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2.1

INTRODUCTION

The Jersey Central Power & Light Company (Jersey Central, applicant), sub-
mitted Amendment No. 3, dated January 18, 1966, to its application requesting
a Provisional Operating License for the Oyster Creek Nuclear Power Plant Unit
No. 1 (Oyster Creek, facility, plant)., The facility, which will utilize a
single cycle, forced circulatlon General Electric boiling water ‘reactor
(BWR), has been under .construction since issuance of a construction permit on
December- 15, 1964, by the Commission. It is.located on an 800-acre site -in
Lacey and Ocean Townships, Ocean County; New Jersey. This site is approxi-
mately thirty-five miles north of-Atlantic City, New Jersey and forty-five
miles east of ‘Philadelphia, Pennsylvania.

The technical safety review of the design of the facility has been based on
Amendment Nos. 3 through 49. All of these documents are available for review
at the Atomic Energy Commission's Public Document Room at 1717 H Street,
Washington, D, C. In the course of the review,.we have held numerous meetings
with the -applicant to discuss and clarify.the technical material 'submitted.

In addition ‘to our review, the Advisory.Committee -on.Reactor Safeguards (ACRS)
reviewed the application and met-with both us and. the applicant to discuss

the . facility.,  The ACRS report -on Oyster Creek, dated December 12, 1968; is
attached to this safety evaluation.

Our evaluation of overall facility -performance was based on a thermal power
level of 1600 megawatts (Mw) which will be the licensed power level. However,
because the plant is designed for ultimate power.operation at 1860 Mwt, we
reviewed the capability of the plant .engineered safety features and the radio-
logical consequences of accidents at the .ultimate power level of 1860 Mwt,
Before any increase in power level in excess of 1600 Mwt -can be permitted,

the applicant must submit an application for license amendment.

Based upon our evaluation of the facility.as presented in subsequent ‘sections,
we have concluded that -the Oyster Creek Nuclear .Power Plant Unit No. 1 can be
operated -as proposed without endangering the health and safety of the public.

SITE AND ENVIRONMENT

Site Description

The site, which consists of approximately 800 acres, is located in Lacey and
Ocean Townships of Ocean County, New Jersey, approximately two miles inland
and west of the shore of Barnegat Bay. The minimum distance from the -facility
to a site boundary is approximately 0.25 mile. This corresponds to the dis-
tance from the facility to the ‘eastern .boundary of State Highway Route 9. The
distance to the nearest residence is in excess of 0.5 mile. Based upon

the extrapolated ‘1986 summer population distribution which shows approximately
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1150 people within one mile, 12,264 within two miles and 31,040 within five
miles of the site, the available low population zone distance is approximately
two miles. The extrapolated 1986 permanent population within two miles,
however, is approximately 7000, Tabulated below is the 1986 summer population
distribution with distance.

TABLE 2.1
CUMULATIVE POPULATION..DISTRIBUTION. (1986) .

Distance, Miles Cumulative Population

1,154
12,264
20,920
24,230
31,040

U8 W N

Meteorology

The applicant has collécted approximately .one year of meteorological on-

site data at the Oyster Creek site, which include measured wind speed,

wind direction, and temperature difference with :height at several elevations

on a 400-foot-high tower:. These data.show that temperature inversion con-
ditions with winds of below 3 mph occur approximately 3 percent of the time.
Inversion conditions have persisted for .periods in excess of 15 hours. These
results are not unusual for typical ceoastal.sites such as the Oyster Creek
site. We have also considered the effects of wind. loadings on plant shutdown
cspability. The meteorological model which we used 'in estimating the potential
consequences of reactor accidents is described .in Section 6.0.

Hydrology

Flood protection is 'provided so that the plant can be safely shutdown for
a flooding level.as high ‘as approximately 23 feet above mean sea level (MSL).
The maximum flood height recorded at the facility is 4.5 feet above MSL.

The potential for contamination of wells in the -area of the site in the
event of a possible spill of radiocactive wastes -onsite is very low since
ground-water flow is toward Barnegat Bay. Surface run-off would flow
directly toward Oyster Creek or Forked River. Neither stream is used for
drinking water purposes.
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The applicant has conducted diffusion studies in Barnegat Bay to determine
the degree of dilution of liquid effluent discharges into the Bay. Our
hydrologic consultants at the U. S. Geological Survey concluded that these
studies provide a reasonable basis to determine the degree of dilution in
the Bay. The applicant's environmental radiation monitoring program will
demonstrate that the radiocactivity levels in the Bay are below the 10 CFR 20
limits.

We conclude that the hydrologic aspects of the site do not present any
unusual problems with respect to safe operation of the facility.

Geology and Seismology

The buildings and structures are founded on dense sand (Cohansey sand).
After excavation and backfilling in the reactor and turbine building area
the soil was compression tested using loads up to 80,000 pounds on a four-
foot-square plate. The results indicate that the subsoil is not overloaded.
Our geologic consultants at the U. S. Geological Survey studied the

geologic aspects of the site during our counstruction permit review for this
facility. They concluded that the Cohansey sand provides an_ adequate found-
ing medium for the facility buildings and structures. We agree with this
conclusion, . '

The applicant's seismic design bases specify that (a) for a maximum ground
acceleration of 0.llg, resultant stress levels for critical components,
equipment and structures necessary to ensure a safe and orderly shutdown
will not exceed code allowables; and (b) for a ground acceleration of 0.22g,
there will be no loss of function of critical structures and components
necessary to ensure a safe and orderly shutdowm. Based upon the report
provided at the construction permit stage by our seismic consultant, the
U. S. Coast and Geodetic Survey, we have concluded that these design basis
accelerations are acceptable, Structures, equipment and components
designed to these conditions are designated as Class I. The facility
design has been reviewed by our consultants, Nathan M. Newmark Consulting
Engineering Services of Urbana, Illinois. They concluded, and we agree,
that the facility was designed and constructed in accordance with the
seismic design criteria.

Environmental Radiation Monitoring

The applicant will continue to conduct an environmental radiation monitoring
program in order to determine the effect of operations at this facility.

The program was developed from the results of the preoperational monitoring
program which was initiated in March 1966. The operational monitoring
program will include measurement of atmospheric radioactivity, fallout,
domestic water, surface water, aquatic biota, and foodstuffs. We conclude

that this program will be adequate for assessing the health and safety

aspects of the release of radioactivity to the environment from the opera-
tions of this plant. Recommendations from our consultants, the Fish and
Wildlife Service of the U. S. Department of the Interior, have been
incorporated into the applicant's environmental radiation monitoring program.
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We conclude that the program proposed by the applicant -is adequate with
respect to monitoring the radiological aspects of plant operation on the
environs.

3.0 FACILITY DESIGN

3.1 Reactor Core

3.1.1 General

The reactor is a single cycle, forced circulation, boiling water reactor
producing steam for direct use in the steam turbine. The core containing
the reactor fuel is located within a domed, cylindrical shroud. .inside the
reactor vessel. Water,.which serves as.both the moderator and coolant,
enters the bottom of the reactor core, and £lows.upward through the fuel
assemblies where boiling produces steam. The steam-water mixture is
separated by steam separators and dryers mounted on the shroud. The
separated water mixes with the incoming feedwater in an annulus formed

by the shroud and the wall of the reactor vessel and is returned to the
core inlet via five external recirculation pumps. . The steam is passed
through the dryers to the turbine-generator for the production of
electricity.

3.1.2 Mechanical Design

The overall active height of the core is 12 feet and-the equivalent diameter
is 13.35 feet. The reactor core will consist of 560 fuel assemblies each

of which contains ‘49 cylindrical fuel rods in.a 7 x 7 square array. A .
fuel rod is approximately one-half inch in diameter and 12 feet long,- Eacéh
fuel rod conmsists  of compacted and sintered uranium dioxide pellets

enclosed in zircaloy tubes (cladding). The tubes are sealed by zircaloy
plugs welded into each end.

Four fuel assemblies rest on a support casting mounted on top of each
control rod guide tube. Each guide.tube, with:its fuel support casting,
bears the weight of four fuel assemblies, and rests on a contrel rod drive
housing. The housing is welded to a stub tube which in turn.ds welded to
the bottom head of the reactor pressure vessel.

Control of the reactor. to accommodate fuel burnup.and fission product
poisoning and to shut ‘the reactor down is accomplished by control rods.

The 137 control rods are cruciform-shaped, enter the reactor core from

the bottom, and are manipulated by independent mechanisms. Each control

rod .contains stainless steel tubes filled with compacted boron carbide

powder which is a neutron absorbing medium. The tubes are held in a
cruciform array by a.stainless steel sheath that extends the full length

of the control rod. In addition te the control rods, 248 temporary

control curtains which are fixed in the core are used to compensate for the
excess reactivity change between initial and equilibrium cores. The curtains



are made of boron-stainless steel sheets and are located in the spaces

between the fuel channels. Spaces between the channels also contain in-
1]

core instrumentation and neutron sources necessary for plant operation.

The core configuration, control mode, and mechanical design features are
generally similar to those presently belng used in other operating reac-
tors. General Electric has used the experience gained from the various
operating reactors in the design of the Oyster Creek core.

On the basis of our review, we have concluded that the core design features
for the Oyster Creek facility are adequate,

3.1.3 Thermal and Hydraulic Design

Operation of the reactor at 1600 Mwt with rated recirculation flow results

in thermal and hydraulic conditions in the core which are similar to those

of currently operating BWR's. The Big Rock Point reactor (Docket No. 50-155)
has operated at average heat fluxes and primary coolant system flow rates
which are about the same as Oyster Creek. The Dresden 1 reactor (Docket

No. 50-10) has been run with exit steam void fractions and steam quality
comparable to those expected in Oyster Creek.

Recently the Gundremmingen (KRB) Nuclear Power Station (General Electric
BWR), similar in design to Oyster Creek, has been placed in operation in
Germany at the design power level of 801 Mwt. Results of the accumulated
operating data indicate satisfactory performance.

We have reviewed the analyses of the various transients that can be expected
to occur during the operating lifetime of the plant. Transients can be
induced by control rod withdrawals, changes in the recirculation flow rate,
addition of cold water and change in system pressure. TFor all of the
transients reviewed, the minimum critical heat flux ratio (MCHFR) remains
well above unity, which is the assumed fuel rod damage limit. The limiting
transient that would affect local regions of the core was found to result
from a control rod withdrawal until stopped by the rod-block system. For
this case, the calculated MCHFR remains above 1.2 using the critical heat
flux data given in the General Electric Report No., APED-3892, '"Burnout
Limit Curves for Boiling Water Reactors." For other transients reviewed
wherein the entire core is affected, the MCHFR remains above 1.8. From
our review of the various transients and the plant protection system, we
conclude that an adequate margin against fuel rod cladding damage is
available in the Oyster Creek facility.

3.1.4 Reactivity Control

Reactor power can be controlled by either movement of control rods or
variation in reactor coolant recirculation system flow rate. A standby
liquid control system is also provided as a backup shutdown system,
These aspects, as well as certain other plant features related to reac-
tivity control, are discussed below.
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Control rods are used to bring the reactor through the full range of power
(from shutdown to full power operation), to shape the reactor power
distribution, and to compensate for changes in reactivity due to fuel
burnup. There are 137 individual control rod drives and hydraulic control
systems. Each drive has separate control and scram devices. A common
hydraulic pressure source for normal operation and a common dump volume
for scram operation are used for the drives.

On the basis of our review of the drive system design and ‘the supporting
evidence accumulated from operation of similar systems in other reactors,
we conclude that the installed system will meet the functional performance
requirements for the Oyster Creek facility in a safe manner.

High control rod worths at power levels below 10% of rated power (1600 Mwt) are
prevented by the rod worth minimizer (RWM), a device which utilizes a
computer to restrict control rod patterns such that rods which are moved

are worth no more than 1Z Ak, and that no control rod worth will exceed
2-1/2% Ak, assuming permissible control rod patterns. The-inputs to the
computer are pre-selected control rod drive patterns and current control-
rod-drive mechanism positions. The'ogtputs consist of alarms and rod
block signals when the safe rod sequence (one of two stored in the computer
and selected by the operator) is not followed. On ‘the basis of our review,
we conclude that the RWM serves a useful role in assuring that the control
rod worths would not become excessive and thereby cause serious damage in
the event of a control rod drop accident.

At reactor power levels above 10%, the.applicant.does not intend to use

the control rod worth miminizer to limit rod worths although it may do so.
The maximum control rod worth that could be established for reactor
power levels in excess of 10% is 3.8%ZAk.. Calculations of the consequences
of a control rod-drop accident where a contrel rod is assumed to fall by
gravity from the core region with a rod worth of 3.8%Ak and reactor power
in excess of 107% indicate that the peak fuel enthalpy is less than

200 cal/gm. The enthalpy required for incipient fuel melting for the Oyster
Creek fuel is 220 cal/gm. Accordingly, we conclude that use of the RWM at
power levels above 10% is not required.

A control rod ejection accident is.precluded by the control rod housing
support structure located below the reactor pressure vessel., This struc-
ture serves to limit the distance that a ruptured control rod drive housing
could be displaced to no more than three inches. The applicant indicates,
and we agree, that control rod displacement of this magnitude would not
introduce sufficient reactivity to the core to cause fuel rod failure.

With a given control rod pattern, control of the reactor can also be
accomplished by varying the recirculation flow rate which causes a change
in the void content in the core and a resultant change in reactor power.
The applicant has not proposed to operate the plant initially on automatic
flow contrel; therefore, we have not evaluated the automatic aspects of
plant operation. If this mode of operation is proposed for future plant
operation, it will be evaluated at that time.
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The standby liquid control system is designed to bring the reactor to a
cold shutdown condition from the full power steady state operating
condition at any time in core life independent of the control rod system
capabilities. This requires about 13%Ak of shutdown reactivity worth.
The liquid control system is designed to.inject sufficient sodium penta-
borate to provide 18%Z Ak of negative reactivity, thus a shutdown margin of
about 54 Ak 1is available., The injection rate.of the system is adequate to
compensate for the effects of xenon -burnup.

Primary Coolant System

The primary coolant system includes the reactor pressure vessel, recircu-
lation loops, relief.valves, safety valves and the isolation condenser
system. An in-service inspection program for the primary coolant system,
as described in the Technical Specifications, has been developed.for
initial plant operation. As noted in the ACRS letter, Jersey Central
will review the program with us after four years of reactor operation,
and modify it as necessary based on experience gained during operation.
We conclude that the in-service inspection program, combined with the
continuing review, is adequate for this plant.

3.2.1 Reactor Pressure Vessel

The Oyster Creek reactor vessel is made of high strength alloy carbon steel
SA-302, Grade B and was designed for a.pressure of 1250 psig and 575°F.

The reactor vessel was fabricated, inspected, and tested .in accordance

with the ASME Boiler and Pressure Vessel Code Section I Power Boilers,

1962 Edition, plus the Nuclear Code Cases applicable on December 11, 1963,
the date of the vessel contract. Further, the vessel manufacturer
(Combustion Engineering) was directed by GE to use Section VIII of the

Code for Unfired Pressure Vessels where Section I Power Boilers did not
cover specific detalls.

We have reviewed the Reactor Pressure Vessel Design Report (Amendment 16)
particularly with respect to: the code calculations summary, the steady
state stresses and stress intensities, the fatigue analysis transient
cycles, and the calculated cumulative fatigue usage factor. The appli-
cant stated that there were no deviations from codes throughout the design,
fabrication, inspection, and testing of the reactor vessel. The data
reviewed, mentioned above, indicate that the material thicknesses, stresses,
and the cumulative usage factors do not exceed established limits.

During the course of the field hydrostatic test of the reactor pressure
vessel in 1967, a leak was noted near one of the control rod drive pene-
trations. A detailed and comprehensive program was initiated to determine
the cause of the leak. During the investigative program, 1t was found

that certain components of the reactor.vessel had experienced what is
characterized as intergranular attack. Other components were also found

to have defective welds. These findings led to a comprehensive investi-
gative and subsequent repair program to restore the vessel to an acceptable
condition.
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Intergranular attack was confined'to those stainless steel compcnents
which were furnace sensitized; i.e.,ahigh temperature heat treatment
process which resulted in carbon precipitation at the grain boundaries

of the stainless steel. Subsequent exposure to & corrodent(s) snd in the
presence of a stress field causes the component to crack. The corrodent(s)
have not yet been identified. Numerous tests were conducted to demonstrate”
that if 8 clad overlay of a suitable material is placed over the sensitized
material further intergranular attack is prevented. This repair

technique was used for components whe;é sufficient space was available to
perform the necessary overlay operations. Other components, such as small
sensitized stainless steel nozzle safe end attachments, were cut out and
replaced with a. non-furnace-sensitized material. In one case, the shroud
support flange, a redundent structural component wes fabricated and
instslled in the vessel.

For those components in which defective welds were found, the cause of

the defect was traced to improper quality control of the fileld welding
process. -All of the field welds that join the control rod drive housing

to the stub tube were removed and replaced with sound weld metal., Integrity
of the welds was verified by the use of dye penetrant and ultrasonic test
methods. Other defective welds were removed and rewelded as necessary.

In summary, we conclude that the various repair activities have restored
the reactor pressure vessel to an scceptable condition. Furthermore, the
inspection and repeir program has been adequate and there is reasonsble
assurance that all defective components have been found and repaired.

The investigetive program was sufficienuiy complete to Justify the conclu-
sion that overlay protectlon of the sens.tized stailnlesz ste2l ccmponents
will be effective in preventing further ettack of the affected ccmponents.

3.2.3 Recirculation fiping

Each of the five resctor water recirculation loops contains & motor driven
recirculation pump and motor-operated gate velves for pump isoletion and
maintenance. The recirculation loop piping is designed for & pressure of
1250 psig end 2 temperature of 570°F, tle recirculation pump cgsings are
designed for a pressure of 1300 psig &nd a temperature of 575 F, and the
gate valves sre designed for & pressure of 1200 psig and a temperature

of 575°F. The recirculastion lcop piping is of welded construction and

has been designed, built, and construsted to meet the requirements of

ASME Code, Section I, and ASA-B3l.1 Code for Pressure Plping.
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The maximum operating loads included the design pressure and temperature,
weight of piping, contents and insulation, as well as the effect of
supports and other sustained external loadings. The stress limits used
by the applicant for assumed load combinations are reasonable and in our
judgment the recirculation loop piping will have adequate integrity to
safely withstand these loads..

3.2.4 Emergency Condensers

- The isolation condensers which are designed.to Class I .standards provide
a natural circulation heat sink in case of reactor isolatien from the main
condenser. The tube sides of the condenser-are exposed_to reactor pres-
sure vessel pressure during operation. Accordingly, the tubes .have been
designed for a pressure .of 1250 psig and a-temperature of 572°F. The.
emergency condensers are located outside.of.the primary containment, but
inside the concrete and metal-sided reactor. building. The secondary side
of each condenser ‘contains enough dnventory to remove’ decay heat for the
first 1-1/2 hours after reactor pressure vessel isolation., Makeup to.
the secondary side for continued. heat. removal . is achieved either by a conden-
gate . transfer pump which can be operated on.emergency.power or by
either of ‘two diesel-driven -fire pumps. We conclude that this system.is
adequate. . :

3.2.5 Relief 'and :Safety Valves

The reactor coolant system safety and relief valves are installed on the
steam lines.inside the containment. . The. safety valves.are designed-and-
sized according to the ASME Boiller and Pressure Vessel .Code, Section I;
A total of 16 safety valves.are provided and are capable.of preventing
the overpressurization of the system which would result.from a turbine
trip without benefit of a reactor scram (at.-1860 Mwt). There -are four
relief valves provided in the design. The relief valves -are.sized to
prevent ‘actuation’ of "the safety .valvées in the: event of a turbine trip
with a failure.of the bypass§-system, but’ assuming the reactor .does ‘'scram.
Further aspects of:the relief ‘valves as they" pertain to the*emergency core
cooling system are discussed An’ Section 3. 5 ‘17.6f: this repor SOERE

ot R R LA v ow-

We conclude that these Valves will prevent overpressurization of .the primary
coolant system. -

3.3 Primary.Containment

3.3.1 Design and Construction

The Oyster Creek primary containment design.consists of a drywell, a
connecting vent system, and a pressure. suppression chamber (torus). The
reactor vessel, the reactor coolant recirculating leops, and other branch
connections of the reactor primary system are located: in the drywell.
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The drywell has a "light bulb" configuration consisting of a spherical
section, 70 feet in diameter, .and a.cylindrical section approximately

23 feet in length and 33 feet in.dilameter. The. design pressure is

62 psig. The ‘pressure absorption. chamber i1is in the form of a torus with
a major diameter of 101 feet and .an inner diameter of 30 feet. The design
pressure is 35 psig. A vent system connects the drywell to the torus and
terminates ‘below the water level.in.the. torus, .so that in the event of a
reactor system pipe failure in the.drywell, the released steam passes
directly to the ‘torus pool water where it is condensed. This transfer of
energy to the water.pool rapidly reduces the pressure in the drywell, and
thereby limits 'the amount of leakage from the primary containment,

Provisions are. included for the removal of heat .from the primary contain-
ment to maintain integrity of the containment system following any
accident up to and including the -design basis loss-of-coolant accident.

The basis for the ‘design pressure and dynamic; -response of the primary
containment is the:losg-of- coolant following .the ‘sudden and complete
severance .of the largest line connected -to the.reactor .vessel, while
the reactor is operating at .its steady state'ultimate power level (1860
th). The-design criteria for containment .are as follows: -

(a) . To- withstand-the peak transient pressure . (coincident with
an ‘earthquake) which could occur due to the postulated
break of any pipe inside the drywell.

(b) To channel the flows from postulated pipe breaks to the.
pressure"absorption_chanher.

(c) To withstand-the force causéd by.the impingement of the
fluid from a break in the largest local.pipe or con-
nection, without containment. failure.

(d) To limit primary containment: leakage rate during and
following a.postulated break. in the .reactor primary system
to substantially less than that which .would.result in off-
site doses approaching the reference values in 10 CFR 100.

(e) To include provisions for leak rate tests.

(f) To be capable of being flooded.following .a.design basis
accident to a ‘height which permits unloading of the core.

The design basis loss-of-coolant accident -causes the highest primary
containment pressures. Peak pressures of:-about- 38 psig in the drywell

and 25 psig in.the suppression chamber.occur following severance of the
recirculation line. Analytical methods based upon experimental information
obtained at Huimboldt Bay and Bodega Bay test facilities (Moss Landing),
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were used to calculate these pressures. Because these pressures are
substantially below the design values, we conclude that Oyster Creek
primary containment will Have a significant margin above the peak pres-
sures calculated for the recirculation line break.

Penetrations .through the primary containment.are designed according to the
rules of Section VIII of the ASME Boiler and Pressure Vessel Code and to
certain Nuclear ‘Code Cases. Our review of the loading conditions indicates
that the applicant has properly accounted. for the various loads including
normal live and dead loads, earthquake loads; jet..thrust loads, and loading
conditions that result from accident conditieons.. The applicant has also
incorporated ‘appropriate provisions to assure proper léak rate testing.

On the basis of our review of the primary containment penetrations, we

have concluded that adequate protection is available to assure the integrity
and leaktightness of the penetrations under accident situations.

The design of the primary containment structure is based -on the applicable
codes and regulations of the American Society:6f Mechanical Engineers,
Boiler and Pressure Vessel Code, Sections VIII and IX with certain nuclear
case interpretations, American. Society for Testing and Materilals Standards,
and the American Institute of Steel Comstruction.

Considerations.of accident pressure, jet.leoads,.thermal load, dead load,
external load, seismic loads have been accounted for in the containment
design. The various loadings have been considered together in logical and
conservative combinations. Under these critical load combinations the
stresses in main load-carrying elements will be within the applicable code
requirements,

The materials of .construction have been selected in accordance.with, 'and
have been given a degree of attention in construction appropriate to, the

~ critical nature of the structure. As part of .the quality assurance program,
the certified mill test reports were reviewed to assure their compliance
with the material specifications. Shop and field fabrication techniques
were closely controlled in.order to ensure that a structure of the
requisite quality had been achieved. Radiographic and magniflux techniques
were used as required by the applicable sections of the ASME Code, We
conclude that this structure has been designed and.built to give satisfactory
service over the design life of the .facility.

3.3.2 Testing and Surveillance.

An overpressure test required by the ASME Code at 115% ofthe design pres-
sure,- 71.3 psig, has verified that the primary containment has been ¢
constructed in accordance with the intent of the design and will meet its
structural and leakage performance requirements: Integrated leak rate

tests will be performed prior to initial plant operation at test pressures
of 20 and 35 psig. To verify the plant's continued léaktightness integrity,
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integrated leakage testing will be performed at 20 psig. After the initial
preoperational leakage test, additional tests will be performed on a
schedule corresponding to a 1, 2, 4 and every 4 years thereafter frequency
provided the containment leakage remains within the allowable limit. (i.e.,
a leak rate of 1.0% of the volume per day at a pressure of 35 psig). We
conclude that the testing program-is.adequate to provide assurance of
containment integrity throughout the service lifetime of the facility.

3.3.3 Containment Spray System

The Oyster Creek containment heat removal spray system consists of two
independent spray~cooling loops. Each.loop will pump water from a ring
header connected to the containment absorption pool through heat.exchangers
cooled by the emergency service water system into a pair of spray headers
located in the containment drywell. The.water spray from the drywell
spray headers removes heat from the .drywell atmosphere, and flows by
gravity back to the absorption chamber - -thereby completing the flow circuit.

Each of the containment spray loops has redundancy in active components
(i.e., double pumps and valves) which provides protection against loss of
any active components  Since all automatic valves in the system will be
kept normally open (except for testing).during plant operation, actuation

of containment spray depends only on operation-of pumps. Passive faillures
of the piping system -could also ‘be tolerated without reducing the capability
of the system. - On the basis of our review, we.conclude that the containment
spray system is acceptable. o

3.3.4 Containment Inerting System

The contaimment—-atmosphere control system is designed to maintain an inert
atmosphere within the primary containment te.preclude pessible hydrogen-
oxygen reaction that may occur as a consequence of a highly unlikely loss-
of-coolant accident. The containment is.purged with nitrogen gas before
reactor operation and the oxygen.concentration is maintained at less than
5% which will provide a margin against a hydrogen-oxygen reaction.

The system is located external to the drywell. Piping and component design
up to and including the first two isolatien valves will meet the require-
ments for Class I structures. The system also will be used to detect gross
leakage paths in the primary containment boundary. This assures a
continuous monitoring of containment integrity during plant operation. We
conclude that the system as proposed by the applicant provides an adequate
means for establishing and assuring an inert atmosphere within contaimment
and a means to continuously monitor containment integrity.
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3.4 Secondary Containment

The secondary containment or reactor building encloses the primary contain-
ment structure (drywell and absorption chamber). It consists of reinforced
concrete substructures to the elevation of the refueling floor, topped by

a conventional steel buillding frame with insulated metal siding.

The building contains the reactor servicing facilities, new and spent fuel
storage facilities, and reactor auxiliary systems including the isolation
condenser system, demineralizers, standby liquid control system, control
rod hydraulic system, and the standby gas treatment system.

The standby gas treatment system is designed to minimize the release of
radioactive materials to the enviromment during a loss~of-coolant accident
or whenever a high level of radiocactivity exists in the reactor building.
The system consists of two low capacity.exhaust fans and two filteriug
trains of gas and particulate filters. Each train is capable of limiting
the leak rate to 100%Z of the reactor building volume per day under neutral
wind conditions. ‘The fans are sized to maintain the reactor building
pressure at a negative pressure of 0,25 inch of water,

A test program will be conducted to demonstrate the design capability of
the secondary containment. Additional secondary contaimment capability
tests will be conducted during various .metecrological conditions and at
each refueling outage. The charcoal filters of the 'standby gas treatment
system will be tested to demonstrate a halogen removal efficiency of not
less than 99%, using freon gas. The particulate filters will be tested
using DOP to demonstrate a particulate removal efficlency of not less than
99% for particulate matter larger than 0.3 micron. We conclude that the
design features and testing program for the reactor building and standby
gas treatment system are adequate to demonstrate the capability to minimize
the release of radioactivity to the environment.

3.5 Other Plant Systems

3.5.1 Emergency Core Cooling System (ECCS)

3.5.1.1 General

The principal subsystems that make up the ECCS for Oyster Creek are the
auto-relief system and the two core spray systems. In addition, for
situations involving loss of offsite power, . high pressure coolant injec-
tion capability (FWCI) using the existing feedwater system will be provided
following initial plant operation. To accomplish this, the onsite power
system will be modified, primarily by the addition of another diesel, as
described in Section 4.0. We have reviewed the mechanical design and
functional performance for the FWCI and find them acceptable.
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In the event of a small break in the primary 'system without high pressure
coolant injection capability, the auto-relief system depressurizes the
reactor pressure vessel to permit operation of the low pressure core spray
system before excessive fuel cladding heating occurs. The auto-relief
system consists of four electromagnetic pressure relief valves located

in pairs on each main steam line inside the drywell of the primary con-
tainment vessel. All four valves are programmed to operate on initiation
of the auto-relief system, but only three are needed to assure adequate
core cooling. '

The .core spray .subsystem of the ECCS consists.of two independent loops;
each loop has redundancy of active components (i.e., double pumps and
valves). Either loop is adequate to cope with the complete range of break
sizes for loss-of-coolant accidents.

The feedwater system consists of three condensate and three feedwater
pumps. One pump of each type will .be used for the feedwater coolant:
injection system - (FWCI). When the design modifications are completed,
these pumps will be capable of eperation.from electrical power generated
onsite. The Commission imposed the requirements in this area subse-
quent to the design of the facility; however, because the FWCI is a redun-

. dant safety feature, we have concluded that-its installation may be
deferred until the first scheduled extended outage of the plant.

3.5.1.2 ECCS Functional Performance

The ECCS is provided to mitigate the -consequences of .loss-of-coolant
accidents resulting from any size rupture -of the primary system piping

or equipment. The break spectrum considered included brezks equivalent

to that resulting from pump and valve.seals -leakage as well as double-ended
pipe failures. The largest rupture considered during our evaluation was
the double-ended rupture of a 26-inch recirculation line which is equiva-
lent to a break area of 6.22‘ft2.

The applicant stated that the Oyster Creek ECCS design criterion was that
no clad melt would result for any pestulated primary system rupture up

to and including the double-ended rupture of a recirculation pipe. We

did not accept this as the sole criterion because in our view the peak
fuel rod cladding temperature should be limited to a temperature such that
reasonable assurance is provided that the ECCS would terminate the
temperature transient and assure an intact core geometry for effective
long-term cooling. Based.on our review of the avallable data in this
regard, we concluded that peak fuel.rod cladding temperatures should not
exceed about 2000°F. Furthermore, the functional aspects of the core
spray cooling are sufficiently well determined by tests and analysis to
give reasonable assurance.of its efficacy when clad temperatures are

held to less than 2000°F. The results of the applicant's analysis indicate
that the maximum predicted temperatures for the entire spectrum of break
sizes and locations that could occur in the design bases accidents do

not exceed 2000°F. In addition, when the proposed FWCI is avallable,
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the maximum predicted temperatures.would be less than 1800°F. Conse-
quently, we conclude that there is reasonable assurance that the core spray
system would be effective in the unlikely event of a loss-of-coolant
accident.

3.5.1.3 Mechanical Design of the ECCS

Core spray piping external to the reactor vessel is designed to the stress
limits set forth in the ASA B31l.1 1955 Piping Code for maximum operating
loads in combination with the design earthquake. Analyses of the piping
system to determine the location of seismic snubbers and restraints have
been reviewed by our seismic consultant, Dr. Newmark. He concluded, and
we agree, that the design of the piping system is adequate to withstand
the seismic conditions applicable to this facility.

The core spray spargers are located inside the reactor- pressure vessel.

Each sparger consists of two segments which form a ring header. Each

segment is attached to the internal shroud at the inlet piping connection
and is supported along the inner periphery of the shroud by saddle brac-
kets. The applicant has indicated that the stresses are within Section III
of the ASME Code allowables for all loading conditions including accident
loads in combination with seismic loads even though they were not originally
designed for combined accident and seismic loads. We conclude that this
design basis produces an acceptable margin of -safety for this facilirty.

The supply of water .for the core spray is taken from the torus via a ring
header and associated piping. Should any of these components fail, the
water from the torus would drain into the lower. part of -the reactor
building resulting in a flooded, level of approximately eight.feet., In
the design as originally proposed by the applicant, this would lead to
flooding of the core spray and containment spray pumps. The plant has
been modified to preclude such an event by (a) connecting the fire water
system to the core spray systems, (b) sealing all penetrations into the
punmp compartments, and (c) providing water-tight doers at the entrances
(from the torus or center roeom). to the pump compartments. We conclude
that these changes provide assurance that sufficient water for core
cooling would be available in the highly unlikely event of excessive
leakage from the piping systems.

3.5.2 Auxiliary Systems

The service water system consists of an intake structure, normal service

and emergency water pumps, circulating water pumps, and an intake tunnel

and discharge canal. During normal plant operation the normal service

water pumps provide cooling to the reactor building closed cooling system
and the four circulating service water pumps provide cooling to the main
condenser and turbine building closed cooling system. None of these
components is required to conduct a safe plant shutdown. An intercomnection
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is provided to enable turbine building closed cooling system cooling with

a normal service water system pump when necessary due to load or shutdown
conditions. The four emergency service water pumps provide cooling, two
pumps in each of two loops, to the containment spray heat exchangers.

These components are necessary to remove decay heat following an accident
and have been designed and fabricated to standards reflecting the importance
of the function performed.

Conductivity monitors are provided in the feedwater piping in the hotwell
region to detect leakage of circulating water (saline) into the condemser
primary side. Radiation monitors are provided on the discharge of the
service water and on the reactor building closed cooling loop.

The emergency service water (saline) system is maintained at higher pres-
sure than the system it services and is also monitored by radiation
detectors, one on the outlet of each of the four lines from the contain-
ment spray heat exchangers.

A reactor cleanup system is used to maintain the quality of the reactor
coolant within specified limits. A reactor shutdown coolant system is
also provided to remove decay heat from the reactor when it 1is in a
shutdown condition.

Ve have reviewed the systems described above and conclude that they are
acceptable,

3.5.3 Fuel Handling and Storage

Fuel handling operations are carried out using facilities provided for
unloading and storing of new fuel in the reactor building, transferring
and unloading of new assemblies into the reactor core, underwater removal
of spent fuel assemblies from the reactor core, transfer of spent fuel
assemblies from within the reactor contaimment to storage in the spent
fuel pool, and offsite shipment of spent fuel assemblies for reprocessing
in a specially designed cask.

During refueling, transport to the spent fuel storage pool, and during
storage, spent fuel will be continuously submerged in water. The spent
fuel storage racks in the pit are arranged to ensure a subcritical array.
During refueling and storage, personnel will be protected by water and/or
concrete shielding. Systems are provided to monitor spent fuel pool
water temperatures and activity. 1In addition, sufficient interlocks have
been established to prevent manipulations which could result in fuel
damage during the refueling operation.

3.5.4 Control Room

The control room 1s located on the operating floor of the turbine building
and contains all necessary controls and instrumentation for operation of
the reactor, turbine-generator and auxiliary systems, The control room
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js designed to be occupied during design.basis accident conditions as well
as during normal operation. Although specific.provisions were not made in
the design, the equipment necessary to conduct safe shutdown can be operated
remotely from outside the control room.

The control room has adequate instrumentation and controls for controlling
the reactor plant in a safe marner: While.zll reactor protection and
engineered safety features are automatic,.facilities for manual operation
of the safety features are &also provided in the control reom.

We have evaluated the design of the reactor control room with respect to
the adequacy of the shielding during the .design basis accident, and the
potential doses during ingress and egress subsequent to an accident. Our
calculations show that adequate shielding has been provided to limit the
doses to an operator -to within the yearly occupational limits set forth
in 10 CFR Part 20,

3.5.5 Radwaste Systems

The applicant states .that .the purpose of the radwaste system is to treat
and dispose of all types of solid, liquid,  and gaseous wastes accumulated
during operation of the facility.

The solid radwaste'.system serves to collect, process, and package items
such as filter sludge, spent resins, and equipment originating in the
primary system for offsite disposal. The material is dewatered in a
centrifuge, compressed into 55-gallon.drums, or mixed with concrete in
preparation for shipment, depending on the quantity and activity level.

The gaseous radioactive waste control system is designed to process non-
condensible gaseous products from the main condenser to limit fission
product release-to the environment. A 30-minute holdup capability-is
provided to allow radioactive decay of short lived products prior to
stack release. The stack gas is continually monitored.

The liquid radiocactive waste system collects, treats, and disposes of all
liquid wastes generated within the facility. All liquid wastes are
collected, sampled and discharged on a batch basis, so that inadvertent
discharge of high activity waste is unlikely.

We conclude  that ‘these systems are adequate to assure that the 10 CFR
Part 20 limits will not be exceeded.
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4.0 ELECTRICAL POVWER

The onsite electrical power system will utilize two redundasnt 2500 kw
diesel generator units arranged in & split-bus configuration., Fach
generator 1is rated at 2500 kw contlnuous, and 2750 kw for 2000 hours

per year. Maximum emergency loads are 2590 kw. Thus, & 6% margin is
avallable, assuming one dlesel generator has failled. The internal
distribution system consists of two independent 4160 volt emergency
busses, each of which is directly energized by one of the diesel
generstors. The separation extends through the dowvnstream 480 volt sec-
ticns. The generators will not be connected in perallel. A manusl
cross-tie between busses is provided; however, itwill be closed ounly when
ocne generator has failed.

Offsite electricdal power is available from any one of four lines (two
230 kv and two 34 kv), and is fed into the emergency busses by two
34/4.,16 kv startup transformers. Each startup transformer energizes
one of the emergency busses.

l
As noted previously a dlesel will be added to accommodate the proposed
FWCI system. We have reviewed the preliminary design snd conclude thet it
is satisfactory. The applicant has committed to provide the finsl design
deteils to us prior to system installation. We will review the design to
determine that it meets appropriete criteris and will not result in over-
loading of cable trays, ss recommended in the ACRS letter. The third
diesel generator will be operated in parallel with one of the existing
generators to furnish the power necessary for operstion of the FWCI
system. It is anticipeted that the installetion will be sccomplished
during the first scheduled extended outage of the plant.

Our evalustion has led us to conclude that the electrical power system
for Oyster Creek, including the DC portions 1s adeguate.

5.0 INSTRUMENTATION AND CONTROLS

5.1 Protection System

Oyster Creek is the first of the Genersl Electric boiling water reactors to
utilize in-core nuclear instrvasutaticn,

The Nuclear Instrument system consists of Source Range Monitors (SEM),
Intermediate Range Monitors (IEM) and Local Power Range Monitors (LPRM).

The ‘powver range monitors provide individual continuous measurements of local
power level throughout the core ss well as average power level in the core
quadrants. The SEM system uses pulse counting techniques and derives

period information which is displayed. There is. nc period scram. The IRM
system uses the "Cempbell” measurement technique and consists of eight
channels of instrumentation feeding eight varieble range amplifiers, Reactor
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scram is initiated when (at least) one IRM channel in each of the two
protection channels is driven to the upscale trip point. The LPRM system
consists of 125 independent channels which utilize miniature fission
chambers as sensors. The outputs of 64 LPRM channels are combined (averaged)
as eight distinct Average Power Range Monitor (APRM) channels, each APRM
channel being fed from eight LPRM channels located in a particular gquadrant.
There are -two APRM channels in each quadrant. Each is connected to a
different channel of the dual channel protection system. Upscale tripping
provides scram (1/2 x 2 logic) and rod-block (1/8 logic).

Power/Flow protection (rod-block) is provided by flow signals which continually
adjust the upscale trip points of the APEM channels.

A Traversing In-Core Probe (TIP) may be inserted into the core to obtain
flux distributions, and to calibrate the LPEM system.

Instrumentation on the main steem lines has sufficient sensitivity to detect
early signs of gross fallure of fuel elements. As operating experience is
gained with the facility it might be possible to improve the use of these
instruments to provide the operator with an early indication of fuel
failures. Concern in this area was stated by the ACRS. We will review this
matter further during the eighteen-month term of the provisional operating
license,

Five sets of instrument channels respectively monitor the following process
system parameters end provide scram capasbility:

a. High Reactor Pressure

b. High Primary Containment (drywell) Pressure
¢. Low Reactor Water Level

d. Low.Copdeﬁser Vacuum

e. High Radlation, Main Steam Lines

Fach is monitored by four independent channels connected in 1/2 x .2 logic.
Screm 1s slso initiated upon loss of voltage to the protection systen,
upon main steam line isoletion (both 1lines), and manually. Each channel
consists of two independent subchannels made of relay contacts controlled
by the various channels of the protection system instrumentation. A
subchannel, in turn, controls one relesy. The tripping of a subchannel
equivalent to tripping the respective channel, and tripping both channels
of the dual system scrams the reactor.’

We have reviewed the design of the duel channel protection system, including
the contsinment 1solation system, and have concluded that it conforms to

all aspplicable criteria. We have also independently verified the applicant's
analyses that the Intermediate Renge Monitors obviate the need for periocd
scram.
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Based on the foregoing, we conclude thet the design of the Oyster Creek
protection eystem is acceptsble.

The applicant has recently made an audit of plant electricel design and
construction features and has found seversl deficiencies. These deficiencies
relate to separation of redundant cabling, separation of redundant sensors,
end cable tray loading. Asmted in the ACRS letter, the applicant is
correcting the deficiencies. Before issuance of the license we will determine
that the deficlencles have been corrected.

Rod Block

The rod block function serves to protect the core from locel transients induced -
by improper control rod withdrswal. The system is designed such that four
APRM channels (one per quadrant) de-energize the rod ‘selector eircuits. Trip
loglic is one out of eight. Our review indicates that the rod block system

is redundent and testable, and is therefore acceptable,

Refueling Interlock

The Refueling Interlock system is essentially an arrangement of electrical
interlocks between the fuel holst mechanisms snd the control rod drives such
thaet a loaded hoist cennot be over the core when more than one rod is in a
withdrawvn condition. Our analysis shows that, with the mode switch in the
"Refuel" posltion, the system meets the single failure criterion, and is
fail-safe upon voltage loss., If, during refueling operations, the mode
switch is placed in the Run or Shutdown position, a scram will occur. If the
switch 18 in the Startup position, ss occasionally required during refueling,
a portion of the totel interlock arrangement is bypassed in order to allow
the withdrawal of more than one rod. We find this design feature to be
satisfactory in view of the brief duration of such operation and the additlonal
edministrative controls which would be imposed during such operation.

Based on the foregoing, we conclude that the design of the Refueling Interlock
system is acceptable, )

Conteinment Spray System

There are two independent systems, each with its own spray header. Within
each system there gre two spray pumpsand two service water pumps. Each system
ie respectively encrgized from one of the two emergency busses, and can
provide full safety feature action.

The starting of each system is initiated by instrumentatlon which is
independent of that used for starting the other system. Within a system,
starting is initisted in response to 2 of 2 high drywell pressure in
coincidence with 2 of 2 low-low reactor vessel water level. Both systems
stert simultaneously and operate independently of each other.

On the basis of our review we conclude that the instrumentation and controls
for the containment sprey system ars acceptable.



5.5

5.6

6.0

- 21 -

Core Sprey Systen

There are two independent core spray systems, each having redundant active
components. Under conditions of automatic initiation, eesch system is connected
to a different emergency dbus,

The instrument channeles which initiate system No. 1 are distinct from those
which initiste system No. 2, Within each system the instrument logic is as
follows: 1 of 2 low-low water level or 1 of 2 high drywell pressure, and

1L of 2 low reactor pressure, Each of the two core spray systems is
controlled by its own starting and sequencing logic circuits (with inputs
from the respective instrument channels) which attempt to start one main
pump &nd one booster pump in each system, and open the respective discharge
valves when reactor pressure has diminished sufficiently. Seguencing to an
alternste pump occurs only if & preferred pump fails to start. Sequencing
does not extend beyond 8 system.

Based on our analysis we have concluded that the instrumentation and controls
for the core spray system areacceptable.

Auto-Relief System

The auto-relief control system consists of two redundant relay matrices,
gither of which can operate 2ll four valves. The - -instrumentation which.
actuates one metrix is distinct from the instrumentetion for the other matrix.
Within & matrix the loglc is as follows: 2 of 2 high drywell pressure and

2 of 2 low-low-low (triple low)water level. Thus, although there is no
redundancy within a matrix, the '"&" logic between the two matrices makes the
totel system redundent. Based on our review, we have concluded that the design
of the auto-relief system is acceptable. ’

ANALYSES OF DESIGN BASIS ACCIDENTS

The sccident to determine compliance with the guidelines established in

10 CFR Part 100 for this facility is the accident involving loss-of-coolant
incide the drywell. The others considered ere the refueling accident,
stesmline break asccident outside the drywell and the control rod drop accident.

The results of our anslyses for these accidents are summ rized in the following
sections and the doses which we have calculated using conservative
zssumptions ere summarized in the following teble. We have assumed only

60 percent efficlency for halogen removal &s compared with the 99 percent which
the applicant believes will be achieved. Credit for release of activity from
the 110 meter stack was given except for the steamline breek end control-
rod-drop accldents.
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TABLE 6.0

DOSE SUMMARY

Two Hour Course of Accident
@ 0.25 Mile (exclusion @ 2 Miles (rem)
(rem) area radius) (1ow population zone
radius)
Accident Thyroid Whole Body Thyroid Whole Body
1. Loss-of-Coolant 170 6 85 6
2. Refueling L6 <1l <1 <1
3. Control-Rod -
Drop 30 <1 10 <1
Lk, Steamline
Break 4s <1 2 <1l

The meteorology used in our calculations of the consequences of the
refueling, loss-of-coolant, and control-rod-drop accidents was as follows:
Fumigation conditions were assumed for the two-hour dose calculations et the
site boundery. TFor the maximum doses at the low populastion zone distance,
we assumed the cloud centerline dilution factor that results from the use of
an envelope of Pasquill types with a 110 meter release height. From one to
thirty days after the accident we assumed that the wind blows into a 22-1/20
sector 33% of the time with the occurrence of Pasquill Type C and & wind
speed 3 m/sec, Type D and & wind speed of 3m/sec, and Type F and & wind speed
om/sec, 33% of the time each.

For the steamline-break and control-rod-drop sccidents, ground release and
Type F end a wind speed of 1 m/sec were assumed for the 2-hour doses at the
site boundary; for the low populetion zone doses for the first 24 hours of
the sccldents,ground release and Type F and e wind speed of 2 m/sec mixed
uniformly into & 22-1/2° sector were used, and for the one to thirty-day
doses the same meteorology as described above was used.

As can be seen from the dats _in the sbove tsble the doses resulting from
accidents are less than the 10 CFR Part 100 guidelines.

Loss-pf-Coolant. Inside the Drywell

In calculating the consequences of the loss-of-coolent accident associated
with 100% fuel perforation, we have assumed fission product release fractions
as suggested in Technical Information Document 1484k, "Caltulation of Distance
Tactors for Power and Test Reactor Sites" that are relessed from the core, i.e.
100% of the noble gases, 50% of the halogens, and 1% of the solids.
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A primary containment leak rate of 1.25 percent of the containment volume
per day was assumed to remain constant for the duration of the accident.
Although the containment design leak rate is 0.5 percent per day, our
safety evaluation conservatively assumed an accldent leak rate of 1,25
percent per day for the duration of the asccident.

We have assumed a 90% halogen removal efficiency of the charcoal absorbers
of the standby gas treatment system prior to a release to the enviroms via
the stack. In our analysis, we took the conservative approach of -assuming
leakage from the drywell goes directly to the standby gas treatment system
without mixing and then out the stack at 110 meters above ground level.

In addition to the radiological consequences of an assumed loss-of-coolant
accident, the potential for radiolytic decomposition of water has been
considered. The effects of the possible decomposition would result din the
production of some gaseous hydrogen and oxygen in the contaimnment atmosphere.
This matter is undergoing thorough review by industry, Oak Ridge National
Laboratory, Battelle Memorial Institute,.and the .Commission's Division of
Reactor Licensing.

The significance of the matter is not. completely understood or known at this
time, Preliminary studies by the applicant suggest that the extent of the
decomposition reaction may be limited by back-reaction rates. As noted in
the ACRS letter, we will evaluate further information as it becomes. available
and will take action ‘as necessary. We.conclude that-the outcome of these

.efforts would be avallable .to reevaluate the matter within the -eighteen-

month term of the provisional operating license.

Control-Rod-Drop

In the control-rod-drop accident it is ‘assumed that-a bottom entry rod has
been fully inserted and has stuck in thls positlon unknown to the reactor
operator. It is then assumed that the drive becomes uncoupled and withdrawn
from the rod. Subsequently, it is assumed that-the rod falls out of the core
inserting an amount of reactivity corresponding to the worth of the -rod.

Hot standby is the worst operating condition at which the accident could
happen both because a higher energy release is calculated for: this condition
and because a path for the unfiltered release of fission products could exist
through the mechanical vacuum pump on the .condenser. A rod reactivity .worth
of 2.5% Ak/k, the highest worth rod permitted by operating procedures, was.
assumed in the analysis. This reactivity addition would produce an excursion -
with a minimum reactor period of 8.5 milliseconds and a total energy generation
of 4000 Mw-sec, resulting in a peak fuel energy density of about 200 cal/gm
(average across the peak fuel pellet) and perforation of 330 fuel rods.

We have evaluated .the consequences of the control-rod~drop accident  assuming
that 330 fuel rods would fail, releasing 100 percent of -the noble.gases and
50 percent of the halogens from the affected rods to the ‘primary system. Of
the halogens released from the affected rods, 90 percent is-assumed to be
retained in the primary system and one-half of the remaining halogens is
assumed to be removed by plate-out. All of the noble gases and 2.5% of the
halogens would be released from the primary system through the condenser
vacuum pump system to the atmosphere through the stack.
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Because the vacuum pump on the condenser might provide & channel for
release of fission products, we required that it be isolated whenever high
radicactivity exlsts in the main stesm iines.

Refueling Accident

The refueling accident is assumed to occur 2k hours after shutdown. During
fuel hsndling operation, & fuel bundle is assumed to fall onto the core

with sufficient force to physically damege (perforate) LLUS fuel rods with
consequent release of 20% of the noble geses and 10% of the halogens from

the damaged rods .into the reactor building. Ninety percent of the halogens
released from the perforated fuel rods are assumed to remain in the

refueling water., The remaining airborne fission products (20% of the noble
gases and 1% of the'hglogens) within the building are-assumed to be discharged
to the atmosphere through the standby gas treatment system, with an iodine
filter removel efficiency of 90%, and stack over a Z-hour period.

Steamline Break Outside Containment

The bresk of a main steamline outside of both the drywell and the reactor
building represents 2 potentizl escape route for reactor coolant from the
vessel to the atmosphere without passage through the primary containment or
the reactor building.

The steamline bresk would be sensed by either increased pressure drop across
the stesmline venturl or increassed temperature in the pipe tunnel. The
steamline isolstion valves would start to close within 0.5 second after the
steemline break. We have assumed an isolation valve closure time of 10
seconds. The valve closure time terminates the accident.

The primary coolant activity used in the calculations .corresponds to the total
icdine activity.limit of 2Q/4c/cc, given in the Technical Specifications.

Conclusion

On the basls of cur evaluation, th: radiological doses that could-
result from eny of the design basis eccidents are well within the guideline
values given in 10 CFR Part 100. :

EMERGENCY PLANNING

The sppliceﬁt hes described a comprehensive plan for coping with the unlikely
event of en sccident which might affect the genersl public., Arrangements
heve been mede to deal with radiologicel emergencies with the responsible
agencies of the State of New Jersey and appropriate local officilals.

Members of the applicant's on-site staff will furnish information concerning
releace rates and will cooperate with state and locsl officlals in providing
technical advice concerning the potential off-site effects throughout the
course of any accident affecting the general public, in eccordance

with prearranged plans. The applicant possesses the cepability of providing
offsite monitoring to supplement that provided by the State of New Jersey.
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In addition, technical assistance is available through the Radiological
Emergency Assistance Team program of the AEC. The applicant has established
lizison with the team at the New York Operations Office of the AEC,

Jersey Central has contracted with a specialist in the field’ of radiation
medicine to provide medical consultant services and continuing professional
training for the local hospital staff in Toms River, New Jersey. This
hospital has agreed to provide medical support to the Oyster Creek facility,
and to make available such support as might be required in the event of an
accident at the site, whether or not such an accident should involve the
general public.

We have concluded that the arrangements made by the applicant to cope with
the possible consequences of accidents at the site are both reasonable and
prudent, and that there i1s adequate assurance that such arrangements will be
satisfactorily implemented in the unlikely event that they are needed,

CONDUCT OF OPERATIONS AND TECHNICAL QUALIFICATIONS

Responsibility for safe operation of the plant is vested in the Station
Superintendent. He reports to the Manager of Generating Stations, who, in
turn, is responsible to the Vice President of the Jersey Central Power &
Light Company. '

Within the onsite operating organization, responsibility for day-to-day
operation of the facility rests with the Operations Supervisor, reporting

to the Station Superintendent. The Operations Supervisor will be a licensed
senior reactor operator, as will each Shift Foreman. The operating crew
duty will consist of two Control Room Operators, each of whom will be a
licensed reactor operator, and two unlicensed Equipment Operators, all uader
the supervision of the Shift Foreman.

The qualifications of individuals initially proposed to fill professional and
semi-professional positions in the onsite operating organization have been
described in the Safety Analysis .Report., The minimum qualificatiens for these
functional positions are described in the Technical Specifications. We have
examined the qualifications of the incumbents and pending satisfactory com-
pletion of necessary examinations for appropriate licenses we conclude that
the professional staff is technically competent to operate the facility.

Engineering support to Jersey Central will be provided by a special nuclear

group within the General Public Utilities (GPU) organization, of which Jersey
Central is a part, as well as by General Electric and specialist consultant

firms. The GPU staff is familiar with the plant and is capable of handling

the preparation and review of design changes and plant modifications

originating at the Oyster Creek site. In addition, the applicant has demon-
strated his intent to utilize the services of consultants as necessary to

augment the nuclear capability of the GPU engineering staff. General Electrie
will be an active participant in the startup and initial operation of the plant and
will continue to make available direct technical support to the Jersey Central
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staff throughout the operating lifetime of the fecility. On these bases,
we conclude that adequate engineering capability will be available through
GPU and specialist coansultants to support the applicant's operating staff.

The applicant proposes to use vhat has become e relatively conventional .
two-level committee structure to perform review and audit of plant operation.
The Pfirst of thece committees, the Plant Operatlions Review Committee, which
compriees the senior members of the onsite staff, acts in an advisory cepacity
to the Station Superintendent. Independent audit of plant operation is
provided by the General Office Review Board, the Chezirmsn and Vice-Chairmen

of vhich sre appointed by name by the president of the company. The responsi-
bilities and authorlties for these committees are delineated in the Technical
Specificeticns. We conclude that the review and audit structure proposed by
the applicant is sstisfactory.

Baced on the above considerations, we conclude that the applicant is technlcally
gualified to operete the plant eand has established effective means for
continuing review, evaluation, and improvement of ‘plant operational safety.

TECHNICAL SPECIFICATIONS

The applicant's proposed Technical Sgpecifications to the license for Oyster
Creek sre presented in Amendment No. Li. Included are sections covering safety
1limits and limiting safety system settings, limiting conditions for operation,
survelillsnce requirements, design features and administrative controls.

Ve have reviewed these proposed Technical Specifications in deteil and have held
numerous meetings with.the applicant to discuss their contents. Some modifi-
cations to the proposed Technical Specifications submitted by the applicant
were made to more clearly describe the allowed conditions for plant operation.
Based upon our review, we conclude that normal plant operation within the limits
of the Technical Specifications will not result in potentiel offsite exposures
in excess of Part 20 limits. Furthermore, the limiting conditions of operation
and surveillance requirements will essure that necessary engineered safety
festures will be available in the event of malfunctions within the plant.

REPORT OF ADVISORY COMMITTEE ON REACTOR SAFEGUARDS { ACRS)

As noted previously, the ACRS has ‘reviewed the application for a provisional
operating license for: the Oyster. Creek Nuclear Power Plant Unit No. 1. The
Committee completed its review of the facility &t the 104th meeting held

during December®5-T, 1968. A copy of the report of the ACRS, dated December 12,
1968, is attached.

The ACRS, in its letter, msde several recommendations to: be folloved during
operation of the facility. These natters have been considered in vur evaluation.
They include periodic inspection of the reactor high pressure codlant system
(Section 3.2); review of ‘the design criteria for the future Feedwater Coolant
Injection System (Sections 3.5.1 and 4.0); completion of the remedial program

on the separation of redundant protection system components asnd circuits
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(Section 5.1); study of the possible effects of radiolysis of water in

the unlikely event of a loss-of-coolant accident (Section 6.1); and improvement
of the capability of the steam line monitors to detect early signs of gross
failure of fuel elements (Section 5.1).

In addition, the Committee noted the difficulties inherent in direct inspection
of the pressure vessel welds after the reactor is in service and recommended
that elternative means for assuring continued pressure vessel integrity be
studied, end implemented to the degree practical. The ACRS also recommended
that supplemental and potentially more sensitive methods of primary system leak
detection be studied, evaluated and implemented if significant improvements

in detection capsbility cen he realized.

The applicant has agreed to see that the recommendations of the ACRS are
carried out. We will follow the reccmmendations of the ACRS on &ll of the
foregoing matters during operation of the facility under the eighteen-month
term of the provisional opereting license. The ACRS concluded in its letter
that if due regard is glven to the foregoing, the Oyster Creek Unit No. 1 can
be operated at power levels up to 1600 Mwt without undue hazard to the health
and safety of the public.

CGMMON DEFENSE AND SECURITY

The application reflects that the activities to be conducted would be within

the jurisdiction of the United States and that all of the directors and principal
officers of the applicant are American citizens. The applicants are not owned,
dcminated or controlled by an dlien, a foreign corporation cr|a foreign government.
The activities to be conducted do.not involve any restricted dasta, but the
applicant has agreed to safeguard any such data which might become involved

in accordance with the requirements of Part 50. The applicant will rely upon
cbtaining fuel as it 1s needed from sources of supply available for civilian
purposes, so that no diversion of special nuclear material from military

purpcses is involved. TFor these reasons and in the absence of .any inf ormeticn

to the contrary, we have found that the activities to be performed will not:

be inimical to the common defense and security.-

CONCLUSION .

Based upon our review of the application as presented and discussed in this
evaluation snd the report of the Advisory Committee on Resctor Safegusrds, we
have concluded that the Oyster Creek Unit No. 1 can be operated as proposed
without endangering the health and safety of the public.

Peter A. Morris, Director
Division of Reactor Licensing

December 23, 1968
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APFENDIX

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS -
UMITED STATES ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 20545

Honorable Glenn T, Sesborg
Chairman

DEC 121968

U. S. Atomic Energy Commlssion

Washiagten, D, C.

Subject: REPORT CN OYSTER CREEXK FUCLBAR POWER PLANT UNIT KO, 1

Dear Dr. Seaborg:

During its 104th meeting, December 5.7, 1968, the Adviscry Committee

on Reactor Safeguards -completed its review of the spplication by the
Jersey Central Power and Light Company for a license to operate the
Oyster Creek Huclear Power Plant Unit No. 1 at power lavels up to

1600 ¥MW{t). During this veview, the project has

baen considered ot

eight Subcommitiee meetings (including cne at the site) snd four full

Committee meetings. In the course of these discussions,

the Committee

has hzd the benefit c¢f discussions with reprecentatives of the Jersey
Central Power and Light Compaay, the Ganeral Electric Company, the AEC
Regulatory Staff end with consultants of these orgsnizationsy '

Committes also hzad the benaflt of the documents listad,

The

The Cormittee

previously diccussed this project in & censtiuctiod permlt repo“t dated

August 28, 1964,

The Oyster Creeck plant is the first of a new generation of boiling
water reactors to be reviewed for an operating license; the increese
of power level over thpt of previousiy licensed boiling watez reactors
The time for coastructlon of this plant
vas extended because of defective welds and stress-corrosion cracking
in stainless steel portions of the pressure vaessel envelope and internals.,

19 mora than & factor f two.

Items such as control rod stub tubes, nozzle safe-ends, end tne core-sup- A;

port »ing were involved. These cracks were discovered during and after.
The causes of the stress-corrosion-have

not been definitely determined; however; studies to estzblish’ the effects
of various contaminants are continu ing., %Tha Committes Is satisft
the vepair procedures should preve1t or mznlmive recu;kence-o£ straess-

the systen hydrostatiec test.

corvosion c*aclmna.

-28 -

ied that
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Honorable Glenn T. Scaberg -2 -

The Commlttes wishes to cmphasize the importance of perledic inspection
of the high prassure ccolant system in this snd other resctors. The in-
pervice inopection roquivements for this rcacto“ are statad in the Tech- .
niczl Specifications, and the Committer finds these adeguate for initisl
operation., It is expected that experiencs witL thlS firect lerge BUR will
give uscful information regarding the practicality of inspezstion mathods.
The Committee endorses the gpplicant’s proposal to review his in-sexvice
inspection program with the Regulatory Staff after four yoarg of reactor
cperation., In view of tha difficulties inhereat in direct inspection of .
tha bulk of the welds in the Oyster Crezk pressure vassel after the re-
actor is in service, it is recomnendzd that zlternative mecns for assur-
ing contimed pressu:e vessel integrity be studied, znd implementesd to
the degree practical,

It 4s recommended that supplemental and potentizily more sensitive methods
of primary system lezk detectiom be studied, evalueted, snd implenented
if they provide szg ificant improvements in mna as;r**cnt of leak rate, in
the timz naaded to maasnre leak rate, or in distinguishing the nature of
the lezk. The study end evaluation should be coopleted within a year.

The emergency core cool*“g system vwill be supplemented in gbout a2 year
by the addition of a third dicesel generztor. Tiis exmtrz scurce of powar
will allow the use of one fesdwater pump (as well as ones core spray
systenm) in the case of the loss of off-gite power. The Committee has

- revicwed the de5131 criteria for this emergency FPeedwater Coolant Injes-
tion System and redexmmends that the pppl icant cubnmit the design for re-
view by the Regul aﬁb"y St2ff prior to insta‘laglo1., In this regard, the
Comaittee urges caufion to avoid.the overloading of ceble trays.

The applicant has recently reviewcsd design and ceastructiom criteria in
regerd to the separation of redundant protection cemponents and circults.
An a2udit of the Oyster Oreek plont revesled some deficicncies in tais
respect, and the applicanh i procecding with a remedizl program,

Studies are continuing on the poss*ble effects of radiclysils of water
in the unlikely cvent of a losg-of-coolant aecident. These studies
chould be eveluated by the Regulztory Staff end appropriate wrecasures
talken as decmed mecessary. . ~ :

The applicent stated thst instrumentation whicb s2nses radioactivity

from the Steom sycten can be used to provide carly signs of gross faillure
of fuel elements. The Commilttee belicves that, as operating experience
is gained with tha facility, the applicant should improve the utilization
of this type of instrumentation for this purpose, particularly to provide
the reactor cperators with direct, early indication.

.



Eonorable Glenn T. Seaborgp -3 - DEC 1 2 1968

The Advisory Cozmittee on Rzactor Safeguards believes that, if Jue
regerd is given to the itcas mentioned abeova, ths Oyster Creck Unit
No. 1 can be operated at power levels up to 1600 (L) without undua
hazard to the hezlth end safety of the publie,

Sincerely yours,

| ' original sipned Y
Carroll W. Zaktel
Cerroll W. Zabel
) . Chairman

References:

1. Jersey Central Pover end Light Cozpany Application for Reactor
Construction Permit and Operating License for Oyszter Creek
Unit No. 1, Anendments No. 3 through 5 and 7 through 48.

2. Jersey Centrel Power and Idght Company telegram, dated Cctober 11,
1867, regarding Request for Pernit for Fusl Loading and Testing
of Oyster Creek Reactor Prior to Completicn of Review cf Applica-
tion for Provisional Cperating License.

3, Jersey Central ?uwcr end Light Compeny letter, dated :abmary 9.

1968, transaitting Gensral Electric Summary Repezt, da;ed Februery 2,

1968, regarding 'Reactor Vesssl Problems,

4. Jersey Ceatral Power and Light Company letter, dated April 9, 1968,
regarding QOyster Cresk Pressure Vessel Repair Progs
5, Jersey Central Power and Light Company telagram, dated July 3, 1988,
regarding Oyster Creel Reactor Vessel Repzir.
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This eddendum to our safety evaluation in the matter of Jersey Central
Power & Light: Company (Oyster Creek.Nuclear Power Plent Unit No. 1)
deals with our analysis of certain changes in the design of the pene-
trations through the primary containment. This matter is treated in
application Amendments Nos. 50 and 51 dated February 27, 1969 and
March 25, 1969.

As.described in Section 3.3 of our safety evaluation,\the applicant
had originally designed these penetrations eccording to Section VIII .of
the ASME Boiler and Pressure Vessel Code and to certaln nuclear code
cases. It was found that the penetration design would require massive
restraints that would have affected the capability for maintenance and
for in-service inspection of various .components. Subsequently, the
applicent re-evaluasted its design approach using Section III of ‘the
ASME Boiler and Pressure Vessel Code. Because of higher sllowable
.stresses permitted in Section 1II for the loading conditions and & more
refined snalysis of the loads, the applicant concluded that massive
restraints inside the primary containment would not be required. In
several instances, however, penetration restraints external to ‘the con-
tsinment were reinforced to accommodate accident loads to assure con-
teinment integrity.

On the basis .of our review of the. revised design described by the sppli-
cent in Amendments Nos. 50 and 51, we have concluded that there is
edequate protection to assure the integrity of the primary contasinment
penetrations under the various postulated accident loading conditions
end that no change in our conclusions as to the safety of the facility
need be made.

Briginal Signed by
Peter A. Morrls

Peter A. Morris, Director
Division of Reactor Iicensing

Date: 3PE ¢ 1958
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This addendum to our safety evaluation in the matter of Jersey Central
Power & Light Company (Oyster Creek Nuclear Power Plant Unit No. 1)

deals with certain matters described in our notice of issuance of a

5 Mwt license as published in the-Federal Register on April 17, 1969

(34 FR 6547). These involve: (1) modification of the. standby gas treat-
ment system, (2) additional review.of the quality of certain piping in
the facility, and (3) evaluation of preoperational testing of the con-
tainment isolation valves. Information regarding the foregoing was
provided by the applicant in Amendment:No. 53, dated June 12, 1969.
Additional study of the examination methods and acceptance.standards,
which led to further inspection of certain components.within_the.plant
pressure boundary,.was also conducted in accordance:with requirements
stated in a letter submitted to the applicant on July.29,.1969 confirming
our conclusions stated orally to the applicant at a meeting held on

July 10, 1969, and at .earlier meetings.

As described in Section 3.4 of our safety evaluation, the.applicant had
originally designed the standby gas treatment system.so.that.each.train
of the system was capable.of limiting:the leak.rate.to 100%.of.the reactor
building volume per day.under neutral wind conditions...The.fans.were to
be sized such that a negative pressure of 0.25 in. of.water.could.be
maintained in the reactor building. The.results of_the.initial pre-
operational tests.on the installed system indicated.that.the.system

was inadequate to meet the performance requirements...Accordingly, the
standby gas treatment system was-modified to meet. the_required_negative
pressure and subsequently tested:to demonstrate the performance.of the
system. .These. modifications included increasing the capacity of each
fan from 1200 cfm to 5000 cfm. Results of these tests show that the
required negative pressure of 0.25 in. of water was achieved.. This
change resulted in a greater leak rate into the reactor building.

This change in building leak rate does not affect the radiological conse-
quences from postulated accidents. - All fission products are processed
through the filters which have been modified to accommodate the increase
in flow rate. Therefore, we have determined that no change in our con-
clusions as to the safety of the facility in this regard.need be made.
The Technical Specifications have been changed to reflect the increased
capacity of the fans.

The quality of certain piping, fittings and valves in.the facility had
not been completely established prior to issuance of a 5 Mwt license to
Jersey Central Power & Light Company. Certain piping and fittings
installed in the emergency condenser, the core spray, and the shutdown
cooling systems were found to have inadequate nondestructive testing
records. In addition, discrepancies between the markings on these
components and the available records were found. The applicant has
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performed additional radiography, dye penetrant testing, metallographic
analyses, mechanical tests and certain other tests to confirm that the
components were suitable for nuclear service. Results of these actions
are described in Amendment No. 53, dated June 12, 1969. However, fol-
lowing our review of this information, we concluded that certain
additional inspections were required. These matters were discussed with
the applicant at a meeting on July 10, 1969, at earlier meetings and
confirmed in a letter dated July 29, 1969. The applicant performed
these inspections which included additional ultrasonic and liquid pene-
trant testing on certain welds in the piping installed in the systems
and radiographic examination of portions of each of the 16 six-inch
safety valves. These actions were in addition to the examination
originally performed on these components. Based on the information
provided in Amendment No. 53 and the review of the results of additional
inspections by representatives of the Commission, we conclude that the
inspected components are suitable for nuclear service.

With regard to other valves and components located outside the pressure
boundary, we have concluded that they will adequately perform their
intended function. This conclusion 1s predicated on the results of the
inspections and tests already conducted at the facility. These included
visual, functional and hydrostatic testing that demonstrates the present
adequacy of the components for the initial operation at full power.
However, to assist us in our future inspections of plant operation, we
will require the applicant to submit a report within one year, as set
forth in the Technical Specifications, that will describe the non-
destructive inspection methods used and acceptance standards specified
and applied for pipes, fittings, valves and pumps outside the reactor
coolant pressure boundary.

Initial preoperational testing of the primary containment indicated that
certain containment isolation valves had excessive leakage. The valves
in question are those installed in the main.steam lines, which penetrate
the primary containment boundary (reference Section 3.3 of our safety
evaluation), Minor maintenance on the seating surfaces of the valves
was performed and the valves were retested. Results of the retesting
demonstrated that ‘at a test pressure of about 20 psig the leakage from
the valves was small, i.e., less than 11.5 cubic feet per hour. On

this basis, we have amended the Technical Specifications to limit the
leakage from any one valve. However, because of the previous limita-
tions in the Technical Specifications, the total leakage from all valves
remains the same. Therefore, there would be no increase in the postulated
doses from those previously presented in the safety evaluation. Based on
our review of this matter, we conclude that the valves are adequate with
regard to performing the isolation function.
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Based on review of the foregoing matters, we have added three items to
the Technical Specifications. These are: (1) a requirement .that the
applicant submit a report within one year describing the results of

the nondestructive testing program conducted on pipes, valves,.fittings,
and pumps of systems outside the pressure boundary; (2) for subsequent
primary containment testing, a limit on leakage from any isolation
valve; and (3) specification of filter train flow rate based on modi-
fication of the standby gas treatment system. These actions are
designated as Amendment No. 1 to the Technical Specifications attached
to Amendment No. 1 to License No. DPR-16.

On the basis of our review of the foregoing matters,.we.conclude that
the facility can be operated at power levels up to 1600 Mwt without
endangering the health and safety of the public.

ORIGINAL SIGNED BY
‘pater A. Morlis

Peter A. Morris, Director
Division of Reactor Licensing

Date: AUG 1 1969



