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1.0 INTRODUCTION

The Duke Power Company (applicant), by applicatio dated November 23,

1966, and subsequent amendments, has requested a license to construct and
operate three pressurized water reactors, identified as Units 1, 2 arnd 3,

at its Oconee Nuclear Station in Oconee County, South Carolina.

Each of the three proposed reactors would operate at core power lavels
up to 2452 Mw thermal. Thé nuclear steam supply system is, however, dasigned
for 2568 Mw(t) and the applicant anticipates that the reactor will ultimately
prove capahle of operating at that power level. For this reason, the design
of the major systems and components of the proposed facility, including the
emergency cooling systems and the containment structure, which bear signifi-
cantly on the acceptability of the facility under the site criteria guide-
lines identified in 10 CFR Part 100, have been analyzed and evaluated by the {
applicant and the regulatory staff at a power level of 2568 Mw(t). The

thermal and hydraulic characteristics of the reactor core were analyzed and
evaluarted at 2452 Mw(t) even though the applicant believes that eventually

the core will also prove to be capable of operating at higher power levels.
Before operation at any power level above 2452 Mw(t) is authorized by the
Commission, the Commission must perform a safety evaluation to assure that

the core can be operated safely at the higher power level.

The technical safety review of the proposed plant which has been performed
by the Commission's regulatory staff has been based on the applicant's
Preliminary Safety Analysis Report (PSAR) and five subsequent amendments
all of which are contained in the application. In the course of our review

of the material submitted, we held a number of meetings with representatives
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of the applicant and the nuclear steam system supplier, the Babcock and
Wilcox Company (B&W), to discuss the proposed plant and to clarify the
technical material submitted. 1In addition, the Commission's Advisory
Committee on Reactor Safeguards (ACRS) has also considered this project
and has met and discussed it with both the applicant and us. The report
of the ACRS is included as Appendix A. A chronology of the meetings and
principal correspondence is given in Appendix B. Reports by our consult-
ants on meteorology, hydrology, geology, seismicity, seismic design and
environmental considerations are included in Appendices C through G.

The review and evaluation of the proposed design and construction
plans of the applicant at this, the construction permit stage, is only
the firsc stage of a continuing review of the design, comstruction and
operation of the nuclear power plants. Prior to issuance of an operating
license for each facility, we will review the final design thoroughly to
determine that all the Commission's safety requirements have been met.
The units would then be operated only in accordance with the terms of the
operating licenses and the Commission's regulations and under the continued
scrutiny of the Commission's regulatory staff.

The issues to be considered, and on which findings must be made by an
atomic safety and licensing board before the requested license may be
issued, are set forth in the Notice of Hearing issued by the Commission

and published in the Federal Register on July 27, 1967, 32 F.R. 10996.



2.0 SITE
2.1 Description

The site for the proposed units is in eastern Oconee County, South
Carolina, about 8 miles northeast of Seneca, South Carolina. The exclusion
area will have a 1 mile radius (from the center of Unit 2), the low popula-
tion distance is at least 6 miles and the nearest population center is
Anderson, South Carolina, populaﬁion 41,000, located 21 miles southeast ofl
the site. The following table gives the 1965 population figures at various
distances from the proposed site as well as a projected estimate for the

year 2010:

Distance (miles) 1965 2010
0-5 2,200 3,000
5-10 34,000 46,000
10-20 53,000 73,000

By 1985 when the shoreline of the future Lake Keowee, which will be
formed by the Keowee Dam, at the site, and the Little River Dam about 4 miles
south of the site, will be fully developed, a transient population of about
7500 on a summer weekend is estimated in the vicinity of the lake.

All land within the exclusion area boundary will be either owned by
Duke or controlled by contractual arrangement. Three residences within the
exclusion area will be owned by Duke but leased as single family residences

with the provision that the occupants will immediately evacuate the exclusion



wl -

area upon notification by Duke. The nearest residence is 4100 feet from

the center of the Unit 2 reactor building. We believe that these occupied
residences may be permitted on site because of their distance from the
reactor structures and because the applicant has control over the evacuation
of these residents,

The reactors will take cooling water from the future Lake Keowee.

The earthen f‘ 1 Keowee and Little River Dams will be designed to withstand
the maximum hypothetical earthquake acceleration of 0.1 g (on bedrock)
postulated for the site. An earthen dam will .1lso be required tc complete
one side of the intake canal. Our seismic design consultants, Drs. N. M.
Newnark and W. J. Hall, have reviewed the design of the dams and conclude
that the dams will withstand the maximum hyporhetical earthquake postulated
for the site. Their report is attached as Appendix F.

An underwater earthen weir will be located in the intake canal to
provide a coc’ing pond between the weir and the intake canal dike in the
event that Lake Keowee should be drawn down excessively. The ACRS has
recommended that careful attention be paid to the design and construc on
of this weir to avoid soil instability and hydraulic erosion and our
consultants will examine the final design of the earthen weir to this end.

The topography of the site is used to advantage by using the hydro-
electric plants in the Keowee Dam as an emergency power source and by using
gravity flow from the intake canal to the tailrace of the hydro plants for

emergency condenser cooling.



2.2 Meteorology

The valley below the three units and below the Keowee Dam gives rise
to a possible drainage flow of air into the valley. The meteorclogical
model used for accident dose calculations is based on the drainage of air
down the river valley with no loss from the valley and the assumption
that Pasquill Type F meteorclogy prevails in conjunction with low wind speeds.
As discussed in Section 8.0 of this report, this model leads to doses within
the 0 CFR Part 100 guidelines during the maximum hypothetical accident.
The Environmental Meteorology Branch of the Institute for Atmospheric
Sciences has reviewed the proposed meteorological assumptions and has indi-
cated in its reports, attached as Appendix C, that the model is appropriately
conservative. The applicant also proposes to conduct an on-site meteorolegical
program to verify the meteorological assumptions utilized.

2.3 Geology and Hydrology

The reactor structures will be founded on Piedmont granite gneisses.
The information submitted by the applicant on geologic conditions indicates
no unusual design or construction considerations. The US Geclogical Survey
consultant recommends that critical structures should not be located so that
they cross a saprolite cut-fill interface and that fill rshould be so lucated
as to avoid impingement on critical structures in the event of slope failure.
Class 1 structures, which are the critical structures in these units, will

conform to the above recommendations.
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Flood studies were made by the applicant on the reservoirs and a
maximum hypothetical precipitation of 26.6 inches in 48 hours was used to
establish a waximum reservoir flood elevation. The maximum flood level cal-
culated for Lake Keowee was 808 ft msl, 8 ft above the full pond level.
The crest of the dams on Lake Keowee will be 815 feet. Our U. S.
Geological Survey consultant has stated that flooding of the site from
this calculated maximum probable flood does not appear to be possible
because of the location of high zround between the containment structures
and the lake. The hydrology and geology reports referenced above are
attached as Appendix D,

2.4 Seismology

The applicant has proposed a design earthquake resulting in a maximum
ground acceleration of 0.05 g. 1In addition, for a ground acceleration of
0.1 g on bedrock and 0.15 g on overburden, the plant will be designed so
that there will be no impairment of function of critical structures and
components. The above values are in accord with the recommendations of
the US Coast and Geolztic Survey in their report on the seismicity of the
site, attached as Appendix E.

2.5 Environmental Monitoring

The applicant has described the scope of an environmental monitoring
program to be conducted during comstruction and operation of the plant.

The program will include the monitoring of airborne particulate material,
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water, soil and silt, vegetation, milk, and fish and animal life. The
applicant has cooperated with the Fish and Wildlife Service in developing
the monitoring program as indicated by the report dated April 24, 1967,
by the Fish and Wildlife Service attached as Appendix G. We believe the
scope of the program is adequate.

On the basis of the discussion in Section 2.0, we conclude that the

site is acceptable for the proposed units.
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3.0 NUCLEAR STEAM SYSTEM DESIGN¥*

3.1 Summary Description

Each nuclear steam supply system consists of a light water moderated
and cooled pressurized water reactor (PWR) which transfers reactor heat to
two once-through steam generators from whi<h steam passes to a turbine-
generator unit. The low-enrichment U0, pellet iuel is held in zirconium
rods 0.4 inch in diameter and about 12 feet in length. Thes fuel rods are
held in place by perforated can fuel assemblies which have eight lateral
grid spacers over the 12-foot length in addition to the two end fittings.
Each assembly contains 208 fuel pins, 16 control pin guide tubes and one
in-core instrument guide tube (a 15 x 15 array).

The core is comprised of 177 of these fuel assemblies which rest on
the lower grid plate which is attached to the core support barrel which
is in turn attached to the reactor vessel wall near the top of the vessel.
The core obtains lateral support from the center grid plate, located at
the top of the fuel assemblies. An upper grid plate above the core provides
lateral guidance for the control rod assemblies.

Reactivity control is accomplished by 69 control rod cluster assemblies
and by liquid poison (boric acid) in the reactor coolan:. Each control rod
cluster assembly consists of 16 stainless steel tubes containing a silver-
indium-cadmium alloy which are connected to a "spider" assembly at the top

so that the 16 poison filled tubes act as a unit. The control cluster assembly

*Since the three units proposed to be built by the applicant are essentially
identical, descriptive information cohcained in this Safety Evaluation is for
the most part stated in terms of a single un’t, Where there are differences

between the units, these will be identified.

.
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is withdrawn and inserted by rack and pinion drive assembly mounted on
the reaACOr vessel head and driven through a magnetic clutch by a synchro-
nous motor; I1f a rapia .eactor shutdown is desired, the control assembly
may be dropped b& gravity into fhe core by releasing the magnetic clutch.
As the fuel is depleted criticality is maintainéd by removing the liquid
poison from the system by a chemical addition and control system,

The nuclear flux level is monitored by neutron detectors external to
the reactor vessel and by»Sl in-core chambers which are inserted through
the bottom head of the vessel and into the fuel assembly guide tubes in
selected locations. Either the nuclear flux level, high or low reactor
system pressure, high coolant temperature, or low coolant flow can iniciate
a reactor trip through the reactor protection instrumentatiom which
deenergizes the magnetic clutches on the control rods and scrams the reacter.

Water heated (from about 555° F to about 600° F at 2200 psi) while
passing upward through the reactor core exits from the reactor vessel
through two 36-inch diameter lines near the top of the vessel. Each
"hot leg’' enters the top of ; once-through steam generator. The primary
coolant passes downward through the steam gnerator within a bank of tubes
where it is cooled by water and steam (at about 530° F and 900 psi) on the
shell side. The coolant is returned to the reactor vessel from the bottom
of the steam genera;ors through four '"cold legs" (two from each steam
generator). Each cold leg contains a reactor coolant pump which provides

the circulatory driving force.
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Steam generated on the shell side of the steam generators is super-
heated by about 35° F before passing through steam lines to a turbine-
generator unit outside the containment building. After passing through
the turbine, the low-pressure steam ir condensed in the turbine condenser
and raturned as feedwater to the steam generators by electrically driven
condensate booster pumps in series with steam driven feedwater pumps.

The pressure vessel and primary system piping, steam generators,
control rod drives, instrumentation, core internals and the first core
fuel for each unit will be supplied by the Babcock and Wilcox Company
(B&W) . The steam turbine will be purchased from the General Electric
Company.

The B&W system design is, on the whole, not unlike other recent
pressurized water reactor designs. The fuel enrichment, fuel design
and arrangement of the core internals are simi.ar while differing in
design detail. The proposed design is founded on proven concepts and
its similarity to other current designs for pressurize¢i water nuclear
plants provides a degrez of assurance that a reactor of this type can
be ruccessfully built and operated.

The only subsystem of the nuclear steam system which differs sub-
stantially in design concept from current practice and experience is
the once-through steam generator which provides slightly superheated steam
to the turbine-generator. Other subsystems such as the rack and pinion
control rod drives and the instrumentation are new designs but are based
on experience with similar conceﬁts. These systems will be discussed in

more detail in following sections of this report.



3.2 Nuclear Design

The light water moderated and cooled core has been designed to allow
operation at 2452 Mw thermal to an average fuel burnup of 28,000 megawatt
days per metric ton of uranium. The total clean cold excess reactivity is
about 30% Mtk/k. About 10% Zlk/k is held by the control cluster assemblies
and the remainder by soluble poison. The reactor can be made subcritical
by 1% ‘;k/k with the highest worth control cluster stuck out of the core
at hot conditions by inserting the other 68 control assemblies. A similar
margin can be obtained at cold conditioms by insertior of soluble poisen.
The reactivity worth of the control cluster assemblies and the rate at
which reactivity can be added by the rods or by the soluble poison system
is limited to ensure that credible reactivity accidents cannot cause damage
to the system or cause uxtensive fuel failure.

The nuclear design cbjectives and limits are similar to other pressur-
ized water re.ctors now under construction. The control clusters have fewer
poison pins per cluster but a larger total number of control poison pins
than other designs which is reflected in the la.ger reactivity increment
held by control rods (10% versus about 7%) and lower operational boron con-
centrations.

A slightly different first-core U0, enrichment has been indicated for

Unit 2 than for Unit 1. This is a consequence of the applicant's plans to
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use part of the irradiated Unit 1 fuel in tie initial core loading for
Unit 2, schedule permitting. We will review this proposal at the operat-
ing license stage. It is mentioned here to indicate that restrictions
might be placed on the startup procedures of a new unit with irradiated
fuel in the initial core. Unit 3 will have a fuel loading schedule inde-
pendent of Units 1 and 2.

This core, as others of this size and type, is predicted to have a
positive moderator temperature coefficient cf reactivity under first cycle
operating conditions. The positive coefficient has been calculated by
the applicant to be about 0.9 x 10‘4 A.k/k/°r at the beginning of core
life. This is calculated to correspond to a maximum 0.3% ﬁik/k in reactivity
which could be inserted by a reduction in moderator demsity. If this reac-
tivity were inserted during a loss-of-coolant accident caused bv the break
of the largest system pipe, about 2 full power seconds of energy would be
released. The resulting increase in peak fuel temperature caused by such a
transient would be acceptable, based on the present calculations. An
acceptable value of the positive moderator temperature coefficient will be
set at the operating license stage, based on the final design and more
refined accident calculations. The applicant has stated that the reduction
of this coefficient is feasible. The addition of stainless-steel shims
would reduce the coefficient to about 0.44 x 10°% ' k/k/OF and addition of

2000 ppm natural boron to the shims would eliminate the positive coefficient.
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Although we are continuing to evaluate the magnitude of the energy added
during a loss-of-coolant accident, we believe that the proposed core
design can be accepted at this time since the applicant has demonstrated
that, if necessary, the positive coefficient can be reduced or eliminated
to bring the consequences of the applicable accident within acceptable
limits.,

The applicant's calculations indicate the scability m2igin with
respect to xenon oscillations is least for the axial direction and that
azimuthal and radial oscillations are unlikely. The applicant has stated
that although axial xemon oscillations are not expected, further analysis
will be made on final core parameters. If it is found that oscillatioms
could occur, a method for controlling the oscillationms will be developed.
Calculations have been made to illustrate the ability of control rods with
a short poison section to control a divergent xenon oscillation. Since
xenon oscillations are relatively slow changes and since the flux imbalance
could be detected on the proposed instrumentation, we believe that this
method of control is feasible and that analytical and, if necessary, control
techniques can be developed prior to the operating stage. Manipulation of
the normal control cluster assemblies or power reduction can also be used
to prevent or correct, to some extent, the undesirable effects of xencn

oscillations.
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3.3 Mechanical Design

The reactor internals are designed to withstand steady-state and
anticipated operational transients and in addition are designed to resist
the effects of seismic disturbances and blowdown forces resulting fron
a primary system pipe break.

Reactor internals will be fabricated from SA-240 (Type 304) stainless
steel and will be decigned within thi: allowable stress levels permitted
by the ASME Code Section III, Table N-421 except that the allowable stress
levels have been increased by abou: 10% for the one-time loading which
might be imposed by blowdown forces. Radiographic requirements on welds
will also be in accordance with Section III of the code. We believe that
the proposed design stress levels are conservative and that the higher
allowable stress levels specified for the blowdowr transient are acceptable
in the light of the maximum one-time, if ever, blowdown load and the con-
servative stress margins specified by the code.

The fuel assemblies are designed for steady-state and transient
conditions under the combined effects of flow-induced vibration, reactor
pressure, fission gas pressure, fuel growth and thermal strain. The cold-
worked Zircaloy-4 cladding is designed to be free-standing. The fuel rod
Spacers are designed to maintain spacing between the fuel rods but to permit
thermal expansion of the rod. Structural stability is obtained from a
perforated can assembly around the 15 by 15 array (which includes 16 stainless-
steel control pin guide tubes and cne in-core irstrument guide tube as well

as the Zircaloy-clad UO, pellet fuel).
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The coatrol cluster travel is designed so that the control pins are
always engaged in che fuel assembly control pin guide tubes, enturing that
the control assembly can be dropped into the core when required., Each pin
of the cluster is also guided above the core by tubes slofted to allow
passage of tne spider connection. The internals are designed to emsure
taat the dyramic loading resulting from a loss-of-coolant blowdown will
not prevent insertion of the control cluster assemblies. The stresses
imposed on the control cluster during scram are minimized by a snubbing
mechanism in the rod drive housing and by designing the assembly for the
deceleration loads.

We belisve that the loads considered for the design of the reacctor
internals and the stress combination considered in the fuel design form
appropriate design bases for these components.

3.4 Thermal and Hydraulic Design

The reactor core is designed to operate at a steady state power level
of 2452 megawatts thermal corresponding to an average linear heat generation
rate of 5.4 kw per foot of fuel rod and a peak of 17.5 kw per foot. The
calculated maximum fuel temperature is about 4160° F and the average fuel
temperature about 1335° F.

Although the turbine-gemerator unit and other equipment is sized for
a higher core power level (2568 Mwt) and the fission product release studies
are based on this higher power level, the application is for a core power
level of 2452 Mwt and we have reviewed the thermal-hydraulic characteristics

of the core at chis power level.
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The reactor core is designed (1) to prevent fuel melting at the design
overpower of 114% (2680 Mwt), (2) to provide a high degree of assurance
that no departure from nucleate boiling (DNB) will be experienced in the
core, and (3) to maintain steam voids in the hcottest channel at a level
well below the thresicld of flow instability. The design overpower is the
highest credible reactor power which could result from foreseeable reactor
operational transients which are terminated by reactor protective system
action (which is initiated at 107.5% full power) .

The thermal and hydraulic design evaluaticn presented in the PSAR
made use of the BAW-168& heat transfer relationship to establish that DNB
would not be reached at the 114% overpower condition. A probability study
w2s included in the analysis as a means of demonstrating the sensitivity of
the analysis to the varicus input parameters and to allow an expression of
the fraction of the core endangered when at various hot channel DMB ratios.

The corner and side channels in each fuel assembly present a unique
design problem since the flow in these channels will te significantly reduced
by the friction drag of the perforated fuel assembly cans. To compensate for
the reduced mass flow rate (lb/hr/ftz) in these channels B&W has increased
the flow area to give approximately the same total mass flow (1b/hr) as in
the unit cells within the bundle. B&W further substantiated the design by
the results of rod bundle burnout tests of similar geometry but with axially

uniform heating. These results were corrected to fit the actual non-uniform
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case by use of a correction factor obtained from single rod burnout data.
The applicant further stated that axially non-uniform bundle tests, similar
in geometry to the proposed design, are being run as part of the research
and development program at B&W and that the results of these tests will be
applied to the final thermal design.

The nuclear and engineering hot channel factors used in the analysis
were "design" values - worse than the expected (nominal) values but were
not maximized to give an extreme worst case. Iﬁ response to cur request,
an analysis was submitted for the unit, corner and wall flow channels
using extreme worst case values for the hot chanmnel factors an cell
dimcnsions.. This analysis included a design check with the Westinghouse
W-3 correlation as well as confirmation of the design by the rod bundle
burnout data described aovove.

We agree that the allowable design heat flux should be designated
as a research and development item. On the basis of the preliminary
research results submitted it appears that B&W will be able to justify
the chosen physical parameters and design limits on the basis of its pro-
gram of rod bundle burnout tests. We have the added assurance, however,
that the design could be approved on the basis of the W-3 correlation if
necessary.

The present proposal differs in design from previous plants of this
type in that it will have fewer outlet than inlet locps and only two outlet
pipes on a large core. The coolant distribution within the reactor vessel

must therefore be investigated and the associated pressure drops established.
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The applicant has stated that a research and development program is
underway to measure flow distributior in the core, fluid mixing in the
vessel and core, and the distribution of pressure drop within the vessel,
These tests will be conducted on a 1/6 scale model of the vessel and
internals. In addition, flow distribution, pressure drop, and mixing data
will be obtained with a ful) scale fuel bundle test assembly and on various
models of reactor flow cells.

We have reviewed the development program as described above and believe
that the scale model testing and the full scale fuel bundle testing are
adequate to provide the necessary information and we therefore believe that
the proposed program is acceptable.

3.5 Rod Drive Design

The control rod drives originally proposed for the Oconee units were
to be a new design using a nutating disk drive system. Due to development
problems related to materials used in the nutating drive, the application
was amended to provide a drive mechanism utilizing conventional components.

The drive mechanism now proposed is a rack and pinion device driven
by a synchronous stepping motor through a worm gear reducer, unidirectional
clutch and magnetic clutch, drive shaft and miter grar set. The drive is
op'rated in primary coolant up to the magnetic ciutch where a buffer seal

and rotary seal prevent leakage of primary coolant.



- 19 -

The mechanism is housed in two pressure housings: (1) The rack

housing is connected to the reactor vessel head and provides guides for

the rack, hydraulic snubber and spring stops for the rack, and support

for the drive shaft housing and drive motor assembly; (2) The drive shaft
nwusing is vertical and parallel to the rack housing and provides align-
ment and support for the rotating drive shaft and miter gear set and the
buffer seal assembly. These housings, one set for each of the 69 control
assemblies, are designed to the ASME Code, Section I1I1I, fer 2500 psig and
650° F. The two housings are joined at the pinion shaft, near the reactor
vessel head, by a bolted, double sealed joint. All gasketed joints are
sealed by two Conoseal-type gaskets and pressure testing taps are provided
berween the gaskets.

The rack is directly connected to the spider of the cluster control
assembly by a ball and socket positive latch mechanism. The rack is
decelerated during scram by a hydraulic snubber assembly contained in the
rack housing above the pinion shaft. The snubbe:r causes deceleration of all
of the moving parts in the drive mechanism up to the magne <c and unidirec-
tional clutches. A bottoming spring washer acsembly is provided at the
bottom of the snubber to absorb and end-of-scram stroke impact.

The drive shaft assembly including the miter gear set rotates to drive
the pinion shaft. "» drive shaft is actually two splined shafts supported
by bearings at the eacs and at the center connection to prevent shaft whip-
ping and to assure that the critical speed of the drive shaft is not reached

during a scram.
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The buffer seal assembly design is similar to that for seals now in
use for Coasolidated Edison Unit 1, the NS Savannah, the SM Army, the
Elk River and BONUS reactors. The major difference is that the seal will
work in a vertical orientation with a rotating shaft.

The drive mector assembly utilizes a worm gear reducer to prevent
torque from being transferred to the drive motor in the event an upward
force is applied to che rack. A unidirectional clutch will be provided
within the magnetic clutch to provide for drive rundown after scram and
to prevent upward movement of the rack without a rod withdrawal signal
from the control system. This type of device has been employed in the
drive mechanisms of the LaCrosse Boiling Water Reactor to serve the
same function.

Normal rod withdrawal and insertion requires that the magnetic
clutch be energized. Scram is accomplished by deenergizing the clutch.

The components of the drive that opgrate in reactor coolant will be
capable of performing their function at 650° F. The seal water injection
to the buffer seal is expected to maintain the drive components at a lower
temperature. |

As (ndicated in the ahove description, the rod drives are an assemblage
of compoients of known characteristics. Duke has proposed a development
program to fully test the proposed design to demonstrate that the design

objectives are met.



- 3] «

Our review of the proposed design indicates that no unusual problems
are apparent. We agree with the applicant's design objectives and believe
that the development program will provide an acceptable control rod drive
mechanism.

3.6 Instrumentaticn and Control

3.6.1 Reactor Protection System

The reactor protection system monitors vital reactor parameters and
automatically causes reactor shutdown when predetermined conditions estab-
lished for each parameter have been exceeded. The parameters monitored
include (1) high reactor power, as measured by neutron flux, {(2) low reactor
coolant flow, (3) high reactor ocutlet temperature, and (&) high or low
reactor pressure.

The system consists of four identical and independent protection
channels, each terminating in a bistable and trip relay. Each of the above
parameters is monitored by four channels which are coincident and redundant.
The output of each channel of a monitored parameter controls one of four
logic channels. The outputs cf the logic channel trip relays are combined
in a two-out-of-four configuration to operate four circuit breakers which
deenergize the two a.c. input circuits feeding the rod drive (d.c.) power
supplies. A trip results if one of the two circuit breakers in ome a.c.
line and one in the other line are opened. Each a.c. line furnishes power
to one of the clutch power supplies. Diodes at the d.c. outputs permit

testing of the final trip circuits during rea *or operaticn.
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The nuclear instrumentation has eight channels of neutron information
divided into three ranges of sensitivity: source range, intermediate range,
and power range. The three ranges combine to give a continuous measurement
of reactor power irom source level to approximately 1257 of full power, or
ten decades of information. A minimum of one decade of overlapping informa-
tion is provided.

The source range instrumentation channels consist of two redundant
count rate channels, each using proportional counters as sensors. These
channels are not associated with a protection functicn; however, they do
provide an interlock function (a control rod withdrawal hold and alarm on
high startup rate).

The intermediate range instrumentation has two log-N channels, each
using identical gamma-compensated ion chambers as sensors. Reactor trip
initiation is provided by these channels.

The power renge instrumentation consists of four linear level chznnels
using three uncompensated ion chambers per channel. The gain of each
channel is adjustable, providing a means for calibrating the output against
a8 reactor heat balance. Protective action consists of reactor trip initi-
ation at preset flux levels.

Primary loop flow information is measured as a function of pressure drop
by four independent sensors in each of the two hot legs. The outputs of the

eight sensors are combined as pairs such that four independent total flow
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signals are derived. Each total-flow signal is fed to one of the four
power range channels, thus creating four independent power/flow channels.
In addition, each pump motor breaker has four contacts which are respec-
tively connected to the four power/flow channels. The logic of the power/
flow channels is two-out-of-four, and the channels are independently
connected to the reactor protection system logic channels in the same
manner as the power range channels.

The power/flow channels will initiate a reactor trip if the reactor
power exceeds 107.57% full power or if a mismatch exists between power and
coolant flow. The mismatch conditions which will initiate reactor trip
will include (1) high power to flow ratio, (2) loss of one pump while the
reactor is operating above a predetermined power level, or (3) loss of
more than one pump if the ratio of power (at the in:tant of pump loss) to
the ste¢ .dy state flow corresponding to the remaining puwps is greater than
107.5%. An automatic servo action, calling for a reduction in power to
achieve a proper power-to-flow ratio will allow the downward adjustment of
teactor power to a level ccommensurate with the remaining pumps unless it
is certain (as "determined" by the various comparator circuits) that the
impending loss-of-flow transient is sufficiently severe to warrant immediate
trip.

There is one set of four pressure sensors and one set of four tempera-
ture sensors which respectively trip the reactor on high and low primary

system pressure, and high coolant outlet temperature. The logic is
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two-out-of-four, and the instrument channels are independently connected to
the four logic channels in the same manner as the power range channels.

One pressure channel also provides a signal to the pressurizer pressure
controller. The other three channels will provide trip action on a redun-
dant basis should a failure disable the one common channel and simultaneously
initiate a pressure transient.

The nuclear and process instrument channels, by virtue of being redun-
dant, can wiihstand any single failure without loss of protective function.
The coincident logic permits testing during reactor operaticn. In addition,
all instrument channels initiate a trip signal in the event of a.c. voltage
loss. Control and safety functions are combined within individual instru-
ment channels only to the extent allowed by criteria governing the design
of reactor protection systems.

The four logic channels have been analyzed by us and found to be "fail
safe" in the event of voltage loss, immune to single failures, and testable
for credible faults. The '"fail-safety' is inherent since the channels are
tripped when deenergized. A partially or completely failed channel will
disable only one relay. Action of the three remaining channels will open
all four circuit breakers at the rod drive clutch power supplies. Action of
only two of these is required, and they will open at least one circuit breaker
at each power supply. Faults within a logic channel will be revealed when
the bypassed contacts do not trip their relay when tested. Open circuits are

self-revealing. Short circuits between channels can be detected by tripping,

one at a time, the "high pressure' contacts located farthest upstream.
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Our analysis of the final trip circuits shows that they are '"fail
safe,” immune to single failure, and testable. The loss of one breaker in
each a.c. line can be tolerated and scram will not be impeded. Diode fail-
ure, cpen or shorted, will not prevent trip action. A "hot" short at the
d.c. line will have no effect since the d.c. system is ungrounded. The
system will be equipped with ground-fault detectors. Loss of a.c. and/or
d.c. will cause, or tend to cause, reactor trip. Testing at power is
accomplishel by tripping the circuit breakers one at a time and noting the
absence of d.c. voltage at the appropriate power supply output just up-
stream of its isolating diode.

The manual trip switch coutacts are in series with the four cireuit
breaker undervoltage coils. There is no dependence on instrumentation.

The in-core instrumentation system, consisting of 51 in-core chambers
which are inserted through the bottom head of the vessel and into the fuel
assebmly guide tubes, provides no automatic control or protection function.
The system is located entirely within containment, thereby precluding the
need for isolation of penetrations associated with tle system.

The engineered safety features are autematically initiated as follows:
(1) operation of the core emergency injection systems upon detection of low
reactor coolant pressure, (2) operation of the reactor building cocling sys-
tems upon detection of high reactor building pressure, (3) containment isola-
tion upon detection of high reactor building pressure, and (4) isolation of

valves which are directly open to the reactor building on a high radiation

signal.
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Five sets of pressure sensing channels initiate the engine.red safety
features. Each set is coincident and redundant (two-o:t-of-three logic).

Two sets respec:ively initiate the high and low pressure coolant injection
systems. These channels operate through amplifiers and bistable devices

and are "fail safe" in terms of voltage loss. .wo other sets of three
channels actuate the reactor building spray system. In these channels,
pressure switches are cperated directly; there is no dependence on electrical
power for switch operation. The remaining set of pressure sensor channels
initiates reactor building emergency fan coolers and contaimment isolation.

Contacts controlled by these channels are respectively combined into
pairs of redundant logic chains which, in turnm, control the safety feature
systems. These chains may be tested at power by means of two lights wired
across the contacts of each chain such that the tripping of a chan.el pro-
duces a unique response from its lights.

Each redundant logic chain is energized from an independent d.c. power
source. Should a power source be lost, the downstream circuits fail "as-is."
We believe that, with the cystem redundancy provided, this condition is
acceptable.

The engineered safety features' instrument channels do not control the
parameters which they measure; i.e., theres is separation of contrel and
safety. Manual actuation capability, independent of rhe instrument channels,

is provided.
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The ACRS has indicated in its report, and we concur, cthat the high
and low pressure injection systems could be made more reliable by provid-
ing diversification in the system actuation signal; that ir, by choosing
a parame.er in addition to low system pressure which would supply an
actuation signal. This recommendation is made even though the present
instrumentation meets a single failure criterion. We believe that the
feasibility of actuating the safeguards on yet a second parameter should
be investigated before the present system is accepted at the operating
license stage. With this exception, we believe that the operational and
engineered safety features protection system instrumentation is acceptable.

3.6.2 Reactivity Control

Reactivity control is maintained by movable control rods and by
scluble poison (boric acid) dissolved in the reactor coolant.

The control rod dirves will be designed so that (1) no single failure
can cause an uncontrolled withdrawal of any rod, (2) no more than two
control groups can be withdrawn at one time, (3) the withdrawal speed will
be limited so as not to exceed 25 percent overs eed in the event of speed
control fault, and (4) continuous position indication will be provided.

In order to determine the worst effect of "single failures" which
might not be confined to a single rod drive, we asked the applicant to
perform "startup accident” analyses covering the entire spectrum of initial

power levels. This accident assumes the uncontrolled simultaneous withdrawal
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of all rods at maximum design speed, and further _sumes that the
excursion is terminated only by Doj rler feedback and trip action of the
power range nuclear channels. The applicant concluded: ''No fuel damage
would result from simultaneous all-rod withdrawal from any initial power
level.” Omn this basis we have concluded that a single failure which
allowed an extra rod group to be withdrawn, a situation less severe than
the accident analyzed, would not cause fuel damage.

There will be two "speed limiting" features in the r»~4 drive power
system. One is the pulser (or clock) which will be designed not to exceed
a certain maximum frequency. The other is a "speed saturating circuit’
downstream of the pulser which has the inherent property of not responding
to a frequency greater than 125% of rated frequency.

There are two independent analog rod-position sensors at each rod
drive, a potentiometer and a linear variable differential transformer
(LVDT) . There are two independent limit switches. In addition, the
LVDTs will al_.o generate limit signals. Thus, there are redundant analog
and limit position indicating systems at each rod drive. Each analog
signal at a rod drive can be fed into the individual rod position indicator.

Based on our analysis, we believe that the applicant's rod drive system
criteria are acceptable, that no single failure in the control instrumenta-
tion can produce an excursion which will cause fuel damage and that the

proposed rod drive designs can be built in accordance with these criteria.
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Reactivity is also controlled by a permissive system wnich allows
manual dilution of the primary system coolan: boron concentration when
a particular control rod group reaches the fu'ly withdrawn position.
Dilution is automatically terminated when the rod group, driven down by
the servo, reaches a prescribed position, or when the integrated dilu-
tion flow has reached i preset maximum. We understand that these circuits
will be designed in accordance with protection system standards and no
single failure will prevent autcmatic termination of dilution. On this
basis we believe that the proposed design is acceptable.

In summary, we conclude that the applicant’s design criteria realating
ro instrumentation and controls are satisfactory and that the preoposad

preliminary designs conform *2 these criteria.



3.7 Reactor Coolant System

3.7.1 Primary System

The reactor coolant is transferred to the top of the two once-
through steam generators through two 26-inch lines from the upper reactor
vegsel plenum, Water is returned from the bottom of the steam generator
to the vessel via fcur 28-inch lines. Circulation is provided bty a single-
speed, shaft-sealed pump in each of the four cold legs.

The reactor vessel plate material has been specified as SA-302 Grade
B cled internally with stainless steel which is similar to that used in
previous designs. The major exception to previcus designs in the primary
system is that the 36-inch and 28-inch ID recirculation piping will be
A-212 or A-106 carbon eteel internmally clad with stainless steel and
designed tc the ASA Code, The pump casings are designed to ASME, Section
III. The primary system vessel classifications are ASME Section III
Cless A, The letdown ccolers, which lower primary coolant temperatures
and pressure before it enters the purificaticn and chemical additicn
systems, differ in code classification from current designs in that they
will be Class C rather than Class A on the primary coolant side. We
believe that this classification is acceptable since the neat exchangers
are nonregenerative and not subject to the thermal transients that re-
generative heat exchangers would experience. In additiocn, the heat ex=-
changers can be isolated by valve clesure if necessary. We believe the
material specified for use in the primary system, the choice of design
codes, and the fabrication procedures indicated will assure high primary

system quality ~ommensurate with the reliance to ve placed upon the system,
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We have reviewed the calculated fast neutron exposure of the Cconee

reactor vessels and the corresponding shift in the NDT temperature. The

.
reported time-integrated fast (energy greater than 1 Mev) neutron expesure
of the vessel of 3 x 1012 neutrons per square centimeter, and the estimated
nil ductility transition (NDT) temperature shift of 260° F, should not
cause any significant operational restrictions during the proposed life
of the plant.

The neutron exposure of the vessel of 3 x 1019 neutrons per sguare
centimeter was calculated over a lLO-year life of thz vessel using en
80 per cent load factor and the maximum exial peak-to-average power retio
of 1.7. The calculations were performed using the transport code TCPIC,
which is an S,, code designéd t¢ solve the one-dimensicnel transport
equation in cylindricsl coordinates,

Although the calculational method employed does not describe
experimental irredietion dazta with a high deéree eof accuracy, we telieve
a sufficient facter of safety has been applied tc the celculstions %o make
them conservative, This conclusiorn is basei on censiderstion of the
Oconee core size, power density, and the inner diameter 5f the .reactor
vessel,

The type of neutron flux monitors to be used and the methcd which
will te employed to determiné the neutron flux at the sample locations
in the irradlaticn surveillance program will te further evalusted prior
to issuance of an operating license.

The applicant has stated that access for inspecticn can be gained te

all internal surfaces of the primary vessel t) removing vessel internals
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end that it will te possible tco gein access to the external vessel surfaces
although this would require the removal of thermal insulation. The scope
and frequency of the inspection program will be reviewed at the operating
license stage with the recommendation of the ACRS in mind that the pro-
gram should reflect the availahble technology.

The spplicant presented the results of an analysis of the thermal
transient experienced by the hot reactor vessel wall when deluged with
cold safety injection water after a loss-of-coolant accident. Ductile
vielding, brit-le fracture and fatigue failure were considered in the
analysis. The results of the analysis indicate that no loss of vessel
integrity would te experienced even if large flaws were presumed to
exist in the vessel wall at the beginning of the quenching.

As recommended by th. report of the ACRS, we will further review
the details of the calculational procedure to ensure that conservative
assumptions have been made in this analysis and that the calculational
models are supported by experimental information.

3.7.2 Once-Through Steam Generator

Unlike other recent pressurized water plants which have used a U-tube
steam generator, in which the primary coolant enters and exits from the
bottom of the generator, the Duke design is a single pass or cnce-through
heat exchanger. In this design the primary water enters the top of the
steam generator, is cooled while passing downward through the Inconel tubes
and exits from the bottom head. The secondary feedwater is sprayed into
an annulus in which there are no tubes near the generator cerbon steel
shell, The feedwater is heated as it falls ty steam which is allowed to

bypass from the heated regicn back to the ?nnulus.

|
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When the feedwater reaches the bottom of the annulus it is near th
saturation temperature and is boiled as it passes upward through baffling
around the tubes which contain the primary fluid. When the steam exits
from the generator, all the water has been eveporated and the steam is
dry with stout 35° F of superheat.

At full power the feedwater to the steam generator is controlled ty
@ combinaticn of megawact demand, system frequency and secondary steam
pressure., In addition to these parameters, maximum and minimum demand
limits and a rate limit control the feedwater flow. This integrated
controller is similar in concept to the controllers used on conventional
steam plants and will be further reviewed at the operating license stage.

Since tae tubes are welded to the tube sheets which are in turn fixed
to the generator shell, differential expansion and stresses can te experi-
enced when tre tute and shell temperatures are different. During startup
and shutdown wher the tempereature difference is greatest (esbout Lo® F) the
stresses are compressive and small; only about 25% of the code sllowatle
stress for the Inconel material. Buckling of the tutes is avoide ' by
lateral suppert et 4O0-inch intervals,

An analys:'s has alsc bteen performed on the effects of cont. uing
feedwater to the steam generator after a steam line break and the stresses
imposed cn the tubes were found to Le btelow the yield strengtk >f the
material.,

A development program for the steam generator hes been proposed ty
the applicant, including vibration and tlowdown tests and we will require
a report of the test data and an analysis of their significance before

final approval of the design at the operuting license stage. We btelieve
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Al that btoth primary and secondary side blowdown tests should be performed
during the developmental program. The applicant hes indicated that both
types of blowdown tests will be performed. Our analysis to date indicates
that the applicant has a sound design tesis for the steam generators.

3.8 8econdary System

Steam passes from the steam generator at about §30° F and 9C0 psi
through steam lines (one for each generator) through the containment wall
od to the turbine building. Sefety valves and the automatic dump valves
are mounted on each line outside the containment. Each steam line passes
through two turbine stcp valves tefore reaching a cross-tie with che other
steam -—snerator line. The steam %hen passes through conirol valves and
to the turbine steam chest, After passing through the turbine, the low
energy steam is condensed in the main condenser and returned through feed-
water heaters and two half-capacity steam turbine driven feedwater pumps
to the steam generator. A low capacity (5% full power) emergency steam
turbine driven pump is provided for decay heat removal during normal or
emergency shutdown.

Seccndary systexz water quality is maintained at a high level by
full-flow demireralizers which will minimize stress-corrcsion problems
in the steam generators.

Tne secondary system is d=signed %o reduce loesd eutomatically to
station euxiliary loads in case of a tlackout or other trumaslient cn th
external power grid. This would be cccomplished by briefly venting

secondary steam to the atmosphere while feedwater flow is reduced to the

generators. This feature will be tested by Duke during the s%artup of

eack unit.
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Steam line Isclaticn valves in addition to the turbine stop valves
have not been proposed in the Dute system, We believe that isolaticn
valves are not required in this case since the propcsed system accomplishes
the same cobjectives withou: the velves and is therefore equivalent to other
designs. The objectives in installing steam line isolaticn valves are: (1)
“o prevent btlowdown of more than cne steam generstor after 2 steam line
treak; (2) to provide a leak-tight barrier after a loss-of-coolant accident
wher there nes been leskage through the steam gererator tubes; and (3) to
prevent secondary criticality after a steam line break accident.

The blowdown of beth steam generators is prevented for the proposed
units because the turtine usea (General Tlectric) hes stop valves cn each
steam line and does not require a cross-tie before the stop valves to
attain a constant steam temperature. In the proposed design a heat sink
would be provided even iIf botn steam generators were blewn down. Ihis
would be accomplisned by supplying feedwater at 700 psig Ly electricelly
driver condensate bhooster pumps feeding through the ncrmal steam driven
feeguwater puxps.

A leak-tight bearrier in case of steam generator tube leakage after a
losg-of-coclant accident is meintained because of the leskage characteristics
af the turbine stop valves. We telieve that the stop valves in this system
can Le considered o leskage barrier if the seccrdery system is tested for
leakage integrity in ccnjurcticn with containment leak rate testing. The
applicant has indicated *ha% the leakage integrity of the valves will be

demonstrated.
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As discussed in Section 8.2 of this report, the applicant's calculations
indicate that a return to criticelity due to cooldown of the primary coolant
will not be experienced after a steam line break.

The proposed system provides protection equivalent to previous designs

in these three areas. We consider that the present proposal is acceptable,.



L,0 CONTAINMENT
k.1 Description

The containments proposed for the Oconee Units 1, 2, end 3 are concrete
structures prestressed across the dome and throughout the side walls and
employ reinforced concrete for the btase slab. The containment structures
aere of the same basic design as those of the Florida Fower and Light
Company Turkey Point reactors and the Consumers Power Company Palisades
reactor containments and most structural deteils are similar. These con-
tainments were designed bty the Bechtel Corporation and the applicant has
retained Bechtel as a consultant for this design.

Each containment building has the shape of a right circuler cylinder
with a shallow spherical sector dome and flat slab base. A mild steel
liner is attached to the inner face of the concrete shell to provide leake
tightness. The cylinder walls are prestressed toth circumferentially and
vertically and the dome is prestressed in a three-way tendon system., The
tendons are bundles of wires which are stretched in tension to exert &
compressive force on the concrete walls. Under accident conditions the
pressure within the containment relieves par* of the compressive force on
the concrete and creates a slight increase in tensile stress in the tendons.
Prestressing is used because the concrete is strong in compression but weak
in tension.

The prestressing tendon pattern is deflected around the major cylinder
penetrations (personnel and equipment access hatches) and additional mild
steel reiaforcement is provided for local moment and shear loads. Shear

loads in the base are carried by the concrete section, by radial stirrup
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reinforcing, by vertical mild steel reinforcing and by the mild steel
liner participating through composite action.
L.2 Loedings

The major loadings considered by the applicant include dead load,
accident pressure, accident temperature, seismic, and wind. The applicant
has also indicated consideration of external pressure, buoyant water force,
tornedo and missile loadings. The loedings considered and their manner of
combination are the same as previously used for Turkey Point and Palisades
containments. The manner of load combination considers all significant
loads and we believe that the manner of load combination is acceptable.

As noted by our seismic design consultants in Appendix F to this
report, the applicant will use earthquake loadings derived from response
spectra similar to those presented in TID-TO24, appropriately scaled to
the design and maximum hypothetical earthquakes postulated for this site.
We believe that the treatment of seismic considerations is acceptatle,

4.3 Structural Design Details

Several changes in design detail for these units are noteworthy
although the overall design concept is the same as the Turkey Point and
Palisades structures.

The applicant has revised the design criteries relating to strength
of the concrete in shear under combined loading. We consider that the
revised criteria have clearly defined the design approach.

The base-to-cylinder liner detail has teen improved. In previous
submittals a rether rigid t¥ansition was proposed whereas the design for

the Duke structures has incorporated a flexible liner transition section.
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It is our judgment that the present method for this junction ghould result
in considerably better performance than that of the previously proposed
method with resgpect to potentiﬁl leskage under design basis accident
lcading.

The design of penetrations is, also, considerably improved over
previous designs. The Duke coﬁtainment design indicetes use of sizable
rigid shear keys as additional assurance of adequate shear resistance at
penetrations. It also indicatesvuse of increased strength piping sections
at penetrations to preclude a pipe failure from jecpardizing liner leek-
age integrity at the liner-penetration Junetion.

The equipment access hatch is 19 feet in dismeter for the Duke units
whereas for previous similar containments it was between 11 and 15 feet.
This represents a considerable increase in overall hatch size and, to an
extent, increases the designer's problems with regard tc tendon deflection
around the opening and proper reinforcement for local siresses. However,
er opening 19 feet in diameter is not a major perturhation in the design
of the structure and the method of analysis that the applicant proposes
to use to analyze this opening should not be invalidated by the increased
size. In addition, the use of extensive instrumer .ation hag been proposed
around the opening to provide confirmation of the design during structural
acceptance testing..

4L.4 Materials and Construction

The materials of construction, i.e., the prestressing system, tendon
protective grease, concrete, reinforcing steel, and liner plate materials
are essentislly the same materials used for the Turkey Point and Fulisades

fecilities. These are high qua ity, proven materials. The applicant has
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indicated that, based on extensive resistivity tests at the site, no
cathodic protection system will be required.

The existence of a well established, experienced construction depart-
ment in the Duke Power Company organization which will hendle the construc-
tion, lightens considerably the task of the quality control organization
in ensuring that the plants are constructed in accord with the requirements
of the design. User testing of the materials of construction will be per=
formed. The construction quality control program provides an adegquete
separation of construction and inspection functions, adequate authority
for the quality control personnel to perform properly, and design group
review of the construction progress.

4.5 Testing and In-service Surveillance

An extensive program of acéeptance testing has been indicated which
we believe will provide a high degree of assurance that ancmalous structural
behavior will te detected.

Deteiled attention is being given to liner inspection during construce
tion. Use of vacuum boxes, leak chase channels and pressurized penetrations
have been proposed and these measures should effectively identify and allow
correction of potential sources of containment leakage as construction
proceeds. The provisions of the ASME Boiler and Pressure Vessel Code,
Section VIII, are bteing followed. These provisions, while intended
primarily as a quality control measure for strength welds and not directly
applicable to strain-following, leakage-control membranes, do provide an

additional check on weld quality. The amount of radiography specified is



considered adequate to identify poor welding and, as such a measure,
is considered both desirable and acceptable. In addition, & finel integra-
ted leakage test is planned as a final check on the containment's capebility
to meet its leakage performance requirements prior to operation.

We have been informed that the applicant will increase the amount of
nondestructive liner weld inspection in response tc the concern expressed
by the report of thne ACRS by increasing the amount of nondestructive in-
spection from 10% to 20% of the liner welds. This is in addition to the

previcusly specified 100% visual inspection of each of the two weld passes

and essentially 100% vacuum box leakage testing of all welds. We believe
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spection ou will ensure a leak-tight membrane.

Detailed in-service surveillance programs have not been established.
However, the design will have adeguate capability for a suitable program
and review of these areas will be made at the operating stage.

The containment design proposed has a high degree of conse rvatism,
It is concluded that the design, as presently proposed, and the construce

ion, as inilicated, will result in structures adequate for the intended
purpose,

L.6 Containment Leakage

The applicant has proposed a penetration room confinement systenm which
would process leakage from most containment penetrations through a filter
system external to the containment. During an accident, the penetration
room would be maintained at a slight negative pressure by blowers which
would take suction from the room through filters designed to retain iodine.
All penetrations except equipment hatches and steam lines pass through the

penetration room. The steam lines are welded to the containmen® iner and
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therefore leakage should be negiigible. The applicant has proposed that
the space between the gaskets on the outer doors of the equipment and
personnel hatches be routed to the penetration room by small tubes, thus
providing filtration of leakage from these penetrations also. We believe
that the filtration scheme as proposed is acceptatle and can be considered
an engineered safety feature which is operable during an accident as
discussed in Section 6.4 of this report.

The containment leak rate was specifiea as 0.5%/day in the initial
application and credit was requested for filtration of SU%‘of the total
leakage since 1t was reascned that at least this fraction would be due to
penetration leaksge, In res.cnse to our concern for means %o test +his

ivision of leakage, the applicant has modified its proposal to the
following:

(1) the to*al containment lesk rate at the peak accident pressure
will either be showr to be less than 0.25%/day, or

(2) the total leaksge at the peak accident pressure shall bte less
than 0.5%/day and the diflerence between the total leakage and the measured
leakage from testable penetrations shall be less than C.25%/day.

We believe that the above approach is acceptable since the testable
penetration leekage will e filtered and that the edvantage of filtering
the most likely scurce of containment leakage justifies a testing frequency
interval associated with 0.5%/day.

L.7 1Isolation Systems

Lines which penetrate the containment have provisicn for isolation.
The degree of redundancy depends on che function and configuraticn of each

system. In general, lines :hich are (1) connected to tre primary system,
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(2) normally open to the containment stmosphere, or (3) 1ikely to be
ruptured during an accident are protected by-redundant automatic valves,
Lines which must remain open to allow functioning of engineered safety
features during an accident must have provision for manual isolation.
Lines which vent the containment atmosphere are closed btoth on an
engineered safety feature and a high containment radiation signal. Closed
systems which have a low probability of rupture during an accident are
provided with at least one autcmatic valve external to the containment.
The isolation system, including instrumentation, is designed so that no

gingle failure can preclude containment isolation.

\ 4 )’ 2 Ty - - ' - -
e hgve revisued the instrumentaticn end velve arran

and have found that they conform to current design standards and are
acceptable,

4,8 Containment Design Pressure

A parametric analysis has been performed by the applicant to establish
the peak containment pressures during a loss-of-coolant accident and %o
size the containment cooling systems., A spectrum of pipe break sizes be-

2 and 14,1 ftz has been evaluated tc determine the response of

tween 0.4 ft
the reactor building pressure.

Assumptions used in the analysis were as follows:

(1) One of three high pressure pumps operate, two of three lcw
pressure pumps cperate (with a startin, delay of 25 seconds) and no core
flooding tanks ere available. Includiug the core flcoding tanks would

decrease the peak blowdown pressure by about 3 psi.
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(2) Reactor building structures were assumed to serve as heat sinks.

(3) The FLASH code was used to determine mass and energy releases
to the reactor building.

() Following blowdown a 20-region SLUMP code was used to calculate
the core thermal transient. The metal-water reaction was included in this
calculation using a parabolic rate equation.

(5) During blowdown, a core surface heat transfer coefficient of
1000 Etu/hr-fta-oF was used to maximize heat transferred to the contain-
ment.

(6) Heat removal froﬁ the core after blowdown was calculated by
assuming 2 heat transfer ccefficient of 100 Etu/hr-fta-oF. As any core
segment reached LB800° F it was assumed to drop to the bottom of the reactor
vesnel and undergo an additional 10% metal-water reaction and release all
heat to the containment by steam generation.

The complete spectrum of breaks was analyzed only for the hot leg
since this gave the longest blowdown times, greatest heat transfer and
nighest containment pressure. The highest blowdown pressure peakx (“6.8 psi
at 30 seconds) was found to resnlt from a 2 ftE break. The highest post-
hlowdown pressure (55.9 peig at 200 seconds) resulted frem the 14.1 ft2
treak., The second pressure peak i3 & cornsequence c¢f the assumed transfer
of decay and metal-water reaction heat to the containment and is limited
by the cperation of the containment cocline -ystems. The calculated peak
pressures are below the containment design pressure of 59 psig.

/n analysis was alsc performed by the applicant to illustrate that

the containment will withstand the metal-wwter reaction associated with

inoperability of core gquenching systems. No injection flow was assumed and
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the analysis was terminated when the reactor vessel boiled dry. This gave
a peak pressure of 56.7 psig at about 220 seconds, also less than the con-
tainment design pressure.

The zirconium-water reaction capability of the containment was calculated
assuming three emergency fan cooling units in operation (the design heat
removal capatility). The capability of the containment under these ccon-
ditions (including hydrogen recombination) is about 30% metal-water reaction
at 600 seconds and 100% at 3400 seconds. If all containment cooling were
in opersticn, the containment could withstand 100% metal-water reaction at
1200 seconds. This capability is similar to thet found in the Florida
Power and Light Turkey Point reactors and the Consumers Power Palisades
reactor.

Our evaluation of the containment design pressure analysis and the
containment's capability to withstand metal.water reaction indicates that

it is acceptable.
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5.0 FLECTRICAL SYSTEMS

Upon completion of Unit 1, off-site power will be available from the
100 kilovolt (kv) system and from the 230 kv sistem which feed power into
Oconee over separate transmission lines from Duke's Jocasse and Central
power stations. An additional 230 kv tie to Duke's Tiger station will be
irstalled upon completion of Unit 2; and, upon completion of Unit 3, a tie
to Duke's 500 kv system will be installed. All off-site lines will be
energized from several pcwer generating stations, and the Duke system is
designed to withstand the step-loss of any single generating unit within
its network.

Each reactor unit will generate electric power at 19 kv which will
be fed through an isoclated phase bus to a unit step-up transformer whare
it will be raised to 230 kv for Units 1 and 2, and 520 kv for Unit 3. Two
230 kv overhead transmission lines will carry power between Units i and 2
and the station switchyard which will be conn.cted to the existing Duke 230
kv transmission line. From Unit 3, an ove.head transmissior line will carry
power between the station and the switc'yard which will be connected to
Duke's 500 kv transmission network. An autotransformer will tie together
the 230 and 500 kv systems at the station switchyard. In addition, a 100 kv
line will be run from the gas-turbines at the Lee Power Station. Each unit
will have its own startup transformer. The 100 kv line will terminate at
a transformer separate from the switchyard which will serve all three units,

as required.



e —

R R

.l‘7-

Normally, each unit will supply its own auxiliary loads directly from
the generator via the station auxiliary transformer. Since each unit is
teing designed to accept a 100% load rejection, the primary source of power
for the auxiliary loeds in the event of system loss will be the unit
generators themselves, In the event of 2 unit trip, the power sources will
te automatically switched onto the auxiliary busses in the preferential
sequence of (1) the startup transformer bus (includes the Keowee Hydro
Station overhead line), (2) the other units' auxiliary electrical system
when availsble, (3) the 100 kv transmission line from Lee Station, and
(4) the Keowee Hydro Station 13.8 kv underground line.

Upon loss of the external grid, redundant voltage and frequency
sensing devices on each of the 230 kv switching staticn busses will initiate,
through separate and redundant channels, tripping of all 230 kv rwitching
station isolation treakers, closing of &ll 230 kv switching station power
supply breakers and startup of toth Keowee Hydro units. The hydro units
will synchronize and bte connected to the 230 kv lines. Cne unit will also
feed the 13.f v underground line. Shedding of non-essential loads (a
requirement vecause of the limited capacity of the 10 MVA emergency power
transformer ccnnected to the underground line) will te accomplished by
ceircuit breakers with duplicrte trip coils energized from different d.c.
tusses, Upon tripping of & given Cconee unit (caused, for example, by a
loss-of-coolant accident) the emergency power sources will be automatically
switched onto the emergency (4.16 kv) busze, of the affected unit in the

sequence stated previously.
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Our analysis indicates that the sequencing system is essential to
plant safety since its failure could leave the emergency busses with no
power, We have been assured that this system will meet the single failure
criterion. This will be reviewed in detail at the operating stage.

Four 125 volt direct current (v.d.c.) batteries and six battery
chargers will be supplied for Unit 1. One pair of batteries and cne set
of three chargers will feed one 250/125 volt bus, and the remaining pair of
batteries and set of chargers will feed a redundant 250/125 volt bus. Upon
completion of Unit 2, this d.c. system will serve both units. A third
three-wire system will be installed upon completion of Unit 3. Switching
circuits will permit any d.c. system to serve any unit.

Initially, there will be six 125 v.d.c. distribution panels, each of
which will receive d.c. power from both three-wire d.c. sources through
isclating diodes. Two more panels will be installed with Unit 3 and will
be similarly powered.

Our review of the station battery system indicates that it is re-
dundant and can be tested, Voltage at each of the panel-boards is
derived from redundant sources feeding through isolation diodes such that
failure of one source does not affect the voltage at the panel board bus.
Loss of voltage at a panel boerd bus will not negate the d.c. system function.

Four vital instrument busses (singl- phase) will be provided for
Units 1 and 2, and will be independently energized from static inverters
connected to one of the six d.c. distribution panels, Two more vital
instrument busses will be added with Unit 3, These will te powered, through

static inverters, from the two Unit 3 d.c. panels.
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In addition, there will be three single plLase 120 volt alternating
current (v.a.c.) rzgulated instrument tusses. These will normally be con-
nected to the 600 v.a.c. busses of their own units through regulating
equipment. Provisicn will be made to switch over to the vital instrument
busses, if necessary.

The engineered safety features suxiliaries are provided with
redundency. To maintain this redundancy, the espplicant has stated that
these auxiliaries will be connected to redundant tusses such that safety
feature suxiliaries performing the same fur 'on are connected to different
busses. Fach of these busses is supplied from the redundant 41€0 volt main
feeder busses which are, in turn, supplied from the redundant sources
descrived previously. We believe this design approach is acceptable since
it igs an effective and simple way of implementing the single failure
criterion.

We telieve that the vital instrument busses can te designed so that
no single failure .an cause a loss of voltage at all vital instrument
busses and so that continuity of normel or emergency operation can te main-
tained under a single failure condition.

We believe thet the external power sources availavle for use at the
plant provide a high degree of assurance that power will be available when
required. As with previous applicants, however, we have required that the
available on-site power which is directly under the control of the applicant
meet a single-failure criterion. The design and utilization of the Keowee
Hydro Station Units as emergency on-site power sources which meet a single-

failure criterion is discussed in Section 6.3 of this report.
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6.0 ENGINEERED SAFETY FEATURES

6.1 Core Cooling

The applicant's design basis for the emergency core cooling systems is that
mechanical integrity of the corz shall be maintained to prevent damage that would
interfere with core cooling and that metal-water reaction shall be limited to less
than approximately 1% after a loss-of-coolant accident. Since the analyses show
that the clad hot spot maximum temperature is about ZOOOOF, the design basis implies
that no clad melting will take place.

The applicant's criterion for maintenance of mechanical integrity during the
blowdown is that deformation of reactor internals shall be limited to ensure the
@mpability to insert control rods and also to cool the core. The applicant has pro-
posed that the stress levels to be met in the analysis of blowdown forces on reactor
internals correspond to the minimum specification yield strength value specified in
Section III of the ASME Code. As discussed in Section 3.3 of this report, we
believe that the applicant's proposal for maintenance of mechanical integrity during
blowdown is acceptable. As recommended by the ACRS, we will review the results of
the detailed blowdown calculaticns rore fully when these become available.

Core cooling for any location and size of primary coolant pipe break up to
the double-ended rupture of a recirculation pipe will be provided by high pressure
injection pumps, low pressure injection pumps and core flooding tanks (accumulators).

The core flooding tank system is composed of two tanks separated by check
valves from the primary system. Borated ccolant is maiatained in the tanks at
600 psi by compressed nitrogen. Injection of the borated coolant into the primary
system is initiated by the stored energy wnen the reactor pressure drops below 600

psi. The tanks discharge directly to the reactor vessel rather than into a reactor
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recirculation line as in other pressurized water reactor designs. The water flows
between the reactor vessel wall and the thermal shield and enters the bottom of the
core.

An analysis by the applicant was presented which provided the basis for the
choice of the flooding tank pressure, size of the discharge line and the fraction
of nitrogen in the tank volume. The combined coolant content of the two tanks is
more than sufficient to cover the midplane of the core assuming no liquid is ini-
tially in the reactor vessel. The design values chosen for the flooding system
are calculated to accomplish this within 25 seconds after the double-ended rupture
of a 36-inch reactor outlet line. The hot spot temperature is limited to less than
2000°F for the largest line break.

Although the sizing analysis of the tanks has been completed, we will require
that an analysis of all possible means of causing core bypass flow be completed
before the flooding tanks are accepted at the operating license stage.

The applicant has not provided extra core flooding tanks beyond those required
to meet, with some margin, the cooling requirements imposed by a double-ended break
of the largest primary system coolant line. No extra component was provided since
(1) the accumulators are passive and require no iunitiating signal, (2) the break
of a primary system pipe would not cause loss of the flow from an accumulator since
the twe accumulators have separate penetrations into the reactor vessel, and (3) in
case of the break of an accumulator line, the core could be cooled by the remaining
accumulator. When allowance is made for the loss of an accumulator as a result of
a line break in designs in which the accumulators discharge to coolant lines rather
than the reactor vessel, the presently proposed system is equivalent in capacity to

other designs. The reactor will not be operated unless the above conditions are
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satisfied. That is, an accumulator could not he valved off for maintenance during
reactor operation as noted in the ACRS letter.

In addition to the flooding tanks, coolant injection is also provided for
each reactor by three low pressure pumps which will each deliver 3000 gpm at a
vessel pressure of 100 psig. These pumps initially take suction from the 350,000-
gallon borated water storage tank provided for each reactor unit and are converted
to a recirculation mode by operator action in 25 to 40 minutes, depending on the
number of pumps in operation. At 25 minutes after reactor scram the decav heat
level of the core is such that one of the two low pressure injection coolers can
remove the decay heat from the spilled coolant contained in the bottom of the
containment building. The low pressure injection system delivers water to the same
nozzles as the core flooding tanks. Under normal shutdown conditions these pumps
serve as decay heat removal pumps.

During the period while the water source is the borated water storage tank,
the three high pressure injection pumps can also deliver water to the reactor. Iach
high pressure pump will deliver about 350 gpm at'1800 psig and about 500 gpm at 470
psig. These pumps provide makeup for small breaks for which the reactor would remain
at a high pressure. In the unlikely case that reactor pressure should remain high
over a long period of time so that the low pressure injection pumps could not oper-
ate, water could be returned from the containment to the borated water storage tank
through a test line and permit extended operation with the high pressure pumps.

One high pressure pump will be used continuously during plant operation to pro-
vide seal water to the reactor coolant pumps. Since only one high pressure pump is

required (as a design specification) to supply water during emergency service, we
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believe that adequate redundancy exists in the two punps not used for normal service
In addition, the normal use of one pump provides assurance that an operable pump
will be available if required for emergency service.

The design objectives of the emergency core cooling systems include providing
core cooling for all break sizes in the primary system piping. The core cooling
analyses for all break sizes has not been completed but the analysis of the double-
ended rupture of the largest coolant pipe (14.1 ftz) has been presented and a
spectrum of hot leg breaks (including 8.55, 3, 2, 1 and 0.4 ftz) was analyzed with
respect to system pressure history and coolant mass release during blowdown. The
analyses presented for the spectrum of break sizes, although not complete with
respect to core temperature history, do contain sufficient information to provide
assurance that all break sizes can be accommodated by the proposed systems. As
recommended by the ACRS, we will review the detailed design of the emergency core
cooling systems and the performance analysis for the entire spectrum of break sizes
as soon as the information is available.

We conclude that the proposed emergency core cooling systems m 't the intent
of the Commission's General Design Criteria which have been published for comment
in that part of the core cooling systems relied on are passive in nature and ade-
quate redundanc; is provided ir other systems to assure reliable functioning of
the systems. This is true even though the "two core cooling systems" mentioned in
Criterion 44 are not provided. The final design will be evaluated in light of the
Commission's criteria as they are formulated at the time of the operating license

review,



The applicant has acknowledged the possibility of core flooding being prevented

by formation of a vapor lock or "steam bubble' between the core and a water leg in

a steam generator after a cold leg pipe break. Two methods of relieving hot leg
pressure to the cold leg have been proposed as solutions to this problem: (1) check
valves located on the Core Lupport Shield which would be held closed by higher
pressure in the outer annulus during pump operation or natural circulation, or

(2) a rupture disk which would be designed to blow out under internal steam pressure,

but which would withstand the external operating pressure differential. Either

method would be designed to open on an intevnal pressure less than 3.5 psi. We

understand that the applicant intends to utilize the check valves at present but
that alternate means will continue to be studied as the design progresses. The

check valves would be designed and supplied by a valve manufacturer with experi-
ence in the fabrication of check valves requiring similar specifications.

We believe that the check valves proposed could provide an acceptable solution
to the steam bubble problem. 'Other potential problems arise, however, because of
the use of these valves which we believe must be considered in the final design:

(1) The core suppo-* shield must be locally strengthened to compensate
for the removal of material.

(2) The force "il opening of the valves against the reactor vessel during
blowdown must be considered.

(3) The consequences of loss of a valve must be evaluated or the design
must provide assurance against such loss.

(4) The effect on normal operation must be considered, particularly any possi-
bility of bypassing or short-circuiting che core during pump operation or natural

circulation.
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(5) The valves must be capable of being tested, inspected, and maintained.

We believe that the above problems are all capable of solution and that the
present proposal could resolve the steam bubble problem. As recommended by the
ACRS we will further review the final design of this feature.

In summary, we believe that there is an adequate basis for conc’'uding that
the emergency core cooling systems are acceptable. We will continue to review
(1) the core cooling analyses for the full spectrum of line break sZzes and
locations, (2) the final design of the cooling systems when a -ilable, (3) the
possibilities that could lead to emergency cooling water bypassing the core,

(4) the blowdown forces on reactor internals, and (5) the solution to the steam
bubble problem to assure that the final design will perform its intended function.

6.2 Containment Cooling Systems

Two differently designed containment ccoling systems are provided: (1) contain-
ment spray pumps which take water initially from the borated water storage tank
and then from the containment sump and deliver it to the containment atmosphere
through redundant spray headers and (2) three emergency cooling units each con-
sisting of a fan and a tube cooler which will remove heat from the containment
atmosphere and transfer it to the low pressure service water system.

The containment cooling requirement is that the post-blowdown reactor building
pressure be maintained below t} design containment pressure. This requires an
initial heat removal capacity of 240 x 106 Btu/hr. This requirement can be satis-
fied by either: (1) 2 of 2 spray pumps, (2) 3 of 3 fan coolers or (3) 2 of 3 fan
coolers and 1 of ? spray pumps. Adequate containment cooling is supplied if either

system is assumed to be completely inoperative or if each system is degraded by a
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single failure. We believe that these systems provide adequate redundancy feor
containment cooling and have sufficient capacity to reduce the containment pressure
(and thereby reduce leakage) after the design basis accident.

6.3 Emergency Power and Water

6.3.1 Design Basis Accident Conditions

To cope with the postulated loss of coolant accident coincident with loss of
network power, the applicant has proposed that two hydroelectric plants, located
on-site in the Keowee Dam bc used as the emergency power source. The hydro plants
would be controlled by the reactor operator and designed against a single failure.
Each hydro unit would have a rating corresponding to about 70 Mw electric. The
hydro scation power would be delivered to the reactors by either an overhead 230 kv
line through the switchyard or by a 13.8 kv underground line, either hydro feeding
either line. Power transmitted by the underground line would be limited to about
10 Mw by the transformer. This would be enough to handle minimum safeguards on
all units simultaneously but will require that reliable load shedding equipment
be incorporated in the design. The hydro plant equipment and dams are designed to
withstand the maximum hypothetical earthquake ground acceleration of o.lg.

Each unit is essentially independent of the other and is provided with its
own startup equipment located within separate cubicles within the Keowee control
room. The initiation of startup is accomplished by control signals from the reactor
unit control room areas. Normal startup of either unit is by operator action while
emergency startup is automatic. Both units are started automatically and simultane-
ously if the external transmission system is lost or if enginee ed safety features

action is required.



The Keowee hydro units can pick up emergency loads from dead start in 23

seconds, which is adequate under design basis accident conditions. If tripped

off line at full power due to a system disturbance, each unit can pick up full

load in 7 seconds. Each hydro unit's voltage regulator is equipped with a volt=-
per-cycle limiting feature which permits it to accept load at the outset and thus
drag the loads up to full speed in synchronsim with its own acceleration. This
serves to reduce the time required for the initiation of engineered safety features
action,

The hydro plants are started by opening gates which are powered by hydrauiic
accumulators. Stored hydraulic energy is sufficient for three full opening and
closing cycles. Control circuits for emergency actuation of the accumulators will
be redundant. A shear pin arrangement within the mechanical portion of the gate
drive will release a jammed or otherwise fouled gate from the others. The pro-
tection system on the hydro plant will be limited to only those parameters that will
prevent generation of power, such as g. i2rator insulation breakdown or loss of field.

We believe that the proposed hydro plant design will fulfill the requirement
for a reliable and redundant source of on-site emergency power.

The applicant has estimated that the hydrc plants will be dewatered and out
for maintenance for a brief period of inspection of the hydro waterwheels 2ach year
and that major repairs are expected on a 7 to 10 year frequency. Since the penstock,
a concrete lined rock tunnel, is common to both units, both units will be simultane-
ously unavailable for use during these periods. The hydro plants can be restored
to operation within 2 hours during an inspection and within 6 hours during repairs

te the penstock.
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During the periods of hydro plant maintenance emergency power can be fed to
the site through the 100 kv transmission line which can be made separate from the
external grid and which is designed for loadings in excess of eartnquake require-
ments, Power would be supplied by one of three 30 Mwe gas turbines located at
Duke's Lee Statioa 30 miles from the site. Since the line could be separated from
the external grid and a gas turbine run continuously in a no-load condition, we
believe that this constitutes a satisfactory power source during the brief periods
of hydro outage.

After the second and third reactor units have been added to the site each unit
can serve as an additional power source since 100% load rejecticn capability will
be provided in each unit by venting of secondary steam to the atmospherc in case
of loss of the external grid. The applicant has stated its intention t .est this
feature on each unit.

The water source for cooling after a loss of coolant accident, in addition to
the core flooding tanks (accumulators), will be the 350,000 gallon borated water
storage tank provided for each unit. After about 45 minutes, water in the contain-
ment is recirculated and cooled by service water taken from the intake structure.

We believe that the proposed emergency power and water sources will provide
assurance that a loss-of-coolant accident could be coped with even in the event
of loss of the system grid coincident with the accident.

6.3.2 Blackout of AC Power

Because of the topography of the site, heat can be removed from the condensers
by gravity flow from the intake canal through the condenser to the tailrace of the
hydro plant. Decay heat removal is thus possible for an extended period of time

without reliance on uff-site or on-site a.c. power.
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Decay heat is removed from the core to the steam generators by natural cir-
culation in the primary loop. The water in the secondary side of the steam gene-
rator is boiled and transferred to the turbine condensers. Additional feedwater
is supplied to the steam generator by an emergency steam driven turbine pump which
draws from the water in the hotwell of the main condenser. Heat is removed from
the main condenser by the gravity flow scheme discussed above. Controls and
auxiliary systems for the emergency steam driven feedwater pumps are operated from
the station batteries.

This capability provides an added flexibility in the plant shutdown equipmert
and we agree with the applicant that it adds to the safety of the reactor units.

6.3.3 Rapié Drawdown of Lake Keowee

The applicant has agreed to provide alternate water and power sources suffi-
cient to ensure an orderly shutdown of the plant in case of a rapid drawdown of
Lake Keowee. A water source would be assured by constructing an underwater weilr
in the intake canal which would retain a large amount of water te serve as a
cooling pond.

deat transferred by the emergency steam driven feedwater pump to the condenser
would be removed from the condenser by electrically driven pumps supplying water
from and returning it to rhe cooling pond. The above mode of vperation is not
required immediately since enough condensate storage is available to remove decay
heat for about 20 hours by venting seccndary system steam to the atmosphere.

The power source for the electrically driven pumps would be either the normal
system network or the 100 kv line fed by a gas turbine at the Lee Station. n the

event of loss of system network power the zas turbine couid be sctarted and the
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100 kv line separated from the station grid in the available 20-hour period before
a.c. power is required.

We believe that the proposed alternate water and power sources will assure an
orderly shutdown of the plant under the condition of a rapid drawdown of Lake Keowee.

6.3.4 Equipment Failure During Normal Shutdown

Decay heat after a reactor scram will normally be removed by natural circu-
lation in the primary system transferring core heat to the boiling seconda ‘v system.
Feedwater is supplied to the secondary by a single steam-driven emergency feedwater
pump. After the second and third units have been added at the site, additional reli-
ability will be obtained by cross-connecting the outlets of the feedwater pumps in
all units. Any two of the three pumps, each sized at 5% of full flow, will supply
enough feedwater to all six steam generators.

In addition, feedwater can be supplied through the emergency feedwater line
by electrically driven condensate booster pumps. The secondary side would
be depressurized manually to less than 700 psi through the turbine bypass system
to allow this mode of operation. Sufficient power is available from the emergency
power source (the hydro units) to operate the condensate booster pumps on erergency
power.

Heat can be removed from the main condensers by either the normal intake pumps,
the emergency electrical pump or by gravity flow.

After system depressurization, either from an accident or normal shutdown, decay
heat is removed through the low pressure injection system to the decay heat removal
coolers. Any one of the three low pressure injection pumps in conjunction with
either of the heat exchangers in each unit has enough capacity to remove decav anal
from the core. The secondary side of each heat exchanger is cooled Ly low nrassurc

service water. Three low nressure service water pumps *11 be sheres betwzen Units 1
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and 2 each capable of supplying the normal operational service water requirement. In
addition, the two ful’ capacity pumps in Unit 3 will be cross-connected to provide
added flexibility. A single equipment failure will therefore not impair the decay
heat removal capability of any unit.

As discussed above, we believe that the proposed design for the Oconee Nuclear
Station will provide reliable and flexible en.rgency sources of water and power to

cope with a wide range of abnormal conditions.

6.4 Penctration Room Ventilation System

The penetration room ventilation system is provided to maintain a small nega-
tive pressure in the penetration room under accident conditions and to filter
fission product leakage from penetrations. This is accomplished by two blower
uuits in series wiln two filter banks which ave valved so that either blower can
be used with either filter. The charcoal filters operate in a dry atmosphere and
we believe that the 90X filrer efficiency claimed by the applicant can be attained
by the final design.

All penetrations except the steam lines and the perscnnel and equipment hatches
pass through the penetration room. Leakage around the steam lines is not expected
since they are welded to the containment iiner. The outer door of ecach hatzh will
be double-gasketed and a small line run from between the gaskets to the penetration
room.

The influence of this system on the total containment leakage is discussed in
Section 4.6 of this report. We believe that adequate redundancy and reliacility

can be provided in the final design .f this system tc allow credit ror its use as

an engineered safety feature which is operable during an accident.
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7.0 Radioactive Waste Control

The sizing of the waste handling and storage equipment has been performed on
the basis of continued reactor operation with clad defects in 1% of the fuel rods.
The primary system is maintained at high water purity and radioactive wastes re-
moved by *he chemical purification system. A small stream is bled from the primary
system, reduced in pressure and temperature by the letdown coolers and passed
through the demineralizer as necessary and then routed to the letdown storage tank.
Makeup to the primary system is provided by pumping the water in the letdown storage
tank through the seal w. = or high pressure injection system. Addition or dilution
of borated water is alsc ac. ~ ‘ished by this system by feeding the letdown storage
tank from the chemical addition system.

Liquid wastes are collected from the demineralized sluice or oither miscella-
neous sources, monitored and, if necessary, held for decay. Low concentration
wastes are discharged to the Keowee hydro tailrace. The applicant has stated that
additional dilution may be obtained by opening the gates on the dam. We will review
the amount of dilution to be allowed in the tailrace at the operating license stage.

Solid wastes will be temporarily rending shipment from the site in containers
approved for the purpose.

Caseous wastes will be monitored and diluted and release or stored in waste
gas holdup tanks until decayed.

The applicant has indicated monitoring of all likely sources of efflueut release
and has performed an analysis on the liquid waste disposal systems to show that mul-
tiple equipment failures and operator errors would be required to allow undetected

discharge of radioactive wastes. An analysis was parformed, as described in
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Section 8.1 of this report, to show that even if the wastes stored at the site
under failed-fuel conditions were discharged, the public drinking supplies would
not be endangered.

We believe that the waste disposal system described by the applicant will
effectively control radiocactive wastes generated on the site. The release

limits to be set will be reviewed by the staff at the operating license stage.



8.0 ACCIDENT ANALYSIS
8.1 Incidents

A number of operational transients were considered by the applicant

including rod withdrawal during startup and from power, modgrator dilution,
and loss-of-coolant flow, and no radiological hazard was found to result. The
ACRS has recommended, and we concur, that further evidence should be obtained
concerning the ability of the fuel to withstand expected transients at the end
of its design lifetime.

A "guillotine'" rupture of a steam generator tube was postulated and fission
product release from primary system water with fission product inventory corre-
s ponding to 1% failed fuel through the turbine main condenser resulted in doses
less than 10 CFR Part 20 'imits at the site boundar . The release of activity
from a waste gas tank failure after operation with one percent failed fuel is
calculated to be within 10 CFR Part 20 limits. Limits on radicactive waste
concentration will be set at the operating license stage.

An accidental discharge of 20,000 gallons of liquid waste at activity leveis
corresponding to continued operation with 1% failed fuel was postulated from
the waste holdup tank., The spill was assumed even though multiple equipment
failures and operator errors would be required before radiocactive 2ffiuent could
be released. The calculations, which utilize conservative dilution factors, show
that accidental discharge of operational stored wastes would result in doses
below 10 CFR Part 20 limits.

An analysis was also performed to {1lustrate that an extendsd {(and undetected)
release of wastes collected after the maximum hypothetical accident must be
postulated before 10 CFR Part 100 guideline doses would be exceeded. The doses

calculated assume no corrective action at the public water intakes.
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The only significant hazard to the public drinking supply would be an
accidental release of stored wastes after a8 major accident when (it is expected)
comprehensive monitoring programs would be undertaken and any accidental release
would be detected. We believe that the analysis presented illustrates the
potential magnitude of the problem and the corrective measures which are avail-
able and that the accidental release of liquid waste would not result in
excessive exposure to the public.

8.2 Steam Line Break

A steam line failure was analyzed which resulted in the release of the
fission products contained in the secondary system (which are accumulated due
to a minor tube leakage in the steam generator). The doses from this accident
were calculated to be within 10 CFR Part 20 limits. A steam line break
coincident with multiple tube failures was also analyzed,

Break of a main steam line during operation would cause cocldown of the
primary system due to flashing of the secondary system inventory, The flashing
of the relatively low feedwater inventory would cause a decrease in primary
coolant temperature of about 40°F at the end-of-life conditions when the maximum
negative moderator temperature coefficient is present. This, combined with the
large increment of reactivity held by tne control rods prevents an immediate
secondary .r'“~icality. Injection of boron from *he high pressure injecticn
system and core “looding tanks is calculated to maintain the core in a shutdown
condition.

The applicant's calculations indicate a4 maximum clad temperature of about
750°F during the steam 1ine break transient and no clad failure is postuiated

which would result in additional release of fission products to the primary
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gystem water. Dose calculations were therefore based on release of fission
products contained in the primary system water (at a concentration based on
extended operation with 1% failed fuel) until the primary system temperature
reached 200°F., The applicant has calculated that a thyroid dose of about 30 rem
would result at the site boundary for a complete break of one tube, assuming

no plateout of halogens. Ouvr calculations indicate a thyroid dose less than

10 CFR Part 100 guidelines even for a complete blowdown of the primary system.

8.3 Rod Ejection Accident

The ejection of a control rod from the core is postulated to occur as a
result of a break in the pressure housing of the control rod drive. The
maximum reactivity increment that could be inserted corresponds to the worth
of the ejected rod in the core prior to the accident. The applicant has
stated that the maximum worth of a control rod at full power is 0.2% 4 k/k and
the maximum worth at source level, 0.5% & k/k. The parametric study presented
showed the effect of ejected rods worth 0.1% to 0.7% & k/k for both the full
power and source level cases,.

For the ejection of a 0.2% rod from full power the maximum enthalpy in
the hottest fuel rod was calculated to be 157 calories per gram (cal/gm). The
applicant's sensitivity analysis, which arbitrarily increased the worth of the
ejected rod, indicates that ejection of a rod worth 0.6% from full power would
result in a hot spot enthalpy of about 200 cal/gm. This is still below the fuel
melting temperature and no significant rapid energy release to the water is
expected.

An ejection of a 0.5% A k/k rod at source power was calculated by ejecting
a 1% rod with the core initially 0.5% A k/k subcritical. The results of the

analysis indicate a resultant peak power level of about 39% full power.
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: Parameters varied in the sensitivity analysis included rod worth, Doppler
coefficient, moderator coefficient and trip delay time. An analysis was also
perfocrmed to obtain an estimate of the margin to failure of the vessel, Vessel
failure was estimated to occur for ejection of a rod worth of 2% A k/k. The
applicant also stated that core internals would not be damaged by ejection of a
1% rod since no fuel melting was calculated for that rod worth,

An environmental analysis was also performed and resulted in doses well
within Part 100 guidelines.

We believe that the results of the applicant's analyses show that vessel
faillure would not occur as a result of an ejected rod of the worths calculated
for this design and that damage to core internals would not be expected at the
peak enthalpy values calculated.

8.4 Loss of Coclant Accident

The applicant has proposed an .mergency core cooling system (including
core flooding tank ) which is designed to _rotect the core for the full
spectrum of primary system break sizes which would result in a loss of coolant
up to the .ouble-ended rupture of the largest pipe in the system. Thes appli-
cant plans core cooling analyses for the spectrum of break sizes. All of these
have not yet been completed and the calculation of blowdown forces has not been
compieted but analyses are underway in both cases and will be looked at before
the operating license stage. As discussed in Section 6.1 of this report, we
believe that the representative analyses already done provide assurance to
support the construction permits for these units. As dilcu;sed in Section 4.8
of this report the applicant performed parametric analyses to establish the

peak accident pressure in the containment which we believe to be satisfactory.
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As recommended by the ACRS, further evidence will be required at the operating
license stage that fuel clad failure will not affect significantly the ability
of the injection systems to cool the core.

The applicant has calculated the environmental consequences of this acci-
dent (and we have duplicated the analysis of the data) for the expected course
of the accident and for a '"design basis accident” in which 100% of the noble
gases and 507 of the halogens and 1% of the particulates are assumed to be
released to the reactor containment. The reactor bullding leak rate was assumed
constant for 24 hours at 0.5%/day and 0.25%/day for the remaining duration of
the accident. As discussed in Section 4.6 of this report, one-half of this
leakage is assumed to pass through the penetration room filters where the
halogens are removed with a conservatively estimated 90% filter efficiency.

The meteorological model used as a basis for dose calculations is based
on the drainage of air down the river valley with no loss from the valley. It
is assumed that Pasquill Type F diffusion conditicns prevail during such times,
and that the wind speed is low.

For the first 2 hours the wind speed is taken to be 1 m/sec, and the
diffusion is calculated at the site boundary. At this point, there are two
hills which confine the valley so that the total crossesectional area below
their tops (775 feet mean sea level) is about 13,500 square meters. For a
plume uniformly distributed in such a space, the equivalent diffusion factor
(X/Q) is 7.4 x 1073,

Doses for the duration of the accident were determined at che low popula-
tion distance of about 6 miles. A narrow point in the river valley exists

5.8 river miles from the site boundary in the vicinity of Ciemson, S. C., and
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the valley cross section at this point i{s about 101,400 square meters below
elevation 820 feet. It is noted that on the way to this peint, the Keowee River
is joined by a similar sized stream, the Little River. By comparing the valley
cross-section at this confluence, it can be shown that the air flowing down the
Keowee valley is diluted by a factor of about 0.48 at this point,

Using a wind speed of 1.7 meters/sec for the first 24 hours, the value of
X/Q in the vicinity of Clemson is 3.16 x 10'6, For the remaining 29 days over
which the dose was calculated, the same conditions are assumed to prevail 35%
of the time, giving a value of X/Q of 1.10 x 106, These values of diffusion
factors were used as appropriate in the dose calculations for all accidents.

The two hour dose at the sice boundary fr- the "design basis accident" using
the above metecrological model is about 250 rem to the thyroid ana 2 rem whole
body. The thirty day dose at t! "7/ sopulation distance was calculated to be
150 rem to the thyroid by the applicant, However, ‘his did not include the
initial 24 hour dose. The total of the "thirty day" and "24 hour" doses would
be 220 rem to the thyroid and about 1 rem whole body.

The above doses are all within the guidelines listed in 10 CFR Part 100
which recommends less than 300 rem to the thyroid and 25 rem whole body at the
exclusion radius for the two hour dose and less than 300 rem to the thyroid and
25 rem whole body at the low pepulation distance over the course of the accident,

We believe that the reactor site conforms to the Commission's guidelines and

therefore i{s acceptable.



9.0 MULTIPLE UNIT INSTALLATION

Units 1 and 2 share a number of auxiliary systems although no engineered
safety features components, except service water pumps, are shared. The appli-
cant has described Unit 3 as being separate from the other reactors except for
mutual sharing of conventional plant utility systems. Each unit has two battery
banks which feed a bus for that unit. The battery buses are cross-connected
between units by a breaker system.

Systems shared between Unit 1 and Unit 2 are listed in table below

along with similar components which exclusively serve Units 1, 2 or 3.

Component or System No. of Components

Unit 1 (or Unit 2) Units 1 & 2 Unit 3

Exclusively Shared Exclusive.iy

(1) Purification demineralizers 1 1 2
(2) Component coolers 1 1 2
(3) High pressure service

water pumps - 3 2
(4) Low pressure service

water pumps - 3 2
(5) Recirculated cooling

water pumps - 2 2
(6) Recirculated cooling water

heat exchangers - 2 2

In items (1) through (4) in the above table, one component is sized to
handle one unit. In items (5) and (6) one component is sized to hanc'> two
units in the shared systems. We are also informed that a cross-tie will be
installed between the outlets of the low pressure service water pumps of all

three uni. - wo provida added flexibility.




In Unit 3 the Chemical Addition and Sampling System, Spent Fuel Storage
Pool and Radioactive Waste Disposal System will be sized for a single unit while
these systems are shared Letween Unit 1 and Unit 2 and zized accordingly,

The vital bus system will be shared between the three units but will be
designed such that no single failure will interrupt protective ealectrical
systems as discussed in Section 5.0 of this report.

We believe that sharing of the systems described above between units is
acceptable and will not compromise the safety of the three units by increasing

the probability or consequences of an accident.
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10.0 RESEARCH AND DEVELOPMENT

The applicant has ilentified a number of areas in which research and
development is required as listed in items 1 through 4 below. We believe that
item 5, coce cocling, and item 6, xenon oscillations, should also be included in
the d:velopment program. Items 1 and 4 also contain considerations beyond those
initially specified by the applicart.

(1) Once-through steam generator

Steady~state conditions and operational transients will be investigated
in conjunction with the control system to be used. We believe that vibration
tests, including steam ,-nerator response to primary system blowdown, should be
investigated and the therma. response to both primary and secondary blowdowns
determined.

(2) Coatrol rod drive unit test

The prototype tests outlined by the applicant to be ccnducted under
operating temperature, pressure, flow and water chemistry should provide
information on the operabilily and reliability of the system.

(3) 1iIn-core neutron detectors

The self-powered units are currently under test in the Big Rock Point
Nuclear Power Plant.

(4) Thermal and Hydraulic Programs

The applicant has proposed scaled flow distribution tests on the vessel
and internals and rod bundle tests to determine local mixing and flow effec.s
as discussed in Section 3.4 of this report. We believe that further experiental
and analytical work must be done tc determine the limiring heat fluxes at various
pesitions within the fuel bundle if the design is to be based on the B&W heat

transfer data.



(5) We alsoc believe that the applicant should include core coofing in
the deve)cpment program. Specifically (a) the completion of the analysis of
the spertrum of break sizes in the loss-of-coolant accident, (b) the develop-
ment f the analytical techniques for determining blowdown forces on reactor
internals, and (c) demonstration that the injection coolant will cool the core
including core bypass or formation of a vapor lock.

(6) Xenon Oscillations

The applicant should further develop analytical techniques t» determine
whether xenon oscillations can cccur. 1If oscillations are peossible a system
for controlling the oscillations will alsc have to be developed.

11.0 REPORT OF THE ADVISORY COMMITTEE UN REACTCR SAFEGUARDS

The Advisory Committee on Reactor Safeguards, by letter to Chairman Seabcrg
dated July 11, 1967, reported on the Oconee Nuclear Station, Units 1, 2 and 3.
A copy of this letter is attached as Appendix A. The letter contained a number
of comments and recommendations which we are implementing as noted in the appro-
priate sections of this report. The items mentioned will be resolved prior to
the issuance of an operating license to the satisfaction of the staff and the
ACRS,

The report concluded "...the Committee believes that the proposed Oconee
Nuclear Station can be constructeu with reasonable assurance that it can be

operated without undue risk to the health and safety of the public."”
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12,0 IECHNICAL QUALIFICATIONS

The applicant, Duke Power Company, has extensive experience in the design,
construction and operation of electric generating plants. Duke personnel have
been involved with nuclear power generation since the early 1950's, culminating
in company ~=nership of 34% of the Carolinas-Virginia Tube Reactor at Parr,
South Carolira., Detailed qualifications of Duke and its principal nuclear
personnel can be found in Appendix 1A of the PSAR.

The nuclear steam system supplier, Babcock & Wilcox, designed and con-
structed the N.S. SAVANMAH and Indian Point 1 reactors, as well as the ATR and
several research resctors. In addition, B&W is one of two companies presently
supplying large reactor pressure vessels.

The Bechtel Corporation has served as the architect-engineer on many
nuclear projects over the last few years. The latest of these include the
San Onofre, Turkey Point, Palisades, and Point Beach reactors.

On the basis of the above considerations, and based upoa our evaluation
of the responsible personnel, we believe that the applicant znd its contractors,
B&W and Bechtel are suitably qualified to design and construct the proposed

facility.
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13.0 CONFORMANCE TO THE GENERAL DESIGN CRITERTA

In November 1965, the Commission published its General Design Criteria
for Nuclear Power Plant Construction Permits. In the PSAR, Duke has evaluated
the units considering these criteria. However, on July 11, 1967, the Commission
published in the Federal Register its revised General Design Criteria taking into
account comments received on th2 initial criteria:and further development of the
criteria by the regulatory staf. Anticipating the publication of revised
criteria and because we were ‘nvolved in the formulation and development of the
revisions, we have evaluated the Duke application against the revised criteria
and have concluded that the proposed units conform to the intent of the revised
criteria. Recoznizing chat the proposed revised criteria may be modified as a
result of comments by interested parties during the 60 day period provided for
this purpose, we intend to review the proposed units at the operating license
stage in light of the criteria as formulated at that time.
14.0 COMMON DEFENSE AND SECURITY

The application reflects that the activities to be conducted would be
within the jurisdiction of the United Statés and that all of the directors and
principal officers of the applicant are American citizens. We find nothing in

the application or otherwise to suggest that the applicant is ~wned, controlled
or dominated by an alien, a foreign corporation or a foreiga Government. The
activities to be conducted do not involve any restricted data, but the applicant
has agreed to safeguard any such data which might becomz involved in accordance

with paragraph 50.33()) of 10 CFR Part 50. The applicant will rely upon obtaining

fuel as it is needed from sources of supply available for civilian purposes, so
that no diversion of special nuclear material from military purposes is involved.
For these reascns and in the absence of any information to the contrary, we have
found that the activities to be performed will not be inimical to the common

defense and security,




15.0 CONCLUSIONS

Based on the proposed design of the Duke Power Company's Oconee Nuclear

L4

Station, Units 1, 2 and 3, on the criteria, principles and design arrangements for
systems and components thus far described, which include all of the important
safety items, on the calculated potential consequences of routine and accidental
release of radioactive materials to the environs, on the scope of the develop-
ment program which will be conducted, and on the technical competence of the
applicant and the principal contractors, we have concluded that, in accordance
with the provisions of paragraph 50.35(a), 10 CFR Part 50 and paragraph 2.104(b)
10 CFR Part 2:

1. The applicant has described the proposed design of the facilities,
including, the principal architectural and engineering criteria for
the design and has identified the major features or components for
the protection of the health and safety of the public;

2. Such further technical or design information as may be reguired to
complete the safety analysis and which can reascunably be left for
later consideration, will be supplied in the final safety analysis
reports;

3. Safety features or components, which require research and develop-
ment have been described by the applicant and the applicant has
identified, and there will be conducted, a research and development
program reasonably designed to resolve any safety questions associated

with such features or components;



..

5.

On the basis of the foregoing, there is reasonable assurance that
(1) such safety questions will be satisfactorily resolved at or
before the latest d:ite stated in the application for completion of
construction of the proposed facilities and (ii) taking into
considerrtion the site criteria contained in 10 CFR Part 100, the
proposed facilities can be constructed and operated at the proposed
location without undue risk to the health and safety of the public;
The applicant is technically qualified to design and construct the
proposed facilities; and

The issuance of permits for the construction of the facilities will
not be inimical to the common defense and security or to the healch

and safety of the public.
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&, Tho applicant has proposca adding swing-check valvas ia .
tho cora barrel to ensurs obtaiaing edequate height of
cooling wator ia tha core under all circumstances of
ECCS operation., This feature should be further reviewed L
to onsura that no new probleas are introduced. JLT
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instrumontation that initlates ECCS actioan.
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oscillations,

The containment structures are similar to thosa for the Turkey Point re-
actors previously reviewed., Consideration should be given to improved
inspection of welds in the steel liner of such containmeats, because 'n
acceptance pressurizaticn tast doas n=ot stress tha liner to pos:ula:on
accident conditions., :
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CHRONOLOGY - PEGULATORY REVTEY NAF 7' F

November 28, 1966

January 18, 1967

‘ebhruary 14 and 15, 1967

arehh 23, 1967

April 1, 1967

\pril 18, 1967

April 27 and 28, 1967

April 29, 19€7

May 2, 1967

May 8, 1967

May 11, 1967

May 25, 1967

May 31, 1967

June &, 1967

OCONEE NUCLEAR STATTON

Submittal of Preliminary Safety Ana ysis
"eport.

Meeting witih applicant to review ~reater
detail required.

Meeting with aonlicant to discuss technical
aspects of plant design.

Ouestions issued to the aprlicant requestine
plant design and safety features information.

Submittal of Amendment No. 1l: partial ans or
to staff questions of March 23, 1967.

Submittal of Amendment No. 2: complets answer
to staff questions of March 23, 1967.

Meeting with applicant to discuss information
submitted in Amendments os. 1 and 2.

Submittal of Amenément MNo. 3: includes appli-
cation for coenstruction nermit for Unit Yo. 2
at Oconee site.

ACRS Subcommittee meeting with staff and
applicant at the site.

Meeting with applicant to discuss accident
meteorology and use of hydro plants as emer-
gency power units.

Muestions issued to the applicant.

Submittal of Amendment Mo. 4 answers staff
questions of May 11, 1967

ACRS Subcommittee meeting with staff and
applicant to discuss technical aspects of
design.

ACRS meeting discusses technical aspects o:
(leSiﬂn .



15.

16.

17.

18.

19.

20.

June

June

Jur

June

July

July

13, 1967

16, 1967

23, 1967

29, 1967

7, 1967

11, 1967

.t

Staff meeting at Cowan's Ford Hydroelectric
Station to discuss reliability of hvdro-
power.

Submittal of Amendment No. 5 supplies infor-
mation on topics raised at June 8 at the
ACRS meeting.

ACRS Subcommittee meeting with staff and
applicant to discuss technical aspects of
design. :

Staff meeting with applicant to di cuss loss
of-coolant analysis. '

ACRS meeting discusses technical aspects of
design.

ACRS “eport on Oconee Nuclear Station, Units
1, 7, aba 3.
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Harold L. Price WAY 11 1367
Director of Ragulatiowripginal signed by

Milton Shav
¥ilton Shaw, Diroctor
Division of Reactor Davalopwent & Techaology

HAZARDS SULIARY RCYORT

ADT:iNS:5146

Laference is made to tho letters of March 6 and April 19, 1967, ¢
from the Divisicm of Rnactor Licensing, to iha Envirommeatal
Science Services Administration requesting comments oa tha
following safety analysis reports raspectively:

Peach Bottom Atomic Powar Stution Units No. 2 & 3
Philadelphia Clectric Company
2raliainary Saflety Analysis seport

Oconee Nuclear Station Units 1 & 2
Duke Power Company
Prelinminary Safety Analysis Reporxt
Amendment 92 Jdated April 13, 1567

-,
acview by the Environmencal Macteorology Branch, ALr Resources Lab-
oratory, LSSA, has now been completed and by copy of this memorandua,
wa are transwitiing their comments to Mr. P. Morris, Director, DRlL.

ccs P. Morria, Diractor, DRL, w/attach., (Orig. & L1 cy.) ~mmmmmme L

L.
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Comments un

Oconee Nuclear Station Units 1 and 2
Duke Power Company
Preliminary Safety Analysis Report
Amendment #2 dated April 18, 1967

Prepared by

Environmental Meteorology Branch
Institute for Atmospheric Sciences
May 3, 1967

The critical off-site location with regard to high concentrations would
appear to be the Keowee River valley to the east and southeast of the
site. As indicated by a statement in the applicant's revision, the
terrain in this direction will modify the drainage flow direction to
that following the Keowee River., At the 1 mile site boundary the valley
is confined by two hills at a height of 778 and 773 ft Mean Sea Level
and separated by a horizontal distance of about 2000 feet. Thus, with
the valley floor at 660 ft MSL, the cross-sectional area at the height
of these hills i{s about 1 x 10”2 square feec. The valley remains
restricted in a similar fashion farther downstream.

Depending upon the assumptions used, the following concentrations coulcd
be attained at the site boundary of 160’ meters:

Assumption v /0 (sac m-3)
Type F, 1 m/sec, no bldg. effect 3.4 x 10-4
Type F, 1 m/sec, bldg., effect C = .5, A = 5180 m~ 1.6 % 10"
Type ¥, 1 m/sec, bldg. effect C = 1,0, A = 5180 m* l.1 x 10'“
Valley Confinement, u = 1 m/sec, Area = 105 fcz 1.0 x IO.Q
Type F, u = 1.9 m/sec, bldg. effect C = 1,0, A = 5180 m° 6.0 x 10°°

Since very little site meteorological data are available, it remains to
be seen whether a wind speed of 1.9 as opposed to 1.0 m/sec is more
appropriately conservative. The applicant ha$ chosen to use the least
censervative assumption listed above, resulting in a concentration a
factor of 7 lower than T.l.D. 14844 meteorology, which does not give
credit for building turbulence effects.,

In addition to the meteorological measurements planned .»r the microwave
tower on a hill to the west of the reactor building complex, it is also
necessary to measure air flow in the valley to the east if information on
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the drainage flow is to be obtained. However, any measurement program
started now will not truly reflect the conditions which will exist when
Keowee Dam is completed and Lake Keowee to the west and north of the

site has reached its full pond elevation of 800 feet MSL, which is & feet

above plant grade.

In summary, atmospheric diffusion rates in the general area of the site
are oxpected to be somewhat lower on the average when compared to other
locations in the United States. With the constructic.. >f Keowee Dam and
its resevoir, the primary nighttime, inversion transpoct is expected to
be down the Keowee River valley., Assuming an efiluent will be confined
to the valley to a height of about 100 feet at the site boundary, a
conventration of 1 x 10°% sec m™3 would result with a wind speed of

1 m/sec and uniform mixing within the valley. This would be our best,
estimate at the moment, of a controlling concentration.
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to the Environmental Science Services Administration requesting comments

on the following safety analysis report:

Oconee Nuclear Station Units 1, 2 and 3
Duke Power Company

Preliminary Safety Analysis Report
Amendment #4 dated May 25, 1967
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Commerits on

Oconee Nuclear Station Units 1, 2 and 3
Duke Power Company
Preliminary Safety Analysis Report
Amendment #4 dated May 25, 1967 ‘

Prepared by

Environmental Meteorology Branch
_ Institute for Atmospheric Sciences
June 9, 1967

It is noted that the amendment offers a second meteorological
diffusion model based on confined valley drainage under inversion
conditions. it is our opinion that this second model, which is
identical to the valley confinement assumption in our comments of
May 3, 1967, is more realistic and is appropriately conservative,
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UNITED STATES

DEPARTMENT OF THE INTERIOR

GECLOGICAL SURVEY
WASHINGTON, D.C. 20242

JUN 1 9 1967

Mr. liarold L. Price

Director of Regulations

U. S. Atomic Energy Commission
h915 St. Elmo Avenue

Bethesda, Maryland 20545

Dear Mr. Price!

Transmitted herewith in response to the request of Ldson G. Case,
dated December 21, 1966, is a review of the geologic and hydrologic
aspects of the license application of the Duke Power and Light
Company Oconee Nuclear Station.

This review prepared by Henry W. Coulter end iric L. Meyer of the
U. S. Geological Survey has been discussed with merbers of your
staff and we have no objections to your making ‘t a part of the
public record.

Sincerely yours,

e

Direc.or

Enclosure
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Oconee Nuclear Station, Duke Power Company
Units 1, 2, end 3
Oconee County, Scuth Carolina
AEC Dockets 50-269, 50-270

HYDROLCGY

This review is based on information provided by the applicant in

the Preliminary Safety Analysis Report and Supplements 1 though
k.

The proposed plant is approximately half a mile west of the Keowee
River at an altitude of 794 feet above mean sea level (msl), and
129 feet above the flood pool elevation of the Hartwell Reservoir,
ponded by a dam about 35 miles downstream from the site. Cooling
water for the nuclear plant will be taken from Keowee Reservoir
to be ponded by Keowee Dam (proposed) on the Keowee River and
another dam on the Little River. This pool will cover the drain-
age divide between the two streams at one point upstream from the
plant site; normal pocl level is 800 feet msl. The low peint of
the ridge that scparates Keowee Reservolr and the site is shown
on topographic maps to be between 820 to 827 feet msl. The sur-
charge on the reservoir due to a maximum probable flood on Keowee
River is given as 808 feet msl. Floocding of the site either by
topping the ridge or by a rise of the river below Keowee Dam does
not appear to be possible.

Liquid radicactive wastes from the reector are to be discharged
into the tailrace of the proposed Keowee Dam hydro-power units.
Cencentrations of waste radionuclices are computed in section 11
of the Preliminary Safcty Analysis Report agsuming dilution by
the average discharge past Keowee dam. In determining the radio-
active effluent limits set by 10 CFR 20, credit for this dilution
should be ellowed only if complete mixing of the wastes and river
water cccurs prior to entry of the combined discharge into unre=-
stricted areas. Consideration should also be given to avolding
radicactive waste releases during pericds wnen flow is low, as

it would be whken the hydro-power units are not in use.

2nn L
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Tue nppliecants geologle analysisc of tihe Oconee Nuclear Station site
prescnted in tie Atomic Energy Commliosion Docket (50-269-270) was
Cxamined and compared with the available literature.

Decause little is known concerning eological details of structural
clements within the Pledmont crystalline zone and most epicentral
locations there ara inexact, aitempts to relate individual seismic
events to specific structures within the zone cannot be made with any
fireat depgree of confidence. lence it must be assumed that an earthquake
equal in intensity to the largest earthquake that has been recorded
anywhere throughout the zone may occur at any given locality within

the zone,

B2

In general, when dealing with weathered crystalline rocks throughout the
Pledmont Province the following considerations apply. Where the interw
locking texture of the saprolite is undisturbed it will stand in steep
slopes in cut faces and will support considerable loads. However, when
saprolite is reworked and used as fill it may be subject to failure even
in moderate slopes. Thus any saproli te fill should be so located as to
aveld the Possibility of impingemert on critical structures in the event
of slope failure and the location of etructures across a saprolite cute
f11l interfece shoulg be avn®ied,

Poring data indicate that adequate foundation conditions on firm bedrock
beneath the plant site should be encountered at anticipated elevations.
Decause of the irregularity of the weathered zone, the requirement for

detailed modifications of footing design as is usual in standard engineer=

inm practice to ensure bearing on sound rock at all localities may be
n?ltic.tpated .

The applicants responses to questions 12.1 and 12.2 contained in amendment

#4+ to Docket Noa. 50-269, 50-270,and 50-207 indicate that foundation
investigations and stability enalyses comparable to those undertaken for
other critical plant components have been, or will be, undertaken for the

dams and intake structures necessary to provide cooling water supply to
the plant,

200
e B e e ———————— o ke



APPELDIX E
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U.S. DEPARTMENT CF COMMERCE
WNMINTAI. SCIENCE SERVICES ADMINISTRATION
e - COAST AND GEQOETIC SURVEY

WRSRINGX OO XS MrasX
ROCKVILLE, MD, 20522 -

L JUN 16 967

' wenerLy amren vor 023

BT

Mr., Harold L. Price

Director of Regulations

U. S. Atomic Energy Commisslion
Washington, D. C. 20545

Dear Mr. Price:

In accordance with your request, we are forwarding 10
coples of our report on the selsmicity of the Seneca
(Oconee County), South Carolina, area. The Coast and
Geodetlic Survey has reviewed and evaluated the infor-
mation on the ~:ismiclity of the area presented by the
applicant in their "Duke Power Company Oconee Nuclear
Station Preliminary Safety Analysis Report,” and {ind
that LU is satisfactory with respect to both distant
and nearby earthquakes,

If we may be of further assistance to you, please do
not hesitate.to contact us,

Sincerely yours,

Director :

T Tt ) -

Encloaqre

iy 4 j&mes C. Tison, Jr. ‘o
AN, 7‘; ear Admiral, USESSA = .

o
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REPORT ON TIE SEISMICITY OF THE
SENECA (OCONEE COUNTY), SOUTH CAROLINA AREA

At the request of the Division of Reactor Licensing of_-"~

the Atomic Energy Commission, the 3Seismology Division of
the Coast and Geodetic Survey has eva.uated the selismlicity
of the area around the'proposed reactor site near Seneca
(Oconee County), South Carolina, and has reviewed the simi-
lar analysis by the applicant in their "Duke Power Company
Oconee Nuclear Statlon Preliminary'Safety Analysis Report."
The applicant’s selsmicity report contalns a compléte list~-
" ing of the earthquakes boih distant and nearby, which may

have affected the proposed sive, and a detalled review of

the geology within a few hundred miles of the site. Little

18 known, however, concerning the detalls of the geological

structures in the area and the relationship of these struc~

_tures to earthquakes., Because of this, the: Survey believea:j_

' that the largest earthquake. recorded anywhere in the zone

P may occur along one of the faults near the site.

Baced upon the review of the selsmic. history of the

site and the surrounding area and the related geologlc con- -

aiderations, the Coast and Geodetic Survey agrees with the

applicanc that an acceleration of 0 05g on rook would be

'\

¥ Al



“on rock would represent the ground motions from the maximum

" safety. We also agree that an acceleration of 0.15g 1s an

Nt SRR W SR ST
L4 -

2
adequate for representing the ground motions from e-.'hqgake LT

disturbances likely to occur within the lifetime of the fa=

- <:::.~,‘.‘_"”

cility. In addition, it agrees that an acceleration of 0.10g . -°

earthquake likely to affect the site. We belleve this value
would provide an adequate basis for designing protection

agaidst the loss of function of components important to

adequate basis for designihg protection against the loss of

function of components important to safety that are not lo- -,

cated on rock.

'._.“ .

U. 8., Coast and Gendetic Survey . . ‘ - i
Rookville, Maryland R0852.... .. )l cdnesah S

June 14, 1967
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by
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ADEQUACY OF THE STRUCTURAL CRITERIA FOR THE
OCONEE NUCLEAR STATION UNITS 1, 2, AND 3

by
N. M. Newmark and W. J. Hall

INTRODUCTION

This report concerns the adequacy of the containment structures, components,
and dams for the three units of 2452 MWt each (874 MWe, net) for which application
for a construction permit and operating license has been made to the U. S. Atomie
Energy Ccumission (Dockets No. 50-269, 50-270, and 50-287) by the Duke Power
Company. The facility is to be located on the shore of future Lake Keoweo in
Oconee County, South Carolina, 8 miles NE of Sene~a, South Carolina.

The report is concerned specifically with the evaluation of the design cri~-
teria that determine the ability of the coutainment system to withstand a design
earthquake acting simultaneously with other applicable loads forming the basis
of the containment design. The facility also is to be designed to withstand a
maximum earthquake simultaneously with other applicable loads to the extent of
insuring safe shutdown as well as containment. The seismic design criteria for
Class I equipment and piping are also reviewed herein, along with a review of
the analyses of the dams which are required for impounding the required cooling
water supplies. This report is based on information and criteria set forth in
the Preliminary Safety Analysis Report (PSAR) and Supplements thereto as listed
aﬁ the end of this report. We have participated in dieccussions with the AEC

regulatory staff, in which many of the design criteria were discussed in detail.
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DESCRIPTION OF THE FACILITY

Oconee Nuclear Station Units 1, 2, and 3 are described in the PSAR as

pressurized water reactors for which the nuclear steam system and fuel cores

are to be supplied by the Babcock and Wilcox Company, each designed for a power [

output of 874 MWe (net). The reactor coolant system for each unit consists of
two closed reactor coolant loops connected in parallel to the reactor vessel,
each provided with reactor coolant pumps and a steam generator. The reactor
vessel will have an inside diameter of about 14 ft=3 in., a height of about
41 £ft-9 in., and is designed for an internal pressure of 2500 psig, a temperature
of 6500?, and is made of SA-302 Grade B steel clad with Type 304 austenitic stain-
less steei., g

Each of the reacior units is contained ir a fully reinforced concrete
structure in the shape of a cylinder with a shallow domed roof and a flat foun-
dation slab. The cylindrical portion is prestressed by a post-tensioning system
consisting of horizontal and vertical tendons. The dome has a three-way post-
tensioning system. The flat foundation slab is conventionally reinforced with
high-strength reinforcing steel, and the entire structure is lined with a 1/4 ip.
welded steel plate. The cylindrical part of each of the containment structures
is approximately 116 ft inside diameter, has an inside height of 206 ft, vertical -
wall thickness of 3 ft=9 in., and a dome thickness of about 3 ft-3 in. The foun=-
dation slab is about -8-1/2 ft thick. .

The PSAR on page 5-1 of Vol. I indicates that the design will in many respects ;
be similar to that for the Florida Powe? andlLight Company's Turkey Point Plant,
Consumer Power Company's Palisades Plant, and Wisconsin-Michigan Power Company's

Point Beach Plant. Although no stated details are given, we assume, then, that

the cylindrical wall is to be provided with a system of hoop -tendons which are
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placed in a 3-120° system using six buttresses as anchorages with the tendons
staggered so th¢t half of the tendons at each buttress terminate at that buttress.
In Appendix 5B it is noted that the prestressing will be post~tensioned, and un=-
bonded, witﬁ the tendons encased in rigid s:egl conduit and corrosion protection
provided by grease injected into the conduit under pressure. The answer to
buestion 9.2 of Supplement 1 indicates that the BERV system of prestressing will

- be employed.

- From Appendix 5E and Figure 5-1, it is noted that the welded steel liner

will be at least 1/4 in. thick and made up of ASTM A-442 steel with angle~-type

anchors., It is noted that the liner plate will be thickened in the vicinity

of penetrations. ! ‘ J
Appendix 5B indicates that ASTM A-432 reinforcing steel will be used in

the base slab, and that ASTM A-15 deformed bars will be employed in the cylinder
wall, the domed roof, and around the openings to control shrinkage and tensile ‘
cracks. It is further noted in Appendix 5D that for large 145 and 18S rein-
forcing steel, Cadweld splices will be employed, and the Errata filed with
-Amendment J indicate that the tensile strength of the splices will equal or

exceed 125 percent of the minimum yield strength of each grade of reinforcin:

steel as specified in the appropriate AST standard. We recommend that tack
welding or other welding not be permitted for the A=432 bars in the foundacibn

slab or elsewhere, to avoid the possiblity of fracture or 2ther diéficqlties in

achizving the required ductility of these reinforcing bars.

The geology is summarized in Appendices 2A and 2E; on page 2-9 of Vol. I

" of the PSAR it is stated that the structure will be founded on the normal Piedmont

granite gneisses.
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SOURCES OF STRESSES IN CONTAINMENT
STRUCTURE AND TYPE 1 COMPONENTS

The containment structure is to be designed for the following loads: dead
load of the structure; live loads (including roof loads, pipe forces, and reactor
service crane loads); agciden: pressure load asgociated with losu~-of-coolant acci-
dent of 59 psig; test pressure of 67.9 psig, and external-internal pressure
differential of 3 psig corresponding to a drop of barometric pressure associated
with a tornado with wind speeds of 300 mph (Supplement 4) as well as wind loading
correspondirg to S5 mph at 30 ft height.

On the basis of the information presented on page 5-5 of Vol./I of the PSAR,
Appendix 5B, page 5B-4, and.the answer to Question 8.5 of Supplement 1, and in
accord with the USC&GS report (Ref. 3), the design earthquake will be characte-
rized Ly a maximum horizontal ground acceleration of 0.05g and the maximum earthn-
quake by_a 0.10g horizontal ground acceleration. The structure is to be founded
on firm basement rock.

COMMENTS ON ADEQUACY OF DESIGN

Seismic Design =-- In connection with the selection of the design earthquake
and the maximum earthquake, we agree with the values selected, and concurred ia
by the USC&GS, namely that of a basic design for a design earthquake of 0.05g and
design for a maximum earthquake of 0.10g maximum horizontal ground acceleration.

On page 5B-4 of Appendix 5B, for the design earthquake of 0.05g, it is indi-
catod that the horizontal and vertical acceleration will be taken as.equal in
intensity. We find no mention of this fact for the maximum earthquake but assume
that the same situation will obtaia there, and assuming that this is the case, we

concur in this approach.
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The proposed response spectra for various degree;'of damping for ‘the maximum
earthquake are presented in answer to Question 8.5 of Supplement. 1, for the deéign-
earthquake as part of Appendix 2B, and as modified in both cases by Supplement b,
we find no explanation for the basis of the selection of the ground motions
("sround motion spectra"), other than for tﬁe acceleration values which have al-

ready been agreed upon and which control in the high frequency band. We have

o

scmpared the rgvised response spectra (Supplement 4) with those presented in
report TiD-7024 and find them to be substantially ip agreement for frequencies
above 0.2 cps, the region in which most, if not all, structural elements will
fall. We believe that the applicable parts of the spectra are acceptable for
design purposes.

The ‘damping values to be employed are listed in answer to Question 8.4 of
Suppiement 1. We are in agreement with the damping values given therein with
the further understanding, hewever, that the 5 percent damping value to be used
for the maximum earthquake will be employed in the design in such a way that
there will be a limitation on the deformations of the containment structure and
its components. The general dynamic design approach outlined in answer to this
same question appears acceptable to us both for the containment structure and for
the piping.

The loading combinations for the containment design are presented in Appendix
5A. We are in agreement with the load factor expressions stated there for the
case of the design and maximum earthquake. In reply to Question 8.1 Bf Supplement
1, however, it is noted that "the design criteria which will be applied to the

apove leoading is that the deformation will be limited to valuee which will permit

a safe and orderly shutdown.” This sta’'ement provides no guide as to what the



iimitation on deformations will be, but we note that, in connection with the
<esign of thz liner, as described in Appendix 5E, a limitation of 0.5 percent
strain has been set for the linmer. On the as.umption that the design will call
for a reasonable limitation on ductility, i.e., on the order oi not more than
two or three times the gross yield deformation, and further that the liner
deformation will be restricted as noted, we believe that th2 dgsign approach for
the maximum earthquake will be satisfactory in this réspeqc. 5

In Appendiix 5A it is noted that the polar crane is a Class I structure, and
on the assumption that st¢és will be taken to insure that thede cranes caanot
be displaced from tire rails during a design or maximum earthquake or otherwise
toppie Lo create damage waulcn would prevent safe shutdown or iﬁpair the contain-
meal, we believe that this aspect of the design can be handleé proparly to make
it satisfactory in all feepects.’

We have reviewed in some detail the design calculations for the.dams as
given in Supplement 1, and on the basis of the analyses we beiieve that the
safety of the dams is satisfactory for the 0.lg earthquake on the basis that the
dams are founded on basement rock as indicated. We call attention to one minor
discrepancy in the method of analysis, based on that by N. M; Ne;uark (1965)
given in the Rankine lecture tc the Institution of Civil Engineers, in whicn the
analyses given in Supplement 1 used static sl{P circles for the dynamic analysis.
In general the slip circles for the dynamic analysis will be different from those
ior a static analysis, but in this case it appears that the results will be only
siightly different, and that lafegy is achieved. It was noted in one case that
one of the slices was on the verge of movement for the 0.lg earthquake; however,

investigation reveals that such a slice would move only a small distance, and

we L2l ede that the function of the dam would not be impaired in any serious

-
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manner by such a minor slippage, should it occur. In summary, we believe that

the dams can withstand the maximum earthquake stipulated, although the r..gin of
safety against slippage, as noted above, is not great for the maximum hypc.hetical
earthquake. As documenfed in Supplement 4 a natural pool of water will be pro-
viced for shutdown cooling in the event of unexpected dam failure.

Ceneral Design Considerations -- We have reviewed with care and interest

the design eriteria for the prestressed concrzte reactor building as presented

in Appendix 5C, and the elaboration on the development for handling the shear

at yield loads as given in answer to Question 8.7 of Supplement 2. We are in

agreement with the provisions there for handling principal concrete tension and

the new recommendations for handling radial shear. In the event that further data

become available on this matter prior to completion of the design stages, we trust

that such information can be incorporated int; the design, if this appears wavrranted.
Penetrations =- The design of the penetrations is described briefly im

1]
Section 5 of Vol. I of the PSAR, and elaboration is given in answer to Question 8.8

of Supplement 2. On the basis of the discussions presented therein, we conc.r in
the approach that is described for this particular design.

Surveillance == We find some information on the planned surveillance program

in Section 5, and recommend strongly that a reasonable and sensible surveillance
o
program be maintained throughout the life of the structure.

Piping and Ocher Type 1 Components -- We find discussion of the design of the

piping presented in answer to Question 8.1 of Supplement 1 which refers to Appendix
5A as appropriate for the class of piping involved, with further amplification on

the dynamic design provision as given in answer to Question 8.4. We are in general

. A ———— - s S - PN
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agreement with the approach proposed therein, but are still not sure exactly

how the piping analysis will be carried out in the sense that is implied in the
last paragraph on page 8.4=3 (4-1-67), which states that the stresses from the

. horizontal and vertical components acting simultaneously will be combined with
the stresses due to weighc, thermal and mechanical loads, and internal pressure,
and in turn these stresses will determine th; required yield strength of the
piping systems. This does not completely answer the question of what limitations
will be placed on the piping in terms of behavior under the maximum earthquake,
particularly in terms of limitations on deformation. We recommend, for the
specific materials used, that the deformations be limited to reasonable values
which will preclude any difficulties with fatigue or fracture. Parti- 'lar
attention should be given to the piping at those places where it penetrates the
containment, or to that piping which is fequired for safe shutdown in this regard.
The same provisions apply to piping that will run from intake structures ro the
plant and which will be required for safe shutdown in the event of an earthquake
or an accident.

Conclusions =- On the basis of the information presented, and in accord with

the design goal of providing serviceable structures and component; with a reserve
of strength and ductility and which will provide for containment as well as safe
shutdown, we believe that with approapriate attention to the design details as
discussed in the body of our report, the design criteria outlined for the contain=
ment structures and Type 1 piping can provide an adequate margin of safety for

seismic resistance.
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"Preliminary Safety Analysis Repor:--Volumes I and II," Oconee Nuclear
Station Units 1, 2, and 3, Duke Power Company, 1966.

"Preliminary Safety Analysis Report--Supplements 1, 2, 3, and 4," Oconee
Nuclear Station Units 1, 2, and 3, Duke Power Company, 1967.

"Report onm Seismicity of the Oconee Nuclear Station Units 1, 2, and 3,"
U. S. Coast & Geodetic Survey, Rockville, Maryland, June 16, 1967.
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NATHAN M. NEWMARK
CONSULTING ENGINEERING SERVICES 1114 CIVIL ENGINEERING BUILDING

URBANA. ILLINCIS 61801

S July 1567

Or. Peter A. Morrls, Dlrecior
ODivision of Reactor Licensing
U. S. ~temic Energy Commisslon
washington, D.C, 20545

Re: Submerged Welr In Intake Canal
Duke Power Cc.
Dockeg Nos. S0-268, S50-270, S0-287

Pear Dr. Morris:

The following report 15 besad on the studies made by Or. A. J. Hendron, Jr.
of cur staff, and hes been agproved by Or. W. J. Hall and myself. OQur comments
concerning the stasllisy of the prigoizd subm d
’

Supplemant S of Amendment 5, by Item o, ii

e k|
Yow o

.

- o
- ’ -
-~ 4 -
ted 10 June 19

(1) The factor of safety for statlc behavior under rapid drawdocwn,
within the pressure levels of Interest, as stated in the report 13 consistent
with the shear strength of the meterial equal to or greater than that
corrasponding to a Mohr failure envelope with a coheslon Intercept of 227 psf
and an angle of Internal friction of 30°, for comsclidoted-undrained conditions,

These material properties agocer to 50 reasonable, Howuver, the
1cse technique used may not give complelely conservative valuads since there may
be a possibllity of Incomplete scturation of the samples begause they were not
"hackeoressured'! to assure 120% saturation, immadiately befors shearing.
Nevertheless, from the results of our calculations, there appears to be no
cause for concern.,

(2) For combined eariliqucke and rcpid drawdeim, the effectlive
shearing resistanca of ths dam on sloping surfages is sbout J.09W, where W is
the weight of the sliding wedge, Although this 1s slightly less than the
meximum earthquake acceleratlion of 0.10g, for & consistont value of
max!mum gruund veloclty of § Ia/sec., the maximum sliding displacement of
ezch of the slopling surfaces is estisasted to be less thanm 0.4 In, &ven for
a lerger earthqueke, the amcunt of motion under earthquake conditlons appears
to bte relativaly small or negligible,

(3) It appears that the statiec stability end the resistance to
pining are the major problems In relotlon to possibilit'’es of instabllity.
Anstaes major concern 's the possiblility of ercsion of the downstrean sloping
surfoce 1§ lecsl settlements of the crest could occur, causing high velocity

sl Tios 17 the welr s cvertepped. A special spillway section
¢aiz difileslty. Puon ﬂ m



- (105)

e

(<) Avoldance of eroslon due to overtcpping Is also possible
throuch use of riprap of adrguate thickness znd si1ze of stone, This should
be plzced on & fllter layer of thickness adequate to Insure that the
cont Inuity of the fllter will not be Interrupted. It may not be possible
to have thls assurance with only a 12 In, thickness of fllter, unleas there
Is careful Inspectlon durlng construction,

(3) To awold plping and to Insure downstroam steblility under stoady<
state seepage, a bese dralnage fllter and too draln is usually requlired.
Although this Is not shown In Amendment Ho. 5, It is our understanding that
such 2 draln and fllter of length about one=third tha base width of the weir
will be used. This will probably bo adequate.

(6) Although no specific foundation treatment Is Indicated beyond
the removal of alluvlal materials, It appears to us that the foundatlon will
present no problems from the polnt of view of large amounts of seepajs or
of stabllity agalnst earthquske motlons of the Intansity considered possible
In the appllicatien,

Respectfully submitted,

W, M, Newmork
bjw

cc: W. J. Hall
A. J. Hendron, Jr.
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in ﬂlP;.Y REFERYO:
»
UNITED STATES . ;
~ DEPARTMENT CF THE INTERIOR™
FISH AND WILDLIFE SERVICE
WASHINGTON 25, D. C.

e, Herold L. Price .

Director of Regulations RER 24 1967
Us S, Atemic Energy Commission

Washingten, D, C, 20545

Dear i, Price: £

This is in reply to Mr. Case's letter of Dececiber 30, 1966, reecuesting cur
comments on the application by Duke Power Caxpany for a construction permit
cad operating license for the proposed Oconee Luclear Station, Units 1 and
2, Oconee County, South Carolina, Docket Nos. 50-269 and 50-270.

¢ plant would be located adjacent o Lhe ccpany's proposed Recwee Dan
d Lydrcelectric Station, on Keowee River Juse upstrean from Hartwell
Servoir., The dlant would emmlor +ro nresiurized wataw razatans designed

:.Q - - vimw vV @ - e
~or o ccabined power cutput of 5,136 ww thermal, or an equivalent net
capacity of 1,748 mw electrical, A radiocactive waste disposal system,

2
Zuel handling system and all auxiliaries, structures, and cther omsite
Tacilities raquired for a complete and opercble nuclear power plant would
be provided,

Cendenser ccoling wrater would be conveyed to the station from the Littla
River amm ol Lake Keowee tarough an iatake conduit by 8 circulating water
#0335, wilh a cozbined capacity of approximately 2,900 efs. The intake
caial would have a ckimmer wall ceross its mouth with a 20-foot opening
iccated 70 feet below full pool elevation., Normal cooling water discharges
veuld be into the Xeowee River arm of Leke Keowee sbout 3,7C0 feet froa
tae hydroelectric station intake. Zmergency discharge of cooling waters
end normal discharge of ligquid effluent freoa the waste treatment facilities
vould be into the Kecwee Dem tailrace at the headwaters of Hartwell
Reservoir,

Fighery rescurces of Hartwell Reservoir include largemouth bass, crappies,
caxD, cad suckers. In addition, striped bass and walleye have been stocked
io The reservoir and trout in the tail water area, These resources

SUDZery moderate sport fishing and a minor ccomercial fishery. The proposed
Zeoree and Jocassee Reservoirs will support fishery resources very similar
%o Woce of Hartwell Reservoir, with a good possibility for a second-layer
cold-vater fishery in Jocassee Reservoi.. These Prepoged reservoirs will
Foovile edditional sport fishing opportunity in this area. Cozmoreial
£ichipg is ninor in the project area and is not expected to increase
ciZailicantly as a result of the coxpany's proposed hydroelectylc rroject,

pOOR OREMM.
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The application indicates that the release of radicnctive wastes would not
cxeeed maximum permissidle limits preseribed in Tatle 10, Fart 20, of fhe
Code of Fedetral Regulations, Although these limits refer to maximum levels
of radioactivity that can cccur in drinking water for man without resulting
in any known harmful effects, operation within the linmits may not always
guarantee that fish and wildlife will be protected frca adverse effects,

If the concentration in the receiving water were the only considerationm,
moxipum permissible limits would be adequate criteria for determining the
cafe rate of discharge. However, radidisotopes of many elements are
cencentrated and stored by organisms that require these elements for their
ncimel metabolic activities, Scme organisms concentrate and store radio-
isolopes of elements.not normally required but which are chemically similar
to elements essential for metebolism. In both cases, the radicnuclides are
transferred from one organism to another through various levels of the food
chain just as are the nonradicactive elements. These transfers may result
in fwrther concentration of radionuclides and a wide dispersion from the
project area particularly by migratory fish, mammals, anda birds,.

In view of the sbove, we believe that pre- and post-operational radiological
surveys should be conducted by the applicant and include studies of the
effects of redionuclides cn selected organisms wnich require the waste
elements or sizilar elements for their metabolic activities, These surveys
should be planned in cooperation with the Fish and Wildlife Service, the
Federal Water Pollution Control Administration, and the South Carolina
Wildlifes Resources Department.

If the post-cperational surveys establish that the release of radiocactive
effluent at levels permitted under Title 10, Part 20, Code of Federal
Regulations, results in harmful concentrations of radicactivity in fish
cad wildlife, the data from the radiological surveys should serve as a
guide to reduce the discharge of radicactivity to acceptable levels.,

In view of the importance of the sport fishery of Hartwell Reservoir and
the fishery potential of Lekes Keowee and Jocassee, it is imperative that
every possible effort be made to protect these valuable resources {rom
radioactive contamination, Therefore, it is recamended that the Duke
Power Company be required to:

1., Cooperate with the Fish and Wildlife Service, the Federal
Water Pollution Control Administration, the Scuth Carolina
Wildlife Resources Department, and other interested State
agencies in develcping plans for radiological surveys.

2., Conduct or arrange for the conduct of pre-operaticnel radio=-
logical surveys of selected crganismes that concentrate and
store radicactive isotopes, and of the enviromment including
water and sediment samples., These surveys should be conducted
by scientists knowladgeable in the €ish and wildlife field.
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3« Prepare a report of the pre-operaticnal radiological survey
«nd provide five copies to the Secretary of the Interior for
evaluation pricr to project operation.

4. Cocnduct radiological surveys, similar to those speeified in
recommendation 2 above, analyze the data, and prepare and
submit reports every three months during the first year of
reactor operation and every six months thereafter or until

it has been conclucively demonstrated that no siganificant
aaverse conditions exist, OSubnit five copies of these reports
to the Secretary of the Interlior for distribution to the
appropriate State and Federal agencies for evaluation.

S5« Reduce the discharge of radicactive wastes to acceptable
levels, if the post-operational surveys establizh that the
release of radiocactive effluent at levels permitted under
Title 10, Part 20, Code of Federal Regulations, results in
naraful concentrations of radicactivity in fish and wildlife.

Ve understand it is the Commission's opinion that its regulatory suthority
invelves uil; thos: hazards asscciated with radiocactive materisls. Ve

nave reccmmended in past applications that thermel polluticn and other
detrimental effects from plant construction and operation be called to the
attention of the applicant. In this case, hOJever, we believe that the

l; anv is aware of the problem, since an analysis of thermal effects
iting {rom the operation and of the proposed nuclear plant was conducted
ish and Wildlife Service in conjunction with the Duke Power Compary
ication for a license from the Federal -Power Coammission for the Koewee-
.y hydroelectric project, FPC Project No. 2503.

o
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15 evaluaticn was based on condenser ccoling water iutake froa the Keowee
rer awn of Lalke Keowee and discharge into Little River arm. Under these
\ditions the only anticipated detrimental effects upon the prospective
ne'y resowrces within Lake Keoiwee were the limitation of productivity
in a relatively small area arownd the discharge point. No significant
horaful effects were expected in Eartwell Reservoir or the proposed
Jocassee Reservoir. The present plans for the proposed nuclear plant
coutains several modificaticns to the plan originally cvaluated by the
Fish and Wildlife Service. This application is for license of Units 1 and
2 of a total of three considered in the prior asnalysis. The voluse of
cooling water required will ve less, but the condenser's cooling water
inteke and “ischarge points have been reversed and discharge outlets have
beel prov.ded into the tailrace of Keowee Dam for emergency cooling water
~elease and for routing discharge of liquil effluents from the nuclear
Plaut's waste treatment facilities,
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With the present plan it is not anticipated that there will Le any change
in the effcets of the project upen fishery resources in Lakes Keowee aid
cceaszea. liowever, it is obvious that these project alteraticns change tae
consideration that must be given to possible damages to fishery resouxceds
ia the Kcowee tailrace and in Hartwell Reservoir. Duke Power Company has
joined with a group of industries which, under the guidance of Joan Hopkins
University, is investigating problems relating to the dissipation of waste
heat in the equatie environment. Preproject surveys of physical and bio-
lczical conditions are in progress in the Keowee-Jocassee area, and fira
vlans hove beea made for their continuance whea tiie project is in operation.
Tae applicant has expreissed the desire to cocperate fully with the Fich
and Vildlife Servicd and the Scuth Carolina Wildlife Rescurce Departuent
in planniag and carrying out these studies, and to make their findings
availoble Lo these organizations.

Ve commend the applicant for its initiative in planuing the pre- and post-
cperaticnal surveys of the environment, and for their cooperatioa, If the
post-cperational surveys establish that the heated water discharged into
Lake Keowse or its tailrace results in eny changes in the environment of
the tailrace or Hartwell Reservoir that are significantly detrimental to
Zich and wildlife, as determined by the Secretary of the Iaterior or the
South Carolina Wildlife Resources Department, corrective measures chould
be taken to reduce the temperature of the effluent to an acceptable level.

We requast that the Commissicn urge the Duke Power Company to:

1, Conduect pre- and post-operaticnal surveys of the enviromuent
and include sufficient monitoring programs on effluents and
receiving waters of Lake Keowce and ilartwell Reservoir, and
collect related climatological data necessary for the Secretary
of the Interior to evaluate the effects of the operation of

the two units, prior to the epproval ¢f additional wails,

- 2. Make any modificaticns in project structure and operations as
nay be determined necessary as a result of the surveys.

The opportwnity for presenting our views is appreciated.
Sincerely yours,
S P ’
e AT p&é‘.__)

Acting/ Commi ssiong
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o ,_.:\ \ ' (110) O IN REPLY REFER TO,
) - UNITED STATES
@A DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
WASHINGTON, D.C. 20240 -

JUN 7 1967

Y. Harold L, Price

Jirector of Regulations -

U. S, Atcaic Energy Commissien
Washington, D. C. 20545

Dear Mr., Price:

This is in response to Mr. Roger Boyd's letter of lMay 8, transmitting
Anencrment No. 3 to the Preliminary Safety Analysis Report, submitted
by the Duke Power Company for its proposed Oconmee Nuclear Station,
Oconee County, South Carolina. Amendment No. 3 includes an application
for a third pressurized water reactor to be known as "Oconee Nuclear
Station, Unit YWo. 3". Is our letter of April 29, we comuented only on
ne effects that Units 1 and 2 would have upon fish and wildlife
esources in the project area. We have the following additional
conxents concerning Unit No. 3.

by cf

The addition of a third unit would rai-~e the capacity of the nuclear

T

station to 2,622 megawatts, thercby increasing the possibility of

damage to the fishery in the Keowee tailrace and Hartwell Reservoir 4|
frea -
c

é
rea thermal effects. We reaffirm our request that the Duke Power
ompany: (1) conduct pre- and post-operational surveys, including
sulficient monitoring of effluents and receiving waters of Lake Keowee
and Hartwell Reservolr and collection of related climatological data,
necessary for the Secretary of the Interior tc evaluate the effects of

the operation of the two units prior to construction of the third or
any additional units; and (2) make any modifications in project struc-
tures and operatons as may be determined necessary as a result of the

Surveys.

The opportunity for presenting owr views is appreciated.
Sincerely yours,
ol o Lk
73 N Ve v €0 A \L‘

Coﬁ;issioner

Rec’d 0if, /Dir. of (egs
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