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ABSTRACT

A Systematic Evaluation Program was initiated by the Nuclear
Regulatory Commission (NRC) to bring einven older operating nuclear power
plants to a level 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 component supports. NRC personnel

and their consultants from EG&G Idaho, Inc. formed a review team that
evaluated the licensee's analyses. The analyses presented to the review
team by NUSCO and their consultants were generally acceptable with the
exception of minor suggestions, comments, and questions. The results were
obtained through working level meetings and telephone conversations with
NUSCO personnel and their consultants. The results indicate that

modifications may be required to bring this plant to an acceptable level of
safety.
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SUMARY

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission (NRC) with the goal of bringing eleven older nuclear
power plants to a level of safety consistent with current standards of
acceptability. The Hacdam Neck Nuclear Reactor is one of these plants.
The NRC and their consultants from EG&G Idaho, Inc. formed a review team -

and etaluated the acceptance criteria and analyses presented by the
Northeast Utilities Services Company (NUSCO) and their consultants. These

analyses were performed on the safety related equipment required to
function during a Safe Shutdown Earthquake (SSE).

The information was obtained through working level meetings between
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 ocen items
at the conclusion of each of the presentations. The review team developed

an acceptance criteria for guidance in evaluatir:g 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
required information for the evaluation of the piant.

This report was divided into individual sections covering the
balance-of plant piping, the reactor coolant loop piping, electrical
equipment, the balance-of plant mechanical equipment, the reactor coolant
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 were generally acceptable. However, some open items
still remain and must be addressed for this review to be complete. The

results indicate that modifications may be required to bring this plant to
an acceptable level of safety.
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TECHNICAL EVALUATION REPORT

. HADDAM NECK PLANT--SEISMIC DESIGN

INTRODUCTION

In October of 1977, the Office of the Nuclear Reactor Reculation
(NRR), an office of the Nuclear Regulatory Commission (NRC), initiated a

Systematic Evaluation Program (SEP) by selecting eleven older operating
nuclear power plants with the goal of bringing these plants to a level of
safety consistent with current standards of acceptability. These plants

~

were divided into two groups based on their original seismic design. Tne

Haddam Nect Plant, operated by the Connecticut Yankee Atomic 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 equipment
would not be impaired when subjected to a Safe Shutdown Earthquake (SSE) -

combined with other normal design 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
490 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

i 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 this plant's
primary piping system was the ASA B31.1 Code for pressure piping.

A decision was made by tha NRC to review the reevaluation analyses
performed by the licensee and their consultants rather than performing
their own analyses on the plant. A review team consisting of NRC staff
personnel and NRC consultants from EG&G Idaho, Inc. enluated 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.

1
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The audit 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
consultants with a minimum of formal written communication. The review

team obtained a general idea of methods utilized by the licensee through
these meetings. Sample analyses and calculations were-presented and

reviewed in detail. Questions, comments, and open items were formulated

and submitted to the licensee at the conclusion of each working level
meeting. Before these working level meetings were initiated, the review
team developed an audit plan (Appendix A) and presented it to the NUSCO
personnel. This plan was developed to aid the utility and their

consultants in presenting information the review team considered important.

The review team developed an acceptance criteria for guidance in
evaluating the analyses. The licensee was requested to justify major

deviations which appear less conservative than those in the review team
acceptance. criteria.

,

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

1. The reactor coolant pressure boundary as well as the core and
vessel internals. This also includes those portions of the

steam and feedwater system extending from and including the
secondary side of the steam generator up to and including the
outermost containment isolation valve and connected piping of
2-1/2 inch or larger nominal pipe size, up to and including the
first valve that is either normally closed or is capable of

automatic closure during all modes of normal reactor operation.

2. Systems or portions of systems that are required for safe

shutdown as identified in the SEP safe shutdown review (SEP
Topic VII-3). The system boundary includes those portions gf

2
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the system required to perform the safety function and connected
piping up to and including the first valve that is either

normally closed or capable of automatic closure when the safety

[ function is required.

| 3. Systems or portions of systems that are required to mitigate
design basis events, i.e., accidents and transients (SEP
Topics XV-1 to XV-24). The functions to be provided include
emergency core cooling, post-accident containment heat removal, |

,

post-accident containment atmosphere cleanup, as well as support
systems, such as cooling water, needed for proper functioning of
these systems.

, 4. Systems and structures required for fuel storage (SEP
1

( Topic IX-1). Integrity of the spent fuel pool structure
'

including the racks is needed. Failure of the liner plate due

i 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 or other systems
,

! connected to the pool should not permit draining of the fuel
.

pool. Mea 7s to supply make-up to the pool as needed must be
provided.

[ 5. 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 Drives

(f) Auxiliary Feecwater System
(g) Residual Heat Removal System (including ECCS recirculation mode)

3
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(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" also includes the power supply,
instrumentation and actuation systems.

,
,

This report was divided into individual 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 documents.

!
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BALANCE-OF-PLANT PIPING SYSTEMS '
.

.

Licensee Evaluations
-,

NUSCO performed most of the analyses Aequired for the safety related
piping systems o'f the Haddam Neck Plant. ..awever, 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 Seismic Qualification of Safety Related Piping at Connecticut
Yankee" (Appendix B) and results were compared with the " Connecticut Yankee

Atomic Power Company Safety Related Piping Seismic Qualification Program
Criteria Document" (Appendix C).

The safety related piping systems (defined in Appendix C) analy, zed for
,

the SEP were:

1. Reactor coolant loop
2. Main steam

3. Feedwater

4. Auxiliary feedwater

5. Residual heat removal
6. High pressure safety injection

7. Chemical and volume control
8. Service water
9. Fuel oil
10. Compressed air.

The " Piping Stress Analysis Procedure" provided a guide for modeling
wall and floor penetrations, valves, non-standard fittings, flanged joints,
branches, and anchors. It also discussed spring hangers, single acting
restraints and loading conditions.

i

! During the working level meetings, much discussion was devoted to
finding an acceptable method of modeling single acting restraints. NUSCO's

aoproach required the analyst to examine each of these supports
individually. When deadweight and thermal analyses without single acting

5
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supports incorporated into the model were reviewed, only the single acting
scpports at points with downward displacements were utilized. Single
acting restraints were not included when the seismic analyses were
performed. Even though NUSCO did not include single acting restraints in *

their seismic analyses, they did account for impact loading on these
.

restraints. A factor of 1.5 times the deadweight reaction times the peak
value of acceleration from the appropriate floor response spectra was
substituted for the impact load.

Wall and floor penetrations were also examinea on an individual
basis. If gaps existed around the pipe at these locations, thermal
movements were considered in determining whether or not a penetration acted
as a restraint. If the thermal movement was greater than the size of the
gap, the penetration was considered a restraint. In addition to modeling 3

,

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 w&s required due to
overstressed piping in the area, for which case the penetration gap was
closed by shimming. If the pipe was embedded in concrete, the penetration
was considered either an anchor or a four way restraint. The penetration
was considered an anchor if an anchor ring or lugs were welded to the pipe.

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

1. Equipment no::les

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
piping on either side of the support group are isolated,

i

6
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This list was intended as a guide for the individual analyst. Engineering
judgement was also used in considering anchor points.

NUSCO obtained valve dimensions, weights, and centers of gravity from
the or1ginal valve drawings. If these drawings were not avail'able,
standard valve drawings, the manufacturer's catalog, 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 B31.1, Paragraph 104.3.1.

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

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 techniques found in the piping stress analysis

| procedure were also utilized. These methods were also reviewed. The

piping criteria document also indicated that realistic support stiffnesses
'

were applied in appropriate directions.

NUSCO defined several loading conditions 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.

i

7
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Weight loads included the weight of the piping and components,
insulation, and contents.

The piping system evaluations were based on the guidelines stated in
ANSI 931.1 Power Piping Code 1973 Edition, Summer 1973 Addenda. 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 allowables.

Most of the seismic analyses were performed using lumped mass dynamic
models with the appropriate floor rasponse spectra at two or three percent
damping. If the piping system ran between floors, the response spectra
utilized was an envelope of the individual floor response spectra.
Simultaneous three directional input was utilized and the results of each
mode were combined by the square root sum of the squares (SRSS) method in
conformance with Regulatory Guide 1.92. 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 var. equal to the quantity one
minus the modal effective mass fraction times the "g" value corresponding
to the cutoff frequency.

NUSCO also reserved the option to perform an equivalent static seismic
analysis. The static analyses for each direction were combined by the SRSS
method. The equivalent static "g" load was equal to the maximum value of
acceleration from the appropriate floor response spectra times 1.5.

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

In general, the piping systems were analyzed on AOLPIPE, February
1977, Revision 18. Some consideration was given to utilizing NUPIPE-II,
Version 1.5, for piping models too large for AOLPIPE. NUSCO has not
presented any piping system analyses utilizing NUPIPE-II at the present
time.

8
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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 NUSCO's completed results are contained in
Appendix D.

Review Team Evaluations

The Acceptance Criteria for Piping provided by 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 considered
as Class 1 must not exceed 1.8 S . Stresses in piping considered as

h
Class.2 must not exceed 2.4 S . Other stipulations are also stated in

h

the NRC's Acceptance Criteria for Piping.
_

,

.

In general, the methods (defined in Appendix A and B) applied by NUSCO
in their piping reanalyses are acceptable. The modeling techniques
utilized by NUSCO provide a complete and practical representation of the
pi' ping systems. Uplif t 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 Regulatory Guide 1.61.

The mass point spacing suggested by Arthur D. Little, Inc. for use with
the ADLPIPE co".ipoter program was examined and considered acceptable by the

review team. The AOLPIPE 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 Service Water System
lines SR65, SR6R, S$t7S, SR7R, SR8S, SR8R, SR9S, SR9R; Feedwater lines 7, 8,

'

9, 10; Main Steam lines 24 in. SMP-601-1 through 4; and HPSI 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.

9
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NUSCO's method of analyzing wall or floor penetrations with gaps was
considered acceptable provided only one penetration was contained in the

model. However, some concern exists as to whether or not models with
several wall or floor penetrations containing gaps will be properly

,

analyzed. If not properly analyzed, the piping system may undergo
unanticipated thermal movements. These thermal movements could possibly be
overlooked in the piping analysis allowing the existence of undetermined
stresses. The analytically imposed displacement may also create a loading
on'the piping that the free thermal movement would not create.
Individually displacing the pipe at one gapped 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.

Although the review team has not evaluated an analysis under these
circumstances, NUSCO has acknowledged that they recognize the potential

problems when more than one gapped penetration is contained in a piping
system.

NUSCO'i' piping criter la ,Y 'd the review team's acceptance"
,

,

criteria. NUSCO uied Class ..aures and analyzed the equivalent of

Class 1 piping to 1.8 S and Class 2 piping to 2.4 S . There was no
h h

deviation from the NRC staff's pipin'g criteria. Although NUSCO's piping,

criteria did not mention the 11clusion of seismic anchor movements, later~

telephone conversations have verified that seismic anchor movements were
included in the analyses performed.

|
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NSSS PIPING SYSTEMS

.

Licensee Evaluations
,

.

The seismic reevaluation analysis of the primary reactor coolant loop
(RCL) is currently being performed by the licensee's NSSS consultant. -The
analysis of this system is not complete; however, preliminary results have
been provided and are c atained in Appendix G. From this preliminary
analysis. the piping stresses were determined to be within allowable
stresses for both normal design pressure plus deadweight and SSE plus i

operating pressure.plus deadweight load combinations. This analysis was
-based upon existing pipe support conditions with no support modifications
required. '

.

The criteria used to evaluate the RCL piping was based on the rules of.
the ANSI B31.1-1973 Code, Summer 1973 Addenda. The allowable stress for ,

the faulted load cot.bination of SSE plus deadweight plus operating pressure
was reduced from 2.4S to 1.SS t account for the differences in

h h
stress indices between ASME Class 1 and Class 2 analyses.

? This analysis was performed using three-dimensional static and dynamic
models, depending on the loading under consideration. The computer code
WESDYN was used to perform these static and dynamic analyses. The dynamic

'seismic analysis was performed using the response spectra msthed. The

seismic analyses were perforn.ed with simultaneous spectra input
accelerations for the two horizontal components 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 different 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
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the RCL piping, the following equipment was included in the RCL system
model: RCL valves, steam generators, reactor coolant pumps, and the
reactor pressure vessel. Nonlinear support conditions occurred at two

locations in the RCL. These two nonlinear conditions are: (1) the
potential uplift of the reactor vessel from its supports and (2) tne lower
steam generator supports which are capable of resisting only compression
loads. The analyses results indicated that uplift of the reactor vessel
from its supports will not occur. The seismic support loads at this
location are less than the normal operating compression loads due to
pressure, weight, and thermal expansion. The second nonlinear condition
was treated by assuming only two of the lower steam generator supports were;

present. Two analyses were performed to bound this condition. One
analysis was performed with two of the adjacent loop steam generators
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

i not.

The surge line from the RCL hot leg to the pressurizer was not
included in'the RCL system model. It 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
line analyses appear reasonable and consistent with the requirements for
the SEP. The analytical methods utilized conform with current practice for

12
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performing seismic response spectra analyses of piping systems. However,

one exception is that the damping value used is 4% which is 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 censidered acceptable.

As previously mentioned, the RCL results are preliminary at this
time. A detailed review of these an'alyses was not possible at the audit
meetings since the analyses were not complete. Changes to the RCL

mechanical equipment supports could be such that tne RCL system piping
results may change from current preliminary results. A detailed 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 an. lyses.

.

.

.
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ELECTRICAL EQUIPMENT

Licensee Evaluations

A cor..ul, tant to NUSCO performed the seismic reevaluation analyses for
selected safety related 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 the Allowable Stress Criteria and Damping
Values (Appendix 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: -

1. Battery -ack
2. Motor Control Center (MCC) No.1
3. Switchgear (D. G. Room)
4 Control panel (O. G. Room)
5. Engine mounted control panel (on diesel generator)
6. 4160-480 V switchgear

7. Transfc mers (switchgear room)r

8. MCC No. 5 and 6

9. Battery charger
10. MCC No. 3
11. Main control board
12. Emergency power control board

13. MCC No. 8.

The consultant proposed utilizing conventional modeling techniques
coupled with low impedance, insitu vibration testing for analyzing the ,

selected electrical equipment. Three dimensional lumped mass finite

14
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element models were developed for performing seismic reevaluation analyses
using the response spectra m'ethod. The computer code SAP,IV was used to ,
perform tnese analyses. The frequencies and mode shapes of the computer
analysis were verified from those determinec by low impedance, insitu-

testing. An evalu'ation of the equipment was performed considering normal
design conditions combined with the postulated SSE loading. A general

| written analysis procedure for electrical equipment was not proviced.

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

The MCC No. 1 is 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 analysis on a finite element beam and plate
model was performed. A damping value of 7'.' was utilized. The results of

i

this analysis indicated the MCC No. 1 maintained structura'l integrity
during and after a seismic event.

{ Review Team Evaluations

The allowable stress criteria for the irdividual pieces of electrical
'

equipment was evaluated by the review team. These allowables were
considered acceptable for each piece of equipment. In general, the methods
proposed for the electrical equipment analyses are acceptable and
consistent with SEP requirements. The modeling techniques utilized provide
a complete and practical representation of the electrical equipment.
Proposed analysis methods adequately address evaluation of proper load
combinations. Damping values proposed are also consistent with current
accepted practice for seismic analysis of this type of equipment.

The MCC No.1 analysis was the only electrical equipment analysis
completed 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 model

15
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representation of this piece 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. This method;

of performing such an analysis is acceptable current standard practice.
IFrom the review of the details, this analysis was determined to have been

a'dequately performed for SEP.

From discussions with the consultant performing the electrical
equipment analyses, the remaining analyses will be completed using the same
methods as those used for the MCC No. I analysis. Detailed review of the
remaining analyses is recommended. In addition, it is recommended that
safety related electrical equipment similar to electrical equipment
requiring design modifications be reevaluated for seismic loading.

*
.

.
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BALANCE-OF-PLANT MECHANICAL EQUIPMENT

Licensee Evaluations

A consultant to NUSCO performed the seismic reevaluation analyses for
selected Balance-Of-Plant (BOP) safety related mechanical equipment of the
Haddam Neck Plant. These analyser were performed in a conventional manner
utilizing marketed finite element c. .aputer programs. The results of these
reevaluation analyses were compared agaf,nst the Allowable Stress Criteria
and Damping Values (Appendix H) list.

Only a samoling 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

.

CVCC regenerative heat exchanger4
'

5. Diesel generator
6. Boric acid pump
7. High pressure safety injection pump
8. RHR pump

9. RHR heat exchanger

10. Boric acid tank
11. Demineralized water storage tank

. 12. Refueling water storage tank
13. Steam driven auxiliary feedwater pump
14. Underground 5,000 gallon oil tank
15. Clean diesel oil day tank
16. Volume control tank
17. Containment fan coolers.

The selected BOP mechanical equipment was analyzed using conventional

computer models and hand calculation techniques. Generally, these analyses

17
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were performed using three dimensional lumped mass computer models. Where

justified, two dimensional stick beu models, such as for axisymmetric
structures, were developed to perform these analyses. The seismic analyses
were generally performed using the response spectra method, however, static
equivalent seismic analyses were utilized where justified. For the
response spectra analyses, floor response spectra with damping listed in
Appendix H was used as the SSE seismic input. The mechanical equipment was

evaluated considering normal design conditions comoined with the SSE
loading. The evaluation was based upon the guidelines stated in ASME
Section III, Division 1, and ASME Appendix XVII and Appendix A.

Only four of the selected mechanical equipment analyses were completed
and available to 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 I.

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 model was performed. A damping value of 4%
was utilized. The transition piece frem the diesel exhaust nozzle to the

duct was analyzed separately using an unspecified multi purpose finite
element program. The results of this analysis indicated the diesel 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

integrity 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 utilizing a two
dimensional finite element stick beam dynamic mocel was performed. This

18
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model appeared as a beam 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 final mechanical equipment analysis presented for review was the
steam driven auxiliary feedwater pump. This piece of equipment 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 analysis does not include all of the plant safety related

mechanical equipment. The scope includes a sampling of equipment which
represents all tre types of safety related mechanical equipment. This
similarity apprcach 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 or.ly, 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

19
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complete and practical representations of the mechanical equipment. Load

combinations evaluated were proper in that the normal design loading
com.bined with the SSE loading was evt uated. The seismic analyses of tanks

properly addressed both impulsive and sloshing loads. Damping 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 available 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 steem 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 discuss. ions with the consultant performing these analyses, it is
assumed that the analyses of the remaining thirteen piece. of mechanical
equipment will also be performed in a similar acceptable fashion. A
detailed review of the completed analyses for the remaining thirteen pieces
cf mechanical equipment 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 sifety
related mechanical equipment similar to selected mechanical equipment

requiring design modifications be reavaluated for seismic loading.

.

&
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NSSS MECHANICAL EQUIPMENT

Licensee Evaluations

The seismic reevaluation analyses of the NSSS mechanical ecuipment is

currently being performed by the licensee's NSSS consultant. The NSSS
mechanical equipment being reevaluated for seismic loading consists of the
reactor vessel, steam generators, reactor coolant pumps, and pressurizer.
The analyses for this equipment were not complete, however, preliminary
results have been provided and are contained in Appendix G. From these

preliminary analyses results, the equipment stresses have been determined
to be within allowable stresses for the $5E loading plus normal design

pressure plus deadweignt. The allowable stress criteria 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

evaluated using loads from the RCL piping system analysis. An analysis of

the reactor vessel internals will be performed using a more detailed model
of the reactor vessel and internals. This analysis will not be completed

for sever &1 months. From the preliminary evaluation of the reactor vessel
shell and nozzles, reactor vessel stresses were determined to be witnin

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
obtained from the RCL piping system analysis. Stresses for internals' were
determined from more detailed lumped mass finite element models. The

I seismic analyses utilizing these more detailed models were performed using
i the response spectra method. 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
l

performed. The pump nozzle and support loads were obtained from the RCL
[

I
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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 frcm the time history acceleration used for the
' SONGS 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

~

acceptab1e. 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 with the SSE loading was evaluated.
Sample values used for detailed steam generator and pressurizer analyses
are not specified in the preliminary reports.

All 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
analyses is recommended after the equipment support design 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 shoule either be evaluated or
additional justification should be provided as to 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 resconse spectra being less than
the acceleration response spectra for SONGS 1 primary coolant pumps. These

spectra were not provided, therefore, a detailed comparision could not be
made by the review team. Copies of these spectra were requested. In

addition, qualification of the Haddam Neck Plant primary coolant 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 coolant pumps.

.

e

23

..m, ...n.. n .w. ,, .& . .n ., . - . amh new L



.

;. .

1
|

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 seismic qualification program.

As mentioned earlier, NUSCO examined each single acting support
individually. 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 seismically 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 support 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.
If the applied support loads did not exceed the original design loadings,
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

24
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assum'ing linear elastic behavior for all component supports, one-way
supdorts (tension only or compression only) were evaluated individually to

~

assure uplift and impacting does not occur, thus invalidating the analysis
assumpt.fons. In all cases uplifting was not found to be a problem. It was

1 determined 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. Design modifications to these supports were
required because of this increased loading. Other NSSS component suoports
recuiring design modifications 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 ha,nger 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 is in accordance with the requirements of the ASME Code.
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 80P safety related electrical and mechanical
equipment. Currently only five out of 31 selected pieces of equipment have
been analyzed. This equipment will be reevaluated considering normal
design loading combined with SSE loading. For most of this equipment, the
normal design loading consists of deadweight only. The allowable stress
criteria, utilized to evaluate the B0P 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 pieces of BOP equipment analyzed, structural adequacy
was demonstrated for all of the equipment supports except for the refueling
water storage tank which lacks adequate anchorage. Design modifications
required to remedy this situation have not been finalized.

25
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Review Team Evaluations
.

.

The acceptance criteria for component supports provided by the review
team is contained in Appendix *E. The acceptance criteria was divided into
Class 1 and Class 2 subsections. ThdClass1supportcriteriawaswritten
in terms 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 comoonent supports. The
acceptance criteria for concrete attachments is also included in Accendix E.

NUSCO provided the review team with sample component support

analyses. These calculations were contained 1 the fifteen piping analyses
previously mentioned. Rack support calculati'. i were not reviewed since

they will not be initiated until all of the pining analyses arg completed.
,

The review team requested NUSCO to present a typical rack support
calculation as soon as one is available. When NUSCO presented their
component support 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 but 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 held 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 loading and the normal
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design loading combined with the SSE loading. The acceptance criteria used
to evaluate the component supports was generally adequate, however,
discussions with the consultant performing these analyses revealed that
buckling was not adequately addressed for all component supports. Buckling
dic' not appear to have been properly evaluated for the reactor vessel

.

support (Neutron Shield Tank), the steam generator support skirt, and the
pressurizer support truss. The licensee should perform buckling
evaluations for these component supports utilizing buckling criteria
equivalent to that contained in the reevaluation guideline contained in

,

Appendix E. Anchorage allowable stress criteria was not provided for the
NSSS component support reevaluation. This must be provided before a
complete assessment of the NSSS component supports reevaluation can be

made. Another concern with the steam generator and steam generator support
analyses was that impacting of the steam generator lower supports was not
adequately addressed. This impact loading should either be evaluated or
additional justification should be provided as to why it need not be
evaluated.

The NSSS component support analyses presented were preliminary.

Des'gn modifications are being proposed for the following equipment
supports: steam generator, pressurizer, RCL pumps, and surge line piping.
The proposed modifications to these supports appear reasonable, however, a
detailed review of the final analyses accounting for the required design
modifications is recommended.

The BOP mechanical and electrical equipment support analyses generally
appeared adequate. Supports and anchorage were evaluated for all of the
selected safety related BOP equipment which were reevaluated for seismic
loading. The methods for performing the evaluation for these equipment
supports were considered adequate. The load combinations considered in the
evaluation were adequate. The allowable stress criteria used to evaluate

the BOP equipment supports and anchorage was generally more conservative
than that specified in the acceptance criteria contained in Aopendix E.
The allowable stress for passive component support structures was based on
material yield strength. Care must be taken when evaluating general
primary membrane stress or general primary membrane stress intensity, in

27
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tha't the allowable stress based on ultimate strength may govern rather than
the allowable stress based on yield strength. The BOP equipment 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 80P safety related equipment and equipment support 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.

,
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CONCLUSIONS

S0p piping System Analyses

NUSCO presented copies of their acceptance criteria and modeling
techniques to the review team at the working level meetings. Typical

piping analyses were also presented at the meetings. The review team
evaluated this information and concluded that 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
criteria. However, the review team's acceptance criteria was modified
since the meeting with NUSCO.

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

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

2. NUSCO's concrete anchorage (expansion and embedded anchor bolts)

acceptanco 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 pipirg system analyses.

|

f
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BOP Electrical and Mechanical Equipment Analyses
.

*

.

Seismic reevaluation analyses of the Haddam Neck Plant B0P 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 seismic |

reevaluation results were available for only five of the 30 selected pieces i

of B0P 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 loading. The anchorage system for the refueling water
storage tank was found to be inadequate.

*

After reviewing th'e five preliminary BOP equipment analyses (contained
in Appendix I) it was determined that these analyses, in general, were
adequately performed. The modeling techniques utilized provide a complete
and practical representation of the equipment. The load combinations
evaluated were adequate. The allowable stress criteria used to evaluate
the equipment and equipment supports was generally 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 B0P equipment, the following open items must be addressed before
th'e reevaluation of the 80P equipment is comple.te. These items are:

1. The scope of the reanalysis efforts for BOP electrical and t: n e mical
equipment is inadequate in that:

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

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

30
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c. air systems and air operators required to insure that necessary
safety functions are met are not included. '

1

Should the licensee desire to use similarity arguments for --

demonstrating the structural adequacy of safety related equipment for
3

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 not
* exceed the allowable stress criteria contained in Appendix E. The .|

stress criteria contained in Appendix E is based on both yleid ,

strength and ultimate strength. '
,

'

3. Submit all final BOP equipment and equipment support analyses to the |
)

NRC for review.
'

.

6

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 components 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 bolts, 3) primary coolant pump supports, and
4) the pressurizer support truss.

31
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After reviewing the preliminary analyses, it is concluded that the
NSSS piping, mechanical equipment; and component support analyses are
g.enerally being performed in an adequate manner. The scope 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

,
,

performed using 4% of critical damping which is not consistent with'

RG 1.61. The allowable stress criteria being used for reevaluation 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. -

.

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

1. Justification must be provided for using 4% of critical damping

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 the 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.

.

i
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4. Buckling of reactor supports (neutron shield tank), steenj _

generator sdpport skirts, and the pressurizer support truss
- member should be addressed using allowable stress criteria

consistent with that contained in Appendix E.

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

stress criteria.
.

i
6. Submittal of final reev.aluation analyses is requested.; .

. .
'

|

i 7. For NSSS components and component supports requiring design
i
j modifications, a detailed description of the proposed design
I modifications is requested.

,

e

i .
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APPENDIX A

.

HADDAM NECK AUDIT PLAN FOR SEP SEISMIC QUALIFICATION

OF PIPING, MECHANICAL, AND. ELECTRICAL EQUIPMENT

|
|

,

1
.

1
r

A-1

- --- ---- _ _ - - -- - --



, ___ __ - - __

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

bl.- -

HA00/W NECK AUDIT PLAN FOR SEP SE85MIC

GUALIFICATION OF PIPING, MECHANICAL, AND ELECTRICAL EQUIPMENT
!

-

.

g. Background

i
In Octocer,1977, tne office of Nuclear Reactor Regulation (NRR)

initiated Phase I of the Systonatic, Evaluation Program (SEF) to cecarmine
I the margin of safety relative to current standards for eleven selected

operating nuclear power plants and to define the nature and extent of
retrofitting required to bring these plants to acceptable levels of safety
if they are not already at these levels. Phase I of SEP involved Group I -

'

plants, where Phase II involves Group II plants, consisting of San
! Cnofre 1, La Crosse, 3tg Roct Point, Yankee Rowe, and Haddam Neck. The

| review for seismic requalification of SEP Group II plants will be performec

j by two teams. One team consisting of NRC staff personnel and NRC

: consultants from Lawrence Livermore National Laboratory (LLNL) will
evaluate the Group II plants' structures. A second team consisting of NRC
staff personnel and NRC consultants from EGI.E Idaho, Inc., will evaluate

I ?.he Group II plants' piping, mechanical, and electrical equipment important
to safety. This audit plan provides a description of how the SEP seismic

! requalification of Haddam Neck piping, mecnanical, and electrical equipment

| imoortant to safety will be reviewed.

!

II. Scooe

| The scope of review for the SEP seismic re-evaluatica program will

| include the systems and components (including amergency power supply and

| distribution, instrumentation, and actuation systams) with the folicwing
functions:

.

'

|

i 1. The reactor coolant pressure boundary as well as the core and
vessel internals. This should also include those portions of the

' steam and feedwater system extending from and including the
secondary side of the steam generator up to and including the

|
outermost containment isolation valve and connected piping for

|
-

<

1

I
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all safety related systems up to and including the first valve
that is either normally closed or is capable of automatic closure !
during all modes of nomal reactor operation. |,

2. Systems or portions of systems that are required for safe !

shutdown as identified in the SEP safe shutdown review (SEP Topic
VII-3). The system boundary includes those portions of the
system required to perform the safety function and connected
piping up to and including the first valve that is either
nomally closed or capable of automatic closure wnen the safety

,

' function is required.

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

thesa systems.

4. Systems and structures required for fuel storage (SE? 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 ear *J1 quake must not result in significant radiological
releases, or in loss of ability to keep the fuel covered.
Failure of cooling water systems or otner systems connected to
the pool should not permit draining of the fuel pool. Means to
supply maxeup water to the pool as needed must be provided.

For the Haddam Neck plant, the following systems, and components .

should oe addressed:

1. Reactor Coolant System (RCS)

2. Portions of Main Steam System

2
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3. Portions of Main reecwater Systam

4. Portions of systems dirsecly connected to tne'RCS up to anc
including isolacion valves

5. Control Rod Drives

6. .4aillary Feedwater System ,

.

7. Residual Heat Removal System (including ECCS recirculation

moce)

- 8. Portions of Chemical and Volume Control System

9. Portions of Service Watar System

10. Hign Pressure Safety Injection System .

11. Low Pressure Safety Injection System

'~

12. Containment Cooler System
.

. .

13. Spent Fuel pool and Makeup'

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

:

88I. General Critaria and References
l
|

| The criteria con ained in the following docusents will ' e the bassoo .

used to evaluate the SEP seismic re-evaluation of Haddam Neck Plant piping,

mechanical, and electrical equipment important to the plant's ability to
safely withstand the effects of a postulated safe shutdown eartaquake svenc.

l

|
'
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3-1. NUREG/CR-0098, "Cavelopment of Criteria for Seismic Review of
541ected Nuclear Power Plants," N. M. Newmark and W. J. Hall,

May 1978.

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

3. Regulatory Guides,.l.29, 1.48, 1.60, 1.51, 1.89, 1.92. 1.100,
1.124, 1.130.

.

4. ANSI /IEEE Stannard 344-1975.
.

5. ASE 8o11er and Prei$ure Vessel Code Section III,1980 Edition or
'

subssquent.
,

.

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

.
~

The intent of Phase II of SEP is to deoGat. rate that the structural
integrity of the systems and components being 're-evaluated will not be
impaired when sub,jected to a postulated Safe Shutdown Eartnquake (SSE) in
conmination with other normal design loadings. As a minimum, component

~

primary stresses must be evaluated using currenc~ crit:!ria provided in the

above standards for 1.evel 0 (faultec) service limits.
.

IV. Review Proceduros

A. General

The review team (NRC and NRC consultants) will perform the review
effort parallel with the licensee's seismic re-evaluation efforts. A
minimum of three working level meetings among the review team, licensee, .

and licensee's censultants are anticipated. This method of review has been
selected in order' to expedite the review. The working level meetings will
permit an excnange of infomation which will m.41mize fonnal written
conmuunication, thus expediting the program. One of the meetings will be
conducted at the plan't so the review team can perform a field inspection of
the equipment being re-evaluated.

.

s
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The review process will no accomplisn:d in :nrea steps. Tha rirs:

f
step will consist of the review team reviewing the details of the seismic
re evaluation program plan suositted by the licensee. A suostantial
portion of tnis review will be performed prior to the first working ,

h meeting. Any concerns the review teaa: nas with the program plan will se
discussed and preferaoly resolved at the firs working meeting.

The next step of the review will consist of review of analyses
performed by the licensee or licensee's consultants. This review will be
performed by one or more of the following methods: (a) The review team
will perform a review of seismic re-evaluation analyses at tne working
meetings. (b) The review team will perform review of seismic re-evaluation
analyses at their offices. These analyses will either be given to the
review team at the working meetings or transmitted by mail to the review
team upon completion. (c) The review team will perform independent
analyses for some components and systems. Information necessary to perform
enese analyses will be supplied by the licensee at the working meetings or
transmitted later. The depth of review of analyses will vary depending on
the complexity of the item being evaluated. The analysis review guidelines
are contained in Appendix A.

The third and final step of the review process will consist of the

review team preparing and submitting a technical evaluation report (TER)
'

wnich identifies the results of the seismic re-evaluation review.

3. Ndit Meeting Agenda -

As previously mentioned, the SEP will require working level meetings
among the review team memoers, licensee, and licensee consultants to ce
held either* at the plant or at licensee's engineering offices. For the -

meetings at the engineering offices, the following agenda is anticipated:

.

5
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1. Detaileo presentation of seismic re-evaluation program plan by |

licensee or licensee's consultants."

2. Discussion and resolution of concerns which the review team has
with tne program pl a.i.a

1

3. Presentation of licensee's progress toward:; completion of seismic
re-evaluation program by licensee.

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

5. Summary presentation of seismic re-evaluation analyses results
(include identification of systems and ccmponents wnich require
retrofitting) by licensee.

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

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

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

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

2. Presentation of anticipated schedule for coepleting program by .

licensee.

.

a. Required at initial meeting only.

6
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3. Summ:ry presentaticn of scismic re-avaluation analyses results
(include identification of systems and components whten require
retrofitting) by licensee.

4 Fielo inspection of selected equipment being re-evaluated by

review team and licensee.
~

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

retro fits) .
. .

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

v. Review Team .wmoers

The SF.7 review team for Haddam Neck nuclear powr plant will consist of
'

the following NRC and EGE Idaho, Inc., personnel.

MRC
,

. .

|
t

Thomas M. Cheng

EGM Idano, Inc.

Tom L. Bridgus

Sheryl L. Busen

| 0. Keita Morton'
Tommie R. Thompson .

a. First working meeting only.

.

.
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Vt. Review Schedule

The anticipated senedule for comolating Phasa II of SEP for Haddam
.%ck nuclear power plant is as follows:

1. First working meeting Weem of 04-19-82

2. Plant visit Not Scheduled

3. Final working :neeting Not Scheduled
.

4. Complete TER 08-31-82

f
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APPENDIX A ANALYSIS RE/IEA GUIDELINES
!
.

j rne following is a list of guidelines to be used in reviewing analyses
,

for the SEP Group II Plants. Althougn the Itst may not be all inclusive, '
,

it does. provide the areas of interest pertaining to the SEP review.
|

I. Analysis Audit Fomat (Piping)
)

1. What computer codes were used in the analyses?
.

a. How were the above c::mputer codes verified?
,

'

2. Is the proper input forcing function being utilizac?
t
4

7 a. If response spectra method is 'used:

i
j (1) Is correct spectra and damping uttitzed?
)

(2) Have sufficient modes been used to adequately describe

! system response?
!

! -

(3) Is spectra preperly broadened?
,

j (4) Do system fre'quencies straddle any peaks?

I

.! b. If time history :netnod is used: '

]
i
; (1) Is sufficient system response achievec?

(2) Is an adequate time step utitized? -

e

; (3) Is proper damping utilizact

t

e

; -

| 9
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c. If static equivalent metnad is used:
.

.

(1) Is justification provided for performing a static
equivalent analysis?

(2) How was required level of input detarmined?
_

3. Has the piping system been properly modeled?

a. Have valves been properly modeled including any eccentricity?

b. Has adequate mass point spacing been utilized?

c. Are adjacent element lengtn ratios reasonable?
.

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

-
.

Have all supports oeen specified with correct imposed loadse.
'

(if any), direction arid stiffness?.
.

f. Hav9 supports with significant nonlinear characteristics
bee properly handled?

.

g. Have correct pipe s12es, geometry, thici:nesses, and uniform

weights been specified?

n. Have correct design and operating pressure and temperature
data oeen specified? )

|

4. Has the piping system Deen svaluated against proper criteria? - |

a. Has a proper minimum thickness check been performed?

b. Have excessive deflections been considerect

|

.

10
-
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Have proper stress incansification factors oeen utilizeo?c.

d. Have proper load coccinations been analyzed?

e. Have proper alicwanle stress limits been salected in on2er
'

to assure the requireo operation of tne piping?
9

f. Were standard or nonstandard components usaa?

g. What critaria were used in avaluating adequacy of supports?

II. Analysis Audit Format (Mechanical Equipment)

1. Is the equipment rigid or flexible!

a. How were the natural frequencies determined?

b. If flexible, is its response single directional or
raulti-directional?

c. If flexible, is its responsa at one predominant frequency or
at several frequencies?'

2. What type of analysis was performeo2

L .

a. Static g level

(1) How was required level of input detarmineo?

:

| b. If response spectra method is used: -

1
i

| (1) Is correct spectra and damping utilized?

! (2) Is sufficient system response achieved?

.

11
,
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(3) Is sp:ctra properly broadenad?

(4) 00 system frequencies straddle any peaks?
,

(5) How were directional components of input appliec
]

(combined)?

c. If time history method is used:
,

. i

(1) Is sufficient system response achieved?
.

(2) Is an adequate time step utilized?

(3) Is proper damping utilized?

(4) How were directional components o.' input applied

(combined)? ,

d. If testing was used.for requalification:
.

(1) What type of test was performea?-

,

(2) What justification is provided for the type if test

used?

(3) How wcre system natural frequencies determined?

(4) How was tne required response spectri (RRS) determined?

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

| RRS?

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

|

|

12
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(7) Wera support and coundary canditions, inclucing ancnce
bolts, properly simulated in ene test? '

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

(9) '4 hat cri teria were used in evaluating the scequacy of
the test resalts?

3. What computer codes were used in tne analyses? -

a. How were the acove c:mputer ceces verified?

4. Has,the system been properly modeled?

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

b. Havo all supports and boundary conditions, including anchor
.

bolts, been properly modeled?
|

i

Nave significant nonlinear effects been properly handleo?c.

5. Has the system been evaluated against proper criteria? .

i

I a. Have the proper load comninations been analyzec7

|
~

| b. Have proper stress intensities been evaluated?
1

|

c. Have deflections been considered?
1

d. Have proper allowable stress limits been selected? .

e How were computer output responses concined (directional and

modal)?

.

13
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III. Analysis Aidit Format (Electiical Equipment)

1. Is tne equipment rigid or flexible 7

a. Mcw were tiie natural frequencies determineo?

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

multi-directional?

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

2. 'What type of analysis was performed?
-

a. Static g level

(1) How was required level of input determinea?
.

b. If response spectra method is used: .

(1) Is correct spectra and damping utilizec7.

(2) Is sufficient system' response achieved? *

(3) Is spectra properly broadened?
|

(4) Do system frequencias straddle any peaks?

(5) How were directional components of input applied

(comoined)?
'

.

c. If time history method is used:

(1) Is sufficient systen response achieved?

!

14
.
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(2) Is an acequate time step utilized?

(3) Is proper damping utilizac?

(4) How were directional c::mponents of input applied
,

(comoined)7
.

d. If testing was used for requalification: .

(1). What type of test was performec7
.

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

(3) How were system natural frequencies determinec7

(4) How was tne required response spectra (RRS) deteritined?

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

RRS7

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

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

.

(3) How was functional coersnility verified during the test?

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

3. What computer codes were used in the analyses?
,

a. How were the above computer codes verified?

1

.
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4. Has the system been properly modeled?

a. Has adequate mass point spacing and distribution been used?
,

,

b. Have all supports and councary conditions, including anchor
bolts, been properly modeled?

c. Have significant nonlinear effects been properly handled?

5. Has the system been evaluated against procer criteria?

a. Have the proper load combinations been analyzec?

b. Have proper stress intensities beer. evaluated?

c. Have deflections been considered?

d. Have proper allowable stress limits been selected!

e How were computer output responses cc.abined (directional and

modal)?
.

e

| -

!

.

e

e
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APPENDIX 3 HA00AM NECX SE? PROGRAM PLAN REVIE*4 SUf9ARY
<

Ac the first SEP aucit meeting for the Haddam Neck plant, the licensee
and its engineering consultants provided a detailed presentation of the
Haddam Neck plant SEP program plan for seismic re-evaluatien of piping,
mechanical, and electrical equipment important to safety. In general, the
program plan presented satisfies the SEP requirements reasonably well with

! a few exceptions. For mechanical and electrical equip =ent, the following
open items must be addressed by the licensee:

| 1. Provide samole calculations to justify the damping ecmpatible

| with the stress levels used in the equipment evaluation.

,

j 2. The NRC position is that all equipment on the safe shutdcwn list
; should be qualified. NUSCO needs to clarify their intent on the
,

| remaining equipment not specified by Stevenson and Associates.
E

i
3. What are the capabilities to cool the spent fuel pool?

i -

! '

I 4 What safety related squipment 1: Westinghouse co'vering and what
I

| are their criteria and methods? What is the schedule for c:mpletion?
!
'

5. Provide soit properties for the evaluation of the field erected
tanks, buried tanks, and buried piping. Justify the raadeling in -

| conjunction with these soil properties.
!

L

For the piping analyses being perfomed, the folicwing items require

| additional attention:
I
;

P

P
,

-

i

,

P
,
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1. The piping stress allowables are currently undecided. The NRC

and NRC consultants will make a decision on this issue and will
transmit the decision with the trip repore.*

2. The licensee is requested to provide assurance that unsymmetrical
bending will be addressed for piping supports where applicable.

3. The licensee is requested to provide clarification of support
load comoinations. It appears that the algebraic sum of weight
plus thermal plus seismic is not always consistent with acceptable
criteria.

4 What items is Westinghouse covering with regard to safety related
'

piping? What is the schedule for completion?

In addition, the scope of SEP includes seismic re-evaluation of
emergency pcwer supply and distribution, instrumentation, and actuation
systems. Clarification of the ifcensee's schedule for completion of this,

effort is requested.
,

,

* NRC and its consultants have made a decision as to wnat the piping
allowable stresses should be. The allowables should ~ correspond to '

|

ASME Code service level 0 (faulted) allewables. If the piping system
'

is a Class 1 system and a Class 1 analysis is being performed, then
the primary allowable stress should be 3.0 Sm. If th,e piping system
is a Class 2 system and a Class 2 or ANSI 31.1 analysis is being
performed, then the primary allowable stress should be 2.4 S . If theh

piping system is a Class 1 systes and a Class 2 or ANSI 31.1 analysis
is being performed, then the primary allowable stress should be 1.8 Sh
to account for the difference in stress indices between the two types
of analyses where:

Sm = ASME Code allowable stress intensity

Sh = ASME Class 2 or ANSI 31.1 allowable , stress.

18
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APPENDIX B

PIPING STRESS ANALYSIS PROCEDURE FOR SEISMIC-

QUALIFICATION OF SAFETY RELATED PIPING AT CONNECTICUT YANKEE

|

,

(

|

|

!
1

|

|

|

!
.

|
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I PIPING STRESS ANALYSIS PROCEDURE

|

FOR

j SEISMIC QUALIFICATION OF SAFETY RELATED PIPING

AT
i

CONNECTICUT YANKEE / %

$'./ ts
/../~5 f,\ 6:

| if*. -

| \ 6%,s'....

,

i

i PREPARED BY: DATE
| Thomas J. Mawson
i Piping Systems Engineering

| Generation Engineering Department

1

!

REVIEWED BY: DATE

1
|

APPROVED BY: DATE
|
1

' - m:.emas a m s n . m;a. 4 -> u s.uv . n, s .m nonm+.1m unBr. u- -s



_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - -_

. g-g ..

MOItTHEAST UTILITIES
1 C OS.Ti% % C ~ PSE PROCEDURE FOR CY

100,':=.73.""~~
J 50%C'?.2LL"*~ SEISMIC QUALIFICATION OF SAFETY RELATED PIPINGL '

|

1.0 PURPOSE

This procedure provides an outline of the criteria and methodology
to be employed by Generation Piping Systems Engineering in the
seismic qualification of Category I safety related piping at Connec-
ticut Yankee.

2.0 SCOPE

This procedure applies to all aspects of the s te engineering
evaluation including the following.

2.1 Piping analysis.

2.2 Evaluation of the adequac f hs ' g supports and design
of subsequent modifica s.\

2.3 Design of new su

( \furt
rt ons as determined by the piping

analysis.

2.4 Review ip no::le loads.

Reviwok ricated branch connections.2.5

3.0 REFERENCES

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

3.2 AISC Specification, Manual for Steel Construction, 7th
Edition, 1970.

3.3 ACI Standard 318-77, " Building Code Requirements for,

'

reinforced Concrete".

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

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

t
' 3.6 CYS-579A, Revised January 7, 1966, " Supplement to Piping

Specifications CYS-579 and CYS-1550 Covering Field Erection".

,. - . , - _ _ _ _ . . _ _ ~
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3.7 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 of Design Conditions".

3.12 NUSCO Procedure GESC 4.04, " Preparation, Review, Approv an
Control of Design Analyses, Technical Evaluations, a M ual
and Computer Calculations". g

3.13 American National Standard ANSI N45.2.11, t n ''
.

$grb '' pical Report ,3.14 Northeast Utiltiies Quality Assuran
'

QAP 6.0. \
ic wion Soundary Diagrams.3.15 Connecticut Yankee - Inse

% gin
4.0 NOMENCLATURE

4.1 Line Designations

Piping is identified on the various isometrics , plar.s , 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

12" WFPD 601 10

: Once the pipe class is identified, the pipe schedule and material
can be determined from References 3.4 cr 3.5.

J

t - __ .___ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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~ h '\.
V (-4.2 Support Function

n
n b Isometric

Type T Abbreviation

Anchor Anc

Lateral Restraint Lat

Axial Restraint Axial

Vertical Restraint Vert

Spring Hanger , S.H.

Rod Hanger R.H.

Sliding Support S.S.
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 no::les. For each stress problem
the piping geometry will be based on as-built isometric piping
drawings developed under the ISE Bulletin 79-14 program.

Support information shall be derived from the I6E Bulletin 79-02 and
ISE 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.

1

e

W
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A deadweight and " free" thermal analysis'shall be run with all~

single acti.'g restraints removed to determine pipe movement under
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 nega1!ive (i.e. , downward) .

Single acting restraints will ..at 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'

response spectra.

6.2 Wall / Floor penetrations

Thimble drawings shall be reviewed to determine gaps around the
pipe. Thermal 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. DI.SPlA c E c H2D fciL McNM esT
-

. ,a c- Ncr com@eesa Fce smyt" ' ' ' ~~

Where the pipe is embedded in the concrete, the penetration will

be considered to act as one of the following restraints for all :DL
load cases.

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;
j 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,

j individual valve drawings are not available. In lieu of original
| drawings, valve properties may be obtained from other appropriate

sources, such as a standard valve drawing, the manufacturer's ,

catalog, or other plant records.
i
I Where the valve wall thickness cannot be determined, then an

| assumed value of four (4) times the nominal pipe wall thickness

| shall be used.
t

!

|
|

|

. ,-- ._

.
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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 engineering 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 be evaluated to include the effect of moments
and forces acting on the joint as a result of load 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 anal::yed separately. For these cases the run will then be
considered to act asangbhorwithrespect to the ranch line.

6.7 Anchors si

D'
\O

\

E%
9
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7.0 LOAD CONDITIONS h
*\ P

7.1 Primary Loads \
S',-

Y7.1.1 Pressure \
esf e calculated using the

'

%h
,shaThe longitudinal pressure g

system design pressure.

7.1.2 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.

not ?
NOTE: Hydrostatic test loads will new=*be considered in this

evaluation.
;

Spring hangers shall be represented in the analysis as an external
force equal to the " HOT" load. 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 ifthe 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.

7.1.3 Seismic

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

7.1.3.1 Dynamic

A dynamic analysis may be performed using lumped mass
dynamic models with the appropriate amplified floor
response spectra as input. Zero period acceleration (IPA);
i.e., missing mass effects shall be considered as a static
load case in conjunction with the inertial response of the
system.

.. . -_ .-___.._e. ; m e ... ,_ . c
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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 hori:ontal
and the vertical shall be addressed in a separate static
analysis. The results shall then be combined by the SRSS
method.

Theequivalentstatik"g"loadingshallbecalculated
by multiplying the maximum.value of acceleration from
the appropriate floor response spectra dynamic
load factor of 1.5.

N

1

g%hg .

% E9
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,

!

7.2 Secondary Loads
|

7.2.1 Thermal'

l
| Forces and moments resulting from thermal expansion or contraction
I including the thermal displacements of nozzles and. anchors shall be

| evaluated. The analysis shall take into account the complete range
; of system and plant operation. .

,

! Clear /ancesbetweenthepipeandarigidrestraintorbuildingpene-
| .tration s all be compared to the unrestrained thermal movement ofh
i 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.

f 7.2.2 Seismic Anchor Movement
i

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

i The results of this load case shall be combined with the results
'; of the thermal analysis.
I

%
1 '/S k
l \
I O
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APPENDIX C

CONNECTICUT YANKEE ATOMIC POWER COMPANY SAFETY

RELATED PIPING SEISMIC QUALIFICATION PROGRAM CRITERIA

.

I
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A. SCOPE

The purpose 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 analys.is of the piping system / support scheme
for maximum operating thermal, pressure, and deadweight loads, i

alo'ng 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 (3P5V) Section III,
. Nuclear Power Plant Components, has been published reflecting

changes in analysis, design, and quality control techniques.
The purpose of this criteria document is to establish 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 of 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 (21") 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 reactor operation.

a.. m n . . gw :. y g g ,, g g g y m,w,_ _a _(
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.

'

1. Reactor coolant laop attachments -- Up to first isolation

valve. -

.

2. Main steam -- Up to and including the outermost ~ containment

isolation valve.
.

3. Feedwater -- Up to and including the outermost containment

isolation valve.

4. Auxiliary feedwater -- From the primary feedwater lines to

the demineralized water storage tank.

5. Residual heat removal.

6. Low pressure safety injection -- Residual heat removal system
- up to the refueling water storage tank.

.

7. High pressure safety injection -- Reactor coolant loops up

to the refueling water storage tank.

8. Chemical and volume control -- Reactor coolant loops up to

the volume control tank, volume control tank up to the boric

acid tank (supply lines only) .

9. Service water -- Supply lines to safety related equipment.

10. Fuel oil -- Emergency diesel generators to the emergency

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

11. Compressed air -- Emergency diesel generators starting air

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

. - ~ . . . , ....._,_m . . . . . . . . - , _ m. m ., i
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s

.

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
1

temperature range.

2. Safe shutdown earthquake (SSE) combined with operating

pressure and deadweight.

3. Analyses will not consider coincident LOCA and SSE. 2

D. STRESS CRITERIA
.

1. Above Ground Piping 1

(a) General 1

The piping analysis that will be performed for the Connecticut
Yankee evaluation is based on the rules of the ANSI B31.1 Power
Piping Code, 1973 Edition, Summer 1973 Addenda. j

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
1

to be calculated using formulas given in ANSI B31.1, 1973 Edition,

Summer 1973 Addenda. I
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 load, the support /

restraint will be reviewed to determine if modifications are

required.
'

.

Additional piping support / restraint functions that are identified

in the piping analysis shall 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.

[
~ __ . _, _. .-__u
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,

(c) Small Bore Piping 3

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. Computer 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.

2. Underground Piping

The analysis of underground piping conforms to the criteria out-
CA)line'd by Newmark and hall and to the method proposed by E. C.

Goodling and by Shah and Chu.(C)CB)
,

This method addresses primarily the axial stresses induced in pipe

runs which are parallel to 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 by 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 response have been found to be
negligible, they are not considered.

This analysis method involves four (4) distinct phases.

. ._%<- m.a. - a m ._ _ _ .._,_~_ m m_._ - . - - - ~ m L
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1. Physical, geotechnical, and seismological data are assembled.

The physical and seismological data are readily available,

but because Connecticut Yankee was designed before the
i

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 soil 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
1

are important, are calculated.

Pipesarethenclassihiedaslongorshortbasedonthe3.
magnitude of L' relative to the length at which there is!

!

negligible additional influence on the forces and moments.
,

i This classification allows for flexibility assumptions which

! will facilitate the evaluation of stresses.

| 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

utili:ed in this analysis.

__.
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.

Piping Stress ADLPIPE Version ID t

Support / Restraint Structure STRUDL Version 2
Model 2

If necessary, other QA qualified programs may be employed.
t

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.U) 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
applicable floor spectra. The floor response spectra * utilized in

1

this analysis is based on ground response spectra previously sub-
mitted for NRC review.&)

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) hori:ontal 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 respanse specsta ased to deuelop de ftoor respanse specsta is very
close to de Stzff's ground response specsta foutded by D. M. Cratchfield's
' Letter to all SEP awnsts (except San Gnofre) on June 8,1981

Mm.wwwr##.murtswa wwww me"" > " " 7""'"^*"'4 '"
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1

,

| 3 1/22{I Rg)| R =
T

l i=1
I 1/2N 2

where: R (I Rg}=
g

j=1
,

where: R t tal combined response at a point=
T

Rg value of combined response of* direction i=

Rgj absolute value of response for
,

=

direction i, mode js

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. MODELING 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 analy:ed 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

s

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
1of the piping on either side of the support group are

isolated.

The spatial geometric des ~cription of the model is to be based upon the
as-built isometric piping drawings developed under the ISE 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,u, 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 po,ints
in the system which will approximately represent the response of
the distributed system.

The effect of eccentric masses, such as valves and extended

atructures, 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

.r. e s m - . = w - - _ _ _ ~ m . ewe% #. u. .
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|
.

I

system response. The total response must meet the limits of the

criteria applicable to the safety class of the piping.

I

i
,

I

!
~

,
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TABLE 1

LOADING COMBINATIONS AND STRESS LIMITS FOR PIPING
.

LOADING COMBINATIONS STRESS LIMITS

1. Normal:

(a) Design Pressure + Deadweight
$Sh

1
(b) Maximum Operating Temperature + Seismic

Anchor Movements
$SA

or

Design Pressure + Deadweight + Maximum
Operating Temperature + Seismic Anchor

.

t
Movements $(S +S )g g

2. SSE:

(a) Maximum Operating Pressure + Deadweight <3,4 g i

+ Maximum Potential Earthquake Loads (SSE) h-

Where: S allowable stress range=g

1.25 S + .25 S=
c h

S material allowable stress at minimum=
c

temperature from ANSI B31.1, 1973
edition, summer 1973 addenda

S
h material allowable stress at design=

temperature from ANSI B31.1, 1973 1

edition, summer 1973 addenda

1
j

~~FE-EMy 7<hb~" - ' ' ' ' '- # S 'I P ''C 'l ''' '5 ~

'I~P''''"~'"' T ' ''*' s 3N"' ""7,_.-Tw"* '
5 -

'



C-/3- .

ANALYSIS OF SAFETY RELATED PIPING SYSTEMS Page 12

TABLE 2-

LOADING COMBINATIONS AND STRESS LIMITS FOR SUPPORTS

.

LINEAR TYPE PLATE AND SHELL
LOADING COMBINATION SUPPORT LIMITS 3 SUPPORT LIMIT

Greater of:

D + T or D Working Stress" P, 1 1.0 S 1m
-

P, + Pb < 1.5 S,

Greater of: .

D + T + E or D + E Within lesser of: P,< 1.2 F 1 17
.

1.2 F 0.7 S
Y " 2or P +Pb < 1.8 Fy

t t

times working limits"

deadweight 1Where: D =

thermal maximum operating temperature 1T =

SSEE =

material yield strengthF =

7

allowable tensile stress per ASME Section III,F a
t Appendix XVII

1Not to exceed 0.7 Su
2Not to exceed 1.05 Su
3 Compressive axial member loads should be kept to less than 0.9
times the critical 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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j PA 81-057 '

|
STA10S REPORT: CONNECTICUT YANKEE PIPING REEVALUATION DATE: JUNE 18, 1982 -

PIPING STRESS PROBLEMS SUPP0iiTS g g .

8 t'
ACCESSIBLE INACCESSIBLE COMBINED ACCESSIBLE INACCESSIBLE COMBINED $b @iug, i

m- o i

N N N N N N gs0
3 g , a ssa-g .. g ..g- .. ..

hh g h g g b g a 8 hs Shb C0f1MENTSSYSTEM c,

|MAI:3 STEAM 2 58 4 100 6 86 62 16 100 78 20 66 74

i
FEEDWATER 6 78 4 100 10 87 89 40 100 129 31 40 67

|

AUXILIARY *

7EEDWATER 3 64 1 93 4 71 25 2 27 25 So
|
i

|RESIDUALHEAT !

; REMOVAL 2 66 2 65 4 66 61 68 129 36 '

I I
I i :
Cl~IMICAL & VOLUME

CONTROL 6 8 5 64 11 33 200 34 234 22

SAFETY INJECTION 3 55 3 89 6 72 42 21 Ig 63 6 17 49

; SERVICE WATER 10 48 8 100 18 71 212 4 216 43

REACTOR COOLANT 6 13 6 13 - 71 71 11
-

| .

EMERGENCY DIESEL

6 55 33 - 33 33 |GENERATOR 6 55 -

|

TOTAL 38 48 33 70 71 57 724 256 22 980 6 15 43
'

I
i

'

NOTES: 1. ANALYSIS OF REACTOR COOLANT LOOPS INCLUDitlG SURGE LINE BY WESTINGilOUSE (CJGLADDING).
2. ANALYSIS OF PIPING TO PRESSURIZER CODE SAFETY VALVES AND ION PRESSURE RELIEF VALVES BY S&W (LFSTARHER). g
3. ANALYSIS OF ANNULUS PIPE RACKS IS ESTIMATED TO BE 101 COMPLETE.
4. NEXT REPORT 7/9/82 4,

,
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REEVALUATION GUIDELINE

FOR

SEP GROUP II PLANTS

(EXCLUDING STRUCTURES)

INTRODUCTION

In support of NRC's Systematic Evaluation Program (SEP) for Group II
Plants, the following Reevaluation Criteria have been established. These

criteria include recomended load combinations with allowable stresses
'

and/or loads for piping systems, component supports, concrete attachments,
and equipment. These criteria are based on linear elastic analyses having
been performed. The acceptance criteria are generally based on the ASME
Code. For situations not covered by these criteria, (i.e. items

Iconstructed of cast iron) compatible criteria shall be developed by the
licensee and will be reviewed on a case-by-case basis. The licensee is
requested to justify major deviations in criteria which appear less
conservative than those specified used herein.

.

OEFINITIONS

ASME Boiler and Pressure Vessel Code, Section III, " NuclearCode =

Power Plant Components," 1980 Edition, Winter 1980 Addenda,

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

mechanical loads.

! 1

I 'b 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.

Design or maximum operating pressure loads and designP =
O

mechanical loads.

1
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Inertial loads due to Safe Shutdown Earthquake (SSE) andSSE =

design mechanical loads where applicable.

T Loads due to thermal expansion of attached pipe (constraint=

of free end displacement).

W Loads due to weight effects.=
,

Loads due to SSE anchor movement effects.AM =

Critical buckling stress.S =
bk

S Allowable stress intensity at temperature listed in ASME Code.=

.

S, Yield strength at temperature listed in ASME Code.=

S Ultimate tensile strength at temperature listed in ASME Code.=
u

Local membrane stress. This stress is the same as ao =
g m

except that it includes the effect of discontinuities.
)

S ASME Code Class 2 allowable stress value. The allowable=

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

P General Primary Membrane Stress Intensity. This stress=
m

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

IDesign 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
v alues .

2
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Local Membrane Stress Intensity. This stress intensity isP =
g

the same as P, except that it includes the effects of
discontinuities..

IPrimary Bending Stress Intensity. This stress intensity isP =
b

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

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

! I
ASME Code Case N-284.

2. Where stresses exceed materia,1 yield strength, it shall be
demonstrated that brittle failures and detrimental' cyclic effects are
precluded, and that dynamic analysis assumptions are not
nonconservatively affected. Where significant cyclic effects are
identified, it shall be demonstrated that the structure or component

is capable of withstanding ten full peak deformation cycles.
!

3. Where results of analysis indicate that the allowable stresses of the
original construction code are exceeded in any of the load
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,

.
.

3
!
.
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4000, 5000, and 6000). In casas where compatibility with the i

appropriate ASME Code Subsections was not substantially achieved,

appropriate reductions in these limits shall be established,
justified, and applied.

.

9

.

4
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ACCEPTANCE CRITERIA FOR PIPING

Using Code (a) Class 2 analytical procedures [ Equation (9), 1

NC-3653.l], the following stresses are not to be exceeded for the specified
piping:

0. + |SSE|1 1.8 SW+PClass 1: P, + Pb =

1

=|W+PD+SSE|12.4SClass 2: P, + Pb

The effects of thermal expansion must meet the requirements of
Equation (10) or (11) of NC-3653, including moment effects of anchor

Idisplacements due to SSE if anchored displacement effects are omitted from
Equation (9) of NC-3653. Class 1 analytical procedures (NB-3600) can also
be utilized if appropriate allowable stresses specified in NS-3650 are used.

Branch lines shall be analyzed including the inertial and displacement
input due to the response of the piping to which it is attached at the
attachment point.

,

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 1

the code which renumbered the equations differently from past and cresent
editions of the code. Equation numbers presented on this page reflect
cor:vnon nomenclature utilized in the nuclear industry.

5
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IACCEPTANCE CRITERIA FOR CLASS 1 COMPONENT SUPPORTS

Acceptance Criteria (a)

Imposed Load
Combinations Linear Plate and Shell(b)

The higher of:

|W | Pm < l.0 Sm
Code Subsection NF

or Design, Level A, and

W+T| Pi + Pb1 6Sm I1

The higher of: ----------

|W| + |SSE| + |AM P < 1 5 Sm or
Code Subsection NF 12Sy(c)

or Level D Limits not to exceed 0.7 Su 1

fW+T +|SSE|+|AM| Pt + Pb 21.85 y (c}25 Sm ornot to exceed
1.05 Su

In addition to the above criteria, the allowable buckling stress shall be

limited to 2/3 Sbk' *h*"* 3bk
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 Code Section NB 3221.3. j

c. Use larger of.

6
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ACCEPTANCE CRITERIA FOR CLASS 2 COMPONENT SUPPORTS

|

Acceptance Criteria (a)

Imposed Load<

Comoinations Linear Plate and Shell
The higher of:

i |W| j < l .0 Se

! Code Subsection NF
or Design, Level A, and

Level B Limits
|W+T| ej + ob 1 1.5 S

5

1

i The higher of: ----------

| |W| + |SSE| + |AM| o 1 1.5 S orf
i Code Subsection NF

or Level D Limits 0.4 Su (b){

f |W + T| + |SSE| + |AM| j + ab i 2.25 5 ora

f 0.6 Su (b)
L 1

I 'In addition to the above criteria, the allowable buckling stress shall be
I limited to 2/3 Sbk' * '#'

bk
s determined in accoN ance w M Special

Limitation 1.)
I

i
s

I

|
!

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

b. Use lesser of. ,

e

f

7
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ACCEPTANCE CRITERIA FOR CONCRETE ATTACHMENTS

1. Concrete Expansion Anchor Bolts (a)

Load Combinations: Same as for component supports.

Acceptance Criteria:

Wedge type: 1/4 ultimate as specifiad by manufacturer.

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

II. Grouted Bolts: Replace (a),(b),(c)

III. Concrete Embedded Anchors # -

Load Combinations: Same as for component supports.

Acceptance Criteria (b): 0.7 S
u

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.

8
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ACCEPTANCE _ CRITERIA FOR CLASS 1 MECHANICAL EQUIPMENT

Component Loading Combination (D) Criteria .
Id) (9)

SSE +| Nozzle Loads | Pm 1 4 Sm or 0.,7 Su I*)( Pressure vessels W+PC 2+
,

and heat-exchangers (Pm or Pg) + Pb1 3.6 Sm

or 1.05 Su I*I
Active pumps and W+PD + SSE + Nozzle Loads | Pmi l 2 Sm or Sy (f)

other mechanical (P or P ) + Pbi I 8 Smm g

components (a)(d) or 1.5 Sy (f)

Inactive pumps and W+PD +|SSE|+Nozzle Loads | P m 1 4 Sm or 0.7 Su (*)2

' other mechanical (P or P ) + Pbi 3.6 Sm g m

or 1.05 Su (*}components *
.

j

W + P |+ SSE|+| Nozzle Loads | Pm < l 2 Sm or Sy (f)Active 0valves (a),(c),(d)

'

(Pm or Pg) + Pb 1 1.8 Sm,

or 1.5 Sy (f)

Inactive valves (c) w + p0|+|SSE +| Nozzle loads | Pm 12 4 Sm or 0.7 Su I'I

(P or Pg) + Pb1 3.6 Smm

or 1.05 Su (*)

Bolt stress shall be limited to: Tension =Syor0.7Sh')

Shear =0.6Syor0.42Sh')

a. Active pumps, valves, and other mechanical components (e.g., .CR0s) 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.

|

|
| 9

i
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c. Scope and evaluation of pumps and valves aro to be in accordance with j
NB 3411, NB 3412, and NB 3546 of the Code, including seismic and thermal -
anchor movement effects.

,

d. For active mechanical equipment contained in safe shut down systems, it
shall be demonstrated that deformation induced by the loading on these
cumps, valves and other mechanical components (e.g., CR0s) do not introduce j
detrimental effects which would preclude function of this equipment
fol, lowing a postulated SSE event. For valve operators integrally attached
to valve bodies, binding can be considered precluded if stresses in the
valve uody 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.
I

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

*
.
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ACCEPTANCE CRITERIA FOR CLASS 2 MECHANICAL EQUIPMENT .

Component Loading Combination (b) Criteria (d)

em1 2.0 SPressure vessels W + Po + SSE + Nozzle Loads

and heat-exchangers (e 0F 't} + 8b i 2.4 Sm

emi 1.5 SActive pumps and W+PD + SSE + Nozzle loads

other mechanical (e or og) + ab 1 1.8 5m

components (a),(d)

em1 2.0 S[
Inactive pumps and W+PO + SSE + Nozzle Loads

! other mechanical (e or og) + ab i 2.4 Sm
:

; components
!

m < 1.5 SW+P0 + SSE + Nozzle LoadsActive (a),(c),(d) e
' valves

' (a or ag) + ab i 1.8 S I
m

Inactive valves (c) w + p0 + SSE + Nozzle Loads ami 2.0 S

i (o or og) + Pb i 2.4 Sm

Bolt stresses shall be limited to: Tension = Sy or 0.7 S '}
; u

Shear = 0.6 Sy or 0.42 Su"}
'

|
,

'

a. Active pumps, valves, and other mechanical components (e.g., CR0s) 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.
P

c. Scope and evaluation of pumps and valves are to be in accordance with
NC 3411, NC 3412, and NC 3521 of the Code, including seismic and thermal
anchor movement effects.

11
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d. For active mechanical equipment contained in safe shut down systems, it
,

shall be demonstrated that deformation induced by the loading on these
pumps, valves and other mechanical components (e.g., CR0s) do not introduce
detrimental effects which would. preclude function of this equipment
following a postulated SSE event. For valve operators integrally attached 1

to valve bodies, binding can be considered precluded if stresses in the
valve body and operator housing and supports are shown to be less than
yield. In these evaluations, all loads (including seismic and thermal
anchar movement effects) shall be included.

*

e. Use lesser of two values.

4

)
i
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ACCEPTANCE CRITERIA FOR TANKS

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

Acceptance Criteria: Smaller of S or 0.7 S . In addition, the
y u

allowable buckling stress shall be limited to 2/3
is determined in accordanceSg , where Sbk

with Special Limitation 1.

-

4

Dynamic fluid pressure shall ba considered in accordance with accepteda..

and appropriate procedures; e.g., f)SAEC T10-7024 Horizontal and vertical
loads shall be determined by appropriately combining the loads 'ue to

I vertical and horizontal earthquake excitation considering that ne loads
are due to pressure pulses within the flidd. These loads shall also be
applied, in combination with other lotis, in tank support evaluations.

|

13
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APPENDIX F

LUMPED MASS LOCATION--A SUGGESTED GUIDE FOR ADLPIPE USERS

.
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Reference 16 1

LUMPED MASS LOCATION gevised 9/80

A Suggested Guide for AOLPIPE Users

Piping systems are usually composed of flexible cec;cnents 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 spectra.

'The natural frequencies and mode 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. Imposing
a shock loading (earthquake) to a piping system excites all the
natural frequencies and an accele,ometer t.ould record a response which
was composed of a combination of modal motion. Shock loadings of
earthquakes cause the low frequencies of the pipe system to be excited,
as the earth motion is dominant in a band of 0.1 to 20 hz. Earth
motion seems to attenuate above 50 hz.

An approximate calculation of the system 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 compu-
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.

|: L -|

AA

The natural frequencies of this distributed mass system are:
.

/ EI,

n "n Y mL'l u *

where m = "I
w = unit weight, f/in-

g = 386 in/sec2
L = length, in
E = modulus,1b/inz ,

I = v(do' - d<")/64.

do = outside d<ameter, in
di = inside diameter, in

a frequency, rad /secwn

*The ADLPIPE technique used to compute the mass magnitude is explained
in the Appendix.

1
-
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The coefficient, a , has an infinite number of values; the firstn
four which represent the lowest frequencies and mode shapes are:

2 r $n=1 a1 = 3

n=~2 a2 4,2 f N 4

2 C 3.

n=3 a3 = 9r
2n=4 as = 163

This system can be approximated by one or more lumped masses. Equation
(1) remains the same if the masses are located as shown below:

n L/2 . 1/2one mass equal to
2 A a-

b L/4 - L/2 L/4two masses, each equal to -

2 A - - 3
4

three masses, each equal to L/4 ; L/4 ; L/4 L/4

four masses, each equal to b L/8 L/4 L/4 t/4 L/S
'

4 3 3. . s .

.

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

ananananan
uniform 1 mass 2 masses 3 masses 4 masses

n=1 9.896 9.797 9.7964 9.867 9.867

=2 39.478 27.626 39.185 39.185

=3 88.825 83.088 83.138

=4 157.91 110.85

I

Inspection of the table shows that the error is slight for the
first frequency. As the number of masses are increased, the error de- i

creases for the lower frequencies. Three and four masses give hiahly )
accurate frequencies for the first two modes with increasing error in
the higher frequencies.

-2-
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Therefore, the programer can model the long beam-like piping
system with three masses if the third frequency is above the frequency

I bandwidth which is considered to be significant.

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

cutoff =88.86k[, (thirdmode)w

-2-

88.825 EJI,gg , ,

* *
_ catoff.

.

= 628.3 rad /seeu cutoff

i

L4=0.02h

Themassspacingwillbek,therefore:

q,,,.7.8i 10-=q (2)

ADLPIPE will calculate the lower two frequencies with an error of less
than 25 with this mass spacing:

Numerical Example:

8 inch, schedule 40 steel pipe
8.625"do

=

7.981"dj =

72.5 inkI =

30.10sE =

28.56 lb/ft = 2.38 lb/inw =

'

. gg ,7.81 10-s (30.10 1(72.5)
span 2.38

%

i.,p,,= 72.4 in, or approximately 6 ft

. v.s h .. sy3gg,.j, g3- _

q _ ,r , , .
,w~,.,i.-...+, ,



.

' F-Y

d

,

i .

i An ADLPIPE problem with the above data gives the follcwing results:
'

i
-, .

I ADLPIPE ADLPIPE3

Eo (1) 1 mass 3 masses

ft 11.107 cps 10.991 11.073

/2 44.429 43.551

! f3 g9.966 90.627

Heavy components such as valves should be individually lumped..

; The above mass point spacing should be used 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. If hanger spacing is 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, L Forspan.
example, in the sketch below of three masses, this spacing is satis-'

factory if D/3 is less than L.

span *

D
l _I

!! li
c 0 0 0 0

D D D D D D
6 6 3 3 6 6

,

i

4

,

e

-4-
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APPENDIX.

Automatic Lumoinc in ADLPIPE

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

!
-

K
M5 (3)g

4bE%,
5L

The first frequency of the unifom beam equation (1)

{

er
(: 96% N , gs

i
|

Set wj , wj, and solve for M
,

wg a . tio l * l- T

!

f.
' Based on this relationship, the lumped mass at a point calculated

by ADLPIPE is equal to one half the span ( times the distributed
I mass of the uniform beam. It is possible ith the WEIGHT card or

the VALVE card to have a concentrated mass between the two lumped
! mr s points. ADLPIPE lumps the concentrated mass as follows:
!

Le "
r,m m

g- -c

O A3

i'
, -

L = span between lumped masses

location of concentrated mass (not a lumped mass point)
|L) , L2

A-1
ArthurD Little.Inc

d. .. =m .m , - _ . _ . m ... _ _
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The frequency of a simply supported beam with the mass on center
is equation 3.-

,

!

|

l As tr '

\' g LW '' 3L

The frequency of a simply supported beam with this mass off center is:

3(EIL."
8' V M,L ' LIi

Let A = 2L /L and solve for the ratio of the massesj

Me- A'(1-L:..

~.

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

ForamassoffcenteratthequarterspanL)=h,A=.5 .

the magnitude to the center mass to obtain the same frequency is:

. %LE MM =
o

.

A-2

ArthurD LittleInc
_
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SECTION 1

INTRODUCTION
'

i

As part of the Haddam Neck Plant systematic evaluation progra, the
primary piping / support system has undergone a static analysis for normal
operating thermal, pressure, and deadweight loads along with a dynamic

[
analysis for seismic loads. This report presents the structural eval-

! uation of the Reactor Coolant System (RCS) component supports under all
1

design loading conditions. Evaluation of the RCS piping system is

presented in another report (1) The applicable criteria and methods.

of analysis were submitted to the Nuclear Regulatory Comission via NRC1

17, 1980(2),Docket 50-213, da- inuary

This report presents results of the component support evaluation and thel'

proposed modifications necessary to adequately qualify the supports for'

!

the evaluation conditions. Supports included are for the reactor
.

vessel, steam generators, reactor coolant pumps, pressurizar and surge

: line.
.

!
i
.

!
!
4

3

i

(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 Oceket 50-213, Haddam
,

Neck Plant Systematic Evaluation Program Seismic Reevr.luation,

January 17, 1980.

.

$#'
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. SECTION 2

EVALUATION LOADING CONDITIONS AND STRESS CRITERIA
'

-
.

2-1. , LOADING CONDITIONS
,

I

The. structural stress analyses done on the RCS supports consider the
loads resulting from deadweight, thermal expansion and safe shutdown
earthquake. Two lo.ading combinations are examined: a static combi-
nation of deadweight and themal expansion (nomal condition) and a
dynamic combination of deadweight, thermal expansion and SSE (f aulted
condi tion) . The loads applied to the supports are obtained from an
integrated model of the reactor coolant icop. 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 nonnal operating
conditions must meet working stress allowables per Appendix XVII of ASME

III. These working stress limits are increased by the lesser of 1.2
for the f aulted condition per ParagraphF /Ft or 0.7 S /Fty u

F-1370 of Appendix F.

\f
*
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SECTION 3

ANALYTICAL CONSIDERATIONS AND METHODS
'

3-1. ANALYTICAL CONSIDERATIONS

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

3-2. SUPPCRT DESCRIPTION

Reactor Vessel

The reactor vessel is supported by four block as:;emblies per Stone and

Webster drawings 10899-FV-4A, 48, 4C and 40. The blocks rest on a
hollow, cylindrical shell surrounding the vessel. The shell is

reinforced by 16 vertical, radial plates.

(
,

Steam Generator

Orawings 10899-FV-33A and 33B and 10899-FV-34A and 348 show the steam

generator support to consist of a cylindrical skirt transferring load
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.
All blocks transfer load via steel balls to rigid blocks which are held
down by bolts.

Reactor Coolant Pump

1

! Three spring hangers support each reactor coolant pump. The spring

f
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

pK"cM
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support mark nunbers. Drawings 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 loads used to evaluate the RCS supports are obtained from the

analysis of the reactor coolant loops as described in Section 2-1. Each

. support was analyzed for an algebraic combination of deadweight and
nomal operating themal loads and a maximun combination of deadweight,
normal operating thermal and SSE loads. These menber 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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" '

2. Figure 82 Type 8 Size #12 Spring Can
- I I l

3
,

| 3. Figure 278 Rod /6 A'

1" x 2'-11-1/2" LG. .

W/12" THD. /
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1
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|

J L ._

4
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SECTION 4'

.

STRESS EVALUATION RESULTS

4

The results of the stress evaluation of the RCS supports are .sunmarized
in this section. Tables 4-1 through 4-5 present the maximun stresses,

' allowables, and safety f actors for all critical support ccxaponents.

4-1. REACTOR VESSEL

Linear stress evaluation results are sunmarized in Table 4-1. All
members of the vessel support have been found to be adequate for both

normal and f aulted conditions.

4-2. STEAM GENERATOR

Most critical anong the steam generator support systen components are
the four upper 3" studs connecting the generator feet to the skirt
support. These studs f ail to meet a combined tensile and shear stress
interaction ratio. All other members of the steam generator support
system have been found to be adequate for both normal and f aulted

,

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

4-3. REACTOR COOLANT PifiP

Analysis of the Reactor Coolant Pump supports shows four of the 12

i spring hangers to bottom out due to seismic movement. The analysis uses

|
the cold readings of June 17, 1975 as a basis for analysis and showed
that four #824 spring hangers, one on each punp, 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 af ter it reaches its
lower limit. Evaluation of the spring cans for these loads found
acceptable all components of the hanger asse#:ly except the upper
attachment lugs and welds to the supporting steel (see Table 4-3).
Proposed modifications are shown in Section 5-2.

98
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Preliminary evaluation of the spring hange" support steel members for i

the " bottomed-out" loads shows the f ailure 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 proposal calls
for the addition of cover plates welded to the existing flanges.

Appendix B gives the reaction loads at the punp spring hanger supporting

steel menber ends.

4-4. PRESSURIZER

Evaluation of the pressurizer support system shows the guide supports
and ro'd hangers capable of withstanding a f aulted 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 f ail to meet com-
pressive stress allowables for the f aulted cordition. All members of
the truss f ail 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. All
remaining components of both spring hangers were found to be aCGJate

for the f aulted condition (Table 4-5). See proposed modifications in

Section 5 4.

lThe supporting steel for both spring hangers was not evaluated due to
lack of infonnation regarding the members and their end conditions.

|

|
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TABLE 4-1

MAXIMLR4 REACTOR VESSEL SUPPORT STRESSES (KSI)
.

.

RVS Stress Normal Condition Faulted Condition

Component Tvoe Stress Allowable S. F. Stress Allowable S. F.
;

Support Blocks Shear 9. 8 40 4.1

. Bearing 6.4 119 18

Shield Tank Bending 5.1 44 8.6

Shear 3.1 40 13

.

.

.

QN
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I

h TABLE 4-2

k MAXIMUM STEAM GENERATOR SUPPORT STRESSES (KSI)
'

S.G.S. Stress Normal Condition Faulted Condition

Comoonent Tyoe Stress Allowabl e S. F. Stress Allowable I. F.
.

3" Stud Tensile 7.5 102 14 139 143 1.0*\

Shear 5.2 42 8.1 43 59 1.4*

Sliding Block Bending 2.8 73 26 13 115 8.8

Shear 3.1 49 16 14 77 5.5

2 1/2"di a. Capacity 39K 405K 10 190K 405K 2.1

Steel Ball
\

Support Block Bending 2.1 73 35 33 115 3.5
-

Shear 0.8 49 61 13 77 5.9

Support Block Tensile 6.7 96 14 92 134 1.5

Hold Down Bolt

Shear Key Shear 4 .'8 32 6.7 24 49 2.0

Support Stop Bending 20 35 1.8

I Block Shear 5.8 29 3.3

|

(

|

i

!
!

Stud f ails to meet combined tensile / shear stress interaction ratio*

(1.47 > 1.0)

.

.

?
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TABLE 4-3

MAXIMLN REACTOR COOLANT PUMP SUPPORT LOADS (KIPS)
.

RCP Support Normal Condition Faulted Condition

Component load Allowable S. F. Load Allowable S.F.
r

.

#823 Spring Can 58 74 1.3 68 74 1.1 !

.

#824 Spring Can 88 97 1.1 225* 236** 1.1

#104 Lug 4" Hole 58 92 1.6 68 138 2.0

41/4" Hole 88 101 1.1 225* 151 0.7***

#103 Pin 3 3/4" Dia. 58 82 1.4 68 150 2.2

4" Dia. 88 90 1.0 225* 165 0.7***

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 94 1.1 225* 464 2.1

#102 Washer 3 3/4" Hole 58 83 1.4 68 156 2.3

Washers 4" Hole 88 94 1.1 225* 464 2.1

Loads based on the stiffness of a " bottomed-out" spring can.*

Capacity of a " bottomed-out" spring can.**

*** 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

Comoonent Type Stress Allowable S.F. Stress Allowable S. F.

Backing Ring Tensile 9.2 20 2.2 14 39 2.8
'

.,

900 lb 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 2.2 14 39 2.8

31/8" Rod & Nuts Tensile 18 22 1.2 28 42 1.5

Support Ring Bending 8.6 20 2.3 13 39 3.0

Attachment Shear 4.9 13 2.7 7. 5 26 3.3

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 30.5 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 f3 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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TABLE 4-5*

MAXIMUM SURGE LINE SUPPORTS LOADS (KIPS)
"

5.L. Support Normal Condition Faulted Condition

Component load Allowable S. F. Lead Allowable S.F.

Size #128 Spring Can' 2.6 2.9 1.1 3.6 2.9 0.8*
.

Fig.#66: 1" 8eam Attachment 2.6 5.0 1.9 3.6 9.3 2.6

Fig.#278: 1" Rod 2.6 5.0 1.9 3.6 9.3 2.6
-

Fig.f295 : 10" Clamp 2.6 3.2 1.2 3.6 6.1 1.7

1" Hex Nut 2.6 5.0 1.9 3.6 9.3 2.6

Size #14A Spring Can 4.1 5.2 1.3 5.3 5.2 1.0

Fig.#140: 1 1/8" Rod 4.1 6.2 1.5 5.3 12 2.2
,

Fig.f299: Clevis 4.1 6.2 1. 5 5.3 '12 2.2

H68: 1 1/8" Pin 4.1 6.2 1.5 5.3 12 2.2
,-

Stainless Steel Lug 2.0 2.7 1.4 2.7 4.1 1.5

1 1/8" Hex Nuts 4.1 6.2 1.5 5.3 12 2.2

Spring can bottoms out. See proposed modification in Section 5-3.*

.

pB60
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SECTION 5
.

PROPOSED MODIFICATIONS

.

5-1. STEAM GENERATOR SUPPORT
.

A possible fix for the combined overstress problem in the 3" stud calls
f or replacing the stud with a 31/2" diadeter stud. The interaction
ratio will then be reduced from 1.47 to 0.78.

5-2. REALTOR COOLANT PUW SPRING HANGERS

Using the cold spring hanger readings of June 17, 1975, the four #824
spring hangers were found to bottom out during a f aulted 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
cleviser, to the punp structural beam (Figure 5-1). The clevis pin will
need to be replaced with a longer pin to accommodate these modifica-
tions. The spring hanger support steel must be stiffened to take the
modified spring hanger loads.

5-3. PRESSURIZER EARTHQUAKE TRUSS
.

By modifying the entire earthquake truss to the specifications shown in ,

Figure 5-2 those members found a be initially overstressed will now be
within allowable stress limits.

5 -4 . 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. 3

PN
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1 l TOP OF SPRING CAN-

.

.

I
1. Lug #104 (Existina).

2. Top Lugs of #B24 Spring Can (Existing).

3. Stiffener Lugs (A-572 G50).
.

4. Stiffener Lugs (A-572 G50).
\

5. Pin #103 (Cmin * II")*
,

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 perfomed without removing hanger.

!
|

FIGURE 5-1: REACTOR COOLANT SPRING HANGER MODIFICATION

-
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PLAN VIEW

SECTION A-A
[ (ENDCONNECTION)

(MODIFIEDCOM.?0SITEMEF3ER)!

:

.

Z

(histing).
L 3" x 3" x 5/16" (A-36). BB= 1/2"| .

1.-

I 2. PL 1/2"x GW(A-36).

3" Plate (AISI C-1020) (Existing).3.

Approximately 35' of item 2 is requi.ed to completely
NOTES: A.

build-up the truss.
:

*

!

|

|

gtA\
'

.

PRESSURIZER EARTHQUAXE TRUSS MODIFICATIONFIGURE 5-2:

5-3
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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
cualified for all loading conditions.

.
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APPENDIX A

STONE AND WEBSTER COMPONENT SUPPORT DRAWINGS

|

|
.
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Drawing Revision Title |

.

10899-FV-4A 5 Reactor Neutron Shield and Support. Sh.1
,

10899-FV-48 2 Reactor Neutron Shield and Support, Sh. 2

10899-FV-4C 2 Reactor Neutron Shield and Support, Sh. 3
.

10899-FV-40 4 Reactor Neutron Shield and Support, Sh. 4

10899-FV-33A 3 Steam Generator Supports, Sh. 1

10899-FV-338 4 Steam Generator Supports, Sh. 2
.

10899-FV-34A 5 Steam Generator Support Tie Rod 'Sh. 1
.

10899-FV-348 5 Steam Generator Support Tie Rod, Sh. 2

10899-FV-35A 3 Pressurizer Support Reactor Containment~

_

'

10899-FS-358 1 Pressurizer Earthquake Guide Details

10899-FP-14A 9 Reactor Coolant Piping, Sh.1

10899-FC-38L 6 Intarior Concrete Details, Sh. 7. Re. actor

Containment

.

|

?N

0242s:10 A-1

a. -e,e ,_n- . ,,.,_ , , . -



. = - _ . . . . . _ _ - . . . _

6-37. a

.

.

.

..

i

.

b

APPENDIX B

.

RESULTANT SUPPORT LOADS TRANSMITTED TO

CONTAINMENT CONCRETE, STEEL AND EMBEDMENTS

.
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STRUCTURAL ANALYSIS OF THE PRIMARY REACTOR COOLANT LOOP

SYSTEM FOR THE HADDAM NECK NUCLEAR POWER STATION

MAY 1982
.

O

PRELIMINARY

.,_,,,1:.n=m n:. cm .,.x,.sv. -- a- ,.,,.v...
.

. , , , -. . , , , . - 7_ ,, _
_

. _ ,



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

'

&-39. -
. .

|

1

A. SCOPE

The purpose of this document is to present the analytical methods
end stress criteria which were used for the Connecticut YankeeTheprimary coolant loop system seismic qualification program.
program included static analysis of the primary piping / support
system for normal operating thermal. pressure, and deadweight
loads along with~ dynamic system analy' sis for seismic loads.
This report also contains the stress criteria and the stress
evaluation for the loop piping.

B. BACKGROUND PRELIMINARY

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. Section III. Nuclear

4

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 B31.1 Code for Pressure Piping.
The reactor pressure vessel steam generator, and reactor coolant
pump were designed and analyzed to the rules of the ASME Code
Section VIII.
For the purpose of this document, the reactor coolant 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.

i

4
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C. LOADING CONDITIONS

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

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

'

2. SSE Conditi6n Seismic- Safe Shutdown Earthquake (SSE)

|,

combined with operating pressure and deadweight.

D. STRESS CRITERIA

PRELIMINARY
'

l. Pining

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 allowables. The
piping stresses were calculated using formulas given in ANSI
B31.1 - 1973, 1973 Summer Addenda.

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

Since the loop isolation 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. Sunoorts

The support criteria and evaluation are covered in a separate
report. The loads that the primary coolant loop piping transmits
to the supports are generated for use by the support analysts.

.

l
|
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E. ANALYSIS PROCEDURES

PRELIMINARY'

1. General Procedures
,

The reacto'r 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 of this program had
dynamic analyses performed in accordance with the procedures
outlined in the respective equipment reports. In additior. to
the detailed models that were developed for the evaluations
of the individual components, reduced models were used in the
reactor coolant loop system analysis.

Analytical representations of the primary equipment aupports
were produced for inclusion in the reactor coolant loop system]

| model. The loads generated by the reactor coolant loop system
model were used to qualify the component supports.

2. Resconse Spectrum Annivsis 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 model are defined as the com-
ponent support to containment concrete interface.

The analysis was performed assuming that the seismic event is
initiated 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 containment building.
the response spectrum in each direction shall be an envelope ofi

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 of interest (e.g. ,
force, displacement, stress) was obtained by the square root of
the sum of the squares method.
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i =1 -

N 1/2

R)] -where: R [ I 99
3-1 .

total combined response at a pointWhere: R =

value of combined response of direction iR =
$

absolute value of response for direction i,R =
g3

mode j

total number of modes consideredN =

+
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 exceed ten percent (10%) of
the lower frequency. Combined total response for systems wnich
have such closely spaced modal frequencies was obtained 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 I

squares of all modes, and (b) the product of the r'aponses of !
the modes in various groups of closely spaced modes and
associated coupling factors, c The mathematical expression |.

for this method (with "R" as the item of interest) is. 1
1

S N -1 N
2 d d y g y g gg, fon t / KR e= I R +2 I r I RR

j=1 j=1 x=M t= K+1
3

|

|
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number of groups of closaly spaced modeswhere: S =

lowest modal number associated with groupM =

j j of closely spaced codes

highest modal number associated with groupN =

j j of closely space.d modes

coupling factor withCKt =-

1 1
2uw -

E ~

) ][1 +((3 u
E Xt = .

g g)gg+8 e
,

and: 4
"K [ l - (8 )= ,

I
2O

K + (wgsK ~-

Ed)

"k = frequency of closely spaced made K (rad /sec)

O fraction of critical damping in closely spacedK =

mode K
.

duration of the earthquake (seconds)d =

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 (NF-
3231). The SSE being n very low probability single occurrence
event, is treated as a faulted condition.

The analysis of the components subjected to seismic loading
involved several steps that are similar to those outlined above
for the system analysis. A three-dimensional linear elastic

Theanalytical representation of the component was developed.
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

I outlined for the system analysis was also used for the com-

| ponent analysis. T he component analyses ar e contained in separate
| reports.
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When performing a response spectrum analysis. the assumption of a
linear system is required. If the system contains nonlinearities,

I 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. Additional 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. For movement of the steam
generator toward the reactor vessel, the support system offers

i 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 load 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 chosen 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
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F. MODELIMG TECHNIQUES PRELIMINARY )

|For piping system components, and component supports are
represented by an ordered set of data which numerically
describes the physical system.

The rpatial geometric description of the model is based
i upon the as-built isometric piping drawings and equipment
j Node point coordinates and incremental lengthsdrawings
) of the members are determined from these drawings. Node

{ p.oin,t 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, a( , the average tempera-,

I ture changes from the ambient temperature, A T, and the
j weight per unit length,G0 , are specified for each element.

The supports are represented by stiffness matrices which
define restraint characteristics of the supports.+

A network model is made up of a number of sections, each
having an overall transfer relationship formed from its
group of elements. The linear elastic properties of the

sect'on are used to define the characteristic stiffness
i

i m '. : for the section. Using the transfer relationship
fm ; section, the loads requiried to suppress all deflec-
tion. at the ends of the section arising from the thermal,

and boundary forces for the section are obtained. These;

;

j loads are incorporated into the overall load 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
i deflections due' to the thermal and boundary force effects.
i Using the general transfer relationship, the deflections

and internal forces are then determined at all node points'

| in the system. The support loads (F) are also computed by
multiplying the stiffness matrix (K) by the displacementi

vector (8 ) 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,

,x_ .ma-- nmmm.a-,w, , .~ . Lc
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From the mathematical description of the system, the overall
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-loop coupled model
is shown in Figure 5 The total model 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. RESULTS

The results of the stress evaluation of the reactor coolant loop
piping are summarized in Table 2. The method used to combine
the loads to evaluate the adequacy of the pipinE system is given

These results indicate that for the loading conditionsin Table 1.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.

.
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TABLE 1

LOADING COMBINATIONS AND STRESS LIMITS FOR PIPING

LOADING COMBINATIONS SIRESS LIMITS
~'

1. 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.
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TABLE 2

PRIMARY PIPING STRESS ANALYSIS SUMMARY

EVALUATION HOT LEG X-0VER LEG COLD LEG ALLOWABLE

P + DW '6700. 7600. 7700. 16600.

P + DW + SSE 9900. 13000. 16300. 29880.

PRESSURIZER SURGE LINE PIPE STRESS ANALYSIS SUMMARY

ALLOWABLE

P + DW 8700. 16600.

P + DW + SSE 16900. 29880.
I

: .
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CONNECTICUT YANKEE PRESSURIZER

SEISMIC ANALYSIS

1
1

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 nozzles, 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 CYW

reactor coolant loop dynamic model.

Since earthquakes are oscillatory in nature, the sign on these

quantities can be either plus or minus. In this an& lysis the most

conservative combination of signs is used. On t:se following pages the

state of stress in various regions of the steam gererator.is discussed

in greater detail.

,

The method of analysis followed the procedures outlined in the

evaluation of the San Onofre power plant as documented in Reference 5.

.

1

1
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2.0 EVALUATION OF PRESSURIZER N0ZZLE TO SHELL JUNCTIONS UMI'

i

,

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 evaluated by using strength of materials equations. The loads were

obtained from the response spectrum analysis of the entire loop.

Stresses at the pre.ssurizer nozzles were calculated using a lead set
i.

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 explanation

j 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 different nozzle geometries (T = r,/t), and there are
E curves for T = 5, T = 15, and T = 50. The surge nozzle has a value of

} T = 2.2; the spray nozzle has T = 4.1; the safety and relief nozzles

f have T = 3.6. Comparisons between the T = 5 curves and T = 15 curves
i show very little difference in values in the regions of interest;

! therefore, it is assumed that T = 5 will adequately represent the T<1.0
) cases.
!
I

j For example, p = T/ t = .25, U=r /. RT= 1.2g m

S CurvesS, Curves p

,

T=5 T = 15 T=5 T = 15

N, .035 .026 N .034 .021
g

M, .059 .053 M .041 .038
x

N .048 .080 N .050 .086
y y

M .017 .019 M .010 .011
y y

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

.. .. , - -.w e u - a.e me e w e a.% - w w www w w L-
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surgo, spray, safety, and relief nozzles respsetively. From these !

stress components the principal stresses are obtained and the stress

intensities evaluated for comparison to the code allowable. )

'

i

Primary Membrane

Internal pressure in the shell also contributes to the overall stress

state near the nozzles. 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):

d X* Axial = pr /(2t) = 2050(40)/(2)(3.57) = 11485 psig

S 11485 psi6 = pr /(2t) =Y= Hoop g

0 R*dRadial = -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

. , = 12.5 ksi. The allowable limit for primary membrane for faulted

conditions is the lesser of 2.4 S, or .7Su. Since Su> 3S,a
conservative limit for membrane becomes

,

.7 (3 S,) = 2.1 3,

For S, = 18,500 psi the limit becomes 38,850 psi.

Local Membrane Plus Bending

In order to complete the comparison of nozzle stress to code

ellowables, the pressure stress must be added to the external load

stresses.

d=dp + d,

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:

|

.

e LN> % e m % w aadc o m m a m s e u d..~ : vwm .',
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d a pr /(2t) + (5,g + d xg)/2g g

H = pr /(2t) + (4 yg + 6 yg)/2g

TAH * u+ L)/2, no pressure contribution
d R = -p/2, no nozzle contribution

Utilizing the above equations, the location of the maximum stress

intensity on the surge nozzle as shown on the BIJLAARD table in Figure
,

1-1 is location D. The primary local membrane is evaluated as follows:

d g = 11485 + (-1118 + 1430)/2 = 11641 psi

6 H = 11485 + (-357 + 629)/2 = 11621 psi

TAH = (643 + 643)/2 = 643 psi

d R = -2050/2 = -1025 psi

The bending stress in the nozzle to shell junction which results from

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 load local

membrane stresses. Thus, the primary local membrane stress intensity

due to pressure and nozzle loads is P +Pb= 13.3 kai. The allowableg
limit for membrane plus bending for the faulted condition is 1.5 times

the primary membrane limit. That is,

IL+PB .6 1.5 (.7 S ) = 3.15 S,u

for S = 3S,. For S,= 18500 psi, the limit becomes 58,300 psi.
u

The same procedure is used for the evaluation of the shell to nozzle

junctions for the r, 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 the

nozzle opening as a result of external loads is classified as primary

local stress intensity according to the ASME Code.

.. ~ wu -m .e < . _ m m.m ..- --m._. . __ ~ ~ i
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c-50*3.0 EVALUATION OF PRESSURIZER N0ZZLE TO PIPE JUNCTIONS

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 torsional moment of ine'tia. The geometric properties forr

the four nozzle / pipe junctions are listed below:

Surge Spray Safety Relief
.

A(in ) 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.

2V = (V +V2}. j
2M = (M +M2)3

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 to the pipe torque is

evaluated at the midsurface of the pipe.

A = pr /(2t) + P/Ag

H = pr /tg

TAH = V/A + M #mt

6 R = -p/2

The pipe loads for the surre nozzle are as follows:

c. m i. u o s , c. . +, w a. ww2. w m . .. . _m.m._,;. -mmu -~. <
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P = 1050 lba M a 251000 in-lbs
3

Vj = 4400 lbs M2 = 194000 in-lbs
V2 = 4400 lbs MT = 415000 in-lbs

V = (V 2y2 )l/ = 6223 lbsj
M.= (M 2+d2) = 317233 in-lbsj.

The primary membrane stre s components are determined from the

previously menti 6ned equations:

6A = pr /(2t) + P/ A = 2050(4.615)/(2)( .76) + 1050/23.85g

6268 psi=

4 H = pr /t = 2050(4.615)/.76 = 12448 psig

tAH= V/ A + M r,/ J = 6223/23.85 + 415000 (4.995)/598.6T
3723 psi=

$ R = -p/2 = -2050/2 = -1025 psi

From the above the principal stresses and stress intensities are

evaluated, and P, = 15.2 ksi. The maximum membrane stress intensity is

limited by 2.1 S, for the pipe safe end forging. Fct S, = 18,500 the
limit becomes 38,850. Hence, the nozzle to pipe stresses for primary

membrane are within the allowable limit for the faulted condition.

.

Membrane Plus Bending

The same procedure is used for the membrane plus bending evaluation

with the exception that the stresses are calculated for the outside

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:

.

$O- \%/ * * (M CM a.N h. 9.( YN% %W M$ t%At *Q $A .- 4 '**~ lU
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d a pr /(2t) + P/A + Mr /Ig g g

= 6268 + 317233(5 375)/299.3 = 11965 psi
;

6H: pr /t = 12448 psig

AH * Y A + "T o/J = 3723 psiT I |-
,

f R p/2 = -1025 psi-

.

And the principal stresses and stress intensit1Es are,thus evaluated as
the maximum membrane plus bending stress intensity = Pg+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.

.
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4.0 EVALUATION OF PRESSURIZER SUPPORT SKIRT

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. coolant loop:

F = 144000 lbs M, = 6344000 in-lbs
79000 lbs M = 3443000 in-lbsF =y y

= 102000 lbs M = 3619000 in-lbsF z

The combined external forces and mcments in the support skirt are:
1

P= 144000 lbs
i

V = 129016 lbs
M = 4995139 in-lbs

MT = 6344000 in-lbs

The pressurizer deadweight, DW = 234978 lbs.

The support skirt area and sectional inertias are:

2
Area = 219 in

Flexural Inertia = 263200 in"
Torsional Inertia = 526400 in"
c = 0.D./2 = 41.25 in

The primary membrane stresses are calculated from the following:

Sg = (P + D h=1188 psi
tA = V/ A + J = 902 psi

m G)r

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 S, or .7
S. Since S > 3 S, a conservative limit for membrane becomes

7(3 S,) = 2.1 S,

For S,= 18,500 pai the limit becomes 38850 psi. j

--,n.._.- , m .. ,. _ _ , _ _ _ . ,__g
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Tha m;mbrano plus banding strassac are calculcted from tha follcwing:

A = (P + DW)/A + M(c)/I = 1971 psi
l

A = V/ A + J = 902 psi

Mdd
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 S ). A conservative limitu
for membrane plus bending becomes

1.5(.7)(3 S,) = 3.15 S,

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

.

o
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|
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O-885. EVALUATION OF PRESSURIZER SHELL STRESSES
|

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

loop is:

M= 11005000 in-lbs

The shell cross-sectional properties are as follows:
.

1 = 40 inr

t = 5.44 in
|

I = 1340000 in"

The primary membrane stresses are calculated as:

SA = Pr /(2t) + M(r )/I = 7522 + 351 = 7873 psi -

g i

6H = Pr /t = 15044 psii

fR = -P/2 = -1025 psi

I The maximum primary membrane stress intensity is calculated as:

P,= [H 'R = 16069 psi < 2.1 S,= 38850 psi

The maximum membrane plus bending stress intensity is the same as

above:

Pg+Pb= 16069 psi < 3 15 S, = 58275 psi

t

9

.

S

t

h

,
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6.0 EVALUATION OF HEATER ROD STRESSES

i

The heater rod stresses are the result of external pressure stresses

and a seismic bending moment in the heater rod. Heater rod stress

ev'aluation 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 fact that spectral

accelerations on the Connecticut Yankee pressurizer, at the natural

frequencies of the heater rod as reported in Reference 5, are lower

than those presented in Reference 5.

The he'ater rod stresses are thus within code allowables for the faulted
condition.

.

1
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TABLE 1-1

CYW PRESSURIZER STRESSES (l} ,

Units in ksi
-

L
p (2)*

'p (2) p
m J B

Surplus Surplus-
.

Description Stress Allowable Margin Stress Allowable Margin

.

Surgo Nozzle:
4.38- Shell Junction 12.5 38.8 3.10 13 3 58.3 -

- Pipa Junction 15.2 35.7 2.35 17.0 53.6 3.15

Spray Nozzle:

- Shell Junction 16.6 38.8 2.34 18.4 58.3 3 17

- Pipo Junction 16.0 35.7 2.23 28.7 53.6 1.87

Safety Nozzle:

i -Shell Junction 16.6 38.8 2.34 17.8 58.3 3 28

-Pipe Junction 21.0 35.7 1.70 22.8 53.6 2.35

Relief Nozzle:

-Shell Junction 16.6 38.8 2.34 17 7 58.3 3 29

-Pipe Junction 12.7 35.7 2.81 26.0 53.6 2.06

Support Skirt: 2.2 38.8 17.55 2.7 58.3 21.59

, Shall: 16.1 38.8 2.41 16.1 58.3 3.62

Hestor Rod: 5.3 31.0 5.85 5.3 46.6 8.79

(1) Stresses are for worst case load combinations.

(2) Stress Limits: P, s .7 S * 2*I 3
u m

4 1.5 (.7 S ) 3.15 S,Pg+PB =
u

,
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CONNECTICUT YANKEE STEAM GENERATOR

DYNAMIC SEISMIC ANALYSIS

.

1.0 SUMMARY.0F RESULTS

- The 27.700 f t.2 Connecticut Yankee steam generators were analyzed for
dynamic seismic response. The regions evaluated included the primary

.

and secondary nozzl'es. shells, U-bend tubing, and lower support
brackets. All sections were within ASME Code, Section III
allowable limits and are summarized in Table 1-1.

Applied leads 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 expected
to occur in all four loops.

.

Since earthquakes are oscillatory in naturer the sign on these
quantities can be either plus or minus. On the'following pages the

,

state of stress in various regions of the steam generator is discussed
in greater detail.

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

|

|

|

l
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2.0 EVALUATION OF STEAM GENERATOR N0ZZ'E TO SHELL JUNCTIONS
.

* (,1-63
.

The 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 nozzle to pipe junction are

evaluated by using strength of materials equations.

The maximum forces and come'nts applied to the nozzles were obtained
from the response spectrum analysis of the entire loop. Stresses at

the steam generator nozzles were calculated using a load set derived
from combination of the maximum loads on all four steam generators.
Therefore, the stresses reported envelope those occurring on all four
steam generators.

The basic equations used for the evaluation of the no::le to shell
junctions are detailed on the following pages. The governing equations

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 no::les and shells. The parameter T is used to

identify the different sizes of nozzles, (T = r,/t). There are, for

example. curves for T = 5. T = 15. and T = 50. The primary inlet and

outlet nozzles have a T of 4.51. and therefore, a value of T = 5 is
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. Comparisons 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.

a- o - ,. , . - = - o. --- - t, -
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] / h = 1.2 0'N
For example. 9=T/t= .25 U-

1
S CurvesI S, Curves p

T=5 T = 15 T=5 T= 15

:

N .035 .026 N .034 .021
x x

M .059 .053 M, .041 .038
| x
| N .048 .080 N .050 .086

y y
M .017 .019 M .010 .011

y y

Figures 1-1 through 1 u display the BIJLAARD the work sheets and
;

calculation notes used for the evaluation of the shell to no::le
junctions for the primary inlet, primary outlet, feedwater, and steam
outlet no::les r'espectively. From these stress components the

j principal stresses are obtained and the stress intensities evaluated
for comparison to the code allowables.

| MenbranJt
--

.

Internal pressure in the shell also contributes to the overall stress
state near the no :les. The primary no::le pressure stresses are

calculated by using strength of materials equations in the channel head
near the inlet and outlet no::les:j

| dy=dAxial = pr /(2t) = 2050(54.06)/(2)(8.06) = 6875 psig

I dy=d Hoop = pr /(2t) = 6875 psig

R = dRadial = -p/2 = -2050/2 = -1025 psid

i
I 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

the maximum membrane stress intensity due to internal pressure iszero,

P, = 7900 psi. The allowable limit for primary membrane for faulted
conditions is the lesser of 2.4 S, or .7Su. Since S > 3S,au

conservative limit for membrane becomes
i

7 (3 S,) = 2.1 S,

. ~m. .. .em- e% .wom t



18.500 psi tho limit bccomos 38.850 psi.For S n
m

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=6 +d
p e

Summation must be performed on a component level prior to stress
intensity calculations. Furthermore, the average of the upper and'

lower surface stresses frcm the BIJLAARD analysis will be included.
Thus, for the spherical shells:

dg = pr /(2t) + (6 xU + xL /2
g

g yU + yL)/26 H = pr /(2t) + (6
Ugg = (Tu + t )/2. no pressure contributionL

R = -p/2. no nozzle contribution6

Utilizing the above equations, the location-of the maximum stress
intensity on the inlet nozzle 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

6 g = 6875 + (4828 - 1733)/2 = 8423 psi

TAH = (31 + 31)/2 = 31 psi

d R = -2050/2 = -1025 psi
,

The bending stress in the nozzle to shell junction which results from
!

the application of external loads is secondary and need not be
ovaluated 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 P +P =9.5 ksi. The allowable limitg b

I for membrane plus bending for the faulted condition is 1.5 times the
,

i primary membrane limit. That is,

,

m J, w -w en ~ s; ;. . p . p .- r . (, w , ~--r > :,- r 3 . . , . - , - r ,.,- w y , - _ , ,. - -.r ,
-



4 1.5 (.7 S ) a 3.15 S,P; < P3 u
'

d-66 1, ,

3S,. For S, a 18500 psi, tho limit becemos 58.300 psi.for S =
u

The same procedure is used for the evaluation of the shell to no::le
junctions for the primary outlet, feedwater inlet, and steam outlet
nozzles. The results of these calculations are summarized in Table
1-1.

It should be noted t. hat the membrane stress in the shell near the
no::le opening as a' result of external loads is classified as primary
local stress intensity according to the ASME Code.

.

o e.
'I

a

0

0
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3:.0 EVALUATIC" 0F STEAM GENERATOR N0Z%LE TO PIPE JUWCTIONS
6-66

The strosacs in the nozzlo to pipe junction arc ovaluated by using
basic strength of materials equations. The geometric properties used

in the analysis are the junction cross-sectional area, flexural mcment
of inertia, and torsional moment of inertia. The geometric properties

for the four no: le/ pipe junctions are listed below:

Inlet Outlet Feedwater Steam

2
A(in ) 287

~

258 31.2 67.9

I(in") 40472 45027 687 4521

J(in") 80945 90054 1374 9042

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

V = (V +V 2)1/22

M=(M 2g 2) 1/ 2
. _.

Membran

Consider the evaluation of the primary inlet pipe for the faulted

condition. First the primary membrane stress intensity must be
ovaluated. 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 to the pipe torque is

evaluated at the midsurface of the pipe.

dg = pr /(2t) + P/Ag

6
H

pr /tg

AH = V/A + M r,/Jt

6 R = -p 2

The pipe loads for the inlet nozzle are as follows:

~- c - ''muxecee3emw awww mmea
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6 b-b7' '

P a 234000 lbs M i= 1.5 X 10 in-lbs
6

M2 = 4.3 X 10 in-lbsV j = 217000 lbs
6

2= 32000 lbs MT = 2.9 x 10 in-lbs: V
.

V = (V;2 yp )1/2 - 219000 lbs
'

-2

2 0
M = -( M +M2) = 4.6 x 10 in-lbs-

g

1

The primary membrane stress components are determined from the
,

previously mentioned equations:

6 = pr /(2t) + P/A = 2050(15 41)/(2)(2 72) + 234000/287
g

= 6622 psi
i

6H = pr /t = 2050(15.41)/2.72 = 11614 psig 6
tgg = V/ A + M r,/ J = 303289/287 + 2 9 X 10 (16.77)/80945T

1364 psi=

l og = -p/2 = -2050/2 = -1025 psi .

!

From the above the principal stresses and stress intensities are
= 13 0 ksi. The maximum membrane stress intensity isevaluated, and P

m

limited by 2.1 S, for the pipe safe end forging. For S ,= 18,500'the'

limit becomes 38,850. Hence, the nozzle to pipe stresses for primary

membrane are within the allowable limit for the faulted condition.

: Loeni Membr3pg Plus Bending

i
: The same procedure is used for the membrane plus bending evaluation

with the exception that the stresses are calculated for the outside
surface of the 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:

- ~ . ~ , n.~. -- , n . . .- n -n .--,a- ~ w .i
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dE-08 -
P/A + Mr,/Id a pr /(2t) +g g

6a 5807 + 857 + 4.6 X 10 (18.13)/40472 = 10965 psi-

6H = pr /t = 116'14 psi
.

g 6
r ,d = V/ A + M r,/ J + 1057 + 2.9 X 10 (18.13)/80945 = 1415 psi

.

g T

6 R = -p/2 = - 025 psi
..

And the principal stresses and stress intensities are thus evaluated as
the maximum membrane plus bending stress intensity =.Pg+Pb = 13 2 ksi

'

which is within the allowable limit of 3 15 S,= 58.300 psi.

The same procedure is used for the evaluation of the no::le to pipe
junctions for the primary outlet. feedwater inlet. and steam outlet
no::les. The results of these calculations are contained in Table 1-1.

.

6
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4.0. E',ALUATION OF LOWER SHELL STRESSES g7_g,7
~

.

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

'

from internal pressure and bending moment acting on the shell. The ;

shell material is SA-212 Gr B with an S, value of 19 000 psi. ,

Membrane

6
For SSE. the maximum bending moment was 50 9 x 10 in-lbs in the lower-'

shell.

650 9 X 10 (59 5)/Mc/I = 675(56)/(2)(3.38)dg = pr /C2t) ++g 6 5592 + 1352 = 6944 psi(2.24 X 10 ) =

g = pr /t = 675(56)/3 38 = 11184 psi4 g
,

d a = -p/2 = -675/2 = -338 psi

The maximum stress intensity is:

P, = 11184 + 338 = 11522. psi < 2.15,= 39.900 psi

Mgr,trane Plus Bindine

Mcmbrane plus bending stresses are the same as above.
.

|

|

I
i
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' 5.0 EVALUATION OF TRANSITION CONE STRESSES g.7g |
|

The stato of stress in the cono is the result ~of both internal pressure

and a shell moment. The primary membrane stress intensity is derived

from internal pressure and overturning moment. The cone material'is.

SA-212 Gr B with an S, value of 19,000 psi, |s

Membrana
,

0For SSE. the maximum bending moment was 47.7 X 10 inklbsatthebottcm
of the transition shell.

.

6A = pr / {2t(cos 6 )} + Mc/Ig
0 6

= 675(60.44)/(2)(3.88)(.98) + 47.7 X 10 (64.13)/3 07 yc 10
= 6361 psi i

'

a H = pr /{t(cos e )} 10729 psi=
g

6R = -p/2 = -675/2 = ~338 psi

*

The maximum stress intensity is:
. ..

P,= 11067 psi < 2.1 S,= 39,900 psi

Membrans Plus Bending

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

i

|

i
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6.4 EVALUATION OF UPPER SHELL STRESSES gy_77
-

.

The state of stress in the upper shell is the result of the application i

of a shell moment due to bending and internal pressure. The primary

msmbrane stress intensity is derived from internal pressure and
overturning moment. The shell material is SA-212 Gr B with an S value

of 19,000. No upper seismic pad is present to contribute to local
shell stress.

Bembrane
.

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

0maximum bending moment was 27.9 X 10 in-lbs in the upper shell

assembly.
-

6A * Pr /(2t) + Mc/Ii 6 6
= 675(68)/(2)(4.13) + 27.9 X 10 (72)/4.03 X 10 = 6055 psi

6H = pr /t = 675(68)/4.13 = 1.1114 psig

6R = -p/2 = -338 psis
. ..

11114 + 338 = 11452 psi < 2.1 S,= 39 900 psiP =
m

Membrane Plus =ending

The membrane plus bending stress intensity is the same as above.

Pg+PB = 11452 psi < 3.15 S,= 59.850 psi

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

!
,

.

.



7 0 EVALUATrok 0F SUPPORT LOADS
' -

.

&-77 , ;

Tho support bracket is a three piece woldod assembly consisting of two j
'

clevis plates and one support plate. Four bracket assemblies support

the steam generator. The stresses in the bracket result from axial and
shear loads. Since the brackets are welded to the tubesheet forging.

,,

shell stresses do not apply. The assembly layout and dimensions are
'

shown in Drawings 7-1 and 7-2.

.

The maximum loads were determined from the response of the reactor
coolant loop dynamic model:

F = 1057 kips

V = 249 kips

where F is the vertical load (inclusive of deadweight), and V is the
tangential load. These loads are derived from the reactor coolant loop

model and the steam generator geometry.

The material.ior the three plates was ASTM-A-212 carbon steel, grade B,
with S = 70 ksi.u

M2; brans

Classical strength of materials equations were utilized to evaluate the
maximum stress intensity for P . For the stress due to axial load F:g

t = F/At= 1057/154.63 = 6.8 kaixy

where A is the total weld area on the shell per bracket. For the
t

stress due to shear load V:

T = V/At = 249/154.63 = 1.6 ksixz

All other stress components are assumed zero. Solution of the stress

tensor produces:

P,= 14.0 ksi .7S = 49 ksiu
!

Local _Fgmbrane Plus Bending

s.st w. Am:semam u.., . , _,_ ,my.m,2 ,._ %g g



*A,cenpositomimontofinort[awascalculatedforthoantirocupport
_ _ .r- ~

j ,

I bracket assembly utilizing classical techniquos: c7 7g
.

I* Y A /Ai1 t-

2I = 2 (Ig+Adgg)

The bending due to axial load F:

d = Mc/I = Fa(h + t - Y)/I
x 3 g

1057(9)(10 78)/4745.6 = 21.6 ksi=
*

r

and the bending due to shear load V:

d Mc/I = Va(w/2)/I:
x y

3.6 ksi= 249(9)(15/5)/2(4802.5) =

The shear load also causes a torsional load on the bracket due to the
i centroidal location:

|
|

T = VCY - t /2) - -.

s
1362 in-kips= 249(7.47 - 4/2) =

-

.

Using an approach outlined by Wang (Reference 4):E

3
U ,,x = 3T(t )/(b t)3 + 2b t22)1 3

= 3(1362)(4)/ ((12.25)(4)3 + 2(16.25)(3.25)3 }
= 8.6 ksi

a

U could be either t r T depending upon the location on the
max xy xz

| bracket. The upper corners of the clevis to tubesheet weld are the

|
most conservative locations, and thus

| t ,x = t = 8.6 ksi
m xy

Corabining and solving the stress components for membrane plus bending'
'

produce

P +Pb = 39 9 ksigi

!

which is within the limit'

.<.-_. , _ _ . --. -_ _
,.me-



1.5(.7)S o 73.5 ksi g 7p j
'

'

u ,

-These numbers arc shown in Tablo 1-1 cnd indicate t at tho faulted !h
|

)condition requirements are met.
1

|

|

. ..
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. ' 8. 0 EVALUATION OF TUBE BUNDLE g7_73r

8.1 Introductory 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 generator. The basis for the

2
model is a 27,000 ft steam generator model developed for the SCE
seismic reevaluation presented in Reference 5 The model was

modified. however, to account for geometric and weight differences'

for the CYW steam generators, as outlined in Appendix I. In

f
addition to the gecmetry and weight differences, the actual CYW
support and nozzle stiffnesses were incorporated into 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 of stiffness at that
'

location.
i

,

8.2 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. Beam elements are used to represent the

,

steam generator shell, tube bundle and other internals. Massless

( elastic support elements represent the stiffness of the lower
support system and attached piping.'

i

| Nodal point coordinates and beam element data in the form cf
cross-sectional areas, flexural moments of inertia and outside'

radii of the cross sections are presented in Appendix I. The

global coordinate system employed in the analysis is illustrated
in Figure 8-1. The X and Y axes are horizontal and the Z axis is
vertical..

The dry weight of the steam generator shell and internals, in
addition to the weight of the primary and secondary water, is

,

lumped at the nodal points of the assemblage. Water weights are

based on the vessel at the 100% load normal operating condition.'

Lumped mass data is summarized in Appendix I. The masses are

lumped at nodal points of the model for directions corresponding

~. . e . - - ~ ~ - - - t-



to horisontal and vortical translations of tho stean genorator. d-76-

'

Rotational inortias for torsional vibration of tho stcam generator
.

cro clso dofincd.

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 of the
ccaponent.

The steam generator mathematical model is comprised of a shell
beam ' Elements'1 thru 14), a tube bundle beam (Elements 15 thru
35), and an 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 horizontal

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.

8.3 Results of Modal Analysis - Natural Frequencies and Mode Shapes
..

McGal analyses of the steam generator were performed using the-

WECAN computer program. The results of these analyses for the twc

lower support stiffnesses evaluated are summarized in Tables 8-1
-

and 8-2.

8.4 Results of Dynamic Seismic Analysis - Tube Bundle Response

Zhe maximum combined stresses considering all three shock
directions were calculated using the WECAN program post processor

COMSPC. The maximum tube bending stress occurred at node 32 and

was 3 2 ksi. This 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 motion.
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 v lue of 26,700 psi.
m

m - . ~ mm mmm= =...c=r =_ .- - - - - - - -- - - - -- .- --m
-

.
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Membrane-
*

p' (y-77'

pr /2t = (1375)(3.2)/(2)(.055) = 3999 psi6 = g

I
!

H= p r / t' = (1375)(.32)/(.055) - 7998 psij d g
-

.

,

; g= p/2 = -1375/2 = -688 psie-

ddR = 7998 - (-688) = 8686 psi < 2.1 S'
P = m

) m H
i = 48.930 p.si

!'
>

Membrane Plus Bending'

!
i For the analysis of membrane plus bending. the bending stress in
I the model tube bundle beam is used. The stress is calculated in
!

| the COMSPC run for the Case 1 lower support stiffness.
;

I
a

.

f dx = 3999 + 1768 = 5767 psi,

6g = 7998 psi . ..

9

$
! 4R = -688 psi
,

,

8686 psi < 3.15 S = 73.400 psi
! P + Pb = 7998 - (-688) = m
> m

,

Table 8-3 presents a list of microfiche available in the SNTC
: files of the computer runs used in the tube bundle stress8

}
j evaluation.

4

,

i
1

i
!5

!
t
'

.

%

$

a

N LM r - ': - TA ^L r -M; .% M Mkb % W M P% ed - '-MW7% Wed YY



.
,
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TABLE 1-1

STEAM GENERATOR STRESSES (l}
'

Units in ksi
.

L
p (2)p (2) p.,

Bm
,

.

Surplus Surplus

)oscription Stress Allowable Margin Stress Allowable Margin

'rimary Inlet: .

. Shall Junction 79 38.8 4.91 95 58.3 6.14

- Pipe Junction 13 0 33.6 2.58 13.2 50.4 3.82

'rimary Outlet:

- Shell Junction 79 38.8 4 91 91 58.3 6.41.

- Pipe Junction 13 1 33.6 2.56 14 9 50.4 3.38

- --

St'oam Nozzle:
-Shell Junction 11.6 39 9 3.44 12 3 60.0 4.88

-Pipo Junction 8.7 39 9 4.59 8.7 60.0 6.90

Foodwater Nozzle:
-Shell Junction 11.4 39 9 3 50 12.0 60.0 5.00

-Pipe Junction 6.6 39 9 6.05 6.6 60.0 9 09

Shall Regions:

-Lower Shell 11.5 39 9 3.47 11.5 59 9 5 21

-Transition Shell 11.1 39 9 3 59 11.1 59.9 5 40

-Upper Shell 11.5 39 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: 9.6 48.9 5 09 96 73 4 7.65

(1) Stresses are for a combination of the maximum loads on all four
steam generators.

(2) Stress Limits: P, 4 7S = 2.1 S,u
4 1.5 (.7 S ) = 3 15 S,Pg+PB u

asw x.~ ~ ~..~. s w m w - m s- n ~ ~ a n._ w
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.

TABLE 8-1

NORMAL MODES OF THE STEAM GENERATOR

CASE 1 SUPPORT STIFFNESS

Mode Frequency Component Direction Description

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

5 24.2 U-Bend Y Bending

-- . m . ~,m-~ #w -. . . s~ . ..,.,m. ..,2_ .t
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i

\
i

|

TABLE 8-2 |

NORMAL MODES OF STEAM GENERATOR

'

.

CASE 2 SUPPORT STIFFNESS

Mode Frequency Component Direction Description

1 6.1 Shell X Bending

. _.

2 6.4 Shell Y Bending

3 9.8 U-Bend X Bending

4 24.3 U-Bend Y Bending

5 25 9 Shell X Bending

- - + - - . - -. % _m ,_ , ,,,_ y , g
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TASLE 8-3

MICROFICHE AVAILABLE

|-

-

Run Date Description

TFNECMB 8/14/82 WECAN Modal Analysis - Case 1 Support Stiffness

TFNEC16 8/14/82 WECAN Medal Analysis - Case 2 Support Stiffness

TFNECZR 8/16/82 COMSPC Post Processor - Case 1 Support Stiffness

i

TFNECZU 8/16/82 COMSPC Post Processor - Case 2 Support Stiffness

:

|
|

|

.
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APPENDIX I - Steam Gonorator Dynamic Model Development

Dynamic Model Development.

.

The dynamic model used in this seismic evaluation is developed from the
2

27.000 ft steam generator model developed for the SCE seismic reevaluation-

2
program. The CYW steam generator is also a 27,000 ft model; however, the

.

upper shell sections are larger than those on the SCE steam generator.
Therefore, the upper shell portions of the shell beam must be modified to
account for the CYW geometry. The shell components remodeled are the
transition cone, upper shell, and elliptical head and are discussed below.

-

1. Transition Cone

Inside radius at small end = 56.12 in.
.

Outside radius at small end = 60.00 ine

Inside radius at large end = 67.75

Outside radius at large end = 71.63 in.

Dry weight = 26.5 Kip from Dwg. 789D951

Wt. of H O = 2.06 Kip from Reference 5
2

Radius of Gyration = 65 0 in. - Estimated

2 2
313 Kip-sec -in.

IR = Mr
= 28,600/386 x 65 =

The cone is represented in the model by two beam elements - elements

59 and 61. The cross-sectional properties of each element are:

. _ . . _ - . , .m .,...__e,~. % .. s.,- ~ x_ _ a



Elsmant R,. R. A. I. J. D[ ,yg1,,

in. in, in. in, in. in.

6 6
59 62.91 59.03 1486 2.76x10 5.53x10 125.82

6 6
61 68.72 64.84 1628 3.63x10 7.27x10 337,44

|

Transition Cone Lumped Mass Data

2
Node Weight. Kip J ' Kip-sec -in.

R

7,9 7.2 78.2
1

8 14 3 .156.5

2. Upper Shell

.

d, = 135.5 + 2 x 4.13 = 143.76
. ..

d = 135.504
.

t = 4.13 .

*

L= 164 in.

A= /4 (143 76 - 135 502) 3g33,7 in,22 ,

4 0
I= /64 (143 76" - 135 50 ) = 4.42 x 10 in.

0
'

J = 2 x I = 8.84 x 10 in.

Rg = (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. 671J565
.

H O Weight - From Tech Manual TM-1440-C78
2

- . , . _ _ , . . _ . _ . -e.t , , ,# _ -. me .e. _ __, _ o.
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Total Usight of H O = 68.3 Kip2
- 24.8 Kip - Primnry H O2
- 23 1 Kip - H O in Lower Shell

2
2.8 Kip - H O in Transition Cone-

2

17.6 Kip - H O in Upper Shell
2

2 3 22 = 90.84/386 x 69 82 = 1.15 x 10 g1p_3,c -in.IR=MRg

Total Weight = 90.84 + 17.6 - 2.68* = 105 8 Kip

Upper Shell Lumped Mass Data

2
Nede Weight, Kip I , Kip-sec -in.

R

9 10.6 115'

4

10.11.12.13 21.2 230
, . ..

i

14 10.6 115

* Secondary H O Added to Feedring
2

3 Elliptical Head

Weight = 29 52 Kip Head ) Dwg. 671J565

4.5 Kip Steam Nozzle )

34.02 Kip

2
Mass = 34.020/386 = 88.1 lb-sec -in.

Rg = 69 78
.

5 2 2

IR = Mr /2 = 2.14 x 10
lb-sec -in. = 214 Kip-sec ,13,

s- - .~mn _ . - .. ~ . . . . . . . . . - ., mnsma. n.n 1



dI'
Uppar E2cd Lumpcd Mass Dste

(

2. Kip-sec -in.22
Node Weight, Kip J

i4 11.33 71.33

15 22.67 142.67

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

'I. Support Stiffness

The support stiffness used in the steam generator modal response spectrum
Because of theanalysis are derived from the reactor coolant loop model.

difference in co-ordinate systems, the stiffness matrices had to 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 generator
horizontal axes. Finally, rotating about the loop model x axis 90 will

align the stiffness matrix co-ordinate system with the local steam ,

generator model co-ordinate system. Table I-2 presents the development of
the rotated stiffness matrices used in the steam generator detailed beam
model.

!
|

|

|
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.

Table I-1 (c) dk'

Element Data Modeling Changes
.

-
. .

* Element Existing Model (SCE) CYW Model
l'

'

A, I. J. Do, A. I, J. Do,

2 0 0 2 0 0 4
in 10 in 10 in in in 10 in 10 in in

7 1180. 2.12 4.24 119 1180. 2.12 4.24 119

8 1478. 3.19 6.38 124 3 1486. 2 76 5 53 125.8

9 1602 2.94 5.88 133.2 1628. 3.63 7.27 137.4
.

10-15 1627 3.64 7 28 137.5 1812 4.42 8.84 143.8

. ..

,

l

* < sw +nn-w ~n nm . ,m _n,,,, ,, , , , , , ,, _|



..

ty-87' '

Table I-1 (b)

,

Nodal Mass Point Changes

'

.

Node Existing Model CYW Model

2 2
Mass.lb-sec /in Ir.lb-sec -in Mass,1b-sec /in Ir-lb-sec -in

' ~

7 55 168.800 56. 183.600.

8 34. 125 000 37 156,500.

9 39 150.000 46.-- 193.200
.

10-13 44. 175.000 55 230.000

14 39 150.000 57. 186.330

15 36. 76.000 59, 142.670.

~ w w a m . w m ...n m m . ,-c,,.w.e w a n n ,,., m a, a _ ,, ,.,, uw



..

&-TT
.

LIST OF REFERENCES

ASME Boiler and Pressure Vessel Code, Section III, Subsection NB.
.

i

. Uichman, K. R., and Hopper, A. G., and Mershon, J. L., " Local Stresses in !

Spherical and Cylind'rical Shells Due to External Loadings," Welding
Research Council Bulletin 107, March 1979

1. Budynas, R. G., Advanced Strength and Acolied Stress Amalvsis, McGraw-Hill
Book Company. New York, 1977.

l. Mang. C.T., Aeolied Elasticity, McGraw-Hill Book Company, New York, 1953

.5. Bishop, J. E. and Smith, P. G., " Time Histcry Seismic Analysis of the Steam
Generators for the SCE San Onofre Power Plant," Westinghouse-Tampa,
UTD-SM-75-021. April 1975 - --

|

|

|

|

|

|

|

L -r ecxm--w. ,, , .% ,m .m . . . , , , , , , , _ , , ,, ,



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

b-89~ . *
,

|
|

-

.

SUMMARY OF SSE SEISMIC EVALUATION

OF REACTOR CCCLA!'T FUMP MODEL SI-4M-Al

FOR CONNECTICUT YANKEE ATOMIC POWER PLANT UNIT 1

.
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I!!TRODUCTIOri

The purpose of this report is to prcsent the analytical methods and
stress criteria used along with the results and conclusions obtained in
SSE seismic evaluation of the Connecticut Yankee Reactor Coolant Ptraps
( 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 (CW) Criteria
Doctanent, 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

C677188 Rev. 4 are used. For the faulted condition the structural
integrity of the RCP motor must be assured. The ptanp/ motor must also
remain mechanically functional to allow coastdown.

IN|)y

1
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DESCRIPTIOrl OF COMPOPIENT
.

The Haddam Neck Plant Reactor Coolant Loops contain four Westinghouse

Model SV-4M-Al Contiolled Leakage Seal Reactor Co'olant Pumps. The
model SV-4M-Al RCP is a vertical, single-stage, centrifugal, shaft seal

pump designed to pmp 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 pmping 61900 gpm of main

,

coolant at a temperature of 544 F and a pressure of 2065 psia.

The pm p is driven by a vertical, air-cooled, squirrel-cage induction
Thetype motor located above the pmp on the motor support housing.

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 punp. -See Figure 1 for relative locations of these components.

The entire punp/ 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 pmp casing.

/$
"%9y

!
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Cot!CLUSIO!!S

.

Tne Connecticut Yankee RCP nozzles, 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 G677188 Rev. 4 |

Appendix B and the Haddam Neck Plant Seismic Reevalution Program

Criteria Doctanent. Results are tabulated in Tables 1, 2 and 3.

Structural integrity of the ptrcp/ motor is assured.

kg
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MkAt!ALYSIS METuoD

Westinghouse Electro-Mechanical Division has performed a detailed time
history dynamic analysis and structural evaluation of the Model
SV-4M-Al Reactor Coolant Pump (WEMD Reports #4672 and #4664). Figures

f 3 and 4 show the math model developed to represent the ptz:p. Tnis
analysis was a specific analysis for the Southern California Edison

|
Company San Onofre Plant (SCE) based on a time history Reactor Coolant

I Loop analysis for SSE with 4% damping. Loads and displacements at
points of interest throughout the pump were determined. Stresses were

calculated for critical components of the RCP assembly.

i A emparison of CW and SCE RCP technical information and drawings was

performed. No major differences were fcund between the CW and SCE

ptanps. For the purpose of seismic analysis these pumps kre identical.
In addition the method of ptrnp support was compared. Tne CW ptz:p 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 pm p casing.
No lateral supports exist elsewhere on the pmps.

A comparison of the CW seismic response at the ptanp was mde to the
:

f SCE seismic response at the pump. In order to compare the time history

analysis to the response spectra analysis, response spectra at the planp
were developed. From the SCE time history atelysis the response

spectra at the ptanp casing center was developed using the time history
output tapes and a post processing compute /r routine. From the CW

response spectra analysis the respann 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

i

___ . _ _ _ _ _ _ _ _ - - _ _ _ -
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based on the methodology presented in recent technical papers by M. P.

Singh (1975, 1980) utilizing random vibration theory.

Ccmparison of the two sets of response spectra, Figures 2 A,B,C, show
that the SCE ptmp analysis is conservatively applicable to the CW
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 CW 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 allcwables.

&Q-
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TABLE 1 /$
STRESS RESULTS

PM PL + PB
SUP. FLUS SURFLU5

DESCRIPTIOff STRESS ATLG!ACLE MAPGIN STUESS ALLGTADLE MADGIN

Suction Nozzle
@ Casing Junction 8058 39840 4.94 11427 59760 5.23
@ Pipe Junction , 8600 139840 4.63 , 8970 59760 ,6.66,

Discharge Nozle
@ Casing Junction 9751 39840 i4.08 13685 59760 4.36
@ Pipe Junction 30710 39840 1.29 30830 59760 1.94

Support Foot
@ Casing Junction 3787 23240 6.13 5564 34860 6.27

'

9 Hanger 26154 39840 1.10

Motcr Stand Shell
44141 54000 1.22@ Main Flange

@ Upper End 24519 54000 2.20

Motor Stand Bolts
@ Main Flange 50377 73500 1.46
@ Upper End 70862 73500 1.04

Main Flange
Bolts 6994 8800 1.26

515 32150 62.4Shaft

Seal Housinc
Shell 390 32150 82.4

Bolts 1065 73500 . 69.o

.
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TABLE 2 h/
ERELATIVE DISPLACEMEhT RESULTS

. Peak Radial
location Disolac ments. in. Cl earance. in.

.

Ptup 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 Oil < .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
Sottem 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 small and
coastdown would occur.

,
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TABLE 3 ,,

I
RCP MOTOR RE3ULTS

,

,
CALCULATED ALLOWABLE

DESCRIPTION VALUE VALUE

Rotor Shaft Bending Stress 12,275 psi 52,500 psi

! Rotor Shaft Center Deflection .0378 in. 125 in.
r

[ Vertical Loading on Rotor Core 34,104 # 60,088 #

| Assembly
i

{ Flywheel Bolt Stress 570 psi 20,500 psi
.

'*'%,
;

,
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The No. 3 seal ring could have contact saith the shaft during the seismic
event; however, the energy involved is negligible. Contact could also 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.
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f Allowable Stress Criteria & Danping Values - ' , , ,
y

Northeast Utilities Service Conpany - Haddam Nt.sk
SSE Ievel 10. 0.17g ZPCA

-

_

l
h

A-Active;
y , , .

Component P-Passive 1 Or 2 Allowable Stress Dancing Values - 4 Reference
,.
.

. .

M-1 ESM Pung A Sall < .8 S 7 1,2,3

{
y

4 1,2,3M-2 Diesel Exhaust Duct P-1 Sall < Sye
-

.

) 7 1,2,3M-3 Diesel Air P-1 Sall < Sy
Start-t$ 1hnks

..

4 1,2,3
M-4 CVOC Regenerative P-1 Sall < Sy

h Heat Exchanger 1

h
|

j M-5 Diesel Generator- A Sall < .8 S 7 1,2,3 |
_

y
::

/ M-6 Boric Acid Rap A Sall < .8 S 7 1,2,3
_

y

/ M-7 High Pressure Safety A Sall < .8 S 7 1,2,3y
Injection amp

1

M-8 M R Pung P-2 Sall < .9 S 7 1,2,3 !

-

y
.

w
4 le2'3M-9 MR Heat Exchanger P-1 Sall < Sy[j

x
7 - Impulsive 1,2,3

f M-10 Boric Acid Tank P-1 Sall < Sy
0.5 - Sloshing -

7 - Impulsive 1,2,3M-11 Demineralized Water P-1 Sall < Sy
Storage Tank 0.5 - Sloshing-

k -
**

,
-

. 1
1
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I ~
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f
p Allowablo Stress Crit rf a & thnping Values (bntinued -.

. A-Actives
} Component P-Passive 1 Or 2 Allowable Stress Danping Values - 4 Reference
,

'!
- -

, .

7 - Impulsive 1,2,3' M-12 Refueling Water P-1 Sall < Sy
Storage Tank - 0.5 - Sloshing

.,.

/ M-13 Steant Driven Aux. P-2 Sall < .9 y 1,2,3S" ,

! Feedwater Pung -
'

I ,

4 - Impulsive 1,2,3M-14 thderground P-1 Sall < Sy
5,000 Gal. Oil Tank 0.5 - Sloshing-

k M-15 Clean Diesel Oil P-1 Salt , Sy 7 - Impulsive 1,2,3

Day Tank 0.5 - Sloshing-

, .

4 - Impulsive 1,2,3M-16 vblume (bntrol P-1 Sall < Sy
Tank 0.5 - Sloshing-

M-17 (bntainment Fan P-2 Sall < .9 S 7 1,2,3.y
Coolers

i
.~

|
t
>
Y
!
+
y

e

.

-
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S Allowable Stress Criteria & Daneirg Values Continued
'

-9 .

f
'

5 A-Active;

j Conponent P-Passive 1 Or 2 Allowable Stress Danping Values - 4 Reference

:

7 1,2,3
E-1 Battery Rack

,
P-1 Sall < Sy

7 12'3
.

E-2 MCC 61 P-1 Sall < Sy 8

S 7 1,2,3
f E-3 Switch (bar P-1 Sall 1y

(D.G. Room)
^ -

7 1,2,3[ E-4 Q)ntrol Panel P-1 Sall < Sy
(D.G. Room)

-

7 1,2,3
i E-5 Ehgine Mounted P-1 Sall < Sy

--

h control Panel
[ (on Diesel Cen)
A

S 7 1,2,3
B-6 4160-480 V Switchgear P-1 Sall i yg^

7 1,2,3
E-7 Transformers P-1 Sall < Sy

--

(Switchgear Roan)

S 7 l'2'3E-8 MCC 45 & 86 P-1 Sall i y
7 1,2,3

f. E-9 Battery Charger P-1 Sall < Sy
in

S 7 1,2,3
E-10 M00 43 P-1 Sall i y

S 7 1,2,3
h E-11 Main Control Board P-1 Sall 1y

7 1,2,3E-12' Bnergency Power P-1 Sall < Sy ,

-

Control Board
2

7 1,2,3f E-13 MOC 48 P-1 Sall < Sy
!
I
'l

%.
%

.
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Allowablo Str:ss Crit';rin & Danping Values Continued ., .

A-Actives
-} Component - P-Passive 1 Or 2 Allowable Stress Danping Values - % Reference -

d

As defined for 1,2,3Q Congonent Support P-1 Sall < Sy
Structures (3)

- supported couponent

["Ji
Bolting

9 -Babedded Boltire Sall < 0.7 SW 1,2,3

i
;' -Ekpansion Anchors Ultimate Capacity /4 1,2,3

- Welding Sall < 0.4 S AISCy

i
::
1 Notes:

*

U1

1 1) Allowable Buckling lead Equal to 2/3 Critical Buckling [oad
2) Detailed Stress Analysis of couponent in accordance with ASMB Section III Class 2 requirenents.

j 3) Detailed Stress Analysis of conponent supports in accordance ASMB Section III - NP and Appendex XVI. .

m

?
-j References
y
1 1) S & A Proposal

2) IDAC 175-130.01
3) LEAIE Docket No. 50-213

.
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APPENDIX I
-

TYPICAL BALANCE-0F-PLANT EQUIP?ENT ANALYSES

,

4

4

,

.

1

.

I-i

.

_ . _ _ _ - - . _ _ . _ . _ . - - _ - _ _ - _



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

, ,

JC-/. .

82C152.1
0577A

SUMMARY OF HADDAM NECK

SEISMIC ANALYSIS OF EQUIPMENT
TO DATE

A. Mechanical Equipment

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

O.K. for leak tight and structural integrity.

3. Refueling Water Storage Tank

Anchorage System Requires Modification.

B. Distribution System

1. 22 inch dia. Diesel Generator Exhaust Duct

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

C. Electrical Equipment

1. MCC-I

0.K. for structural integrity and supports.

~

.
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1. INTRODUCTION
,,

The Diesel Exhaust Duct is a 22" diarieter pipe, fabricated frcm ;, late, J
that runs from the top of the Dia:e1 Generator, through an expansion
joint and a muffler, and then out to atmosphere through the roof of the I

diesel generator building.
i

A total of six supports exist on the line. 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 to the outside of the mdffler and to |

a WT section, which fits between the plates. The WT section is then
bolted an't welded to an existing beam. The other muffler support is
similar to the anchor with the exception that a horizontal pin is placed
in 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 is 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 applicable
to the Nuclear Industry, so as to detemine 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 lin, 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 fmquency 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,
I respectively.
| '

' Two computer rur.s were necessary for the duct system. For a dead weight
analysis the program assumes the weight acts in a Y direction. However,
the pipe at node point.8 actually lifted off the support for an
earthquak'e 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 lifting off the supports.

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



- _ ___ - - - - _ - __ - _ _

z-7. .

|

4

1
-r '

r
!

l

|
| m . _a.
| 1 ,

I
! - r ) TYP.-

I i,

j '

|
0 . |
- -

i ;
8

I |
'

m ,

I
I ,

!

I ! /
l / |; /'

\
.

J/ i

| j
- -- 3 '/2 f

"

1
,

, .

i K |

5 " '

hf'hf '

) .T i
,

:
,

--
| L I:

9 . o.._
. - i

v a lis - ., 24--
- -- -

?.' - 9" !
_ .- =

,

__.

.
.

.

.

FIG 1-1 ADJUSTABLE ROLL .? 0 0 - T Y ? E S u PPcET

__ _ ._ . . . _ _

N N-Ma Nk b% N _d' P' OM8-N = %d % 'd# d4 Rih *aD' b U- r' *



ANCHORh ."

.. SUPPORT

L
.:

SUPPORT BEAT 1SLIDING
-

'- ; A B+
T SUPPORT

2'' 4" 4" % / .-
- -

b.

fYP-YYi'.fyE e|j -j
-

u .I',, -- -- . . . , , , , - .. . .. .
. ..

ff,

'

t | |
. -

5'(TYR)-
4.-

Ik
,

~an-
I - - - - - 4

.. .. _ ,. ,, *

_'_'_ ~ - - U"":.; __ _

-
~ x s

A , pp O~2 ' M DE

f( VM '

Q i r.g (7y,y
-

2. gre.> _ -_ g (Tyr)W l -.

- - - _

" HUFFLER-

|.

I
-

I. -
' ' -

.

4 4 y,. _2'- 7 V2" .

, =

~7-o- .

,

FIG l.2 PLAN Op yypFLER AMD SUPPORTS
-

h.
,

.

,i l-
N

h
} -

-



.. ._

,

Z-9'-

-

.

.

?\-O" _

_
__

.

.

L

b-
.

2 "' 2- *

EXISTING
SUPPoF.

|- SEAM
1 I I

'

l

V//) ' Y///////A ' V/A n

f. '/'
S - 2" 4 PLUGS ! /
EACH SIDE. -

.

~

. 2" ~ /] 2' d ;I'

" ".1/S:
3xx .,o -

k h-

\/ \'

o \/\* .

8 \/\ 4o

h/\Ny\ u u

We' THK. it. \ N-

N N- /

N [ k/]4 V \i v,

} / f / /
"

| w' h- -

-
,

19' RADIUS
' *

'

-
.

#

.

FIG ~l-3 --5ECTTbh n *A ~ (*H U FFLER SU P 'T) *
.

e

i

m a m a<o m e~y.,mw.e.,~<.-mm w,mmp%nw. ore wtws w. : w+ an n l .c



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

exisTIin
' "

,% L 1 * 'l J-#p. i
:) '

(~~ l
~

U ~J 1. L J . 3.
-

i
.

g.'

SUPPORT
-

,'
. t

|j '

ro-
'

yy kW -

E. 2 - BEAN ".. ( Q :a
- .-.

; C' .
- .

*

.~ ..
,

. ,

9, . ,..j-
-

.. ...< ,
g '

.3 4 ,. y _.
-

- .

.
; , .-.v . q.

7
, .

-
-- . .: .. _

,

, 4 . . - a.- o. -. .
,.

.- '4g i ; y ~-|'

5 .

T y//j r/// ffA;yffg 3
.

-
.

' '

.I " l' M |
, .

li 11 li 11 ) ' [ SUPPORT
'

3- 2"e rwcc }
-

- .

EACH SIDE
g '

RATE gyg), _ gggg)-

4 c J / [M / -
, ,

t ' r- 3- (fyr.)
- ~

2' E \ /
'
'

! '_

a

/\
-r

ip .

\. /\
'

'4 J--MASONRY AucHOR$. 'l
'

' . ~

i..

h
'

N/\ .

3/4"p HOLE IN !

- " -

" .'
i .

_. \ /\ SUPPORT PLATES.
t .

'O- -

3*8
'

-

,

\/\
.

o - > t
- .

* N/s \
'

e ., N/.

* u .

|
.

.

j\. ..

N2s 1' ..,
, .

~~
vi* vs. a..g N \

.
.

.

-

f is h 4 V ("
. '

, .

, .

.'" *

/ //7
*

.

.
.

'
s . '

" ", Yt - Yt
j . '

-

19" RAolus'

- .
|-

4 .
*

- .t .
.

.

.

: * *

N,
.

~
-, ,

,
'

;'

| FIG l-4 SECTION B-B ( H u((Ice , fop d ) - Dj5
'

.

'

%..
~

"



_. _ ._ __ _ ..

''

I-//

10D''
_ 3" __.

- - - , .

_ . .. 3/g.__ / \ n P.

p ,
__

A'

1 f-( 4
: o,

6 / n-
,/ "gi HenE: 2, = =

4 os 4
.

I|

4 @ @ . ,
% y.

)
. ..

- 2
3

-- -

3 2" 1 *- s"
j ~- =

WITH ROLL PIN.
; 2'-o'
)

- _ .

4

! SuDING SUPPORT D5 TAIL
'

: -

~

! 3/4 % HOLES FOR t'~ MASONU,

l'- O"
_ ANCHOR. f-O'_

-

SUPPORT%

! PLATE.
2

- --
p

_

o
.

| l> -e || ' I! h- e- o y.

; - i i .c o
,

4 ,l l i cIa '

( il li o.

e - 6. - : I , I - e-o
I i, , '

'

l' I 3},,)~-
-

-

,

_.
l'-O, _; .- -

_ -

| EXISTING SUPPORT BEAM..
'

ANCHOR SUPPORT DETAIL SECTION C-C i.

|
|+

.

4 1

!
*

1

FIS I-5 L M uffLEJiL ASSEMBLY) |
1

|
*

. - .. _\

s.m _ . - =om - o. - - - s- , --,-_. ~,- - u



.
'

Z-/Z- .

I
. , -, , , , , ,

- , s_ , , _ . , ,
. Y a Y r ._

.

. . _ . a m , . i eY . Yagg ,,,,g g

*
. \ . /\ /\ / t /\ / s /\ /\ _ /\

. e 1 - i *1_ i \ v . e i \ . s 1 x e . 1 - X , i i i.,.*y *".**T 'f" . i i s, L
\ / \ ,' \mf ? . [ . A. t _-/-*-4--t-/ . '. 'w- k-t --/m \.

g{ * * ***' " * ' *4 \ _'I \ / \ / \ / s / \"\ / '
*_*** s

. _ / T'r i T T / T / . f . r X /* ~ " * *

.
. . / \ . , .x . . 7 . ' /. \ ',' . .',.

'

'

*d.
'

-

'

. , , . 1 x .- ,2, , \ . .
i. o * -

.
.

/ ' __/ \
.

_/ T \ ,/. \c. '

,. , - . . . .
. ,I _em- -f. ... _. .m ,m ; ,. - .

-
,

.

\|.
_

\.o
' | \,| I

..

.. f K_'
. ' m | .7 a k. ' -.h.., . , . .a- ..s.--.~

-V- -i- -v -
. , , , i .r m -- 1 1 > >

/g ", ** s / - / / s / s ~\ / s /'/

.

, K / t PC *i . f i x a / \ 1 / \ 7 **k y-* u -
'.%.'. -.%.".F**-

Y
^ '**

'-*/** M /
'

r, \ ,

~ **** j .
, ,,.m / y

, -. . , \ / """i"" \ a. . \ , / \*/* *'

3I s / ,\\ /m. _,,-Y/ /\/ \ I/ ,='E(,, ,

A /. n . I o 1 -7

. 1 * )
. /I .. I_ ] u J . e J - 8 I '' 1, g,,.

\" - s ! \L /
- r\ 7

.

' / /., g 3 ' / /..' / m / \ / Ky. ~ / # \ ,, ji / \,, g _

t / \ / \ / Q_ / _ \ _f
1 / \ //g , , , ' /

s I/ T / \ ' O I mi / / 1

, ,/ _ 1__.
_

/-,. % , -- s -
' J~, >~

, . , ,/. . , - - ---- 4.n .,. , .;h-; --\- , .. p/. ..,>.r.. g -.'.,.... -- - 4 ". \,? - ..?
.| ;A, a , a-'1 '- s -

m. ,
_ x

, , .

- -. .

-\ | \ , |. . -\ ;% . y..- . ;.m- . -,:-\ ; .

,_ . v.. -f x ,j .
f., _\_._f j f = - w- 1 e , .,,a.a g_.._ v . ..._x. t.o

-,,-,..z_ > p_--M.p.._ c... . -v.- -- -

, .-

\. = - ., ./
-

.
. . . i , , , T ., ,

,
.

\,,,

. - . - .m ;;- -

- .. .. .

, , , , , ., . . . - , . . . . _ . .
w .,. . _ - . . . , - ,- . , c-. ,. . . . .,.

ctt-+w w-
.

g,3.., e - - . .-
/ -

-
, . \

,m,/ \ c , z c \,.--4 1---s--- -/- X , 5 M. .

: 1. t_
.---y- -

w /\

i. :
, , ,,

g .p.-\ ; . 2.g.7 .g.. / .-1. ,1: ~ >i \
.- ,.mi \,_; .e.t , K ._:_ . _ .

4__
. . . . ' >..:. .\ .;

. 4 x . m S. - p, .--Q-,.--
. .

b m-- -- 4 .-f
,1 \, . , ,i . x,x,_ -

/ \ r-,

i \ =-M- 8
-

rf' \, _ - -r-w- , - , \,\.\ tv - -

'- -/ --
/ \ i s

L.f . '.'.".h.a N / f , . 'i \f/ N / ' N y j" .g -3 , ,'.g- , ,
1".~. -x _4";7.. *-V." t.u' -

,
, , / . +

v, - ,n .. r, . . \ 1 , , . .\ 1 , X.> a ,. ,.. +/ w ~ v .

m . A In w- 4_ f-'., w2 - i
ft :\ -

v- v 1 ,,, ~e m ia .

. A J-
/, ., . g\gt--_.,_f N / \ / . m , , _ / y/ \/ .

/.\g ii, .1
-- , .

._,. /..., / , , 7 .
.x . , , Ti_s ,% ;- N '/ N,.s N/,' \ f . , N / -- ,-N--y ---\ / ' 6 |. 4.,-A , z Lu, .

v .. _. _s . _ ' ,...; _ _',_...- ' ' - u u

3 -- ...v %' _ _ ~ !. M H H s'& . 'N |\
~,. ^ - .--y\- . - . y. . .....-. .,\.. . .p .s.

,f...
. . ....g. .

N * / \~T /f u.\ .. . ./ . .'g
' Y/ i '' '

L/ _ s - . g 4 /.._ \ g. //: ixA/ tf,' . :. g.. .'4

.. h.

,rh, .- ,;.. ....R,.. ~. ..\~/ \e/ N ,, . .j.. 1,f_.. p_n. . ... s g. ,

x .. y s,

...-__| C_q . . - _ . ,- -. - j\ ; 4 3 ^ ---f : '--/
,

-

./.-s_ ~_
r -.~.-/--~ --

< , i i: i i \ i i i . 1 i \ > i . \ . , i
.

, \ , s i i / \

.T - --' 3. s / . ,.
-- A | , - --t' \ /, / 1/ \/ \/ ,\/ h-- / _- O' '

y\_ \ . . ,j
. .\ . m s v v v 1

i <__ .\y .

r r %- n .r n/ /\ tr /s N
s e r i i # 1 i e s i r s , \ ..,A1 Lt s s iA, r-

,t / K", .g
' % / \'. I \ ' \ & F \ / , / \ / \ ,

_ i _, N.,-
|_Qs

g r
. 1 s > 1 > \ , i > r > .. . < 1 o x i r

i . .;, .I r . 1 .

t \ / \
. \ ' % s\ / ' \ / E / . 3* T- \- .

v . _/.3Q .
_',, v/ s / \,- . _.,p _ _ - / .; / s / \ /

.. __ _w \ s v \ . 3<_m w a3
-y! 42, , j\ . j3 f.\ , ,a o
s .

/A 'j'y._._. >- ,

M6 - 7 ,-N f,T W.-vg / .' \ t , /- -N / 2-A | t .f -
' '

, }g-
, -\ / Xy/am * -m- . % O i s - \ ,

i m , u i , s i f--
N =% g ; ,. \ s \ w \ g # N s \ r =._ .

g ,, y
T / s /- **. /\ \/\ ( 'A ,\ /s

* 1 - I T : i - 1 T Ph\ I i e . \ _\ \' s I / \ . , j i . y 1 g_

'"#'*g.
_T * / s / EL s\/ s . X \ .- X / \ '

*

"\ /T \ \E \ \ _\/ \ / \ -
\ ',/

\.-A. i / \ \ \ / \ / \ *

_ 7 A'Y_ y / ^ 4 3 * \ d /
\

, . _ - ' , , A . / L/
- T / N . / Ei X T - /\ T / \ / 4 i

Q . . m - ' a i i e i N i i .
5 g

3 ~ ./\ \/\ _ /s /\ / \
T-|er

_ "
. f 1 6 e f i e i m\ i . f .x . a A 1 e 7 \ a i i . I 4 a i

,,a,_._
__ \ / \ # \ \' 1- TT / \ / \ I "I 'I J / // ' 4 /

|4,,, , /, y /
-

i w a -y / r .- - \ r i :si i 2 < >

- T \ . / R / i f . s I
"

t' t

/s

m I 1 Y . T ' Y i i t Y e I? i t Y / t Y , e
. i e f Y,1

/\ /\ ' /\ '\ 1 /\ I\ / /\ - i m,

X . I \p *- * i i . / \ . / \ 3 m I i i . 7 i .Ii i i 1 va,i.
\

f p%-- ,j N,..
-

,,

N.p. \/ ' x. . -x /c-/----\-:.p---\--h , \ y \;/ . m/ m.. .

.:'._s. _ -.

,/ - s-/- \ . \-/

.. ,.. _. v __ . 1_ .g.e-' _ .5\ '

. | \ .- , :. ,k- i ,. . _. <_ _ j? -,-

w \/

n . .
>/ .

-

a
.a -. ? >1.._._:_: .w . . . 1 a. .:. . a .

. . :. - .\ |...

.
%.. ,

--.
, ; \ . , , . . . /. , .

.

,- ./ l
_ . _ . .

._4_.. .-x u / ' _._.y . . . . b _j _._'. _ . - ./ .1.
, y. .

... ..s
. . . .. ; . ./.

s..a. .: .j s : .p_ .
_

'[ j ... Q. .. . _.s :_ 4 9- \.....,..-- . . . .
<

., .,e ..s.....

: A :. : :. / / A .s-..

, y -\--. .. _._... - N. .:../. . 3. \ ,,. ; K _.:..:_.i _- m .h.,....,.. _.,.v . .- yL.. > -,- a
., , \r +, _- -

. , . -

.

, .. . \-- ..r- \, .m .~ _,. \ :- X
.. --T, - ,. . r.. , . . X . , .

h. .,
, , ,

.
-

-

., ...s..
.

.e .. -\./ a...a \ /_ o s g f, . y ,f - yf . - y . _. - .\ p_.y/ t N.L/-.s ,'. y
-' >

y r 2 2
i i 2 i , i , --r i . , i , i . . 1

.
G

? s .' h$ h 'l f Osf'( g y3 y.-
_q



. ._ .

Z-/$' *

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 lb/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 lb/in - axial, 5300 lb/in -
lateral, and 500 in-lb/deg - rotational.

The connection of the exhaust duct to the muffler was-

modelled as an unreinforced fabricated tee.

.
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Preliminary analysis of the support system indicate the web of the
non-anchor muffler support is overstressed and many require stiffening.

3. LOAD CRITERIA

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

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
in 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 I
except that allowable stress is reduced from 3S to 1.5 5 or Sy

,

The allowable stress limit for the duct system is defined as

Sall $ S iy

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 mixer. Support for the tank is provided by
a stiffened ring at about mid-height on the shell. This ring is bolted
to the floor by 8-2 inch diameter anchor bolts. The tank shell and roof
plates are 3/16" thick stainless plate and the hemispherical head is 3/8"
stainless steel plate.

These calculations were made to evaluate the seismic design adequacy of
the Boric Acid Storage Tank for the seismic floor response spectra input
defined in Figures 2, 3 and 4.

2. RESULTS

The results of this analysis show that the Boric Acid Storage Tank will
maintain its structural and leak tight integrity during the prescribed
seismic disturbance defined by Figures 2, 3 and 4. Satisfactory
perfomance for this component is defined, in the P-1 or passive one
category of " Allowable Stress Criteria & Damping Values for NUSCO-Haddam
Neck", as shown in Appendix A to this report. |

Three load cases were investigated.

1. Tank full; ne sloshing of fluid considered, entire mass acts
impulsively. .

2. Fluid height at base of support ring with all fluid and tank
motion assumed impulsive.,

3. Fluid height at base of support ring with all fluid assumed
sloshing. Fluid and empty tank response are combined by SRSS.

The calculated natural frequencies for this tank are the following:

6.262 Hz Motor bouncing on tank roof. All load cases.
13.02 Hz ls' lateral shell mode, load case 1.c
13.60 Hz 1st lateral shell mode, load case 2.
26.29 Hz 2nd mode of motor bouncing on roof, all load cases..

33.95 Hz lst lateral shell mode, load case 3.
.3779 Hz ist mode sloshing in half-full tank, load case 3.

For each load case stresses were computed in the shell and anchor bolts.
I Factors 6f safety were computed for combined bending and shear in the
!- shell and combined. shear and tension. These are shown in Table 1.

-,-. m ce,w m ~ ar- e -~n = _ w __ .a.w
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I Table 1 , ,

Actual Stress AllowableStress(l) Factors of Safety
,

f Shell Bolts Shell Bolts Shell Bolts~

Load Case Shear Bending Shear Tension Shear Bending Shear Tension Combined nd ng & Combined},heQn

I
; 1 1867 1162 4467 6822 7528 12924- 16780 40600 6.6 10.08

'

$

'

2 2845 1783 6809 10472 7528 12924 16780 40600 3.57 4.34

) 3 843 555 2017 3256 7528 12924 16780 40600 17.96 47.7

All stresses in pounds /in2
;

(1) Note: Allowable stresses are determined by buckling calculations.
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Safety f actors for shear and bending in the shell plates were computed j

from the interaction equation: ;

1g+g''s-

Safety f actors for bolting followed from:

1
-

F.S. = 2+ 2 -

The factor of safety for lateral-torsional buckling of the main framing
members on the roof is

F 22,66
F.S. = 7 = 11,777 = 1.924

The maximum dynamic deflection of the roof is + .09 inches.

3. LOAD CRITERIA AND FAILURE MODE ASSUMPTIONS
1

Because of the lack of available research information on tanks with.

hemispherical bottoms, the three load previously mentioned were'

considered.

Case 1. Tank full; no sloshing of fluid considered, entire mass acts
impulsively.

.

This case was investigated because an overflow nozzle is
located at 8" below the roof and the slosh height of the
fluid is 21.8", which is greater than 2 times the freeboard.i

For this case the fluid must be treated impulsively.

Case 2. Fluid height at base of support ring with all fluid motion
assumed impulsive, along with tank.

Since the fluid could be drained down at least to the base of
the ring, this case was investigated because all fluid mass ;

was on one side of the support ring. The fluid was treated '

as being impulsive because the exact motion of the fluid is
not easily detemined.

Case 3. Fluid height at base of support ring with all fluid assumed l
'

'

sloshing. Tank motion is impulsive and fluid and empty tank
;

response are combined by SRSS.;

In this' case, the empty tan 5 ra.conse was computed by machine
'

and combined by hand wi" 'ic ,icshing fluid response by SRSS.-

The entire fluid mass is npA > to slosh because the exact
motion of the fluid is M edy detennined as stated in
Case 2 also. It should be noted that the true response of

.

the fluid is a combination of Cases 2 and 3 which at this
i time is difficult to detemine.

%,.m 4-% e . . , , &
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i

.No nozzle loads were considered on the Boric Acid Storage Tank. Nozzles:

less than 4" diameter do not produce loads of significant magnitude and:

no nozzle greater than 3" diameter enters the tank.

The response spectra used were provided by Northeast Utilities. The:

: curves for 7% damping were used for all directions of input spectra
*

.I associated with impulsive response. One-half percent damping was used
i for sloshing response mode. This amount of damping had negligible effect
! on forces produced from sloshing of the boric acid. Slight smoothing of
; the response spectra was done to reduce computer- input time..
5

; 4. STRESS CRITERIA

The stress criteria are as shown in Appendix A with these exceptions:>

Allowable stress in bending for the tank shall is governed by
buckling criteria, Sall = 12.9 ksi.

Allowable stress in shear for the tank shell .is governed by
buckling criteria, Sall = 7.528 ksi.

'
'

5. METHODS OF ANALYSIS

The SAP IV computer program was used for the analysis of the impulsive
motion of tank and fluid and the slashing motion was computed and
ccmbined with the computer analysis by hand. The boundary conditions for
the computer model were input as being rigid.

The tank was modelled as a cylindrical beam stick with fluid mass lumped
at points along the length. A drawing of the computer stick model is
shown in Figure 5 along with the values for the section properties and

i lumped masses. The computation of these values is described in Section 6.
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1. INTRODUCTION
"

The Refueling Cavity Water Storage Tank TK4-1A, is located in the yard,
northeast of the containment, at grade elevation. An elevation of the
RCWS tank is shown in Figure 1. The tank is 35'-0 in diameter and 36'-0 -

from grade to top roof support angle. The tank is covered by a dome roof
of 35'-0 radius. The plate material for this tank is 5052-F aluminum.
Anchorage consists of 8-1" diameter 36 ksi threaded rods embedded in the
slab foundation and bolted to aluminum anchor bolt chairs as shown in
Figure 2. The maximum liquid height is 35'-0 from the bottom.

The foundation consists of a 4'-10" thick concrete octagonal slab which
sits on a backfill of clean sand above rock.

These calculations were made to evaluate the seismic design adequacy of
the Refueling Cavity Water Storage Tank for the seismic response spectra
input defined in Figures 3 and 4.

2. RESULTS
,

The results of this analysis show that the anchorage of the Refueling
; Cavity Water Storage Tanks is not adequate to resist the forces and
! moments produced by the prescribed seismic disturbance defined by

Figures 3 and 4. The anchor bolts will fail in tension from tank and
fluid overturning effects. It should be noted that failure of the
anchorage does not necessarily mean that this tank will not maintain
structural and leak tight integrity, as t'efined in category P-1 a passive
one of " Allowable Stress Criteria & Damping Values for NUSCO Haddam
Neck." The probability of the tanks leaking or the shell buckling,
however, is increased due to this anchorage failure. After this failure
the tank must be treated as being unanchored and uplift of the tank
bottom from the overturning effects may occur. Seismic tasts and tank4

,

response observed as the result of earthquakes have shown that greatly
increased compressive stresses appear in the tank shell on the sides
opposite to the uplift. In addition the welds between the tank bottom
plate and wall cylinder would be required to transfer very large bending

|
moments not considered in design as the result of lift off.

'

The tank was analyzed treating some of the fluid as impulsive and moving
with the tank and some of the fluid as sloshing and oscillating at a much!

'

lower natural frequency.
'

The calculated natural frequencies for this tank are:

0.29 Hz ist mode sloshing of fluid in tank
5s88 Hz ist mode of horizontal impulsive fluid and tank motion

15.59 Hz 2nd mode of horizontal impulsive fluid and tank motion
25.93 Hz 3rd mode of horizontal impulsive fluid and tank motion

i
'

35.84 Hz 4th made of horizontal impulsive fluid and tank motion

~n.- . - - --
-
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Total overturning moment at base of tank

353483 k-in

Total resisting moment at base of tank

370790 k-in

No rigid body rotation of the tank will occur but there may be uplift
after failure of the anchor bolts.

The tank shell was checked for buckling due to shear and bending with the
following results in Table 1.

Actual Stress AllowableStress(1) Facter of Safety
Shear Bending Shear Sending Combined Shear & BendingW 1760 M 3148 1.075

TABLE 1

,

(1) allowable stresses are computed from buckling criteria

ps . 1

y

%,M- -

7
The anchor bolts and anchor bolt chairs were checked for tension. The
anchor bolts are assumed tg be 36 ksi yield stress material and the weld
metal for the anchor bolt A S: is assumed to be 40 ksi yield stress.
Stresses are shown in Table 2 for the bolts and chairs in Figure 5.

Computer Stress Alowable Stress Facteer of Safety
Bolt Bolt Chair Bolts Bolt Chairs Bolts Bolt Chairs

A TlT600 78760 40600 24000 FAILURE FAILURE
B 364000 55969 40600 24000 FAILURE FAILURE

TABLE 2
]

.

|
.

.
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The total hydrodynamic and hydrostatic pressure on the tank shell was
computed and hoop stresses were calculated at the bottom of each tank,

' shell ring as shown in Table 3.
i

L

PLATE DEPTH ALLOWABLE
THICKNESS IN FLUID HOOP STRESS STRESS

j INCHES INCHES P , PSI KSI KSIT

RING 5 .1875" 76.375" d&.02 4.505 10
RING 4 .202" 162.28125 7.275 7.563 10

- RING 3 .303" 248.1875" 11.074 7.674 10! RING 2 .403" 334.09375 15.24 7.941 10; RING 1 .504" 420 19.17 7.988 10
\ -

TABLE 3
}
j Hoop Stress = PT.r
k -t:
}

y PT = (P1+P2 + Py) 1/2 + pSTATIC
i

where P1 = impulsive motion hydrodynamic pressure
P2 = sloshing motion hydrodynamic pressure
Py = vertical hydrodynamic pressure

At this time, recommendations for correcting the potential problems of
| the Refueling Cavity Water Storage Tank are uncertain because of space
4 limitations in the area of the tank.
t

3. LOAD CRITERIA AND FAILURE MODE ASSUMPTION,

l
t

f, Failure of the tank anchorage because of the methods used in the original
design wis considered the area of greatest analytical concern.

t '

,

t

e
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A modified ground response spectra was used in the analysis of the tank.
The basic ground response spectra is considered to be representative of
accelerations at the rock surface, which is 6 feet below the foundation
of the tank. The basic rock ground response spectra were multiplied by a
factor of 1.5 to produce modified ground response spectra at the soil
surface to be used as input to the analysis of the tank. Curves for
seven percent damping were used with impulsive mode response. One-half
percent damping was used for the sloshing mode of response. This amount
of damping had negligible effect on forces produced from sloshing of the
water.

Limiting nozzle loads on the tank were assumed to cause stresses in the
nozzles of Sa11/3. These loads were compared with the loads on the
tank anchorage system from the earthquake. The largest nozzle induced
load was 2.5% of the overturning movement on the base of the tank
detemined from the earthquake. The computations of these nozzle loads
are found in Section 6. Because of the small values detemined the
effect of nozzle loads on tank supports were not combined with earthquake
loads.

4. STRESS CRITERIA

The stress criteria are as shown in Appendix A with these exceptions:

Allowable stress in bending for the tank shell is governed by buckling
criteria, Sall = 3.148 ksi.
Allowable stress in shear for the tank shell is governed by buckling
criteria, Sall = 5.203 ksi . .

5. METHODS OF ANALYSIS

Since the tank is supported on compacted backfill the effect of soil
structurts interaction was considered in the modeling of the tank.
Equivalent soil springs were computed for vertical, lateral and rocking
motions of the tank. The torsional spring was considered very stiff and
the largest value for spring constants in the computer program was used.
The equivalent soil srrings computed were also quite stiff and had a
minimal effect on the tanks fundamental frequency of vibration. This
effect placed the fundamental frequency near the peak of the respcnse
spectrum and produced the large loads on the anchorage.

The SAP IV computer program was used for the analysis of the impulsive
motion of the tank and fluid and the sloshing motion was computed and
combined'with the computer analysis by hand.

The boundary elements for the computer model were input with the
| approximate soil spring stiffness in each direction. The tank was

modelled as a cylindrical beam stick with fluid mass lumped at points
along the length. A sketch of the computer stick model is shown in
Figure 6 along with the values for the section properties end lumped
masses. The computation of these values is described in Section 6 along
with computations for the equivalent soil spring constants.;

a,--~. _ , _ _ _ _- - m.m -- ~- - L
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1. INTRODUCTION

The Horizontal Steam Driven Auxiliary Feedwater Pump is a single stage,
Worthington model, centrifugal diffuser pump located at grade
(elev. 21'-0") outside of contairnent. The pump is operated by a turbine
driver and joined to the turbine by a mechanical coupling. The pump and
turbine assembly are mounted on a comon bedplate, consisting of channel
sections fabricated from plates. Two additional end plates and another
plate, which serves a a drainage colle-tor and also provides stiffness,

| are part of the bedplate. Poured in place anchor bolts then fasten the
l bedplate to the concrete floor. Detailed information regarding the pump

and turbine assembly are found in Figures 1-1 through 1-4.

The horizontal pump identified by equipment tag number, P-32, is
classified as a passive component II. Pump Number P-32 is not required
to move or change state during a seismic event, but, may be required to
do so after the event, and must retain its structural and leak tight
integrity. Thus, the intent of this report is to evaluate by analysis
the anchorage system and the pump internals necessary for the pump P-32,
to withstand a Safe Shutdown Earthquake Seismic Event and its ability to
operate following the seismic event.

The analytical model of P-32 is illustrated in Figures 1-5 and 1-6, with
SAP IV being the general purpose, finite element cceputer program used in
the analyses.

2. Sum ARY OF RESULTS

Based ori the results of the analyses, the Horizontal Steam Driven
Auxiliary Feedwater Pump, P-32, will maintain its structural and leak
tight integrity and be capable of operating following the defined seismic
event.

.

A finite element model of the pump ar.d turbine was prepared which
considered the pump and turbine casings as rigid members. The shafts of
the pump and turbine and bedplates were modelled with their respective
structural stiffness properties. The bolts, in turn, were modelled as
linear springs. This resulted in frequencies for the first eight modes
to be less than 30 hz. They are as follows:

Mode Frequency Dominant
*

Number Hz Direction

1 6.01 X

2 9.25 Y

3 11.40 Y
-

4 13.62 X,

5 14.60 Z
6 22.47 Z
7 24.63 X

8 27.70 X

9 55.02 X

. r _. m .nnemw . , n _ _ ,,, n _ m.w m,L
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The first mode obtained was a coupled sliding and rocking mode, with the
sliding in the horizontal X-direction, and the rocking about the Z axis.
The second and third modes were rocking modes about the horizontal X axis
(transverse axis) with the shaft and pump housing participation in a
vertial motion. The fourth mode was predomiently a coupled shaft and
housing bending mode.

The allowable stress on the bolts were as follows:
i

Tension Ftb = 0.Ji Su x 1.4 = 40.6 ksi
2 |

Shear Fvb = 0.62.Su x 1.4 = 16.78 ksi
3

2 2
Combined Shear and Tension ft + fv

z z<1
~

Ftb Fvb

The bolts stresses and safety factors were as follows:
.

Tensile ft * 4.4 ksi, S.F. = 9.2

Shear fy = 1.38 ksi, S.F. = 12.2

Combined, usthg the interaction of Appendix XVII of the ASME Code.

0.0186 f I S.F. = 53.76

The shaft stresses

Tensile ft 0.345 ksi S.F. = 94=

Shear f 0.11 ksi S.F. = 294=y

Torsion f er = 0.19 ksi S.F. = 170t

Bending fb = 13.98 ksi S.F. = 2.3

The shaft and pump casing is relative differential displacement was
6 x 10-6 in which is well within the allowable of 5 x 10-3 in.

No evaluation of bearing loads has been made but given the low stresses
and defomations in the shaft, bearing behavior sfiould not be a limiting
condition.
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3. LOAD CRITERIA

The analysis was perfomed by considering both static and dynamic load
cases, and then combining forces and moments by absolute sumation method
to determine stresses. The static load case was perfomed on a
structural model of the pump, motor, and bedplate and applying the nozzle
loads as external static loads. These external nozzle loads were
obtained from API Standard 610 for horizontal centrifugal pumps, having
4" discharge nozzles or smaller. This allowed the external piping loads
to be transmitted through the pump to the anchor bolts.

The dynamic load case considered the mass as well as stiffness
characteristics of the pump. It incorporated the ground response spectra
for two horizontal orthogonal directions oriented parrallel and
perpendicular to the pump shaft as well as in the vertical direction. A
damping value of 7% was used in the analysis. See Figures 3-1 and 3-2
for the response spectra curves used.

4. STRESS DEFORMATION - STABILITY CRITERIA
'

The allowable stress criteria for the passive, P-2, component is

Sall 6 0.9 Sy -

and for the poured in place bolting

Sall 6 0.7 Su,

.

These stresses are established in the " Allowable Stress Criteria For the
Haddem Neck Plant" and are attached to this report as Appendix A.

|

The requirement of API 610 for limiting the shaft deflection to a maximum '

of 0.005 inches has also been considered in this analysis.

5. METHOD OF ANAYLSIS

' The steam driven auxiliary feedwater pump was analyzed by the response
| spectrum option of SAP IV, which is a general purpose, finite element

program having both static and dynamic capabilities.

i The analytical model, which will adequately predict the behavior of the
| mechanical component under' seismic loads, was developed using the
| principles developed in a paper by C. K. Mcdonald entitled " Seismic
; Qualification by Analysis of Nuclear Power Plant Mechanical Components."
! Nomally, Mcdonald recommends using ten lump masses to represent the punp

assembly. These masses would then be located along the shaft centerline
to represent the pump casing, impeller, coupling, motor casing, and motor
rotor. Because the center of mass of the unit is several inches below
the shaft centerline, applying the masses at the shaft centerline is then
conserva'tive with respect to the system overturning.

,
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ZWE.
The bedplate is supported only at the anchor bolts. This is true for
upward motion but for downward motion the bedplate is continuously
supported. Therefore, the model will predict lower frequencies for the
system than what actually exists. Since the predicted frequencies are
usually higher than the resonance frequency where the pump is located,
and the actual frequencies are even higher, the support assumptions are
conservative.

Basically, two analyses were perfomed to predict the behavior of the
piece of equipment.

1. A static analysis with nozzle loads

2. Dynamic analysis with a response spectra loading

Both resulting loads were then combined by direction summation and
stresses were detemined and shaft deflections were calculated.
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1. INTRODUCTION

Motor Control Center Number 1, MCC1, is located at floor elevation 21'-6"
in the screenwell house. It is a box-shaped structure composed of three
individual cabinets, bolted together, whose overall dimensions are
7 '-0" x l ' -3" x 7 '-6" hi gh. These cabinets consist of unistrut framing
members enclosed by metal plates, which are joined to the framing members
by screw fasteners. Electrical devices contained within the cabinet are
then attached directly to the unistrut framing of the cabinet.

Revised seismic supports have already been added to MCC1. As shown in
|

Figures 1-1 through 1-4, an angle is bolted at the top along the full
length of the cabinet. Structural tubing is then used to connect the
angle to an existing channel, which spans between building columns. On
the bottom, two clip angles are attached to the cabinet by welded plates,
and the angles are then expansion anchored to the floor.

The analytical model of MCCl, including the additional seismic supports,
is illustrated in Figures 1-5 through 1-8. The analyses was made using
the general purpose, finite element program, SAP IV, to detennine the
structural adequacy of the MCC1 cabinet, its supports and anchorage
system to withstand the defined seismic event.

2. SUMMARY OF RESULTS .

Based upon the results of the analyses, the MCC1 will maintain structural
integrity during and after the defined seismic event.

A finite element model was constructed of beam and plate elements and
produced frequencies and mode shapes that were in close proximity to those
that were previously established by a low impedance, insitu test of the
MCC1. The frequencies for the first two modes are 17.2 hz and 23.6 hz
for the test and 19.7 hz and 20.8 hz for the analytical model. Figures
2-1 and 2-2 for the test and Figures 2-3 and 2-4 for the model indicate
the first two mode shapes of the cabinet with the relative displacements
along the transverse (z) direction. Thus, the model was justified, and a
response spectrum analysis was then conducted.

I All of the seismic supports exhibit stresses that are well below the
| allowables for both the structural members and the connections.
I Considering only the limiting sections, the following results are

obtained:

(1) Structural Member:

structural tubing (see item 3 on Fig.1-1)-

52.-

TS 3 x 3 x 1/4 fb = 1044 psi; Fb = 2(,000 psi
fa = 82 psi; Fa = 19,940 psi

1
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Applying the interaction formula from the ASME Code, Appendix XVII, for
biaxial bending and axial compressive stresses yields 0.1 f,1.0, and the'

safety factor equals 10.

(2) Welded Connection:

3/16" fillet weld between the horizontal TS 3 x 3 x 1/4 and
the vertical TS 3 x 3 x 1/4 ,

]
fr = 989 psi; Fr = 21,000 psi

|
where:

f

| f = resultant stress due to combined shear, bending, and
| torsion

Fr = allowable resultant stress taken as .3 Fy.,for'

E70xy. electrodes
,

The safety factor is then equal to 21.

(3) Bolted Connection:
<

bolting of the Z4 x 3 x 1/4, identified as item 1 in Figure
1-1,to MCC1

Shear fy = 561 psi; Fy = .62 Su x 1.4 = 16,780 psi
,

3

Tension ft= 141 psi; FT= Sgx1.4=40,600 psi

Applying the interaction elipse formula found in Appendix XVII of the
'

ASME Code yields .001441.0 and the safety factor is approximately 1,000.

i (4) Expansion Anchor:

1/2" $Hilti expansion anchor bolts for 4,000 psi concrete
with a minimum embedment of 2-1/4"

Shear fy = 106 lbs Fy = 8316 lbs /+ 2,079,

|3q]Tension ft = 179 lbs Ft = 5510 lbs /g :

Using the interaction formula

1 1 1.0IC = ft r fa + f x
t TyF /4 y

.

*e
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with:

fr = capacity reduction factor which accounts for bolt spacing
and the distance to the free edge of concrete and is equal
to 1.0

;

fp = prying factor and is equal to 1.5 |

IC =0.25f1.0
Tlius, an additional safety factor of 4 is provided.

While seismic loads and structural capacity of the MCC1 cabinet are
detennined primarily by the adequacy of the unistrut frame, the cabinet
side plate tends to act as a shear beam having a major stiffening effect
on the frame. This significantly increases the frequency of the cabinet
and, thereby, reduces the applied seismic inertia loads.

For this reason the potential for the side plates of the MCCl cabinet to
buckle were investigated. Should such buckling occur the fundamental
frequency of the cabinet would be dramatically reduced and resultant
seismi . inertial loads increased substantially.

The following asstanptions were made:

The plates are fastened to the frame by screw fasteners-

located at the various node points

The plates are 1/16" thick, rectangular, perfectly flat, and-

isotropic

The plates are simply supported and subjected to loads in its-

plane

It was determined that the most limiting section was along the front and
back portions of the cabinet because that was the longest unsupported
length.

The USS Steel Design Manual,1968 r.dition, was used to evaluate the
elastic buckling stresses for the plate in the following manner:

o

N.

= ~

4

32" J
-

, For pure shear: ~ ( b) 7

= k, Ty 2E

cr 12 (1 -p Z)(D/t)2

- _ _ __. __ __ ___ _ _ _ _
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where:

ks = a nondimensional plate buckling coefficient depending
on the type of edge support (simply supported) and the
length to width (a/b) ratio.

From Figure 4.6 page 80, ks = 6 and Ter = 614 psi.

For unifonn compression;-

0'er = k,. fr 2E

12(1 -/L d)(b/t)2
where:

kc = a nondimensional plate buckling coefficient which
depends on the type of edge support (simply supported) and
the a/b ratio.

From Figure 4.2, page 73, ke = 4 and fer = 409 psi.

The largest stresses for the individual plate elements, 32" x 22", found
in this portion were then applied to the overall dimensions of the plate,
82" x 32". This was a conservative approach and resulted in:

Tmax=25 psi; Tall =2/3 Ter=409 psi

7c = 24 psi; f all = 2/3 6*cr = 273 psi

For compression along one axis with shear-

Y 25 = .04=

Er 61 4

fc = E . 06
O'cr 409

.

Referring to Figure 4.7, page 81, of the USS Design Mant.a1 the results
are well within the interaction curve acceptance, hence, are acceptable.

3. LOAD CRITERIA

Af ter the model was verified by comparing the frequencies and mode shapes
to those that were established by the low impedance, insitu test, a
response spectrum analysis was performed using the floor response
spectral curves, shown in Figures 3-1, 3-2, and 3-3, located at elevation
21'-6" of the screenwell house for 7% damping.

..
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4. STRESS DEFORMATION - STABILITY CRITERIA

The MCCl is a passive P-1, component whose stress limit is defined as

Sall 6 S iy

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

5. METHODS OF ANALYSIS

The MCCl was analyzed using the response spectrum option of SAP IV.
SAP IV is a general purpose, finite element program that includes both
static and dynamic capabilities for a broad range of elements and has,

been used extensively in the nuclear pcwer industry for analyzing
structures and mechanical component responses to dynamic loads. The

i function of the computer program is to assemble the stiffness and mass
i matrices, reduce them according to the choice of dynamic degrees of

freedom to a set of homogeneous equations, and extract their eigenvalues,

, ~ and eigenvectors. Then, the forcing function is applied and the response
spectra analysis is performed.*

,

Several assumptions have been made to facilitate the development and
j implementation of the model for analysis:

] The beam and plate mem ers are modelled together with the-

a plates joining the beam 3tructure at every frame node and
| contribute to the stiffners of the structure.

The additional mass of the cabinet has been lumped at the-

i eight center frame nodes.
:3

The expansion anchor bolts are modelled as linear springsl'; -

: having both tension cnd compression capability as installed.*

This is an added conservatism as the floor and not just the
bolts carry the compressive bearing loads. The effective.

anchor bolt length for the determination of bolt stiffness
consists of the free length plus 5-bolt diameters depth into2

i the floor.

j Where the structural tubing is welded to the existing channel-

' section 1t is considered to be a rigid connection.
3
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