listed. Stresses resulting from each
component of loading (bending, axial, shear, and torsion) are
listed, as well as the loadings which cause these stresses.

/s
3.9.1.2.1./(3 CB&I Program 1027
This program is a computerized version of the analysis method ¢
contained in Ref 3.9-1.

Part of this program provides for the determination of the shell
stress intensities (S) around the perimeter of a loaded
attachment on a cylindrical or spherical vessel. Eight S values
are calculated, one at each of four cardinal points. for both the
upper and lower shell plate surfaces (ordinarily considered
outside and inside surfaces). With the determination of each S,
the components of that S (two normal stresses, 6y and 6y, and
shear stress v ) are also determined. This program provides the
same information as the manual calculation, and the input data is
essertially the geometry of the vessel and attachment.

/4
3.9.1.2.17(’ CB&I Program 846 |
’ This program computes the required thickness of a hemispherical

head with a large number of circular parallel penetrations, by
means of the area replacement method, in accordance with the ASME

3.9-10
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Code, Section III.

In cases where the penetration has a counterbore, the thickness-

15 determined so that the counterbore does not penetrate the

outside surface of the head. ) P
’5 IMEd-57

3.9.1.2.17{ CB&I Program 781 - KALNINS i

The KALNINS thin shell program is used to establish the shell
influence coefficient, and to perform the detailed stress
analysis of the vessel. The stresses and the deformations of the
vessel can be computed for any combination of the following
axisymmetric loading:

a. Preload condition
b. Internal pressure
e, Thermal load

This program is a thin elastic shell program for shells of
revolution developed by Dr. A. Kalnins of Lehigh University.
Extensive revisions and improvements have been made by

Dr. J. Endicott, to yield the CB&l version of this program.

The basic method of analysis was published by Professor Kalnins
(Ref 3.9-2).

/6 |
3'9"‘2"u‘< CB&I Program 979 - ASFAST .

The ASFAST program performs the stress analysis of axisymmetric,
bolted ciosu;e flanges between the head and cylindrical shell.

2
3.9.1.2.1.X CB&I Program 765 - TEMAPR :

This program reduces any arbitrary temperature gradient thrcugh
the wall thickness to an equivalent linear gradient. The
resulting equivalent gradient has the same average temperature,
and the same temperature-moment as the given temperature
gradient. The input consists of the wall thickness and actual
temperature distribution. The output contains the average
temperature and total gradient through the wall thickness. The
program is written in FORTRAN 1IV.

/8
3.9.1.2.1.4 CB&l Program 767 - PRINCESS ‘
The PRINCESS program calculates the maximum alternating stress

amplitudes from a series of stress values, by the method in
Section III of the ASME B&PV Code.

3.9=-11
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& /7 Imed-57C
3.9.1.2.1.}( CB&! Program 928 - TGRV

The TGRV program is used to calculate temperature distributions
in structures or vessels. Although it is primarily a program for
solving the heat conduction equations, some provisicns have been
made for including radiation and convection effects at the
surfaces of the vessel.

The TGRV program is a highly modified version of the TIGER heat
transfer program, written about 1958 at Knolls Atomic Power
Laboratory, by A.P. Bray.

The program utilizes an electrical network analogy to obtain the
temperature distribution of any given system as a function of
time. The finite difference representation of the
three-dimensional equations of heat transfer are repeatedly
solved for small time increments, and continually summed. Linear
mathematics is used to solve the mesh network for every time
interval. Three basic forms of heat transfer (conduction,
radiation, and convection), as well as internal heat generation,
are included in the analysis.

TGRV calculates and outputs the steady state or transient
temperature distributions in a given structure, as a function of
. time. The program inputs are any odd-shaped structure which can
be represented by a three-dimensional field, its geometry and
physical properties, boundary conditions, and internal heat

generation ; ges. :
3.9.1.2.1.){? CB&I Program 962 - E0962A |

Program E0962A is one of a group of programs (E0953A, E1606A,
E0962A, E0992N, E1037N, and E0984N) which are used together to
determine the temperature distribution and stresses in pressure
vessel components, using the finite element method.

Program E0962A is primarily a plotting program. Using the nodal
temperatures calculated by program E1606A or Program E0928A, and
the node and element cards for the finite element model, it
calculates and plots lines of constant temperature (isotherms).
These isotherm plots are used as part of the stress report teo
present the results of the thermal analysis. They are also
useful in determining at which points in time the thermal
stresses should be determined.

In addition to its plotting capability, the program can also

determine the temperatures of some of the nodal points by

interpolation. This feature of the program is intended primarily

for use with the compatible TGRV and finite element models that
‘ are generated by program EQ0953A.

3.9-12
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3.9.1.2.1.34"CB&I Program 984

.

Program 984 is used to calculate the stress intensity of stress
differences, on a component level, between two different stress
conditions. The calculation of the stress intensity of stress
component differences (the range o: stress intensity) is required
by Section ﬁg! of the ASME Code.

/: \
3.9.%.2.1. CB&l Program 992 GASP ’ ‘

The GASP program, originated by Professor E.L. Wilson of the
University of California at Berkeley, uses the finite element
method to determine the stresses and displacements of plane or
axisymmetric structures of arbitrary geometry, and is written in
FORTRAN IV. See Ref 3.9-3, for a detailed account.

GASP structures may have arbitrary geometry, and have linear or
nonlinear material properties. The loadings may be thermal,
mechanical, accelerational, or a combination of these.

A structure to be analyzed is broken up into a finite number of
discrete elements or "finite-elements", which are interconnected
at a finite number of "nodal-points" or "nodes." The actual
loads on the structure are simulated by statically equivalent
loads acting at the appropriate nodes. The basic input to the
program consists of the geometry of the stress-model and the
boundary conditions. The program then gives the stress
components at the center of each element and the displacements at
the nodes, consistent with the prescribed boundary conditions.

/]
3.9.1.2.175§1/cs51 Program 1037 - DUNHAM'S

DUNHAM'S program is a finite ring element stress analysis
program. It determines the stresses and displacements of
axisymmetric structures of arbitrary geometry subjected to either
axisymmetric loads, or nonaxisymmetric loads represented by a
Fourier series.

|

This program is similar to the GASP program (CB&l 992). The
major differences are that DUNHAM'S can handle nonaxisymmetric
loads (which requires that each node have three degrees of
freedom), while the material properties for DUNHAM'S must be
constant. As in GASP, the loadings may be thermal, mechanical,
and acce17r1}ional.

|
2:9,0:.3:1%, CB&I Program 1335

To obtain stresses in the shroud support, the baffle plate must
be made a continuous circular plate. The program makes this
modification and allows the baffle plate to be included in CB&l
program 781 (KALNINS) as two isotropic parts, with an orthotropic
portion at the middle (where the diffuser holes are located).

3.9-13
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/15
3.9.1.2.1.7( CB&l Programs 1606 and 1657 - HAP

The HAP program is an axisymmetric nonlinear heat analysis
program. It is a finite element program, used to determine nodal
temperatures in a tso-dimensional or axisymmetric body subject to
transient disturbances. Programs 1606 and 1657 are identical,

except that 1606 has a larger storage area allocated, and can
thus be used to solve larger problems. The model for program
1606 is compatible with CB&I stress programs 992 (GASP) and 1037 ;

(DUNHAM'S) . /A/ge—ﬂr -2 ;
3N9.1.2.1.16 CB&I Program 1635 ///// ‘

N,

N
Progiam 1635 offers the following three features to aid the
stress analyst in preparing a stress report: P

¥
' i

a. fb\generates punched card input for program 763 |
(PRINCESS) from the stress output of program 781 g
(KALNINS). \

b. It writes a stress table in a format that can be
incorporated into a final stress report.

P It has the obtion to remove through-wall thermal bending
stress, and report these results in a stress table /
similar to the one mentioned above.

3.9.1.2.1.17 CB&l Program 953

This program is a general purpose program, which does the

following: Ny
a. It prepares input cards for\the thermal model.
e
b. It prepares the node and element cards for the finite
element model. Sy

- F It sets up the model in such a way that\;ge nodal points
in the TGRV model correspond to points in the finite
element model. They have the same number, so-.that there
is no possibility of confusion in transferring

7 temperature data from one program to the other.

3.9.1.3.2 Piping
The computer programs used in the analysis of NSSS piping systems

within GE's scope of supply are identified, and their use
summarized in the following paragraphs.

4
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3.5.1.2.1.1.3 CB&I Program 1634N

This program is used to analyze thin cylindrical shells subjected to
local lecading beyond the range where Bijlaard's curves are directly
applicable, i.e., R/t >300.

This program computes stress and displacements in thin-walled elastic
cylindrical shells subjected to mechanical loading such as radial loads,
longitudinal and circumferential moments.

3.9.1.2.1.2 Reactor Internals

3.9.1.2.1.2.1 Core Plate Beam Buckling - PIPSTO1

PIPSTO1 is a computer program which calculates approximate core plate
beam buckling capability. It uses the Rayleigh-Ritz energy method to
determine the applied moment needed to begin yielding and then finally to
buckle a given tee beam. The tee beam models a segment of a BWR/2-5 core
plate with a stiffener beam. The pressure differential across the plate
that would have created this moment is calculated for a given length of
beam or size of core plate.

Generic dimension and material properties are all input by the user.

3932122 Other Programs

Other computer codes used for the analysis of the internal components
are:

a. MASS g. SHELL 5
b.  SNAP (MULTISHELL) h.  HEATER

c. GASP i. FAP 71

d.  NOHEAT j.  CREEP PLAST
e. FINITE k.  ANSYS

f.  DYSEA

Detailed descriptions of these programs are given in Section 4.1.4.1.

3.9-14a (Insert)
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. 3.9.1.2.2.1 Structural Analysis Program - SAP 4

SAP 4 is a general Structural Analysis Program for static and
dynamic analysis of linear elastic complex structures. The
finite element displacement method is used to solve the
displacements, and to compute the stresses of each element of the
structure. The structure can be composed of unlimited numbers of
three-dimensional truss, beam, plate, shell, solid, plate
strain-plane stress, brick, thick shell, spring, or axisymmetric
elements. The program can treat thermal and various forms of
mechanical loading, as well as internal element loading. The
dynamic analysis includes mode superposition, time history, and
response spectrum analyses. Earthguake loading, as well as time-
varying pressure, can be treated. The program is very versatile
and efficient in solving large and complex structural systems.
The output contains displacements of each nodal point, as well as
stresses at the surface of each element.

3.9.1.2.2.2 Component Analysis - ANSI-7

The ANSI-7 Computer Program determines stress and accumulative
usage factors in accordance with NB-3600 of the ASME Code,
Section III. The program performs stress analyses in accordance
with the ASME sample problem, and has been verified by
reproducing the results of the sample problem analysis.

. 3.9.1.2.2.3 Area Reinforcement - NOZAR

The computer program Nozzle Area Reinforcement Program (NOZAR)
performs an analysis of the required reinforcement area fcr
openings. The calculations performed by NOZAR are in accordance
with the rules of the 1974 edition of Section III of the ASME

Code. MER™
517
3.9.1.2.2.4 Dynamic Forcing Functions ::

e T

3.9/1.2.2.4,1 Relief Va1;;~5;;EE;}ge Pipe Forces

See Section 3.9.1.2.6.5 for descriptions of the computer programs /
used to analyze relief valve discharge pipe forces. "

3.9.1.2.2.1971 Turbine Stop Valve Closure - TSFOR

The TSFOR program computes the time history forcing function in
the main steam piping due to turbine stop valve closure. The
orogram utilizes the method of characteristics to compute fluid
momentum and pressure loads at each change in pipe section or
direction.

—pr M SERT
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3.9.1.2.2.4.2 Relief Valve Discharge Pipe Forces Computer Program/RVFOR

The relief valve discharge pipe connects the relief valve to the suppression
pool. When the valve is opened, the transient fluid flow causes %ime
dependent forces to develop in the pipe wall. This computer program
computes the transient fluid mechanics and the resultant pipe forces

using the method of characteristics.

3.9.1.2.2.5 Piping Analysis Program/PISYS

PISYS is a computer code specialized for piping load calculations. It
utilizes selected stiffness matrices representing standard piping components,
which are assembled to form a finite element model of a piping system.

The technique relies on dividing the pipe model into several discrete
substructuras, called pipe elements, which are connected to each other

via nodes called pipe joints. It is through these joints that the model
interacts with the environment and loading of the structure becomes

possible. PISYS is based on the linear classical elasticity in which the
resultant deformation and stresses are proportional to the loading and

the superposition of loading is valid.

PISYS has a full range of static and dynamic analysis options which
include: distributed weight, thermal expansion, differential support
motion modal extraction, response spectra, and time history analysis by
modal or direct integration. The PISYS program has been benchmarked
against five Nuclear Regulatory Commission piping models for the option
of response spectrum analysis and the results are documented in a report
to the Commission, "PISYS Analysis of NRC Benchmark Problems", NED0-24210,
August 1979.

3.9-15a (Insert)
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‘ X MER
rJ—-/.Lz 2.5 JIntegral Attachment ~ LUGST /ME?‘-

e LUGST program evafuates stre¢sses in the pipe wall at ar
roduded by /loads applied to the integral Attachments./ The

\ﬂ'

rogrAm was/prepared/on the basis of Weldyng Research/Counci
Bullgtin 198. / -

]
3.9.1.2.2.6 Piping Dynamic Analysis Program - PDA

The pipe whip analysis was performed using the PDA computer
program. PDA is used to determine the response of a pipe
subjected to the thrust force occuring after a pipe break. The
program treats the situation in terms of generic pipe break
configuration, which involves a straight, uniform pipe fixed at
one end, subjected to a time-dependent thrust-force at the other
end. A typical restraint used to reduce the resulting
deformation is also included at a location between the two ends.
Nonlinear and time-independent stress-strair relations are used
to model the pipe and the restraint. Similar to the popular
elastic-hinge concept, bending cf the pipe is assumed to occur at
the fixed end, and at the location supported by the restraint,
only.

Shear deformation is also neglected. The pipe bending moment-

‘ deflection (or rotation) relation used for these locations is : 3
cbtained from a static nonlinear cantilever beam analysis. Using
moment-rotation relations, nonlinear equations of motion are
formulated using energy considerations, and the equations are
numerically integrated in small time steps to yield the time-
history of the pipe motion.

3.9.1.2.2.7 Piping Analysis Program - EIZPYP

EZPYP links the ANSI-7 and SAP programs together. The EZPYP
program can be used to run several SAP cases by making user
specified changes to a basic SAP pipe model. By controlling
files and SAP runs, the EZPYP program makes it possible to
perform a complete piping analysis in one computer run.

3.9.1.2.2.8 Thermal Transient Program - LION4

The LIOMprogram is used to compute radial axialthermal gradients
in piping. The program calculates a time history of aT,,aT,, Ta,
and Tb (defined in ASME Section IlI, Class 1 piping analysis) for
uniform and tapered pipe wall thickness.

3.9.1.2.2.9 Synthetic Time History Program - SIMOK
‘ The SIMOK program provides a time history that is equivalent to )
an input response spectrum. The synthetic time history is used A\

to generate a new spectrum that is plotted with the input )
spectrum, to verify that the time history and spectrum are

3.9-16
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equivalent. Synthetic time histories are used in a multiple
input analysis of the piping.
3.9.1.2.2.10 Differential Displacement Program - DISPL

The DISPL program provides differential movements at each piping
attachment point, based on building modal displacements.

3.9.1.2.2.11 WTNOZ Computer Program

WTNOZ is a timeshare program for piping weight calculations. M&-s™

3.9.1.2.3 Wpumum

3.9./.0.3 c.‘,\;..t.,'&}m g

No computtggstoqrams were used in the design of the recirculaticen
pumps.

32
3.9.1.2.4 Core Spray Pumps and Motors

The RTRMEC computer program is used in the analysis of a motor
design representative of (or very similar in mechanical
construction to) the core spray pump motor.

RTRMEC calculates and displays the results of a mechanical
analysis of a motor rotor assembly acted upon by external forces
at any point along the shaft (rotating parts only). The shaft
deflection analysis, including magnetic and centrifugal forces,
was conducted. The calculation for the seismic condition assumes
that the motor is operating, and that the seismic, magnetic, and
centrifugal forces all act simultaneously and in phase on the
rotor-shaft assembly. Note that the distributed motor assembly
weight is lumped at the various stations. The shaft weight at a
station is the sum of one-half the weight of the incremental
shaft length just before the station, plus one-half the weight of
the adjacent incremental shaft length just after the station.
Bending and shear effects are accounted for in the calculations.

3.9.1.2.5 Residual Heat Removal (RHR) Heat Exchangers

The following are the computer programs used in dynamic and
static analysis to determine the structural and functional
integrity of the RHR heat exchangers. MEgs2

Support Load Seismic Analysis (ED-6)

This program computes the total loads at the upper and
lower supports of the RHR heat exchanger. This program
takes into account the heat exchanger flooded weight,
seismic loads (either OBE or SSE), and the allowable
nozzle loads; and sets up the worst combination of these
loads. By maximizing seismic loads together with nozzl

3.9-17
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The FTFLG computer program was used to analyze the flange joints connecting
the pump bowl castings. The description of this program is provided in
Subsection 3.9.1.2.5.3.

3.9.1.2.4 Dynamic Loads Analysis
5315251 Acceleration Response Spectrum Program/SPECAQ4

The SPECAO4 computer program generates acceleration response spectrum,
consistent with R.G. 1.122 for an arbitrary input of time history of
piecewise linear accelerations, i.e., to compute maximum acceleration
responses for a series of single-degree-of-freedom systems subjected to
the same input. It can accept acceleration time histories from a random
file. It also has the capability of generating the broadened/enveloping
spectra in conformance with R.G. 1.122 when the spectral points are
generated equally spaced on a logrithmic scale axis of period/frequency.
This program is also used in seismic and SRV transient analysis.

3.9.1.2.4.2 Forces and Moment Time-Histories Program/GEAPLO1

The GEAPLO1 computer program converts distributed asymmetric pressure
time histories over a given area into equivalent time var,ing nodal
forces and moments for use as input to perform dynamic analysis of a
system. The overall resultant forces and moment-time histories at
specified points of resolution can also be ubtained from GEAPLOL.

3.9.1.2.5 Residual Heat Removal (RHR) Heat Exchangers
3.9.1.2.5.1 Structural Analysis Program - SAP4

SAP4 is used to analyze the structural and functional integrity of the
RHR heat exchangers. The description of this program is provided in
Subsection 3.9.1.2.2.1.

3.9.1.2.5.2 Beam Element Data Processing Program/POSUM

POSUM is used to process SAP4 generated data. POSUM is a computer code
designed to process SAP4 generated beam element data for pump or heat
exchanger models. The purpose is to determine the load combination that
would produce the maximum stress in a selected beam element. It is
intended for use on RHR heat exchangers with four nozzles or core spray
pumps with two nozzles. :

5:9.1.2.5.3 Effects of Flange Joint Connections/FTFLG
The flange joints connecting the pump bowl castings are analyzed using
FTFLG program. This program uses the local forces and moments determined

by SAP4 to perform flat flange calculations in accordance with the rules
set forth in Appendix II and Section III of ASME Code.

3.9-17a (Insert)
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e B

loads, maximum conservative moments and forces at the
upper and lower supports are calculated. /

Stress Analysis of Supports (ED-8)

This program performs a full stress analysis of the
upper and lower supports of the RHR heat exchanger. The
stresses in the supports (both upper and lower) caused
by loads resulting from seismic and nozzle loads are
computed in the support load program (ED-6), and are
' used as input values for this program. This program
computes the membrane stresses on the shell of the heat
A exchanger by using Bijlaard's analysis, as well as the
net section stresses (shear, tensile, Learing) on the
lower support plate and upper lugs. It also computes /
-~ the stresses on the welds holding the supports to th///
shell of the “heat exchanger. -

]
— i

v
4

ME
3.9.1.2.6 Seismic Categorv I Items Other than NSSS /151,

A list of computer programs used in the non-NSSS system
components is provided in Table 3.9-3. This list consists of
computer programs developed and/or owned by Bechtel Power
Corporation (BPC), and of computer programs that are recognized
and widely used in industry.

The Bechtel developed and/or owned computer programs are
documented, verified, and maintained by Bechtel, and meet the
requirements of 10 CFR, Part 50, Appendix B. A brief description
of each of these Bechtel programs is provided below.

3.9.1.2.6.1 ME101, Linear Elastic Analysis

Program Description: ME101 is a finite element computer program
that performs linear elastic analyses of piping systems using
standard beam theory techniques. The input data format is
specifically designed for pipe stress engineering, and the
English system of units is used. A thorough checking of the
input has been coordinated in the program. In addition,
modifications aimed at achieving an improved model are performed
automatically.

The output may be used directly for piping design, for

conformation to code, and for other regulatory requirements. Two

piping codes, ASME B&PV Code 1974 and B31.1 Summer 1973 addenda,

are incorporated into the program to the extent of computing

flexibility factors, stress intensification factors, and

stresses. ME101 may be used for static and seismic analysis of

piping systems. Static analysis considers one or more of the

following: thermal expansion, deadweight, uniformly distributed ~
loads, externally applied loads (forces, moments, displacements,

and rotations). Seismic analysis is based on standard normal

3.9-18
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A
QUESTION NO. 53 i V5

(3.9.1.3, Page 3.9-23)

1

T

Provide assurance that all experimental stress analysis performed on
seismic Category I Code or non-Code items meets provisions of Appendix II
of Section III of the ASME Code.

RESPONSE

Experimental stress analysis is not used for Limerick seismic Category I
code or non-code systems and components. Accordingly, Section 3.9.1.3.1
is revised to reflect this response.

ROP: hmm/D02019*-57
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N&M«.i@ 1 Hown
eir desi

Mo
gn
adegyacy: ////

a. Piping seismic shock suppresscrs

b. Pipe whip restraints

Descriptions of the support and whip restraint tésts are

contained in Sectidms 3.9.3.4 and 3.6, respegtively.

MEB-$3

3.9.1.3.2 Orificed FueNSupport: Vertifal and Horizontal
Load Tests

‘A series of vertical and horizs al load tests were performed on
the Orificed Fuel Support (G S§) to~yerify the design. Results
from these tests indica that the component and seismic loading
of the OFS are well bgiow the stress 1i allowances, with a
safety margin of 1,26 for normal and upset eqnditions, and of 1.5
for the faulted eéndition. (The allowable stress limits were
arrived at by dpplying a 0.65 quality factor to € ASME code
allowables <¢f 1.5 Sm for upset and 1.5 X .7Su for faulted.)

3.9.1.4.3 Control Rod Drive

<
{ot applicable.) (

3.9.1.3% Seismic Category Items Other Than NSSS
No experimental stress analysis methods are used.

3.9.1.4 Considerations for the Evaluation of Faulted Conditions
All seismic Category 1 equipment is evaluated for the faulted
loading conditions. However, emergency stress limits rather than
faulted stress limits are used in many cases. In all cases,
actual stresses are within the code specified limits. The
following paragraphs in this section show examples of the
treatment of faulted conditions for the major components o a
component by component basis. Additional discussion of faulted
anaiysis can be found in Sections 3.9.3 and 3.9.5, and

Table 3.9%9-6.

Sections 3.9.2.2 and 3.7 discuss the treatment of dynamic loads
resulting from the postulated SSE. Section 3.9.2.5 discusses the
dynamic analysis of loads on NSSS equipment resulting from
blowdown. Deformations under faulted conditions have been
evaluated in critical areas, and no cases have been identified
where design limits, such as clearance limits, are violated.

Rev. 7, 06/82 3.9-24
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f‘ ~x
DRAR
.’
QULSTION NO. 54 FA

(3.9.1.4, Page 2.9-24)

Provide details of any elastic-plastic analysis you may have used in
evaluating seismic Category I equipment for Service Level D Limits.

RESPONSE

Elastic-plastic analysis has not been used in evaluating the Limerick's
seismic Category I systems and components for compliance with service
Level D Limits. The stress levels of these components are below the ASME
allowable stress.

ROP: hmm/D02019*-68
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UESTION NO. 55 !.J 3 85N g
%3.9.1.1.1, Page 3.9-24)

Provide details of references of testing done in lieu of analysis on
control rod drives.

RESPONSE

To verify the CRD performance, three types of tests were performed: (a)
ascillatory displacement of lower CRD housing, (b) displacement of core
support structure, and (c) fuel channel deflection.

a) A test was conducted with the lower CRD flange oscillating with a 2
inch peak-to-peak displacement. No adverse effects were observed
during the normal continuous drive-in or jog operation.

b) To simulate the seismic interaction, the core plate and top guide
structures of the test vessel were displaced relative to the CRD
housing center line. The results showed no effect in CRD performance.

c) The test vessel fuel channels were deflected to simulate the seismic
irteractions. The test was performed with fuel channel deflections
up to 1.5 inches which are greater than the expected deflection
values. Since the CRD and control rod were not permanently deformed,
the drive operability was maintained.

The load criteria, calculated and allowable stresses for various operating
conditions will be summarized in fable 3.9-6v upon completion of New
Loads Adequacy Evaluation (NLAE) program.

See revised Subsection 3.9.1.4.1.1.

ROP: hmm/D02019*-69
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3.9.1.4.1 Control Rod Drive System Components
3.9.1.4.1.1 Control Rod Drives

The ASME Section III Code components of the CRD have been
analyzed for abnormal conditions -h~—aRd—i~ shown in

Section 3.9.1.1.1.
The of Caliin ondl allrwradrin

Frr pranena . Lot AL o Tadde 39-4V.
- for-the-abnermal-cenditien. The design adequacy of non-code

MEg-sT

components of the CRD has been verified by(extensive testxng(}gﬂ%g;zgcp

programs on component parts, specially instrumented prototype
drives, and production drives. The testing included postulated
abnormal events, as well as the service life cycle listed in
Section 3.9.1.1.1,

3.9.1.4.1.2 Hydraulic -Control Unit

The hydraulic control unit (HCU) was analyzed fc the SSE faulted
condition. The analysis of the HCU under faulted condition loads
establishes the structural integrity of the system.

3.9.1.4.1.3 CRD Housing

3.9-24a Rev. 7, 06/82
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1. It is the staff's position that all essential safety-related
instrumentation lines should be included in the vibration monitoring
program during pre-operational or startup testing. We require that
either a visual or instrumented inspection (as appropriate) be
conducted to identify any excessive vibration that will result in
fatigue failure.

%Esnon NO. 56
9.2)

Provide a Tist of all safety-related small bore piping and instrumen-
tation Tines that will be included in the initial test vibration
monitoring program.

The esseitial instrumentation 1ines to be inspected should include
(but are not limited to) the following:

a) Reactor pressure vessel level indicator instrumentation lines
(used for monitoring both steam and water levels).

b) Main steam instrumentation lines for monitoring main steam flow
(used to actuate main steam isolation valves during high steam
flow).
€) Reactor core isolation cooling (RCIC) instrumentation lines on
the RCIC steam line outside containment (used to monitor high
. steam flow and actuate isolation).

d) Control rod drive lines inside containment (not normally
pressurized but required for scram).

2. Please provide a statement as to compliance with NUREG-0619, "BWR
Feedwater Nozzle and Control Rod Drive Return Line Nozzle Cracking".

RESPONSE

1. Vibration Monitoring Program

A. Instrumentation and Small Lines

The instrumentation 1ines identified in the question are
included in the Limerick Vibration Monitoring Program. The
piping was evaluated as having very low potential for steady
state vibration, based on a well-supported seismic design
configuration and on favorable (no-flow) environmental vibration
conditions. None of the conditions needed for direct independent
excitation of vibration throughout these lines is in effect
during operation. However, vibratory motion at the junction
with the process pipe (NSSS or BOP) or reactor pressure vessel
could occur and is monitored by vibration sensors mounted on
the process pipe. Wherever feasible, physical inspection for
vibration will be made by the test engineer during the preoper-
. ational phase of startup testing.

RDP: hmm/D02019*-70
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NSSS Piping (Main Steam and Recirculation)

Flow Transients

As currently documented in Section 3.9.2.1a.1.4, the main steam
and recirculation piping systems are tested for the following
operating flow transients:

a. Recirculation pump starts;

b. Recirculation pump trip at 100% rated flow;

c. Turbine stop valve closure at 100% power; and

d. Manual discharge of each SRV at 1,000 psig and at planned
transient tests that result in SRV discharge.

Locations of Inspections and Devices

The main steam and recirculation piping are instrumented with
transducers to measure temperature, thermal movement, and
vibration deflections. During pre-operational vibration
testings of recirculation piping, visual observation and manual
measurements by nand-held vibrograph are made to supplement the
romote measurements.

2. In compiiance with NUREG-0619, the Limerick design has incorporated
the resolution presented in NEDE-21821, "BWR Feedwater Nozzle/Sparger
Final Report", March 1978.

The Limerick feedwater nozzle has been modified. The new configuration
is the triple-sleeve with two sister-ring seals and an unclad
nozzle. This assures the longest ISI intervals per NUREG-0619.

The CRD return line is not part of the Limerick design.

The above information is incorporated in the revised text.

ROP: hmm/D02019*-71
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If the test measurements indicate failure to meet Level 2
criteria, the following corrective actions are taken after
completion of the test:

a. Installation Inspection: A walkdown of the piping and
suspension is made to identify any obstruction or
improperly operating suspension components. Snubbers
are located close to the midpoint of the total travel
range at the operating temperature. Hangers are in
their operating range between the hot and cold settings.
If the vibration exceeds limits, the source of the
vibration must be identified. Actions, such as
suspension adjustment, are taken to ccrrect any
discrepancies.

b. Instrumentation Inspection: The instrumentation
installation and calibration are checked, and any
discrepancies are corrected.

¢. Repeat Test: If a. or b. above identify a malfunction or
discrepancy that could account for failure to comply
with Level 2 criteria, and appropriate corrective action
is taken, the test may be repeated.

d. Documentation of Discrepancies: If the test is not
repeated, the discrepancies found under actions a. or b.
above are documented in the test evaluation report and
correlated with the test condition. The test is not’
considered complete until the test :iesults are i
reconciled with the acceptance riiteria.

3.9.2.%a.6 Measurement Locations for Mzin Steam and
Recirculation Piping 5;,,,

emote shock and vibration measurements are made in the three
orthogonal directions near the first downstream safety/relief
valve on each steam line, and in the three orthogonal direction
on the piping between the recirculation pump discharge and the
first downstream valve. During preoperational testing prior to
fuel load, visual inspection of the piping is made, and any
visible vibration measured with a hand-held instrument.

For each of the selected remote measurement locations, Level 1
and 2 deflection and acceleration limits are prescribed in the
startup test specification. Level 2 limits are based on the
results of the stress report, adjusted for operating mode and
instrument accuracy; Level 1 limits are based on maximum

wb‘e c imits._ M.IIJ/SLJZTMZ(/LCML WI\%
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The nozzle entry section is connected to the riser by a
metal-to-metal, spherical-to-conical seal joint. Firm contact is
maintained by a holddown clamp. The throat section is supported
laterally by a bracket attached to the riser. There is a
slip-fit joint between the throat and diffuser. The diffuser is
a gradual conical section, changing to a straight cylindrical
section at the lower end.

3.9.5.1.1.9 Steam Dryers

The steam dryer assembly is not a core support structure. It is
discussed here to describe coolant flow paths in the vessel. The
steam dryers remove moisture from the wet steam leaving the steam
separators. The extracted moisture flows down the dryer vanes to
the ‘collecting trouchs, then flows through tubes and into the
downcomer annulus. A skirt extends from the bottom of the dryer
vane housing to the steam separator standpipe, below the water
tevel. This skirt forms a seal between the wet steam plenum and
the dry steam flowing from the top of the dryers to the steam
outlet nozzles.

The steam dryer and shroud head are positioned in the vessel
during installation with the aid of vertical guide rods. The
dryer assembly rests on steam dryer support brackets attached to

the reactor vessel wall. Upward movement of the dryer assembly, MER =
which may occur under accident conditions, is restricted by steam 55
dryer hold-down brackets attached to the reactor vessel top head. r

3.9.5.1.1,19 Feedwater Spargers / / !

The ftedwaler neyyly and )p”aw?ju' desian Jollew's te pesolelioy Pr ﬁ’—‘—r”—'ii,ﬂf'
These components are not core suppoft structures. They ‘f*‘ééi;ift;3>x
discussed here to describe flow paths in the vessel. The

feedwater spargers are stainless steel headers located in the

mixing plenum above the downcomer annulus. A separate sparger is
fitted to each feedwater nozzle, and is shaped to conform to the
curvature of the vessel wall. Sparger end brackets are pinned to
vessel brackets to support the spargers. Feedwater flow enters

the center of the spargers, and is discharged radially inward,

mixing the cooler feedwater with the downcomer flow from the

steam separators and steam dryer, before it contacts the vessel

wall. The feedwater also serves to condense the steam in the

region above the downcomer annulus, and to subcool the water

flowing to the jet pumps and recirculation pumps.

3.9.5.1.1.11 Core Spray Lines
This component is not a core support structure. It-is discussed
here because the core spray lines are the means for directing

flow to the core spray nozzles, which distribute coolant during
accident conditions. )

3.9-86
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Earthguake (SSE) and Loss-of-Coolant Accident (LOCA)
Loadings,

NEDE-21175-P, General Electric cCompany
(November 1976).

Assessment of Reactor Internals Vibration in BWR/4
BWR/5 Plants, NEDE-24057-P (Class I111) and NEDO-240
(Class 1), General Electric Company (November 1977).

and
57

Design and Performance of G.E. BWR Jet Pumps, APED-5460,

General Electric Company, Atomic Power Equipment
Department (July 1968).

H. H. Moen, Testing of Improved Jet Pumps for the BWR/6
Nuclear System, NEDO-10602, General Electric Company,
Atomic Power Equipment Department (June 1972).

Analytical Model for Loss-of-Coolant Analysis in
Accordance with 10 CFR Part 50, Appendix K, NEDE-20566,

Proprietary Document, General Electric Company.

Stress Report for the Target Rock 6 x 10 Relief Valve, |

Model & 7567F; 4th Edition, McGraw-Hill, 1965. _
Bylry whiley Roncter frecisntor Wﬂ/g&r

U -~
[""""/ /6/’/7’",', MEDE-2182/y Ge,nwf/
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b v 3
UESTION NO. 57 ’
.9.2.1, Pages 3.9-29 to 31)

Provide the actual stress limits to be used for both Level 1 and Level 2
of your piping vibration test program.

RESPONSE
NSSS

For steady-state vibration, the piping peak stress due to vibration only
(neglecting pressure) will not exceed 10,000 psi for Level 1 criteria and
5,000 psi for Level 2 criteria.

These limits are below the piping material fatigue endurance limits as
defined in Design Fatigue Curves in Appendix I of ASME Code for 10%
cycles.

For operating transient vibration, the piping bending stress (zero to
peak) due to operating transient only will not exceed 1.25_ or pipe
support loads wili not exceed the Service Level D ratings Por Level 1
criteria. The 1.25_ limit ensures that the total primary stress including
pressure and dead w@ight will not exceed 1.8S_, the new Code Service

Level B 1imit. TJevel 2 criteria are based on'pipe stresses and support
loads not to exceed design basis predictions. Design basis criteria
require that operating transients stresses and loads not to exceed any of
the Service Level B limits including primary stress limits, fatigue usage
factor 1imits, and allowable loads on snubbers.

These 1imits for NSSS piping are incorporated in the FSAR as Section
3.9.2.1a.4.3 following the revised definition of Level 1 and Level 2
criteria.

BOP_(Non=NSSS)

Vibration stresses will be consistent with the limits of the American
National Standard, ANSI/ASME 0M3-1982. These limits are based on the
piping design fatigue curves for up to 10® cycles of vibration given in
ASME Section III, Appendix I. To account for fatigue with higher cycles,
the design fatigue strength of carbon steels will be reduced by applying
a factor of 0.8 and furthermore employing a safety factor of 1.3.
Austenitic pipe steels design fatigue strength reduction factor will be
0.6, and is further reduced by employing a safety factor of 1.3. Piping
stress indices (K;C;) and intensificaticn factors (2i) as applicable to
each particular system are also applied in accordance with the standard.
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qualified and tested for design and faulted condition loadings,
prior to shipment to field. Snubbers will be tested to allow
free piping movements at low velocity. During plant startup, the
snubbers will be checked for improper settings and checked for
any evidence of oil leak.

. each size (i.e. 10 kips, 20 kips, 50 kips, etc.) will also be

The criteria for vibration displacements is based on the assumed
linear relationship between displacements, snubber loads and
magnitudes of applied loads, for any function and response of the
system. Thus the magnitudes of limits of displacements, snubber
loads, and nozzle loads are all proportional. Maximum
displacements (Level 1 limits) are established to prevent the
maximum stress in the piping systems from exceeding the normal
and upset primary stress limits, and/or the maximum snubber load
from exceeding the maximum load to which the snubber has been
tested.

Based on the above criteria, Level 1 displacement limits are
established for all instrumented points in the piping system.
These limits will be compared with the field measured piping
displacements. Method of acceptance is as explained in
Section 3.9.2.1%a.4.

, 3.9.2.%a.4 Test Evaluation and Acceptance Criteria for Main
‘ . Steam and Recirculation Piping

The piping response to test conditions is considered acceptable
if the organization responsible for the stress report reviews the
test results, and determines that the tests verify that the
piping responded in a manner consistent with the predictions of
the stress report, and/or that the tests verify that piping
stresses are within code limits (ASME Section III, NB-3600).
Acceptable deflection imits are determined
after the completion of the piping systems stress analysis and
are provided in the startup test specifications.

To ensure test data integrity and test safety, criteria have been
established to facilitate assessment of the test while it is in —

progress. These criteria, designated Level 1 and 2, are s
described in the following paragraphs. . X

Z

(fs.s.z.u 2.1 Level A Criteria i
I1f, ip the course/nof the tests, measurements indicate that

pipipg is respo that makes test terminati
prudent, the t . Level 1 crjteria establj
bounds on movément that, if ceeded, make test hold o

ermination Mandatory. The/limits on mov
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3.9.2.1a.4.1 Level 1 Criteria

Level 1 establishes the maximum limits for the level of pipe motion
which, if exceeded, makes a test hold or termination mandatory.

If the Level 1 1imit is exceeded, the plant will be placed in a satisfactory
hold condition, and the responsible piping design engineer will be

advised. Following resolution, applicable tests must be repeated to

verify that the requirements of the Level 1 limits are satisfied.

3.9.2.1a.4.2 Level 2 Criteria

If the Level 2 criteria are satisfied for both steady state and operating
transient vibrations, there will be no fatigue damage to the piping

system due to steady state vibration and all operating transient vibraticns
are bounded by the values in the stress report.

Exceeding the Level 2 specified pipe motion requires that the responsible
piping design engineer be advised. Plant operating and startup testing
plans would not necessarily be altered. Investigations of the measurements,
criteria, and calculations used to generate the pipe motion 1imits would

be initiated. An acceptable resolution must be reached by all appropriate
and involved parties, including the responsible piping design engineer.
Detailed evaluation is needed to develop corrective action or to Show

that the measurements are acceptable. Depending upon the nature of such
resolution, the applicable tests may or may not be repeated.

3.9.2.1a.4.3 Acceptance Limits

For steady state vibration, the piping break stress due to vibration only
(neglecting pressure) will not exceed 10,000 psi for Level 1 criteria and
5,000 psi for Level 2 criteria. These limits are below the piping
material fatigue endurance limits as defined in Design Fatigue Curves in
Appendix I of ASME code for 10® cycles.

For operating transient vibration, the piping bending stress (zero to
peak) dve to operating transient only will not exceed 1.25_ or pipe
support loads will not exceed the Service Level D ratings Por Level 1
criteria. The 1.2S_1limit ensures that the total primary stress including
pressure and dead w@ight will not exceed 1.85 , the new Code Service

Level B limit. Level 2 criteria are based on pipe stresses and support
loads not to exceed design basis predictions. Design basis criteria
require that operating transients stresses and loads not to exceed any of
the Service Level B limits including primary stress limits, fatigue usage
factor l1imits, and allowable loads on snubbers.

3.9-31a (Insert)
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3.9.2.1a.5 Corrective Actions for Main Steaé and Recircuﬁation
Piping

During the course of the tests, the remote measurements are
regularly checked to determine compliance with Level 1 criteria.
If trends indicate that Level 1 criteria may be violated, the
measurements are moenitored at more frequent intervals. The test
is held or terminated as soon as Level 1 criteria are violated.
As soon as possible after the test hold or termination, the
following corrective actions are taken:

Installation Inspection: A walkdown of the piping and
suspension is made to identify any obstruction or
improperly operating suspension components. Snubbers
are located close to the midpoint of the total travel
range at the operating temperature. Hangers are in
their operating range between iLhe hot and cold settings.
If vibration exceeds the criteria, the source of the
excitation must be identified to determine if it is
related to equipment failure. Action is taken to
correct any discrepancies before repeating the test.

Instrumentation Inspection: The instrumentation
installation and calibration is checked, and any
discrepancies are corrected. Additional instrumentation
is added, if necessary.

Repeat Test: If actions a. or b. identify discrepancies
that could account for failure to meet Level 1 criteria,
the test is repeated.

Resolution of Findings: If the Level 1 criteria are
violated on the repeat test, or no relevant
discrepancies are identified in 2. or b., the
organization responsible for the stress report reviews
the test results and the criteria to determine if the
test can be safely continued.
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LGS MEB-SER D RA FT
?uesnon NO. 58 :
.9.2.1b, Page 3.9-34)

Provide a 1ist of sensor type and location and measi~ement iocations for
BOP piping vibration, thermal expansion and dynamic effects testing.

RESPONSE

Interim test specifications governing the scope of startup testing of BOP
piping are in preparation. These test specifications are intended to be

the repository for all primary information relating to ~he scope, objectives,
methods, measurements, and criteria for evaluation of the test results.

The BOP piping systems are being categorized in terms of the following:

a. Test environment (hot deflection, steady state vibration or dynamic
transient response).

b. Test measurements (remotely monitored, visual or none required due
to small expected response to test environment).

c. The appropriate testing phase (preoperational or power ascension).

Table 3.9-7 contains a list of systems included in the test program.
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LGS MEB-SER D R &‘\ FT
! ‘0 :'
JESTION NO. 59
é}?y.z.z, Page 3.9-47)

“rovide a statement in LGS FSAR explicitly identifying the prototype
reactor for LGS.

RESPONSE

The protctype reactor for LGS is the Bruwns Ferry-3 design docketed on
July 31, 1968.

Accordingly, Section 3.9.2.4 is revised.
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LGS FSAR —

on the prototype design, including the shroud, shroud head, core
support structures, the jet pumps, and the peripheral control rod MED -
drive and incore guide tubes. Access is provided to the reactor )
lower plenum. 59
N
Reactor internals for Limerick are substantially the same as the
internal design configurations which have been tested in I
prototype BWR/4 plants. Results of the prototype tests are
presented in a Licensing Topical Report, Ref.3.9-18. This report
also contains additional information on the confirmatory
inspection program.

31.9.2.5 Dyvnamic System Analysis of the Reactor Internals
Under Faulted Conditions

In order to assure that no significant dynamic amplification of
load occurs as a result of the oscillatory rnature of the blowdown
forces (Figure 3.9-2), a comparison is made between the periods
of the applied forces and the natural periods of the core support
structures being acted upon by the applied forces. These periods
are determined from a comprehensive vertical dynamic model of the
RPV and internals, with 12 degrees of freedom. Only mot:on in
the vertical direction is considered here; hence, each structural
member (between two mass pcints) can only have an axial load.

‘ Besides the real masses of the RPV and core support structures,
allowance is made for the water inside the RPV.

Typical curves of the variation of pressures during a steam line
break are shown in Figure 3.9-2. The accident analysis method is
described in Section 3.9.5.2.

The time varying pressures are applied to the dynamic model of
the reactor internals described above. Except for the nature and
locations of the forcing functions and the dynamic model, the
dynamic analysis method is identical to that described for
seismic analysis, and is detailed in Section 3.7.2.1. The
dynamic components of forces from these loads are combined with
dynamic force components from other dynamic loads (including
seismic), all acting in the same direction, by the square root of
the sum of the squares (SRSS) methods. This resultant force is
then combined with cther steadv-state and static loads on an
absolute sum basis to determine the design load in a given
direction.

The loads and load combinations acting upon the jeL pumps and
LPC1 coupling are listed in Section 3 .9.3.1.

3.9.2.6 Correlations of Reactor Internals Vibration Tests
. with the Analytical Results

Prior to initiating the instrumented vibration test program for
the prototype plant, extensive dynamic analyses of the reactor
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Verify that the actual loads considered are a LOCA in combination with
the SSE.

%gesrlou NO. 60
.9.2.5, Page 3.9-48)

RESPONSE

The Toad combination and acceptance criteria tables for ASME Code Class 1,
2 and 3 piping and components have listed LOCA + SSE as one of the load
combinations considered. This is documented in Table 3.9-6 (attached to
the response to Question No. 68) for NSSS and Table 3.9-11 for BOP.
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DRAFT
%uesnou NO. 61 1 1z
.9.2.1a.3, Page 3.9-29)

List all instances where snubbers are used to control steady-state
vibration.

RESPONSE

Snubbers have not been used to control steady-state vibration in the
Limerick design.
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?UESTION NO. 62 a gi k; i
.9.2.1, Page 3.9-29)

Piping vibration, thermal expansion, and dynamic effects testing is done
during a preoperational testing program. The purpose of these tests is
to assure that the piping vibrations are within acceptable limits and
that the piping system can expand thermally in a manner consistent with
the design intent. During the plant's precperational and startup testing
program, the applicant must test various piping systems for abnormal.
steady-state or transient vibration and for restraint of thermal growth.
Systems to be monitored include 1) ASME Code Class 1, 2 and 3 piping
systems, 2) high energy piping systems inside seismic Category I structures,
3) high energy portions of systems whose failure could reduce the functioning
of seismic Category I plant features to an unacceptable safety level, and
4) seismic Category I portions of moderate energy piping systems located
outside containment. The piping vibration test program must comply with
the ASME Code, Section III paragraphs NB-3622.3, and ND-3622.3 which
require that the applicant be responsible, by observations during startup
or initial operations, for ensuring that the vibration of piping systems
is within acceptable levels. This vibration might be due to plant
transients or might be associated with steady-state plant operation.

This steady-state vibration, whether flow-induced or caused by nearby
vibrating machinery, could cause 10® or 10° cycles of stress in the pipe
during its 40-year life. '

For this reason, the staff requires that the stresses associated with
steady-state vibration be limited to 50% of the alternating stress
intensity, Sa at 10% cycles as defined in the ASME Code, Appendix I,

Figure I-9.1%nd 1-9.2. In addition, pipe whip restraint initial clearances
will be checked as will snubber response. The test program should

consist of a mixture of instrumented measurements and visual observation

by qualified personnel. The applicant will be required to provide a

summary of the results of this test program upon its completion,

Provide assurances that your preoperational testing complies with the
above position.

RESPONSE

NSSS

See response to Question No. 57 and revised FSAR Sections attached
thereto for piping vibration test programs acceptance limits and Level 1
and Level 2 criteria.

BOP (Non-NSSS)

The startup test program specifications describe in detail for piping

which is instrumented for remote monitoring of vibrations and thermal
expansion, and piping which is accessible for preoperational or startup
walkdown testing by test personnel. The test criteria limit the permissible
pipe vibratory stress to the allowable limits prescribed in the industry
standard for startup testing of nuclear power systems, ANSI/ASME OM3-1982
Section 3.9.2.1b.2 is revised accordingly.
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The LGS startup testing program requires that the following conditions be
demonstrated per Regulatory Guide 1.70:

QUESTION NO. 62 (CONT'D)

1) Thermal expansion is free from significant and unacceptable restraint
not accounted for in the design.

2) Piping vibration is within acceptable limits for Tong term vibratory
stress.

3) Dynamic transient response of the piping is within the 1imits set by
the ASME Code design stress analysis.
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.acceptable, if the vibration is not significant, or
questionable, if the vibration is significant. The lines with
questionable steady-state vibration are monitored as applicable
by suitable instrumentation to determine the system response.

LGS FSAR

The type of any necessary instrumentation is determined by the
design engineer, so that the maximum amplitude and frequency
response of the piping system can be determined. The
instrumentation does not screen out the significant frequencies.

The acceptance criterion for the steady vibration tests is that
the maximum measured amplitude of the piping vibration does not r
induce more stross in the pipe than the endurance limit of the
material. By limiting the maximum stress in the pipe due to
steady state vibration below ndurance limit (a
stre correspondin =) e steady-state
vibration induced stress does not contribute to1§educing piping MEB-
fatigue life. ‘2

when required, additional restraints are provided to reduce the
steady-state vibration, and to keep the stresses below the
acceptance criteria levels.

Table 3.9-7 provides a reference to the appropriate test
‘ descriptions in Chapter 14.

3.9.2.2a Seismic Qualification of NSSS Safety-Related
Mechanical Equipment

This section describes the criteria for seismic qualification of
safety-related mechanical equipment, and the qualification
testing and/or analysis applicable to this plant for all the
major components, on a component by component basis. In some
cases, a module or assembly consisting of mechanical and
electrical equipment is qualified as a unit, for example, ECCS
pumps. These modules are generally discussed in this section,
rather than in Sections 3.10 and 3.11. Electrical supporting
equipment, such as control consoles, cabinets, and panels, which
are part of the NSSS, are discussed in Section 3.10.

3.9.2.2a.1 Tests and Analysis Criteria and Methods

The ability of equipment to perform its function during and after

an earthquake is demonstrated by tests and/or analysi=.

Selection of testing, analysis, or a combination of the two is

determined by the type, size, shape, and complexity of the

equipment being considered. When practical, the seismic

Category I mechanical equipment operations are performed

simultaneously with vibratory testing. Where simultaneous

‘ testing is not practical, the operation and/or loads are
simulated by mathematical analysis, and these loads are applied

in addition to the physical test loads.
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LGS MEB-SER D R A FT
?UFSTION NO. 63

Using the guidance of NUREG-0609, provide the methodology used and the
results of the annulus pressurization (AP) analysis (asymmetric LOCA
loads) for the reactor system and affected components including the
following:

1. reactor pressure vessel and supports,

core supports and other reartor internals,

control rod drives,

ECCS piping attached to the reactor coolant system,

primary coolant piping, and
6. piping supports for affected piping.

The results of the above analysis should specifically address the effects
of the combined loadings due to annulus pressurization and an SSE.

RESPONSE

The reactor asymmetric loads analysis will be documented in a self-contained
appendix to Section 3.9 and/or in the appropriate section of Design
Assessment Report (DAR) upon completion.

The following is a brief description of the methodology:
a. Pressure-Time Histories

The pressure time histories in the annulus region between the RPV
and shield wall are generated from a feedwater line break and a
recirculation line break. The COPDA computer code (NE699/D2), which
modeis the effects of inertia, was employed in this analysis. This
computer code is discussed in the NRC approved Bechtel's Topical
Report BN TOP-4, Rev. 1.

b. Concentrated Force-Time Histories

The forcing function of jet impingement on the shield wall is

obtained from the break flow transient caused by a feedwater line
break and a recirculation line break. Likewise, the forcing functions
of jet reaction on RPV, jet impingement on RPV, and pipe whip
restraint load on restraint anchors are obtained from the feedwater
Tine break and the recirculation line break.
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QUESTION NO. 63 (CONT'D)

C.

Integrated D namic Analysis

GE computer codes are employed to integrate the pressure-time
histories and concentrated force-time histories in determining %the
effects on the shield wall pedestal, vessel support, core support
and internals, and control rod drives. These dynamic analyses yield
accelerations, forces, and moments.

Attached Piping Analysis

The acceleration time history from the integrated dynamic analysis
is used to generate the response spectra for the stress analysis of
the attached piping. This analysis covers the ECCS lines, the
primary coolant piping, and the associated pipe supports.

Load Combinations for Vessel and Piping

The asymmetric LOCA loads in combination with SSE by the SRSS
methodology are treated as a faulted condition for evaluation
against the ASME Code. This is described in revised Table 3.9-6 for
NSSS and in Table 3.9-11 for BOP.
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The functional capability for essential systems must be assured when they
are subjected to loads in excess of those for which Service Level B
limits are specified. By essential systems are meant those ASME Class <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>