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JEFFREY H. BOND

Jeffrey H. Bond has over seventeen years of experience in the design, analysis,
testing, and qualification of industrial and nuclear sysfems, structures, and
components. His responsibilities have included finite element modeling and
analysis; vibration testing and analysis; and load, shock, vibration, and
environmental testing for hardware qualification. His experience includes fourteen
years with an engineering consulting organization with primary responsibilities in the
area of equipment qualification for both manufacturers and utilities. His three years
of experience at CP&L have included design responsibilities, NRC audit preparations,
forced-outage plant material condition resolution programs, and responsibility for
SQUG/IPEEE implementation at CP&L's Brunswick Plant. He completed the SQUG
and IPE Seismic Add-On courses in preparation for participation in US| A-46/IPEEE
resolution at all CP&L's nuclear pdwer plants. He holds both BS and MS degrees in
mechanical engineering, and is a registered professiona! engineer in.the state of

North Carolina.

STEVEN R. BOSTIAN

Steven R. Bostian has over thirteen years of experience in nuclear plant

construction and design. This experience includes two years of on-site field

. engineering during the construction phase of the Comanche Peak Nuclear Piant,

three years of on-site field engineering during the construction phase of the Shearon
Harris Nuclear Plant, six years of civil/structural design ehgineering for the three '
nuclear plants operated by Carolina Power and Light Company, and two years in the
USI A-46/Seismic IPEEE project. Primary engineering responsibilities have been in
seismic supbort design and justification of mechanical and electrical components
including electrical raceway, small and large bore piping systems, instrumentation,
HVAC equipment, cabinets, and panels. He was selected for CP&L's USI A-
46/Seismic IPEEE project in late 1992. He completed the SQUG and IPE Seismic
Add-On courses in preparation»for participation in the US| A-46/Seismic IPEEE

.
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resolution at all CP&L's nuclear facilities in early 1993. He is currently the
responsible engineer for the A-46/Seismic IPEEE project for the Robinson Nuclear
Plant in Hartsville, SC. He has also participated in the efforts for the Harris and
Brunswick plants. He is a graduate of North Carolina State University with a
Bachelor of Science Degree in Civil Engineering. He is currently registered as a

professional engineer in both North and South Carolina.

MARTHA C. COOK

Martha C. Cook graduated from North Carolina State University m December, 1992
with a BS in Civil Engineering. She accepted an associate engineering position with
CP&L in March, 1993. She was responsible for maintaining the SSEL databases
and coordinating walkdown preparations for all three CP&L nuclear power plants
including review of equipment qualification reports (testing and analysis), structures
and equipment support drawings, equipment |ocationb drawings and anchorage
calculations. She attended the SQUG Walkdown Screening and Seismic Evaluation
Video Training Course in preparation for the USI A-46 and Seismic IPEEE

walkdowns at CP&L's Harris, Brunswick and Rdbinson nuclear power plants.

RONALD W. CUSHING

At EQE, Mr. Cushing is a pfincipal engineer for EQE Engir;eering Consultants
mvolved in the application of earthquake experlence data for component seismic
verification at nuclear power plants. Mr. Cushlng has mvestngated sites which have
experienced major seismic activity for the SQUG earthquake experience database.
He has extensive experience in performing nuclear power plant walkdowns for
seismic adequacy in association with A-46 and IPEEE programs. Mr. Cushing is
responsible for maintaining a database of replacement parts and components for
equipment in nuclear power facilities. He is an author of the industry guidelines for

the seismic technical evaluation for replacement items (STERI).
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Mr. Cushing has over 17 years experience in nuclear plant walkdowns and sta'ftup
testing, including valve testing, pump performance and vibration testing, system
functiona! and preoperational testing on such systems as plant cooling water,
condensate, main and auxiliary steam, turbine control and lube oil, main and

auxiliary feedwater, chemical injection, service gas, and demineralizer systems.

Mr. Cushing is an instructor for the SQUG walkdown screening and seismic
evaluation training course. He has also completed the SQUG equipment selection
and relay evaluation training course and the EPR! add-on and seismic IPE training

course. He is a registered Mechanical Engineer in the State of California.

GREGORY S. HARDY

Mr. Hardy has over 18 years experience in the design, analysis and testing of
chemical, nuclear and aerospace structures and components. His responsibilities
have included probabilistic risk assessments, earthquake experience data-based
studies, stress analysis, finite element analysis, seismic margin studies, mass
property studies, and shock and vibration environmental testing for hardware

qualification.

Mr. Hardy hés served as project manager on rhany projects including multi-million
dollar efforts for Comanche Peak Nuclear Power Plant and for the Department of
Energy K, L and P reéctors at the Savannah River site. He élso managed a seismic
probabilistic risk assessment for the Chinshan Nuclear Power Plant in Taiwan, a
seismic margin study for the Idaho Nationa! Engineering Laboratory ICPP facility,
seismic research efforts for Mitsubishi Atomic Power in Japan and numerous
seismic related projects for the commercial nuclear industry, the Departmen't of
Energy and the oil/gas industry. Mr. Hardy participated in the seismic safety
margins research project SSMRP (the original margin research effort for LLNL) and
was instrumental in the original development of the equipment fragility methods.
He has also been a consultant to the Seismic Qualification Utilities Group(SQUG) for
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9 years. He has directed and/or participated in the capacity evaluations of
mechanical and electrical components on over 25 Probabilistic Risk Assessments
(PRAs) for nuclear power plants. He has played a major role in both the

development of the methodology and in the completion of the equipment fragility

studies.

DARYL W. HUGHES

Dary! W. Hughes has over fourteen years of experience associated with structural
design, analysis, testing and construction of nuclear power plant systems,
equipment and components. He responsibilities have included seismic qualification
of mechanical and electrical equipment and their supporting structures, review and
approval of vendor seismic qualification reports, providing seismic requirements for
equipment specifications, and evaluating equipment modifications. He has
coordinated and directed reverification efforts of HVAC air handling units, plenums
and equipment supports including supervision of personnel, design of hardware
modifications, evaluation and resolution of design changes. He has four years of
on-site design and construction experience of two nuclear plants. He completed the
SQUG Walkdown Screening and Seismic Evaluation Training Course and the Add-
On Seismic IPE Training Course in preparation for participation in US| A-46 and
Seismic IPEEE resolution at CP&L's Harris, Brunswick and Robinson nuclear power
plants. He holds a BS in Mechanical Engineering from the University of lllinois. He

is a registered professional engineer in the state of North Carolina.

RONALD L. KNOTT

Ronald L. Knott has over eleven years of experience 'assoéiated with the design and

construction of nuclear power plants. For the majority of that time he has been

involved with the seismic qualification of equipment. He has reviewed vendor

reports and prepared calculations and reports documenting the dynémic analysis

and qualification of distribution systems, structures, tanks, valves, and mechanical
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and electrical equipment for seismic loads. He served as equipment seismic
qualification@upervisor for the nuclear engineering department at CP&L. He was
assigned to the probabilistic risk assessment section and later assigned to the
Brunswick Plant for restart following a dual unit shutdown associated with
structural deficiencies. In this capa.citv, he was responsible for the reanalysis of
250 masonry walls under the |IEB 80_-11 criteria, plant walkdowns and evaluations )
for material condition deficiencies, electrical equipment anchorage assessments,
HVAC ducting upgrade and instrument rack replacements. He has completed the
SQUG and the IPEEE Seismic Add-on courses. He has participated development of
a resolution approach for CP&L, performed walkdowns and documentation reviews.
He holds a BS in Civil Engineering. He is a registered Professional Engineer in North

Carolina.

TIMOTHY MASON

At EQE International Dr. Mason has béen involved in structural assessment, ranging
from the use of hand calculations to complex numerical modeling. He has gained
experience in seismic analysis using the finite element program ANSYS. He has
experience in nuclear plant walkdowns and seismic qualification, including structural
and pipework assessments, equibment inspection for seismic adequacy and the
investigation of thermal and seismic interactions. He has also carried out a
comprehensive study on nuclear plant equipment identifying similarities between
equipment at UK power stations and that found in the US SQUG seismic _experience
database. This broject involved site walkdowns and data collection in the UK,
equipment assessment and comparisbn with equipment documented in the

database.

Dr. Mason’s experience of analytical techniques for the seismic qualification‘of
nuclear plant has been extensive. This work has included soil structure interaction
to generate building responses from pre-defined ground motion and the use of this

secondary response to assess the integrity of both the buildings and other major
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" structures. These analyses have been performed using time histories and, in the.

frAequency domain, using response spectra.

Dr. Mason has completed the SQUG walkdown screening and seismic evaluation

training course. He has a B.Sc. and a Ph.D. in Mechanica! Engineering.

ROBERT N. PANELLA

Robert N. Panella has over twelve years of experience associated with design and
construction of nuclear power plants. He has experience in seismic response
spectra development, masonry wall analysis, pipe stress analysis, pipe and conduit
support design, and seismic qualification of equipment. He has served as
department expert in computer-assisted design of steel frames and re-analysis of
existing structures. He has also provided training to engineering personnel on
structura! design issues to ensure consistency of approach among designers. He
completgd the SQUG Walkdown Screening and Seismic Evaluation Training Course
and the Add-On Seismic IPE Training Course in preparation for participation in usi
A-46 and Seismic IPEEE resolution at CP&L's Harris, Brunswick and Robinson
nuclear power plants. He was the project manager for the USI A-46 and Seismic
IPEEE programs of all three plants from 1992 through 1993. He holds & BS in Civil

Engineering.

KEVIN N. POYTHRESS

Kevin N. Poythress has over four years of experience in structural design and
analysis. He has been working for CP&L in the HESS civil stress subunit for 1 1/2
years performing pipe stress analyses, and has completed Harris Basic Systems
Training. He was the lead pipe stress analyst for the replacement of the Brunswick
Emergency Diesel Generator Service Water Piping.. This MOD replaced a significant
amount of piping and there.fore required careful attention to schedule, budget and
technical issues. He has also performed pipe stress operability and long term

evaluation for the RESS Piping Improvement Program. He completed the SQUG
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_ Walkdown Screening and Seismic¢ Evaluation Training Course and the Add-On

Seismic IPE Training Course in preparation for participation in US! A-46 and Seismic
IPEEE resolution at CP&L's Harris, Brunswick and Robinson nuclear power plants.
He has a BS and MS in civil engineering, and is & licensed engineer in the State of

Tennessee.

THOMAS R. ROCHE

Mr. Roche has over eleven years of experience in the design, engineering, startup
and analysis of systems and equipment at power, industrial and nuclear facilities.
His responsibilities have included evaluation and analysis of systéms and equipment
for seismic events, preoperational testing of nuclear power plant systems, system
engineer for nuclear and non-nuclear power plant systems, equipment qualification
and post earthquake investigations. Mr. Roche is a Technical Manager with EQE
International. He is responsible for various seismic evaluation'efforts for nuclear
facility éystems and'equipment. 'Mr. Roche is the Electric Power Research Institute
(EPRI) Principal Investigator for investigating the 1889 Loma Prieta, 1994
Northridge and 1995 Great Hanchin earthquakes. He completed the SQUG
walkdown and relay evaluation courses as well as the EPRI seismic individual plant
evaluation of external events add-on course. He is a registered Mechanical Engineer

in the State of California.

Mr. Roche has contributed to the development of the earthquake experience data
base generated for the Seismic Qualification Utilities Group (SQUG). He
concentrates on the response of systems to earthquakes at power and industrial
facilities. Systems are investigated for the effects of power interruption, relay
actuations due to vibration, relay actuations due to system transients, spurious
eléctrical and pneumatic signals, and control room alarms. This seismic experience
data is being utilized by the nuclear industry to resolve the seismic issues

associated with the NRC's Unresolved Safety Issue A-46.
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PEER REVIEWER RESUMES

CHARBEL M. ABOU-JAOUDE, P.E.

Mr. Abou-Jaoude is & ijectISerwce Area Manager in VECTRA's Boston Office,
with a broad technical and managerlal experience in the power industry. His areas -
of technical expertise are Structura!l Mechanics and Seismic Design; he has an in-
depth knowledge of various industry codes/standards such as Sections lIl & XI of
the ASME Code, ANSI B31.1, IEEE-344 and 382, various USNRC Reg. Guides and
NUREG Reports, WRC Bulletins, AISC, and ACI-348. He is well versed in the
Generic Implementation Procedure develobed by the Seismic Qualification Utility
Group for the resolution of USI-A-46, and the methodologies developed by the
industry for the response to Generic Letter 88-20 as outlined in NUREG-1407;.he
has completed the SQUG/EPRI sponsored A-46 and Seismic IPEEE training courses
and has participated in several A-46/IPEEE walkdowns as an SRT member. While
at VECTRA, he has lead the engineering efforts ef various work scopes; his

responsnbulmes have included: Criteria development, training and personnel

development, project execution, mterface with regulators and outside orgamzatlons,-

and overall project management.

STEPHEN P. REICHLE

Mr. Reichle has over 20 years of power plant engineering, design, maintenance, and
operations experience. As Technical Services Consultant for Mechanical Systems
in VECTRA's Boston office he is currently assigned as the Project Manager for the
Fire Hazards Analysis (FHA) project for the New York Power Authority. This project
consists of updating the FHAs for both the James A. FitzPatrick and Indian Point 3
nuclear plants. The project also includes the preparation of an analysis that
assesses the effects of pipe rupture, inadvertent actuation and manual use of fire

protection systems on safety-related equipment at JAF and IP3.
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Mr. Reichle is also currently servfng as the Systems Project Engineer on the NRC's
Unresolved Safety Issue (USI) A-46 projects for: Northeast Utilities (Millstone 1, 2
and Connecticut Yankee), Philadelphia Electric {Peach Bottom and Limerick) and
Public Service Electric & Gas (Salem). In this role, he is responsible for the
identification of safe shutdown paths and the development.of a Success Path
Component List for each unit. These NRC programs deal with the seismic

adequacy, or margin of equipment in operating plants.
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0 - Success Pat ic Diagram

 Asa paﬁ of the individual plant examination of external events (IPEEE)! , an evaluation

of plant response to a seismic event that exceeds the design basis earthquake is required.

A successful response is defined by the ability to maintain plant frontline systems that

provide critical plant functions. The functions involved are: reactivity control, reactor

coolant system inventory control, reactor coolant system pressure control, and decay heat

removal. In addition the systems that support frontline systém operation, for example, .ac

power, service water, etc., must be available. - The Electric Power Research Institute -
(EPRI) has developed a process for seismic margins assessment (SMA) and it is

documented in EPRI report NP-60412, This document outlines the steps required to

perform the assessment and identifies the boundary conditions and assumptions that are

required for this assessment. The major assumptions are summarized below.

» Offsite power is assumed to be lost following the seismic event. The analyst should,
however, consider the potential for adverse effects should ac power not be lost or if it
should be restored.

* The success paths must be capable of maintaining the plant in either hot or cold
shutdown for a period of 72 hours. ‘

* The SMA should address two conditions. The first is a transient without RCS leakage
and the second is a2 1" LOCA condition. For the LOCA case, one reactor coolant
system inventory control path must be capable of mitigating a 1 inch LOCA.

* Success is measured at the system level for success path logic diagram elements that
represent multiple train systems. In other words, if one train is sufficiently rugged the
other trains should provide similar seismic capacity.

* Non-seismic component failures should not be explicitly addressed within the EPRI
process. The analyst should provide a check to ensure that the reliability of
components will be adequate to exclude random failures. This is especially important
for single train systems.

* The potential for relay chatter should be addressed. Note: Relay identification is
provided in a separate analysis.

* Only core damage prevention systems should be addressed. Containment mitigation
systems are not in the scope of the seismic margins evaluation.

The NRC, in their generic letter (Reference 1), indicated that the EPRI methodology is
acceptable given two proposed supplements are adopted. Non-seismic failures and human
actions should be considered in accordance to the guidance provided in NUREG-14073
and containment isolation and required mitigation systems should be examined as
appropriate.

1 RSC-94-01, Revision 1
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NUREG-1407 (Reference 3) indicates that non-seismic failures and human errors should
be considered during the selection of systems needed to respond to a seismic event. It
further suggests that a method similar to the method provided in NUREG/CR-48264
‘(Maine Yankee evaluation) is considered acceptable. In this evaluation quantitative
guidance is provided for determining if non-seismic or human error events should be
included. ‘ -

The EPRI approach adopts a more qualitative criterion that. serves as a guide for choosing

systems and equipment for the success path logic diagram. In choosing the systéems.

required for the SHNPP success paths, the equipment train reliability is qualitatively
considered and only the most reliable alternative is chosen.

With regard to the analysis of the containment, NUREG-1407 (Reference 3) states that
"the primary purpose of the evaluation for a seismic event is to identify vulnerabilities that
involve early failure of containment functions. These include containment integrity,
containment isolation, prevention of bypass functions, and some specific systems
depending on a containment design (e.g., ignitors, suppression pools, ice baskets)." The
major concern presented is for early containment failure modes.

The guidance further states that "generally containment penetrations are seismically
rugged; a rigorous fragility analysis is needed only at review levels greater than 0.3g, but a

.~ walkdown to evaluate for unusual conditions (for example, spatial interactions, unique

penetration configurations) is recommended.® With regard to containment systems, the
guidance provided is that "seismic failures of actuation and control systems are more likely
to cause isolation system failures and should be included in the examination." The major
concern deals with relay chatter that is out of scope for this evaluation. Isolation valves
are expected to be seismically rugged and the walkdown should confirm this belief. The
containment walkdown should also examine containment systems, for example,
containment spray and fan coolers. '

In considering this guidance, there appears to be only a marginal benefit to be gained by
preparing a listing for containment functions (which is not required by either the EPRI or
NRC guidance) and only a brief discussion is provided in Section 5.0 of this report to
assist in performing the walkdown. '

The information provided in the EPRI report outlines each step in the seismic margins
evaluation process. This report documents the performance of step 3 of the EPRI process
which involves the development of the success plant logic diagram (SPLD) for Shearon
Harris, the development of equipment walkdown lists for systems of interest, and the
execution of a pre-walkdown to provide early identification of any components with
potentially low seismic ruggedness. .

The SPLD is in the format of a reliability block diagram which identifies the systems
required for success. The methodology requires that two or more success paths be
provided for each of the major functions that must be accomplished to meet the success
‘criteria. It is read in a similar fashion to an electrical diagram. Single entries indicate that

-

. 2 RSC-94-01, Revision 1



'52214-R-001 Rev. O
Appendix B
Page B_'l_

the system must function to ensure success. Parallel entries indicate two or more options |
for success. The following discussion outlines the development of success paths for
Shearon Harris and serve as the basis for the SPLD.

1.1  Required Support Systems

Along with the frontline systems that are assigned to the success paths, the status of
support systems necessary to maintain required frontline functions must be identified. To
define these systems a review of the draft Shearon Harris IPE system notebooks was
performed to identify interfaces between frontline and support systems. The information
contained in the IPE system notebooks provides a concise source for identifying support
system requirements. In addition to frontline systems, some support systems require
cooling or power. Table 1-1 summarizes the links between the frouthne and support
systems addressed in the SPLD.

Using the information presented in Table 1-1, the support systems which must be
addressed in the assessment are chosen. As the table demonstrates, ac power is required
by most equipment following a seismic event. Some systems, however, are only needed
for selected equipment. For example, HVAC is only required for operation of the
charging pumps and the diesel generators. Other components do not require HVAC
cooling over the penod of interest. The pressurizer power-opcrated relief valves (PORVs)
are equipped with air accumulators which provide sufficient air for PORV operation. The
compressed nitrogen and instrument air systems, therefore, are not required or addressed
by this evaluation. - Based on this assessment six support systems are identified as
important and are examined by this report. These support systems are:

o Safety-related ac power (including diesel generators)

» Safety-related dc power (including 120 Vac)

* HVAC cooling for CSIPs and diesel generators

-« Emergency service water

e Component coolmg water

» Essential chilled water (ECW)
Each of these systems provides an important support function which must be assured
following a seismic event. As such, the important components in each support system

success path must be included in the development of the safc-shutdown equipment list
(SSEL) and evaluated.

3. RSC-94-01, Revision 1
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Table 1-1
' v Support System Dependency Matrix
Frontline/Support Ac Dc Emergency Component HVAC Compressed
System Power Power?  Service Water  Cooling Water Nitrogen

Auxiliary Feedwater X x
System .

i Charging/Safety X X X - X
Injection System
Residual Heat Removal/ X X Xe
Low Pressure Injection :
System
Pressurizer PORVs X - Xe
Steam Generator X
PORVs
HVAC/ESCW X X xd .
Component Cooling X X X

. Water System

Emergency Service X X
Water
Control Room : xf
Ac Power (diesel X X X

v _penerators)

a - Many systems require dc power to start equipment.

b - Ac power is not directly required for steam-driven pump operation.

¢ - CCW required for recirculation and RHR cooling.

d - ESCW is also required for some HVAC.

¢ - The PORV accumulators bave sufficieat nitrogen for PORV operation.
f - Control room cooling required over the 72 bour period.
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12 Reactivity Control

Following the convention established by the EPRI document (Reference 2), the next block

involves the ability of the plant to establish and to maintain adequate shutdown margin

following the seismic event. Two paths are identified for this function. The primary path

is the insertion of the control rods. This is the normal method for reactor shutdown and -
occurs automatically when a reactor trip signal is generated. As a backup action the

operators can execute a reactor trip from the main control board. Another possibility is

that the loss of ofisite ac power will result in a loss of power to the control rod motor

control centers. This will result in rod insertion by gravity as the motor control rod drives.
" unlatch and release the control rods. Since the EPRI guidance suggests that the analyst

should consider averse effects due to power not being lost, this path is not considered a

success and a trip signal must be received to ensure rod insertion. The control rods

" provide adequate shutdown margm to allow for the control rod of the highest worth to fail

to insert. .

As the RCS temperature decreases, additional boration may be reqmred to maintain
adequate shutdown. This function can be accomplished using the normal charging system.
If normal charging is not present the RCS may begin to heatup which will increase the
temperature component of negative reactivity and trend the reactor to shutdown. RCS
inventory control addresses the need to monitor and maintain long-term shutdown. ‘

Should an inadequate number of control rods be inserted, a backup action can be initiated
by the operators to introduce makeup water with 2 high boron concentration using either
of two paths. Inadequate control rod insertion could be the result of control rod binding
caused by a shift in reactor internals due to the seismic event. The operators can align the
charging system to the boration system and provide highly borated water to the RCS to
increase shutdown margin using the emergency boration steps of the Shearon Harris plant
ATWS procedure (EOP-FRP-S.1). The operators can also use the RWST source as a
means of increasing boron concentration and negative reactivity. The use of the RWST is
somewhat slower due to the Iower concentration of boron but is adequate to ensure
shutdown. _

The component review identified that instrumentation called for in the emergency boration
procedure may not be available following the seismic event. Flow meter FT-110 is used to
monitor flow from the boric acid storage tank to the charging pump suction. This
instrument is powered from a non-safety power bus that may not be available is offsite
power is disrupted. An acceptable alternative is the level instruments mounted on the
boric acid storage tank (LT-106, LT-161). These instruments are powered by vital power
supplies and can be used to confirm flow from the tank to the charging pumps. Level
indication is provided in the control room and ‘the operators could substitute this
information in the absence of the specified flow meter.

The high reliability of the control rod drives and the need for operator supports thc use of
the control rod drives as the primary path and emergency boration is chosen as a
secondary option. The block diagram for rcactxvxty control is shown below in Figure 1-1.
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Figure 1-1. Success Path Logic Diagram: Reactivity Control Block

1.3  Reactor Coolant System Inventory Control

RCS inventory control requires that the operators be able to maintain core coverage and
decay heat removal. Inventory may be lost from the RCS due to normal letdown. The
normal letdown lines can be isolated to preclude this path but would preclude other
normal activities such as chemistry control or the addition of additional boron for long-
term shutdown. The RCP seals also provide a path for small inventory losses
(~8 gpm/pump). For these smaller leakage paths the normal charging process is adequate.

At Shearon Harris, the RCS high pressure makeup capability is provided by the combined
charging and safety injection pumps (CSIPs). The normal makeup function is provided by
taking suction from the volume control tank (VCT) to the CSIPs and then discharging
through the normal charging paths to the RCS. As an alternative, the RWST can be
employed as a suction path when the VCT is unavailable with the CSIPs discharging
through the safety injection cold and hot leg injection points. This path is also available
for responding to the 1" LOCA required to be evaluated by the EPRI guidance.

Evaluation of the VCT level instrumentation identified that level transmitters LT-115 and
LT-112 are powered from non-vital power supplies. This may result in a loss of these
instruments which will reduce the operator’s ability to maintain adequate inventory
control. The loss of the level instrumentation, however, will most likely result in one of
two outcomes. If both instruments are lost, an automatic signal will swap the charging
pump suction from the VCT to the RWST and this will eliminate the need for level
monitoring. If only one instrument is lost, the operators may elect to swap to the RWST.
In either case, the loss of instrumentation would not greatly impact the potential for
success.

The use of the CSIPs to support RCS makeup is governed by procedure EOP-EPP-004
which deals with the response to a reactor trip and operating procedure OP-107 which
addresses chemical and volume control. Because of the potential for a loss of the VCT
and since both the normal charging and safety injection paths require the same pumps 2
secondary alternative path is considered.
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Based on procedural guldance (EOP-EPP-009, Post-LOCA Cooldown. and

Dcpressunzauon) the operators, are directed to cooldown and depressurize the RCS-if
safety injection is not available and use the RCS accumulators and residual heat removal
~ system to provide makeup. Analysis performed for the IPE using the MAAP code
indicate that the accumulators are not required for a 1" LOCA and their operation does
not preclude successful injection using LPI. This requires the availability of secondary-
side heat removal and some operator action. The use of this path does provide a means
independent of the other paths with the exception of the common injection lines. For
cases involving a LOCA, the need for additional makeup will also require the use of the
RWST in a similar manner as used in the CSIP path. : ‘

In considering the success paths for this function several factors influence the final choice.
First, isolation of normal letdown would significantly.reduce the need for RCS makeup
such that normal charging may not be required. Over 72 hours, however, RCS shrinkage
and small leaks within the range of technical specification allowances may result in
unacceptable RCS inventory loses and 2 need for additional makeup. Additional boron
may be required to maintain adequate shutdown margin after many hours of decay heat
removal. To increase boron concentration the letdown path is, although not required,
desirable. These considerations lead to the conclusion that the isolation of letdown is
overly restrictive and not necessary to ensure RCS inventory control.

For cases without a LOCA the use of normal charging seems the most logica! choice since
it is the normal method of coatrol and provides reactor coolant pump seal injection. The
combination of makeup and letdown provides the operators with a fiexible means to
control RCS inventory and is a method familiar to the operators. The normal charging
path, therefore, is chosen as the primary path for RCS inventory control. Although
letdown is not required, its presence would improve the operators ability to respond to
any challenges. '

The normal charging flow is not capable of mitigating 2 1" LOCA. The use of the CSIPs
in their safety injection mode provides an adequate response to a 1" LOCA and is a
secondary means of RCS inventory control. It does require the use of the same pumps as
the charging function but utilizes different suction sources and discharge paths. Based on
scismic evaluations for other plants®, the pumps are not expected to be a potentially
limiting component for the either path. Past studies have indicated median capacities for
pumps on the order of 1.5 mpga (B, = 0.45). This converts to a8 HCLPF value of about
0.34g which exceeds the Shearon Harris review level earthquake.

The use of the RHR system does provide additional independence but requires that
additional systems function. Further, the use of this success path requires additional
operator actions and monitoring. Thus, the use of the CSIPs in their safety injection path
is considered the altemative with the RHR path being a secondary alternative. Figure 1-2
summarizes the success paths for this function.

7 RSC-94-01, Revision 1
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" Figure 1-2. Success Path Logic Diagram: RCS Inventory Control

1.4 Reactor Coolant System Pressure Control

The potential exists for a seismically-induced loss of offsite power and for an RCS
pressure challenge due to the sudden loss of condenser cooling and an isolation of the
power conversion system due to the closure of the main steam isolation valves. This, in
turn, temporarily increases RCS temperature and pressure and may require RCS pressure
relief and control. '

Several potential paths exist for pressure control. Under normal situations the pressurizer
sprays can be used to reduce RCS pressure. The spray driving force is provided by the
reactor coolant pumps. The assumption that ac power is lost results in a loss of the
reactor coolant pumps and normal sprays as a means of pressure control. It is possible to
provide auxiliary spray from the normal charging system. RCS pressure reduction would
not occur sufficiently to preclude a relief valve challenge. This option is covered by
procedure AOP-019 "Malfunction of RCS Pressure -Control" which is consulted
immediately after trip and referenced in EPP-004 and EPP-00S.

Two sets of diverse pressure relief valves also provide pressure control. These pressurizer
relief valves provide adequate capacity to mitigate any pressure transient as a result of a
loss of offsite power. The pressurizer PORVs are considered the primary means of
pressure control with the secondary path involving the pressurizer safety relief valves.
Three PORVs are provided with each having sufficient capacity to mitigate the pressure
rise associated with a loss of offsite power. The PORVs require dc power control power
and either compressed nitrogen or air to function. Two sources of compressed gas are
available, instrument air and nitrogen. Following a loss of power the instrument air system
is lost and the containment air supply line is isolated. Accumulators present on the PORV
supply lines maintain adequate pressure to allow PORV operation (98 psi). This provides
a more than adequate supply of compressed gas for RCS pressure challenges following
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reactor trip. Three spring-loaded safety relief valves are present. The safety relief valves
are designed to function at a preset pressure and do not require any support system in

- .order to function.

The PORVs have the benefit of an ac-powered block valve which may be closed if a
PORYV fails to close. The block valves, however, are not needed for pressure control. By
code requirements, the safety relief valves do not have an associated block valve.

Due to the presence of block valves and the fact that the PORVs will be utilized for other
functions, the PORVs are chosen as the preferred path for RCS pressure control with the
safety relief valves being considered as the alternative path. The two success paths for this
function are identified in Figure 1-3.

SRR Primary
IR __ Ahemative

Figure 1-3. Success Path Logic Diagram: RCS Pressure Control
15  Decay Heat Removal

The final function addressed is decay heat removal. Generally, decay heat removal
following a reactor trip is provided using the steam generators (Reference EPP-005). The
auxiliary feedwater system provides steam' generator makeup. In addition to a supply
source the steam generators must be able to dump steam. Given that the condenser is
isolated following the event, steam can be relieved by either the steam generator safety
relief valves or the steam generator PORVs. The safety relief valves cannot be used to
perform an RCS cooldown to allow the use of RHR cooling. In order to simplify the
analysis, only the steam generator PORVs are included for steam removal. The use of the
steam generator PORVs allows both normal steam generator cooling and provides an
alternative long-term cooling mechanism.

An RCS cooldown may be initiated if either the condenser or steam generator PORVs are
available and the residual heat removal (RHR) system initiated when RCS conditions are
within the operating limits of the RHR system. The mission time is 72 hours. Based on
the inventory present in the condensate storage tank (CST) the tank will empty prior to
meeting 72 hours of decay heat removal.

9 RSC-94-01, Revision 1
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Two options are available to extend cooling for 72 hours. The operators can maintain hot
shutdown conditions by aligning the emergency service water header to the suction of the
AFW pumps (Reference procedures OP-137 and EPP-005). This will provide a source of
water which will exceed that required for 72 hours of core cooling but requires manual

action.

As an option, the operators can.perform RCS cooldown and establish cold shutdown
using RHR cooling (using the RHR pumps and heat exchangers) prior to CST depletion.
The RHR system circulates RCS inventory through the RHR heat exchanger and transfers |
RCS decay heat to the component cooling water system. One consideration in
establishing RHR cooling is the presence of adequate instrumentation. The normal RCS
temperature instruments do not provide an adequate representation of the temperatures
within the reactor vessel if the reactor coolant pumps are stopped, as is the case during
shutdown cooling. For this situation, the instruments provided in the RHR system are .
. required. On the basis of an instrumentation review associated with the SSEL -
development, the normal temperature indication (TE-606A, TE-606B) may not be
available to the operators. These instruments are powered by non-vital power supplies an
- may be lost following the seismic event. As a result, the operators will need to use
alternative temperature indicators to ensure that adequate margins are met.

The use of RHR is not an immediate action and there is considerable time between the
seismic event and the time that operators achieve RHR entry conditions. This provides
time for operator mitigative actions and the investigation of other alternatives. Two local
-instruments (TI-5551A, TI-5551B) are mounted near the RHR heat exchangers and are
available to provide temperature indication if required. These instruments are located in 2
radiation area and personnel exposure is a concern. The expected dose, however, would
not exceed acceptable dose limits.

In the absence of secondary-side heat removal, an alternative cooling method is possible.
The CSIPs and pressurizer PORVs may be used to establish feed-and-bleed cooling. The
CSIPs inject cool water into the RCS and the PORVs relieve heated water to the
containment which transfers the decay heat from the RCS to the containment. This option
is addressed in EOP-CSFST "Critical Safety Function Status Tree" and EOP-FRP-H.1.

For the PORVs to function, dc power and a compressed gas supply must be present. Two
sources of compressed gas are available, instrument air and nitrogen from accumulators.
Following a loss of power the instrument air system is lost and the containment air supply
line is isolated. Accumulators present on the PORV supply lines maintain adequate
pressure to allow PORV operation (98 psi). The leakage rate through the lines is
estimated to be on the order of two pounds per hour. The operational range for the
PORVs is from about 80 to 60 psi. Given the leakage rate, the PORVs will remain open
for approximately 19 hours. At this point the PORVs would fully close and the CSIPs
would increase RCS pressure to the SRV setpoint. The CSIPs can continue to inject at
the SRV opening setpoint. This mode of feed-and-bleed cooling provides adequate heat
removal given the reduced decay heat load at 19 hours. This conclusion is supported by
plant-specific MAAP analysis. The PORVs and the pressurizer SRVs, therefore, must be
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avaxlablc for successful feed-and-bleed cooling or the RCS pressure must bc lowered to
allow for shutdown cooling.

The inventory used during feed-and-bleed comes from the RWST. Once this inventory is
depleted, the operators establish high pressure recirculation. This involves the automatic
alignment of the RHR pumps to the containment sump, manually establishing CCW fiow
to the RHR heat exchangers, and swapping the CSIP suction from the RWST to the
discharge of the RHR pumps. The RHR heat exchangers provide necessary cooling to
maintain RCS conditions within limits. Required operator actions are identified in
procedure EPP-EOP-010. '

The primary method for decay heat removal utilizes the steam generators. This involves
the use of AFW, steam generator PORVs, and a source of water. The CST provides the
water source initially. Afier this source is depleted, the emergency service water system is
used. The alternative method for decay heat removal is the use of feed-and-bleed cooling
as described by EOP FRP-H.1. This requires the operation of the CSIPs in safety
injection mode, the operation of the pressurizer PORVs, and the pressurizer SRVs. The
use of RHR cooling is included as a long-term alternative to aligning AFW to essential
service water. Figure 1-4 presents the success logic associated with decay heat removal.

1.6  Overall Success Path Logic Diagram

The individual functions are combined to develop an overall success path logic diagram.
“Two diagrams (Figures 1-5 and 1-6) are used to address the two different cases. The first
case addresses the transient and assumes that no leakage is present. The second logic
diagram is provided for the LOCA case. For both cases, the first consideration is the
status of the support systems. Success indicates that all support systems are functioning.
The next block addresses the ability to control reactivity. This block is equivalent for both
cases.

The RCS inventory control block is somewhat different for the two cases. In the transient
case success requires that makeup using charging flow rates be provided. The LOCA case
requires that additional RCS makeup be provided using either safety injection or low
pressure injection. In the case of the transient event, a need for RCS pressure control
exists and the RCS pressure control block is included.  Following a 1" LOCA, the RCS
- pressure will decrease and no pressure challenge sufficient to lift the RCS relief valves is
expected. The pressure control block is, therefore, not included. Finally, the decay heat
removal function required for both cases is the same.

11 RSC-94-01, Revision 1
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Figure 1-4. Success Path Logic Diagram: Decay Heat Removal
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In examining the SPLD it is important to realize that thc earlier failure of some paths may
preclude success of other functions. As an example, if the CSIPs fail the RCS inventory
control path the path for feed-and-bleed cooling will also be lost. In other words, the loss
of particular paths within functions due to a system failure may result in other paths also
being failed for other functions. The converse of this is also true in that the failure of 2
particular path may not preclude any paths for other functions. As an illustration, if the
CSIPs succeed in maintaining RCS inventory following a LOCA, the operators may have
successful heat removal by either the AFW system or bleed-and-feed cooling. The success
of CSIP injection for the RCS inventory function does not require that only bleed-and-feed_
cooling be used for secondary-side heat removal.
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Z.b _Early Component Seismic Walkthrough

- As part of the process of identifying the components necessary for ensuring safe shutdown.
following a seismic event, an early walkthrough was performed. This walkthrough
identified, at an early stage, any components which have the potential for low seismic
capacity and are identified in the shutdown paths. The walkthrough did not involve a
detailed evaluation of all components but concentrated on some of the more critical
components for each system. The walkthrough did not examine components in the
containment or areas requiring significant radiation protecuon Detailed screening and |
evaluations will occur during the required walkdown that is performed by the seismic

review team (SRT).

Prior to the walkthrough a component listing was generated which identified equipment to
be examined. This listing is based on the SPLD paths and engineering judgment. For
most cases the components chosen represent active components which are required to -
function following a seismic event (pumps, motor-operated valves, diesel generator).
Components with the potential for low seismic capacities, as found in other seismic
assessments, are also included (batteries, tanks). The list dcveIOpcd for Shearon Harris is
provided as Table 2-1.

Table 2-1
Walkthrough Equipment List for SHNPP Seismic IPEEE
SPLD Function System Equipment
Reactivity Control Control Rod Drives Control cabinets and MCCs

RCS Inventory Control Charging/Safety Injection =~ CSIPs 1A-SA, 1B-SB

- RWST and suction valves
1CS-291, 1CS-292

VCT and suction valves
1CS-165, 1CS-166

CSIP safety injection
discharge valves 1SI-1,
18l1-2, 1SI-3, 1S1-4

Residual Heat Removal  RHR pumps 1A-SA,
(low pressure injection . 1B-SB
mode) '

RHR heat exchangers
1A-SA, 1B-SB
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Walkthrough Equipment List for SHNPP Seismic IPEEE

SPLD Function System

Equipment

RCS Inventory Control

RCS Pressure Control Nitrogen System

Decay Heat Removal Auxiliary Feedwater

Decay Heat Removal Auxiliary Feedwater

Steam Dumps

Support Systems Ac Power

D¢ Powér

RWST suction valves
1S1-322, 1S1-323

RHR to CSIPsuction
valves 1RH-25, 1RH-63

Storage Tanks

Pumps 1A-SA, 1B-SB,
and, 1X-SAB

SD pump steam inlet valves

~ 1MS-70, 1IMS-72 and,

1IMS-G

Control valves 1AF-131,
1AF-130, 1AF-129, 1AF-
51, 1AF-50, 1AF-49

Condensate storage tank

SWS to AFW suction
valves 1SW-121, 1SW-
123, 1SW-124, 1SW-126,
1SW-129, 1SW-127,

 1SW-130, and 1SW-132

Steam generator power
operated steam dump
valves 1MS-58, 1MS-60,
1MS-62

Diesel generators and
support equipment (day
tank, jacket cooler, etc.)

Fuel oil transfer pumps - -
1A-SA, 1B-SB

Buses 1A-SA, 1B-SB

Batteries and racks

17
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Table 2-1 (continued) : '
Walkthrough Equipment List for SHNPP Seismic IPEEE
SPLD Function System Equipment
Dc Power Chargers and buses 1A-SA
and 1B-SB '
Support Systems (cont)  Service Water System ESW pumps 1A-SA,
v 1B-SB
Expansion joints 24, 2B
Normal service water

Component Cooling Water
System

HVAC

ESCW system

isolation valves 1SW-39,
1SW-40 '

SWS return valves
1SW-275, 1SW-276
and 1SW-274

~ CCW to SWS heat

exchangers 1A-SA, 1B-SB
CCW surge tank

CCW pumps 1A-SA,
1B-SB

RHR to CCW heat
exchangers 1A-SA and 1B-
SB discharge isolation
valves 1CC-147 and
1CC-167

Air handling units AH-9
(1A-SA) and AH-9
(1B-SB) cooling for CSIPs

Pumps P4 (1A-SA) and P
(1B-SB) :

Chiller/condenser WC-2 for
1A-SA and 1B-SB

18
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A standard form was developed which documented the findings of the walkthrough. The
form provided guidance to the walkthrough team in investigating the potential for low
seismic capacity components. In addition to identifying the component the form
addressed anchorage, elevation, orientation, interaction, and structural issues. An example
form is provided as Figure 2-1. '

The walkthrough was performed using four individuals. Three of the team members were
from CP&L's Nuclear Engineering Department. Two had been to the EPRI course on
seismic walkdown. The fourth member was a consultant who was familiar with the
Shearon Hamis IPE and had considerable experience in the performance of seismic risk
analyses. The walkthrough was performed on January 14-15, 1993 and included as many
components as possible. To expedite the process, like components were not examined if
they were of similar function, kind, and location. For example, only one CSIP pump was
examined since they are from the same manufacturer and are located at the same elevation
and have the same orientation. Some listed components were -not examined due to
radiation control concerns. The volume control tank was an example of an item not
examined due to this consideration. The team examined approximately 50 components.
The findings are documented in Appendix A. ‘

The general purpose of the walkthrough is to search for any potential low seismic capacity
components which could result in low system seismic capacity. Additionally, the
information can streamline the detailed walkdown and capacity evaluation. The insights
obtained from the walkthrough are provided below. '

* The examination of pumps and drivers did not uncover any significant factor which
would lead to the potential for low scismic capacity. The components examined are
mounted on common skids with what appears to be adequate anchorage. It is
reasonable to assume that average component capacities will be present and that
pumps will not be a "weak link".

* The anchorage for the motor-operated- valves, where present, did not involve the
potential for operator and valve differential displacement due to using two different
anchorage surfaces. '

* The examined heat exchangers are well anchored on common pads and should provide
adequate seismic capacity. The RHR heat exchanger anchorage design, however,
should be examined since it was not visible during the walkthrough.

* The battery racks appear rugged and should provide adequate seismic capability. The
inclusion of crush resistant spacers also supports this conclusion. The eyewash
stations located in each room, however, are of some concern. It is unclear if they are
seismically rugged. Given their proximity to the batteries, their similar design,
location, and orientation, they should be examined further.
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Figure 2-1
Séismic Walkthrough Checklist

Component Identification:

ent

Anchorages:
Concrete pad

Bolted .

Welded

Elevation from fioor: Orientation: (for valve

orientation of operator)

Seismic JI/]:

Adjoining structures: Nearby walls or piping:

Support Equipment Mounting/Flexibility:

Comments/Insights:
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» The mounting flange for the vital chargers may be a potentxal weak point for the long-

term availability of dc power. The mounting flange was thin and could tear which

~ would allow the charger to topple The strength of the material should be examined
along with the weight distribution in the charger. :

* A diesel generator control panel found near the diesel generator is welded to a support
plate only on one side at the four corners. This may be a concern if the panel is
needed. Other more important panels could not be explicitly examined due to base

" plates. These panels should be more closely examined due to their proximity.

» Examination of the steam generator PORVs found that they may be capable of .
meeting the required seismic capacity. Their proximity to walkways and light fixtures
may be somewhat important but should not be a significant concem.

o The essential service water system equipment provides a key support system link
through the need for diesel generator cooling and a long-term AFW source. The
service water intake structure and equipment were not examined during the
walkthrough. * The pumps should be examined to ensure that they are adequately
supported. This is especially true for the long shaft associated with vertical suction
pumps. Given the observations from the plant walkthrough and the vintage of the
plant design this is not expected to be a concern but should be verified.

" As previously noted, the above observations are baséd on the initial walkthrough. The
final results and conclusions are derived from the detailed screening and evaluation -
performed by the SRT.
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3.0‘ Operational Review of Success Path Logic Diagram

. The draft SPLD was provided to SHNPP operations personnel to provide a plant review
of the success paths and the required equipment. The reviewer examined the paths and
components for correctness, applicability to plant procedures, and to identify any other
alternatives that are not addressed. A meeting was held between the plant reviewer and
the team responsible for the development of the SPLD with two main purposes. The first
was to resolve any comments generated during the plant review and the second purpose
was to refine the required instrumentation listing. The plant reviewer concluded that the
SPLD and required systems are appropriate and did reflect the various success paths that
would be available and utilized by the plant operators following a seismic event. The
important comments and resolutions are summarized below. '

» Control room HVAC may be important over a 72 hour period and should be
considered. Resolution: Control room air handlers (AHU-15 and AHU-16) were

added to the HVAC listing.

+ The steam-driven pump supply line could be used as a means for dumping steam if the
steam generator PORVs are unavailable and that plant operations are familiar with this
option. Resolution: The group resolved that this option would only be included if the
steam generator PORVs could not meet the required seismic capacity.

* The procedures direct the operators to use both accumulators and low pressure
injection following a loss of the CSIPs which is not reflected by the present text.
Resolution: The text was changed to include the accumulators. Based on MAAP
analysis, however, the accumulators are not included in the SPLD required equipment.

» The operators are directed to open the reactor head vents if the PORVs are
unavailable. This may provide a bleed path for feed-and-bleed cooling. Resolution:
The reactor head vents are considered too small to provide adequate feed-and-bleed
cooling and are not included in the SPLD listing. ‘

Other comments were more editorial in nature and were resolved accordingly.

A review of the instrumentation listing was performed for each system. The process used
involved a discussion of the function required of the system, a listing of available
instrumentation, and the identification of the minimal set of instruments required to
maintain the system. In some cases the components performed multiple functions. For
these systems each function was reviewed individually. A final instrumentation list was
developed based on this review,
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4.0 Modifications to &uigmem Listing Based on Seismic Walkdown

-Several modifications were made to the SSEL following the completion of the seismic
 walkdown. Changes were made to address the addition or deletion of some components
~ to the SSEL listing and corrections due to input errors. The largest addition to the listing
is instrumentation racks and cabinets housing essential relays. Using the “rule of the box”
definition several instruments were grouped according to their common instrumentation
rack and the rack was added to the SSEL listing. In addition, a complete review of the
SSEL component list was performed to ensure that component information (i.e, tag
‘numbers, reference drawings, etc.) was correct. Examples of changes to the SSEL are"
presented below with an associated rationale. '

Action: Removed switchgears 1A1, 1B1, transformers 1A1, 1B1, and motor control
centers 1A22, 1B22, 1A24, and 1B24 from the ac power system listing.

Rationale: These components are not required to support SSEL components.
Action: Remove items 23 and 24 from the essential chilled water system listing.

Rationale: The purpose of these temperature switches, TS-6522A1-SA(B1-SB), is to
provide control for air handling units which supply cooling to CSIP A & B. This control
is only applicable for cases without a safety injection signal. For the SSEL the CSIPs are
used to respond to two situations, a small LOCA and feed-and-bleed cooling. For the
small LOCA, the loss of RCS coolant will result in a safety injection signal and, therefore,
the temperature switch will be overridden. In a similar manner the implementation of
feed-and-bleed cooling will result in a loss of RCS inventory and a subsequent safety
injection signal. Thus, for the cases covered-by the SSEL the control function of the
devices will be overridden and they can be removed from the list.  From information
obtained during the 3/25/93 SSEL review meeting, no imporntant instrumentation function
is provided by these componcnts

A_Jgg Components PS-2250A, PS-2250B, and PS-2270 should be listed as pressure
switches and not pressure sensors. The SSEL review will include both the switches and -
the signal transmitted to the control room.

Rationale: From the 3/25/93 meeting, SHNPP operations indicated that suction pressure,
along with a table provided in AOP-004, would be used to determine CST level if level
indication were lost. It is important, therefore, that suction pressure indication be
provided in the control room. '

Action: Added components associated with the diesel generator starting air system.

Rationale: These components were inadvertently omitted from the report. Adding these
components to the SSEL correcits this omission.
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Action: Added nitrogen/air accumulator tanks for PORVs to SSEL.

Rationale: The accumulators provide air to the pressurizer PORVs and serve as an
alternative to instrument air. These accumulators are added to allow the removal of the

dependence on instrument air.

Action: Added PORYV control solenoid valves to listing. Action: The valve tag numbers
were changed from 1SI-411, 1SI-412, 1SI-415, and 1SI-416 to 1RC-114:002, 1RC-
114:003, 1RC-118:002, and 1RC-118:003 respectively to reflect current valve tags.

Rationale: These valves are separate from valve control and should be listed separately.
Action: Deleted valve 1CS-282 from the SSEL listing.

Rationale: This valve is associated with an alternative boration path that'is not utilized in
the SSEL.

Action: Deleted duplicate listings for components associated with more than one function.

Rationale: The initial report listed several components, such as the steam generators,
under different systems. Duplicate listings have been deleted to avoid future confusion.

Action: Deleted ECS instruments PS-9426A and PS-9426B from the SSEL listing.

~ Rationale: These instruments are not required for operation of ECW.

Action: Added rugged valves associated with the starting air system to the SSEL.

Rationale: Including the rugged valves is consxstent with other system listings in the SSEL
and provides a clear indication of the success path.

-~ Action: Added boric acid tank level transmitters LT-106 and LT-161, and RHR

temperature instruments TI-5551A and TI-5551B to the SSEL.

Rationale: As discussed earlier in this report, additional instrumentation was found to be
necessary and has been added to the listing.
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5.0  Safe Shutdown Equipment Listing

Based on the requirements for maintaining a safe stable state following a seismic event the
required frontline and support systems are identified. The equipment required for the
system to function is evaluated to ensure a high degree of confidence of a seismic capacity
which exceeds the review level earthquake. Although not required, 2 form similar to that
specified by the Generic Implementation Procedure (GIP) for Seismic Verification of
Nuclear Plant Equipment$ is utilized for recording the equipment necessary for system

function. . .

For Shearon Harris a total of 11 systems are included in the search to identify required
equipment. Components included in the listing are chosen based on one-line flow
diagrams and guidance contained in EPRI report NP-6041 (Reference 2). NP-6041
suggests that the components be specified by system and that the following information be

. made available:

* General description (e.g., 6 inch MOV)

* Component identification (tag identifier)

*  General building location (e.g., reactor auxiliary building)

* Additional comments

This information is contained on the forms. In addition to the required information, the
drawing number, normal state, desired state, and power requirements are included. For
components requiring support systems, the support system interface is identified (¢.g., 1A-

SA, CCW, DP-1A, ...). The expected type of evaluation is also included. Acronyms are
used in some cases. Each column is briefly described below. _

Column 1 - Line Number

- This column provides each component a unique number for each system.

Column 2 - Train

A numeric value is provided for frontline systems that represents the associated system
train. For example, AFW train 1 includes the components associated with auxiliary
feedwater motor-driven pump 1A-SA.

Column 3 - Equipment Class

This column provides the equipment classification according to a standard listing provided
in the GIP (Reference 6, Table 3-1). In addition to the standard listing, two other
characters are used. Components which are considered seismically rugged and do not
require evaluation are specified by an "R". Some components identified for the IPEEE are
not required to be evaluated by the GIP. For these components an "*" is used to show
that no equivalent GIP class is provided.
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Column 4 - Equipment ID Number

This column lists the equipment tag number, or equivalent, which can be used to identify
the specific component on P&IDs and during the walkdown.

Column 5 - System/Equipment Description
This column provides a brief descﬁption of the component being addressed.

Column 6 - Drawing No.

This column lists the drawing which was used to locate the component and serves as a
documentation reference.

Columns 7, 8, & 9 - Building, Floor Elevation, and Room or Row/Column

The location of the component is given in terms of building and the plant elevation. The
following building codes are used for location information:

. SW Emergency Service Water Intake

* RAB Reactor Auxiliary Building

* CB Containment Building

* DG Diesel Generator Building

* MST Main Steam Tunnel

¢ TANK  Tank Area

* YARD YardArea

-+ FO Fuel 6il Storage Area

The elevations reflect the floor elevation -and may or may not represent the actual
component elevation. The specification of room or row/column information is beyond the
scope of this effort and is not input into the table.

Column 10 - Evaluation Type

This column specifies the type of evaluation which may be required for the component.
Three different responses are provided. An "S" indicates that a seismic loading evaluation
is nceded. The addition of an "R" indicates that if relay chatter were to occur the
component could react in a way which may impact the successful operation of the system
or subsystem. For these cases, and if low ruggedness relays are identified, a relay
evaluation may be necessary. The final classification is "None". This classification is used
for any component which is listed for completeness but does not require evaluation.
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Column 11 - Notes

This column provides reference numbers for important assumptions and other information
which is provided below the component listing.

Columns 12 & 13 - Normal State and Desired State

These columns specify the norma] state of the component and the desired state after thc
seismic event. The following abbreviations are used:

e OP-Open

* CL-Closed

* CL/OP - Component cycles over mission time
» OFF - Equipment stopped

* ON - Equipment functioning

* N/A - State not applicable

Column 14 - Power Required

This column indicates if ac or dc power is required in order for the component to perform
its function or maintain its desired state.

Column 15 - Required Supporting Systems or Components

This column lists the support system interfaces with the'componcnt being addressed. For

. example, in order for AFW MDP 1A-SA to start and function the following support
system interfaces must function:

» ACswitchgear 1A-SA

* DC distribution center DP-1A

* Engineered safeguards actuation relay K640A

These three interfaces are identified in an abbreviated format. The rcqulred support
systems are listed in a specific order to aid the reader. The order is presented below:

Ac power bus; Dc power bus. Coolmg source; Control signal

Only those support systems which are necessary, as defined by the Shearon Harris IPE
system notebooks, are listed. The system equipment lists are based on information from
the IPE system notebooks and other plant sources, including the plant walkthrough and
walkdown. The system equipment listings are provxdcd in Appendix B.
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In addition to the equipment listings, other important issues must be addressed in the
development of the SPLD and to complete the information needed for the SMA. The
~ following discussion provides the resolution of these issues for the Shearon Harris
evaluation within the context of this report.

Nuclear Steam Supply System (NSSS) Components

* In.addition to the system equipment lists provided in Appendix B, NP-6041 requires that
other components be evaluated. This includes an evaluation of major NSSS components, .
or more specifically the component supports, to ensure that component failure will not
occur following the seismic margin earthquake. Thus, the following components should
be examined and screened if possible

* Reactor vessel and supports

* Steam generators and supports

* Pressurizer and supports

* Reactor coolant pumps and supports
* Reactor coolant piping

In addition to these components, the reactor vessel internal package and the control rod
drive packages must be examined. A comparison of prior plants has been compiled and is
documented in Reference 5. This information indicates that an average expected median
component capacity would be greater than 1.2g and that the HCLPF value should exceed
the SME acceleration level. Based on the plant vintage and design considerations it is
unlikely that these components will provide plausible "weak-links". A screening
evaluation to ensure this, however, is necessary.

tem Pipin

A general rule was applied when piping was considered. Safety-related piping which is
adequately anchored has been shown to be very rugged and would not be challenged by an
earthquake level postulated for the SME. A high seismic capacity is anticipated and the
piping is expected to be screened from assessment. A verification walkdown will be
required to ensure this conclusion which will include examination of instrumentation and
other connections to the piping path for potential vulnerabilities. Since a verification
walkdown will be necessary, it was deemed more appropriate and efficient to examine
piping concerns during the walkdown and not to include each conmnection in the
component listing. Further, a specific listing is not required by the procedure and this
approach does not represent a deviation from the methodology. .The walkdown will
ensure that the preliminary conclusion about the piping strength will be verified.
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tainment Jsolation and Mitigation Svstems

The main objective of the containment analysis is to identify vulnerabilities that involve
early failure of containment functions. This includes consideration of containment
integrity, containment isolation, and other containment functions '

The guidance provided in Reference 3 states that "generally containment penetrations are
seismically rugged; a rigorous fragility analysis is needed only at review levels greater than
0.3g, but a walkdown to evaluate for unusual conditions (e.g., spatial interactions, unique
penetration configurations) is recommended." With regard to containment systems, the -
guidance provided is that "seismic failures of actuation and control systems are more likely
to cause isolation system failures and should be included in the examination." The major
concern deals with relay chatter which is addressed in Reference 8.

The containment isolation function is expected to be rugged with respect.to seismic
events.. A walkdown that examines representative containment penetrations to ensure that
the Shearon Harris design does not have any vnique configurations that would lead to
conclusions which are contrary to those found in prior studies will be accomplished.

A review of seismic capacities for containments of similar design to Shearon Hamis
indicates that the containment structure is expected to have a seismic capacity far above
the review level earthquake?. In addition to the containment structure, NUREG-1407
(Reference 3) suggests that certain considerations could require some additional study.
Hatches that employ inflated seals is one potential are for concern.. The Shearon Harris
design does not eémploy this time of seal. Another concern is the post-operation of
penetration cooling that is present in some designs. Shearon Harris, however, does not
employ this design feature. Finally, air-closed valves used for isolation are also listed as a
possible concern. Shearon Harmis does not utilize air-operated valves for containment
isolation that require a supply of air to function. Thus, failures in containment isolation
would not be expeeted due to containment system failures.

Containment heat removal is an important aspect in evaluating containment performance.’
If heat is not adequately removed from the containment the containment pressure may
increase to the containment failure pressure. Two mechanisms can lead to energy being
transmitted to the containment. The first is due to the small LOCA. As RCS inventory is
lost through the break it carries stored energy which is then release to the containment and
~ pressurization occurs. Feed-and-bleed cooling also results in energy being transferred to
the containment. Containment fan coolers can reduce the pressurization due to these
mechanisms. '

Based on MAAP analyses performed for the IPE the containment pressure is not expected
to increase to the design limit as long as the RHR heat exchangers are available to remove
heat. Thus, the fan coolers represent an additional heat removal mechanism but are not
required for successful containment cooling as long as the RHR heat exchangers are
present. Failure of this heat removal function will result in containment heatup and
pressurization. :
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The pressurization, however, is predicted to occur over many hours and would not result
in an early, rapid containment overpressurization. It is concluded that containment fan
coolers are not needed to ensure early containment integrity. As a result, containment
issues are not addressed in this report and are expected to be addressed through a mixture
of the seismic relay review and walkdown.

Random Component Failures and Human Errors

Reference 3 indicates that non-seismic failures and human-errors should be considered
during the selection of systems needed to respond to a seismic event. It further suggests -
that a method similar to the method provided in NUREG/CR-48264 (Maine Yankee
evaluation) is considered acceptable. In this evaluation quantitative guidance is provided
for determining if non-seismic or human error events should be included.

The EPRI approach (Reference 2) adopts a more qualitative criteria which serves as a
guide for choosing systems and equipment for the success path logic diagram.
Specifically, the analyst should consider equipment train reliability and required operator
- actions when choosing the systems required for the SHNPP success paths. The analyst is
directed to only consider the most reliable paths.

The reliability of components identified in the success paths were considered to ensure
that only the more reliable systems and components were included. Where more than one
system was available to meet a particular function, the most reliable components were
chosen. In addition, system alignments which required considerable operator action or
were not well documented in procedures were avoided.

The primary paths chosen for the SPLD require limited operator action. These actions are
long-term in nature and require the operators to perform actions many hours after the
event occurs and provides considerable time for the operators to prepare. For alternative
paths some operator action is required within a shorter time frame. The major operator
actions are identified in Table 4-1 along with procedures which direct the action.

The first operator action is associated with the alternative reactivity shutdown path.
Emergency boration requires the operators to align the chemical volume and control
system suction to the boron transfer tanks:. The required actions can be performed from
the control room and adequate indication is provided to the operators to monitor the
success of the operation. |

Feed-and-bleed cooling is an altemative to the normal decay heat removal path. To start
feed-and-bleed cooling the operators must manually open the pressurizer PORVs and
initiate safety injection. The actions to open the valves and to start the pumps are
performed from the control room and the operators are well trained on these actions.
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Table 4-1
Major Operator Actions Required in the SPLD
| Operator Action Procedure
Emergency boration _ EOP-FRP-S.1/AOP-002!
Feed-and-bleed cooling " EOP-FRP-H.1
RCS cooldown (non-LOCA) EOP-EPP-005
RCS cooldown (LOCA) EOP-EPP-009
Swapover of AFW source EOP-EPP-005
Recirculation swapover EOP-EPP-010

Notes:
1. EOP-FRP-S.1 addresses ATWS and requires the implementation of AOP-002 (emergency boration)

RCS cooldown requires the operators to utilize the steam generators to reduce RCS
pressure to establish shutdown cooling using the residual heat removal system. Two
different situations are addressed in the SPLD. The actions required by the operators is
similar in both cases. As with the prior operator actions, the operator actions can be
performed from the control room.

The AFW swapover is performed many hours after the postulated seismic event has
occurred and allows considerable time for remedial actions. The operators must open
paths between the AFW and service water systems by opening several motor-operated
valves. This action can be accomplished from the control room. Recirculation swapover
is similar to AFW swapover and involves operator action many hours after the seismic
event. Most of-the recirculation swapover is automatic with the operators only
performing a few actions from the control room.

Instrumentation and Control

The identification of component control is limited to identifying only those signals which
are needed to operate equipment and does not include actuation circuits and relays which
are beyond the scope of this effort and require special consideration. Since Shearon
Harris is not an A-46 plant, NUREG-1407 (Reference 3) requires that only low
ruggedness relays be evaluated. A limited number of relays were identified based on a
search of relay information. This evaluation is documented in Reference 8. The impact of
these low ruggedness relays on operating equipment is examined in this report.
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Instrumentation identification is limited to that which is required to maintain system
function and does not include local indicators which are not required. Two conditions are
considered and reflect assumptions used in the Shearon Harris IPE. Instrumentation is
only addressed if it (1) controls active components or (2) if it is required by the operators
in order to maintain system operation.

It is believed that this level of investigation meets the intent of the IPEEE for a focused
scope plant and provides the necessary information required for the walkdown associated
with EPRI report NP-6041. Although limited in this evaluation, other tasks will be used _
to provide assurance that any potentxally important control malfunction or instrumentation
failure will be addressed. The piping walkdown will be used to insure that unlxsted
mstmmentauon does not effect system performance or piping integrity.

The detailed screening process for potential low ruggedness relays (Reference 8) idcnﬁﬁcd
any relays for which relay chatter is a concern. This work also. examined if identified
relays could impact system operation and what operator actions might be necessary.

32 RSC-94-01, Revision 1



6.0

§2214-R-001 Rev. O
Appendix B
Page B-37

eferences

Individua!l Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities - 10CFR 50.54(f), Generic Letter No. 88-20, Supplement 4, USNRC,
June 28, 1991. ‘

Reed, J. W, et al, A Methodology for Assessment of Nuclear Power Plant Seismic

Margin (Revision 1), Electric Power Research Institute, NP-6041, August 1991.

Chen, J. T., et al, Procedural and Submittal Guidance for the Individual Plant
Examination of External Events (IPEEE) for Severe Accident Vulnerabilities,

USNRC, NUREG-1407, June 1991.

Prassinos, P. G., ¢t al, Seismic Margin Review of the Maine Yankee Atomic Power
Station, Vols 1-3, Lawrence Livermore National Laboratory, NUREG/CR-4826,
March 1987. ' .

Campbell, R. D., et al, Compilation of Fragility Information from Available

-Probabilistic Risk Assessments, Lawrence Livermore National Laboratory,

UCID-20571, September 1985.

Generic Implementation Procedure (GIP) for_Scismic Verification of Nuclear Plant
Equipment, Seismic Qualification Utility Group (SQUG) and the Electric Power
Research Institute, February 1992.

Summitt, R. L., Assessment of Containment Capacity for the ALWR Based on Prior
PRA Assessments, USDOE Advanced Reactor Severe Accident Program, April
1990. ’ ;

Boyd, G.J., et al, Relay Study for the Shearon Harris Individual Plant Examination

. of External Events, SAROS 93-9, Safety and Reliability Optimization Services, Inc.,

December 1993.

eferenced win

2165-S-0542, Rev. 19
2165-S-0544, Rev. 20
2165-S-0545, Rev. 31
2165-S-0547, Rev. 22
2165-S-0550, Rev. 12
2165-S-0563, Rev. 6
2165-S-1300, Rev. 17
2165-S-1301, Rev. 6
2165-S-1303, Rev. 9
2165-S-1305, Rev. 12
2165-S-1307, Rev. §
2165-S-1308, Rev. 8

33 ' RSC-94-01, Revision 1



Referenced Drawings (continued)

2165-S-1309, Rev. 15
2165-S-1310, Rev. 10
2165-S-1319, Rev. 13
2165-S-1320, Rev. 3
2165-S-1324, Rev. 9
2165-S-1344, Rev. 4
2165-S-633S02, Rev. 8
2165-S-633S03, Rev. 5
2165-S-633S04, Rev. 13
2165-S-998S02, Rev. 12
2165-S-998S03, Rev. 7
2165-5-999S03, Rev. 6
2166-B-401-S1470
2166-G-030, Rev. 12
2166-G-0324
2166-G-042S01, Rev. 14
2168-G-499S02, Rev. 19
2168-G-548, Rev. 9
2166-B-401/sh 1995
2166-B-401/sh 2008

34

52214-R-001 Rev. O
Appendix B
Page B-38

RSC.94-01, Revision 1



5§2214-R-001 Rev. O
Appendix B
Page B-39

Appendix A

Wall‘{thr;iugh Documenfaﬂon



§2214-R-001 Rev. O

Appendix B
Page B-40.
Seismic Walkthrough Checklist
Component Identification: ent e:
CSIP 1A-SA Motor-driven pump
chorages: Elevation from floor: Orjentation:
Mounted on common skid |1 ft 90 degrees from CCW
which is anchored to ; pumps but parallel to other
concrete pad ~4" high by CSI pumps at same
16 -1" bolts. ' elevation
Seismic I11: Adjoining structures: Nearby walls or piping:
A fire header is located Inside reinforced concrete | Not a concern
above the pump and motor | room
vipment Mounting/Flexibility:

The pump is well mounted and the piping appears rugged. A non Q-list switch is

located on separate wall and the potential exists for short.

ments/Insichts:

The control cabling does not have as much slack as was found at some other pumps.
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Component ldcmiﬁcatioh:
CS-291

Component Type:

Electric motor operated valve

Anchorages: Elevation from floor: Orientation:
Piping is anchored but 1 ft from floor about
operator is not elevation 246 above CSIP

rooms [:|:] up

Seismic JI/1:

Adjoining structures: Nearby walls or piping:

HVAC duct sections above | none none
which are bolted together
u vipment Mounti exibility: .

Anchorage for piping includes pipe being welded to anchor

Comments/Insights:

A unrelated piping restraint device is about 2" from valve operator
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Seismic Walkthrough Checklist -
Component Identification: . Component Type:
RHR pump 1A-SA Vertical suction pump
Anchorages: levatio oor: Orientation:
Pump anchored to stand 5 fi from floor mounted to | The pump was located near
which is, in turn, anchored | metal stand. - the containment wall and
to concrete pad about 8 . was elevated from the-
inches tall. The stand had fioor.
three legs for which 2" ' : '
bolts were used for
anchorage. The motor did
not have apparent
anchorage except for that
from the pump connection. .
Seismic [14: Adioining structures: Nearby walls or piping:
HVAC duct sections above | none ’ Containment wall
which are bolted together :
Support Equipment Mounting/Flexibility: .
It is unclear how the pump was anchored to the motor. Could not examine closely due
to contamination. )
Comments/Insights:
Near the pump valve SI-322 was found.
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Seismic Walkthrough Checklist
| Component Identification: - Component Type:
RHR heat exchanger 1A-SA Vertical heat exchanger
Anchorages: Elevation from floor: | Orientation:
Due to skirt around base Mounting approximately 1 | The heat exchanger was
could not examine the ft from floor vertically mounted with
actual anchorage : what appeared to be a skirt
. arrangement.
Seismic I11; Adjoining structures: e walls or piping:
None identified Permanent scaffolding Inside reinforced wall
' | surrounded the heat structure. No block walls
exchanger about 8 ft from
: floor
it Equipment Mounting/Flexibility;
mments/Insights:
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Component Identification:

RH-25

Seismic Walkthrough Checklist

Component Type:

Electric motor operated valve

Anchorages:

Valve is not anchored but
piping is

Elevation from floor:

from floor

Located approximately 4 ft.

Orientation:

S o

Seismic [I1: Adjoining structures: Nearby walls or piping:
One light fixture directly none Reinforced wall structure.
above the operator No block walls

upport Equipment Mounting/Flexibility: .

Cables a flexible

ng mcnts[! nsi ghts

The valve hand wheel release is very close to 2 mounted laddcr and could strike it if

movement occurred.

A-S
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Seismic Walkthrough Checklist

Component Identification:

Nitrogen storage tank

Component Type:

Vertical and horizontal tanks

Anchorages: levation oor: Orjentation:
vertical tank mountedon | Located approximately 4 ft | Three tanks horizontal, one
pad using 4 one inch bolts | from ground level large tank vertical. The
: vertical tank is
approximately 20 ft tall
Seismic I14: Adjoining structures: Nearby walls or piping:
u vipment Mounting/Flexibility:

Qmmemsﬂnsights:

Located in yard. If needed would be difficult to provide acceptablc' due to long

distances of piping and tank supports.

A6
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Seismic Walkthrough Checklist

Component Identification:

Component Type:

AFW MDP 1A-SA Motor driven pump
Anchorages: Elevation from floor: Orientation:

Pump and motor bolted to | Located about 3 ft from Located in parallel to other
common skid. The skidis | floor AFW pumps -

bolted to 4" pad using eight

1" bolts -

Seismic II/]; Adioining structures: Nearby walls or piping:

Missile shield wall is
reinforced and not block

Support Equipment Mounting/Flexibility:

Comments/Insights:

A-T
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Selsmic Walkthrough Checklist

Component Identification: Component Type:
1 AFW MDP 1B-SB Motor driven pump

Anchorages: Elevation from floor: Orientation:

Pump and motor bolted to | Located about 3 ft from Located in parallel to other

common skid. The skidis | fioor AFW pumps

bolted to 4" pad using eight

1" bolts

Seismic [11; Adioining structures: earby walls or piping:
Missile shield wall is
reinforced and not block

upport Equipment Mounting/Flexibility:

Comments/Insi ghts:

A8
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. Seismic Walkthrough Checklist
Component Identification: Component Type:
AFW SDP XAB Steam driven pump
Anchorages: Elevation from fioor: Orientation: -
Pump and turbine bolted to | Located about 3 ft fro Located in parallel to other
common skid. The skidis | floor AFW pumps
bolted to 6" pad using 10 ‘
1" bolts
Seismic [I1: Adioining structures: Nearby walls or piping:
Missile shield wall is
reinforced and not block

Support Equipment Mounting/Flexibility:

Comments/Insights:

Local control panel is located off skid and mounted to wall by angle iron

A9
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__Seismic Walkthrough Checklist
Component Jdentification: Component Type:
AFW valves AF-51, AF-50, AF-49 Air operated control valve ,
Anchorages: Elevation from floor: | Orjentation: :
Valves are not anchored Located about 3 ft fro Valves located in parallel
although piping is. floor with each other
Operators are not anchored - :
S
Seismic I1/4: Adioining structures: Nearby walls or piping:
‘ Block wall located next to
AF-49 )
uipment Mounting/Flexibility:
Piping strongly anchored. The operators are tall ~3.5 ft and are not anchored.
Comments/Insights:

A-10
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Seismic Walkthrough Checklist
Component [dentification: ent e:
AFW valves AF-131, AF-130, AF-129 Hydraulic motor valves
Anchorages: Elevatiop from floor: Orientation:
Valves are mounted with x- | Located about 3 ft from Located in parallel to each
y anchorage on operator. fioor other
Valve body and operator '
are mounted to common ~
anchorage ' [ l ] upP
Seismic J14: Adjoining structures: earby walls ing:
u uipment Mounting/Flexibility:
Comments/Insights:
Al RSC-94-01, Revision 1
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Seismic Walkthrough Checklist
Component Identification: Component Type:
Condensate Tank Vertical tank :
Anchorages: levatio floor: Orientation:
Mounted to concrete pad
using 3" bolts spaced about
1' apant -
Seismic J11: Adioining structures: e s
Located in tank room
it Equipment Mounting/Flexibility:
AFW discharge piping is fixed to the tank and the concrete basemat without any
support. '
Comments/Insights:

Simple schematic of CST tank AFW suction line (top and side view)

-

C
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Seismic Walkthrough Checklist '
Component [dentification: . Component Type:
| SW valves SW-124, SW-126, SW-127, Electric motor operated
SW-129; AFW supply
chorages: Elevation from floor: - | Orientation:
Piping anchored but valves | Located about 3.5 ft from | Located in parallel to each
are not. In particular the floor near post 28/C other -
operators are not anchored.
] »
Seismic JI/: Adioining structures: Nearby walls or piping:
rt Equipment Mounting/Flexibility:
The control and power cables for SW-127 seem somewhat tight
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Appendix B
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Seismic Walkthrough Checklist
Component Identification: . Component Type:
| SW valves SW-121, SW-123 Electric motor operated valve
Anchorages: ! Elevation from floor: Orieptation:
Valves and operators are Located about 1 ft from Located in parallel to each
not anchored. Anxyz floor other
anchorage is present on the
piping near the valves

S [
Seismic JI1; Adioining structures: Nearby walls or piping:

concrete walls nearby
Support Equipment Mounting/Flexibility:

Control cabling seemed tight

Comments/Insights:

A-14 RSC-94-01, Revision 1
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Appendix B
, Page B-54
Seismic Walkthrough Checklist
Component [dentification: Component Type:
SG PORVs, SM-58, SM-60, SM-62 Electric-hydraulic valves
Anchorages: Elevation from floor: - Orientation:
PORVs are not anchored Located about 6 ft from Located in parallel to each
floor other

[j<] | '\UP

Seismic II/1; Adjoining structures: Nearby walls or piping:
Light fixture is mounted
over valve SM-60

uipment Mounti

exibility:

Valves are close to walkway railing and steam lines could have interaction potential

| Comments/insights:

RSC-94-01, Revision 1
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Appendix B
Page B-55
Seismic Walkthrough Checklist '
Component Identification: Component Type:
DG-1B (1A similar) Diesel Generator
Anchorages: Elevation from floor: Orjentation: .
Diesel generator is Diesel is located about 3 ft | Located in parallel to each
mounted to common pad - | from floor ' other

8 " pad. Two skids are
used, however, between the
diesel and some support
systems. Lubrication oil

cooler and jacket water

cooler are saddle mounted

with 3 brackets which are

1/2 up heat exchanger and

bolted to pad : .

Seismic JIA: Adjoining structures: Nearby walls or piping:

in diesel generator building :

upport Equipment Mounting/Flexibility:

Control panel 1E-23 has four fillet welds on only one side of panel anchorage
Anchorage for other control panels needs to be examined.

Comments/Insights:

A-16 -
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Appendix B
Page B-56
Seismic Walkthrough Checklist

Component Identification: mponent e:

Fuel oil transfer pump 1A-SA Electric motor pump

Anchorages: Elevation from floor: Orientation:

Small motor mounted on 4" | 4" from floor on pad Pumps are located at fuel

pad by four 0.5" bolts building about 20"
underground in separate
rooms.

Seismic JI1: Adijoining structures: Nearby walls or piping:

Support Equipment Mounting/Flexibility:

Piping for fuel oil in building is supported at the top of the run in the room but there

exists several 90-degree elbows which do not have support

ments/insights:

1B-SB is similar in design

A-17
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Appendix B
Page B-57
Seismic Walkthrough Checklist
Component Identification: = . Component Type:
Vital batteries 1A-SA (1B-SB similar). DC batteries
chorages: Elevation from floor: Orientation:
Batteries are located on Batteries located on rack
two racks which are from <6" to 2.5 ft from
mounted to the floor floor
through five "feet" which '
are bolted to floor using ey
0.5" bolts with four bolts onc b anksé‘llgf’;g‘)’
for each "foot". Batteries orientation
are braced and have crush
resistant spacers.
Seismic J1/: Adjoining structures: earby walls iping:
Light fixtures are Jocated in | Inside reinforced structure | Eyewash station located in
room above batteries room with shower head
near position to spray
batteries
u vipment Mounting/Flexibilitv: )
Batteries are well mounted and anchored within each rack but are not anchored between
racks.
Comments/Insights:

The eyewash stations in both rooms are of some concern if both were to fail (similar

location, orientation, and elevation).

A-18
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Appendix B
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Seismic Walkthrough Checklist
| Component Identification: Component Type:
Charger 1A-SA (1B-SB similar) DC Charger
Anchorages: Elevation from floor: Orientation: _
Mounted to concrete pad | 6" from floor on pad All chargers are located in
about 6" from floor by 4 similar orientation at the
3/8" bolts. The mounting same elevation
flange for the charger
cabinet is very thin and
about 1" long. No welds
present
Seismic [1/: Adjoining structures: Nearby walls or piping:
None none Batteg' room wall

uvipment Mountin

The flange for mounting the charger unit needs to be examined to ensure structural

capability.

exibility:

ments/Insights:

1A-SA

Spare

g

’

L

Orientation of 1A-SA and installed spare

Pad

™

Bolt

Flange

A9
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Appendix B
Page B-59 _
Seismic Walkthrough Checklist
Component Identification: . Component Type:
SW discharge valves SW-274, SW-276 Electric motor operated valve
Anchorages: Elevation from fioor: Orientation:
No anchorage for valve but | 5' from floor
pipe is anchored

<l

Seismic [11; Adjoining structures: Nearby walls or piping:
None none Reinforced wall

Support Equipment Mounting/Flexibility:
Adequate cable flexibility. Valve motor operator for valve SW-276 is ~4" from adjacent
piping. The bottom of valve SW-274 is about 1" from piping anchorage.

mments/Insights:

A-20 RSC-94-01, Revision 1
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Appendix B
Page B-60

: Seismic Walkthrough Checklist
Component Jdentification: .Component Type:
CCW surge tank Horizontal tank
Anchorages: Elevation from floor: Orjentation:
Located on concrete pad 5' from floor

with 1" bolts for anchorage.
Eight bolts for each saddle.

iing

8ft

eismi
None

Adijoining structures:
Inside wall of tank room is
block

(< W

Block wall

Is

1] uipment

ountin:

exibility:

Tank appears to be well supported.

ments/insights:

00

(o le
00

o O
(o T o]

ol o)

o O
(e T &)

Anchorage Pattern

A2l
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Appendix B
, Page B-61
v Seismic Walkthrough Checklist
Component Identification: . Component Type:
CCW pump 1A-SA (1B-SB similar) Electric motor pump
‘Anchorages: Elevation from floor: ‘| Orientation:
Mounted on common skid | §' from fioor Located at same elevation
which is anchored to 4" pad and orientation as other
using 12 1" bolts. Five on . : , CCW pumps
each side and two at each : R :
end. . '
Seismic JI/: Adioining structures: | Nearby walls or piping:
HVAC ducting above 1A- |none 4" ESW line located above
SA but not major issue. ' | pump '
For 1B-SB, lighting is - :
located above pump
Support Equipment Mounting/Flexibility: '
Electrical connections flexible. Local control and instrumentation is separatc from skid
on nearby wall. For pump 1A-SA, the motor is located ~1" from piping support.
Comments/nsights:

A22 ' - RSC-94-01, Revision 1
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1

Tank appears to be well supported.

Appendix B
) Page B-62
Seismic Walkthrough Checklist
Component Identification: Component Type:
| CCW heat exchanger Heat exchanger
Anchorages: Elevation from fioor: Orientation:’
Located on concrete pad 2' from floor at base of heat
with two saddle supports * | exchanger. 4'to horizontal
welded to heat exchanger. | centerline
Saddle supports are
anchored to pad by eight 3"
bolts
Seismic JI/1: Adjoining structures: earby wal iping:
None none
uppX uipment Mounti exibility:

Comments/insights:

A2
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Seismic Walkthrough Checklist

Component [dentification:

RHR HX isolation valve CC-142

Component Type:

Electric motor operated valve’

chorages: Elevation from floor: Orientation:
Valve is not anchored. The | 1 ft from floor
pipe is welded to supports '
in both lateral and vertical [\Up
directions ' qu
SeismicJIA: Adjoining structures: Nearby walls or piping:
Some non-safety equipment | none Reinforced wall, RHR line
(speaker) located above above (well supported)
operator ‘

Support Equipment Mounting/Flexibility:

The operator for the valve is not supported and is located about 4' above floor

mments/Insights:

A-24
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Appendix B
Page B-64
Seismic Walkthrough Checklist
Component Identification: Component Type:
LCSIP AHU AH-9-1A (AH-9-1B similar) | Air handling unit
chorages: Elevation from floor: Orientation:
Mounted on common skid | 6" Located above CSIP room
which is bolted to 6" with all oriented in same
concrete pad using sixteen direction :
0.5" bolts. Six on each side
and two at either end.
Seismic [14: . Adioining structures: Nearby walls or piping:
Ductwork shielded by other | none Reinforced wall, RHR line
anchorage supports above (well supported)
rt Equipment Mounting/Flexibility:
ents/Insights:
A-25 RSC-94.01, Revision 1
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Appendix B
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Seismic Walkthrough Checklist
Component [dentification: Component Type:
Essential chilled service water pump 1A- | Electric motor pump
SA
Anchorages: Elevation from floor; Orientation:
Mounted on skid whichis | Pump about 2' from floor | Located near chiller

bolted to 6" concrete pad
using 10 1" bolts. Five on
each side.

Seismic 11/:

None

dioining structures:

none

Nearby walls or piping:

Reinforced wall

u uipment Mountin

Control cables are not supported over four foot span and then anchored to wall. Could

have some displacement

exibility:

Comments/nsi ghts:

RSC-94-01, Revision 1
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Appendix B
Page B-66 '
Seismic Walkthrough Checklist
Component [dentification: Component Type:
Essential chiller unit WC-2 Chiller package
Anchorages: Elevation from floor: Orientation:
Unit on common skid with | Unit about 1' from floor »
tank and motor above. It is ~ Tank Motor
setting on concrete pad | 2 .
supported at the four end
pofgtz No mounting Chiler Unit
apparent although unable to : bad '
confirm due to coverings
Seismic II/I: Adijoining structures: Nearby walls or piping:
None none Reinforced wall

vipment Mounti

exibility:

Comments/Insights:

Unit does not appear to be mounted to concrete pad. Additional information should be
obtained about anchorage. [ Later found to be well anchored.]

A27 RSC-94-01, Revision 1
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State Stake 0 Ponction
“ R I1CS-3500 Check vehg 216551303, Rev, 9 o 2 Nooe a  owor Mo~
)] 2 21 . IXSN Refuction water storsee tank 216550550, Rev, 12 TANK 281 s NA NA No
* 12 18 IFTIN Plow tramsrsivier IFT-943 216581308, Rev. 8 B 2% Nome 24 NA NA  Ya  DCIASA
” 12 & 151 Blectric motor operated valve 216551308, Rev, 8 rRAB 216 SR a or Yo 1A31SAKIIA
” 12 & 1512 Plectric sotor opersted valve 2165.5-1308 Rev. 8 e 26 SR a or Y 1B-31.58:K601D
» 12 N 1xsas Boroa lajection ek 216581308, Rev, 8 RAB 216 s or or No
0 12 B 1518 [Electric motes eperated valve 2165.5.1308 Rev. 8 B 26 SR a or Y 1AISAKSIA
a 12 & 54 Bleciric moter operatod velve 2165.5.1308, Rev. 8 rRAD 216 SR a or Yo 1D31.5D:Ke038
Q 12 R 1518 Menval vive 216551308 Rev. 8 o s Nose a aor N
o 12 R 1516 Manal vilve 2163.5-1308, Rev. 8 o T} Nome or or No
“ g2 R w2 Menusd vitwy 2163.5-1308, Rev. 8 B 216 MNome. or or No
o 12 R sis Check vaive 216551308, Rev. 8 o 26 None a aor n
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ss 12 18 LTS Level ranemiter LT-115 216551303, Rev, 12 M8 2% SR o NA NA Yo  PCCS
s 12 n Lrm * Level eranemiter LT-112 2165.8-1308, Rev. 12 A 136 SR & NA NA Yo MCOR
0 12 18 ALR? Instrement rock for sxfe shutdown isswermemt  Fariprment Reck RAB 236 s NA NA Mo
6 1 18  PCCABE  Protectoncabivet] 136446574501 RAR 305 SR WA NA Y IDPJASE
6@ 2 18 PICCAB2  Protection cableatll 136446575501 RAD 305 SR NA NA Y  fOP.SH
0 1 18 PCCAB3  Powcdonctisalt) 136446576501 RAB 308 SR NA NA Yes  DP.IASM
“ 2 1S PICCABA  Porecdoactiset IV 136446577501 ‘RAD 308 SR WA NA Y tOP.BSIV
EEEERE——
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IDC Power System/120 Vitsl AC
Navg e
Pty Stale fo Punction
1 ! 15 1ASA Vita berterien in rack (1A SA) 2660042501 Rev. 14 RAB 286 s WA NA No
2 1 16 1ASA Soltd stase bewery charper (1A-SA) 2165.0M250L Rev. 14 RAB 286 SR NA NA Yo IANISA
3 3 M DMASA Distritwdon panel for vist DC 1A SA 2166.0.042501, Rev, 14 RAB 285 SR 1 WA NA No
'S 1 14 DPIAISA  Disritesion panel for vital DC 1A-SA 2166004250, Rev. 14 DO 291 SR 1 NA NA No
s 1 14 DPMA2SA  Disribeonpend far vitst DC 1A2SA 6001 Rev. 14 RAB 285 SR B WA NA No
] 2 15 msp Vil betteries n rack (1B.SM) 21660002501 Rev. 14 RAD- 286 s NA NA No
? 2 15 msn Solid state batiery churges (10-S8) . 21660042501, Rev. 14 RAD 286 11 WA NA Y IP2ISD
a 2 14 Drinsa Dirtribwion paset for vieat DC 18-S8 21660042500, Rev. 14 RAD 286 SR NA NA No
’ 2 4 DPIBISD  Diseibwdon pand for vitl DC 18158 2166004200, Rev. 14 DO 261 SR 1 A NA No
10 2 14 DPIB2SB  Disvibsion panel for vitsd DC 18258 21660042501 Rev. 34 RAD 286 SR 13 NA NA No ‘
n 1 1 an 7.5KVA feverter charoet | 2166001501, Rev. 14 RAB 308 SR WA NA Y 1A21.A:DPIA-A
n 2 s am 7.5KVA leverter channel 1t 21660002501, Rev. 14 RAD 308 SR WA NA Yeu  IAM-A:DPIAD
1 1 1 am 7.3 KVA laverter chenned I 265.0M250LRev. 14 RAB 208 SR NA NA Ye  IBI-A:DPIB.A
" 2 s oauv 7.5 KVA laverter chamnel [V 2166041501, Rev. 14 RAD 308 SR NA NA Ya  1B31.A:DPIBB
13 ) M ORIAS 120 Viac inswrwenent panel channed | 21660042501, Rev. 14 RAD 286 SR 1 WA NA Mo
) ] [T, XT.Y 120 Vac nstrwment pasel chrannet 11 21660002501, Rev. 14 RAR 286 SR B NA NA No
) ! 14 IDPIASI 120 Vaclesrument panel channel M1 21660042501 Rev. 14 RAR 286 SR » NA NA No
18 2 M IDRIBSIV 120 Viclssrveent pandl chasad IV 21660042501 Rev. 14 RAD 286 SR» NA NA No

|
!
!

B-17

RSC-94-01, Revision 1

¥g-g sbed
g xipuaddy
0 °A8Y LOO-H-¥1LZZS




Appendix B
Page B-85.

52214-R-001 Rev. O

1 UOISIADY *I0-P6-OSY 8i-d

. oN vl v 1 us WL GV AN ST D WIL . PoopR DS GSHIEUE Y ' %
N VN Al 1 s L GV M ST D WIL Boopmasecpdng  GSIlldldd ¥ ' €
oN ) val o ws WL GVY AN TSI D N pesdsopanp oZlR0l  Gstical-dd o 1 "
oN N v & us WL EVE  NAEISIDIT Poxd pBPOZIl  GSIIGLdd M 1 %
.o v v 1 ws ®w o U a3 oot US°1€Q1 21520 PRe0 KON gsiet 3 ' o
VSIVIdG WA NO 240 u's ¢ ©a U1 %8 TD9IL VSV kmsw) peig vsvE 1 ®
oN v va @ us 6 avu T a5 o Or9eiL 659G 20 Pae w0p TRl (B | 1 w
oN wa ) 1l us 1w e A0 BT O WIT G5-5E01 e Pumo Koy assear o 1 Py
o i A §1 WS - s avi 10 8% WOt GSHEQH 2000 pPaead xuopy usral ¢ ' 2
oN VA vai §l WS © sz awn U A% OO WIT 65+ 1291 2180 Ao 10m0py esiat 1 "
oN Al v o s i oa 1% %o oIt 956141 e Pamo 200p eseat 1 1 i
oN vl val 6 us w e U a5 oot GG Dm0 PR Moy uszat 8 ' u
o Al Al € us s uve U A% WoDemiz - GSEOT mUgjes a¥nps mory Cese@l ¢ ' 1
on Al 7Y . ws % avi AN WO WIT US-L01 BT WP wo] eS¢ 1 o
oN v M 8§ us %W un U A2 oML ADGE O ANED LN SMOPRIG aser 0 1 o
oN A VAN @& s % - vy U 34 WO oI ADGY B ANED 1S Raopag asear oy 1 Bt
esgioqa Wi vin wal ¥s W Gvy U o 09T 65 U1 mPH ANGD SasW 6 1 u
oN Y vai € WS s uUVd b sSNSTD I Baopmyecpdis  VEIIEVIGAS ¥ i ”
on M vMN . ws WL GV WA SHOD L Boiopmg wepdng  VEIRIVIGD ¥ ' st
oN VN VN $ s L GVE AN ST DT PO SRS QAL VSTIEVIFA M 1 "
N val VAl @ s S6Z UVE AT INT P PR OZIRL  VEIIZVIGd M 1 €
o v val & s % uve U038 oot VS IV B8 paso oy vslsvt 1 1 u
o val L7 Y Y % WV A% KoDo9iT VESEVI B2 paso wop 13 0 1 un
on v v $ ws . w  avd w0 WOt VSSEVI 2130 pasad 0004y vssevt @ ' ol
o N va & us W uve IV Ko DL VEHEVE B0 Pascs oy vEnvt | ' ¢
o vl vl 1 us W v 1838 o 0ro9it VEIIVI 920 pase wwpy vsivi 8 ' 9
oN N va 6 ws 1 ©a 1A% WarD-o9iz VSELVI 81800 Pascd w0y vseovi o ' ¢
o ] val 1 us % ovd 1Al oo iz VSLEVI 2w pawo 0wy VeVt 1 1 »
oN M val &% us S U A% W D 99iL VSEVI BPias upa mo) VeVt ¢ 1 $
oN VN YN §§ ¥s . sz o U A% WO MIT VSTV 8Py sinps uoy veevi ¢ ' ’
o val M & us wt uva U a3 WO o9t AGRY O ANGY SRIRFRE Ba0ping vstvi ¢ 1 £
o A Al & us %W uv oAy Wo oIz ATGY O ANG'D IEAHNRE Bedpiing vSEVI  # ' t
vSVIOm  wA vl VAN u's %W uanu T A9 T D99IT . VEVI REGHAI AN vsvi ¢ 1 i
woung amg g
iy« g "o N oy o, T T ST — R e )
oY
wntds sameg DY

>y )



Appendix B
Page B-86.

52214-R-001 Rev. O

1 uoIsiAdy ‘10-p6-0SY 6id

oN VN YN 1 34 [».1] €1 'A% YOSEET S DIT VSQi e IR Vepns pey) vsai [ 14 ] L4
’ oN A /0] N $ [£+4 oa €1 "3 "p0SEETS-IT VSV 145 39 Sopm (302 vsvi 1 [ { 1)
MS oN A\ \ /] s (17 [y 4] U4 TOSEEYSSIT Mo snsa 1oy OS-GT dowskenad ayg " gsa 14 ' »”
) N VN VYN (1} u's € oa § "M% COSECT ST HI P pad un bsg QS Errlsl L] [} [3
oN VN VN 1] u's (14 oa £ "A%Y XOSEET ST Wi payymieg  9SQE0L-s1 8l I [
N VN N SoN (17 [5.¢] § 'A%y COSEEYSI9IT . A sy €61-04Q1 | ] (1)
oN VN VAN - €T oJ £ A% COSEET S S9IL R8I AP 1O ony ueianad (2621 asal i ! 9
oN VN ViN | u's €T 0a § A3} COSEEY ST BARA PRIRGO plSIPS f61-0aat L] ] "
MS oN VN VN s {34 oa §°M 0 ToSEEY S ERIT BP0 3N G5 QI MR Peay) asal 14 [ { [
oN YN iR | JoN 421 0d 942 €950- 9-49IT SARA R 481-0aal | ] (%4
oN viN M MoN - ue od 9 A0 X950 S 59T A po) ssi-0aal | ] 85
asseat . wx NO 440 u's 1474 Ood 9 AN 0 SEHIT saEmd msei 0 pag asal H ] s
oN N VN 0N W od 9°AY ST GARA sty wei-oaal | L] 3
oN v i wWoN . I Od 9°Ad 950 S491L SARA o)y eI-QUal | [} 143
MS N VN A\ S £ og §°0%8 USLLTSHIT BRSO A VE VI sy s vsvi 14 | "

MS ON VN VN s 34 og AN WREEVIL  PPo 2ae PPl VoY) Swiesl peyg vsvi 14 ] L1 3
o VAN VN 11 ¥'s 34 [3¢] § ‘A2 COSSET S 9IT HiI P pas uanieg  VEVIORLST [ 1] § 49
oN VA A\ st s (134 od § "3 COSELT S0 WP P pm Mg YSVENTS] 8! ] is
oN \ 7] viN w0y (14 oq § ‘A% XOSEET S IIT AP tmainy SLI-QdQi ] ] %
T eN VAN YN s (324 [+« $ "M XoSIEr S HIT X0 Atp 10 R DRRaN eayg vVl 14 ] 9,
oN L] VN " us €52 [+ ¢] £ 'A% TOSLEY SR MABA PRSI0 plouaps SL-0dal L] [} 80
oN yn VN uapn 124 od 9 MY XHTS T SAPA Ry 103Gt ¥ 1 [
oN A\ VYN won 114 od 98 SO SIT MEA PO I-0dal ] 1 o
VSSEVE L)Y RO 410 us we od 9008 905 INL dwnd npmg o Pag vevi [ ] 1]
oN A /] VN oy it Od 9 AN €0 SE9IT SARA pnuspy Wi-Odal ] . "
oN A/ A\ woN 13 od 9 ‘A2 90§ EL AR iy Wi-aiol ] B [
oN A\ VN $ we Od 9 AN CHOSINT Gl Yo s¥enu o pa) sEpy ul It [} tr
oN VN VN S 1414 od 9% ¥ ST Vi Xt s jo o) sRjy vi 14 [} 114

ol L) VAN VN u's (1.4 0a o ULE W 1ora- T BPRE0 M) Qiow dL sl 1 o

€120 [ VN N u's 14 oa 0 I9E B loramiL BPAI) siasRdma] VEos9dL 8l ! &
4sdi-dQ ‘usEIal ()8 NO 430 u's 174 oa 'A% DS OraT (G5°G1) 963 wo) mnnnap) peng a4sal 6 ] €
. 8SI-da usEIal wx NO di0 u's (174 (21} &A% BS-DWIT (@$24) 58°d W) ansiom)y peay] 481 3 L] L€
| VSVINO VSEIVI L) 8 NO 440 us 174 o4 AN BIS-DrENL VS Gl) 90w omssman 2 Vsl 6 1 [
VSVI-da VsVt L) § NO 430 us (174 oa 6 AN VS DIT (VSV1) 938 W onnwp peag vsvi 6 1 €
asigi-da [ Y NO 440 u's (14 oa 8°M8 WoDrmit GS-U1 wrneap) peayg as-gt L B | "

Rusedine) 20 l..ﬂu_.h. ..M-l ..d- 2 M eopaugg oy mpmany i) =) e T e

" emipiy poeddag prapmbang Maag o Py Wl wpenpag ol Supeg * Sujaei() Saunsjng wagedismech peaendgnby wondabl  maedebl  suply  sy) mepdly

D

)



Appendix B
Page B-87.

52214-R-001 Rev. 0

1 uoisiay ‘10-46-054

oz4a

T SNNVI BAR s e jusg

N VN A/ H 9 od €173 WSECTS-99IT 14 ! €0l
Ten - 40 o) 14 saop w 0a 1A% WsEErS oIl MAPA pRSRPS 9vat S8 14 i1}
N 40 gl €t oy [§4 [ ¢] €1 "% "W0SECT S S9IT | MApAppRpg orval 8 t tol
‘o 40 40 woN I8 2.4} €1 'A% "WOSEETS-SRIT Y] S5val u T 00l
°N 40 40 00N 124 oa €1 A%y "roSCErS vt SARA Paupy Isval | [ 4 % -
°N 40 0 oy ist [+ 4] €1 '8 "WSECT S E9IT WA PO o val Y [ 4 86
oN 40 ° 14 sioN 1124 og €1 °A%Y "WaSEESS-SOIL WA poRpEg wrval L] t (13
ON 40 el [14 WaN 34 [>.¢] €8 "A3Y "10SEEO-S$0IT MPA plomapg srvil L) [ 4 9%
oN 40 40 SuoN 14 [ ¢] §1 'A%y YOSEEYS-SIT MAEA Eaetyy €rval ¥ [ 4 6
N 40 d0. WwoN 344 oa €1 434 "WsSEEr S $9IT Mps iy vl | [ 4 ()
ON 40 o gy (4 [3¢] €1 "M WSEET S $0IT WRA O se-vail -} [ 4 €6
N 40 . D [ 14 oy 13-4 (5 <] 61 A% YoSEET S 99IL SARA pOE3OS €-val <8 ' 141
oN 40 B » ] € 0N I o0g €1 A yosseosSvIT . pEA powapg oI-vil e ] ié
oN 40 40 0N £4 0g €1 A% WSEET S SRIT BABA [y &vail ¥ 1 06
oN 40 J0 oy 134 oa €1 'A%y Y0SEE SS9 MEA Eamp aZ-vat u I (%]
N <0 ) WON [$-4 oa €1 °83Y WSEETSIIT "“pEa PR oi-val u L ]
oN <0 o [4 0N :.n. [3.1] €1 "M YSECT ST MEA pwpPSg sitvili = @ | a0
°N &0 0 [%4 suop 174 oa €F "ady ...oﬂnvg_u T MAEApORpS *i-vai W ! 3
oN 40 40 woN (14 oa €18 WSS9I APA ey tival ] I 8
N 40 <0 woy 114 o0 €1 A 1OSEET S T Mpa ey vl I [ | "
N 40 O N 4 [ €1 °834 W0SEErS-IIT ) MRA PUD rvat | } 1]
KL VN VN [ ¢..m 1}/ 4 0a 34 °6007 WiIoru-99ie Pid paooo 3wpes g 0] $503-001 asal [ (] w
L7 M VN (1} u's 14,4 [+ (] o R66l WIOrg-mIL Posd pams WER Y O34 K03-0G8 VsVl [ ] I 18
=L VN A\ €l s 134 od $00L Wiorg-,mit ) Powd pas® g 04 L£03-DG1 qas el [ (] ] [+
L) Vi AL 1) u's £ od s6él a{-eﬁn,.co-.s PEnd paa vV 04 s0rOGE Vvl [ [} o
oN VAN VYN s 114 oa €1 A% ‘WSEEYS-H9IL SNN'QI Jomsectos su v poyg SNN-QGI 14 [ S L
N VAN il s [} 1 0od €1 A% WoSECyS-evIt SNN-DJ do0aids 1 Vepms poay]) SNN-DI [ 14 [ 4 w
N VYN VN s isg oa €1 'AY Y0SEET S 69T SNN-GI :wsadoe sp Sspns pesi SNN-Q1 [ 14 ] L
ON A\ /] VN -4 W . 0Q €1 A% wosierS-o9iL: SNNVI oismdo0 s Sennis |0y SNNVI 4 ] o
gsezal BA NO 440 y's 114 oa €1 "A%Y v0SEEY S S9IL SNN-GI tossaxino 3¢ Yopsmw juay] SNN-GI 44 [4 |/
usetal L7 NO ’ 430 s e [> 1] €1 'A% 10SECT S E9IL SNNDI SeRaliand s Supums peag) SNN-DI 14} 4 €t
VSEIVI | sR NO 440 y's 34 0a €1 "A%Y YOSEE S-SRIL SNN- QI 0602233200 458 Yupme Pesy] SNN-GI 4] ! u
vsitvi L. NO 440 u's 1.4 [ 4] €1 °A3Y roSEET S ENIT SNN-VI 108820100 318 Sapinws [esy] SNNVI 4} (] 13
oN N VN 4 -4 0d €1 A2 WSECYSENT 95°Al ¥l 3 ¥nuas psyg qsal 14 [ 4 o
N VN N s 4 ()] €1°A3 "wsSEerS-e9IL GS°O1 you ip Sspuns peayg asdi i [ 4 o
. " pmedes  mmg g .
.!hn ..-&..qn..&l rony papag [ s | l.ﬂ.#...n ....tl..:.n ﬁ -:l._uu:.. ediajing agplplnag ._..l...vu If.-lh.hu l..llnh.-d l.ﬂn..- lﬂ.all...ln

)



~ Appendix B

52214-R-001 Rev. O

Page B-88

1 uoisiady ‘10-¥6-0SY

12°d
gty wply
.
N A ;] VN S 19z oa €1 "a3d .-emnno.‘m.n: 14 SNN-QI RAp i dupxs (3] SNN-Q! 14 [ 4 0l
N N VYN S 1374 g €1 °43Y H0STEY S SYIL ! SNN-OI RAp iR Nagnu pa2iQ SNN'DI [ £4 4 sol
. N VN YN S [$24 oa €1 'A2Y "HOSEE S 91T SNN-Q1 £4p 0 ¥ B3 SNN-d1 14 [} ol
wpueg ey g o .
- ;wuode) paymbayy  mamdpby  mamdnby [ 1'% wopmang  wopew] wopang Sepxat - .l amqumay)
smnpig yroding pupbng Aoy papg pmoy ey wepmpag Moy Supeg “Sujeaig Smasyny wogydpnnx] pamdsoby wamdpely  soeded]  winly  agyeenis

) )



- Appendix B
Page B-89.

§2214-R-001 Rev. O

I uoysjaay ‘10-v6-05Y4 : wd

Y nipoy empiy
oN viN Al w s s el WD IT VT v wopRpy ™M oM T . T
oN Al ' w  us S0 avi WETO 99T 102 Qe sopepe] w u B 4 14
oN AL A\ u us s gvd W00t TVE WOR® vopsps 4% ST 1 14
‘N VA VAN u  ws s gwvy Eoorsit 10T BeRe sopog w t {24
oN N 7 & us s6 . ovi WOy PRoq PaAD sEpy N 8l A ] 113
oN val vl a s s Vi DIt Poed Aeps Amjgwy qQi-duv sl t [+
oN VN \') o ws 6 uvi WETD99IT Ped Asp Amppwy awav sl t o
N Al vN u us 6 Gl YT 9IT pead dsps hngpay gdv el z sl
oN VN N & us 6 ovd oot Posd Asps Angisny sr&av el H a
oN A N a us ¢ avy SUTOIIT Pusd Asps Angpay gel-duv sl T ”"
oN ¥a \' ) w s 6 oV EDINT 1VE PR P v ' st
oN - YN \'] u  ws s avd PEOD9IT Pusd Avps Amgpawy vraiwy 8l o | "
oN v Al u us 6 ewd SOSESSOSS9IT VRGO R s8spHo  VOVISISS 8l ' €t
oN T WA Al € us . s ovd WeoDr9sIt Pead Aspil Angpny Ve 8l i u
oN VA N T ws sk and OO 9T Prdops Angny Vv W | "
oN \ L] VN U uS S gva SToet Poed Arps Amgpary vélaiy 8l 1 ol
oN V] YN s S avi HETOWIL Posd Aspt Angpany videy Wl 4 6
oN N 1] z  us $0E Gy LT MIT 1V P oppe vt o t ]
oN N A7 o us S avd WEOD9SIL VI0IR B3 ORNCM M PIOS  VUVILSISS 81 1 L
oN VN \ L u ws s ovi LE00S1org-99IL SRR WRNM MUPIOS  GUVDSISS 81 1 ]
oN va VN u us $0€  ovi vco 0ot DRI BN WENEN NS QOVOLSISS 8l t 5
oN va v u us 6 gvi EroWIT VI 2R sojxpe m o« t ’
oN VN \ ] T ws 6 avd PO Dro9e TVI peRD WP ™M ! ¢
N M L T ws s avi WYIS IOru-9siL 161 15K BoRspr W ' ]
oN va Vi u s 6 v OLYIS 1org-99IL 181 Bao wppe w ” | !

wgmay ey ang g

mrlsrdispurins g ot e m —wg TR Tl e [ —— e T e A e

o

Py dnpy




Notes on SSEL Tables

1. Power not required since valves are designed to fail as is on a loss of power -

2. Service water source required for long term AFW water source

3. Loss of function or power will result in pump trip

4. Level transmitters provide operators with RWST level information

5. Valves are manually operated for high head recirculation

6. Non-vital power supply. Loss of instrument results in swap to RWST.

7. Spurious opening of these valves could dump the RWST inventory into containment

8. Non-vital power supply. Local instrumentation available. .

9. The solenoid control valves associated with the PORVs are included. Air supply is supplied by accumulators and no additional air
supply is required. . ’

10. Selected based on plant operations review : ,

11. Train A is assumed to be operating but will need to restart following loss of offsite power.

12. Air-operated valves fail open to allow flow to cooler. Spurious operation of valve controller could close valve.

13. Power is required but is addressed by other components

14. Valve fails open on a loss of power and is normally open

15. Level switch power supply is addressed by other equipment

16. Valve fails open on a loss of power and is normally open

17. Strainer is assumed not to require power over 72 hours to maintain function

18. Although not required if both pumps start, isolation is assumed to be required

19. Although swapover to the auxiliary source is-not strictly required, it is assumed to be necessary

20. Charging pump cooler is considered a part of the charging pump (rule of the box) - :

21. Spurious operation of valve could isolate air handling unit coolers :

22. Panels contain essential refays

23. Considered a part of the diesel generator

24. Instrumentation for information only

B-23 - RSC-94-01, Revision 1
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AD.1 Background

The success path logic diagram and safe shutdown equipment list developed for Shearon
Harris was reviewed . This addendum documents the resolution of peer review comments
provided by VECTRA Technologies on revision 1 of the SSEL report®. The peer review
generated 19 comments on the report with two of these requiring follow-up actions. The
two comments are presented in this addendum along with their resolution.

AD.2 Resolution to Peer Review Comment #3

Peer review comment #3 states:

“Table 1-1. The dependencies between HVAC systems and the systems they
support is not clear (i.¢., is HVAC required for any system or plant area other than
the Control Room?). The table indicates that HVAC is réquired for the Control
Room [CR] and Charging/Safety Injection (CSI). However, on page 3 of the
document, no mention of CR or CSI HVAC is made under support systems
evaluated by this report. This discrepancy should be cleaned up”.

A review of the document (Reference 1) identified that the information on page 3 had
omitted the need for control room HVAC. The requirement for CSI pump room cooling
was included in the referenced material. The support system success path logic requires
that HVAC be available to both the control room and to the Charging/Safety Injection
pump rooms. In addition, HVAC cooling for the emergency diesel generators is also
required. The support systems required in the SSEL are:

s Safety-related ac power (including the diesel generators
Safety-related dc power (including 120 Vac) .
¢« HVAC cooling for CSIPs, control room, and diesel generators

¢ Emergency service water

.+ Component cooling water

Essential chilled water
AD.3 Eesolutipn to Peer Review Comment #18

Peer review comment #18 states:

A path for feeding the “C” steam gencrator from either of the motor driven
auxiliary feedwater pumps appears to have been excluded from the shutdown path.
Is there any reason for this?

1 ‘ RSC 95-01, Revision 0
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An examination of the safe shutdown equipment listing (Appendix B, page B-1 through B-
3, Reference 1), identified that this path was inadvertently omitted. The path, shown in
Figure AD-1, provides auxiliary feedwater to the steam generators from either auxiliary

feedwater motor-driven pump.

e A

L lu“
issing SSEL) | |i...... eeeceeennenans R
cquipment ] § | ecececcnnnnanes '
T HALe
: 'lo - = - o
' w Y
[P TP Y T L Y T T Y Y XX ':
YT Y T LY T 4 L L 024 sdeocceovweoasns : : m
' A N?“
TS W W W :
' Lo : P
IYY XXX TN BN A K I A A it ”==

Figure AD-1. Simplified Illustration of the Auxiliary Feedwater System Discharge Piping

(Reproduced from Reference 3) .

The iﬁclusion of this path requires the addition of the following components to the
equipment list that will require examination:

¢ Motor-operated valve 1AF-74
¢ Electric-hydraulic valve 1AF-50

ra RSC 95-01, Revision 0
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Additionally, other rugged valves are added to the equipment listing for completeness and
do not require examination. These valves are:

e Check valves 1AF-73, 1AF-203
¢ Locked-open manhal valves 1AF-41, 1AF-36, 1AF-37, 1AF-38, 1AF-39

The required information for the valves is provided in Table AD-1. This additional
information is included in a revision to the SSEL database.

Table AD-1
SSEL Parameters for Identified Valves

Parameter 1AF-74 1AF-50 1AF-41! 1AF-73 1AF-203
System Line 86 &7 88,89,90, 93 94
Number 91,92 '

System Train 12 1,2 12 1,2 1.2
Equipment Class  8a 7 R R R
Equipment Electric motor  Electric - Manualvalve Checkvalve  Check valve
Description operated valve  bydraulic valve »

Reference 2165-8-0544,  2165-S-0544, 2165-S-0544, 2165-S-0544, 2165-S-0544,
Drawing, Rev. 20 Rev. 20 Rev. 20 Rev. 20 Rev. 20
Revision :

Building Location RAB RAB RAB - RAB RAB
Floor Elcvition 261 261 261 261 261
Evaluation Type SR SR None None None
Notes 1 1 '

Normal OP OP . OP N " CL
Equipment State .

Desired oP opP OP . CL/OP CL/OP
Equipment State :
Power Requiredto  No No No No No .
Function

Required Support

Systems or

Components

1. The entry for 1AF-41 is representative of all locked-open manual valves added to the SSEL in response
to the peer review,

3 RSC 95-01, Revision 0
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1. Corespondence from Charbel M. Abou-Jaoude, VETRA Technologies to Mr. Ronald
L. Knott, Carolina Power and Light Company dated December 30, 1994.

2. Summitt, Ricky, Shearon Harris Nuclear Power Plant Success Path Logic Diagram and -
Supporting Information Development, Revision 1, Ricky Summitt Consulting, RSC 94-01,
August 1994. ' ~ .

3. Oliver, Rudy, et. al, Shearon Harris Nuclear Power Plant Individual Plant Examination,
Carolina Power and Light Company, August 1993.

4 RSC 95-01, Revision 0



52214-R-001 Rev. O
Appendix C -
Page C-1

APPENDIX C

IN-STRUCTURE RESPONSE SPECTRA
EQE CALCULATION 52214-C-001, REVISION 0
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SECTION 1. INTRODUCTION

To support the seismic IPEEE program at the Shearon Harris Nuclear Power

Plant (SHNPP) of Carolina Power & Light Company (CPL), the licensing basis in-
structure response spectra for structures "housing the success path equipment ere
scaled to yield the median-centered spectra. The following structures eare included in
this study: — :

Reactor Auxiliary Building (RAB) - Common, "

Reactor Auxiliary Building - Unit 1, '

Containment Inner Structure (CIS), end

Diesel Generator Building (DG).

For the seismic IPEEE program, the Review Level Earthquake (RLE) is defined as
the NUREG/CR-0098 [2] median spectral shape anchored to 0.30g. The median
structural damplng is recommended to be 7% for median-centered response analyses
{3). For the evaluation of components and subsystems, higher in-structure seismic
demands (response spectra) are required to account for the increase of the RLE ground
response spectrum over the Design Basis Earthquake (DBE) ground spectrum.

SHNPP is a relatively modern plant with all Seismic Category | structures founded
on rock (shear wave velocity Vs=5600 fps) [4). The mejor structures were modeled as
sticks with lumped masses and stifinesses in both the horizontal and vertical directions.
For the above listed structures, torsional effects were considered insignificant, so the
horizontal models did not include any torsional coupling [4). In the vertical stick models,
the slab flexibility was accounted for. In summary, structural modeling is in accordance
with the current analysis practice. Soil springs were included in the original structure
models. Damping value of 7% was assumed for the structures and soil springs at the
DBE excitation level.

~ For design analysis, the DBE ground spectra were the R.G.1.60-[1] spectra
anchored to 0.15g except for dams and dikes. The seismic motions were .applied at
foundation level. The fioor response specira were developed in accordance with R.G.
1.122 [7] with the peaks broadened +715%. Therefore, the original analysis models [4]
used to generate the existing in-structure response spectra are qualitatively considered
adequate, so are the response spectra [5]. — -
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For comparison, the RLE and DBE ground spectrum, both at 7% damping, &re
-overploted in Figures 1-1 and 1-2 for the horizontal. and vertical directions, respectively.
The RLE and DBE ground spectra are digitized in Tables 3-4 and 3-5. "

The originalAanaIysis conforms to the Standand Review Plan (SRP), and the in-
structure response spectra may be designated as "conservative design spectra" per GIP
terminology [6]. The direct scaling approach recommended in NP-6041 [3] is considered
appropriate for the rock founded structures. Therefore, the licensing basis floor
response spectra are scaled to develop the realistic median-centered spectra for seismic
margin purposes. '
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SECTION 2. METHODOLOGY

. This effort focuses on estimating realistic median-centered 5% damped ZPA and
spectral peaks, rather than the complete spectral shape. The median-centered in--
structure spectral peaks and ZPA's zpplicable to a seismic margin assessment are
developed by scaling the existing spectra to account for the increased seismic demand
of the RLE over the DBE.

The rationale and details of this approach are discussed in the EPRI NP-6041
report [3). The NP-6041 report considers the CR-0088 median spectral shape and the
R.G.1.60 ground response spectra to be similar in shape. Therefore, an acceptable
method to scale the existing in-structure spectra for this rock site is to retain the original
floor spectral shape, but scale the floor ZPA up for the RLE. For SHNPP the scale factor
is obtained by comparing the 7% damped RLE ground spe‘ctrum to the 7% damped DBE
\_/ _ ground spectrum. It is observed from the modal participation data and response spectra
plots [4 & 5] that the in-structure responses for SHNPP structures have a dominant
' mode. Therefore the scale factor for a single mode structure can be estimated by direct
comparison of the RLE ground spectrum to the DBE ground spectrum at the fundamental
frequency of the structure.

The information available to EQE is the CPL SHNPP FSAR [4) containing the
- dynamic characteristics of three of the four structures of interest, and SHNPP 4% and -
7% damped response spectrum plots [5]. Also available are the ASME Code Case N-
411 spectra. These N-411 spectra have 5% damping below 10 Hz, a linear reduction
from 5% to 2% damping between 10 Hz and 20 Hz, and 2% above 20 Hz. The available
N-411 spectra cover only the frequency range between 6 Hz o 44 Hz.

To estimate median-centered peak fioor spectral acceleration with the preferred
5% damping, the N-411 spectra were used for structures with fundamental frequencies
above 6 Hz, which include the RAB-Common, RAB-Unit 1, and CIS. For structures with
dominant frequencies below 6 Hz (i.e., the RAB-Unit 1 in the E-W direction), the
information on spectral peaks were lost. Also N-411 spectra were not available for the
\/' /}' Diese! Generator Building and for Elevations 226‘ anc_i 206" in the N-S direction in the
Reactor Auxiliary Building - Unit 1. In such cases, the more conservative 4% damped
.response spectra were used to estimate the spectral peaks. -
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SECTION 3. RESULT PRESENTATION

The fundamental frequencies of the structures of interest are extracted from
SHNPP FSAR [4), and they are listed in Table 3-1. Also shown in the tables are the
corresponding digitized 7% damped RLE and DBE ground spectral accelerations (see
Tables 34 and 3-5). The scale factors for the structures in each direction are obtained

- from the ratios of the RLE and DBE accelerations. The in-structure spectral peeks and
ZPA's for DBE are tabulated in Table 3-2. The sczled median-centered in-structure
spectral accelerations corresponding to an RLE ground input are provided in Table 3-3.

The major sources of conservatism in this study include the following:

1) The estimated spectral peaks shown in Table 3-3 were efiectively scaled from 5%
damped DBE floor spectra with some exceptions. Due to the unavailability of 5%
damped floor spectra, the spectral pezaks for the following locations and directions
u were scaled from the 4% damped floor spectra:

¢« RAB-Unit 1 Elevations 226' and 206' in the N-S direction and all elevations in
the E-W direction, and

* All elevations of the DG building in the horizontal and vertical directions.

2) In the vertical direction, the RAB-Common, RAB-Unit 1, and CIS have
fundamental frequencies in the 70 to 20 Hz range. Since the peak vertical
response shown in Table 3-3 for these structures were scaled from the N-411
floor spectra, the effective equipment damping is less than 5% (i.e., the N-411
spectra have equipment damping varying Iineaﬂy from 5% to 2% between 10 to
20 Hz).
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“TABLE 3-1 (8) SCALE FACTORS FOR REACTOR AUXILIARY BUILDING - COMMON AT SHNFPP
REVIEW LEVEL EARTHQUAKE OVER DBE

- Fundmtl-+~ Pgnieptn.~: | - RLE. ' DBE - Scale .

- Frequency.., - Faclor - Accel - Accel - Factor
N-S 8.029 58,206 0.567 0.346 1.64
E-W 7.605 §6.788 0.567 0.348 1.63
Vert. 14.355 87.915 0.283 0.253 1.16

- TABLE3-1(0) SCALEFACTORS FOR REACTOR AUXILIARY BUlLblNG = UNIT 1 AT SHNPP
REVIEW LEVEL EARTHQUAKE OVER DEE

-+ DBE.. { Scale
. : Accel Factor
2 © -
N-S 0.567 0.348 1.62 .
E-W 0.567 0.362 1.56
Vert. 0:317  0.287 AR}
v TABLE 3-1(c) SCALE FACTORS FOR CONTAINMENT INTERIOR STRUCTURE AT SHNPP

REVIEW LEVEL EARTHQUAKE OVER DBE

N-S 0.547.
E-wW 0.520
vert. 0.252

N-S 12.370 °* N/A

E-W 12370 * N/A
Vern. (Floor) [6.74 1014.32 * N/A

Vert. | 23.070 * N/A 1.27
Node § (Horl2) Rigid * NA . 2.00
Nede § (Vert) - Rigid N/A 0200 0.150 1.33

u. - NOTE: * The Frequeny is estimated from In-Structure response spectra. Participation Factor not available.
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TABLE 3-2(2)

SPECTRA SCALING

DBE RESPONSE SPECTRA FOR RAB-COMMON AT SHNPP

vert. (D) (##)

B . N-S - T E-W - “Vert. (BD) (¥)
“Blevation” | - Peak(') . ZPA(* Peak (*). . ZPA(*).  Peak{*). ZPA(") Peak(*) ZPA(")
R () R R (o)” . (9)() (9 () - (9) () Q) {9)
324.00 3.167 0.654 2.785 0.560 2.840 0.713 1.869  0.475
305.00 2.766 0.562 2515 0.478 3.119 0.657 1.751  0.441
286.00 2231 0.451 2108 0.404 2.744 0.607 - 1.612  0.385
- 261.00 1.403 0.343 1.462  0.335 . 2.537 0.544 1.287  0.325
TABLE3-2(t) DBE RESPONSE SPECTRA FOR RAB-UNIT 1 AT SHNFP '
v N-S. o E=W-. s ) Vet (BD)() | - Ven.(D)(##)
"Peak(‘) ZPA ). Peak(") ZPA o Peak ()= ZPA(*).. |  Peak(’) ZPA(")
) () ( )” “{e)” ToTo(Q) - (@) i BN ) (9)-
i 324.00 2.959 0.587 3.218 0.553 2.579 0.710 1.905  0.484
305.00 2.645 0.565 2.889  0.486 3.078 0.891 1.875  0.474
286.00 2.143 0.476 2317 0.392 2.935 0.832 1757  0.438
261.00 1.477 0.343 1573  0.313 2.486 0.689 1.576  0.385
236.00 0.812  0.231 0.851 0.232 3.290 0.720 1.355  0.345
'\/ 226.00 0.724 ** 0.189 °*° 0.688  0.190
216.00 0.618 0.151 0.611 0.201 1.342 0.441 1.172 0.308
206.00 0.625 ** 0.177 *° 0628  0.178
TABLE3-2(c) DBE RESPONSE SPECTRA FOR CONTM/INT. AT SHNPP
: Vent. (BD) (#) : = . Vert. (D) (##)"

o Peak (*). ZPA(*
e e(ac)() : (Q)(' )

TABLE 3-2(9)

-t 0) (o)
302.65 2.825 o.szo 2230 - os™M . 1.373 0422
286.00 2.527 0.534 2000  0.498 2450 0574 1.336  0.403
261.00 1.743 0.372 1466  0.383 2650  0.587 .18  0.336
249.00 1.275 0.206 1154 0.320 1.071  0.288
236.00 0.854 0.245 "0.833  0.253 1.762  0.482 0.619  0.255
DBE RESPONSE SPECTRA FOR DG BLDG AT SHNPP

2.448

323.875 2.303 0.427 0.514
310.875 2172 0.408° 2.150 0.434
281.000 1.714 0.348 1.651 0.378
280.000 1.368 0.291 1.270 0.335
264.000 0.7210 0.231 0.698 0.216
NOTES: * Spectral values are ebtained from SHNPP N-411 spectra

** Spectral values are cbtained from CPAL SHNPP spectra with 4% damping
# Ven. (BD) shows the Responses between Column LinesB& D

## Vent. (D) shows the Responses on Column Line D
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TABLE 3-3(a) SCALED RESPONSE SPECTRA TO REVIEW LEVEL EARTHQUAKE FOR

REACTOR AUXILIARY BUILDING - COMMON AT SHNPP
] - NS (N=411) £-W (N-411)° | Ventical (BD) - N-411| Vertical (D) - N-411
i oooe~ Peak 2ZPA | Scale Peak - ZPA-|Scale Peak ZPA |Scale . Peak ZPA
(1) - {Factor..- (9)- .- (9) {Factor . (@)~ (0) - Factor . (¢) (o) |Facter (o)  (9)
32400 | 1.64 5190 1.072| 1.63 4535 0912 | 1.16 3.288 0.826 1.16 2.187 0.550
305.00 | 1.64 4533 0821| 1.63 4036 0779 1.16 3611 0.761 1.16 2074 0.511
286.00 | 1.64 2.656 0739 | 1.63 3433 0.658 | 1.16 3.177 0703 1.16 1.866 0.450
261.00 | 1.64 2209 0.562 | 1.63 2381 0546 1.16 2837 0.630| 1.16 1.490 0.376
TABLE3-3(b)  SCALED RESPONSE SPECTRA TO REVIEW LEVEL EARTHQUAKE FOR
REACTOR AUXILIARY BUILDING - UNIT 1 AT SHNPP

7 N-S (N-411) 4% E-W (4%) ' Venical (BD) - N-411 Vertical (D) - N-411
i - Peak : ZPA | Scale » Peak: " ZPA Scale:: Peak ~ ZPA Scale - Peak: ZPA
Avn (R) e 3 () - (g) {Factor: (g) (o) *{Factori (o) (@) |Factor: - (g) (o)
32400 | 1.62 4.604 053] 1.56 5.034 0.865| 1.11 2851 0785 | 1.11 2.106 0.535
305.00 | 1.62 4.20¢ 0817| 1.56 4519 0.760| 1.11 3.402 0.8E5| 1.11 2072 0.524
286.00 | 1.62 3479 0773 1.56 3624 0.613| 111 3244 0820 | 111 1.842 04684
‘ 261.00 | 1.62 2358 0557| 1.56 2461 0.480| .11 2748 0762] 111 1742 0.430
\/ 23600 | 1.62 1.318 0275 1.56 1.488 0.363| 1.11 3.636 0786 | 1.11 1.488 0.381

: 226.00 | 1.62 1.175 0323 1.56 1.076 0.297
216.00 | 1.62 1.003 0310 1.56 0856 0314 1.11 1.483 0467 | 111 1.285 0.320

206.00 | 1.62 1.021 0.287 | 1.56 0882 0.278

SCALED RESPONSE SPECTRA TO REVIEW LEVEL EARTHQUAKE FOR

TABLE 3-3 (¢)
CONTAINMENT INTERIOR STRUCTURE AT SHNPP

E-W (N=411) 27 | Vertical (BD) = N-411 | . Ventical (D) - N-411:

| ;| Scale:; Peak:::ZPA | Sc eak ;. ZPA: ] 8¢ 4 ZPA-

i {h): B . = yFactor= . (9)- © - (0 i (0)
302.65 -| 1.60 4.680 0.852| 1.62 3.712 0926 123 1.689 0519
286.00 | 1.60 4.044 0.854| 1.62 3242 0.807| 1.23 3.064 0.706| 1.23 1.644 0456
261.00 | 1.60 2789 0.585| 1.62 2376 0.621| 1.23 3.261 0722 1.23 1465 0413
249.00 | 1.60 2040 0474 ] 1.62 1.871 0519 123 1.318 0.354
23600 | 1.60 1.367 0392 | 1.62 1.350 0410 | 1.23 2168 053] 1.23 1.131 0314

TABLE3-3(d)  SCALED RESPONSE SPECTRA TO REVIEW LEVEL EARTHQUAKE FOR

DIESEL GENERATOR BUILDING AT SHNPP

:Vertical (F100r) = 496 {77

£¢; 1 ZPK

H{R) B @~
] 323.875 . X X 1.5 a.313 0570} 1.27 0.81 0.378
i 310.875 1.67 3630 0.682] 1.67 3594 0.725| 1.15 2.167 0.635| 1.27 0.883 0.372
\/ 291.000 | 1.67 2885 0582 1.67_ 2760 0.632} 1.15 2.683 0567 | 1.27 0.804 0.348
280.000 | 1.67 2287 0.486( 1.67 2123 0.560| 1.15 3.186 0.585| 1.27 0.784 0.330
Node § 200 1420 0462] 200 1.396. 0.432 1.23 0.800 0.304
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SHEETNO. 12 /i7

BY S L DAIE = ’I;z gz

JOB NO. 52214 JOB

cALC. NO. G001 susseCT

crko LW T can2JLBR
\

SPECTRA SCALING

Table 3-4 RLE: NUREG/CR-0098 Median
Spectral Shape anchored 10.0.39

Table 3-5 DBE: Reg. Guide 1.60 anchored 10 0.15g

. Horiz Horiz - |- Vert b Horiz Horiz Vertl
“ Accel Accel || Accel RG-|.. Freq - | Accel -Accet |  Accel

; v R () © | (9 160 |- (H2). 1. (0) L)) ()]

1 0.20000 | 0.03218 | 0.03218 0.02103 1 0.20000 | 0.04160 | 0.04160 | 0.02764

2| 0.20448 | 0.03385 | 0.03365§ 0.02197 2] 0.20448 | 0.04349 | 0.04349 | 0.02889

3| 0.20507 | 0.03519 | 0.03515 | 0.022%6 3| 0.20907 | 0.04546 | 0.04546 | 0.03020

4] 0.21376 | 0.03578 | 0.03679 | 0.02400 4| 0.21376 | 0.04752 | 0.04752 { 0.03157

s| o0.21855 ] 0.03846 | 0.03846 | 0.02508 | 5| 0.21855] 0.04867 | 0.04867 | 0.03301

6| 0.22345| 0.04022 ] 0.04022 | 0.02621 €| 0.22345] 0.05183] 0.05183 | 0.03450

7| o0.22846 | 0.04205] 0.04205 | 0.0273% 7] 0.22846 | 0.05428 0.05428 | 0.03607

8| 0.23358 | 0.023%5 | 0.043%6 | 0.02e€3 8| 0.2335871 0.05674 | 0.05674 | 0.03771

9| 023882 | 0.04596 | 0.04586 | 0.028¢2 o] o0.23882 ] 0.05¢32| 0.05832 | 0.03842
10| 0.24418 | 0.04806 | 0.04806 | 0.03126 10| 0.24418 | 0.06201 | 0.06201 | 0.04121
1" 0.24965 | 0.05025 | 0.05025 | 0.03267 13 0.24985 | 0.06482 | 0.06482 | 0.04308
12| 0.25525| 0.05253 | 0.05253 | D0.03415 12| 0.25525| 0.06608 | 0.06608 | 0.04385
13| 0.26087 | 0.05493 | 0.05483 | 0.035€8 13| 0.26097 | 0.06727 | 0.06727 | 0.04477
14| 0.26682 | 0.05743] 0.05743 | 0.03725 14| 0.26682 | 0.06847 | 0.06847 | 0.04561
15| 0.27281 ] 0.06004 | 0.06004 | 0.03887 15| 0.27281 | 0.06969 | 0.06968 | 0.04646€
16| 0.278%2} 0.06278 | 0.06278 | 0.04073 16| 0.27852] 0.07083 | 0.07083 | 0.04732
17| 0.28518 | 0.06564 | 0.06564 | 0.04257 17| 0.28518 | 0.07220 | 0.07220 | 0.04821
18] 0.29157 | 0.06863 | 0.06863 | 0.04448 18 | 0©.29157 | 0.07345 | 0.07349 | 0.04$10
19| 0.29811}] 0.07175| 0.07175 | 0.0464S 19| 0.29811 | 0.07480 | 0.07480 | 0.05002
20| 0.30478 | 0.07502 | 0.07502 | 0.04Es8 20| 0.30479| 0.07613 | 0.07613 | 0.05085
21 0.31163 | 0.07844 | 0.07844 { 0.05078 21 0.31163 | 0.07749 | 0.07745 | 0.05180
221 0.31861 ] 0.08201 | 0.08201 | 0.05306 22| o0.31861 | 0.07e87 | 0.07887 | 0.05287
23| 0.32576 | 0.08574 | 0.08574 | 0.0554¢€ 23| 0.32576 | 0.08028 | 0.08028 | 0.05385
241 _0.33306 | 0.08881 | 0.08881 | 0.05743 24| 0.33306| 0.08171] 0.08171 ] 0.05486
25| 0.34053 ] 0.09080 | 0.09080 | 0.05874 25{ 0.34053 | 0.08317 | 0.08317 | 0.05568
26| 0.34817 | 0.09283 | 0.09283 | 0.06007 26| 0.34817 | 0.08466 ] 0.08466 | 0.05€82
27 | 0.35597 | 0.08450 | 0.08450 | 0.06144 27| o.35597 | 0.08617 | 0.08617.| 0.05788
28| 0.38395| 0.09702 | 0.08702| 0.06283 28| 0.38335| 0.08771 | 0.08771 | 0.05506
23| 037212 0.09919 | 0.08919 | 0.06426 201 0.37212| 0.08827 | 0.08927 | 0.0601€
30| 0.38046 | 0.10141 | 0.10141 | 0.06572 30| 0.38046| 0.09087 | 0.08087 | 0.06129
31 0.38899 | 0.10367 | 0.10367 | 0.06721 31 0.38839 | 0.09249 | 0.0524% | 0.06243
321 0.35771 | 0.10589{ 0.10599 | 0.06874 32| 0.98771] 0.09414 | 0.05414 | 0.06358
83| 0.40663 | 0.10836} 0.10836 | 0.07030 33| 0.60863 ] 0.09582 | 0.08582 | 0.06478
84| 041575 0.11078 | 0.11078 | 0.07180 34| 041575 ] 0.05753 | 0.09753 { 0.06598
35| 042507 | 0.11325¢ 0.11325 | 0.07353 35| 0.42507 ] 0.09927] 0.09%27 | 0.06721
36| 0.43460| 0.11578 §{ 0.11578 | 0.07520 36| 0.43460] -0.10104 | 0.10104 | 0.06847
37| 0.44434| 0.11837 ) 0.11837 | 0.07651 37| 0.644434 | 0.10284 | 0.10284 | 0.06574
38| 0.45431| 0.12102} 0.12102 | 0.078&6 38| 0.45431| 0.10468 | 0.10468 | 0.07104
39| 0.46449 | 0.12372{§ 0.12372 | 0.08044 39| 0.46449 | 0.10655 | 0.10655 | 0.07237
40 | 0.47491 | 0.12648 ) 0.12648 | 0.08227 40| 0.47491 | 0.10845 | 0.10845 | 0.07371
41 0.48556 | 0.12931 ] 0.12931} 0.08414 41 0.48556 | ©.11038 | 0.11038 | 0.07508
42| 0.4%645| 0.13220 ]| 013220} 0.08605 42| 0.4%645] 0.11235 | 0.11235 | 0.07648
43| 0.50758 | 0.13515| 0.13515 | 0.08801 43| 0.50758 | 0.11436 ] 0.11436 | 0.07751
44| 051896} 0.13817 | 0.13817 | 0.09001 441 0518361 0.11640 | 0.11640 1 0.07837
45| 053058} 0.14126 | 0.14126 | 0.09205 45| 0.53055 | 0.11848 | 0.11848 | 0.08084
46| 054248 ] 0.14442 ] 0.14442 | 0.09414 48] 0.54249] 0.1205% | 0.12059 | 0.08235
47 | 0.55465 | 0.14764 | 0.14764 | 0.09528 47 ] 0.55465 ] 0.12274 | 0.12274 | ©0.08389
48| 056709 | 0.15094 1 0.15094 | 0.09847 481 056709 ] 0.12483 ] 0.12483 | 0.08545
49| 0579811 0.15431 | 0.15431 ] 0.10070 49| 057881 | 0.12716 | 0.12716 | 0.08704
50| 059281 0.15776 | 0.15776 | 0.10239 50| 0.59281 | 0.12843 ] 0.12843 | 0.08866
§1] 0.60610| 0.16128 | 0.16125 | 0.10533 51| 0.60610| 0.13174 | 0.13174 | 0.08032
52| 0.61965 | 0.16483 | 0.16485 ] 0.10772 §2] 0.61969 | 0.13408 | 0.1340% | 0.08200
€3} 0.63358 | 0.16858 | 0.16858 | 0.11017 53| 0.63358 ] 0.13649 | 0.1364% | 0.08372
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ECE ENGINEERING & itno 13/
JO3NO. ___52214 JOB cpal SHEARON HARRIS - SPECTRA gy __SL CATE 2/28/2:
SPECTRA SCALING CHK D= - DATE '.525*’9: '

CALC.NO.__C-001 SUBJECT

Table 3-4 RLE: NUREG/CR-0098 Median
Spectral Shape anchored t0-0.39

1)

Table 3-5 DBE: Reg. Guide 1.60 anchored to 0.159

i o e |- HoriZ Horiz Vertl IR Horiz Horiz vertl
o0g8 | Freq - |~ Accel Acce! Acce! - RG |' Freq . | Accel | -Accel | Accel
“nl | (Ha)- © 0 || © 160 |- (H2)- {0) (%)) °))
54| 0.64778 | 0.17234 | 0.17234 | 0.11267 54| 0.64775| 0.13882 | 0.13892 | 0.08546
55| 0.66232 | 0.17619 | 0.17619 | 0.11523 55| 0.66232| 0.14140 ] 0.14140 | 0.08724
s6| 0.67717 | 0.18013 | 0.18013 | 0.11785 56| 0.67717 | 0.14393 | 0.14383 | 0.09505
57| 0.69235 | 0.18416 | 0.18416 | 0.12053 57| 0.69235 | 0.14650 | 0.14€50 | 0.10030
58| 0.70787 | 0.18827 | 0.18827 | 0.12326 88| o0.70787 | 0.14811 | 0.14811 | 0.10278
58| 0.72375 | 0.19248 | 0.18248 | 0.12606 56| 0.72375 | 0.15177 | 0.15177 | 0.10470
60| 073997 ] 0.19678 | 0.19678 | 0.12693 60| 0.73597 | 0.15448 | 0.15448 | 0.106€5
61| 0.75657 | 0.20117 | 0.20117 | 0.13185 61| 0.75657 | 0.15724 | 0.15724 | 0.10864
62| 0.77353| 0.20567 | 0.20567 | 0.134E5 | 62| 0.77353] 0.16004 | 0.1€004 | 0.11066
63| 0.78087 | 0.21027 { 0.21027 | 0.13791 63| 0.79087 | 0.16280 ] 0.16280 | 0.11272
64| 0.80861 | 0.21456 | 0.21496 | 0.14105 64| 0.80861 | 0.16581 | 0.1€581 | 0.11482
65| 0.82674 | 0.21877 | 0.21877 | 0.14425 " 65| 0.82674 | 0.16877 | 0.16677 | 0.11696
66| 0.84528 | 0.22468 | 0.22468 | 0.14753 66| 0.84528 | 0.17178 | 0.17178 | 0.11814
67| 0.86423| 0.22570 | 0.22870 | 0.15088 €7 | 0.86423 | 0.17484 | 0.17484 | 0.12136
€8 | 0.88361 | 0.23483 | 0.23483 | 0.15430 €8 | 0.88361| 0.17756 | 0.17756 | 0.12363
€9 | 0.90342 | 0.24008 | 0.24008 | 0.15781 65| 0.50342] 0.18114 | 0.18134 | 0.12593
70| 0.92368 | 0.24544 | .0.24544 | 0.16139 70| 0.62368 | 0.18437 | 0.18437 | 0.12828
71| 0.94439 | 0.25092 | 0.25082 § 0.16506 71| 0.9443s| 0.18766 | 0.18766 | 0.13067
72 ] 0.86556 | 0.25653 | 0.25653 | 0.16881 72| o0.98556 | 0.18101 | 0.18101 | 0.13310
73| 0.8721 | 0.26226 | 0.26226 | 0.17264 73| 0.98721| 0.19442 | 0.18442 | 0.13558
74| 1.00835 | 0.26812| 0.26812 | 0.17657 74| 1.00835| 0.15789 | 0.19789| 0.138M1
75( 1.03188 | 0.27411 ] 0.27411 | 0.18058 75| 1.03188 | 0.20142 | 0.20142 | 0.14068
76| 1.05512) 0.28024 | 0.28024 | 0.184€8 76| 1.05512| 0.20502 | 0.20502 | 0.14331
77| 1.07878 | 0.28650 | 0.28650 | 0.18887 77| 1.07878 | 0.20868 | 0.208€8 | 0.145¢8
78 1.10206| 0.292%0| 0.29250 | 0.15316 78| 1.10295 | 0.21240 | 0.21240 | 0.14870
79{ 1.12770 | 0.20945 | 0.28945 | 0.19755 78| 112770 | 0.21618 | 0.21618 | 0.15147
80] 1.15298 | 0.30614 | 0.30614 | 0.20204 80| 1.15238 | 0.22005 | 0.22005 | 0.15429
81| 1.17883 | 0.31298 | 0.31298 | 0.20663 81| . 1.17883 ] 0.22398 | 0.22398 | 0.15717
€2 1.20527 | 0.31887 ] 0.31897 | 0.21132 82| 1.20527 | 0.22798 | 0.22798 | 0.1€6010
83 ] 1.23229 | 0.32712| 0.32712| O.21612 83| 1.23229 | 0.23204 | 0.23204 | 0.1€308
- 84| 1.25992|. 0.33443 | 0.33443 | 0.22103 84| 1.25852| 0.23619 | 0.23619 | 0.16612
85| 1.28817 | 0.34150 | 0.34190 | 0.22605 85| 1.28817 | 0.24040 | 0.24040 | 0.16922
86| 131705 0.34954 | 0.34854 | 0.23119 86| 1.31705 | 0.24469 | 0.24469 | 0.17237
87| 134659 | 0.35735 | 0.35735 | 0.23644 87| 1.34659 | 0.24806 | 0.24506 | 0.17558 |.
881 137678 | 0.36534 | 0.36534 | 0.24181 68| 1.37678 | 0.25350 | 0.25350 | 0.17886
89 1.40765| 0.37350 | 0.37350 | 0.24730 89| 1.40765 | 0.25803 | 0.25803 | 0.18219
0] 1.43921] 0.38165 | 0.38185 | 0.25292 S0} 1.43921| 0.26263 | 0.26263 | 0.18558
1| 1.47148] 0.3%038 | 0.39038 | 0.25866 911 147148 | 0.26732 | 0.26732 | 0.18805
$2] 1.50448| 0.39510{ 0.39910 | 0.26454 92| 1.50448 | 0.27209 | 0.27209 | 0.18257
63| 1.53821| 0.40802| 0.40802 | 0.27055 93| 1.53821| 0.27695 | 0.27€95 | 0.18616
84| 157270 0.41713 | 0.41713 | 0.27669 84| 157270 0.28189 | 0.28189 | 0.19981
651 1.60796 ] 0.42646| 0.42646 | 0.28298 g5| 1.60796 | 0.28692 | 0.28692 | 0.20354
$6 | 1.64402 | 0.43598 | 0.43598 | 0.28941 86| 1.64402| 0.29204 | 0.28204 | 0.20733
971 1.66088 | 0.44573| 0.44573 | 0.28588 g7 | 1.68088 | 0.29725] 0.29725 | 0.21120
§8 1§ 1.71857 | 0.45568 | 0.45568 | 0.30270 88| 1.71857 | 0.30256 | 0.30256 | 0.21513
89| 1.75710| 0.4€587 | 0.46587 | 0.30958 89| 1.75710| 0.30786 | 0.30786 | 0.21914
100 | 1.79650 | 0.47628] 0.47628 | 0.31661 100 | 1.78650 | 0.31345 | 0.31345 | 0.22323
101 | 1.83678 | 0.48692 | 0.48692 | 0.32380 101 | 1.83678 | 0.31805 | 0.31905 | 0.22739
102 ] 1.87797 | 0.49780| 0.45760 | 0.23311¢ 102 | 1.87787 | 0.32474 | 0.32474 | 0.23162
103 | 1.82008 | 0.508952 ] 0.50892{ 0.33868 103 | 1.92008 | 0.33054 | 0.33054 | 0.23594
904 | 1.96313 | 0.52029 | 0.52025 | 0.34637 104 | 1.96313 | 0.33644 | 0.33644 | 0.24034
105 | 2.00715| 0.53192} 053192 ] 0.35424 105 | 2.00715 | 0.34244 | 0.34244 | 0.24482
106 | 2.05215 | 0.54380 | 0.54380{ 0.36228 106 | 2.05215 | 0.34855 | 0.34855 | 0.24838
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Table 3-4 RLE: NUREG/CR-0088 Median
Spectral Shape anchored to 0.39

Table 3-5 DEBE: Reg. Guide 1.60 anchored t0 0.15¢

I 1. - .| Horz Horiz.- Vert! N Horiz Horiz Vertl
0058'|:-Freq Accel |~ Accel Accel RG .| Freq Accel Accel |- Acce!
s et (HE) - | - {9) © | © 1€0 |-« (H2) - (9) {0) {0)
107 | 2.0%817 | 0.55585 | 0.55585 0.37052 107 | 2.09817 | 0.35477 | 0.35477 | 0.25403
108 | 214521 | 0.56700 0.56700 0.37800 s08 | 214521 | 0.36111| 0.36111 | 0.25 876
100 | 219331 | 0.56700| 0.56700 0.37800 108 | 2.18331 | 0.36755| 0.36755 | 0.2635%
110 | 224248 | 0.56700 | 0.56700 | 0.37800 110 | 2.24248| 0.37411| 0.37411 | 0.26850
m 229277 | 0.56700| 0.56700 | 0.37800 m 2.26277 | 0.38079 | 0.38079 | 0.27350
112 | 2.34418 | 0.56700 | 0.56700 | 0.37600 12| 2.34418| 0.38758 | 0.38758 0.27860
13| 2.39674 | 0.56700| 0.56700 | 0.37800 113| 239674 | 0.38450 | 0.39450 0.28378
114 | 2.4s048 | 0.56700 | 0.56700 | 0.37€00 114 | 245048 | 0.40154 | 0.40154 0.26908
115 ] 2.50543 | 0.56700| 0.56700 | 0.37800 115 | 250543 | 0.40788 1 0.40788 0.25447
16| 2.56161 | 0.56700 | 0.56700 | 0.37800 116 | 256161 | 0.40661 | 0.40661 | 0.29886
117 | 261504 | 0.56700 | 0.56700 | 0.37800 117 | 261904 | 0.40535 ] 0.40535 | 0.305S5
. | 118 | "2.67777 | 0.56700 | 0.56700 | 0.37800 18| 267777 | 0.40409 | 0.40408 | 0.31124
119 | 2.73781| 0.56700 | 0.56700 | 0.37800 115 | 2.73781 | 0.40284 | 0.40284 | 0.31705
120 2.7¢%20) 0.56700] 0.56700 | 0.37800 120 | 279620 | ©0.40159 | 0.40159 | 0.3228S
121 2.86196 | 0.56700 | 0.56700 | 0.37800 121 2.66196 | 0.40035 | 0.40035 | 0.328%7
122 | 252613 | 0.56700 | 0.56700 | 0.37800 122 | 292613 | 0.39511 ) 0.38811 | 0.33511
123| 295174 | 0.56700 | 0.56700 | 0.37€00 123 | 285174 | 0.39787 | 0.35787 | 0.34135
124 | 2.05883| 0.56700 | 0.56700 } 0.37E00 124 | 3.05883 | 0.39663 | 0.39663 | 0.34771
‘ 125 | a.12741 ] 0.56700 | 0.56700 | 0.37800 125 3.12741 | 0.38540 | 0.39540 | 0.35418
\/‘ 126 | 3.19753 ] 0.56700 | 0.56700 | 0.37800 126 | 3.15753 | 0.39418 | 0.39418 | 0.36080
127 | 3.26523 | 0.56700 | 0.56700} 0.37800 127 | 3.26923 | 0.39296 | 0.35286 | 0.36752
128 | '3.34253 | 0.56700| 0.56700 | 0.37800 128 | 3.34253 | 0.35174 | 0.35174 | 0.37437
129 | 3.41748 | 0.56700 | 0.56700 | 0.37800 129 | 3.41748 | 0.39082 0.38052 | 0.38135
130 | 3.48411 | 0.56700 | 0.56700 | 0.37600 130 | 3.45411 | 0.38931| 0.38831 | 0.38845
131 3.57245 | 0.56700 | 0.56700{ 0.37800 131 as7245 | 0.38811 | 0.38811 | 0.36789
132 | a.65256 | 0.56700| 0.56700| ©.37800 122 | 3.65256 | 0.38690 | 0.38680 | 0.38669
133 23.73445| 0.56700| 0.56700 | 0.37800 133 | 373445 | 0.38570 | 0.38570 | 0.38550
134 | 3.81818 | 0.56700 | 0.56700 | 0.37800 134 |- 3.81819 | 0.38451 | 0.38451 | 0.38431%
1351 3.90380 | 0.56700 | 0.56700 ] 0.37800 135 | 3.60380 | 0.38331| 0.38331 | 0.38312
136 3.69133 | 0.56700| 0.56700 | 0.37800 136 3.89133 | 0.38213 | 0.38213 | 0.38184
137 | 4.08083 | 0.56700| 0.56700] 0.37800 137 | 4.08083 | 0.38084 | 0.38094 0.38076
138 | 4.17233| 0.56700| 0.56700 | 0.37800 128 | 4.17233 | 0.37976 | 0.37576 | 0.37858
136 | 4.26588 | 0.56700 | 0.56700 | 0.37800 135 | 4.26588 | 0.37858 | 0.37858 | 0.37841
140] 4.36153 | 0.56700 | 0.56700} 0.37800 140 | 4.36153 | 0.37741 | 0.37741 | 0.37724
141 | 4.45833} 0.56700 | 0.56700 | 0.37800 141 445933 | 0.37624 | 0.37624 | 0.37608
142 | 4.55931 | 0.56700 | 0.56700 ! 0.37800 142 | 455531 | 0.37507 | 0.37507 | 0.37482
143 | 4.66154 | 0.56700| 0.56700 | 0.37800 143 | «.66154 | 0.37391] 0.373%1 | 0.37376
1441 4.76607 | 0.56700] 0.56700 | 0.37800 144 | - 4.76607 | 0.37275 | 0.37275 | 0.37261
145 | 4.87283 | 0.56700 | 0.56700 | 0.37600 145 | 4.87253 | 0.37159 { 0.37158 | 0.37146
145 | 4.98219 | 0.56700 | 0.56700 | 0.37800 146 | 4.68219 | 0.37044 | 0.37044 | 0.37031
147 | 5.083%0 | 0.56700 | 0.56700 | 0.37800 147 | 5.00390 | 0.36529 { 0.36929 | 0.36917
148 | S5.20812 | 0.56700 | 0.56700 | 0.37800 148 | 5.20812 | 0.36815 | 0.36815 | 0.36803
149 | 5.32430| 0.56700| 0.56700 | 0.37800 149 | 5.22490 | 0.35701 ] 0.36701 | 0.36689
150 | 5.44425 | 0.56700| 0.56700 | 0.37800 150 | 5.44429 | 0.36587 | 0.36587 | 0.36576
151 556637 | 0.56700 | 0.56700| 0.37800 151 556637 | 0.36473 | 0.36473 | 0.364€3
152 | 5.65118 | 0.56700 | 0.56700 | 0.37800 152 | s5.65118 | 0.36380 | 0.36360 | 0.36350
153 | 5.81878 1 0.56700 | 0.56700| 0©.37800 153 | s5.861879 | 0.36248 | 0.36248 | 0.36238
154 | 5.94%25 | 0.56700| 0.56700 | 0.37800 154 | 5.94925 | 0.36135 | 0.36135 | 0.36126
155 | €.08265 | 0.55700 | 0.56700 | 0.37800 155 | 6.08265 | 0.36023 | 0.36023 | 0.36015
, 156 ] 6.21904 | 0.56700| 0.56700 | 0.37800 1s6 | 6€.21904 | 0.35912 | 0.35912 | 0.35804
\/ 157 | 6.35848 | 0.56700 | 0.56700 | 0.37800 157 | 6.35848 | 0.35800} 0.35800 | 0.35783
‘ 158 | 6.50105 | 0.56700 | 0.56700 | 0.37800 158 | 6€.50105 | 0.35683 | 0.35683 | 0.35682
159 | 6.64682{ 0.56700 | 0.56700 | 0.37800 159 | 6.64682 | 0.35579 | 0.35579 | 0.35572
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Table 3-4 RLE: NUREG/CR-00$8 Median
Spectral Shape anchored to 0.3g

Table 3-5' DEE: Reg. Guide 1.60 anchored to 0.159

Rl R Heriz Horiz Verl
oogs | Freq. | Accel Accel | Accel

1 Horiz |. Horz. Vertl
RG' |.. Freq Accel | Accel | Accel
160 | (H2) {¢) ©) -{9)

160| 6.7¢586 | 0.56700 [ 0.56700 0.37800
161 | 6.64823 | 0.56700 | 0.56700 0.37800
162| 7.10403 | 0.56700 | 0.56700 | 0.37800
163 | 7.26332| 0.56700 | 0.56700 | 0.37800
164 | 7.42618 | 0.56700 | 0.56700 | 0.37€00
165 | 7.58269 | 0.56700 | 0.56700 | 0.37ETO
166 | 7.76293| 0.56700 | 0.56700 | 0.37800
167 | 7.93698 | 0.56700 | 0.56700 | 0.37800
168 | 8.11496 | 0.56338 | 0.56338 | 0.37559
169 | s6.20891 | 0.55779 | 0.55779 | 0.37166
170 | 8.48285 | 0.55226 | 0.55226 | 0.3¢B18
171| 867315 | 0.54679 | 0.54678 | 0.36453
172 | &.86763 | 0.54137 | 0.54137 | 0.36051
173 | s5.06646 | 0.53801 | 0.53601 | 0.35734
174 | 6.26975 | 0.53063 | 0.53068 | 0.35379
175 | 9.47759| 0.52543 | 0.52543 ) 0.35028
176 | ©.65010| 0.52022 | 0.52022 | 0.346€2
177 | 9.80738 | 0.51507 | 0.51507 | 0.34338
178 | 10.12852 | 0.508¢6 | 0.50896 | 0.33938
179 | 10.35665 | 0.50451 | 0.50491 | 0.33661
180 | 10.58887 | 0.49980 | 0.48950 | 0.33327
181 | 10.82629 | 0.49485 | 0.48485 | 0.32887
182 | 11.06905 | 0.48004 | 0.45004 | 0.32669
183 | 11.31724 | 0.48519 | 0.48519 | 0.32346
184 | 11.57100 | 0.48038 | 0.48038 | 0.32025
185 | 11.83045 | 0.47561 | 0.47561 | 0.31708
186 | 12.09571 | 0.47030 | 0.47090| 0.31383
187 | 12.36693 | 0.46623 | 0.46623 | 0.31082
188 | 12.64422 | 0.461€1 | 0.46161 | 0.30774
189 | 12.92774 | 0.45704 | 0.45704 | 0.304€8
180 | 13.21760 | 0.45251 | 0.45251§ 0.30167
161 | 13.51397 | 0.44802 | 0.44802 | 0.29868
192 | 13.81689 | 0.44358 | 0.44358 | 0.28572
193 | 14.12680 | 0.43918 | 0.43918 | 0.29278
184 | 14.44355 | 0.43483 | 0.43483 | 0.28389
195 | 14.76741 | -0.43052 | 0.43052 | 0.28701
195 | 15.09853 | 0.42625 | 0.42625 | 0.28417
197 | 15.43707 | 0.42203 | 0.42203 | 0.28135
198 | 15.78321 | 0.41785 | 0.41785| 0.27856
199 | 16.13711 | 0.41370 | 0.41370 | 0.27580
200 | 16.49894 | 0.40960 | 0.40960 | 0.27307
201 | 16.86888 | 0.40554 | 0.40554 | 0.27036
202 | 17.24712 | 0.40152| 0.40152 | 0.26768
203 | 17.63384 | 0.35754 | 0.39754 | 0.26503
204 | 18.02923 | 0.33360 | 0.39360 | 0.26240
205 | 18.43348 | 0.38570 | 0.38570 | 0.25880
206 | 18.84681 | 0.38584 | 0.38584 | 0.25723
207 | 19.26940 | 0.38201 | 0.38201 | 0.25468
208.| 19.70147 | 0.37823 | 0.37823 | 0.25215
209 | 20.14322 | 0.37448 | 0.37448 | 0.24865
210 | 20.59488 | ©0.37077 | 0.37077 | 0.24718
211 | 21.05666 | 0.36709 | 0.36709 | 0.24473
212 | 21.52880 | 0.36345 | 0.36345 | 0.24230

160 | 6.79586 | 0.35468 | 0.35468 | 0.35462
161 | e6.54823 | 0.35358 | 0.35358 | 0.35353
162 | 7.10403 | 0.35248 0.35248 | 0.35244
163| 7.26332| 0.35139 | 0.35138 | 0.35135
164 | 7.42618 | 0.35030 | 0.35030 |- 0.35026
165 | 7.56269 | 0.34022 | 0.34%22 | 0.34918
166 | 7.76283| 0.34813 } 0.34813 | 0.34810
167 | 7.636e5 | 0.34706 | 0.34706 | 0.34703
168 | 8.11456 | 0.34598 | 0.34588 | 0.34586
168 | &.20651 | 0.34491 | 0.34491 | 0.344E9
170 | 8.4g285 | 0.34384 | 0.34384 | 0.34362
171 | 8.67315 | 0.34277 | 0.34277 | 0.34276
172 | s.ee763| 0.34171 | 0.34171 | 0.3417
173 | 9.06646 | 0.33942 | 0.33942 | 0.33942
174 | 9.26975 | 0.33465 | 0.33469 | 0.33469
175 | 9.477s9 | 0.33004 | 0.33004 | 0.33004
176 | s.68010| 0.32544 | 0.32544 | 0.32544
177| o.s0738 | 0.32081 | 0.32081 [ 0.32081
178 | 10.12852 | 0.31645 | 0.31645 | 0.31645
179 | 10.25665 | 0.31204 | 0.31204 | 0.31204
180 | 10.58887 | 0.30770 | 0.30770 § 0.30770
181 | 10.82629 | 0.30342 | 0.30342 | 0.30342
182 | 11.06205 | 0.29919 | 0.28919 | 0.28819
183 | 11.3172¢ | 0.29503 | 0.29503 | 0.28503
184 | 1157100 0.2082 | 0.25082 | 0.28082
185 | 11.83045 | 0.28687 | 0.26687 | 0.26687
186 | 12.08571 { 0.28288 | 0.2e288 | 0.28288
187 | 12.36683 | 0.27894 | 0.27894 | 0.27894
188 | 12.64422 | 0.27506 | 0.27506 | 0.27506
189 | 12.82774 | 0.27123 ] 0.27123 | 0.27123
190 | 13.21760 | 0.26746 | 0.26746 | 0.26746
191 | 13.51387 | 0.26373 | 0.26373 | 0.26373
182 | 13.81689 | 0.26006 | 0.26006 | 0.26006
193 | 14.12680 | 0.25644 | 0.25644 | 0.25644
194 | 14.44355 | 0.25287 | 0.25267 | 0.25287
195 | 14.76741 | 0.24936 | 0.24936 | 0.24936
166 | 15.09853 | 0.24588 | 0.24588 | 0.24588
167 | 15.43707 | 0.24245 | 0.24246 | 0.24246
198 | 15.78321 | 0.23909 | 0.23508 | 0.23809
199 | 16.13711 | 0.23576 | 0.23576 | 0.23576
200 | 16.45834 | 0.23248 | 0.23248 | 0.23248
201 | 16.86888 | 0.22924 | 0.22924 | 0.22924
202 | 17.24712 | 0.22605 | 0.22605 | 0.22605
203 | 17.63384 | 0.22291 | 0.22281 | 0.22291
204 | 18.02323 | 0.21980 | 0.21980 | 0.21880
205 | 18.43345 | 0.21674 | 0.21674 | 0.21674
206 | 18.84881 | 0.21373 | 0.21373 | 0.21373
207 | 19.26540 | 0.21075 | 0.21075 | 0.21075
208 | 15.70147 | 0.20782 | 0.20782 | 0.20782
209 | 20.14322 | 0.20483 | 0.20483 | 0.20493
210 | 20.59488 | 0.20207 | 0.20207 |- 0.20207
211 | 21.05666 | 0.19926 | 0.19926 | 0.19926

212 | 21.52880 | 0.19649 | 0.19549 | 0.19648
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Table 3-4 RLE: NUREG/CR-0098 Median
Spectral Shape anchored 10 0.3

~Table 3-5 DBE: Reg. Guide 1.60 anchored 10 0.159

T . Horiz Horiz Vertl . BRI P Horiz Horiz Vertl

- Frex Accel Adce! Accel RG . )i :Freq- Acce! Accel |- Accel
SO Tl O e ) ®. @ - 160 {35 (H2) - | -- (9) © (9

213 | 22.01183 | 0.35985 0.35985 | 0.23%90 213 | 22.01153 0.18375 | 0.18375 | 0.18375

214 | 22.50508 | 0.35628 0.35628 | 0.23752 214 | 22.50508 | 0.18106 0.19106 | 0.19106

215 | 23.00969 | 0.35275 0.35275 | 0.23517 215 | 23.00869 | 0.18840 0.18840 | 0.18840

216 | 23.52562 | 0.34¢26 0.34826 0.23284 216 | 23.52562 | 0.18578 0.18578 | 0.18578

217 | 24.05312 | 0.34578 0.34578 | 0.23053 217 | 24.05312] 0.18318 0.18319 | 0.18318

218 | 24.89245 | 0.34237 | 0.34237 0.22824 218 | 24.59245 | 0.18064 0.18064 | 0.18064

219 | 25.14387 | 0.33897 0.33867 | 0.22588 219 | 25.14387 | 0.17813 '0.17813 | 0.17813

220 | 25.70765 | 0.33561 | 0.33561 0.22374 220 | 25.70765 | 0.17565 0.17565 | 0.175€5

221 | 26.28408 | 0.33228 0.33228 | 0.22152 221 | 26.28408 | 0.17320 0.17320 | 0.17320

. 222 | 26.87343 | 0.32889 | 0.32889 0.21933 222 | 26.867343 | 0.17079 | 0.17078 0.1707¢

223 | 27.47599 | 0.32573 0.32573 | 0.21716 223 | 27.47589 | 0.16841 0.16841 | 0.16841

- 224 | 28.05207 | 0.32250{ 0.32250 0.21500 224 | 28.08207 | 0.16607 0.16607 | 0.16607

225 | 28.72196 | 0.31831 | 0.31831 0.21287 225 | 28.72196 | 0.16376 0.16376 | 0.1€376

226 | 20.36597 | 0.31614 | 0.31614 0.21076 226 | 25.38587 | 0.16148 0.16148 { 0.16148

227 | 30.02442 | 0.31301 | 0.31301 0.20867 227 | 30.02442 | 0.15823 0.15623 | 0.15823

228 | 30.66764 | 0.30881| 0.30891 0.20660 228 | 30.65764 | 0.15702 0.15702 | 0.15702

229 | 31.38565 | 0.30683 | 0.30683 0.20456 229 | 31.38565 | 0.15483 0.15483 | 0.15483

230 | 32.08570 | 0.20379 { 0.30379 0.20253 230 § 32.08870 | ©.15268 0.15268 0.152¢68

; _ 231 | 32.80923 | 0.30078 0.30078 | 0.20052 231 | 32.80823 | 0.150s8 0.15055 | 0.15055

v 232 | 33.5¢488 | 0.30000| 0.30000 0.20000 222 | 33.54488 | 0.15000 0.15000 | 0.15000

233 | 34.26704 | 0.30000| 0.20000 | 0.20000 233 | 34.25704 | 0.15000 | 0.15000 0.15000

234 | 35.06606 | 0.30000| 0.30000 | 0.20000 234 | 35.06606 | 0.15000 | 0.15000 0.15000

235 | 35.65232 | 0.30000{ 0.30000 0.20000 235 | 35.85232 | 0.15000 0.15000 | 0.15000

236 | 36.65621 | 0.20000 | 0.30000 0.20000 235 | a3s.e5621 | 0.15000 0.15000 | 0.15000

237 | 37.47813 | 0.30000| 0.30000 0.20000 237 | 37.47813 | 0.15000 0.15000 | 0.15000

238 | 28.31848 | 0.30000 | 0.30000 | 0.20000 238 | 38.31848 | 0.15000 | 0.15000 0.15000

239 | 39.17767 | 0.30000 | 0.30000 | 0.20000 235 | 29.17767 | 0.15000] 0.15000 0.15000

220 | 40.0s612 | 0.30000| 0.30000 0.20000 240 |- 40.05612 | 0.15000 0.15000 | 0.15000

241 | 40.05427 | 0.30000 | 0.30000] 0.20000 241 | 40.95427 | 0.15000 0.15000 | 0.15000

242 | 41.87256 | 0.30000] 0.30000 0.20000 242 | 41.87256 | 0.15000 0.15000 | 0.15000

243 | 42.81144 | 0.30000| 0.30000 | 0.20000 243 | 42.81144 | 0.15000 | 0.15000 0.15000

244 | 43.77137 | 0.30000{ 0.30000 | 0.20000 244 | 43.77137 | 0.15000 | 0.15000 0.15000

245 | 44.75283 | 0.30000 | 0.30000 | 0.20000 2¢s | 44.75283 | 0.15000 | 0.15000 0.15000

246 | 45.75629 | 0.30000 | 0.30000 | ©0.20000 246 | 45.75629 | 0.15000 | 0.15000 0.15000

247 | 46.78225 | 0.30000 | 0.30000 | 0.20000 247 | 46.78225 | 0.15000 | 0.15000 0.15000

248 | 47.63122 | 0.30000{ 0.30000 | 0.20000 248 | 47.83122 | 0.15000 | 0.15000 0.15000

249 | 48.90371 | 0.30000 | ©.30000 0.20000 249 1 48.80371 } 0.15000 0.15000 | 0.15000

250 | 50.00024 | ©0.30000| 0.30000 | 0.20000 250 | 50.00024 | 0.15000 | ©.15000 0.15000
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