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ABSTRACT

A Systematic Evaluation Program was initiated by the Nuclear
Regulatory Commission (NRC) to bring eleven older operating nuclear power
plants to a level of safety consistent with current standards of accepta-
bility. Yankee Atomic Electric Company (YAEC) personnel and their consultants

analyzed the Yankee Rowe Plant's safety related piping, mechanical and
electr.ical equipment, and component' supports. NRC personnel and their
consultants-from EG&G Idaho, Inc. formed a review' team that-evaluated the
licensee's analyses. The analyses presented.to the review team by YAEC
and their consultants were generally acceptable with the exception of minor
suggestions, comments, and questions. Some items were not completed and

remain open items. 'The results were obtained through working level meetings
with YAEC personnel and their consultants. The results indicate that-
modifications may be required to bring this plant to an acceptable level
of safety.
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SUMMARY

!
l-

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission (NRC) with the goal of bringing eleven older nuclear
power plants to a level of safety consistent with current standards of

.

acceptability. The Yankee Rowe Power Station is one of these plants. The

NRC and their consultants from EG&G Idaho, 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'e review team. Piping, mechanical
equipment, electrical equipment, 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 consultants 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.

iv
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TECHNICAL EVALUATION REPORT

YANKEE R0WE POWER STATION--SEISMIC DESIGN

INTRODUCTION

In October of 1977, 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 '

Iwith 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 11 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 a Safe Shutdown Earthquake (SSE) combined with other normal

design loadings.
.

The Yankee Rowe Pcwer Station is a pressurized light water moderated
and cooled system. The plant initially produced 48S MW of heat and 136 MW
of gross electric power. 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.

i

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 tiectric Company (YAEC) personnel, and their consultants.

1
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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
considered important.

The review team developed an acceptance criteria for guidance in
evaluating the analyses. The licensee was requested 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, and 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 of 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 of normal

| reactor operation.

|
| 2. Systees or portions of systems that are required for safe shutdown
!

as identified 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.<

2



_ _ _ _ - . ____ ___ -_- _-__ -
.

.

)O

3. Systems or portions of systems that are required to mitigate design
basis events, i.e., accidents and transients (SEP Topics XV-1 to

'

XV-24). The functions to be provided include emergency core cooling,
post-accident containment heat removal, post-accident containment
atmosphere cleanup, as well as support systems, such as cooling
water, needed for proper functioning of these systems.

4. Systems and structures required for fuel storage (SEP Topic IX-1).
Integrity of the spent fuel pool structure including the racks is
needed. Failure of the liner plate due to the safe shutdown earth-
quake 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 make-up to the pool as
needed must be provided.

5. Structures that house the above equipment.
.

For the Yankee Rowe plant, the review team required the following systems,
and associated structures, and components to be addressed.

'
a) Reactor Coolant System (RCS)

b) Portions of Main Steam. System

c) Portions of Main Feedwater System

d) Portions of other systems directly connected to RCS up to and
including isolation valves

e) Control Rod Drives
f) Auxiliary Feedwater System
g) Shutdown Cooling System

h) Portions of the Chemical and Volume Control System
i) Portions of the Component Cooling Water System
j) Portions of the Service Water Syster
k) Portions of the Pressure Control and Relief
1) Accumulators
m) High Pressure Safety Injection System
n) Low Pressure Safety Injection System

3
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o) Containment Air-Recirculation (Post Accident) Fans
p) Spent Fuel Pool and Makeup.

.As discussed previously a " system" also includes the power supply, instrumen-
tation and actuation systems.

This report was divided into individual sections covering piping, electrical
equipment, mechanical equipment; and component supports. Each section explains

in, detail YAEC's or their' consultant's analysis procedures, acceptance-
criteria, and typical analyses. Each section also contains the review team's
evaluation of the analyses performed by YAEC .or their consultants. The review

team's conclusions were based upon the presentations and documents providbd

by YAEC and their consultants.

4
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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). t

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

were:

'

1. Main Steam

2. Feed Water

3. Reactor (Main) Coolant
4. Pressure Control & Relief |;

S. Charging & Volume Control

6. Safety Injection ,

7. Shut Down Coolant -|
8. Sample and Drain System

.

9. Primary Plant Purification
10. Emergency Feedwater System

11. Vapor Containment Heating System

12. Control Rod Drives

13. Emergency Core Cooling '

14. Component Cooling System !

15. Service Water System.

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

YAEC's approach 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.

>
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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. If the combined
thermal and seismic deflections were greater than 1/4 in., further review as
to whether or not this penetration snould be considered a restraint was
required. Grouted penetrations were considered either a bilateral restraint
or a trilateral restraint. The penetration was consicered to have axial

,

| restraint if a welded collar imbedded into the concrete v'.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.
,

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

4

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

2. 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 modeled 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.

|
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If the moment of inertia of a run line was 25 times greater than the
[
tmoment o.f 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 ;
r

stress analysis procedure did not indicate the modeling tecnniques utilized !.

for rigid restraints, spring hangers, and one-way restraints. [
t

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

i

I 'l. 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 baset on the guidelines stated in
ANSI 831.1 - 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

7
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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
listed in Appendix B.

For small piping systems (2 in, and less), YAEC felt a simplified stress
analysis was sufficient where engineering judgement. deemed necessary. 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 of
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 1.8 S . Stresses in piping considered as Class 2

h

must not exceed 2.4 S . Other stipulations are also stated in the NRC's
h

Acceptance Criteria for Piping.

In general, the methods applied by YAEC in their piping reanalyses
are acceptable ^ 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.

8
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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. All 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 line did not
require modifications. However, the main steam line requires modifications to
bring this line to a level acceptable for the SEP. A complete report of
the piping system analyses results including the required modifications should
be submitted to the NRC.

YAEC performed two sets of analyses for the safety related piping
'

systems. Seismic (SSE) analyses wer~e 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 S was used when evaluating piping that utilized the Yankee composite

h

spectra. This is consistent with the SEP reevaluation guideline criteria
for Class 1 piping. An allowable stress of 2.4 S was used when evaluating

h,

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 S ccur for only one component. The component was a reducer

h

on the main coolant line near the reactor pressure vessel. The calculated
stress for this reducer exceeds 1.8 S by only 6%. This calculated stress

h
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 S . Therefore, it was concluded that the

h
'

Yankee Rowe Plant's Class 1 piping results are within the allowables
specified in the SEP reevaluation guideline (Appendix C).

.

9
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ELECTRICAL EQUIPMENT

At the working level meetings, reevaluation of electrical equipment was
presented by the licensee only with regard to anchorage of that equipment.

-Their program was outlined but no analysis has been done to date. Their plan.

was to use existing earthquake data and similarity of equipment to that not
damaged in previous earthquakes as being sufficient to demonstrate acceptability
of the Yankee installed equipment. That plan is insufficient. Although these

arguments may be used as' support information, additional justification is
required. In-addition to demonstrating that the equipment is adequately
supported, the licensee must also' demonstrate the structural integrity of the
equipment. After some discussion, the licensee agreed to perform some
analysis in development of their conclusions. These plans have not been
finalized by the licensee so the entire area of reevaluation of electrical

~

equipment has been inadequately addressed to date. This remains a major open
item for the Yankee Plant.

10
-
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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 addressed 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) level will be determined
and compared to allcwables 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 plan. 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 been addressed to date. Therefore, this area remains an,s

'

open item for the mechanical equipment reevaluation.

'

!~

t
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COMP 0NENT 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
anthree 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 reactcc loads were useds

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
ceither 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.

r

12
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Seismic reevaluation analyses will be performed for all hot shutdown
piping supports by the licensee's consultant. At the latest working level
meeting for Yankee Rowe Power Station, a presentation on the seismic pipe
support reevaluation was given. Appendix D contains copies of overhead slides
used for that presentation. These analyses of the pipe supports will be
performed for normal design loading (including thermal anchor movement effects)
and normal design loading combined with SSE loading (including seismic anchor

movement effects). The allowable stress criteria utilized to evaluate the
pipe supports was generally based upon the requirements of the ASME Code,
Subsection NF. The analyses performed addressed the evaluation of adequate
support stiffnesses for rigid supports, the evaluation of support gaps, and
the evaluation of spring hanger travel.

Review Team Evaluation

lhe licensee's component support seismic reevaluation program for
mechanical equipment is incomplete. Based on the licensee's presentation at
the latest working level meeting, the licensee primarily addressed anchorage ,

of the mechanical equipment being reevaluated. The presentation did not
include a discussion of evaluation of support structures. The computer models

of the equipment and support structures appeared to provide an adequate
mathematical representation of the equipment and support structures. The

reevaluation seismic analyses were performed utilizing the proper loading of
normal design in combination with SSE (NRC spectra) loadings.

Since final analyses for the mechanical equipment component supports
were not available for detailed review, it is recommended that these analyses

dbe further reviewed when they become available. The following open items can
then be resolved.

1. What computer codes were used to perform these analyses?

2. What value of damping was used?
.

l

l

3. What was the allowable stress criteria for the components, component
support structures and the anchorage system?

l

13
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4. -Where did the maximum stresses occur and what were their magnitudes?

5. 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'even't 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 Code.
Criteria for anchorage and buckling were also adequately addressed and
consistent with the SEP allowable stress criteria contained in Appendix C. 1

There were, however, some questions concerning the allowable stress criteria
presented at the latest working level audit meeting. It appeared that the
allowable stress criteria + contained'a typographical error for the allowable,,

shear strength of' weld metal. The-allowable-shear strength for fillet weld
j ~ 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. In 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 review of final support analyses were not
,

performed. It is recommended that-at.deta11ed review-of-typical pipe supports-
j analyses-be performed when they become available.
|
|

l ..
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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
reasonable. 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
results and review of reports pertaining to this equipment.

Mechanical Equipment
s

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
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The piping supports were evaluated using the proper load 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 developed 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 component support analyses performed for the
Yankee Rowe Power Station appear to be incomplete based 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.>

Evaluation of the entire component support is required. This includes the
,

effects of the' support reaction loads on the components. Since these
'

component support analyses were not finalized at-the audit meetings, a
detailed review of these-analyses'was not performed. When~these analyses

; are completed, it is recommended that they be submitted to NRC for a detailed
review.

I
i
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YANKEE R0WE AUDIT PLAN FOR SEP SEISMIC

QUALIFICATION OF PIPING, MECHANICAL, AND ELECTRICAL EQUIPrtNT

I. Background

In Octooer,1977, the office of Nuclear Reacter Regulation (NRR)
initiated Phase I of the Systematic Evaluation Program (SEP) to determine
the margin of safety relative to current stancards for eleven selected
operating nuclear power plants and to define tne nature and extent of
retrofitting required to bring :these plants to acceptaole levels of safety
if they are not already at these levels.. Phase I of SEP involved Group I
plants, wnere Phase II involves Group II plants, consisting of San
Onofre 1, La Crosse, Big Rock Point, Yankee Rowe, and Haddam Neck. The

review for seismic requalification of SEP Group II plants will be performed
by two teams. One team consisting of NRC staff personnel and NRC
consultants from Lawrence Livermore National Laboratory (LLNL) will
evaluate the Group II plants' structures. A second team consisting of NRC
staff personnel and NRC consultants from EG&G Idaho, Inc., will evaluate
tne Group II 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 elect'rical equipment
important to safety will be reviewed.

II. Scooe

The scope of review for the SEP seismic re-evaluation program will
include the systems ano components (including emergency power supply and

distribution, instrumentation, and actuation systems) with the following
functions: ,

l. 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 the
outermost containment isolation valve and connected piping for

1

t

_ _ _ . _ _ _ _ . _ . _ _ _ _ _ . . . . . . . . _ . _



__________-_-__ ___-_ - _ -

: . . .

all safety related systems up to ano including the first valve
that is eitner normally closed or is capable of automatic closure
during all modes of- n'ormal reactor operation.

2. Systems or portions of systems tnat are required for safe
shutdown as identified 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
nomally closed or capaole of automatic closure when the safety
function is required.

3. Systems or portions of systems that are required to mitigate
design Dasis events, i.e., accidents and transients (SEP Topics
XV-1 to XV-24) . The functions to be provided include emergency
core cooling, post-accident containment heat removal,
post-accident containment atmosphere cleanup, as well as support
systems, such as cooling water, needed for proper functioning of
these systems.

,

4. Systems and structures required for fuel storage ('SEP Topic
IX-1). Integrity of tne spent fuel pool structure including tne
racxs is needed. Failure of the liner plate due to the safes

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 water to the pool as needed must be provided.

For the Yankee Rowe plant, the following systems, and components
should be addressed:

1. Reactor Coolant System (RCS)

2. Portions of Main Steam System

2
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3. Portions of Main Feedwater System

'

'4. Portions of systems directly connected to tne RCS up to and
including isolation valves

5. Control Rod Drives

6. Auxiliary Feedwater System

7. Residual Heat Removal System (including ECCS -recirculation

mode)

8. Portions of Chemical and Volume Control System

9. Portions of Service Water System

10. High Pressure Safety Injection System

11. Low Pressure- Safety-Injection System.

12. Containment Cooler System

13. Spent-Fuel Pool and Makeup-

As discussed previously, a " system" also includes the power supply,
instrumentation and actuation systems.

III. General Criteria and References

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 withstand the effects of a postulated safe snutdown earthquaxe event.

3

,

.



n-T-

' '
,,

l. NUREG/CR-0098, " Development of Criteria for Seismic Review of
Selected Nuclear Power Plants," N. M. Newmark and W. J. Hall,

May 1978.
t

2. Standard Review Plan, Sections 3.2, 3.7, 3.8, 3.9, 3.10.

3. Regulatory Guides, 1.29, 1.48, 1.60, 1.61, 1.89, 1.92, 1.100,
1.124, 1.130.

4. ANSI /IEEE Standard 344-1975.
,

5. ASPE Boiler and Pressure Vessel Code Section III,1960 Eoition or

subsequent. ,

6. AISC, " Manual of Steel Construction," Eighth Edition.

The intent of Phase II of SEP is to demonstrate that the structural -

integrity of the systems and components being re-evaluated will not be i

impaired when subjected to a postulated Safe Shutcown Earthquake (SSE) in
comoination with other normal design loadings. As a minimum, component

,

primary stresses must be evaluated using current criteria provided in the

aoove standaros for Level 0 (f aulted) service limits.
j~~

IV. Review Procedures

P

A. General
i,
e

The review team (NRC and NRC consultants) will perform tne review
effort parallel witn the licensee's seismic re-evaluation efforts. A

minimum of three working level meetings among the review team, licensee, I

and licensee's consultants are anticipated. This metnod of review has been [
.

selected in order to expedite the review. The working level meetings will
permit an exchange of information whien will minimize formal written
communication, tnus expediting the program. One of the meetings will be
conducted at the plant so the review team can perform a field inspection of

j the equipment being re-evaluated.

I
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The review process will oe accomplished in three steps. The first

step will consist of tne review team reviewing the details of the seismic
re-evaluation program plan suomitted by the licensee. A suostantial
portion of this review has been performed. A summary of this review is

contained in ;cpenoix A. Contained at the end of this summary are concerns

wnica require response by the licensee. Any concerns tne review team nas
with the program plan will oe discussed and preferably resolveo at the
first working meeting.

The next step of the review will consist of review of analyses

performed by the licensee or licensee's consultants. This review will be
performed by one or more of the following metnods: (a) The review team
will perform a review of seismic re-evaluation analyses at tne working
meetings. (b) The review team will perform review of seismic re-evaluatica
analyses at tneir offices. These analyses will either be given to the
review team at the working meetings or transmitted by mail to the review
team upon completion. (c) The review team will perform independent
analyses for some components and systems. Information necessary to perform
these analyses will oe supplied by the licensee at the working meetings or
transmitted later. The deptn of review of analyses will vary depending on
the complexity of the item oeing evaluatea. The analysis re' view guidelines
are containea in Appendix B.

The tnird and final step of tne review process will consist of the

review team preparing and suomitting a tecnnical evaluation report (TER)
which identifies the results of the seismic re-evaluation review.

3. Audit Meeting Agenda

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 tne engineering offices, the following agenda is anticipated:

5
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1. Detailed presentation of seismic re-evaluation program plan by
licensee or licensee's consultants.a

2. Discussion and resolution of concerns which the review team nas
with the program plan.a

3. Presentation of licensee's progress towards completion of seismic
re-evaluation program by licensee.

|

4. Presentation of anticipated schecule for completing program by
licensee.

5. Summary presentation of seismic re-evaluation analyses results
(include icentification of systems and components which require I

retrofitting) Dy licensee.

6. Cetailea review of completed seismic re-evaluation analyses for
selected systems and equipment (include detailed review of
required retrofits) .

7. Exit briefing identifying acceptaole areas of review and areas of
concern requiring auditional information to resolve by review
team. '

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

1. Presentation of licensee's progress towards completion of seismic
re-evaluation program by licensee.

2. Presentation of anticipated schedule for completing program oy
.

licensee.

Required at initial meeting only.a.

6
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3.- Sunnary presentation of seismic re-evaluation analyses results
(include toentification of systems and components wnicn require
retrofitting) Dy licensee.

4. Field inspection of selected equipment being re-evaluated by
review team ano licensee.

5. Detailed review of newly completed seismic re-evaluation
analyses, by review team (include. detailed review of required .

retrofi ts) .

6. Exit briefing identifying acceptable areas of review and areas of
concern requiring additional information to resolve, by review
team.

V. Review Team Memoers

The SEP review team for Yankee Rowe nuci9ar power plant will consist
of the following NRC and EGLG Idano, Inc., personnel.

NRC

Thomas M. Cheng

EG&G Idano, Inc.

Tom L. Bridges

Sheryl L. Busen
Tommie R. Thompson

.

7
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VI. Review Scneaula

The anticipated schedule-r~or completing Phase II of SEP for Yankee
|

Rowe nuclear power plant is as follows: )

1. First worxing meeting Week of 05-24-82

2. Plant visit Not Scheduled

f

3. Final working meeting Not Schedulec

4. Complete TER 09-30-82,

1

O

*

~

,

e

i

8
i-

k
'



_ _ _ _ _ _ _ _ _ _ _ _ _

r; 1
. .

,

APPENDIX A. REVIEW 0F LICENSEE SEP PROGRAM PLAN

Eacn item in this enecklist is given two reviews. The first one is an
" acceptance" review to check if tnat particular item has been aadresseo.
The second is an "acequacf' review to judge tne acceptability of the item
for reevaluation purposes. Numoers in parentneses refer to comments listed

at tne end of this enecxlist.

I.- Analysis Audit Format (Piping) Addressed? Acequate?

1. What computer codes.were used in the

analyses? No (1) --

a. How were the aoove computer codes

veri fied? No --

2. Is the proper input forcing function
oeing utilized? Yes No (2)

a. If response spectra method is used:

(1) Is correct spectra anc canping
utilized? No (2) --

(2) Have sufficient modes oeen used
to adequately descrioe system
response? Yes Yes

(3) Do system frequencies straadle

any peaks? No (3) --

.
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b. If time history method is used: Addressed? Adecuate?

.

(1) Is pi aper damping utilized? N/A (4)

c. If static equivalent method is used: N/A --

(1) Is justification provided for

performing a static equivalent
analysis? N/A --

-(2) How was required level of input

detennined? N/A --

3. Has the piping system been properly
modeled? Yes No (5)

a. Have valves been properly moceleo
including any eccentricity? Yes No (6)

3. Has adequate mass point spacing been

utilized? Yes No (7)
,

c. Are adjacent element length ratios
reasonable? No --

d. Have all significant branch piping
systems been included? Yes Yes

,.

e. Have all supports been specified with
correct imposed loads (if any),
direction and stiffness? Yes No (3)

I

f. Have supports with significant i
1

| nonlinear characteristics been
I properly handled? Yes No (9)

L

10
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g. Have correct pipe sizes, geometry, Addresseo? Aceouate?

thicknesses, and uniform weignts oeen
specified? Yes No (5)

h. Have, correct design and operating
pressure and temperature data been

specified? Yes No (5)

i. If chart metnods were used, were they

used co. rectly? Yes No (10)

4. Has.the piping system been evaluated

against proper criteria? Yes No (11)

a. Have proper stress intensification

factors been utilized? Yes No (12)

b. Have proper load comoinations been
analyzed? Yes Yes

c. Have proper allowaole stress limits -

been selected in order to assure the
required operation of tne piping? Yes- No (13)

o. Were stancard or nonstandard
components used? No --

e. What criteria were used in evaluating
adequacy of supports? No --

II. Analysis Audit Format (Mecnanical Equipment) No (14) --

1. Is the equipment rigid or flexible? No

a. How were the natural frequencies No

determined?

11
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o. If flexiole, is its responsa single. Addresseo? Adequate?

oirectional or multi-directional?

c. If flexible, is its response at one Na

predominant frequency or at several

frequencies?
|

2. What type of analysis was performed? No
.

!

( a. Static g level

(1) ,How was required level of input No

determined?

b. If response spectra metnoa is used: No

(1) Is correct spectra and damping No
-

utilizea?

(2) Is sufficient system response No

acnieved?
-

.

(3) 00 system frequencies stradale No

any peaks?

(4) How were directional components No

of input applied (comoined)?

c. If time history method is used: No

(1) Is proper damping utilized? No

(2) How were directional components No

of input applied (comoined)?

12
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c. If testing cas used for Iddressed? Adeouate? d -l 3
, ,

requalification:

(1) What type of test was performed? No

(2) What justification is proviced No

for the type of test used?

(3) How were system natural No

frequencies determined?

(4) How was the required response No

spectra ( ARS) determined? ~

(5) How does the test response No

spectra (TRS) compare to the RRS?

(6) What g level was used in the No

test?

(7) Were support and coundary No

conoitions, including ancnor
bolts, properly simulated in the

test?.

(8) dow was functional operability No

verified during the test?

.

(9) What criteria were used in No

evaluating the adequacy of the
test results?

3. What computer codes were used in the No

analyses?

a. How were the above computer codes No .

verified?

13
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4. Has the system oeen properly modeled? Aodressea? Adecuate?

a. Has adequate mass. point spacing ano No

distribution oeen used?

b. Have all supports and boundary No

conditions, including anchor bolts,
been properly modeled?

.

c. Have significant nonlinear effects No

been properly handled?

5. Has the system Deen evaluated against No

proper criteria?

a. Have tne proper load comoinations No

oeen analyzed?

b. Have proper stress intensities been No

evaluatec?

c. Have proper a:iowable stress limits No

oeen selected for all load carrying ~

elements (anchor bolts, equipment

supports, equipment housing and
internal elements important to
maintaining structural integrity)?

d. How were computer output responses No

comoined (directional and modal)? -

III. Analysis Audit Format (Electrical Equipment) No (14) --

1. Is the equipment rigid or flexible?

a. How were the natural frequencies
determined?

14
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b. If flexible, is its responsa Addrcssed? Adeouate?

single-airectional or
multi-directional? - No,

c. If flexiole, is its response at one No

predominant frequency or at several
frequencies?

2. Wnat type of analysis was performed? No

*

a. Static g level No.

(1) How was required level of input No

determined?

b. If response spectra method is used: No

(1) Is correct spectra and damping No

utilized?

(2) Is sufficient system response No

achieved?

(3) 00 system frequencies straddle No

any peaks?

(4) How were directional components No

of input applied (comnined)?

.

c. If time history method is used: No

(1) Is proper damping utilized? No

(2) How were directional components No

of input applied (comoined)?

15
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d. If_ testing was used for Addressed? Acequate?

requalification: No

.

. (1) wnat type of test was performed? No
I

(2) wnat justification is provided No

for the type of test used?

(3) How were system natural No

frequencies determined?

(4) How was the required response No

spectra (RRS) determined?

(5) How does the test response No

spectra (TRS) compare to the RRS?

(5) What g level was used in the No

test?

(7) Were support and boundary No

conditions, including ancnor
colts, properly simulated in tne -

test?

(8) How was functional operaDility No

verified during the test?

(9) What criteria were used in No

evaluating the adequacy of the
test results?

3. What computer codes were used in the No

analyses?

16
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a. How were the above computer coces Aodressea? Adequate? I

- verified? No

- |
|

4. Has the system been properly modeled? No '

,

a. Has adequate mass point spacing and No

distribution been used?

o. Have all supports and boundary No
'

conditions, including anchor bolts,
been properly modeled?-

c. Have significant nonlinear effects No

been properly handled?

5. Has the system Deen evaluated against No

proper criteria?

a. Have tne proper load combinations No

been analyzed?'

O. Have proper stress intensities been No

evaluated?
:
;

c. Have proper allowable stress limits No

been selected for all load carryingi

elements (anchor oolts, equipment
supports, equipment housing and
internal elements important to
maintaining structural integrity?

d. How were computer output responses No

comoined (directional and modal)? i

|

;.

i
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(1) Appendix E was missing from the Seismic Reevaluatics Criteria
(Reference a) . No computer code information was provided.

(2) The proper forcing function oepends on the individual piping systems.
The proper input should be considered for each piping analysis. Is 1%

to 2% damping utilized or is 2% to 3% damping used?

(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 manually 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 length?"

(7) What procedure was used to determine mass point spacing? How are
system masses lumped (LLNL question 6, Ref. b)?

(3) Non linear supports were mentioned, out how are the rest of the
supports modeled? What stiffnesses are utilized? Are support
directions accurate?

(9) If the rod hanger was included in this analysis, was impact loading
considered? Was rod hanger buckling considered? How were pipes

resting on beams handled? How were potential higher stresses treated
at s'upport points when supports were removed? (LLNL questions 10

and 12 and EG&G 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. (EGM San Ramon question J)

(11) Piping support criteria was not provided.

18
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(12) Ahen a branch lina was excluded fres the analysis, was tna proper
stress intensification factor provided on the run at that point? Was
the proper stress intensification f actor provided on the branen
analysis at the ancnor? >

(13) S must be taken at the design temperature.h

~

(14) Proposed mechanical and electrical criteria were not contained in the
program plan.

.

9
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APPENDIX d. ANALYSIS REVIEW GUIDELIriES

The following is a list of' guidelines to be used in reviewing analyses-
for the SEP Group II Plants. Although the list may not ce all inclusive,
it coes provide tha areas of interest pertaining to the SE? review. ,

I. Analysis Audit Format (Piping)

1. What computer codes were used in the analyses?

a. How were the above computer cooes verified?

2. Is th,e proper input forcing function being utilized?

a. If response spectra method is used:
.

(1) Is correct spectra and damping utilizeo?

(2) Have sufficient modes been used to adequately oescrioe

sy' stem response?

(3) Is spectra properly broadeneo?

(4) 00 system frequencies straddle any peaks?

o. If t,ime history metnod is used:-

(1) Is sufficient system response:acnieved?

(2) Is an acequate time step utilized?

(3) Is proper damping utilized?

21
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{ c. If static equivalent method is useo:

(1) Is justific'ation provided for performing a static
equivalent analysis?

(2) How was required level of input determined?

3. Has the piping system been properly modeled?

a. Have valves been properly modeled including ariy eccentricity?

b. Has adequate mass point spacing bpen utilized?

c. Are adjacent element length ratios reasonaole?

d. riave all significant branch piping systems been trx:luded?

e. Have all supports been specified with correct imposed loads
(if any), direction and stiffness?

f. Have supports with significant nonlinear characteristics
~

oeen properly handled?

g. Have correct pipe sizes, geometry, thicknesses, &nd uniform
weights been specified?

h. Have correct design and operating pressure and temperature
data Deen specified?

4. Has the piping system been evaluated against proper criteria?

a. Has a proper minimum thickness check been performed?

'

b. Have excessive deflections been considered?

22
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c. Have proper stress intensification factors oeen utilized?
_

d. Have proper load comoinations been analyzec?

e. Have proper allowA'le stress limits been selected in order
to assure the req. 2 red operation of the piping?

f. Were Standard or nonstandard components used?

g. What criteria were used in evaluating adequac;" of supports?

II. Analysis Audit Format (Meenanical Equipment)

.

1. Is tne equipment rigid or flexible?*

a. How were the natural frequencies determined?

0. If flexible, is its response single-directional or

multi-directional?

c. If- flexiole, is its response at one predominant frequency or

at several , frequencies?

2. What type of analysis was performed?

a. Static g level .
L

(1) How was required level of input detennined?

.

o. If response spectra metnod is used:
.

(1) Is correct spectra and danping utilizeo?

(2) Is sufficient system response achieveo?

23
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(3) Is spectra properly broacened?

(4) 00 system frequencies straddle any peaks?

(5) How were directional components of input applied

(comoined)?

c. If time history metnod is used:

(1) Is sufficient system response achieved?

(2) Is an adequate time step utilized? -

(3) Is proper damping utilizeo?

(4) How were directional components of input applied

(combined)?

d. If testing was used for requalification:

.

(1) What type of test was performed?

(2) diat justification is proviced for the type of test

used?

'

(3) How were system natural frequencies determined?

(4) How was the required response spectra (RRS) cetermined?

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

(6) "% c level was used in the test?

24
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(7) Were support and bounoary conditions, including ancnor
bolts, properly simulated in the test?

(8) How was functional operaoility verified during tne test?

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

3. What computer codes were used in tne analyses?

a. How were the-acove. computer codes verified?

4. Has the system been properly modeled?
.

a. Has adequate mass point spacing and distribution Deen used?

| b. Have all supports and boundary conditions, including anchor
! bolts, been properly modeled?
i

|
c. Ha've significant nonlinear effects beea properly handled?'

5. Has the system ceen evaluated against prope: criteria?

a. Have the proper load comoinations been analyzed?

b. Have proper stress intensities been evaluated,?

c. Have oeflections been considered?

d. Have proper allowaole stress limits been selected?
.

a. How were computer output responses comoined (directional and

modal)?
~

25
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III. Analysis Audit Format (Electrical Equipment)
.

I

1. Is the equipment rigia or flexiole?

a. how were the natural frequencies determineo?

b. If flexible, is its response single-directional or
multi-d irectional?

c. If flexible, is its response at one predominant frequency or
dt several frequencies?

2. What type of analysis was performed?

a. Static g level
_

(1) How was required level of input determinea?

b. If response spectra method is used:

(1) Is correct spectra ano damping utilized?.

(2) Is sufficient system response achieved?

(3) Is spectra properly broadened?-

(4) 00 system frequencies straadle any peaks?

(5) How were directional components of input applied

(comoined)?

c. If time history method is used:

(1) Is sufficient system response acnieveo?

26
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(2) Is an adequate time step utilizeo?

(3) Is proper-d5mping utilizeo?

(4) How were directional components of input applied

(coccined)?

c. If testing was used for requalification:

(1) What type of test was performeo?

(2) What justification is provided for tne type of test
used?

(3) How were system natural frequencies detarmined?

(4) How was the required response spectra (RRS) determineo?

(5) How does tne test response spectra (TRS) compare to the

RRS?

(6) What g level was used in the test?

(7) Were support and coundary conditions, including ancnor
bolts, properly simulated in the test?

.

(8) How was functional operability verified during the test?

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

3. What computer codes were used in the analyses?

a. How were the,above computer codes verifieo?

27
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APPENDIX B

YAEC PIPING STRESS ANALYSIS PROCEDURES
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Yankee Nuclear Power Station was designed before the !
T

current t echnolce. v. and codes had fullv. evolved. 3 the i
;

I

last decade, the stace-of-the-a'r c' earthquake engineerine. :
r
h.

Ihas eroe.ressed considerably. Durine. this sace period, new
.

b,

' codes-and regulations governine. -he desie.n of nuclear =cwer !
. - s

.

plan s have been-developed'and have undergene.significan- .

changes. 'his evolution, while not resul~.i..g in a chan e
.*
,

in the basic design concep s, has .vielied more detailed. !-

,
f

t
4 .r.....a..*.-.. c ...e--..'..c. .'. . e " e ' . .' v .' . w .' s . .-". . . ". e s . sv. s .s .s ;. . . .. . . .

f
'

,
and equipment during earthquakes.

i
t..
t,.

,

Yankee A: =ic Ilec ric Oc=pany 5.as re:ges ,ed Zar-hquake i.
<
l

( **.S ) . a. ,a e . . a .. .=. s e .is e..' ~ ;
'r

e..4 .. 4.c. S.vs.e..s, -

. . . . . . . . . . . . . .
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Ie v a ' ". a . .' a.. . a .' .'. . e - l a.. . ' s - . i ..i c .=. .' s . .-",. c ." e s a. . d. f .' a .i ..~ p.
.y . .. .
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. . . . . w .,

!
.,
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t

i
b
.

~ '
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i
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The purpose of this document is to establish the me:hed-

o lc e.v. and. the criteria to be used for the seismic
evaluation of .cicine. sv. stems and s ructures for the Yan'<.ee.

.

Nuclear ?cwer 5:n-icn.

w .4 _ w 4. . . . . .. . a s .- e. e ~ _ .h. .' s .e - - c. - = ... , Ta - .". .c.". a>. . e ".n e. .' . . e n . .* . . .." .. .. . _.

'

Systens, nc. (IIS) will:

ro, e. s .- * . .-~. . s . _= - ' . a . a .' v. s e s . - - . . . = . . - = _ , ' a. *. #.. e .' .- . . ,r s * * _' '

. . .. .

anchor movement and pressure leads, and dynamic
.

analyses fer seismic inertia leaMs. These analyses

d.v.'.' ".e S. a s ed.. ... .S.e as-bu.d'. er e..u. a .' ~.~.e .' -_'a..-, .. .. .

sys ems and s ruc ures.
.

(h) 3er'er= an evaluation of the critical piping systa=se

=_ . . '. s . .-". - . . - =. s . . w d . h. . s _ = . ' .' . =. ' a d _' .- -_ - .. _ .- .s'' '. . . _. .. _ .. .

s.=.~._'_'_'=^.*.=..-=..'...
.

.

-

. .' . e. _s . .s . . ._ s y s . a. .., s .a. . . . , s . .. . . . . . ,. , .a . . . a. , a. a.u..,.
. .. se: . . ..... . . . .. . . ..

_a ..._<s ,as........ .., , .....a.-,..; _s . .s,.. . . . ; ; , s .s a;;_. .,
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'7 3.0 COCES AND SCANOARCS
|0 ...
. .

.

i The following codes and standards shall be applicable to
|

the appropriate sections of this document (except where
noted otherwise).

.

.

.
.

(a) American National, Standard 00de for Pressure ?iping . -
AN S e. . =. 3 , , ts.a0....., ..

'

(h) Nuelear Rec.ulaterv. Guides - 1.60 Rev. 1, 1.61 Rev. O,

1
. T. e . . t a J. 1. . l .") '? . 3.e./ . 1. .

. 3.. ") . .. . .. .

.

(A==w=),(.) ame t.a. v s.t....e C.s .c . t e 1 Cw n1. .. . .. t . . a.
.. .. .. ..... . . . . . . . . . . .

4,..t g.t .. . . . . g.o.dag.p.e..t..4.g.a. ..c. .s . . *. g mggi. , r,.
. .. . ... s .:.. ... .

,

.. .. 4 1 4.4 . s ,= C.. %..a * 2. 2..?. S C. t n. e. . J s.........a.,5 ne.** ... :* .. . .. ....... .

A .s . 4 . n ......
.

.-

4.t ,... ... n .g.e.e ..s.t... 9 (.sw.} n 1. . t 2. 4 . g.;e.

12) .
w.. . . ... ..... - .. .. . ..

,

.

......),g.t e... -. . . . . . . - . . - . . . . . . . . /. .:.w . .:;. .4 ..g .g .s..
. . . . . . .. . . . . . .. .. ...

.t s..a.a - * s. ~. ~s ......e .,6....y.
. . . ...... .: .

%

. A. ..ee' =..=. s . t . . . e t' a . .~ ~. 'J ,-~3 ** .
? e '. ....e i s. .... . . . . . . . .
. . . . . . . . . . .

. e .es... a . a. . e >. a . s e -e.~ Spen..a.s.t...t......... .s.. .. .. w . . . . . . . .. . : ....

iw. ~.~. . t. o. o u* --.o....=.--
.

.v.e .. e s . " . 8 8. 9. ed .' ..' . ." 'S . . ". c .".. a .' ...
. . .- .

.

. . e. tow, s... 1...e .

... . . ... .. ...
..

: r.. . . . . . . . . . . , . .. ,. a.a . ....;,... . . . ...,, . . . . . . . . . ......a... .. ,. a. .a . ..:. ._, . . . . . . . ..;. . . . . . ... . . . .....

Cede," 01.1-75.

.

(c.) American Societv. of Mechanical Ingineers (ASMI),
"3ciler and Pressure vessel Code ~, 1071 Idition

.

including C de Case 1607.
.

.

.

.

.

.
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.

iL- (h) U. S. Nuclear Regula: cry Commission, (NRC),.. .

"Oavelceman of Criteria for Seismic . Review of -

.

selected Nuclear Power Plants", NUREG/CR-0098 May

3. o. 7 a. .
.

-
.

. . . ' .

(.4) .... .a.ic.a.' C .-.._' e . e... e c # ".". .i .' d .' a.c. ' O #. # 4 d a.' s ,
- -

. . ....
. . . . . . . . . . .

' 8.73 7' .i . .# c a. .a v 4 _ c m.. ' .' d. .i .a.g s"o d e " ,a .
. . . .. ..

s . . ..- s s ".~. ~. . . ( NR". ) . " S . = .- d a. - d- d.(-) "u . .: . N. . '. e a . R. e e u .' = .~. ~. v.
. . -

. .
,

Review clan for the Review of Safety Analysis Reper s
e.u .,,.,. :n.we. : .._g~, ~ =. . =. - 7 s. .t e. p , , n. a. c _. i . . . ., . , ,a-. e .

. . . . . . . .....

Cffice of Nuclear Reac:cr
.

Washington, D.C. -

Ra'c.ulation, Septe=rer, 1375.' --

. . . , . .

(k) A=erican Concre e Insti use (AC-), "Ccde Secuirerents

for Nuclear Safety Related Concrete Structures" (AC*
340-76}, inclu?.ine. sue.-ler.ents..

. . . . . < . ...n..... ..g..4...,. ( .',,,~w,g. s.. . . . . . . , . , .-
( . s, .

. . . .. . . . . ., .. .... ..i . . . .

.

(-. .i=s...,.),. a
3.. c .. tr,sse.s a.4 w ._,4.,e .s. w .

. . . . . . . . - . . . . . ..
w

4 . . _i . 4 4 . 2.,7 . .....y.. . . . . ... .,. . . . .. . .

.

e
-

( (=) 5.M. New= ark, W.J. "all, R.F. ~<ennedy, J.O. 5teve son,'

,

m. . a. s . . v... . s a. .sa...n aa. . v. . w . n. .< . . , 5,. 2 s ..t c .sey 4 ,y c _:a-
. . . . ... .. .

...=...-..-!.*.. . *. _# - . . ' . . = . '.v..-~.=..=..'. ?.. =.'.". .= . .' ..: . . . .c. a. ve .
" ' 4

n....... . n.a . e. . . . . .' a. a . S. a. . .* .* .= . . . * / ... . ... . s s . . . . ,.. . . . . . % . ,

.
. ..-r. .. .- ..e.s.? < n 2.s..

-

s..

.

.

(n) . ASS: 318.10, Tace c-Face and Ind-::-ind ai.ensic=s cf
.

Ferrous values, 1073.

.

.
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.
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The fc11owing reference documents shall be -used in carrying

out the piping stress and structural analysis effort:
.

.

.

4.1 Occu=ents .

.

.

(a) Yankee Atc=ic Electric Cc=pany, " Final Hacard

Sc=narv. Recert, Yankee Nuclear Pcwer Statica,.

- Rcwe, Massachuse::s"..i ' /l
1s.''- -.

'\,\ a....a.s...**n --.''' 3.' '

c.. va~ n* , S m~ W, . w' -
. '

. .....g. . ..

dQs
*y.

9A99) .uly 15, 1959. Y1hkee A: =ic Elec ric
n *

a,s

.k f? Cc=pany, Yankee Nuclear..Rowe.: Sta.ics, Rcwe,
u

*

Massachusetts.

.

(c) Ec- Service Ther=al Insulatica fer Yankee

... .4. v..*e . 4 31 . . v. e _ 9 a ,m. ,. (= =. e .....-.
.a .,..- . . . . . . . . . .

2. 4.. c. o. s 1 s. t s. . v..s ,,e .....s. . . . e 2 e. w. . t .
,

. . . . -...w .,s . . . . . . a .

Statien, RCwe, Massachuse s.

I. d. i '...' .: * * * w ' .' a .- = s , '.*.= . .'.. e e ". . . .' e .= - :. . w e -a .. . ... . .. . .

Statien, Rcwe, Massachuse s. (Orawing Nes.

.
I - 5).

r,s 24-... . . a w i ..e. s ('-=~'..,".... 4. c' 2 3 r . .' . . . . - - . . . -
, *

, .r.... . . .. . . . .

., . 3. .

(f) Stene and Webster Centrae: Orawings fer Yankee

Nuclear Power Sta-ics, 1958, 1959.

. .

(g) Earthcuake ngineering Sys ecs, Inc., " Seismic

Analysis and " Stress Repor- fer the Steel 1 aper
Con ainer Struc ure Of Yankee "uclead 7cwer
Statien," I-Y-YK-BOO 61, 4-3-79, Kev. 1..

.
.

.

*
e .
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O~d. .

. .

. . .

.

..

..

.. -
.

h. (h) Iar.hquake Engineering Systems, Inc.,
. .

" Preliminary Seismic Ivaluation. Concrete

Reacter Supper: Structure for Yankee Nuclear

Power Sta-icn", I-Y-YR-PC064, A-10-79, Rev. 1.

.

(i) Westen Geophysical Corpcration, "Geelegy and

Seismology, Yankee Rowe Nuclear ?cwer Plant",

January 25, 1879.
.

.

(j) Wiegel, R.L., Eartheuake Incineerine, Frontice '

a .' '. . . ( ..c. '. s we c. s" .' .' *. .* s . ". .t,, * * "- 8
...- . . . . ,.

519p.
.

..
.

(k) *ic u s n e r , G . W . (Janua:sy, IMJ ) , "Oyna=ic
Pressures en Accelerated Ticid Centainers",

Eulletin, Seismic Society of .2.merica, 1.7(1).

p .

Ci '*.S. Acc5ic Iner y Oc :.issicn f 4i). 'Occlear

Reacters and arthquakes, 7:0-7024, Washing en,

e. . e . e. a. s .s. ee c.s .en. .;.a., m e .-./a. . e s .
- -

- - . . . . .
.
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5.0 STRUC""JRAL PERFORMANCE CRITERIAg
. ..

.

"'his section describes the criteria to be used in the

analysis and evaluation of the structures listed in
.

A =. c. e n d i x 3 .
.

.

.

5.1 M.aterial Preserties
.

S.e fellcwing : aterial specifica icns govern unless

superseded by field tests.*

5.1.1 Cencrete
..

~he concrete p cper.f es fr.-. eack builiing are.

'

,
su==ariced in Table 5.1. ~~mese values are

cbtained frem References 4.l(f) & (h).
.

. ) **..

!, ~

5.1.2 Steel .

.-
,,

%*, '.* *

.

' ' ' '*
S.e steel preperties fer the differen: . .'. r -

.%.'

structures are su.-:.ariced in Table 5 . *. .
~

5.1.3 Masenry
.

.

(later)

. . . .. . . ,. 20:. 3.

3 earing capacity fer -he soil underr.eath a*1

footings shall be assumed to be 8 ksf if wind

cr earthquake loads are not censidered and 10.4

ksf if they are. Oc= pac ed backfills shall he

assumed c have a hearing capacity of 4 ksf.

For reference, see jrawing no.,3,6aa_y0-583. ,

c :. < !
*

-Q ~ 1.r U. C.OV'{ li G '#'*
.
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'
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*
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. .* .
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,. .f 5.2 LoACs DISCRIPTIcN
.

.. ..

~:.
,

5.2.1 Dead Leads

Oead leads and their related internal _=ccen s

and fc ces, including fixed ec'uipnen leads,

will be included in the analysis. Equipment
weights less than 500 lbs. will he censidered

" as distributed leads and'equipnent weights cre.

,

-han 500 lbs. will be applied as concentrated.

1 cads. t
.

fs >.

f *' '7.

5.2.2 Lite Leads / .M | g QW -

n%%F =st. = =
a

Live leads and their related internal nenen s

and ferees, including any m=veable equipmen-

leads, will be included in the analysis.
.

3.2.2 Ia r '.* Fressure and 0-rcundwate r Tah '_ e

.

P =

* cads ice se earth pressure vill he ine'.u'e' in_

-Me analysis. Hydresta-ic loads due e
"

greu.'.dwater zahle will be inclu.4e4 in the

analysis.

,

?. *_ ._. _4 J. * aJ.s
* * *
..... _.m

.

.

T'.uid leads will be treated as hy,dres atic.

"

Icads excep: u.. der seis=ic ccndi icns. Fer*
.

this case, -he fluid 1 cads will he ccEpu ed
>

using the Ecusner nethod. For references see

s. j Nd M4.l(4), (k) & (1). .. .

sat. b;. y x . J 4 Ccru.
.

* u -
,

-
t ,, .

*

>*r. p s - ,

~w .s
,

i %~{a- . :-s4*

**,
M , *

%.-

,

8
.-

* e

p

.

S.
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- 5.2.5 Seis=i I.c ad s

'
...

J . .

All structures shall'he evaluated for the Safe
Shutdown Earthquake (SSI).

.

'
'

5.3 Analvsis .Methodeleev
.

.4

his se icn cutlines the =e.hedcice.v. to he utili:ei ,'

J . e .c a s...eeve .no c.;4ec.4..es s. . s..4 s , e..a _t ..a. 4 .. .a w
. . . ... . . . . . . . ...

.

~

5.3.1 Analfsis crecedure-

.

igure 5-1 shows the general structural .

analysis steps. heh st qs c.re described i...
,

the following paragraphs:-

, ,

.

.
'

Se SS ground reseen.se spe:::a will be used c- .

genera:e artificial 6 .e his Ories using IIS' t
;

.e .m. . . ...r.-_ . . . . - - , _ . . . . . e, g , _ _> .. , ..t g . . < a ,. ya. ., _,.. .
.

.
. .. . .

then he verified '6v. ebeckine. the. ir e.enerated
_ ,

i

rescense s.nec ra (plette?. using NS:IC pr gra.-i i
.

,-

agains- the rec ==en?.ariens cf ?sg. Guide j
,

.. . .s .e. n ..

. ,
.

.

.~. =.~..=..~'.''e.' e.''..~~...'..es.-*.*.-...-'' ....~^..=.'s.-=.'__ . . -. . .. .

devel ped.

.

"'he scope of the present evaluation involves

linear elastic analysis only. Se basic
analysis technique will he the response

spectrum modal superycsiti:n =ethod of dynamic

| analysis. Scil-structure interactica effects
1

will be nee.lected, since studies nerformed-z

previously have . shown- .hese effec .s to be
.

nee.ligible. O.e inter-cennected build.i.=s will ., .

he studied on a case-by-case basis. f-

. .

'.' .

. .

O
_ . _ _ _ _ _ _ _ _ . _ _ _ _ __ _ _ _ _ _ _
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.

. .

h?' coupling exists' between the buildings they will -

be considered connected Mnd will be analyzed as -

One unit. With a few possible exceptions.

(where the ficer slabs have substantial

openings) -he ficer diaphrag=s will be treated

as rigid in plane. Three-di=e'nsional beam
ele =ents will be used :c describe celu==s and

0 hor bet = ype cc=penents. The =cdels will

describe the stiffness sad mass relaticeshi.= in. .
. .

'

three-di.mensional space. Tersienal ef*ects due

. .- a s ": . . . e . - i .-S. a - = c . e . .' s . .i . s a . o a ". . ~.~. ..a . .' . .= .' '. ":...

considered in this procedure. In buildings
.

where the potential fer further acciden al

scrsien is considerpd to..Q.e 1.ikely, accidental
...s.4c.. . .s_4a. e a 4 c..s a s , e s..:.-.,,/ ~.3._ r. n. o. m.... .. .. . . . .

will be included. The superstruc use in the '

reacter concrete pedestal is verv. s-iff and

- . s e ". e .. . .' v. 3. . a s . .- . d. s ' "2 . . = .. _' . _= _' .' " .i . . _ _' _ _d '_
- =..

. . .

bcdv. tv. .= e =c- i c n . Th e =a .d c r i:v. c ' -he
. l .# . .- . = _ _' _ . . s w ' ' .' .ak.e . _' a.a .'.. .S..es ..-".c .".. a' .e . ..

hase columns and especially at their c'ennec-
2. _: .s ... . s.. .s..e s .s.s.... ....e .a a . . . a a . 4 ,.... . . ....... .. . . . . . . . .. .

.ase_ .-. . _;s ..e..a.2..,a u u , s _s . ., .a _s a e >. ... a. e u. . .s ,
. ... . . . . - . .. ..

be developed respresenting the supers ructure
.

_=s >- **e...'.=' a . . . .' .' a. v e - v ' .". . . ..". .' . _3 . * e '. " .. a d. . '. . . . ..

_,sses. . s..4 s an.4 ev.. .._4 ,. . . e . .. e . e . . . .w a_-. . . .. .. . . ..
. .

...,,,,.._,....,gs. .g. a _a a u ,. , . g.3.,.. .,. . . . . ... _. . ..

. superstruc ure will be subsequen-ly analyzed

for the offec s ganera ad frc= ihe above,

analysis in addi-icn to i s own Icads'.

.

. .

The steel vapcr container will be =cdeled using

shell ele =ents ic represen: the sphere, and

bea= ele =en s to represent the colu=ns. :n
deveic. cine. the s=.herical =edel, care will he

aken cc generate a' finer' mesh at the locatiens
-

. .

.. . _ _ . l
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. .

. .

.

.

.

_

.

.

. .

J of high stress. he base of all columns will
-

be fixed. The thin sheSL ele. gents will =edel*

the ac ual thickness of the plate used in the

structure which ranges from 7/8 to 3 inches.

Additional = asses'will be applied to selec ed

a'c cc.. . .cde ,.c.4 .s 4n .w..e ...o d e _t .
. . . . .... . .

.
.

.

concentrated loads,such as hatches and

f . a . .a . ...s .
.- ,,

.

...e s . . . - . " . .= .' <* ": . . .= .~.. ' - .. . . e .- . .' =. s . ". . a . . . e ' . . - . . . .
' ' '

. -. .

.

.w, 4. .. a ...' a.. a ' v. e e s w'- ' .' *e ". sed. . ,= e .3 . .-- =... . .-;. . . ....

=edal sueer:esitien analv. sis usine. the .=rce.ra:. .

c'...o, ' _ _ e'.. ~. .. e '. . . s . . ' =. s w.' ' '. '. e' '. ' ' 'v."S.. . ...

generated a- desig.,ated.2,,cca,. ices in -he
.

s . . ". - . ".. e s . ". . . e s e a ,> _' _' _# _d ed.. . .'...e "...i s . .. _d a s*
..

. .

will be used := c.enerate the A. lified Rc2.:ense.

.

-:. e. . a ( .,.2.5 ) u s '....: - . *..e . .- ,. .=... - "..*. :. "... .- . ". . ee. , ...

...n.e.,a. 4..a.... . 4 .u. . ges ,,. =. u. a _ _ .... .

.. .. ....... . .. . .; ... . . _ ..

'. ."e , . 4 2. . ,,- . ... . . - e. u_t _< 1 . . g e.:. s ......
.. . ...... . . . . . . . . _ ..

-4 ,e.,4... . a..a.' : s a s .4. 3 . . , f 4 4. ..s . . .; .. . . . . .. .. .

.

4.e.. _.._4 .s ..... ._,4...... e .s.._..... ...esaes .a. .... ..-... . - . . . . . . . . ..

s. . e 4a .es. ses ..s4 . .ww. . . . e .4 .. . e- ..:. . .. .. . . . . . .. . . . . . . _ . . . .

.

SRSS =sthed, except for cicsely spaced == des
.

. . . . ......,,.4.. . ..w.....:.... ...c... .
.. ..._ 2.. ..,.. .... ,
. . . . ......; .

used.
.

.

The stresses and defc.=atiens will be evaluated
. ;. . . a . e w.' .'.n s e .- . .i . . . .. . ,* ...,4 . . . . 's. .w ,_4_ . ... ...

relative displacements of neighbering

structures will be checked fer the pessibi'.i v.
.

c _' .' .~..~ a ". . . R. . e . .' ,. ' .~. ~_ " e we e . '.. ". .' .' '. .' . .e s w ' ' _'. . _

be reviewed it: these displacements.

.

.

.

.

.

_ n I%._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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,

.

-
.
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5.4 ACCI?TANCI CRITIRIA- --

- ..

. . .
,

5.4.1 Lead Combination
~

Che analyses will be e.erformed assumine. that
the seismic event is initiate'd with the plant
a . .c ...a.' ." . .' .' .n e w e . c a. n d .i . .' .- .. . S. . . e ."o .? .i c 4 ~.~g...

. .

lead cc=bina:icn will be considered in
evalua-ine -he.struc ur4: .

-

. .

C=0-L-T .R -F * Ie e e
.

.
~'

where

. . ,. .

Total lead Oc be r.esisted. -

C =

_ a.s .. .w.. . e _4 - =.1 .= . e. d .' .. . e . . = ', e, e ., a.n , w .. . ._,. .

.....e..s a.' '. -.=.s, .' ..". .' ". '. .' ... _ = ~ . " .. . . . .

.,e.....=.~.e... e..._. =. .. ..a' ,
'

.' ..

.

... .a.a a_ s a.. . ,.aau. ../a.... s. a . .s . ,ca s,-
. .. . .

pressures. ~: als6 inclu'es

a. c e . a _ _' . . s . a . .' c .= .. .'. '.. v, . . .= .. . ' . .~. =. _="_' s
,

.

aa .si., 4 2 .s . .u. e 4_4e,.s.,
. . . .

.

e. 4 ./ e , ,. a . s .,. _ u. . . : . . . . , _ ,a.. a. .e...,a
.

,
. . . . ... ...... .. . . . ..

-

. . cr..e.. . s =. . .d. ..- es, .'....'.'_'.; a..":' *

... ..
.

. v e = .~. ' s. e . . .: . ... =. . . '..='s=..=.-...e.- ,
I

-

. .
. . . . .. .

loads which varv. in in.tensi-v. and-

occurrence, such as Sind. For.

equipment suppcrts, it also includes

leads-due to vibration and anv |
-

I.

.
suc. cort =cvement effec s. |

,

.

.

.

.

.

.

,_

.
N . .

.
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Thermal effects and Icads duringT =
y 3

.

star up, ncr=al oper,ating er shu-down
conditicns, based en the most

critical transient or steady-state

.
conditic'n.

.

-
.

Pice rea.ctiens durine. the startup,R~, =
c .

normal cperating cr-shundewn

conditiens, based on the .cs:

critical transien: cr s eady-sca e
.

. n _ .s . < . . . .a
..

Fressure e=uira' lent static icad?c =
-

within or,acros; a.cc=partment.

*

. c.enerated b1 ner=al c.eeratine. or
shutdown ec=diticas, based = the

' '

=cs: critical transien er steady-

s . a . e - . . a.. .s . s . ... .. .. ..

. .

icads generated by -he safe shundcwnI =

. earth =.uake. Three earthe.ca'<e direc-
. . . s . ' .' .' . e . - . s .- ' e . e d_ as .e.-.. . . . .. .

%CRIG/CR-Coc2 except fer special
.

conditic as discussed i.i NUP.IC-/ .
.

.. _ v .m o. .t .e

.

- 5.4.2 Alle.m'cle 5 resses

This see-ica is specifically develcped fer

linear elastic dynamic anaiv. sis. Additienal.

criteria will be develc.eed fer non-linear .

analysis if recuired. The allewable stresses

for reinferced concrete persicas of the

structures.will be per AC: cede 315-77. In

lieu cf the code load fac crs, the fac crs- ,

shown in section 5.4.1 will be used.
.

.

A^_ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ _
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7 The s resses for steel s ructures will be7
checked agains- Par- I of AISC, Specifications , -

1980 edition. Stresses up to 0.95 c' yield or

buckling will be allowed. The stress lir.its of

the vapor container steel shell elenents will-
be based on -hese curren-ly aricwed by the ASMI

3ciler and ?ressure vessel Code for faulted
...a_4 4..s .4 c.,..a..a . .. . . .. . S.,. e s ,.p. s.. e a. .z .,. .
. . . . . . . . . . .. .. . . .. . .

.e .s .st..s...
.

=., t . . . . . . 3 %. 1 ..
4. . 4..s**

. .. .. .. . . . . . . . . . . . . .

.

=%. . e aeJ ...g.4..g w 4. .t t h. g. J. 4 ... 4 . g 4 .ar... 44 . ..
.; .w.

. . . . . . . . . ...

'.. %..e =.."s .i s . .i . . .' e a . a;. . e s . .as. .. . ove.-. . a.....

c .s a .a sa w. s.n... s . ...c .... e s .. . . . . .s

5. 4. * Car. pin-

.y.,a..... .:. . . ......,g 2.4 .: .: ,. . .z..5-.... .... ... - . . . ., . . . ..

.

e . sea. ...u.... s . . . s s .t e.. e ., a,ws....r....s .4 t w
. . . . . . . ......... .. ..

*

; e. e.a. e g. 4.. a. s .-b. . s . .- * .... a. . '".%. . e *.* .s .* e s . . %. . e.
.. . . . . . . . . ..

a ..t s '
u. . . 4. 1....a..... .4.u. ..~...e,.*r.~...=.-..S e .... . .. .... . . . . . *.. . . .. ..

f s e *. ab..1 e 2.*).s. . .

.s,. . . . . . . ........... 4.. 4..w.=.
......-

.

.

'

_ P. Esos 'ar. ore stresses e.tces; :.".e a. 7w1.~.es. . . . *

.. .-

.

' v e.. .i . s e . . .' .- . .: . ** . , .. .c. d. . .' .' .' w .= . .* . . . s . ..= "; '. e. . . .. ;. .

a
*

a
e.....e .ae C.e g .s . a . . a . e e . u.. a . 2 .a. sus.s;. .. . . . . . . . . . ..

.

.

...a v. % e ".s ed , .a' ..' .a.. d .a. . c c .s .i .de-* ..i.- . .%..e ..o ..r . . .. . .

Linear behavier of the structure. Special
.

.= . . o.. .a.- . =. . '.~ . e .a . . .- .~. . e s e c a s e s wd. ' .' 5. e.' "
..

devele.ced en a case-bv.-case *.-asis.
.

O . .
.

.

" '

- - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ n.A.*
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- 6.0 PI?ING ANALYSIS ORITIRIA

. .. .
.

'

This section describes the criteria to be used in the
,

'stress analysis of the piping systems listed in
Appendix A. S.ese criteria ar's applicable to pipings with

.

nominal cutside diameter larger -han 2".
*

* ;

r

,

6.1 Lead Cescri=-icn .

!
!

- The fellowin: lead cases shall be censidered for the ,!
-

I
*

piping stress analysis, in add.itic=, local stress i,

concentra-icn due te intec.ral suc.ecr shall be i,
.

.

evalua ed. --

i
i

. . ,. .
..

!.o . ., . ,. %. . . e _ ...a ., . ad-.
_.

1
-

,

b

i
. . .

Leads due := steady state temperature edfee , .
-

t>
i

including -herral ancher sevements. ,t

,

. .
. ,

* I

6.1.2 Weich- Load
.;-

.
-

r .' n e . . . .. e'.. .=.~.^ ' .s . .' a .' - ..* ~ a.'. s '.'. e . ~a ~. ,
. . . .. .-- .

.

.

6.1.3 Pressure Lead
.

,
f

f * cads due c steady s a a i..:arnal pressura.
'

|
_

,

. .

L

I
|

| 6.1.4 Seismic (SSI) ~_ cad
L

'

| i
r

I

| * cads due to ear-hecake excita-icns which !

include both seismic iner-ia effect and seismic i
- ;

ancher movemen s.
!
t.

* t

.

.

P

p

.

.

. -

M -- -_ __ _ _ _ . . _ _ - _ - _ _ - _ . . . - -
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'd 6.2 ANALYSIS MITMcccLCGY ,

3- .
7

.. .
. .

6.2.1 Geometry and Comeuter Medelinet
. .

Ter the purpose of cc=puter analysis, pipig

system will be idealiced by t,hree di. tensional
| linear elastic medel with finite nu=hers of
1

structural members intereenneced at finiteI

| numbers of nedal peints. All supper:s and
,

anchers are assumed to be rigid. The direct-

I

stiffness meshed is to be used in the solutien

of the problem. !

.

_..

(a) Each proble= shall be considered frc=

ancher := ancher. **?f ah anchor Oc anchor

, problem exceeds program limita:icns, the
l
'

fellowing approach shall be considered in
'

=edeling: ,

.

I.

Overla=. =in such tha: there is nee.li=.ible !* v.
. ,

=igratics of leads frc= .cne prob'e= :=
.

.

. ,

another. !
i-

,
.

i

3:acketine. results of =ulti.=le ce=.= uter !e
,
.

' * 'runs to assess beundary condi icas or
- Leading conditions. i

- ,
*

. . ,

.

.
.,

- (b) The sec=e ry and res rain conditions :
.

*. .

shall be =cdeled in accord.ance with
*

:semetrics based en as-built conditiens.
-

.

(c) The .mi.se material .crecerties and analv. sis.

conditicas shall be ec=sideced as per*

YAIC's apcreved information such as Yankee {

Fiping Specifica' tion (YS-497), YAIC flew i
- *

.

.

/ * e . ,.

I

e

-16-
- - _ - . . - . .. ,.



c.
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|.
. .

- .

.

.

--

.

.

diagra=s, Yankee Insulation Specifications
,.

(YS-2304) and Grind'el cat,alog data.'

(d) 3:anch connections with a me=ent of
*

Iner,ia ratic' 225:1 (main line/ branch
.

line).=ay be decoupled for analysis
-

'.

cure.cse assu=ing the main ^line-node poin:
.

as an anchor for the branch line. The'l
main line deflections and rc aticas shall
be input as ancher =cvements for the
b. ranch line analysis.

.

(e) Iquip=ent ne::les and penetra:icas shall
be censidered.as an=ber.pcints in the

.

.

analysis. All equipment are assu=e'd := be*

preperly suppersed. Leading shall be

' su==arized and ce= pared c allevables when>

available. When allowable * cads are n'ot.
available, the analysis 'nads shall be

.

.

submi ed ec YAIC for their review.
-

Ther=al ancher =cve=en s a: ne::les and
;er.e:ra-icas shall be indica:ed en the
"As-Euil:" :se=e:rics. Or, if.necessarv.,

they shall be calculated by ccaventional.

.

xe hods based on syster design

temperature.

(f) Valves shall be =cdeled as fellcws:
,

Thickness of the valve bcdy shall bee

assumed as twice the connec-ing pipe wall .

.

thickness.
. . e

I

.

.

.

.

.

mn.. . _ _ _ . _ _ _ _ _ _ _ _ . _ _ _
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N

N.. .

.

\ -

.
- *

..

.
.- * Manuallv cperated valves and check valves. -

shall be modeled with the = ass of the -

-
.

valve concentrated at the centerline.of
the pipe at the valve nede points.

Motor and air operated valves shall bee

=edeled as eccentric = ass poin s. The
total weight of the valve shall be concen-

trated at a peint ene -hird (1/3) -he
.

distance between -he centerline of the
Opera:cr and valve asse=bly (One-thiri cf

the "sta= length" =easure=ents as noted en
'

.he valve data form-) .
. . .s. .

e :f not available, bcdy leng-h of the valve

shall be as per ANS: 316 10.

seis=ic accelera:icns cf the valves wille

.- u.e s.....a ..,a...- . --.

.

(g) Flanges shall be censidered as add'itional
lu= ped weights. Flange thichness shal1 be

assu=ed to'be the same as that of pipe fer
purposes of =cdeling stiffness.

1.) a..,ss .t . e . . s < . . n , . < , .- ,
-

:.c..s .-- .ees,.. . . . .. - - -. .

.- ,. a... . . - . :.,.-,.s. .. .... ' . . .a ........s. ,---..a . - - . . --- ~a - . - - - . ..

(half and full) shall be cc..sidered as per.

code require =ents, AN5: 335.1 - Power,

Piping, 1980 edition. *

(i) For the purpose of analysis, penetratiens
shall be treated as fcilows:

.

.

g O .

.

l
_

1
..

c,
_ _ ___ _____ _ _ _ _ _ _ _ - - - _ - _ . - - - - - - -
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.

.

.

.

.

Greuted penetratiens: A bilateral- - e
S-

- restrain condition phall be assc=ed to
,

exist en either side of the penetration

for all lead cases. Axial restraint of

the pipe shall not be considared unless a
welded collar is indicated en the pipe and

.

e= bedded in the penetra-icn.

o "u . . -- . e d. e.e..=.'-.s: a' . "..:.a.".ed. - - -.- e

penetra:icas, deflecticn of the

.cice c 1/4" shall be considered accep -
..

able. Where deflec-icas exceed 1/4",.

.

further review of ac ual penetratica

clearances sha.ll be. i. nit.iated.. .

Oeflec-icns shall be based on the ec=hined-

.

thermal and seismic conditicas.
.

)

c d " ' " s - .' e ' = s . .' . 4 .v. =.
-

( .4 ) . s. .. C 'd- -
- - - -

-

(7 *T) rec = te=perature sh.all be.used.

.s..e - d"- i ' 'c ' e ' a s . 4 . 4 .v. . " . - - .' e . .- a. u s a..d.. . .
%

~

ncn-ferrcus =aterials shall be taken frc=

a..e.44x C ..,w. es i. a. ,. , ..no a. .e- r
.-- ... -- . ...

..

331.1 code.

.

. . . e . n. s s - . . . s - , . . . s . . ., .e ,( .< ) . . . , . . . s s ,. . .e ,
.. .. ... .. . ..

<.. a'' e..=.'s =. .=.'.' . a.. . e - = .". e .. .. .

.

6.2.2 Weight Analysis

he following censiderations shall be =ade for
dead weight analysis:

. .

Weight analysis shall be perfer=ed censidering

weight of the pipe, cen ent, insula:icn and

cc=centrated nasses (such as .= ices-su=..ecr ed..

cff pipe, flanges and ve.1ves).
- .

.

.

^- - _ _ _ _ _ _ _ _ _ _ _ _ _ _
-
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.
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'.:p 6.2.3 Thermal Analysis
.. ..

. : . .

Thermal analysis of the piping systa= shall be
'

performed based on the =aximum design
~

temperatures as designated on YAIC flow
diagrams or stress isc=etric drawings. Effects

of thermal movements frem ecoipment noczles,

anenors, penetrations and connec-ing piping

shall be analyced. The Ther=al Anchcr Mcvenent
,

stress (TAM) shall be added to therral
expansien stress to obtain -he total thermal

stress. .

-
..

.

6.2.4 Seismic Analysis
. . . , . .

(a) The basic analysis technique wEll be the
Response spectru=, Mcdal Superpositiong-

me:hed of dyna =ic analysis. Lu= ped mass.

20.iels will be empicyed.
,

.

Ter red hanger type of sipperts. Uhen -he
uplift due te seismic lead (in'clude "

. .

Ther=al Lead if it is upward) is larger

than 90% of weight lead, the red hanger

supper shall be assu=ed noneffective.

,
Cons ecuer.:1"Z the .=ar-icular red hanger-

.

supper- will nc- be included in -he.

cc=n. uter modeline..-
.

.

.

Seismic :nertia analysis and seis=ic

Anchor Movement analysis shall te

perfor=ed' for the safe shutdcwn Iarthquake
.

(ssI).

.

s

.

6

. . .,

.

- -
.
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, . .
<

. .

.

.

.

-
-

.

The s=ectra for the SSI is in the =rocess. .
.

u ,.

cf development and will.be inccrporated*
-

inte this docu=en when i- becc=es

available.
.

(b) A==lication of Seectra:
-

.

For each ear:5-cuake condi icn, three
directions of earthquake will he

s ( ...c ... . s. . . . a ,. c . .. c . e . . sns.ta..e . . . . . .. . . . . .... .
<

.

*

. . e .- . e p.. ) . -w . ...a...a ... v.. 4 , -
. . . . . . . . .. . . .

-

.

response due to each.cf the three (3).

. ce=ponents of earthcuake shall be
h h llcalculated firs.t. .T,e.se.rescenses s a.

.

.w . w o.w..e sys s ..w.a s..... ., ..,-wi .a wy . . .... ~ .. ,
\

.

(Sc.uare 3.:ce of the Sc= cf Sc.uares). The

i procedures to be used in ec=bining the
.

- =cdal responses and responses due to
spatial cc=penents of eart".. quake ,sha*1 te
as folle-s:

s

1. The =cdal respenses fer each

compcnen cf earthquake shall be'

.

.

c a.. ". 4 .. a. d. " v, . .= k. .' .a. . 3.... a. a. . s .' d. =. .- =. . 4 - . .. .

. . - s .'. .S.. .' a s =. . v.s - a. - =. >..
*

.
da.S. . a . . .

... .....;.s .z. ,n....a. ... . .a . ..7. . . . . . . . . . . .. . .. . . . . ..
.

Regula: cry Guide 1.92 Rev. 1, Feb.
1976. Su'es ec-icr.s 1. 2.1, 1.2.2, or

1.2.3.

-
.

2. The total systems respenses due c

the -chr ee (3) spatial ec=penants of

ear-he. cake are then ec=bine.d bv. the
SRS-S.=e-hed. -

-
.

%
e .

.

.

- -_. - - . - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __ _ _
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\* =
.

\-

. .
.

,

. .

-
.

he resconses of he Yankee Site: .- .
.a 2 .. .

_
.

S. cec.i.fi.c. l.o.ad. case shall be used t'o .

.. . v- .._ . .

ev. a. luate t.h. e .cic. ing sv. sta= and its
. . . ... .. . .

.
.

supeer . .For .eieine. sv.sta=s spannine.. .

. .

severa.l. floors or with .eipe su=.eorts.
.

.... . -.
.

connected to support structures

attached to different floors, the-

response spectra for -he analvsis of. .

. the eieine. sv.ste= shall he the. .
.

envelope of the "1cor response

spectra of all -he floors involved.

(c) C.. ._.c 4 4_ _s . . . . . e . ../ s_ n , _4 n .4 _. . .. , . . ., e .- a_. . .. . .. .. . . . ..

of modes:
. . . , . .

.A -". . -o _' _' ." e ," e . . .v. . #. ''.. 'c ,s .=..d.. .

with no less than 10 =cdes shall be
'' '.- . . s . a. .- =. d . .. .%. . a. .= . . .= .' v, s i_ s . :. . . . .

a3q .' y s. .i s. . . . .C 3 . 4 . 3 . 4 3 .. 4 3 21. . . ; 34 ;a... . . . ..

*

%. , s ,a. c. a c..s.a . a...Ta. m.4n. 2 .. -. . .. ... . .. .... . . . . ..

.%..e s.8...a 3 13 ..s ....e..a.e. ... . . . ...

4 e ",C e.".. "; s b. . .= .' .* * e - *. .* _# .* .-". . a. d '.'..4....*.*.*.e. .s .

c o n .. .4 b u . .' . . . s * %. . .' -". . e . . . d a. s (>.'.'3_ .

.es) a a s .i - ..' .'.' w a . . .;. .,

s.) mL.e_4 .*A ... .. , .. s ...... .

.
.

.

.

.w...e se s-.4. sS c..d _4.., a.em. .
-.

. ... . . . . ...

'

da=c.ine. value of we p'ercen: (2S) of
.

critical da= ping shall 'ce used fer

piping with outside dia=ater less

than or equal to 12" and a damping
.

value of three percen: (3%) of

c .- i . .* ". a .' sha.' .' '.e ".s ed. . ' . - g.'.'..-- -
. . .

wi-h outside dia=eter larger than
l.., . .g.

.

%

o22- . . __ . -- a
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I 615 Seismic Anchor Movemee.: Analysis (SAM)
. ..

:
.

The SSI Seismic Anchor Movement load condition
~

shall be considered for both stress and supper-

-
lead evaluations.'~

.-
.

.

6.2.6 Pressure Effect

..

The-effect of internal pressure-shall be-~"

censidered in ec=puting longitudinal stresses.
'

2 . 6.3 Acce=tance Criteria
..

~

6.3.1 Stresses in the pi. ping.s.is a= =us nc exceed
.

the allcwable. stress limits.cf the AN5I E31.1 -'

.

Power ?iping Code, 1980., The Acceptance-

Criteria shall'be=censidered sa-isfied when the.

,; .e ....e.e..s s . e :. .- . , en..a.. . , - , ... . . . . . . . ,
. . -- .. .. ---- .

Set. .

. . -

. ~~-

.

(a) Thg effects of pressure, weigh , and c:her

sustained leads must =ee the.fellowing
.

.
recuirements:

. . c v,..,..:_ y . .. , ,. ,.,..,;..1..s r-- .. ...,, . _ _ .s n...

.
*

Where:

1.0 for Cead Weight LeadingK =.
,

Internal Cesign Pressure, psi ,P. = .

cusside Cisneter of Pipe, in.0 =
3

Sc=inal wall thickness of ec=penents,.
=

- in.
.

.. ..

.

.

.

.e .

.

4 .

_._____wOO . _ _ _ _ _ _ _ _ _ . . _ _ _ _ _
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o *4 e-

.
.. .

*

[
-

.

.
.

-
..

.

Resu'itant mcment loading on crossR m =
n ..

.
.

sec-ion of the pipe.due to weight and
. .

ether sustained loads, in-pounds.
3Section modulus of the pipe, in ,Z =

3asic material allowable stress at5.. =% ,
.

maximum temperature from allowable

stress tables, .csi. ..
~

Stress intensification fac cr. -Thei =

. product of 0.151 shall never be':aken
,

as less than 1.0.

Stress Intensification Factors, "i" .shall be as
.

per ANSI 231.1 code 1986' edition.
,

,

. *m= -
,

(b) he effects of pressure, weigh , c her
,

sustained leads and c:casional leads inc14 ding

earthquake must meet che fellcwing -

Yrequirements:

c
.

3"a 0.75' v. 0 ''5' *
-2 c .z 3. i .:. . 6..'..' .= ,- - - -

,,, - . .. __ s-.,
**r . . . o se .,

-

..,

e

~4here:

..E for Safe Shu f .. Earthquake (SSI).*

K =

.

.

Re s ulca..: ===en- icading c.. :: css sectic.M =-

3
due to occasional leads such as earth--

-

quake. Ter ear-hquake use cniv ene-half.

.

the earthquake =c=en . range. Other terms

same as 6.3.1 - A.
~

(c) "'her=al Ixpansien Stress (5-): .

.

.

4
.V. .. m

a_ = < S. .c. c.3.9%.
. .*s - .a ..

G
.

- - - - - - - - - - - - - - - - - O *



a -i
.

. .

.

.

.

.

.

.. .

Where:. . .

. - . ,

..e .

Range of resultant =cments due to thermalL =
e

exc.ansion. Also include =cment effects of
iancher displai::ement due te earthqua' e if

anche; displace =ent effects were emitted
-

.

f cm Eq. 6.3.1-3

A11 wable stress range for expansica5 ='
n.

s.ress.

f (1.25 Sc + 0.25 Sw)= -

..
.

- . .

Where: . . ,. .
.

.

A110wable s ress of tho' specific =aterialS =
e

at 70 degrees-F. (?s'i)

. A1:.owab'.e stress of the specifi: .=aterial
Ss.

=

at =aximum ta=perature in degrees
.

Fahrenheit (Pst)

(f) Sus ained Plus the-.a'. Expansicn 5::ssses:
.

.

he effects Of pressure, weic.h , c: hor

sustained le, ads anc tha-=' =x ansi:n =us- .es:
-

-he require =en s Of the equa-i:n 6. 3. '.-
.

FCc 0.75iM , iMc
S. ) (_rq. 6.3.1-0)* C ( +- -a

. * I.. ,
. a.

*er=s as previcusly described.
-

.

,

(e) "'he require =en s of either Equation 6. 3.1-C ::
Equation 6.3.1-D =ust be =et.

-
.

.

e

* .

^ ^ - - - - _ _ . _ _ . _ __ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ , _ _ _
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. _ . .
,

., ..
.

.
.

.
. .

.
.

e

,;f (f) byenthoughonlytheResponseSpectrumAnalysis
method.is considered in't.his c.riteria, we do -

.

not preclude the' possibility of using time

history analysis method, if the situation

warrants its application. Specific criteria

for time history analysis will be provided when

the need arises.

- 6.3.2 Allowable Stresses *

,

Allowable s::sss values : be used for power

=ipinv systems are given in Appendix,A of ANSI
. .

.

- 331.1 power piping code-- Those values shall be

used for eisine. s t r. e s s 4 n a. l v .s e s .. . .

For material allowable stress valuis not
. available in Appendix A of ANSI 331.1,

- reference should be made : ASME Sciler and

?ressure \*essel Code Secticn :::, Oivisica 1
~

The appr:griate allowable stress values shall I-

be taken fr== tables con ained in App 4ndix .

.

.

6.4 Small Pi=e Stress Analysis

This section app'ies 20 piping with ncminal outside_

diame er Of 2" : smaller.
.

e

'

6.4.1 :etailed Stress Ana'ysis
.

.

.

For detailed stress analysis the sa=e

procedures and mesheds as -hose for larc.e .ei.ne
.

stress analysis shall be follcwed. (Sections
.

6.1 through 6.3). In additi:n:

.

e e

D

8 e ..

j

|

.

.. _M_



- -. .

v ee.

,. . . .

.

-
.

i |

.
'

-
.

1

J- * All pipe bend shall be censidered Oc have
r

a bend radius of fi.ve (5) times the slee- -- ..

diameter.
I
<

e Connections at Ilbew, Tea, Reducer,

Coupling and neenle shal'1 be considered as
*

sccket welded.
>

.

6.4.2 Simelified-Stress Analysis-
..

.

This is an alternative nethod 20 the e: ailed

Stress Analysis =athed. Iach span of a piping

system (spans are generally separated by

c.uides) is evaluate.d bv. .,si=e.liefied ther=al,. .,

seismic and weight. stress analyses. Span-

lengths and supper- iccasiens are investigated

to ensure-the-rec.uiremen s of . cia.in-v
flexibility and high natural frecuency are-=et.

.

(a) Weight stress - weight stress is kep: :=

predeter=ined level by using specified

s u =. e. c r s.cacine.s. 5.:an len th tables,..

based cc a bending stress Of 1,500 psi
'

shall be used fer pipe with unifer=
.

weight. When concentrated leads such as

talue c'r risers exist, a hanger should 'ce
..,.,a. ,,. s. . u. . . . : ... ,, w-.a . , .. ,.....a.. . . . . . . . ... . ... . . . . . . . . . .

weigh: or the weight span spacing should

u. e c d .a n. . e _ .s

(Ac.elicable Gravity Span tables will be. .

provided la ar).
.

. .

(b) Thermal stress - thermal stress shall be

kept c an acceptable level bv. .=reviding a

=ini=u= cf fs et := abscrt thermal =cve-
.

.

ment. Offset is defined as the long-h cf
.

.

-17-
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. ,,.

.. .
.

;-.

..

.

-.. .

d.e ' .ciming in a clane perpendicula to the. .

direction of =cve. dent'.. The offset piping "

shall be unrestrainted in the direction of

movement.

(Applicable Offset tables will be provided
.

later).

(c) Seismic stress - Seismic pipe spans shall

be c.enerated by si=plified analysis =e: hod.

so tha: the actual stress will be less

than the predetermined =ax. s ess. These
seismic pipe spans and restraint loads are

.

defined as a function of unique spec rs
-

curves and pipe sists. - The basic app cach

is to keep the seismic. acceleration of the
,

sv. stem low and to kee.: the natural
frequencies in the " Rigid Range". The

-

seis=1: spans shall c.enera'iv be separated.

by gui, des at each ch :ge of direction, a:4
- all extended =assses and at each tee.

(Applicable Seismic Span': ables bill be
p cvided later). "

.

(d) ? sssure stress - lengitudinal pressure

stress shall be ec==uted a.f. e r A::S : 531.1
ccde. requirement. The p essure s::sss

,

shall be cc= pared with a pre-specified-

value.-

.

.

.

(a) Acceptance require =ents - the piping
system is considered to have me: the

stress acceptance requirements if each
'

span satisfies the span length, offset and

. . pressure stress require =ents =entioned

abcve. Span length'shall be adjuste? :o
~ . . .

account fc the effect cf stress

.

__ _ M _._____._m. _ _
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. . . .
.

.

.

.

.

g'J. ' intensification factor applicable to the
- component under consideration. If any of

the above requirements ca.E. net be satis-
fied, a detailed stress analysis shall be

performed for the portion of piping

involved. -

.

.
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I$ ' Appendix A
-

- . .

.
.

A. The following piping systems are included in the scope of

this evaluation.
.

#1. Main Steam .

#
2. Feed Water'

3. Reactor'(Main) Ceciant . '/
4. Pressure: Control & Relief ''

5. Charging & Volume Centrol /
6. Safe y Injec-icn /

7. Shut Dcwn* Coolant y

9. Sa=ple and Crain System ' '

9. Primary Plant Purificatic: . .s. -.

10. Fuel Transfer

11. Vaper Centainmen: Heating Syste.7
. .

.

.

e

.

e

.

.

4

.

0

.

* .

.

O
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-
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q. APPENDIX 3
..

- . .
_

. . - .

3. The following structures are . included 1:1 the scope of this

evaluation.

.1. Concrete Reactor Support Structure

2. Vaper Container Structure

3. Diesel Generator Building and Accumu'.ator Inclosure

4,. Turbine Building and Turhine Per&stald

5. Icn Ixchanger Building

G. Primary Auxiliary Building and Radica:tive Tunne'.

7. Screen Well and Pu=p House .

8.' Spen Fuel Pcci and Spent Fuel Chute

. . ,.

.

.

.

.

..

.

0

.

9

.

.

.

.

.

1
1

1

|
- e.

|

|

.

i

|
_ _ _ _ - _ _ . _ _ _ _



_ _ _ _ _ _ _ _

~
-

- -. . . ~.

Acenndi.x C_'

- .

muna de'

STRUCTURAL ANALYSIS R.OWCHART
O

-

.

<; -
:

J ..-

-

em.ee
I o e. l

. *

.

' w.ee. Merggentog .
3; J - ~ - ,.e
s,

1 v.nw
= =sania en = -

-s..eu. -we.e. 3..we er
h erttee

.

* Goaerate
.

Tismo M4 crise~'
;

inmeig Sah6CUAn,t
,
'

mp;;-gygg 9 .

o V f ,.; 4 v' G
. . ,. .

,

s ,g'.

%- s
,Jr"'sl,

- .
e .,

m A44ay s.6
Anesyste 3 ML.sinar Soestesa

i e
I Anerysee we.g - wCST at ' .

I anSys,

( 4asn j
AMSYS 3.e.gneteie . : nam.22*
8AT1 beestiene

gagap

- y

convece'

se maae
canon 8essene

.
m.

| S.eetro-

to Softne Strene gaspgg jm Lassag.e
4.een

.

. . . .
. Stressee

.

.

M e8te

| e eier . j '

;

l Sel88e*e88
heegfteegeste

e

.

.

.

. e

_ _ _ _ _ _



_ _ _ . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ . - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --__

; ,+
. .

.. .

.

.

. .

.

.-.
' Nfi. -

es .
.

.

@'r Accendix C
..

.

F1vure 6-1. ...: .

.

PIPING STRESS ANALYSIS FLCWCHART

Criteria Development' -

and Precedure
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1
RECCMMENDED DAMPING VALUE57 .

.

Type and Condition Percentage
Stress Level of Structure Critical Damoing-

Working stress, a. Vital piping 1 to Z

no more than abou:~i 5. Welded steel, prestres' sed 2 to 3

yield ;oint concrete', well reinforced
concre a (enly slignt
cracking)

c. Reinforced c:ncrete with. 3 to 5-

considerable cracking
. . _ , . .

d. Solted and/cr rivetec 5 to 7

steel wood structures
witn nailed or bolted

-

fcints.

Vita"1 piping 2 t: 3It er jus: tei:w a.-

yiel: ::in 5. Welded steel, prestressac- '5 to 7

c:ncrete (wi-heut c:=cle a .

loss in prestress)

c. Prestressed cencrete with 7 to 10
.

no prestress ieft
- d. Re.inf:r:ec cancre e 7 :c 10

Sci ed and/cr rive ed s eel, 10 : 15 |e..

wcod strue:ures, with _ _ . _ _ _ . . .__,.
,

~

bel ed fcints.

f. Wood structures with nailed '15 :o 20

joints -

.

* Source; NUREG/CR-0098 .
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PIPING PRESENTATION SLIDE INDEX

A) INTRODUCTION

0) Scope Definition
1) Program
2) Total System Scope
3) Problem No. Identification (17 pages)
4) Spectra Considered to Date
5) Load Cases
6) Computer Programs
7) Criteria Used
8) Load Combinations
9) SAM Discussion (5 pages)

10) Flow Chart for Analyris Effort

B) RESULTS FOR HOT SHUTOOWN SYSTEMS

1) Stress Tables / Plots for Equations 11,12,13, and 14 for YCS

2) Tables / Plots for Seismic / Thermal deflections for YCS
3) Stress Tables / Plots for Equations 11,12,13, and 14 for YCS with Fixes
4) Tables / Plots for Seismic / Thermal Deflections for YCS with Fixes
5) Stress Tables / Plots for Equation 12 for NRC Spectra with Fixes
6 Table / Plot for Seismic Deflection NRC Spectra with Fixes
7 Table / Plot for Eq.12 for Equivalent Class I Piping

C) RESULTS FOR COLD SHUTDOWN

O Clarification of Stress Results for Remaining Systems
1 Stress Tables / Plots for Equations 11,12,13, and 14 for YCS

'

2) Tables / Plots for Seismic Thermal Deflections for YCS
3) Conservative Assumptions in Analysis
4) Sample Problem Discussing Restraining Effects of Penetrations
5 Clarification of Stress Results ECCS/AFW to IDBS;

6 Evaluation of ECCS/ Aux Feed Piping to DDBS

.
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SCOPE DEFINITION

NON-ISOLARLE PIPING SYSTEMS WillCil COULD CAllSE*

A PRIHi. V COOLANT PRESSilRE B0llNDARY FAILilRE

NON-ISOLABLE PIPING SYSTEMS WillCil COULD CAUSE*

A SECONDARY COOLANT BOUNDARY FAILilRE

PIPING SYSTEMS NECESSAR.Y TO MAINTAIN A QUALIFIED*

llEAT REMOVAL FLOW PATil REQUIRED TO DEMONSTRATE'
SAFE SilHIDOWN CONDIT10N

'
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TOTAL SYSTEM SCOPE
,

MAIN COOLANT LOOP*

* MAIN STEAM

BolLER FEED DISCllARGE*

PRESSURE CONTROL AND RELIEF
,

*

CllARGING*

CilEMICAL SituTDOWN*

SilllTDOWN COOLING*

PRIMARY PLANT PURIFICATION*.

SAMPLE AND DRAIN*

CONTAINMENT VENTILATION*

* SAFETY INJECTION

FUEL ClluTE TRANSFER*

COMPONENT C00 LING*

SERVICE WATER*

V.C. VENTILATION AND PilRGE |*

!
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.
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PROBLEM SYSTEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

- 001 Main Steam HS From nozzle at steam
--

generator E-7-1 to
anchor at P.S. of V.C.
EL 1070'-11"

002 Main Steam HS From nozzle at steam
generator E-7-2 te
EL. 1122'-2" to anchor-
at P.B. of V.C. EL.-

1070'-11"

003 Main Steam HS From nozzle at steam
generator E-7-3 EL.
1122'-2" to anchor at
P.B. of V.C. EL.
1070'-2"

004 Main Steam- HS From nozzle at steam
generator E-7-4 EL.
1122'-2" to anchor at
P.B. of V.C. EL.
1070'-11"

005 Main Steam HS From anchor SHP-A50
on 24" .SHP-601-5 to
Anchor at P.S. of V.C..

EL. 1070' -11"

006 Main Steam HS From anchor SHP-ASO
~

and the pin a'nchor
to anchor at P.S. of
V.C. EL. 1070'-11"-

007 Main Steam- MS From anchor SHP-A50
and the pin anchor

' to anchor at P.B. of
V.C. EL 1070'-11"

|

.

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ -
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PROBLEM SYSTEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

008 Main Steam HS From anchor SHP-A50
on 24" SHP-601-5 to
anchor at P.B. of

- V.C. EL 1070'-11"

009 Main Steam HS From anchor SHP-A50-

on line 24" SHP-601-5
to 4 nozzles on
turbin unit

10A Main Steam HS From anchor SA-A-1
at EL 1041'-11" to
connection on
24"-SHP-601-5 -

108 Main Steam MS From anchor SA-A-1
and end at anchor A-1
El .1032'-7", to nozzle
at boiler E-43-2,
nozzle at main
condenser E-5 and 2
nozzles at aux, priming
ejectors EJ-2 and EJ-3

021 Boiler HS From anchor at P.B. of
Feed V.C. ET'. 1070'-10* to.

Discharge nozzle at ' steam
generator E-7-1

.-

022 Boiler HS From anchor at P.B. of
Feed V.C. EL 1070'-10* to
Discharge nozzle at steam

generator E-7-2

_- - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ .
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PROSLEM SYSTEM
NO. DESCRIPTION SCOPE' SYSTEM BOUNDARY

I 023 Boiler HS From anchor at P.B. of.
Feed V.C. EL. 1070'-10" to
Discharge nozzle at steam,

| generator E-7-3
'

-

( 024 Boiler HS From anchor at P.B. of
Feed V.C. E: 1070'-10" to
Discharge- nozzle at steast

generator E-7-4

025 Boiler HS From anchor at P.B. of
Feed V.C. EL 1070'-10" to
Discharge anchor WCBD-A102 on

14"-WCBO-601-6

026 Boiler HS From anchor at ?.B. 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'-10" to
Discharge anchor WCBD-A102 on

14"-WCBO-601-6

028 Boiler HS F65 anchor at P.B. of
Feed V.C. EL. 1070'-10" to
Discharge anchor WCBD-A102 on

14"-WCBD-601-6 . , .

41A Pressure HS - From anchor BRL-A-10
Control on 6" BRL-302-6 to
and nozzle at pressurizar
Relief E-22 at EL. 1115'-5"

|

-.

- - _- - - - - - ------ ---- --- - - - --
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PROBLEM SY5 TEM

NO. DESCRIPTION SCOPE SYSTEM BOUNDARY
|
|

418 Pressure RS From anchor BRL-A-10
Control on 6" BRL-302-6 to
and nozzle at pressurizer ;

Relief E-22 EL. 1115'-5"-

030 Boiler CS From anchor at EL.
Feed 1028'-11-3/4" to anchor
Discharge at primary auxilliary

building conc. FL. EL.

1022'-8" and x. z rest.
at 1027'-7-3/4"

41C Pressure KS Fran Anchor BRL-A-10
Control on 6" BRL-302-6 to
and nozzle at pressurizer
Relief E-22 EL. 1115'-6"

101 Main HS From nozzle at R.P.V.
Coolant to nozzle at R.P.V.
Piping and A branch to nozzle

at pressurizer and 2
nozzles at steam
generator E-7-1 |,

102 Main HS From 2 nozzles at
Coolant R.P.V. to 2 nozzles.

Piping at steam generator
,

'E-7-2 |
|

.. |

103 Main HS From 2 nozzles at
'

Coolant R.P.V. to 2 nozzles |
Piping at steam generator

E-7-3

.

O

-- - _ _ - - _ _ _ _ _ _ _ _ _ - - . . . _ _ _ _ _ . _
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1 - paastgM sysTgn

NO. DESCRIPTION- SCOPE SYSTEM = BOUNDARY

|

104 Main MS From 2 nozzles at !
Coolant R.P.V. to 2 nozzles !

Piping at steam generator i
E-7-4

.

!
121 Shutdown HS~ Fremsanchor at P.B. ;

Cooling. of V.C. EL. 1058'- !

Piping: 5" to connection-on |
20"-CRM-2504-10 j

i
t

f

122 Shutdown MS From anchor at P.B. !

Cooling of V.C. EL. 1057'- !Piping 8" to connection on j
20"-CRM-24-2504-12 ;

i

201 Safety HS Fras anchor at P.B. !
'

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.B. .

Injection of V.C. at EL.1055'- i
0* and 1060'-5". 4 !

'

connection to lines i
20" CRM'-2504-9 !.

20" CRM-2504-3 !

20" CRM-2504-6
20" CRM-2504-12

.-

011 Main Stems. CS From anchor A.1 to !
Piping anchor 75-A-4 and in- i

between 2 nozzles, one |
at bo11er E-43-1 and
one at-emergency
boiler feed pump. ;

|,

L

.

|

__ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ . _ _ . ._. __ _ _ _ - _ , ,, . . , .
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PROBLEM SY5 TEM

NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

02S Boiler CS 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" to
nozzle (tank #1) EL.
1024' :2", nozzle at
emergency boiler feed
pumo EL. 1023'-5",
anchor EL. 1028'-5",

nozzle at cond. return
pump (P-64), nozzle at
cond. receiver tank
(TK-63), nozzle at aux.
boiler feed pump
(P-60-1) and nozzle at
aux. boiler feed pump

(P-60-2)

061 Charging C3 From anchor at P.S. of
Piping S.V.C. on 3"-CRBH.

2502-4 to the cap at

EL. 1065'-4"

062 Charging CS From anchor at P.B. of
Piping 5.V.C. on 3" CRSH.

2502-4 to the nozzle
at low pressure surge,
tank TX-23

-
.

9

9

_ - - _ _ _ . _ _ . _ _ _ . . _
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PROBLEM SY5FcM
NO. DESCRIPTION SCOPE SYSTEM ~ BOUNDARY

63A Charging CS From anchor at P.S. of
638 Piping S.V.C. to 4 proposed
63C anchors, 3 in P. A.B.
63D and 1 on 2* CRCH-2502-

5. Also bounded by
charge pumps P-15-1
P-15-2 and.P-15 3. 3

branches on sht. 2/2
and with caps -but only
one (1) of them;
connects to 2*'CRCL.
152-3

064 Charging CS From charge pumps
Piping P.15-1, P-15-2 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

081 Chemical CS From one end it is
082 Shutdown bounded by 4" CRCL-
083 Piping 152-1 and the floor
084 drain at EL. 1021'-

8" to the other end
by 2 proposed anchors
in P.A.B.,

.

123 Shutdown CS From anchor at D.B. of
Cooling S.V.C. to low pressure

~
- -

surge. tank . TX-23, 1ow
pressure tank cooling
pumps- P-19 and P-23.-

Also 1 proposed anchor
in P.A.B. and a ,

connection to 6' line-
on problau 125.

.

_ . _ _ . _ . _ _ _
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PROBLEM S YSTf.M

NO. DESCRIPTION SCOPE SYSTE4 BOUNDARY

124 Shutdom CS From anchor at P.B. of
Cooling S.V.C. to low pressure

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

125 Shutdown CS From low pressure surge
Cooling tank cooler E-10 to
Pipin low' pressure surge tank

cooling pumps P-23 &
P-19. Also shutdown
cooling heat exchanger
E-9.

042 Pressure CS From anchor at P.B. of
Control S.V.C. to anchors at
and Relief boundary of P.A.B.
Piping

43A Pressure CS From anchor 3RL-A-1
Control on 12" BRL-154-11 to
and Relief 3 nozzlas at low
Pip.ing pressure surge tank

(TK-23).

~

43B Pressure CS From In. hor BRL-A-1
Control on 12" BAL-154-11 to
and Relief 3 nozzles at low
Piping pressure surge tank

(TX-23)
.

G

9
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i PROBLEM SYSTEM
l NO. DESCRIPTION SCOPE SYSTEM-BOUNDARY

044 Pressure CS From anchor BRL-A-1
Control on 12" BRL-154-11 to
and Relief flanged rupture disc
Piping on 20"-BRL-154-11.

-

141- Primary- CS, From nozzle at low
Pl ant - pressure surge tank
Purification- TX-23 to proposed-.

anchor-in P.A.S..-

142 Primary CS Fran nozzle at low.

Plant pressure surge tank i
'

Purification (TX-23) to purification
-

drain and cooling pumps
P-16-1 and P-16-2.

143 Primary CS From S.V.C. anchor at-
Plant EL. 1044'-6" to branch
Purification - connection to PI-1212

Sht. 1/4. . Also 2
connections'to 2-1/2"
CRP-152-1.

161 Sample CS From 2 anchors at P.B.
162 and Drain of S.V..C. EL. 1046'-0"
163 Piping and 1046'-7-1/2". North-

side bounded by 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 (TK-25).

;

i

! .

l -

I
_ _ _ .
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PROBLF.M SYSTEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

181 Containment CS From a proposed anchor
Ventilation on 6"-CV-121-1 at

anchor 7L-Al on 6"
CV-151-1. *

182 Containment CS From anchor 7L-A-1 to,

i

183 Ventilation guide 7L-G-1. Four
184 branches coming out of

the manifold all and.
To anchor at P.B. of
S.V.C. EL. 1068'-8"
(4 S.V.C. anchors.)

185 Containment CS From anchor 7L-A-2 to
3Ventilation oropcsed anche.- on
|6" line in P.A.B.

186 Containment CS From anchor 7L-A-2 to
187 Ventilation M.S. #2. The four
188 branches end up to

anchors at P.B. of
V.C. at EL. 1068'-7".

202 Safety CS From 2 anchors at P.B.
208 Injection of V.C. to 10" PRSL-

Piping 152-1. LPSI accumulator
tank. Disch. LPSI-1
LPSI-2, LPSI-3 and 6"
PRSL-302-1.

'

.1..

1

205 Safety CS From nozzle at LPSI
;Injection accumulation tank to * '

Piping 3 vents to atmosphere
at EL. 1064'-0".

|
*

1
,

|

|
:

_ _ _ - _ _ _ - - _ _ _
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PROBLEM SYSTEM
N O.. DESCRIPTION SCOPE ~ SYSTEM BOUNDARY

206 Safety CS From nozzles at LPSI
Injection accumulation tank and
Piping expansion tank at

nozzles at nitrogen
storage tank #1
through tank #18.

.

203-. Safety. CS From anchor at P.B. of-
Injection- V.C. at EL. 1060'-
Piping- 4-7/16' to anchor A-1

on line 4" HPSI-902-8

209 Safety CS From anchor H23 on
Injection line 4"-HPSI-902-8
Piping to nozzles at disch.

HP-1, HP-2 and HP-3.

204 Safety CS From anchor and
Injection- anchor H30 on line-
Piping 10" PRSL-152-1.

210 Safety CS - From anchor H30 on
Injection 10" PRSL-152-1 to
Piping suction nozzles on e

HP-1, H.P-2 and HP-3.
Also at suction nozzles
on LPSI-1, LPSI-2 &
LPSI-3.

.- ,

e

&

O
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i PROBLEM S YSTEM i
'

~

NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

s

f211 Safety CS On one side bounded by
!| Injection anchor A-1 and H23 on il

Piping 4" HPSI-902-8. Other i

ends are bounded by a I

seal plate anchor and
|lines 8" PRSL-302-9,
|4" PR3L-302-9, 4" PRSL-
!

302-15, 4" PRSL-302-14, ;

2" HPSI-902-8, 2" HPSI-
902-12, and 2" HPSI-
902-1.

!
S

I251 Fuel Chute CS From anchor at P.B. at |Tranfer V.C. to fuel chute d

Piping dewatering pump -

nozzle P-34
I
l

i

262 Fuel Chute CS From connection point !Tranfer on a 12" line to fuel iPiping chute-dewatering pump
|P-34 A branch goes
!

to pipe nipple for
i

LS-232. !
,

!
300 Component CS From anchor at P.S. jCooling of V.C. EL. 1064' to

!mein coolant pump
P14-1.

301 Component CS From anchor at P.B. of ~~
-

Cooling V.C. EL. 1064'-7" to-

main coolant pump
P14-2.

302 Component CS From anchor at P.S. of
Cooling V.C. EL. 1065'-3" to

imein coolant pump
!P14-3. ;

;

.
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PROBLEM - SY5Fr.M
NO. DESCRIPTION SCOP 5 SYSTEM BOUNDARY

303 Componnt CS From anchor at P.B. of
Cooling V.C. EL 1063'-11" to

main coolant pump
P14-4.

305 Component: CS From anchor at - P.B. of
Cooling.. V.C. EL 1058'-7" to

~

connection on line.
6"-K-151-12.

306 Component CS From anchor at P.B. of
Cooling V.C. EL 1059'-4" to

connection on line
6*-K-151-12.

307 Component. CS From anchor at P.B. of
Cooling V.C. EL 1059'-11" to

connection on line
6"-K-151-12.

.

308 Comoonent CS From anchor at P.B. of
Cooling V.C. EL. 1058'-9" to

anchor on 6"-K-151-12.

314 Component CS From anhor at P.B. of
Cooling V.C. EL 1058'-9" to

nozzle on tank TX-2.
Also from connection on
line 6"-K-151-25 to "

.

proposed anchor in
P.A.B.,

.

O

.

_. _ _ _ _ _
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PROBLEM SYSTEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

315 Component CS From anchor at P.B. of
Cooling V.C. EL. 1059'-4" to

K-151-25 and a pro-
posed anchor in P.A.B.

316 Component CS From 2 anchors at P.B.
317 Cooling of V.C. EL. 1059' to

the anchor on 6"-K-
151-25 and'an anchor
on line 4"-BL-151-1.

350 Component CS From proposed anchor
Cooling on 10"-K-151-7 to

nozzles at component
cooling exchangers
E-9. E-10 and E-12.

318 Component CS From anchor at P.B.
Cooling of V.C. EL. 1058'-9"

to the anchor on line
6"-X-151-12.

319 Component CS From anchor at P.B. of
Cooling V.C. EL. 1059' to

anchor pn line
6*-K-151-25.

,

320 Component CS From proposed anchor on
Cooling '10"-K-151-7 to anchor .,

on 3"-K-151-21, '

proposed anchor on
6*-K-151-12 and
component cooling
exchanger E-11-1 and
E-11-2.

.

e

_ _ _ _ _ . _ _ _ . . - _ .
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- PROBLEM SYSTEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

'

321 Component CS From component cooling
Cooling exchanger E-12 to

proposed anchor on 10"
- line at EL. 1028'-0"

to component cooling
exchangers E-9 and E-10.

322. Component CS From 2 nozzles at
Cooling E-11-1 E-11-2 to

2 nozzles at P-20-1,
P-20-2.

.

400 Service CS From 3 nozzles P-6-1,
Water P-6-2, P-6-3 to 4

anchors, which are 2
steel rings embedded
in walls and 2 pro-
posed anchors on 6"-
WS-151-7 and 6"-WS--
151-6. '

;

401 Service CS Burried pipes from a
402 Water turbine room to

Lines screenwell and pump !
'

house.
f.

|

403 Service CS From turbine oil
404 Water coolers E-29-1 and

E-29-2 to 4 anchors
at slabs 2 at EL.
1023'-8" and 2 at EL.
1022'-8". 2 proposed
anchors below valves
SW-V-681 and SW-V-682.
1 proposed anchor on
6* WS-151-47 and
another proposed anchor
at EL. 1043'-7-5/8".

.
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PROBLEM 5 YsFEM
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. (he
on 3"-K-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 turbine building to
Line P.A.B..

.

407 Service CS From heat exchangers
408 Water E-11-1 and E-11-2 to

Line proposed anchors on
slabs at ground
elevation. Also 2
proposed anchors on
lines 4"-WS-151-97 and
4"-WS-151-98 and one.

proposed anchor south
of line 3"-WS-152-85.

352 Comconent CS From anchor on slab at
Cooling EL. 1022'-8" to ana- '

lytical anchor on 10"-

X-151-2 and nozzle at
component cooling water
surge tank TK-2.

.

4

_._ _. _ _ . _ _ . . _ _ _ ~
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PROBLEM S f5 TEM
NO. DESCRIPTION SCOPE SYSTEM BOUNDARY

410 Service CS From 2 anchors at P.B.
412 Water of V.C. at EL 1065'-

| 418 5" to anchor A-4 on
1ine 6" WS-151-110.

409 Service CS. From 2 anchors .at P.S.
411 Water- of V.C. at EL 1064'-
413 7" to anchor 7L-A-3

on line 6"-WS-151-99.

41 4 Service CS From anchor at P.S. of
. Water V.C. at EL 1065'-5"

to connection on line
6" WS-151-110.

I 409' Service CS From nozzles at booster
| 415 Water pumps P-51-1, p-51-2 to-

417 anchor 7L-A-3 on line
*

6"-WS-151-99 to 2
anchors at P.B. of=V.C.
EL. 1065'-5".

..

416 Service CS From between anchor
418 Water A-4 and proposed anchor

on siab. EL 1039'-6"
to anchor. at P.S. of
V.C. EL 1065'-5" .

.

500 V.C. CS From anchor at P.S. of
501 Ventilation V.C. EL 1079'-2" to

and Purge anchor at P.S. of V.C.
at EL 1079'-2".

502 V.C. CS From anchor at P.B. of
Ventilation V.C. EL 1079'-2" to
and Purge support "C".

.

--- 3 - - - - , , -e,---
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LOAD CASES CONSIDERED
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. CRITERIA USED

ANSI B 31 1 - POWER PIPING CODE,1977*

U.S. NUCLEAR REGULATORY GUIDES
~*

1 60, REV. Is 1 61, REV. 0
1 92, REV. 12 Ano 1 122, REV. 1

'

ASME ROLLER 1 PRESSilRE VESSEL CODE 1971*

INCLilDINGCODECASE1607FORPEAkRRDADENING
'

U.S. NRC REG. GU'IDE, NilREG/CR-0098, MAY 1978. *

YAEC DESIGN CRITERIA, DC-1, REV. 2*

JOB No. 80023

.
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- LDAD COMBINAT10NS

EQ. 11: PRESSilRE + WEIGHT < Sn

ll0T SilllTDOWN SCOPE

EA. 12: PRESSilRE + WEIGHT + SEISMIC INERTIA < KS,

FOR SEISMIC INERIIA DEFINED BY VCS,
" CODE ALLOWABLE" LIMIT K - 1-8

FOR SEISMIC INERTIA DEFINED BY NRC
" FUNCTION"EVAlllATIONCONSIDER$DK=24

REMAINING SYSTEMS

EQ. 12: PRESSURE + WEIGHT + SEISMIC INERTIA < KSu
ljlTHSEISMICINERT(ADEFINEDBYYCS
FUNCTION" EVALHAT:0N CONSIDERED K I 24I

EG. 13: THERMAL EXPANSION + TAM + SAM < S3

EU. 181: PRESSURE + WElGilT + THERMAL EXPANSION + TAM
+ SAM < S3+Su

'

:

.

.
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ARTICLE F-1000
RUTRS FOR EVALUATION OF SERVICE-

LOADINGS WITH LEVEL D SERVICE LIMITS

F 1100 INTRODUCIION structures if Level D Sernce Limits (NB 3225) are
F-1110 SCOPE 85 " ** 8" P''*E** ^~ I )~

| In this Appendix are given rules which may be used
by Owners and Manu'mse with respect to evalu-
ation of those Sernce Loadings for which Level D
Scrwce Limits are MAM by the Design Speci-
Acations (NCA-3250)' F-1200 INTENT OF LEVEL D.

SERVICE LIMITS
CONSIDERATION

F-1210 LIMITS OF CODE
- - CONSIDERATIONS'

F 1120 DEFINITION OF LEVEL D Compnents are designed to provide a pressureSERVICE LIMIIS
contmning barrier or to act as a pressure retmaing

Level D Sernce Limits are thcee sets oflimits which mernber in the systein or to set as core support
t

must be sansied for all loadmss identidad in the structms.
Design Sr""'hona< for which these Sernce Limits
are designated. These sets of limits permit gross,

general deformations with some consequent loss of
F-1220 LIMITS OF DESIGNd""='na=1 stabdity and damage requirms repair.

which may require removal of the component from PROCEDURES-

| sernce. These sets oflimits are permitted for comt ina- chsasi4nsuKIN$ssWinrh " (._ tacesesresstions of conditions associated with extremely low
{{NNIEE55iifusidsi$forfMjh'si$probabdity postulated eats whose consequences are j .h -{ f?|,_ ,,,g h[ Msuch that the integrity and operabdity of the system {Qy ,

pumareg_g--
may be impaired to the extent that conditions of M ;- ,, g ] ] 4,_ ,f,cqpublic health and safety are involved. Therefore, the meMier ,u . , , , ; yeofgseleenon of this limit shall be remwed by the Owner womar 4 ,, _;Le,_mgm#***

gCA #EEIN 3
(b) In addition, the procedures g+-? =Uy iden-

tifad for core support structures (F 1380) limit the
consequences of the aa ad-*-d event with respect to
failure modes other than leakage.

| F 1130 APPLICABM (c) The procedures of F 1300 need not be applied to
any portion of a component or support in whach a

This Append x shall be considered for Class- I failure has been postulated in dadams the Level D
consponents and e.n~6., and Class CS core support Sernce Ilmits.

$37
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Fo1300-F-1321.3 SECTION III, DIVISION 1 - APP 2NDICES

F-1300 DESIGN PROCEDURES FOR =aci= rM with the ==nmum shear stress or the
SERVICE LOADINGS WITH distortion energy method.

LEVEL D SERVICE LIMITS (d) A plastic analysis may be used to determine the
" * * I "" * " "*

F-1310 GENERAL given structure. The collapse load shall be taken as the

(a) These design procedures are provuiad to limit one at which the distortion is two times the value at
the consequences of the Service f_~dia-= for which the ^=la" lead initial departure from linearity. In
Level D Service Limits are included in the Design evaluating the analysis, the computanons should be
Speci$ canons. interpreted in a manner consistent with that used in an

(b) The contents of F 1320 provule general proce. ' +m (11-1430). When interpreted in this man-
dures which are applicable to all components. Spec Ac ner, the canep- load which results from the p'atic
procedures, winch may limit the applicability of the analysis shall be limited in accordance with proce-
procedures of F-1320, are prtmded as fongws: dures applied to limit analyses. The symbol applied to

(1) F-1330 Vessels the collapseload is Pe.

(2) F-1340 Pumps (e)- A plastic analysis n;ay be used to determme the

(J) F-1350 Valves plastic instability load for a given comhia*i= ofloads

(4) F-1360 Piping on a given structure. The plastic mer=Mi y load ist

(J) F 1370 Component Supports taken as the one at which the deformanon meresses
(d) F-1380 Core Support Structures without bound or the relatma of force and deforma-
(7) F-1390 Class MC Vessels tion has a honzontal tangent. The symbol used to

designate this plastic instability load is P .fV
SmEGliiifh&r 42W4#49 @ A plastic analysis may be used to determme the

.as - - . ,

-

(d) When compressive stresses are present the lead or comhia=+i= of loads which result in a
sWslity of the compaaent must be ensured (F-1325). particular stain within the structure. When a limit is -

(e) Potential for unstable crack growth slionid also placed upon a stnin, the load ===ac'='M with the
be considered basing assumed defects on the inspec. stman limit will be de-ae d by the symbol Pg.

.

Eion techmques employed.
,

F-1321.2 Stress Ratio Method
(c) The stress ratio method is a pseudo.elasuc

analysie method which may be used as an approxunate
F-1320 DESIGN BY ANALYSIS plastic analysis when the required interaction equa. |.

F-1321 Terms Reinted 2 Analysis tions or curves are available. Such information is |

included in A-9000.
In addition to the terms related to stress analyses, (b) The equanons and curves of the stress ratio

the followmg terms are denned. =*ehad are developed for specide conaguranons, for
spec 6e loedmg . - S== == and for spec Sc materi-

F-1321.1 Plastic Analysis
als, consuiermg se strain hardenmg ^== =-;4cs of

(a) Plasne analysis is that method which aamputes de matenal. The mesod may be used for stancaHy or
the stnictural behavior under given loads e==id-ing dynamically applied loads.
the strain hardemng rhm--istics of the matenals. (c) The stress ratio method may be used to deter-
stain ate efects, permanent deformations, and stress mine the msnmum loads which may be carried by the
redistributions occurrmg in the structure. A plastic suucture widout exceedmg an assigned apparent
analysis is primarily ru~ia-ai had frors a. limit analy- stress. The symbol used to designate this load is Pe.
sis (NB-3213.21) because the actual strain hardenmg
charactenstics of the material are consuiered in F 1321.3 Experunescal Method
performing a plasuc analysis. (a) Eq i.stal investigations may be performed

(b) The true strees strain curve shall be adjusted to in accordance with II-1220 and interpreted in accor-
correspond to the tabulated value at the appropnate dance with II-1430 to deternune the mn=p- loed. The
temperature in Table I-2.1 or I-2.2 and shall be symbol applied to the collapse Iced is Pc6
-included and jusnoed in the Stress Report. However, (b) Experimental investiganons may be performed
straan rate effects on the Sow curve may also be to determme the plastic inernMity load Ibr a stnicture.
considered. If failure occurs before plastic instability is experi.

(c) The yield criteria and ===a-'*=d Sow rule used enced, the failure load shall be used. The symbol used
in perfccmms a plasne analysis may be either those to designate this plastic instabili y load is P .f

538
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NB 3000 - DESIGN NB.3213.11 NB-3213.22

(b) certam thermal stresses which may cause fatigue NB-3213.14 Total Stress. Total stress is the sum of
the pnmary, secondary, and peak stress contributions.but not di 4kia;

(c) the stress at a local un un.1 discontinuity; Recognition of each of the individual contributions is

(d) surface stresses produced by thermal shock.
essential to establishment of appropriate stress limita-

dons.
NB 3213.12 Imed Controlled Stresses. Load con-

sumus att &c stresses resulung froin appuca- NB4213.15 Operational Cycle. Operational cycle is
non d a loading, such as mternal y-.m mernal deined as the initiation and establishment of new
loads, or the efects of gravity, whose magnitude is not conditions fonowed by a return to the conditions

which prevailed at the t4=M=g of the cycle. Thereduced as a result of disa8-- a-at. .

NB-3213.13 Theresal Stress. Thermal stress is a
types of operatmg conditions which may occur are

self h-1-aa'a- stress produced by a nonuniform distri- further dedned in NB-3113.

bunon of taupc.aue or by difering thermal NB 3213.16 Stress Cycle. Stress cycle is a condition
en,mn,ats of evanaian Thermal suas is dwM in which the Mternanns stress diference (NB-
in a solid body whenever a volume of matenal is 3222.4(e)] goes from an initial value through an
prevented from assummg the size and shape that it alg*me masurn value and an alg*me mimme
normally should under a change in temperature. For value and then returns to the imnal value. A single
the purpose d establishing aDowable stresses, two operanonal cycle may result in one or more stressdaa-adia- ontypes of thermal strus are r=ca ai-'
the volume or area in which distortion talcia place, as

cycles. Dynamic efects shdi also be WA-aed as' '

suess cycles.
described in(a) and (b)below.

(c) General thermal stress is ===am=*=d with distor- NB 3213.17 Fatigne Strength Reduction Factor.
tion of the structure m which it occurs. If a stress of Fatigue strength reduenon factor is a stress inten-

.

this type, neglecting stress concentranons, exceeds unentina factor which accounts for the efect of a tocal
twice the yield strength of the matenal, the elasne structural discontinuity (stress concentration) on the
andysis may be M and hw W @ fangue strength. Values for some spectac cases, based
may produce meremente hh Therefore this * * ~ ' ' ** *** 8 '** I" 3333 "''d '33 I"I

type is el===AM as d ey stress in Table NB-3217 de= experunenta data, de &coretical stress
1. Examples of general thermal suesses are ************I*"*'"*I*D

(1) stress produced by an axial temperature
disenbuticain a cfamt sheu; $3EB6223536EbimLM22Wapiduisisut;{Phia%N

(J) stress produced by the tegnpersnare diference f 4 # "***T * **yg 'g%

, F;;;;,t T w ~ 9 " m ~ m g - ~ ~ mhggggggg;;;;ggbk
?between a nozzle and the shell to which it is atreched;

(3) the esquivalent linear stress produced by the8

radial temperature distributaan in a cylindrical shell.
~

' pN@h dgyg" O E ^ N-

(b) Local thermal stress is ===ar'='ad with almaar
eamal-e myym.i. of the d:Kerential 9===ian and NB 3213.19 Expansion Streassa. Eq ==E= stresses 5

thus produces no siaaW==' do.ckis. Such stresses are those stresses resulting from restramt of free end

shall be M-ed only from the fatigue standpoint :iisp1=e-maat of the piping system.

and are therefore eta =inad as local stresses in Table NB4213M h Defonnation d a corn- !NB.3217-1. In evaluatmg local thermal stresses.the
ponent part is an alteration ofits shape or size.

procedures of NB 3228.l(c) shall be used. Enamples of
Germalstrase are

.
NB 3213.21 Imelesticity. Inelasticity is a general !

(1) the stress in a small hot spot m a vasel wau; charactensac of --*--imi behavior in which the
(2) the diference between the actual stress and matenal dos not return to its ongmal shrpe and size

8* ''3" * **'** *"*I*E"I * after removal of all applied loads. Plasucity and creep
temperature distsibution m a cylindncal shell; *'''E' *l***** .' *I*!"'

(3) the Germd suas in a el-dd'a= matenal
which has a ra me==t of"vaa= en diferent from that NB 3213.22 Creep. Creep is the spec 4 case d *

; i iei y that relates to the stress-induced. time-of the base metal. t

d,iwad-at deformation under load. Small time-depen.

%==edmer a==sr === is dshad as the lia==r s=== desnbunne
dent deformana== may occur afte- the removal of all

.emsk has the est % monses as the esmal senes gg
dimesensa.
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| NB-3213.3-NB-3213.11 SECTION IIL DIVISION ! - SUBSECTION NB
--

" ~
~

bution through a fractional part of the wall thickness. I:the-senscusse:.ThesYs cinsacteeism~e:cKW"
n m.ntij~T.i@ P U?

' ' ''aM#Methis mThe stress distribution associated with a local disconti- w r wg.cm.3~1 -cans e - - ----
-

nuity causes only very loc =hnd types of deformation , a g=- re- ^

or strain and has no signi5 cant erTect on the shell type %,, Ins.e.dlEE,sti.eiiiRtoMn:E,is,dnMrsiihidsfin.w inili'

MinEsseddEEk _ 6' ' :- g>
~ ofm.; wuscaori+mA- -

g.
discontinuity deformations. Examples are small 611et s " ^ey -~

e

M - N @!.E.-W isisaslimieiiQN B M 4 M E $,aradii, small attachments, and parnal penetration
di$; & $ m y g g * g g f 6;jj:g Mwelds.

v9_%g gggggg:ggg p,33apq-gNB 3213.4 Normal Stress. Normal stress is the
component of stress normal to the plane of reference.
This is also referred to as direct stress. Usually the NB-3213.10 Local Prunary Membrane Stress.
distributica of normal stress is not uniform through Cases arise in which a membrane stress produced by
the thickness of a part, so this stress is considered to pressure or other mechanical loading and associated
be made up in turn of two components, one of which is wi6 a prirnary r a discontinuity efect produces
uniformly distributed and equal to the average value excessive distorti n in the transfer of load to other
of stress across the thickness under consideration, and

portions of the structure. Conservatism requires that
the other of which varies from this average value with such a stress be classided as a local primary membrane
the location across the thickness. stress even though it has some characteristics of a.

NB-3213 5 Shear Stress. Shear stress is the compo- secondary stress. A stressed region may be considered

nent of stress tangent to the plane of reference. local if the distance over which the membrane stress
. intensity arcaede 1.1S,,, does not extend in the meridio-

NB-3213.6 Membrane Stress. . Membrane stress ts nal direction more than 1.0v'E where R is the
.

the component of normal stress which is v.niformly mmtmum midsurface radius of Curvature and f ts the
.

..

distnbuted and equal to the average value of stress ess m the region considered. Regions
. .

.

rmnunum
across the thickness of. the section under consider- of local primary stress intensity involving axisymmet-

ric membrane stress distributions which exceed 1.1S,,,

NB-3213.7 Bending Stress. Beniting stress is t5e shall not be closer in the meridional direction than

,

vr.riable component of normal stress described in NB- 2.5v7/ where R is dedned as (R + R )/2 and t isi t

3213.4. The variation may or may not be linear across de5ned as (ti + t: )/2 (where ti and t2 are the'

the thickness. mmimum thicknesses at each of the regions consid-
ered, and R and R: are the mmimum midsurface radiii

NB-3213.8 Primary Stress. Pnmary stress is any of curvature at these regions where the membrane
normal stress or a shear stress developed by an stress 6 tensity avraade 1.1SJ h regbus of
imposed loading which is necessary to sausfy the laws local primary membrane stress intensity, such as those
of equilibrium of external and internal forces and resulting from concentrated-loads acting on brackets,
"C"*"*** The bask chamtermic of a pmnary stress where the membrane stress intensity exceeds 1.lS,,,,
ts that it is not self-hminng. Prunary stresses which dall be spaced so dat dere is 5 ovdappbg of de

.

considerably arraad the yield strength will result tn areas in which the membrane stress intensity exceeds
failure or, at least, in gross distortion. A thermal stress ;" gg""

.

is not classi5ed as a primary stress. Pnmary mem-
brane stress is divided into general and local catego.

NB-3213.11 Peak Stress. Peak stress is dat incre-
ries. A general primary membrane stress is one which f stress which ,s additive to the pnmary plusment t

is so distributed in the structure that no redistribution sec ndary stresses by' reason oflocal discontinuities or
of load occurs as a result of yielding. Examples of local thermal stress [NB-3213.13(b)] including the
pnmary stresses are: efects, if any, f . stress concentrations. The baste-.

.

(af general membrane stress in a circular cylindrical chamtenstk of a peak stress ts dat it does not cause
or a spherical shell due to internal pressure or to any noticeable distortion and ,ts objectionable only as a
distributed live loads. possible source of a fatigue crack or a brittle fracture.

(b) bending stress in the central portion of a Sat A stress which ts not highly l~*ad falls into this
head due to pressure. category if it ts of a type which cannot cause-

MNJ.,,, E- [ I , h @ 'stui I noticeable distortion. Nmples of peak stresses are:
(a) the thermal stress in the austenitic steel claddingE --#

' % .-_

w . w .__-__ ,. w m f m - j e of a carbon steel component:w w n
L _

- _ m
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Nb3221.3-Nb3221.4 SECTION III, DIVISION 1 - SUBSECTION NB
.

"
TABLE NS-3217 2

CLASSIFICATION OF STRESS INTENSITY IN PIPING, TYPICAL CASES

Disconunmitjes

Considered

Pipwig Canoonent Locations Origin of Stress Cassification Gross t.acal

Ploe or tulee, eitoss, and Any, except crotch regiers Internal pressure P. No No
reducers. Intersections of intersections Pc and Q Yes No,

and branen connections F Yes Ya
except in crotch
reg 6 ens Sustained rnacharncal loads, P. No No

includsng weignt Pa and Q Ya No
P Yu Ya

Expansion P. Yes No
F Ya 'Ya,

Axial thermal gradeont Q Yes No
F Yu Ye

Intersections, in crotch region Icternal pressare, sustaaned Pc and Q [ Note (1)] Yes No
including tems anschanecal loads, and F Yu Yes
and branch expansMin
connections

Azial thermal gradsent Q Ya No
F Yu Ya

Botts and Any Internal pressure, gasket - P. No No
flanges -congressson, and bolt load - Q Yes No

'

F Yu Ya

Thermal gradient Q Yes No
F Yu Ya

*

Espansion P. Ya No% .

F Yu Yu
.

QMif g W * %
, 5, D N a &~^s -~ &- W ':W&~V a

'

i

~~ - - ,.= : : m nw m+ ~ ~
; . gf(n*g 2

-

wu W %f *a
. w m:m+. A2.r c - mE63 9.- - - a - y#j .g g ,

|pggg; ;d w as* arm am ~44 ky ; Ar- . gg$* m s

f. g -" mig idemovannemeestaW
. mm s a,

fs9fswdWedg I24Ws45DKss'n'!|5"d""#$g.g{4#$%W#I M3
_ #WFw? ssus 6tsamt

-. -
sag

NOTE:
.

(1) Analysis is not requered when renforced in acconsance with NS-M43.

solid rectangular sections, a value of a times the limit The value of a shall not exceed the value ~1-1 M
=+=hlh in NB-3221.1 may be used where the for bending only (P., = 0). In no case sha!! the value
factor a is deined as the ratio of the load set of a exceed 1.5. The propensty for WHar of the
rJ- H= a fhily plasne secnon to the load set part of the seenon that is in compresson shall be
producmg matial yielding in the extreme ibers of the invesagated. The a factor is not permitted for Level D
secnon. In the evaluance of the innal yield and fhily Service Lumtm when ineiasne component analysis is
pleene secnon capacities, the rancs of each individual used as W 7-1 in Appendix F.
load in the respective load set to each other load in
that load set shall be the same as the respective ratios NB 3221.4 Externet Pressere.-The provinces of
of the individual loads in the spectied design lood set. NB-3133 apply.

.
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========================================================================
|CONVENTIONAL SEISNIC ANALYSIS USING VCS

BEFORE FIXES WERE' IMPLEMENTED
=====================================

==================================4PROB. H0 SEQUENCE SDHAX TDMAX" NORM 11 NORM 12 NORM 13 NORM 1
*'------------------------------------------------------------------------

1 1 8.371 1.09 0.49 1.26 0.46 0.43
2 2 7.635 1.09 0.49 1.22 0.47 0.32 '

3 3 4.446 .84 0.48 1.13 0.56 0.32
4 4 6.76 -1.22 0.49 0.90 0.45 0.31

21 5, 9.8 .55 0.47 1.57 0.28 0 32
22 6 11.429 .64 0.45 1.79 0.30 0.31
23 7 14.42 .57 0.51 2.55 0.29 0.31
24 8 10.016 .63 0.44 1.59 0 30 0.32

41A 9 .087 .38 0.36 0.20 0.42 0.32
41B 10 .11 .37 0 35* 0.20 0.34 0.29

.

41C 11 .1 1, .32 1.06 1.16 0 35 0.61
101 12 .279 -1 51 0.53 0.50 1.08 0.85
102 13 .417 1.58 0.53 0.56 0.55 0.54
103 14 .435 1.4 0.53 0.53 1.03 0.84 -

104 15 .397 -1.36 0.54 0.58 0.85 0.73
121 16 6.482 .97 0.46 . 1.89 0.30 0.29
122 17 8.05 .92 0.74 1.45 0.32 0.37
201 18 .0659 .07 0.51 0.36 2.68 1.88
207 19 2.78 2.9 2.25* 3.68~ 2.41 2.21

5 20 5.458 2.811 0.40 0.81 0.45 0.40
6 21 6.52 -5.37 0.47 1.28 0 99 0.74
7 22 6.59 -5.39 0.48 1.55 1.01 0.75
8 23 6.3 2.94 c.42 0.87 0.37 0.35
9 24 2.23 -3.03 0 38 1.22 1.15 0.83

10 A :+: 25 10.13 -1.913 0.32 1.48 0.39 0 34
10B ;+: 26 5.004 2.21 1.87* 2.55 3.11 1.89
25 27 13.00+ 2.1 0.49 1.61 0.11 0.22
26 28 10.00+ .99 0.42 1.69 0.09 0.20

27 29 9.00+ 1.52 0.44 1.54 0.12 0.22
28 30 12.00+ 1.24 0.50 1.70 0.12 0.20 or

======================================================================== 4s

.N
ll0T SilDTDOWN SYSTEMS

FURTilURE FIEl.D INVESTIGATION REQUIRED , , g i
* .

b, k A + CONSIDERING SLEEVE CLEARANCE
- *

a c,,

s i li n ; 1:.+: SYSTEM DESIGN CilANGE PENDING .
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EQ 11 NORMALIZED STRESSES
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-
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SEQUENCE NO.
,YCS ANALYSIS BEFORE FIMING -
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EG 12 HORMALIZED STRESSES
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S 4~~
*
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3
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*
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| SEQUENCE NO.
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E
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BEIBMIC DEFLECTIONS
1 6--

'

14- -

12- -

f4 10- -

d
' 8-

.E G-

l| ||
: .I. .. .

.... ,_ l.,, l.l.i. ..e . ....... .,

._ , , , .

SEQUENCE NO. -

YC8 ANALYSIS BEFORE FIMING
HOT SHUTDOWN SYSTEMS |-

[4Yr 'T 1 '
* S"' """S "~"""""""'S""""S"""^""""" *

immiimmimmmiim
t



, . . . .
., ... ....-.....,,m. .. .- . .

.

THERMAL DEFLECTIONS
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........................................................................

| SEISHIC ANALYSIS USING YCS
| AFTER FIXES WERE IMPLEMENTED
1 ........................................................................

PROB. NO SEQUENCE SDHAK TDiiA X NORH 11 NORH 12 NORH 13 NORM 14*

-----------------------_------------------------------------------------
1 1 1.20 2.04 0.49 0.53 0.60 0.56

| 2 2 1.22 2.04 0.49 0.53 0.60 0.56
| 3 3 2.63 2.20 0.48 0.82 0.80 0.67

4 4 1.06 2.08 0.51 0.51 0.64 0.59
21 5 1.00 2.06 0.45 0.68 1.29 0.95

* 22 6 0.30 2.06 0.44 0.35 1.33 0.93
23 7 0.50 2.06 0.48 0.43 1.00 0.73
24 8 1.03 2.05 0.43 0.71 1.16 0.83

41A 9 0.09 0.56 0.36 0.27 0.70 0.55 1

41B 10 0.11 0.60 0.35 0.26 0.70 0.60
41C 11 1.70 0.71 0.86 0.89 0.46 0.61
101 12 0.34 2.46 0.52 0.50 1.19 0.94
102 13 0.42 2.13 0.53 0.80 1.22 0.96

'

103 14 0.46 1.98 0.53 O.56 0.84 0.72
104 15 0.40 1.92 0.54 0.65 0.92 0.78
121 16 0.17 1.10 0.46 0.55 1.24 0.85 |

'

122 17 0.36 1.63 0.73 0.51 1.15 0.82
201 18 0.30 2.13 0.69 0.62 1.62 1.00
207 19 0.30 2.13 0.69 0.62 1,62 1.00

........................................................................

liOT SilDTDOWN INSIDE VC
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SEISHIC ANAL.YSIS USING NRC |

AFTER FIXES WERE IHPl.EHENTED |

....................................

-PROS. NO SEQUENCE SDHAA NORH 12
____________________________________

1 1 2.00 0.53
^

2 2 2.12 0.54
'3 3 3.90 0.85
4 4 1.06 0.55

21 5 1.96 0.84
22 6 0.54 0.31
23 7 1.03 0.42

- 24 8 1.99 0.87
41A 9 0.08 0.19
41B 10 0.10 0.19
41C 11 0.34 0.80
101 12 0.81 0.60
102 13 0.96 0.75
103 14 1.02 0.67
104 15 0.90 0.67
121 16 0.25 0.41
122 17 0.67 0.39
201 18 0.56 0.77
207 19 0.56 0.77
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SEISHIC ANAL,YSIS

USING NRC
NORMAL.IZED TO 1.8 Sil

................-----------

PROB. NO SEQUENCE NORH 12
___________________________

41A 1 0.26
41B 2 0.26
41C 3 1.06
101 4 0.81
102 5 1.00
103 6 0.89
104 7 0.90
121 8 0.55
122 9 0.53
201 10 0.90
207 11 0.90

---------------------------
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CLARIFICATION OF THE STRESS ANALYSIS RESULTS FOR
REMAINING SYSTEMS TO YCS

The stress results sumarized in the following tables and graphs are based
on as-built piping geometries excluding the potential restraining effects
of thru wall penetrations. Thus, many 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 maximin lateral deflections (light shaded areas). A field
review indicates that the pipe is passing through walls and will not
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.

.

O
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..............................................................=
SEISHIC AN Al.YSIS IISING YCS'

...............................................................
PROB. NO. SEQUENCE SDHAX NORH 11 NORM 12 NORH 13 NORM 14
_______________________________________________________________

61 1 3.786 0.55 0.39 0.02 0.21

- 30 2 4.21 0.17 0.28 0.03 0.07 ,

62 3 9.221 0.43 1.66 0.56 0.39 i

63A 4 .9947 0.49 0.86 1.43 1.05 |

63B 5 .9947 0.49 0.86 1.43 1.05
#

63C 6 .9947 0.49 0.86 1.43 1.05
63D 7 .9947 0.49 0.86 1.43 1.05

64 8 3.12 0.62 0.64 3.69 2.48

81 9 .969 0.42 0.28 0.70 0.47

82 10 .969 0.42 0.28 0.70 0.47

83 11 .969 0.42 0.28 0.70 0.47
.

84 12 .969 0.42 0.28 0.70 0.47
123 13 6.53 0.33 1.21 1.44 0.96

124 14 6.44 0.26 0.99 1.47 0.96

125 15 .3096 0.21 0.37 0.67 0.46

11 16 5.188 0.16 2.76 1.22 0.80

29 17 .101 0.28 0.23 1.20 0.76

181 18 64 0.17 0.19 0.34 0.23

262 19 863 0.25 0.13 0.26 0.25

209 20 .1909 0.36 0.23 0.72 6.48

182 21 13.817 0.45 5.25 0.27 0.24
183 22 13.817 0.45 5.25 0.27 0.24
184 *23 13.817 0.45 5.25 0.27 0.24
44 24 1.0588 0.21 0.46 0.77 0.50 ,/

161 25 12.7573 0.54 4.65 0.94 0.60 /

162 26 12.7573 0.54 4.65 0.94 0.60

163 27 12.7573 0.54 4.65 0.94 0.60
206 28 5.5827 0.94 9.01 3.49 2.47

*

205 29 616 0.50 0.34 0.86 0.72
............................................................... G

'
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. ....--..........------ ...--..............---- ......--------
PROB. NO. SEQUENCE SDHAX NORH 11 NORM 12 NORH 13 NORH 14
_______________________________________________________________

43B 30 .0294 0.15 0.09 0.46 0.33211 31 8.8689 0.71 2.30 0.55 0.61204 32 .0905 0.10 0.09 0.39 0.2642 33 10.85678 0.27 1.59 0.36 0.32185 34 .2972 0.20 0.19 0.64 0.41261 35 .469 0.21 0.33 1.15 0.7843A 36 018 0.13 0.07 0.53 0.38202 37 12.3486 0.35 1.72 1.33 0.86208 38 12.3486 0.35 1.72 1.33 0.86210 39 .1073 0.04 0.07 1.30 0.79 )203 40 9.894 0.22 1.12 0.11 0.12143 41 16.378 0.83 3.50 0.67 0.59141 42 .3438 0.29 0.20 0.86 0.64142 43 2.212 0.38 0.51 0.12 0.22186 44 4.8112 0.40 1.73 0.40 0.32187 45 4.8112 0.40 1.73 0.40 0.32
,

188 46 4.8112 0.40 1.73 0.40 0.32 /.300 47 13.97 0.32 3.15 0.54 0.45 ' f
301 48 8.67 0.13 2.25 0.56 0.39302 49 6.77 0.26 1.86 0.34 *0.31| 303 50 13.22 0.45 4.21 0.37 0.40305 51 .82 0.35 0.40 0.24 0.22*

306 52 1.91 0.47 0.56 0.21 0.26307 53 2.07 0.29 0.46 0.36 0.27308 54 9.5 0.26 1.33 0.17 0.18314 55 .74 0.24 0.51 0.88 0.57
1

315 56 1.318 0.23 0.60 0.87 0.58316 57 1.598 0.26 0.44 1.03 0.71 (317 58 1.598 0.26 0.44 1-----........ ................. ..................- 03 0.71 ;
-. ..--..... (

.
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...............................................................
SEISHIC ANAL.YSIS USING YCS .

...............................................................
PROB. NO. SEQUENCE SDHAX NORM 11 NORH 12 NORH 13 NORH 14

-

---------------------------------------------------------------
318 59 1.13 0.17 0.34 0.34 0.22
319 60 4.29 0.19 0.99 0.45 0.30
320 61 .83 0.49 0.50 0.78 0.67

'

321 62 .94 0.66 0.94 7.93 4.85
322 63 68 0.26 0.67 0.52 0.35
350 64 1.19 0.12 0.39 0.51 0.35
351 65 .91 0.21 0.39 3.31 2.05
352 66 2.68 0.89 1.63 4.71 2.87
400 67 .99 0.24 0.30 1.35 0.86
403 68 5.73 0.36 2.89 0.41 0.28
404 69 5.73 0.36 2.89 0.41 0.28
407 70 .48 0.16 0.25 1,54 0.95
408 71 48 0.16 0.25 1.54 0.95
409 72 7.33 0.25 1.71 .0.35 0.24
410 73 6.32 0.21 1.21 0.33 0.22
411 74 5.86 0.19 1.71 0.28 0.20
412 75 6.32 0.21 1.21 0.33 0.22
413 76 5.86 0.19 1.71 0.28 0.20
414 77 6.6 0.14 1.60 0.33 0.22
415 78 7.33 0.25 1.42 0.35 *0.24
416 79 8.45 0.15 2.25 0.78 0.49

| 417 80 7.33 0.25 1.42 0.35 0.24
418 81 8.45 0.21 2.25 0.78 0.49
500 82 .1 0.31 0.16 1.22 0.78

1 501 83 .1 0.31 0.16 1.22 0.78
502 84 .048 0.12 0.06 0.00 0.05

| 401 85 02 O.12 0.08 1.47 0.93
'

i 402 86 02 0.12 0.08 1.47 0.93
405 87 .085 0.12 0.14 0.86 0.55 g406 88 .075 0.12 0.13 0.78 0.54

'

-

;...............................................................
'
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CONSERVATIVE ASSUMPTIONS IN ANALYSIS

1) NEGLECTED RESTRAINING EFFECT OF THE PENETRATIONS ON

THE PIPING

2): SPECTRA.FROM*VARICUS: STRUCTURES ENVELOPED-

3) PIPING MATERIALS ARE DUCTILE, NOT BRITTLE, AND: YIELD

RATHER THAN FRACTURE
,

9

e
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SAMPLE OF HIGH DEFLECTIONS / STRESSES
-

WHERE RESTRAINING EFFECT OF PENETRATION IS NEGLECTED

PROBLEM SEQUENCE EQ 12 AX NODE AZ NODE

161,162,163 25,26,27 4 65 12 8 44 10 0 106

,

e

e
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.

CLAP.IFICATION OF STRESS RESULTS FOR
'

ECCS/ AUX FW TO 1985

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

Only four out of twenty-six problems exceed the " normalized toe
one" limit.

The restraining ef fect of the penetrations, as elaborated one ,

earlier, is not considered. .

.
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PIPE STRESS

SUBSECTION OF REMAINING SYSTEMS EVALUATED TO IDBS*

.

COMPARISON OF IDBS VS. YCS GROUNDMOTIONS*

RESULTS OF EVALUATION*

.
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29 1 0.17
30 2 0.27
42 3 0.87

43A 4 0.08
4 311 5 0.09

44 6 0.32
141 7 0.18
142 8 0.36
143 9 2.07
161 10 2.52'

162 11 2.52
163 12 2.52
181 13 0.14
182 14 2.77
183 15 2.77
184 16 2.77
185 17 0.17
186 18 1.02

,

187 19 1.02
188 20 1.02.

202 21 0.99
203 22 0.63
204 23 0.07 !

205 24 0.28
206 25 4.69
208 26 0.99
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REEVALUATION GUIDELINE

FOR

SEP GROUP II PLANTS

(EXCLUDING STRUCTURES)

INTRODUCTION

I
In support of NRC's Systematic Evaluation Program (SEP) for Group II

Plants, the following R 1 valuation Criteria have been established. These

criteria include recommeraJ load combinations with allowable stresses j

and/or loads for piping systems, component supports, concrete attachments, |

and equipment. These criteria are base'' on linear elastic analyses having
been performed. The acceptance criteria are generally based on the ASME
Code. For situations not covered by these criteria, (i.e. items
constructed of cast iron) compatible criteria shall be developed by the I

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.

DEFINITIONS

ASME Boiler and Pressure Vessel Code, Section III, " NuclearCode =

Pcwer Plant Components,'' 1980 Edition, Winter 1980 Addenda.

General membrane stress. This stress is equal to the average=o

stress across the solid section under consideration, excludes
discontinuities and concentrations, and is produced only by
mechanical loads.

1

Bending stress. This stress is equal to the linear varying# =
b

portion of the stress across the solid section under

consideration, excludes discontinuities and concentrations,
and is produced only by mechanical loads.

0 Design or maximum operating pressure loads and designP =

mechanical loads.

1
,
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SSE Inertial loads due to Safe Shutdown Earthquake (SSE) and=

design mechanical loads where applicable.

T Loads due to thermal expansion of attached pipe (constraint=

of free end displacement).

W Loads due to weight effects. |
=

AM- Loads due to SSE' anchor movement effects.=

S Critical buckling stress.=g

'

S Allowable stress intensity at temperature listed in ASME Code.=
m

.

S' Yield strengtn at temperature listed in ASME Code.=
y

Sj g Ultimate tensile strength at.temperatureslisted in ASME. Code..=

Local membrane stress. This stress is the same as o=o g g,

except that it includes the effect' of discontinuities.
)

S ASME Code Class 2 allowable stress value. The allowable=-

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

,

P, General Primary Membrane Wess Intensky. H is stress=

intensity is. der.ived from the average value across the
| thickness of a section of the general primary stresses
! produced by design internal pressure and other specified

IDesign Mechanical Loads, but excluding all secondary and peak
s tresses. Averaging is to be applied to the stress,

I components prior to determination of the stress intensity
v alues .

2
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O O "b

P Local Membrane Stress Intensity. This stress intensity is=
g

the same as P except that it includes the effects of
m

discontinuities.

IP Primary Bending Stress Intensity. This stress intensity is=

derived from the linear varying portion of stresas across

the solid section under consideration produced design
pressure and other specified design mechanical loads.
Secondary and peak stresses are not included.

SPECIAL LIMITATIONS

1. Critical buckling loads (stresses) must be determined 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 loads (stresses) shall be determined using accepted
methods such as those contained in NASA Plates and Shells Manual or
ASME Code Case N-284 ! l

| 2. Where 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.

3. Where results of analysis indicate that the allowable stresses of the
original construction code are exceeded in any of the load
comoinations specified herein, it shall 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'

3
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4000, 5000, and 6000).. In cases where compatibility with the
- appropriate ASME Code Subsections.was not wbstantially achieved,

appropriate reductions in these limits shall be established,

justified, and applied.

.
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ACCEPTANCE CRITERIA FOR PIPING

Using Code (a) Class 2 analytical procedures [ Equation (9), I

NC-3653.1], the following stresses are not to be exceeded for the specified
piping:

O+SSE|1 1.8 SClass 1: P +P +P=
m b

1

Class 2: P +Pb=W+PD,+SSE|1 2.4 Sm

The effects of thermal expansion must meet the requirements of
Equation (10) or (11) of NC-3653, including moment effects of anchor
dis' placements due to SSE if anchored displacement effects are omitted from i

I

Equation (9) of NC-3653. Class 1 analytical procedures (N8-3600) can also
be utilized if appropriate allowable stresses specified in NB-3650 are used.

Branch lines shall be analyzed including the inertial and displacement
input due to the response of the piping to which it is attached at the
attachment point.

.

The references to ASME Code equation and paragraph numbers en this pagea.
correspond to the 1980 edition of the code, 1981 winter addenda. This was
done in order to avoid confusion introduced by the initial 1980 edition of 1 I

the code which renumbered the equations differently from past and present
editions of the code. Equation numbers presented on this page reflect
common nomenclature utilized in the nuclear industry.

I
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ACCEPTANCE CRITERIA FOR CLASS 1 COMPONENT SUPPORTS - I

Acceptance Criteria (a)

Imposed Load
Combinations Linear Plate and Shell(b)

The higher of:

*
Code Subsection NF

or Design, Level A, and
Level B Limits

W+T Pt + Pb < l.5 Sm I

The higher of: ----------

|W|+[SSE|+/AM,
Pm < 1(5 Sm or1.2 Sy c)Code Subsection NF

or Level 0 Limits not to exceed 0.7 Su 1

[W+T + |SSE| + |AM| Pt + Pb 2.25 Sm or
1.85 y (c) not to exceed
1.05-Su

in addition to the above criteria, the allowable buckling stress shall be
limited to 2/3 Sbk, where Sbk is determined in accordance with Special
Limitation 1.--

.

i a. These load combinations shall be used in lieu of"those specified in
| ASME~ Code. Subsection-NF. In addition, for brittle types of material not

specif.ied in the Code, appropriate stress intensification factors for
. notches and stress-di'scontinuities shall be applied in the analysis.

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

-c. Use 1arger of.

>

6
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ACCEPTANCE CRITERIA FOR CLASS 2 COMPONENT SUPPORTS
~

Acceptance Criteria (a)
Imposed Load
Combinations Linear Plate and Shell

The higher of:

|W| g < l .0 So
Code Subsection NF

or Design, Level A, and
Level B Limits

|W+T| of + a b i 1.5 S

The higher of: ----------

,

|W| + |SSE| + |AM| $ 1.5 S oro
Code Subsection NF

or Level 0 Limits 0.4 Su (b)

|W + T| + |SSE| + |AM| f + ab i 2.25 S oro

0.5 Su (b)

1

In addition to the above criteria, the allowable buckling stress shall be
limited to 2/3 Sg , where Sbk is determined in accordance with Special
Limitation 1.

.

.

a. These' load combinations shall 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.

7
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6-a.

ACCEPTANCE CRITERIA FOR CONCRETE ATTACHMENTS

1. Concrete Expansion Anchor Bolts (a)

Load Combinations: Same as for component supports.

}Acceptance Criteria:

Wedge type: 1/4 ultimate as specified by manufacturer.

Shell type: 1/5 ultimate as specified by manufacturer.

'

II. Grouted Bolts: Replace (a),(b),(c)

IIII. Concrete Embedded Anchors "I

Load Combinations: Same as' for component supports'.

Acceptance Criteria (b): 0.7 S
u

.

i

! a. Base plate flexibility effects must be considered.

b. Both pullout'and shear loads must'be considered in combined loading
situations.

c. Unless stresses in the bolts and structure to which they are attached
are shown to be sufficiently low to preclude concrete / grout / steel interface
bond failures. Load combinations are the same as those for component
supports.

8

_ _ - _ _ _ _ _ _ _ _



C-)o .

ACCEPTANCE CRITERIA FOR CLASS 1 MECHANICAL EQUIPMENT

Component Loadino Combination (b) Criteria (d) (g)

SSE +| Nozzle Loads | Pm 1 2.4 Sm or 0.7 Su I*)Pressure vessels W+PO +

and heat-exchangers (Pm or Pg) + Pb i 3.6 Sm

or 1.05 Su I")
+ SSE + Nozzle Loads | Pmi 1.2 Sm or Sy (f)Active pumps and W+PD

other mechanical (P or Pg) + Pbi 1.8 Smm

components (a)(d) or 1.5 Sy (f)

+ |SSE| +Nozzle Loads | Pm1 2 4 Sm or 0.7 Su (*)Inactive pumps and W+PD

other mechanical (P or P ) + Pbi 3.6 Sm g m

components or 1.05 Su (*} j

W + P |+ SSE|+| Nozzle Loads | Pm < l.2 Sm or Sy (f)Active (a),(c),(d) D
v alves

(P or P ) + Pbi 1.8 SmAm
,

'

or 1.5 Sy (f)

Inactive valves (c) y + p0 +|SSE +| Nozzle loads | Pm1 2.4 Sm or 0.7 Su I*)

(P or Pg) + Pb i 3.6 Smm

or 1.05 Su I*)

Tension =Syor0.7She)Bolt stress shall be limited to: -

Shear =0.6Syor0.42Sh*I

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

1

|

9
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c. Scope and evaluation of pumps and valves are to be in accordance with j
NB 3411, NB 3412, and NB 3546 of the Code, including seismic and thermal
anchor movement effects.

d. For active mechanical equipment contained in safe shut down systems, it
shall be demonstrated that deformation induced by the loading on these
pumps, valves and other mechanical components (e.g., CR0s) do not introduce j
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 operator housing and supports are shown to be less than
yield. In these evaluations, all loads (including seismic and thermal
anchor movement effects) shall be included.

e. Use lesser of-two val.ues,

f. Use greater of' two values.
I

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

.

D
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ACCEPTANCE CRITERIA FOR CLASS 2 MECHANICAL EQUIPMENT ,

Component Loadino Combination (b) Criteria (d)

Pressure vessels W+PO + SSE + Nozzle loads om1 2.0 S

and heat-exchangers (o 0F 31) * 'b 1 2.4 Sm

m i 1.5 SActive pumps and W+PD + SSE + Nozzle Loads e

other mechanical (o or og) + ab 1 I83m

components (a),(d)
!

Inactive pumps and W + Po + SSE + Nozzle Loads em1 2.0 S

other mechanical (o or og) + ab i 24S- m

comoonents

Active W+P0 + SSE + Nozzle Loads m < l.5. Se
valves (a),(c),(d)

(a or og,) + 3b 1 l8S I
m

Inactive valves (c) y + p0 + SSE + Nozzle Loads am1 2.0 S

(e or og) + Pb5 2.4 S*

m

Bolt stresses shall be limited to: Tension = Sy or 0.7 Sh*I

Shear =0.5Syor0.42Sh*I
,

Active pumps, valves, and other mechanical components (e.g., CR0s) are,a.
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.

.

c. Scope and evaluation of pumps and valves are to be in accordance with
NC 3411, NC 3412, and NC 3521 of the Code, including seismic and thermal
anchor movement effects.

.

11
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,

d. For active mechanical equipment contained in safe shut down systems, it '

shall be demonstrated that deformation induced by the loading on these
pumps, valves and other mechanical components (e.g., CR0s) do not introduce
detrimental effects which would preclude function of this equipment '

following a postulated SSE event. For valve operators integrally attached 1

to valve bodies, binding can be considered precluded if stresses in the
valve body and operator housing and supports are shown to be less than
yield. In these evaluations, all loads (including seismic and thermal
anchor movement effects) shall be included. .

e. Use lesser of two values.

,
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i
ACCEPTANCE CRITERIA FOR TANKS |

!
Load Combinations: Normal Operating Loads + SSE Inertia Loads -

+ Dynamic Fluid Pressure Loads (a)

Acceptance Criteria: Smaller of S or 0.7 S . In addition, they u

allowable buckling stress shall be limited to 2/3

Sbk, where Sbk is determined in accordance
with Special Limitation 1.

i.

'

,

i

!

!

i

'

.

,

%

t

i

Dynamic fluid pressure shall be considered in accordance with accepteda.
and appropriate procedures; e.g., USAEC TID-7024 Horizontal and vertical
loads shall be determined by appropriately combining the loads due to
vertical and horizontal earthquake excitation considering that the loads '

are due to pressure pulses within the fluid. These loads shall also be
applied, in combination with other loads, in tank support evaluations.

.
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APPENDIX D

YAEC CnMPONENT SUPPORT CRITERIA
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EQUIPMENT QUALIFICATION
,

-

| (1) INTRODUCTION

N0ZZLE REACTIONS

(2) SCOPEi

(3) GUIDELINES

(4) TABLES AND GRAPHS OF YCS AND NRC VALVE ACCELERATIONS

VALVE ACCELERATIONS.
~

(5) SCOPE

(6) TABLES AND GRAPHS HOT SHUTDOWN INSIDE VC (YCS AN0 NRC),

(7) TABLES AND GRAPHS ECCS/ AUX FEED (YCS)

EQUIPMENT ANCHORAGE EVALUATION

(8) SCOPE AND 08JECTIVES

(9) DRAWINGS OF SVC SHOWING EQUIPMENT LOCATIONS

(10) DRAWINGS OF RPY AND' SUPPORT RING'

.(11) REACTOR-RING SUPPORT FLOW CHART

(12) REACTOR RING SUPPORT FINITE ELEMENT MODEL

(13) MASS AND STIFFNESS OF RCS PIPING

(14) FREQUENCIES OF MODEL ,

(15) RING SUPPORT EVALUATION

(16) DRAWING OF STEAM GENERATOR AND $UPPORTS

(17) STEAM GENERATOR ANCHORAGE FLOWCHART

(18) STEAM GENERAT(R MODEL AND DETAILS

(19) FORCES ON STEAM GENERATOR SUPPORTS

(20) DRAWINGS 0F PRESSURIZER AND SUPPORTS
i (21) PRESSURIZER ANCHORAGE FLOWCHART

(22) PRESSURIZER MODEL

(23) PRESStRIZER ANCHORAGE FCRCES -

(24) PRESSURIZER ANCHORAGE EVALUATION

(25) DRAWINGS OF FIRE TANK AND ANCHORAGE

(26) PHOTOGRAPHS OF FIRE TANK AREA-

(27) DESIGN REQUIREMENTS FOR FIRE TANK AND COMPARISON

| (28) CONCLUSIONS FROM EQUIPMENT ANCHORAGE EVALUATION
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JN0ZZLE REACTIONS

| - GUIDELINES
a ~.) '

V'g# th',p v~
1 ni -

fes^

_ %
_3 + 1MR- <1

WHERE

F, = COMPUTED RTSULTANT FORCE ON N0ZZLES (LHS) 1,

,

Mg = COMPUTED RESULTANT HOMENTS ON N0ZZLES (IN-LBS)
'

F = AAS/10 WHERE A = 1 8 EMERGENCY CONDITION (YCS)

211 FAULTED (NRC)

! 2A = PIPE METAL AREA (IN )
,

:

S = 8000, FOR PIPES wlTil DI AMETER < II"
6000, FOR PIPES 6"- 8" IN DIAMETER
81000, FOR PIPES wlTH DIAMETER > 10"

M = AZS WHERE 2 = PIPE SECTION MODULUS (IN )

Y
%

_ _ - _ _ _ _ _ _ _ _
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N0ZZ12 1.0AD RATIOS
ON HAJOR EQti1PHENT
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PROB SEQUENCE EQlll P SIZE YCS NRC

------------------------------ ----------- ----- --- -

2 2 SG 14 1.71 1.95
3 3 SG 14 3.49 2.62
4 4 SG 14 1.56 1,67

21 5 SG 8 1.03 1.05

22 6 SG B 0.98 0.91

23 7 SG 8 0.59 0.55
24 8 SC 8 0.79 0.75

41A 9 PR 2 0.91 0.93
4 111 10 PR 2 1.05 1.36
4iC 11 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
15 SG 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 SG 20 1.00 1.20
21 SG-- 24 4.10 6.00

'

22 RCP 24 0.70 0.90
23 RCP 20 0.60 0.70

103 24 RPV 20 1.30 1.50
25 RPV 20 1.00 1.10
26 SG 20 0.90 1.00
27 SG 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 1.00
31 RPV - 20 0.70 1.10
32 SG 20 0.70 0.90 ( ! l33 SG 24 0.60 0.80
34 RCP 24 0.50 0.50 3
35 RCP 20 0.60 0.60 Ea

......................................................
c)

IiOT SilllTI)OWN INSIDE VC A



- - - - - - - - - _ - - -

. .

D-7

3>=
N
==::::
E
-

5-amen .

. . .
. =5

""" '[9 w.M gsm.mme

C-name -
..w-

. T1 20Cl3 .'-
c .N M3
.g .

. . . - .. . g
C in MW-

=J .." " " "'N 10
M.

W
. '

"

O 2 03
J * Z W2

N .N SM. . . -

N W !.L
c c, q=- .. . .

- m. .. . - ..

r,
7 g2 =m

., ggg..

"""b aMc"

E |M G G3b
W -.- W>D '

Z .. .
- 03 32

4 . .. gg- . . . .

.m zM --

3 CH--

g g. . . , .
,

"""""'W 00 2-to- g
-. >
r-.

! [ f .".'"'".""'."""-W
P. . , .

. 4 .

Inin t!n Min Nin +in C
. . . . .

t M N *

lO<IC E<Il--M O
,



.. . . -_- _ - .. .- -

___ ,
. ..

i > l
: .w ' :
: *arss===

%
i Ju"''''"

1

)
_

s%;
- .

-

ass. ~
j

. . . . . . I'~.' ====J
! . v. M W

Mi - .. .. W CL=!a maammm .Fi ee v..-3..- me .
.'c .f'1 wy.,m

..e - -

.. . ...

jc .
-.

.bi Md
id ._"""" 0.I '3= Qa

! M-

' pg| ggg~~ -
.

.. .. ~ - -, .... .. .. " . .1
- - -

M :P 5,13. * F<m e

{M . 04 HM-.-

!N W!a.
.

c .

. I' .
ogg. .

. . _ . . . _ ~ . .. .

, m y ,.
."g

| W@@
'

-

|E
b' : "3MQ. . . - -

! .. .M G 03b
'igi

. .- . .w W>3
Co J ZE um .

GM, 2. -- -

!M -m Z.-

!m ab- -

g g.

n m -g g"-r.
i nummmes.hi

"-

M== .

Zsum.mm .

;. .

, .*.. , , ,

. . . . .. ,

i.D LO ':t' M 0J w G
-

.

;
i

J O<I Q Cf:I:-HO
_ _ - _ _ _ _ .. . .



__ _________ _ __ -__ _. _ _ _ _ _ _ .

.
.

"

.

EQIllPMFNL0llALIFICATIOR

VALVE ACCEL.ERAIl0NS

SCOPE

ll0T SilHIDOWN INSIDE VC (FIXED)e
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ECCS/ AUX FEEDWATER DUE TO YCS*
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SEISMIC ANALYSIS USING YCS
VALVE ACCELERATIONS

.............................................

SYSTEM SEQUENCE # VALVES H MAI V MAX
------- :------------------------------------

29 1 12 0.40 0.20
30 2 2 0.40 0.20
42 3 1 1.90 0.40

43A 4 3' O.20 0.20
43B 5 3 2.30 1.00

44 6 0 0.00 0.00
141 7 2 1.34 0.90
142 8 3 0.40 0.30
143 9 5 0.70 0.30
161 10 5 1.80 0.30
162 11 5 1.80 0.30
163 12 5 1.80 0.30
181 13 2 0.80 0.60
182 14 8 1.03 0.53
183 15 8 1.03 0.53
184 16 8 1.03 0.53
185 17 1 0.70 0.10

.

186 18 8 0.70 0.30
187 19 8 0.70 0.30
188 20 8 0.70 0.30
202 21 12 3.40 0.90
203 22 2 1.50 0.20
204 23 2 5.00 1.40-
205 24 6 1.50 0.80
206 25 21 3.20 '1.00
208 26 4 3.80 1.20
209 27 6 1.40 0.80
210 28 7 3.70 1.20
261 29 3 0.50 0.50
262 30 2 0.20 0.20

.............................................

ECCS/AUI FEED SYSTEMS
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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

e PRESSURIZER

** FIRE TANK:

OBJECTIVE:

EVALUATE STRUCTURAL ADEQUACY OF' ANCHORAGE T0 SUPPORTING

STRUCTURES OF MAJOR EQUIPMENT WHEN SUBJECTED TO SEISMIC

FORCES BY THE NRC SPECTRUM.
.

. . . . . Q
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_10 StMMARY OF MODEL FRE00ENCIES .

Model Case Freq of Freq. of Output file
vert. mode rotat. mede

3-D 1) f'=.=> 19.2 M00A16--

3-D 2) f = 0. --- --- ---

2-D vert. 1)f== 18.9' M0016--

2-0 vert. 2) f = 0 11.9 M0026--

|2-D vert.-rot. 1) f = = 18.9 32.1 SIM16

2-D vert.-ret. 2) f = 0 11.9 20.4 SIM26 )

2-0 vert.-rot. 1) f = =
FIN 6]~J

includ. ;

2,0 vert.-rot. 2) f*=-O' 11.0' 15.4 - RCS

> [X].& [M] '

.

I

f = friction coefficient

.

e

.wi- i, alPJ E 1,

rdi, a pame W3 ..
il E @ 3 ': 62iD1

. - _ - - _ - - - _ . . . _ - _ _ -
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REACTOR RING SUPPORT
SUMMARY OF EVAltlATION

A. LOADS
|

P

O "-
-a a-

18,H, 4
, g

I' ~ l

LOADS P(g) H(g) M(g_in)

GRAVITY 1290 -- ---

~

PRESSURE IN RCS -234 --- ---

THERMAL DUE TO 268 --- ---

RPV EXPANSION

NRC SPECTRUM:

F = 11 0 Hz *594' -- ---y

FH = 27 8 Hz 273-- ---

F, = 15 4 Hz 2823--- ---

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

Mg (MIN)

F.S.R. = M 0.T.(max) .27 5 (REACTOR)=

72 0 (RING SUPPORT)=

C. ACTUAL FRICTION COEFFICIENT:

Fx (MAX)
*

/ ACTUAL = = 0.392 = 0 40_ OKF (MIN)

1041 PSI."< 1,780 PSI OKD. BEARIN6' STRESS IN CONC. =

(0 85 + FC')
-

,
. -.

_

=
*

p a % 'f

.

;p kq' % t' r 'sn'ph'! I Iij N3 ?fhtLLII(f tilir h Ij,
"'

g

1
,
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STEAM-GENERATOR ANCHORAGE EVALUATION FLOWCHART

PROPOSED SCOPE OF ACTIV!TY ADDITICNAL TASKS
e l
' ;

1.
VERIFICATION OF EXISTING
CALCULATIONS AND MATH MODEL

1'
l

'

[
2* I

fyALUATION OF'RESULTS BASE 32 I
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YANKEE ROWE NUCLEAR POWER STATICN

STEAM GENERATOR NO. E-7-2

! "ANSYS" Analysts MODEL
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YANIEE R0WE NUCL.AR POWER STATION
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FORCES IN ANCHOR BOLTS

LOAD LOADING SHEAR AXIAL FLEXURE
CASE TYPE Fy, Fz, (LBS.) FX (LBS) M.M Z (IN-LBS)Y

1 GRAVITY 195. -66,000 5600.
~

2 TAH - -106. 9,100. -2400.

3 NRC Spectrum 4900. 21,100. 96,000.
(Structure)

4 SAM 156,500. 137,500. 7,230,000.
(Piping) -

.

5 1+2*3+4 161,500. 101.700. 7,243,000.

6 1-2-3-4 -161,100. -7,318,000.----

1

CA PAC ITIES Bolts: 34,500 2 A.R.: 75,000 35,200
Frict ion : 44,000 4 A.R.: 150,000

--

PPillMlWARY' i
e

-- _. - - --
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STEAM GENERATOR |
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FORCES IN SNUBBERS (PSA-100)

AXIAL FORCE :

LOAD LOAD X-DIRECTION Z-D IR EC TION '
,

,

CASE TYPE (LBS) (LBS)
;

i

A NRC Spectrum 7,300. 13,050. :

( Pi pi n g )
~

B SAM 101,000. 104,330.
( Piping) :

;
'

C NRC Spectrum 39,550. 40,130.
(Structure)

'

.

D A+B+C 147,850. 157,510.
,

!
,
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: PRESSURIZER ANCHORAGE EVALUATION FLOWCHART
.

-

i
!

!

PMcPOSO SCOPE CF ACTIVITY ADDITICNAL IASKS
,

: ,
' 'I e

,

I
I*

VERIFICATICN QF GS MODEL,

AND DOCUMENTATION
I,

'

I
1r

|i

2* 3'

MODIFICATION OF THE MODEL I
AND BOUNDARY CONDITIONS

|
! I

1r |
*

SM & .TM ANALYSES DUE TO
DISP' ACEMENT cF RCS SYSTEM

i
u i

''

ANALYS!$: GRAVITY,
THERMAL & X,Y,Z, SEISMIC

|
1

v |
1*

STABILITY EVALUATICM l
'

i
1r

|
*

No CONCEPTUAL FIXES PROPOSAL
,

OK? | ; OR REFINED RE-ANALYSISs -
PRCCDURE PROPCSAL.

YES I

t * v
'

EVALUATICN OF'THE ANCNoRAGE STRESS EVALUATION FoR
TO THE SUPPcRT STRUCTURE g THE SUPPCRTING STRUCTURE

I
I
i ,r

|v -

9'
REFCRT |

t

i

.

9

.

Yankee Atomic Electric-Comeany Page 12 of 12
i An.slysis and Design for Building, Blackwalls.

$..L ;6 2 and Equipment Anchorages Work Instructions
mmillmilmmmmmt Job Nos. 80023/81060; WI No. 2; Rev. 0
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MAXIMUM ANCHOR FORCES

From Load Case 3 (Page 61)

a "y
ne

f' .

a, y-

382 ^ = ~ s390
X Xp'

/ <
M

z.

Maximum Anchor Forces.

MODEL F F F M M Mx z z y g
. (k) (k) (k). (k-in) ..( k-i n ) (k-in)

40%. Water 9.6 28.6- 7.1 1.4> 92.6 887.3

~

80% Water 11.6 35.5 8.5 1.9 112.5 1100.6

.

g%g .

*

s. % g
,

h

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-
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MAXIMUM CONNECTION FORCES j

From Load Case 3 (Page 61)
.

'

,

|
.

'

579
;

379580
> 479

;
<

,

,s '

/
/

h >378< --
.

N

N [N -

,

481 '

381
581

!

Maximum Connection Forces
|

,

HORIZONTAL FORCES VERTICAL FORCES
(K) (K) i

MODEL N00E NODE NODE NODE NODE NODE !
479-579 480-580 481-581 479-379 480-380 481-381 |

1.

Model 1 9.4 2.7 9.3 27.7 27.8 24.4 I

(40".)

Model 2 12.2 2.9 12.0 33.4 37.6 29.5
( 80*,) i

:

.-

PElR MY!4

l

:

- . -
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EVALUATION OF STRESSES: ,

FROM DRAWING 9699-FM-25F

| 1-3/4" *n0LT A = 2 4058 IN2

FROM TABLE 5-1 (ATTACHMENT PAGE 68) '

20 KSI '(F 32 KSIj F =
7 y |

-

ALLOWABLE F 10 KS! (S.S.)=
u

i

F, 3 KSI (o.S.)=
!

j 11 6 KS! SHEAR STRESS O 8" 3*9FEASILE STRESSa *= = =

~

l

ALLOWABLE

TENSILE STRESS, c~ SHEAR STRESSa T STRESS EVALUATION
MODEL (KSI) (KSI) FT Fy STATUS

(KSI) (KSI)

'

MODEL 1 11 6 39 20 10 OK -

(40%)
:
!

15 6~ 245$8=51.MODEL 2
2 b8 20 10 Ox=

(80%)

!
'

|
1

3 $E E[EE 3

f b $ j(jiliI
e

LLaMu-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _
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TA ER

10N
*& tXcuuGE
# PtT

PRIMARY

f- Bull. DING AUXtuARY
DIESEL GENERATORg

I BUILDING ,

-
X

X

TX2S TX34

OO*

s WASTE TX29 II34

N DISPOSALX ins
$ SUILDING .

TX28 )g
Ax= /

3 /
TK TK 31

X

a
V

X .

WASTE
DISPOSAL

f BUILDING

| X

,

X PROPCSED PUMP MOUSE
- ( APPROXIMATE LOCATION )

F

PROPOSED TANK(
N (APPRCX1 MATE LOCATION) D RU M .

* STORAGE

X

N
N -

N
N x x-X x x x x x x-m iin. 4a tt.

Yankt.e Atomic Electric Co. y
Wes tbornuch . Massachuset.ts Rowe Atomic Plant

escTitcHNeCAs. ENcINEEns it<
w=ssrs= . wassM:=vscits Project 79417 January 3, 1980 1*i c . 2

,
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CERTIFICATION

Commission No. 80134
.

Structural Design of Foundations for

Water Tonk and Pump House

Yankee Rowe, Rowe, Massachusetts -

iYankee Atomic Electric Company

Client: -.

Geotechnical Engineers Inc.

Purchase order No.1650

Client Project No. 79617

The earthquake design specifications are summarized below.
,,,

I. Lateral forces and overtuming moments due to ecrthqucke horizontel occelerotions

ore based on Appendix E, " Seismic Desig.: of Storage Tanks," of API Standard 650,
~

" Welded Steel Storage Tonks for Oil Storage," Sixth Edition, Revision 3, October 15,

1979. The following coefficients appearing in formulos in Appendix E cre used:

.

(c) Essential facilities factor i = 1.5

(b) Zone coefficient Z = 1.0
,

(c) Soil profile coefficient S = 1.0
_

2. Vertical ecrthquake forces are computes for a peak ground verticci acceleration of
0.08 g, emplified in occordance with Fig. 2 of the Nucleur Regulatory Guide 1.60.
The curve for 2% domping is used.

3. . Horizontal earthquake forces in one direction and vertical earthquake forces cre
applied simultaneously. The horizontal force may come from any direction.

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

by items I, 2, and 3 above. The zone coefficient is taken as !.0, rather then the one-'

third incorporated in the Massachusetts Code.
,

Certification, Comm. 80134 Rev. O,17 July 1980, Page 2



D-fod
.

F. Strencth
.

All concrete shcIl ochieve a minimum 28-day compressive strength of
4,000 psi, unless noted otherwise on the structurel drawings.

C. Density

All concrete shall be normal weight concrete, unless noted otherwise
on the structural drawings.-

H. Reinforcement , *'

l. Reinforcement shall be bars of sizes coiled for on the Drew-
irgs.

2. Reinforcing bars shall be deformed, and comply with the
requirements of the "Stendard Specifications for Deformed

and Plain Billet Steel Bars for Concrete Reinforcement": *

ASTM A615, Grade 60, except that stirrups.and. //3 bcrs may
be Grade 40.

.

1. Other Matericls

1. Polyethylene film vapor barrier .006", Visqueen, "Cerpok" by
Monsento, "Zendel" by Union Corbide, Premold Membrene
vapor Sect by W. R. Meadows, or equel.

P

2. Kraft paper: Waterproof, reinforced, meeting' ASTM Cl71.

3. Admixtures: cir-entraining - ASTM C260; water reducing - :

ASTM C494. Use only approved admixtures by the some,

|
'

manufacturer, recommended by him to produce the specified,

t

air content and w/c ratio. Do not use ecleium chloride or any
other admixture.

Specifications, Comm. 80134 Rev. O,' 17 July 1980, Pege-6 i
.

.

_ - - - - - - - - - - - -
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YANKEE ROWE FIRE TANK

DESIGN CRITERIA COMPARISON

GE0 TECH. ENGIN. CYGNA

SEISMIC MODEL API HOUSNER-

NRC SPEC T.

SEISMIC COEFF. 0.24 g 0.19 g
-

(HORIZ.)

SEISMIC COEFF. REGUL. GUIDE 2/3 x , HOR IZ.
(VERT.) 1.60, c = 2%

PERIOD 3.8 sec. 3.9 sec.

(HYD. MASS)
-

..

COEFF. OF HYD. 0. 3 2. M 0.26 M
MASS 9H= 21.4' 9 H = 25.1

FORCE ON ANCHOR 43.3k (T) 30.0k ,

(#18) (V) 18.8 k

f 13.3 ksi 9.2 ksit

f 3.9 ksi 4.7 ksiy

f
B OND. 134. psi 93. psi

1

-

W "'' spp--- 1

Phb.imiliARY
|

|
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, PIPE SUPPORTS / ,

SCOPE

.

INSIDE VAPOR CONTAINER
* e

* EVALUATION OF EXISTING SUPPORTS

|
* DESIGN OF NEw SUPPORTS

~'

i

|

|

!
i

e
' d,

i

b
D

_
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PIPE SUPPORTS

SUPPORT SUMMARY

EXISTING SUPPORTS TO BE ADDED
SYSTEM SUPPORTS SPRINGS SNIIBBERS RIGIDS REMARKS

1 11 2 --

22 2 -- --

1 13 2 --

2'4 1 -- --

302) 2 -- --

022 2
'

4-- --

023 2
'

il-- --

-- -- 3024 2
11 EXISTING REQllI REfila 7 -- -- --

REPLACEMENT .

41B 9 -- -- --

'

111C 5 1 -- --

101 10 -- -- --

102 7 -- -- --

103 7 -- -- --

104 7 -- -- --

1 1121 1
--

1 1122 1
--

* * *
201 20
207

* FINAllZATION OF DESIGN IN PROGRESS
'

'?:
5

:
.

- _ _ _ - __ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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PZPE SUPPORTS

Allowables

-

| SERVICE LEVEL.

I -

Stress NORMAL | EMERGENCY / FAULTED

| Value | Value
l I

| Tension | 9.6 F 9.9 Fy y

Shear | 94Fy 96Fy

Web Crippling | 9.75 Fy 99Fy

Compression | Fa Smaller of 1.5 Fa CF
2/3 Fep

Bending 9.6 Fy 9.9 Fy

Bearing 9.9 Fy N/A

Bolts | Tension | Allowable Tension oer 1.5 X (Allowable Tension
1

307 | |AISC pr AISC)
;

| Shear | Allowable Shear per IJ X (Allowable Shear |
'

| |AISC r.er AISC) ,

!

| Anchor Bolt | From "Hilti" catalog With a Scrny Factor of a
l t

Welds | Shear 9.3 F .45 F '

y y

(Fillet) | (Weld Metal) (Weld Metal) !, ,

.4 F (Basemetal) .6 Fy (Basemetal) |y

(Full or
Partial | Tension 9.6 F 99Fy !y
Penetration)| (Base Metal) (Baco Metal) ;

I~

Combined Stress | Per AISC Per AISC j

!

Catalog Items | Catalog Values 1.5 X (Catalog Values) f
i

'

!

'

i
?

_ _ _ _ - - _ - - ---,-
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PIPE SilPPORTS

LOADING CRITERIA

NORMAL
'

Drar LOAD- (D)o'

* THERMAL EXPANSION (IN)

THERMAL ANCHOR MOVEMENTS (TAM)*

* FRICTION (FL)

EMERGENCY / FAULTED

SSE'(YCS OR NRC)*

SAM (YCS OR NRC)*

LOAD COMBINATIONS

NORMAL (D) OR (D + TH + TAM) + FL-

EMERGENCY / FAULTED (D) OR (D + TH + TAM) + SSEYCS + SAMYCS
.

EMERGENCY / FAULTED (D) OR (D + TH + TAM) + SSENRC + SAMNRC

|

[ .

h

.,

.

P

.
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PIPE SUPPORTS

ADDITIONAL CONSIDERATIONS

* TRIBUTARY MASS
,

o GAPS FOR FRAMES

* SPRING |IANGE R ll0T LOAD / COLD LOAD

e ANCHORS

PIPE TRAVEL FOR SPRINGS.

.

?-

e

. . .-- _ -.. . . .. .. - _ . - - - - . . . . . . . - . . - _ . . . - . . . - . - - - . . . . - . - _ - _ . - _ .
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PIPE SUPPORTS

FLOWCilART
,

.

,

.

PIPL SUPPSAI Surrent LOAp PIPING 150Mitalt
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