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1 INTRODUCTION AND GENERAL DESCRIPTION OF FACILITY

1.1 Introduction

The South Carolina Electric & Gas Company (hereinafter referred to as the
applicant) filed an application dated June 30, 1971, for licenses to construct
and operate the proposed Virgil C. Summer Nuclear Staticu, Unit 1 (hereinafter
referred to as the facility or plant). The proposed facility is located at a
site in Fairfield County, >uu*h Carolina, approximately 15 miles outhwest of
Winnsboro, the county seat.

The Atomic Energy Commission, now the Nuclear Regulatory Commission (NRC),
reported the results of its review prior to construction in a Safety Evaluation
Report dated August 29, 1972, in Supplemert 1 to the Safety Evaluation Report,
dated January 12, 1973, and in Supplement 2 to the Safety Evaluation Report,
dated February 26, 1973. Following a public “earing before an Atomic Safety
and Licensing Board, Provisional Construction Permit No. CPPR-94 was i:.sued on
Harch 21, 1973.

The applicant tendeved an application for an operati, j license for the facility
by letter datec Nec mber 10, 1976. Upon completion of our acceptance review,
the application was docketed on February 24, 1977.

Our technical review of radiological safety matters with respect to 1ssuance

of an operating license for the faciiity was based on the Final Safety Analysis
Report including 22 amendments thereto, all of which are available for public
inspection at the NRC's Public Document Room which is located at 1717 H Street,
N.W. Washington, D.C., and at the Richiand County Library which is located in
Columbia, South Carolina. In the course of our review, w. held a number of
meetings with representatives of the applicent to discuss the design, construc-
tion, and proposed operation of the facility. As a consequence, we requested
additional information which the applicant provided in amendments to the Final
Safety Analysis Report. A chronology of the principal actions related to the
processing of the application is included as Appendix A to this Safety Evaluation
Report.

This Safetv cvaluation Report summarizes the results of the NRC staff's radio-
logical safety review of the facility.

In accordance with the provisions of the Nationa! Environmental Policy Act of
1969, we considered the environmental impact of the proposed operation of the
facility in accordance with 10 CFR Part 51. The NRC staff's Final Environmental
Statement for the operating license stage of review will be published in
NUREG-0719.

Our review and evaluation of this facility for an operatine license is only
one stage in our continuing review of the design, construction, and operation
of the facility. The proposed design of the facility w's reviewed at the
construction pormit stage. Construction of the facility has been moni’ored in
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accordance with the NRC's inspection program. At this, the operating license
stage, we have reviewed the final design to determine that the NRC's safety
requirements have been met. If an operating license is granted, the facility
must be operated in accordance with the terms of the operating license and the
NRC's regulations and will be subject to the NRC's continuing inspection
program.

' 2 General Description of the Facility

The facility utilizes a nuclear steam supply system incorporating a pressurized
water reactor and a three-loop reactor coolant system. The ieactor core is
composed of fuel rods made of slightly enriched uranium dioxide .pellets enclosed
in Zircaloy tubes with welded end plugs that are grouped and supported into

fuel assemblies. The mechanical control rods consist of clusters of stainless
steel-clad silver-indium-cadmium alloy absorber rods that are inserted into
Zircaloy guide tubes located within the fuel assemblies. The fuel assemblies
are loaded in three regions, each utilizing fuel of a different enrichment of
Uranium-235, with new fuel being introduced into the outer region, moved inward
at successive refuelings, removed from the inner region, and transferred to fuel
storage.

Water will serve as both the moderator and the coolant, and will be circulated
through the reactor vessel and core by three vertical, singie stage certifugal
pumps, one located in the cold leg of each loop. The coolant will be heated

by the core and circulated through the three steam generators, where heat will
be transferred to the secondary system to produce saturated steam and then be
returned to the pumps to repeat the cycle. An electrically heateu pressurizer
connected to the hot-leg piping ¢« one of *he loops will establish and maintain
the reactor coolunt system pressure and provide a surge chamber and a water
reserve to accommodate changes in reactor coolant volume during operation.

The steam produced in the steam generators will be utilized to drive a tandem
compound four-flow exhaust turbine generator and will be condensed in a twin
shell, single-pass condenser with divided water boxes. Cooling water drawn
from the man-made Monticello Reservo’r will be pumped through the tubes of the
condenser to remove the heat from, and thus condense, the steam after it has
passed throug. ‘he turbine. The condensate will then be pumped back to the
steam generator to be heated for another cycle.

The reactor will be controlled by a coordinated combination of a soluble
neutron absorber (boric acid) and mechanical control rods whose drive shafts
will allow the facility to accept step load changes of 10 percent and ramp

load changes of five percent per minute over the range of 15 to 100 percent of
full power ¢iring normal operating conditions. Witk steam bypass, the facility
will also have the capability to accept a 100 percent step load rejection
without rea:tor trip.

Plant protection systems are provided to autnmatically initiate appropriate
action whenever a monitcred condition approaches pre-established limits.

These protection systems will act to shut down the reactor, close isolation
valves, and initiate operation of the engineered safety features should any or
all of these actions be required.



Supervision and control of both the nuclear steam supply system and the steam
and power conversion system will be accomplished from the main control room.

The emergency core cocling system for the facility consists ot accumulaters

and both high and low pressure injection subsystems with provisions for recircula-
tion of the borated water after the end of the injection phase. Various
combinations of these features will assure core cooling for the complete range

of postulated coolan’. pipe break sizes.

1ne nuclear steam supply system is housed in a large, dry, free-standing steel
containment structure within a reinforced concrete shield building. An auxiliary
building located adjacent to the containment building houses the radicactive
waste treatment facilities, components of the engineered safety features, and
various related auxiliary systems. A fuel building also located adjacent to

the containment building houses the spent fuel pool and new fuel storage

racks.

The facility is supplied with electrical power by independent transmission
lines from offsite power sources and is provided with independent and redundant
onsite emergency power supplies capable of supplying power to shut down the
facility safely or to operate the engineered safety features in the event of an
accident. o

1.3 Comparison with Similar Facilities

Many features of the Virgil {. Summer Nuclear Station, Unit 1, are similir

to those we have evaluated and approved previously for other nuclear power
facilities now under construction or in operation. To the extent feasible and
appropriate, we have relied upon our earlier reviews for those features that
were shown to be substantially the same as those previously considered. Where
this has been done, the appropriate sections of this Safety Evaluation Report
identify the other facilities involved. Our safety evaluation reports for
these other facilities have been published and are available for public inspec-
tion at the NRC's Public Document Room which is l.~ated at 1717 H Street,

N.W., Washington, D.C.

1.4 Identification of Agents and Contractors

Gilbert Associates, Incorporated, has been re.ained by the applicant as architect-
engineers for the entire project including plant layouts, system arrangements,

and design of balance of plant equipment. The Westinghouse Electric Corporation
is supplying the nuclear steam supply system and technical consultation in

such areas as initial fuel loading, testing, and initial startup. The General
Electric Company designed and supplied the turbine-generator.

1.5 Summary of Principal Review Matters

Our review and evalution of the information submitted by the applicant considered
the principal matters summarized below.

We evaluated the population density and use character ~tics of the site environs
and the physical characteristics of the site, including seismology, meteorolicgy,
geology, and hydrology to establish that these characteristics have been




adequately determined and have been given appropriate consideration 'n the
plant design and that the site characteristics are in accordance with the
NRC's siting criteria (10 CFR Part 100), taking into consideration the design
of the facility, ‘ncluding the engineered safety features provided.

We evaluated the design, fabricatior construction, and testing criteria, and
expected performance charact=ristics ov the facility structures, systems, and
components important to safety to determine that they are in accordance with

the NRC's General Design Criteria, quality assurance criteria, regulatory

guides, and other appropriate codes and standards, and to determine that any
departures from these criteria, guides, codes, and standards have been identified
and justified.

We evaluated the expectel response of the facility to various anticipated
operating transients and postulated accidents an* determined that the potential
consequences of a few unlikely postuloted accides ts (design basis accidents)
would exceed those of all other accidents considered. We performed conservative
analyses of these design basis accidents to determine that the calculated
potential offsite doses that might result 'n the unlikely event of their
occurrence would not exceed the NRC's guidalines for site acceptability given

in 10 CFR Part 100.

We evaluated the applicant's plan for the conduct of facility operation,
including the organizational structure and the qualifications of the applicant's
management, operating and technical support personnel, the measures to be

taken for indusirial security, and the planning for emergency actions to be
taken in the unlikely event of an accident that might affect the general

public, to determine that the applicant is technically qualified to operate

the facility safely.

We evaluated the design of the systems provided for control of the radioactive
effluents from the facility to determine that these systems can control the
release of radicactive wastes from the facility within the limits of the NRC's
regulations (10 CFR Part 20) and that the equipment provided is capable of

being operated by the applicant in such a manner as to reduce radioactive
releases to levels that are as low as reasonably achievable within the context

of the NRC's regulations (10 CFR Part 50), and to meet the dose design objectives
of Appendix I to 10 CFR Part 50.

We are evaluating the financial information provided by the applicant as required
by Section 50.33(f) of 10 CFR Part 50 and Appendix C to 10 CFR Part 50 to
determine the financial qualifications of the applicant to operate the facility.
The results of this evaluation will be presented in a supplement to this Safety
Evaluation Report.

We evzluated the information provided by the applicant in response to the
additional reguirements resulting from the accident at Three Mile Island,
Unit 2. We evaluated the applicant's responses to the requirements specified
in NUREG-0694 in accordance with the Commission's Statement of Policy dated
June .6, 1980.

Subsequently, NUREG-0737 was issued superseding NUREG-0694. We have not com-

pleted our review of the applicant's responses tc NUREG-0737. We will report
the results of that evaluation in a supplement to this Safety Evaluation Report.
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1.6 OQutstanding Issues

We have identif:nd outstanding issues in our review which have no! been
resolved with the applicant. We will comolete our roview of thece items prior
to issuance of an operating license and w 1 discuss the resolutions of each
of these items in a supplement to this Safety Evaluation Report. These items
are listea below and are discussed further in the sections of this Safety
Evaluation Report as identified below.

l.o.1 Scability of Subsurface Materials and Foundations of the Service Water
Pumphouse and Intake Structure (Sections 2.5.4 and 3723

. 3 The service water pumphouse and intake structure settled further than
predicted, causing a number of cracks over the longer length of the intake
structure. The cracks were grouted and the service water pond was filled.
We are reviewing the information provided by the applicant to determine
whether add tional settlement of the soils beneath the pumphouse and intake
structure ran be expected.

2. Some misalignments of the 36-inch bypass pipe line to the circulating water
intake structure and the 30-inch service water pipe lines have been dis-
covered since the rebound of the pumphouse. The applicant had to re-
excavate in order to connect the pipes to the pumphouse. We are currently
evaiuating the significance and the cause of this misaligwment.

>~ The joint provided for the electrical duct bank at the pumpiouse wall is
designed to allow for a differential displacement of at ieast one inch
all around. We are currently evaluating the cause and significance of a
downward movement of 0.84 inches of the duct bank relative to the pumphouse.

1.6.2 Slope Stability of the West Embankment of the Service Water Pond
(Section 2.5.6)

At the west embankment of the service water pond, the as-built conditions are
somewhat different from the design. The effect of this on static and dynamic
behavior of the west embankment and its effect on the service water pumphouse
and intake structure are currently under evaluation.

1.6.3 Seismic System and Subsystem Analysis (Section 3.7.2)

The seismic effects of the activities resulting from the construction of the
Monticello Reservoir near the plant are still under review.

1.6.4 Seismic Qualification of Seismic Category I Instrumentation and
Elsctric Equipment (Sections 3.9.2 and 3.10)

We will perform a confirmatory review for the seismic qualification of five
selectled pieces of equipment and will review the applicant's information
regarding our concerns with the seismic qualification program as identified in
our trip report.




1.6.5 Environmental Qualification of Mechanical and Electrical Equipment
(Section 3.11)

We require that the applicant reassess the qualification documentation for equip-
ment installed at the facility to establish that the qualification methods used

and the results obtained are in conformance with the staff positions contained
in NUREG-0588.

1.6.6 Preservice Inspection Program (Sections 5.2.4 and 6.6)

The preservice inspection program for the reactor coolant boundary and Class 2
and 3 components is currently under review by the NRC staff.

1.6.7 Reactor Vessel Integrity-Compliance with Appendix G to 10 CFR Part 50
(Sections 5.3.1 and 5.3.2)

1. We require that the applicant identify all of the high strength ferritic
welds in the pressurizer and submit the necessary fracture toughness test
results for these welds.

2. We require the applicant to submit impact energy data for the ferritic
pressure-retaining materials (including base, weld, and heat-affected zone
materials) of the steam generator.

5. We reguire that the applicant submit the required fracture toughness data
for the ferritic materials for bolting and other fasteners within the
reactor coolant pressure boundary.

1.6.8 Engineered Safety Feature and Reactor Protection System Status
Monitoring System (Sections 7.5.1 and 22.2)

We have not reviewed the final results of the applicant’'s control room design
review which is bei~g performed to identify and correct any human factors
deficiencies.

1.6.9 Use of a Load Sequencer with Offsite Power (Section 8.3.5)

We require the submittal of a complete design description, reliability analysis,
and sneak circuit analysis of the load sequencer.

1.6.10 Fire Protection (Sections 7.4.2, 8.3.4, and 9.5.1)

we have not completed our review of the design of the alternate shutdown system.

1.6.11 Emergency Planning (Section 13.3 and 2.3.3)

wWe have identified a number of discrepancies in the applicant's emergency plan
which will require a revision to the plan.

1.6.12 Quality Assurance (Section 17.5)

we require the applicant to justify certain systems, structures, and components
which are not currently under the control of the quality assurance program.



1.6.13 Financial Qualifications (Section 20.0)

To assure that we have the latest information to make a determination of the
financial qualifications of the applicant, our review will be conducted during
the later stages of our review of chis application.

1.6.14 Conformance with NUREG-0737 (Section 22.0)

We will require that the applicant demonstrate conformance with the additional
requirements of NUREG-0737.

1.6.15 Joint IE/NRR Audit (Sections 22.2, 22.3 and 22.5)

We will conduct a joint IE/NRR audit of the applicant's management and technical
competence.

1.6.16 Inadequate Core Cooling Instruments (Section 22.2 and 22.5)

We require additional information from the applicant in order to complete our
review of inadequate ccre cooling instruments.

1.6.17 Reactor Coolant System Vents (Sections 22.3 and 22.5)

We require additional information from the applicant in order tu complete our
review of the reactor coclant system vents.

1.7 Confirmatory Issues

There are a number of matters for which we have completed our review ai have
established positions which are acceptable to us and for which there appears

to be no significant disagreement on the part of the applicant. The applicant
has been advised of our positions and we are awaiting confirmation of the appli-
cant's commitment to comply with these positions and/or receipt of the appro-
priate confirmatory information. Further discussion of these items will be
reported in a supplement to this Safety Evaluation Report. These items, with
reference to the applicable sections of this Safety Evaluation Report, are
identified below.

1.7.1 Containment Pre _ure Test (Section 3.8.1)

Prior to operation of the facility, the containment will be subjected to an
acceptance test during which the internal pressure will be (.15 times the
containment design pressure.

1.7.2 FPreoperational Flow-Induced Vibration Testing of Reactor Internals
(Section 3.9.2)

The preoperational vibration program (tests, predictive analysis, and post-test
inspection) will be performed prior to operaticn of the facility.



1.7.3 Inservice Testing of Pumps and Valves (Section 3.9.6)

The applicant will conduct a testing program which includes baseline preservice
testing and periodic inservice testing. The inservice test program will be
submitted 30 days prior to fuel loading.

1.7.4 Functional Decign of Reactivity Control Systems (Section 4.6)

Preoperational scram time tests will be p-:formed to verify that the control
rods will scram within the time requirements identified in the Technical Speci-
fications.

1.7.5 Steam Generator Inspection Program (Section 5.4.2)

The Technical Specifications do not contain the details of the required pre-
service inspection, and Technical Specification Sections 4.4.5.2.b, 4.4.5.1.b.3,
4.4.5.2.c, and 4.4.5.3.b will be rewritten to convey the same meaning found in
the corresponding section of NUREG-0452, Revision 2.

1.7.6 Residual Heat Removal System (Section 5.4.3)

The applicant will establi-“ the applicability of the Diablo Canyon natural
circulation tests to this t.<ility and will assure that the phenomenon of
voiding in the reactor vessel for high cooldown rates ir properly reflected
in the testing.

1.7.7 Emergency Core Cooling System Performance Evaluation (Section 6.3.4)

1. The applicant will incorporate the revised analyses for evaluating peak
clad temperature based upon the approved LOCTA computer program into the
Finai Safety Analysis Report.

- & The applicant will revise Table 15.3-2 and the corresponding figures of
the Final Safety Analysis Report for the small-break loss-of-coolant
accident.

1.7.8 Emergency Core Cooling System Tests and Inspections (Section 6.3.5)

The applicant will conduct scale-model sump tests to confirm that recirculation
sump performance will be acceptable following a postulated loss-of-coolant
accident and that undesirable vortex formation will not be experienced.

1.7.9 Engineered Safety Features Atmosphere Cleanup Systems (Section 6.5.1)

The applicant will amend the Technical "ecifications on adsorber efficiencies
for iodine removal in accordance with Regulatory Guide 1.52.

1.7.10 Potential Design Deficiencies in Bypass, Override, and Reset Circuits
of Engineered Safety Features (TE Bulletin 80-06) (Section 7.1.4)

We will review the results of the applicant's testing of engineered safety
features systems control circuits with respect to deficiencies in bypass, over-
ride, and reset of engineered safety features systems action.



1.7.11 Trip Setpoints and Margins (Section 7.2.3)

We will review the applicant’'s response to our gene~ic letter on concerns of
level measurement errors due to environmental temoerature effects on level
instrument reference legs in order to make appropriate changes to the Technical
Specifications.

1.7.12 Auxiliary (Emergency) Feedwater System (Section 7.4.1)

The applicant will document the modifications (including descriptive information
and electrical schematics) to the emergency feedwater system which resulted
from our site visit of November 1980.

1.7.13 Sustained Degraded Grid Voltage Position and Offsite/Onsite Power System
Interactior (Section 8.72.2)

The applicant will provide a comparison tab’e to demonstrate that the time
delay chosen in the event of a degraded voltage is less than the maximum
time delay assumed in the accident analyses.

2. The applicant will document the analytical method used for calculating
voltage at all distribution levels to demonstrate that the transformer
tap settings have been fully optimized for the facility, and test plans
and test results to demonstrate that the analytical method used for
calculating these voltages at all distribution levels is valid.

1.7.14 Onsite Emergency Power Sys.ca (Section 8.3.1)

The applicant will provide an analysis to demonstrate that at nc time during
sequencing of safety loads on diesel generators will the starting voltage at
the 460 volt level go below 80 percent of the rated voltage.

1.7.15 Onsite Emergency Power System (Section 8.3.1)

Successful preoperational testing of the onsite emergency power systems will
be verified by the Office of Inspection and Enforcement.

1.7.16 Emergency Feedwater System (Section 10.4.7)

We have evaluated the preheat model steam generators of the emergency feedwater
system for its hydraulic instabilities (water hammer phenomenon potential).
Based on the studies, we have established the need for a verification test to
demonstrate that no damaging water hammer will occur in the steam generator or
the feedwater system. The applicant will conduct the verification test and
report the results to the staff.

1.7.17 Solid Radicactive Waste Treatment System (Section 11.2.3)

We will review the applicant's complete process control program as part of our
review of the radiological effluent technical specifications.




1.7.18 Input Parameters for Transient and Accident Analyses (Section 15.1.1)

The analyses of the transient and accident analyses assumed a time of 2.3 seconds
to reach 85 percent of the control rod t-avel. This will be verified during
the preoperational testing pruaram.

1.7.19 Core Reactivity Insertion Events (Section 15.2.4)

The results of the boron dilution events from hot standby and cold shutdown
will be submitted prior to issuance of the operating |icense.

1.7.20 Decrease in Reactor Coolant Inventory Event (section 15.2.5)

An event which can result in a decrease of reactor coolant inventory with an
expected moderate frequency is an inadvertent opening of a pressurizer safety

or relief valve. The applicant has informed us that this analysis is documentea
in WCAP-9600 and will also document this analysis in Section 15.2.5 of the Final
Safety Analy:is Report.

1.8 Licensing Conditions

We have taken positions on certain issues requiring implementation and/or docu-
mentation after issuance of the operating license. The license will be condi-
tioned as necessary to assure acceptable implementation of our positions. These
items are listed below and are discussed further in the sections of this Safety
Evaluation Rep rt as indicated below.

1.8.1 Nearby Facilities (Section 2.2.2)

According to the applicant, when the facility is put into operation, the military
training route, Route 46, will be relocated to a new location, or abandoned.

We will require the applicant to provide written notification from the appropriate
military authorities that this will be done, and we will verify that Training
Route 46 has been relocated or abandoned prior to the operation of the fac:i ' ly.

1.8.3 Missile Selection and Description - Internally Generated Missiles
(1lnside Containment) (Section 3.5.1)

The applicant did not consider the reactor coolant pump and motor component to
be a credible source of missiles using the Westinghouse analysis presented in
WCAP-8163. Further research is being performed by the Electric Power Research
Institute and the French Atomic Energy Commission. We are ‘ollowing the deve 2p-
ment and performance of this program. If the results of these generic investiga-
tions indicate that additional protective measures are warranted to prevent
excessive pump overspeed or to limit potential consequences to safety-related
equipment, we wi'l determine what modifications if any, are necessary to assure
an acceptable lev:’ of safety.

1.8.4 Thermal Performance-PAD 3.3 (Section 4.2.2)

The improved Westinghouse code described by WCAP-8720 was used to analyze the
densification effects on fuel thermal performance. We have not completed our
review of this evaluation. We anticipate completion of our review of the
Westinghouse evaluation prior to operation at extended burnup.
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1.8.13 Industrial Security (Section 13.6)

The identification of vital areas and measures used to control access to these
areas may be sut ject to changes in the future based on our confirmatory evaluation
of the facility to determine those areas where acts of sabotage might cause a
release of radionuclides in sufficient quantities to result in dose rates equal

to or exceeding 10 CFR Part 100 limits.

1.8.14 Analytical Techniques (Section 15.1.2, 15.2, 15.3)

The analytical techniques for which we have not completed our review are
described in the following topical reports and are discussed in the listed
paragraphs:

| & WCAP-7907 LOFTRAN Code Description (Sections 15.2.2., 15.2.3, 15.2.4,
15.2.5, 15.2.6, 15.3.1, 15.3.3)

2 WCAP-7908 A FACTRAN IV Code for Thermal Transients in a UO2 Fuel Rod
(Sections 15.2.3. 15.2.4, 15.3.3)

3.  WCAP-9227 Ma . Steamline Break Sensitivity Studies (Section 15 3.2)

4. WCAP-9230 Report on the Consequences of a Postulated Main Feedline
Rupture (Section 15.3.1)

5. WCAP-7998 BLKOUT Code Description (Section 15.2.2)

6.  WCAP-7909 MARVEL Code Description (Section 15.3.2)

If the final approval of these methods indicates revisions to the analyses are
required, the applicant will be required to implement the results of such changes.

1.8.15 Anticipated Transients Without Scram (Sections 4.6 and 15.3.5)

The matter of anticipated transients without scram is currently before the
Commission for review. The applicant will be reguired to implement facility
modifications in conformance with the Commission's final resolution of this
matter.

1.8.16 Post-Accident Monitoring (Sections 6.3.3 and 7.5.2)

We require the applicant to conform with Revision 2 to Regulatory Guide 1.97,
"Instrumentation for Light Water Cooled Nuclear Power Plants to Assess Plant
and Environs Conditions During and Following an Accident," December 1380,

or provide adequate jusuivicaiisz for any deviations.

1.9 Generic Issues

The Advisory Committee on Reactor Safeguards periodically issues a report listing
various generic matters applicable to light water reactors. A discussion of

these matters is provided in Appendix C to this Safety Evaluation Report which
includes references to sections of this Safety Evaluation Report for more specific
discussions concerning this facility.
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We continuously evaluate th2 safety requirements used in our review against

new information as it becomes available. In some cases, we take immediate action
or interim measures to assure safety. In most cases, however, our initia) assess-
ment indicates that immediate licensing actions or changes in licensing criteria
are not necessary. In any event, further study may be deemed appropriate to

make judgments as to whether our existing requirements should be modified.

These issues being studied are sometimes called generic safety issues because
they are related to a particular class or type of nuclear facility. A discussion
of our program for the resolution of these g<neric issues is presented in a
Appendix C to this Safety Evaluation Report.
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2 SITE CHARACTERISTICS

2.1 Geography and Demography

2.1.1 Site Location and Description

The Virgil C. Summer Nuclear Station, Unit 1 is located in Fairfield County,
South Carolina, approximately 15 miles southwest of Winnsboro, South Carolina
and 26 miles northwest of Columbia, South Carolina. The site is about 2.5
miles north of Parr, South Carolina. Parr is the location of a decommissioned
experimental reactor, the Carolinas-Virginia Tube Reactor. The facility is
adjacent to Monticello Reservoir. This reservoir was created by the applicant
to provide cooling water for the facility's main condenser and to act as the
upper pool of the Fairfield Pumped Storage Facility. The site is shown on a
regional map of the area in Figure 2-1 of this Safety Evaluation Report.

2.1.2 Exclusion Area Authority and Control

The exclusion area consists of the area within approximately one mile of the
reactor building. The minimum distance from the center of the reactor building
to the exclusion area boundary is 5,347 feet. The exclusion arec includes
parts of Monticello Reservoir and the Fairfield Pumped Storage Facility. The
exclusion area and principal site features are shown in Figure 2-2 of this
Safety Evaluation Report. The applicant owns all of the property within the
exclusion 3area. There may be some limited recreational use of that part of

the reser.oir within the exclusion area. However, the surface water of
Monticello Reservoir, in accordance with South Carolina State law, is in the
public domain. The applicant has made arrangements with State and loca)
authorities to control the movement of people on the reservoir in the event of
a plant emergency. The applicant has also installed a siren on the circulating
water intake structure to immediately warn people on the reservoir in the

event of a serious plant accident. Perscanel who operate the Fairfield Pumped
Storage Facility are employees of South Carolina Electric & Gas Company and
therefore are under the applicant's administrative control.

There are no public highways or railroads which traverse the exclusion area.

A right-of-way, 68 feet wide, through the exclusion area has been granted to

the Duke Power Company for a 115-kilovolt transmission line. Under the terms

of the agreement, South Carolina Electric & Gas Company has the authority to
exclude or remove personnel and property of Duke Power Company from the exclusion
area if necessary. Mineral rights within the exclusion area are jointly owned
by the applicant.

We conclude that the applicant has the authority to determine all activities
within the exclusion area during normal operation and in the event of an
emergency, as required by 10 CFR Part 100.




REFERENCE
THE BASE FOR THIS MAP WAS PREPARED FROM A
PORTION OF $S6S STATE OF GEORGIA, I1970

-

P
[

AT S W
s ——




4

147  §i =7
,/"lA’Rng'yL :

- L
- . -
“irw e \ |
i - .'_-1
L}
- \ g =i
-
/ ;
. Riae
o = -y - .~ i
i 48 3
\ ¥ LA \
. |

e -
[.-— /
"
et

B
r——
¥

<
o
{ \ . 1

>
.-

e
A
.
RICH
- oo
b.a. ~—
%\,....
* "‘ o’
St
Fr -
e . o -‘~
- -




2.1.3 Population Distribution

The facility is located in a predominantly rural area with generally low
population densities. The nearest community with more than 1,000 residents is
Winnsboro, South Carolina. Winnsboro is located 15 miles northeast of the
facility. In 1970, the population of Winnsboro and the unincorporated com-
munity of Winnsboro Mills was 3,723. The largest city within 50 miles of the
site is Columbia, South Carolina which is located 26 miles southeast of the
facility. In 1970, Columbia had a population of 113,542.

The resident populations within 30 miles of the facility are shown in Table 2-1
of this Safety Evaluation Report. These data were provided by the applicant.
Based on 1970 data from the U.S. Bureau of the Census, we made an independent
count of the resident population within 30 miles of the facility. Our estimate
is in close agreement with the applicant's projections. As shown in Table 2-1
of this Safety Evaluation Report, the population within 30 miles of the facility
will increase at a rate of 15 percent per decade between the years 1970 and
2020. The U.S. Bureau of Economic Analysis projects that the population for
Economic Area 29, an area comprising the city of Columbia and the surrounding
counties including Fairfield County, will increase at a rate of nine percent
per decade between the years 1970 and 2020. This indicates that the applicant's
population projection for the area within 30 miles of the site is conservative,
i.e., higher, compared to the regional population projection made by the U.S.
Bureau of Economic Analysis. Based on these comparisons, we find that the
applicant's population estimates and projeciions are acceptable. The most
significant source of transient population within 30 miles of the facility is
Lake Murray. Lake Murray is a 50,000-acre recervoir located south of the
facility. Lake Murray, due to its location northwest of Columbia, attracts a
large number of recreational visitors. The creation of Monticello Reservoir

is likely to cause some increase in transient population primarily in the area
between four and six miles from the facility. We find, based on the informa-
tion provided by the applicant, that the transient population in the region
surrounding the facility does not alter the population distribution to the
extent that the boundary distances specified for the facility would be affected.

TABLE 2-1
1970 CENSUS AND PROJECTED POPULATIONS
" WITHIN 30 MILES OF THE SITE

Radius, CUMULATIVE POPULATION

Miles 1970 1980 2020
0-5 1,211 1,295 1,584
0-10 6,370 6,954 8,871
0-20 55,103 62,615 89,768
0-30 352,874 417,714 699,976

The applicant has selected a low population zone with an outer radiu of ihree
miles. The resident population within the low population zone as deterained
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by the applicant was 365 in 1970. The applicant projects that this population
will increase to 470 by the year 2020. For our evaluation of the proposed
emergency plans to determine if there is reasonable assurance that appropriate
protective measures can be taken in behalf of persons within the low population
zone in the event of a serious plant acciden’., see Section 13.3 of this Safety
Evaluation Report.

The nearest population center containing more than about 25,000 persons is
Columbia. Columbia's corporate limit is approximately 23 miles southeast of
the facility. The applicant estimates that development occurring in the
northwestern suburbs of Columbia could bring the boundary of Columbia to
within 15 miles northeast of the site over the lifetime of the facility. In
addition, the applicant states that it is possible that the area around
Winnsboro, 15 miles northeast of the facility, may also grow to a population
of 25,000 over the lifetime of the facility. We find the distance from the
facility to the current population center, Columbia, or to any other popula-
tion center likely to develop over “he lifetime of the facility, is greater
than one and one-third times the low population zone distance of three miles
as required by 10 CFR Part 100.

2.1.4 Conclusions

On the basis of our evaluation of the population density and use characteris-
tics of the site environs and the demonstration of acceptable radiological
consequences (see Section 15.4 of this Safety Evaluation Report), we conclude
that the applicant's specified exclusion area, low populatior zone and popula-
tion center distance for the facility meet the guidelines of 10 CFR Part 100
and are acceptable.

2.2 Nearby Industrial, Transportation, and Military Facilities

2.2.1 Transportation Routes

South Carolina highways 215/213, the only primary roads close to the site, are
located approximately 6,800 feet east and running north and south past the
reactor building at their nearest point. County road 311, a secondary road
that runs within the excliusion area, is used as an access road, and connects
the facility with highways 215/213. The only major highway in the area (1-26)
is located approximately 7.5 miles southwest of the site. The Broad River
runs generally in a north-south direction approximately 6,050 feet west of the
reactor building just beyond the exclusion area boundary. The Monticello
Reservoir lies predominantly north of the site, but the southern portion of
the reservoir is within the exclusion area.

There are three railroad lines within ten miles of the facility. The closest
is located about one mile west of the facility just outside of the exclusien
area. A second line approa_hes within 3.5 miles of the site, and the third
Tine is located 7.5 miles avay.

We evaluated the potential hazards that traffic along the highways in close
proximity to the cite woul: pose to the facil ty. Because of the distances
between the h . ghways and t'e facility, there is no danger of blast effects to
any of the plent structures from the detonati.g of the maximum quantity of
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explosives that may be transported along these routes based on the criteria in
Regulatery Guide 1.91, "Evaluations of Explosions Postulated to Occur on
Transportation Routes Near Nuclear Power Plants.”

There are no commercial shipping or other navigation hazards on the Broad
River, or on the man-made Monticello Reservoir which is used to supply cooling
water to the facility. Both of these bodies of water are used for recreational
purposes and present no potential safety problems to the facility.

The closest railroad line to the facility is a branch of the Southern Railway
which runs from Alston through Parr and Strother and passes west of the site,
about one mile from the reactor building. Two freight trains per day consisting
of about 150 cars each are estimated use this line. No passenger traffic

is carried. The applicant presented analyses of a variety of potential accidents
aleng this line, including accidental releases of chlorine, ammonia, propane

and methanol. As a result of these aralyses the applicant determinec¢, after
sonsidering the distance from the railroads to the facility, the atmospheric
dispersion of any materia’s released, the frequency of railroad accidents, and
the number of shipments of hazardous materials carried that the probability of
an event causing a hazard to the facility was about 10-7 per year. Since this
value meets the acceptance criteria given in Section 2.2.3 of the Standard
Review Plan, the applicant concluded that the nrobability of such an event is
acceptably low and that the railroad line poses no threat to the safe operation
of the facility. We have reviewed the applicant's analyses and concur.

2.2.2 Nearby Facilities

There are no airports or military facilities within 10 miles of the site.
There are several industrial facilities within five miles of the facility that
store or use materials of an explosive nature. Interstate Materials, Inc.,
has a quarry three miles northeast of the site and stores up to 40 tons of a
high explosive known as Torpex (ammonium ni‘rate-gelignite). An animal Teed
and fertilizer company located about 3.6 miles northeast of the site carries
up to 200 tons of ammonium nitrate as fertilizer in stock. Although ammonium
nitrate fertilizer under proper storage conditions is not considered to be
detonable, the applicani has postulated the detonatior of the total quantity
of either Torpex or ammonium nitrate stored at either location and determined
that the blast overpressures could be safely accommodated by the facility's
safety-related structures. We concur in this determination.

A 12-inch diameter natural gas pipeline leading to the Parr Steam Plant passes
within approximately 13,000 feet south of the Virgil C. Summer Nuclear Station
Unit 1, at its closest point. “omplete rupture of this line, which is buried
three feet underground, would not create an explosion or fire hazard to the
reactor building or other safety-related structures.

The closest airport, Fairfield County Airport, is located approximately 10 miles
east of the site. It is unattended and has a 3200-foot single-strip asphalt
runway that can accommodate a twin-engine C-47. Three single-engine planes

are permanently based at this airport which has about 3000 to 5000 operations
per year. The largest airport in the area is the Columbia Metropolitan Airport
located 24 miles southeast of the site. It has two asphalt runways (7550 feet
and 5000 feet) and provides 24-hour attendance. Ninety single- and twin-engine,




and one small jet aircraft are permanently based at Columbia Metropolitan Air-
port which cua accomodate a C-5 transport. Columbia Metropolitan Airport had
about 118,000 operations in 1975. Based on the distances of these airports
from the facility as wel! as previous studies by the NRC staff, we conclude
that they will pose no threat to the safe operation of the facility.

There are two military training routes in the vicinity of the facility.

Route 157 is about 20 to 35 miies southwest and poses no hazard, but Route 46,
controlled by Shaw Air Force Base, passes directly over the site at an altitude
of 500-15)0 feet. Military regulations restrict aircraft from flying within
five miles of, and less than 1500 feet over operating nuciear power plants.
According to the applicant, when the facility is put into operation, Training
Route 46 will be moved to a new location, or abandoned. We will require that
the applicant provide written notification from the appropriate military
authorities, and we will verify that Training Route 46 has been relocated or
abandoned prior to the operation of the Virgil C. Summer Nuclear Station

Unit 1.

2.2.3 Conclusions

Our review has been conducted based upon Criterion 2 of the General Design
Criteria and Section 2.2.3 of the Standard Review Plan. We corclude, subject
to the relocation or abandon.e~* of Training Route 46, that the facility is
adequctely protected and can be operated with an acceptable degree of safety
with regard to potential offsite accidents occurring as a result of activities
at nearby transportation, industrial, or military facilities.

2.3 Meteorology

Information concerning the atmospheric diffusion charact: istics of a proposed
nuclear power plant site is required in order to permit + to conclude that
postulated accidental, as well as routine, operationa)  _ieases of radioactive
miterials are within our guidelines. Further, regional and local climatological
information, including extremes of climate and severe weather occurrences,
which may affect the safe design and siting of a nuclear power plant is required
to assure that safety-related plant design and operating bases are also within
our guidelines. The meteorological characteristics of a proposed site are
determined by our evaluation of meteorological information in accordance with
the procedures presented in Sections 2.3.1 through 2.3.5 of the Standard

Review Plan.

2.3.1 Regional Climatology

The applicant has provided a sufficient description of the regional meteoro-
logical conditiv~s of impo-* _~~_ to the safe design and siting of the Virgil c.
Summer Nuclear Sta.‘an Unit 1.

The climate of central South Carolina is characterized by cool winters and
relatively long and quiet warm summers, as is typical of continental climates
in sauthern regions. The predominant air mass type over this region during
the worm half of the year is maritime tropical as influenced by the Gulf of
Mexico. During the colder half of the year, continental polar air from Canada
alternites with the maritime tropical air over the region. Cold air moving
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southward into the .~+ from Canada is usually modified and warmed somewhat in
crossing the Appalé...ian Mountains and descending the eastern slopes. Tem-
reratures of 32 degrees .elsius (90 degrees Fahrenheit) or higher may be
expected to oc vr on about 60 days annually, and temperatures of 38 degrees
Celsius (100 -~ .es Fahrenheit) or higher may be expected to occur on about

five days ann.aily. Temperatures of zero degrees Celsius (32 degrees Fahrenheit)
or lower may be expected to occur on about 60 days annually, but temperatures

-18 degrees Celsius (zero degrees Fahrenheit) or lower rarely occur.

Precipitation is well distributed annually and totals about 1170 millimeters
(46 inches), occurring mainly as thundershowers in summer, and as rain, or
occasionaliy snow, in the winter. On an annual basis, the relative humidity
averages around 75 percent.

Severe weather occurrences in the vicinity of the facility are mainly associated
with severe thunderstorms or tropical storms and hurricanes. About once or
twice a year, the effects of passing tropical storms are felt by way of strong
winds and heavy rains. Forty-nine tornadoes were reported in the period
1953-1974 in a 10,000-square-mile area containing the site, giving a mean
annua} frequency of 2.2 and a computed recurrence interval for a tornado at
the plant site of about 1590 years. There were 14 reports of hail, 20 mil-
limeters (three-quarters of an inch) in diameter or greater, within the one
degree latitude-longitude square during the period 1955-1967 and 22 reports of
gusts with wind speeds of 25 meters per second (50 knots) or greater. During
the period 1871-1977, 45 tropical depressions, storms, and hurricanes passed
within 80 kilometers (50 miles) of the site. The maximum "fastest mile" wind
speed of 27 meters per second (60 miles per hour) was recorded at Columbia,
South Carolina, 42 kilometers (26 miles) southeast of the site in March, 1954.
A heavy ice storm accumulating 13 millimeters (one-half inch) or more may be
expected to occur in about one year out of five. From 1936 through 1970,
there were 84 cases of air stagnation totalling about 340 days; eight of these
cases persisted for seven days or more in the area in which the facility is
located.

The design basis tornado of 160 meters per second (360 miles per hour) maximum
wind speed is based upon a tangential velocity of 130 meters per second

(290 miles per hour) and transverse velocity of 30 meters per second (70 miles
per hour) and an associated pressure drop of three pounds per square inch and
rate of pressure drop of two pounds per square inch per second. The acceptability
of the applicant's design capability tor tornadoes of this magnitude is discussed
in Section 3.3.2 of this Safety Evaluation Report. Based on the maximum
“fastest mile" wind speed (27 meters per secaond or 60 miles per hour) ever
recorded at Columbia, South Carolina and the distance of the site inland from
the Carolina coast, the operating basis wind speed, defined as the "fastest

mile" wind speed at a height of nine meters (30 feet) above ground with a

return period of 100 years, of 45 meters per second (101 miles per hour)

selected by the applicant is considered to be sufficient.

2.3.2 Local Meteorology

The applicant has provided sufficient information for us to make an evaluation
of the local meteorological conditions of importance to the safe design and
siting of this facility.
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Long-term meteorological records from Columbia, South Carolina show that the
extreme maximum and minimum recorded temperatures are 42 degrees Celsius

(107 degrees Fahrenheit) in June 1954 and -19 degrees Celsius (-2 degrees
Fahrenheit) in February 1899, respectively. The maximum 24-hour precipitation
amount of record at Columbia, South Carolina is 195 millimeters (7.66 inches)
in August 1949, The maximum .. Hur snowfall total of 399 millimeters

(15.7 inches) and the greatest monthiy snowfall total of 406 millimeters

(16.0 inches) occurred in February 1973. On an annual basis, thunderstorms
may be expected to occur .= :-nroximately 55 days. Freezing precipitation
(ice storms) may be expected to occur once per year. Heavy fog with a visibility
distance of 0.4 kilometer (one-fourth mile) or less normally occurs on about
30 days ann. -'ly. Wind data collected on site at the 10.5-meter level during
the three-year .eriod from 1975 to 1977 indicates that the predominant wind
flow over the site is from the southwest. The mean wind speed at the site
during this period was 2.9 meters per second (6.5 miles per hour) at the
10.5-meter level. Data collected at Columbia, South Carolina also show the
predominance of southwest winds.

The 9.6 x 10 Pa (20 pounds per square foot) estimate, representing the weight
of 1016 millimeters (40 inches) of snow, was used by the applicant as the
design basis snow load on the roofs of safety-related structures. This design
basis is acceptable to the NRC staff.

2.3.3 Onsite Meteorological Measurements Program

Meteorological data collection began on the site in June 1973 when the appiicant
initiated the measurements program on an instrumented tower approximately
one-half kilometer west of the reactor building near the shore of Monticello
Reservoir. Measurements of wind direction and speed were made at the 10.5-meter
and 61-meter levels on this tower and vertical temperature differences were
measure’ between the 10-meter and 61-meter levels and the 10-meter and 40-meter
levels. Orybulb and dew point temperature measurements were made at the
10-meter level, and precipitation and solar radiation measurements were made

at the 1.5-meter level near the tower. Additional meteorological measurements
(wind direction, speed and 4ry bulb temperature) were made atop a 10-meter

mast located across Monticello Reservoir from the primary meteorological

tower.

The appiicant has provided me..orological data collected on site during the
three-year period from January 1975 through December 1977. The dispersion
estimates used in diffusion evaluations were based on the joint frequency dis-
tributions of wind speed and direction measured at the 10.5-meter level and
atmospheric stability (defined by the vertical temperature difference measured
between the 10-meter and 61-meter levels on the primary tower) for the three-year
period. The joint parameter data capture rate was 99.7 percent.

The preoperational meteorological measurements program meets the recommendations
of Regulatory Guide 1.23, "Onsite Meteorological Programs" regarding the
accuracy specifications orf each meteorological sensor and component in the

data reduction system. We will require that the operational meteorological
measurements program meet the upgraded meteorological criteria associated

with emergency response plans and preparedness in accordance with NUREG-0654,
“Criteria for Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants."
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2.3.4 Short-Term Diffusion Estimates

Conservative assessments of atmospheric diffusion conditions for assessing
postulated accidental releases of radioactivity from buildings and vents have
been based on the meteorological data collected by the applicant for the
period 1975-1977 and appropriate diffusion models. In the evaluation of
accidental releases from the facility buildings and vents, a ground-level release
considering a building wake factor, cA, of 870 square meters we assumed. The
relative concentration estimates at the exclusion area boundary and low popu-
lation zone distances for the various time periods following a pestulated
accidental release were calculated using the diffusion models described in
Regulatory Guide 1.145, “Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants. " and Section 2.3.4 of the
Standard Review Plan.

The relative concentration estimate for the 0-2 hour time period, which is
exceeded no more than five percent of the time is estimated to be 3.3 x 104
seconds per cubic meter at the exclusion distance of 1.6 kilometers. This
relative concentration is equivalent to dispersion conditions produced by
Pasquill type F stability with a wind speed of 0.7 meter per second.

The relative concentration estimated at the low population zone distance

(4.8 kilometers) for the various time periods following a postulated accidental
release are:

Relative concentration,

Time period seconds per cubic meter
0-8 hours 4.1 x 107

8-24 hours 2.6 x 10

1-4 days 1.0 x 10

4-30 days 2.6 x 10

2.3.5 Long-Term Diffusion Estimates

Estimates of average relative concentration and deposition, used in evaluating
the potential effec.ts of routine releases of radioactivity, were based on the
meteorological data collected by the applicant for the period 1975-1977 and
the straight line diffusion model described in Regulatory Guide 1.111, "Methods
for Estimating Atmospheric Transport and Dispersion of Giseous Effluents in
Routine Releases from Light-Water-Cooled Reactors.” Relative concentration
and relative deposition were evaluated at various point: of interest for no
decay and no depletion as well as with decay and depiet on via deposition.

The highest undecayed, undepleted values of relative concentratior . as well as
relative deposition for various points of interest, are given i .able 2-2 of
this Safety Evaluation Report.
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TABLE 2-2
HIGHEST ANNUAL AVERAGE RELATIVE CONCENTRATION AND RELATIVE DEPOSITIONS

Relative Relative
concentration, deposition,
Distance, seconds per per

Location Direction kilometers cubic meter square meter
Site boundary  North-northeast 1.6 a.4x10°® 1.8x10°8
Residence East-southeast 1.8 2.7x10°® 6.9x10"°
Vegetable garden East 1.9 2.6x10°° 8.2x10™°
Milk cow North-northeast 7.2 2.1x10"7 4.910 10
Meat animal Southeast 3.5 7.6)(10'7 1.5:‘J°9

2.3.6 Conclusions

The applicant has provided acceptable information concerning meteorological
conditions which are of importance to the safe design and siting of the facility.
The applicant's onsite metecrological program conforms to the recommendations

c¢f Regulatory Guide 1.23 and has produced data which adequately describe site
atmospheric dispersion conditions and which we used to make both conservative
and realistic estimates of atmospheric dispersion characteristics for accidental
and routine gaseous releases, respectively, from the facility.

2.4 Hydrologic Engineering

2.4.1 Hydrologic Description

The facility is located approximately one mile east of the Broad River and
three miles north-northeast of Parr Dam. The facility is situated on a hilltop,
and plant grade is 435 feet above mean sea level, or about 180 feet above the
BRroad River floodplain. The facility is adjacent to Monticello Reservoir

which provides condenser and emergency coolant water for the facility as well

as serviny as the upper-level reservoir for the Fairfield Pumped Storage
Facility.

The Broad Rivi:r, the principal hydrologic feature in the vicinity, drains an
area of 4550 square miles above the facility. This river basin lies between

two southeast -northwest trending ridges stretching from Columbia, South Carolina,
to the headwaters in North Carolina about 100 miles northwest of Columbia.

The average annual runoff is about 4.1 million acre-feet. Many streams and
creeks carry runoff and groundwater drairage into this water course. The
important rivers draining into the Broad River are not generally attractive

for recreational use and there is no commercial navigation. At Columbia,
approximately 28 miles downstream from the faci..ty, the water is a source for
muricipal and industrial supply. Monticello Reservoir has been formed in the
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Frees Creek Valley and receives water from Parr Reservoir through the Fairfield
Pumped Storage Facility. Monticello Reservoir has a surface area of about

6800 acres and extends north of the facility for about seven miles. The

average depth is 57 feet in Monticello Reservoir, and the deepest parts are
about 100 feet deep. During planned operations, the normal drawdown in the
impoundment will be about four feet; this represents a change in the reservoir's
volume of about 28,000 acre-feet. The design elevation of Monticello Reservoir,
425 feet above mean sea level, will be reached each day by pumping water from
Parr Reservoir.

The main dam at the Fairfield Pumped Storage Facility is approximately 180

feet high and 5000 feet long at the crest (see Figure 2-2 of this Safety
Evaluation Report). All dams have crest elevations of 434 feet above mean sea
level and are of earth fill type. The dams are protected from the forces of
storm waves with riprap on the critical faces. In the main dam, a concrete
intake channel 400 feet wide connects four 26-foot-diameter, 800-foot-long
penstocks to the lower pump storage generating station. No emergency spillways
are provided since the structures and r2servoir storage are considered adequate
to safely contain and eventually pass severe floods originating from the Frees
Creek drainage basin. The tailwater of the Fairfield Pumped Storage Facility
is at elevation 266 feet above mean sea level, the pool elevation of Parr
Reservoir. Columbia Dam is approximate'y 28 miles downstream from the site on
the Broad River. It forms a =mall reservoir ‘ith a surface of about 265

acres.

There a~e two small impoundments within Monticeilo Reservoir. The first is a
small recreational impoundment in the northern portion that is physically
isolated and not subject to water level changes from operation of the pumped
storage facility. Th+ second is the service water pond, which is protected by
seismic Category I dams and is part of the ultimate heat sink system for the
facility.

2.4.2 Flood Potential

Broad River

It has been estimated that the largest recorded flood on the Broad River in
the vicinity of the facility resulted in a peak discharge of 228,000 cubic
‘eet per second. This flood occurred on October 3, 1925. An even larger
flood occurred in 1916, but no flow rate estimates are available.

The applicant has estimated a probable maximum flcod of 960,000 cubic feet per
second for the Broad River at Parr Dam. This would result in a maximum flood
elevation of 390.5 feet above mean sea level or about 145 feet beiow plant
grade. We consider that the occurrence of such a flood on the Broad River
would have no effect on the safety of the facility.

Monticello Reservoir

The applicant analyzed the potential for flooding of the site due to precipita-
tior on the drainage basin of Monticello Reservoir with wave runup and setup
on the Monlicelln Reservoir. The applicant conservatively assumed that there
were no releases from the reservoir during a 48-hour probable maximum
precipitation and that the reservoir was initially at maximum normal pool
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el wation of 425 feet above mean sea level. The inc'ease in stillwater level
due tc the 48-hour probable maximum precipitation was estimated to be 4.1
feet, bringing the level of the reservoir tu 429.1 feet above mean sea level.
We concur in this estimate. The effects of coincident wave runup and setup
were estimated by the applicant and added to the maximum stillwater level.
The applicant used an effective fetch of three miles and an ove- -ad wind
speed of 50 miles per hour. The applicant estimated that a *+ . wave runup
plus setup would add 7.5 feet to the stillwater level, the maximum level in
front of the facility would then be 436.6 feet above mean sea level. The
shoreline of Monticello Reservoir in front of the facility, as well as the
emergency cooling pond, are protected by a riprapped berm to an elevation of
438 feet above mean sea level.

We have independently analyzed the wave runup and setup coincident with the
probable maximum flood in Monticello Reservoir using more recent guides than
used by the applicant. The guides we used were U.S. Army Corps of Engineers,
ETL 1110-2-227, 1976, and Draft Guide CETA 79, "Wave Runup on Rough Slopes,"
U.S. Army Corps of Engineers Coastal Engineering Research Center, 1979. We
also assumed the same three-mile fetch and a wind speed of 50 miles per hour.
We used the 50-mile-per-hour windspeed because it was found to agree closely
with the suggested fastest mile values in ANSI-N170-1976, "Standards for
Determining Design Basis Flooding at Power Reactor Sites," for coincident wind
speeds. We conservatively estimated a wave runup plus setup of about 8.5
feet.

When this is combined with the stillwater level resulting from the probable
maximum flood, the total water level is predicted to be 437.6 feet above mean
sea level. Since riprapped protection extends to 428 feet above mean sea
level, we conclude that the facility is adequately protected from the combired
effects of the probable maximum flood wave setup and runup in Monticello
Reservoir.

The app’icant estimated that the wave runup plus setup from the design basis
windstorm would be approximately 12.5 feet. This combined with a maximum
normal full pool elevatiun of 425 feet above mean sea level yields a level of
437.5 feet above mean sea level which is also below the level of protection.
We independently and conservatively estimated the runup plus setup to be
roughly 12.8 feet for a combined elevation of 437.8 feet above mean sea level.
Therefore we conclude that the facility is protected from the effects of wind
setup and wave runup from the design basis wirdstorm in Monticello Reservoir.

Effects of Severe Local Precipitation

The storm drainage system at the facility is conservatively designed to pass
seven inches of rainfall per hour with some pounding in the catch basins. A
maximum water level at the site was conservatively predicted by the applicant
Lo be 435.4 feet above mean sea level. All structures on the site are protected
against a water level of 436 feet above mean sea level. At our request the
applicant reanalyzed the effects of extreme local precipitation postulating a
total impairment of the subsurface drainage system. The maximum water level
is predicted to be 436.15 feet above mean sea level in the immediate vicinity
of the facility's structures, and not higher than 435.5 feet above mean sea
level on the rest of the site. However, safety-related equipment in the
facilii, is protected to a level of 436.5 feet above mean sea level.
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Roof drains are designed to accommodate a maximum rainfall of six inches per
hour. Scuppers are provided at various locations and they limit ponding
anywhere on the roofs to four inches. The safety-related structures are
designed to withstand this loading on the roofs.

wWe conclude that the severe local precipitation used for evaluation of the
facility is conservative and that the effects of this precipitation have been
accounted for in the facility design.

Conclusion

We conclude that the design and design bases for the site meet the recommenda-
tions of Regulatory Guide 1.59, "Design Basis Floods for Nuclear Power Plants”
Revision 2, and 1.102, "Flood Protection of Nuclear Power Plants" Revision 1.

2.4,3 Wwater Supply

Cooling water for the circulating water cystem is supplied from Monticeilo
Reservoir. The applicant estimates that heat input from the facility increases
the evaporation rate of the recervoir b; about 15 cubic feet per secori. The
source of makeup water to the reservoir are the Broad River basin, ruroff from
the Frees Creek Basin, as well as direct precipitation onto the reservoir. We
conclude that there is an adequate source of cooling water for normal operation.

Service water is .upplied from an approximately 44 acre impoundment within
Monticello Reservoir formed by seismic Category I dams with riprap protected
embankments (see Figure 2-2 of this Safety Evaluation Report). This service
water pond is connected to the main reservoir by a pipe. Loss of Monticello
Reservoir would not lower the water level in the service water pond to less
than 415 feet above mean sea level. The applicant evaluated the performance
of the service water pond to supply water to the facility for emergency
shutdown. The integrity of the service water pond dams from the effects of
wind-generated waves was evaluated and found to be acceptable. Based on a
detailed review of the applicant's analysis and independent calculations, we
conclude that the design bases for emergency water supply meet the criteria
recommended in Regulatory Guide 1.27, “Ultimate Heat Sinks for Nuclear Power
Plants," Revision 2.

2.4.4 Groundwater

Groundwater in the region occurs in two types of formations: (1) jointed and
fractured crystalline bedrock and (2) the lower zones in the residual soil
overburden. Recharge to these formations is by infiltration of precipitation
falling in the upland areas. Some of the water infiltrating the surface soils
evaporates, transpires from plants, or reemerges at the surface at short
distances downslope from the peint of infiltration. A small portion of the
water percolates to perched water zones in the lower soil and into the water
table in the underlying jointed bedrock.

In general, the groundwater table follows the land surface but with more

subdued relief. Groundwater discharges as visible seeps and springs and/or
precolates through the ground into creeks and steams. Some groundwater is
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discharged via wells, but the amount pumped is very small because the forma-
tions are generally not permeable enough to sustain well yields greater than
five to 10 gallons per minute.

Preconstruction groundwater levels varied between elevation 350 feet and 420

feet above mean sea level in the jointed bedrock under the site. The filling
of Monticello Reservoir has r “4 the water table in the area. Operation of
the facility does not require yroundwater and will not adversely affect local
use of groundwater.

The design basis groundwater level for hydrostatic loading was taken as 420
feet above mean sea level.

The applicant considered the potential for radioactive contamination of water
supplied from a failure of a waste evaporator waste concentrate: ioldup tank,
which immediately releases its content to th: groundwater and s. sequently to
surface water. The failure of this tank was found to produce the releases of
the highest quantity of activity to the enviroiment (see Section 15.4 of this
Safety Evaluation Report). No groundwater users exist downgradient of the
racility. A highly conservative analysis of the ~upture of the waste holdup
tank predicted that concentrations in the Broad Riv>r would be well belcw
maximum permissible concentrations, as specified by lable II of Appendix B to
10 CFR Part 20.

We independently and conservatively estimated the transport of 5,000 gallons

of liquid radwaste instantaneously spilled into the groundwater. Using very
conservative values of groundwater and surface water transport parameters, and
neglecting any ion exchange, we have calculated a minimum travel time of 11.1
years for radioactivi‘v to reach the nearest user of Broad River water with an
attendant dilution of abou. 1,90C,000. A1l concentrations were well below the
I'mits speciiied in Table Il of Appendix B to 10 CFR Part 20. Even smaller
concentrations wou'd be expected if the effects of ion exchange were considered.

2.4.5 Conclusions

Based on our independent review and analysis, we conclude that adequate design
bases for flooding have been provided, and adequate water supply can be assured
for safety-related purposes, and postulated accidental spills of radioactive
liquid will not exceed established criteria.

2.5 Geology and Seismology

2.5.1 Basic Geoiogic and Seismic Information

Introduction

The geological and seismological details of the site, as presented in the
Preliminary Safety Analysis Report were reviewed by the NRC staff and its
advisors, the U.S. Geological Survey (USGS) and the National Oceanic and
Atmospheric Administration (NOAA), the seismology division of which is now a
part of the USGS. We and the USGS concluded in the Safety Evaluation Report
for the construction permit review that there are no known faults in the area
that might be expe- ‘ed to /ocalize seismicity in the immediate vicinity. We
and NOAA conclude "t earthquake design bases for the safe shutdown
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4. The applicant is in conformance with applicable portions of Standard
Review Plan (NUREG 75/087) - Sections 2.5.1, 2.5.2 and 2.5.3, Regulatory
Guide 1.70, "Standard Fecrmat and Content of Safety Analysis Reports for
‘'uclear Power Plants," Revision 2, and Appendix A to 10 CFR Part 100
"$sismic and Geologic Siting Criteria for Nuclear Power Plants.”

In the following sections we present a brief hackground of our Summer review,
a synopsis of the geolegy and seismology of the site, and the staff's assess-
ment of the three issues.

Background

At the time of the Safety Evaluation Report for the construction permit,
issued August 29, 1972 (AEC, 1972), the staff agreed with the applicant in its
evaluation of the regional and - ite geology, and the .esign earthguakes.

The USGS and NOAA, as our advisors, concurred in these conclusions. The USGS
further suggested that the principal seismic hazard was the proximity to the
Charleston Seismic Zone which, because of the continuing earthquake activity,
requires conservatism in the choice of the safe shutdown earthquake and opera-
ting basis earthquake.

On November 26, 1973, the Applicant reported that several faults were found
during the excavation of the reactor complex. Following mapping and a detailed
investigation, a "Supplemental Geological Investigations Report” was submitied
to the NRC on January 14, 1974. The report concluded that the faults and

shear zones were not capable within the meaning of Appendix A to 10 CFR Part
100. This was based on detailed microscope study and isotopic dating of
undisturbed post-faulting minerals present in some of the filled shear zones.
The faults were shown to have been inactive for at least the last 45 million
years and most likely for 150-300 million years.

The staff's evaluation of the Supplemental Report (February 12, 1974, memo-
randum from H. Denton to R. DeYoung) concurred with the Applicant's conclusions
concerning the non-capable nature of the faults and shear zones at the site.
However, the presence of through-going structures, which were not recognized
prior to the issuance of the Safety Fvaluation Report for the construction
permit led to the staff's concern that whiie there was little likelihood that
the proposed reservoir would induce renewed movement along some of these or
related structures in and around the reservoir, they could localize reservoir-
induced seismicity. The staff, therefore, required the applicant to monitor
pessible microseismic activity in the vicinity of the reservoir before, during
and after impou~dment.

On October 29, 1975, the applicant notified the NRC of new faults in the
excavation of the dam for the emergency cooling pond. This was followed by a
detailed study of the new faults and a report submitted on December 10, 1975,
as Addendum I of the Supplemental Geologic Investigation Report. These faults
were shown to be of the same set and age as the faults previously found and
reported oi. in January, 1974 and therefore not capable faults.

On December 10, 1976, the Final Safety Analysis Report was submitted by the
applicant. On January 21, 1977, the staff completed its acceptance review of

g ¥



the Final Safety Analysis Report and recommended docketing of the application
2nd the Firal Safety Analysis Report, which was accomplished in February 1977.

Infilling of the reservoir began on December 3, 1977. Three weeks later the
seismic network detected microseismic activity under and around the reservoir.
Infilling was completed on February 8, 1978. Microseismic activity has con-
tinued since that time.

In response to questions submitted on June 20, 1980, by NRC and its advisor,
Los Alamos Scientific Laboratories, on the reservoir-induced seismicity, the
applicant submitted a Supplemental Seismologic Investigation Report in Decemher
1980. An assessment of that report makes up a large part of this safety
evaluation review.

In addition, the applicant presented to NRC reviewers a report of field mapping
by Professor Donald Secor, working on a grant from the USGS, which included a
newly mapped north-south fault, the Wateree Creek fault, located a few miles
south of the site. A staff evaluation of the potential significance of this
fault is included in this report.

Finally, continuing interest and controversy in the scientific community over
the causes of the Charleston 1886 earthquake and subsequent seismic activity

has led to several investigations and interpretations. These are reviewed to
determine the impact these considerations may have on the site.

2.5.2 Geology

Regional Geology

The site is located in the Piedmont Physiographic Province about 26 miles
northwest of Columbia, S.C. The Piedmont is one of several subdivisions of
the Appalachian tectonic belt, which is now believed by most geologists to
have evolved through the late Precambrian and Paleozoic Eras (800 million
years before present (mybp) - 250 mybp) by stages of plate tectonic processes.
Recent investigations by deep seismic reflection profiling (Cook et al, 1979;
Harris and Bayer, 1979) indicate that the southeastern part of the Appalachian
belt from the Blue Ridge eastward across the Piedmont is underlain by a low-
dipping detachment zone or large-scale thrust fault. This implies that every-
thing atcve this fault, including the Piedmont, is part of an allochthonous
(transported) sheet 6 to 15 kilometers thick that has been moved more than 200
kilometers westward from its original position. The possible significance of
this deep fault is discussed in Section 2.5.3.3 of this Safety Evaluation

Report.
Site Geology

The Piedmont is subdivided into several northeast-trending belts of late
Precambrian to Paleozoic rocks distinguished by characteristic lithic
sequences, metamorphic grade and/or structural style. In South Carolina,
proceeding northwestward, the Carolina Slate belt is succeeded by the
Charlotte belt, the Kings Mountain Belt, the Inner Piedmont, the Brevard Zcoe,
and the Blue Ridge.
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The Charlotte belt, in which the site is located, is underlain primarily by
complexly deformed Paleozoic (600 mybp - 250 mybp) metasedimentary rocks
intruded by later Paleozoic (350 mybp - 250 mybp) silicic igneous rocks and
Mesozoic (Jurassic?) age (190 mybp - 136 mybp) diabase dikes. These are all
cut by two dominant sets of joints and shear structures, one trending north-
east, the other trending slightly west of north,

Surface faults and shear zones discovered during construction in excavations
of various parts of the nuclear facility were carefully mapped and studied:
and it was shown that they could not have moved in the last 45 million years
and that most likely they have been inactive for 150-300 million years.

Wateree Creek Fault

The applicant has reported in the Final Safety Analysis Report that, as part
of the investigation to determine the geologic factors associated with the
induced seismicity of the Monticello Reservoir, a newly-discovered fault has
been mapped and reported in the Chapin Quadrangle, which is south of the
Sumner site (Secor, 1980). This fault, the Wateree Creek fault, trends
slightly west of north along the length of the Chapin Quadrangle, dips steeply
and offsets the Siate Belt strata which strike roughly east-west across the
fault. It has been mapped up to the Broad River, at a distance of eight
kilometers south of the plant site. The applicant states that:

5 The only evidence for the fault is the deflection of a lineation close to
the fault.

L. It has not been shown that the fault offsets the centact between the
Slate Belt and the Charlotte Belt to the north of it in which the site is
located.

3. The closest approach of the structure is four to five miles south of the
site.

The report by Secer (1980), however, states that, while the fault is not
directly observable because of poor rock exposure, evidence for the fault
includes rotation of the foliation in the vicinity of the fault trace, areas
of silicified fault breccia along the trace, offset of the mapped strata
contacts, apparent offset of a Mesozoic (Jurassic?) diabase dike and offset of
the contact of the Slate Belt and Charlotte Belt at the north end of the
Chapin Quadrangle. Concerning the age of the fault, Secor reports,

“Our preliminary observations indicave that both silicified breccia zones
of probable Mesozoic age and a Jurassic (?) diabase dike are offset by
the Wateree Creek fault. The time of latest movement must therefore be
more recent than the Jurassic. In a road cut it appears that a layer of
surficial colluvium is not offset by the fault; however, the age of the
colluvium is not known and so no definite upper limit on the time of
latest movement has yet been determined.”

The extension of this fault northwad to the site area and the reservoir is
considered possiole by Secor. The applicant's consultants accompanied by
Secor conducted a brief reconnaissance investigation to “'nd the fault in the
vicinity of thr reservoir, but could not find it.
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Despite the absence of direct evidence, tha NRC staff considers that, based on
the available evidence, it is reasonable o consider the extension of the
Wateree Creek Fault northward into the Jeikinsville Quadrangle up to and
adjacent to the Monticello Reservoir. Th: evidence includes:

1. A series of topographic linear features coincide with the projected trace
of the Wateree Creek Fault the entire length of the Jenkinsville Quadrangle.
The lin~ar pattern is formed by elongate, narrow channels of small streams
aligned along the projected trace, suggesting a continuous zone of weak,
easily-eroded rock which commonly controls the location and courses of
streams (Figure 2.5-11 of the Final Safety Analysis Report). The orienta-
tion of this postulated fault projection parailels one of the two dominant
joint and shear trends in the area.

2. A prominent linear trend of affset aeromagnetic anomaly contours coincides
with the projected trace of the fault (Supplemental Seismological Investi-
gation, Appendix V, Figure 3).

3. There is an apparent offset of the Charlotte Belt gneiss/migmatite contact
and of the granodiorite/migmatite contact in a right lateral sense along
the projected trace of this fault in the site area.

There is no evidence that indicates that the Wateree Creek fault is a capable
fault within the meaning of Appendix A to 10 CFR Part 100. Investigations
will be continued in the area of the Wateree Creek fault in the Jenkinsville
Quadrangle (quadrangle in which the site is located) for the next several
years by Secor. Although we don't consider this fault to be a hazard to the
site, the staff considers it prudent to remain cognizant of these ongoing
investigations. Thus, we have requested the Applicant to stay abreast of this
mapping and report to the NRC any findings. A discussior of the possible
relationship between this fault and the reservoir-induced seismicity is
included in Section 2.5.3 of this Safety Evaluation Report.

2.5.3 Seismology
Vibratory Ground Motion

The safe shutdown earthquake is based on the occurrence near the site of the
largest historic earthquake in the southern Piedmont with a resulting site
intensity of VII (Modified Mercalli). The applicant assumed the maximum
horizontal ground acceleration for the safe shutdown earthquake is 0.15g for
rock foundations and 0.25g for soil foundations. The staff agrees that the
safe shutdown earthquake as propcsed by the applicant is adequately conserva-
tive. The applicant’s design response spe-tra differ from the Regulatory
Guide 1.60 response spectra. However, the differences between the applicant’s
modified Newmark and Blume response spectra and the Regulatory Guide 1.60
spectra anchored to 0.15g are small in the fraguency rance of interest to
Seismic Category I structures (two to nine He tz).

We have reviewed the applicant's evaluation o the ground motion effects of
Monticello reservoir-induced seismic events at the site. This evaluation and
a comparison of the maximum reservoir-induced earthquake and the safe shutdown
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earthquake is discussed in Section 2.5.3 and Appendix D to this Safet Evalua-
tion Report. The staff finds that the largest reservoir-induced event which

is likely to occur is magnitude (M ) 4.5. The applicant's proposed ground
motion for this event exceeds the kafe shutdown earthquake spectrum at high
frequencies. The effect of this high frequency energy on the seismic Category I
structures will be discussed in Section 3.7.1 of a supplement to this SER.

The operating basis earthquake is based on the recurrence of the 1886 Charleston
earthquake (maximum Modified Mercal!li intensity X, Bollinger, 1977) in the
vicinity of Charleston with a resulting site intensity of VII. For the opera-
ting basis earthquake the maximum horizontal gr..nd accelerations used are
0.10g for rock and 0.15g for soil foundations. Alidough the site intensity is
the same for both the safe shutdown earthquake and operating basis earthquake,
the lower ac~eleration values for the operating basis earthguake result from
the fact thut the earthqguake source is located 125 miles from the site. For
earthquake sources at large distances, the high frequency energy is attenuated
more than low frequency energy as the energy travels between the source and
the recording site. Since ground motion acceleration is a relatively high
frequency phenomenon, for the same intensity values the ground motion for
sources at large distances will have lower accelerations than for sources near
the observation point.

During the construction permit review, the staff and its advisors, USGS and
NOAA, considered the possibility that earthquakes in the Charleston area might
lie on a northwest trending line that could extend near the Summer site. The
consultants to the Advisory Committee on Reactor Safeguards (ACRS) suggested
that the 1886 Charleston earthquake could occur near the Summer site (Summary
Report, 149th ACRS Meeting, September 14-16, 1972). [t was the starf position,
based on presentations by the USGS and NOAA, that there was sufficient evidence
from the spatial distribution of earthquakes and the basement structures for
keeping the 1886 Charleston earthquake near Charleston for the purpose of
seismic design evaluation. The ACRS agreed with the staff's position, but
suggested the need for further seismic research in the Charleston area

(Summary Report, 151st ACRS Meeting, November 9-11, 1972).

Most of the earthquakes which have occurred in the Coastal Plain province are
centered near Charleston, South Carolina. The recurrence of the largest
Charleston earthquake (maximum intensity X) is significant to the determina-
tion of the operating basis earthquake for the site as previously discussed.
Since 1974 the USGS has conducted extensive geological and geophysical studies
in the Charleston area, including seismic monitoring. The results to date
have not changed the NRC staff position rexzched during the construction permit
review that toere is sufficient evidence, including the distribution of earth-
quakes and the existence of basement structures, to localize the higher inten-
sity earthquakes near Charleston, as discussed later in this section and in
Appendix E to this Safety Evaluation Report.

Reservoir-Induced Seismicity

The site is adjacent to the Monticello Reservoir, which was created as part of
a planned electric power generating complex. The Monticello Reservoir stores
water for a pumped storage facility, provides cooling water for the nuclear
plant, and serves as a makeup source for emergency cooling water.

2-21



In its evaluation of the applicant's investigation of the faults discovered in
the excavation area at the site, the staff concluded that the impoundment of
Monticello Reservoir would not adversely affect the faults exposed in the
excavation. However, to confirm the absence of any effects from Lake Monticello
on local seismic activity, the staff required microearthquake monitoring

during a period extending from six months before to one year after filling of
the reservoir,

Prior to filling of the reservoir, the USGS seismograph station at Jenkinsville
(three miles east-southeast of the site) had recorded about one local event
every six days from 1973 to 197/. In December 1977 a four-station seismic
network was installed in the area of Monticello Reservoir by the applicant
under the guidance of Dr. Bollinger, Virginia Polytechnic Institute and State
University. Teledyne Corporation was contracted to analyze the data.

Quarterly reports of seismic activity are submitted to the NRC. Filling of

the reservoir began on December 3, 1977 and full pond elevation occurred on
February 8, 1978. A strong motion accelerometer was installed by the USGS in
February, 1978 on an abutment of Fairfield Dam. In May 1978 the USGS began a
six-station seismic monitoring network in the area. In January 1979 Or. Pradeep
Talwani, University of South Carolina, took over the contract to analyze the
applicant's seismic data. Dr. Talwani is also contracted by the USGS to
analyze seismic data from their network near Monticello Reservoir.

Characteristics of Seismicity at Monticello Reservoir

An increase in seismicity near Monticello Reservoir began during the last week
of December 1977 and is most likely related to the filling of the reservoir.
Seismicity was observed as _everal clusters in the reservoir vicinity. The
seismicity spread in subsequent months, with most of the spreading occurring
during approximately six months following impoundment and over 90 percent
during the first year. Since October 1979 there has been no further apparent
growth in epicentral area. The applicant has defined five distinct clusters
of seismicity (Figure 10, Appendix Il, Supplemental Seismologic Investigaticn
Report, South Carolina Electric & Gas Company, 1980, hereinafter referred to
as December 1980 Report). The peak activity occurred in February and March
1978, after the completion of filling. In general, seismic activity has
decreased since March 1978, interrupted by three swarm episodes during August-
Lecember 1978, October 1979 and July-August 1980. To date, t-- maximum
magnitude earthquake associated with the filling of the res.rvoir was the
August 27, 1978 magnitude 2.8 event.

The seismicity extends from 0 to four kilometers in depth. Almost ali the
events are shallower than two kilometers in depth and most are shallower than
one kilometer. There nas been no marked increase of focal depth with time.
Although the applicant's four-station network gives adequate epicentra! 1 _.-
tions, the depth estimates are unreliable. Both the applicant's and USGS's
data are needed for more reliable depth measurements.

Focal mechanism suolutions for the induced earthquakes indicate ti.rust-type
movement as the predominant mechanism. Some events, especially the deeper
events (one to two kilometers), also exhibit a component of strike-slip motion.
There are two predominant orientations of the nodal planes - north-south and
northwest-southeast.
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The USGS has drilled two wells, one with a depth of 1100 meters and the other
1203 meters, west and southwest of the reservoir in the epicentral areas of
greatest activity. In situ stress measurements in one of the USGS deep wells
show that at shallow depth the greatest horizontal principal stress is substan-
tially greater than the vertical stress, suggesting stress conditions that may
lead to thrust faulting in approximately the upper 300 meters. The stress
measurements show that it is possible that at shallow depths stresses are
sufficiently close to failure to cause generation of microearthquakes along
preexisting planes of weakness. Therefore, pore pressure increased to hydro~
static levels has probably induced the observed seismicity at Monticello
Reservoir.

Maximum Earthquake Associated with Reservoir Impoundment at Monticello Reservoir

The strength of the maximum earthquake associated with the Monticello Reservo.r
can be defined as either a maximum intensity or a magnitude. Magnitude is a
measure of earthquake source size using instrumental recordings of ground
motion. Magnitude is a better indicator of earthquake source strength than
intensity, which is a measure of observed damage and felt effacts. Intensity
depends upon the size of the earthquake, its depth, the distance from the
earthquake source, the nature of the geologic materials between the source and
the point of observation, the geologic conditions at the point of observation
itself and differences in structural design. Where there are no ‘nstrumental
recordings, however, the only source of information on eartnquake size is
intensity data. For reservoirs in the Piedmont, the largest events associated
with reservoir impoundment are maximum Modified Mercalli intensity VI. For a
few recent earthquakes at Piedwont reservoirs, the magnitude was alsc deter-
mined. Unfortunately, different magnitude scales, which measure different
phases in different frequency ranges, were used. One of the magnitude scales
is local magnitude (M ), which is determined at most eastern U.5. stations as
some function of signLl duration and epicential distance. The magnitude
scales m_ and m?(Lg) are determined from amplitudes of P-waves and Lg-waves
respactieely. he relationship among these magnitude scales has not been
determined for the Piedmont.

A number =7 rescrvoirs in the Piedmont are believed to have induced earthquakes.
At Clark Hill Reservoir on the Georgia-South Carolina border the largest event
was m_ (NOAA) 4.3, which occurred on August 2, 1974 (Appendix A, p. 4 and 6).
This ?s a weak case of reservoir-induced seisnicity since the event occurred
22 years after impoundment and historic earthquakes have been located near the
dam site (Packer et al, 19723). In addition, at Lake Jocassee in northwest
South Carolina the largest event was M or m_ (Lg) 3.7 which occurred on
August 25, 1979, six years after ' e rtservo?r reached full pool elevation.
Also, at Lake Keowee near Lake Jocassee the largest event was the M or m (Lg)
3.8 Seneca earthquake on July 13, 1971, three months after Lake Keo&ee haa
reached full pool elevation. At Monticello Reservoir, the largest earthquake
was the M, 2.8 event on August 27, 1978, 19 months after Monticello Reservoir
reached fbll poo'! elevation.

The applicant has proposed an upper bound of M, = 4.0 based on the following
two arguments. The first argument is that the effects of the reservoir reflect
minor local adjustments and at Monticello only small fault areas (abou® one
kilometer or less) can experience movements in any one earthquake. In adiitiap,
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it is assumed that the average stress drop for several of the induced earth-
quakes is a few bars; the maximum observed is 17 bars (Fletcher, 1980); and a
maximum assumed stress drop for the induced earthquakes is 25 bars. Using
Brune's (1970) model and the relationship between seismic moment and local
magnitude developed by Thatcher and Hanks (1973), the applicant calculated an
upper bound magnitude of ("L) 4.0.

In their second argument, the applicant indicates that the largest earthquakes
considered to be induced by reservoir impoundment in the Piedmont were maximum
Modified Mercalli intensity VI. The applicant derived seismic moment estimates
based on the area of Modified Mercalli intensity VI shaking and then obtained
a local magnitude from the seismic moment. The earthquake magnitude was
calculated to be less than or equal to (ML) 4.0,

As a basis for concluding that the reservoir-induced earthquakes are local
adjustments, the applicant has relied upon the geologic and seismic conditions
near the site. The applicant finds that the clusters of seismicity are
spatially associated with the boundaries of small shallow bodies (plutons) and
the effect of the reservoir impoundment has been to relieve local near-surface
remanent stress around the plutons. Also, the applicant finds that the in-situ
stress measurements in the two USGS weils indicate variable stress levels
vertically and laterally and suggest a stress barrier which will tend to Timit
the vertical extent of the induced seismicity.

In addition, focal mechanisms of earthquakes have nodal plane orientations
generally corresponding to the orientation of fractures observed in the two
USGS wells, suggesting that seismicity is occurring along a network of pre-
existing firactures. These fractures are not continuous in their spatial

extent either laterally or vertically. Well water level and resictivity data
indicate significant variations in permeability both laterally ard with depth
beneath the reservoir area. The limited spacial extent and the ,verall decline
in the rate of seismic activity suggest that the stored strain is being relieved
rather than replenished.

Our consultant at LASL, Dr. Car) Newton, estimated the maximum reservcir-induced
earthquake at Monticello to be M, = 4.5. Dr. Newton indicates that the reservoir=
induced seismicity is possibly aksociated with small-scale anomalous features,

but the evidence is too weak to draw a definite conclusion (Appendix A).

There is no evidence of faults capable of earthquakes of magnitudes greater

than (M,) 4.0. In cases where no fault has been identified, reservoirs like
Hontice*lo have not been associated with macroseismicity. Dr. Newton deter-
mined that the largest historical earthquake in the Piedwont south of Chesapeake
Bay has been = 4.5 with an uncertainty of up to a half magnitude. In
addition, extrdpolation of the magnitude-frequency relationship for Monticello
earthquakes results in an estimate of "L = 4.45 as the largest event to occur
every 50 years at Monticello.

Dr. And-ew Murphy of the NRC Uffice of Nuclear Regulutory Reseu.ch has assisted
in the review and indicates that the maximum reservoir-induced earthquake of

M, = 4.0 as proposed by the applicant and M, = 4.5 as recommended by LASL may
nkt be sufficiently supported by the arguuehts currently presented. He indi-
cates that at Monticello Reservoir the maximum induced earthquake should be
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M, = 5.3 until further supporting information is provided. Or. Murphy's primary
cbncorn is that the applicant has not provided sufficient data to es*ablish

that the maximum dimension of geological structures within the immedJiate
vicinity of this reservoir is one kilometer or less and that the maximum

stress drop is less than 25 bars. In addition, the validity of the applicant's
method for relating the area of Modified Mercalli intensity shaking and local
magnitude has not been established for the southeastern U.S.

Although the applicant has attempted to show that the size of the area avail-
able for rupture can be limited to one kilometer or less, Dr. Murphy is not
satisfied with the strength of this argument since sufficient weight may not
have been given to the observaticn that the clusters of seismicity as identi-
fied by the applicant are at least as large as three kilometers. The use of
the 25-bar stre.s drop in the Brune mode] was justified on the basis of an
abstract by Fletcher (1980) in which he reported a 17-bar stress drop for the
August 27, 1978 earthquake that occurred at Monticello Reservoir. The conserva-
tism gained by the applicant's use of 25 bars over the observed 17 bars may
have been invalidated by new calculations of stress drop for the earthquake,
which indicate the possibility of about 90 bars.

Although the seismicity may be spatially associated with the surficial boundaries
of the piutons, there is no reason that al] the seismicity is relieving local
stress around the plutons because several clusters of seismicity and the

focal mechanisms generally agree with the orientation of a projection of the
Wateree Creek fault. Also, the applicant's suggested stress barrier might be
better considered a boundary between two stress regimes rather than an impene-
trable barrier.

Dr. Murphy further indicates ttat at this time there is no way of knowing how
the level of seismicity is going to vary over the expected life of the facility.
If 3.2 kilometers (length of the clusters of seismic activity) is taken as the
source '~ mension and 100 bars as the stress drop, by Brune's model (1970), a
magnitude 'NL) 5.3 event is possible in the immediate vicinity of the reservoir.

In summary, Dr. Murphy's recommendation that an event of magnitude 5 to 5%
occurring in the near-field should be used for the safe shutcown earthquake is
based more on inferred flaws in the applicant's arguments rather than on an
independent analysis.

We have evaluated the range of values M, = 4.0 to 5.3 provided by the applicant,
LASL and Dr. Andrew Murphy. Although u& find the applicant's arguments reason-
able, the staff agrees with our consultant (LASL) and has chosen a magnitude
(M) 4.5 as the largest reservoir-induced event which is likely to occur. We
fihd that the earthquakes may be a result of minor local adjustment; however,
all the seismicity may not be associated with the plutons and may have a
possible association with a projection of the Wateree Creek fault. We will
continue to evaluate the stress drop calcuiations for the events at Monticello
Reservoir, especially those presented by Fietcher (1980), but we find at this
time that 25 bars is a conservative estimate for events in the Piedmont because
of the prepondarance of lower stress drop values for events in the eastern
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We also observe that the largest reservoir-induced earthquakes generally occur
up to 10 years after impoundment (Packer et al, 1979). Ffor example, at Lake
Jocassee, another Piedmont reservoir, the maximum event to date (magnitude
3.7) occurred about six years after the water level approached full pond. We
note that there are no significant geologic differences among Piedmont reser-
voirs; therefo'e, there is no reason to assume that the largest earthquake
induced by Monticello Reservoir has yet occurred.

After a period of rapid epicentral region growth associated with the initial
impoundment, further growth has been extremely limited. Continued spreading
would indicate an in-rease in the maximum earthquake putential; however, since
growth has been limited, no substantial increase in maximum earthquake potential
is anticipated. The limited spatial extent of Lhe reservoir-induced seismicity
suggests that the induced seismicity is a minor 18.al adjustment and the
reservoir would not induce a large tectonic earthg iake. Based on available
evidence, there is no reason to expect that this local perturbation would
localize an earthquake equivalent to the maximum historical earthquake at
shallow depths beneath the reservoir.

Finally, we observe that world-wide data show that reservoir-induced earth-
quakes of magnitude greater than about five have occurred in active tectonic
environments along faults which exhibited late Cenozoic displacement (Packer
et al, 1979); the absence of such faults near Monticello indicates that the
size of the largest event expected to occur should be limited.

Possible Association of the Wateree Creek Fault with the Reservoir-Induced
Seismicity

There is some indication that the Witeree Creek fault, which the evidence
suggests may be present adjacent to the reservoir, may also be, in part,
responsible for localizing some of the reservoir-induced microearthquakes.
Three of the four major epicentral clusters reported by the applicant,
clusters I, II, and IV (Final Safety Analsyis Report, Figure 3.6 14-1) are
aligned along the projected trace of the postulated fault. While each cluster
shows a non-linear distribution, these three clusters are bisected by the pro-
posed fault trace, and the cluster groups are aligned along the trace.

The fault plane solutions (Final Safety Analsyis Report, Figure 361.14-2) for
cluster I, for the granodiorite of cluster II, and the 1-1.5 kilometers depth
solution for cluster IV are almost identical, showing thrust movement with a
small component of strike-slip. The nodal planes are oriented in the same
manner, with the intersections plunging in the same direction. The solutions
for the other locations differ from these three in orientation. In addition,
seismicity profiles (Technical Report No. 79-4, "Seismic Activity near the

V. C. Summer Nuclear Station for the period October-December, 1979," Figures 3
and 5) show the focal depths for clusters Il and IV following roughly on an
eastward aipping plane which corresponds to the orientation of the Wateree
Creek fault, while focal depths for events east of these clusters shown no
pattern. There is also some suggestion that the deeper tocal depths generally
occur to the east of the fault trace, along the western side of the reservoir,
while the shallow quakes occur close to the fault trace, suggesting an eastward
dipping plane.
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The applicant has not considered the possibility of the Wateree Creek fault
extending to the reservoir because of lack of field evidence. However, as
discussed earlier, we feel that it is reasonable to assume its existence based
on available mapping evidence. We conclude that if the Wateree Creek fault
extends west of the reservoir, fractures related to that fault zone may be
serving to localize stress release. There is, however, no reason to expect an
earthquake that would exceed the maximum credible reservoir-induced earthquake
recommended for this site because all of the microearthquakes are occurring
within or near the boundary of the reservoir, there is no indication that
seismicity is propagating beyond this location in the directions of the pro-
jected fault trace, and there is no historic seismicity that can be related to
the Wateree Creek fault. Focal mechanism solutions and calculated depths of
most of the events indicate a shallow dipping plane, whereas the Wateree Creek
fault is thought to be a steep angle fault (Secor, 1980). Also seismicity is
occurring in other areas of the reservoir where the Wateree Creek fault is not
present. Finally, there is no geological evidence for capability of the
Wateree Creek fault. Unfaulted colluvium, of unknown age, lies across the
fault in Chapin Quadrangle (Secc:, 1980).

Ground Motion from the August 27, 1978 Earthquake

The largest earthquake to date at the Monticello Reservoir was the magnitude
(M ) 2.8 event on August 27, 1978. This earthquake occurred about a mile
nobthwest of the plant and at a depth of 100 to 500 meters (Dames and Moore,
1980). The earthquake produced a strong motion record at the USGS strong
motion accelerometer wnich is about 640 meters southeast of the epicenter and
is on soil. This record is significant because the peak horizontal acceleration
of 0.25g for the 180 degrees component exceeds the operating basis earthquake
zero-period acceleration of 0.15g and is equal to the safe shutdown earthquake
value of 0.25g for structures founded on soil The applicant has compared the
response spectra produced from this strong motion record and the operating
basis earthquake spectra (Dames and Moore, 1979; Dames and Moore, 1980: Final
Sa® 'ty Analysis Report question response 361.13).

The duration of strong ground motion on the strong motion accelerometer record
was short (about 0.5 second) and the duration of motion greater than 0.1g for
the 180 degree component was about 0.06 second. Response spectra were computed
from the 180 degree, 90 degree and vertical components of the strong motion
record. These response spectra show the signal to be largely high frequency
energy. The earthquake spectra fall below the operating basis earthquake
spectra at frequencies below 10 Hertz, but some of the motion exceeds the
operating basis earthquake spectra above 10 Hertz.

In the November 2, 1979 submittal (Dames and Moore, 1979), the applicant
indicated that from an engineering point of view the response spectra from the
August 27, 1978 event did not exceed the operating basis earthquake spectra.
The applicant indicated that the structures would respond to motions of signi-
ficant duration with several cycles of vibration approaching the peak value at
each frequency, and not the very short, sharp impulsive motion such as that
recorded during the August 27 event. In addition, the frequency of the impul-
sive motion of the strong motion accelerometer record (greater than 20 Hertz)
is greater than the dominant structural frequency of the plant (at or less
thar 20 Hertz). The ground motion at the accelerometer also may be amplified
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by site topography. Finally, the applicant indicated that the finite size of
large structures such as the plant foundation can attenuate high frequency
motion.

In the May 6, 1980 submittal (Dames and Moo.,e, 1980), the appiicant presented
a realistic and conservative analysis of the probable ground motion at the
nuclear station due to the August 27, 1978 event. The applicant considered
the following effects:

1. As the energy leaves the source, there is attenuation by geometric
spreading, which results in reduction of ground motion. Since the plant
site is further from the epicenter than the strong motion accelerome®=r,
motion at the plant site would be less.

2. Ground motion expected at the plant site would be significantly attenuated
relative to the strong motion accelerometer record due to material damping
in soils and rocks.

b R The finite size of large structures would attenuate high frequencies.

4. The motion has probably been amplified in the 56 foot soil column at the
strong motion accelerometer location. Most of the plant, however, has a
bedrock foundation.

The applicant calculated a realistic estimate of the level of ground motion at
the plant site considering the combined effects of the first three attenuation
phenomena. The attenuated response spectra fall below the operating basis
earthquake spectra, indicating that the operating basis 2arthquake was not
exceeded at the plant site for the August 27, 1978 earthquake (Dames and
Moore, 1980, Figures 3 through 8).

The staff considered the possibility that an earthquake similar to the August 27,
1978 event could occur under the rock foundations at the plant site. The
staff asked the applicant (Final Safety Analysis Report Question 361.13) to
assume that the earthquake occurred at the recording station and that the
station was near the plant. The only attenuation phenomena to be considered
was the soil condition at the strong motion accelerometer site. The applicant
used deconvolution procedures to infer motion at bedrock below the strong
motion accelerometer. The spectra of the deconvolved motion at bedrock are
less than those recorded at the surface. This suggests that ground motion has
probably been amplified in the soil column at the strong motion accelerometer
location. The applicant thus concluded that, with the exception of only one
minor excursion, the deconvolved motion spectra for the 180 degree and 90
degree components of the August 27, 1978 event are enveloped by the operating
basis earthquake specirum (Final Safety Analysis Report Figure 361.13-4).

We agree with the applicant that during the August 27, 1978 event the operating
basis earthquake was not exceeded at the plant site. The expected ground
motion at the plant site would have been attenuate. due to geometric spreading
and material damping in the rocks along the path between the earthquake source
and the plant site. In addition, the applicant has demonstrated that the
ground motion was amplified in the soil column at the ~trong motion acceler~
ometer site. Such amplification would not occur at the plant site, where most
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of the foundations are bedrock. If this event had occurred under the plant
site the lack of amplification due to the soil column would lead to smaller
recorded ground motions. The effect of short duration high frequency motion
on the plant site will be discussed in Section 3.7.1 of a supplement to this
Safety Evaluation Repert.

Ground Motion at the Site from the Maximum Reservoir-Induced Earthquake

The Safety Evaluation Report for the construction permit approved a safe
shutdown earthquake defined by a modified Newmark and Blume response spectrum
anchored at 0.15g for structures founded on rock. In this section we will
evaluate that spectrum with respect t- ground motion from the maximum reservoir-
induced event defined as an earthquake of M, = 4.5. This event is assumed to
occur in the volume of seismicity currently defined for the Monticello Reservoir.
For design purposes the event would be shallow in depth and near the site.

Determination of ground motion in the near field of earthquak s is a difficult
and problematic task. Since the earthquake is assumed to oc ur in the volume
of seismicity currently defined for the Monticello Reservoir «nd the plant
lies in the zone of seismicity, estimates of ground motion from an event near
the site can clearly be considered a "near field" problem.

The sources of uncertainty in near-field ground motion estimation are several.
First, there has been a relative lack of data recorded close in (less than

10 kilometers) from earthquakes and especially for shallow depth events such
as at Monticello. The vast majority of data was recorded at distances greater
than 20 kilometers. Secondly, simple extrapolation of the data to close-in
distances is not easily accomplished since ground motion further from the
source is effected more by gross source strength, geometric spreading, and
seismic wave attenuation, whereas ground motion near the source is more
sensitive to source geometry and details such as localized stress conditions
and direction of faulting. The interpretation of these near-field effects can
lead to large differences in the near field.

Recently, a great deal of effort has been placed on theoretical models of
earthquake sources and attempts have been made to theoretically predict ground
motion at various distances. While these efforts are certainly encouraging
they are controlled by assumptions about the physical nature of the earthquake
source. Different assumptions such as the size of the stress drop and the
effect of local inhomogeneities have a major impact upon ground motion,
particularly at those frequencies (greater than two Hertz) of concern to
nuclear power plants. As of this time, no consensus with sufficient detail
exists within the seismological community that would allcw the exclusive use
of theoretical models in order to estimate ground motion in the near field.

Since there is so little near-field ground motion data, the applicant has
presented theoretical ca'culations for M, = 4.0 and 4.5 events. In the sec-
tions below we discuss the applicant's e»forts at predicting ground motion

from a theoretical approach and a comparison of their results with data from
the August 27, 1978 =arthquake. We find that a conservative representation of
ground motion expected at the site from the occurrence of the maximum reservoir
induced earthquake (that is a M, = 4.5 event close to the site) exceeds the
safe shutdown earthquake at high frequencies (greater than about 10 Hertz).

We also find the applicant's approach to be conservative.
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In Final Safety Analysis Report Question 361.17, the staff asked the applicant
to determine peak accelerations and response spectra at the site for a magnitude
4.0 event at distances of 10.0, 3.0 and 1.0 kilometers from the pla... Ine
maanitude 4.0 event was the applicant's maximum possible reservoir-induced
event. The applicant used a theoretical model (Brune, 1970, 1971; McGuire and
Hanks, 1980) to estimate peak accelerations. This method depends on estimates
of stress drop, seismic moment, shear wave velocity, density and attenuation.
For a stress drop of 25 bars and a source-to-site distance of 1 xilometer, the
applicant calculated a peak acceleration of 0.121 g, which compares well with
the digitized peak accelerations of 0.130 g and 0.106 g for the two horizontal
components for the August 27, 1978 event. The recorded instrumental peak
acceleration for the event, as discussed previously, was 0.25 g.

Response spectra were estimated using the method of Johnson and Traubenik
(1978). Spectral amplification factors were determined for acceleration,
velocity and displacement for different magnitude ranges recorded at distances
less than 20 kilometers on rock sites. Ne amark and Hall (1973) have observed
that the response spectrum at short periods is proportional to the peak
acceleration, at intermediate periods is proportional to the peak velocity and
at longer periods is proportional to the peak displacement. Because the
applicant was only able to estimate peak acceleration, they used ground motion
ratios of Johnson and Traubenik (1978) to estimate peak velocity and peak
displacement. Using the peak ground motion values and spectral amplification
factors, response spectra were estimated for the postulated reservoir-induced
earthquakes. The calculated ML = 4.0 spectra contain less long period energy,
as expected.

In Appendix X of the December 1980 report, the applicant calculated ground
motion for a magnitude (M, ) 4.5 event for a stress drop of 25 bars and at a
distance of 2.0 kilumeterS. The zero period acceleration value is 0.22g, which
is higher than the zero period acceleration value for the safe shutdown earth-
quake for structures founded on rock. The response spectrum for this event

and for the M = 4 event at a distance of one kilometer exceed the safe shut-
down earthquake in the high frequency region above 10 Hertz. The applicant
argues that the safe shutdown earthquake is adequate because the calculated
peak acceleration and the spectrum derived from it are conservative and the
return perind of the safe shutdown earthquake for tectonic earthquakes is 3100 |
to 10,000 years (Final Safety Analysis Report Question 361.19), which is
conservative. They also indicate that ther= is no adverse effect on the
structures due to the excess conservatism of the original damping values and
the use of the artificial time history response spectrum.

Our consultant at LASL, Dr. Carl Newton, found the safe shutdown earthquake to
be conservative (Appendix D to this 5Safety Evaluation Report). He believes
that when compared with the results of other technigues, the peak accelerations
predicted by the applicant may be overly conservative.

Dr. Newton indicates that if the maximum reservoir-induced Piedmont province
earthq ake were migrated to the site, as is done for the maximum tectonic
earthquake for establishing conservative peak design accelerations, then,
assuming the 1974 Clark Hill earthquake was induced, the maximum possible
sustained vibrator; ground moticns so obtained are smaller than the safe
shutdowr: earthquake design levels. In addition, since the applicant received
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a construction permit, there have been several studies that have found formal
relationships among magnitude, maximum intensity, and peak acceleration. The
applicant has applied the Brune modé]l and formulas from McGuire ana ; anks
(1980) to calculate a peak acceleration for the maximum tectonic earthguake.
Although the latter was done in response to a question submitted by the NRC,
the results are overly conservative. He notes that by applying recent formulas
of Nuttli and others to find peak accelerations for all tectonic earthquakes

of concern to the site, the applicant's design response spectrum is conservative.

Dr. Newton concludes that the maximum reservoir-induced event 's expected to
be no greater than the largest tectonic event for which the safe shutdown
earthquake was chosen. However, small, near-field earthquakes may generate
acceleration spikes that may be twice the safe shutdown earthquake design
acceleration. The utility has shown in Appendix X to the Supplemental
Seismological Investigation that these acceleration spikes have practically no
damageability.

The staff agrees that the applicant's estimates of peak acceleration are
conservative. Although we believe that 25 bars is a conservative stress drop
for reservoir-induced events in the Piedmont, the 90-bar stress drop proposed
by Fletcher (1980) and discussed in a previous section by Dr. Murphy needs to
be evaluated by the applicant to determine its effects on the applicant's
method. We agree with our consultants, LASL, that small, near-field earth-
quakes may generate acceleration spikes (events of relatively low energy, high
acceleration and short duration). The evaluation of these high frequency
acceleration spikes, the damping values, and the use of the artificial time
history will be discussed in Section 3.7.1 of a supplement to this Safety
Evaluation Report.

Continued Seismic Monitoring

Since we believe there is no reason to assume that the largest earthquake
induced by Monticello Reservoir has already occurred, the seismic activity in
the vicinity of Monticello Reservoir warrants careful attention. The staff
believes it is prudent for the applicant to continue monitoring the seismicity
to dete~t possible changes in seismic activity as a precursor to larger events.
The applicant has committed to the following program until the end of 1932, at
which (ime an evaluation will be made to determine if it should be continued:

The applicant will continue seismic monitoring at the Monticello
Reservoir, analysis of the data, and the quarterly submi“*al of the data
to the NRC. The quarterly reports will maintain their present format.

2. The applicant should inform the Operating Reactor Project Manager by
telephone of the location, depth and magnitude of any unusual ctivity as
soon as possible after the event. Unusual activity shou'd be considered
as any of the following:

a. any earthquake larger than magnitude 2.5.

b. more than 100 events per week

o4 any plans to lower water level in the reservoir below 415 feet or
revise it above 430 feet.
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3. The applicant is currently in the process of installirg two accelerometers
in the free field in the vicinity of the plant - one at the ground surface
and one at bedrock. If the accelerometer located on bedrock records an
earthquake with a peak acceleration of at least 0.10g and with an interval
of at least one second where peak accelerations exceed 0.05 g, then a
copy of the accelerometer record and its response spectrum and a calculation
of its stress drop will be included in the quarterly reports.

4. The applicant will continue to look for correlations between seismicity
and other variables, such as water level changes, and report any possible
correlation in the quarterly reports.

Conclusion

There is no reason to alter our conclusion presented in the Safety Evaluation
Report for the construction permit that the applicant's proposed safe shutdown
earthquake and operating basis earthquake are conservative. The s*aff believes
the maximum earthquake which could be expected to be associated with reservoir
impoundment at Monticello Reservoir is magnitude (M, ) 4.5. Ground motion

expected from this event would be of short duration~and possess high frequencies
which may exceed the safe shutdown earthquake above 10 Hertz. A discussion of

the effects of this short duration high frequency ground motion on the plant
structures is contained in Section 3.7.1 of a supplement to this Safety Evaluation
Report.

Charleston Earthquake

During the construction perm.* review, the staff ~oncluded that the weight of
the seismologic and geologic in“ormation support the interpretation that
seismicity in the vicinity of Cha:'eston, SC, including the Modified Mercalli
intensity IX-X, 1886 Earthquake was -elated to structure beneath the Coastal
Plain in the Charleston area, and shoui. "ot be assumed to migrate out of that
region. We based this conclusion on the a 3ilable data, past licensing posi-
tions, and advice from the U.S. Geological Survey (USGS) and the Nacional
Oceanic and Atmospheric Administration (NOAA) a. a result of their review of
the Summer site. Recognizing that none of the factors supporting restriction
of the Charleston seismic zone taken by itceir is definitive, the USGS concluded
(Cctober 20, 1972 letter to William Gamm 11 (AEC), from Dr. Henry W. Coulter
(USGS)) that the cumulative weight of the following factors support that
conclusion:

1. The frequency per unit area of historical earthquakes is much highe: tharn
elsewhere in the Eastern United States.

2. Event distribution within the high frequency unit shows no evidence of
directional trend or n edominant pattern which would suggest lateral
migration of activity.

3. The microseismic flux in the Charleston area is higher than that mea. red
elsewhere in the Eastern United States.

4. Seismic refraction and aeromagnetic data suggest atypical basement struc-
tures in the Charleston area.
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Recognizing the lack of definitive data regarding the structura) geology in
the Charleston region, and in accordance with a recommendation by the ACRS,
the AEC contracted the USGS to perform an extensive geologic and seismologic
investigation in the Charleston region. These investigations included a
regional earthquake monitoring network, borings, geologic mapping and geo-
physical studies. The investigations are still underway and to date a wealth
of new information on the geologic and seismic characteristics of the region
has been accumulated. As the USGS investigation of the Charleston region has
progressed, numerous working hypotheses evolved concerning the source mechanism
of seismicity in that area. The USGS has summarized its current position on
that subject in the December 30, 1980 letter to Dr. R. E. Jackson from

J. F. Devine. This document is included as Appendix E to this Safety Evalua-
tion Report.

During the course of our review of the Final Safety Analysis Report, we
requested the applicant to reassess the impact of Charleston seismicity on the
site in light of the new data obtained from the NRC-USGS funded investigations
and the various working hypotieses that have emerged from these studies since
the construction permit review. The applicant complied with that request and
presented its position and the bases for that position in the December, 1980
report, "Supplemental Seismologic Investigation Virgil C. Summer Nuclear
Station Unit 1."

In its analysis, the applicant has categorized most of the working hypotheses
regarding the source of the Charleston seismicity into one of three principal
mechanisms: décollement reactivation, reactivation along steep basement
faults, and stress amplification at the margins of mafic plutons. The appli-
cant points out the merits, unexplained questions, and inconsistencies of
these mechanisms. The following is a brief discussion of the applicant's
analyses and the staff's assessment of the significance of the new information
from the Charleston region to the site.

Décollement Reactivation

Cooke et al (1979), based on COCORP data, describe a major thrust fault that
underiies part of the Valley and Ridge, the Blue Ridge, and probably extends
beneath the Coastal Plain. Harris and Bayer (1979) suggest that the décolle-
ment may extend the entire width of the Appalachian Orogen. The décollement
reactivation hypothesis infers that it extends beneath the entire southern
Applalachians and the Coastal Plain.

Seeber and Armbruster (1980) present the hypothesis that the Charleston seis-
micity, including the 1886 event, was caused by back-slip of the décollement.
They proposed that current seismicity occurs within the sheet above the
detachment zone, and that great earthquakes occur along the zone. Along with
comparing these phenomena with the Himalayan detachment, their supporting
evidence is the nature of stress across the Applachian Orogen, based on the
work of Zoback and Zoback (1980).

Based on multichannel seismic reflection profiles in the meizoseismal area of

the 1886 Charleston earthquake and in the nearby offshore area, Behrendt et al
(1980) have identified two high angle, northeast striking reverse faults which
show evidence of Cenozoic deformation. The western-most fault, the Cooke
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fault, shows 50 meters of displacement southeast side down, of a Jurassic-age
basalt layer at a depth of 750 meters. The fault lies within the meizoseismal
zone and trends into a cluster of earthguake epicenters that were recorded
between 1972 and 1978. However, these focal depths are substantially greater
than the depth of the fault plane beneath the epicenter cluster. Amount of
displacement of the Cooke fault increases with depth below the basalt and
decreases above the basalt, indicating recurrent faulting from pre-late
Cretaceous into Eocene time or later (100 mybp - 40 mybp). The Helena Banks
fault, which is 12 kilometers offshore, offsets strata to within 10 meters

of the ocean floor. Most recent movement is interpreted tc be post-Miocene
or Pliocene (7 mybp - 2 mybp). There is no known seismicicy that can be
associated with this fault. The offshore data also indicate a subhorizontal
surface at a depth of 11.4 + 1.5 kilometers which is interpreted by Behrendt
et a) (1980) as evidence for a decollement similar to chat detected in the
COCORP data to the west.

The above data are interpreted by Behrendt et al. (i98u) as evidence that the
Charleston seismicity, as well as other seismicity in the eastern U.S., may be
related to northeast striking, high angle reverse faults; or that movement on
the thrust faults (decollement) is the primary cause of modern seismicity and
movement on other types of faults, including the high angle reverse faults,
are a second order effect. The latter hypothesis is equivalent to the decol-
lement reactivation theory of Seeber and Armbruster (1980).

The applicant maintains that the relationship between the high-angle reverse
faults, continent side up (Behrendt et al., 1980), with respect to the decol-
lement have not been explained. Furthermore, lateral shortciing due to mid-

ocean ridge spreading seems inadequate to reactivate tlhe low-angle thrusts.
The stress provinces described by Seeber and Armbruster are highly interpre-
tive because of the mixture of types of information used (focal mechanisms,
hydrofracturing, overcoring, etc.) relative to the stress field of North
America. Due to the high effective vertical normal stress on the detachment
surface at hvpocentral depths, and the probable absence of the required exces-
sive fluid pressures that characterize active thrusting, there is great diffi-
culty invoking gravity-induced backslip. The presence of asperities and
lateral boundaries represented by aulacogens (Rankin, 1976) would provide
resistance to low-angle slip.

Based on our review of the data and our assessment of analyses performed by
the applicant, the staff agrees with the conclusion of the applicant that the
decollement reactivation theory is not a viable basis for determining the
seismic design at the site because:

1. Backsliding of a low-angle decollemeri by gravity, considering the litho-
static load and probable absence of excessive pore pressure at the depth
of the detachment zone, appears t. be highly unlikely.

The existence of a continuation of the detachment zone beneath the
Charleston area has not been demonstrated, and is controversial.

Tven if the decollement exists beneath the Charleston area, it would
probably not behave as a single thrust sheet beceuse of the presence of




irregularities along the detachment zone, secondary geologic structures,
possible ancient transcurrent faults normal to the direction of slip, and
variations in stress regimes throughout the thrust sheet.

4. Relationship between the high-ang'e reverse faults and the decollement
has not been explained. Furthermore, the basalt flows cored at Clubhouse
Corner in the Cnarleston Earthquake epicentral area apparently were
derived from *he upper mantle (Gottfried et al., 1977). The most likely
source for thece rocks is by way of high-angle faults as is the case with
similar flows in the Newark Basin and other Mesozoic basins in eastern
J.S. The decol'ement reactivation theory argues that the high-angle
reverse faults are listric to the thrust fault. If t'» high-angle faults
were truncated at the detachment surface, it is not clear where the
basalt flows came from.

5. There has been no evidence of Quaternary dislocation found along the
western front of the Valley and Ridge Province where the detachment zone
crops out, or along any of the major low-angle east dipping Paleozoic
thrusts in that region. This is also an area of relatively low seismicity
(Appendix D to this Safety Evaluation Report).

Reactivation of High-Angle Basement Faults

A second general mechanism addressed by the applicant is reactivation of steep
basement faults. These faults have had different tectonic origins during the
history of the Appalachian Orogen, but many scientists believe that they
remain the ultimate cause of energy strain release in this region (Rankin,
1978, Wentworth, and Mergner-Keefer, 1980). This hypothesis conflicts with
the master decollement theo,y discucsed previously in that, according to the
latter, the detachment is n«t displaced vzitically by these deep basement
faults. The high-angle fau ts are list.ic into the decollement.

The applicant recognizes two s~hools of thought regarding this mechanism:

(1) strain release occurs along narthwest zones of weakness inherited from
evolutionary development of the Appalachian Orogen (that is, along failed arm
troughs of a triple junction); or (2) vertical tectonics occur along fault-
bounded basement blocks or cld Triassic border faults.

Sbar and Sykes (1973) rr:ognized trends of seismicity crossing ‘he Atlantic
Coastline that appear- . to be along westward projections of major ocean
fracture zones. Or of these trends was a zone of seismicity that crossed
South Caroli~~ -Tung a projection of the Blake Fracture Zone. Bollinger
(1973) presented evidence for a South Carolina-Georgia seismic zone. Fletcher
et al. (1978) show a relationship between their Charleston-Cumberland seismic
zone and the Blake Fracture Zone. Rankin (1976) postulated that the northwest
trending South Carolina-Georgia seismic zone, including the Charleston earth-
quake, .s related to the reactivation of a Precambrian aulacogen (a fault-
bounded intracratonic trough or graben).

Rankin (1976) postulated that the salients and recesses in the Appalachian
structural trends were inherited from the initial breakup of proto-North
America by the intersection of rift valleys radiating from triple junctions
abcut 820 mybp. Rankin (1978) added that the Charleston meizoseismal area is
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located in a Late Triassic-Early Jurassic (200 mybp - 170 mybp) rift basin

that connects the ancestral Gulf of Mexico with rifts that parallel Appalachian
structural trends but are located on the continental shelf. The north boundary
of this rift basin trends east-northeast in South Caroiina. The Blake Fracture
Zone, which originated as a Jurassic transform fault, strikes N55°W anc offsets
the Atlantic Shelf Edge Magnetic Anomaly about 200 km east of Charleston.
Rankin (1978) and Fletcher et al. (1978) suggest that all of tnis eviden:e
explains earthquakes along the South Carolina-Georgia Seismic zone (Bollinger,
1973). Nishenko and Sykes (1979) suggest that the Blake zone is related to

the Georgia-Florida rift zone which it intersects at the Shelf anomaly, and
that the Charleston earthquake is related to that intersection.

The second schoo! of thought holds that high angle reverse faults in the
Charleston vicinity and along the Fall Zone result in complex differential
vertical crustal movements. These blocks are bounded by steep Precambrian to
Mesozoic (pre-600 mybp - 65 mybp) faults with various orientations. The
faults may have been active in the Cenozoir (post-65 mybp) (Sheridan, 1976).
Geodetic findings of Meade (1971), Holdahl and Morrison (1974) and Lyttle et
al. (1979), and geologic evidence of Owens (1970), Winker and Howard (1977),
Winker (1980), Heller et al. {1980), and Zimmerman (1980) indicate Cennzoic
crustal movement. Wentworth and Mergner-Keefer (1980) describe the existence
along the Atlantic margin of a domain of northeast trending reverse faults
that follow older discontinuities, especially Mesozoic (”"3 mybp - 65 mybp)
norma’ faults, which they believe are undergoing sporadic movement. They
suggest that the 1886 Charleston earthquake and the 1755 Cape Ann earthquake
are related to displacements on these types of faults.

The applicant concludes and we agree that most of the evidence for northwest
trending structure is circumstantial. There is no direct evidence of a major
NW throughgoing structure in the Charleston meizoseismal area even though
there has been much effort expended to identify one. The dominant structural
trend identified in the area is orientec northeast-southwest. The South
Carolina-Georgia seismic zone =¥ Bolli=ger (1973), which is cited as evidence
for such a structure, is diffuse anu *hore are aseismic areas within it.

We have also con. dered the possibility that Charleston seismicity may be
related to high angle northeast trending faults in the vicinity of Charleston
(Behrendt et al., 1980, Wentworth anu Mergner-Keefer, 1980). These authors
suggest that Charleston-type scismicity is possible in other areas where

similar structures are presenc. In its letter report (Appendix E to this

Safety Evaluation Report), the USG5 states in regard to the Cooke fault, a

high angle reverse fault in the Charleston meizoseismal area, that "until
further research provides more definitive concepts of southeastern U. s
seismicity and of its fault length nd history of movement, the Cooke Fault by
virtue of its coincidence of location with the Charleston earthquake should
remain as a candidate structure to associate with that earthquake. Consequently,
it should be considered as having a potential for generating similar events in
the future." The USGS further concludes, "the concentration of seismicity in
the Charleston earthquake epicenter both before and after the August 31, 1886,
event and the lack of post-Miocene faulting in the Coastal Plain or any evidence
for localizing large ear.i. uakes indicate that the likelihood of a Charleston
sized event in other pa is «f the Coastal Plain and Piedmont is very low."

The NRC staff concurs w th chese conclusions.
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Mafic/Ultramafic Plutons

McKeown (1975), recognizing a spatial relationship between mafic bodies and
seismicity, suggested that high stress conce trations occur within mafic
bodies and at their contacts with countr* ocks, and that this was a possible
source mechanism for high seismic areas. Kane, (1978) based on laboratory
tests and regional observations, suggests that most high seismic areas in the
United States may be associated with mafic or ultramafic intrusives manifested
by high gravity and aeromagnetic anomalies. The idea is that regional stress
is concentrated in the crystalline rock surrounding mafic plutons because the
mafic bodies are serpentinized and cannot themselves sustain high-stress
fields.

In regard to the theory of stress amplification near the boundaries of mafic/
ultramafic plutons, the applicant points out several uncertainties which are
important to applying this theory to Charleston. (1) The source of the gravity
anomalies is not known, as borings have never penetrated them. (2) The state

of regional stress near the anomalies is not known. (3) The three-dimensional
geometry of the anomalous masses and the boundary conditions of the host rock
containing them are unknown. (4) There are regions of eastern North America

in which there are positive gravity anomalies which are not spatially correlated
with high seism city.

The staff agrees with the aprlicant based on the reasons given above and our
evaluation of this chenomenor relative to the Pilgrim 2 site study (NRC, 1976)
that evidence is net yet strc g enough to positively associate areas of high
seismicity directly with mafi or ultramafic plutons for purposes of siting
decisions.

Another hypothesis to merge ‘rom the Charleston studies, is the interpreta-
tion that a different type of basement rock underlies the Charleston Coastal
Plain than that exposed in the Piedmont. This hypothesis contains elements of
both the high angle fault and mafic pluton mechanisms.

Fopenoe and Zietz (1977) interpret the smooth gravity and magnetic fields
associated with basement in southeas. South Carolina and east-central Georgia
as suggesting that the basement is underlain by a deep structural basin filled
with Triassic clastic and volcanic material, and has been intruded by a number
of Triassic or later mafic plutons. They further suggest that the boundary
between this material and the northeast trending aeromagnetic anomalies to the
northwest probably reflects a series of major faults which juxtapose meta-
morphic and nonmetamorphic terrain associated with mafic plutons. The
crystalline basement beneath the Charleston-Summerville area is therefore not
seen as simply a seaward extension of crystalline rocks exposed in the Piedmont
(Rar' n, 1977). This implies that ther~ is a different crust beneath the
Charleston area than the Piedmont to the west and could thus be a basis for a
tectonic boundary between the Piedmont and Coastal Plain. This hypothesis has
been neither confirmed nor disproved, as borinas have not penetrated the
basement beneath the Mesozoic rocks in the meizoseismal area. This hypothesis
was not specifically addressed by the applicant. However, elements of it were
addressed in either the discussions of the mafic pluton mechanism or the
reactivation of high angle fault mechanism.
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Staff Conclusions - Charleston Earthquake

The staff has reviewed the information developed since the construction permit
Safety Evaluation Report, particularly the results of the USGS studies in the
Charieston region, the working hypotheses formulated as a result of that work,
and the analysis of the Charleston region performed by the applicant. Based
on our consideration of this information, we conclude that the position pre-
sented in the construction permit Safety Evaluation Report is still valid;
that there is no basis to assume that an earthquake equivalent to the 1886
Charleston earthquake is likely to occur anywhere but in the general vicinity
of Charleston-Summerville, South Carolina. The conclusion is based in part on
information provided by our advisor, the USGS, in its December 30, 1980,

etter to R. E. Jackson from J. F. Devine included as Appendix E to this
Safety Evaluation Report. The rationale for the staff's position includes the
following:

3 Seismic evidence supports a local source mechanism for the Charleston
earthquake activity. Frequency of earthquakes per unit area is much
higher than elsewhere in the eastern United States outside of New Madrid.
Event distribution shows no evidence of directional trend or predominant
pattern which would suggest lateral migration of activity. The micro-
seismic flux in the Charleston area is higher than that measured else-
where in the Eastern United States.

2. Although certain similarities with other areas exist, the geologic and
seismic investigations in the Charleston area indicate that a wide variety
of geologic and tectonic features characterize that area it a manner that
is not known to tvypify other sections of the Piedmont and Coastal Plain
of the Southeastern United States. The data indicate that the following
are among many significant geologic features that characterize the
Charleston area: high-angle post-Cretaceous reverse faults (Cooke and
Helena Banks faults); deep (10 to 15 kilometers) thrust faults offshore;
deep mafic intrusions (gravity and aeromagnetics); a Triassic basin;
widespread, thick Triassic-Jurassic basalt flows;, a large basement
controlled structural basin (Southeast Georgia Embayment), bounded on the
north by the Cape Fear Arch and on the south by the Peninsula Arch;
relatively high localized seismicity; major basement surface irregulari-
ties; clastic dikes in Coastal Plain soils; and possible nearby aulacogen.

Charleston seismicity could be related to one of these features, a combina-
tion of two or more, or to some feature that has not been identified yet.
It is possibly associated with the complex interaction of tectonic struc-
tures as, for example, suggested by Nishenko and Sykes (1979). One of

the working hypotheses is based on the assumption that the identification
or suggestion of a specific tectonic structure within or near the meizo-
seismal area of the 1886 Charleston Earthquake, reqguires the transposition
of a possible recurrence of that event to a'l similar structures within
the Piedmont or Coastal Plain (Wentworth et al., 1980, Betmendt et al.,
1980, and Seeber and Armbruster, 1980). We regard this theory as a
serious working hypothesis, but not as being directly applicable without
additional supporting data, to the siting of nuclear facilities. Based
on the currently available data which shows atypical geologic and seismo-
logic complexity at Charleston, it is not reasonable in our view to

2-38



select a single tectonic structure, such as northeast trending high-angle
faults identified at Charleston and assume that a Charleston earthquake
can occur on any similar feature throughout the eastern U.S. The fact
that there is sufficient geologic structural complexity observed in the
immediate Charleston area to allow for development of several working
hypotheses, some of them conflicting, lends strong credibility when
combined with seismological observations that there is no strong basis to
assume that the Charleston earthquake is likely to occur anywhere but in
the vicinity of Charleston, South Carolina.

Therefore, it is our position that the 1886 Charleston, Modified Mercalli
Intensity IX-X earthquake, can be reasonably related to complex geologic
structure unique to that region; and in consideration of the recurrent seis-
micity in the Summerville area, should not, in developing the earthquake
design basis for the facility, be assumed to occur at the site.

Overall Conclusions

Based on our review cf the available data we conclude:

&

The Wateree Creek fault does not represent a hazard to the site. Although
the fault zone may be localizing some of the seismicity associated with
reservoir loading along fractures relater to it, these earthquakes do not
define a linear pattern nor is there any evidence that seismicity is
propagating along the postula®ad trace beyond the boundary of the reservoir
suggesting throughgoing fault movement. The staff considers it prudent
however, for the applicant to continue to monitor the on-going mapping of
the Wateree Creek fault.

The staff reaffirms its conclusion presented in the construction permit
Safety Evaluation Report that the applicant's proposed safe shutdown
earthquake and operating basis earthquake are conservative. A magnitude
(M, ) 4.5 earthquake is an adequately conservative representation of the
maXimum reservoir induced earthquake. The occurrence of such an event
near the site will produce low energy short duration, high frequency
ground motions that may exceed the safe shutdown earthquake at high
frequencies. This conclusion is based on our evaluation of the appli-
cant's data regarding site geologic and seismic characteristics, our
review of the applicant's analysis of Monticello Reservoir induced
seismicity, and our consideration of world-wide data regarding reservoir
induced seismicity. The evaluation of these short duration, high fre-
quency ground motions will be contained in Section 3.7.1 of a supplement
to this Safety Evaluaticn Report. We recommend, and the applicont has
agreed, that seismic monitoring of the reservoir should be continued for
at lTeast two years.

We agree with the applicant that the 1886 Charleston earthquake is not
the safe shutdown earthquake design event because the weight of the
seismic and geologic evidence supports localization of seismicity with
structure near Charleston. However, because a clear association between
structure and seismicity has not been demonstrated, geological and
seismological research should be continued in the Charleston area.



2.5.4 Stability of Subsurface Materials and Foundations

The topography of the general area of the facility is characterized by gently
to steeply rolling hills and generally well-drained mature valleys which empty
ultimately into the Broad River. The site is situated on a hilltop at an
average elevation of 435 feet above mean sea level, about 180 feet above the
Broad River floodplain. The site is adjacent to Monticello Feservoir which
was created by placing a series of dam ..ross Frees Creek, a tributary of the
Broad River. The reservoir provides water requirements for the Virgil C. Summer
Nuclear Station, Unit 1 and a pumped storage facility. Plant grade is approxi-
mately 10 feet above the maximum operating level of Monticeilo Reservoir,

which is at elevation 425 feet above mean sea level. A berm at elevation

438 feet above mean sea level is located along the north boundary of the site
adjacent to Monticello Reservoir and, coupled with dams, forms the impoundment
for the service water pond located to the east of the main plant structures.

Subsurface Conditions

To establish engineering properties of the residual soil and rock beneath
seismic Category I structures, 108 borings were drilled at the site and the
vicinity near the site to depths ranging from 12 feet to 235 feet below the
original ground surface. Geophysical studies performed at the site included a
seismic refraction survey, a surface wave survey, and micromotion measureme.ts.
In addition, detailed geologic studies of the exposed bedrock were performed
including the comprehensive investigation of rock shear zones by trenching and
construction excavation. See Sections 2.5.1 and 2.5.2 of this Safety Evaluation
Report for details of the geologic studies.

Before ¢ -ading, the upper five to 10 feet of natural soil principally consisted
of stiff clayey soils containing variable quantities of sand. Some surface
alluvium consisting of sand and/or silty soils was located in the area of the
service water pond. Saprolite which is defined as rock that has weathered in
place to form medium-dense to dense silty sand and/or sandy silt and which
exhibits a slight to low plasticity because of weak cementation is found below
the surface zone. After construction, soils present below the finished grade
are in-situ saprolite and backfill, except in the valley area between the
reactor building and service water pond, where fill overlies the upper zone of
in-situ clayey soils. The overburden soils are underlain by bedrock consisting
of metamorphic gneisses and schists of the Charlotte Belt with Paleozoic
igneous intrusive zones. With the depth, the bedrock grades from highly
weathered to moderately weathered to fresh rock containing some random thin
zones of partially decomposed rock. Moderately weaihered and/or fresh rock
were encountered in borings for principal structures of the facility at depths
(below the original ground surface) of from 65 to 115 feet (elevation 290 feet
to 410 feet). Because of differential weathering, the elevation of fresh rock
and the character of weathered rock changes appreciably over short distances
(horizontal and vertical).

Observations of water levels in exploratory borings indicated that the ground-
water table at and around the site occurs at depths ranging from approximately
20 to 90 feet (elevation 350 feet to 420 feet) below the original ground

surface, generally in jointed bedrock. Sometime after Monticello Reservoir is
impounded with a normal high water elevation of 425 feet and a normal drawdown
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elevation of 420.5 feet, it is estimated that the groundwater at the principal
structures of the facility will rise to a maximum elevation of 420 feet.
Groundwater did not constitute a major problem during construction of the
facility. In those few areas where groundwater entered the excavations in
sufficient quantities to require dewatering, it was controlled by a series of
French drains and sumps.

Backfill Materials

Five types of backfill materials were used at the site beneath seismic Category I
structures, i.e., fill concrete, river sand, and Zone I, II, and III materials.

Fill concrete was placed directly on rock beneath the base of the foundation
mat of the reactor, control, and auxiliary buildings. The concrete was designed
to obtain a 28-day strength of 1500 pounds per square inch.

Zone I and II materials were used as primary backfill beneath the diesel
gererator, fuel handling, and intermediate buildings which are supported on
caissons. Zone I material is a reddish clayey soil classified as a CH or CL
material in accordance with the Unified Soil Classification System. Zone 11
material is a multicolored saprolite ranging from an MH to an SM soil in
accordance with the Unified Soil Classification System. Zone I and Il materials
are free of organic material and stones having a maximur dimension of over six
inches. and were compacted in horizontul layers not exceeding eight inches
(loose) in thickness to a dry density of at least 90 percent of the maximum

dry density as determined by ASTM D-1557-70, Method C. The moisture content

was held to within four percent above and two percent below the optimum moisture
content.

Zone III material was used pr ominantly for support of the condensate storage
tank and the diese! generator fuel oil storage tanks. This backfill cunsisted
of a weli-graded, durable crushed rock placed in 12- to 15-inch thick 1ifts
and compacted to at least 85 percent of relative density as determined by the
Department of the Army Standard EM-1110-2-1906.

The river sand was used for backfilling portions of excavations for the service
water discharge pipes. The material was placed in layers not exceeding 12 inches
and compacted to at jeast 75 percent of relative density as determined by the
Department of the Army Standard EM-1110-2-1906.

Mat Foundations on Rock

After the site was cleared, grubbed, stripped of topsoil and organic material,
and graded to elevation 435 feet, excavations were made for the foundation

mats of the reactor, control, and auxiliary buildings. These excavations
extended into rock (a maximum of approximately 100 feet below finished grade).
Percussion rock drills were used to evaluate zones of highly weatherea rock.

The mats are founded on, as a minimum, mode- “tely weathered rock with a compres-
sional wave velocity of 8,000 to 10,000 fee. per second. After the foundation
rock was cleaned by air and/or water jetting, inspected, and approved, the
excavations were backfilled with fill concrete.
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The rock-bearing capacity was evaluated relative to the Rock Property Indicator
Number (a convenient summary of weathering and jointing features). The rock
property indicators and their bearing capacities based on the results of
unconfined and triaxial compression tests are presented in Table 2-3 of this
Safety Evaluation Report.

The design allowable rock-bearing capacity provides for safety factors of 30
for the Number 1 rock and 20 for the Number 2 and 3 rock. The total pressures
on the bearing rock surface caused by the reactor, control, and auxiliary mat
foundations do not exceed 25,000 pounds per square foot.

Elastic theory analysis indicated that the settiement of the reactor, .ontrol,
and auxiliary buildings would be approximately 1/4 inch for loadings c¢f up to
25,000 pounds per square foot. Stress-strain data indicated that the settlement
will occur instantaneously as each increment of load is applied and, therefore,
post-construction settlements of mat foundations on rock will be practically
zero.

Caisson Foundation

The seismic Category I structures support:d on caissons embedded in rock are
the diesel generator, fuel handling, 'nd intermediate buildings. Zone I and
Zone Il materials are used as primary backfill beneath these structures.

The caissons, which are 36 and 48 - _.es in diameter, are designed to be
supported by end bearing and/or .t ift resistance in the underlying rock. The
depth of the rock sockets (m’ ~uw. of one foot) are in accordance with the
allowable end bearing and shai. resistance values relative to the compressional
load, uplift load, and lateral resistance requirements of the individual
caissons. Probe holes having a minimum depth of at least two times the
caisson diameter were drilled beneath the bottom of each socket to investigate
the competency of the bearing rock.

The static and dynamic allowable end bearing and shaft resistance for the
various rock conditions are presented in Table 2-4 of this Safety Evaluation
Report. The caissons are designed in accordance with the allowable end bearing
and shaft resistance values presented in Table 2-4 of this Safety Evaluation
Report with the exceptiun that the bearing values for the Number 2 rock were
also used for the Number 1 rock.

Caissons were estimated to settle 1/4 inch or less due to elastic compression
and were expected to experience the settlement immediately as the load is
applied.

Foundations on Soil

The seismic Category I structures and components supported on soils are the
condensate storage tank, diesel generator fuel oil storage tanks, electrical
duct bank, service water intake pipes, service water discharge pipes, service
water intake structure, service water pumphouse, and service water discharge
structure.
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TABLE 2-3
FOUNDATION ROCK BEARING CAPACITIES

Ultimate Bearing

Design Allowable
Bearing Capacity,
thousand pounds
per square foot

Rock Property Capacity,

Indicator thousand pounds

Number Description per square foot
1 Massive fresh rock, 6,000

some siightly jointed.

2 Moderately weathered rock, 2,000
slightly jointed; and
slightly weathered rock,
moderately jointed.

3 Moderately weathered rock, 800
highly jointed.

2-43

200

100

40



vv-2

Rock Property
Indicator

w N -

TABLE 2-4

CAISSON END BEARING AND SHAFT RESISTANCE

Ultimate End
Bearing Capacity
Thousand Pounds
Per Square Foot

6,000
2,000
800

Allowable Static Loadings
End Bearing Shaft

Thousand Resistance
Pounds Thousand Pounds
Per Square Per Square Foot
Foot
200 10
100 10
25 5

Allowable Dynamic Loadings

End Bearing Shaft
Capacity Resistance
Thousand Pounds Thousand Pounds
Per € uare Per Square Foot
foot

90 20

300 20

75 1)



Each diesel generator fuel oil storage tank is supported on compacted Zone III
material which is shaped to uniformly support the circular bottom of the tank.
The Zone 111 material extends to approximately elevation 404 feet, the depth
to which the natural in situ soils were remcved. The service water pipes and
electrical duct bank are supported below finished plant grade in compacted
Zone I, II, and III material. The diesel generator fuel 0il storage tanks,
the electrical duct bank, and the service water pipes weigh less than an equal
volume of compacted backfill. For these facilities, the safety factor against
a soil bearing failure is extremely high.

The in-situ soils at the condensate storage tank site were excavated to elevation
409 feet and the excavation was backfilled with Zone III material to foundation
grade, elevation 430 feet. The ultimate bearing capacity of the natural soils

at elevation 409 feet was calculated to be 65,000 pounds per square foot. The
factor of safety against bearing failure at this level is 45 for normal operating
conditions and 20 for dynamic conditions. Total setilement of the condensate
tank was estimated to be less than 1/2 inch.

The base slab of the service water discharge structure is supported on decomposed
rock at elevation 408 feet. The ultimate bearing capacity for the structure

was calculated to be greater than 90,000 pounds per square foot, resulting in

a minimum factor of safety in excess of 15.

Table 2-5 presents a summary of foundation design information for seismic
Category I structures.

Service Water Pumphouse and Intake Structure

The service water pumphouse foundation mat is supported on compacted fill at
an elevation of 386 feet within the west embankment of the service water pond.
The ultimate bearing capacity of the west embankment fill, after filling the
service water pond, was computed to be 40,000 pounds per square foot resulting
in a minimum factor of safety of six against a bearing capacity failure.

Based upon the results of original subsurface investigation, laboratory testing
on block samples of the compacted fill and consolidation tests on samples of
saprolite from areas other than beneath these structures, the applicant pre-
dicted that the pumphouse would experience about four inches of settlement and
the pumphouse end of the intake structure about two inches over the life of

the facility. A settlement monitoring program was established prior to
construction of these structures to measure the actual settlement at various
locations on the structures during construction.

On August 15, 1977, a settlement exceeding the estimate was measured at the
settlement points. On August 22, 1977, the intake structure was inspected and
nothing unusual was observed. On August 29, 1977, the intake structure was
inspected again and several minor cracks were found 1n the walls and roof.

These cracks widened at the roof and closed near the bottom of the walls. In
most instances, they penetrated the full thickness of the walls and roof slab.
The largest crack had a maximum width of 1/8 inch. Some of the cracks are

nearly vertical and some are inclined to the vertical, with a maximum inclination
of 25 degrees.
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TABLE 2-5

FOUNDATION DESIGN INFORMATION FOR SEISMIC CATEGORY 1 STRUCTURES

Structure Approximate Foundation Foundation Foundation Foundation
Elevation (Teet) Embedment  Type Materials
Reactor Building 396 to 408 39 mat Fill concrete to rock
Control Building 407 to 411 28 mat Fill concrete on rock
Auxiliary Building 384 to 388 51 mat Fill concrete on rock
North 370 to 374 65 mat Fill concrete on rock
South
Diesel Generalor Cap elevation
r~ Buiiding 394 to 421 41 and 14 caissons Rock
)
E=
& Fuel Handling Cap elevation 26 and 5 caissons Rock
Building 409 to 430
Intermediate Builindg Cap elevation 39 and 26 caissons Rock
394 to 409
Condensate Storage 430 5 mat Zore 111
Tank
Diesel Generator 419 16 » Zone 111
Storage Tanke
Service '‘sater 386 49 mat Zone 1 and 11
Pump'iouse
Service Water 367 - mat Zone 1 and 11

Intake Structure

Service Water 408 15 mat Decomposed rock
Discharge Structure



On discovery of the cracks, a survey program was initiated by the applicant to
monitor the cracks for changes of width and length and to record additiona!l
cracking which might be caused by further settlement during completion of
construction of the embankment and pumphouse. The resulting data from this
program indicates that as the settlement increased from August to December,
the number of cracks increased and occurred over a longer length of the intake
structure. Also, some of the existing cracks widened.

Soon after the unexpected large settiement, construction of the ~umphouse and
surrounding fill was temporarily halted while the cause was investigated.

This investigation consisted of two additional test borings, settlement moni-
toring instrumentation of Borros points and settlement plates, and a revised
settlement analysis based on the new data. Based on the results of this
investigation and the available monitoring data, the applicant concluded that
the pumphouse would experience a total settlement about 12 to 14 inces and the
intake structure about 10 to 12 inches.

In order to accelerate the settlement, the applicant preloaded the soils under
the pumphouse by placing an extra five fest of fill arcind the structure and
filling the pump chamber in the pumphouse with 9.5 feei of water,

The preload accelerated the settlemerc to a point where it ieveled off in
December 1977 at from 11.5 inches of total settlement at the east corner to
13.5 inches of total settlement at the west corner.

After removal of the preload fill, pressure grouting of the cracks in the

intake structure was begun on December 15, 1977 and completed on January 18,
197C. The service water pond was filled about five weeks after the completion
of grouting in the intake structure. Since the settlement monitoring points

in the intake structure would be inundated, three survey masts were affixed to
its roof. The settlement data indicated that after an initial downward move-
ment of approximately 0.25 inch due to filling the pond, the pumphouse rebounded
about 0.5 to 0.6 inch from March through August, 1978, since which time movement
has essentially ceased. The intake structure rebounded about 0.6 to 0.8 inch
through November 1978, and since then movement has essentially ceased.

We are reviewing the information provided by the applicant to determine whether
the soils beneath the pumphouse and intake structure would change its compres-
sibility when saturated, i.e., whether additional settlement would be occurring
upon saturation.

Two 30-inch-diameter service water pump discharge lines, one 36-inch-diameter
circulating water bypass line, and an electrical duct bank are now connected
to the pumphouse. These services were connected to the pumphouse as late as
possible to allow waximum settlement or rebound to take place. They were
stopped short of the pumphouse a minimum distance of 50 feet until connaction
was imminent.

The 36-inch bypass pipe line to the circulating water intake structure was
connected in February 1978, prior to filling the pond. This pipe line has
Dresser couplings close to the pumphouse. These couplings allow a radial
movement of 3/8-inch and two degrees deflection. The 30-inch service water
pipe lines were connected to the pumphouse at the beginning of April 1978,
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during the time that rebound occurred due to filling the pond. Some mis-
alignments of piping were discovered which required re-excavation in order to
connect the pipes to the pumphouse. The significance and the cause of this
misalignment are being investigated and evaluated by the applicant and the
staff.

The electrical duct bank was connected to the pumphouse on June 22, 1978. The
joint provided for the duct bank at the pumpouse wall is designed to allow
for a differential displacement of at least one inch in any direction all
around. The applicant indicates that these connections and couplings will
accommodate the differential movements anticipated from soil rebound and
seismic events. A downward movement of 0.84 inch of the duct bank relative to
the pumphouse was reported in October 1979. The significance and cause of the
movement are also being investigated and evaluated.

Although significant movements of the pumphouse and intake structure have
essentially ceased, the applicant will continue to monitor settliement and
piezometric levels at the structure. Readings will be taken every six months
throughout the life of the facility. Visual inspection of the pipelines con
nected to the pumphouse will also be made every six months.

Liquefaction Potential

The principal structures of the facility are supported on mats or caissons
founded on the underlying rock and are therefore not susceptible to liquefac-
tion. The applicant's evaluation of the potential for ligquefaction unaer
seismic loading of the saprolite layer beneath the diesel generator fuel oil
storage tanks, condensate tank, electrical duct banks, and service water lines
is based on the results of standard penetration tests. The maximum horizontuil
acceleration generated by the postulated safe shoutdown earthquake have been
taken to be 0.15 times the gravitational acceleration in rock and 0.25 times
the gravitational acceleration in soil. The applicant's analysis indicates
that liquefaction of the saprolite will not occur under a peak surface
acceleration of 0.25 times the gravitational acceleration.

The staff's review indicates that there is not enough information to establish
an empirical correlation between the liquefaction potential and the standard

penetration resistance of saprolite. The applicant's test results of undisturbed

and recomputed saprolite under cyclic loading conditions show that the dynamic

shear strengths of the saprolite are substantically greater than the calculated

shear stresses for a peak ground surface accelration of 0.25 times the gravita-
tional acceleration. The soft soils encountered at borings 4-1, 4-2, and 4-5
were found unsuitable for foundations and were replaced with compacted fills.
These fills are not susceptiable to liquefaction. Based on the high shear
strength of the saprolite and the conservative nature of the analysis on
seismically-induced shear stresses, we conclude that no liquefaction problems
exist in the founding materials.

Conclusion
Based on the results of the applicant's investigations, laboratory and field

tests, analyses, and criteria implemented for design and construction, we and
our consultants conclude that the site and facility foundations except those
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related to the service water pumphouse and intake structure meet the require
ments of 10 CFR Part 100 and are therefore acceptable. We are cortinuing our
evaluation of the se.vice water pumphouse and intake structure including the
discharge pipelines and electric duct bank. The acceptability of these
structures and components to perform their safety function will be reported in
@ supplement to this Safety Evaluation Report.

2.5.5 Stability of Slopes

The three dams and the west embankment, constructed to impound the service
water pond, are the only natural or man-made slopes the failure of which could
prevent safe shutdown of or pose a hazard to the facility. The stability of
these slopes is discussed in Section 2.5.6 of this Safety Evaluatiun Report.

2.5.6 Embankments and Dams

The service water pond is formed by impounding a segment of a tributary to

Frees Creek with a north dam, east dam, south dam, and west embankment. The
three dams and the west embankment are seismic Category I homogeneous earth
structures. Criterion 45 »f the General Design Criteria reguires that the
cooling water syctem be designed to permit appropriate periodic inspection of
important components %to assure the integrity of the system. To assure the
continued integrity of the seismic Category I earth structures, the applicant
will comply with Regulatory Guide 1.127, “"Inspection of Water Control Structures
Associated with Nuclear Power Plants.”

Foundation and Abutment Treatment

The foundation preparation for the north dam included the removal of alluvium
in the valley bottom, removal of all soft or loose surficial materials from
the entire embankment foundation and abutment area, control of springs and
seeps, and installation of a grout curtain and core trench along the dam
centerline. In the valley bottom, the maximum depth of excavation of unsuit-
able materials was 21 feet. Flows from springs in the excavation were con-
trolled by installing sumps for the larger flows and by dry packing with
cement for the smaller flows. To reduce under-seepage a single-line grout
curtain over 1300 feet long was installed along the centerline of the north
dam and an auxiliary line was grouted on either side of the centerline to
obtain » Lriple- line curtain where the highest permeabilities were encountered.

When preparing the foundation for the south dam, the colluvial soils were
found to be excessively wet and to contain large amounts of organic inclusions.
Consequently, all colluvial deposits were removedi. This additional excavation
resulted in up to 22 feet of colluvial materials being excavated from the
south dam base. With the exception of one sump located in the toe drain area,
all seeps were controlled by either dry packing cement or were of such small
flow rates (less than 0.05 gallon per minute) that fiil was placed directly
over the area wiihuut adverse effect upon the compacted materials.

The foundation of the east dam was excavated from one to four feet into firm

to stiff residual soil. No groundwater was encountered in the preparation of
the east dan foundation.
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The foundation preparation for the west embankment included the removal cf the
surficial soft or loose soils and crgaric materials, grading of gullies and
installation of a French drain and sump system for a portion of the embankment.
A peripheral French drain and sump system was constructed to reduce the moisture
content of foundation soils wetted by flow from several seeps and springs.

Embankment Geometry and Materials

Each of the four ezrth structures is designed as a homogeneous embankment with
riprap slope protection. The north and south dams contain an internal horizontal
drainage blanket and a rock toe to control seepage in the event of sudden
drawdown of Monticello Reservoir. The south dam also includes a relatively
impervious upstream blanket for seepage control. The reservoir faces of the
dams are inclined at 3.5 to one and the service water pond faces of the dams

and west embankment are inclined at three to one. Other pertinent geometric
aspects of the dams and embankment are given in Table 2-6 of this Safety
Evaluation Report.

Select fill materials for the dams and embankment consist of residual soil and
saprolite excavated from nearby borrowed sources. The liquid limit and plasticity
index of fill materials did not exceed 70 percent and 25 percent respectively.

The soil was placed in horizontal 1ifts not exceeding eight inches in loose
thickness and was compacted to a minimum dry density of 90 percent of the
modified maximum dry density as determined by ASTM Standard D-1557. The
allowable compaction moisture content ranged from one percent below to six

percent above the optimum moisture content as determined by ASTM Standard D-1557.

S.ttlement

Analyses of potential settlement of the north and south dams were performed,
based on as-built dimensions and soil parameters to investigate the potential
for the loss of freeboard due to post-construction consolidation and the

potential for cracking within the embankment due to differential settiements.

The maximum anticipated post-construction settlement, a sum of immediate
deformation and one-dimensional consolidation, was estimated to be 7.0 inches
for the north dam and 4.6 inches for the south dam.

To assess the cracking potential, the results of a theoretical determination
of tensile strains were compared to field observations of other embankments of
similar materials. The maximum computed tensile strains along the crests of
the north and south dam were compared to strains at cracking reported in the
literature. The compression indicates a margin of safety greater than 1. 15

Slope Stability

The static stability of the service water pond dams was investigated using the
circular arc method of analysis as performed by the ICES LEASE-I computer
program. The design static conditions that were analyzed for the dams werc
end of construction, submerged condition, sudden drawdown, and steady seepage |
in both directions. The results of the analyses demonstrated that all of the

embankments have an adequate factor of safety against shear failure under the |
design conditions.
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TABLE 2-6
SUMMARY OF EMBANKMENT GEOMETRY

North South East West
Dam Dam Dam Dam
Crest elevation (feet) 438 438 438 435
Crest width (feet) 30 30 40 50
Approximate crest
length (feet) 1,500 765 1,150 1,900
Maximum height (feet) 129 58 28 96
Approximate volume (1)
(1,000 cubic yards) 785 273 34 1,169

NOTE:

1. Includes non-safety class fill west of west embankment.
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A detailed seismic evaluation of the eary\h Jams w
representative of the safe s.utdown earthquake

values -epresentative of the foundation and embankmer

by means of field seismic wave velocity determinati

cyclic torsion and cyclic shear tests fThe factor of

the minimum ratio of shearing resistance to shear siress
the embankmert induced during the postulated earthquake
method of analysis resulted in a minimum factor f safely
service water pond embankments under safe shutdows earthqgua

However, it should be nocled that the as , o N ns of 1 st embankment
are different from those proposed 1n the origis | desian The ianificance of

this design deviation on static and dynamif behavior o st embankment

and the effect on the service water pumphouse and intake structure are be
investigated and evaluated We will report the results of ou waluat)
supplement to this Safety Evaluation Report

Seepage Test

A full-scale seepage test was performed to demonstrate the conse vatism
estimated seepage loss from the service water pond upof the po-tulated |
Monticello Reservoir The test was made during initial filling of Monticell
Reservoir by preventing the simultaneous filling of the pond Measured seepage
into the service water pond under maximum differential head was approximately
20 percent of the calculated seepage in the reverse direction

Instrumentation

Instrumentation was installed in the north and south dams 1in December 1977 to
measure post-construction crest settlement and horizontal movement The
monuments are positioned at intervals of 100 feet along the dam crests
Measurements taken in December 1978 indicate that maximum post-construction
settlement of the north dam was less than one inch and that the north dam is
now experiencing rebound. Settlement of the south dam was negligible and
maximum rebouni has been 1.3 inches Maximum net horizontal movements have
been one inch and one-half inch for the north and south dams respectively

A series of four piezometers are installed at each of three cross sections of
the north dam. The piezometers located on the crest and on the service water
pond side were used to monitor the transient phreatic water level within the
dam during the reverse seepage tasting. The piezometers located on the

M nticello Reservoir side of the dam were installed primarily to monitor the
phreatic surface near the toe of the north dam in the event that Monticello
Reservoir is emptied

Conclusion

Based on the results of the applicant's investigations, laboratory and field
tests, analyses and criteria for design and construction, we and our consultants
conclude that the man-made dams, except the west embankment, will function
re'iably and remain stable under safe shutdown earthquake cou..iitions At the
west ~mbankment., the as-built conditions are somewhat different from the

desiyn. The effect of this on the service water pumphouse and intake structure
is being investigated and evaluated. We will report on the resolution of this
matter in a supplement to this Safety Evaluation Report




3 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

3.1 Conformance with General Design Criteria

In Section 3.0 of the Final Safety Analysis Report, the applicant presented an
evaluation of the design bases against the NRC's General De<ign Criteria listed
in Appendix A to 10 CFR Part 50. In a letter dated November 14, 1980 the appli-
cant addressed compliance with 10 CFR Parts 20, 50, and 100 including the General
Design Criteria. We evaluated the final design and the design criteria and
conclude, subject to the applicant's adoption of the additional requirements
imposed by us as discussed in this Safety Evalua.icn Report, that the facility
has been designed to mee* the requirements of the General Design Criteria.

OQur veview of structures, systems, and components relies extensively on the
application of industry codes and standards that have been used as accepted
industry practice. These codes and standards, as cited in this Safety Evalua-
tion Report and attached bibliography, have been previously revi:wed and found
acceptable by us; and have been incorporated into our Standard <eview Plan.

3.2 C(Classification of Structures, Systems, and Components

3.2.1 Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant
struct .res, systems, and components important to safety be designed to with-
stand the effects of earthquakes without loss of capability to perform their
safety function. These structures, systems, and components are those necessary
to assure (1) the integrity of the reactor coolant pressure boundary, (2) the
capability to shut down the reactor and maintain it in a safe shutdown condi-
tion, or (3) the capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the guideline
exposures of 10 CFR Part 100.

All other structures, systems, and components that may be required for opera-
tion of the facility are designed to other Lhan seismic Category I requirements.
Included in this classification are those portions of seismic Category I systems
which are not required to perform & safety function. Structures, systems, and
components important to safety that are designed to withstand the effects of a
safe shutdown earthquake and remain functional have been identified in an
acceptable manner in Tables 3.2-1 and 3.2-2 of the Final Safety Analysis Report.

The basis for acceptance in our review has been conformance of the applicant's
designs, design criteria, and design bases for structures, systems, and compo-
nents important to safety with the NRC's regulations as set forth in Criterion 2
of the General Design Criteria, and to Regulatory Guide 1.29, "Seismic Design
Classification," Revision 2, NRC staff tachnical pusitions, and industry
standards.



We conclude that structures, systems, and components important to the safety
of the facility that must be designed to withztand the effects of a safe shut-
down earthquake and remain functional are properly classified as seismic
Category I items in conformance with the NRC's regulations, Regulatory

Guide 1.29, and Criterion 2 of the General Design Criteria. Design of these
items in accordance with seismic Category I reguirements provides reasonable
assurance that in the event of a safe shutdown earthquake, the facility will
perferm in a manner providing adequate safeguards to the health and safety of
the public.

3.2.2 System Quality Group Classification

Criterion 1 of the General Design Criteria requires that nuclear power plant
systems and components important to safety shall be designed, fabricated,
erected, and tested to quality standards commensurate with the importance of
the safety function to be performed.

We have reviewed the applicant's classification systems for pressure-retaining
components such as pressure vessels, heat exchangers, storage tanks, pumps,
piping, and valves in fluid systems important to safety and the assignment by
the applicant of quality groups or safety classes to those portions of systems
required to perform safety functions.

The applicant has utilized the American Nuclear Society Safety Classes 1, 2a, .
2b, 3 and non-nuclear safety as defined in the August 1970 draft of ANS N18.2,
“Nuclear Safety Criteria for the Design of Stationary Pressurized Water Reactor
Plants." Safety Classes 1, 2a, 3 and non-nuclear safety zorrespond to the
Quality Groups A, B, C, and D in Regulatory Guide 1.26, "Quality Group Classi-
fications and Standards," Revision 3. In addition, this earlier version of

the American Nuclear Society classification system has a Safety Class 2b which
is based on those component codes within Quality Group C and the quality
assurance requirements (administration - management and documentation) normally
associated with components of Quality Group B. The applicant has applied the
American Nuclear Society classification system to those fluid containing
components which are part of the reactor coolant pressure boundary and other
fluid systems important to safety where reliance is placed on these systems:
(1, to prevent or mitigate the consequences of accidents and malfunctions
originating within the reactor coolant pressure boundary, (2) to permit shut-
down of the reactor and to maintain it in a safe shutdown condition, and (3)

to contain radioactive material. These fluid system components are classified
in conformance with Regulatory Guide 1.26 in Table 3.2-1 of the Final Safety
Analysis Report. Piping and valves for these fluid systems are also classified
in an acceptable manner on system piping and instrumentation diagrams in the
Final Safety Analysis Report.

Fluid systems pressure-retaining components important to safety that are

classified Quality Group A, B, or C are constructed to the following codes and
standards:

3-2



NRC Applicant's Component Code
Quality Group Safety Class ASME Section III, Division 1
A 1 Class 1
B 2a Class 2
C 2b Class 3
C 3 Class 3

Quality Group A components comply with Section 50.55a of 10 CFR Part 50.
Quality Group B and C components comply with Subsection NNA-1140 of Section I11
of the ASME Code.

Quality Group D components are constructed to the following codes as appropriate:
Division 1 of Section VIII of the ASME Boiler and Pressure Vessel Code, ANSI
B31.1.0, API-620, API-650, AWWA D100, or manufacturer's standards.

The basis for acceptance in our review has been conformance of the applicant's
designs, design criteria, and design bases for pressure-retaining components
such as pressure vessels, heat exchangers, storage tanks, pumps, piping, and
valves, in fluid systems important to safety, with the regulations as set
forth in Criterion 1 of the General Design Criteri+« the requirements of the
codes specified in Section 50.5%a of 10 CFR Part 50, Reguiatory Guide 1.26,
and industry codes and standards.

We conclude that the pressure-retaining components of fluid systems important
to safety that are designed, fabricated, erected, and tested to quality
standards in conformance with the NRC's regulations, the applicable regulatory
guides, and industry codes and standards are acceptable. Conformance with
these requirements provide reasonable assurance that the facility will perform
in a manner providing adequate safeguards to the health and safety of the
public.

3.3 Wind and Tornado Loadings

3.3.1 Wind Loadings

A1l seismic Category I structures exposed to wind forces vere designed to
withstand the effects of the design wind. The design wind specified for this
facility has a velocity of 100 miles per hour with a 400 year reocurrence.
interval.

The procedures that were used to transform the wind velocity into pressure
Toadings on structures and the associated vertical distribution of wind pres-
sures and gust factors are in accordance with "Wind Forces on Structures,"”
transaction of the American Society of Civil Engineering, Paper No. 3269,
Volume 126, Part 2.

We conclude that the procedures that were utilized to determine the loadings
on seismic Category I structures induced by the design wind specified for the
facility are acceptable. These procedures provide a conservative basis for
engineering design to assure that the structures will withstand such environ-
mental forces.




The use of these procedures provides reasonable assurance that in the event of
design basis winds, the structural integrity of the facility's seismic
Category [ structures will not be impaired. As a consequence, the seismic
Category I systems and components located within these structures will be
adequately protected and will perform their intended safety functions, if
needed. Conformance with these procedures is an acceptable basis for satis-
fying, in part, the requirements of Criterion 2 of the General Design Criteria.

3.3.2 Tornado Loadings

All seismic Category 1 structures exposed to torrido forces and needed for the
safe shutdown of the facility were designed to resist a tornado with 290 miles
per hour tangential wind velocity and a 70 miles per hour translational wind
velocity. The simultaneous atmospheric pressure drop was assumed to be three
pounds per square inch in 1.5 seconds. Tornado missiles are also considered
in the design as discussed in Section 3.5 of this ! ufety Evaluation Report.

The procedures that were used to transform the tornado wind velocity into
pressure loadings are similar .o those used for the design wind loadings as
discussed in Section 3.3.1 of this Safety Evaluation Report. The effects of
tornado missiles were determined using procedures discussed in Section 3.5 of
this Safety Evaluation Report. The total effect of the design tornado on
seismic Category I structures is determined by appropriate combinations of che
individua) effects of the tornado wind pressure, pressure drop and tornado
associated missiles. Structures are arranged on the site and protected in
such a manner that collapse of structures not designed for the tornado will
net affect other safety-related structures.

The procedures utilized to determine the loadings on structures induced by the
design basis tornado specified for the facility are acceptable since the
procedures provide a conservative basis for engineering design to assure that
the structures withstand such environmental forces.

The use of these procedures provides reasonable assurance that in the event of

a design basis tornado, the structural integrity of the facility's structures
that have to be designed for tornadoes will not be impaired and that safety-
related systems and components located +ithin these structures will be adequately
protected and may be expected to perform their necessary safety functions as
required. Conformance with these procedures is an acceptable basis for
satisfying, in part, the requirements of Criterion 2 of the General Design
Criteria.

3.4 water Level (Flood) Design

3.4.1 Flood Protection

OQur review included the applicant's design to protect safety-related systems,
structures, and components from flood damage and tu maintain the capability
for a safe facility shutdown during a design basis flood.

The final grade for the facility is located at a minimum elevation of 435.0
feet. The probable maximum fiood has been calculated at elevation 436.6 feet
assuming the maximum impoundment pool level for Monticello Reservoir. The



site is protected from the probable maximum flood by a three-foot-high dike
(berm) to elevation 438.0 feet along the shoreline of Monticello Reservoir.

The maximum flood level for the service watar pond, an impoundment created by
dams w' hin Monticello Reservoir, has been calculated at elevation 433 f feet.
This pond serves as the ultimate heat sink. The site is protected from this
flood level by a sloped embankment to elevation 435.0 along the edge of the
service water pond.

Since the dike and embankment are 1.4 feet above their maximum corresponding
flood levels, the site, including the safety-related components, is adequately
protected from the probable maximum flood.

The portions of seismic Category I structures located below finished grade are
protected on their outside surfaces by a continuous water-proof membrane. In
addition, the a. [liary building mat is protected by a water-proof membrane on
the bottom surface.

Access to structures will be located above grade. Below grade penetrations
throunh exterior walls for conduit and piping are provided with water-proof
mecbrane covers to prevent any water leakage. In the event that in-leakage
should occur, water will be carried by sloped floors to sumps and pumped away
from these sumps.

As a result of our review, we conclude that the facility design meets the
requireasents of Critericn 2 of the General Design Criteria with respect to the
protection of essential equipment from the effects of external ground water
flooding, the design basis flood, and the probable maximum flood, and is there-
fore acceptable.

3.4.2 Analysis Procedures

Seismic Category I structures are designed for bouyancy. No siesmic Category I
structures become unstable with respect to uplift or overturning due to load
combinations. The plant site is protected against potential floods up to eleva-
tion 438.0 feet. Therefore, dynamic effects of flooding are not applicable

and were not considered. Seismic Category I structures will be adequately
protected against expected water level thus satisfying, in part, the require-
ments of Criterion 2 of the General Design Criteria.

3.5 Missile Protection

In accordance with Criteria 2 and 4 of the General Design Criteria, the
facility's seismic Category I structures, systems, and components will be
shielc~4 from, or designed for, various postulated missiles. Missiles considered
in the design of structures include tornado-generated missiles and various
missiles that may result from equipment failure both inside and cutside the
containment.

Adequate information has been provided indicating the structures, shields, and
barriers that are designed to resist the effect of missiles. The missiles
applicable to each of these structures, shields, and barriers are also adequately
identified and their characteristics defined.



3.5.1 Missile Selection and Description

Internally Generated Missiles (Inside Containment)

Our review of possible effects of internally generated missiles inside contain-
ment included structures, systems, and components whose failure could prevent
safe shutdown of the faci'ity or result in significant uncuntrolled release of
radioactivity. The scope of our review in this area for the facility included
general arrangement drawings, piping and instrumentation diagrams, and descrip-
tive information for structures, systems, and components essential to the safe
operation and shutdown of the facility.

The applicant analyzed the potential missiles within containment and identified
the following missiles:

Resistance temperature detectors

Safety valve bcnnets

Diaphragm-operated control valve drive shaft and diaphragm operator
Control rod drive mechanism housing plug

Control rod drive shaft

Instrument wells

Pressurizer heaters

NS WN -

The applicant also identified the systems, components, and structures reguiring
protection from these missiles and the design provisions that afforded the
required protection. This included enclosing the systems or components in
individual missile-proof compartments, physically separating redundant systems
or components cf the system, or providing special localized protective barriers.

The applicant did not consider the reactor coolant pump and motor component to
be a credible source of missiles. The applicant's basis is the Westinghouse
analysis presented in WCAP-8163, "Reactor Coolant Pump Integrity in LOCA,"
which concludes that the integrity of the flywheel during a loss of coolant
accident will be maintained and that other pump and motor components, although
they may fail, will not be a source of missiles.

We have not completed our review of the topical report and are pursuing this
matter under a generic evaluation program. In conjunction with our review,

the Electric Power Research Institute and Westinghouse have performed scaled
pump tests with single- and two-phase flow intended to verify vendor analytical
techniques and predictions on reactor coolant pump overspeed. The Electric
Power Research .nstitute has contracted Combustion Engineering, CREARE, and

the Massachusetts Institute of Technology to perform experimental and analytical
work on two phase flow reactor coolant pump performance. The pump tests were
performed on a 1/5-scale test loop at Combustion Engineering, and a 1/20-scale
test loop at CREARE. The Electric Power Research Institute has completed

Phase I of the study. Westinghouse, together with Framatone, and the French
Atomic Energy Commission, are also conducting a research program on pump testing
and modeling using a 1/3-scale model of a Westinghouse reactor coolant pump.

The test and analysis efforts are expected to be completed during 1979. We

are following the development and performance of this program. 1f the results
of these generic investigations indicate that additional protective measures
are warranted to prevent excessive pump overspeed or to limit potential con-
sequences to safety-related equipment, we will determine what modifications,
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if any, are necessary to assure that an acceptable level of safety is maintained,
and the applicant will be required to comply with any changes we find necessary.

Section 3.5.1.2 of the Standard Review Plan was used as a basis for demonstr-ating
conformance to Criterion 4 of the General Design Criteria. The missiles identified
by the applicant and the proposed protection of the containment and engineered
safety features from these internally generated missiles have been reviewed.

We conclude that the applicant has identified all the systems and components,
whose failure could prevent safe shutdown of the facility or result in a signifi-
cant uncontrolled release of radioactivity. The acceptability of the analytical
procedures and criteria used for the structures and barriers that protect the
containment structure and liner, essential systems, and safety-related components
from these missiles is addressed in Seciion 3.5.2 of this Safety Evaluation
Report.

Internally Generated Missiles Jutside Containment)

Protec*ion against postulated missiles associated with facility operation, such

as missiles generated by rotating or pressurized equipment, is provided by any,

or a combination of, compartmentalization, barriers, separation, and equipment
design. The primary means of providing protection to safety-related equipment

is through the use of physical arrangement. Safety-related systems are physically
separated from nonsafety-related systems and the redundant components of safety-
related systems are physically separated such that a potential missile could

not damage both trains of the safety-related system.

The applicant provided an analysis of the effects of potential internal missiles
in safety- related areas outside the containment. The postulated missile is

an i8-inch check valve bonnet from the feedwater system. We have reviewed the
applicant's analysis and agree that the postulated missile is conservative and
representative of typical missiles in safety-related areas of the facility.

We further agree that the applicant has shown to our satisfaction that these
potential missiles will not adversely affect safety-related systems or comporents.

We have reviewed the adequacy of the applicant's design necessary to maintain
the capability for a safe shutdown in the event of any internally generated
missile outside containment. We have concluded that the design is in conform-
ance with Criterion 4 of the General Design Criteria as it relates to structures
housing essential systems and to the capability of the systems to withstand

the effects of internally generated missiles, and Regulatory Guide 1.13 as it
relates to protection from internal missiles, and is therefore acceptable.

Turbine Missiles

Criterion 4 of the General Design Criteria requires that all structures, systems,
and components important to safety at a nuclear power plant be appropriately
protected against dynamic effects including the effects of misciles that may
result from equipment failures and from events and conditions outside the nuclear
power plant.

The turbine-generator at the Virgil C. Summer Nuclear Station, Unit 1 has a
non-peninsular orientation relative to the containment. The turbine is an 1800
revolutions per minute, tandem compound, four-flow two-stage reheat steam turbine



with 43-inch last stage buckets, manufactured by the General Electric Company.
The turbine-generator is located on the operating floor of the turbine building
at elevation 463 feet. The turbine is flanked by the moisture separators and
minor equipment intervening between the turbine and the turbine building walls.
The turbine building walls from elevation 463 feet to the roof consists of steel
super-structure covered by metal paneling. The sense of rotation of the turbine
blades is towards the containment and intervening buildings for the part of

the turbine below the turbine centerline and away from the site for the part

of the turbine above the turbine centerline. The sense of rotation restricts
the exposure of structures, systems and components to potential damage by low
trajectory missiles to elevations of about 500 feet or greater.

The only structures vulnerable to low tra,ectory turbine missiles at the facility
are in the upper regions (above elevation 500 feet) of the contrcl building,
auxiliary building and the containment.

All equipment necessary for safe shutdown or for mitigating the radiological
consequences of an accident 2s specified in Regulatory Guide 1.115 are located

in seismic Category I structures with the exception of the refueling water storage
tank. Most of these structures have walls, roofs and barriers of steel reinforced
concrete of 3000 pounds per square inch at least two feet thick with the exception
of the fuel hand!ing building.

In the event of a turbine overspeed, any turbine missile that exits the casing

at an angle less than 60 degrees (measured down from the turbine horizontal
centerline) must pass through a minimum of about 10 feet of steel reinforced
concrete of 3000 pounds per square inch strength (turbine pedestal). These
missiles would present no hazard to equipment necessary for a safe shutdown or
for mitigating the radiclogical consequences of an accident. Any turbine missile
that exits the casing at an angle between 60 degrees and 20 degrees could pene-
trate structures at elevations above 500 feet. For the purpose of our analyses,
we have conservatively assumed that all missiles penetrating a safety structure
pose unacceptable damage to the equipment inside the structure. The overall
probability that turbine missiles would strike safety related structures housing
vital equipment within this strike zone is conservatively calculated to be

5 x 10-7 per year. Any turbine missile that exits the casing at an angle between -
0 degrees and 0 degrees will pass over the containment and is considered a

high trajectory missile. The probability that high trajectory missiles would

do damage to safety related equipment (as specified by Regulatory Guide 1.115)
was conservatively calculated to be about 4 x 10-7 per year. Our analyses
included the use of the overall turbine failure rate of 10-* per year and assumed
a damage probahility on strike of 1.0 for those areas where horizontal or vertical
protection is less than six feet of steel reinforced concrete. This assumption
takes no credit for stopping of the missile by less concrete thickness and does
not credit the possibility that if any area is struck, the critical equipment
within may not be damaged.

The overall probability that a turbine missile could prevent a safe shutdown
or damage equipment needed to prevent accidents which could lead to conse-
quences approaching a significant fraction of the 10 CFR Part 100 guidelines
is conservatively estimated to be less than 10-® per year. In our review of
the Virgil C. Summer Nuclear Station, Unit 1 for turbine missile protection
has determined that the overall probability that turbine missiles could damage



we have facility and lead to consequences in excess of 10 CFR Part 100 exposure
guidelines is acceptably low. The essential systems are considered to be
adequately protected against potential turbine missile damage.

Tornado Missiles

Criterion 4 of the General Design Criteria requires that all structures,
systems, and components essential to the safety of the facility be protected
from the effects of externally generated missiles. Al] safety-related
structures with the exception of the fuel handling building are designed
against penetration by tornado-generated missiles. Al]l safety-related systems
and components, with the exception of the condensate storage facility, are
located wi*hin structures designed to afford protection from tornado missiles.

The fuel handling and roof deck and metal siding of the building superstructure
are not designed to withstand tornadoes. Therefore, the strusture can be
penetrated by tornado-generated missiles. The new fuel racks .nd spent fuel
pool and associated equipment are located beneath the fuel handling building's
superstructure and roof deck. The applicant has provided an analysis of the
effects of missile penetration of the fuel handling building. We have per-
formed an evaluation of postulated missiles penetrating the building and the
potential damage to the spent fuel and associated safety-related equipment
which may result. Based on our evaluation of the consequences of tornado
missiles, we conclude that no adverse effects to safety will result as a
consequence of tornado missile penetration of the fuel handling bulding.

The condensate storage facility is discussed in Section 9.2.4 of this Safety
Evaluation Report. Its safety function is to provide a source of emergency
feedwater following a postulated accident. Its loss as a result of a tornado
missile does not affect safety since the service water system which is protected
from tornado missiles serves as an adequate backup supply of emergency feedwater.
We therefore conclude that no adverse effects to safety will result as a
consequence of loss of the condensate storage facility by tornado-generated
missiles.

Based on the above, we conclude that the design of the facility is in accordance
with the reguirements of Criterion 4 of the General Design Criteria with

regard to the protection of safety-related structures, systems, and components
from externally generated missiles and is therefore acceptable.

3.5.2 Barrier Design Procedures

The seismic Category I structures, systems and components are shielded from,

or designed for, various postulated missiles. Missiles considered in the
design of structures include tornado-generated missiles and various containment
internal missiles, such as those associated with a loss-of-coolant accident.

Information has been provided indicating that the procedures that were used in
the design of the structures, shields and barriers to resist the effects of
missiles are adequate. The requirements for concrete barriers for internally
generated missiles are based on the modified National Research Defense Committee
formula discussed in the paper entitled "A Review of Procedures for the Analysis
and Design of Concrete Structures to Resist Missile Impact Effects,” Nuclear and



Systems Sciences Group, Holmes and Narver, Inc., September 1975, by R. P. Kennedy.
For steel barriers, the BRL formula is used. The BRL formula is discussed in the
paper entitled "Missile Generation and Protection in Light-Water-Cooled Power
Reactor Plants,"” Oak Ridge National Laboratory, ORNL-NSIC-22, September 1968,

by R. G. Gwaltney.

The adequacy of barriers against postulated tornado missiles is based on the
test performed at Sandia Laboratories and Calspan Corporation. The test are
summarized in the following reports: Stephenson, A. E., Tornado Vulnerability -
Nuclear Production Facilities, Sandia Laboratories, April 1975; Stephenson,

A. E., Addendum to Tornado Vul.erability - Nuclear Production Facilities,

Sandia Laboratories, June 1975; Electric Power Research Institute, Full-Scale
Tornado-Missile Impact Tests, EPRI NP-148, April 1976; and Calspan Corporation,
Missile Impact Testing of Reinforced Concrete Panels, January 1975.

Effective loads due to impact of these missiles are derived by idealizing the
target as an equivalent single-degree-of-freedom structure. The equivalent
loads of missile impact, whether the missile is environmentally generated or
accidentally generated within the facility, are combined with other applicable
loads as is discussed in Section 3.8 of this Safety Evaluation Report.

The procedures that were utilized to determine the effects and loadings on
seismic Category I structures and missile shields and barriers induced by
design basis missiles selected for the facility are acceptable since these
procedures provide a conservative basis for engineering design to assure that
the s.ructures or barriers will adequately withstand the effects of such
forces.

The use of these procedures provides reasonable assurance that in the event of
design basis missiles striking seismic Category I structures or other missiles
shields and barriers, the structural integrity of the structures, shields, and
barriers will not be impaired or degraded to an extent that will result in a
loss of required protection. Seismic Category I systems and components pro-
tected by these structures are, therefore, adequately protected against the
effects of missiles and will perform their intended safety function, if needed.
Conformance with these procedures is an acceptable basis for satisfying, in
part the requirements of Criteria 2 and 4 of the General Design Criteria.

3.6 Protection Against Dynamic Effects Associated with the Postulated Rupture
of Piping

3.6.1 Inside Containment

The applicant presented in the Final Safety Analysis Report the criteria used
to postulate pipe breaks in high and moderate energy lines both inside and
outside containment. Based on our review and evaluation of these criteria
conclude that they are consistent with the criteria of Reguiatory Guide  4f
and Section 3.6.2 of the Standard Review Plan.

The applicant has referenced Westinghouse Topical Report WCAP-8082-P-A, to
describe the analytical methods for determining reaction loads on reactor
coolant system piping and components due to postulated pipe breaks in the
reactor coolant system. Topical Report BN-TOP-2, Revision 2, May 1974, is
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also referenced to describe analytical methods for dynamic effects of postu-
lated pipe breaks on piping and components in the balance of plant. We have
reviewed both WCAP 8082-P-A and BN-TOP-2, Revision 2, and found them to be
acceptable.

The proposed design of piping restraints and measures to deal with jet impinge-
ment effects upon the reactor coolant pressure boundary and other safety-related
systems provide adequate drotection for the containment structure, reactor
coolant pressure boundar: elements, and other systems important to safety.

The nrovisions for protection against dynamic effects associated with pipe
ruptures of the reactor coolant pressure boundary inside containment and the
resulting discharge fluid provide adequate assurance that design basis loss-of-
coolant accidents will not be aggravated bv sequential failures of safety-related
piping, and emergency core cooling system performance will not be degraded by
these dynamic effects.

The proposed piping arrangement and applicable design considerations for high
and moderate energy fluid systems inside and outside of containment will

provide adequate assurance that the unaffected system components, and those
systems important to safety which are in close proximity to the systems in
which postulated pipe failures are assumed to occur, will be protected. The
design will be of a nature to mitigate the consequence of a pipe break so that
the facility can be safely shut down and maintained in a safe shutdown condition
in the event of a postulated failure of a pipe carrying a high or moderate
energy fluid inside or outside of containment.

3.6.2 OQutside Containment

Our guidelines for protection against postulated piping failures in high-energy
fiuid systems outside containment are given in Section 3.6.1 of the Standard
Review Plan and Branch Technical Positions MEB 3-1 and ASB 3-1. The facility
design accommodates the effects of postulated pipe breaks and cracks in high
energy fluid piping systems outside containment with respect to pipe whip, jet
impingement and resulting reactive forces, and environmental effects. The
means used to protect safety-related systems and components include physical
separation, closure in suitably designed structures or components, pipe whip
restraints, and equipment shields.

The protection provided against pipe failure outside containment is in con-
formanrce with the guidelines contained in Section 3.6.1 of the Standard Review
Plan and Branch Technical Positions MEB 3-1 and ASB 3-1. The upplicant analyzed
high energy piping systems for the effects of pipe whip, jet impingement, and
environmental effects on safety-related systems and structurss. For moderate
energy systems, protection of safety-related systems from the jet and environ-
mental effects due to critical cracks is incorporated into the facility design.

The facility has the ability to sustain a high energy pipe break coincident
with a single active failure in essential systems and retain the capability

for safe shutdown. For postulated pipe failures, the resulting environmental
effects do not preclude the habitabilily of the control room, the accessibility
of other areas that have to be manned during and following an accident, and

the loss of function of electric power supplies, controls, and instrumentation
needed to complete a safety action.
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Based on our review, we find that the applicant has adequately designed and
protected areas and systems required for safe shutdown following postulated
events, including the combination of pipe failure and single active failure.
The facility design meets the criteria set forth in Section 3.6.1 of the Standard
Review Plan and Branch Technical Positions MEB 3-1 and ASB 3-1 as regards the
protection of safety-related systems and components from a postulated high
energy line break and as regards the protection cf safety-related systems and
components from a postulated moderat2 energy line failure. We conclude the
facility design for the protection of safety-related equipment against dynamic
effects associated with the postulated rupture of piping outside containment
is acceptable.

3.7 Seismic Design

3.7.1 Seismic Input

The seismic design response spectra for the operating basis earthquake and

safe shutdown earthquake applied in the design of seismic Category I structures,
systems, and components complies with the recommendations of Regulatory Guide 1.60,
“Design Response Spectra for Nuclear Power Plants." The critical damping

values used in the seismic analysis of seismic Category 1 structures, systems

and components are in conformance with Regulatory Guide 1.61, "Damping Values

for Seismic Analysis of Nuclear Power Plants."

The synthetic time history used for the design of seismic Category I structures,
systems and components is adjusted in amplitude and frequency to obtain response
spectra that envelope the response spectra specified for the site.

Conformance with Regulatory Guides 1.60 and 1.61 provides reasonable assurance
that for an earthquake whose intensity is 0.15 for the operating basis earth-
quake, and 0.25 for the safe shutdown earthquake, the seismic inputs to seismic
Category I structures, systems, and components are adequately defined to

assure a conservative basis for the design of such structures, systems and
components to withstand the consequent seismic loadings.

3.7.2 Seismic System and Subsystem Analysis

The scope of our review of the seismic system and subsystem analysis for the
facility included the seismic analysis methods for all seismic Category I
structures, systems and components. It included review of procedures for
modeling, seismic soil-structure interaction, development of floor response
spectra, inclusion of torsional effects, seismic analysis of seismic Category I
dams, evaluation of seismic Category I structure overturning, and determination
of composite damping. Our review has included design criteria and procedures
for evaluation of interaction of non-seismic Category 1 structu. s and piping
with seismic Category I structures and piping and effects of parameter varia-
tions on floor response spectra. Our review has also included criteria and
seismic analysis procedures for reactor internals and seismic Category I

buried piping outside the containment.

The system and subsystem analyses were perfor~ed by the applicant on an elastic

bases. Response spectrum multi-degree of freedom and time history methods
formed the bases for the analyses of all major seismic Category I structures,
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systems and components. When the modal response spectrum method was used,
governing response parameters were combined by the square root of the sum of
the squares rule. However, the absolute sum of the modal responses was used
for modes with closely spaced frequencies. The square root of the sum of the
squares of the ma imum co-directional responses was used in accounting for
three components of the earthquake motion for both the time history and response
spectrum methods. Floor spectra inputs used for design and test verifications
of structures, systems, and components were generated from the time history
method, taking into account variation of parameters by peaking widening. A
vertical seismic system dynamic analysis was employed for all structures,
systems and components where analyses showed significant structural amplica-
tion in the vertical direction. Torsional effects and stability against
overturning were considered.

The lumped mass approach was used to evaluate soil- structure interaction and
structure-to-structure interaction effects upon seismic responses.

For the analysis of seismic Category I dams, a finite element approach was

used which took into consideration the tima history of the forces, the behavior
and deformation of the dam due to the earthquake, and applicable stress-strain
relations.

We conclude that the seismic system and subsystem analysis procedures and
criteria utilized by the applicant provide an acceptable basis for the seismi:
design.

There have been two other issues raised during plant construction for which .-
have not completed our review.

The first issue concerns cracks that may develop in the service watar intake
structure during an earthquake. This structure has experienced cracking due

to settlement and has been repa)ved by grouting as described in Section 2.5.4
of this Safety Evaluation Report. Cracks in the structure have the possibility
of degrading quality of service water by letting soil pass into the intake
structure. The intake structure provides a passage for the service water to
the plant. The second issue relates to seismic activities resulting from con-
struction of Monticello Reservoir near the plant. The resolution of these
matters will be reported in a supplement to this Safety Evaluation Report.

3.7.3 Seismic Instrumentation Program

The type, number, location and utilization of strong motion accelerographs to
record seismic events and to provide data on the frequency, amplitude and phase
relationship of the seismic response of the containment structure comply with
Regulatory Guide 1.12. Supporting instrumentation is being installed on seismic
Category I structures, systems and components in order to provide data for the
verification of the seismic responses determined analytically.

The installation of the specified instrumentation in the reactor building and
other seismic Category I structures, systems, and components constitutes an
acceptable program to record data on seismic ground motion as well as data on
the frequency and amplitude relationship of the response of major structures
and systems. A prompt readout of pertinent data at the control room can be
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expected to yield sufficient information to guide the operator on a timely basis
{or the purpose of evaluating the seismic response in the event of an earthquake.
Da.a obtained from such installed seismic instrumentation will be sufficient

to determine that the seismic analysis assumptions and the analytical models
used for the design of the facility are adequate and that allowable stresses

are not exceeded under conditions where continuity of operation is intended.
Provision of such seismic instrumentation complies with Regulatory Guide 1.12
and is acceptable.

3.8 Design of Seismic Category I Structures

3.8.1 Concrete Containment

The reactor coolant system is enclosed in a prestressed concrete containment
as described in Section 3.8.1 of the Final Safety Analysis Report. The con-
tainment structure is designed in ~ccordance with applicable subsections of
Section 111 of the ASME 3o0iler and Pressure Vessel Code, and ACI 318 to resist
various combinations of dead loads, live loads, environmental loads including
those due to wind, tornadoes, operating basis earthquake, safe shutdown earth-
quake and loads generated by the design basis accident including pressure,
temperature and associated pipe rupture effects.

The static and linear analyses used for the containment shell and base are
well-established methods. Therefore, the analyses are acceptable to the staff.

Materials, construction methods, quality assurance and guality control measures
are covered ir the Final Safety Analysis Report. The are all based on well-
accepted industry codes and standards such as those established by the American
Society of Mechanical Engineers, the American Society for Testing and Materials
and the American Concrete Institute. Detailed descriptions of the applied codes
and standards are given in Section 3.8.1.2 of the Final Safety Analysis Report.

Prior to operation of the facility, the containment will be subjected to an
acceptance test in accordance with Regulatory Guide 1.18 during which the
internal pressure will be 1.15 times the containment design pressure.

The criteria that were used in the analysis, design, and construction of the
concrete containment structure to account for anticipated loadings and postu-
lated conditions that may b. imposed during its service lifetime are in con-
formance with established criteria, codes, standards, guides, and specifi-
cations acceptable to the NRC staff.

The use of these criteria as defined by applicable codes, standards, guides,
and specifications; the loads and loading combinaticns; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs and special construction technigues; and the testing and in-service
surveillance requirements provide reasonable assurance that, in the event of
winds, tornadoes, earthguakes and various postulated accidents occuring within
the containment, the scructure will withstand the specified design conditions
without impairment of its structural integrity or safety function. Conformance
with these criteria constitutes an acceptable basis for satisfying, in part,
the require~ents of Criteria 2, 4, 16, and 50 of the General Design Criteria.
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3.8.2 Concrete and Structura)l Steel Internal Structures

The containment interior structures consist of walls, compartments and floors.
The major code used in the design of concrete internal structures was ACI
318-71, "Building Code Requirements for Reinforced Concrete." For steel
internal structures the AISC Specification, "Specification for the Design,
Fabrication and Erection fo Structural Steel for Building," was used. For
equipment supports, Subsection MF of Section III of the ASME Code was used.

The containment concrete and steel internal structures were designed to resist
various combinations of dead and live loads, accident induced loads, including
pressure and jet loads, and seismic loads. The load combinations used cover
those cases likely to occur and include all loads which may act simultareously.
The design and analysis procedures that were used for the internal structures
are the same as those used on previously licensed applications and, in general,
are in accordance with procedures delineated in the ACI 318-71 Code and in the
AISC Specification for concrete and steel structures, respectively.

The containment internal structures were designed and proportioned to remain
within limits established by the NRC staff under the various load combinations.
These limits are, in general, based on the ACI 318-71 Code and on the AISC
Specification for concrete and steel structures, respectively, modified as
appropriate for load combinations that are considered extreme.

The materials of construction, “heir fabrication, construction and installa-
tion, are in accordance with the ACI 318-71 Code and AISC Specification for
concvele and steel structures, respectively.

The criteria that were used in the analysis, design, and consiruction of the
concrete containment structure to account for anticipated loadings and postu-
lated conditions that may be imposed upon the structures during their services
lifetime are in conformance with established criteria, and with codes, standards,
and specifications acceptable to the NRC staff.

The use of these criteria as defined by applicable codes, standards and
specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and in-service
surveillance requirements provide reasonable assurance that, in the event of
earthquakes and various postulated accidents jccurring within the containment,
the inter.c: structures will withstand the <pecified design conditions without
impairment of structural integrity or the re: formance of required safety
functions. Conformance with these criteria constitutes an acceptable basis
for satisfying in part the requirements of Criteria 2 and 4 of the General
Design Criteria.

3.8.3 Other Seismic Category I Structures

Those seismic Category 1 structures other than the containment and its interior
structures are of structural steel and concrete construction. The structural
components consist of slabs, walls, beams and columns. The major code used in
the design of concrete seismic Category I structures was the ACI 318-71,
"Building Code Requirements fi.~ Reinforced Concrete." Fcr steel seismic
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Category I structures, the AISC, “Specification for the Design, Fabrication
and Erection of Structural Steel for Buildings," was used.

The concrete and steel seismic Category I structures were designed to resist
various combinations of dead loads: live loads; environmental loads including
winds, tornadoes, operating basis earthquake, and safe shutdown earthquake;

and loads generated by postulated ruptures of high energy pipes such as reaction
and jet impingement forces, compartment pressures, and impact effects of
whipping pipes.

The design and analyses procedures that were used for these seismic Category [
structures are the same as those approved on previously licensed applications
and, in general, are in accordance with procedures delineated in the ACI
318-71 Code and in the AISC Specification for concrete and steel structures,
respectively.

The various seismic Category I structures are designed and proportioned to
remain within limits established by the NRC staff under the various load
combinations. These limits are, in general, based on the ACI 318-71 Code and
on the AISC ' .ecification for concrete and steel structures, respectively.

The materials of construction, their fabrication, construction and instaliation
are in accordance with the ACI 3:8-71 Code and the AISL Specification for
concrete and steel structures, respectively.

The criteria that were used in the analysis, design, and construction of all
the seismic Category I structures to account for anticipated loadings and
postulated conditions that may be imposed upon each structure during its
service lifetime are in conformance with established criteria, codes,
standards, and specifications acceptable to the NRC staff.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; th2 design and analysis
procedures; the structural acceptance criteria; the materials, quality control,
and special construction techniques; and the testing and in-service surveillance
requirements provide reasonable assurance that, in the event of winds, tornadoes,
earthquakes and various postulated accidents occurring within the structures,

the structures will withstand the specified design conditions without impairient
of structural integrity or the performance of required safety functions.

Conformance with these criteria, codes, specifications, and standards consti-
tutes acceptable basis for satisfying, in part, the requirements of Criteria 2
and 4 of the General Design Criteria.

3.8.4 Foundations

Foundations of seismic Category ! structures are described in Section 3.8.5 of
the Final Safety Analysis Report. Primarily, these foundations are of rein-
forced concrete cons‘ruction of the mat type. The major code used in the
design of these concrete mat foundations is ACI 318-71. These concrete
foundations have been designed to resist various combination of dead loads;
live loads; environmental loads including winds, tornadoes, operating basis
earthguake, safe shutdown earthquake and loads generated by postulated
ruptures of high energy pipes.
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The design and analysis procedures that were used for these seismic Category I
foundations are the same as those approved on previously licensed applications
and, in general, are in accordance with procedures delineated in the ACI
318-71 Code. The various seismic Category I foundations were designed and
proportioned to remain within 1imits established by the NRC staff under the
various load combinations. These limits are, in general, based on the ACI
318-71 Code modified as appropriate for load combinations that are considered
extreme. The materials of construction, their fabrication, construction and
installation, will be in accordance with the ACI 318-71 Code.

The criteria that were used in the analysis, design, and construction of all
of the seismic Category I foundations to account for anticipated loadings and
postulated conditions that may be imposed upon each foundation during its
service lifetime are in conformance with established criteria, codes,
standards, and specifications acceptable to the NRC staff.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysic
procedures; the structural acceptance criteria; the materials, quality control,
and special construction techniques, and the testing and in-service surveillance
requirements provide reasunable assurance that, in the event of winds, tornadoes,
earthquakes, and various postulated events, seismic Category I foundations

will withstand the specified design conditions without impairment to structural
integrity and stability or the performance of required -afety functions.
Conformance with these criteria, codes, specitications, and standards consti-
tutes an acceptable basis for satisfying in part the requirements of Criteriz 2
and 4 of the General Design Criteria.

3.9 Mechanical Systems and Components

3.9.1 Special Topics for Mechanical Components

The criteria and methods of analysis the applicant has described for the
design of all seismic Category I ASME Code Class 1, 2, 3 and CS components,
component supports, reactor internals, and other non-Code items are in con-
formance with Section 3.9.1 of the Standard Review Plan. These criteria are
acceptable to us and satisfy the applicable portions of Criteria 14 and 15 of
the General Design Criteria. The use of these criteria for defining the
applicable transients, computer codes used for analyses, analytical and
experimental! methods provides assurance that the stresses, strains, and
displacements are within acceptable limits and are adequate for the design of
these items.

In addition to our review of the applicant's Final Safety Analysis Report, we
contracted with Battelle Pacific Northwest Laboratories to perform an independent
confirmatory stress analysis of the facility's "C" feedwater line. The purpose
of this anmalysis was to verify that the calculated stresses in the as-built
piping were less than the applicable ASME Code stress allowables. This exercise
also served as a random check of the applicant's ability to model its piping
systems and use its computer programs.

The "C" feedwater line is an ASME Code Class 2 line. We analyzed this line
for the loads due to pressure, dead weight, thermal expansion, and the safe
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shutdown earthquake in accordance with the rules of the 1971 Edition of the

ASME Code, paragraph NC-3652. We conclude that the design of this line complies
with the applicable ASME Code stress allowables. Additionally, we found
reasonable agreement between our calculations and those of the applicant.

3.9.2 Dynamic Testing and Analysis

Preoperational Vibration and Dynamic Effects Piping Tests

The preoperational vibration test program which will be conducted during
startup and initial operation on all safety-related nuclear steam supply
system and balance-of-plant piping systems, restraints, components, and compo-
nent supports classified as ASME Class 1, 2, and 3 and non-ASME portions of
the main steam and feedwater piping systems is an acceptable program and is
consistent with Section 3.9.2 of the Standard Review Plan. The tests will
provide adequate assurance that the piping and piping restraints of the system
have been designed *o withstand vibrational dynamic effects due to valve
closures, pump trips, and other operating modes associated with the design
basis operational transients. The planned tests will develop loads similar to
those experienced during reactor operation. Compliance with this test program
constitutes an acceptable basis for fulfilling, in part, the requirements of
Criterion 15 of the General Design Criteria.

Seismic Qualification of Safety-Related Mechanical Equipment

The qualification testing and analysis program described in the applicant's
Final Safety Analysis Report for seismic Category I mechanical equipment,
including their supiorts, have been further evaluated by our seismic qualifi-
cation review team . nart of the facility visit described in Section 3.10 of
this Safety Evaluation when this evaluation has been completed, the
applicant's program will p adeguate assurance that such equipment will
function properly under the .oa - vibratory forces imposed by the safe
shutdown earthquake ayd under the con.... "< of post-earthquake operation.
This program will be consistent with Section. . ” of .he Standard Review Plan
and will const’cute «n acceptable basis for satis.ying, in part, the requirements
of Criterion 2 of the General Design Criteria.

Preoperational Flow-Induced Vibration Testing of Reactor Internals

The designated prototype for the facility's reactor internais is the H. B.
Robinson No. 2 reactor. The H. B. Robinson No. 2 reactor utilizes a thermal
shield configuration, whereas this facility has neutron pads. It has been
demonstrated by model test results which, in turn, have been verified by
measurements at Indian Point No. 2, that three-loop reactors with neutron pads
experience lower vibration levels than three-loop reactors having thermal
shields. Based on the information presented in the Final Safety Analysis
Report, we conclude that the H. B. Robinson No. 2 reactor is an acceptable
prototype for the facility's reactor internals configuration.

The preoperational vibration program planned for the reactor internals provides
an acceptable basis for verifying the design adequacy of these internals under
test loading conditions comparable to those that will be experienced during
operation. The combination of tests, predictive analysis, and post-test
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inspection provide adequate assurance that the reactor internals will, during
their service lifetime, withstand the flow-induced vibration: of reactor
operation withcut loss of structural integrity. The integrity of the reactor
internals in service is essential to assure the proper positioning of reactor
fuel assembliies and unimpaired operation of the control rod assemblies to
permit safe operatior ana shutdown of the facility. The preoperational vibra-
tion tests to be conducted on the facility's reactor internals conform with
the provisions of Regulatory Guide 1.20 for non-prototype reactors. . his
program constitutes an acceptable basis for demonstrating design adequacy of
the reactor internals and satisfies the applicable requirements of Criteria 1
and 4 of the General Design Criteria.

Analysis Methods Under Loss-of-Coolant Accident Loadings

The dynamic system analysis confirms the structural design adequacy of the
reactor internals and unbroken piping loops to withstand the combined dynamic
response loads of postulated loss-cf-coolant accident and ithe safe shutdown
earthquake. The analysis demonstrates that the combined stresses and strains
in the components of the reactor coolant system and reactor internals will not
exceed the allowable design stress and strain limits for the materials of
construction, and that the resulting deflections or displacements of any
structural element of the reactor internals will not dist~rt the reactor
internals geometry to the extent that core cooling may be impaired. The
methoas used for component analysis have been found Lo be compatible with
those used for the systems analysis and both are acceptable. Results of the
dynamic analysis verify structural integrity of the reactor internals under
postulated loss-of-coolant accident conditions combined with the safe shutdown
earthquake and provides added assurance that the facility will withstand a
spectrum of lesser pipe breaks and seismic loading events. The dynamic system
analysis is consistent with Section 3.9.2 of the Standard Review Plan and
co.stitutes an acceptable basis for satisfying the applicable requirements of
Criteria 2 and 4 of the General Design Criteria.

3.9.3 ASME Code Class 1, 2, and 3 Componen:.s, Component Supports, and Core
Support Structures

Loading Combinations and Stress Limits

The specified design basis combinations of loadings as applied to safety-related
ASME Code Class 1, 2, and 3 pressure-retaining components and their supports

in systems designed to meet seismic Category I standards are such as to provide
assurance that in the event of an earthquake affecting the site, or an upset,
emergency, or faulted plant transient occurring during normal plant operation,
the resulting combined stresses imposed oi systems, components, and their
supports will not exceed allowable stress and strain limits for the materials

of construction. Limiting the stresses under such loading combinations provides
a conservative basis for the design of system components to withstand the most
adverse combination of loading events without loss of structural integrity.

With respect to the method of combining dynamic responses to loss-of-coolant
accident and safe shutdown earthquake loads, the NRC staff position as ocutlined
in NUREC 0484, "Methodology for Combining Dynamic Responses,” is that the
square r ot of the sum of the squares method is acceptable for the reactor
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coolant pressure boundary systems, components, and supports. In addition, the
NRC staff has accepted the square root cf the sum of the squares methods of
combining responses resulting from the loss-of-coolant accident and safe
shut.lown earthquake for all other ASME Class 1, 2, and 3 systems, components,
and suyjports in the facility. In response to questions from the staff, the
applicant has committed to the above position. Therefore, the NRC staff has
concluded that the applicant's method of combining the responses to these two
events is acceptable.

Pump and Valve Operability Assurance

The component operability assurance program for ASME Code Class 1, 2, and 3
active valves and pumps provides adequate assurance of the capability of such
active components (a) to withstand the imposed loads associated with normal,
upset, emergency, and fauited plant and component operating conditions without
loss of structural integrity, and (b) to perform necessary "active" functions
(e.g., valve closure or opening, pump operation) under accident conditions and
conditions expected when plant shutdown is required. The specified component
operability assurance test prog-am is consistent with Section 3.9.3 of the
Standard Review Plan and constitutes an acceptable basis for satisfying the
applicable portions of Criteria 1, 2, and 4 of the General Design Criteria and
is acceptable tc the NRC staff.

Design of Pressure Relief Valve Mounting

The criteria used in the design of the mountings for ASME Class 1, 2, and¢ 3
safety and relief valves provide adequate assurance that, under discharging
conditions, the resulting stre.se: will not exceed allowable stress and strain
limits for the materials of cor:iruction. Limiting the stresses under the
loading combinations associated with the actuation of these pressure relief
devices provides a conservative basis for the design of the mountings for the
devices to withstand these loads without loss of structural integrity or
impairment cf the overpressure protection function. The criteria used for the
design of the mountings for ASME Class 1, 2, and 3 overpressure relief devices
constitute an acceptable basis for meeting the applicable requirements of
Criteria 1, 2, and 4 of the General Design Criteria and are consistent with
those specified in Regulatory Guide 1.67.

Asymmetric Blowdown Loads on the Reactor Coolant System

The applicant has performed a dynamic structural analysis to evaluate the
effects of asymmetric blowdown loads on the reactor coolant system. These
loads result from the postulated pipe breaks discussed in Section 3.6.2 of
this Safety Evaluation Report. In the dynamic analysis, the pipe break thrust
force, asymmetric subcompartment pressurization forces and asymmetric reactor
internals hydraulic forces were applied as simultaneous time-history forcing
functions. The resultant component and support reactions from these forces
were combined with the appropriate normal operating and seismic reactions to
arrive at maximum support loads. The dynamic load response methodology
utilized by the applicant for combining responses due to loss-of-coolant
accident and safe shutdown earthquake is acceptable for reactor coolant
pressure boundary component supporis.
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As a part of NRC Task Action Plan A-2, "Asymmetric Blowdown Loads on Reactor
Primary Coolant System," the NRC staff has performed an independenrt dynamic
structural analysis on a similar three-loop Westinghouse reactor coolant system
(North Anna Units 1 & 2). As a result of this analysis, the NRC staff concluded
that the methodology and computer programs used to analyze the effects of asym-
metric blowdown loads on the facility's reactor coolant system are acceptable.
Therefore, the NRC staff agrees with the applicant’'s conclusions on the
structural adequacy of the reactor coolant system and its supports.

3.9.4 Control Rod Drive Systems

The design criteria and the testing program conducted for verification of the
mechanical operability and life cycle capabilities of the reactivity control
system described in the applicant's Final Safety Analysis Report conforms with
the guidelines outlined in Section 3.9.4 of the Standard Review Plan and is
acceptable to the NRC staff. The use of these criteria provides reasonable
assurance that the system will function reliably whan required and is an
acceptable basis for satisfying the mechanical reliability stipulations of
Criterion 27 of the General Design Criteria.

3.9.5 Reactor Pressure Vec-el Internals

The applicant has conducted a dynamic analysis of the reactor internals due to
horizontal and vertical excitation under faulted condition loads to demonstrate
structural integrity of the reactor internals components as discussed in
Section 3.9.2 of this Safety Evaluation Report. In addition, the applicant's
method of combining responses to loads is acceptabie for reactor coolant pres-
sure boundary componerts. The applicant has provided reasonable assurance
that in the event of an earthquake or of a system transient during normal
operation, the resulting deflections and associated stresses imposed on the
reactor internals will not exceed allowable stresses and deformation limits
for the materials of construction. Limiting the stresses and deformations
under such loading combinations provides an acceptable basis for the design of
these structures and ~omponents to withstand the most adverse loading events
which have been postulated to occur during service liretime without loss of
structural integrity or impairment of function. The design procedures and
criteria used by the applicant in the design of the reactor internals is
consistent with Section 3.9.5 of the Standard Review Plan Section and
constitutes an acceptable basis for satisfying the applicable requirements of
Criteria 1, 2 and 4 of the General Design Criteria.

3.9.6 Inservice Testing of Puwps and Valves

To assure that all ASME Code Class 1, 2, and 3 pumps and valves will be in a
state of operational readiness to perform necessary safety functions throughout
the life of the facility, the applicant will conduct a test program which
includes baseline preservice testing and periodic inservice testing. The
program will provide the functional testing of the components in the operating
state.

There are several safety systems connected to the reactor coolant pressure

boundary that have a design pressure lower than the rated reactor coolant
system pressure. There are also some systems which are rated at full reactor
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pressure on the discharge side of pumps but have pump suction below reactor
coolant system pressure. In order to protec’ these systems from reactor
coolant system pressure, two or more isolation valves are placed in series to
form the interface beiween the hich pressure and the low-pressure systems.
The leak-tight integrity of these vaives mist be assured by periodic leak
testing to prevent exceeding the design pressure of the low pressure systems
thus causing an inter-system loss-of-coolant accident. Periodic leak testing
of pressure isolation valves shall be performed after all disturbances to the
valve are complete. The pressure isolation valves to be tested are listed in
the Technical Specificatiors.

The applicant has agreed to categorize their pressure isclation valves for the
safety injection, residual heat removal, and boron injection systems, as
Category A or AC. These categorizations meet our requirements and we find
them acceptable. Pressure isolation valves are reguired to be Category A or
AC and to meet the appropriate valve leak rate test requirements of IWV-3420
of Section XI of the ASME Code except as discussed below. The allowable
leakage rate shall not exceed 1.0 gallon per minute for each valve as stated
in the Technical Specifications.

The applicant has committed to test all pressure isolation valves to the 1.0
gallon-per-minute leak rate criteria.

The applicant will leak test the res dual heat removal suction and lTow head
safety injection to the cold legs pressure isolation valves (two check valves
or two motor-operated valves for each) once per refueling but not after seat
disturbances due to flow. As an alternative, so as to reduce the probability
of an intersystem loss-of-coolant accident from occurring in the low head
safety injection to the cold legs, the applicant has proposed to ieak test a
third check valve in each line (located inside the containment). We fina this
acceptable provided the applicant leak tests these valves once each refueling
as described above.

The applicant has also proposed to test the residual heat removal system pres-
sure isolation valves once per refueling as described above. The staff finds
this acceptable for the following reasons: (1) full closure of these valves

is verified in the control room by direct monitoring position indicators, (2)
inadvertent opening of these valves ic prevented through interlocks which
require the plant to be below residual heat removal system operating pressure
prior to opening, and (2) gross leakages due t» valve failure would be detected
by increasing levels in the pressurizer relief tank. Therefore, full closure
of these valves is assured after opening, inadvertent opening is prevented and
gross reactor coolant system leakages can be readily detected.

Limiting conditions for operation will be added to the Technical Specifications
which will require corrective action i.e., shutdown or system isolation when
the leakage limits are not met. Also surveillance requirements, which will
state the acceptable leak rate testing frequency, will be provided in the
Technical Specitications.

We conclude that the applicant's commitments to periodic leak testing of the pres-

sure isolation valves between the reactor coolant system and low pressure systems
will provide reasonable assurance that the design pressure of the low pressure
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systems will not be exceeded, and thus reduce the probability of an occurrence
of an inter-system loss-of-coolant accident and satisfies in part Criterion 55
et the General Design Criteria.

The applicant has stated that the inservice test program for al) ASME Code
Class 1, 2, and 3 pumps and valves will be submitted 30 days prior to fuel
loading. This commitment is consistent with Section 3.9.6 of the Standard
Review Plan and constitutes an acceptable basis for satisfying the applicable
portions of Criteria 37, 40, 43, and 46 of the General Design Criteria.

3.10 Seismic Qualification of Seismic Category I Instrumentation and Electric
Equipment

Mechanical and electrical (includes instrumentation, control, and electrical)
equipment and components required to perform a safety function are designed to
meet seismic Category I design criteria. Seismic requirements established by
the seismic system analysis have been incorporated into equipment specifica-
tions to assure that the purchased or designed equipment meets seismic require-
ments equal to or in excess of the requirements for scismic Category I equipment
and components, either by appropriate analysis, by qualification testing, or a
combination of analysis and testing.

The applicant has implemented a seismic qualificaticn program for seismic
Category I mechanical and electrical equipment, and the associated supports

for that equipment. The purpose of this program is to provide assurance that
such equipment can be expected to function properly, and that structural integ-
rity of the equipment and its supports will not be impaired during the excitation
and vibratory forces imposed by the safe shutdown earthquake and under the
conditions of post-accident operation. The applicant's qualification program
was implemented while Sections 3.9.2 and 3.10 of the Standard Review Plan were
being published and therefore was directed toward full compliance with these
sections of the Standard Review Plan. Conformance with these criteria satisfies
the applicable portions of Criterion 2 of the General Design Criteria.

Section 3.10 of the Standard Review Plan references Regulatory Guide 1.100,
“Seismic Qualification of Electric Equipment for Nuclear Power Plants," and

IEEE Standard 344-1975, "IEEE Recommended Practices for Seismic Qualification

of Class 1€ Equipment for Nuclear Power Generating Stations." The principal
change from earlier criteria is to require consideration of equipment multi-mode
response and biaxial coupling effects.

Our seismic qualivication review team performed a review at the facility on
October 14-17, 1980 to determine the extent to which the qualification of the
equipment, as installed in the facility, meets current licensing criteria as
described in Sections 3.9.2 and 3.10 of the Standard Review Plan. During this
review, we evaluated a representative sample of 22 pieces of seismic Category I
mechanical and electrical equipment, both in the nuclear steam supply system
and the balance of plant. Among the eighteen pieces of balance-of-plant equip-
ment selected, a review of the qualification of the reactor building cooling
unit damper actuator and the radiation monitoring control panel had not teen
completed by the applicant's rchitect engineer, and therefore final qualifica-
tion reports were not available for review. The qualification documents for
the main steam isolation valve, although approved by the architect-engineer
were not available for review during our visit. The documentation was provided

3-23




to us at the conclusion of our visit. The complete documentation for the 480
volt substations was reviewed briefly during our visit and will be reviewed
further. In addition, the hydrogen analyzer panels had not been delivered to
the facility and complete information was also not available during our visit.
Of the four pieces of nuclear steam supply system equipment selected, only the
qualification documents for the post-accident monitoring indicators were not
available for review during our visit.

In addition to the six outstanding qualification reports identified above, our
seismic qualification review team, at the conclus’sn of the visit requested

the applicant to provide the test and analysis reports for three additional
pieces of aquipment ecompassing both the balance of plant and nuclear steam
supply system, to be included in a follow-up confirmatory review. The equipment
selected includes the diese]l generator and associated equipment (electrical

and air starting controls), accumulator tanks, and eiectrical containment pene-
trations and miscellaneous cennectors.

Our review of the available balance-of-plant equipment qualification when compared
with the current criteria of the Standard Review Plan Sections 3.9.2 and 3.10,
identified the needs to clarify the details of the qualification for some pieces
of equipment. For example, (1) the design of the supports for the battery charger
need to be clarified since they were bolted to the test table, but are welded

to the floor in the plant, (2) on the charging pump, some small pipes are loosely
supported, and clarification of the safety significance is needed, and (3) in

all the safety related valves reviewed, the justification of the acceleration
levels used for qualification need tc be documented and verified with the as-
built piping analysis results. The details of our review and the concerns
identified for the qualification of both the nuclear steam supply system and
balance of plant equipment are described in the report of our October 14-17

trip to the plant.

In order to complete our review we have reguesied the applicant to provide the
following information:

1. Identify all equ.oment still to be qualified and provide documentation to
demonstrate the -ompletion of the qualification program. Provide seismic
qualification reviow team "Qualification Summary of Equipment" forms for
this equigment and update the forms provided for the site visit.

2. Review and revise, as necessary, the tables in Chapter 3 of the Final Safety
Analysis Repcrt updated information for all safety-related systems and
components.

3. Provide a copy of the revised seismic qualification review team tables
which include a list of equipment and the summary of the qualification
program.

4. For all safety-related valves describe the design procedure used to demon-
strate that accelerations used in the valve qualification meet or exceed
the accelerations obtained in the final as-built piping analysis. Provide
specific information for the valves reviewed by the seismic qualification
review team.

3-24



5. Provide qualification reports for the four pieces of equipment not avail-
able during the visit and the three additional pieces of equipment selected
by the staff at the conclusion of the visit.

6. Provide confirmation that Westinghouse's generic response spectra for

equipme-.. qualification envelope the corresponding plant specific required
respon < spectra.

7. Clarify details as discussed in our trip report concerning the qualifica-
tion of the component cooling water pump and motor, turbine appurtenances
for the turbine driven emergency feedwater pump, chzrging pump, residual
heat removal system pumps, battery chargers, rchirol valves, and pressure
and differential pressure transmitters.

Based on the results of our review to date, we cencude that the equipment
qualification program has been defined for the seismic Category I mechanical
and electrical equipment which will provide adequate assurance that such
equipment will function properly during and after the exitation frem vibratory
forces imposed by the safe shutdown earthquake. We are continuing our review
and will report our conclusions, including our evaluation of the additional
informaticn requested of the applicant as discussed above, in a supplement to
this Safety Evaluation Report.

3.11 Environmental Qualification of Mechanical and Electrical Equipment

We have reviewed the applicant's estimate of the chemical and radiological
environment to which engineered safety feature equipment will be qualified
d.ring a postulated design basis accident. The chemical environment inside
the containment structure wili be dominated by water from the borated water
storage tank, the sodium hydroxide storage tank (both water sources for the
containment spray), the reactor primary coolant system and the emergency core
cooling system. The boric acid in these water sources is neutralized by the
sodium hydroxide to a final pH of approximately nine. Based on this final pH
and the characteristics of the other chemica's mentioned above, we conclude
that the chemical environment inside the containment after a postulated design
basis accident is not hostile to engineered safety feature equipment.

The radiological environment inside the containment is attributed to the source
term resulting from the 10 CFR Part 100 design basis accident source term.
Specifically, this is equivalent to a release of 50 percent of the halogens in
the core, 100 percent of the noble gases; in the core and one percent of the
solid fission product inventory in the core, as stated in Regulatory Guide 1.7.
Using these assumptions the applicant has calculated a gamma dose of 4 x 107
rads for the first ten days following a loss of coolant accident and 10® rads
for 90 days. Since the appiicant's calculated doses are based on the source
term assumptions of Regulatory Guides 1.4 and 1.7 and the results agree with
our independent estimates in connection with ongoing generic Task Action Plan
A-24 on environmental qualification (which indicates integrated doses on the
order of 10® rads could result), we conclude the applicant's calculated doses
are acceptable.

We have published guidance to be used for the environmental qualification of
safety-related electrical equipment, NUREG-0588, "Interim Staff Position on

3-25



tnvironmental Qualification of Safety-Related Electrical Equipment."” We
r-quested the applicant to reassess the qualification documentation for all
safety-related electrical equipment in accordance with the guidance provided
in NUREG-0588. The purpose of this request was to determire the degree of
conformance of the applicant's environmental qualification program to the
program as outlined in NUREG-0588. In response to this request, the applicant
provided an environmental qualification submittal dated September 24, 1980.
This submittal juentified several items of electrical equipment which were
inadequately gualified for the expected service envirunment. The applicant
agreed to submit additional information concerning the open items identified,
and this information was provided in January 1981.

On the basis of the information reviewed we cannot finalize our conclusions
regarding equipment qualification for the facility. However, we will continue
the equipment gqualification review for this facility. The review will include
an audit of the utilities qualification documentation and site visit after we
have received and reviewed a completed NUREG-0588 submittal from the applicant.

Our review, audit/site visit, and safety evaluation relating to equipment
qualification for the facility will be completed prior to full power operation.
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4 REACTOR
4.1 General

The nuciear steam supply system design for the Virgil C. Summer Nuclear
Station, Unit 1 is similar to that reviewed and approved for North Anna, Units
1 and 2 (Docket Nos. 50-338 and 50-339). A comparison of the principal
thermal-hydraulic parameters is presented in Table 4-1 of this Safety
Evaluation Report.

4.2 Fuel Design

4.2.1 Description

The fuel assemblies proposed for the facility will consist of 264 fue)l rods,
24 guide thimbles, and one instrumentation thimble arranged in a 17x17 array.
The instrumentation thimble will be located at the center of the assemblies
and will facilitate the insertion of neitron detectors. The guide thimbles
will provide channels for inserting various reactivity controls. The fuel
rods will contain uranium dioxide ceramic pellets hermetically clad in
Zircaloy-4 tubes. The fuel assembly structure is held together by Zircaloy
thimble tubes and the stainless steel fuel assembly nozzles at the top and
bottom. Alignment and transverse spacings will be maintained by eight spacer
grids separated uniformly along the vertical axis of the fuel assembly.

A1l fuel rods will be internally prepressurized with helium during final
welding to reduce fuel cladding compressive stresses during service. The
level of prepressurization is designed to preclude flattening of the cladding.
The specific level of prepressurization will be dependert upon the planned
fuel burnup and will be determined prior to establishing technical
specifications.

The fuel assembly design (1/x17 array) is identical to the assemblies operating
in Trojan, Farley Unit 1, Beaver Valley Unit 1, Salem Units 1 and 2, D. C. Cook
Unit 2, and North Anna Units 1 and 2. This design is only a slight modification
of the previously used Westinghouse 15x15 fuel assembly. Those mechanical
aspects which differ from the previous 15x15 designs are presented in Table 4-2
of this Safety Evaluation Report. The differences are essentially geometric and
will result in a lower linear power density and other increased safety margins
for the 17x17 type fuel assembly.

The evaluation of the Westinghouse fuel mechanical design is based upon
mechanical tests, in-reactor operating experience, and engineering analyses.
Additionally, the in-reaclor performance of the fuel design will be subjected
to the continuing surveillance programs of Westinghouse and individual
utilities. These programs provide confirmatory and current design performance
information.



TAbLE 4-1

THERMAL-HYDRAULIC DESIGN COMPARISON

Thermal-Hydraulic
Design Parameter

Core power, thermal megawatts

Minimum steady-state
pressurizer pressure,
pounds per square inch,
absolute

Reactor Soolant system
flow 10" pounds per hour

Coolant inlet temperature,
degrees Fahrenheit

Enthalpy rise factor

Departure from nucleate
boiling ratio correlation

Minimum departure from
nucleate boiling ratio
at nominal conditions

Virgil C. Summer Nuclear
Station, Unit 1

2775.0
2220.0

107.5
554.8

1.55
W-3 R-grid

2.01 typical cell
1.69 thimble cell

Minimum departure from nucleate >1.30
boiling ratio for design transients

Average heat flux, British thermal 189,800
units per hour-foot squared

Heat transfer surface area, 48,600
square feet

Average linear heat rate, 5.44
kilowatts per foot

Peak linear heat rate for 12.6

normal operation, kilowatts per foot

North Anna,
Units 1 & 2

2775.0
2220.0

105.2
546.8

1.55

W-3 R-grid

2.15 typical cell
1.77 thimble cell

>1.30

189,000

48,600
5.44

13.6



TABLE 4-2

FUEL MECHANICAL DESIGN COMPARISON

Design Parameter

Fuel

Rod array

Number of fuel rods

Fuel column length, inches
Number of spacer grids
Number of guide thimbles
Inter-rod pitch, inches
Average thermal output

(four 1cp), kilowatts per foot

Fuel Pellets
Density (theoretical, percent)
Fuel weight/unit length
(per rod, not assembly),
pounds per foot
Fuel Cladding
Outside radius, inches
Thickness, inches
Radius/thickness ratio

Virgil C. Typical
Summer Nuclear Westinghouse
Station, Unit 1 Trojan Operating Fue)
17x17 17x17 15x15
264 2b4 204
144 144 144
8 8 7
24 24 20
0.496 0.496 0.563
5.44 5.44 7.0
95 95 34
0.364 0.364 0.364
0.187 0.187 0.211
0.0225 0.0225 0.0243
8.31 8.31 8.68
TABLE 4-3

RANGE OF DESIGN PARAMETER EXPERIENCE

Parameter

Fuel rod array

Rod per assembly

Guide thimbles per assembly

Assembly envelope, inches

Inter-rod pitch, inches

Plenum length, inches

Prepressurization, pounds per square
inch, absolute

Diametral gap inches

Spacer grids/assembly

Fuel column height, inches

Range of Power Reactor Experience

14x14, 15x15, and 17x17
179 to 264

16 to 24

7.76 to 8.43

0.563 to 0.4r3

3.27 to 6.69

14,7 to over 400
0.0065 to 0.0075
7 to 9

120 to 144



4...2 Thermal Performance

In our evaluation of the thermal performance of the reactor fuel, we assume
that densification of the uranium oxide fuel pellets may occur during irradia-
tion in light water ~ ctors.

The initial density of the fuel pellets and the size, shape, and distribution
of pores within the fuel pellets influence the densification phenomenon.

Briefly stated, in-reactor densification (shrinkage) of oxide fuel pellets
(a) may reduce gap conductance, and hence increase fuel temperatures, because
of a decrease in pellet diameter; (b) increases the linear heat generation
rate because of the decrease in p.llet length; and (c) may result in gaps in
the fuel column as a result of pellet length decreases. These gaps produce
Tocal power spikes and the potential for cladding creep collapse.

The engineering methods to be used by Westinghouse to analyze the densifica-
tion effects on fuel thermal performance have been previously submitted to the
staff in WCAP-8219 and approved for use in licensing. The methods include
testing, mechanical analyses, thermal and hydraulic analyses, and accident
analyses. The results of our review are reported in an NRC staff report,
"Technical Report on the Densification of Westinghouse PWR Fuel," and addi-
tional information on densification methods can be found in NUREG-0085.

The improved Westinghouse fuel thermal performance code as described in
WCAP-8720 was used for the safety analysis. This code contains a revision of
an earlier fission gas release model and revised models for helium solubility,
fuel swelling, and fuel densification.

The new Westinghouse code was approved with four restrictions as described in
our safety evaluation of February 9, 1979, NRC staff letter from J. Stolz to
T. Anderson, Westinghouse. Three of those restrictions deal with numerica’
limits and have been complied with. The fourth restriction relates to the use
of the PAD-3.3 code for the analysis of fission gas release from uranium
dioxide for power increasing conditions during normal operation. This restric-
tion applies to the safety analysis of this facility. However, Westinghouse
has stated that this restriction does not adversely affect the results of the
safety analyses performed for the plant. Although we believe that this is
essentially correct for the planned operation of this facility, Westinghouse
has prepared and submitted a detailed evaluation of this restriction in
WCAP-8720.

At this time, we have not completed our review of the Westinghouse evaluation
of this restriction. However, our review has progressed to the point where
the foilowing conclusions can be made:

1. The Westinghouse evaluation of our restriction on the use of the PAD-3.3
code supports their earlier statement that the restriction does not
adversely affect the results of the safety analyses performed for the
facility.

2. We continue to believe that this result is essentially correct and anti-
cipate some additional information from Westinghouse to confirm this
conclusion.



3. Because the restriction pertains to the re.case of fission gases from the
fuel, any change in our conclusions would not have significant impact at
low burnup, when the fission gas inventory in the fuel is low.

At this time, we can therefore state that for first cycle operation at full
power, the restriction for PAD-3.3 is not significant and the analyses as
presently docketed are acceptable. We anticipate completion of our review of
the Westinghouse evaluation prior to operation at extended burnup.

For the safety analysis, revised internal fuel rod pressure criteria, as
described in an approved Westinghouse topical report WCAP-8963-A, were used.
Briefly stated, these criteria allow the fuel rod internal pressure to exceed
the external system pressure. The approved criteria are as follows: (a) the
internal pressure is limited such that the fuel-to-cladding gap does not
increase during steady-state operation and (b) extensive departure from
nucleate boiling propagation Jdoes not occur to postulated transients and
accidents. Based on the analyses already submitted in support of this
facility, we know that these rod pressure criteria will be satisfied for fuel
burnups up to the peak target burnup.

Westinghouse topical report WCAP-8377 which describes the details of a revised
cladding flattening model, which, for a given fuel region, predicts initial
flattening time and the flattened rod frequency for pressuri:2d rods containing
relatively stable fuel, was revised Ly the staff. This rev:sed analysis was
based on the results of examinations of irradiated fuel rods via television,
and the results indicated that the original flattening model in WCAP-7982
significantly underpredicted the time and frequency of collapse. The COLLAP
computer code is used to perform these calculations. The revised model was
accepted for use in safety analysis related to licensing subject to provisions
specified in our safety evaluation report, which required that no alterations
to the specified curves used as input to the model be made. We have verified
that the model has been applied in the approved manner, therefore cladding
collapse calculations have been performed acceptably.

4.2.3 Mechanical Performance

Although limited cperating experience exists on 17x17 fuel assemblies, sub-
stantially all of the in-reactor operating experience with Westinghouse fuel
rods and assemblies is applicable to the facility ‘uel design since the 17x17
fuel assembly is only a slight mechanical extrapolation from the 15x15 fuel
assembly. The current use of similar fuel rods and assemblies has yielded
operating experience that provides confidence in the acceptable performance of
the fuel assembly design. The range in design parameters for which in-reactor
experience is specifically applicable has been tabulated in Table 4-3 of this
Safety Evaluation Report. The assemblies referred to in Table 4-2 of this
Safety Evaluation Rerort have been irradiated for up to six years and have
peak exposures of 3 gigawatt days per metric ton, totaling more than

70 million megawatil nours of power generation.

Verification tests on the 17x17 (12-foot core) assemblies have been completed

and reported in Westinghouse topical reports WCAP-8279 and WCAP-8288. We have
reviewed these two topical reports and have approved WCAP-8288 for use in the

safety analysis. Our review of WCAP-8279 has progressed to the point that we

can forecast a favorable evaluation.
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The consideration of fuel rod bowing in the 17x17 design was initially
analyzed by Westinghouse in the report WCAP-8346. Subsequently, Westinghouse
reassessed its analysis in lighl of new information and documented its findings
in WCAP-8692. Neither of these reports has been approved for use in licensing
applications. We issued an iiiterim safety evaluation report on Westinghouse
fuel rod bowing in April 1976, and in February 1977, we issued a revised
interim eva.uation report. In the February 1977 report, we accepted the
burnup-dependent approach used by Westinghouse with modifications to account
for extensions to the 17x17 design and with an increase in rod bowing from
as-measured values (cold dimensions) to those in-reactor (hot dimensions).
while revised generic methods of analysis have been submitted by Westinghouse
in WCAP-8692, they have not been reviewed, however, the interim method is
conservative and acceptable for use for this facility. The departure from
nucleate boiling analyses was performed using the interim method of February
1977, therefore fuel rod bowing in the facility is acceptibly considered.
Seismic effects and vertical loads from postulated double-ended hot and cold
leg breaks during the loss-of-coolant accident were analyzed in topical report
WCAP-8288. We found the methodology acceptable for 17x17 assemblies with
either seven or eight spacer grids. Westinghouse subsequently postulated a
new asymmetric (horizontal) hydraulic load caused by a postulated pipe break
within the biological shield. Westinghouse has performed a preliminary
analysis that indicated that the fuel assemblies will be aLle to accommondate
this load. In a letter from C. Eicheldinger to D. Vassallo, NRC staff, dated
March 1, 1976, Westinghouse stated that although the experiments and calcula-
tional techniques supplied in WCAP-8288 may be applicable in assessing the
adequacy of the fuel assembly to withstand these loads, it would be expected
that they would be reviewed on a plant-by-plant basis. The applicant has
performea an analysis for the most limiting main coolant pipe break and
states that the maximum grid impact force for the combined loss-of-coolant
accident and safe shutdown earthquake is approximately 38 percent of the
minimum grid strength. Therefore, the response for the fuel assemblies for
seismic and loss-of-coolant accident loads has been analyzed with acceptable
methodology and the results show that the assemblies will accommodate these
loads in an acceptable manner.

Limitations on power rate changes will affect pellet-cladding interaction,
which is being reviewed as a generic item. The Westinghouse 17x17 fuel rod
design used in the facility incorporates features that reduce, compared with
the 15x15 design, cladding strain due to pellet-cladding interaction. These
features include (a) pellet chamfering, (b) rod prepressurization, (c) lower
linear heat rating, and (d) smaller cladding diameter-to-thickness ratio.
Based on the available experimental and commercial reactor data, these design
features should result in a reduction or delay of pellet-cladding interaction
failures to later in the fuel design life. Although the failure thresholds
are probably lower at high burnup than at low burnup, the fuel duty is also
less severe. While pellet-cladding interaction is being studied generically
to determine if licensing criteria should be revised, current criteria are
satisfied for the fuel design. Should licensing criteria related to pellet-
cladding interaction change in the future, the effects of such a change would
be reviewed for all plants including this facility.

We have reviewed the safety aspects of wa*erlogging fuel rod failures. A
recent NRC survey (NUREG-0303) of available information included (a) results

4-6




of tests in the capsule driver core at SPERT and the Japanese test reactor
NSRR, and (b) observations of waterlogging failures in test and commercial
reactors. It was concluded that (a) operating restrictions to reduce pellet-
cladding interactions also reduce the potential for waterlogging failures
during transients, (b) tests to simulate accident conditions produced the
worst waterlogging failures, and (c) there is no apparent threat from water-
logging failures to the overall coolability of the core or to safe reactor
shutdown. We thus agree that the evaluation of waterlogging failure. as
presented in the Final Safety Analysis Report is correct.

Fuel assembly fretting and wear test results from 17x17 fuel assemblies were
reported in the Westinghouse hydraulic flow test report, WCAP-8279. These
tests with a seven-grid assembly indicated that fuel rod wear under both
normal and transient operating conditions was within the Westinghouse pre-
dicted values and that, even for fue] rods with deliberately damagea grid
cells, the wear was within acceptabie limits. Westinghouse has since sub-
mitted the tests of an eight-grid 17x17 fuel assembly loop which simulated
actual in-reactor conditions, showed that no anomalous vibrations were
observed or could be induced; and, therefore, no modification to the 17x17
fuel assembly design was required.

The Westinghouse flow test report WCAP-8279 also presented results for fretting
wear at contact points between the control rods and thimble tubes. Contact is
usually observed in two locations; (1) at the top nozzle for fully withdrawn
control rods, and (2) in the dashpot transition section for inserted rods. In
both regions, the observed wear was significant but was stated to be within

the design limits. Because of excessive guide tube wear experienced in a
non-Westinghouse pressurized water reactor fuel design, this wear phenomenon

is being reviewed carefully for all pressurized water reactor plants.

In response to the NRC staff's attempt to assess the susceptibility and impact

of guide thimble tube wear in Westinghouse plants, two meetings were held with
Westinghouse, and information was submitteua on their experience and understanding
of the issue. This information consisted of guide thimble tube wear measurements
taken on irradiated fuel assemblies from Point Beach, Units 1 and 2 (two-loop
plants using 14x14 fuel assemblies). Also described was a mechanistic wear mode)
(developed from the Point Beach data) and the impact of the model's wear predic-
tions on the safety analyses of plant designs. Westinghouse believes that their
fuel designs will experience less wear than that reported in some other nuclear
steam supply system designs because the Westinghouse designs use thinner, more
flexible control rods that have relatively more lateral support in the guide
tube assembly of the upper core structure. Such construction provides the
housing and guide path for the rod cluster control assemblies above the core

and thus restricts control rod vibration due to lateral exit fiow. Also,
Westinghouse believes that their wear model conservatively predicts guide

thimble tube wear and that even with the worst anticipated wear conditions

(both in the degree of wear and the location of wear) their guide thimble

tubes will be able to fulfill their design functions.

The NRC staff concluded that the Westinghouse analysis probably accounts for
all the major variables that control this wear proc:ss. Because of the
complexities and uncertainties in (a) determining contact forces, (b) surface-
to-surface wear rates, (c) forcing functions, and (d) extrapolations of these
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variables to the new 17x17 fuel assembly design, the staff required several
near-term operating license applicants to submit to a surveillance program.
For acceptability, the minimum objective of such program was to demonstrate
that there is no occurrence of hole formation in rodded guide thimble tubes.

To satisfy this request for confirmation of the Westinghouse analytical pre-
dictions, a cooperative owners group was established whicn is now sponsoring a
program to obtain post-irradiation examination data from the Salem Unit 1

facility. This post-irradiation examination program will examine all guide
thimble tubes in six rodded fuel assemblies having either one or two cycles of
burnup. It is our expectation that the program will confirm the Westinghouse

predictions. On the basis of the data and analyses mentioned above and the
confirmation surveillance program that will be performed, we conclude that
this issue is resolved for this facility.

An additional fretting problem has arisen in some fuel rods that are adjacent
to baffle plate joints on the periphery of the core. The baffle plates are

not always tightly joined, and pressure differences across the baffle sometimes
result in cross-flow impingement on nearby fuel rods. In several instances
this baffle jetting has resulted in gross failures of one or two isolated fuel
rods.

To eliminate baffle-jetting problems, the applicant has modified the lower
internals by (a) adding edge bolts at center injection points, and (b) peening
all joints as necessary to close the gaps. The applicant, in a letter dated
July 1, 1980, has also agreed to examine all fuel rods residing near such
locations at the first refueling outage. Should damage be observed at that
time, corrective action would be taken.

Recent experiences in Westinghouse plants have indicated an actual or potential
operating problem with some of the core hardware items. Specifically, these
items are spacer grids and control rodlet fingers. Spacer grid damage to a
significant number of grids occurred at a single plant during a refueling
operation. Westinghouse and the NRC staff have issued notices with recom-
mended revisions to operating procedures that should eliminate this problem.

A small number (eight) of control rodlet fingers in a single reactor core
failed from stress corrosion cracking and this allowed single control rodlets
to be inserted into fuel assemblies. The probable cause tur stress corrosion
cracking has been identified as a tapping lubricant, and this lubricant has
been eliminated from the manufacturing process. The most significant effect
of dropped rodlets is in the core physics area. Local regions of power depres-
sion wiil occur and power tilts may result. Again, Westinghouse and the NRC
staff have issued memoranda on this subject with recommendations for increased
attention to the hot zero power flux maps. No significant safety problem from
dropped rodlets is anticipated.

In summary, actual or potential problem areas for two core hardware items have
been discussed. However, no design changes have been required for the items
concerned. We conclude that these problems have been satisfactorily addressed
for this facility.

The NRC staff has been generically evaluating three materials models th: ire
used in emergency core cooling system evaluations. These models predict
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cladding rupture temperature, cladding burst strain, and fuel assembly flow
blockage. We have (a) discussed our evaluation with vendors and other

industry representatives, (b) published NUREG-0630, "Cladding Swelling and
Rupture Models for LOCA Analysis," and (c) required licensees to confirm that
their cperating reactors would continue to be in conformance with Section 50.46
of 10 CFR Part 50 if the NUREG-0630 models were substituted for the present
materials models in their emergency core cooling system evaluations and certain
other compensatory model changes were allowed.

Until we complete our generic review and implement new acceptance criteria for
cladding modes, we have been requiring that plant emergency core cooling
system analyses be accompanied by supplemental calculations performed with the
materials models of NUREG-0630. For these supplemental calculations, we have
been accepting other compensatory model changes that may not yet be approved
by the NRC, but are consistent with the changes allowed for the confirmatory
operating reactor calculations mentioned above.

By letter dated October 29, 1980, the applicant provided a supplemental calculation.
This calculation also accounted for a non-conservativsm recently identified by
Westinghouse in their February 1978 emergency core cooling system evaluation
mode!. As described in their letter dated November 16, 1979 Westinghouse had
discovered that loss-of-coolant accident analyses of actual plant heatup rates
were at relatively slow temperature-ramp rates; whereas, the 1978 emergency

core cooling system evaluation model was, in part, based on cladding burst

tests that were conducted at relatively fast temperature-ramp rates. The
applicant's submittal assessed the combined impact of this calcuational error
and the NUREG-0630 models to be worth 855 degrees Fahrenheit peak cladding
temperature above that previously calculated. Subsequently Westinghouse
calculated that a reduction in total peaking factor, of 0.0318 would offset

the 855 degrees Fahrenheit increase in peak cladding temperature. However,
Westinghouse also identified a margin in total peaking factor available through
the use of thermohydraulic models already approved for some applications.

This margin was worth 0.15 in total peaking factor. Thus no total peaking
factor reduction is required for the facility and we conclude that the applicant
has satisfied our concerns related to the swelling and rupture issue.

4.2.4 Surveillance

Performance of the fuel is indirectly monitored by measurement of the activity
of the primary coolant for compliance with Technical Specification limits.
Westinghouse has proposed a fuel surveillance program for several plants that
will use the 17x17 fuel assemblies. A summary of this program is given in the
fuel rod bowing report, WCAP-8692. This program includes lead assemblies in
Surry Units 1 and 2 ard the initial core loadings for Trojan, Beaver Vailey
Unit 1, Farley Unit 1, and Salem Unit 1.

Surry Units 1 and 2 each have two lead burnup 17x17 fuel assemblies. One of
the lead assemblies in each unit has removable rods. These assemblies were
carefully measured prior to insertion and will be examined between cycles for
dimensional changes, fretting corrosion near the spacer grids, fuel rod bowing,
axial gamma distribution, cladding defects, and surface deposits. Inspections
after two cycles in Surry Units 1 and 2 have revealed no anomalies. Surry
Unit 2 assemblies have completed three full cycles with an estimated burnup of
28,000 megawatt days per ton.
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The other four reactors included in the surveillance program will each have an
initial core loading of 17x17 fuel assemblies (Trojan, Beaver Valley Unit 1,
Farley Unit 1, and Salem Unit 1). Each core will include a removable-rod
assembly except for Beaver Valley Unit 1. Only two of the four, however, will
be examined as part of the 17x17 fuel assembly surveillance program, and these
will be selected on the basis of the first two to actually reload fuel. The
surveillance program includes visual examination (100 percent scanning) of the
initially loaded (first core) fuel assemblies to be removed during the first
three refueling outages. If any anomalies are detected, further examination
will be performed using the removable fuel rod assemblies.

The first visual examination has been completed at the Trojan facility, and
the results show the fuel assemblies with burnups up to 17,800 megawatt days
per metric ton to be in excellent condition. Preliminary results from the
second inspection at Trojan revealed baffle-jetting failures in two fuel rods
that had resided near an inside corner. Corrective action was taken at Trojan,
and additional surveillance for baffle-jetting failures will be performed at
Trojan and in the Virgil C. Summer Nuclear Station, Unit 1.

4.2.5 Conclusions

On the basis of the safety analysis, confirmatory data from both in-reactor

and out-of-reactor tests, and satisfactory experience with this fuel type in
other operating reactors and anticipated receipt of acceptable supplemental
calculations on the emegency core cooling system, we conclude that the fuel

for this facility will perform its function adequately and that all applicable
requirements have been met. All applicable requirements related to the reactor
fuel are described in Section 4.2, "Fuel System Design," of the Standard

Review Plan. The applicable Regulations and Regulatory Guides are: Section 50.46
of 10 CFR 50; Appendix A to 10 CFR Part 50 (Criterion 10 of the General Design
Criteria); Appendix K to 10 CFR Part 50; Regulatory Guide 1.3; Regulatory

Guide 1.4; Regulatory Guide 1.25; Regulatory Guide 1.77; Regulatory Guide 1.126.
Some of these requirements are satisfied in Section 15 rather than in Section 4.2
of the Final Safety Analysis Report.

4.3 Nuclear Design

The reactor is a pressurized water reactor containing 157 fuel assemblies of

the Westinghouse 17x17 type. It has a core heat output of 2775 thermal megwatts
and is essentially identical in design to the North Anna, Units 1 and 2 reactors.
We have reviewed the nuclear design of the reactor for the facility. Our

review was based on information contained in the Final Safety Analysis Report,
amendments thereto, and the referenced topical reports. Our review was conducted
within the guidelines provided by Section 4.3 of the Standard Review Plan.

4.3.1 Design Bases

We have reviewed the design bases and functional requirements used in the
nuclear design of the fuel and reactivity control systerc of the facility.

The basic requirement for the core and control system is that the consequences
of each event be appropriate to the category for that event. To meet this
requirement, several specific design bases are presented. These include:




1. Specification of acceptable fuel design limits.
2. Specification of a negative prompt feedback coefficient.

3. Requirement that power oscillations be inherently damped or that the
vontrol system be capable of detecting and suppressing them.

4. Requirement for a control and monitoring system which automatically
initiates a rapid negative insertion to prevent fuel design limits from
being exceeded during normal operation and anticipated transients.

5 Requirement that the design of the contro) system be such that no single
malfunction or operator error lead to a violation of fue) design limits.

6. Requirement that shutdown be assured even when the single rod cluster
control assembly (control rod) of highest worth is assumed to be stuck
out of the core.

r A Requirement for a chemical shim system capable of controlling power
changes in normal operation and of bringing the reactor to cold shutdown.

8. Requirement that the control system, when combined with the engineered
safety features, be capable of controiling reactivity changes during
accident conditions.

A Requirement that reactivity insertion rates and amounts be controlled so
that only limited damage occurs to the pressure boundary and the core
remains in a coolable geometry following a reactivity insertion accident.

Based on our review, we conclude that the nuclear design bases presented in
the Final Safety Analysis Report are in conformance with Criteria 10, 11, 12,
13, 20, 25, 26, 27, and 28 of the Genera) Design Criteria and are therefore
acceptable.

4.3.2 Design Description

The Final Safety Analysis Report contains the description of the first cycle
fuel loading which consists of three different enrichments and has a first
cycle length of approximately one year. The enrichment distribution, burnable
poison a ¢ ribution, soluble poison concentration and higher isotope (actinide)

content - a function of core exposure are presented. Values presented for
the d¢ neutron fraction and prompt neutron lifetime at beginning and end
of cyc. ie consistent with chose normally used and are acceptable.

Power Cistribution

The design sases affecting power distribution are:
3. The peiking factor in the core will not be urrater than 2.32 during

normal operaticn at full power in order to wcet the initial conditions
assumec in the los:-of-coolant accident analysis.
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& Under normal conditions (including maximum overpower) the peak fuel power
will not produce fuel centerline melting.

3. The core will not operate during normal operation or anticipated operational
occurrences, with a power distribution that will cause the departure from
nucleate boiling ratio to fall below 1.3 (W-3 correlation with modifiec
spacer grid effect).

The applicant has described the manner in which the core will be operated and
power distributions monitored so as to assure that these limits are met. The
core will be operated in the constant axial offset contrcl mode which has been
shown to result in peaking factors less than 2.32 for both constant power and
load following operation. A recently discovered error* in the loss-of-coolant
accident analysis may lead to a requirement for operation with a peaking
factor less than 2.32. In this event, operation at full power may be performed
with the axial power distribution monitoring system. This mode of operation
has been required in several operating Westinghouse-designed reactors and is
2~ eptable. The requirement for this mode of operation will be inserted into
the Technical Specifications, if required. Another option is the performance
of a plant-specific analysis to support operation with a lower power peaking
factor using excore monitoring.

Two types of instrumentation systems are provided to monitor core power distribu-
tion measurements - excore detectors which monitor core power, axial offset

and azimuthal tilt, and incore detectors which permit detailed power distributions
to be measured. These systems are used in operating reactors supplied by
Westinghouse and we find their use acceptable for this facility.

Reactivity Coefficients

The reactivity coefficients are expressions of the effect on core reactivity

of changes in such core conditions as power, fuel and moderator temperature,
moderator densitv, nd boron concentratior. These coefficients vary with fuel
burnup and powe: level. The applicant has presented values of the coefficients
in the Final Sifety Analysis Report and has evaluated the uncertainties of
these values. We have reviewed the calculated values of reactivity coefficients
and have concluded that they adequately represent the full range of expected
values. We have reviewed the reactivity coefficients used in the transient
and accident analyses and conclude that they conservatively bound the expected
values, including uncertainties. Further, moderator and power Doppler coeffi-
cients along with boron worth are measured as part of the startup physics
testing to assure that actual values are within those used in these analyses.

Control

To allow for changes in reactivity due to reactor heatup, lvad following, and
fuel burnup with consequent fission product buiidup, a significant amount of
excess reactivity is built into the core. This excess reactivity is controlled

by a combination of full-length control rods and soluble beron. Soiub's boron
is used to control reactivity changes due to:

*The error ir. the Zirconium-water reaction calculation discovered early in 1978.

4-12



1. Moderator density and temperature changes from ambient to operating
temperatures.

2. Equilibrium xenon and samarium buildup.

3. Fuel depletion and fission product buildup - that portion not controlled
by Tumped burnable poison

4, Transient xenon resulting from load following.

Control rods are used to control reactivity changes due to:

1. Moderator reactivity changes from hot zero tc full power.
2. Fuel temperature changes (Doppler reactivity changes).

Burnable poison rods placed in some fuel assemblies are used for radial flux
shaping and to control part of the reactivity change due to fuel depletion and
fission product buildup.

The applicant has provided data to show that adequate control exists to satisfy
the above requirements with enough additional control rod worth to provide a
hot shutdown effective multiplication factor less than the design basis value
of 0.982 during initial and equilibrium fuel cycles with the most reactive
control rod stuck out of the core. In addition, the chemical and volume
control system will be capable of shutting down the reactor by adding soluble
boron and maintaining it shut down in the cold, xenon-free condition at any
time in core life. These two systems satisfy the requirements of Criterion 26
of the General Design Criteria.

Comparisons have been made between calculated and measured control rod bank
worth in operating reactors and in critical experiments. These comparisuns
lead to the conclusion that bank worths may be calculated to within approxi-
mately ten percent. In addition, bank worth measurements are performed as
part of the startup test program to assure that conservative values have been
used in safety analyses.

Based on these comparisons, we conclude that the applicant has made suitably
conservative assessments of reactivity control requirements and that adequate
control rod worths have been provided to assure shutdown capability.

Provision is made in the design for the use of part-length control rods.
However, the applicant has informed us that the use of part-length rods is not
presently contemplated. All analyses have been performed without part-length
rods, and therefore the use of part-length rods will be prohibited.

Contro! Rod Patterns and Reactivity Worths

The tull-length control rods are divided into two categories - shuldown rods

and regulating rods. The shutdown rods are always completely out of the core
when the reactor is at operating conditions. Core power changes are made with
regulating reds which are nearly out of the core when it is operating at full
power. Regulating rod insertion will be controlled by power-dependent insertion
limits which will be established to assure that:
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8 There is sufficient negative reactivity 2vailable to permit rapid shutdown
of the reactor with adequate margin.

2. The worth of a control rod that might be ejected is not greater than that
which has been shown to have acceptable consequences in the safety analyses.

We have reviewed the calculated rod worths and the uncertainties in these
worths and conclude that rapid shutdown capability exists at all times in core
life assuming the most reactiwv. control rod assembly is stuck out of the core.

Stability

The stability of the core to xenon induced spatial oscillations is discussed
in the Final Safety Analysis Report. The overall negative reactivity (power)
coefficient provides assurance ‘hat the reactor will be stable against total
power oscillation. It is also concluded that sustained radial or azimuthal
xenon osciilations are not possible. This conclusion is based on measurements
on an operating reactor of the same dimensions which showed stability against

these oscillations.

This core is predicted to be unstable with respect to axial xenon oscillations
after about 12,000 megawatt days per ton of exposure. The applicant has shown
that a-ial xenon oscillations may be controlled by che regulating rods to
prevent reaching any fuel damage limits.

Criticality of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by adequate
design of fuel transfer and storage facilities. The applicant has presented
information on calculational technigues and assumptions used to assure that
criticality is avoided. We have reviewed this information and the criteria
which will be employed and find them to be acceptable.

Vessel Irradiation

Values are presented for the neutron flux in various energy ranges at mid-height
of the pressure vessel inner boundary. Core flux shapes calculated by standard
design methods are input to a transport theory calculation which results in a
value of 2.9 x 10'° neutrons per square centimeter per second having energy
greater than 10® electron-volts at the reactor vessel boundary. This results

in a fluence of 2.9 x 10!'? neutrons per square centimeter for a 40-year reactor
vessel life with an 80 percent use factor. The mothods used for these calcula-
tions are state of the art, and we conclude that acceptable analytical procedures
have been used to calculate the reactor vessel fluence.

4.3.3 Anaiytical Methods

The applicant has described the computer programs and calculational techniques

used to obtain the nuclear characteristics of the reactor design. The calculations
consist of three distinct types, which are performed in sequence: determination
of effective fuel temperatures, generation of macroscopic few-group parameters,

and space-dependent few-group diffusion calculations. The computer progr.ims

used (e.g., LASER, TWINKLE, LEOPARD, TURTLE and PANDA) have been applied as
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part of the applications for most earlier westinghouse-designed nuclear plant
facilities and the predicted results ha ° been compared with measured charac-
teristics obtained during many startup .ests for first cycle and reload cores.
These results have validated the ability of these methods *o predict experimental
results. We, therefore, conclude that these methods are acceptable for use in
calculating the nuclear characteristics of the core.

4.3.4 Summary

The applicant has described the computer programs and calculational techniques
used to predict the nuclear characteristics of the reactor design and has

provided examples to demonstrate the ability of the analyses to predict reactivity
and physics characteristics of t' = reactor.

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission product buildup, a significant amount of
excess reactivity is designed into the core. The applicant has provided
substantial information reiating to core reactivity balances for the first

cycle and has shown tha. means have been incorporated into the design to

control excess reactivity at all times. The applicant has shown that sufficient
control rod wurth is available to make the reactor subcritical with an effective
multiplication factor no greater than 0.982 in the hot condition at any time
during the cycle with the most reactive control rod stuck in the fully withdrawn
position.

On the basis of our review, we conclude that the applicant's assessment of
reactivity control requirements over the first core cycle is suitably conser-
vative, and that adequate negative wort has been provided by the control
system to assure safe shutdown capabili y. Reactivity control requirements
will be reviewed for additional cycles as this information becomes available.
We also conclude that nuclear design bases, features, and iimits have been
established in conformance with the requirements of Criteria 10, 11, 12, 13,
20, 25, 26, 27, and 28 of the General Design Criteria.

4.4 Thermal-Hydraulic Design

4.4.1 Thermal-Hydraulic Criteria and Design Bases

The safety criteria for the reactor core design as stated in Section 4.4.1 of
the Final Safety Analysis Report are as follows:

e "Fuei damage (defined as penetration of the fission product barrier;
i.e., the fuel rod clad) is not expected during normal operation and
operational transients (Condition I) or any transient conditions arising
from faults of moderate frequency (Condition II). It is not possible,
however, to preclude a very small number of rods damaged. These will be
within the capability of the plant cleanup system and are consistent with
the plant design bases.

2. The reactor can be brought to a safe state following a Condition III
event with only a small fraction of fuel rods damaged (see above definition)
although sufficient fuel damage might occur to preclude resumption of
operation without considerable outage time.
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3 The reactor can be brought to a safe state and the core can be kept
subcritical with acceptable heat transfer geometry fol.owing transients
arising from Condition IV events."

These safety criteria are implemented through the thermal-hydraulic design
bases for departure from nucleate boiling ratio, fuel temperature, and hydro-
dynamic stability

The margin to departure from nucleate boiling at any point in the core is
expressed in terms of the departure from nucleate boiling ratio which is
defined as the ratio of the heat fiux required to produce departure from
nucleate boiling at the calculated iocal coolant conditions to the actual
local heat flux.

The thermal-hydraulic design basis for departure from nucleate boiling ratio
in Section 4.4.1.1 of the Final Safety Analysis Report is as follows:

Departure freca nucleate boiling will not occur on at least 95 percent of the
limiting fuel rods during normal operation and operational transients and any
transient conditions arising from faults of moderate frequency (Condition !
and Il events) at a 95 percent confidence level. Historically, this has been
conservatively met by limiting the minimum departure from nucleate boiling
ratio to 1.30 and for this application a minimum departure frum nucleate
boiling ratio of 1.30 will continue to be used.

The fuel temperature design basis in Section 4.4.1.2 of the Final Sarety
Aralysis Report is as follows:

During modes of operation associated with Condition I and Condition II events,
the maximum fuel temperature shall be less than the melting temperature of
uranium dioxide. The uranium dioxide melting temperature for at least 95
percent of the peak kilowatts per foot fuel rods will not be exceeded at the
95 percent confidence ievel. The melting temperature of uraium dioxide is
taken as 580 degrees Fahrenheit unirradiated and decreasing 58 Fahrenheit
degrees per 10,000 megawatt days per metric ton.

The hydrodynamic stability design basis in Section 4.4.1.4 of the Final Safety
Analysis Report is as follows:

Modes of operation associated with Condition I and 11 evenis shall not lead to
hydrodynamic instability.

The safety criteria and the thermal-hydraulic design bases are based upon the
classification of events specified in the American National Standards Institute
document ANSI N18.2, "Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants." This classification recognizes the transient
resulting from loss of power to all three reactor coolant pumps to be a Condition
II1 event. The applicant does not consider this transient to be subject to

the design bases stated above. We consider this transient to be an anticipated
operational occurrence, as defined by Appendix A to 10 CFR Part 50, and require
that it meet the saiety crite 1a which have been specified for faults of
moderate frequency, or Condit on Il events. We reviewsd the analysis provided
in Section 15 of the Final >afety Analysis Report and concluded that it meets
the Condition Il safety ciiteria.
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The tnermal-hydraul ‘c design basis for departure from nucleate boiling has

been reviewed and found to be one of the acceptable methods listed in Section 4.4.
of the Standard Review Plan. The appiicant has proposed to implement the

thermal hydraulic design basis for departure from nucleate bciling through the

use of the Westinghouse W-3, R-grid correlation. This correlation has been
reviewed and approved by the NRC staff as described in "Topical Report Evaluation -
W.AP-8536, "Critical Heat Flux Testing of 17 x 17 Fuel Assembly Geometry with
22-Inch Grid Spacing," December 10, 1976.

An important parameter that influences the departure from nucleate boiling
ratio calculations is rod-to-rod bowing within fuel assemblies. Only limited
experimental data on the extent of bowing in the 17 x 17 fuel design are
available. However, an acceptable method based on data obtained with the 15

x 15 fuel design is available at this time. The applicant has provided a
commitment in response to our request number 221.11 to comply with our interim
position on fuel rod bowing "Revised Interim Safety Evaluation Report on the
Effects of Fuel Rod Bowing on Thermal Margin Calculations for Light Water
Reactors," February 16, 1977.

In steady-state, two-phase flow in parallel channels, the potential for hydro-
dynamic stability always exists. For years, Westinghouse has used the HYDNA
code to predict the inception of hydrodynamic instability for its reactors.
The HYONA code assumes that the core consists of parallel closed channels.
Westinghouse performed experiments intended to demonstrate that flow in parallel
open channels is more stable than in parallel closed channels. Westinghouse's
experimental data were provided in Topical Report WCAP-7240, "An Experimental
Investigation of the Effect of Open Channel Flow on Thermal Hydrodynamic
Instabilities." This report did not describe the HYDNA code or details of its
use in reactor calculations. We reviewed the topical report and concluded
that, while the experimental data are useful as background information, they
alone are not sufficient to support a conclusion that the HYDNA code conserva-
tively predicts the onset of flow instability in the core. We also concluded
that the experiments described by Westinghouse in support of the hydrodynamic
design are not sufficient to justify that the design basis is satisfied.

The applicant has submitted additional information in support of the thermal
hydrualic stability of the reactor in response to our request number 221.12.
The discussion describes alternate analyses, not related to the HYDNA code for
predicting the onset of hydraulic instability. The applicant has concluded
that a power margin greater than twice the rated power exists to the predicted
inception of instabilities.

We are presently reviewing the submitted material as part of a generic study
of the hydrodynamic stability characteristics of light water reactors uider
normal operation, anticipated transients and accident conditions under Task
Action Plan B-19, "Thermal Hydraulic Stability." The results of this study
will be applied to our review and acceptance of statility analyses and analytical
methods now in use by the reactor vendors. In the interim, we conclude that
past operating experience, stability tests and the inherent thermal hydraulic
characteristics of light water reactors provide a basis for accepting the
stability evaluation for normal operation and anticipated transient events for
this facility. Any required actions resulting from our study will be applied
to this facility.
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The design basis on fuel tem~: 3ture is implemented through the reactor protection
system overpower trip setp.ints. These setpoints will be selected to assurs

that the calculated fuel enterlir> temperature does not exceed 4700 degrres
Fahrenheit.

We conclude that the thermal-hydraulic criteria and design bases for this
facility are acceptable.

4.4.2 Thermal-Hydraulic Analytical Models

For the design of this facility as well as other Westinghouse-designed reactors
which we have recently reviewed, the THINC computer code has been used to
calculate core thermal-hydraulic performance characteristics. The THINC code
considers cross-flow between adjacent assemblies in the core and cross-flow
and thermal diffusion between adjacent subchannels in the assemblies.

The THINC code is described in Westinghouse Topical Reports WCAP-7956, "THINC-IV -
An Improved Program for Thermal and Hydraulic Analysis of Rod Bundle Cores,"

and WCAP-8054, "Application of the THINC-IV Program to PWR Design,"” We have
completed our review of these reports and conclude that the THINC-IV code is
acceptable as described in "Staff Evaluation of WCAP-7956, WCAP-8054, WCAP-8507,
and WCAP-8762," J. Stolz to C. Eicheldinger, April 19, 1978).

Crud depos’‘ion in the core and an associated change in core pressure drop and
flow have been observed on some pressurized water reactors. We reviewed the
input assumptions used in the facility design and questioned the treatment of
possible crud buildup in the core. The applicant replied that: 1) operating
experience from several Westinghouse reactors indicates very low levels of

crud buildup on the core; 2) some margin for uniform crud buildup is included

in the clad surface roughness factor used in their analysis; and 3) significant
changes in core pressure drop and flow would be observed during periodic core
flow measurement. We have reviewed this information and the list of instrumenta-
tion to detect significant changes in core flow and concluded that it adequately
addresses our concerns relative to crud deposition in the core. The Technical
Specifications will provide appropriate considerations for detection and

actions relevant to significant crud deposition.

We also questioned the effect of a radial pressure gradient at the core exit
on the thermal-hydraulic design. We first raised this matter as a result of
our review of the Westinghouse 1/7 scale hydraulic tests which sh { a radial
pressure gradient in the upper plenum. The analyses assume a uni 1 core
outlet pressure distribution. In response to our question on the radial
pressure gradient, the applicant referenced a sensitivity study with the
THINC-IV code for a reactor with a 193 assembly core and has presented an
argument that the effect would be even smaller for the design of its facility,
which has a 157 assembly core. We have reviewed this information and con-
cluded it is acceptable.

4.4.3 Thermal-Hydraulic Design Comparison

The thermal-hydraulic design parameters for the reactor are listed in Table
4-1 of this Safety Evaluation Report. A comparison of these parameters with
those of the Koshkonong design was given in the Fi- ., Safety Analysis Report.
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The design parameters of the two plants are identical except for the allowable
linear heat generation rate which is lower for Virgil C. Summer Nuclear Station,
Unit 1 as a result of more stringent limits resulting from the loss of coolant
accident analysis.

We have compared the Virgil C. Summer Nuclear Station, Unit 1 design parameters
with those of North Anna Units 1 and 2 since we consider it more appropriate

to compare it to a design which has been approved for an operating license.
This comparison is provided in Table 4-1. We have reviewed the differences in
flow and inlet temperature and have found that these differences are consistent
with the difference in minimum departure from nulceate boiling ratio. The
comparisons were done using sensitivity factors supplied by Westinghouse and
previously accepted.

4.5 Reactor Materials

4.5.1 Reactor Vessel Internals Materials

The materials of construction for components of the reactor internals have
been identified by specifications and found to be in conformance with the
requirements of Section III of the ASME Code.

The materials of construction for reactor internals exposed to the reactor
coolant have been identified and all the materials are compatible with the
expected environment, as proven by extensive testing and satisfactory per-
formance. General corrosion on all materials is expected to be negligible.

The controls imposed on reactor coolant chemistry provide reasonable assurance
that the reactor internals will be adequately protected, during operation,
from conditions which couia iead to stress corrosion of the materials and loss
of component structural integrity.

The controls imposed upon components constructed of austenit.c stainless steel,
as used in the reactor internals, satisfy the recommendations of the NRC staff
interim position MTEB 5-1 H>n Regulatory Guide 1.31, "Control of Ferrite Content
of Stainless Steel Weld Meval," and Regulatory Guide 1.44, "Control of the Use
of Sensitized Stainless Steel." Material selection, fabrication practices,
examination procedures, and protection procedures performed in accordance with
these recommendations provide reasonable assurance that the austenitic
stainless steel used for reactor internals will be in a metallurgical condition
which precludes susceptibility to stress corrosion cracking during service.

The use of materials proven to be satisfactory by actual service experience

and conformance with the recommendations of these regulatory guides constitutes
an acceptable basis for meeting in rart the requirements of Criteria 1 and 14
of the General Design Criteria.

4.5.2 Control Rod System Scructural Materials

The mechanical properties of structural materials selected for the control rod
system components exposed to the reactor coolant satisfy Appendix I of Section III
of the ASME Code, or Part A of Section II of the ASME Coce, and also the NRC
staff position that the yield strength of cold worked austenitic stainless

steel shouid not exceed 90,000 pounds per square inch.
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The controls imposed upon the austenitic stainless steel of the system satisfy
the recommendations of the NRC staff interim position MTEB 5-1 on Regulatory
Guide 1.31, "Control of Stainless Steel Welding," and Regulatory Guide 1.44,
“Control of the Use of Sensitized Stainiess Steel." Fabrication and heat
treatment practices performed in accordance with these recommendations provide
added assurance that stress corrosion cracking will not occur during the
design life of the components.

The compatibility of all control rod system materials that are in contact with
the reactor coolant satisfies the criteria for Articles NB-2160 and NB-3120 of
Section III of the ASME Code. Both martensitic and precipitation- hardening
stainless steels have been given tempering or aging treatments in accordance
with NRC staff positions. Cleaning and cieanliness control are in accordance
with ANSI Standard N45.2.1-1973, “"Cleaning of Fluid Systems and Associated
Components During Construction Phase of Nuclear Power Plants,” and Regulatory
Guide 1.37, "Quality Assura «ce Requirements for Cleaning of Fluid Systems and
Associated Ccmponents of Vater-Cooled Nuclear Power Plants."

Conformance with the cocdes standards, and regulatory guides indicated above,
and with the NRC staff positions on the allowable maximum yield strength of
cold worked austenitic stainless steel and minimum tempering or aging tempera-
tures of martensitic and precipitation-hardened stain ess steels, constitutes
an acceptable basis for merting the requirements of Criterion 26 of the General
Design Criteria.

4.6 Functional Design of Reactivity Control Systems

The functional designs ot the reactivity control systems for the facility have
been reviewed to confi~m that the systems have the capability to shut down the
reactor with appropriate margin during normal, abnormal, and accident conditions.
The reactivity control systems reviewed included the control rod drive system
and the chemical and volume control system (see aliso Section 9.3.4 of this
Safety Evaluation Report for additional discussion). The scope of our review
included layout drawings and descriptive information for the systems and for

the supporting systems that are essential for operation of the systems.

The chemical and volume control system regulates the concentration and makeup

of the boric acid solution in the reactor coolant syste. used to control
reactivity. A portion of the chemical and volume control system (the centrifugal
charging pumps, the boron injection tank), injects a high concentration boron
solution into the reactor coolant system to assure facility shutdown in the
event of accidents. The boric acid concentration in the reactor coolant

system is controlled by the boron thermal regeneration system and by the

reactor makeup subsystem of the chemical and volume control system.

The concentration of boron in the reactor coolant system is changed manually
for the following operating conditions:

1. Startup-boron concentration decreased.

2. Load follow-boron concentration increased or decreased to compensate for
xenon transients following load change.
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3. Fuel burnup-concentration decreased to compensate for purnup.
4. Cold shutdown-boron concentration increased to prevent return to power.

The rod cluster control assemblies are the main shutdown mechanism in the
event of most transients. The rods contain a silver-indium-cadmium alloy. In
the event of an accident, the rod cluster control assemblies are inserted
automatically. Concentrated boric acid solution is injected by the emergency
core cooling system in the event of a loss-of-coolant accident or steam line
break, thereby satisfying the requirements of Criterion 20 of the General
Design Criteria.

The chemical and volume control system can maintain the reactivity of the
reactor within required bounds by means of the automatic makeup system to
replace minor leakage without significantly changing the boron concentration
in the reactor coolant system. Dilution of the reactor coolant sysiem boron
concentration required for the reactivity losses occurring as a resuit of fuel
and burnable poison depletion is accomplished by operator action.

The applicant has stated that a single failure will not result in loss of the
protection system nor will a loss of redundancy occur as a result of rer-val

of a channel or components service. The control rod drive mechanisms utilized
in the fa-ility are essentially identical to those supplied on previously
reviewed hestinghouse plants. A functional test program has been conducted on
a full sca'e prototype assembly under simulated conditions of reactor temperature
pressure ~ad flow for 1000 hours which included 3,000 000 steps and 600 trips
without failure. A1l the control rod drives for the facility are production
tested prior to shipment to confirm their ability to meet the design specifica-
tion operational requirements. In addition, preoperational trip time tests
will be performed to verify that the control rods will insert within the time
requirements identified in the Technical Specifications. This satisfies the
recommendations of Regulatory Guide 1.68 with regard to the control rod drive
system.

Checks of rod movement also will be made on every full-scale rod cluster

control assembly periodically during the reactor operation. Rod cluster

control assembly drop tests will be performed at each refueling shutdown to
demonstrate the ability of the rod clusters to meet required drop times. The
foregoing periodic testing, reliability, and redundancy conforms to the require-
ments of Criterion 21 of the General Design Criteria.

The vulnerability of the trip system to common mode failures has been analyzed
in Topical Reports WCAP 7306, 7706 and 7486. As a result of these studies
Westinghouse has concluded that the high reliability and functional diversity
of the Westinghouse reactor protective system makes complete failure to trip
on demand during an articipated transient not credible. We have completed our
review of these reports and published our evaluation in a report titled,
"Status Report on Westinghouse Analyses of Anticipated Transients Without
Scram" dated December 9, 1975.

After review of these reports and subsequent studies on trip systems, we have

concluded that regardless of the high reliability of the current trip systems,
protection from anticipated transients without scram events must be provided.
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A further discussion regarding this subject matter is provided in Section
15.3.5 of this Safety Evaluation Report.

Failure of electrical power to a rod cluster contro! assembly will cause
insertion of that assembly as will shearing of the connection between the rod
cluster control assembly and control rod drive mechanism. Single failure of a
rod cluster control assembly is considered in transient and accident analyses
which includes the most reactive rod cluster control assembly stuck outside
the core. Analysis of accidental withdrawal of a rod cluster control assembly
is found to have acceptable results. This conforms to the requirements of
Criteria 23 and 25> of the General Pesign Criteria.

The applicant has stated that control rod drive mechanisms and latches are
designed with sufficient clearances for thermal expansion so that a loss of
forced air cooling for an indefinite period will not interfere with a tripped
mechanism. The forced air cooling is primarily provided to limit degradation
oi the control rod drive mechanism coils over prolonged operation and assure
that the commercial design life is met. A failure of one or more coils does
not impair trip since the reactor is tripped by de-energizing the coils which
allows the rods to drop. We find this design feature of the control rod drive
mechanisn to be acceptable.

Soluble poison concentration is used to control normal operating reactivity
changes. If necessary, rod cluster control assembly movement can also be used
to accommodate such changes but is used mainly to control anticipated operational
occurrences even with a single malfunction, such as a stuck rod. In either
cace, fuel design limits were not exceeded. The soluble po..on control is
capable of maintaining the core subcritical under conditions of cold shutdown,
which conforms to the requirements of Criterion 26 of the General Design
Criteria.

The reactivity control systems, including the addition of concentrated boric
acid solution by the emergency core cooling system, are capable of controlling
all anticipated operational changes, transients, and acciden®s, including the
full spectrum of loss-of-coolant accidents. All accidents are calculated with
the assumption that the most reactive rod cluster control assembly is stuck
and cunnot be inserted, which complies with the requirements of Criterion 27
of the General Design Criteria.

The maximum reactivity worth of control rods and the maximum rates of reactivity
insertion employing control rods are limited so as to preclude rupture of the
coolant pressure boundary or disruption of the core internals to a degree

which would impair core cooling capability due to any postulated reactivity
accident (rod injection, steam line break, etc.), which complies with the
requirements of Criterion 28 of the General Design Criteria.

In summary, the basis for our acceptance is conformance of the applicant's
designs, design criteria, and design bases for the reactivity control systems
and their supporting systems to the NRC's regulations as set forth in

the General Design Criteria. We conclude *hat the designs of the reactivity
control systems conform to all applicable regulations and are acceptable.
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5 REACTOR COOLANT SYSTEM

5.1 Summary Description

The reactor coolant system consists of three similar heat transport loops
connected to the reactor pressure vessel. Each loop contains a reactor coolant
pump, steam generator, and associated piping. In addition, the system includes
a pressurizer, a pressurizer relief tank, interconnecting piping, and instru-
mentation necessary for operational control. All of these -~omponents are
located within the containment building.

During operation, the reactor coolant system transfers the heat generated in
the core to the steam generators where steam is produced to drive the turbine-
generator. Borated demineralized water is circulated in the reactor coolant
system at a flow rate and temperature consistent with achieving the required
reactor core thermal-hydraulic performance. The coolant also acts as a neutron
moderator and reflector, and as a solvent for the neutron absorbing boric acid
used for chemical shim control.

The reactor coolant system pressure boundary provides a second barrier against
the release of radioactivity generated wilhin the reactor and is designed to
assure a high degree of integrity throughout the life of the faciiity.

The reactor coolant system pressure changes during normal operation are con-
trolled by the use of the pressurizer where water and steam are maintained in
equilibrium by electrical heaters and water spray. Spring-loaded safety
valves and power-operated relief valves are mounted on the pressurizer and
discharge to the pressurizer relief tank where steam is condensed and cooled
by mixing with water.

5.2 Inteqrity of the Reactor Coolant Pressure Boundary

5.2.1 Design of Reactor Coolant Pressure Boundary Components

Components of the reactor coolant pressure boundary as defined by the rules of
Section 50.55a of 10 CFR Part 50 have been properly identified and classified
as ASME Section III, Class 1 components in Table 5.2-1 of the Final Safety
Analysis Report. Those components within the reactor coolant pressure boundary
are constructed in accordance with the requirements of the applicable codes

and addenda as specified by the rules of Section 50.55a of 10 CFR Part 50.

We conclude that construction of the components of the reactor coolant pressure
boundary in conformance with the ASME Code and the NRC's regulations is expected
to result in a component quality commensurate with the importance of the

safety function of the reactor coolant pressure boundary, and is acceptable.

The ASME Code Cases whose requirements have been applied in the construction

of pressure- retaining ASME section III, Class 1 components within the reactor
coolant pressure bLoundary (Quality Group Classification A) are acceptable to
the NRC staff except for Code Case 1528-1 which was used in the manufacture of
the steam generators for the facility. This revision of Code Case 1528-1 is
not acceptable for general! use in the construction ot ASME Section III, Class 1
components.
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In order to demonstrate the adequacy of the forging material used in the
manufacture of the steam generators, the applicant has conducted a test pro-
gram and provided additional data which we find to be acceptable.

We conclude that compliance with the requirements of these code cases, in
conformance with the NRC's regulations, is expected to result in a component
quality level that is commensurate with the importance of the safety function
of the reactor ccolant pressure boundary and is acceptable.

5.2.2 Overpressurization Protection

The pressure relief system prevents overpressurization of the reactor coolant
pressure boundary under the most severe transients and limits the reactor
pressure during anticipated operational occurrences. Overpressure protection
for the reactor coolant pressure boundary is accomplished by utilizing three
spring-loaded safety valves and three power-operated relief valves located on
the pressurizer. The safety valves have a bellows arrangement that compensates
for backpressure. The steam release from these valves discharges to the
pressurizer quench tank through a common header from the pressurizer. The
reactor coolant system safety valves, in conjunction with the steam generator
safety valves, and the reactor protection system, protect the reactor coolant
system against overpressure, limited to 110 percent of the design pressure of
2485 pounds per square inch gauge, follewing a complete loss of steam flow to
the turbine. The relief valves, which have a setpoint pressure of 2335 pounds
per square inch gauge, are designed to 1imit system pressure to a value below
the safety valve setpoints to prevent excessive safety valve opening. The
pressurizer spray system is designed to maintain the reactor coolant system
pressure below the relief valve setpoints during a step reduction in power
level of up to 10 percent. The relief valves also limit the pressurizer
pressure to a value below the high pressure reactor trip setpoint of 2385
pounds per square inch gauge for all design transients up to and including the
design percentage step load decrease with steam dump; however, credit is taken
only for safety valves in analyzing anticipated operational occurrconces and
accidents.

The safety valves and the power operated relief valves are not designed for
two-phase or subcooled liquid relief. However, the applicant in order to
satisfy the requirement of TMI item II.D.1 (See Section 22.2 of this Safety
Evaluation Report has committed to an Electric Power Research Institute program
to test the valves and confirm their capability for two-phase or subcooled
liquid relief for all conditions under which this relief would be expected,
including low pressure. The applicant will be required to submit the test
results and confirm their applicability to the Virgil C. Summer Nuclear Station,
Unit 1. We will report the results of our evaluation in a supplement to this
Safety Evaluaticn Report.

Westinghouse Topical Report WCAP-7769, Revision 1, was referenced as the basis
for the design requirements of the overpressure protection system for the
Virgil C. Summer Nuclear Station, Unit 1. In WCAP-7769, Revision 1, the
overpressure analyses were performed in two major parts. The first case
considered a compl. 2 loss of steam flow and assumed main feedwater flow
maintained with no credit taken for reactor trip. This case was performed
strictly as a conservative method of sizing the pressurizer safety valves
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based on maximum surge rate. The second case involved taking credit for
reactor trip and a complete loss of steam flow with a simultaneous loss of all
feedwater. This analysis was performed to verify the adequacy of the <izing
method. The assumptions used in the overpressure analysis for the sizing and
verification of performance adequacy of the pressurizer safety valves included
taking no credit for operation of reactor coolanl system power-operated relief
valves, steam line power relief valves, steam dump system, reactor coolant
system pressurizer level control system, and pressurizer spray.

WCAP-7769, Revision 1, shows that for the analyzed complete loss of steam flow
transient with a simultaneous loss of all feedwater, and credit taken for
reacter trip on reactor coolant temperature differential (the second safety-
grade trip signal), the peak pressurizer safety valve flow capacity would be
86 percent of rated. This analyzed event is consistent with Section 5.2.2 of
the Standard Review Plan which requires the use of the high pressure trip
signal or the second safety grade trip signal, whichever is later, for relief
valve sizing. Although, the margin for overpressure predicted in WCAP-7769,
Revision 1, is acceptable, our review of this report has not been completed.
The analyses in WCAP-7769, Revision 1, were performed for a four-loop, 3423
thermal megewatts plant compared to the Virgil C. Summer Nuclear Station, Unit
1 which is a three-loop plant. The use of WCAP-7769, Revision 1, is justified
since the ratio of available pressurizer safety valve capacity to peak surge
rate into the pressurizer during the sizing transient is greater for a three-
loop plant than for the four-locp plant,

The analyscs in WCAP-7769, Revision 1, are consistent with the Final Safety
Analysis Report in terms of the initial condition assumed for power, i.e., 102
percent of the licensed power level. The Virgil L. Summer Nuclear Station,

Unit 1 has a peak surge rate ratio of 1.107 (43.3 cubic feet per second relief
rate compared to a 39.1 cubic feet per second pressurizer surge rate used in
WCAP-7769, Revision 1. The staff finds that WCAP-7769, Revision 1, provides a
conservative calculation for the sizing of the relief valves for overpressuriza-
tion protection.

Incidents of reactor vessel overpressurization in pressurized water reactors
have been reported during startup and shutdown in which the limitations of
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