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SUMMARY

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission (NRC) with the goal of bringing eleven older nuclear
power plants to a2 level of safety consistent with current stangards of
acceptability. The Yankee Rowe Power Station is one of these plants. The
NRC and their consultants from EG&G [daho, Inc. formed a review team and
evaluated the acceptance criteria and analyses presented by the Yankee
Atomic Electric Company (YAEC) and their consultants. These analyses
were performed on the safety related equipment required to function during
a Safe Shutdown Earthquake (SSE).

The information was obtained through working level meetings between
YAEC personnel, their consultants, and t“2 review team. Piping, mechanical
equipment, electrical esquipment, and component support analyses were
evaluated with the review team formulating suggestions and open items at
the conclusion of each of the meetings. The review team developed an
acceptance criteria for guidance in evaluating these analyses.

This report was divided into individual sections covering the piping,
electrical equipment, mechanical equipment, and component supports. These
sections contain procedures utilized by YAEC or their consuitants for the
analyses performed. Each section also contains the review team's evaluation
of the analyses presented.

The analyses and procedures presented by YAEC and their consultants
to the review team were generally acceptable. However, some open items
still remain and must be addressed for this review to be complete. The
results indicate that modifications may be required to bring this plant to
an acceptable level of safety.
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TECHNICAL EVALUATION REPORT
YANKEE ROWE POWER STATION--SEISMIC DESIGN

INTRODUCTION

In October of 1377, the Office of the Nuclear Reactor Regulation (NRR),
an office of the Nuclear Regulatory Commission (NRC), initiated a Systematic
Evaluation Program (SEP) by selecting eleven older operating nuclear power
plants with the goal of bringing these plants to a level of safety consistent
with current standards of acceptability. These plants were divided into two
groups based on their original seismic design. The Yankee Rowe Power Station,
operated by the Yankee Atomic Electric Company (YAEC), is included with the
Group Il plants. A reanalysis was performed to demonstrate that the structural
integrity of the safety related piping systems, mechanical equipment,
electrical equipment, and component supports would not be impaired when
subjected to 2 Safe Shutdown Earthguake (SSE) combined with other normal
design loadings.

The Yankee Rowe Power Station is a pressurized light water moderated
and cooled system. The plant initially produced 485 MW of heat and 136 MW
of gross electric pewer. The plant was designed to produce 110 MW of gross
electric power and 392 MW of heat. The reactor vessel and equipment were
analyzed to the ASME Code, Section VIII. The original design criteria used
for analysis of this plant's primary piping system was the ASA B31.1 Code for
pressure piping. ;

A decision was made by the NRC to review the reevaluation analyses
performed by the licensee and their consultants rather than performing their
own analyses on the plant. A review team consisting of NRC staff personnel
and NRC consultants from EG&G Idaho, Inc., evaluated the piping, mechanical,
and electrical equipment analyses. The licensee and their consultants were
required to present their seismic reevaluation criteria, typical analyses,
and results to the review team.

The audit review consisted of working level meetings between the review
team, Yankee Atomic tlectric Company (YAEC) personnel, and their consultants.



These meetings proved to be an efficient method of exchanging information among
the review team, licensee, and their consultants with a minimum of formal
written communication. The review team obtained a general idea of methods
utilized by the licensee through these meetings. Sample analyses and
calculations were presented and reviewed in detail for some systems. Questions,
comments, and open items were formulated and submitted to the licensee at the
conclusion of each working level meeting. Before these working level meetings
were initiated, the review team developed an audit plan (Appendix A) and
presented it to the YAEC personnel. This plan was developed to aid the

utility and their consultants in presenting information the review team
consicered important.

The review team developed an acceptance criteria for guidance in
evaluatirg the analyses. The licensee was reguested to justify major
deviations which appear less conservative than those in the review team
acceptance criteria.

The scope of review for the seismic reevaluation program included the
systems, structures, and components (including emergency power supply and
distribution, instrumentation, ard actuation systems) with the following
functions:

1. The reactor coolant pressure boundary as well as the core and
vessel internals. This also includes those portions o the steam
and feedwater system extending from and including the secondary side
of the steam generator up to and including the outermost containment
isolation valve and connected piping of 2-1/2 inch or larger nominal
pipe size, up to and including the first valve that is either normally
closed or is capable of automatic closure during all modes cf normal
reactor operation.

2. Systen~s or portions of systems that are required for safe shutdown
as idenc.ified in the SEP safe shutdown review (SEP Topic VII-3).
The system boundary includes those portions of the system required to
perform the safety function and connected piping up to and including
the first valve that is either normally closed or capable of automatic
closure when the safety function is required.
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PIPING SYSTEMS

Licensee Evaluations

YAEC's consultant performed the analyses required for the safety related
piping systems of the Yankee Rowe Power Station. The analyses were performed
in accordance with their piping stress analysis procedures (Appendix B).

The safety related piping systems (defined in Appendix B) analyzed for SEP
were:

1. Main Steam
Feed Water

(%) r~

Reactor (Main) Coolant
Pressure Control & Relief

b=

Charging & Volume Cuntrol
Safety Injection

4 O W,
. . .

=
Shut Down Coolant

o

Sampie and Drain System

O

Primary Plant Purification

10. Emergency Feedwater System

11. Vapor Containment Heating System
12. Contrel Rod Drive

13. Emergency Core Cooling

4. Component Cocling System

15. Service Water System.

The piping stress anaiysis procedure provided a guide for modeling wall
and floor penetrations, valves, flanged joints, branches, and anchors.

YAEC's epproach to modeling single acting restraints required the
analyst to examine each of these supports individually. When the uplift due
to seismic load (plus the thermal load if it is upward) is larger than 90%
of the weight load, the single acting restraint was assumed to be ineffective.
The single acting restraints that were considered ineffective were not
included in the seismic analyses.



Wall and floor penetrations were examined on an individual basi-. If
the penetration was not grouted, a deflection of 1/4 in. was considered
acceptable and the penetration was not treated as a support. I[f the combined
thermal and seismic deflections were greater than 1/4 in., further review as
to whether or not this penetration should be considered a restraint was
required. Grouted penetrations were considered either a bilateral restraint
or a trilatera) restraint. The penetration was consigered to have axial
restraint if a welded collar imbedded into the concrete w-s attached to
the pipe.

Each problem shall be considered from anchor to anchor. YAEC defined
several areas on the piping systems as anchors. These areas are:

1. Equipment nozzles

2. Piping interface where the moment of inertia of the run pipe exceeds
that of the connecting line by a minimum factor of 25

3. An anchor; i.e., a six way restraint.

[f the anchor to anchor problem exceeded program limitations, the following
modeling approaches were considered:

1. Overlapping such that neqgligible migration of loads from one problem
to another existed

no

Bracketing results of multiple computer runs to assess boundary
conditions or loading conditions.

YAEC assumed the thickness of their valve bodies were twice the connecting
pipe wall thickness. Motor and air operated valves were modeied with their
eccentric masses concentrated at a point 1/3 the distance between the centerline
of the operator and valve body. Manually operated valves were modeled with
their mass concentrated at the centerline of the pipe.

The stress int nsification factors for nonstandard fittings were
considered as pe e Code requirements of ANSI B31.1 - Power Piping, 1980
Edition.



[f the moment of inertia ¢’ a run line was 25 times greater than the
moment of inertia of a connecting branch line, the branch line was analyzed
separately and the run line was considered as an anchor. The main line
deflections and rotations were input as anchor movements for the branch line
analysis.

Other modeling techniques found in the piping stress analys.s procedure
were also utilized. These methods were also reviewed. However, the piping
stress analysis procedure did not indicate the modeling tecnniques utilized
for rigid restraints, spring hangers, and one-way restraints.

YAEC defined several loading conditions and analyzed the safety related
piping to these conditions. These loading conditions were:

1. Design pressure plus weight plus temperature
2. Safe Shutdown Earthquake (SSE) plus maximum operating pressure plus
weight.

Weight loads included the weight of the piping and components, insulation,
and contents.

The piping system evaluations were basec on the guidelines stated in
ANSI B31.1 - Power Piping Code, 1977 Edition; 1.S. Nuclear Regulatory Guides
1.60, 1.61, 1.92, 1.122; the ASME Boiler and Pressure Vessel Code, 1971
Edition; and U.S. Nuclear Regulatory Guide, NUREG/CR-0098, May 1978. The
loading combination and stress limits utilized by YAEC are summarized in
Appendix B.

Most of the seismic analyses were performed using lumped mass dynamic
models with the appropriate floor response spectra. The percent of critical
damping utilized was in accordance with Regulatory Guide 1.61. If the piping
system ran between floors, the response spectra utilized was an envelope of
the individual floor response spectra. Simultaneous three directional input
was utilized and the results of each mode were combined by the square root
sum of the squares (SRSS) method in conformance with Regulatory Guide 1.92.

Seismic inertia analyses and seismic anchor movement analyses were performed




for the SSE. Modal responses for each component of the earthquake were combined

by considering closely spaced modes in accordance with Regulatory Guide 1.92.
A cut-off frequency of 33 cps and no less than ten modes were considered in
the analyses. The computer codes utilized for the piping system analyses are
Tisted in Appendix B.

For small piping systems (2 in. and less), YAEC felt a simplified stress
analysis was sufficient where engineering judgement deemed necessiry. This
method analyzed each span of piping in the system as a simply supported beam.
Thermal, weight and seismic analyses were performed on the spar. Details o
this simplified stress analysis are contained in Appendix B.

YAEC's piping system analysis results are presented in the tables of
Appendix B. YAEC was required to present a final report of the piping results

and modifications required to the piping systems to the NRC.

Review Team Evaluations

The Acceptance Criteria for Piping provided by the NRC review team is
contained in Appendix C. If Class 2 analytical procedures are used, two
Equation 9 stress allowables are required. Stresses in piping considered
as Class 1 must not exceed 1.3 Sh. Stresses in piping considered as Class 2
must not exceed 2.4 Sy- Other stipulations are also stated in the NRC's
Acceptance Criteria for Piping.

In general, the methods applied by YAEC in their piping reanalyses
are acceptatie. The modeling techniques utilized by YAEC provide a complete
and practical representation of the piping system. Uplift on the supports was
considered; however, support impact loading was not evaluated. The percent
of damping utilized by YAEC for the response spectra was in accordance with
Regulatory Guide 1.61. The masspoint spacing utilized by YAEC was
considered acceptable.



Several YAEC piping system analyses were reviewed in detail at one of
the working level meetings. The lines reviewed were the pressure control
and relief line, Problem 41B; the main coolant piping, Problem 102; and the
main steam line, Problem 2. A1l of these lines were analyzed using the
response spectra method and the review team considered these analyses accept-
able. The pressure control and relief line and the main coolant 'ine did not
require modifications. However, the main steam line requires modifications to
bring this Tine to a level acceptable for the SEP. A complete repnrt of
the piping system analyses results including the required modifications shouid
be submitted to the NRC.

YAEC performed two sets of analyses for the safety related piping
systems. Seismic (SSE) analyses were performed using both the Yankee
composite spectra and the NRC spectra. Both sets of analyses were performed
using Class 2 procedures for all of their piping. An allowable stress of
1.8 Sh was used when evaluating piping that utilized the Yankee composite
spectra. This is consistent with the SEP reevaluation guideline criteria
for Class 1 piping. An al}owable stress of 2.4 Sh was used when evaluating
the piping that utilized the NRC spectra. This is consistent with SEP
requirements for Class 2 piping only. The results of Class 1 piping analyses
using NRC spectra were reviewed and it was determined that calculated stresses
in excess of 1.8 Sh occur for only one component. The component was a reducer
on the main coolant line near the reactor pressure vessel. The calculated
stress for this reducer exceeds 1.8 Sh by only 6%. This calculated stress
was based on a conservative computer code default stress intensification
factor. A more realistic value would easily put the calculated stress within
the Class 1 allowable of 1.8 Sh. Therefore, it was concluded that the
Yankee Rowe Plant's Class 1 piping results are within the allowables
specified in the SEP reevaluation guideline (Appendix C).






MECHANICAL EQUIPMENT

At the working level meetings, an overall screening criteria for the
acceptance of mechanical equipment was presented by the licensee. This plan
was based on a linear interaction formula with nozzle reaction shear and
moment effects included. However, the possible axial effect due to pressure
loading was not included. The licensee's consultant will investigate the
need for doing this. Equipment to be reevaluated includes the reactor
pressure vessel (RPV), steam generators, main coolant pumps, and pressurizer.
Analyses of the RPV, steam generators, and pressurizer addresced only the nozzle
loads and support structures for these components. The components themselves
were not reanalyzed. Details of the analyses procedures were not presented.
For the components, an in-service "g" (acceleration) leve! will be determined
and compared to alicwables established by the vendor. Preliminary results
were presented for the Yankee Composite Spectra (YCS) and the NRC Spectra.
Nozzle load ratios were over the proposed interaction formula allowables for
several cases. However, these analyses are preliminary so acceptability
of equipment reevaluation for the SEP is an open item pending final results
and review of reports pertaining to the reevaluation plén. In addition to
analyzing components for nozzle loads, structural integrity of the components
must also be demonstrated. The licensee's plan for implementing this
requirement has not bDeen addressed to date. Therefore, this area remains an
open item for the mechanical equipment reevaluation.

1



COMPONENT SUPPORTS

Licensee's Evaluation

The licensee's consultant performed the reevaluation analyses for the
following hot shutdown mechanical equipment supports: the reactor vessel
ring support, steam generator supports, and pressurizer supports. The objective
for performing these analyses was to demonstrate structural adequacy of these
component supports when subjected to combined normal design loads plus SSE
loading. These analyses were performed utilizing two and three dimensional,
lumped mass finite element computer models to represent the mechanical
components and their support structures. The seismic input acceleration
spectra used to perform these analyses were the NRC spectra. None of these
analyses were completed; however, some preliminary results are contained in
Appendix D.

The reactor ring support (RRS) analysis was performed by first developing
a three dimensional plate element model of the RRS. This model was used to
determine the stiffnesses and natural frequencies of the RRS. A two
dimensional model was then developed representing the reactor vessel and
contents, the neutron shield tank and contents, the RRS, and the reactor
coolant system piping stiffness and mass effects at the reactor vessel nozzles.
Using this model, reaction loads were determined for normal design loading
(static) and SSE loading (dynamic). The dynamic portion of this analysis
was performed by the response spectra method. The reactc~ loads were used
to determine if sliding or rocking of the reactor supports occurs. In
addition, these reaction loads were used to evaluate the RRS using the three
dimensional model of the RRS. From this analysis it was concluded that
reither sliding nor rocking of the reactor or RRS would occur and that the
RRS can withstand seismic loads as specified by the NRC spectra.

An analysis of the steam generator and steam generator support frame will
be performed using a three dimensional, lumped mass finite element model
representation. This analysis will be performed using the computer code
ANSYS. This analysis is not complete. Preliminary results indicated that
the support anchorage bolts cannot adequately withstand the effects of SSE
(NRC spectra) loading in combination with normal design loadings.
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Where did the maximum stresses occur and what were their magnitudes?

What effect do the equipment support reactions have on the mechanical
equipment?

In general, the piping support seismic reevaluations and the allowable
stress criteria for the Yankee Rowe Power Station were acceptable. The load
combinations evaluated were consistent with SEP requirements in that both
normal and faulted conditions were evaluated. Impact loading as a result of
uplift during a postulated SSE event was not addressed for one-way supports.
Evaluation of this loading condition is required. The allowable stress
criteria generally follows the requirements of Subsection NF of the ASME (ode.
Criteria for anchorage and buckling were also adequately addressed and
consistent with the SEP allowable stress criteria contained in Appendix C.
There were, however, some questions concerning the allowable stress criteria
presented at the laiast working level audit meeting. It appeared that the
allowable stress criteria contained a typographical error fur the allowable
shear strength of weld metai. The allowable shear strength for fillet weld
metal should be a factor of 0.30 times the nominal tensile strength of the weld
metal. For full and partial penetration groove welds, the allowable tensile
stress should be expressed in terms of both the nominal tensile strength of
weld metal and the yield strength of the base metal. Care must be taken in
expressing the allowable strength of catalog items for faulted conditions in
terms of catalog values. [n some cases, the catalog values may be listed for
faulted conditions and should not be increased. This evaluation of the piping
support reevaluation analyses was based solely on the latest working level
meeting presentations. Detailed reviaw of final support analyses were not
performed. It is recommended that a detailed review of typical pipe supports
analyses be performed when they become available.

14



CONCLUSIONS

Piping Systems

YAEC presented copies of their acceptance criteria and modeling techniques
to the review team at the working level meetings. Typical piping analyses
were also presented at the meetings. The review team evaluated this information
and concluded that YAEC's overall analysis techniques and piping criteria are
reaconable. However, the review team's acceptance criteria was modified
since the meeting with YAEC. YAEC should submit all remaining analyses
results to the NRC.

Electrical Equipment

The program plan for reevaluation of electrical equipment was inadequately
addressed in the working meeting presentations. The licensee has not finalized
their reevaluation plan for electrical equipment so acceptability of the
electrical equipment reevaluation for the SEP is an open item pending final
resuits and review of reports pertaining to this equipment.

Mechanical Equipment

Because the presentations for mechanical equipment were based on
preliminary analyses with no reports available for audit checks, acceptability
of the mechanical equipment reevaluation for the SEP is an open item pending
final results and review of reports pertaining to these pieces of equipment.
The screening criteria for selecting equipment to be reanalyzed in detail is
acceptable; however, the final _nalysis of components must also address the
structural adequacy of the various components, not just the acceptability of
the nozzle loads on the components.

Component Supports

Seismic reevaluation of the piping supports for the Yankee Rowe Power
Station hot shutdown piping systems as presented by the licensee's consultant
at the latest working level audit meeting, in general, appear to be adequate.

15




The piping supports were evaluated using the proper l1oad combinations,
however, one-way pipe supports were not evaluated for impact loading resulting
from uplift during a seismic event. The allowable stress criteria was
adequate in that they are generally consistent with the allowable stress
criteria develored for the SEP Group II Plants contained in Appendix C. A
couple of concerns with the allowable stress criteria were expressed in the
component support review team evaluation section of this report. A detailed
review of the final pipe support analyses should be performed when they
become available.

The mechanical equipment compunent support analyses performed for the
Yankee Rowe Power Station appear to be incomplete bas:d on the presentation
at the latest working level audit meeting. Seismic reevaluation of these
component supports appear to be only addressing anchorage of the equipment.
tvaluation of the entire component support is required. This includes the
effects of the support reaction loads on the components. Since these
component suppert analyses were not finalized at the audit meetings, a
detailed review of these analyses was not performed. When these anaiyses
are completed, it is recommended that they be submitted to NRC for a detailed
review.
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APPENDIX A
YANKEE ROWE AUDIT PLAN FOR SEP SEISMIC QUALIFICATION OF
PIPING, MECHANICAL, AND ELECTRICAL EQUIPMENT



YANKZE ROWE AUDIT P

)F PIPING, MECHANICAL, AND ELECTRICAL zQuiP™MEN

dackground

In Qctooer, 1977, the office of Nuclear Reactor Reguiation (NRR)
initiated Phase [ of the Systematic Evaluation Program (SEP) to determmine
the margin of safety relative to current stanaards for eleven salected
operating nuclear power plants and to define the nature ang extent of
retrofitting required to dring these plants acceptapnlie levels or sarety
if they are not already at these levels. Phase [ of 5g2? involved Group [
plants, wnhere Phase ([ involves Group [[ plants, consisting of San

Onofre 1, La Crosse, 3ig Rock Point, Yankee Rowe, and haddam Neck. The

review for seismic requalification of SEP Group [[ piants will bDe performed
is

oy two teams. One team consisting of NRC staff personnel and NRC
consultants from Lawrence Livermore National Laboratory (LLNL) will
evaluate the Group [I plants' structures. A second team consisting of NRC
staff personnel and NRC consultants from £G8G [cane, Inc., will evaluate
the Group [I plants' piping, mecnanical, and electrical equipment important
to safety. This audit plan provides a description of now the SEP seismic
requalification of Yankee Rowe piping, mechanical, and electrical equipment

important to sarety will be reviewed.

of review for the SEP seismic re-evaluation program will
systems ang components (including emergency power supply and
oution, iastrumentation, and actuation systems) with the following
functions:

The reactor coolant pressure boundary as well as the core and
vessel internals. This should also include those portions of the
steam and feedwater system extending from and including the
secondary side of the steam generator up to and including tne
sutermost containment isolation valve and connected piping for




11 safety inCiuding che Tirst va

that is either normal ( - le of automatic ¢l

- .

during all modes of n

Systems or portions of systems tnat are required for safe
shutdown as identified in the SEP sarfe shutdown review (SEP
Vii-3). The system boundary includes those portions of the
system required to perform the safety function and connected
iping up to and including first valve that is either
normally closed or capaolie automatic closure when the safety

function is required.

3. Systems or portions of systems that are required to mitigat

-~

is avents, i.e., accidents and transients (SEP Top

e
1
The functions to pe provided include emergency

post-accident containment heat removal,

containment atmosphere cleanup, as well as support
systems, such as ccoling water, needed for proper functioning of
these systems.

Systems and structures regquired f | storage (SEP Topic
[X=-1). Integrity of : fuel | structure including tn
racks

shutdown earthquake must not result in significant radiological
releases, or in loss of ability to keep the fuel covered.
Failure of cooling water systems or other systems connected to
the pool should not permit draining of the fuel pool. Means to

supply makeup watar to the pool as needed must be provided.

For the Yankee Rowe plant, the following systems, and components
snould De adaressed:

Reactor Coolant System (RCS)

r Portions of Main Steam System




Portions of Main Feedwater

Portions of systems direct!

incluging isolation valves

Residual recirculation

noce)

of Chemical and Volume Control System
of Service Water Systam
A1gh Pressure Safety [njectior System

LOw Pressure Sarety [njection System

spent Fuel Pool and Makeup

-

nc ludes the power su

AS discussed previously, a “system” also i

instrumentation and actuation systems.

i

The Criteria contained in the following documents will be the bases

used to evaluate the SEP seismic re-evaluation of Yankee Rowe Plant piping,

mechanical, and electrical equipment important to the plant's ability to
safely witnstand the effects of a postulated safe shutdown earthquake event.




1. NUREG/CR-0098, "“OJevelopment of Criteria for Seismic Review of
Selected Nucliear Power Plants,” N. M. Newmark and 4. J. Hall,
May 1978.

8 Standard Review Plan, Sections 3.2, 3.7, 3.3, 3.9, 3.10.

3. Regulatory Guides, 1.29, 1.48, 1.80, 1.51, 1.89, 1.92, 1.100,
1.124, 1.130.

4. ANSI/IEEE Standard 344-1975.

5. ASME Boiler and Pressure Vessel Code Section [[[, 1980 £aition or
subsegquent.

8. AISC, "Manual of Steel Construction," £ighth Egition,

The intent of Phase [[ of SEP is to demonstrate that the structural
integrity of the systems and compconents being re-evaluated will not be
impaired wnen subjected to a postulated Safe Shutdown Earthquake (SSE) in
comoination with other normal design loadings. As a minimum, component
primary stresses must De evaluated using current criteria provided in the
apove stanaards for Level 0 (faulited) service limits.

[V. Review Procedures

A. General

The review team (NRC and NRC consultants) will perform tne review
affort parallel witn the licensee's seismic re-evaluation efforts. A
minimum of three working level meetings among the review team, |icensee,
and licensee's consultants are anticipated. This method of review has been
selected in order to expedite the review. The working level meetings will
permit an exchange of information whicn will minimize formal written
communication, thus expediting the program. One of the meetings will be
conducted at tne plant so the review team can perform a field inspection of
the equipment deing re-evaluated.
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The review process w111 de accomplisne
step will consist Of tne review team rev!
re-evaluation program plan suomitted by the
; . ev) 13as deen performed. A summary of
ontained at the end of this summary
licensee. Any concerns the ravi

1scussed and preferabdly

consist of review of anaiyses
s consultants. This review will De

performed Dy one or 1 the following methoas: a) The review team

\

w111 perform a review Of seismic re-avaiuation analyses at the working

neetings. (O ‘ 1ew team will perform review of seismic re-evaluaticd
oe

analyses at their offices. These anaiyses will either given to the
review team at the ~orking meetings or transmitted by mail to the review
team upon compl , (c) The review t2am ~11] perform independent
analyses for some components and systems. [nformation necessary td perform
these analyses will upp i ie the licensee at the working meetings or
transmitted later. T review of analyses will vary depending on
the compiexity of the 1 1 avaluated. The analysis review

julgelines

4

ire cgntained

The third and final " the review pragce
review taam preparing and su ng a technical

snich igentifies the ' )f the seismic

As previously mentioned, the SEP will require working level meetings

among the review team memoers, licensee, and licensee consultants to be
held either at the plant or at licensee's engineering offices. For the

meetings at the engineering offices, the foliowing agenda is anticipatea:




sresentation of seismic re-avaluation program

or licensee's consultants.®

DisCussion and resoiution of concerns wnich the review

. A
with the program pian.*©

Prasentation of licensee's progress towards completion

re-evaluation program by licensee.

anticipated scneaule for compieting program by

Summary presentati eismic re-evaiuation analyses results

lude igentificati f systems and components which require

review of compieted seismic re-evaluation analyses for
systems and equipment (include detailed review of
retrofit

fea)

._)" f .'.‘ A~

acceptanle ar2as of review and areas of

requiring aaditional information to resolve by review

v

ne meeting at the plant, the following agenda is anticipated:

Presentation of licensee's progress towards completion of seismic

re-avaluation program oy licensee.

Presentation of anticipated schecule for compieting program oy
licensee,

d. Required at initial meeting only.




Summary presentation of seismic re-evaluation analyses results
(1nclude igentification of systems and compaonents which require
retrofitting) oy licensee.

ield 1nspection of selected 2quipment deing re-evaluated by

review team ana licensee.

Detaileg review of newly completed seismic re-evaluation
J
analyses, by review team (include detailed review of required

retrorits).

oriefing identifying acceptable areas of review and areas of
concern requiring aaditional information to resolve, Dy review

-9

~eview Team Mempers

The SEP review team for Yankee Rowe nuc.2ar power plant will consist
of the following NRC and £G&G [dano, [nc., personnel.

Tom L. Bridges
Sheryl L. 3usch

Tommie R. Thompson




Vvi. Review Scneaule

The anticipated schedule for completing Phase [[ of SEP for Yankee

Rowe nuclear power plant is as follows:

First working meeting

Plant visit

Final working meeting

Compiete TER

Week of 05-24-32

Not Scheduled

Not Scheduleg

J9-30-32



Qurposes. NunDers in parentneses refar Lo comments

wNat Computer COodes were

analyses?

response spectra method

ceen Jsed

system

Jo system frequencies

any peaks?




3.

DO

C.

[f time history method is used:

{

(1) Is poper damping utilized?

[f static equivaient method is used:
(1) Is justification provided for
performing a static equivalent

analysis?

(2) How was required level of input
determined?

Has the piping system Deen properly
mogeled?

a.

Have valves been properly moceiea
including any eccentricity?

fas adequata mass point spacing deen
ytilizea?

Are adjacent 2lement length ratios
reasonaple?

Have all significant branch piping
systems deen included?

Have all supports been specified with

correct imposed loads (if any),
direction and stiffness?

Have supports with significant
noniinear characteristics been
properiy handlegd?

10

Addresseaq? Adequate?

N/A (4)

N/A -
N/A -
N/A -

Yes No (5)
Yes No (6)
1es No (7)
No -

Yes Yes
Yes No (3)
Yes No (9)



. . -
1Zes, geometry,

and uniform weignts ceen

and operating

ure data deen

chart methods were used, were

used correctly?

the piping system been 2valuataed

nst proper criteria?l

Have proper

factors deen utili
Have proper load combinations heen
allowanle stress limits
cted in order tQ assure tne
eratigon of tne piping?

Aere stangard Or nonstandard

components used?

What criteria were used in evaluating

adequacy of supports?

is Audit Format (Mechanical Equipment)

the equipment rigid or flexible?

dow were the natural frequencies

determined?




3. If flexiple, is its response single-
airectional or multi-girectional?

¢. If flexible, is its response at one
predominant frequency or at saveral
frequencies?

Anat type of analysis was performed?

a. Static g level

(1) , dow was required level of input
determined?

. [f response spectra method is used:

(1) Is correct spectra and damping
utilizea?

(2) s sufficient system response
achievea?

(3) Jo system frequencies stradale
any peaks?

(4) How were directional components
of input applied (combined)?

¢. [f time nhistory method is used:
(1) s proper damping utilized?

(2) How were directional components
of input appiied (combined)?

12

Addressea?

Adequata?

No

NO

NO

No

No

NO

NO

No



[f testing was used for Agequace?

requalification:

dhat type of test was performed?

ahat justification is proviged

for the type of test uysed?

How were system natural

frequencies determined?

How was the required response
spectra (RRS) determined?

~#as used in the

and doundary

including anchor
|
‘

1My iated In

d0w was functional operability
verified during the test?

4hat criteria were used in
evaluating the adequacy of the

test resuits?

Ahat computer codes were used in Lhe
analyses?

i. rOw were the above computer codes
verified?




congitions,

ceen proper

dave significant nonli

been properliy handled?

valuated against

04d ComDinations

ndave proper

evaiudateq:

.anchor bol equipment
supports, equipment housing ana
internal elements important

raintaining structural

MOw were compu

combined (dire

ysis Audit Format (gl rical Equipment)

[s the equipment rigid or flexinle?

d. How were the natural frequencies

dgetermined?

~dequatea’




[f flexidle, is i1ts response at one

oredominant frequency or at severil

frequencieas?

anat type of analysis was performed?

How was required level

determined?

response spectra methcd

spectra ing damping

How were directional components

of input applied (combined)?

time history method is used:

[s proper damping utilized?

How were directional components

»f input applied (comoined)?




H0w were system natural

frequencies determined?

10w was the regquire

spectra (RRS)

10w dJd0oes

spectra (TRS) compare to the

S dnd ooundary
nditions, including ancihor
dolts, properly simulated in

test?

How was functional operapility

verified during the test?

dhat criteria were used
evaluating the adequacy
test results?

wWhat computer codes were used in
analyses?




d.

Has

3.

HOow were the aibove computer coaes
verified?

the system deen properly modeied?

Has adequate mass point spacing and
distribution dDeen used?

Have all supports and doundary
conditions, including anchor bdolts,
seen properly modeiea?

Have significant nonlinear effects
peen properly handled?

Has the systam Deen evaluated against
proper criteria?

Have tnhe proper load combinations
peen analyzed?

Have proper strass intensities deen
evaluated?

Have proper illowable stress limits
oeen salectad for all load carrying
2lements (anchor dolts, equipment
supports, equipment nousing and
internal eiements important to
maintaining structural integrity?

HOw were computer output responses
compined (directional and modal)?

17

Aadresseaaq?

Adequate?

NO

NO

NO

No

NO

No

NO

NO

NO

No

A1



~=ig

(1) Appendix £ was missing from the Seismic Reevaluatic" Criteria
(Reference a). No computer code informatiom was proviced.

(2) Tne proper forcing function gepends on the individual piping systems.
The proper input should be considered for each piping analysis. [s 1%
to 2% damping utilized or is 2% to 3% damping usedq?

(3) The analyst is cautioned to check if frequencies straddle response
spectra peaks. The most conservative analysis may not result if the
peaks are straddled.

(4) N/A
(5) Individual piping analysis required to answer tnis question.

(6) Justify mass positions for manuaily operated valves and check valves.
Do actual valve drawings exist to locate centers of gravity rather
than assuming a distance of 1/3 of the “stem lengtn?®

(7) What procedure was used to determine mass point spacing? How are
system masses lumped (LLNL guestion &, Ref. 0)?

(3) Non linear supports were mentioned, Out now are the rest of the
supports modeled? wWhat stiffnesses are utilized? Are support
directions accurate?

(3) If the rod hanger was included in tnis analysis, was impact loading
considered? Was rod hanger buckling considered? How were pipes
resting on beams handled? How were potential higher stresses treated
at support points when supports were removed? (LLNL questions 10
and 12 and £GG San Ramon, Reference c, question F are also directed
at this subject.)

(10) Method used for simplified stress analysis for small piping was not
provided. (EG&G San Ramon question J)

(11) Piping support criteria was not provided.

8



4 dranch i s excludeg from the lys1s, was tne proper
factor provicecd on the run at that point? Was

factor provided on the branch

roposed mechanical ical criteria were n

program plan,




ror Yankee Muclear Power Station

N 9
-« 1
VWV L Jy

{ational Labora

mPlan Review for Yankee Rowe, Jecemper 2,

Measurements Group, San Ramon Operations letter

N N 3
3

Ne lson, Apr I, 1981.




Jave surfi nt modes deen us

system respo

‘requencies

nmethod 15 uséed:

proper damping util




Has

w
.

X

r

[s justification provided for performing a static

¢quivalent analysis?
(2 d0w was required level of input detarminea?
the piping system been properly modeled?
Have valves Deen properly modeled including any eccentricitiy?
4as adequate mass point spacing bgen utilized
Are agdjacent element length ratigs reasonaple?

nave all significant dranch piping systems been in:ludeq?

Have all supports been specified with corract imposed loads

any,, direction and stiffness?

Have supports with significant nonlinear characteristic

e
e

seen properly nandlea?

nave correct p

0
1]

sizes, geometry, thicknesses, and uniform
#€13hts Deen

wi
O
1
(2}

-t
(14
Q

~

Have correct design and gperating pressure and temperature
data peen specifieq?

che Piping system Deen evaluated against proper criterial

Has a proper minimum thickness check been performeaq?

Have excessive deflections been considered?

&




yroper St

e Stress

red operatign

dard compgonents

sere uysed in avaluat?

‘Mecnanical Zquipment)

47

frequencies determined?

response single=d1

of analysis was performedq?

respense spectra metnod 15 used:

is correct spectra and damping utilizea?

[s sufficient system response achieveaq?




ectra properly droacened?

00 system frequencies straddle any peaks?

HOw were directional components of input applied

(combined)?

ime history method 1s

[s sufficient system response achieved?

[s an adequate time step utilized?

[s proper damping util

How were directional components of input applied

combined)?

\

proviged for the type of test

How were system natural frequencies determineaq?

iOow was the required response spectra (RRS) cetarmineq?

Hdow does the test response spectra (TRS) compare to the
RRS?

3 level w33 used in the test?




3.

(7) wWere support and dounaary conditions, including ancnor
d0its, properly simulated in the test?

(38) How was functiona: operapiiity verified during tnhe test?

(9) wWhat criteria were used in evaluating the adequacy of
the test results?

Wnat computer codes were used in tne analyses?

a. How were the apove computer codes verified?

Has the system Deen properly modeled?

a. Has adegquate mass point spacing and distribution 2een used?

b. Have ali supports and doundary conditions, including anchor
bolts, ceen properly modeled?

C. Have significant nonlinear effects dee1 properly handled?
Has the system-oeen 2vaiuated against prope criteria?

a. Have the proper load compinations been analyzea?

d. Have proper stress intensities deen evaluatea?

C. Have geflections been considered?

d. Have proper allowanle stress iimits deen seiectad?

2. How were computer output responses combined (directional ana
medai)?

25

A-25



natural frequencies determineaq?

is its response single-directional or

ional?

its response at one predominant frequency or

frequencies?

analysis was performeq?

B

[f response spectra method is used:

sufficient system response achieved?
spectra proper iy droadened?

system frequencies straddle any peaks?

(3) How were directional components of input applied

(compined)?

[f time nistory method is usad:

[s sufficient system responsae achievea?




[s proper -dampin

How were directional components Of 1nput

(combined)?

testing was used for requalification:

shat justification is

Jsed?
| frequencies detarminea?

How #as the required response spectra (RRS) ceterminea?

does the test response spectra (TRS) compare to the

Aere support and doundadry Conai1ti«

1t3, properly simuiated in

4ow was functional operabiiity

What criteria were used in evaluating tne adequacy

the test results?

computer codes were used in the analyses?

How were the above computer codes verifiea?
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PIPING ANALYSIS CRITERIA

T™is sec=ion describes the criteria %o be used in the
s=ress analysis of the piping systems listed Iin

Appendix A. These criteria

ce applicable =2 pipings
neminal cutsside 2iameter larger zhan 1°.

6.1 oad Sescristisc

o il X S .
"ne focllowiag Load cases shall e cconsid

e
sipins stress analysis, in addizisn, local s<t
a

wiza

- 3 ‘e . ” -
rcads 2ce =2 s=eady state temperazure eflect,

2¢ shermal ancher mcverents.

Loads 4ue 20 pipe, centent and iasulatiscn

. & A, < : ' s
=22Zs 2.@ TS §Teal’” state ntafta. 3Tessile.

6.1.4 Seismic (SSEZ) lcac

tcads due = earsihguaxke exsizaticns which

izelucde Dot seismic iner=ia effect and seismic

ancher movenenss.
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PIPING PRESENTATION SLIDE INDEX

A) INTRODUCTION

Scope Definition

Program

Total System Scope

Problem No. Identification (17 pages)
Spectra Considered to Date
Load Cases

Computer Programs

Criteria Used

Load Combinations

SAM Discussion (5 pages)

Flow Chart for Analycis Effort
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B) RESULTS FOR HOT SHUTDOWN SYSTEMS

Stress Tables/Plots for Equations 11, 12, 13, and 14 for YCS
Tables/Plots for Seismic/Thermal deflections for YCS

Stress Tables/Plots for Equations 11, 12, 13, and 14 for YCS with Fixes
Tables/Plots for Seismic/Thermal Deflections for YCS with Fixes

Stress Tables/Plots for Equation 12 for NRC Spectra with Fixes
Table/Plot for Seismic Deflection NRC Spectra with Fixes

Table/Plot for Eq. 12 for Equivalent Class [ Piping

1)
2)
3)
4)
§)
6)
7)

C) RESULTS FOR COLD SHUTDOWN

Clarification of Stress Results for Remaining Systems

Stress Tables/Plots for Equations 11, 12, 13, and 14 for YCS
Tables/Plots for Seismic Thermal Deflections for YCS
Conservative Assumptions in Analysis

Sample Problem Discussing Restraining Effects of Penetrations
Clarification of Stress Results ECCS/AFW to IDBS

Evaluation of ECCS/Aux Feed Piping to IDBS




SCOPE DEFINITION

NON-I1SOLABLE PIPING SYSTEMS WHICH COULD CAUSE
A PRIN.SY COOLANT PRESSURE BOUNDARY FAILURE

NON-I1SOLABLE PIPING SYSTEMS WHICH COULD CAUSE
A SECOMDARY COOLANT BOUNDARY FAILURE

PIPING SYSTEMS NECESSARY TO MAINTAIN A QUALIFIED

HEAT REMOVAL FLOW PATH REQUIRED TO DEMONSTRATE
SAFE SHUTDOWN CONDITION
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TOTAL SYSTEM SCOPE

MAIN COOLANT LOOP

MAIN STEAM

BOILER FEED DISCHARGE
PRESSURE CONTROL AND RELIEF
CHARGING

CHEMICAL SHUTDOWN

SHUTDOWN COOLING

PRIMARY PLANT PURIFICATION
SAMPLE AND DRAIN
CONTAINMENT VENTILATION
SAFETY INJECTION

FUEL CHUTE TRANSFER
COMPONENT COOLING

SERVICE WATER

V.C. VEATILATION AND PURGE




PRUBLEM  SYSTEM
DESCRIPTION

NO.

SCOPE

SYSTEM BOUNDARY

gol

Main

Steam

HS

From nozzle at steam
generator E-7-1 to
anchor at P.B, of V.C.
EL. 1070'-11"

From nozzle at stioam
generator E-7-2 t¢

EL. 1122'.2" to anchor
at P.B, of v.C. EL.
1070'-11"

From nozzle at steam
generator E-7-3 EL.
1122'-2" to anchor at
P.B. of v.C. EL.
1070'-2"

From nozzle at steam
generator E-7-4 EL,
1122'-2" to anchor at
P.B. of v.C. EL.
1070'-11"

From anchor SHP-ASQ
on 24" SHP-601-5 to
Anchor at P.B, of V.C.
EL. 1070'-11"

From anchor SHP-AS0
and the pin anchor
to anchor at P.8. of
¥.C. EL. 1070'-11"

From anchor SHP-AS0
and the pin anchor
to anchor at P.B, of
v.C. EL. 1070'-11"




PROBLEM  SYSTeM

NO.

DESCRIPTION

SCOPE

SYSTEM BOUNDARY

ong

Main Steam

HS

From anchor SHP-ASQ
on 24" SHP-601-.5 to
anchor at P.B, of
v.C. EL. 1070'-11"

Main Steam

From anchor SHP-ASQ
on line 24" SHP-801-5
to 4 nozzles on
turdin unit

Main Steam

From anchor SA<A.l
at EL, 1041'-11" to
connection on
24" .SHP-601.5

Main Steam

From anchor SA<A-l

and end at anchor A-l
£1. 1032'-7", %o nozz'e
at boiler £-43.2,

nozzle at main
condenser E-5 and 2
nozzles at aux. priming
ejectors EJ-2 and EJ-3

Boiler
Feed
Discharge

From anchor at P.B. of
V.C. ET; 1070.'10' ?.O
nozzle at steam
generator E.7-1

30iler
Feed
Oischarge

From anchor at P.B. of
v.C. EL. 1070'-10" %o
nozzle at steam
generator E-7-2




PROBLEN SVSIeM

NO. DESCRIPTION SCOPE  SYSTEM BOUNDARY
023 Boiler HS From anchor at P.8. of
Feed vV.C. EL. 1070'-10" to
Discharge nozzle at steam
generator £.7-3
024 Boiler HS From anchor at P.8. of
Feeg vV.C. E.. 1070'-10" to
Discharge nozzle at steam
generator E.7.4
028 Boiler HS From anchor at P.8. of
Fm V.C. EL. 1070..10. tO
Discharge anchor WCBD-A102 on
14" .4C30-601-6
026 Boiler HS From anchor at 2.8, of
Feed V.C. EL. 1070'-10" ¢to
Discharge anchor WCBD-A102 on
14" .WCBD-601-6
027 Boiler HS From anchor at P.B. of
Feed V.C. EL. 1070'<12" %o
Discharge anchar WC3D-A102 on
14" -WCBD-601-6
028 Boiler HS From anchor at P.B. of
Feed v.C. EL. 1070'-10" to
Discharge anchor WC3D-A102 on
14" .WC80-5601-.5
41A Pressure HS From anchor BRL-A-10
Control on 6" BRL-302.6 to
and nozzle at pressurizer
Relief E-22 at EL. 1115'.5"



PROBLEM  SYSTEH
DESCRIPTION SCOPE

NO.

SYSTEM BOUNDARY

418

Pressure
Control
and
Relief

HS

From anchor BRL-A-10
on 6" BRL-302-6 to
nozzle at pressurizer
£-22 EL. 1115'.5"

Bofler
Feed
Discharge

From anchor at EL.
1028'-11-3/4" to anchor
at primary auxilliary
building conc., FL. EL.
1022' -8* and x, 2 rest,
at 1027'.7-3/4"

Pressure
Control
and
Reliaf

From Anchor BRL-A-10
on 6" BRL-302-6 to
nozzle at pressurizer
£-22 EL. 1115'.8"

Main
Coolant
Piping

From nozzle at R.P.V.
to noz2le at R.P.V.
and A branch to nozzle
at pressurizer and 2
nozzles at stazam
generator E-7.1

From 2 nozzles at
R.P.V, t0 2 nozzles
at steam generator
72

-
r

roni 2 nozzles at

R.P.V. to 2 nozzles
at steam generator
€73




PROBLEN  SYSTEN

NO. DESCRIPTION SCOPE

SYSTEM BOUNDARY

104 Main HS From 2 nozzles at
Coolant R.P.Y. to 2 nozzles
Piping at steam generator

E-7-4

121 Shutdown HS From anchor at P.B.
Cooling of vV.C. EL. 1058'.
Piping 5" to connection on

20" -.CRM-2504-10

122 Shutdown HS From anchor at P.8,
Cooling of v.C. EL. 10587'-
Piping 8" to connection on

20" -CRM-24.2504.12

201 Safety HS From anchor at P.8,

Injection of V.C. EL. 1053'-
10" to connection on
8" PRSH-2502-1
EL. 1065'.5"

207 Safety HS From 2 anchor at P.8.

[njection of V.C. at EL. 1085'.

0" and 1060'.5", 4
connection to 1ines
20" CRM-2504-9
20" CRM-2504.2
20" CRM.2504.6
20" CRM.2504-12

011 Main Steam CS From anchor A<l to

Piping

anchor 75«A<4 and ine
between 2 nozzles, one
at bofler £-43.1 and
one at emergency
boiler feed pump,



PROBLEN _ SYSTEN
NO. DOESCRIPTION SCOPE  SYSTEM BOUNDARY

028 Boiler ‘ From anchor at floor
Feed aux. boiler room conc.
Discharge EL. 1022'.8" and pro-

posed x and Z rest, at
EL. 1027'<4.1/2" tn
nozzle (tank #1) EL.
1024'-2", nozzle at
emergency bofler feed
pump EL. 1023'.5",
anchor EL. 1028'.S5",
nozzle 2t cond. return
pump (P-64), nozzle at
cond, receiver tank
(TK=63), nozzle at aux.,
bofler feed pump
(P-60-1) and nozzle at
aux, boiler feed pump
(P-60-2)

Charging 3 From anchor at P.8, of

Piping S.V.C. on 3"<CRBH-
2502-4 %o the cap at
EL. 1065'.4"

Charging CS From anchor at F.8. of

Piping S.V.C. on 3* CRBH-
2502-4 to the nozzle
at Tow pressure surye
tank TX-23




PROBCEN SYSied
NO. DESCRIPTION SCOPE  SYSTEM BOUNDARY

§3A Charging CS From anchor at P.B8, of

6§38 Piping S.Y.C. to 4 proposed

§3C anchors, 3 in P.A.B.

630 and 1 on 2" CRCH-2502-
S. Alse bounded by
charge pumps P-15.1,
Pel5«2 and P-15-3. 3
branches on sht, 2/2
end with caps, but only
one (1) of them
connects to 2* CRCL-
1523

From charge pumps
PalSel, Pal5-2 and
P«15-3 to 2 proposed
anchors in P.A.B., and
connected to lines 8°
PRSL-302A.3 and

8" CRT-302-1

From one end 1t fis
bounded by 4" CRCL-
152-«1 and the floor
drain at EL. 1021'-
8" to the other end
by 2 proposed anchors
in P.A.B.

Shutdown From anchor at 2.8, of

Cooling S.V.C. to Tow pressure
surge tank TX-23, low
pressure tank cooling
pumps P19 and P.23,
Also 1 proposed anchor
in P,A.B. and 2
connection to 6" line
on problem 12S.




PROBLEN _ SYSTEM
NO. OESCRIPTION SCOPE  SYSTE4 BOUNDARY

124 Shytdovn ¢S From anchor at P.8, of
Cooling S.Y.C. to Tow pressure

surge tank TK-23, Tow
pressure surge tank
cooler (E-10) and shut-
down cooling heat
exchanger (E-9). Also
a proposed anchor fin
P.A.B.

From low pressure surge

tank cooler E-10 to

low pressure surge tank

cocling pumps P-23 §
P-19. Also shutdown

Eool1ng heat exchanger
‘9-

Pressure From anchor at P.8, of

Control S.V.C. to anchors at
and Relief boundary of P.A.B.
Piping

Pressure From anchor 3RL-A«]

Control on 12* BRL-154.11 %o

and Relfef 3 nozzles at low

Piping pressure surge tank
(Tx.zs) -

Pressure From /. ~hor BRLeA«l

Control on 12* BRL-154-11 to

and Relfef 3 nozzles at Tow

Piping pressure surge tank
(TX-23)




PROBLEN  S7STed

NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

044 Pressure CS From anchor BRL-A.)
Control on 12° BRL-154-.11 to
and Relfief flanged rupture disc
Piping on 20"-8RL-154-11,

141 Primary CS From nozzle at low
Plant pressure surge tank
Purification TX-23 to proposed

anchor in P,A.B..

142 Primary . CS  From nozzle at low
Mant pressure surge tank
Purification (TK-23) to purification

drain and cooling pumps
P-16-1 and P-16.2.

143 Primary CS From S.V.C. anchor st
Plant EL. 1044'.6" to bdranch
Purification connection to Pl.1212

Sht. 1/4, Also 2
connections %o 2-1/2*
CRP.152.1,

161 Sample CS From 2 anchors at P.8.

162 and Drain of S.v.C. EL. 1046'.0"

163 Piping and 1046'-7-1/2%. North

side bounded dy 2 nozzle
connections at drain for
V.C. col. seals., In
South connected to
nozzle at component
cooling water surge tank
(TX«2) and nozzle at
VAPEC container drain
tank (TX-25).



PROBLEN  SVSIEW

NO.

DESCRIPTION SCOPE

SYSTEM BOUNDARY

181

Containment
Ventilation

From a2 proposed anchor
on 6"LV-121-1 at
anchor 7L-Al on 6"
Cv-151.1.

Containment
Ventilation

From anchor 7L-A<l to
guide 7L-G-l. Four
dranches coming out of
the manifold all end.
To anchor at P.8, of
S.V.C. EL. 1068'-.8"

(4 S.v.C. anchors.)

Containment
Ventilation

From anchor 7L-A-2 to
propcsed anche™ on
6 1ine in P.A.B.

Containment
Ventilation

From anchor 7L-A<2 to
N.S. #2. The four
branches end up to
anchors at¢ P.8, of
¥.C. at EL. 1068'-7",

From 2 anchors at P.8.
152-1, LPSI accunulator
tank, Disch, LPSl.l,
LPSI<2, LPSI-2 and 6"
PRSL-202-1.

Safety
Injection
Piping

From nozzle at LPSI!
accumulation tank to
3 vents to ztmosphere
at EL. 1064'.0".




PROBLEN
NO..

SYSEM

DESCRIPTION SCOPE

SYSTEM BOUNDARY

206

Safety
Injection
Piping

)

From nozzles at LPSI
accumulation tank and
expansion tank at
nozzles at nitrogen
storage tank #1
through tank #18.

Safety
Injection
Piping

From anchor at P.B, of
v.C. at EL. 1060'-
4.7/16" to anchor A-l
on line 4" HPS!1.902-8

Safety
Injection
Piping

From anchor H23 on
1ine 4" HPS[-902.8
to nozzles at disch.
HP<1, HP-2 and HP.3.

Safety
Injection
Piping

From anchor and
anchor H30 on line
10" PRSL-152-1.

Safevy
Injection
Piping

From anchor H30 on

10" PRSL-152-1 to
suction nozzles on
HP-1, HP-2 and HP.3.
Also at suction nozzles
on LPSI-1, LPSI<2 &
LPSl.l.




PROBLEN  SVSTEN
NO. DESCRIPTION SCOPE  SYSTEM BOUNDARY
211 Safety CS On one side bounded by
Injection anchor A<l and H23 on
Piping 4" HPSI-902-8., Other
ends are bounded by a
seal plate anchor and
lines 8" PRSL-302-9,
4" PR3L-302-9, 4" PRSL.
302-15, 4" PRSL-302.14,
2" MPS1-.502-8, 2" HPSI-
902-12, and 2" HPS!-
902.10
261 Fuel Chute CS From anchor at P.B. at
Tranfer V.C. to fuel chute
Piping dewatering pump -
nozzle P-34,
262 Fuel Chute CS From connection point
Tranfer on a 12" line to fue!
Piping chute dewatering pump
P34, A branch goes
to pipe nipple for
LS-232.
300 Component CS From anchor at P.8.
Cooling of V.C. EL. 1064' 2o
main coolant pump
Ple.l.
301 Component CS From anchor at 2.8, of
Cooling + V¥.Ce EL. 1064'.7" ¢o
main coolant pump
Pl4.2.
302 Component CS From anchor at P.8. of
Cooling v.C. EL. 1065'.3" %o

main coolant pump
Pla.3.

“



PRSI IVSTEN

NC.

DESCRIPTION SCOPS

SYSTEM BOUNDARY

303

Componnt
Cooling

From anchor at P,.8. of
v.C. EL. 1063'-11" to
main coolant pump
P14-4,

From anchar at P.B8, of
v.C. EL. 1058'-7" %o
connection on l1ine
§"-K-151-12.

From anchor at P.B, of
Vv.C. EL. 1059'-4" to
connection on line
6"-XK-151-12.

Component
Cooling

Feom anchor at P.3, of
V.C. EL. 1059'-11" to
connection on line
6"-XK-151-12.

Component
Cooling

From anchor at P.B, of
V.C. EL. 1058.‘9. :O
anchor on 6"-X-151-12.

Component
Cooling

From anchor at P.B. of
v.C. EL 1058'-9" to
nozzle on tank TX-2,
Also from connection on
Tine 6"-K-(51-25 to
propesed anchor in
p.A.B. .




PRUBLEM  SYSTeM

No.

DESCRIPTION

SCOPE

SYSTEM BOUNDARY

318

Component
Cooling

From anchor at P.B, of
V.C. EL. 1059'-4" to
K«151-25 and a pro-
posed anchor in P.A.B.

From 2 anchors at P.8,
of vV.C. EL. 1059' to
the anchor on 6" K-
151-2%5 and an ancher
on Tine 4"-8L-151.1.

From proposed anchor
on 10"-K-151.7 to
nozzles at component
cool ing exchangers
E-9, E-10 and E-12.

From anchor at P.8.
of v.C. EL. 1058'.9"
to the anchor on line
§"<K=151-12,

From anchor at P.8. of
v.C. EL. 1089' to
anchor on line

6" -X-151.25.

Component
Cooling

From proposed anchor on
10"<K=151=7 %0 anchor
on 3"-K-151-21,
proposed anchor on
§"<K=151-12 and
component cooling
exchanger £.11.1 and
5'11'20




PROBLEN  SYSTEN
NO. DESCRIPTION SCOPE  SYSTEM BOUNCARY

321 Component CS From component cooling
Cooling exchanger E-12 to
proposed anchor on 10°
1ine at EL. 1028'-0"
to component cooling
exchangers E-9 and £.10,

Component From 2 nozzles at
Cooling E-1l-l, E-11.2 %o
2 nozzles at P-20.1,
P'ZO’Z.

From 3 nozzles P-§-1,
Pebe2, Peb-3 to &
anchors, which are 2
stee! rings embedded
in walls and 2 pro-
posed anchors on 6«
WS=151.7 and 6" WS-
151-6.

Burried pipes from 2
turbine room to
screenwell and pump
house.

From turbine oil
coolers £-29-1 and
£-29-2 to 4 anchors

at slabs 2 at EL.
1023'-8" arnd 2 at EL.
1022'-8". 2 proposed
anchors below valves
SW-V-681 and SW-V-5682.
1 proposed anchor on
6" WS=151-47 and
another proposed anchor
at EL. 1043'.7.5/8".




PRUBLEN  SVSIEN
NO. DESCRIPTION SCOPE  SYSTEM BOUNDARY

351 Component CS From proposed anchor
Cooling at EL. 1028' to 2

nozzles at component
cooling pumps P-20<1
and P-20-2. Also 2
proposed anchors. One
on 3"-XK-151-34 and one
on 6"-K-151.25.

405 Service CS Buried pipe from
Water turbine building to
Line P.A.B..

406 Service CS Buried pipe from
Water turdbine buflding to
Line P.A.B..

407 Service CS From heat exchangers

408 Water E«ll«l and E-11-2 to
Line proposed anchors on

slabs at ground
elevation, Also 2
proposed anchors on
1ines 4" .WS-151-97 and
4" .4S-151-98 and one
proposed anchor south
of Tine 3".WS-152-35.

352 Component ¢S From anchor on slab it
Cooling EL. 1022'-8" to ana-
1ytical anchor on 10"-
K«151-2 and nozzle at
component cooling water
surge tank TX-2.




PROBLEM  S75TcH
NO. DESCRIPTION SCOPE  SYSTEM BOUNDARY
410 Service CS From 2 anchors at P.8.
412 Water of v.C. at EL. 1065'-
418 E" to anchor A-4 on
Tine 6" WS-151-110.
409 Service CS From 2 anchors at P.8.
411 Water of V.C. at EL., 1064'-
413 7" to anchor 7L-A<3
on line 6"-WS-151.99,
414 Service CS From anchor at P.B. of
. Water v.C. at EL. 1065'.5"
t0 connection on line
6" WS-151-110.
409 Service CS From nozzles at booster
415 Water pumps P-S51-1, P.51.2 %o
417 anchor 7L-A<3 on line
6" «WS-151-99 %0 2
anchors at P,B, of Vv.C(.
EL. 1065'.5",
416 Service CS From Detween anchor
418 Water A-4 and proposed anchor
on slab. EL. 1039'.6"
to anchor at P.B. of
¥.C. EL. 1065'.5",
500 ¥lou CS From anchor at P.3. of
501 Ventilation V.C. EL. 1079'-2" %o
and Purge anchor at P.8. of V.C.
at EL. 1079'.2",
502 ¥.Co CS From anchor at P.3. of
Ventilation V.C. EL. 1079'.2* ¢o

and Purge

support “C*,

8eq






LOAD CASES CONSIDERED

WEIGHT

PRESSURE

THERMAL

SEISMIC

SEISMIC ANCHOR MOVEMENTS
THERMAL ANCHOR MOVEMENTS
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CRITERIA USED
e ANSI B 31.1 - PONER PIPING CODE, 1977
e .S. uucktan REGULATORY GUIDES |
1.60, REV. 1; 1.61, REV. G |
1.92. REV- 1; awp 1-122, REV. 1

e ASME BOILFR & PRESSHRE VESSEL CODE, 1971
INCLUDING CODE CASE 1607 FOR PEAK BROADENING

e U.S. NRC REG. GUIDE, NUREG/CR-0098, MAY 1978

e YAEC DESIGN CRITERIA, DC-1, REV. 2
JOB NO. 80023




LOAD COMBINATIONS
EQ. 11: PRESSURE + WEIGHT < S
HOT SHUTDOWNN SCOPE
EQ. 12: PRESSURE + WEIGHT + SEISMIC "MERTIA < KSy

FOR SEISMIC INERYIA DEFINED BY YCS,
"CODE ALLOWABLE®" LIMIT K = 1.8

FOR SEISMIC INERTIA DEFINED BY NRC
*FUNCTION® EVALUATION CONSIDERED K = 2.4

REMAINING SYSTEMS
EQ. 12: PRESSURE + WEIGHT + SEISMIC INERTIA < KS,,

H}IH SEISMIC INERTIA DEFIMED BY YCS,
“FUNCTTON™ EVALUATION CONSIDERED K = 2.4

EQ- 13: THERMAL EXPANSION + TAM + SAM < Sa

EQ. 14: PRERSURE + WEIGHT + THERMAL EXPANSION + TAM
.

€ Spt Sy




ARTICLE F-1000
RULES FOR EVALUATION OF SERVICE
LOADINGS WITH LEVEL D SERVICE LIMITS

F-1100 INTRODUCTION
F-1110 SCOPE

Ia tuis Appendix are given rules which may be used
by Owners and Manufacturers with respect to evalu-
ation of those Service Loadings for which Level D
Service Limits are specified by the Design Speci-
fications (NCA-3250).

DEFINITION OF LEVEL D
SERVICE LIMITS

Level D Service Limits are those sets of limits which
must be satisfied for all lcadings identified in the
Design Specifications for which these Service Limits
are designated. These sets of limits permit gross
general deformations with some consequent loss of
dimensional stability and damage requiring repair,
which may require removal of the component from
service. These sets of limits are permitted for combina-
tions of conditions associated with extremely low
probability postulated events whose consequences are
such that the integrity and operability of the system
may be impaired to the extent that conditions of
public health and safety are invoilved. Therefore, the
selection of this limit shall be reviewed by the Owner
fampdﬁﬁqmmsymafcyaiw
na (NCA-2141).

F-1120

F-1130 APPLICABILITY

537

structures if Level D Service Limits (NB-1225) are
given in the Design Specification (NCA-2144).

F-1200 INTENT OF LEVEL D
SERVICE LIMITS
CONSIDERATION

F-1210 LIMITS OF CODE
CONSIDERATIONS

Components are designed o provide a pressure
mm;bnrﬁeorwaauammmg
mh«inthesymorwactummppon

{ e

() In addition, the procedures specifically iden-
tified for core support structures (F-1380) limit the
consequences of the postulated event with respect .5
failure modes other than leakige.

(c) The procadures of F-1300 need not be applied to
any portion of a component or support in which a
failure has been postulated in defining the Level D
Service Limuts.




F-1300-F-13213
F-1300 DESIGN PROCEDURES FOR
SERVICE LOADINGS WITH
LEVEL D SERVICE LIMITS

F-1310 GENERAL

(@) These design procedures are provided to limit
the consequences of the Service Loadings for which
Level D Service Limits are included in the Design
Specifications.

(5) The contents of F-1320 provide general proce-

dures which are applicable w all components. Specific
procedures, which may limit the applicability of the
procedures of F-1320, are provided as follows:

1) F-1330 Vesseis

(2) F-1340 Pumps

(3) F-1350 Valves

(4) F-1360 Piping

(5) F-1370 Component Supports

(6) F-1380 Core Suppert Structures

,7) F-1390 Class MC Vessels

(d)When mptenve stresses are present the
stability of the component must be ensured (F-1329).
(e) Potential for unstable crack growth shouid also
bemda’dbmn;mdddecuonmelmpec
tion techniques empioyed.

F-.1320 DESIG™ BY ANALYSIS
F-1321 Terms Related to Analysis

In addition to the terms related to stress analyses,
the following terms are defined.

F-1321.1 Plastic Analysis

(a) Plastic analysis is that method which ~omputes
the structural behavior under given loads considering
the strain hardening characteristics of the matenals,
strain rate effects, permanent deformations, and stress
redistributions occurring in the structure. A plastic
analysis is primarily distinguished from a limit analy-
sis (NB-3213.21) because the actual strain hardening
characteristics of the material are considered in
performing a plastic anaiysis.

(5) The true stress-strain curve shall be adjusted to
correspond to the tabulated value at the appropriate
temperature in Table I-2.]1 or [-2.2 and shall be
included and justified in the Stress Report. However,
strain rate effects on the flow curve may aiso be
considered.

(¢) The yield criteria and associated fSow rule used
in performing a plastic analysis may be aither those

SECTION III, DIVISION | — APPENDICES

associated with the maximum shear stress or the
distortion energy method.

(d) A plastic analysis may be used to determine the
collapse load for a given combination of loads on a
given structure. The collapse load shall be taken as the
one at which the distortion is two times the value at
the calculated inmitial departure from linearity. In
evaluating the analysis, the computations should be
interpreted in a manner consistent with that used in ar
experiment ([1-1430). When interpreted in this man-.
ner, the collapse load which results from the ='zstc
analysis shall be limited in accordance with proce-
dures appiied to limit analyses. The symbol applied to
the collapse load is P

fe) A plastic analysis mmay be used to determine the
plastic .astability load for a given combination of loads
on 2 given structure. The plastic instability load is
taken as the omne at which the deformation increases
without bound or the relation of force and deforma-
tion has a horizontal tingent The symbol used to
designate this plastic instability load is P,

() A plastic analysis may be used to determine the
lcad or combination of loads which result in a
particular strain withia the structure. When a limit is
placed upon a strain, the load associated with the
strain Limit will be designated by the symbol 2;.

F-1321.2 Stress Ratio Method

(a) The stress ratio method is a pseudo-elastic
analysis method which may be used as an approximate
plastic analysis when the required interaction equa-
tons or curves are available. Such information is
included in A-9000.

(5) The equations and curves of the stress ratio
method are deveioped for specific configurations, for
specific loading combinations, and for specific materi-
als, considering the strain hardening characteristics of
the material. The method may be used for statcally or
dynamically applied loads.

(¢) The stress ratio method may be used to deter-
mune the maximum loads which may be carmed by the
structure without exceeding an assigned apparent
stress. The symbol used to designate this load is P,.

F-1321.3 Experimental Method

(a) Experimental investigations may b¢ performed
in accordance with [I-1220 and interpreted in accor-
dance with [1-1430 to determine the callapse ioad. The
symbol applied to the collapse load is P

(b) Experimental invesugations may be performed
to determune the plastic instability load {or a structure.
If failure occurs before piastic instability is expen-
enced, the failure load shall be used The tymbol used
to designate this plastic instabiii*y load is 7;.




(b) certain thermal stresses which may cause {atigue
but not distortion;

(¢) the stress at a local structural discontnwty;

(d) surface stresses produced by thermal shock.

NB-3213.12 Load Coatrolled Stresses. Load con-
trolled stresses are the stresses resultng from applica-
tion of a loading, such as internal pressure, inertial
loads, or the effects of gravity, whose magnitude is uot
reduced as a result of displacement. ;

NB-3213.13 Thermal Stress. Thermal stress is a
sdf-hhndnamwodumdbyammﬂomdm-
bution of temperature or by differing thermal
meﬁaaudWWmubw:bped
mawﬁdbodyvhencvezvolmofmmdis
pmumm;mmmmmu
nomﬂyshanldmdenchngeinwm}’or
the purpose of establishing allowable stresses, two
typadtbcmdmmrwonind.dependiuon
the volume or ares in which distortion takes place, as
described in (a) and (b) below.

(a) Genersl thermal stress is associated with distor-
m«mmmvmnmu.md
m:mnqlm;mumm exceeds
mutbeyﬂdmgmdmzmkmedm
;ndydsmybemvﬂidnndm«wm
mymmmmmdmmn
rypeuchmﬁadumdnnmm‘hbbNB-JZU-
|. Exampies of general thermal stresses are:

(1) stress produced by an amial temperaiure
distribution in a cylindrical sheil;

(Z)m-pmducadbythewdm‘m
between a nozzle and the shell to which it is attached;

(3) the equivalent linear stress® produced by the
w@mmmmm-cywm

(b) Local thermal stress is associated with aimost
mpmmppmotmmmwm
mmprodueamnmiﬂammswm
shail be consiered only from the fatigue standpoint
and are therefore classified as local stresses in Table
NB-3217-1. [n evaluating local thermal stresses the
procedures of NB-1228.1(c) shall be used. Examples of
\ocal thermal stresses are:

(1) the stress in a small hot spot in a vessel wall

(2) ‘be difference between the actual stress and
thnqmnkntlinelrmmﬂmfmmnndm
mmmwu.cywm

(3) the thermal stress in a cladding material
vhbhh.:eodnatdaptmdiﬁmt&mmn
of the base metal.

'wu—-.‘“-mi—--—m
-“-m-lua-‘cm-l-m-nln-
distribunon.

NB-3000 — DESIGGN

53

NB-3213.11-NB-3213.22

N1L3213.14 Total Stress. Total stress is the sum of
the primary, secondary, and peak siress contributions.
Recognition of each of the individual contnbutions 1s
essential 10 establishment of appropriate stress limuta-
tuons.

NB-3213.15 Operational Cycle. Operational cycle is
defined as the initiation and establishment of new
condiﬁomfono'edbyamumwthecondmons
vhichpwvlikduthebeginnmgof:b-.cyde.ﬁe
typao{mnxcondmomvhichmymm
further defined in NB-3113.

N’BJIIJ.ICSu-Cydc.Suucydciueondiuon
in which the altermating stress difference [NB-
3222.4(¢)] goes from an initial value through aa
dgebﬂwm'unmvﬂucmdmdgebrmmimum
vduand&amumwthetniﬁdvduz.;\ﬁnﬂe
apeuionﬂcyckmyrsuh'mmormm
cycles. Dynamic effects shall also be considered as
stress cycles.

NB-3213.17 Fatigne Strength Reduction Factor.
Fatigue strength reduction factor is a stress inten-
nnamfaanrvh'mhweounuformedectofabw
structurai discontinuity (stress concentraton) on the
&mmvdwfmwmmﬁcmm
onape:mem.mgiminNB-3338mdN’B—3339. In
mmdmammmewsm
concentration factor may be used.

NB-3713.19 Expansion Stresses. Expansion stresses
mchaemrunldn;&ommmimdfmeend
iisplacement of the piping system.

NB-321320 Deformation. Deformation of a com-
poouztpnnumdmnonoﬁushapeorm

NB-321321 Inelasticity. Inelasticity is a general
characteristic of material behavior in which the
material docs not return to its original shepe and size
after removal of all applied loads. Plasticity and creep
are special cases of inelastucty.

NB-3213.22 Creep. Creep is the special case of
inelasticity that reiates to the stress-induced, tume-
dependent deformanion under load. Small ume-depen-
datddamanommyoc:uraﬁrthemovdohu
appited loads.



NB-3213.3-NB-3211.11

bution through a fracuonal part of the wall thickness.
The stress distribution associated with a local disconu-
nuity causes only very localized types of deformauon
or strain and has no significant effect on the sheil type
disconunuity deformations. Exampies are smail fillet
radii, small attachments, and parual penetration
weids.

NB-3213.4 Normal Stress. Normal stress s the
compenent of stress normal to the plane of reference.
This is also referred to as direct stress. Usually the
distributic.. of normal stress is not uniform through
the thickuess of a part, so this stress is considered to
be made up in turn of two components, one of which is
uniformly distributed and equal to the average value
of stress across the thickness under consideration, and
the other of which vanes from this average value with
the location across the thickness.

NB-3213.5 Shear Stress. Shear stress is the compo-
nent of stress tangent to the plane of reference.

NB-3213.6 Membrane Stress. Membrane stress is
the component of normal stress which is vaiformly
distributed and equal to the average value of stress
across the thickness of the section under consider-
auon.

NB-3213.7 Bending Stress. Bending stress is tfe
variable component of normal stress described in NB-
31213.4. The variation may or may not be linear across
the thickness.

NB-3213.8 Primary Stress. Primary stress is any
normal stress or a shear stress deveioped by an
imposed loading which is necessary to satisfy the laws
of equilibrium of external and internal forces and
moments. The basic charactenstic of 2 primary stress
is that it is not seif-liminng. Primary stresses which
sonsiderably exceed the yield strength will result in
failure or, at least, in gross distortion. A thermal stress
is not classified as 2 pnmary stress. Pnmary mem-
brane stress is divided into general and local catego-
ries. A general primary membrane stress is one which
is so distributed in the structure that no redistnibution
of load occurs as a result of yielding. Exampies of
primary stresses are:

(aj general membrane stress in a circular cylindncal
or a spherical shell due o internal pressure or o
distributed live loads;

(b) bending stress in the central portion of a fat

head due to pressure.

Wsuu-y
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NB-3213.10 Local Primary Membrane Stress.
Cases arise in which a membrane stress produced by
pressure or other mechamcal loading and associated
with a pnmary or a disconunuity effect produces
excessive distortion in the transfer of load to other
portions of the strusture. Conservausm requires that
such a stress be classified as a local pnmary membrane
stress even though it has some charactenstics of a
secondary stress. A stressed region may be considered
local if the distance over which the membrane stress
intensity exceeds .15, does not extend in the mendio-
nal direction more than |.0vRL where R is the
minimum midsurface radius of curvature and ! is the
minimum thickness in the region considered. Regions
of local primary stress intensity invoiving axisymmet-
ric membrane stress distributions which exceed 1.15,
shall not be cioser in the meridional direction than
2.5V R. where R is defined as (R, -+ R;)/2and ¢ is
defined as (r;, = 7y )/2 (where ¢, aad r; are the
minimum thicknesses ¢t each of the regions consid-
ered, and R, and R, are the minimum mudsurface radi
of curvature at these regions where the membrane
stress intensity exceeds 1.1S,). Discrete regions of
local primary membrane stress intensity, such as those
resulting from concentrated lcads acting on brackets,
where the membrane siress intensity exceeds .15,
shail be spaced so that there is no overlapping of the
areas in which the membrane stress intensity exceeds
1. 18

NB-3213.11 Peak Stress. Peak stress is that incre-
ment of stress which is addiuve to the pnmary plus
secondary stresses by reason of local discontinuities or
local thermal stress [NB-3212.13(b)] including the
effects, if any, of stress concentrations. The basic
characteristic of a peak stress is that it does not cause
any noticeable distornon and is objectionabie only as a
possible source of a faugue crack or a brittle fracture.
A stress which is not hughily localized falls into thus
category if it 18 of a type which cannot cause
noticeable distortion. Exampies of peak stresses are:

(a) the thermal stress in the austenutic steel cladding
of a carbon stee! component;
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TABLE N3-3217-2
CLASSIFICATION OF STRESS INTENSITY IN PIPING, TYPICAL CASES

T

P, and Q [Note (1)]
F

(1) Analysis is not ~equired when reinforced in accordance with NB-3643,

solid rectangular sections, a value of a times the limit
established in NB-2221.] may be used, where the
factor a is defined as the ratio of the load set
producing a fully plastic section to the load set
producing imitial yieiding in the extreme fibers of the
section. [n the evaluation of the initial yield and fully
load in the respective load set 10 each other load in
that load set shall be the same as the respective ratios
of the individual loads in the specified design losd set.

investigated. The a factor is not permitted for Level D
Service Limits when inelastic component analysis is
used as permutted in Appendix F.

NB-3221.4 External Pressure. The provisions of
NB-3133 appiy.
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SEISMIC ANALYSIS USING NRC
AFTER FIXES WERE IMPLEMENTED

PROB. NO SEQUENCE SDMZ X NORM
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41A
418 10
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121 16 0.: 0.41
122 17 0. 0.39
201 18 0. 0.77
207 19 0. 0.77
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HOT SHUTDOWN INSIDE VC
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SEISMIC ANALYSIS
USING NRC
NORMALIZED TO 1.8 SN
PROB. NO SEQUENCE NORM 12
41A
418
41C
101
102
103
104

0.26
0.26
1.06
0.81
1.00
0.89
0.90
121 0.55
122 0.53
201 10 0.90
207 11 0.90

EosSsEnsEssmsa= ESSDToTsssnmsS

|
2
3
4
S
6
/
8
9

CLASS 1 PORTIONS OF
HOT SHUTDOWN INSIDE vC
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CLARIFICATION OF THE STRESS ANALYSIS RESULTS FOR
REMAINING SYSTEMS TO YCS

The stress results summarized in the following tables and graphs are based
on as-built piping geometries excluding the potential restraining effects
of thru wall penetrations. Thus, maiy of the large reported seismic
deflections and stresses (equation 12) will not occur because of the
restraint of the wall on the pipe. For example, in problem 161, 162, 163
(see slide C4), three areas of high seismic stress (dark shaded areas)
occur near the maximum lateral deflections (1ight shaded areas). A field
review indicates that the pipe is passing through walls and will hnot
deflect the 10 to 12 inches predicted by the conservative method, but only
about 1/4 of these values. Since inertia stresses are proportional to
acceleration and, therefore, deflection, accounting for the restraining
effect will reduce the ratio of equation 12 to allowable from the reported
4,65 to the order of 1.5. Based on a preliminary inspection, Cygna is
confident that a substantial number of spikes beyond 1.0 on the equation 12
slide can be reduced.
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NO.

30
62
63A
638
63C
63D
64
81
82
83
84
123
124
125
11
29
181
262
209
182
183
184
L4
161
162
163
206
205

SEQUENCE

SEISMIC ANALYSIS USING

--a-asz-sa:u:as:uans::::::a;-_:::;—.:::::g==.=n=ns--a--aﬂxssa.n--.n-al

SDMAX

. 1909
13.817
13.87
13.817
1.0588

12.7573
12.7573
12.72530)
5.5827
616

0.

0

0.

54
.54
.94
50
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A2
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PROB. NO. SEQUENCE
438 30
211 31
204 32

42 33
185 34
261 35
43A 36
202 37
208 38
210 39
203 40
143 41
141 42
142 43
186 44
187 45
188 46
300 417
301 48
302 49
303 SG
305 ‘51
306 52
307 53
308 54
314 55
315 56
316 57
317 58

SEsesmsosnnsDs

:—“==::;:::3:82:::;::5:—2:3::=8==ﬂ

~~~~~ ======x===nz==z=====a:8-uc

«33
. 33
1.30
0.11
0.67
0.86
0.12
0.40
0.40
0.40
0.54
0.56
0.34
0.37
0.24
0.21
0.36
0.17
0.88
0.87
1.03
1.03

NORM

—-:G::L::I—‘.BB:B:B:

SEISMIC ANALYSIS USING YCS
SDMAX NORM 11 NORM 12
.0294 0.15 0.09

8.8689 0.71 2.30
.0905 0.10 0.09
10.85678 0.27 1.59
2972 0.20 0.19
469 0.21 0.33
.018 0.13 0.07
12.3486 0.35 1.72
12.3486 0.35 1.72
.1073 0.04 0.07
9.894 0.22 1.12
16.378 0.83 3.50
. 3438 0.29 0.20
2.212 0.38 0.51
4.8112 0.40 1.73
4.8112 0.40 1.73
4.8112 0.40 1.73
13.97 0.32 3.15
8.67 0.13 2.25
6.717 0.26 1.86
13,22 0.45 4,21
.82 0.35 0.40
1.91 0.47 0.56
.07 0.29 0.46
9.5 0.26 1.33
'y 0.24 0.51
1.318 0.23 0.60
1.598 0.26 0.44
1.598 0.26 0.44
REMAINING SYSTEMS
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PROB.

NO.

SEQUENCE

SEISMIC ANALYSIS USING

SDMAX

.86
6.6
.33
B8.45
7.33
8.45
|
o
.048
.02
.02
.085
075

0.
0.
0.
0.
0.
0.
0.
§ i
0.
2
- I
0
0
1
i
|
1
|
1
1
2
1
2
0
0
0
0
0
0

.89

.25
+ 23
.11
21
ol
.21
o}
.60
A2
- L.
A2
oS
.16
.16
.06
.08
.08
4
0.

13

NORM

0.
0.
0.
0.
0.

13

0.°

0.
0.

W,

0.

|
1
0.
P
1
0
0.

.86

/8

CCOOCOCOCOOoCcCOoOODCCOSO

.20
=
.20
e b,
.24
.49
24
.49
.18
.18
.05
.93
.93
0.
0.

55
54
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CONSERVATIVE ASSUMPTIONS I[N ANALYSIS

NEGLECTED RESTRAINING EFFECT OF THE PENETRATIONS ON
THE PIPING

SPECTRA FROM VARICUS STRUCTURES ENVELOPED

PIPING MATERIALS ARE DUCTILE, NOT BRITTLE, AND YIELD
RATHER THAN FRACTURE

-




SAMPLE OF HIGH DEFLECTIONS/STRESSES
WHERE RESTRAINING EFFECT OF PENETRATION IS NEGLECTED

PROBLEM SEQUENCE EQ 12 aX NODE al NODE

161,162,163 25,26,27 4.65 12.8 44 10.0 106
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CLACIFICATION OF STRESS RESULTS FOR
ECCS/AUX FW TO IDBS

This section indicates that a large portion of the ECCS/Aux FW pipe stress results are
well within acceptable limits. It should be further neted that:

* Only four out of twenty-six problems exceed the “normalized to
one” limit,

. The restraining effect of the penetrations, as elaborated on
earlfer, Is not considered.



PIPE STRESS

SUBSECTION OF REMAINING SYSTEMS EVALUATED TO IDBS

COMPARISON OF IDBS VS. YCS GROUNDMOTIONS

RESULTS OF EVALUATION




ACCELEANTION IN G

D‘,a.r

1) YANKEZ AOWE FINAL DESISN SPECTAR PCRs0.1C ORMPING = 0.0%
2) YANKES INTERIM DESIGN 3RSIS SPECTAR (I28S) ORAMPINC = 0.0S
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SEISMIC EVALUATION
USIKG 1DBS
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PROB. NO. SEQUENCE

42
43
438

L4
141
142
143
161
162
163
181
182
183
184
185
186
187
188
202
203
204
205
206
208
209
210
261
262
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APPENDIX C
REEVALUATION GUIDELINES FOR SEP GROUP II PLANTS
(EXCLUDING STRUCTURES)
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REEVALUATION GUIDELINE
FOR
SEP GROUP Il PLANTS
(EXCLUDING STRUCTURES)

INTRODUCT [ON

In support of NRC's Systematic Evaluation Program (SEP) for Group [I
Plants, the following R~3valuation Criteria have been established. These
criteria include recommern. .4 load combinations with allowable stresses
and/or lcads for piping systems, component supports, concrete attachments,
and equipment. These criteria are base on linear elastic analyses having
heen performed. The acceptance criteria are ge2nerally based on the ASME
Code. For situations not covered by these criteria, (i.e. itams
constructed of cast iron) compatible criteria shall be developed by the
licensee and will be reviewed on a case-by-case basis. The licensee is
requested to justify major deviations in criteria which appear less
conservative than those specified used nerein.

DEF [NIT[ONS

ASME Boiler and Pressure Vessel Cooe, Section [I[, "Nuclear
Pewer 2lant Components,* 1980 Edition, Winter 1980 Addenda.

General membrane stress. This stress is equal to the average
stress across the solid section under consideration, excludes
discontinuities and concentrations, and is produced only hy
mechanical loads.

Bending stress. This stress is equal to the linear varying
portion of the stress across the solid section under
consideration, excludes discontinuities and concentrations,
and is produced only by mechanical loads.

Jesign or maximum operating pressure loads and design
mechanical loads.




SSE

[nertial loads due to Safe Shutdown Earthquake (SSE) and
design mechanical loads where applicahle.

Loads due to thermal expansion of attached pipe (constraint
of free end displacement).

Loads due to weight effects.

Loads due to SSE anchor movement effects.

Critical buckling stress.

Allowable stress intensity at temperature lTisted in ASME Code.
Yield strengtn at temperature listed in ASME Code.

Ultimate tensile strength at temperature listed in ASME Code.

Local membrane stress. This stress is the same as =
except that it includes the effect of discontinuities.

ASME Code Class 2 allowable stress value. The allowable

stress shall correspond to the metal temperature at the
section under consideration.

General Primary Membrane Stress Intensity. This stress
intensity is derived from the average value across the
thickness of a section of the general primary stresses
produced by design internal pressure and other specified
Design Mechanical Loads, but excluding all secondary and peak
stresses. Averaging is to be applied to the stress
components prior to determination of the stress intensity
values.




= Local Membrane Stress Intensity. This stress intensity is
the same ac Pm except that it includes the effects of
discontinuities.

= Primary Bending Stress Intensity. This stress intensity is
derived from the linear varying portion of stres_.s across
the solid section under consideration produced design
pressure and other specified design mechanical loads.
Secondary and peak stresses are not included.

SPECIAL LIMITATIONS

Critical buckling loads (stresses) must be determirad taking into
account combined loading (i.e., axial, bending, and shear), initial
imperfections, residual stresses, inelastic deformation, and boundary
conditions. Both gross and lo:al buckling must be evaluated.
critical buckling locads (stresses) shall be determined using accepted
methods such as those contained in NASA Plates and Shells Manual or
ASME Code Cas2 N-284,

dhere stresses exceed material yield strength, it shall be
demonstrated that brittle failures and detrimental cyclic effects are
precluded, and that dynamic analysis assumptions are not
nonconservatively affected. Where significant cyclic effects are
identified, it shall be demonstrated that the structure or component
is capable of withstanding ten full peak deformation cycles.

where results of analysis indicate that the allowable stresses of the
original construction code are exceeded in any of the load
compinations specified herein, it srall be demonstrated that the
in-situ item was designed and fabricated using rules compatible with
those required for the appropriate ASME Code Class (Subsection NX2000,

i



4000, 5000, and 6000).
appropriate ASME Code Subsections was not

In cases where compatibility with the

ubstantially achieved,
appropriate reductions in these limits shall be established,
Justified, and applied.




a. The references to ASME Code equation and paragraph numbers an *his page
correspond to the 1980 edition of the code, 1981 winter addenda. This was
jone 1in order to avoid confusion introduced by the initial 1980 edition of
the code which renumbered the equations differently from past and present
editions of the code. Equation numbers presented on this nage reflect
common nomenclature utilized in the nuclear industry.




ACCEPTANCE CRITERIA FOR CLASS 1 COMPONENT SUPPORTS

Acceptance Criteria(a)

Imposed Load

Combinations Linear Plate and Shell(b)
The higher of:
wl Pm < 1.0 Sp
Code Subsection NF
or Cesign, Level A, and
Level 8 Limits
ER1 PL+ Py < 1.5 Sp
The higher of: === = = «a e e e aa=--
[w| + [sse| + Jau] Pm < 1,5 Sm or
Code Subsection NF 1.275ylc)
or Level D Limits not to exceed 0.7 Su
[w+ 1| + Jsse| + |am] Py + Py 2,25 Sm or
1.85 y (€) not to exceed
1.05 Su

[n addition to the above criteria, the allowadble buckling stress shall be

limited to 2/3 Sbk' wherea Sbk is determined in accordance with Special

Limitation }.

3. These load combinations shall be used in lieu of those specified in
ASME Lode Subsection NF, In addition, for brittle types of material not
specified in the Code, appropriate stress intensification factors for
notches and stress discontinuities shall be applied in the analysis.

b. The 1.5 Sm value from N8 3221 on which these are based (Code Appendix F
1323.1) shall be limited by Code Section NB 3221.3.

c. Use larger of.

—




ACCEPTANCE CRITERIA FOR CLASS 2 COMPONENT SUPPORTS

Acceptance Criteria(a)

[mposed Load
Compbinations Linear Plate and Shell

The higher of:

[ 9, £1.058
Code Subsection NF
or Design, Level A, and
Level B Limits
[w + 7] o *op<1.55
The higher of: === e e ¢ c e o e e-a
[w] + ,SSEI + |aw| 9, < 1.5Sor
Code Subsection NF
or Level D Limits 0.4 5, (b)
'“ +T| + ISSEI ¥ h“l 9, *+ op £ 2.25 S or
0.5 5, (b)

In addition to the above criteria, the allowable buckling stress shall be
limited to 2/3 Sbk’ wnere S*k is determined in accordance with Special
Limitation 1.

a. These load combinations sha' 1 be used in lieu of those specified in
ASME Code Subsection NF. In addition, for brittle types of material not
specified in the Code, appropriate stress intensification factors for
notches and stress discontinuities shall be applied in the analysis.

b. Use lesser of.
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ACCEPTANCE CRITERIA FOR CLASS 1 MECHANICAL EQUIPMENT

Component

Loading Comoination(b)

(d) (q)

Criteria

Pressure vessels

and heat-exchangers

Active pumps and
other mechanical
components(a)(d)

Inactive pumps and
other mechanical
components

Active
salves(a),(c),(d)

{ )
Inactive valves\C/

|w - PD|¢|SSE|*|Nozzle Loads|

W+ Pg|+|SSE|¢|Nozzle Loadsl

lu + Pgl*lSSEl*'Nozz]e Loadsl

|w + Pg|+|SSE|*|Nozzle Loads |

'u + PO|+ISSE|+|Nozzle Loads'

801t stress shall be limited to:

d.

Pm< 2.4 Spor 0.7 5, (e
(Pmor Py) + Py < 3.6 Sp
or 1.05 5, (@)

Pm< 1.2 Spor s, (f)
(Pmor Py) + Py < 1.8 Sy
or 1.5 5, (f)

Pm< 2.4 Spor 0.7 5, (e)
(P or Pli * Py < 3.6 Sp
or 1.05 s, ()

Pm< 1.2 Spor sy (F)

(Pmor Py) + Py < 1.3 Sp
f

or 1.5 Sy (f)

Pm< 2.4 Spoor 0.7 S, (e)

(Pmpor P.) +Py< 3.6 Sy

or 1.05 5, (e)

Tension = Sy or 0.7 Sée)

Shear = 0.6 Sy or 0.42 5{®

Active pumps, valves, and other mechanical components (e.g., CRDs) are

defined as those that must perform a mechanical motion to accomplish a
system safety function.

b.

Nozzle loads shall include all piping loads (including seismic and

thermal anchor movement effects) transmitted to the component during the

SSE.

\\







ACCEPTANCE CRITERIA FOR CLASS 2 MECHANICAL EQUIPMENT
(b)

(d)

Component Loading Combination Criteria
Pressure vessels W+ Pp + SSE + Nozzle Loads oap < 2.0S
and heat-exchangers (o Or g,) *op < 2.4 S
Active pumps and W+ ?p + SSE + Nozzle Loads opm< 1.55
other mechanical (opor o) *+ap <1835
components(d),(d)
[nactive pumps and W+ Pp+ SSE + Nozzle Loads aopm< 2.0 S
other mechanical : (ampor o) *ap < 2.4 S
components
Active W+ Pp+ SSE + Nozzle Loads om< 1.5 S
valves(a),(c),(d) =
(sporay) *+op< 185§
[nactive valves(c) W+ Pp+ SSE + Nozzle Loads opn< 2.0S
(omor a;) * Py < 2.4 8§
Bolt stresses shall he limited to: Tension = Sy or 0.7 S&e)

Shear = 0.6 Sy or 0.42 S&e)

a. Active pumps, valves, and other mechanical components (e.9., CRDs) are
defined as those that must perform a mechanical motion to accomplish a
system safety function.

b. Nozzle loads snhall incluce all piping loads (including seismic and
thermal anchor movement effects) transmitted to the component during the
SSE.

r. Scope and evaluation of pumps and valves are to be in accordance with

NC 3411, NC 2412, and NC 3521 of the Code, including seismic and thermal
anchor movement effects.

1

e |




d. For active mechanical equipment contained in safe shut down systems, it
shall be demonstrated that deformation induced by the lcading on these
pumps, valves and other mechanical components (e.g., CRDs) do not introduce
detrimental effects which would preclude function of this equipment
following a postulated SSE event. For valve operators integrally attached
to valve bodies, binding can be considered precluded if stresses in the
valve body and operitor housing and supports are shown to be less than
yield. In these evaluations, all loads (including seismic and thermal
anchor movement effacts) shall be included. .

@, Use lesser of two values.

12
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ACCEPTANCE CRITERIA FOR TANKS

Load Combinations: Normal Operating Loads + SSE Inertia Loads

+ Dynamic Fluid Pressure Loads(a)

Acceptance Criteria: Smaller or Sy or 0.7 Su. In addition, the
allowable buckling stress shall be limited to 2/3
S K where Sbk is determined in accordance

b
with Special Limitation 1.

a. DOynamic fluid pressure shall be considered in accordance with accepted
and appropriate procedures; e.g., USAEC TID-7024. Horizontal and vertical
ioads shall be determined by appropriately combining the loads due to
vertical and horizontal earthquake excitation considering that the loads
ére due to pressure pulses within the fluid. These loads shall also be
applied, in combinaticn with other loads, in tank support evaluations.

13



APPENDIX D
YAEC COMPONENT SUPPORT CRITERIA
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(1)

\2)
(3)
(4)

(5)
(6)
(7)

(8)

(9)
(i0)
-(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)

EQUIPMENT QUALIFICATION

INTRODUCTION

NOZZLE REACTIONS

SCOPE

GUIDELINES

TABLES AND GRAPHS OF YCS AND NRC VALVE ACCELERATIONS

VALVE ACCELERATIONS

SCOPE

TABLES AND GRAPHS HOT SHUTDOWN INSIDE VC (YCS AND NRC)
TABLES AND GRAPHS ECCS/AUX FEED (YCS)

EQUIPMENT ANCHORAGE EVALUATION

SCOPE AND OBJECTIVES

ORAWINGS OF SVC SHOWING EQUIPMENT LOCATIONS
DRAWINGS OF RPY AND SUPPORT RING

REACTOR RING SUPPORT FLOW CHART

REACTOR RING SUPPORT FINITE ELEMENT MODEL
MASS AND STIFFNESS OF RCS PIPING
FREQUENCIES OF MODEL

RING SUPPORT EVALUATION

DRAWING OF STEAM GENERATOR AND SUPPORTS
STEAM GENERATOR ANCHORAGE FLOWCHART

STEAM GENERATOR MODEL AND DETAILS

FORCES ON STEAM GENERATOR SUPPORTS
DRAWINGS OF PRESSURIZER AND SUPPORTS
PRESSURIZER ANCHORAGE FLOWCHART
PRESSURIZER MODEL

PRESSURIZER ANCHORAGE FORCES

PRESSURIZER ANCHORAGE EVALUATION

DRAWINGS OF FIRE TANK AND ANCHORAGE
PHOTOGRAPHS OF FIRE TANK AREA

DESIGN REQUIREMENTS FOR FIRE TANK AND COMPARISON
CONCLUSIONS FROM EQUIPMENT ANCHORAGE EVALUATION
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EQUIPMENT QUALIFICATION
NOZZLE REACTIONS

GUIDELINES Y%

e oo
WHERE
Fa = COMPUTED RESULTANT FORCE ON NOZZLES (Lws)

H“ = COMPUTED RESULTANT MOMENTS ON NOZZLES (IN-LBS)

F = AAs/10 Wuere A = 1.8 Emercency Connttion (YCS)
2.4 FauLtep (NRC)

A = Pire MetaL Area (1n2)
S = 8000, rFor PiPes wit DIAMETER < 4*
6000, For PiIPes 6"~ 8" In DIAMETER

H000, for Pires witn DiaMETER > 10"

M= azs Wnere 1 = Pire Section Moburus (1n3)
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Vv

o~ s r'y" e s
EIX #l
NOZZLE LOAD RATIOS
ON MAJOR EQUIPMENT

PROB SEQUENCE  EQUIP  SIZE Ycs NRC
| I SG 14 1.7 1.92
2 2 56 14 1.71 1.95
3 3 56 14 1.49 2.62
4 4 56 14 1.56 1.67
21 5 56 a 1.03 1.05
22 6 SG 8  0.98 0.9
23 7 56 8  0.59  0.55
24 8 56 8  0.79  0.75
A1 9 PR 2 0.91 0.93
G1h 10 PR 2 1.05 1.36
Lic 1 PR 2 0.50 °  0.52
101 12 RPV 20 2.10  1.60
13 RPV 20 0.80  0.90
14 SG 20 1.90 1.50
5 56 24 0.60  0.80
16 RCP 24 0.50  0.60
17 RCP 20 0.40  0.50

102 18 RPV— . 20 3.80  5.40 —
19 RPV 20 1.10 1.30
20 56 20 1.00 1.20

21 - 24 4.10  6.00 -

22 RCP 24 0.70  0.90
23 RCP 20 0.60  0.70
107 24 RPV 20 1.30 1.50
25 RPV 20 1.00 1.10
26 56 20 0.90 1.00
21 56 24 1.10 1.30
28 RCP 24 0.70  0.80
29 RCP 20 0.80  0.90
104 30 RPV 20 0.90 .00
3 RPV - 20 0.70 1.10

32 SG 20 0.70 0.90

313 SG 24 0.60 0.80
34 RCP 24 0.50 0.50
35 RCP 20 0.60 0.60 P
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EQUIPHENT QUALITFICATIUN
VALVE ACCELERATIONS

SCOPE
e HOT SHUTDOWN INSIDE VC (FIXED)
e ECCS/AUX FEEDWATER DUE TO YCS

e — £ ———— G——

 PRELINIRARY
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S I I IS IR E S EE SRS RESE
SEISMIC ANALYSIS USING YCS
VALVE ACCELERATIONS

#VALVES

SYSTEM

42
43A
43B

<=
141
142
143
161
162
163
1€1
182
183
184
185
186
187
188
202
203
204
205
206
208
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210
261
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EQUIPMENT ANCHORAGE EVALUATION

SEISMIC INPUT: NRC SPECTRUM WITH 7% CRITICAL D’"PING

MAJOR EQUIPMENTS IN SCOPE:

REACTOR PRESSURE VESSEL
STEAM GENERATOR
PRESSURIZER

FIRE TANK

EVALUATE STRUCTURAL APZQUACY OF ANCHORAGE TO SUPPORTING
STRUCTURES OF MAJOR EQUIPMENT WHEN SUBJECTED TO SEISMIC
FORCES BY THE NRC SPECTRUM.
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PROPOSED SCOPE OF ACTIVITY

APPENDIX D

REACTOR RING SUPPORT ANCHORAGZ
EVALUATION FLOWCHART

ADDITIONAL TASKS

D=3

OF THE REACTOR RING SUPPORT

"! DEVELOPMENT OF 3-0 MODEL
|
|

y

PRELIMINARY ANMALYSIS TO EVALUATE:

A. VERTICAL STIFFNESS

8. HORIZONTAL STIFFNESS
2. ROTATIONAL STIFFNESS
0. NATURAL FREQUENCIES

3'1 EVALUATION OF (k] AND (M|
!i OF THE RCS PIPING

{k] AND (Ml

YES

SIGNIFICANT?

MODIFICATION OF BOUNDARY CONDITIONS

AND INCLUDING RCS REACTIONS ONLY

A

S MODIFICATION OF THE MODEL [NCLUDING
[x] AND (M| AND RCS REACTIONS

N

A

3D AMALYSIS: GRAVITY AND X,Y,I SEISMIC, !
INCLUDING RCS (GRAVITY, THERMAL & SEISMIC
EFFECTS)

————————— — — ——— o ] ——— ——————— . ] —. —————— ————— —— — —— —— — . —— —— —. o— v—— v ——



EVALUATION

Y

ROCXING OR

SLIDING?

NO

— . S ————— —— — — —— ] — — —— ——— ———

APPENDIX O

continued

REACTOR RING SUPPORT ANCHORAGE

EVALUATION FLOWCHART

MODIFICATION OF THE
MODEL (NON=LINEAR)

i

ANALYSIS NON=LINEAR AND
POSTPROCESS OF RESULTS

SYALUATION OF THE CONCRETE 3ASE

SUPPCRTING RING SUPPORT

- —————— ————

—— —— —— ———— ————

K

A4

I

EVALUATION GF STRESSES
IN RING SUPPORT

'

-

s;cuunon OF THE ZONNECTION
RING SUPPORT

CONCEPTUAL FIXES PROPOSAL AND/OR

PROPOSAL FOR REFINED ANALYSIS
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10 SUMMARY OF MODEL FREQUENCIES

Freq. of Freq. OQutput file
vert. mode | rotat.

3-0 19.2
3=0 -w

2-0 vert,
2"0 VQP’..

2-0 vert.-rot.
2-0 vert,-ret.

-0 vert.-rot.

2
2«0 vert.-rot.

f = friction coefficient




REACTOR RING SUPPORT
SUMMARY 0OF EVALUATION

A. LOADS
P
A
o S
RING SUPPORT
—fo :
LOADS Pex) Hek) M(K-18)
GRAVITY 1290 ——— -
PRESSURE IN RCS =234 —— b
THERMAL DUE TO 268 - e
RPY EXPANSION
NRC SPECTRUM:
Fy = 11.0 Hz +594 ——- ——-
Fy = 27.8 Hz --- 273 -
Fa = 15.4 Hz -— -—- 823

B. FACTOR OF SAFETY AGAINST ROCKING, F. S. R.:

i Mp (MIN)

Felele. ® N g7 )

= 27.5 (ReacTor)
= 72.0 (Ring SupporT)

C. ACTUAL FRICTION COEFFICIENT:
F_ (Max) s

[ AcTuAL = _FX_THTFT- = 0.392 = 0.40 0K

v

D. BEARING STRESS IN CONC. = 1041 PSI. < 1,780 ps1 OK
(0.85 ¢ rc’)

r
-~

PR

BT vagg)
L]

[ RS
-l M

r'.ﬁﬁﬂ
Lo 8} JLIe
LN AN
- T
ok,
et

L 24 SR SRR




D-3¢

| pre 7 o ~ S I e e 1
P WA i ~4—= T an \ 1
» R A LM R e S e = - ‘.
i s . b 1 !
| ANVIWOS DIMADITT DIwodv 3awnvA Red! '
| meearie v any . . :
. ]
£ 0N VG- IALSAS 1NV 100D NIV _ |
L

RO NV

FH—— 1 )
Ly e Ty . B+ ¥ Fot| e b oy




D-3¢

'
L

. + W W9

ANVImOD ‘3: BINNVA y
i =

T RS IPp s

£5,

(vol 20 6o Wt 399 15,

/ P Al

/. \ .
/, | “ ,,Q \ v«\uw ..
. \ v-\ V ‘
v ‘ \ e ./ ﬁﬁ,
. 3 I
4 > A
o f o "
el ol “Er o \u.
g
sl T F o« ooy 8 ._ M .t
et ] o
Lk B ’ ‘ ‘,
\
e /\O
o‘ .
» -

AR e S0
e dsaey tane \

y / \ Aﬂw N . ’ -
,V, SRR -. - .
H-




. D-3&

Eannd .0\.’0" l‘ﬂ,'”.“. oﬂt . c!.
Seem b s AR -~
ANYAMOD WNEITTE IWOLY BENNYA

VE RS O N0 v s G , 5

. - - s _ = ERNE L &

e S HERT TR

) . = il
- . o

g W
; q.nun..mhm. " BEE
T'LemdgERE | |

-

i = AR AN RS S
:il‘liol.!""‘l




-

929 5 4 0696 ==

ovn 0w
ANVIROD OMADE IS DINOLY Bawnva
!'-.!

N.oﬁ“.lfrtdﬁ-lv-é,’sﬁa :4.-&
il —

eSSy r—
- —

oy
S/ -

1 .‘.ww

S
%=y I

it St e

0% e s Seuw »)
POULYNIEED Y v

[9699 ¢ 5 828 |




v=350

STEAM GENERATOR ANCHORAGE EVALUATION FLOWCHART

PROPOSED SCOPE OF ACTIVITY ADDITICNAL TASKS
[ -
| :
l'
VERIFICATION OF EXISTING
CALCULATIONS AND MATH MODEL
Y
'{, Em.unron OF RESULTS BASED [

l ON PREVIOUS ANALYSIS J

3.

iy

MODIFICATION OF THE MODEL
,(‘8 BUILT) AND xnc.unlnc
SYSTEM EFFE

SUFFICIENT DATA 7

1

ANALYSIS: GRAVITY, xYZ stsxmc.
INCLUDING RCS auc"aus (k] &

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
i
|
|
|
|
:
! v
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
1
|
|
|
|
|
|

TABILITY EVALUATION

NO
0K?
YES
.‘
EVALUATION OF STRESSES ¥
IN THE SUPPORTING STRUCTURE ; [

-

| 74 CONCEPTUAL FIXEs PROPOSAL
AND/OR PROPOSAL FOR MORE
REFINED ANALYS!S




n“”.t .
A T

r'd

i

‘zku Steam Line

(attacrment point)

YANKEE ROWE NUCLEAR POWER STATION
STEAM GENERATOR NO. E-7-2
“ANSYS® ANALYSIS MODEL

1028
Z’m water Line

(attacrment point)

\<:"-—uunl Saudders

-2-———— Staam Generator Zenter!ine

(eQuiv. Deem olement)

Manger Sars (typ.)
(trusses)

[ S Supoort Frame - W18196
(beam ¢lements)

= 1001

Matn Coolant Looo 2
(attacrment points)

'

k
Sase Commection (typ.)
m=-1003 (eouiv. dDeem ¢lements)

1“,1(\._—-1-0'-;« Sugport Plers (tye.)

(assumed r1gi1d)
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STEAR GENERATOR NQ. £.7-2

YANKEE ROWE NUCLEAR POWER STATION

ELEVATION DETLIL

178 | ~%ain Steem Line

Feed water Line

|
{
|
|
i
|
|
|

Staam Generator Centerline

.y

Looe 2




m YANKEE ROWE NUCLEAR POWER STATION
S ST STEAM GENERATOR NO. E-7-2

AXIAL LOAD

[ e f’ 14 o

T"L“//

gt

o

SUPPORT ANCHORAGE BoLT DETAIL

BENDING

e W18x96 Column

(walded to Plate)

4« 14" bolts

1i"x6® PMate

ch. Pler




FORCES IN ANCHOP BOLTS

LOAD LOAD ING SHEAR AX AL FLEXURE
CASE TYPE Fy, Fz, (1BS.) Fx (LBS) My, M; (IN-LBS)
1 GRAVITY 195, -66,000. 5600,
2 TAM -106. 9,100, -2400.
3 NRC Spectrum 4900. 21,100. 96,000,
(Structure)
4 SAM 156,500. 137,500. 7,230,000,
(Piping) '
5 1424344 161,500, 101,700, 7,243,000,
6 bo=3-4 -161,100, S -7,318,600.
Bolts: 34,500 2 A.BR,.: 75,000
i e Frictfon: 44,000 4 A.B.: 150,000 W, 008,

Ly

 PRELIARY |

'Q'

ES

-t



STEAM GENERATOR

FORCES IN SNUBBERS (PSA-100)

AXIAL FORCE

LOAD LOAD X-DIRECTION Z-DIRECTION
CASE TYPE (LBS) (LBS)
A NRC Spectrum 7,300. 13,050,
(Piping)
3 SAM 101,000. 104,330,
(Piping)
= NRC Spectrum 39,550, 40,130,
(Structure)
D A +8 +¢C 147,850. 157,510.
!
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.y . D-«/3
PRESSURIZER ANCHORAGE ZVALUATION FLOWCHART

PROPOSED SCOPE OF ACTIVITY ADDITIONAL TASKS

. VERIFICATION OF EDS moDEL
| AND DOCUMENTATION

.

|
I
I
I
I
2. s
| MODIFICATION OF TWE MODEL [ |
| AND BOUNDARY CONDITIONS 1 =
7 o
I
3. .
| SAM & TAM ANALYSES DUE TO { |
JISPLACEMENT OF RCS SYSTEM : :
!
|
Y |
4. |
| ANALYSIS: GRAVITY, |
| THERMAL § X.Y,2, SEISMIC }
‘ |
|
5. o Il I
| STABILITY EVALUATION | :
‘ |
lg ]
| 9+
NO | | CONCZPTUAL FIxEs PROPOSAL
g CR REFINED RE-ANALYS!S o
| | PROCEDURE PROPOSAL »
L ‘
- i i ﬁ
7. | 1
EYALUATION OF THE ANCMORAGE | | 31 staess evacuation son !
| TO THE SUPPGRT STRUCTURE ' | THE SUPPORTING STRUCTURE ;
M
|
, w | |
3 Reporr | |
) |
|
|
|
|
|
|
'
w ———ee
Yankee Atomic Zlectric Comopany Page 12 of 12
Anilysis and Design for Building, 3lockwalls
v 4", 7,V anc Equipment Anchorages Work Instructions

e Job Nos. 80023/81060; WI No. 2; Rev. 0
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MAX IMUM ANCHOR FORCES

From Load Case 3 (Page 61)

4
(k=in) (kein)

40% Water S. . Ls 92.6 887.3

MODEL F f F M M. M

80% Water " . 112.5 1100.6




MAXIMUM CONNECTION FORCES

From Load Case 3 (Page 61)

579
379
580 479
480
- 378
481
381
531

Maximum Connection Forces

HOR [ZONTAL FORCES VERTICAL FORCES
(K) (K)

MODEL NODE NODE NODE NODE NODE NODE

479.579 480-580 481-581 479.379 480-38C 481-381
Model 1 9.4 2.7 9.3 27.7 27.8 28,4
(40%)
Model 2 12.2 2.9 12.0 33.4 37.6 29.5
(80%)




g

EVALUATION OF STRESSES:

FROM DRAWING 9698-gM=25F

1-3/4*  ezoLT A = 2.4058 1n2
FROM TABLE S-] (ATTACHMENT PAGE 68)
e ® 20 st (FY = 32 ksl

ALLOWABLE F. = 10 xst (s.s.)

F

s 25 kst (p.s.)

FEASILE STRESSo = é%ﬁggg = 11.6 xs! SHEAR STRESS t = —-Ygﬁgsg- 3.9

1 ALLOWABLE
TENSILE STRESS, ¢ 'LHEAR STRESS, T STRESS EVALUATION
MoDEL (ks1) (xs1) Fr Fy STATUS
(ks1) | (kst)

MODEL 1 11.6 3.9 20. 10. oK
(40%)

MODEL 2 oty = 156 | p%dw a5l (200 [10. | ox
(80%)

P IRErr s 8 me
Pﬁ%sﬁﬁ&?ﬂﬁ
‘suaéi’cu"iiﬂ
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X
& 1ON
J-’ nc::mt
X DIESEL GENERATOR PRIMARY
BUILDING AUXILARY
1
BUILDING "ot
X _..l
x
l‘ TX29 Txlie
. w (J
|
:\ ‘ WASTE 'n:zs ‘tu
X g DISPOSAL
z BUILDING
-
-
i | |
=
TX
z
x 36
: |
[
X
|
. WASTE
JISPOSAL
BUILDING
X
X norosn PUMP MOUSE
(Arnexnuﬂ: LOCATION)
X, _—— ROPCSED TANK |
b (APPRCXIMATE LOCATION) oRUM t
b ™ STORAGE |
x |
SCALE Iinredf X x x x x < " N -
vyankrn Atomic Electric Co. 4
Fire Water Tank .
westhornuah, Massachusetlts ] B Atomic Plant LOCATION PLAN
CD CEOTECHNICAL ENCINECENS INC
SR « S—Ty Project 79G17 January 3, 1980 rig. 2
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D-57

CERTIFICATION
Commission Ne. 80!34

Structural Design of Foundations for
Water Tenk and Pump House
Yonkee Rowe, Rowe, Massachusetts
Yankee Atomic Electric Company

Client:

Ceotechnical Engineers Inc.
Purchase order No. 1650
Client Project No. 79617

The earthquake design specifications are summarized below.

-

I Loteral forces and overturning moments due to earthqucke horizontal cccelerations
are based on Appendix E, "Seismic Desig. of Storoge Tonks,” of AP! Stendard 650,
"Welded Steel Sterage Tonks for Qil Storage,” Sixth Edition, Revision 3, October !5,
[979. The foilowing coefficients appearing in formules in Appendix £ cre usec:

(@) Essential focilities factor | = 1.5
(b) Zone coefficient Z = 1.0
(e) Soil profile coefficient S = 1.0

b 4 Vertical ecrthquake forces are computry for ¢ peck ground vertical occeierstion of
0.08 g, amplified in cccordance with Fig. 2 of the Nucieur Reguiatory Guide 1.60.
The curve for 2% damping is used.

3.  Herizontal earthquake forces in one direction and vertical earthqucke forces cre
opplied simultanecusly. The horizontal force may come from any direction.

4. The provisions of the Massechusetts State Building Code are used, except as modified

by items |, 2, end 3 above. The zone coefficient is taken as 1.0, rather then the one-
third incorporcted in the Massachusetts Code.

Certification, Comm. 80134 Rev. O, |17 July 1980, Poge 2
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F. Strength

All concrete shall ochieve ¢ minimum 28-day compressive strength of
4,000 psi, uniess noted otherwise on the structural drawings.

C. Density

All concrete shall be normal weight concrete, uniess noted otherwise
on the siructural drowings.

. Reinforcement

le Reinforzement shail be bars of sizes caolled for on the Drow-
irgs.

2. Reinforcing bers shall be deformed ond comply with the
requirements of the "Standard Specifications for Deformed
ond Plain Billet Steel Bars for Concrete Reinforcement
ASTM Aé15, Grace 60, except that stirrups and #3 bers may
be Grode 40.

L QOther Materials

le Polyethylene film vaper barrier 006", Visqueen, "Cerpck” by
Monsento, "Zendel" by Union Carbide, Premold Membrane
Vapur Seal by W. R. Meadows, or equal.

2. Kroft paper: Waterproof, reinforced, rneeﬁn'g ASTM CI71.

> Admixtures: gir-entraining = ASTM C260; water reducing =
ASTM C49%. Use only cpproved odmixtures by the same
manufacturer, recommended by him to produce the specified
gir content ond w/c rarie. Do not use calcium chicride or any
other admixture.

Specifications, Comm. 80134 Rev. 0, |17 July 1980, Pege ¢



SSISMIC MODEL

SEISMIC COEFF,

(HORIZ.)

SEISMIC COEFF.
(VERT.)

PERIOD
(HYD. MASS)

COEFF. OF HYD.
MASS

FORCE ON ANCHOR
(#18)

YANKEE ROWE FIRE TANK
DESIGN CRITERIA COMPARISON

GEOTECH. ENGIN.

CYGNA

API

0.24 g

REGUL. GUIDE

HOUSNER
NRC SPECT.

0.19 o

2/3 x HORIZ.

1.60, ¢ = 2%
3.8 sec., 3.9 sec.
0.32 M 0.26 M g
@ H = 21,8 @ H = 25,1
43,3k (T) 30.0k
(v) 18.8%
13.3 ks 9.2 ksi
3.9 ksi 4.7 ksi
134, psi 93. psi
il




- D"V

EQUIPMENT ANCHORAGE EVALUATION
CONCLUSTONS
YHE REACTOR RING SUPPORT CAN WITHSTAND SEISMIC LOADS AS
YPECIFIED BY THE NRC SPECTRUM.
STEAM GENERATOR ANCHORS = EVALUATION NOT COMPLETED.

THE ANCKORAGE OF THE PRESSURIZER CAN WITHSTAND SEISMIC
LOADS AS SPECIFIED BY THE NRC SPECTRA.

FIRE TANK = EVALUATION IS IN PROGRESS.
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PIPE SUPPORTS

SCOPE

® |InsipE VAPOR CONTAINER
® EvALUATION OF EXISTING SUPPORTS

e DesioN oF New SupPoRTS

99-a*



PIPE SUPPORTS
SUPPORT SUMMARY

EXISTING ___ _SUPPORIS 10 BE ADDED
SYSTEM  SUPPORTS  SPRINGS  SNUBBERS  RIGIDS REMARKS
1 2 - 1 1
2 2 - - 2
3 2 - 1 1
] 1 .- - 2
02] 2 -- - 3
022 2 e - lj
023 2 - - Iy
024 2 - -- 3
41A ] - - == I FXISTING REQUIRE
REPLACEMENT
418 9 -- - -
yic 5 1 e o
101 10 v - -
102 7 -- -- --
103 7 - - -
104 7 - - --
121 1 - 1 i
122 | - 1 1
20; 20 » o o
20

* FINALIZATION OF DESIGN IN PROGRESS

| o=
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o PIPE SUPPORTS
Allowables

SERVICE LEVEL

NORMAL I EMERGENCY/FAULTED

Stress
l Value l Value
l
Tension ] .6 Fy .9 Fy
Shear i p.4 Fy p.6 Fy
Web Crippling | p.75 Fy p.9 Fy
Compression Fa Smaller of 1,5 Fy or
2/3 Fep
Bearing 8.9 Fy N/A
Bolts | Tension | Allowable Tension ner 1.5 X (Allowable Tension
307 | | AISC por AISC)
| Shear | Allowable Shear per 1.5 X (Allowable Shear
I | AISC ‘ rer AISC)
Anchor Bolt | From “Hilt{i" catalog With & Scr:y Factor of 4
|
Welds | Shear g.3 F, .45 F,
(Fillet) | (Weld Metal) (Weld Metal) .
-4 Fy  (Basemetal) .6 Fy (Basemetal)
(Full or
Partial | Tension 8.6 ry 9.9 Fy
Penetration) | (Base Metal) (Bace Metal)
Combined Stress l Per AISC Per AISC

Catalog Items ! Catalog Values 1.5 X (Catalog Values)
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PIPE SUPPORTS
LOADING C®ITERIA

NORMAL
e Dra, Loap (D)
o THerMAL Expansion (TH)
e THERMAL ANncHOR MoveMeENTs (TAM)
e Friction (FL)
EMERGENCY/FAULTED

e SSE (YCS or NRC)
e SAM (YCS or NRC)

LOAD COMBINATIONS

NORMAL (D) or (D + TH + TAM) + FL

EmerceENcY/FauLTep (D) or (D + TH + TAM) + SSEycs *+ SAMycg
EMERGENCY/FAULTED (D) or (D + TH + TAM) + SSENRC + SAMyRC



PIPE SUPPORTS

ADDITIONAL CONSIDERATIONS

TRIBUTARY MaAss

GAPS FOR FRAMES

SPrRING HanGer Hot Loapn/CoLp Loap

ANCHORS

PiPeE TRAVEL FOR SPRINGS



PIPE SUPPORTS

FLOWCHART
“
PIPL SUPPORT SUPPORT LOAD PIPING ISOMETRIC
SKETCHES GUIDANCE W/SUPPORT LOCATION
hE
uG
! A
- '/ \‘
- ~
IDENTIFY PIPE SUPPORTS a” g
GATHERING DESIGN REVIEW DATA Lo SIRESS AND N
< FREQUENCY »* Wi
& . Elts =" ad

\\ ,/
[ l \\\ /"
¥ oo
EXISTING nEw PRELININARY | >
SuProOR’ surpory % SKETCH i
ox

’ ~
-
I’ -~

~
o7 e s
i FERSIATLANY N,

Ss_ CONFImMATION 7
ox " e ! S >
FREQUENCY o CTTUTTVNTY S A LT ~e P
CHECK Flreacrions T ouseosivion | S
. | RS- i NG
e - I e
IBARSHITIES 10 lcivie simuc rune
r it GROUP
SUGGESTED NODIFICATION IRANSHITEED 10
L 10 WEET SIRESS ALLOWARLES o ""::N‘”'"”
l (HANGER DESIGN GROUP)
s - S i
J I vnnu}

4 wEv skewew T
REE T i S

NORK 10 8 DONE AT iNIS STAGHE.
———— WORK 10 BE PONE AV LATEN DATE .

PIPE SUPPORT DESIGN REVIEW FLOWCHART

-4
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