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PHILADELPHIA ELECTRIC COMPANY
2301 M ARKET STREET

P.O. BOX 8699
1881 -1981 PHILADELPHIA. PA.19101

JOHN S. KEMPER
VICE PRESIDENT

E NGtNIE IB8esG AND NESE ARCH

August 24, 1983

Docket Nos. 50-352
| 50-353
|

I Mr. A. Schwencer, Chief
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subj ect: Limerick Generating Station, Units 1 & 2
Responses to NRC Questions on the Severe
Accident Risk Assessment (SARA)

Dear Mr. Schwencer:

Your letter of July 22, 1983 to Mr. Edward G. Bauer, Jr. requested
that the Philadelphia Electric Company meet with the NRC to discuss
certain questions on the SARA. PECo and its consultants met with the
NRC on August 5 in Bethesda, Maryland and provided oral responses to
these questions. At the conclusion of the meeting, we were requested to
submit our responses in writing. Answers to questions from the Mechan-
ical Engineering and Equipment Qualification Branches have been completed
and are attached. Answers to the Geosciences, Accident Evaluation and
Structural Engineering questions will be forwarded in the near future.

Very truly yours,

f. ~

Enclosures

Copy to: See Attached Service List

Cf8308300672 830824
PDR ADOCK 05000352 j
A PDR ,
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cc: Judge Lawrence Brenner (w/ enclosure)
Judge Richard F. Cole (w/ enclosure)
Judge Peter A. Morris (w/ enclosure)3

Troy B. Conner, Jr., Esq. (w/ enclosure)
'

Ann P. Hodgdon (w/o enclosure)
Me. Frank R. Romano (w/o enclosure)
Mr. Robert L. Anthony (w/o enclosure)
Mr. Marvin I. Lewis (w/o enclosure)

: Judith A. Dorsey, Esq. (w/ enclosure)
Charles W. Elliott, Esq. (w/ enclosure)

i Jacqueline I.'Ruttenberg (w/o enclosure)
Thomas Y. Au, Esq. (w/o enclosure)

{ Mr. Thomas Gerusky (w/o enclosure)
; Director, Pennsylvania Emergency (w/o enclosure)

Management Agency
Mr. Steven P. Hershey (w/o enclosure)

| Angus Love, Esq. (w/o enclosure)
| Mr. Joseph H. White, III (w/o enclosure)

David Wersan, Esq. (w/o enclosure)
i Robert J. Sugarman, Esq. (w/o enclosure)
} Martha W. Bush, Esq. (w/o enclosure)
j Spence W. Perry, Esq. (w/o enclosure)
! Atomic Safety and Licensing Appeal Board (w/o enclosure)

Atomic Safety and Lics sing Board Panel (w/o enclosure)
; Docket and Service Section (w/o enclosure)
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MECHANICAL ENGINEERING

MECHANICAL ENGINEERING Q1

It is not clear that the applicant has considered the possible
; failure of non-safety related structures or equipment which could
| impact on safety-related items. The applicant is requested to
! provide a description of the procedure of evaluating the ef fects

;{
of failures of non-safety related structures or equipment on
safety-related structures or equipment on safety-related piping
systems and components.

RESPONSE
,

4

I There are two considerations to be addressed in response to the
question. The first consideration is the potential for failure
of nonsafety-related structures or equipment to result in phys-
ical impact with safety-related systems or components. The

,

1 second is the effect of failure of nonsafety-related equipment on
j the functioning of safety-related systems and components.
!

j A specific system interaction study was not conducted in the
; Limerick SARA. Major structure / system and component / system
! interaction potential was, however, addressed. Both safety-

related and nonsafety-related structural failures were analyzed,,

j and the effect of structural failures on safety-related equipment
was assessed. These have been included in the risk models, as in

i the case of the reactor enclosure failure, where failures may be
significant.

i
~

A plant walk-through was conducted at Limerick to examine each
equipment item to be included in the risk model and to observe+

'

the surrounding equipment and systems. No obvious system inter-
actions were observed, that were felt to be contributors to seis-

i mic risk. Another important fact to consider is that the design
criteria for Limerick require that nonsafety-related equipment
have virtually the same factors of safety against structural
failure as for safety-related equipment if they are located in an
area where their failure could impact safety-related equipment.
Structural capacities of safety-related equipment are frequently
greater than functional capacities, such that in most cases the
gross structural capacity of nonsafety-related equipment is equal
to or greater than the functional capacity of safety-related
equipment.

: The second consideration, that of functional failures of non-
'

safety related equipment, has been taken into account explicitly
in the analysis. Firstly the dependences of the various systems
represented in the seismic fault trees are explicitly considered'

,

without consideration as to whether the equipment is classed as
i safety related or not. Fragilities for all components so consid-

cred are listed in Appendix B of SARA and were examined for their
potential impact. Failures also considered were for items like

: 1

!
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isolation valves which, in several systems, represent the boun-
dary between safety and non-safety systems. Since they effec-
tively remain intact for the level of acceleration considered in
the study (typical median acceleration capacity is 3.459),
failures downstream of these valves are not considered.
In addition, possible mitigating effects of non-safety systems
are considered, such as the power conversion system. However,

because of the low acceleration capacity of the offsite power
supply on which the non-safety systems rely, their contribution
to the prevention of core damage is small for accelerations
higher than 0.2g.

I
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MECHANICAL ENGINEERING O2
,

It is not clear that the applicant has considered the possible
failure of piping systems and components due to differential move-
ment or tilting of structures. In addition, it is not clear how

>

the applicant has considered the failure modes of buried piping
soilwhich may be influenced by geotechnical parameters, e.g.,

amplification. The applicant is requested to confirm that these
effects have been considered and included in its evaluation.
Alternatively, provide the basis for not considering them.

RESPONSE.

|

Differential movement of structures are implicitly considered in1

the development of fragilities for piping systems. Pipe supports

| were found to be the governing case for piping systems. For pipe

supports, differential motion of anchor points is considered to
produce primary stress in the supports; thus the effects of dif-
ferential displacements of structures is considered in the devel-.

'

opment of fragilities. Systems connected to structures are
considered to fail when the structures reach a point of highly
nonlinear response; thus, the effects of large structural dis-
placements beyond the elastic limits are included in the develop-

1 ment of fragilities for piping, equipment, electrical power
distribution, etc.

Limerick structures are founded on competent rock and tilting
resulting from soil failure is not a credible failure mode for
connecting equipment and piping. Also, overturning failure modes
of structures are not the governing failure modes. Therefore,

failure of piping and equipment due to tilting of structures is
not a credible failure mode.

Buried pipe at rock sites is not subjected to excessive strains
unless there is excessive block motion of the rock. Large block
motion is not anticipated to occur at earthquake levels that cause
failures of major structures and equipment. Therefore, buried

,

pipes are not considered to be a governing element in the acci-
dent sequences.

!

,

3-
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MECHANICAL ENGINEERING 03

With respect to design and construction errors, the applicant has
stated that for a plant as new as Limerick with current design
and QA procedures, the possibility is considered remote that major
design and construction errors exist which can significantly
affect the seismic capacity of a component. However, we feel

that design and construction errors (e.g., the problem of piping
supports at Diablo Canyon, concerns of IE Bulletin No. 79-14,

' Seismic Analyses for As-Built Safety-Related Piping System) may,

become important in the seismic fragility analysis for pipingi

j systems and components. Therefore, it should be considered in
the seismic fragility analysis.,

*

RESPONSE

.
In the development of the seismic capacities for Limerick, the

I seismic models were reviewed to determine the modeling

i assumptions used, structural elements included in the models, and
' the seismic responses developed from the models. The strengths

|
of the structures were determined from the construction drawings
together with the actual concrete and reinforcing steel strengthi

values, so that even if an error existed in the design process,:

the strength was determined from the construction drawings and;
reflects the actual structure configurations after the design

:

process (with or without errors) . This review and evaluation
provides increased confidence in the design process.,

! Minor design and construction errors are accounted for in the
variabilities associated with the various modes of failure inves-', tigated. However, only gross errors can influence the seismic
risk results for a nuclear power plant. Such a gross error in
the design or construction of the containment would likely be
identified during the overpressurization test. Similarly, gross
errors in fluid / mechanical systems, where thermal, pressure, or
water hammer loads are often more significant than seismic loads,
would probably be identified and modifications implemented prior
to a large seismic event.'

Piping and pipe support problems such as those addressed in IE'
,

Bulletin 79-14 and as uncovered in Diablo Canyon ~are considered
much less likely to occur in Limerick. Since the 79-14 Bulletin

i and the Diablo Canyon publicity, many concerted efforts have been
!

!

I i

|

|
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made to assure that design analysis conforms to as-built condi-
tions. For piping systems very large design and construction
errors would be necessary to affect the risk analysis. The pipe
support capacity developed for Limerick was approximately 49 peak
ground acceleration. The magnitude of error would have to reduce
the capacity by a factor of about 3 in order to become a contri-
butor to the plant risk.

.

However, although research programs are currently underway to
evaluate possible design and construction errors, no statistical-
ly significant data base currently exists on the occurrence of
gross errors not identified by QA and QC programs, and therefore
eliminated prior to full commercial operation. Thus, no rational
basis exists for inclusion of gross errors for either structures
or equipment in SARA.

1
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MECHANICAL ENGINEERING Q4;

There are several essential piping systems which are required to
.

deliver rated flow and be designed to retain dimensional stabil-
ity when stressed to the allowable limits associated with the
emergency and faulted conditions, e.g., the functional capability'

of the piping is required to be demonstrated. It is not clear
that the applicant has considered the functional capability in

;

its evaluation of piping failure modes. The applicant is
requested to assess its evaluation given the above concern.4

j RESPONSE
,

Piping systems are inherently very ductile, and very large defor-
mations are required for failure, either structurally or function-'

! ally. Because of the ductility available in piping systems,
; failure of pipe supports have typically governed the fragility

description for piping systems. A substantial margin exists'

between piping collapse failure and pipe support failure if pipe:

strength is defined as the point where governing pipe element'

rotations are two times the rotation at the deviation from linear-'

I

ity as determined by static tests. This is the ASME code defini-i

tion of plastic collapse and is a very conservative definition.a

Page 5-23 of Appendix B of SARA describes the experimental data
base for pipe element capacity.

As an illustrative example, capacities for pipe and pipe supports
can be compared. From page 5-26 of Appendix B, the median capa-i

! city factor for stainless steel pipe, considering ductility, is
6.64 wherein the median capacity factor for pipe supports shownj

on page 5-28 is 4.22. The resulting peak ground acceleration;

capacity for BOP piping based on pipe support failure, is shown
in Table 5-5 of Appendix B to be 3.999, a value far greater than
any of the structures or components governing seismic risk. At

,

this level of acceleration, yielding of the piping system wouldJ

be present, but the system ductility of the piping would be sub-
stantially less than the value of 3.0, which is assumed at the
failure level of the piping. Limited studies conducted by SMA
have shown that local pipe element ductilities, resulting from'

system ductilities of greater than 3.0, have been within the range
of pipe element test data where flow area reduction was not sig-

| nificantly large.
1

! A further argument can be made, however, by very conservatively
assuming that function is impaired when the elastically calcu-

'
.

lated moment response reaches the conservatively defined static4

collapse point. The resulting capacity factor, without consider-
'

ation of ductility, is 2.4 relative to the SSE (see page 5-25 of
Appendix B). The corresponding peak ground acceleration capacity
is 1.44g. This is still a value significantly greater than many
of the governing elements of the seismic risk model and-is a
value which is closer to a lower bound of functionality rather
than a median. Flow restriction in critical piping systems is,

| 6

8
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therefore, not considered to be a credible contributor to the
plant risk.

|

i
1

;

7

|
|

|



- . - -_ .- ..

.

.,

.

MECHANICAL ENGINEERING 05

There are several safety systems connected to the reactor coolant4

pressure boundary that have design pressure below the reactor
coolant system (RCS) pressure. There are also some systems whichi

are rated at full reactor pressure on the discharge side of pumps
but have pump suction below RCS pressure. In order to protect

i

these systems from RCS pressure, two or more isolation vslves are
placed in series to form the interface between the high pressure
RCS and the low pressure systems. Failure of these isolation
valves (from either excessive leakage or rupture) will allow the
high pressure reactor coolant to communicate with the low-pres-;

sure piping outside of containment. Rupture of the low-pressure
system would result in loss of reactor coolant outside of contain-,

ment and possible core meltdown. It is not clear how the appli-

cant has considered the above concern in its evaluation of valve
failure modes. The applicant is requested to assess its evalua-
tion given the above concern.

d

RESPONSE

The fragility of valves was developed on a generic basis for!

' Limerick. Limerick valves are required to be qualified for 3g
acceleration in any direction. The most critical failure mode of-

valves is typically the loss of ability to change state due to
yielding of the extended operator support. Motor operated valves
have the heaviest operators, and thus are judged to be the most
critical. Valve bodies are stronger than the connecting pipe by

| ASME code requirements, therefore, valve body rupture is not a
credible failure mode. Valves were assumed to fail functionally'

! when a plastic hinge formed in the operator support. The func-
tional failure was assumed to be binding such that operation would;

i be impaired. An additional failure mode resulting from operator
support yielding could be leakage past the stem seals. Leakage.

through the valve is less likely at a seismic level that causes
the operator support to grossly yield, since the valve body and

| disk or plug are very compact, rugged components.
i
'

The derivation of the capacity factor for valves is contained on
; pages 5-42 through 5-44 of Appendix B of SARA. The minimum
|
I

I

8
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factor of safety derived was 4.1 for small valves. This value j
'related to peak ground acceleration capacity of 2.81 , consider-9

ing the conservatism inherent in the piping response analysis and |
structural analysis utilized to generate in-structure response
spectra.

If the valves were very conservatively assumed to malfunction at !
!first yield of the operator support instead of when a plastic

hinge forms in the operator support, the capacity factor, and ;

thus the peak ground acceleration, would reduce by a factor of !

1.5. The resulting peak ground acceleration is 1.87 , a value '

9
considerably higher than any of the fragilities that played a I

dominant role in the SARA.

The data base for the generic valve capacity evaluation consisted
of 35 different valves of which their minimum functional capacity
was determined by analysis to range from 2.77g to 12.25g acceler-
ation at the valve location. The valves were tested to a greater
than 69 input acceleration level, except for one valve which was
tested at 39 input. Testing was either sine dwell or sine beat.
The valve capacities applied in the Limerick SARA are comparable
to valve capacities determined for other plants in the course of
conducting PRA studies, and thus the generic treatment appears
reasonable. For valves such as purge and vent valves which were
not specifically addressed in the SARA, similar capacities to
those that were specifically addressed are anticipated. In addi-
tion, these purge and vent valves are normally closed (typically
open only 1 percent of the time) and significant leakage would
require even higher accelerations.

Concern was expressed that leakage of containment isolation valves
between high pressure and low pressure systems could cause fail-
ure of the low presssure systems. This concern applies to nor-
mally closed valves that do not change state after a seismic
event. We feel the more critical failure mode would be leakage
to the environment due to bending of the operator support and
subsequent damage to the stem seals. Even if valve body distor-
tion were to occur and leakage past the disk or plug resulted,
the leakage rate would have to be quite large to overcome the
overpressure protection of the lower pressure system. In the
case of the MSIV, this valve is normally open and would have to'

change state after a seismic event. The critical failure mode is
more likely to be failure-to-close than leakage once the valve
closes. The fragility description for the MSIV was developed for
a failure mode to close; this is judged to be the lowest capacity
and the governing mode of failure.

|
!

I
1
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EQUIPMENT QUALIFICATION
,

EQUIPMENT QUALIFICATION Ol

It may be an unconservative assumption that leakage from mechan-
ical components, such as main steam isolation valves will not i
lead to system failures. In the event tree / fault tree model,
consideration should be given to the effect of a potential, ex- )
cessive leakage of such components on the integrity of pressure
boundary as well as other related systems.

RESPONSE

See response to Mechanical Engineering Question 5.

:

.:

.
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EQUIPMENT QUALIFICATION 02
,

i

Chattering of relays are observed to begin at low acceleration
level, and, depending on particular electric circuit design, may
cause interruption to the performance of a related safety system.
Significance of such interruption and failure of control system,
in general, should be included in the event tree model.

RESPONSE

A review of relevant control circuits indicates that for the high-
pressure coolant injection (HPCI) system, chattering of relays
will not result in other than brief interruption during the earth-
quake as there are no " lock-out" circuits that would prevent HPCI
from self restarting after the relay chatter stopped. Control

',

circuits associated with circuit breakers for other pumps and
power distributions may require resetting following relay chatter.
This is accomplished easily by means of pushbuttons located at
the breaker cabinets.

Philadelphia Electric Company is intending to develop special
procedures to aid operators in recovering from an earthquake.
These procedures will address the need to reset circuit breaker
circuits.

i

,

2
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EQUIPMENT QUALIFICATION 03

It is noted that fragility data for purge / vent valves are not
included in the PRA study. The justification of not including I

such data should be provided.

RESPONSE

See response to Mechanical Engineering Question 5.

.
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EQUIPMENT QUALIFICATION Q4

To constitute a broader spectrum of fragility description, it is
recommended that the fragility data of electrical equipment, such
as pressure transmitters, flow transmitter, and temperature ele-
ments be included in the PRA study.

RESPONSE

Generic fragility descriptions for instrumentations and control
systems have been developed for Limerick using as a data base
several fragility tests of similar equipment installed in a simi-
lar design plant located in the same region of the USA, and fra-
gility tests conducted by the Army Corps of Engineers for the
Safeguards Program. The Safeguards data are summarized in NUREG/
CR-2405 and indicates that local instruments have very high capa-
cities. The more vulnerable instrumentation system equipment
appears to be the rack mounted equipment.

From a combination of the fragility data of rack-mounted instru-
mentation and control components and the Limerick building
response characteristics, a median fragility level of 3.0g was
developed for instruments located at about midheight of the reac-
tor building. The fragility description is referenced to peak
ground acceleration and will vary with equipment location in the
Limerick structures. Most of the critical rack mounted instrumen-
tation in the reactor and control buildings is at the selected
elevation or lower. Therefore, the 3.0g value stated is represen-
tative of most of the Limerick instrumentation. It should be
noted that even though the data base for instrument fragilities
was stated to be based on fragility tests, many of the tests did
not result in malfunction and the device fragility was assumed to
be the maximum achieved test level.

The 3.0g generic capacity is significantly larger than the capa-
city of those elements that dominated seismic risk. Consequent-
ly, instrumentation malfunctions resulting directly from seismic
events is considered to be a very low contributor to seismic risk.

,

|
<
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