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ABSTRACT

A Systematic Evaluation Program was initiated by the Nuclear
Regulatory Commission (NRC) to bring el~ven older operating nuclear power
plants to a Tevel of safety consistent with current standards of
acceptability. Northeast Utilities Services Company (NUSCO) personnel and
their consultants analyzed the Haddam Neck Plant's safety related piping,
mechanical and electrical equipment, and componen’ supports. NRC perscnnel
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 NUSCO and their consultants were generally acceptable with the
exception of minor suggestions, comments, and questions. The results were
obtained through working lTeve! meetings and telephone conversations with
NUSCO personnel and their consultants. The results indicate that
mcdifications may be required to bring this plant to an acceptable level of
safety.
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SUMMARY

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission (NRC) with the goal of bringing eleven older nuclear
power plants to a leve! of safety consistent with current standaras of
acceptability. The Hacdam Neck Nuclear Reactor is one of these plants.
The NRC and their consultants from EG&G Idaho, Inc. formed a review team
and esaluated the acceptance criteria and analyses presented by the
Northeast Utilities Services Company (NUSCO) and their consultants. These
analyses were performed on tne safety related equipment required to
function during a Safe Shutdown Earthguake (SSE).

The information was obtained through working level meetings between
NUSCO personnel, their consultants, and the review team. Piping,
mechanical equipment, electrical equipment, and component support analyses
were evaluated with the review team formulating suggestions and ooen items
at the conclusion of each of the presentations. The review team developed
an acceptance criteria for guidance in evaluatirg these analyses.

Documents sent to the review team and telephone conversations with NUSCO
personnel and their consultants also aided the review team in obtaining the
recuired information for the evaluation of the pliant.

This report was divided into individual sections covering the
balance-of-plant piping, the reactor coclant lcop piping, electrical
equipment, the balance-of-plant mechanical equipment, the reactor coclant
loop mechanical equipment, and component supports. These sections contain
procedures utilized by NUSCO or their consultants for the analyse:
performed. Each section also contains the review team's evaluation of tha
analyses presented.

The analyses and procedures presented by NUSCO and their consultants
to the review team wer2 generally acceptable. However, some cpen items
still remain and must be addressed for this review to be complete. The
results indicate that modifications may be required to bring this plant to
an acceptable level of safety.
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TECHNICAL EVALUATION REPQRT
HADDAM NECK PLANT--SEISMIC CESIGN

INTRODUCTION

In October of 1977, the Office of the Nuclear Reactor Requlation
(NRR), an office of the Nuclear Regulatory Commission (NRC), initiated a
Systematic Evaluation Program (SEP) by selecting eleven older cperating
nuclear power plants with the coal of bringing these piants to a level of
safety consistent with current standards of acceptability. These plants
were divided into two groups based on their original seismic design. Tne
Haddam Necl Plant, operated by the Connecticut Yankee Azomic Power Company
(CYAPCO), is included with the Group II plants. A reanalysis was performed
to demonstrate that the structural integrity of the safety related piping
systems and their supports, mechanical equipment, and electrical eguipment
would not be impafred wher subjected to a Safe Shutdown Earthquake (SSE)
combined with other normal desijn loadings.

The Haddam Neck Nuclear Reactor is a pressurized light water moderated
and cooled system. The plant initially produced 1,473 MW of heat and
220 MW of gross electric power. The plant was designed to produce 590 Mw
of gross electric power. The containment structure was designed to the ACI
Building Code and the ASME Boiler and Pressure Vessel Code: state and
national codes were utilized as guides to arrive at a safe design
criteria. Both the reactor vessel and components were analyzed to the ASME
Code. The original design criteria used for analysis of thiz plant's
primary piping system was the ASA B31.1 Code for pressure piping.

A decision was made by the NRC to review the reevaluation analyses
performed by the licensee and their consultants rather than performing
their own analyses on the plant. A review team consisting of NRC staff
personnel and NRC consultants from EGA&G Idaho, Inc e aluated 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 aucit review consisted of working level meetings between the

review team, Northeast Utilities Services Company (NUSCO) personnel, and
their consultants. These meetings proved to be an efficient method of
exchanging information among the review team, licensee, and their
consulitants with a minimum of formal written communication. The review
team obtainec a generai idea of methods utilized by the licensee through
these meetings. Sample analyses and calculations were presented and
raviewed in detaf!. Questions, comments, and open items were formulated
and submittad to the licensee at the conclusion of each werking level
meeting. Before these working level meetings were initiated, the review
team developed an audit plan (Appendix A) and presented it to the NUSCO
personnel. This plan was developed to aic 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:

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 inciuding 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 ncrmal reactor operation.

A Systems or portions of systems that are required for safe
shutdown as identified in the SEP safe shutdown review (SEF
Topic VII-3). The system boundary incluces those portions »f
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the system required %o 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.

A Systems or portions of systems that are regquired 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 suppore
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 earthquake must not result in significant
radiological releases, or in loss of ability to keep the fuel
covered. Failure of cooling water systems cor other systems
connected to the pool should not permit draining of the fuel
pool. Mea7s to supply make-up to the pool as needed must be
provided.

S. Structures that house the above equipment.

For the Haddam Neck 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 systems directly connected to the RCS up to and
including isolation valves

(e) Control Rod Orives

(f) Auxiliary Feeawater System

(g) Resfdual Heat Removal System (including ECCS recirculation mode)




‘

(h) Portions of Chemical and Volume Control System
(i) Portions of Service Water System
(j) High Pressure Safety Injection System

\
(k) Low Pressure Safety Injection System
(1) Containment Cooler System

(m) Spent Fuel Pool and Makeup

As discussed previously, a "system" zl1so includes the power supoly,
instrumentation and actuation systams.

This report was divided into 1nd1vfdual sections covering
balance-of-plant and reactor coolant piping, electrical equipment,
balance-of-plant and reactor coolant mechanical equipment, and component
supports. Each section explains in detail NUSCO'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 NUSCO or their consultants. The review team's conclusions
were based upon NUSCO's and their consultants presentations and decuments.
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BALANCE-QF=-PLANT PIPING SYSTEMS

Licensee Evaluations

-

NUSCO performad most of the analyses required for the safaty -~elated
piping systems of the Haddam Neck Plant. . owever, the Nuclear Steam Supply
System (NSSS) consultant also performed piping analyses. The NUSCO
analyses were performed in accordance with their "Piping Stress Analysis
Procedure For Sefsmic Qualification of Safety Related Piping at Connecticut
Yankee" (Appendix 8) and results wer2 compared with the "Connecticut Yankee
Atomic Power Company Safety Related Piping Seismic Qualification Program
Criterfa Document" (Appendix C).

The safaty related piping systems (defined in Appendix C) analyzed for
the SEP were:

Reactor coclant loop

Main steam

Feedwater

Auxiliary feedwater

Residual heat removal

High pressure safety injection
Chemical and velume control
Service water

Fuel oil

Compressed air.

W 0 N O U B WM e
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The "Piping Stress Analysis Procedure" provided a guide for modeling
wall and floor penetrations, valves, non-standard fittings, flanged joints,
dranches, and anchors. It also discussed spring hangers, single acting
restraints and loading conditions.

During the working level meetings, much discussion was devoted to
finding an acceptable method of modeling single acting re-traints. NUSCO's
goproach required the analyst to examine each of these supports

inaividually. When deadweight and thermal anaiyses without single acting




supports incorporated into the mode! were reviewed, only the sfngle acting
s pports at points with downward dispiacements were utilized. Single
acting restraints were not inciuded when the seismic analyses were
performed. Even though NUSCO did nct include single acting restraints in
their seismic analyses, they did account for impact locaging on these
restraints. A factor of 1.5 times tne deadweight reaction times the peak
value of acceleration from the appropriate floor response spectra was
substituted for the impact load.

Wall and floor nenetrations were alsc examinea on a7 individual
basis. If gaps existed around the pipe at these locations, thermal
movements were considered in determining whether or not a penetraticn acted
as a restraint. [f the thermal movement was greater than the size of the
gap, the penetration was considered a restraint. In addition to modeling 2
restraint at these penetrations, a displacement was imposed on the pipe
which was as large as the penetration gap. These gap closures were not
considered for seismic load cases unless a restraint was required due to
overstressed piping in the area, for which case the penetration gap was
closed by shimming. I[f the pipe was embedded in concrate, the penetration

was considered an anchor if an anchor ring or lugs were weided to the pipe.

NUSCO alsc defined several areas on the piping systems as anchors.
These areas are:

was considered either an anchor or a four way restraint. The penetration
\

| 3 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 ten

3. An anchor, f.e. a six way restraint

4. Two or more restraints in proximity such that the effects of

piping on efther side of the support group are isclated.




This 1ist was intended as a guide for the individual analyst. Engineering

judgement was also used in considering anchor points.

NUSCO obtained vaive dimensions, weights, and centers of gravity from
the original valve drawings. If these drawings were not available,
standard valve drawings, the manufacturer's catalcg, or other plant records
were investigated.

The stress intensification factors for non-standard fittings were
obtained from either the manufacturer's data or engineering judgment. The
reinforcement area of fabricated branch connections was reviewed in
accordance with ANSI 831.1, Paragrapn 104.3.1.

If the moment of inertia of a run line was ten times greater than the
moment of inertfa of a connecting branch 1ine, the branch line was analyzed
separately and the run line was considered as an anchor.

Spring hangers were considered as external loads applied during the
weight analyses. The piping thermal and seismic displacements were used in
determining if the spring hanger remained in its working range. Spring
hangers that were considered unacceptable were replaced.

Other modeling technigues found in the piping stress analysis
procedure were also utilized. These methods were also reviewed. The
piping criteria document alsc indicated that realistic support stiffnesses
were applied in appropriate directions.

NUSCC definea several loading conditicns and analyzed the safety
related piping to these conditions. These loading conditions were:

1. Design pressure plus deadweight plus temperature

2. Safe Shutdown Earthquake (SSE) plus maximum operating pressure
plus deadweight.




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

The piping system evaluations were based on the guidelines stated in
ANSI B831.1 Powar Piping Code 1973 Edition, Summer 1373 Addencda. The
loading combination and strass limits utilized by NUSCO are summarized in
Table 1 of Appendix C. The stress limits used for the SSE loading
condition correspond to the faulted condition allowatles.

Most of the sefsmic analyses were performed using lumped mass dynamic
models with the appropriate floor rasponse spectra at two or three percent
camping. I[f the piping system ran between floors, the response spectra
utilized was an envelope of the individual floor response spectra.
Simultaneous three directional fnput was utilized and the results of each
moce were combined by the square root sum of the squares (SRSS) method in
conformance with Regulatory Guide 1.92. A static load case analysis was
performed to account for the effects of missing mass. The equivalent “g"
(acceleration) value for the static load case v-< equal to the gquantity one
minus the modal effective mass fraction times the "g" value corresponding
to the cuteff frequency.

NUSCO also reservea the wption to perform an eguivalent static seismic
analysis. The static analyses for each direction were combined by the SRSS
method. The equivalent static "3" load was equal to the maximum value of
acceleration from the approgriate floor response spectra times 1.5.

For small piping systems (2-1/2 in. and less), NUSCC felt a chart
method of analysis was sufficfent. No details on the chart method were
presented tc the review team.

In general, the piping systems were analyzed on ADLPIPE, February
1977, Revision 1B. Some consideration was given to utilizing NUPIPE-II,
Version 1.5, for piping models too large for ADLPIPE. NUSCO has not
presented any piping system analyses utilizing NUPIPE-II at the present
time.

s SRR Wbt Panih Bt . DU A o < T il 5~ ol T b B 2% AD RS P B S A T AR S



HA s B W - R

An approximate 10% increase in the number of supports was required on
the piping systems analyzed to date. NUSCO was required to present a
complete report of the balance-of-plant piping to the NRC by the end of
August, 1982. A summary of NUSCC's completed results are contained in
Appendix D,

Review Team Evaluations

The Acceptance Criteria for Piping provided bv the NRC review team is
contained in Appendix E. If Class 2 analytical procedures are used, two
Equation 9 stress allowables are required. Stresses in piping consicered
as Class 1 must not exceed 1.8 Sh. Stresses in piping considered as
Class 2 must not exceed 2.4 Sh' Other stipulations are also stated in
the NRC's Acceptance Criteria for Piping.

[n general, the methods (defined in Appendix A and B) applied by NUSCO
in their piping reanalyses are acceptable. The modeling techniques
utilizad by NUSCO provide a complete and practical representation of the
piping systems. Uplift and support buckling were considered on one-way
supports. Pipe deflections were checked to assure that spring hangers
remained in their working range. The percent of damping utilized by NUSCO
for the response spectra was in accordance with Regulato~, Guide 1.61.

The mass point spacing suggested by Arthur D. Little, Inc. for use with
the ADLPIPE conputer program was examined and considered acceptable by the
review team. The ADLPIPE guide for masspoint spacing is contained in
Appendix F.

Fifteen piping system analyses were reviewed in detail at one of the
working level meetings. The systems reviewed were the Servize Water System
Tines SR6S, SR6R, SR/S, SR7R, SR8S, SR8R, SRS, SRYR; Feecdwater lines 7, 8,
9, 10; Main Steam lines 24 in. SMP-601-1 through 4; and HP3I Loops 1
and 2. These piping analyses were considered acceptable. The review team
assumed the piping analyses that were checked were general examples of the
remaining analyses. The selected analyses that were reviewed appeared to

be complete and they were performed in an acceptable manner.




NUSCQO's method of analyzing wall or floor peretrations with gaps was
considered acceptable provided only one penetration was contained in the
model. However, some concern exists as to whether or nct models with
several wall or floqr penetrations containing gaps will be properly
analyzed. If not properly analyzed, the piping system may undergo
ynanticipated thermal movements. These thermal movements could possibly be
overlooked in the piping analysis allowing the existence of undetermined

tresses. The analytically imposed displacement may alsc create a loading
or the piping that the free therral movement would not create.
Individually displacing the pipe at one gapred penetration at a time will
help define the situation at the other penetrations. Several iterations
may be required to define the true thermal expansion of the piping system.
Alihough the review team has not evaluated an analysis under these
circumstances, NUSCC has acknowledged that they recognize the potential
problems when more than one gapped penetration is contained in a piping

system.
NUSCO's piping criteria =~ "4 the review team's acceptance
criteria. MUSCO used Class | .sures and analyzed the equivalent of

Class 1 piping to 1.8 Sh and Class 2 piping to 2.4 Sh‘ There was no
deviation from the NRC staff's piping criteria. Although NUSCO's piping
criteria did not mention the fuclusicn of sefsmic anchor movements, later
telephone conversations have verified that sefismic anchor movements were

included in the analyses performed.




NSSS PIPING SYSTEMS

Licensee Evaluations

The seismic reevaluation analysis of the primary reactor coolant loop
(RCL) 1s currently being performed Dy the licensee's NSSS consultant. The
analysis of this system is not complete; howev2r, preliminary results have
been provided and are ¢~ tained in Appendix G. From this preliminary
analysis, the piping stresses were determined to be within allowable
stresses for both norma) design pressure plus deadweight and SSE plus
cperating pressure plus deadweight load combinations. This analysis was
based upon existing pipe suppert conditions with no support modifications

required,

The criteria used to evaluate the RCL piping was based on the rules of
the 2SI B831.1-1973 Code, Summer 1973 Addenda. The allowable stress for
the faulted load combination of SSE plus deadw2ight plus operating pressure
was reduced from 2.45h to 1 ESh to account for the differences in
stress indices between ASME Class 1 and Class 2 analyses.

This analysis was performed using three-dimensional static and dyramic
models, depending on the loading under consideration. The computer code
WESOYN was used to perform these static and dynamic analyses. The dynamic
seismic anaiysis was performed using the response spectra method. The
seismic analyses were perfornmed with simultaneous spectra input
accelerations for the two horizontal comporents and one vertical component
of the earthquake. Modal responses were combined using the SRSS method in
accordance with the requirements of Regulatory Guide (RG) 1.92. The
spectra input for each direction was the envelope of the applicable floor
spectra at the di“ferent support locations at a value of 4% critical
damping. A maximum masspoint spacing of five feet for piping with a

30-35 in. outside diameter and a thickness of 2-1/4 to 3-1/4 in. was
utilized.

The three-dimensional lumped mass model of the RCL system was based on
as-built isometric piping drawings and equipment drawings. In addition to

11




the RCL piping, the following equipment was included in the RCL system
model: RCL valves, steam generators, reactor coolant pumps, and the
reactor pressure vessei. Nonlinear support conditions cccurred at two
locations in the RCL. These two nonlinear conditicons are: (1) the
potential uplift of the reactor vessel from its supports and (2) the lower
steam generator supports which are capable of resisting only compression
loads. The analyses results indicated that uplift of the reactor vessel
from 1ts supporsts will not occur. The seismic support loads at this
location are less than the normal operating compression loads due to
pressure, weight, and thermal expansicn. The second nonlinear condition
was treated by assuming only two of the lower steam generator supports were
prasent. Two analyses were performed to bound this conditfon. One
analysis was performed with two of the adjacent loop steam generaters
supported and the other two free. Another analysis was performed in the
same manner with two other adjacent loop steam generators supported. These
two fixed steam generators were perpendicular to the two assumed fixed in
the first analysis. Simultaneous three directional earthquake response
spectra were input for both analyses. From these two analyses, the highest
stresses were used to evaluate the RCL system piping regardless of whether
they were for a loop which had the steam generator lower support modeled or
not.

The surge 1ine from the RCL hot leg to the pressurizer was not
included in the RCL system model. [t was analyzed separately using the
same response spectra method as used for the RCL analysis. The stresses
from this piping system were also found to be within allowable limits. One
spring hanger was found to be overstressed. A proposal was made for this
spring hanger to be replaced with a rigid rod hanger of suitable strength.
The surge line was reanalyzed for this support condition and piping
stresses were still found to be within the allowable limits.

Review Team Evaluations

The criteria and methods proposed for the RCL piping system and surge
Tine analyses appear reasonable and consistent with the requirements for
the SEP. The analytical methods utilized conform with current practice for

12




performing sefsmic response spectra analyses of piping systems. However,
one exception fs that the damping value used 1s 4% which fs higher than the
requirements of R.G. 1.61. Justification for use of the higher damping
value of 4% of critical damping is required. The masspoint spacing
utilized for the RCL piping analysis was ccnsigered acceptable.

As previously menticned, the RCL results are preliminary at this
time. A detafled review of thess analyses was not possible at the audit
meetings since the analyses were not complete. Changes to the RCL
mechanical equipment supports could be such that the RCL system piping
results may change from current preliminary rasults. A detafled review of
the final RCL system surge line piping analyses is recommended. In
addition, the anchor displacements of the main steam and feed water piping
attached to the steam generator should be reviewed to determine if these
were adequately addressed for the piping analyses.

13



ELECTRICAL EQUIPMENT

Licensee Evaluations

A cor,ultant to NUSCO performea the seismic reevaluation anaiyses for
selected safety reiated electrical equipment of the Haddam Neck Plant. The
analyses were performed in a conventional manner utilizing marketed finite
element computer programs coupled with insitu vibration testing. These
analyses were compared against che Allowable Stress Criteria and Damping
Values (Apnendix H) list. This document is an itemized list of all
mechanical and electrical equipment, the allowable stresses, and the
damping values utilized for each item.

Only a sampling was made of the electrical equipment analyzed. The
consultant felt these analyses sufficiently covered all of the necessary
types of safety related electrical equipment. The safety related
electrical equipment selected for the seismic reevaluation analysis for the
SEP are:

Battery rack

Motor Control Center (MCC) No. 1
Switchgear (D. G. Room)

Control panel (D. G. Room)
Engine mounted control panel (on diese! generator)
4160~480 V switchgear

Transf- mers (switchgear room)
MCC No. 5 and 6

Battery charger

MCC No. 3

Main control board

W 00 N Oy Y B W N e
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Emergency power control board
MCC No. 8.

et
w

The consultant proposed utilizing conventional modeling techniques
coupled with low impedance, insitu vibration testing for analyzing the
selacted electrical equipment. Three dimensional Tumped mass finite
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element models were developed for performing seismic reevaluation analyses
ising the response spectra method. The computer coce SAP [V was used to
perform these analyses. The frequencies and mode shapes of the computer
analysis were verified from those determinec by low impedance, insitu
testing. An evaluation of the equipment was performed considering normal
design conditions combined with the postulated SSE loading. A genaral
written analysis procedure for electrical equipment was not provided.

The seismic analyses were performed utflizing the appropriate floor
response spectra with camping specified in the Tist found in Appendix H.
The electrical equipment evaluation was based upon the guidelines stated in
ASME Section [II, Division 1, Appendix XVII and Appendix A.

The MCC Ng. 1 s the only piece of elegtrical equipment that has been
analyzed to date (Appendix I). It was analyzed using the computer program
SAP IV. A response spectra aralysis on a finite element beam and plate
model was performed. A damping value of 7% was utilized. The results of
this analysfs indicated the MCC No. 1 maintained structural integrity
during and after a seismic event,

Review Team Evaluations

The allowable stress criteria for the irdividual pieces of electrical
equipment was evaluated by che review team. These allowables were
consicered acceptable for each piece of equipment. In general, the methods
proposed for the electrical equicment analyses are acceptable and
consistent with SEP requirements. The modeling techniques utilizad preovide
a complete and practical representation of the electrical equipment.
Proposed analysis methods adequately address evaluation of proper load
combinations. Damping values proposed are aiso consistent with current
accepted practice for seismic analysis of this type of equipment.

The MCC No. 1 analysis was the only electrical equipment analysis
compieted and available for detailed review. This analysis was adequately
performed and documented. This seismic reevaluation analysis was performed
using the response spectra method. The three dimensional lumped mass mode!




representation of this pfece of equipment was adequately verified by
comparing the mode shapes and frequencies determined from the computer
analysis to those determined by low impedance, insitu testing. 1h!s method
of performing such an analysis is aceeptable current standard practice.
From the review of the details, this analysis was determined 'to have besn
adequately performed for SZP,

From discussions with the consultant performing the ¢lectrical
equipment analyses, the remaining analyses will be completed using the same
methods as those us~d for the MCC No. 1 analysis. Detailed review of tne
remaining analyses is recommended. In addition, it is recommended that
safety related electrical equipment similar to electrical equipment

requiring design modifications be reevaluated for seismiz loading.




BALANCE-GF-PLANT MECHANICAL EQUIPMENT

Licensee Evaluations

A consultant to NUSCO performed tne seismic reevaluation analyses for
selected Balance-Of-Plant (80P) safety related mechanical equipment of the
Haddam Neck Plant. These analyses ware performed in a conventional manner
utilizing marketed finite element ¢ sputer programs. The results of these
reevaluation analyses were compared against the Allowable Stress Criteria
and Damping Values (Appendix H) list.

Only a sampling was made of the mechanical equipment analyzed. The
consultant felt these analyses sufficiently covered all the necessary types
of mechanical eouipment The safety re.ated mechanical equipment selected
for the seismic reevaluation analysis for the SEP are:

1. ESW pump

2. Diesel exhaust duct

3. Diesel air start-up tanks

4. CVCC regenerative heat exchanger

5. Diese! generator

6. Boric acid pump

7. High pressure safaty fnjection pump
8. RHR pump

9. RHR heat exchanger

10. Boric acid tank

11. Oemineralized water storage tank
12. Refueling water storage tank

13. Steam driven auxiliary feedwater pump
14. Underground 5,000 gallon ofl tank
15. C(lean diesel oil day tank

16. Volume control tank

17. Containment fan coolers.

The selected 30P mechanical equipment was analyzed using conventional
computer models and hand calculation technigues. Generally, these analyses
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were performed using three dimensional lumped mass computer models. Where
justified, two dimensional stick bezm models, such as for axisymmetric
structures, were developed to perform these inalyses. The seismic analyses
were generally performed using the response spectra method, however, static
equivalent seismic analyses were utilized where justified. For tne
response spectra analyses, floor respcnse spectra with damping listed in
Appendix H was used as the SSE seismic input. The mechanical equipment was
evaluated considering normal design condftions combined with the SSE
Toacing. The evaluation was based upon the guidalines stated ‘n ASME
Section III, Division 1, and ASME Appendix XVII and Appendix A.

Only four of the selected mechanical equipment analyses were completed
and available Lo the review team for detailed evaluation. Analyses were
performed on the diesel exhaust duct, boric acid tank, refueling water
storage tank, and steam driven auxiliary feedwater pump. The analyses
results are contained in Appendix [.

The diesel exhaust duct was analyzed using the finite element
multi=purpose program, DYNAFLEX. A response spectra analysis applied to a
three dimensional pipe element mode! was performed. A damping value of 4%
was utilized. The transition piece frcm the diesel exhaust nozzles %o the
duct was analyzed separately using an unspecified multi-purpose finite
element program. The results of this analysis indicated the diese! exhaust
duct maintained structural integrity during and after a seismic event.

The boric acid tank was analyzed using the finite element
multi-purpose program, SAP IV. A response spectra analysis utilizing a two
dimensional stick beam dynamic model was performed. A damping value of 7%
for impulsive loads and 0.5% for sloshing loads was utilized. The results
of this analysis indicated the boric acid tank maintained structural
fntegrity during and after a seismic event. The tank was also considered
leak tight.

The refueling water storage tank was analyzed using the finite element

multi=purpose program, SAP IV. A response spectra analysis utilizirg a two
dimensional finite element stick beam dynamic moce! was performed. This
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mode]l appeared as a bzam attached to soil springs. A damping value of 7%°'
for impulsive loads and 0.5% for sloshing loads was utilized. The results
of this analysis indicated the refueling water storage tank maintained
structural integrity during and after a seismic event except for the
anchorage syst m, Design modifications required to fix the anchorage
system were not completed or available for review.

The fina! mechanical equipment analysis presented for review was the
steamn driven auxiliary feedwater pump. This piece of eguipment was
analyzed using the finite element multi-purpose program, SAP IV. A
response spectra analysis applied to a three dimensional finite element

multi-degree of freedom dynamic model was performed. A damping value of 7%

was utilized. The results of this analysis indicated the steam driven
auxiliary feedwater pump maintained structural integrity during and after a
seismic event. The pump was also considered leak tight and capable of
operation after an earthquake. '

-

Review Team Evaluations

The proposed scope of the BOP mechanical equipment seismic
reevaluation analy<is does not include 211 of the plant safety related
mechanical equipm:nt. The scope includes a sampling of egquipment which
represents all tre types of safety related mechanical equipment. This
similarity aporcach is acceptable provided adequate justification is
presented to assure worst-case bounding conditions have been included in
the analyses.

The allowable stress criteria provided for the BOP mechanical
equipment contained in Appendix H was evaluated by the review team and
determined to be acceptable for SEP. These allowables are expressed in
terms of yield strength orly, but they are consistent with the Class 2
mechanical equipment al.owables developed for SEP which are contained in
Appendix E.

In general, the methods utilized in the BOP mechanical equipment
analyses are acceptable. The modeling techniques utilized provided




complete and practical representations of the mechanical equipment. Load
combinations evaluated were proper in that the normal design loading
comzined with the SSE loading was eve uated. The seismic analyses of tanks
properiy addressed both impulsive and sloshing lcads. Oamping values used
for the dynamic analyses are consistent with current accepted values for
these types of equiment. Assessment of leak tightness was adequately
performed for the mechanical equipment analyzed.

As previously mentioned, only four of the selected seventeen BOP
mechanical equipment analyses were completed and availabie for review at
the final Haddam Neck Plant SEP audit meeting. These completed analyses
were for the diesel exhaust duct, the boric acid tank, the refueling water
storage tank, and the stecm driven auxiliary feedwater pump. The details
of these analyses were reviewed at the final Haddam Neck Plant SEP audit
meeting. It was determined that these analyses were adequately performed.
From discussions with the consultant performing these analyses, it is
assumed that the analyses of the remaining thirteen pfece, of mechanical
equipment will also be performed in a similar acceptadie fashien. A
detafled review of the completed analyses for the remaining thirteen pieces
«f mechanical equizment is recommended. Review of the proposed design
modification required to fix the refueling water storage tank anchorage
system is also recommended. In addition. it is recommended that safety
related mechanical equipment similar to selected mechanical eguipment

requiring design modifications be reavaluated for seismic loading.




NSSS MECHANIC:L EQUIPMENT

Licensee Evaluations

The seismic reevaluation analyses ¢f the NSSS mechanical eauipment fis
currently being nerformed Dy the licensee's NSSS consultant. The NISS
mechanical equipment being reevaluated for seismic loading consists of the
reactor vesse!, steam generators, reactor coolant pumps, and pressurizer.
The analyses for this equipment were not compiete, however, preliminary
results have been providec and are contained in Appencix G. From these
preliminary analyses results, the equipment stresses have been determined
s0 be within allowable stresses for the 3SE loading plus normal design
pressure plus deadweignt. The allowable stress criterfa used to evaluate
this equipment's pressure boundary is based upon the ASME Code Class 1
vessel requirements for faulted conditions.

The seismic reevaluation analysis of the reactor vessel was performed
in two steps. The reactor vessel nozzles, shell, and supports were
svaluated using loads from the RCL piping system analysis. An andlysis of
the reactor vessel internals will be performed using a more detailed model
2f the reactor vessel and intarnals. This analysis will not be comoieted
for seversl months. From the preliminary evaluaticn of the reactor vessel
shell and nozzles, reactor vessel stresses were determined to be within
allowable stress limits.

The seismic reevaluation of the steam generators and pressurizer was
also performed in two steps. The shell, nozzle, and support loads were
sbtained from the RCL piping system anaiysis. Stresses for internais were
determined from more detailed lumped mass finite element models. The
saismic analyses utilizing these more detailed models were performed using
the response spectra methoed. It has been determined from the preliminary
results of the analyses of this equipment that stresses for the vessels and
internals are within allowable stresses.

The seismic reevaluation of the reactor coolant pumps was similarly
performed. The pump nozzle and support loads v.ere obtained from the RCL
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piping system analysis. The remainder of the pump internals were evaluated
based on the time history seismic analysis performed for pumps of the same
model for San Onofre Nuclear Generating Station Unit 1 (SONGS 1). The
response spectra developed frem the time history acceleration used for the
SONCS 1 pump analysis envelope the response spectra developed for the
Haddam Neck Plant pumps. The response spectra for the Haddam Neck Plant
pumps was developed using the Singh method. Pump stresses were determined
to be within allowables for the SONGS 1 pump anlaysis. The Haddam Neck
pump housing stresses, including nozzle and support loads from the RCL
piping system analysis, were also within allowable stresses.

-

Review Team Evaluations

The scope of the NSSS mechanical equipment seismic reevaluation
analyses is adequate since all NSSS mechanical equipment will be
reevaluated. In general, the methods utilized in this reevaluation are
acceptable. The acceptance criteria used to evaluate the equipment's
pressure boundary is consistent with that developed for the SEP which is
contained in Appendix E. The allowable stress criteria utilized in
evaluating equipment internals also appears reasonable. The load
combinations evaluated for the NSSS mechanical equipment are proper in that
the normal design loading combined witn the SSE loading was evaluated.
Sample values used for detailed steam generator and pressurizer analyses
are not specified in the preliminary reports.

A1l NSSS mechanical equipment stress results were within allowable
limits, however, these results were preliminary. Design modifications to
some of the supports were proposed and may affect reevaluation results of
the equipment. A detailed review of the NSSS mechanical equipment final
analysas is recommended after the equipment support cdesign modifications
are completed. An additional concern with regard to the steam generator
analysis is that impacting of the steam generator lower supports was not
adequately addressed. This impact loading shoulr either be evaluated or
additicnal justification should be provided as tu why evaluation of this
impact loading was not required.
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The reevaluation of the Haddam Neck Plant's primary coolant pump
internals was based upon the acceleration response spectra being less than
the acceleration response spectra for SONGS 1 primary coolant pumps. These
spectra were not provided, therefore, & cetailed comparision could not be
made Dy the review team, C(Copies of these spectra were reguested. In
addition, qualification of the Haddam Neck Plant primary ccolant pump
internals is contingent upon approval of the analyses performed for the
SONGS 1 primary coolant pumps. A detailed review of that analysis has not
yet been completed. Upon approval of the SONGS 1 analysis, approval will
also be granted for the Haddam Neck Plant primary coclant pumps.




COMPONENT SUPPORTS

Licensee Evaluations

Component support analyses were required for all piping systems,
mechanical equipment, and electrical equipment. The analyses performed by
NUSCO were done in accordance with their piping stress analysis procedure
and the safety related piping sefsmic qualification program.

As mentioned earifer, NUSCO examined each single acting support
fndividually. When deadweight and thermal analyses without single acting
supports incorporated into the model were reviewed, only the single acting
supports at points with downward displacements were utilized. Single
acting restraints were not included when the seismic analysis was
performed. NUSCO did examine impact loading on single acting restraints.
NUSCO considered spring hangers as external loads applied during a weight
analysis. The spring hangers were checked and those that exceeded their
working range sefsmically or thermally were replaced. Rigid supports
utilized in piping analyses were analyzed by applying the load combinations
specified in Table 2 of Appendix C. NUSCO considered thermal expansion and
thermal anchor movements as primary loads during the supoort analyses.

Stress limits for supports were also supplied in Table 2 of Appendix C
for the NUSCO component support criteria. No criteria was specified by
NUSCO regarding concrete attachments.

NUSCO has presented a limited number of component support analyses for
review. These calculations were included with the piping system analyses.
[f the applied support lcads did not exceed the original desigr lcadings,
NUSCO did not reanalyze the support.

Evaluation of the NSSS piping and mechanical equipment component
supports was performed by NUSCO's NSSS consultant. These supports were
evaluated for normal design and ncrmal design plus SSE loading. The loads
required for performing this evaluation were obtained from the RCL piping
system analysis. Since the RCL piping system analysis was performed




assuming linear elastic behavior for all component supports, one=-way
supoorts (tensicn only or compression only) were evaluated individually to
assure uplift and impacting does not occur, thus §nva11dat1ng the analysis
assumptions. In all cases uplifting was not found to be a problem. It was
gdetermined tnat some of the RCL pump support spring hanger cans were
bottoming out due to combined SSE and normal design loading. Using energy
balance considerations, new spring can loads were determined accounting for
this bottomed out condition. Oesign modifications to these supports were
required decause of this increased Toading. COther NSSS component supports
reguiring design mocdifications include: 1) pressurizer truss support,

2) surge line pipe supports, and 3) steam generator lower hold down bolts.
With the exception of the surge line supports, design modifications
required for these component supports were not finalized. For the surge
line, two spring hanger supports were found to be overstressed. The
proposed design modification was to replace these spring hangers with rigid
struts. The surge line piping analysis has been reanalyzed for this
proposed support condition and found to be within acceptable limits.
Preliminary results for all NSSS component support evaluations are
contained in Appendix G. The acceptance criteria used to evaluate the NSSS
component supports fs in accordance with the requirements of the ASME Coce.
Subsection NF, Criteria for buckling and anchorage were not provided.

Seismic reevaluation of the BOP mechancial and electrical equipment
supports will be performed by the same consultant performing the seismic
reevaluation analyses of tha BOP safety related electrical and mechanical
equipmunt. Currently only five out of 31 selected pieces of equipment have
Deen analyzed. This equipment will be reevaluated considering normal
design loading combined with SSE loading. For most of this equipment, the
normal desfgn loading consists of deadweight only. The allowable stress
criterfa, uytilized to evaluate the BOP equipment support structures is
contained in Appendix H. One-way supports (tension or compression supports
only) will be evaluated individually to assure uplift and impacting do not
occur. Of the five pfeces of BOP equipment analyzed, structural adequacy
was demonstrated for all of the equipment supports except for the refueling
water storage tank which lacks adequate anchcrage. Design modifications
required to remedy this situation have not been finalized.
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Review Team Evaluations

The acceptance criterfa for component supports provided by the review
team is contained in Appendix ' E. The acceptance criteria was divided into
Class ! and Class 2 subsections. The Class 1 suppert criteria was written
in te~ms of principal stress intensity. The Class 2 support criteria was
written in terms of principal stresses. Other stipulations are also stated
in Appendix E for the NRC acceptance criteria for component supports. The

acceptance criteria for concrete attachments is also included in Appendix E.

NUSCO provided the review team with sample component support
analyses. These calculations were contained 0 the fifteen piping analyses
previously mentioned. Rack support calculati. ., were not reviewed since
they will not be initiated until all of the pining analyses are completed.
The review team requested NUSCO to present a typical rack support
calculation as soon as one is available. When NUSCO presented their
component suppert analysis to the review team, an unsymmetrical bending
problem arose that had not been analyzed as such. The review team
requested assurances that unsymmetrical bending problems be analyzed
properly. At the next meeting, NUSCO presented the same and similar
problems. The analyst stated that stresses were sufficiently small (based
on Mc/I) to warrant an unsymmetrical bending calculation Sut they would
perform unsymmetrical bending analyses on other component supports if
engineering judgment deemed it necessary.

NUSCO's component support criteria paralleled the review team's
original Class 1 component support acceptance criteria. However, the
review team revised their acceptance criteria several times after the
working level meetings were neld for the Haddam Neck Plant. NUSCO did not
provide a concrete attachment acceptance criteria.

The seismic reevaluation methods utilized for the NSSS piping and
mechancial equipment supports were generally adequate and consistent with
SEP requirements. The scope of this effort is adequate in that all NSSS
component supports will be evaluated. The analyses of :he NSSS component
supports properly considered the normal design locading and the normal
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that the allowable stress based on ultimate strength may govern rather than
the allowable stress based on yield strength. The BCP eguipment support
allowable stress criteria should be specified in terms of both yield
strength and ultimate strength to be consistent with the acceptance

criteria contained in Appendix E.

- The BOP safety related ecuipment and equipment suoport seismic
reevaluation analyses will be performed for 31 selected pieces of
equipment. To date only five of these analyses have been completed. A
detailed review of the remainder of these analyses is recommended upon
their completion.

28




CONCLUSIONS

80P Piping System Analyses

NUSCO presented copies of their acceptance criteria and meodeling
technigques 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 NUSCO's overall analysis
techniques and piping criteria are reasonable. NUSCO's support criteria
was also evaluated and appeared to parallel the review team's support
criterifa. However, the review team's acceptance criterifa was modified
sinze the meating with NUSCO.

Seversl open items still remain and must be addressed before the
reevaluation of the BOP piping system is complete. These items are:

1. A1l remaining analyses results should be submitted to the NRC.

2. NUSCO's concrete anchorage (expansion and embedded anchor bolts)
acceptance criteria should be submitted to the NRC.

3. NUSCO's chart method and typical analyses should be submitted to
the NRC if this method is used for pipir; system analyses.




BOP Electrical and Mechanical Equipment Analyses

Seismic reevaluation analyses of the Haddam Neck Plant BOP safety
related electrical and mechanical equipment are being performed for
30 selected pieces of equipment representative of all types of safety
related electrical and mechanical equipment. At the time of the final
Haddam Neck SEP audit meeting, June 22-23, 1982, preliminary sefsmic
reevaluation results were available for only five of the 30 selected pieces
of BOP mechanical and electrical equipment. The preliminary results for
these five analyses indicated that four out of the five pieces of equipment
are structurally adequate for combined normal design loading plus
postulated SSE lcading. The anchorage system for the refueling water
storage tank was found to be inadequate.

After reviewing the five preliminary BOP equipment analyses (contained
in Appendix I) ‘it was determined that thase anal&ses. in general, were
adequately performed. The modeling techniques utilized provide a complete
and practical representation of the equipment. The load compinations
evaluated were adequate. The allowable stress criteria used to evaluate
the equipment and equipment supports was gererally consistent with the SEP
criteria contained in the Reevaluation Guideline (Appendix E). However,
the passive component support structure allowable stress criteria used may
not be consistent for all cases.

For BOP equipment, the following cpen items must be addressed before
the reevaluation of the BOP equipment is complete. These items are:

N The scope of the reanalysis efforts for BOP electrical and ° ical
equipment is inadequate in that:

a. all equipment required for safe shutdown and emerger., core
cooling has not been included,

b. instrument and control reevaluation to assure that adequate
parameters are available to the plant operator are not included,



€. air systems and air operators required to insure that necessary
safety functions are met are not included.

Should the licensce desire to use similarity arguments for
demonstrating the structural adequacy of safety related eguipment for
seismic loading, justification based on sound engineering principles
is required.

2. Provide justification that the allowable stress criteria utilized
(yield strength) for the passive component support structures do nct
exceed the allowable stress criteria contained in Appendix E. The
stress criteria contained in Appendix E is based on botl yiei.
strength and ultimate strength.

3. Submit all final BOP equipmen'. and equipment support analyses to the
NRC for review.

4. For equipment requiring design modifications, such as the refueling
water storage tank, provide a detailed description of the design
modifications.

5. For BOP equipment similar to the selected BOP equipment requiring
design modifications, provide SEP seismic reevaluation analyses or

provide justification for not performing these analyses.

NSSS Piping and Mechanical Equipment Analyses

Seismic reevaluation analyses are being performed for the Haddam Neck
Plant RCL. Preliminary results of these analyses demonstrate structural
adequacy of all the ~omporents for combined normal design loading plus SSE
loading. However, several component supports were determined to be
structurally inadequate. They are: 1) two surge line piping supports,

2) steam generator hold-down boits, 3) primary coolant pump supports, and
4) the pressurizer support truss.
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After reviewing the preliminary analyses, it is concluded that the

NSSS piping, mechanical equipment, and component support analyses are
generally being performed in an adequate manner, The sceope of these
analyses is adequate since the entire NSSS is being reevaluated. The
modeling techniques being utilized to perform these analyses provide a
complete and practical representation of the RCL and equipment components.
The load combinations being evaluated are adequate since both normal design
loading and normal design loading plus SSE loading are being evaluated.
However, possible impact loading of the system generators with their lower
supports was not addressed. The RCL system piping analyses are being
periormed using 4% of critical dimping which 1s not corsistent with

RG 1.61. The allowable stress criteria being used for rcevaiuation of the
NSSS piping and mechanical equipment components are adequate and consistent
with the SEP criteria contained in Appendix E. The allowable stress
criteria being used for reevaluation of the component supports does not
adequately address buckling and does not specify allowable stresses for
anchorage. N

For NSSS piping and mechanical equipment, the following open items
must be addressed:

1. Justification must be provided for using 4% of critizal damp’'ng
for the RCL piping system analyses.

2. Damping values used to perform the detailed model analyses of the
pressurizer and steam generators were not provided. The licensee
is requested to provide these values.

3. Impact loading of tne steam generators with the steam generator
lower supports should be addressed or justification as to why

this item is not accounted for should be provided.




Buckling of reactor supports (neutron shield tank), stean

generator support skirts, and the pressurizer support truss

member should be addressed using allowable stress criteria
consistent with that contained in Apperdix E.

Component support anchorage allowable stress criteria was not
provided. The licensee is requested to provide this allowable
stress criteria,

Submittal of final reevaluation analyses is requested.
For NSSS components and component supports requiring design

modifications, a detailed description of the proposed design
modifications is requested.
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APPENDIX A

HADDAM NECK AUDIT PLAN FOR SEP SEISMIC QUALIFICATION
OF PIPING, MECHANICAL, AND ELECTRTCAL EQUIPMENT



HADOAM NECK AUCLT PLAN FOR 327 SgISaLC
QALIFICATION OF PIPING, AECHANICAL, AND ZLECTRICAL ZCQUIPMENT

e 3ackground

In Qctooer, 1977, the office of Muclear Raactor Raguiation (NRR)
initiated Phasa [ of the Systematic zvaluation Program (SE7) %o datermine
the margin of safety relative %o current standards for aleven selected
cperating nuclear power plants and to define the nature and extant of
retrofitting requirad %o dring these plants to iccaptable Tavels of safaty
if they are not already at these levels., Phasa [ of 527 invoived Group [ -
alants, where Phase [[ involves Group [[ plants, consisting of San
Cnofre 1, La Crossa, 31g Rock Point, Yankee Rowe, ind Haddam Neck. The
review for saismic requalification of SE? Grouo [[ plants will De performesa
5y two teams. One team consisting of NRC staff personnel and NRC
consultants from Lawrence Livermore National Laboratory (LLNL) will
avaluate the Group [l plants' structures. A second taam consisting of NRC
staff personnel and NRC consultants from £G& [dano, [nc., will avaluate
the Group [I plants' piping, mechanical, and electrical 2quipment important
to safaty. This auagit plan provides a description of how the SEP seisaic
requalification of Haddam Neck piping, mechanical, and 2lectrical equipment

impertant to safaty #1111 oe reviewed,

(1. Scoge

The scope of review for the SEP seismic re-evaluaticn program will
include the systams ind components (including amergency power supply 2nd
distribytion, {nstrumentation, and actuation systams) with the follcwing

functions:

1. The reactor caolant pressura doundary as well as the core and
vassel intermals. This should also include thasa portions of the
steam and feedwatar system extending from and including the
secondary side of the steam generator un %o and including the
outermost containment isolation valve and connectaed piping for
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all safaty relatad systems up to ind including the first valve
that is either normally closed or is capable of automatic clasure
during 111 modes of normal reactor oparition,

2. Systems or portions of systems that are required for safa
shutdown as igentified in the 3P safe shutdown review (SEP Topic
¥il«3). The systam doundary includes those portions of the
system required to perform the safety function and connectad
piping up to and including the first valve that is either
normally closed or capadblie of automatic closure wnen the safaty
functicn 15 required.

3. Systems or portions of systems that are required to mitigate
design dasis events, i.2., accidents and transients (SEP Topics
XV-1 to %Y-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
thesa systems.

4, Systems and structures required for fuel storage (SEP Topic
[X«1). Integrity of the spent fuel pool structurc>inciuc1ng the
racks is needed. Failure of the liner plate due to the safe
shutdown 2arthquake must not result in significant radiological
releases, or in loss of ability tc kaep the fuel covered.
Failure of cooling water systams or cther systams connectad to
the poal should not permit draining of the fuel pool. Means to
supply makeup water to the pool as needed must De provided.

For the Haddam Neck plant, the following systems, and components
should De aadressed:

1. Reactor Coglart System (RCS)

2. Portions of Main Steam System




Portions of M4ain reecwatar 3ystam

Porticns of systems directly connectad t3 the RCS 4p %o ama

including isslac‘on valves
Control Rod Jrives

Auxiliary Feedwatar Systam

7. Residual Heat Removal Systaem (including ICES recirculaticn
mode;

8. Portions of Chemical and Volume Control System
9. Portions of Service 4atar System

10. Hign Pressure Safety Injection System

11, Low Pressyre Safaty [njecticn System

12. Containment Cooler Systam

13. .Somt Fuel P00l and maua.

As discussed previously, a "systam® also includes the pjower sunply,
instrumentation and actuation systams.

{11, Ganeral Critarii and Jeferences

The critaria consainad in the following documents will e the dases
usad to avaluata the SEP saisaic re-avaluation of Haddam Neck Plant piping,
mechanical, and alectrical equipment important to the plant's apiflity to
safaiy withstand the effects of a postulatad safe shutdown 2ar<hquake avent.




1. MNUREG/CR-0098, “Cevelopment of Criteria for Seismic Review of
Selacted Nuclear Power Plants,” N. M. Newmark and 4, J. Hall,
May 1978.

& tandard Raeview ?lan, Sections 3.2, 3.7, 3.8, 3.3, 3.10.

3. Regulatory Guides, 1.29, 1.48, 1.50, 1.51, 1.83, 1.%2, 1.100,
1.124, 1.130.

4. ANSI/IEEE Stanaard J44-1975.

5. ASME 3o0iler and Pressusre Vessel Coo2 Section [[[, 1980 Edition or
subsaquent.

6. AISC, "Manual of >teel Construction,” Eighth Edition.

The intent of Phase [[ of SEP is to demo.i<rata that the structural
integrity of the systems and component; Deiny re-evaluated will not pe
impatred when subjectad to a postulated Safe Snutdown Sarthquake (352) in
compination with other normal design loadings. As a minimum, component
primary stresses must De evalua.2d using current Critiria provided in the
above standards for Lavel D [faylitea) service |imits.

[V, Review Procedur2as

A. General

The review taam (NRC and NRC consultants) will perform the review
ef fort parailel with the licensee's seismic re-evaluation efforts. A
minimum oF three working level meetings among the review team, licansee,
ang licensee's crnsultants are anticipatad. This method of review 1as deen
selected in order to expadite the review, The working level meetings will
permit an excnhange of ‘aformation which will minimize formal written
communication, thus 2xpediting the program. One of the meetings will de
conducted at the alanm: so the review team can perform a field inspection of
the equipment being re-avaluated.




The reviaw pgrocass ~il11 0@ accomplished in three steps. The rirst
stap #il1] consist of the review team reviewing the decails of the saisaic
re-avaluation program plan suomittad Dy the licansae. A sudstantial
portion of this review will De performed prior to the Ffirst working
neeting. Any concerns ne review t2ax Nas ~1tnh the grogram alan #1111 3a

1iscussed and preraraply resolved at the first «orking meeting.

The next stap of the review will consist of review of analysas
performed 2y the licansee or licansae's consultants. This review will be
perfaormed Ny one ar more of the fallowing metheds: (a) The review taam
111 perform a review of safsaic re-avaluation analyses at the working
meetings. (9) The review te2am #ill perform review of saismic re-avaluation
analyses at their officas., Thesa analysaes will eaither 2e given %o the
review team at the working meetings or transmittad by mail to the review
t2am upon complation., (c) The review team will perform incependent
analysas for some components and systems. [nformation necassary to perform
these analysaes #»i11 bDe supplied by the licansee at the working meetings or
transmittad latar. The depth of review of analysas #ill vary depending on
the compiexity of the item Deing evaluatad. The analysis review guicelines
are contained in Appendix A.

The third and final stapg of the review procass #will consist of th

raview team preparing and submitting a tachnical evaluation report (TR)
wnich identifies the resylts of the saisaic re-evaluation review.

3. Audgit Meeting Agenda

As previcusiy mentioned, the SEP will require working level meetings
among the review taam mempers, |icansee, and licansee coasultants to e
neld either at the plant or at licansee's engineering officas. For the
meetings at the engineering officas, the folToQing agenda is anticipatad:

- “u’dﬂ“‘.v AL MR B g W
y
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1. Detailea presentation of seismic re-avaluation program plan oy
licensee or licensee's consultants.?

. Discussion and resolution of concerns which the review t2am has
with the program plar?

3. Presentation of licansee's progress towards complietion of saismic
re-evaluation program by licensee.

4. Presentation of anticipated schedule for completing program dy
licensae.

5. Summary presentation of seismic re-evaluation analyses resylts
(include identification of systams and ccmpeonents wnich require
retrofitting) by licansee.

8. Detailed review of complet2d seismic re-evaluation analyses for
salectad systems and equipment (include detailed review of
required retrofits).

7. Exit driefing identifying acceptanle areas of review and areas of
concern requiring acditional information %o resaive Dy review
team.

For the meeting at the plant, the following agendz is anticipataa:

1. Presentation of licensee's progress towards completion of saisamic
re-zvailuation program dy licansee.

2. Preasentation of anticipatad schedule for completing program dy
Ticensee.

3. Required at initial meeting only.
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5.

Summary sresantatizn of saismic re-avaluation analyses results
(incluge identification of systams and compenents wnhich require
retrofitting) dy licensae.

Fiala inspaction af salactad 2quipment Jeing ree-avajuatad 2y
reaview t2am and |icansae.

Jetailed reviaw of newly complated seismic re-avaluation
analyses, Dy review taam (include detailed review of required
retrofits).

Exit sriefing identifying acceptanle areas of review and areas of
concarn requiring additional information %o resolve, Dy review
taam.

Y. Review Team Mempers

The SEP raview team for Haddam Neck nuclear powr plant will consist of
the following NRC and £G4 [dano, [nc., personnal,

NRC

Thomas M. Cheng

InC.

£G4 [dano, Inc.

Tom L. 3ridgus
Shery! L. Busch

0. Keith Mortan?
Tommie R. Thompsan

a. First working meeting only.
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Yi. Review Schequle

The anticipatad schedule for comolating Phasa [[ of SE? for Haddam
Neck nuclear power piant is as foilows:

1. First sorking meeting Aeex of 04-19-32
2. Plant visit Not Scheduled
3. Final working meeting Not Scheduled

4. Complete TER 08-31-32
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APPENDIX A ANALYSIS REVISW GUIDELINES
The following is a 1ist of guidelines to De usad in reviawing analyses
for the SEP Group [l Plants. Althougn the list may not de all inclusive,

it does.provide the areas of intarest pertaining to the SE2 review.

{. Analysis Audit Format (Piping)

l. What computer codes were usad in the analyses?

£ HOw ware the iDove computar codes verified?

2. Is the proper input forcing function deing utilizea?

& [f response spectri methed is usad:

(1) Is correct spectra and damping utilizea?

(2) Have sufficient modes been usad to adequataly descride
systam rasponse?

(3) [Is spectra progerly droacened?

(4) Do system frequencies straddle any peaks?

B. If time history method is usad:

(1) [s sufficient systam re2sponse achiaveq?

(2) Is an adequate time stap utilized?

(3) 1Is proper damping utilized?




3.

Has

d.

0.

d.

Ne

Has

[f static equivalent method 1§ used:

(1) 1s justification orovided for performing a static
2quivalent analysis?

(2) rHow was reguired lavai of input detarmined?
the piping system neen properly modeled?

Have valves been properly modeied including any acgentricity?
Has adequate mass point spacing been utilized?

Are adjacent element length ratios reasonaple?

Have all significant uranch piping systems been included?

Have all supports Deen specified with correct imposed lcads
(if any), directicn and stiffness?

Hav: supports with significant nonlinear characteristics
see~ properly handled?

Have correct pipe sizes, geometry, thicknesses, and unifcrm
weignts deen specified?

Have correct design and cperating pressure and temperature
gata oeen specified?

the piping system oeen svaluated against proper criterial
Has a proper minimum thickness check deen performed?

Have axcossive deflactions been considerec?

10




c. Have proper stress intansification factaors ceen utilizea?

d. Hava proger 1oac compinations Deen analyzed?

a. Have proper allcwanle stress limits Seen sajectad in orger
t0 assure the requireq operaticn of the piping?

, Were standard or nonstandard components usaa?

g. What criteria were usad in avaluating adegquacy of supports?
N

II. Analysis Audit Format (Mechanical gquipment)

I.

2.

[s the equipment rigid or flexible?
i. How were the natural frequencies detarmined?

5. If flexidble, is its resgonse single-directignal or
multi-directional?

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

what type of analysis was performeas:
3. Static g level

(1) How was regquired level of input detarmined?
3. [f response spectra method is usad:

(1) s correct spectra and damping utilizea?

(2) s sufficiant system response achievead?

1




C.

d.

(3)

(4)

[s spectra properly droadened?

Jo system frequencies straddie any peaxs?

fow were directional components of input appliea
(compineq)?

[f time history method is used:

(M

(2)

(3)

(4)

[s sufficient systam response achieveq?

[s an adequate time step utilized?

[s proper damping utilized?

How were directional components o input applied
(compined)?

[f tasting was used for requalification:

(1)

(2)

(%)

(3)

(6)

what type of tast was performea?

dhat justification is provided for the type f test
used?

How wire systam natural frequencies detarmined?

HOw was the required response spectra (IRS) determineq?

How does the tast responsa spectra (TRS) compare %0 the.
RRS?

What 3 Tevel was used in the tast?

12




3.

3.

(7) wWere support and dcundary canditions, including ancner
talts, properly simuiatad in the tast?

(8) How was functicnal coeranility verified during the tast?

(3) What criceria were usad in avaluating the adequacy aof
the tast resylts?

ihat computer codes were usad in tne analyses?

1.

HOwWw wera tha above computar ccces verifiad?

Has the systam Seen properly mcdeled?

d.

9.

C.

Has adequate mass point spacing ang aistribution been used?

Have all supports and boundary conditions, including anchor
solts, been properly modeled?

Have significant nonlinear affacts boen praperly handled?

Has the systam ceen evaluatad against prepger critesial

2.

d.

Have the proper load compinations bean analyzed?
Have proper stress intansities Deen avaluataq?
Have deflections been considered?

Have proper allowable stress limits Seen salectaaq?

HOw were computer Jutput responsas compined (directicnal and
modal)?

13




[II. Analysis Audit Format (Slectrical Equipment)

‘.

2.

[s the aquipment rigiad or flaxible?
a. HCw were i@ natural frequencies detarmineaq?

9. If flexinle, is i1ts response single-directional or
multi-directional?

c. [f flexiple, is its response it one predominant frequency or
at several frequencies?

what type of analysis was performed?
a. Static g level
(1) How was required level of input detaerminea?
8. [f response specira method is usad:
(1) Is correct spectra and damping utilized‘l_
(2) [Is sufficient system response achieved?
(3) s spectra properly broadened?
(4) Do systam frequencias straddle any peaks?

(3) How were directional components of input applied
(comoined)?

¢c. [f time history method is used:

(1) Is sufficient systam response achieved?

14




3.

d.

[s an acequate time stap utilized?

[s proger damping ytilizea?

How were direstional components of input applied
(compined)?

[f tasting was used for requalification:

(1)

(2)

(3)

(4)

(3)

(7)

(3)

(9)

4hat type of tast was performed?

what justification is provided for th2 type of tast
4sed?

How were systam natural frequencies determined?

How was the required responsa spectra (ARS) determined?

How doces the tast respense spec=a (TRS) compare %o the
RRS?

4hat g level was usad in the tastl

dere support and boundary canditions, including anchor
bolts, properly simulatad in the tast?

How was functional onerapility verified during the tast?

what critaria were usad in evaluating the adequacy of
the tast results?

What computer codes were usad in the analysas?

How were the above computer codes verifiea?

18
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das the systam deen properly modeled?

d.

0.

)

Has adequate mass point spacing ana distridution been usad?

Have all supports and doundary conditions, including anchor
501ts, 2een properly modeled?

Have significant nonlinear affects Deen properly handtled?

Has the systam Deen avaluatad against proper criteria?

d.

d.

Have the proper load cocmbinations heen analyzea?

Have proper stress intensitias deen evailuated?

Have deflections deen considered?

Have proper allowadle stress limits bean salected?

How were computer output responses coabined (directional ana
modal)?




APPENDIX 3 HADDAM NECX SE? PROGRAM PLAN REVIEWN SUMMARY

Ac the first SEP? auait meeting for the Haddam Neck plant, the licansae
and its engineering cansultants provided a detailed presentation of the
Haddam Neck plant SEP orogramplan for seismic re-evaluaticn of piping,
mechanical, and electrical 2quipment important to safety. [n general, the
program plan presentad satisfies the SEP requirements reasonanly well with
a 72w excaptions. For mechanical and electrical 2gquigment, tie following
Jpen items must e addressad 2oy the ligcensae: '

].

2.

Provide sample calculations to justify the damping ccmpatible
with the stress levels usad in the 2quipment avaluatian,

The NRC positicn is that all equipment on the safe shutdcwn list
should de gualifiad., NUSCO needs to clarify their intant on the
remaining equipment not specified Sy Stavenson and Associatas.

What are the capabilities to cool the spent fuel pegl?
.
What safety relatad squipment i: lestinghouse cavering and what
are thetr criteria and methods? “hat is the schedule for completion?

Provide soil prepertias for the avaluation of the fiald arectad
tanks, buried tanks, and buried piping. Justify the medeling in
cenjunction with these soil properties.

For the piping analyses teing performed, the follcwing itams require
adcitional attention:




1. The piping stress ;ltowab1es are currently undecided. The NRC
and NRC consultants will make 2 decision on this issue and will
transmit the decision with the trip repor:.*

2. The licensee is requestad to provide assurance that unsymmetricai
bending will be addressed for piping supports where appiicable.

The licensee 1s requestad to provide clarification of supporst

Toad comoinations. [t appears that the aigedraic sum of weight
plus thermal plus seismic is not always consistent with acceptable
criteria,

)
.

4. What items is Westinghousa covering with regard to safety relatad
piping? What is the schedule for comgletion?

[n addition, the scope of SiP includes seismic re-evaluation of
emergency power supply and distribution, instrumentation, and actuation
systems. C(larification of the licensee's schedule for completion of this
affort is requestad. ‘

* NRC and its consultants have made a decision as to what the piping
allowable stresses should be. The allowables should correspond to
ASME Code service Tevel 0 (faulted) allowables. [f the piping systam
fs a Class 1 system and a Class 1 analysis is being performed, then
the primary allowable stress should be 3.0 Sp. [f the piping system
fs a Class 2 system and a Class 2 or ANSI 31.1 analysis is being
performed, then tha primary allowable stress should be 2.4 Sh. [f the
piping system is a2 Class | system and a Class 2 or ANSI 31.1 analysis
is being performed, then the primary allowable stress should be 1.8 Sh
t0 account for the difference in stress indices bHetween the two types
of anaiyses where:

Sm = ASME Code allowable stress intansity

Sh = ASME Class 2 or ANSI 31.1 allowable stress.




APPENDIX 8

PIPING STRESS ANALYSIS PROCEDURE FOR SEISMIC
QUALIFICATION OF SAFETY RELATED PIPING AT CONNECTICUT YANKEE
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N“ et ":"}i:: PSE PROCEDURE FOR CY
S SEISMIC QUALIFICATION OF SAFETY RELATED PIPING

T "N I HAeT
AoV p;,:&?.,:.’_

TR0

This procei:rﬂ provides an outline of the criteria and methodology
to be employed by G nnratlon Piping Systems Engineering irn the
seismic qua;x‘ cation of Category I safety related piping at Connec-
ticut Yankee.

*" N rADe
oV SCOPE

This procedure applies to all aspects of the sy
evaluation including the following.

2.1 Piping analysis.

2 Evaluation of the adequac
of subsequent modifica

ANSI B31.1 Power Piping Code, 1973 Edition, Summer 1973
Addenda.

AISC Specification, Manual for Steel Construction,
Edition, 19739.

ACI Standard 318-77, "Building Code Requirements for
reinforced Concrete'".

CYS-579, Revised December 10, 1965, "Specification for Shop
Fabricated Piping for Secondary Plant and Primary Plant
Waste Disposal and Other Miscellaneous Systems'.

YS-1550, Revised July 21, 1965, "Specification for Shop
Fabricated Nuclear Piping".

CYS-579A, Revised January 7, 1966, "Supplement to Piping
Specifications CYS-579 and CYS-1550 Covering Field Erection"”
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C QUALIFICATION OF S/R PIPING

Welding Research Counsil (WRC) Bulletin 107, "Local Stresses
in Spherical and Cylindrical Shells Due to External Loadings".

3.8 American Petroleum Institute (API) Standard 610, "Centrifugal
Pumps for General Refinery Services'.
3.9 W. G. Counsil letter to D. M. Crutchfield, dated August 11, 1981.
3,10 D. M. Crutchfield letter to W. G. Counsil, dated
September 28, 1981.
3.11 CYS-500, Revised May 20, 1966, "Summary cf Design Conditions".
3.1Z NUSCO Proccdure GEEC 4.04, "Preparation, Review, Approv
Control of Design Analyses, Technical Evaluations, a
and Computer Calculations".
3.13 American National Standard ANSI N45.2.11,
5.14 Northeast Utiltiies Quality Assuran pical Report,
QAP 6.0.
3.15 Connecticut Yankee - Inse
4.0 NOMENCLATURE
4.1 Line Designations
Piping is identified on the various isometrics, plans, and sections
by a unique line designation. The line designation is comprised of
a line size and a line number in conjunction with a fluid designa-
tion and pipe class. Examples are given below.
Fluid Pipe Line
Size Designation Class Number
10" AC 601R 56
2" CH 151N 186
2" WFPD 601 10
Once the pipe class is identified, the pipe schedule and material

can be

determine]l from References 3.4 or 3.5.
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4.2 Support Function

Isometric
Type Abbreviation
Anchor Anc
Lateral Restraint Lat
Axial Restraint Axial
Vertical Restraint Vert
Spring Hanger S.H.
Rod Hanger R.H.
Sliding Support $.8,
Lateral Shock Suppressor LSS
Axial Shock Suppressor ASS
Vertical Shock Suppressor VSS
Vertical Support Vs

Multiple support functions are represented by a combination of
the above symbols; e.g., VERT-LAT.

S.0  GENERAL

Safety related piping systems will be divided into several individual
stress problems based on analytical terminal points, such as
structural anchors and equipment nozzles. For each stress problem
the piping geometry will be based on as-built isometric piping
drawings developed under the I&E Bulletin 79-14 program.

Support information shall be derived from the IGE Bulletin 79-02 and
IGE Bulletin 79-14 hanger inspection packages.

6.0 MODELING/TECHNICAL CONSIDERATIONS

6.1 Single Acting Restraints

Single acting restraints, such as rod hangers and sliding supports,
shall be evaluated on an individual basis applying the following
method.
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A deadweight and "free" thermal analysis shall be run with all

single acting restraints removed to determine pipe movement uader
both load cases. This unrestrained movement will then be combined

at each restraint location. The restraint shall be considered active
only if the calculated net displacement is negative (i.e., downward).

Single acting restraints will ..ot be considered in the seismic
analysis. However, during a seismic event an additional load
could be imposed on these restraints. The evaluation of single
acting restraints, therefore, will include a seismic load equal
to a dynamic load factor of 1.5 times the deadweight reaction
times the peak value of acceleration from the appropriate floor
respoise spectra.

6.2 Wall/Floor Penetrations

Thimble drawings shall be reviewed to determine gaps around the
pipe. Thermazl movement at this location will be compared with the
gap to determine if the penetration will impede the total thermal
movement. If so, then the penetration shall be incorporated into
the thermal analysis as a restraint in the appropriate direction
once the gap is closed. DiSPLacE 4RD [ mMevemenT

> < ' = !E d! NAr :LMJ«’F{;F_ZGJ F:‘? St

Where the pipe is embedded in the concrete, the penetration will
be considered to act as one of the following restraints for all -
load cases. s

6.2.1 Full anchor: for embedded lines with anchor rings or
lugs welded to the pipe.

6.2.2 Four-way restraint with no axial and torsional restraint;
for embedded lines without welded rings or lugs.

6.3 Valves

Dimensions, weight, and center of gravity of valves shall be taken
from the original valve drawing. In many instances, however,
individual valve drawings are not available. In lieu of original
drawings, valve properties may be obtzined from other appropriate
sources, such as a standard valve drawing, the manufacturer's
catalog, or other plant records.

Where the valve wall thickness cannot be determined, then an
assumed value of four (4) times the nominal pipe wall thickness
shall be used.

M1
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For piping two inches (2") nominal and larger, the valve center
of gravity will be modeled to consider the effects of the
eccentric mass. If the center of gravity is not given, then
one will be calculated using the methods shown in Figure 1.

6.4 Non-Standard Fittings

Stress intensification factors for non-standard fittings such as
weldolets shall be obtained from the manufacturer. If manu-
factorer's data is not available, then the stress intensification
factor may be determined by enzineering judgement.

Reinforcement area of fabricated branch connections shall be
reviewed in accordance with ANSI B31.1, Paragraph 104.3.1.

6.5 Flanged Joints

Flanged joints shall b2 evaluated to include the effect of moments
and forces acting on the joint as a result of locad conditions other
than internal pressure,

The methods of ASME Section III, Subsection NC, 1980 Edition,
Winter 1980 Addenda, Paragraph NC-3658, shall be used for this
review.

6.6 Branch Lines

Where the moment of inertia of the run pipe is a minimum factor of
ten (10) times greater than than of the branch line, the branch line
may be analzyed separately. For these cases the run will then be
considered to act as an hor with respect to the hranch line.

6.7 Anchors
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LOAD CONDITIONS

-
O

T4 Primary Loads

Tokud Pressure

The longitudinal pressure e calculated using the
system design pressure

T3:2 Weight

The weight of piping and components, insulation, and the contents
under normal operating conditions, shall be considered. Using the
line designation; this information can be determined from the pipe
fabrication specifications and a table of standard pipe properties.
.J*?
NOTE: Hydrostatic test loads will ;‘-fbe considered in this
evaluation.

Spring hangers shall be represented in the analysis as an external
force equal to the "HOT" lcad. The "HOT" load will be determined.
from the IEB 79-14 hanger inspection information. Where the
inspection package specifies a "COLD" load, then the "HOT" load
shall be calcualted as follows.

HOT Load = COLD Load - (thermal displacement)
x (spring constant)
This information shall be recorded on the Spring Hanger Summary
Sheet (Attachment 1) and the results evaluated to determine if
the load range is within the load carrying capability of the spring.

If the calculated load range falls outside the spring range, then
adjustment or replacement of the spring shall be considered.

; o Seismic

The structura! integrity of safety related piping under a safe
shutdown earthquake will be evaluated using one of the following
methods.

T:1:5:2 Dynamic

A dynamic analysis may be performed using lumped mass
dynamic models with the appropriate amplified floor
response spectra as input. Zero period acceleration (ZIPA);
i.e., missing mass effects shall be considered as a static
load case in conjunction with the inertial response of the
system.
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Where the stress problem involves piping that is
supported at different floor elevations or runs
between two separate structures, the response
spectra in each direction shall be an envelope of
the applicable floor spectra.

The analysis shall consider a simultaneous input of
the two horizontal components and the one vertical
component of the earthquake. Results for each mode
shall be obtained by the square root sum of the
squares (SRSS) method.

Output from the dynamic analysis shall be reviewed

to determine the cutoff frequency for each direction.
This will coincide with the mode for which the deflection
in the given direction is less than .001 inches. The
corresponding modal effective mass fraction can now

be established.

Tc account for the effects of missing mass a static

load case shall be performed for each of the two horizontal
and the one vertical direction. The equivalent "g'" value
for this load case will be equal to the quantity one minus
the modal effective mass fraction times the "g'" value
corresponding to the cutoff frequency from the appropriate
floor response spectra. The results shall then be com-
bined by the SRSS method.

7.1.3.2 Static

In lieu of dynamic analysis an equivalent static seismic
analysis may be performed. Each of the two horizontal
and the vertical shall be addressed in a separate static
analysis. The results shall then be combined by the SRSS
method.

The equivalent stati% "g" loading shall be calculated
by multiplying the naximum value of acceleration from
the appropriate floor response spectra dynamic

load factor of 1.5.

- DA e s A S s BB
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Secondary Loads

-
/e

o

> | Thermal

Forces and moments resulting from thermal expansion or contraction
including the thermal displacements of nozzles and anchors shall be
evaluated. The analysis sh2ll take into account the complete range
of system and plant operation.

Cleariﬁnces between the pipe and a rigid restraint or building pene-
tration shall be compared to the unrestrained thermal movement of
the piping to determine if the pipe movement is restricted. Where
the "free'" thermal movement is less than the clearance the restraint
or penetration need not be considered in the thermal analysis.

Polnd Seismic Anchor Movement

The effects of relative seismic anchor displacements shall be
considered in the evaluation. Movements will be assumed to occur
out-of-phase between anchor points.

The results of this load case shall be combined with the results
cf the thermal analysis.

;
!
g
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A. SCOPE

The purpise of this document is to present the analytical methods

and stress criteria which will be used for the Connecticut Yankee
safety related piping seismic qualification program. The program

will include static analysis of the piping system/support scheme

for maximum operating thermal, pressure, and deadweight loads, I
along with dynamic analysis for seismic loads. Stress criteria
will be presented for the piping and supports.

B. BACKGROUND

In the years since the Connecticut Yankee generating station was
designed, seismic analysis methods have become more rigorous and
the ASME Boiler and Pressure Vessel Code (BP§V) Section III,
Nuclear Power Plant Components, has been published reflecting
changes in analysis, design, and quality centrol techniques.

The purpose of this criteria document is to ~stablish require-
ments for performing the upgrading seismic analyses of safety
related piping systems applying current technology.

The original design criteria used for analysis of this plant's
safety related piping systems was the 1955 Edition ¢f the American
Standard Code for Pressure Piping, ASA B31.1.

For the purposes of this document, safety related piping shall be
considered to consist of portions of those systems listed herein
including connecting piping two and one-half inches (2i") or
larger nominal pipe size, up to and including the first valve that
is normally closed or is capable of automatic closure during all
modes of ireactor operation.
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to and including the outermost containment

m the primary feedwater lines to
t

orage tank.

Residual heat removal.

High pressu -- Reactor coolant loops up

r
to the refueli tank.

Chemical and volume control -- Reactor cvolant loops up to
the volume control tank, volume control tank up to the boric

¢ 1

acid tank (supply lines only).
Service water -- Supply lines to safety related

Fuel 0il -- Emergency diesel generators to the emergency

diesel generator storage tanks (TK-33-2A and 2B).

Compressed air -- Emergency diesel generators starting air
- <

motors up to air compressors C-14-1A and 1B.
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C. LOADING CONDITIONS

Plant safety related piping and associated supports/restraints will
be analyzed for the following loading conditions.

1. Design pressure, deadweight, and maximum operating
temperature range.

2. Safe shutdown earthquake (SSE) combined with operating
pressure and deadweight.

3. Analyses will not consider coincident LOCA and SSE. 1

D. STRESS CRITERIA

1. Above Ground Piping

(a) General |4

The piping analysis that will be performed for the Connecticut
Yankee evaluation is based cn the rules of the ANSI B31l.1 Power
Piping Code, 1973 Edition, Summer 1973 Addenda.

The loading combinations and associated stress limits to be used

for the piping systems, which are part of the seismic qualifica-

tion program, are given in Table 1. The stress limits used for

the SSE condition correspond to faulted condition allowables as
defined in the ASME Section III Code. The piping stresses are

to be calculated using formulas given in ANSI B31.1, 1973 Edition, |
Summer 1973 Addenda. i
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Piping materials are to be identified on the basis of the

Connecticut Yankee piping line list and pipe fabrication
specifications.

(b) Supports/Restraints |1

Existing supports/restraints will be evaluated using the as-built
configuration to determine if the assembly is capable of sustaining
the new piping analysis loads. '

Where the new loads exceed the original design locad, the support/
restraint will be reviewed to determine if modifications are
required.

Additional piping support/restraint functions that are identified
in the piping analyvsis sha'l be designed to meet the required
load capacity. '

Evaluation of component standard supports will be performed using
manufacturer's published allowable load data. Piping support/
restraint structural steel will be reviewed/designed in accordance
with the AISC Specification, '""Manual for Steel Construction”,

7th Edition, 1970.

The effects of friction shall be considered where the thermal
movement of the pipe relative to the piping support exceeds one-
sixteenth inch (1/16"). The coefficient of friction to be used

in this analysis is 0.3 for steel-on-steel. The frictional force
acting on the structure shall be equal to the greater of the dead-
weight load or the deadweight plus thermal load, multiplied by the
coefficient of friction.
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(c) Small Bore Piping N

Small diameter (21" nominal and less) piping systems needed for
the safe operation of the plant will be reviewed using chart
methods which are demonstrated to result in piping stresses within
Code allowable limits; i.e., same as D.1. Comput~r analyses may
be performed on select small bore lines.

Vent, drain, and sampling lines which are not considered vital to
safe system operation are not included in this program.

The analysis of underground piping conforms to the criteria out-
lined by Newmark and FaII(A) and to the method proposed by E. C.

Goodling(s). and by Shah and Chu.CC)

This method addresses primarily the axial stresses induced in pipe
runs which are parallel toc the direction of soil strain as
recommended by Wang.co) Since a buried pipeline reacts to seismic
inputs through the medium of the surrounding soil, its response
behavior is influenced oy its physical parameters and by the
governing geotechnical and seismological paraneters. These para-
meters are manipulated to determine the forces moments, and
stresses on the pipe element. This method neglects strains induced
by ground curvature as recommended by Newmark. Also, since the
dynamic effects on buried piping respcnse have been found to be
negligible, they are not considered.

This analysis method involves four (4) distinct phases. |

2. Underground Piping
|
|
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1. Physical, geotechnical, and seismoclogical data are assembled.
The physical and seismological data are readily available,
but because Connecticut Yankee was designed vefore the
emphasis on rigorous seismic analysis developed, there may
be some difficulty obtaining the geotechnical data from the
plant site. However, using engineering judgements, data avail-
able from a geologically similar site, will be combined with
tabulated parameter values for the scil covering the pipes to
form the geotechnical data base.

2. Intermediate parameters such as the soil pipe interaction
constant and maximum length, L', over which friction effects
are important, are calculated.

Pipes are then classified as long or short based on the
magnitude of L' relative to the length at which there is
negligible additional influence on the fcrces and moments.
This classification allows for flexibility assumptions which
will facilitate the evaluation of stresses.

(2}

4. Finally, deflections, forces, moments, and code stresses are
calculated and compared to allowables.

E. ANALYSIS PROCEDURES

1. Computer Codes

In general, the following QA qualified computer codes will be
utilized in this analysis.



v $oil L o 3
b 2= AP G S

ANALYSIS OF SAFETY RELATED PIPING SYSTEMS Page 7

Piping Stress ADLPIPE Version 1D P
Support/Restraint Structure STRUDL Version 2
Model 2
. - - . - l
[f necessary, other QA qualified programs may be employed. 1

2. Response Spectrum Analysis Procedures

Analysis will be performed assuming that the seismic event is
initiated with the plant at normal full power condition. The damping
values that will be used for the SSE condition are shown below as

a percent of critical damping.(E) Since the piping can be supported
at different floor elevations within the containment building, the
response spectrum in each direction shall be an envelope of the A
applicable floor spectra. The floor response spectra® utilized in ;;
this analysis is based on ground response spectra previously sub-
mitted for NRC review.(F)

Large diameter piping systems, pipe diameter greater
than twelve inches (12") nominal. (3%)

Small diameter piping systems, diameter equal
to or less than twelve inches (12") nominal. (2%)

The analysis shall be performed with a simultaneous input of the
two (2) horizontal components and one (1) vertical component of

the earthquake. The modal response for each item of interest
(i.e., force, displacement, stress) shall be obtained by the square
root of the sum of the squares method.

*The ground response spectra used 2o develop the {Loor response spectra is very
close Lo the Stajf's ground response spectra forwarded by 0. M. Crutchiield's
Letten Lo all SEP oumers (except San Onogre) on June 8, 1981,
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3 2 1/2
= . 4
R.r {Z Ri }
i=1
N 2 1/2
where: R, = {2 R}
i j=1 ij
where: RT = total combined response at a point
Ri = value of combined response of direction i
Rij = absolute value of response for

direction i, mode j

N = total number of modes considered

For systems having modes with closely spaced frequencies, the
above method shall be modified to include the possible effect of
these modes. Combined total response for system which have such
closely spaced modal frequencies will be obtained in accordance
with Regulatory Guide 1.92.

F. MODTLING TECHNIQUES

The piping system and support scheme are to be represented by an
ordered set of data which numerically describes the physical system.

Each system will be analyzed by one or several stress problems. In
general, the analytical terminal points for each stress problem will
be one of the following, based upon engineering judgement.
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1. Equipment nozzle.

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

3. An anchor; i.e., a six-way restraint.
4. Two or more restraints in proximity such that the effects

of the piping on either side of the support group are
isolated. '

i

The spatial geometric description of the model is to be based upon the
as-built isometric piping drawings developed under the I§E Bulletin
79-14 program. Node point coordinates and incremental lengths of the
members are determined from these drawings. The geometrical
properties along with the modulus of elasticity, E, the coefficient

of thermal expansion, a, the average temperature changes from the
ambient temperature,AT, and the weight per unit length,w, are
specified for each element. Supports are represented by a stiff-

ness applied in the appropriate direction to define the restraint
characteristics of the supports.

The models used in the static analyses are to be modified for use in
the dynamic analyses by including the mass characteristics of

the piping. The lumping of the distributed mass of the piping
systems is to be accomplished by locating the total mass at points
in the system which will approximately represent the response of

the distributed system.

The effect of eccentric masses, such as valves and extended
itructures, are ccnsidered in the seismic piping analyses. These
eccentric masses are modeled in the system analysis and the

moments caused by them are evaluated and included in the total
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system response. The total response must meet the limits of the
criteria applicable to the safety class of the piping.
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TABLE 1
LOADING COMBINATIONS AND STRESS LIMITS FOR PIPING

LOADING COMBINATIONS STRESS LIMITS

1. Normal:

(a) Design Pressure + Deadweight ish
3
(b) Maximum Operating Temperature + Seismic
Anchor Movements 5SA
or

Design Pressure + Deadweight + Maximum

Operating Temperature + Seismic Anchor 1
Movements <(Sy*S,)
- {
2. SSE:
(a) Maximum Operating Pressure + Deadweight oLk s |1
+ Maximum Potential Earthquake Loads (SSE) - h g
|
I
Where: SA = allowable stress range

= 1.25 Sc ¢ .25 Sy

S = material allowable stress at minimum
temperature from ANSI B31.1, 1973
edition, summer 1973 addenda

Sh = material allowable stress at design |
temperature from ANSI B31.1, 1973 i
edition, summer 1973 addenda
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TABLE 2

LOADING COMBINATIONS AND STRESS LIMITS FOR SUPPORTS

LINEAR TYPE PLATE AND SHELL
LOADING COMBINATION SUPPORT LIMITS?® SUPPORT LIMIT
Greater of:
D+ Tor?D Working Stress® P <105 l;

Greater of:

D+ T+ EorD+E Within lesser of: Pm ¢ 1.3 Fyx {1
- I
1.2 F, 0.7 Su ,
Y p
= or - e ?b < 1.8 FY
t t
times working limits®
Where: D = deadweight ;1
T = thermal maximum operating temperature f;
i
E = SSE
FY = material yield strength
Ft « allowable tensile stress per ASME Section III,
Appendix XVII

INot to exceed 0.7 Su
INot to exceed 1.05 Su

Compressive axial member loads should be kept to less than 0.9
times the curitical buckling load

*Working stress allowables per Appendix XVII of ASME III.
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APPENDIX D

CONNECTICUT YANKEE PIPING REEVALUATION STATUS REPORT
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STATUS REPORT: CONNECTICUT YANKEE PIPING REEVALUATION DAYE: Jume 18, 1982
T . )
PIPING STRESS PROBLEMS SUPPORTS 5; - =
* ge 145
ACCESSIBLE |INACCESSIBLE | COMBINED | ACCESSIBLE | INACCESSIBLE COMB INED a o i
ElBIE | BIE|BIE|EIE | Bl E | B |2°|&s
%—‘ " %—' » g " g u.;:f %—' " = »e 9‘3:’—‘ :‘SAB
: = - 98,
SYSTEM 3 § 3 § a S 31 813 g a 8 & |$83 CONMENTS
MAIN STEAM 2 |58 [l 100 6 | 86 62 16 | 100 78 20 66 74
FEEDWATER 6 |78 “ 100 | 10 { g7 | 89 4 | 100 129 31 40 67
AUXILIARY
FEEDWATER 3 1oy 1 93 4 | n 25 2 27 25 €5
RESIDUAL HEAT
REMOVAL 2 |66 2 65 4 | 66 61 68 129 36
CHEMICAL & VoLuMe
ConTroOL 6 » 5 o4 11 | 35 | 200 34 234 22
SAFETY INJECTION 3 |Iss 3 89 6 | 72 42 21 19 63 6 17 49
SERVICE WATER 10 |48 8 hoo 18 |21 | 212 4 216 43
REACTOR CoOLANT - 6 18 6 |18 - 71 71 1 |
EMERGENCY DIESEL :l
GENERATOR 6 |55 B 6 |55 33 - 33 33 :
i ;
|
TOTAL 38 |48 33 70 71 |57 724 256 22 980 6 15 43 1
NOTES: % ANALYSIS OF REACTOR COOLANT LOOPS INCLUDING SURGE LINE BY WESTINGHOUSE (CJGLALDING). ‘
. ANALYSIS OF PIPING TO PRESSURIZER CODE SAFETY VALVES AND 10N PRESSURE RELLEF VALVES BY SEW (LFSTARNER). S
3. ANALYSIS OF ANNULUS PIPE RACKS IS ESTIMATED 1O BE 102 COMPLETE. |
4. NEXT REPOST 7/9/82. b
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REEVALUATION GUIDELINE
FOR
SEP GROUP II PLANTS
(EXCLUDING STRUCTURES)

[NTRODUCT ION

In support of NRC's Systematic Evaluation Program (SEP) for Group II
Plants, the following Reevaluation Criteria have been established. These
criteria include recommended load combinations with allowable stresses
and/or loaés for piping systems, component supports, concrete attachments,

and equipment. These criteria are based on linear elastic analyses having
heen 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
licensee and will be reviewed on a case-by-case bacis. The licensee is
requested to justify major deviations in critaria which appear less
conservative than those specified used herein.

DEF INITIONS

ASME Boiler and Pressure Vessel Code, Section [I[I, "Nuclear
Power Plant Components,” 1980 Edition, Winter 1980 Addenda.

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

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

Po = Design or maximum operating pressure loads and design

mechanical loads.




Inertial loads due to Safe Shutdown Earthquake (SSE) and
design mechanical loads where applicable.

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

Loads due to weight effects.

Loads due to SSE anchor movement effects.

Critical buckling stress.

Allowable strass intensity at temperature listed in ASME Code.
Yield strength at temperature listed in ASME Code.

Ultimate tensile strength at temperature listed in ASME Code.

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

ASME Code Class 2 allowable stress value. The allowable

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

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




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

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

SPECIAL LIMITATIONS

Critical buckling loads (stresses) must be determined taking into
account combined loading (i.e., axial, bending, and shear), initial
imperfections, residual stresses, inelastic deformation, and boundary
conditions. Both gross and local 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.,

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.

Where results of analysis indicate that the allowable stresses of the

original construction code are exceeded in any of the load
combinations 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,




4000, 5000, and 6000).

In casas where compatibility with the
appropriate ASME Code Subsections was not substantially achieved,

apporopriate 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),
NC-3653.1], the following stresses are not to be exceeded for the specified
piping:

Class 1: P+ P, =i + P|+[ssEl< 1.8 5
Class 2: P_+ P, = + P+ [ss[< 2.4 s

The effects of thermal expansion must meet the regquirements of
Equation (10) or (11) of NC-3653, including moment effects of anchor
displacements due to SSE if anchored displacement effects are omitted from
Equation (9) of NC-3653. Class 1 analytical procedures (NB-3600) can alsc
be utilized if appropriate allowable stresses specified in NB-3650 are used.

8ranch 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.

a. The references to ASME Code equation and paragraph numbers on this page
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
the code which renumbered the equations differently from past and oresent
editions of the code. Cgquation numbers presented on this page reflect
common nomenclature utilized in the nuclear industry.




ACCEPTANCE CRITERIA FOR CLASS 1 COMPONENT SUPPORTS

(a)

Acceptance Criteria

[mposed Load (b)
Combinations Linear Plate and Shell

The higher of:

Iwl Pm < 1.0 Sy
Code Subsection NF -
or Design, Level A, and
Level B8 Limits
[ + r Pr+ Py < 1.5 Sy I
The higher of: === = = e o = e =« <=
'”’ + ,SSE, + ’AM, Pm< 1,5 Smor
Code Subsection NF 1™ sylc)
or Level D Limits not to exceed 0.7 Su 1
[+ 1]+ [sse] + |au] P+P 2,25 Sm or
1.85 ’ not to exceed
1.05 Su

[n 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.

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

C. Use larger of.
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ACCEPTANCE CRITERIA FOR CLASS 2 COMPONENT SUPPORTS

[mposed Load
Combinations

The higher of:
(W]
or

IER!

The higher of:
[wl+ [sse| + [am]
or

W+ Tl + [ssel + Jau]

Acceptance Criteria

(a)

Linear

Code Subsection NF
Design, Level A, and
Level B Limits

Code Subsection NF
Level D Limits

_Plate and Shell

<1.08

c‘*0b<].35

%

0.4 5, (®)

<15Sor

9, +ap<2.25Sor

0.6 S, (b)

In addition to the above criteria, the allowable buckling stress shall be
limited to 2/3 Sbk’ where S.DK 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.




ACCEPTANCE CRITERIA FOR CONCRETE ATTACHMENTS

I. Concrete Expansion Anchor Bolts(a)

Load Combinations: Same as for component supports.

(b)

Acceptance Criteria:
Wedge type: 1/4 ultimate as specified by manufacturer.

Shell type: 1/5 ultimate as specified by manufacturer.

[I. Grouted Bolts: Replace(a)'(b)'(c)

[I]. Concrete Embedded Anchors(a)

Load Combinations: Same as for component supports.

Acceptance Criteria(b)z 0.7 Su

a. Base plate flexibility effects must be considerad.

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.
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ACCEPTANCE CR'TERIA FOR CLASS 1 MECHANICAL EQUIPMENT

(b) (d) (q)

Component Loading Combination

Criteria
Pressure vessels IH * °o|+|SSE|¢|Nozz1e Loads| Pp< 2.4 Spor 0.7 5, (e)
and heat-exchangers (Ppor Py) + Py < 3.6 Sp
or 1.05 S, (e)
active pumps and 'H + PDI+ISSE|+|Nozzle Loads| Pp < 1.2 Spor sy (f)
other mechanical (Pmor P,) + Py < 1.8 Sy
component;(a)(d) or 1.5 §y (f)

Inactive pumps and Iw + Pg'*lSSE'*INozzle Loads| Pm < 2.6 Spor 0.7 5, (&)

other mechanical (Ppor Py) + Py < 3.6 Sp
components * or 1.05 S, (e)
Active W+ Pp|+ [SSE|+|Nozz1e Loads| Pm < 1.2 Spoor S, (f)
Va]ves(a)'(c)p(d) I Dl | l ' ' Ra » 'Y

(PporPy) +Py< 1.8 Sp
or 1.5 5y (F)

Inactive valves(c) lw + Po|*|SSE|*|No:zle Loads| Pq< 2.4 Sqor 0.7 5, (@)
(PmporPy) +Pp< 3.6 Sy
or 1.05 S, (&)

801t stress shall be limited to: Tension = Sy or 0.7 SSe)

Shear = 0.6 Sy or 0.42 5\®

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

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

SSE.




¢. Scope and evaluaticn of pumps and valves are to be in accordance with
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
opumps, valves and other mechanical components (e.g., CRDs) do not introduce
detrimental affects which would preclude function of this equipment
following a postulated SSE event. For valve operators integrally attached
to valve bodies, binding can he considered precluded if stresses in the
valve vody 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,

f. Use greater of two values.

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

BASCE B W S ARt MM 8D e doiiling i I R W S i .



ACCEPTANCE CRITERIA FOR CLASS 2 MECHANICAL EQUIPMENT

Component Loading Combination(b) Criteria(d)
Pressure vessels W+ Pp+ SSE + Nozzle Loads op<2.0S
and heat-exchangers (omor a,) +op <2.45
Active pumps and W+ Pp + SSE + Nozzle Loads apm< 1.5
other mechanical (ogor o) +op<1.858§
components(3),(d)

[nactive pumps and W+ Pp+ SSE + Nozzle Loads op< 2.0

other mechanical (oqorag) *+aop<2.45S
components
Active W+ Pp + SSE + Nozzle Loads aom< 1.5 S
valves(a),(c),(d) 0 m

(am or q‘) *Obi ]-8 S
[nactive valves(c) W+ Pp+ SSE +# Nozzle Loads op < 2.0S
(ogor ;) *+Pp < 2.4 5

Bolt stresses shall be limited to: Tension = Sy or 0.7 Sse)

Shear = 0.6 Sy or 0.42 s&e’

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

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

¢. Scope and evaluation of pumps and vaives are to be in accordance with
NC 3411, NC 3412, and NC 3521 of the Code, including seismic and thermal

anchor movement effects.




4. 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., CRDs) do not introduce
detrimental effects which would preclude function of this equipment
following a postulated SSE event. For valve operators intcgrally attached
to valve bodies, bindirg can be .onsidered 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.




ACCEPTANCE CRITERIA FOR TANKS

Load Combinations: Norma') Operating Loads + SSE Inertia Loads
+ Dynamic Fluid Pressure Loads(a)

Acceptance Criteria: Smaller »f Sy or 0.7 Su' In addition, the
allowable buckling stress shall be limited to 2/3
bbk' where Sbk is determined in accordance
with Special Limitation 1.

a. Oynamic fluid pressure shall L2 considered in accordance with accepted
and appropriate procedures; e.g., 'SAEC TID-7024. Horizontal and vertica’
loads shall be determined by appropriately combining the loads ‘ue to
vertical and horizontal earthquake excitation considering that 1e loads
are due to pressure pulses within the fli'4. These loads shall also be
applied, in combination with other lvcis, in tank sunport evaluations.
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Reference 16

LUMPED MASS LOCATION Revised 9/30

A Suggested Guide for ADLPIPE Users

Piping systems are usually composed of flexible components with
distributed mass. A shock loading will cause this system to vibrate
and the amplitude of vibration will be dependent on two parameters:
(1) the natural frequencies, and (2) the energy distribution in the
shock spacyra.

The natural frequencies and mcde shapes of the system are depen-
dent on the mass and stiffness of the piping, which, in turn, is
dependent on the support locations and material properties. Impesing
a shock loading (earthquake) to a piping system excites all the
natural fregquencies and an accele cmeter wculd record a response which
was composed of a combination of modal motion. Shock icadings of
earthquakes cause the low frequencies of the pipe system to be excited,
as the earth motion {s dominant in a band of 0.1 to 20 hz. Earth
motion seems to attenuate above 50 hz.

An approximate calculation of the systam natural frequencies can
be made by considering the distributed mass of the piping to be lumped
at key points in the system. (This is the ADLPIPE technique.*) Ques-
tions arise continually about the location of these lumped masses as
ADLPIPE has the capability of selecting the lumped mass points. A
spacing criteria is set forward here which is based on accurate comou-
tation of the frequencies in the significant frequency bandwidth of

0.1 to 50 hz.
Take, for instance, a long, straight piping system supported at
the ends.
I L |
A A

The natural fregquencies of this distributed mass system are:

P
“n® %V TEI'l.'I"" (1)
where m = X w = unit weight, #/in
s g = 386 in/sec?

L = length, in

£ = modulus, 1b/in2

I = w(dy" = dy*)/64
do = outside diameter, in
d{ = inside diameter, in
wn = frequency, rad/sec

*The ADLPIPE technique used to compute the mass magnitude is explained
in the Appendix.
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The coefficient, a,, has an infinite number of values; the first
four which represent the lowest frequencies and mede shapes are:

ae] q-’rz L~ em— e
a=2 .2-4w2 (—-\—-ﬂ
a=3 a3 = 9n° M
a=4 a, = 1572 M

This system can be approximated by one or mere Tumped masses. Egquation
(1) remains the same if the masses are located as shown below:

one mass equal to % L/2 . L/2
N o A
two masses, each equal to = L/Lg- L/2 11./6
2 A ,
three masses, sach equal to 4‘% ;_!1[4 okll o L/4  L/A -
four masses, each cqul'to _1_1.‘: a L/4 . v/4 _L/4 _L/S

The coefficients for the first four modes (one mode per mass degree of
freedom) are:

a an an an an

uniform 1 mass 2 masses 3 masses 4 masses
ne=1] 9.8%6 9.797 9.7964 9.867 9.867
=2 39.478 27.626 39.188 39.185
=3 88.826 83.088 83.138
=4 157.91 110.85

Inspection of the table shows that the error is slight for the
first frequency. As the number of masses are {ncreased, the error de-
creases for the lower frequencies. Three and four masses qive hiahly
accurate frequencies for the first two modes with increasing error in
the higher frequencies.




Therefore, the programmer can model the long beam-like piping
system with three masses {f the third frequency 1is above the frequency
bandwidth which is considersd to be significant.

for example, most earthquakes cut-cff at 50 hz. Substituting a
conservative 100 hz tor the cut-off frequency:

1/ gl
© cutoff ° 88.828 3 (third mode)

2
L. |88.826 CEL
Yeutoff "

© cutoff = 628.3 rad/sec

. a.00 B
L4 = 0.02 =2

The mass spacing will be %; therefore:

-5 El
L;pan =7.81 107° = (2)

ADLPIPE will calculate the lower two frequencies with an error of less
than 2% with this mass spacing:

Numerica) Example:

8 inch, schedule 40 steel pipe

=« 8.625"
1
J 72.5 in*
E 30.108
- 28.56 1b/ft = 2.38 1b/in

Lo o 181 107 (30.10 )(72.8
span .

“388

L . ® 72.4 in, or approximately 6 ft

spa
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An ADLPIPE problem with the above data gives the following results:

ADLPIPE ADLPIPE
Ee (1) 1 mass 3 masses

}, 11.107 ¢ps 10.991 11.073
}2 44 .429 43.551
$, §9.968 80.627

Heavy components such as valves should be individually Tumped.
The above mass point spacing should be usad for the connecting pipe.

Hanger spacing is important also and has to be taken into effect.
If hanger spacing is less than the calculated lump mass spacing, then
the mid-span spacing should be reduced so that one mass is between two
hangers. 1f hanger spacing {s greater than the calculated mass spacing,
then the number of lumps should be spaced between hangers so that the
actual spacing is less than the calculated mass spacing, Ls-an‘ For

example, in the sketch below of three masses, this spacing is satis-
factory 1f D/3 is less than Lspan'

o
.—_“'.—.
>
> o
.—‘“.‘ .

o
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o
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APPENDIX

Automatic Lumping in ADLPIPE

If a uniform beam is modeled by a single lumped mass of magni-
tude, M, the natural frequency may be calculated:

wr=a - 2
N (2)
40ET

The first frequency of the uniform beam equation (1)

£E
W = .0% | =

-

Set wy . wy, and sclve for M

L

W o= 4901 Wm L = =

Based on this relationship, the Tumped mass at a point calculated
by ADLPIPE is equal to one half the span (L) times the distributed

mass of the uniform beam. [t is possible with the WEIGHT card or
the JALVE card to have a concentrated mass between the two lumped
m?,s points. ADLPIPE lumps the concentrated mass as follows:

!

F—L‘_*' s .
F—— A
— = -

L = span between lumped masses
L}. Lz location of concentrated mass (not a lumped mass point)
A-1

Arthur D Little Inc
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The freguency of a simply supported beam with the mass on center
is equation 3:

The frequency of a simply supported beam with this mass off center is:
’ 3ETL
W, = S——
' me L,
Let A = 2L]/L and solve for the ratio of the masses

& = AT (1..- L.S"
Mo

This relationship has been used to accumulate the effect of concen-
trated masses not at lumped mass points.

For a mass off center at the quarter span L‘ = %. A= .5 .
the magnitude to the center mass to obtain the same frequency is:

M, = . Sets M,

A-2
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SECTION 1
INTRODUCTION

As part of the Haddam Neck Plant systematic evaluation program, the
primary piping/support system has undergone a static analysis for normal
oparating thermal, pressure, and deadweight loads along with a dynamic
analysis for seismic loads. This report presents the structural evail-
uation of the Reactor Coolant System (RCS) component supports under all
design loading conditions. Evaluation of the RCS piping system is
presented in another report(l). The applicable criteria and methods

of analysis were submitted to the Nuclear Regulatory Commission via NRC
Docket 50-213, da auary 17, 1980(2)

This report presents results of the component support evaluation and the
proposed modifications necessary to adequately qualify the supports for
the evaluation conditions. Supports included are for the reactor
vessel, steam generators, reactor coolant pumps, pressurizer and surge

line.

(1) P. J. Kotwicki, "Structural Analysis of the Primary Reactor Coolant
Loop System for the Haddam Neck Nuclear Power Station".

(2) Connecticut Yankee Atomic Power Company, NRC Docket 50-2.3, Haddam
Neck Plant Systematic Evaluation Program Seismic Reevzluation,
January 17, 1380.
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SECTION 2
EVALUATION LOADING CONDITIONS AND STRESS CRITERIA

2-1. _LOADING CONDITIONS

The structural stress analyses done on the RCS supports consider the
loads resulting from deadweight, thermal expansion and safe shutdown
earthquake. Two loading combinations are examined: a static combi-
nation of deadweight and thermal expansion (normal condition) and a
dynamic combination of deadweight, thermal expansicn and SSE (faulted
condition). The loads applied to the supports are obtained from an
integrated model of the reactor coglant lcop. This model consists of
all the RCS components, main coolant piping, and stiffness values
representing the component supports and piping restraints.

2-2. STRESS CRITERIA

The stress criteria used in evaluating the component supports are in
accordance with the requirements of ASME Boiler and Pressure Vessel
Code, Section III, Subsection NF, 1977 Edition through Summer 1979
Addenda. Allowable stress limits are dependent on support type and
loading condition. Linear type supports subject to normal operating
condi tions must meet working stress allowables per Appendix XVII of ASME
III. These working stress limits are increased by the lesser of 1.2

Fy/Ft or 0.7 §,/Fy for the faulted condi tion per Paragraph
F-1370 of Appendix F.

0242s:10 2-1
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SECTION 3
ANALYTICAL CONSIDERATIONS AND METHODS

3-1. ANALYTICAL CONSIDERATIONS

The static and dynamic structural analyses assume linear alastic
behavior for all component supports. The analysis of each support
considers only the critical support components described in Section 3-2.

3-2. SUPPORT DESCRIPTION

Reactor Vessel

The reactor vessel is supported by four block assemblies per Stone and
Webster drawings 10899-FV-4A, 48, 4C and 4D. The blocks rest on a
hollow, cylindrical shell surrcunding the vessel. The shell is
reinforced by 16 vertical, radial plates.

Steam Generator

Drawings 10899-FV-33A and 338 and 10899-FV-34A and 248 show the steam
generator support to consist of a cylindrical skirt transferring 1oad
from the generator to the concrete floor. Four studs attach the
generator feet to sliding blocks at the skirt's top. The top sliding
blocks allow for radial thermal expansion of the generator while eight
lower sliding blocks allow for expansion away from the reactor vessel.
A1l blocks transfer load via steel balls to rigid blocks which are held
down by bolts.

Reactor Coolant Pump

Three spring hangers support each reactor coolant pump. The spring
supports provide a means for transferring load from their attachment
points on the pump shell to the civil structural steel. Figures 3-1 and
3.2 show details of the two types of spring hangers and corresponding

0242s:10 3-1




support mark numbers. Orawings 10899-FP-14A and 10899-FC-38L show the
support attachment points to the pump shell and civil structural steel,
respectively.

Pressurizer

Four upper guide supports, three rod hangers and an earthquake truss
comprise the pressurizer support (Drawings Nos. 10899-FS-35A and 358).
The guide supports provide lateral support at the top of the pres-
surizer; the earthquake truss provides lateral restraint to the
pressurizer base. Vertical restraint is supplied by the rod hangers.

Surge Line
Spring hangers RC-H-17 and RC-H-18 provide deadweight support for the
surge line. Hanger details are shown in Figures 3-3 and 3-4.

3-3. METHOD OF ANALYSIS

The 10ads used to evaluate the RCS supports are obtained from the
analysis of the reactor coolart loops as described in Section 2-1. Each
. support was analyzed for an algebraic combination of deadweight and
normal operating thermal loads and a maximum combination of deadweight,
normal operating thermal and SSE loads. These member loads were then
used to find member stresses for each loading condition. Comparison
with the appropriate ASME allowable led to a verification of the
support's adequacy.
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T/S E1. 20 ' - 10-3/4" N
¢% W8 x 23
Figure 66 Welded Beam Attachment (1.P.)
Figure 82 Type B Size #12 Spring Can ;Ai
Figure 278 Rod
1" x 2'-11-1/2" LG. /e
W/12" THD.

Figure 295 10" Pipe Clamp

1" Hex Nut

£1. 15' - 5-1/16" '
10" Pipe

FIGURE 3-3: SURGE LINE SUPPORT RC-H-17
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T/S E£1.20" - 10-1/4"

ér

W10 x 21
(1.P.)

1. Figure 82 Type A Size #14 Spring Can K
2. 1-1/8" Hex nuts

3. Figure 140 Rod, 1-1/8" x Q' - 9-3/4" LG.

4. Figure 299 #3 w/1-1/8" Tap, 1-3/16"

Pinhole, 1 1/8" Grip
HS 68, 1-1/8"
6. Stainless Steel Lug (A312 TP316)

wn

E1.16'-5-1/1Q/'
= i

8“ g
1

1-1/2" _.‘rtp-“’-':—-l |/————1'01:;:e Dia.
— e 1
| -
| gl 1"
k —
6 3/8" R "T"L
1/4" thick 1-1/2"

ll

FIGURE 3-4: SURGE LINE SUPPORT RC-H-18
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SECTION 4

rts are summarized
maximum stresses

r\b—
R R

ults are summarized in Table 4-1. A1l

rac
-

rt have been found to be a

4-.2. STEAM GENERATOR

Most critical among the steam generator support system components are
the four upper 3" studs connecting the generator feet to the skirt
support. These studs fail to meet a combined tensile and shear stress
nteraction ratio. A1l other members of the steam generator support
system have been found to be adeguate for Doth normal and faulted

.

Table 4-2.) A possible fix is shown in Section 5-1.

the Reactor Coolant Pump supports shows four of the 12

ttom out due to seismic movement. The analysis uses

" -

bo
of June 17, 1975 as & basis for analysis and showed
that four #824 spring hangers, one on each pump, bottom out. By using a
new stiffness value for a "bottomed-out" spring can in the RCS piping

analysis, new loads were obtained for the spring after it reaches its
lower limit. Evaluation of the spring cans for these loads found
acceptable all components of the hanger assem:ly except the upper
attachment lugs and welds to the supporting steel (see Table 4-3).
Proposed modifications are shown in Section 5-2.

\
ope M .
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Preliminary evaluation of the spring hanger support stea] members for
the “bottomed-out” loads shows the failure of two members: the W18x60
of support RC-H-6 and the W18x60 of RC-H-9. Exact details of any
proposed modifications cannot be supplied because of lack of information
regarding the member end connection details. An initial prcposal calls
for the addition of cover plates welded to the existing f 1anges.

Appendix B gives the reaction loads at the pump spring hanger supporting
stee] member ends.

4-4, PRESSURIZER

Evaluation of the pressurizer support system shows the guide supports
and rod hangers capable of withstanding a faulted condition without any
modification. (See Table 4-4.) Members 3, 4, 5 and 6 of the computer
plot model of the earthquake truss shown in Figure 4.1 fail to meet com-
pressive stress allowables for the faulted cordition. A1l members of
the truss fail the combined stress interaction equation. Proposed
modifications to all truss members are shown in Section 5-3.

4.5. SURGE LINE

Spring hanger RC-H-17 will bottom out due to seismic movements. A1l
renaining components of both spring hangers were found to be ac..Jate
for the faulted condition (Table 4-5). See proposed modifications in
Section 5-4.

The supporting steel for both spring hangers was not evaluated due to
lack of information regarding the members and their end conditions.
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O MEMBER NUMBER

FIGURE 4.1: PRESSURIZER EARTHQUAKE TRUSS MODEL
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V=16

TABLE 4-1
MAXIMUM REACTOR VESSEL SUPPORT STRESSES (KSI)

RVS Stress Normal Condition | Faulted Condition
Component Type Stress Allowable S.F. Stress Allowable S.F.
Support Blocks Shear 8.8 40 5.1
Bearing 6.4 119 18
Shield Tank Sending 5.1 44 8.6
Shear : [ | 40 13
N
\NAR

0242s:10 44




TABLE 4-2

MAXIMUM STEAM GENERATOR SUPPORT STRESSES

S.G.S. Stress

r . oy &
Lcomponent vDe

3" Stud Tensile
Shear

iding Block Bending

Shear

Capacity

Support Block

Support 8lock

Hold Down Bolt

Shear Key Shear

Support Stop Bending
Block Shear

* Stud fails to meet combined tensile/shear stress interaction ratio
(1.47 > 1.0)
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TABLE 4-3
MAXIMUM REACTOR COOLANT PUMP SUPPORY LOADS (KIPS)

RCP Support Normal Condition Faulted Condition
Component Load Allowable S.F. Load Allowable S.F.
#823 Spring Can 58 74 1.3 68 74 1.1
#824 Spring Can 88 97 9 | 225+ 236%* 1.1
#104 Lug 4" Hole 58 92 1.6 68 138 2.0

4 1/4" Hole 88 101 1% | 225* 151 0,7%w*
#103 Pin 3 3/4" Dia. 58 82 1.4 68 150 2.2

4" Dia. 88 90 1.0 225* 165 0,74+
Rod 3 3/4" Dia. 58 83 1.4 68 156 2.3

4" Dia. 88 94 1.1 225+* 464 2.1
Hex Nut 3 3/4" Hole 58 83 1.4 68 156 2.3

4" Hole 88 34 1.1 225* 454 2.1
#102 Washer 3 3/4" Hole 58 83 1.4 68 156 2.3
Washers 4" Hole 88 94 | 225* 464d el

* Loads based on the stiffness of a "bottomed-out" spring can.
#* (Capacity of a "bottomed-out® spring can.

w#** See proposed modifications in Section 5-1.
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TABLE 4-4
MAXIMUM PRESSURIZER SUPPORT STRESSES (KSI)

Pzr. Support Stress Normal Condition Faulted Condition
Component Type Stress Allowable S.F. Stress Allowable S.F.
Backing Ring Tensile 9.2 20 2.2 14 39 2.8
900 1b Weld Tensile 9.2 20 2.2 14 39 2.8
Neck Flange
Flange Bolts Tensile 8.4 62 7.4 13 87 6.7
& Nuts
Retainer Tensile 9.2 20 .2 14 39 2.8
3 1/8" Rod & Nuts Tensile 18 22 1.2 28 42 1.8
Support Ring Bending 8.6 20 2.3 13 39 3.0
Attachment Shear 4.9 13 - 7.9 26 3.5
Guide Support Bending 0.09 18.06 201 1.38 21.67 15.7
Shear 0.05 12.04 241 0.83 24.08 29.0
Guide Support Tensile 0.41 12.5 30.8 6.31 17.5 2.8
Anchor Bolt Shear 0.15 8.2 54,7 2.40 11.5 4.8
Earthquake Compres. 2.9 11 3.8 30 21 0.7*
Truss Member #3  Bending 3.0 20 6.7 6.0 39 6.5
Truss Anchor Tensile 7.5 62.5 8.3 74 88 1.2

Plate Screws

* See proposed modifications in Section 5-2.
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S.L. Support
Component

Size #128 Spring Can

Normal Condition

Load Allowable S.F.

2.6

Fig.#66: 1" Beam Attachment 2.6

Fig.#278: 1" Rod
Fig.#295: 10" C.wnp
1" Hex Nut

Size #14A Spring Can
Fig.#140: 1 1/8" Rod
Fig.#299: Clevis
H68: 11/8"Pin
Stainless Stee: Lug

1 1/8" Hex Nuts

2.6

2.6

2.6

4.1

4.1

4.1

4.1

2.0

4.1

TABLE 4.5
MAXIMUM SURGE LINE SUPPORTS LOADS (KIPS)

2.9

500

3.2

5.0

5.2

6.2

6.2

6.2

2.7

6.2

1.1

1.9

1.9

1.2

1.9

1.3

1-5

1.5

1.5

1.4

1.5

Faulted Cocndition

Load

3.6

3.6

3.6

3'6

3.6

5.3

5.3

5.3

5.3

2.7

5.3

* Spring can bottoms out. See proposed modification in Section 5-3.
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Allowable S.F
2.9 0.8¢
3.3 2.6
9.3 2.6
6.1 1.7
9.3 2.6
5.2 1.0
12 2.2
12 2.2
12 2.2
8.1 1.5
12 2.2
BT
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SECTION 5
PROPOSED MODIFICATIONS

§-.1. STEAM GENERATOR SUPPORT

A possible fix for the combined overstress problem in the 3" stud calls
for replacing the stud wi*h a 3 172" diameter stud. The interaction
ratio will then be reduced from 1.47 to 0.78.

§.2. REACTOR COOLANT PUMP SPRING HANGERS

Using the cold spring hanger readings of June 17, 1975, the four #824
spring hangers were found to bottom out during a faulted condition. The
capacity of a bottomed-out spring hanger was found to be governed by the
upper clevises on the hanger tube and the single clevis welded to the
structural framing. These clevises can be adequately upgraded by
welding a 3/4-inch A-572 GR-50 stiffener clevis to each upper lug of the
hanger tube and, also by welding two additional 3/4-inch A-572 GR-50
clevises to the pump structural beam (Figure 5-1). The clevis pin will
need to be replaced with a longer pin to accommodate these modifica-

~

{ions. The spring hanger support stee

1 stiffened to take the

modified spring hanger loads.
PRESSURIZER EARTHQUAKE TRUSS

ying the entire earthquake truss to the specifications shown in
5-2 those members found 0 be initially overstressed will now be

allowable stress limits.
SURGE LINE SUPPORTS

Spring hanger No. RC-H-17 was found to bottom out due to seismic move-
ments. Replacing this spring support with a vertical, rigid support
will limit seismic movements, reduce critical stresses at the pres-
surizer nozzle, and reduce the loads on support No. RC-H-18 to an
acceptable level.

\
oren ”
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ﬂ BOTTOM OF WF

(OR EMBEDDED
PLATE)

R s an i e e

=

TOP OF SPRING CAN

1. Lug #104 (Existing).

2. Top Lugs of #324 Spring Can (Existing).

3. Stiffener Lugs (A-572 G50).

4. Stiffener Lugs (A-572 G50).

5. Pin #103 (Cmn = 11").

6. Figure 146 Rod, 1/2" x 0'-6" LG, W/Hex Nuts (Existing).

NOTES: A. Modifications are shown as dashed lines.
B. Item 5 has been lengthen to accommodate modifications.
C. Modifications can be performed without removing hanger.

FIGURE S-1: REACTOR COOLANT SPRING HANGER MODIFICATION




PLAN VIEW
(END CONNECTION)

SECTION A-A
(MODIFIED POMP0SITE MEMIER)

1. L 3" x 3" x 516" (A-36), B8= 1/2° (oxisting),

2. PL 1/2"x eVa"(A-36).
3. 3" Plate (AIS! C-1020) (Existing).

NOTES: A. Approximately 25' of 4tem 2 is requ..ced 2 completely
build-up the truss.

PRESSURIZER EARTHQUAKE TRUSS MODIFICATION

FIGURE 5-2:
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SECTION 6
CONCLUSIONS

The structural evaluation of the Haddam Neck Plant RCS component
supports was performed to demonstrate the structural adequacy of the
supports under specified loading conditions. By incorporating the
proposed modifications the component supports will be structurally
oualified for all loading conditions.
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APPENDIX A

STONE AND WEBSTER COMPONENT SUPPORT ORAWINGS
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Drawing

10899-FV-4A

10899-FV-48

10899-FV-4C

10899-FV-4D

10839-FV-33A

10899-FV-338

10899-FV-34A

10899-FV-348

10899-FV-35A

10899-FS-358

10899-FP-14A

10899-FC-38L
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Revision

Title

Reactor Neutron Shield and Support, Sh.

Reactor Neutron Shield and Support, Sh.

Reactor Neutron Shield and Support, Sh.

Reactor Neutron Shield and Support, Sh.

Steam Generator Supports, Sh. 1

Stean Generator Supports, Sh. 2

Steam Generator Support Tie Rod,

—

~

w

&

Sh. 1

Steam Generator Support Tie Rod, Sh. 2

Pressurizer Support Reactor Containment

Pressurizer Earthquake Guide Details

Reactor Coolant Piping, Sh. 1

Intarior Concrete Details, Sh. 7, Reactor

Containment
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APPENDIX B

RESULTANT SUPPORT LOADS TRANSMITTED TO
CONTAINMENT CONCRETE, STEEL AND EMBEDMENTS
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A.

B.

SCOPZ

The purpose of this document is to present the analytical methods
nd stress criteria which were used for the Connecticut Yankee
primary coeclant 1loop system seismic qualification program. The
program included static analysis of the primary piping/support
system for normal operating thermal. pressure. and deadweight
loads along with dynamic system analysis for seismic loads.
This report also contains the stress criteria and the stress
evaluation for the loop piping.

BACKGROUND PRELIMINARY

In the years since the Connecticut Yankee generating station was
designed, seismic analysis methods have become more rigorous anc
the asme Boiler and Pressure Vessel Code. Section III, Nuclear
Power Plant Components, has een published reflecting changes in
analysis, design, and quality control techniques. The purpose of
this report is to establish requirements for performing the up-
grading seismic analyses of the primary coolant loop system with
current technology. and to show that the Connecticut Yankee
station meets these requirements.

The original design criteria used for analysis of this plant's
primary piping system is the ASA B31.l Code for Pressure Piping.
The reactor pressure vessel. steam generator., and reactor ccolant
pump were designed and analyzed to the rules of the ASME Code
Section VIII.

For the purpose of this document, the reactor ccolant loop piping
shall be considered to consist of the hot legs. cold legs. cross-
over legs, and pressurizer surge line. The primary equipment

in the system consists of control rod drive mechanisms. reactor
vessel internals. reactor pressure vessel. steam generator.
reactor coolant pump. and pressurizer. Loads are generated on
the supports for the reactor pressure vessel. the steam
generator. reactor coolant pump. and pressurizer.




C. LQADING CONDITIONS

The reactor ccolant loop piping, supports. and components will be
analyzed for the following loading conditions:

1. Normal condition operating pressure, deadweight. and
temperature.

2. SSE Condition Seismic- Safe Shutdown Earthquake (SSE)
combined with operating pressure and deadweight.

D. SIRESS CRITERIA

PRELIMINARY
1. Piping

The piping analysis performed for the Connecticut Yankee evalu-
ation was based on the rules of the ANSI B31.1 -1973 Code. the
Summer 1973 Addenda.

The loading combinations and associated stress limits used for
the piping systems which are part of the seismic qualification
program are given in Table 1. The stress limits used for the
SSE condition correspond to faulted condition allewables. The
piping stresses were calculated using formulas given in ANSI
B31.1 - 1973, 1973 Summer Addenda.

The loads that the primary ccolant locop piping transmits to the
pressurizer, steam generator, reactor coolant pump. and reactor
pressure vessel nozzles and supports are transmitted tc those
performing those analyses. Separate reports cover the primary
equipment supports and the primary component itself.

Since the loop isclation valves are much thicker and stronger
than the attached piping. and since valves of this design have
no history of gross failure of their pressure boundaries (as
long as the stresses of the piping attached to the valve remain
within the limits defined in this document) the valve integrity
is assured.

2. Supports
The support criteria and evaluation are covered in a separate

report. The lcads that the primary coolant loop piping transmits
to the supports are generated for use by the support analysts.

. g-30




E.

ANALYSIS PROCEDURES

1. General Procedures ; PRELIMINARY

The reactor coolant loop piping/support system was evaluated with
three-dimensional static or dynamic models., deperding on the load
requirements. Static analysis of the piping systems was per-
formed using displacement techniques with lumped parameters and
stiffness matrix representations of supports. It was assumed
that all components and piping behaved in a linear elastic
manner. The method used for dynamic analysis was the response
spectrum technique.

The primary equipment evaluated as part cf this program had
dynamic analyses performed in accordance with the procedures
cutlined in the respective equipment reports. In additior to
the detailed models that were develcped for the evaluations
of the individual components, reduced mcdels were used in the
reactor coolant loop system analysis.

Analytical representations of the primary equipment supports
were produced for inclusion in the reactor cocolant loop systeml
model. The loads generated by the reactor coolant loop system
model were used to qualify the component supports.

2. Response Spectrum Analysis Procedures

A response spectrum seismic analysis was performed using a
three-dimensional linear dynamic analytical model of the primary
coolant loop system. The model includes analytical represen-
tations of the components., component supports. and associated
piping. The boundaries of the mcdel are defined as the com-
ponent support to containment concrete interface.

The analysis was performed assuming that the seismic event is
.aitiated with the plant at normal full power condition. The
damping values used were for four percent (4%) of critical

for the SSE condition. Since the components are supported

at different floor evaluations within the ccntainment building.
the response spectrum in each direction shall be an envelope of
the applicable floor spectra. The spectra used in the analysis
are presented in Figures 1, 2. and 3.

The analysis was performed with a simultaneous input of the two
horizontal components and one vertical component of the earth-
quake. The modal response for each item cf interest (e.g.,
force, displacement, stress) was obtained by the square root of
the sum of the squares method.
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For systems having modes with closely spaced frequencies, the
above method was modified to include the possible effect of

these modes. The groups of closely spaced modes were chosen such
that the difference between the frequencies of the first mode and
the last mode in the group did not exc2ed ten percent (10%) of
the lower frequency. Combined total response for systems which
have such closely spaced modal frequencies was ottained in
accordance with Regulatory Guide 1.92. Frequency groups are
formed starting from the lowest frequency and working toward
successively higher frequencies. No frequency was included in
more than one group. The resultant unidirectional response for
systems having such closely spaced modal frequencies was

obtained by the square root of the sum of: (a)the sum of tne
squares of all modes, anc (b) the product of the r sponses of

the modes in various groups of closely spaced modes 2and
associated coupling factors, ¢ . The mathematical expression

for this metnod (with "R" as the item of interest) is:
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where: S = number of groups of closely spaced modes

M = lowest modal number associated with group

J J of closely spaced nodes

N = highest modal number associated with group

J j of closely spaced modes
€Kz = coupling factor with

1 1
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% = frequency c¢f closely spaced mnde K (rad/sec)
%( = fraction of critical damping in clecsely spaced
mode K
td = duration of the earthquake (seconds)

The analyses performed for piping and supports did not include
stresses resulting from SSE induced differential motion. These
stresses are secondary in nature, based on ASME Code rules for
piping (NB-3653, NB-3656, F-1360) and component supports (iwF=-
3231). The SSE being & very low probability single occurrence
event, is treated as a faulted condition.

The analysis of the components sSubjected to seismic locading
involved several steps that are similar to those outlined above
for the system analysis. A three-dimensional linear elastic
analytical representation of the component was developed. The
component supports and attached primary coolant loop piping was
represented by stiffness matrices. The analysis was performed
with the simultaneous input of three response spectrum, two
horizontal and one vertical. A damping value of four percent
(4%) for SSE was used. The modal combination techniques

outlined for the system analysis was also used for the com-
ponent analysis. The component analyses ¢re contained in separate

reports.




When performing a response spectrum analysis, the assumption of a
linear system is required. If the system contains nonlinearities,
as in the primary equipment supports, different cases may be run
in an attempt to bound the results. In the case of the CYW four-
loop seismic model, the nonlinearity in the steam generator lower
supports is the most evident. Additicnal nonlinearities also
exist in the RCP vertical support and the RPV vertical support.
The steam generator support system allows free thermal growth
parallel to the hot leg during heatup to normal operating
conditions. When the system is at normal operating, further
movement of the steam generator away from the reactor vessel is
restrained by the support system. Ffor movement of the steam
generator toward the reactor vessel. the support system offers
the same restraint as during heatup. There are., therefore, two
seismic support cases possible for the steam generator. One case
for movement away from the reactor vessel and one case for move-
ment toward the reactor vessel.

In the case of the reactor vessel support, a possible nonlin-
earity exists, if the vessel rocks sufficiently to lift
vertically off one quadrant of the support. The vessel supports
are preloaded with deadweight and thermal loadings that would
have to be overcome before liftoff could occur. A check was
performed to see if the seismiic loads exceed the preload on

the support. The check indicat~d no liftoff so the vessel loads
were accurate as analyzed.

The reactor coolant pump is supported by three spring hangers.
If the deflection of the pump is large enough during a seismic
event the springs will bottom out. When a spring can bottoms
out. the stiffness of the supporting element increases to the
value of the rod attached to the spring can. The increased
stiffness will yield a higher support load than the spring can
stiffness yields. The new locad is calculated using an energy
balance on the strain energy of the two systems.

Two loop support configurations were analyzed to bound the actual
loop support configuration which varied during the seismic event.
The two configurations cnosen are shown in Figure 4. The loop
response is such that these two cases represent the only unique
combinations of supports for a seismic input.

PRELIMINARY

R G o S NG TR ARG W W e et st R e RO S 4l il

G-3%.



MODELING TECHNIQUES
PRELIMINARY

For piping system components, and compocnent suppeorts are
represented by an ordered set of data which numerically
describes the pnysical system.

The spatial geometric descripticn of the model is based
upon the as-built isometric piping drawings and equipment
drawings Node point coordinates and incremental lengths
of the members are determined from these drawings. Node
point coordinates are input on network cards. Incremental
member lengths are input on element cards. The geometrical
properties along with the modulus of elasticity, E, the
coefficient of thermal expansion, oA , the average tempera-
ture changes from the ambient temperature, AT, and the
weight per unit 1ength,50 , are specified for each element.
The supports are represented Dy stiffness matrices which
define restraint characteristics of the supports.

A network model is made up of a number cof sections, each
having an overall transfer relationship formed from its
group of elements. The linear elastic properties of the
sent an are used to define the characteristic stiffness

m . for the section. Using the transfer relationship

f section, the loads requiried to suppress all deflec-
tion at the ends of the secticn arising from the thermal
and buundary forces for the section are obtained. These
lcads are incorporated into the overall lozd vector.

After all the sections have been defined in this manner, the
overall stiffness matrix (K) and associated load vector to
suppress the deflection of all the network points is
determined. The flexibility matrix is multiplied by the
negative of the load vector to determine the network point
deflections due to the thermal and boundary force effects.
Using the general transfer relationship, the deflections
and internal forces are then determined at all node peints
in the system. The support loads (F) are also computed Dby
multiplying the stiffness matrix (K) by the displacement
vector (& ) at the support point.

The models used in the static analyses are modified for use
in the dynamic analyses by including the mass characteristics
of the piping and equipment.

The lumping of the distributed mass of the piping system is
accomplished by locating the total mass at points in the
system which approximately represent the response of the
distributed system. Effects of the equipment motion are
obtained by modelling the mass and the stiffness characteris-
tics of the equipment in the overall system model when re-

quired. The supports are again represented by stiffness
matrices in the system model for the dynamic analysis.
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From the mathematical description of the system. the cverall

stiffness matrix (K) is developed from the individual element
stiffness matrices using the transfer matrix (K ) associated
with mass degrees-of-freedom only. From the mass matrix and

the reduced stiffness matrix, the natural frequencies and the
normal modes are determined.

The effect of eccentric masses, such as valves and extended
structures. are considered in the seismic piping analyses.
These eccentric masses are modeled in the system analysis, and
the torsional effects caused by them are evaluated and included
in the total system response. The total response must meet the
limits of the criteria given in Section D.

The lumped mass model of a typical loop of the 4-locop coupled model
is shown in Figure 5. The total mcdel was assembled from variations
of this model. The coupled model was used to come up with the loads
and stresses in the system.

PRELIMINARY
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G. RESULIS

The results of the stress evaluation of the reactor ccolant loop
piping are summarized in Table 2. The method used to ccmbire

the loads to evaluate the adequacy of the piping system is given

in Table 1. These results indicate that for the loading conditicns
considered. the piping is acceptable. '

The results of the stress evaluation for the pressurizer surge
line piping are also summarized in Table 2. The results indicate
that the piping is acceptable for the cases considered.

PRELIMINARY




Normal:

Design Pressure + Deadweight <Sh

2. SSE:
Operating Pressure + Deadweight
+ Maximum Potential Earthquake
Loads (SSE) <1.8 Sh

where: Sh = allowable stress from USAS B31.1 Code for
Pressure Piping.

PREUMINARY
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TARLE 2
PRIMARY PIPING STRESS ANALYSIS SUMMARY
EVALUATION HOT LEG X-OVER LEG CoLD LEG ALLOWABLE
P + DW 6700. 7600. 7700. 16600.
P+ DW +« SSE 9900. 13C00. 163C0. 29880.

PRESSURIZER SURGE LINE PIPE STRESS ANALYSIS SUMMARY

ALLOWABLE
P + DW 8700. 16600.
P + DW + SSE 16900. 29880.
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CONNECTICUT YANKEE PRESSURIZER
SEISMIC ANALYSIS

1.0 SUMMARY OF RESULTS

The 1300 cubic ft. Connecticut Yankee Pressurizer was evaluated for
dynamic seismic response. The evaluation addressed the surge, spray,
safety and relief nczzles, shell, support skirt, and internals. All
items were within ASME Code, Section "III allowable limits and are
summarized in Table 1-1.

Applied loads were derived from a response spectrum analysis of the CIW
reactor coolant loop dynamic model.

Since earthquakes are oscillatory in nature, the sign on these
quantities can be either plus cr minus. In this analysis the most
conservative combination of signs is used. On tre following pages the
state of stress in various regicns of the steam ge.erator is discussed
in greater detail.

The method of analysis followed the procedures outlined in the
evaluation of the San Oncofre power plant as documented .n Reference 5.




2.0 EVALUATION OF PRZSSURIZER NOZZLE TO SHELL JUNCTIONS (7“¢7

The local shell stresses in the nozzle to shell junctions for the
surge, spray, safety and relief nozzles are evaluated by using the
BIJLAARD Method (Reference 2). Stresses in the nozzle to pipe junction
are eva;uated by using strength of materials equations. The loads were
obtained from the response spectrum analysis of the entire loop.
Stresses at the pressurizer nczzles were calculated using a lcad set
which envelopes the occurance of faulted conditions

The basic equations used for the evaluation of the nozzle to shell
junctions are detailed on the following pages. The governing equations
for the BIJLAARD analysis are shown in Reference 2 with the explanaticn
of terms and equations.

The BIJLAARD curves are limited in number and it is necessary to
interpolate between the values on different curves. The various
BIJLAARD curves (SM and SP series) are constructed for several
combinations of nozzles and shells. The parameter T is used to
identify the differeni nozzle geometries (T = rm/t). and there are
curves for T =5, T = 15, and T = 50. The surge nozzle has a value of
T = 2.2; the spray nozzle has T = ¢.1; the safety and reliel nozzles
have T = 3.6. Comparisons cetween the T = 5 curves and T = 15 curves
show very little difference in values in the regicns of interest;
therefore, it is assumed that T = 5 will adequately represent the T<1.0

cases.
For example, 9 = T/t = .25, U = s /. RmT = 1.2
Sm Curves Sp Curves
T=5 T = 15 T=5§ T = 15
Nx .035 .026 Nx .034 .021
Hx .059 .053 Hx .041 .038
Ny .048 .080 Ny .050 .086
Hy .017 .018 Hy .010 011

Figures 1-1 through 1-4 also contain the work sheets and calculation
notes used for the evaluation of the shell to nozzle junctions for the

Ui w AR SRR e e 2V
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surge, spray, safety, and relief nozzles respectively. From these
stress compo.'ents the principal stresses are obtained and the stress
intensities evaluated for compariscn to the code allowable.

Erimary Mombrane

Internal pressure in the shell alsco contributes to the cvérall stress
state near the nozctles. The nozzle pressure stresses are calculated by
using strength of materials equations in the channel head near the
respective nozzles. For the surge nozzle (lower head):

6Axial

Hocp
63 = %Radia1 *°

6X
6Y s 6

pri/(Zt) = 2050(40)/7(2)(3.57) = 11485 psi
pri/(Zt) 11485 psi
-p/2 = =2050/2 = -1025 psi

The gradient of radial stress through the thickness of the shell is a
3econdary type stress. Hence, only the average value of radial ‘stress
i3 used in the evaluation of faulted conditions. 3Since the shear is
zero, the maximum membrane stress intensity due to internal pressure is
Pm = 2.5 ksi. The allowable limit for primary membrane for faulted
conditions is the lesser of 2.4 Sm or .TSu. Since Su > 3sm a
conservative limit for membrane becomes

7. 13 Sm) - Sm

For Sm = 18,5C0 psi the limit becomes 38,850 psi.
Local Membrane Plus Bending

In order to complete the comparison of nozzle stress to code
allowables, the pressure stress must be added to the external load
stresses.

6=6p¢6°
Summation must be performed on a component level prior to stress
intensity calculations. Furthermore, the average of the upper and
lower surface stresses from the BIJLAARD analysis will be included.
Thus, for the spherical shells:




{
\6 yU

no pressure contribution

. 3 -
contribution

11485 + (=357 « 629 = 11621

(643 + 643)/2 = 643 psi

«2050/2 = -1025 psi

The vending stress in the nozzle to shell junction wvhich results

the application of external loads is secondary and need not

be

evaluated for the faulted condition limits. The total stresses

result from adding the pressure stresses to the external lo
membrane stresses. Thus, the primary local membrane stress
due to pressure and nozzle loads is PL’Pb = 13.3 ksi.

£

limit for membrane plus bending for the faulted condition

the primary membrane limit. That is,

18500 psi, the limit becomes 58,300

The same procedure is used for the evaluation of the shell

psi.

from

to nozzle

junctions for the ~pray, safety, and relief nozzles. The results of

these calculations are summarized in Table 1-1.

It should be noted that the membrane stress in the shell near

nozzle opening as a result of external loads is classified as

local stress intensity according to the ASME Code.

the

primary




3.0 EVALUATION OF PRESSURIZER NOZZLE TO PIPE JUNCTIONS a2,

The stresses in the nozzle to pipe junction are evaluated by using
basic strength of materials equations. The geometric properties used
in the analysis are the pipe cross-sectional area, flexural moment of
inertia, and torsicnal moment of inertia. The geometric properties for
the four nozzle/pipe junctions are listed below:

Surge Spray Safety Relief
A(in2) 23.85 6.62 3.02 3.02
I(in") 299 13.27 5.03 5.03
J(in") 599 26.54 10.06 10.06

The resultant shear and bending moment are obtained by calculating the
magnitude of the individual vectors.

-
"

(V12 + V22)1/2
2 2.1/2
(H1 + HZ )

=
"

Membrane

Consider the evaluation of the surge nozzle pipe for the faulted
condition. First the primary membrane stress intensity must be
evaluated. The axial membrane stress is the result of internal
pressure plus the axial force on the nozzle/pipe junction. The hoop
stress results only from the internal pressure as does the radial
stress. The shear stress is the result of the shear force and the
torque on the pipe. The shear stress due toc the pipe torque is
evaluated at the midsurface of the pipe.

&A = pr,/(2t) + P/A
prilt

V/A « M.r /d
-p/2

e o
"

o
w
0

The pipe loads for the surge nozzle are as follows:
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251000 in-lbs
194000 in-lbs
415000 in-lbs

1 2 ;
(H12 + d22>142

6223 1lbs
317233 in-lbs

The primary membrane stre-s components are determined from

previously mentioned equations:

6 pr./(2t) « P/A = 2050(4.615)/(2)(.7

6268 psi

pr./t = 20 ) 12448 psi
A 0

L
A

V/A & Mar_/Jd = 415000 (4.995)/598.

3723 psi
-p/2 = =2050/2 = -1025 psi

From the above the principal stresses and stress intensities are
evaluated, and Pm = 15.2 ksi. The maximum membrane stress intensity is
limited by 2.1 Sw for the pipe safe end forging. 2 18,500 the
imd ecomes 38,850. Hence, the nozzle ' ; for primary
membrane 2 allowable

Mpm"\r

The same procedure is used for the membrane plus bending evaluation
with the exception that the stresses are calculated for the cutside
surface of tne¢ pipe. The gradient of radial stress through the
thickness of the pipe is a secondary type stress. Hence, only the
average value of radial stress is used in the evaluation of faulted
conditions.

The primary membrane plus bending stress intensities are evaluated as
follows:
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6A = pri/(Zt) + P/A + Mr /1
= 6268 + 317223(5.375)/299.3 = 11965 psi

6H = prilt = 12448 psi

Tyy = V/A + Mor /J = 3723 psi

dg = =p/2 = =1025 psi

And the principal stresses and stress intensities are thus evaluated as
the maximum membrane plus bending stress intensity = PL + Pb = 17.0
ksi which is within the allowable limit of 3.15 S, = 58,300 psi.

The same procedure is used for the evaluation of the nozzle to pipe
Junctions for the spray, safety and relief nozzles. The results of
these calculations are contained in Table 1-1.




4.0 EVALUATION OF PRESSURIZER SUPPORT SKIRT -3

The stresses in the support skirt are evaluated by use of strength of
materials equations. The maximum forces and moments that are applied

to the support skirt are obtained from the response spectrum analysis
of the reactor coociant loop:

F_ = 144000 1lbs Hx = 6344000 in-lbs
FY = 79000 1lbs Hy = 3443000 in-lbs
Fz = 102000 1lbs Hz = 3619000 in-lbs

The combined external forces and mcments in the support skirt are:

P = 144000 lbs

V = 129016 1lbs

M = 4995139 in-lbs
MT = 6344000 in-lbs

The pressurizer deadweight, DW = 234978 1lbs.

The support skirt area and sectional inertias are:
Area = 219 1n2
Flexural Inertia = 263200 inu
Torsional Inertia = 526400 in
c = O.D./z - u1-25 in

4

The primary membrane stresses are calculated from the following:

‘A = (P + Deyd% = 1188 psi
tA = V/A + J = 902 psi

mr(e)
Principal membrane stresses are calculated and the maximum stress
intensity is determined to be 2160 psi. The allowable limit for
primary membrane for faulted conditions is the lesser of 2.4 Sln or .7
Su. Since Su > 3 Sm a conservative limit for membrane becomes

.7(3 Sm) = 2.1 8

For sm = 18,500 psi the limit becomes 38850 psi.




The membrane plus bending stresses are calculated from the following: '

(P + DW)/A « M(c)/I = 1971 psi

V/A + J = 902 psi

rnﬁ;)
Principal stresses are calculated and the maximum stress intensity is
determined to be 2671 psi. The allowable limit for membrane plus
bending for the faulted condition is 1.5 (.7 su). A conservative limit
for membrane plus bending becomes

A

For S = 18500 psi, the limit becomes 58275 psi.

-



5. EVALUATION OF PRESSURIZER SHELL STRESSES &-33

The shell stresses are the result of pressure stresses and a seismic
bending moment in the shell. The shell maximum seismic bending moment,
as predicted by the response spectrum analysis of the reactor coolant
locp is:

M = 11005900 in-lbs

The shell cross-sectional properties are as follows:

l"i = 40 in
t = 5.44 in
I = 1340000 in"

The primary membrane stresses are calculated as:

on
>
8

= Pri/(Zt) + H(ri)/I = 7522 + 351 = 7873 psi
Pri/t = 15044 psi
-P/2 = =-1025 psi

o O
W
" "

The maximum primary membrane stress intensity 1is calculated as:

P, = d; - €; = 16069 pst < 2.1 S_ = 38850 psi

The maximum membrane plus bending stress intensity is the same as
above:

P P, = 16069 psi < 3.15 Sm = 58275 psi

e ate
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6.0 EVALUATION OF HEATER ROD STRESSES

The heater rod stresses are the result of external pressure stresses
and a seismic bending moment in the heater rod. Heater rod stress
evaluation reported in Reference 5 indicated primary general membrane
and membrane plus bending stress intensities of 5.3 ksi, well within
the respective allowable limits of 31 ksi and 46.6 ksi. Heater rod
stress levels in the Connecticut Yankee Pressurizer can be no greater
than those reported in Reference 5 due to the fast that spectral
accelerations on the Connecticut Yankee pressurizer, at the natural
frequencies of the heater rod as reported in Reference S5, are lower
than those presented in Reference 5.

The heater rod stresses are thus within code allowables for the faulted
condition.




TABLE 1-1

cvw PRESSURIZER sTResses' !

Units in ksi

P (2) Y B

m i
Surplus

Description Stress Allowable Margin Stress
Surge Nozzle:

- Shell Junction 12.5 38.8 3.10 13.3

- Pipe Junction 15.2 35.7 2.35 17.0
Spray Noczzle:

« Shell Junction 16.6 38.8 2.34 18.4

- Pipe Junction 16.0 35.7 2.23 - 28.7
Safety Nozzle:

" «Shell Junction 16.6 38.8 2.34 17.8
-Pipe Junction 21.0 35.7 1.70 22.8
Relief Nozzle:

-Shell Junction 16.6 38.8 2.34 17.7
-Pipe Junction 12.7 35.7 2.81 26.0
Support Skirt: 2:2 38.8 17.55 2.7
Shell: 16.1 38.8 2.41 16.1
Heater Rod: 5.3 31.0 5.85 5.3

(1) Stresses are for worst case load combinations.

= 2.18

(2) Stress Limits: »
1.5 (.7 Su) s 3.15 Sm

Pm
PL

Sy
£

s .7
+ PB

Allowable

58.3

46.6

&-37

Surplus
Margin

4.38
3.15

21.59
3.62

8.79
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CONNECTICUT YANKEE STEAM GENERATCR
DYNAMIC SEISMIC ANALYSIS

1.0 SUMMARY OF RESULTS

- The 27.700 ft.2 Connecticut Yankee steam generators were analyzed for
. dynamic seismic response. The regions evaluated included the primary
and seconcary nozzles., shells, U-bend tubing. and lower support
brackets. All sections were within ASME Code, Section 1II
allowable limits and are summarized in Table 1=-1.

Applied loads were derived from a response spectrum analysis of the
reactor coolant loop dynamic model. Added conservatism was introduced
by utilizing umbrella loads representing the maximum response expectecd
to occur in 21l four loops.

Since earthquakes are coscillatory in nature; the sign on these
quantities can be either plus cor minus. ©On the following pages the
state of stress in varicus regions of the steam generator is discussed
in greater detail.

The method of analysis followed the procedures cutlined in the
evaluation of the San Onofre power plant.




'2.0 EVALUATION OF STEAM GENERATOR NOZZLE TC SHELL JUNCTIONS
‘(7-62
Tre local shell stresses in the nozzle to shell junctions for the
primary and secondary nozzles are evaluated by using the BIJLAARD
Method (Reference 2). Stresses in the nczzle to pipe juncticn are
evaluated by using strength of materials equaticns.

The maximum forces and mcments applied to the nozzles were obtained
from the response spectrum analysis of the entire loop. Stresses at
the steam generator nozzles were calculated using 2 load set derived
from combination of the maximum loads on all four steam generators.
Therefore, the stresses reported envelope those cccurring on all four
steam generators.

The basic egquations used for the evaluation of the nozzle to shell
juncticns are detailed on the following pages. The governing equaticns
for the BIJLAARD analysis are found in Reference 2 with the explanation
of terms and equations.

The BIJLAARD curves are limited in number and it is necessary to
interpolate between the values on different curves. The various
BIJLAARD curves (SM and SP series) are constructed for several
combinations of nczzles and shells. The parameter T is used to
identify the different sizes of nozzles, (T = rm/t). There are, for
example. curves for T = 5. T = 15. and T = 50. Thne primary inlet and
outlet nozzles have a T of 4.51, and therefore, a value of T=251s
used. The feedwater nozzle (cylindrical shell junction) has a T of
16.7. and a value of T = 15 will be used for analysis purposes. The
steam outlet nozzle has a value of T = 1.1 and, like the primary
nozzles. a value of T = 5 is used. Compariscns between the T=5
curves and T = 15 curves show very little difference in values in the
regions of interest; therefore, it is assumed that T = 5 will
adequately represent the T = 1 case.
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For example, 9 s T/t = .25. U y / RmT z 1.2
Sm Curves Sp Curves
T =95 T = 15 T=5 T = 15
Nx .035 .026 Nx .034 021
Hx .05% .053 Mx 081 .038
Ny .098 .080 Ny .050 .086
My 017 019 My .010 011

Figures 1-1 through 1-4 cisplay the BIJLAARD the work sheets and
calculaticn notes used for the evaluaticn of the shell to nczzle
junctions for the primary inlet, primary outlet, feedwater, and steam
cutlet nozzles rEspectively. From these stress components the
principal stresses are obtained and the stress intensities evaluated
for comparison to the code allowables.

Membrang

Internal pressure in the shell also contributes to the cverall stress
state near the nozzles. The primary noczzle pressure stresses are
calculated by using strength of materials equations in the channel head
near the inlet and outlet nozzles:

6x = 6Ax1al B pri/(Zt) = 2050(54.06)/(2)(8.06) = 6875 psi
by = 6Hoop = pri/(Zt) = 6875 psi
GR =4Radial = -p/2 = =-2050/2 = =-1025 psi

The gradient of radial stress through the thickness of the shell is a
secondary type stress. Hence, only the average value of radial stress
is used in the evaluation of faulted conditions. Since the shear is
zero, the maximum membrane stress intensity due to internal pressure is
Pm = 7900 psi. The allcwable limit for primary membrane for faulted
conditions is the lesser of 2.4 Sm or .TSu. Since Su > BSm a
conservative limit for membrane becomes

.T (3 Sm) = 2.1 Sm

b-63



For S = 18.500 psi the lixzi* becomes psi.
b-64 -

j 1 M 1 3

In order to complete the compariscn of nozzle stress to cede
allowables, the pressure stress must be added tc the external locad
stresses.

Summaticn must be perfcrmed on a component level pricr to stress
intensity calculaticns. Furthermore, the average of the upper and
lower surface stresses from the BIJLAARD analysis will be included.
Thus., for the sphericzl shells:

6A s pr /(Zt) - (6 + éxL)/Z

GH = pry /(Zt) - (6 - 6 )/2

thH - (t - t g P no pressure contribution
ép = -p/2 no nozzle contribution

Utilizing the above equations, the location.of the maximum stress
intensity on the inlet nczzle as shcwn on the BIJLAARD table in Figure
1«1 is location B. The primary local membrane is evaluated as follows:

6A = 6875 + (4057 -.1369)/2 = 8219 psi
6H = 6875 + (4828 - 1733)/2 = 8423 psi

(4 = (31 « 31)/2 = 31 psi

(2
"

-2050/2 = =-1025 psi

The bending stress in the nczzle to shell junction which results from
the application of external lcads is secondary and need nct be
evaluated for the faulted condition limits. The total stresses

result from adding the pressure stresses to the external load local
membrane stresses. Thus, the primary local membrane stress intensity
due to pressure and nozzle loads is PL e 29.5 ksi. The allowable limit
for membrane plus tending for the faulted condition is 1.5 times the
primary membrane limit. That is,

Rl L R IR« i M 1 B e 2
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P. + Pg & 1.5 (.7 su)'. 3,15 sm”

for Su B 35m' For Sm = 18500 psi, the limit beccmes $2.300 psi.

The same procedure is used for the evaluation of the shell to nozzle
junctions for the primary cutlet, feedwater inlet, and steam cutlet
nozzles. The results of these calculaticns are summarized in Table

1-1.

It should be noted that the membrane stress in the shell near the
nozzle opening as a result of external loads is classified as primary
loccal stress intensity according to the ASME Code.




3.0 EVALUATICY OF STEAM GENERATOR NOZILE TC PIPE JUN :

G-66

The stresses in the nczzle to pipe junction are evaluated by using
basic strength of materials equations. The geometric properties used
in the analysis are the junction cross-secticnal area, flexural mcment
of inertia, and torsional moment of inertia. The geometric properties
for the four nozzle/pipe juncticns are listed below:

Inlet Cutlet Feedwater Steam
A(in®) 287 258 31.2 67.9
I(int) 40472 45027 687 4521
Jin") 80945 90054 1374 9042

Tre resultant shear and bending moment are obtained by calculating the
magnitude of the individual vectors.

ve(vl. vzz)’f2
M= (H12 + H22)1/2

Mepbranse

Consider the evaluation of the primary inlet pipe for the faulted
condition. First the primary membrane stress intensity must be
evaluated. The axial membrane stress is the result of internal
pressure plus the axial force on the nozzle/pipe juncticn. The hoop
stress results only from the internal pressure as dces the radial
stress. The shear stress is the result of the shear force and the
torque on the pipe. The shear stress due to the pipe terque is
evaluated at the midsurface of the pipe.

6, = pri/(Zt) + P/A
6H = pri/t
zAH = V/A + Htrm/J

The pipe loads for the iplet rozzle are as follows:




234000 1bs My 2 1.5 X 108 in-1bs a-67

217000 1bs My = 6.3 X 10° in-1bs
32000 1bs Mp = 2.9 X 10% in-1bs

-
[ LN J—
" " "

(V12 + V.22 | 219000 1bs

2
M :-(H12 > M22)1/2 s 4.6 x 16° in-1bs

<
"

The primary membrane stress components are cdetermined from the
previously mentioned equations:

o-
"

pri/(Zt) + P/A = 2050(15.41)/(2)(2.72) + 234000/287
= 6622 psi

6, = pr,/t = 2050(15.41)/2.72 = 11614 psi

T, = VA o Mpro/d = 303289/267 + 2.9 X 10%(16.77)/80945
= 1364 psi

‘R = -p/2 = =2050/2 = -1025 psi

From the above the principal stresses and stress intensities are
evaluated., and Pm = 13.0 ksi. The maximum membrane stress intensity is
limited by 2.1 Sm for the pipe safe end forging. For Sm = 18,500 the
1imit becomes 38,850. Hence, the nczzle to pipe stresses for primary
membrane are within the allowable limit for the faulted condition.

Logal Membrane Plus fending

The same procedure is used for the memdrane plus tending evaluaticn
with the exception that the stresses are calculated for the cutside
surface of the pipe. The gradient of radial stress through the
thickness of the pipe is a secondary type stress. Hence, conly the
average value of radial stress is used iIn the evaluation of faulted
conditions.

The primary membrane plus bending stress intensicies are evaluated as
follows:




$ = pr,/(2t) + P/A & Mr /I (>-67 .

s 5807 + 857 + 4.6 X 10 (18 13)/40472 = 10965 psi

by = Pry /t = 11614 psi
V/A + Mor, /d « 1057 + 2.9 X 10 (18.13)/80945 = 1415 psi

‘R z -p/2 = =-1025 psi

And the principal stresses anc stress intensities are thus evaluated as
the maximum membrave plus bending stress intensity = PL +* Pb s 13.2 ksi
which is within the allowable limit of 3.15 sn = 58.300 psi.

The same procedure is used for the evaluation of the nczzle to pipe
junctions for the primary cutlet, feedwater inlet, and steam ocutlet
nozzles. The results of these calculations are contained in Table 1=1.




4.0. E.ALUATION OF LOWER SHELL STRESSES (7-69

The lcwer shell stresses are derived from pressure stresses and beading
moment in the shell. The primary membrane stress intensity results

from internal pressure and btending moment acting on the shell. The
shell material is SA-212 Gr B with an Sm value of 19.000 psi.

Membrane

6

For SSE. the maximum bending moment was 50.9 X 10 inelbs in the lower

shell.

$(s59.5)/

(2.24 X 10%) = 5592 + 1352 = 6944 psi
pr,/t = 675(56)/3.38 = 11184 pst
-p/2 = =675/2 = =338 psi

6A = pr,/(2t) + Me/I = 675(56)/(2)(3.38) + 50.9 X 10

$y

$g

The maximum stress intensity is:
Pm = 11184 + 338 = 11522 psi < 2.15m = 39.900 psi

Membraspe Plus Bending

Membrane plus bending stresses are the 3ame as above.




5.0 EVALUATION OF TRANSITION CONE STRESSES l2-70

The state of stress in the cone is the result of dboth internal pressure
and a shell moment. The primary membrane stress intensity is dorived
from internal pressure and overturning moment. Tihe cone material is
SA-212 Gr B with an Sm value of 19,000 psi.

Menbraps

6

For SSE. the maximum bending moment was 47.7 X 107 in:lbs at the bottom

of the transition shell.

s pri/{zt(cos € )} + Me/I

675 (60.44)/(2)(3.88)(.98) + 47.7 x 105(64.13)/3.07 'x 10
€361 psi |
pri/{t(cos € )} = 10729 psi

by = -p/2 = =675/2 = =338 psi

6

The maximum stress intensity is:
P_ = 11067 psi < 2.1 Sm = 39,900 psi
Mem\-papg E] U3 ﬂgﬂdin‘

The membrane plus bending stress intensity is the same as the membrane
stress intensity. and hence the faulted condition requirements are met.



, 6.0, EVALUATION OF UPPER SHELL STRESSES

The state of stress in the upper shell is the result of the application
of a shell moment due to bending and internal pressure. The primary

membrane stress intensity is derived from internal pressure and

overturning moment. The shell material is SA-212 Gr B with an Sm value
of 19,000. No upper seismic pad is present to contribute tc local

shell stress.

Membrane

For this evaluation an umbrella analysis will be used for SSE where the

maximum bending moment was 27.9 X 106 in-ltbs in the upper shell

assembly.

é, = pr,/(2t) + Me/1

. 675(68)/(2)(4.13) « 27.9 X 10%(72)/4.03 x 10° = 6055 pst
by = pro/t = 675(68)/4.13 = 11114 psi

bg = -p/2 = =338 psi

P = 11114 + 338 = 11452 psi < 2.1 Sm = 39.500 psi

M e P11 Bandin
The membrane plus bending stress intensity is the same as above.

PL + PB = 11452 psi < 3.15 Sm = 59.850 psi

Hence., the steam generator upper shell is adequate to withstand the

faulted condition loadings.



7.0 EVALUATION OF SUPPORT LOADS (-72 .
The support bracket is a three piece welded assembly consisting of two
clevis plates and cne support plate. Four bracket assemblies support
the steam generator. The satresses in the bracket result from axial and
shear loads. Sinqp the brackets are welded to the tubesheet forging,
shell stresses do not apply. The assembly layout and dimensicns are
shown in Drawings 7-1 and 7-2.

The maximum loads were determined from the response cf the reactor
coclant loop dynamic model:

F = 1057 kips
V = 249 kips

where F is the vertical load (inclusive of ceadweight), and V is the
tangential load. These loads are derived from the reactor ccolant loop
mcdel and the steam generator gecmetry.

The material .for the three nlates was ASTM-A-212 carbon steel, grade B,
with Su s TO ksi.

Membranre

Classical strength of materials equations were utilized to evaluate the
maximum stress intensity for PH‘ For the stress due to axial lcad F:

T F/A, = 1057/154.63 = 6.8 ksi

Xy t

where At is the total weld area on the shell per bracket. For the
stress due to shear load V:

‘txz s V/At = 249/154.63 = 1.6 ksi

All other stress components are assumed zero. Solution of the stress
tensor produces:

Pm = 14.0 ksi .7Su = 49 ksi







1.5(.7)S, = 73.5 kst -7

These numbers are shown in Table 1-1 and indicate that the faulted
condition requirements are met.
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8.2
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EVALUATION OF TUBE BUNDLE
Introductery Remarks

In order to evaluate the SSE induced stresses in the U-tubes, a
response spectrum analysis is performed using a detailed
mathematical model of the CYW steam generatcr. The basis for the
model is a 27.000 £t2
seismic reevaluation presented in Reference 5. The mcdel waes
modified., however, to acccunt for geometric and weight differences
for the CYW steam generaters, as cutlined in Appendix I. In
addition to the gecmetry and weight differences, the actual CYW
support and nozzle stiffnesses were incorporated intc the seismic
model. The response spectra used in the evaluation are presented
in Figure 8-2. Two cases of lower support stiffnesses are
evaluated to envelope the possible variations cf stiffness at that
location.

wm
(8]
m

steam generator mocdel ceveloped for the

Steam Generator Model

A lumped mass model of the CYW steam generator is shown in Figure
8-1. The steam generator is idealized using beam elements and
elastic support elements. 3eam elements are used to re¢present the
steam generator shell, tube bundle and cther internals. Massless
elastic support elements represent the stiffness of the lower
support system and attached piping.

Nedal point coordinates and beam element data ir the form cf
cross-sectional areas, flezural moments of inertia and cutside
radii of the cross sections are presented in Appendix I. The
global coor“inate system employed in the analysis is illustrated
in Figure 8-1. The X and Y axes are horizental and the Z axis is
vertical.

The dry weight of the steam generator shell and internals, in
addition tc the weight of the primary and secondary water, is
lumped at the ncdal points of the assemblage. Water weights are
based on the vessel at the 100% lcad ncrmal operating condition.

Lumped mass da%a is summarizec in Appendix I. The masses are
lumped at nodal points of the model for directicns corresgondirng




8.3

to horizontal and vertical translaticms of the steam generator.
Rotational inertias for torsional vibraticn of the steam generator
are also defined.

water weights are divided between the nodes of the internals and
the nodes of the steam generator shell. The portion of water
assigned to the internals represents the hydrodynamic mass cf the
ccmponent.

The steam generator mathematical model is cemprisid of a shell
beam .Elements 1 thru 14), a tube bundle beam (Elements 15 thru
35), and ar upper internals beam (Elements 36 thru 41). The shell
beam. tube bundle beam, and upper internals beam are located along
the longitudinal axis of the steam generator. The horizeontal
linkages, indicated by dashed lines in Figure 8«1, represent
coupling between the steam generator shell beam and the tube
bundle and upper internals beams.

Results of Modal Analysis - Natural Frequencies and Mode Shapes
Mocal analyses of the steam generator were performed using the
WECAN computer program. The results of these analyses for the twe
lower support stiffnesses evaluated are summarized in Tables 8.1
and 8-2.

Results of Dynamic Seismic Analysis - Tube Bundle Response

The maximum combined stresses considering all three shock
directions were calculated using the WECAN prcgram post processor
COMSPC. The maximum tube bending stress occurred at node 32 and
was 3.2 ksi. Thi. value was determined by using the Westinghouse
method of combining the results of the 3 shock directions wh ch
includes effects of closely spaced modes. The evaluation of the
U-tube stresses can be focused on the U-bend region. The U-bend
region is selected as the point of interest since the U-bend
experiences the highest bending stresses due to earthquake moticn.
The total stress distribution in the tube is the result of
internal pressure in the tube and the bending stress due to
earthquake motion. The tube material is SB-163. inconel with an

S, value of 26,700 psi.

T & g e ST A W G S v
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i

é, = pr /2t = (1375)(3.2)/7(2)(.055) = 3999 psi

6H = pri/ﬁ = (1375)(.32)/7(.0535) . 7668 psi
v, = p/2 = =1375/2 = -688 psi
P = dH-dR = 7998 - (-688) = 8686 psi < 2.1 S

= 48,930 psi

Membrane E1 us Egrd‘\'ﬂz

For the analysis of membrane plus bending. the bending stress in
the model tube bundle beam is used. The stress is calculated in
the COMSPC run for the Case 1 lower suppert stiffness.

3999 + 1768 = S767 psi

O
"

O
"

7668 psi .

O~
"

-688 psi

Pm + Pb = 7698 - (-688) = 8686 psi < 3.15 Sm = 73,4500 psi

Table 8-3 presents a list of microfiche available in the SNTC
files of the computer runs used in the tube bundle stress

evaluation.




TABLE 1-1 G-T¥

sTEAM GENERATOR sTREsses‘!’

Units in ksi

(2) : (2)
Pm PL - ?B

Surplus Surplu
’>escription Stress Allowable Margin Stress Allcwable Margin
‘rimary Inlet:
. Shell Junction 7.9 38.8 4.91 5.5 58.3 6.14
. Pipe Junction 13.0 33.6 2.58 13.2 50.4 3.82
‘rimary Cutlet:
- Shell Junction 7.9 38.8 4.91 9.1 58.3 . 6.41
- Pipe Junction 13.1 33.6 2.56 14.6 50.4 3.38
3team Nozzle: 4
-Shell Junction 11.6 35.9 3.44 12-3 60.0 4.88
-Pipe Junction 8.7 39.6 4.59 8.7 60.0 6.90
Feedwater Nczzle:
-Shell Juncticn 11.4 38.9 3.50 12.0 60.0 5.00
-Pipe Junction 6.6 36.9 6.05 6.6 6§0.0 9.09
Shell Regions:
-Lower Shell 11.5 39.9 3.47 11.5 58.9 5.21
-Transition Shell 11.1 39.6 3.59 11.1 50.9 5.40
-Upper Shell 11.5 369.9 3.47 11.5 59.9 5.21
Support Bracket: 14.0 49.0 3.50 39.9 73.5 1.84
Tube Bundle: 8.6 48.9 5.09 g.6 73.4 7.65

(1) Stresses are for a combinaticn of the maximum loads on all four
steam generators.
(2) Stress Limits: Pm B 7 Su = 2.1 Sm
PL + PB £ 1.5 (.7 Su) = 3.15 Sm
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TABLE 8-1

NORMAL MODES OF THE STEAM GENERATOR

CASE 1 SUPPORT STIFFNESS

Mcde Frequency Component Direction Descripticn
1 6.0 Shell X Bending
2 6.2 Shell Y Bending
3 9.8 U-Bend X Bending
4 21.8 Shell Y Bending

wn

24.2 U-Bend Y Bending
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TABLE 8-2

NORMAL MODES OF STEAM GENERATOR

CASE 2 SUPPORT STIFFNESS

Mcde Frequency Component Direction
1 6.1 Shell

2 6.4 Shell

3 9.8 U-Bend

- 24.3 U-Bend

5 25.9 Shell

o2 >

i AR - o T IS

-

Description

Bending

Bending

Bending

Bending

Bending

- i e ey 2. |l~“..' .



Run

TFNECMB

TFNEC16

TFNECZR

TFNECZU

Déke
8/14/82
8/14/82
8/16/82

8/16/82

TABLE &-3

MICROFICHE AVAILABLE

Description

WECAN Modal Analysis - Case 1 Support Stiffness

WECAN Mcdal Analysis - Case 2 Support Stiffress

COMSPC Post Prccessor - Case 1 Support Stiffness

COMSPC Post Processor - Case 2 Support Stiffress




APPENDIX I - Steam Generator Dynamic Model Development

Dynamie Model Development

The dynamic mcdel used in this seismic evaluation is developed from the
27.000 ftz steam generator model developed for the SCE seismic reevaluaticn
program. The CYW steam generator is also a 27,000 ftz model; however, the
upper shell sections are larger than those on the SCE steam generator.
Therefore, the upper shell portiocns cf the shell beam must be mocdified to |
account for the CYW geometry. The shell components remcdeled are the }
transition cone, upper shell, and elliptical head and are discussed below. ;

Transition Cone
Inside radius at small end = 56.12 in.
Qutside radius at small end = 60.00 in:
Inside radius at large end = 67.75
Outside radius at large end = 71.63 in.

26.5 Kip from Dwg. 789D951

Dry weight
Wt. of HZG = 2.06 Kip from Reference 5
Radius of Gyration = 65.0 in. - Estimated

I = Mr2 = 28.600/386 x 652 = 313 Kip-sec®-in.

R

The cone is represented in the model by two beam elements - elements ‘
59 and 61. The cross-sectional properties of each element are:




. Element RO. 4"

(o}

in. in. in.z in.u 1n.u £n.
59 62.91 59.03 1486  2.76x10° s5.53x10% 125.82
61 68.72 64.84 1628  3.63x10°% 7.27x10% 137.u4

Transition Cone Lumped Mass Data

2

Node' Weight., Kip JR’ Kip-sec™=in.
7.9 7.2 78.2
2 14.3 156.5

Upper Shell

¢, = 135.5 + 2 x 4.13 = 143.76

¢, = 135.50 -

t = 4.13

L = 164 in.

A= /8 (143,762 - 135.502) = 181:.7 in.?

1= /64 (183.76% - 135.50%) = u.42 x 10° 1n.
J=2xI=8.84x10° n’"

Ry = (135.5 « 4.13)/2. = 69.82

Dry Weight = Vol. x .283 = A x L x .283 = 84.1 Kip

Fabricated Weight = 90.84 Kip From Dwg. 671J56¢

HZO Weight - From Tech Manual IM-1440-C78




"
o
@
.
w

Total Weight of Hao Kip
- 24.8 Kip Primary HZO

- 23.1 Kip = HZO in Lower Shell

- 2.8 Kip = H,0 in Transiticn Cone

2

17.6 Kip

azo in Upper Skell

2

Ip = M aMZ = 90.84/386 x 65.82°

Total Weight = 90.84 + 17.6 - 2.68" = 105.8 Kip

Upper Shell Lumped Mass Data

2

Nede Weight, Kip IR' Kip-sec™=in.
- 10.6 115
10.11,12.13 21.2 230
14 10.6 - 115

#Secondary H20 Added to Feedring

3. Elliptical Head

Weight = 29.52 Kip Head ) Dwg. 6T71J565
4.5 Kip Steam Nozzle )

34.02 Kip
Mass = 34.020/386 = 88.1 lb-sec>-in.
RH = 69.78
2 8 Hrzlz = 2.14 x 105 lb-secz-in. = 214 Kip-secz-in.

1.15 103 Kip-sec™=in.



:I.

Upper Head Lumped Mass Data

Node Weight, Kip Jz. Kip-eecz-in.2
14 11.33 71.33
1% 22.67 142 .67

The changes in the model because of the CYW upper shell gecmetry are
summarized in Table I-1.

Suppoert Stiffness

The support stiffness used in the steam generator mcdal response spectrum
analysis are derived from the reactor coclant loop moadel. Because cf the
difference in co-ordinate systems, the stiffness matrices had tc be rotated
for use with the CYW steam generator model. Rotating about the loop model
Y axis 60° will align the global loop axis with the steam generater
horizontal axes. Finally, rotating about- the loop model x axis 90° will
align the stiffness matrix co-crdinate system with the local steam
generator mcdel co-ordinate system. Table I-2 presents the develcpment C
the rotated stiffness matrices used in the steam generator detailed beam

o
-

model.
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Table I-1 (a)

Existing Model (SCE)

‘Element

—a

Element Data Mcdeling Changes

A,
ina

1180.
1486.
1628.

1812.

CYW Model

Do,
in

119.

125.8

137.5%

143.8



Table I-1 (b)

Nodal Mass Point Cheanges

Node Existing Model CYW Model
Hass.lb-secz/in Ir.lb-secz-in Mass.lb-seczlin Ir-lb-sec-in
7 - ss. 168.800. 56. 183.600.
8 34. 125.000. 37. 156,500.
S 36. 150.000. 46 - 193.200.
10-13 44, 175.000. 55. 230.000.
14 39. 150.000 57. 186,330.
15 36. 76.000 5%. 142.670.
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SUMMARY OF SSE SEISMIC EVALUATION
OF REACTOR CCOLANT PUMP MODEL SV-3M-Al

FOR CONNECTICUT YANKEE ATOMIC POWER PLANT UNIT 1

Prepared by . Date:




INTROCUCTION

The purpose of this report is to present the analytical methods and
stress criteria used along with the results and conclusions obtained in
SSE seismic evaluation of the Connecticut Yankee Reactor Coolant Pumps
(RCP). This evaluation is required as part of the Connecticut Yankee
Haddam Neck Plant Systematic Evaluation Program Seismic Reevaluation.

The SSE seismic event is considered a faulted condition. The stress
criteria employed as stated in the Connecticut Yankee (CYW) Criteria
Document, are obtained from Section III, ASME Boiler and Pressure
Vessel Code, Appendix F. For non-pressure containing components of the
Motor Stand the stress limits of Westinghouse Equipment Specification
G677188 Rev. 4 are used. For the faulted condition the structural
integrity of the RCP motor must be assured. The punp/motor must also
remain mechanically functional to allow coastdown.




3 -9/

The Haddam Neck Plant Reactor Coolant Loops contain four Westinghouse
Model SV-4M-Al Controlled Leakage Seal Reactor Coolant Pumps. The
model SV-4M-Al RCP is a vertical, single-stage, centrifugal, shaft seal
pump designed to pump large volumes of main coolant at high
temperatures and pressures. The Connecticut Yankee RCP is designed to
produce a differential head of 240 feet while pumping 619500 gpm of main
coolant at a temperature of 544 F and a pressure of 2065 psia.

The pump is driven by a vertical, air-cooled, squirrel-cage induction
type motor located above the pump on the motor support housing. The
entire rotating assembly of the motor/ pump is supported vertically by a
double Kingsbury type oil lubricated thrust bearing. Lateral support
is furnished by two oil bearings in the motor and one water bearing in
the pump. See Figure 1 for relative locations of these ccmponents.

The entire pump/motor assembly is supported in the Reactor Coolant Loop
by the attached loop piping and three spring hangers attached to feet
cast integrally with the pump casing.




' &-92

cnz'g 1 ISYQD'S

The Connecticut Yankee RCP nczzles, casing, feet, motor stand, main
flange bolts and shaft and seal housing components meet the faulted
condition stress criteria of Appendix F of ASME Boiler and Pressure
Vessel Code Section III, Equipment Specification G6TT188 Rev. 4
Appendix B and the Haddam Neck Plant Seismic Reevalution Program
Criteria Document. Results are tabulated in Tables 1, 2 and 3.
Structural integrity of the pump/motor is assured.

-
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ANALYSIS METHOD Ry

Westinghouse Electro-Mechanical Division has performed a detailed time
history dynamic analysis and structural evaluation of the Model
Sy-4M-A1 Reactor Coolant Pump (WEMD Reports #4672 and #4664). Figures
3 and 4 show the math model developed to represent the pumi. This
analysis was a specific analysis for the Southern California Edison
Company San Onofre Plant (SCE) based on a time history Reactor Coclant
Loop analysis for SSE with 4% dampiig. Loads and displacements at
points of interest throughout the pump were determined. Stresses were
calculated for critical components of the RCP assembly.

A comparison of CYW and SCE RCP technical information and drawings was
performed. No major differences were found Detween the CYW and SCE
purps. For the purpose of seismic analysis these pumps are identical.
In addition the method of pump suppert was compared. The CYW pump and
the SCE analysis pump are supported in the same manner by the crossover
leg piping at the suction nozzle, by the cold leg at the discharge
nozzle and by three spring hangers attached to feet on the pump casing.
No lateral supports exist elsewhere on the pumps.

A comparison of the CYW seismic response at the pump was réle o the
SCE seismic response at the pump. In order to compare the time history
analysis to the response spectra analysis, response spectra at the pump
were developed. From the SCE time history analysis the response
spectra at the pump casing center was devel sced using the time history
cutput tapes and a post processing computer routine. From the CIW
response spectra analysis the respanse Spectra at the pump casing
center was developed from the frequencies, mode shapes, and
participation factors obtained in a loop analysis using a computer code
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based on the methodology presented in recent technical papers by M. P.
Singh (1975, 1980) utilizing random vibration theory.

Compariscn of the two sets of response spectra, Figures 2 A,B,C, show
that the SCE pump analysis is conservatively applicable toc the CIW
analysis for dynamic pump response and evaluation of pump components.

Structural evaluations of the pump casing, nozzles and support feet are
performed using the maximum loads obtained in the CYW SSE 4% damping
loop analysis at the suction and discharge nozzles and at the support
feet. Analysis of the motor standard bolts, main flange bolts and
shaft, and seal housing bolts are by direct comparison to the SCE pump
analysis. For these components the stress limit allowables have been
based on the difference between the faulted condition allowables of
Section III ASME Boiler and Pressure Vessel Code, Appendix F and the
normal condition allowables.

%
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TSUFFLUS SURPLUS)
WL___SIBESS_MAELE MARGT) STRESS | ATTOWARLE | MARGTN

Suction Nozzle
| @ Casing Junction 8058 {39840 (4.4 11427 | 59760 5.23

€ Pipe Junction ) 8600 39840 4,63 8970 }59760 ,6.66
Discharge Nozle
| "8 Casing Junction | 9751 |39840 5,08 |13685 [59760 4,26
| € Pipe Junction [30710 |39840 1.29 30830 |59760 1.94
Support Foot

€ Casing Junction | 3787 [23240 6.13 5564 | 34860 6.27 |

€ Hanger 26154 39840 1.0 l
Moter Stand Shell

@ Main Flange 44141 |54000 1.22
| € Upper End ! 24519 [540C0 2.20
Motor Stand Bolts f

€ Main Flange 50377 |73500C %1.&6

€ Upper End 70862 |73500 11,04

Main Flange

Bolts €994 8800 1.26

Shaft 515 132150 62.4
Seal Housinr

Shell 390 (32150 182.4

Bolts 1065 |73500 169.0 {
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TABLE 2 ’41/4,4
RELATIVE DISPLACEMENT RESULTS Ry
_ Peak Radial
—Location Displacements, in. Clearance, in.
Pump Guide Bearing < ,00026 .0105/,0085
Motor Lower Guide < .0023 .004 Nominal
Bearing
Motor Upper Guide < 0027 .004/ ,006
Bearing
Thrust Bearing < ,0085 .018 Nominal
Motor Upper 0Oil < 014 .0625
Pot-to-Rotor
Motor Core < 017 125
Centerline
No. 3 Seal < 110 075/ .055
Thermal Barrier < 0214 064/ .,060 + ,125
Bottom Labyrinth Grooves
Impeller < 0443 .030/.025 + .125
Sottom Labyrinth Grooves

The No. 3 seal ring could have contact with the shaft during the seismic
event; however, the energy involved is negligible. Centact could also occur
at the impeller labyrinth causing local deformation of the labyrinth teeth,
thereby increasing the clearance. The energy involved is smail and
coastdown would occur.



TABLE 3

~ RCP MOTOR RESULTS

-97

CALCULATED ALLOWABLE
DESCRIPTION VALUE VALUE
Rotor Shaft Bending Stress 12,275 psi 52,300 psi
Rotor Shaft Center Deflection .0378 in. 125 in.
Vertical Loading on Rotor Core 34,104 ¢ 60,088 #
Assembly
Flywheel Bolt Stress 570 psi 20,500 psi

A
(94 / W,
4'4'9y




The No. 3 seal ring could have contact with the shaft during the seismic
event: however, the energy involved is negligible. Contact could alsc occur
at the impeller labyrinth causing local deformation of the labyrinth teeth,
thereby increasing the clearance. The energy involved is small and
coastdown would occur.

y )



Figure 1:

CYW Reactor

Coolant Pump
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Northeast Utilities Docket No. 50-213, 1/17/80, Haddam Neck Plant
Seismic Reevaluation Program Criteria Document.

Structural Analysis of the Primary Reactor Coolant Loop System for
the Haddam Neck Nuclear Power Station, preliminary May 1982.

Westinghouse Electro-Mechanical Division, Engineering Memorandum
#672, March 1975.

Westinghouse Electro-Mechanical Division, Engineering Memorandum
#4664, March 1975.

Section III, ASME Boiler and Pressure Vessel Code, Winter 1972,
Appendix F.

westinghouse Equipment Specificatiocn G677188, Rev. 4, January 1976.
Westinghouse NTD-SEED file CYw-1000.
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APPENDIX H

ALLOWA3LE STRESS CRITERIA AND DAMPING

H=1



Al lowable Stress Criteria & Damping Values
Northeast Utilities Service Company - Haddam Neck
SSE Level H). 0.17g ZPGA

‘ A-Active;
Component P-Passive Al lowable Stress Damping Values - § Referernce
ESW Rup Sall < .8 Sy 1,2,3
Diesel Exhaust Duct Sall < Sy 1,2,3

Diesel Air Sall < Sy
Start-Up Tanks =

CWC Regenerative Sal1l < Sy
Heat Exchanger ™

Diesel Generator Sa11 .8 Sy
Boric Acid Pump Sall < .8 Sy

High Pressure Safety Sall < .8 Sy
Injection Pump

RHR Punp Sall < .9 Sy
RHR Heat Exchanger Sall < Sy

Boric Acid Tank Sall ¢ Sy Inpulsive
- - Sloshing

Demineralized Water Sall < Sy Impulsive
Storage Tank - - Sloshing




Allowable Stress Criteria & Damping Values Continued

| M-12
M-13
M-14
M-15
M-16

M-17

Component
Refueling Water
Storage Tank

Steam Driven Aux.
Feedwater Pump

Underground
5,000 Gal. Oil Tank

Clean Diesel 0Oil
Day Tank

Volume Controi
Tank

Contaimment Fan
Coolers

A-Active;
P-Passive 1 Or 2

P-1

P-2

P-1

P-1

P-1

P-2

Allowable Stress
Sall < Sy

Sall « .95

Sall < Sy

fall < Sy

Sal1 < Sy

Sall < .9 Sy

Damping Values -~ %

7 - Impulsive
0.5 - SIOBh‘m
4 - Impulsive
0.5 - Sloshing
7 - Impulsive
0.5 - Sloshing
4 - Impulsive
0.5 - Sloshimg
7

Reference

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3



Allowable Stress Criteria & Damping Values Continued

E-1 .

E-2

E-4

E-5

E-6
E-7

E-8
E-9
E-10
E-11
E-12

E-13

Component.
Battery Rack
MCC 11

Switch Coar
(D.G. Room)

Qontrol Panel
(D.G. Room)

Engine Mounted
Control Panel

(on Diesel Gen)
4160-480 V Switchgear

Transformers
(Switchgear Room)

MOC #5 & #6
Battery (harger
MOC §3

Main Control Board

Beergency Power
Control Board

MCC §8

A-Active;

P-Passive 1 Or 2

-1
-1
P-1

P-1

P-1

1

o |

™1

P-1

o §

P-1

o )

Allowable Stress

Sa1l < Sy
Sall < Sy
Sail < Sy

Sall < Sy
Sal1 < Sy
Sall < Sy
Sa11 < Sy

Sa1l < Sy
Sa1l < Sy
Sall < Sy
Sa1l < Sy
Sanl < Sy

Sall < Sy

Damping Values - §
7
7

7

~

NN N N

Reference

1,23
1,2,3
1,2,3

1,2,3

1,2,3

1,2,3

1,2,3

1,2,3
1,2,3
1,23
1,23
1,23

1,2,3



Allowable Stress Criteria & Damping Values Continued

A-Active;

Component . P-Passive 1 Or 2 Allowable Stress Damping Values - % Reference

Component Support P-1 Sa1l < sy As defined for 1,2,3

Structures (3) & supported coimponent

Bolting

~Expansion Anchors Ultimate Capacity /4 1,2,3

Welding Sall < 0.4 Sy AISC
Notes:

1) Allowable Buckling load Equal to 2/3 Critical Buckling Load
2) Detalled Stress Analysis of camponent in accordance with ASME Section III Class 2 requirements.
3) Detailed Stress Analysis of component supports in accordance ASME Section III - NF and Appendex XVI.

References:

1) S & A Proposal
2) EAC 175-130.01
3) USAEC Docket No. 50-213



APPENDIX I

TYPICAL BALANCE-OF-PLANT EQUIP INT ANALYSES
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SUMMARY OF HADDAM NECK
SEISMIC ANALYSIS OF EQUIPMENT
TO DATE
Mechanical Egquipment
1. Auxiliary Feedwater Steam Driven Pump - Horizontal Pump

0.K. for both leak tight and structural integrity and operation
after E.Q.

2. Boric Acid Tank

0.X. for leak tight and structural integrity.
3. Refueling Water Storage Tank

Anchorage System Requires Modification.
Distribution System
1. 22 inch dia. Dfesel Generator Exhaust Duct

Duct 0.K. supports of muffler may require strengthening.

-

Electrical Equipment
] . "CC.I

0.X. for structural integrity and supports.
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SYSTEM_ Mechanical = #2

COMPONENT NAME Diéiel Evhaut Duct COMPONENT N2
LOCATION Diesel Genecatsr Room  ELEVATION From BL 320" EL.
COMPONENT SAFETY FUNCTION:ACTIVE(T] PASSIVE 1@ 20  47-2"
S-LISTPAGE Ne___ 128
METHOD OF ANALYSIS: 3 Dimeniisnel Ple Eloment Ml
fu,nrﬁ gth b g loasf be o“/;‘.‘) & reag ,‘L-,...‘(
fom {L,.__ga-»,/.gérr a1
SPECTRAL CURVES USED:__ Resperse  Spectra of Bosf of 4/y
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DAMPING VALUE ASSUMED:__ 470
ACCEPTANCE BEHAVIOR CRITERIA USED:
g.l[ ¢ S"L',IL ” Eyuatiia 3 44 f-’a:e;‘ibn NE-3452 5
AiME Sectisn TIT. Divicsm I, ASME  Bojenliw ¥ YIL ¢
Rysel'r 1 i
COMPUTER CODE USED: Firnvre Ecemmrr MuLti- Pukpor€ Mccikar  |IrnirFiex
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1. INTRODUCTION

The Diesel Exhaust Duct is a 22® diarmeter pipe, fabricated from ;late,
that runs from the top of the Diszel Generator, through an expansion
joint and a muffler, and then out to atmosphere through the roof of the
diesel generator building.

A total of six supports 2xist on the 1'ne. Three are adjustable roll rod
type supports which provide vertical restraint in one direction. Another
vertical support, fabricated from plate, is located on the roof. The
other two supports are found on the muffler, one of which is an anchor.
The anchor consists of plates welded tc the outside of the muffler and to
a W7 section, which fits between the plates. The WT section i{s then
bolted ani welded to an existing beam. The other muffler support is
similar to the anchor with the exception that a horizontal ,in is placed
fn a slotted hole through the plates and the WT section. Thus, this
support as well as the anchor provide both vertical and lateral restraint.
Details of the supports are indicated in Figures 1-1 through 1-5.

An isometric drawing 1s constructed which models the duct and its

supports and is illustrated in Figure 1- 6. The analysis was made using
Dynaflex, a piping program with static and dynamic capabilities appiicapnle
to the Nuclear Industry, sc as to determine the capability of the duct
system to withstand a defined seismic event.

2. SUMMARY OF RESULTS

The analysis of the duct indicates a maximum primary stress of 9,600 psi,
which occurs at an elbow, node point 11n, for the load combination of
dead weight and seismic inertial forces. This is acceptable when
compared to the allowable stress limit of 36,000 psi, which is defined in
Section 4 of this report.

The piping model was constructed with the masses automatically lumped at
the specified node points and at maximum intervals of 8'-0" by using the
computer aided option of mass lumping. This assures there is at least
one lumped mass between support points. The fundamental frequency of the
duct system is equal to 3.14 hz. The second mode is found at 5.08 hz and
. the third through the fifth modes are 11.84, 14.87 and 30.70,
respectively.

Two computer rurs were necessary for the duct system. For a dead weight
mnalysis the prog-am assumes the weight acts fn a Y direction. However,
the pipe at node point 8 actually 1ifted off the support for an

earthquake because the inertial force was greater than the dead weight
force. Thus, the actual loads on the adjacent supports did not experience
this increase in load and another run was made. For this case the

support at node point 8 was removed. The loads were then redistributed
during the earthquake with the adjacent vertical supports reflecting this
change with no other line segments 1ifting off the supports.
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Several assumptions have been made to facilitate the development and
implementation of the model for the analysis:

The transition piece from the diesel generator to the duct
will be included in the analysis of the diesel generator.

The wall thickness of the duct is 3/16%, which is the same
thickness as indicated for the transition piece.

The insulation thickness is 4" and weighs 34 1b/ft.

A Pathway expansion bellows with 10 convulutions and a 50
PSIG working pressure has been assumed in the analysis. The
stiffness properties are 430 1b/in - axial, 5300 1b/in -
lateral, and S0C in-1b/deg - rotational.

The connection of the exhaust duct to the muffler was
modelled as an unreinforced fabricated tee.

Z-/7




Preliminary analysis of the support system indicate the web of the
nen-ancher muffler support 1s overstressed and many require stiffening.

3. LOAD CRITERIA

The piping system and {its suppurts are identified as passive, P-]
components. No secondary stresses resulting from either live loads or
the defined earthquake are considered. In addition, no applicable Tive
load in the steady state or transient operation exists 7ur this system.
Thus, the load combination considered in the seismic design adequacy 1s;

U=D+E

where:
U = Load capacity of the component.

D = Dead load resulting from the pipe weight and
insulation weight.

E = Load from the defined seismic event (as defined
fn Figures 3-1, and 3-2) which is representative
of the roof of the diesel generator building
for 4% damping.

4. STRESS DEFORMATION - STABILITY CRITERIA

The duct system, including its supports, is analyzed for the effect of
the loads resulting from the earthquake. For service conditions the
combined dead weight and seismic inertial loads must satisfy Equation 9
of Subsection NC-3652 for Class 2 pipe of ASME Section III, Division [
except that allowable stress is reduced from 35 to 1.5 S or Sy

The allowable stress limit for the duct system {s defined as

Sa11 & Sy

which was determined from the “"Allowable Stress Criteria for the Haddam
Neck Plant" attached hereto as Appendix A.

5. METHODS OF ANALYSIS

Dynaflex was the computer program utilized in the analysis of the Diesel
Exhaust Duct System. A static analysis and a dynamic analysis using the
response spectrum option were performed. The resulting loads from the

dead weight and the earthquake were then combined by absolute summation
and applied to the supports to determine stresses. Stresses in the pipe
at the node points were calculated directly by the program.
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1. INTRODUCTION

The Boric Acid Storage Tank is located at floor elevation 35'-6" in the
Primary Auxiliary Building as shown in Figure 1. The tank is 17 feet in
diameter and has a hemispherical bottom. The tank roof is flat and made
out of lap welded stainless steel plate and structural framing which
support an electric motor and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>